
ABSTRACT

The report consists of 156 pages, 43 figures, 12 tables, 101 sources, 12 appendixes.
HEAT-RESISTANT COMPOSITE MATERIALS, TECHNOGENIC MINERAL RAW MATERIALS, SCRAP CHAMOTTE BRICK, FERROCHROME PRODUCTION SLAGS, SODIUM POLYSILICATE, TECHNOLOGICAL PARAMETERS OF PRODUCTION.
The research subject is energy and resource-saving technologies of heat-resistant composite materials based on activated technogenic mineral raw materials.
The aim of the work is to develop energy and resource-saving technologies for heat-resistant composite materials based on mechanochemically activated technogenic mineral raw materials using technological processes with low-temperature heat treatment and activator mills, which allow to provide import substitution of the need for heat-resistant materials, to reduce specific energy consumption for production processes and production costs.
Methodology of the work. When performing the work, the generally accepted chemical, physical, physicochemical, physical and mechanical research methods were used, which allowed to evaluate the properties of the initial and mechanically activated technogenic raw materials, obtained on their basis heat-resistant composite materials. 
In the process of performing the work, a detailed analytical review of scientific and technical literature on the processes of mechanical activation of inorganic mineral raw materials and patents on the composition of heat-resistant concretes was carried out. The analysis of the methods of mechanical activation as applied to the production of heat-resistant materials based on technogenic raw materials was carried out. 
Experimental studies of the processes of mechanochemical activation of a mixture of components of heat-resistant binders from technogenic mineral raw materials were carried out. 
Studies of the physicochemical properties of the products of mechanochemical activation of a mixture of components of heat-resistant binders from technogenic mineral raw materials were carried out. 
Research on intensification of grinding of raw materials of heat-resistant materials based on technogenic mineral raw materials was carried out.
Research on physical and technical and physicochemical properties of heat-resistant materials based on technogenic mineral raw materials and the developed surfactant – grinding intensifier were carried out.
Based on the research results, two patents for a useful model were obtained, one application for an invention was filed.
The field of application is production of heat-resistant composite binders for industries using high-temperature processes. 
The interim report for the 2018. Inventory number  0218RK00278.
The interim report for the 2019. Inventory number  0218RK00805. 
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DEFINITIONS, INDICATIONS AND ABBREVIATIONS 

	XRDGP 
	X-ray diffractometer of general purpose

	
	

	XRPA
	X-ray phase analysis 

	
	

	DTA
	Differential thermal analysis 

	
	

	DTG
	Differential thermogravimetry 

	
	

	REM
	Raster electronic microscope 

	
	

	CEM
	Centrifugal-elliptic mill 

	
	

	Surfactant 
	Surface active substance






 







INTRODUCTION

At the enterprises of many industries (ferrous and nonferrous metallurgy, thermal energy, oil refining, production of building materials, etc.) there are a large number of thermal units that constantly need to periodically replace the heat-resistant fettling during repair and reconstruction. This requires heat-resistant materials and products, which are currently imported in large quantities from other countries. 
However, no one thermal unit in these and other industries can do without thermal protection in the form of a fettling from heat-resistant materials and products.
The creation of domestic production of refractory products is included in the List of priority sectors of the manufacturing industry in accordance with the State Program of Industrial and Innovative Development of the Republic of Kazakhstan for 2020-2025 and the Program “Business Roadmap – 2020” (Code of the General Classifier of Economic Activities 23.20) [1]. 
Attaching special importance to the production of refractory and heat-resistant materials, immediately after the attainment of independence by the Resolution of the Cabinet of Ministers of the Republic of Kazakhstan dated 22 December 1992 № 1070, the Republican program “On the development of refractory industry in the Republic of Kazakhstan” was adopted. This program prescribed to provide for measures of state support for proposals for the creation of new and reconstruction of existing industries, ensuring the implementation of the Republican program for the development of refractory industry [2]. However, the aims outlined in the specified Republican program for the development of refractory industry, for various objective reasons, then and still have not been realized.  
Currently, the only unique enterprise LLP “Plant “Kazogneupor 2015” (Rudny, Kostanay region) is operating in Kazakhstan, which is a highly specialized production of highly refractory products – electromelted and corundum-mullite refractories based on its own electromelted corundum [3]. The plant’s products are mainly supplied to various regions of the Russian Federation. 
There is no domestic production of chamotte heat-resistant materials and products in mass demand in Kazakhstan [4]. The need for heat-resistant materials and products is fully covered only by imports from the CIS countries, primarily from Russia and Ukraine. 
At the same time, there are various types of technogenic mineral raw materials in the republic, which, with appropriate processing using special technologies and component compositions, can serve as full-fledged raw materials for production of heat-resistant materials. According to the authors [5], only JSC “ArcelorMittal Temirtau” during the repair of thermal units, generates about 12 thousand tons of scrap chamotte brick.
Thus, the development of energy and resource-saving technologies of heat-resistant composite materials using the mechanical activation of technogenic raw materials is an urgent scientific and technical problem. 
The aim and tasks of the work. The aim of the work is to develop new energy and resource-saving technologies of heat-resistant composite materials based on technogenic raw materials using mechanochemical activation, which allow saving natural resources, reducing specific energy consumption for fine grinding processes and the cost of products. 
Achievement of this aim will significantly expand the raw material base for production of heat-resistant composite materials, increase the competitiveness of products and reduce prices for heat-resistant materials in the domestic market. 
Ways to achieve the aim of the work: theoretical, physicochemical, physical and technical, laboratory and experimental research, as well as pilot testing of the developed technologies. This aim is achieved by solving a whole range of tasks.
According to the schedule, the research tasks for 2020:
1. Research of the physical and technical properties of heat-resistant composite binders based on technogenic mineral raw materials and surfactants
2. Development of technological parameters for production of composite heat-resistant materials based on mechanochemically activated technogenic mineral raw materials 
3. Preparation and implementation of pilot tests of the developed technologies based on activated technogenic mineral raw materials 
4. Development of practical recommendations on the use of the project results in the technology of heat-resistant materials. Preparation and submission of the report. 
The aims and tasks of the research, planned according to the schedule for 2020, have been completed in full. 

















MAIN PART

1	Technological foundations of development of energy and resource-saving technologies of heat-resistant composite materials based on activated technogenic mineral raw materials  

1.1	Technological aspects of production of heat-resistant composite materials based on non-fired heat-resistant binders

One of the effective heat-resistant materials that meet modern industrialization requirements are heat-resistant concretes, which in recent years are increasingly used in various sectors of the national economy. 
The main advantages of heat-resistant concretes over traditional piece heat-resistant chamotte bricks are that in the manufacture of heat-resistant products and structures using concrete technology, as a rule, such energy-intensive technological processing as high-temperature firing of chamotte and subsequent high-temperature firing of chamotte products is not required. 
Currently, aluminosilicate systems based on liquid glass, anhydrous sodium silicate, including an alkaline sodium component, accelerating the dissolution and dispersion of silica particles, polymerization of hydrated new formations in a hardening system, a heat-resistant binder – a heat-resistant aggregate, are widely used in the production of heat-resistant concretes. 
Heat-resistant materials based on liquid glass are increasingly used in thermal units in ferrous and nonferrous metallurgy, thermal energy, chemical, oil refining industries, as well as in production of building materials [6-11].
In this aspect, developments are very promising aimed at creating energy and resource-saving technologies for heat-resistant composite materials based on anhydrous sodium polysilicates (lump silicate) in the form of mechanically activated finely dispersed powders. The use of finely dispersed anhydrous sodium polysilicates as a binder can make it possible to reduce the content of water and an alkaline component in heat-resistant materials, and accordingly increase the temperature of their application.
The use of finely dispersed anhydrous sodium silicate instead of an aqueous solution of liquid glass for obtaining various building materials, in particular, heat-resistant concretes, is given in [12-14]. The finely dispersed anhydrous sodium silicate under steaming conditions at a temperature of 80-90°C will intensively hydrate with the formation of a water-soluble silicate of the total composition Na2О∙mSiО2∙nН2О, which will subsequently react with Са(ОН)2, and SiО2, released during hardening of the composite binder.
In [11], in the study of chemical reactions on the surface of silicates, it was concluded that the interaction of lump silicate with water forms colloidal films of silicic acid with binding properties. The presented data showed that the reaction between the lump silicate and water proceeds very slowly. It was found in the work that in the future, the products of the interaction of the lump silicate with water cement the aggregate particles and thereby cause the processes of setting and hardening of the binder.
In a number of published works [15-32], as a result of many years of theoretical and experimental research, effective types of anhydrous sodium silicate composite binders were obtained and, on their basis, heat-resistant concretes for various purposes were developed.
As a result of the study of these works, it should be noted that the analysis of the modern theory and practice of obtaining heat-resistant concretes based on liquid glass showed that the formation of the structure of heat-resistant concretes is possible when creating a continuous film of the binder on the surface of refractory aggregate grains, which leads to volumetric homogenization of concrete [27].
Currently, according to traditional technology, to obtain a solution of liquid glass, anhydrous sodium silicates are dissolved (“softly boiled”) at an excess vapor pressure of about 0.5 MPa, mainly in autoclave silicate cookers of various designs.
When using anhydrous sodium silicate as a binder component of heat-resistant concrete, it is converted into liquid glass (dissolved) directly in the binder composition itself by adding a certain amount of water to it and subsequent low-temperature exposure (thermal or autoclave treatment).
The traditional technology for preparing a finely dispersed anhydrous sodium silicate composite binder provides for dry joint grinding of anhydrous sodium silicate with a part of the refractory component to a specific surface area of 2500 cm2/g.
From the analysis of published works, it follows that heat-resistant concretes based on sodium silicate composite binder passed industrial testing in various thermal units of the metallurgical and building materials industry with an operating temperature of up to 1600°C. At the same time, a high operational efficiency of products and structures from these heat-resistant concretes was revealed.
In [21, 33], studies proved the possibility of using heat-resistant concretes based on a sodium silicate composite binder as a fettling for the sintering zone of cement rotary furnaces. For the fettling of this zone in these works, magnesite-chromite heat-resistant concretes based on a sodium silicate composite binder were developed.
Based on the results of studies carried out in [19], heat-resistant concretes based on chamotte-silicate-sodium composite binder were developed for the manufacture of burner and wall blocks of melting furnaces instead of heat-resistant concretes based on liquid glass with chamotte aggregate and magnesite aggregate. To prevent a drop in strength at 800-1100°C, it was proposed in [19] to add 5-15% of a spent catalyst IM-2201, which is a highly dispersed aluminum-chromium waste from the production of synthetic rubber, into the composition of sodium silicate composite binder.
In [30, 31] studies established the possibility of obtaining light heat-resistant concretes, heat-insulating materials based on sodium silicate composite binders.
On the basis of these composite binders using expanded perlite, heat-resistant heat-insulating materials in the form of plates with thermal conductivity 0.08-0.1 W/m°C, compression strength 0.7 MPa, were obtained.
Thus, a new direction in the technology of heat-resistant composite materials for the development of effective energy and resource-saving technology that allows the complex use of raw materials, reduce energy costs for production and reduce capital investments for creating the production of products from heat-resistant concretes is very relevant. 

1.2	Physicochemical aspects of production of heat-resistant composite materials based on non-fired heat-resistant binders

In recent decades, active scientific research has been carried out to develop technologies based on solid-phase chemical transformations in the process of mechanical and mechanochemical activation of inorganic substances [34-44].
The authors of a number of works [45-48] showed that in the process of mechanochemical activation, significant structural changes occur, leading to an increase in the reactivity and an improvement in the solubility of mechanochemically activated samples.
The author of the work [49] describes several states of matter arising under the influence of an impact during grinding in a mill, and gives a model of the process occurring during the collision of the particles being ground in accordance with Figure 1.1, given in Appendix B.
The author points out that mechanical shock causes a complex combination of deformation-structural, thermal, electromagnetic, optical and chemical processes leading to the appearance and migration of structural defects of the crushed solid, its partial amorphization and rapid local heating at the impact site. In this case, chemical bonds are simultaneously broken when a fresh surface is formed and short-lived active centers appear on it. In addition, the emission of electrons, photons, ions and the formation of electrostatic charge can occur.
As a result of the impact of grains against each other during grinding, energy is concentrated in a microscopically small area of the surface [50]. As a result, an ultrathin melt layer and even a substance in a high-energy state similar to plasma can be formed in this area for a very short period of time. This state was called triboplasm (from the Greek τριβος – friction).
The destruction of solid and fragile bodies, which include most inorganic mineral substances, is distinguished by a number of features. In the process of grinding with mechanical activation, the internal energy accumulated by the crushed substance causes an increase in potential chemical activity, which results in increased reactivity, a decrease in the temperature of solid-phase interaction, sintering and melting, thermal dissociation and other physicochemical phenomena. Studies of some regularities of the processes occurring in this case were carried out in works [51-53].
Mechanical activation by processing solids in grinding devices – activators has recently found more and more widespread use in industry. Using these methods, it is possible to significantly intensify many heterogeneous chemical processes, which are limited by the kinetics of interphase interaction and diffusion in the solid phase: dissolution of hardly soluble substances, solid-phase reactions, etc. The development of research of laws of such processes led to the emergence of a new science – mechanochemistry [54].
The author’s monograph [55] presents the results of a comprehensive study of the regularities of structural transformations, changes in physicochemical properties in various multicomponent inorganic systems in the process of mechanical activation in planetary mills and other energy-intensive grinding apparatuses.
Many authors argue that finely ground substances can be characterized as activated, and fine grinding of substances can be considered as the process of their activation. However, it should be noted that simple grinding of materials in a conventional ball mill fails to achieve the goals of mechanical activation.
Therefore, it should be noted that only free shock and abrasive mechanical influences are used in ball mills. In conventional ball mills, the only force through which the grinding process is carried out is gravity at the acceleration of free fall equal to 1g. This limits the efficiency of the mill because at high speeds of rotation centrifugal force forces the balls (grinding bodies) to constantly press against the inner surface of the mill drum. This problem can be eliminated by using other designs of mills with high energy intensity, and an example of such mills is activator – planetary mills, attritors, some vibration mills, etc. During comparative tests on mechanical activation, a clear advantage of a planetary mill over a vibration mill was established [56].
In energy-intensive planetary or centrifugal-elliptic mills of the activator type, three mechanical actions are simultaneously forcibly carried out: impact, shear and abrasion. These mills are called planetary because their drums rotate both around their own axis and around a common axis, like the planets in the solar system. Due to this, large accelerations, reaching 100g, are achieved, and as a result, not only finer grinding is achieved, but also the appearance of defects in the crystal structure of the material.
In a planetary mill, depending on the mode of its operation, both impact, abrasion, and shear (rolling balls) mechanical effects on the ground substance can be performed. At the same time, the intensity of the effects can be tens of times higher than the effects of ball mills, in which they occur only due to gravity (the forces of gravity).
A schematic representation of the grinding and activation processes in mills differing both in design and in the principle of mechanical effects on the ground material [57] is shown in Figure 1.2 in Appendix B.
In activator-type mills, along with fine grinding, deformation changes occur in the fine structure of particles due to the partial transition of crystalline compounds to amorphous ones, an increase in the degree of defectiveness of the crystal structure, accumulation of internal energy and an increase in the chemical activity (reactivity) of the crushed substance.
The physical aspects of the essence of the mechanical activation of minerals in the process of fine grinding are described in the work of the authors [58], who describe the changes and defectiveness of the crystal lattice of minerals in the process of fine grinding. The work emphasizes that activation by grinding or mechanical activation is a relatively new and effective way of intensifying physicochemical processes. The mechanical activation is based on the change in the reactivity of solids under the influence of mechanical effects. The authors note [58] that there is still no clarity in the issues of mechanical activation by grinding, since there are no scientifically grounded ideas about the nature and mechanism of mechanical activation of substances during grinding; a general theory of physical and chemical transformations during mechanical activation was not developed; the ways of converting mechanical energy into chemical energy of the crushed substance were not clarified.
It was shown in [59] that there is a correlation between the rate of the solid-phase reaction and the dispersion of the reacting particles – the smaller the particle size, the higher the rate of the interaction reaction. 
The use of mechanical activation methods leading to the creation of an active state in a solid is a promising direction for increasing the reactivity of dispersed materials. 
Relatively new and promising high-energy-intensive grinding units are activator-type mills: planetary and differential centrifugal mills, which can sharply increase the energy density during grinding and productivity per unit of power [60]. The effectiveness of planetary mills, as devices for fast and very fine grinding, is confirmed by the following comparison: the fine dispersion of quartz is achieved in a planetary mill within 2 minutes, the same dispersion in a conventional ball mill is achieved after 10-12 hours of grinding.
In [61], some regularities of the course of solid-phase mechanochemical reactions in mixtures of solids during grinding in a planetary mill were established. It was established that in planetary mills, conditions are created for a high concentration of energy in the grinding chamber and the resulting significant frequencies and energies of interaction of the grinding bodies with particles of the crushed material. This allows the planetary mill to be classified as a very efficient tribochemical reactor. The disadvantages of modern planetary mills are the structural difficulties in the manufacture of high-capacity machines [62, 63].
The performed analytical review showed that the correct choice of the method of mechanical activation and the type of activator mill, optimization of the activation parameters are of decisive importance in the development of technological parameters for the production of heat-resistant binders.
Due to the limited scope of the project report, the analysis of published works on scientific and technological aspects of the development of energy and resource-saving technologies of heat-resistant composite materials based on activated technogenic mineral raw materials performed in the project is presented in a reduced volume. 

1.3 Research problem statement

The analysis of research in the field of mechanical activation of inorganic materials showed that, depending on the method of fine grinding, the pattern of destruction of a solid will be different, which, accordingly, should affect the surface properties of the crushed product, its reactivity, size and morphology of dispersed particles. The morphology of dispersed particles and the nature of the surface of the crushed materials determine the main physical and technical properties of heat-resistant binders, materials and products based on them.
The use of the process of mechanical activation of the initial raw materials in effective grinding units of the activator type can be used as the basis for the development of energy and resource-saving technology of heat-resistant composite binders and materials based on technogenic mineral raw materials of silicate and aluminosilicate nature.
The aim of the work: The aim of the work is to develop new energy and resource-saving technologies of heat-resistant composite materials based on technogenic raw materials using mechanochemical activation, which will save natural resources, reduce specific energy consumption for fine grinding processes and reduce the cost of production.
The ways to achieve the aim of the work: the implementation of a complex of physicochemical, laboratory and experimental research, as well as pilot tests of the developed technologies. This aim is achieved by solving a whole range of theoretical foundations and experimental problems.
According to the schedule, the research tasks for 2020:
The 1st stage. Research of the physical and technical properties of heat-resistant composite binders based on technogenic mineral raw materials and surfactants. At this stage, it is planned to conduct research on the physical and technical properties of the obtained heat-resistant composite binders, to study the physicochemical properties of products of mechanochemical activation of a mixture of components of heat-resistant binders. 
The 2nd stage. Development of technological parameters for production of composite heat-resistant materials based on mechanochemically activated technogenic mineral raw materials. At this stage, it is planned to determine the main technological parameters for production of heat-resistant materials based on activated technogenic raw materials. 
The 3rd stage. Preparation and implementation of pilot tests of the developed technologies based on activated technogenic mineral raw materials. 
The 4th stage. Development of practical recommendations on the use of the project results in the technology of heat-resistant materials. Preparation and submission of the report. 
	2 Characteristics of the applied research and test methods 

2.1 Methods of physicochemical research and used devices and equipment 

X-ray phase analysis (XRPA) is one of the most versatile methods for studying crystalline materials [64, 65]. 
During the studies, the diffractograms of the samples under study were obtained using XRDGP-2 (X-ray diffractometer of general purpose) at CuКα – radiation with a nickel filter. The speed of movement of the goniometer counter was 8 deg/min. The tube voltage was 40 kV, its current – 20 mA. 
Interpretation of diffractograms, i.e. X-ray determination of the minerals of the sample under study was reduced to comparing the data d (hkl) and I (hkl) of the experimental study with data from reference books and card files [66]. To identify minerals and mineralogical composition of the mixture, the bases of X-ray powder mineral standards of ASTM and JCPDS systems were used.
Complex differential thermal analysis by methods of differential thermal analysis (DTA), thermogravimetry (TG) and differential thermogravimetry (DTG) was carried out using Q-1500 derivatograph of the system of F. Paulik, I. Paulik, L. Erdei (MOM, Hungary). The research conditions: temperature range 20-1500ºС; DTA sensitivity – 250 μV, DTG – 500 μV, TG – 200 mg, heating rate 7.5 º/min, chart tape advance rate 2 mm/min. The standard is aluminum oxide, previously fired at 1000°C, the crucibles for the standard and the sample are alundum. The filming was carried out in an air atmosphere. 
Physicochemical studies of the microstructure of the samples were carried out using JSM-6490LV scanning electron microscope (JEOL, Japan), which was also used to determine the elemental chemical composition of the materials under study by the energy dispersive method.
Chemical analysis of the materials under study was carried out according to the procedure adopted for inorganic materials [67].
Determination of solubility of anhydrous sodium polysilicate was carried out in accordance with the interstate standard GOST 13078-81 “Sodium liquid glass. Technical conditions” [68].
Determination of specific surface area and dispersed composition of fine grinding products. To determine the specific surface area of finely ground materials, PSH-K device was used, designed to determine the specific surface area of powders, which is based on measuring the hydraulic resistance of a layer of a powdery material by the Kozeny-Karman method when filtering an air flow through it under reduced pressure.
Studies of disperse composition of finely ground materials were carried out using “Analizette 22” laser analyzer (MicroTec Fritsch GmbH, Germany).
Electron microscopic analysis. The method of raster and scanning electron microscopy allows obtaining high-resolution images of bulk samples by scanning them with an electron beam. Also, using electron microscopy, it is possible to obtain information about the nature of the surface of the research object and its elemental chemical composition. The physicochemical studies of the microstructure of the samples were carried out in the Testing regional laboratory of engineering profile of M. Auezov SKU with the use of JSM-6490LV electron microscope (JEOL, Japan), which was also used to determine the elemental chemical composition of raw materials and the resulting products by the energy dispersive method.
Physical and technical tests of the properties of heat-resistant composite binders based on mechanically activated technogenic mineral raw materials were carried out by analogy with the determination of the strength properties of cements in accordance with the requirements of GOST 310.1-310.4 [69-72]. The thermal properties of the samples were determined according to GOST 20910 [73].
Certain types of the physicochemical research were carried out on the basis of laboratories of physicochemical methods of analysis at Ukrainian State University of Chemical Technology (Dnipro, Ukraine) and Belorussian State Technological University (Minsk, Republic of Belarus) during business trips. 

2.2 Experimental research and test methods, used installations and equipment used  

When performing experimental research, material samples were ground in a laboratory ball mill of ML-1 type (manufactured by Paritet CJSC, Russia). The general view of the laboratory grinding plant ML-1 is shown in Figure 2.1 in Appendix B. 
The fine grinding and mechanical activation of the materials were carried out using the activator mill “Aktivator 4” planetary mill (manufactured by Machine-Building Plant “Aktivator” CJSC, Russia), in which the material sample is crushed mainly due to the high-energy impact of grinding balls, and also partly due to the abrasion of the material between grinding balls and the wall of the grinding drum. Loaded with the material to be ground and steel balls, the grinding drums of the planetary mill rotate around their own axes on a planetary disc that rotates in the opposite direction. Thus, the material to be ground in the grinding drum is simultaneously affected by the centrifugal forces of rotation of the grinding drums and the planetary disc. 
The technical characteristics of “Activator 4” activator planetary mill  are given in Table 2.1 in Appendix A, its general view is shown in Figure 2.2 in Appendix B.
The fineness of grinding of the crushed materials was determined by the method of sieve analysis by the residue on sieves with meshes of a certain size using a set of sieves of “Analysette 3” vibrating scatterer  (Fritsch, Germany), its general view is shown in Figure 2.3 in Appendix B.
When conducting the experimental research, the preparation of composite binders by mixing finely ground components was carried out using a specially designed installation, which is a drum rod mixer with a drum rotation frequency of 60 rpm, rotating on rollers mounted on a metal platform. The general view of the experimental installation is shown in Figure 2.4 in Appendix B. 
The pilot tests were carried out on a production line using “Activator C500” centrifugal-elliptic mill with the capacity of 0.5 t/h (manufactured by Machine-Building Plant “Aktivator” CJSC, Russia). The general view and technical characteristics of “Activator C500” centrifugal-elliptic mill are shown in Figure 2.5 and Table 2.2 in Appendixes B and A.
The main equipment of the production line is a drying drum, a grinding plant, including feed hoppers, batchers and “Activator C500” centrifugal-elliptic mill, a two-shaft paddle mixer.
The general view of the production line and its main equipment are presented in Figures 4.1-4.4 in Appendix B.














3 Development of technological parameters for production of composite heat-resistant materials based on mechanochemically activated technogenic mineral raw materials

When planning and conducting research on the development of technological parameters for production of composite heat-resistant materials based on mechanically activated technogenic mineral raw materials, the basis was the results of theoretical, physicochemical and experimental research performed at the previous stages of this project in 2018 and 2019. 

3.1 Research of physical and technical properties of heat-resistant composite binders based on technogenic mineral raw materials and surfactants
 
To develop the main technological parameters for the production of composite heat-resistant materials, the physical and technical properties of the components of heat-resistant binders based on technogenic mineral raw materials were studied.
The physical and technical and physicochemical properties of the main components of heat-resistant composite materials from the selected technogenic mineral raw materials – scrap of used chamotte bricks, slag from production of low-carbon ferrochrome and slag from production of high-carbon ferrochrome, as well as technical product of sodium polysilicate (lump silicate) were studied.
The scrap of used chamotte bricks. When performing the research, samples of the scrap chamotte brick of grade ШБ-5 (GOST 390-96) were used, the view of which is shown in the photo in Figure 3.1 in Appendix B. 
The chemical composition of the sample of the scrap chamotte brick includes the following oxides, mass percent: АlО3 – 47.97; SiO2 – 53.15; TiO2 – 1.05; Fe2О3 – 2.45; the rest is impurities.
The analysis of the diffractogram of a piece of the scrap chamotte brick (Figure 3.2 in Appendix B) showed the presence of diffraction reflections corresponding to the interplanar distances of quartz (d = 4.26; 3.3,6; 1.82Å), cristobalite (quartz modification) (d = 4.10; 2.52; 2.056; 1.78 Å) and mullite (d = 3.42; 3.39; 2.54; 2.28; 2.25; 2.25 Å). Due to the insignificant amount of impurities, they were not found in the diffractograms. 
The results of the differential thermal analysis of the scrap chamotte brick sample (Figure 3.3 in Appendix B) when heated to 1000°C show the absence of endothermic effects due to the fact that the scrap chamotte brick was previously subjected to high-temperature firing during production of chamotte bricks. The exothermic effect at a temperature of 470-550°C is possibly associated with the transition of quartz from β-modification to α-modification.
Comparative studies of the dispersed composition, morphology and particle size of a scrap chamotte brick sample, ground by grinding in a ball mill, and a scrap chamotte brick sample, ground and mechanically activated in “Activator 4” activator planetary mill, were carried out.
The research results of the dispersed composition, obtained using “Analizette 22” laser analyzer (MicroTec Fritsch GmbH, Germany) are presented in Figures 3.4 and 3.5 in Appendix B.
The scrap chamotte brick sample mechanically activated in a planetary mill is a polydisperse material, in which a significant part is a fine fraction from 0.5 to 10 μm, while in the ground sample of the scrap chamotte brick crushed in a ball mill, a fraction of 5-50 μm prevails. 
The studied samples of the scrap chamotte brick also differ in the size and shape of dispersed particles, which was revealed when studying the morphology of particles by electron microscopy using JSM-6490LV electron microscope (JEOL, Japan).
Comparing the electron micrographs presented in Figures 3.6 and 3.7 (given in Appendix B), it can be noted that there are no large grains in the micrographs of the mechanically activated sample of the scrap chamotte brick, as in the process of grinding and activation, their average size decreased by more than 2 times in comparison with the scrap chamotte brick sample crushed in a ball mill.   
In the mechanically activated sample of the scrap chamotte brick, it is necessary to note significant changes in the morphology of dispersed particles – shapeless particles of an indefinite configuration prevail here, while in the original sample of the scrap chamotte brick crushed in a ball mill, there are particles with more pronounced flat faces.  
Thus, according to the physicochemical studies’ results, it was revealed that during mechanical activation, the material can not only be finely ground with a significant increase in the number of smaller particles, but also significant changes occur in the microstructure and morphology of the mechanically activated material particles. 
The results of the electron microscopic study of the morphology of particles on the surface and the spectral elemental composition during scanning of the surface of chamotte brick ground in a ball mill (Ssp = 3000 cm2/g) are shown in Figure 3.8 and Table 3.1 (given in Appendixes B and A).  
An electronic photo of the morphology of particles on the surface of the scrap chamotte brick sample mechanically activated in “Activator 4” activator planetary mill is shown in Figure 3.9 in Appendix B. 
The research results of the morphology of the sample particles, crushed to the same fineness of grinding, characterized by the specific surface Ssp = 3000 cm2/g, showed that the studied scrap chamotte brick sample crushed in a ball mill has a pronounced polydisperse character, with both dusty particles and more large particles in the form of fragmental material. 
The research results of the morphology of the sample particles, crushed and mechanically activated in an activator planetary mill, showed that with the same fineness of grinding of the crushed material, the studied sample of the mechanically activated scrap chamotte brick is distinguished by the absence of large particles in the surface structure of the ground sample. 
Ferrochrome production slags.
The choice of slags from ferrochrome production as components for composite heat-resistant materials is due to their mineralogical composition, as well as to the fact that these slags are large-tonnage and affordable technogenic mineral raw materials.
Aktobe Ferroalloy Plant Kazchrome TNC currently produces high, medium and low carbon ferrochrome, other ferroalloys, including ferrosilicochromium, ferrosilicomanganese and ferrosilicon, as well as chromium and manganese concentrates. The slag dumps of Aktobe Ferroalloy Plant contain about 15 million tons of slag wastes, of which 5 million tons are high-carbon ferrochrome slags, and more than 8-9 million tons are self-decomposing slag from low-carbon ferrochrome production. 
The slag from the production of high-carbon ferrochrome of the current output is processed in the slag processing shop, where the slag is crushed and residual ferrochrome is extracted from it, and the crushed slag is sold as chip for road construction [75]. Taking into account the refractory properties, in [76] it is proposed to use high-carbon ferrochrome slag as a component of refractory materials. At the same time, in this work, as raw materials for the manufacture of refractory bricks, it is proposed to use finely ground slag from the production of high-carbon ferrochrome and bag dust from gas cleaning furnaces for the production of high-carbon ferrochrome. 
According to the author’s data [77], dispersed slags of low-carbon ferrochrome self-decomposing into a fine powder can be promising for use as a hardener for liquid glass. 
The type of samples of high-carbon and low-carbon ferrochrome slags of Aktobe Ferroalloy Plant are shown in Figures 3.10 and 3.11 (given in Appendix B).
The results of determining the granulometric composition and bulk density of slags from ferrochrome production are presented in Table 3.2 (given in Appendix A).
The chemical composition and refractoriness of high-carbon and low-carbon ferrochrome slags are presented in Table 3.3 (given in Appendix A).
According to the data of X-ray phase analysis by the diffractogram shown in Figure 3.12 (given in Appendix B), the mineralogical composition of the high-carbon ferrochrome slag is represented by the following main minerals: forsterite Mg2SiO4 (d=3.89, 3.48, 2.77, 2.27, 2.16, 1.75, 1.49 Å), spinel MgAl2O4 (d=4.81, 4.25, 2.47, 1.58 Å), partially amorphous glass phase and admixture of calcium orthosilicate Ca2SiO4. 
The X-ray diffraction study of the slag from the production of low-carbon ferrochrome showed that the main crystalline phase in it is calcium orthosilicate γ-Ca2SiO4, there is also the phase α-Ca2SiO4, and magnesian silicates in the form of magnesium orthosilicate – forsterite Mg2SiО4. 
On the diffractogram of the slag from the production of low-carbon ferrochrome (Figure 3.13 in Appendix B) the most intensive diffraction reflections with d = 3,81; 2,79; 2,74; 1,88; 1,62 Å correspond to the phase γ-Ca2SiO4. 
The diffraction maxima with d = 2,71; 2,66, 1,72 Å, are, apparently, due to the presence in the slag of the modification of calcium orthosilicate in the form of α-Ca2SiO4. The presence of this crystalline phase in the slag indicates that the modification transformations α → α'H → α'L → β → γ did not occur completely, and a small amount of α-Ca2SiO4 is present in the system [79].
The presence of magnesium orthosilicate forsterite Mg2SiО4 is indicated by the reflections with d = 3,81; 2,74; 2,66 Å.
The research results of the specific surface area, determination of the average particle size and the results of sieve analysis showed that the slag from the production of low-carbon ferrochrome is a finely dispersed gray powder with the following characteristics: specific surface area ~ 2955 cm2/g, average particle size 6.8 μm, true density – 3,01 g/cm3, bulk density – 739 kg/m3. 
Figure 3.14 (given in Appendix B) shows the results of element-by-element mapping of the surface structure of the slag sample from the production of low-carbon ferrochrome by the content of basic chemical elements. The images obtained using JSM-6490LV electron microscope show that the content of calcium Ca and silicon Si prevails in the slag, indicating the predominant content of the main phase in the form of calcium orthosilicate Ca2SiO4.  
The results of element-by-element mapping allowed to draw a conclusion about the uniform distribution of silicon Si and calcium Ca elements, non-uniform distribution and local inclusions of magnesium Mg and chromium Cr elements.
The results of the electron microscopic study of the morphology of particles on the surface of the sample and the spectral elemental composition when scanning the slag from the production of low-carbon ferrochrome are shown in Figure 3.15 in Appendix B.
The predominant content of calcium orthosilicate Ca2SiO4 in the composition of the slag sample from the production of low-carbon ferrochrome is also confirmed by the research results of the elemental chemical composition using JSM-6490LV electron microscope presented in Table 3.4 in Appendix A.
Sodium polysilicate (lump silicate). The technical product, anhydrous sodium polysilicate (lump silicate) with the silicate modulus of 2.8, which meets the requirements of the international standard GOST 13079-93 “Soluble sodium silicate. Technical conditions” [78] was used as the main binding component of composite heat-resistant binders based on technogenic mineral raw materials.  
Sodium polysilicate is a mixture of sodium salts of polysilicic acids with the general formula Na2O∙nSiO2, where n is the number of silicon oxide molecules per sodium oxide molecule. Some works suggest a generalized formula for sodium polysilicate Na2SiO3. 
The chemical composition of sodium polysilicate is shown in Table 3.5 in Appendix A. 
The results of X-ray diffraction analysis of anhydrous sodium polysilicate are shown in Figure 3.16 in Appendix B. The analysis of the diffractogram of anhydrous sodium polysilicate showed the absence of crystalline modifications of sodium silicates in it.
One of the main quality indicators of sodium polysilicate (lump silicate) is the silica modulus (M), which is calculated by the following formula: 

М = (% SiO2 / % Na2O) ∙ 1,032

where 1,032 is the ratio of the molecular weight of silicon oxide and sodium oxide.
Previous studies by the authors [80-83] established the presence of several types of sodium silicate in the composition of liquid glass (obtained from lump silicate) – sodium metasilicate Na2О∙2SiО2, sodium orthosilicate 2Na2О∙SiО2, sodium disilicate Na2О∙2SiО2 and sodium trisilicate Na2О∙3SiО2.

3.2 Research and development of technological parameters for production of composite heat-resistant materials based on activated technogenic raw materials 

The results of analytical studies carried out at the previous stages of this project in 2018-2019 showed that one of the effective types of heat-resistant materials is heat-resistant concretes based on composite heat-resistant binders using aqueous solutions of liquid glass. 
However, the analysis of special building codes and regulations for the use of heat-resistant concrete compositions on liquid glass [84, 85] showed that their significant disadvantage is a large consumption of liquid glass per 1 m3 of heat-resistant concrete (300-500 kg), which entails a high water demand of the concrete mixture and the need to introduce into the composition of heat-resistant concrete a significant amount of finely ground mineral components as hardeners and refractory additives (more than 500 kg per 1 m3 of concrete). This leads to a very high cost and energy consumption of the technological process for the production of heat-resistant concrete. In addition, heat-resistant concrete compositions containing an increased amount of low-melting alkaline liquid glass as a binder component are unable to withstand high temperatures, which reduces their refractoriness. 
In heat-resistant concrete, liquid glass is low-melting constituent unlike other refractory mineral components. Therefore, in order to increase the refractory properties of a heat-resistant binder, various types of refractory finely ground mineral additives are introduced into it.
In this direction, a large work on the study of the influence of the type of finely ground refractory additives and hardeners on the properties of heat-resistant concretes on liquid glass was carried out earlier in [86]. 
The use of sodium fluorosilicate as a hardener for binding compositions based on liquid glass is unsafe, since when heated it releases volatile toxic silicon tetrafluoride.
In addition, sodium fluorosilicate is a scarce product, therefore, studies aimed at finding new affordable and environmentally friendly components as a hardener for compositions on liquid glass are highly relevant.
According to the author [86], when obtaining heat-resistant materials, it is possible to effectively use calcium orthosilicate in γ-2СаО∙SiO2 modification as a hardener for binding compositions based on liquid glass, since its refractory properties are much higher than that of other hardeners.
Along with hardeners and finely ground refractory additives, the type of used aggregates also affects the properties of heat-resistant concrete. It is known that aggregates of heat-resistant concrete based on liquid glass should be materials with high refractoriness and which, under high temperature conditions, do not form low-melting eutectics with liquid glass.
In [87], the experience of using heat-resistant concrete on liquid glass with nepheline sludge, finely ground chamotte and chamotte aggregate for fettling converter dust collectors in nonferrous metallurgy is presented. Prior to the use of heat-resistant concrete, the fettling of such dust collectors was made using chamotte bricks. At the same time, every 6 months it was necessary to replace the chamotte brick fettling, which caused the converter to fail and shut down.
When using heat-resistant concrete on liquid glass, the fettling of the converter dust collectors worked without repair for more than 10 years. 
The authors in [87] presented the production experience of using heat-resistant concretes on liquid glass with ferrochrome slag, chamotte, chamotte-carborundum aggregates for fettling wagonettes of tunnel furnaces at ceramic enterprises, which allowed to increase the fettling service life on average up to 120 days. 
It is shown in [88] that the replacement of small-piece calcined refractory products in metallurgical furnaces with heat-resistant concrete using anhydrous sodium silicate allowed to reduce by 2 times the consumption of scarce heat-resistant material per ton of melted steel. At the same time, the author notes that labor costs for replacing the furnace fettling decreased at least three times, and the energy-intensive technological process of firing, which takes place in the production of small-piece refractory products, was eliminated. 
Developed light heat-resistant concretes using expanded clay and vermiculite aggregates are known. Chammote sand is recommended for use in such concretes as finely ground additives in heat-resistant binders.
However, the high energy intensity of the above-considered heat-resistant binders using liquid glass and heat-resistant concretes based on them, and the need for large capital investments in their production, led to the particular relevance of using new types of effective composite heat-resistant binders for heat-resistant concretes and, primarily, for non-fired technologies. 
In this direction, studies aimed at creating energy-saving technologies for heat-resistant concretes based on the use of anhydrous sodium polysilicates in the form of activated finely dispersed powders are promising. The use of anhydrous finely dispersed sodium polysilicates as a binder creates preconditions for reducing the content of mixing water and an alkaline component in heat-resistant concretes, thereby increasing their thermal properties and contributing to the creation of energy-saving technologies for heat-resistant composite concretes.
In recent years, sodium polysilicate (a semi-finished product for the production of liquid glass) is increasingly recommended for the production of various heat-resistant concretes [89]. 
At present, as mentioned above, to obtain liquid glass, sodium polysilicate in the form of lump silicate is subjected to “soft boiling” in autoclave silicate cookers of various designs.
According to the technology developed by us, when using anhydrous finely dispersed sodium polysilicate as a binder of a heat-resistant composite binder for heat-resistant concrete, it is transferred into liquid glass (dissolution) directly in the medium of the binder composition by adding the required amount of hot water to it, thorough mixing and subsequent thermal treatment.
The technology developed by us for the production of composite heat-resistant binder provides for dry joint grinding of anhydrous sodium polysilicate with a part of the refractory mineral component to the specific surface area of ≥3000 cm2/g, combined with the process of mechanochemical activation in an activator mill.
To develop technological parameters for the production of composite heat-resistant materials based on activated technogenic raw materials, the processes and products of their separate and joint grinding in a ball mill and their joint grinding combined with the process of mechanical activation in an activator mill were studied.
With the well-known technologies of heat-resistant concretes based on liquid glass, dissolving lump silicate obtains the so-called liquid glass – an aqueous alkaline solution of sodium silicates Na2O∙nSiO2 + Н2О in the form of a viscous syrupy liquid.
The solution of liquid glass is usually obtained by soft boiling in autoclaves at an excess vapor pressure of about 5 atmospheres, which is a very energy-consuming and unsafe process [83]. 
At this stage of technological research, we studied the effect of the silica modulus on the solubility of finely dispersed sodium polysilicate samples obtained by grinding in a ball mill and in “Activator 4” activator planetary mill to approximately the same specific surface area of ~ 3000 cm2/g. 
In the study of solubility, sodium polysilicate with a silica modulus of 2.8 was used as the most recommended for the manufacture of concretes based on liquid glass. 
In the process of grinding sodium polysilicate, due to its relatively low hardness, dispersed particles are subject to rapid aggregation (lumping), which complicates further fine grinding of the crushed material.
To eliminate the rapid aggregation of dispersed particles, a surfactant was introduced into the mill during grinding together with the material to be ground – a complex grinding intensifier developed by us in this project [74] based on a mixture of lignosulfonate of technical and thermochemically processed soap stock, which has a hydrophilic-hydrophobic effect and prevents the aggregation process of dispersed particles of the crushed material. The study of the influence of the developed complex intensifier of grinding on the processes of fine grinding of materials was carried out at the previous stage of the project in 2019.
The results of studies of the effect of the silica modulus on the solubility of finely dispersed sodium polysilicate are shown in Table 3.6 in Appendix A.
The analysis of the results of Table 3.6 (given in Appendix A) showed that with an increase in the value of the silica modulus of sodium polysilicate, an increase in its dissolution time occurs. 
In this case, for finely dispersed sodium polysilicate, which has undergone mechanical activation during grinding in “Activator 4” activator planetary mill, the dissolution time is reduced by 1.77-2.17 times.
The study of the effect of water temperature on the solubility of finely dispersed sodium polysilicate in the temperature range of 20-100°C at the same exposure time (3 hours) and the same water content was carried out. The research results are shown in Figure 3.17 in Appendix B.
The analysis of the obtained research results shows that with an increase in temperature to 80-90°C, the solubility of finely dispersed sodium polysilicate increases and is 98-99%. 
Therefore, in the future, when carrying out technological research, the temperature range of 85-90°C for the mixing water of the heat-resistant binder was taken as the optimal temperature of the water for dissolving finely dispersed sodium polysilicate in the conditions of application of heat-resistant composite binder close to real conditions.
The thermal treatment is an important technological factor that has a significant effect on the dissolution of finely dispersed sodium polysilicate and subsequent hardening in the binder composition at a temperature of 95°C and thermal treatment of the hardened system at a temperature of 200°C.
Samples of heat-resistant binder, formed in metal molds, were placed in a drying oven and subjected to thermal treatment according to a certain mode at 95°C and 200°C. Then the drying oven was turned off and the hardened samples of the heat-resistant binder were cooled to room temperature.
The research of the author [90] established that with a similar mode of thermal treatment, intensive dissolution of anhydrous sodium silicate with a silica modulus 2.8 occurs at 90-95°C. 
The research was carried out on the effect of mechanically activated both separately and in a mixture of finely dispersed sodium polysilicate and scrap chamotte brick, as well as the effect of the component composition, grinding method, degree of dispersion and hardening conditions on the main physical and technical properties of composite heat-resistant binders.
The influence of the component composition on the strength properties of heat-resistant binders was assessed by the strength indicators of beams samples 4x4x16 cm in size, manufactured and tested according to standard procedures in accordance with the requirements of GOST 310.1 – GOST 310.4 [91-94]. 
When conducting research on the development of the optimal composition of heat-resistant binders, the task was to establish the dependence of the strength of the material on such technological factors as:
- the content of sodium polysilicate in the binder; 
- the influence of the method of grinding the components of the binder;
- modes of thermal treatment.  
Determination of these dependences allows to develop rational compositions and basic technological parameters that ensure the production of heat-resistant binders with desired properties.
During the research, first of all, the main dependences of the influence of the ratio between sodium polysilicate and chamotte component on the strength of heat-resistant binder after hardening according to specified thermal treatment modes and with high-temperature heating to 1000°C were studied.
The strength tests of heat-resistant binder were carried out on samples made from mixtures of sodium polysilicate and chamotte component, jointly ground to the specific surface area of 3000 cm2/g, according to the established procedure in accordance with GOST 310.4. The process of hardening of heat-resistant binder samples was carried out according to the following temperature regime: 
- temperature rise up to 95°С within 2 hours;
- isothermal exposure at 95°C within 3 hours;
- further rise in temperature to 200°C within 3 hours;
- isothermal holding at 200°C within 3 hours.
The choice of the temperature regime was made according to the recommendation outlined in [95]. 
The samples were tested after cooling to room temperature of 20-25°C. 
The research results are shown in Figure 3.18 (given in Appendix B). show that the content of sodium polysilicate in the binder composition has a significant effect on the strength of the samples. By the nature of the strength graph, it can be concluded that the high strength of heat-resistant binder samples is provided with an optimal ratio of 20-25% sodium polysilicate and 75-80% chamotte component in the binder composition. 
The surface of the samples of heat-resistant binder with the content of 30 mass percent sodium polysilicate swelled when the samples were heated to 200°C; therefore, the limiting content of sodium polysilicate in the binder composition in subsequent studies was taken to be 25 mass percent.
The results of studying the strength of samples of heat-resistant binder (hardening of samples at 95°C), obtained by joint grinding of components in a ball mill, are shown in Figure 3.19 in Appendix B. 
The results of studying the strength of samples of heat-resistant binder (hardening of samples at 95°C), obtained by joint grinding of components and mechanical activation in “Activator 4” activator planetary mill are shown in Figure 3.20 in Appendix B. 
The analysis of the results of the performed studies of strength properties shown in Figures 3.19 and 3.20 showed that the strength of samples of heat-resistant binder hardened at 95°C, obtained by joint grinding of components in an activator planetary mill, increases by 30-40%. 
	The results of studying the strength of samples of heat-resistant binder obtained by joint grinding of components in a ball mill and mechanically activated in an activator planetary mill after thermal treatment at 200°C are shown in Figures 3.21 and 3.22. 
The strength indices of samples of heat-resistant binder hardened at 95°C, obtained by joint grinding of components and mechanical activation in an activator mill, after subsequent thermal treatment and drying at 200°C, increased by 40%.
The analysis of the results of the performed studies of strength properties showed that after the subsequent thermal treatment and drying at 200°C, the strength for all samples of heat-resistant binder hardened at 95°C increases by 40%.
Samples of heat-resistant binder obtained by joint grinding and mechanical activation in “Activator 4” activator planetary mill of a mixture of sodium polysilicate and scrap chamotte brick showed 30-40% higher strength, compared to the strength of samples of heat-resistant binder obtained by joint grinding of these components in a ball mill. 
The obtained research results are in good agreement with the conclusions in the previously published works of the authors [96,97].
Tables 3.7 and 3.8 show the properties of samples of heat-resistant composite binder of various compositions prepared by joint grinding of sodium polysilicate (silica modulus 2.8) and chamotte component to the specific surface area of ​​3000 cm2/g, and subsequent mixing with finely dispersed slag from the production of low-carbon ferrochrome. To carry out the strength tests, samples were made with preliminary heating of mixing water (90°C) with simultaneous mixing of the binder composition for 6 minutes, followed by molding and hardening of the samples at 95°C, and thermal treatment of the samples at 200°C. 
From the research results given in Table 3.7 it follows that with an increase in the percentage of the chamotte component, the refractoriness of the samples of heat-resistant binder increases, but the strength of the binder decreases. 
The use of finely dispersed slag of the production of low-carbon ferrochrome, with the specific surface ~ 3000 cm2/g, allows to replace 30-50% of the finely dispersed chamotte component in the composite heat-resistant binder. At the same time, due to the finely dispersed state of the slag from the production of low-carbon ferrochrome, the process of its fine grinding in mills is excluded. 

3.3 Research of physicochemical properties of products of mechanochemical activation of a mixture of components of heat-resistant composite binders based on technogenic mineral raw materials 

Comprehensive studies of the physicochemical properties of the products of mechanochemical activation of a mixture of components and hardening products of heat-resistant composite binders were carried out using the methods of X-ray phase, differential thermal analysis, electron microscopy and spectral analysis. 
The results of studying the diffractograms of samples of mechanochemically activated mixture of components, hardening products of composite heat-resistant binder, as well as binder samples subjected to high-temperature thermal action at 1000°C (Figures 3.23-3.25 in Appendix B), showed that the composition of crystalline phases practically does not change, but it is necessary note the change in the intensity of diffraction reflections for some crystalline phases. 
When studying the diffractograms (Figures 3.23-3.25), intensive diffraction reflections were established, corresponding mainly to crystalline phases of the chamotte component – mullite 3Al2O3∙2SiO2 (d = 5.10; 3.38; 2.89; 2.66;  2.29; 2.20; 2.12; 1.53 Å), quartz SiO2 (d = 3.38; 2.89; 1.74; 1.53 Å), cristobalite (quartz modification) SiO2 (d = 4.09; 2.66; 2.20; 1.74; 1.53 Å), as well as crystalline phases of low-carbon ferrochrome slag – calcium orthosilicate shannonite γ-2CaO∙SiO2 (d = 2,89; 2,66; 1,74; 1,62 Å) and magnesium orthosilicate forsterite 2MgO∙SiO2  (d = 3,35; 2,74; 2,66 Å). 
From the analysis of diffractograms of samples of hardened composite heat-resistant binder (Figures 3.23-3.25), it can be concluded that hydrated new formations in the hardening binder are presented mainly in a gel-like form in the form of a compacted and polymerized silica gel, in which particles of products of interaction of sodium polysilicate with chamotte component and particles of products of interaction of sodium polysilicate with slag of production of low-carbon ferrochrome are present. 
Comprehensive physicochemical studies of hardened samples of the developed composite heat-resistant binder were also carried out by differential thermal analysis (DTA), thermogravimetry (TG) and differential thermogravimetry (DTG) using Q-1500 derivatograph (MOM, Hungary).
The analysis of the derivatogram of hardened samples of heat-resistant binder obtained by joint grinding in an activator mill of a mixture of sodium polysilicate and a chamotte component (Figure 3.26 in Appendix B) showed that, judging by the endothermic effects at a temperature range from 28 to 166°C, during heating, the main amount of heat is spent on removal of moisture from the compacted gel of polymerized silicic acid and is to a small extent consumed in the stepwise dehydration of crystalline hydrates, the endothermic effects of which occur at temperature peaks of 300°C, 518°C. The endothermic effect observed in the temperature range from 620 to 822°C is due to the onset of partial decomposition of low-melting impurities. The endothermic effects occurring in the range from 1050 to 1500°C are possibly associated with the processes of decomposition and liquid-phase sintering of the components that make up the composite binder. The total weight loss was ~ 10% of the initial binder weight.  
The analysis of the derivatogram of hardened samples of composite heat-resistant binder mixed with a finely dispersed slag of low-carbon ferrochrome (Figure 3.27 in Appendix B) showed the presence of endothermic effects associated with both the removal of moisture from the compacted polymerized silica gel, the effects of which occur at temperatures of 40 and 221°C, and with dehydration of crystalline hydrates and recrystallization of new formations, the endothermic effects of which occur at temperatures of 643°C, 811°C. The total weight loss of the binder is ~ 5-6%. 
It should be noted that the heat-resistant binder, into which a finely dispersed slag of low-carbon ferrochrome was introduced, showed less weight loss on heating, the peaks of the DTA and DTG effects are shifted towards higher temperatures, which is obviously associated with the crystalline phases of new formations in the hydrated binder. The significant endothermic effect in the temperature range from 321 to 988°C, not associated with weight loss, indicates polymorphic transformations of the crystalline phase of the original minerals of the binder components.
The analysis of the derivatogram of hardened sample of composite heat-resistant binder subjected to thermal action at a temperature of 1000°C (Figure 3.28) did not reveal significant endothermic effects. The removal of physical moisture can be attributed to the only diffuse effect of DTG, falling within the temperature range from 25 to 115°C. The stronger endothermic effect, which falls on the temperature range from 345 to 982°C, is obviously associated with the processes of sintering of the minerals of the components that make up the binder. The total weight loss was ~ 0.5%, and the entire weight loss was associated with the removal of adsorbed water in the first period when the binder sample was heated. 
The results of physical and technical and physicochemical studies of the obtained composite heat-resistant binders showed that the use of mechanochemical activation, combined with fine grinding in an activator planetary mill, allowed to establish a higher chemical activity (reactivity) of the components in the composition of binders and their higher indicators of strength and heat resistance. 
According to the results of physicochemical studies, it was revealed that during mechanical activation in an activator planetary mill, not only the material is ground faster and more finely, but also significant changes in the structure and morphology of the mechanically activated product particles occur.  
Based on the results of studying electron microscopic images of sample of mechanochemically activated mixture of sodium polysilicate and scrap chamotte brick, it is possible to judge about partial amorphization and deformation in the fine structure of the ground substances, as well as changes in the morphology of dispersed particles of the ground components during their joint grinding in an activator planetary mill. 
Summarizing the results of comprehensive physicochemical studies, it is possible to assume a probable mechanism of the processes occurring during the mechanical activation of a mixture of components, the essence of which is that in the process of mechanical activation the surface of the particles of the crushed material is amorphized. This is due to the fact that the amorphization of the surface of the particles of the ground material is a consequence of the plastic deformation of crystals in the surface structure of the substance during mechanical activation. Due to the formation of an amorphous layer on the surface of the particles, the density of the substance decreases, which, as a result, can lead to a significant increase in its reactivity and chemical activity in the environment of mechanically activated heat-resistant binder. 
Based on the results of the performed comprehensive physicochemical studies, as well as taking into account the views of other researchers [98, 82], we propose a theoretical model of the macrostructure of heat-resistant binder particle, presented in Figure 3.29 (Appendix B), formed during mechanochemical activation during grinding in an activator planetary mill. The mechanochemically activated particle of the ground material has a multilayer structure, consisting of: a surface amorphized layer; a highly deformed near-surface layer containing many microcracks; a weakly deformed inner layer and particle core. 






4 Pilot tests of the developed technology

The results of the performed research and the developed technology of heat-resistant composite binders based on mechanically activated technogenic raw materials successfully passed pilot tests on a pilot production line with the capacity of 0.5 t/h. The general view of the production line and its main equipment are presented in Figures 4.1-4.4, given in Appendix B. The main equipment of the production line is an activator-type grinding plant, which includes “Activator C500” centrifugal-elliptic mill (CEM) with feed hoppers and batchers, as well as a drying drum, a two-shaft paddle mixer.
The technological process consists of the following operations. Anhydrous sodium polysilicate and scrap chamotte brick are preliminarily subjected to crushing to a particle size of no more than 5 mm. Then, from the bunkers, individually or in a certain ratio, they are fed into a drying drum, where the raw materials are dried to a residual moisture content of no more than 2%. After drying, sodium polysilicate and scrap chamotte brick are fed into feed hoppers and, by means of batchers, are fed into “Activator C500” centrifugal-elliptic mill (CEM), where they are subjected to fine grinding combined with the process of mechanochemical activation. 
The schematic flow diagram of the production of heat-resistant composite binders based on mechanically activated technogenic raw materials is shown in Figure 4.5 in Appendix B. 
The finely dispersed mechanically activated mixture, consisting of sodium polysilicate and scrap chamotte brick, is fed into a two-shaft paddle mixer, where it is mixed with finely dispersed slag from the production of low-carbon ferrochrome, which acts as both sodium polysilicate hardener and active component of heat-resistant binder. 
In the process of obtaining a heat-resistant composite material, special technological additives can also be used – vermiculite as a porous mineral additive [99, 100], as well as surfactants as a grinding intensifier [74]. 
The process of fine grinding in the activator-type “Activator C500” centrifugal-elliptic mill (CEM) allowed to obtain a homogeneous and mechanochemically activated mixture of sodium polysilicate and scrap chamotte brick. 
On the indicated pilot production line, the project executors (Figure 4.6 in Appendix B) produced a pilot batch of 500 kg of heat-resistant composite binder. In the manufacture of a pilot batch of heat-resistant composite binder, a new grinding intensifier developed by us in the project [74] was introduced into the mill in an amount of 0.05 mass percent from the binder mass.
The component composition and strength parameters of the heat-resistant composite binder obtained on the pilot production line based on mechanically activated technogenic raw materials, established by standard tests in accordance with the requirements of GOST 310, are presented in Table 4.1, given in Appendix A. 
The results of the pilot tests confirmed the high efficiency of the application of methods of mechanical activation in the production of heat-resistant composite binders. 
The calculation of the economic efficiency of the developed technology for the production of heat-resistant composite binders was not carried out due to the lack of such production in the republic as a basis for comparison and comparative assessment. 
In the course of pilot tests, the developed technology for the manufacture of products from fine-grained heat-resistant concrete with the use of a heat-resistant composite binder was also tested, and as heat-resistant aggregates (fraction ≤ 5 mm) - a mixture of chamotte brick scrap and slag from the production of high-carbon ferrochrome in a ratio of 2:1, which includes the following main redistributions:
- preparation of components - heat-resistant binder and aggregates;
- preparation of heat-resistant concrete mixture;
- molding of products and their heat and heat treatment.
As a result of the studies carried out on the project, it is recommended for the implementation of the following rational composition of heat-resistant concrete, which makes it possible to obtain products with assembly strength after heat treatment at 200 °C - at least 20 MPa, strength after firing at 1000 °C - at least 30 MPa, including, % wt.:
- Heat-resistant composite binder, % wt.:
sodium polysilicate 		- 5;
scrap of fireclay bricks 		- 12;
low-carbon ferrochrome slag 	- 8.
- Fine-grained filler, % wt.:
scrap of fireclay bricks 		- 50;
high-carbon ferrochrome slag 	- 25.
Recommended heat treatment mode for the hardening process of refractory concrete products:
- temperature rise to 95 °C for at least 2 hours;
- isothermal holding at 95 °С for at least 3 hours;
- further rise in temperature to 200 °С for at least 3 hours;
- isothermal holding at 200 °C for at least 3 hours.
A general view of the samples obtained from heat-resistant concrete is shown in Figure 4.7 in Appendix B.
The main physical and technical properties of the obtained heat-resistant concrete are shown in Table 4.2 in Appendix A.
The developed technology is notable for its simplicity, does not require complex equipment and allows to organize the production of products from the developed heat-resistant concrete directly at the enterprise - the consumer of products from heat-resistant concrete.



























CONCLUSION

1 As a result of the analytical review of scientific and technical literature on the processes of production of heat-resistant materials, it was found that high energy consumption and large capital costs for their production led to the particular relevance of the development and use of new types of effective binders for heat-resistant materials and, first of all, non-fired composite binders using technogenic mineral raw materials.  
2 The choice of technogenic components for the production of heat-resistant composite materials is due to their chemical and mineralogical composition and physical and technical properties, as well as their sufficient reserves in the republic, their availability at cost, the absence of the need for preliminary high-temperature treatment.  
3 Comprehensive studies of the physical and technical and physicochemical properties of the products of mechanical activation of the components of heat-resistant binders from technogenic mineral raw materials were carried out. 
Based on the results of the performed comprehensive studies, it was found that the heat-resistant binder sample, crushed and mechanically activated in the activator mill, is a polydisperse material, in which a significant part is a finely dispersed fraction from 0.5 to 10 μm, while in the sample ground in the ball mill, a larger fraction of 5-50 μm prevails. It was found that there are no large grains in the microstructure of the mechanically activated sample, since during the process of mechanical activation their average size decreased by more than 2 times compared to the sample ground in the ball mill (non-activated). In addition, in the mechanically activated sample, there is a change in the morphology of dispersed particles, since shapeless particles of an indefinite configuration prevail, while in the non-activated sample there are particles with more pronounced flat faces. 
The results of the performed comprehensive studies served as the basis for creating the theoretical model of the mechanically activated particle macrostructure. 
4 On the basis of theoretical, physicochemical and experimental studies, the chemical-mineralogical and physical-technical properties of heat-resistant binders obtained by grinding components from technogenic mineral raw materials in the activator mill, combined with the process of mechanochemical activation, were determined.
[bookmark: _Hlk54371171]5 Based on the results of pilot tests of the developed energy and resource-saving technology, practical recommendations for the production of heat-resistant composite binders were drawn up. The production process of heat-resistant composite binders includes joint grinding and mechanical activation in the activator mill of the mixture of scrap chamotte brick and sodium polysilicate using the surfactant as the grinding intensifier, followed by mixing with the finely dispersed slag from the production of low-carbon ferrochrome.    
6 The novelty of the developed technical and technological solutions for the project is confirmed by two patents of the Republic of Kazakhstan for useful models - No. 4040 "Heat-resistant concrete" and No. 5036 "Composition of non-fired fireclay heat-resistant concrete and the method of its production." Based on the results of the research, an application was submitted for the issuance of a patent of the Republic of Kazakhstan for the useful model "Heat-resistant concrete", registration No. 2020 / 0714.2 of 08/04/2020.
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APPENDIX А
Tables to the sections 2, 3, 4 of the report 

Table 2.1 – Technical characteristics of “Activator 4” activator planetary mill 

	Mill parameters 
	Values 

	Number of drums 
	4 х 250 ml

	Grinding ball mass 
	600-1400 g

	Loaded material mass 
	1000 g

	Planetary disk rotation speed 
	100-800 rpm

	Drum rotation speed 
	150-1200 rpm

	Centrifugal acceleration 
	up to 100 G

	Power consumption of electric motor
	18 kW

	Overall dimensions: length x width x height
	940 х 695 х 1150

	Mass 
	390 kg



Table 2.2 – Technical characteristics of “Activator C500” centrifugal-elliptic mill 

	Mill parameters 
	Values 

	Number of grinding chambers 
	2

	Productivity 
	500 kg/h

	Grinding fineness 
	4-7 μm

	Maximum rotation frequency 
	1000 rpm

	Centrifugal acceleration 
	up to 100 g

	Power consumption of electric motor
	11 kW 

	Overall dimensions: length x width x height
	1370 х 2325 х 1600

	Mass 
	890 kg




Table 3.1 – Elemental composition of scrap chamotte brick when scanning the sample in the electron microscope

	O
	Si
	Al
	Ca
	Mg
	Fe
	Ti
	Na
	K

	53.41
	26.18
	14.83
	0.39
	0.41
	2.97
	1.03
	0.12
	0.65




Table 3.2 – Granulometric composition and bulk density of slags from the ferrochrome production 

	Indicators 
	Content of fractions in the slag from the ferrochrome production, mass percent 


	
	high-carbon
	low-carbon 

	Granulometric composition: 
Fraction of more than 5 mm
Fraction of 3-5 mm
Fraction of 2-3 mm
Fraction of 1-3 mm
Fraction of 0.5-1 mm
Fraction of less than 0.5 mm 
Including fraction of 0.088-0.5 mm 
Fraction of less than 0.088 mm
	 
31,9
31,1
4,5
2,5
4,5
25,5
12,7
12,7
	 
4,1
23,4
18,5
17,5
17,5
19,0
9,5
9,5

	Bulk density, g/cm3
	1,92
	1,58






Table 3.3 – Chemical composition and refractoriness of slags from the ferrochrome production 
 
	Type of slag from the ferrochrome production 
	
	
	Content of oxides, %
	Refractoriness, ºС

	
	
	
	SiO2
	Al2O3
	СаО
	MgO
	Cr2O3
	Fе2O3
	

	Slag from the high-carbon ferrochrome production
	
	
	
	31,2
	17,8
	2,4
	43,1
	5,1
	1,1
	1630

	Slag from the low-carbon ferrochrome production
	
	
	29,3
	7,1
	45,2
	13,4
	5,2
	1,1
	1360




Table 3.4 – Elemental chemical composition of the slag sample from the low-carbon ferrochrome production when scanning the sample in the electron microscope (mass percent) 

	O
	Mg
	Al
	Si
	Ca
	Cr
	Fe

	41.69
	4.73
	2.19
	10.86
	36.72
	3.57
	0.24




Table 3.5 – Chemical composition of sodium polysilicate

	SiO2
	Al2O3
	Fe2O3
	CaO
	MgO
	Na2O
	SO3

	72,09
	0,21
	0,05
	0,42
	0,07
	26,89
	0,27





Table 3.6 – The effect of silica modulus on the solubility of sodium polysilicate of different grinding

	Silica modulus 
	Dissolution time of sodium polysilicate of different grinding, h 

	
	in the ball mill 
	in the activator mill

	2,8
	3,7
	1,7

	2,9
	4,6
	2,3

	3,0
	5,5
	3,1





Table 3.7 – Indicators of physical and technical properties of heat-resistant binder of joint grinding in the ball mill mixed with the slag of the low-carbon ferrochrome

	Composition of binder of joint grinding, mass percent 
	Slag of the low-carbon ferrochrome
	Average density, kg/m3
	Refractoriness, °С
	Compression strength after drying at 200°С

	Sodium polysilicate
	Chamotte component 
	
	
	
	

	5
	45
	50
	1750
	1970
	16,8

	10
	40
	50
	1660
	1850
	22,7

	20
	30
	50
	1540
	1790
	34,4

	30
	20
	50
	1380
	1730
	36,2






Table 3.8 – Indicators of physical and technical properties of heat-resistant binder of joint grinding in the activator mill mixed with the slag of the low-carbon ferrochrome 

	Composition of binder of joint grinding, mass percent
	Slag of the low-carbon ferrochrome
	Average density, kg/m3
	Refractoriness, °С
	Compression strength after drying at 200°С

	Sodium polysilicate
	Chamotte component 
	
	
	
	

	5
	45
	50
	1730
	1980
	22,7

	10
	40
	50
	1640
	1870
	31,6

	20
	30
	50
	1520
	1780
	48,4

	30
	20
	50
	1370
	1740
	50,8



Table 4.1 – Indicators of physical and technical properties of heat-resistant binder of pilot batch of joint grinding in the activator mill mixed with the slag of the low-carbon ferrochrome  

	Composition of binder of joint grinding, mass percent
	Slag of the low-carbon ferrochrome
	Average density, kg/m3
	Refractoriness, °С
	Compression strength after drying at 200°С

	Sodium polysilicate
	Chamotte component 
	Surfactant 
	
	
	
	

	5
	45
	0,05
	50
	1730
	1970
	23,8

	10
	40
	0,.05
	50
	1640
	1850
	35,6

	20
	30
	0,05
	50
	1520
	1760
	49,3

	30
	20
	0,05
	50
	1370
	1690
	51,7







Table 4.2 - Physical and technical properties of heat-resistant concrete

	Name of properties
	Units of measurement
	Indicators

	Average density
	kg / m3
	2800

	Compressive strength:
- after heat treatment at 200 ° С
- after heat treatment at 1000 ° С
	
MPa
MPa
	
not less than 20
not less than 30

	Heat resistance (1000 ° C - water)
	change
	6

	Temperature of the beginning of deformation under a load of 0.2 MPa
	°С
	1550

	Температура применения
	°С
	1550
















APPENDIX B
Figures to the sections 1, 2, 3, 4 of the report 



Zones of states: D – deformed structure, E – exoemission,
P – “triboplasm”, N – normal structure 
Figure 1.1 – Model of the process of collision of particles during grinding
  (the direction of impact is shown by the arrow)

	
	
	

	а
	b
	c


Figure 1.2 – Schemes of movement of grinding bodies during grinding in different mills: a – in the ball mill; b – in the planetary mill; c – in the centrifugal-elliptic mill


Figure 2.1 – The general view of the laboratory grinding plant “ML-1”


Figure 2.2 – The general view of the planetary mill “Activator 4” 


Figure 2.3 – The general view of the vibrating scatterer “Analysette 3” 



Figure 2.4 – The general view of the drum rod mixer 




Figure 2.5 – The general view of the centrifugal-elliptic mill “Activator C500” 













Figure 3.1 – The general view of the scrap chamotte brick 




Figure 3.2 – The diffractogram of the scrap chamotte brick




Figure 3.3 – The derivatogram of the scrap chamotte brick













Figure 3.4 – The dispersion spectrum of the sample of the scrap chamotte brick ground in the ball mill 


Figure 3.5 – The dispersion spectrum of the sample of the scrap chamotte brick mechanically activated in the activator mill
  



	
а) 100-fold magnification 

	
b) 300-fold magnification


Figure 3.6 – Electron microscopic images of the sample of the scrap chamotte brick ground in the ball mill







	
а) 100-fold magnification

	
b) 300-fold magnification


Figure 3.7 – Electron microscopic images of the sample of the scrap chamotte brick mechanically activated in the activator mill











Figure 3.8 – Electronic photo of the surface particle morphology and the spectral analysis of the sample of the scrap chamotte brick ground in the ball mill










Figure 3.9 – Electronic photo of the surface particle morphology and the spectral analysis of the sample of the scrap chamotte brick mechanically activated in the activator mill






Figure 3.10 – Type of the slag from the high-carbon ferrochrome production 



Figure 3.11 – Type of the slag from the low-carbon ferrochrome production 





Figure 3.12 – The diffractogram of the slag from the high-carbon ferrochrome production 



Figure 3.13 – The diffractogram of the slag from the low-carbon ferrochrome production 






Figure 3.14 – Element-by-element mapping of the structure of the slag from the low-carbon ferrochrome production (x50) 














Figure 3.15 – Electronic photo of the surface particle morphology and the spectral analysis of the sample of the slag from the low-carbon ferrochrome production 








Figure 3.16 – The diffractogram of anhydrous sodium polysilicate



Figure 3.17 – The effect of temperature on the solubility of dispersed sodium polysilicate (Ssp = 3000 cm2/g)





Figure 3.18 – The effect of the content of sodium polysilicate on the strength of the sample of the heat-resistant binder obtained by joint grinding the components in the ball mill (Ssp = 3000 cm2/g)

Figure 3.19 – The indicators of strength of the sample of the heat-resistant binder obtained by joint grinding the components in the ball mill 
(the hardening of the samples at 95°C) 


Figure 3.20 – The indicators of strength of the sample of the heat-resistant binder obtained by joint grinding the components in the activator mill 
(the hardening of the samples at 95°C) 


Figure 3.21 – The indicators of strength of the sample of the heat-resistant binder obtained by joint grinding the components in the ball mill after drying at 200°C



Figure 3.22 – The indicators of strength of the sample of the heat-resistant binder obtained by joint grinding the components in the activator mill after drying at 200°C


[bookmark: _Hlk52491956]Figure 3.23 – The diffractogram of the hardened sample of the heat-resistant binder obtained by joint grinding in the activator mill of the mixture of sodium polysilicate and chamotte component 





Figure 3.24 – The derivatogram of the hardened sample of the composite heat-resistant binder in the mixture with the finely ground slag of the low-carbon ferrochrome
 
Figure 3.25 – The derivatogram of the hardened sample of the composite heat-resistant binder subjected to the thermal exposure at a temperature of 1000°C


Figure 3.26 – The derivatogram of the hardened sample of the heat-resistant binder obtained by joint grinding in the activator mill of the mixture of sodium polysilicate and chamotte component 





Figure 3.27 – The derivatogram of the hardened sample of the composite heat-resistant binder in the mixture with the finely ground slag of the low-carbon ferrochrome 



Figure 3.28 – The derivatogram of the hardened sample of the composite heat-resistant binder subjected to the thermal exposure at a temperature of 1000°C




1 – amorphized surface layer; 
2 – deformed near-surface layer; 
3 – weakly deformed inner layer; 
4 – core
Figure 3.29 – Model of the mechanically activated particle’s structure



	Figure 4.1 – The general view of the pilot production line 



	Figure 4.2 – The general view of “Activator C500” centrifugal-elliptic mill



Figure 4.3 – The general view of “Activator C500” CEM bunkers



Figure 4.4 – The general view of the two-shaft paddle mixer 


From the left to the right: Bazhirov N.S., Doctor of Technical Sciences, Professor, 
Zhantasov K.T., Doctor of Technical Sciences, Professor, 
Dauletiyarov M.S., Candidate of Technical Sciences
Figure 4.5 – Working moment during pilot testing for the production of heat-resistant composite binders on the production line with “Activator C500” CEM 


 

Figure 4.6 – Technological scheme for the production of heat-resistant 
composite binders 














Figure 4.7 - Sample of heat-resistant concrete based on heat-resistant 
composite binder
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Work schedule

	Code of task, stage
	Name of works under the contract and the main stages of its implementation
	Performance time
	Expected result 

	
	
	Start 
	End 
	

	1
	Conducting the analytical review of scientific and technical literature and patents on low-temperature processes for the production of heat-resistant materials based on technogenic raw materials, including with the use of methods of mechanochemical activation.
	January
2018 
	March 2018
	The analytical review of scientific and technical literature and patents on low-temperature processes for the production of heat-resistant materials based on technogenic raw materials, including with the use of methods of mechanochemical activation will be conducted.
The detailed analysis of the data presented in the scientific and technical literature and patents will be performed.
The comparative and critical analysis of methods for the production of heat-resistant materials based on technogenic raw materials will be carried out.

	2
	Selection and physicochemical studies of technogenic mineral raw materials for obtaining heat-resistant materials.
	April 2018 
	June 
2018
	The technogenic mineral raw materials will be selected and physicochemically studied to obtain heat-resistant materials.
The results of the analysis of the chemical and mineralogical composition, physicochemical structure and properties of technogenic raw materials used to obtain heat-resistant materials will be obtained. 

	3
	Investigations of the kinetics of dispersion during mechanical activation of the components of heat-resistant binders from technogenic mineral raw materials.

	July 2018
	September 2018
	The kinetics of dispersion during mechanical activation of the components of heat-resistant binders from technogenic mineral raw materials will be investigated.
Technological parameters of mechanical activation and physical and technical properties of activated technogenic raw materials will be determined. 

	4
	Investigations of the physicochemical properties of the products of mechanical activation of the components of heat-resistant binders from technogenic mineral raw materials.
	October 2018
	Before 1 November 2018
	The physicochemical properties of the products of mechanical activation of the components of heat-resistant binders from technogenic mineral raw materials will be investigated.
The results of determining the physicochemical properties of the products of mechanical activation of the components of heat-resistant binders will be obtained.
2 articles will be published in a peer-reviewed scientific journal, indexed in the Scopus database with a nonzero impact factor “News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences”.

	5
	Investigation of the processes of mechanochemical activation of the mixture of components of heat-resistant binders from technogenic mineral raw materials.
	January 2019
	March 2019
	The processes of mechanochemical activation of the mixture of components of heat-resistant binders from technogenic mineral raw materials will be investigated. 
Technological parameters of mechanochemical activation of the mixture of raw materials of heat-resistant materials will be determined.

	6
	Investigation of the physicochemical properties of the products of mechanochemical activation of the mixture of components of heat-resistant binders from technogenic mineral raw materials.
	April 2019
	June 2019
	The physicochemical properties of the products of mechanochemical activation of the mixture of components of heat-resistant binders from technogenic mineral raw materials will be investigated.
The results of the physicochemical properties of the products of mechanochemical activation of the mixture of components of heat-resistant binders will be obtained.
1 article will be published in a peer-reviewed foreign or domestic scientific journal with a nonzero impact factor.

	7
	Research on the intensification of grinding processes of raw materials of heat-resistant materials based on technogenic mineral raw materials. 
	July 2019
	September 2019
	The intensification of grinding processes of raw materials of heat-resistant materials based on technogenic mineral raw materials will be researched. 
Technological parameters of grinding of technogenic raw materials of heat-resistant materials will be determined. 

	8
	Investigations of the physicochemical properties of heat-resistant materials based on technogenic mineral raw materials and surfactants – intensifiers of grinding.
	October 2019
	Before 1 November 2019
	The physicochemical properties of heat-resistant materials based on technogenic mineral raw materials and surfactants – intensifiers of grinding – will be investigated. 
The technological parameters of grinding technogenic raw materials using surfactants will be determined.
2 applications will be filed for obtaining the certificate for the intellectual property object. 
2 articles will be published in a peer-reviewed scientific journal, indexed in the Scopus database with a nonzero impact factor “News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences”.

	9
	Investigation of the physical and technical properties of the obtained heat-resistant composite materials based on technogenic mineral raw materials and surfactants.
	January 2020
	March 2020
	The physical and technical properties of the obtained heat-resistant composite materials based on technogenic mineral raw materials and surfactants will be investigated.
The results of the physicochemical properties of the products of mechanochemical activation of the mixture of components of heat-resistant binders will be obtained.

	10
	Development of technological parameters for the production of heat-resistant materials based on mechanochemically activated technogenic mineral raw materials.
	April 2020
	June 2020
	The technological parameters for the production of heat-resistant materials based on mechanochemically activated technogenic mineral raw materials will be developed. 
The technological parameters for the production of heat-resistant materials based on mechanochemically activated technogenic mineral raw materials will be determined.
1 article will be published in a peer-reviewed foreign or domestic scientific journal with a nonzero impact factor.

	11
	Preparation and carrying out of pilot tests of the developed technologies of heat-resistant materials based on activated technogenic mineral raw materials.
	July 2020
	September 2020
	The pilot tests of the developed technologies of heat-resistant materials based on activated technogenic mineral raw materials will be prepared and carried out.
The results of the pilot tests of the developed technologies of heat-resistant materials will be obtained.

	12
	Development of practical recommendations for using the project results in the technology of heat-resistant materials. Preparation and submission of the report. 
	October 2020
	Before 1 November 2020 
	Practical recommendations for using the project results in the technology of heat-resistant materials will be developed. 
The report will be prepared and submitted. 
2 articles will be published in peer-reviewed scientific journals, indexed in the Scopus database with a nonzero impact factor of “Issues of chemistry and chemical technology”, Ukraine, and “News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences”. 
1 book-monograph will be published. 
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APPENDIX F 
LIST 
of published scientific work by the project for 2018

1. Bazhirov N.S., Dauletiyarov M.S., Bazhirov T.S., Serikbayev B.E., Bazhirova K.N. Research of waste of aluminum production as the raw components in technology of composite cementing materials. // New of NAS RK, Series of geology and technical sciences, 2018, № 1(427). – P. 93-98.
 	2. Bazhirov N.S., Serikbayev B.E., Bazhirov T.S. Composite binding materials with thermally activated bauxite sludge // Advanced technologies in modern mechanical engineering. Composite building materials. Theory and practice. – Penza (Russia), 2018. – P. 117-121 (Russian).
3. Bazhirov N.S., Serikbayev B.E., Bazhirov T. S. Investigation of strength properties of composite binders with bauxite sludge // Advanced technologies in modern mechanical engineering. Composite building materials. Theory and practice. – Penza (Russia), 2018. – P. 122-126 (Russian).
4. Bazhirov N.S., Bazhirov T.S., Dauletiyarov M.S., Bazhirov N.S. Physical and chemical studies of the processes of thermal activation of bauxite sludge – a component of composite binders // Issues of chemistry and chemical technology. – Dnipro (Ukraine), 2018. - № 5. – P. 87-91 (Russian).
5. Patent RK № 2975 IPC С04В 7/52. Useful model. Cement grinding intensifier / Bazhirov N.S., Bazhirov T.S., Dauletiyarov M.S., Bazhirov N.S. Publ. 23.07.2018, Bul. № 27 (Russian). 








APPENDIX G 
LIST 
of published scientific work by the project for 2019

1. Bazhirov N.S., Ргоtsenko V.S., Dauletiyarov M.S., Bazhirov T.S., Serikbayev B.E., Bazhirova K.N. Physicochemical investigations of vermiculite – mic-roporous component for heat resistant materials. // New of NAS RK, Series of chemistry and technical technology, 2019, № 5(437). – P. 136-142.
2. Bazhirov N.S., Bazhirov T. S., Serikbayev B.E., Bazhirov N.S., Dauletiyarov M.S., Bazhirova K.N. Complex use of ferrochrome production slags as raw materials for heat-resistant concrete // Proceedings of International scientific and practical conference. Advanced technologies in modern mechanical engineering. Composite building materials. Theory and practice. – Penza (Russia), 2019. – P. 18-22 (Russian). 
3. Bazhirov N.S., Bazhirov T. S., Serikbayev B.E., Bazhirov N.S., Dauletiyarov M.S., Bazhirova K.N. Investigation of properties of composite heat-resistant materials with the addition of expanded vermiculite // Proceedings of International scientific and practical conference. Advanced technologies in modern mechanical engineering. Composite building materials. Theory and practice. – Penza (Russia), 2019. – P. 23-27 (Russian). 
4. Patent RK № 4040 IPC С04В 7/52. Useful model. Heat-resistant concrete / Bazhirov N.S., Bazhirov T.S., Iskakov T.U. Publ. 04.06.2019, Bul. № 23 (Russian). 
5. Application № 2019/0215.2 dated 05.03.2019 for a patent for the useful model “Composition of non-fired fireclay refractory concrete and method of its manufacture” (Russian). 






APPENDIX H 
LIST 
of published scientific work by the project for 2020

1. 1 article was published in the edition, included in the Scopus database: 
 	-  Bazhirov T.S., Dauletiyarov M.S., Bazhirov N.S., Serikbayev B.Ye., Bazhirova K.N. Physical and chemical studies of slag production of low-carbon ferrochrome – component of heat-resistant binder material // News of higher educational institutions. Chemistry and chemical technology. 2020. Issue 6. – P. 58-64. (Russia, Ivanovo, Ivanovo Chemical Technological University).
 	2. 1 article was published in the proceedings of international scientific practical conference: 
-  Bazhirov T.S., Dauletiyarov M.S., Bazhirov N.S., Serikbayev B.Ye., Bazhirova K.N. Investigation of the physical and chemical properties of slags from ferrochrome production / Proceedings of international scientific practical conference “Auezov readings – 18: Spiritual heritage of the great Abai”. Shymkent. – P. 315-319.
	3. 1 article was accepted for publication in № 6 for 2020 to the edition with a non-zero impact factor: 
- Bazhirov T.S., Protsenko V.C., Dauletiyarov M.S., Bazhirov N.S., Serikbayev B.Ye., Bazhirova K.N. Prospects for the integrated use of slag wastes from ferrochrome production for heat-resistant materials // News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology. 2020. Issue 6.  
4. A patent for the useful model was received: 
- Patent of the Republic of Kazakhstan № 5036. Useful model “Composition of non-fired chamotte heat-resistant concrete and method of its production” / Bazhirov T.S.,  Iskakov T.U., Bazhirov N.S. Publ. 12.06.2020, bul. № 23.
5. Application was filed for a patent for the useful model “Heat-resistant concrete”, registration № 2020/0714.2 dated 04.08.2020.
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BLICOKat  UaCTOTA  OKCUEHTPHKODBIX  KoMeGammii MOMONBHEX  KaMep
AKTHBATOPHOIi MCIILIMITEL, TIO3BONAET AOCTHUL YCKOPeHMS MeMouX Ten o 100g,
HTO NPUBOTHMT K WHTCHCHBHOMY MEXaHHYCCKOMY BOBIEHCTBUIO MEMOLWX Tell Ha

3MensuaeMBilt MaTepHa.

TaGhia | ~ XapakTepHCTHKH IOMONBHOTO KOMILIGKCA TIA AKTHBATOP»

Hanvenosarie moMonbHoro
'HauvenoBanne nokasaresneit KOMILICKCa.

C1000 €5000
IpoussomuTensiocts, 08-12 50
‘Tonkocrs movora, Mt 20-50 50-70
TloTpeGnsemas momHOCTKBT 37 75
TaGapuTHEie pasmeps! KoMIUtekca, mv (@ x b x ¢):
a - umpima 2500 3420
b - pma 3000 3660
c- srcora 3100 3370
Macca, kr 1400 4500

B aKTHBaTOpHOH MENBHHLE B OTAWNHE OT OGHMHOM MAPOROH METBHMIS!
MOTYT NIPOMCXOAMTE KAK YAapHEIC, HCTHPAIOUIUE, TaK H CABHTOBBIC MEXaHHYECKHE
BO3EHCTBIA MEMOIIX Tell Ha H3MENbuaCMELii Marepuar. TIpH STOM HHTEHCHBHOCTS
BO3NIEHCTBHIT B JICCATKH Pa3 MOKET NPEBOCXOAMTE BO3ACHCTBHS METIOUMX TeN B
IUGDOBBIX ME/ILHHUAX, B KOTOPEIX OHH IPOHCXOZAT TONBKO 33 CYCT IpABHTAIMM
(CHTaYH 3eMHOTO TIpHTHKEHIA).

B MeNbHMNAX AKTHBATOPHOTO THNA HADAY C TONKAM H3MGMGNCHIEM,
TIPOHCXOJIAT TaKke ACGOPMAUHOHHBIE M3MEHEHHS B TOHKOW CTPYKType uacTHIi,
06yCTIOBIENHEIC SaCTHWHEIM ICPCXOTIOM Ha TOBEPXHOCTH HACTHL KPHCTATTHIECKHX
COemHHCHNI B aMOpHEIE, BOIPACTAHKEM CTENCHH ACHEKTHOCTH KPHCTATHYECKON
CIPYKTYPE, HAKOIICHHEM 3a0aca BHYTpenHel OSHEPIHM M  NOBbIIGHHEM

PCAKUHOHHOCTIOCOBHOCTH HIMCTBHCHHOTO BOIIECTE,
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CXeMATHYHOE Npe/ICTaBNCHHE IPOLCCCOR [IOMOMIA U MeXaHHYeckoH aKTHEALMH
B IAPOBOi 1 AKTUBATOPHOH Me/BHULAX, PA3INYAIONIHXCA KaK O KORCTYKIH, TaK

H IO NIPHHIIHITY MCXaHHHECKHX BO3HCTBHI Ha HAMCIEHAEMBIli MATEpHA, OKA3aHO

Ha pucynre 1.

Pucynok 1 — CxeMbI NBIKSHHS METIOLIMX T TPH OMONE
B MC/IBHHIIAX PasTHIHOIO THIIA
4~ B WAPOBOii MCTBHHIE; § — B LIEHTPOBCHKHO-SIIMITHYECKON METBHALE

TTOMOBHbIE KOMIUTEKCE THITa CAKTHBATOp» HCTIONBIYIOTCA /UIA TOHKOTO H
CBEPXTOHKOTO H3MENTE4HHS C POM3BOAMTENBHOCTHIO K10 5,0 /4.

TIOMOTBHEIE KOMIIEKCH! THIA «AKTHBATO MOFYT CMEIIHBATS HECKOTBKO
KOMIIOHEHTOB CMECH C OHOBPEMEHHBIM X HIMENbHCHHEM, YTO YIpoIaeT
TeXHONIOTHYECKYIO IEMOMKY MITOTOBTCHHA IKAPOCTOMKOTO  KOMMOSHIHOHHOKO
BAKyIero MaTepaTa.

TIoMONIbHLIe KOMIIEKCH THIA  «AKTWBATOPY MOTYT KOMIUIEKTOBATECH
ILEKOBBIMH JPOGUIIKAMM NEIBAPHTE/SHOTO APOGTCHHA, BHIYCKASMEIMI TeMH e
TIPOM3BOHTENSIMH.

KoiCTpyKTHBHAs CXeMa TIOMOBHOTO  KOMIIEKca THNA (AKTHBATOpY,

TIpHBEJieHa Ha PUCYHKe 2.
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PuicyHok 2 - KoHcTpyKTHEHaf cXema moMonsHoro
KoMmeKca THIA «AKTHBaTOpY

OB Bt pabovero opraiia — WIVCTBMHTCTHHBX KaMCP TOMOMHIOTO

KOMIIIEKCa THIIA «AKTHBATOpY NHBE/ICH Ha piCyHKc 3.

Pucynok 3 - OBuuuii BHI OMOMBHEIX Kaviep

senbrmite Tia LM «Akrinatopy
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TIpHHUAINHANEHAT TEXHONOTHYECKAs CXEMa NPOM3BONICTEA JKAPOCTOHKNX
KOMIIOSHIONHEIX BAKYNX MATCDHATOB Ha OCHOBS TeXHOTCHHOTO CHIDB,
TOHKOW3MENEUEHHOTO |, ONHOBPCMEHHO, MCXaHOAKTUBHPOBAHHOIO B NIOMOBHBIX

KOMILIeKcaX THTa « AKTHBATOp, TIpEACTABICHA Ha pHCYHKe 4

TEXHOJIOTMYECKAS CXEMA
RPOW3LOACTI AAPOCTOKIIX KOMIOTMLHONHIX BYIKYIUTX MATCPHION
112 OCIHORE MEXAUOAKTHBIPOBAIINOTD TEXIIOTERHONO CLpb

Tiow Gy Besnoumait
awoTore nOMCH KA waTpIA
Kipra (CnmKaT-CaGa)
[
k2

Cymumiail Gapadan

Ulicxonstil tpascrioprep
3

Tlpoeyrousmi Gyikep TAB
- l‘/ nax
e S
e deppoxpoxa

[

Cuaocuit Sywep

acosoulzs MaunII
¥
Crnu npoayKrng

Pucynok 4 - Texnonoruueckas cxema NPOH3BOACTBA KAPOCTOHKHX

KOMMNO3HIHOHHBIX BUKYIIHX MATEPHATOB
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Tlonyueniyo B aKTHBATODHON MCNBHHLC MCXAHOAKTHEMPOBAHHYID CMeCH,
COCTOSIIYIO M3 TOHKONHCHEPCHBIX MOJNMCHIMKATA HATPHA H JIOMA LIAMOTHOTO
KHPIHYa, 32TeM MOAAIOT B CMECHTENs (OTACTHOM THGO CTEpHCBO CMECHTCNE),
TAC TINATENBHO CMCNIHBAIOT CO TOHKOJMCIEPCHBIM WUIAKOM MpOH3BOACTBA
HU3KOYIJIEPOUCTOro  (heppoXpoMa,  BEIIOMHAIOWIErO pPOlb  KAK  OTBEPIHMTENs
TIOMHCHITMKATA HATPH, TAK H KOMIOHEHTA KapOCTONKOrO BAKYIETO,

Tlonyuennslii  KoHeuHsii MPOZYKT npeficTamizer coGol  KapocToHKHi
KOMIIOSHIHONHEIH BAKy i MaTepHATL.

Jlns M3rOTOBNEHMA HKAPOCTOMKMX KOMIOSHLUOHNBIX BSKYIIMX MATEPHATOB
TIpuMeHsIoT:

- NOMHCHIHKAT HATPHA, COOTBETCTBYIOM TPEGOBAHMAM

Mexrocynapetsenoro crangapra TOCT 13079-93 «Crmaxar atpis
PacTBOpUMBIii, TeXHHIeCKHE YCIOBHS»

- 710M GHIBILCTO B YNIOTPEGIIEHHH IAMOTHOTO KHpIIA

- LUIAK NOHIBOTCTBA HH3KOYTIEPOTHCTOTO (heppOXpOMA

- TeHcH(HKaTOp MOMoNA

B npouecce momyueHns KapoCTOHKOTO —KOMIIOSMIMOHHOTO  BSKYLIENO
MaTepUata MOTYT NPHMCHSTH TakKe CIeUMATSHEIE TEXHONOTHYECKUC AOGABKH —
QYHKUHOHATHEIC MHHEpTEHEE NOGABKIL.

B npotecce TOHKOTO NOMO/Z CMECH IOMHCHTHKATA HATPIHA H JOMA LAMOTHOTO
KHPNHYa B KTHBATOPION MeTBHHIIE HA TIOBCPXHOCTH H3MENHIAeMbIX MACTHIY MOTYT
NpOTEKATE JOKANBHEIC TBEPAOGAMBIE PEAKIMH MeXy BEMIECTBAMH KOMIIOHCHTOB,
TO €CTh  BO3MOXKHA MEXAHOXMMHYECKA® aKTHBALHA HM3MENbuYaeMoil  cMecH
KOMIIOHEHTOB.

Tlpoiecc  TOHKOrO  NOMOJA M MCXGHOAKTHBALWMM B  LEHTPOGEKHO-
SMNTHYECKO! MeTBHHLE THIA «AKTHBATOP» NOSBOTAET TIOMYWHTS KapocTOfKHi
BAUKYUMiE MATEpHAN, NPCACTABIAIONMI COBOH TOMOTEHHYIO H MEXAHOXHMHHCCKH

aKTHBHPOBAHHYIO CMECh TIONHCHIHKATA HATPUS H JIOMa LIAMOTHOFO KHPIIHUa,
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TIpH MOCHCAYIOIIEN CMELIeHNH KAPOCTONKOTO BAXYMIETO MaTephana ¢
TOHKOHCTIEPCHEIM  IUTAKOM  NPOMIBOACTBA HHSKOYIJEPOWCION0  (eppoxpona,
N0y HaIOT KaPOCTOIKIAH KOMIOSHIHORNBI BAKyIIH MaTepyalt.

i ofCCTIeYeHs NpONCCCOB TBCPAEHMA  ApOCTOMKHX GeToHos 1a
noAHCHIMKATe HATPHE OGHIAHO NPHMCHAIOT BRETICHHE AOGABOK - OTRCPAMTENCH, B
KAHeCTBE KOTOPHIX MOTYT HCMOMb30BATECS KpeMHe TOPHCTEIH HaTpii, GOKCHTORBIH
1AM ATOMHHHEBOrO NPOH3BOAICTBA HITH MITAK NPOU3BOACTEA HH3KOYTIEPOIMCTONO
$eppoXpoMa, cavopacTammOWMACA B ToMKMH MOPOWOK pesymsTaTe Tak
Ha3HIBACMOTO (CUIMKATHOTO PACHIAZA» B PE3yIbTaTe YBENMUeHus Ha ~12% ofseMa
KPUCTATIIECKOH PILIETKI MK MOTHQHKAUHOHSIX MPEBPAIIEHHSX OpTOCHINKATA
KQUIBLIH — OCHOBHOTO MHHEpAI IIIaKa.

OmHako  TpHCYTCTBMe  LAKa  NPOK3BORCTBA  HHSKOYIICPOMHCTONO
deppoxpoMa B cocTaBe KapoCTOHKOrO KOMIO3UUHOHHOO BSKYIIEro MaTepHana
TIO3BOTAET MOKTIOWHIH TPHMCHCHHME CIGUWATSHEIX fOGIBOK — OTBEpAHTINCH
BAKYLLEro.

KoHTpOI Ka4ecTBa KapocTO/iKoro KOMIOMIIOHHOTO BAKYILErO MATCpHATA
OCYUIECTRISIOT B COOTBETCTRIH ¢ TPESOBAHMAMH HOPMATHBIBIX LOKYMEHTOB, B ToM
SHCHC (HIHKO-TEXHYECKHE CBOHCTEA - IO MCKTOCYIACTBENHOMY CTANIEPTY
TOCT 310.1 - 3104, TcpMuecke CcBONCTBA — MO MEKIOCYAAPCTBEHHOMY
crangapry 20910-19.

TIpousnoscTso skapocTolikix 6eTOHOE 1 U3NeNHil 1 KOHCTPYKIMit

JKapocroiikuii 6eToH ABNAETCA  MHOTOKOMTIOHGHTHEIM MATEpHATOM N0
CPABHCHMIO C OGHIMHEIM GETOHOM H TaK Kak MOMMO BAXYHIETO W 3ANONNHTENs
BICTIONAET OTBEPIHTENS, A B PAC CTYHACE H TONKO MOTIOTYIO J0GaBKY.

COracHO TePMMHOTOTMH TI0 METOCYAapCTREHHOMY cTamnapry 20910-19
«Beroust xapogtoiixue. TeXHHYCCKHE YCIOBMAN: acapocmoiikue Gemonst —

creunanbHble GETOHBI, NPeHA3HAYCHHBIE JNS NPUMEHEHHS B GCTOHHBIX M
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KeNe30BCTONNNIX  KOHCTPYKIMAX M M3TGMHAX, paGOTAIOLMX B  yelomHax
BO3NEHCTBUA BEICOKHX TEXHONOTHYECKHX TEMIIEPATYp.

‘TeXHOOMHA TPOM3BONICTEA KAPOCTOMKIX GCTOROB  WILEMHI H KOHCTpYKITi
10 XapaKTepy OCHOBHLIX ONCPALii HMECT HEKOTOPOS CXOZCTBO C TeXHONOrHCHi
HITOTOBNCHMA GeToHa M GeTOHHBIX M3fenuii M KOHCTpyKuiH Ha OCHOBE
nopTiaHneMenTa, OQHAKO B CBA3H C GOMBILIM HHCTIOM KOMIOHEHTOB 1 HX BHICOKOH
JHCTIEPCHOCTBIO TIEpeMeLIMBAIHE KOMIOHEHTOB KapocToliKkol Getonmoli cmecu
JNOMKHO OCYIIECTBIATECH B GETOHOMEIIATKAX TIPHHYAHTEBHOTO AcHCTBHSA 160 B
APYrUX CMECHTGNHBIX ArperaTax, KOTOpsie MOFYT OGECeuBATH XOPOLIYIo
TOMOTCHH3ALHUIO GETOHHOI CMecH.

PEKOMCHATYSMEIS MeTORH! YKTAZKH KApOCTORKAX GCTONOB — BHOHpOBAHHE,
BHGPUPOBANUC C NPHIPY30M H BUGpOTIPECCOBarHe.

TexHONOTHYeCKas  cXeMa  IPOM3BOJCTBA  SRApoOCTONKUX  Hienmuli W3
KAPOCTOHKOrO 6CTONR Ha OCHOBE KAPOCTONKX KOMTIOSHIMOHHEIX BAUKYIIIX
MATEPHAIO PHBEJCHA Ha PUCYHKE 4.

TIponseonctso u3nemuii ist GyTePOBOK U3 KapoOCTOHKOro GeToHa BKIIOYAeT
CIeIIOlME TeXHONOTHYECKHE ONEPALIHN: NIPHEMKY, CKIANUPOBAHHE H XpAHEHHE
CHIPEEBEIX MATEpHAIIOB, MPHTOTOBICHHE GCTOHHBIX cMecel, GOpMOBaIHE H3zenUil
I yKn@[Ky Geromnoii cMecH B onanyGky MOHONHTHOH (yTepoOBKH, TeroByIo
oBpaSoTky 1 TBepieHMe M3eTAH H MOWOMHTHOI dyTepoBKH, pacratyGky,
CKNQMpOBAHHE W3ZIENHH M3 KAPOCTOiKOro GeTOa, CYNIKy U mepiil pazorpes
(YTEPOBKH TILIIOBEIX ArperaTos.

Tlo npeswoeiHOj TeXHOMOTHYECKOI CXeMe, TpU NPOU3BOCTEE KAPOCTONKHX
HIIENHA W3 KApOCTONiKOro GeToHa, - GETOHHYIO CMeCh NPHTOTABIMBAIOT B
GeTOHOCMECHTENBHOM arperare NPHHYMTENBHOTO fAeficTBUs 4, B KOTOpBI €O CKIafa
1 uepes pacxomibie GyHkepa 2, 3 MONAIOT ChipheBHle KoMMOHEHTsL TmaTerHo
TIEPEMCIIAHHYIO GETOHIYIO CMech BBIFPYKAIOT B GCTOHOYKIAMUHK 5, ¢ IOMOIIBIO

KOTODOTO TPAHCIIOPTHPYIOT K MECTY YKIaki 1 hOpMOBAHUS H3XENHi.

11
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Pricynox 4 - TeXHONOTHICCKAs! CXeMa POU3BOZICTBA KAPOCTOMKIX
W3e i 13 HapoCTOliKoTo GeTora

TIpoueceH MOATOTOBKH GOPMBI 1K ONaNy6KH A (OPMOBANTS HLCTHI ¥
OCHAUEHIE e¢ apMATYPOi HC OTIHWAIOTCH OT AWATOTHYNEX omepamyi mph
TPOH3BO/ICTBE GETOHHBIX APMUPOBAHHBIX H3JCMHH Ha JAPYTHX BUIAX BSUKYIIHX.

BeTOHHbIC CMeCH Ha OCHOBE HaPOCTOMKOTO KOMIIOSMIMOHHOTO BAKYLIEFO
TEPCROIKE 1A PACCTORMNA ABTOTPAICTOPTOM He momnexar. IIpHrotopnente
apocToliKofi GeTOMHOI CMeCH JOMKHO NPOHSBONUTECA HA MECTE IpOH3BOICTSA
GeToHHEIX PaBOT 1 H3OTOBeHI GETORHEIX Maienuii, BpeMs yKIaIKH KAapoCTOfKof
6eTonTOlf CMeCH OT MOMeNTa 3ATBOpEHIH BOTOM e OMKHO MpeBsInaTs 30 MiiyT.

B npouecce mpoussozctsa Kapoctoifkoro Gerowa  mijenmii Moryr
TIDHMEHATS TaiOKe CTICUMATBHBIE TEXHOTOTHYCCKHE JIOGABKH — BEPMHKYIHT Kak
MUHEpAIbHAT NIOPHCTAs NI06aBKA, 4 TAKKe TOBCPXHOCTHO-aKTHBHBIC BelICCTSa

(ITAB) 5 KauecTsé MIaCTHOHKATOPOB GeTORHOM cvecH.

12
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K HCXOZIHEIM KOMIIOHEHTaM JiIA KapOCTOHKOro 6eToHa npenpABAsIoTes Gonee
BEICOKHE TpeGOBARHS, TaK KaK KApOCTOFKIH GETOH JOKEH COXDARATS 3aXaHHLe
CBOICTBA IPH BHICOKHX TEMIIEPATYPaX SKCILTy TALIHH.

K apocTofixony B6CTOHY H €ro KOMIIOHETaM NPETBABIAIOTC TpCGOBAHIA B
COOTBETCTBHH C MeXTOCYmapcTBeHimM cramgaprom TOCT 20910-19 «Beronst
sKapocTofikie. Texiuueckue ycopm.

Jlns TIpUTOTOBTEHS KapOCTONKOTO GETOHA MpHMEHSIOT KapocTOfiKoe
KOMIOSHIHOHHOE  BAKyllee, TMONYYCHHOE HA OCHOBE  MEXAHOXUMUYECKH
aKTUBMpOBAHHOIl  CMCCH TIOTHCWIMKATA HATPWA (O MEANOCYAGpCTBEHHOMY
crannapry TOCT  13079-93 «Cwmikar matpun  pactsopisii. TexHuveckue
YONOBMEY) W NOMA GMBNIETO B YNOTPEOTGHHH mIAMOTHOrO KHpMHYa, I
TIOCHCAYIOWEro  CMEIIEHWs € TOHKOJHCNICPCHBIM  LUIAKOM  MDOM3BONCTBA
HH3KOYTIIEPOMIMCTOrO (heppoxpoma. )

JUIs u3rOTOBNENMA KAPOCTOWKOTO 6eToHa B KauecTBe 3amoNHHTENcH
TIPHMEHSIOT B ONPEeNeHHOM COOTHOICHHH:

- ApOGTeHHKi 10M GHIBLIETO B YIIOTPEBTeHUH MAMOTHOIO KHPIIHa;

- APOGAEHITBII LLTAKOM POH3BO/ICTEA HI3KOYTIPOMHCTOTO (hEpPOXPOME;

- mnacTHduKarop GeromHoM cyeci.

Jlns ycKopeist potecca TBEpACHHS KAPOCTORKOTO 6ETOHA PEKOMERIYCTCR
TIpHMCHATS TEMTOBYI0 0GpAGOTKY 110 ONPEIETENHOMY PEXRHMY.

Tpotiece TBCpACHNA KaPOCTONKONO GETOH NPOHCXONMT B TEMIEpATYpHOM
uiTepsane ot 20 0 200°C H COCTONT H3 CACAYIOLIX CTAHi:

- THIPOII3 OMHCHIHKATA HATPUA B BOXIOH CPEAC TBEPAEIONIETO BAKYILEros;

~ MOJHKOH/ICHCALHNS KPCMHHEBOIi KUCIOTEL B CPE/IE TBEPEIOLIEro BAKYIICTo;

- obpasoBaHMe M NONMMCDH3ALMS KpeMHerels B cpefie  TBepAEHOLIEro
BDKYWIEro;

- HACTINHAA KPHCTATLTH3ALIAS KDEMHETens TIpH 0Ge3BOKHBAIIH TBCPACIONIEro

BSKYILEro.

TIpotece TBepAeHNA W3TeTHii U3 KAPOCTOHKOTO GeToHa peKoMeryeTca

OCYIECTBIATE 10 CNIEAYIOWIEMY TEMIEPATYPHOMY PEIKIMY:
13
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- nopmeM Temneparypsi 2o 90 °C B Teuelne He Meriee 2 4acos;

- w30TepMiecKas Beeprka mpi 90 °C B TeueHue He MeHee 3 7acos;

- RazHeH i HOXbeM TeMTIepaTypEi 20 200 °C B TeverTe He Meree 3 Uacos;

- M30TepMHYecKas BhLIepxKa mpr 200 °C B TeueHHE He MeHee 3 4acop.

KOHTpOI, Ka4ecTBa APOCTOHKOrO GEToa OCyIIECTRISIOT B COOTBETCTRUH ¢
‘TPeGOBAHHSAMH HOPMATHBHBIX JOKYMEHTOB, B TOM YHCJE 110 MEXKroCyAapCTBEHHOMY
crangapty FOCT 18105-2010 «Betonst. TTpasitna KOHTPOS H OLEHKH MPOMHOCTI,
TOCT 20910-19 «Betomst apoctoiikie. Texiuueckue yoloBMS», TepMidccke
CBOJiCTBA - Talke MO Mekrocylapcrsemmomy crammapry TOCT 23037-09

«BanomTent ortieynoprsic. TeXHHUECKHE YCOBHDN.

Mapxkuposka u ofo3HaueHHe sxkapocTofikoro GeTona

B COOTBETCTBHH ¢ MEKTOCYAAPCTECHHEIMU cTamfapravi TOCT 20910-19
«Beromst xapoctoiixue. Texmuucckie ycnosusm» u TOCT 25192-2012 «Betomst.
Knacchpuxams 1 obiuye Texmmieckie TpeGoBanNT 0GOSHAYEHTE KAPOCTORKOTO
GeTona Ha OCHOBE BAKYLIErO W3 NONHCHIMKATA HATPHA JOMKHO COOTBETCTROITHO
BKITIONATE B CCO% OCHOBHEIE MPH3RAKH:

- 5z Getonta, BR - xapocroiiknii 6eTor;

- BHl BKYILETO, S - CHIHKATHOE BAKYIIee;

- K71ace GeTona o MpouHOCTH Ha cxaTHe, o1 B1 1o BSO;

- Knacc 6eTona o fomyeTiMol TeMnepaType npuveneHis ot U2 o M8

TIpHMep YCTOBHOTO 0GO3HAteHIA  KapocTofikoro  GeToma Ha  ociope
BOKYIICTO U3 MONMCHIHKATA HATPHS; Knacca B2S Mo MpownocTi Ha crate, ¢

TenmepaTypoii npaMereHuA 1300°C:

BR
S B25 H13 I'OCT 20910-2020
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Tpasuna Ge30macHOCTH TPY/Ia ¥ CAHUTAPHO! THIHEHE!

OCHOBHbIC TIPABHIIA TEXHHKH GE30NACHOCTH, KOTOPbIe HY)KHO 3HATE M THid-
TENBHO COGMIONATE KakaoMy paGoueMy IIpM NpOM3BOICTBE  KapOCTOHKHX
KOMIO3HIIHOHHBIX BSDKYLUMX MAaTEPHATOB H H3NIENMH H3 JKapOCTOHKOro 6eTona.

Bee pabOTHMKM NepeX HANATOM NPOMSBOTCTEA paGOT AOMKHEI GiTh
O3HAKOMINEHB G Ge3ONACHEIMH IpHEMaMA  NIPOH3BOZCTBA pPaGoT, mpoiTi
COOTBETCTRYIOMMUI HHCTPYKTX.

Tlepen Hauanom paGoT CIELYeT NPOBEPHTS HCTPABHOCTL PAGOTE! OCHOBHEIX
HCTIONB3YeMBIX MEXHH3MOB U arperaTos.

PaGOTHHKH, NPOM3BOJAUIME MOJAYY CYXMX MATEPHANOB, NPHIOTOBICHHE

GeTomHOI CMeCH, JOMKIb! PAGOTATS B SALMTHEIX OYKaX, PECTHPATOPAX H PAGOTX

KOMOMHE30HAX.
MecTa  pacmonokeHus  ApoGHIOK, CHTOBHIX IDOXOTOB, MCTBMN W

GeTOHOCMeCHTeJIeH JIOMKHEL GHITh 05OPYIOBaHb! NPHTOYHO-BHITSKIO BeHTHIIeH

 YCTPOICTEOM MECTHBIX OTCOCOB IIBLIH 13 HAHGONIEE 3AMBLICHIBIX YHACTKOR.

PaGOTIMKAM,  JQHSTHC  TOATOTOBKOH  MONMCHIMKAT  HATDHA
NPHIOTOBTEHHEM PACTROPOB, HEOGXOMMMO abOTATh B DESHHOBHX MepHATKAX i
JAWMTHEIX O4KaX.

TIpi NPUrOTOBNCHMH KAPOCTOHKHX BUKYIMX H GETOHHON CMecH Bee
BBICTYNAIOWME | BPAMIAIOUIMECS YACTH MEXaHW3MOB JOIKHBI GHITE 0GOpY/OBAHEI
CIIELHMANILHBIMH OTPAKICHUAMH.

TTpH NPOK3BOACTBE PaGoT HEOBXORNMO COGIONATE MPOTHBONOKADHELE MepH,

TIpEyNPEKAIONIHE BO3HHKHOBEHHE NOKApa.

Or paspaGoruuios:
PyKoBOXMTENb NPOEKTa, K.T.H. " T.CBaxupos
OTBETCTBEHHEI HCTIONHHTENb K.T.H. M.C.Jaynetusipos

Henomsntens, AT.1., pojeccop ~~ H.CBaxupon
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Horosop Ne 76 7

Ha IrpaHTOBOe (HHAHCHPOBaHHE

r. Acrana oT «L‘{»«% 201_roaa

TFocynapcteenHoe  yupexzaenue  «Komurer Haykn  MuHucTepcTBa
obpasoBaHmMs M Hayku PecmyGuuku Kasaxcran», HMeHyeMmoe B malbHeHIeM
3akasyuk, B Jjumme Ilpencematens AGnpacwioa bonarGexa CepuxGaesuya,
nedicTByromuit Ha ocHoBaHMH IlonoxeHus o Komurere Hayku, yTBEp)KIEHHOIO
npukazoM OrtBeTcTBeHHOro cekperapst or 4 wmrons 2013 roma Ne 96, ¢
OJIHO¥ cTOpOoHEI, U Pecry6nukaHCKoe TrocyfapcTBEHHOE MNpENNpHsTHE Ha MpaBe
xo3sHcTBeHHOro BeneHus «HOxHO0-KazaXxcTaHCKMi rocynapCTBEeHHBIM YHUBEPCHTET
uM. M. Ays3oBa» MunucrepcrBa obpasoBaHus u Hayku PecrnyGmuku Kasaxcras,
UMeHyeMBI B JanbHelmeMm VcmomHuTens, B nuie u.0. pekropa Caraesa M.U.,
JEHCTBYIOLIEro Ha OCHOBAaHUM Y CTaBa, yTBepxKIeHHoro ot 3 asrycra 2012 roma
Ne730, ¢ mpyro# cTOpOHEL, Jajee COBMECTHO HMeHyeMble CTOPOHBI, HA OCHOBaHUH
bromxernoro Kozexca Pecy6iuku Kasaxcrar ot 4 nexabpst 2008 roxpa, 3akoHa
Pecny6rmukn Kazaxcran ot 18 despams 2011 roma «O Hayke», OCTaHOBIEHHUS
[pasurensctBa PecnyGmuku Kasaxcram ot 25 mas 2011 roma Ne 575 «O6
yrBepxkaeHun  IIpaBua  6a3oBOro,  IpaHTOBOrO,  IIPOrPaMMHO-IIENEBOTO
(buHaHCHPOBAHHUS HAYYHOW ¥ (WIM) HAyYHO-TEXHHIECKON JEATENBHOCTIY, IPHKAa3a
MunncTpa obpa3oBaHus U Hayku Pecy6muku Kasaxcran or 15 aBrycra 2017 roga
Ne 410 «O6 yTBepKIeHHH KOHKYpPCHOM [OKYMEHTAlMd Ha TPaHTOBOE
(uHAHCHPOBAaHME 10 HAYYHBIM U (HJIK) HAYYHO-TEXHMYECKMM IpoekTam Ha 2018-
2020 rome», mpukasoB Ilpencenmarens Komwurera Haykun MHUHHCTEpPCTBA
obpazoBaHust M Hayku oT 26 suBaps 2018 roma Ne 15-mx mo 5 mpuopuTeTam
«OHepreTyvka U MaIIHHOCTpOeHHUEY, «IHDOpMAaIMOHHEIE, TeIeKOMMYHHKAIIHOHHbIe
U KOCMHMYECKHME TEXHOJIOTMH, Hay4HBIe HCCIIeJOBaHUS B OOJIACTH €CTECTBEHHBIX
Hayk», «Hayka o OKHM3HH M  3J0pOBbe», «YCTOHYMBOE  pa3BUTHE
arpoNpOMBIIIEHHOIO  KOMIUIEKca U 0e30IacHOCTh  CeNbCKOXO3SHCTBEHHOM
nponykuum», «HamuonaneHas — OesomacHocth u obopoHa  (6e3  rpuda
CEKPETHOCTH)», oT 29 suBaps 2018 roma Ne 18-Hxk 1o mpuopureTy «PannoHanpHOe
HCIIOJIF30BaHUE NIPUPOJTHBIX PECYpPCOB, B TOM YHCJIE BOJHBIX PECYPCOB, TeOJIOTHS,
nepepaboTKa, HOBBIE MaTepualbl X TEXHOJOTHH, O0e30IacHble M3HeIus |
KoHCTpykuum», ot 01 despams 2018 roga Ne 20-mx mo mpuopuretry «HaydHble
ocHOBBEI «MaHrinik En (o6pasoBanue XXI Beka, hyHIaMeHTaIbHbIE U IIPUKIATHBIC
HCCNIEIOBAaHUSI B OOJNACTH TI'yMaHHTApHBIX Hayk») «OO0 yTBepXKIESHHH peIleHUs
HamnuonansHOro Hay4HOro cOBeTa O TIPaHTOBOM (DHHAHCHPOBAHHM HAayYHBIX
nccnenosanuii Ha  2018-2020 roxsr», permeHnit HannoHanbHBIX HAyIHBIX COBETOB
0 TPaHTOBOM (MHAHCHPOBAHHHM II0 NMpUOpUTETaM «PalHOHaIbHOEe HCIONB30BaHUE
HPUPOAHBIX PECYpCcoB, B TOM YHCIE BOAHBIX PECypCOB, IeOJOTHs, IepepaboTka,
HOBble MaTepHanbl U TEXHONOTMH, O6e30macHble H3HENus KOHCTPYKIHH

2

=
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(mpotokon ot 25 suBaps 2018 roma Ne2), «OHepreTHka M MaIIHHOCTPOESHHUEN
(mporoxon ot 19  smBaps 2018 roma MNel), «MHdopMauHOHHEIE,
TEJIEKOMMYHHUKAIIMOHHBIE ¥ KOCMUYECKHEe TEXHOJIOTHH, HAayYHEIE HCCIEIOBAHUS B
06acTH eCTeCTBEHHBIX Hayk» (mportokol oT 10 suBaps 2018 roma Nel), «Hayka o
KHU3HE U 3100poBbe» (mportokonm oT 19 sHBaps 2018 roma Ne2), «VYcroliuusoe
pa3BUTHE arpoIpPOMBIIIIEHHOTO KOMILIeKCca u 6€30IacHOCTh
CENTbCKOXO3SHCTBEHHON MpoxyKumuy (HpoTokon ot 12 seBaps 2018 roma Nel),
«HanmonansHas 6e30macHocTs U 060poHa (6e3 rpruda ceKpeTHOCTH)» (IIPOTOKOI OT
11 smBaps 2018 roma Nel), «Hayunsie ocHOBBI «MoHrinik En (o6pazopanne XXI
Beka, QyHIaMeHTaJbHble M IPUKIaJHbIe HCCIeIOBaHMs B 00NACTH I'yMaHHTaPHBIX
Hayk») (mportokonm oT 17 sHBaps 2018 roma Nel), pemenuidi HanuonambHBIX
HayYHBIX COBETOB O PacCMOTPEHHH OOpallleHHil 1o mpuoputeTam «PamuonanbHoe
HCIIOJIB30BaHUE TIPUPQIHBIX PECYPCOB, B TOM HYHCIE BOAHBIX PECYPCOB, I€OJOTHS,
nepepa0oTKa, HOBBIE MaTepHalbl M TEXHOJOTWMH, Oe30macHele H3ENUs WU
KOHCTpyKUmmy» (mpoTokon ot 21 despans 2018 roma Ne3), «Hayka o xu3HH 1
310poBbe» (mpotokonm oT 26 ¢espams 2018 roma Ned), «HayuHble OCHOBBI
«Momrimik En (o6pazoBanue XXI Beka, (QyHIaMEHTAJIbHbBIE H IIPHUKIIAIHbBIE
HCCIIe0BaHKs B 06JacTH I'yMaHUTApHBIX Hayk») (Iportokol oT 24 despans 2018
roga Ne2), 3aK/IFOUMIN HACTOSIIAIH JOTOBOD (faiee — JJoroBop) 0 HUXKECHIeqyoIeM:

1.Ilpeamer norosopa

1.1 3aka34uk mopydaer, a VICIOJIHUTEIb IPUHAMAeT Ha cebs 0013aTenbCTBa,
0 BHIMOJHEHUIO HAYYHBIX HCCIIEIOBaHUM, B paMKaX roCyJapCTBEHHOTO 3aKasa Ha
pealu3anyio HaydHbIX W (MIIH) Hay4HO-TEXHHYECKHX IIPOEKTOB IIO OHOJDKETHOH
nporpamme 217  «Passute Hayku», mopmporpamme 102 «['paHToBOE
(GuHaHCHpOBaHME  HAyYHBIX  HCCIEHOBaHWi», crmemuduxe 156  «Omara
KOHCAITHHTOBBIX YCIyr M HCCleloBaHui» Ha obmyoo cymmy 674 036701
(1ecThCOT ceMbAecT YeTbipe MH/IHOHA TPHANATHL INECTb THICAY CEMBCOT
O/IMH) TeHre Ha BECh CPOK PeaM3alii IIPOEKTOB, C pa3OUBKOM 110 rofaM:

B mpenenax cymMm (uHaHcupoBanus Ha 2018 rox - B cymme 224 697 391
(ABecTH IBAaAUATL YeThIpe MHJUIMOHA MIECTHCOT JEBSAHOCTO CeMb ThICHY
TpPHCTA JeBSHOCTO OJHH) TEHIe;

B mpezenax cymm ¢uHaHcupoBarus Ha 2019 rox - B cymme 224 301 365
(aBecTH ABagUATh YeThIpe MHJIJIHOHA TPHCTA O/IHA ThICAYA TPHCTA WIECTHAECHT
nsATh) TeHre;

B mpefenax cymm ¢uHaHcupoBanus Ha 2020 roxg - B cymme 225 037 945
(aBecTH ABAAUATHL MATH MHJIHOHOB TPHALATH CEMb ThHICSY AEBATHCOT COPOK
nsTh) TEHTe.

Ilo mpuoputery: «PannoHaIbLHOE HCIOIB30BAHHE NPHPOXHBLIX PecypcoB,
B TOM 4YHCJIe BOOHBIX PecypcoB, reoJIorusi, nepepaboTKa, HOBble MATEPHAJIbI H
TEXHOJIOTHH, Ge30macHble H31e/THs H KOHCTPYKIHH» U TI0 TEMaM:

1) AP05133582 «Pa3paboTka METOIMKH pacyeTa U IPOEKTHPOBAHUSI TKaHBIX
ApMUPYIOLIUX KapKacoB IIOKaPHBIX HAIIOPHBIX PYKAaBOB C LIEJBIO CO3aHHS HOBBIX
BBICOKOTEXHOJIOTHYHBIX 00Pa3II0B STUX TEXHUYECKUX U3JETUH»;
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2) AP05131936 «Hayunoe o6ocHOBaHHE U pa3paboTka TeXHOJIOTHH
TIPUIAHAS JEUECHBIX CBOMCTB TEKCTHIBHBIM I€pEBI30UHBIM MarepuagaM U OLEeHKa
HX Ka4ecTBa»;

3) AP05131537 «®DU3NKO-TeXHHYECKHE OCHOBEI TEXHOJIOTHH  IOJTyYeHus
TUICHOK ¥ HAHOCTPYKTYP OKCHIOB METAJJIOB MHOTOLEIEBOTO Ha3HAYCHHS»;

4) AP05135894 «Pa3paGotka 9HEPro- M pecypcocOeperarux TeXHOIOr il
KAPOCTOMKHX ~ KOMIO3MIMOHHBIX  MATepUANOB  u U3NeNMA  Ha  OCHOBe
AKTUBUPOBAHHOTO TEXHOIEHHOTO MHHEPAIILHOTO CHIP;

5) AP05132500 «DyHzamMeHTaTbHEE HCCIICIOBAaHUS DNEKTPOXUMHYECKOTO
TIOBE/ICHUs CyIb(OUIOB LBETHBIX, PEIKHX H GaaropoxHsix MetamtoB Kasaxcrama c
BBIXOZOM HA paspabOTKy S((EKTHBHBIX HHHOBALMOHHEIX TEXHONOIWH  HX
KOMIITEKCHOM, ~Ge30TXONHONH mepepaGoTKH ¢ TOJIyYeHHEM  MeTaTANYeCcKUX
HaHOIIOPOLIKOB U HAHQATY6GOK»;

6) AP05133515 «I ubpuaHas TeXHONOIHs KOMIUIEKCHOM OYHCTKH Ta3oBy;

7) AP05131138 «Pa3paborka HAYYHBIX OCHOB IIOJYyYeHHS YHCTBIX COJIeH
JIHTHA 1 PEAKO3EMENbHBIX 3/IEMEHTOB U3 THAPOMHHEPATBHOTO CHIPBS»;

8) AP05132869 «PacriaB-TBeprodasHbli cuHTE3 T JJIEKTPOXUMHUIECKOE
HICCJIE/I0BAHME JINTUPOBAHHEIX CMEIIAHHBIX OKCHIOB MEPCIEKTHBHBIX T CO3NAHHS
BEICOKOCMKHX ¥ BBICOKOMOLIHBIX 3EKTPOJHBIX MATEPHANOB JUIS JHTHH-HOHHBIX
aKKyMYJIITOPOB HOBOT'O [OKOJIEHHUS;

9) AP05132508 «Pa3paboTka TeXHONOrHH ¢roranronHOro M3BIEUEHMS
T1aCTMACC CTUPOJIBHOM IPYIIIIBI U3 CMECH H3METbYEHHBIX MLIaCTMACCOBBIX OTXOZIOBY;

10) AP05132579 «Jlunamuka u YCTOHYHBOCTE yIIEPOAKCTEIX HAHO TPYGOK
MePENAIOMIUX KUAKOCTEY,

11) AP05133231 «Mccnenoanne u paspaboTka 3HeprocGeperaromix
KOHCTPYKIUA NpUMeHEeHHeM S()(EKTHUBHBIX yTemmHTeneil c TEIIO0TPaXKAIOIUMHU
TIOKPRITHAM JUIs IOBBIIICHHS YPOBHS TEIIOBOM 3alIUTEI 3aHMAs,

12) AP05134568 «Pa3paborka u Hay4qHOe O0OOCHOBAaHHE SHEProaKTHUBHBIX
KOHCTDPYKIHI HApy>KHBIX OIPaXIEHHH JKHIBIX 3MaHHI TIOBBIIIEHHOR TETLIOBOM
s bexTuBHOCTIY;

13) AP05130110 «IlonubyHKIHORATEHAS HaHOMoAUMHIHpyIomas n06aBKa
AUTS BHEPIO- M PECYPCOCOEPeTarolTel TeXHONOTHH [IEMEHTHBIX GETOHOBY;

14) AP05132925 «PaspaGotka TIOJIMMEPHBIX KOMITO3MIIHOHHBIX MaTepPUaloB ¢
BBICOKAM YPOBHEM TEPMUYECKO CTAGHIBHOCTI;

15) AP05130683 «CoBMeleHHAS TeXHOIOTHS MIOJIy4eHHs (eppoCIuIaBoB U
Kapbuja KalblUs U3 HETPamUIHOHHOTO TIPHPOJHOTO CBIPbS W TEXHOTEHHBIX
00pazoBaHHii, conep aliux BBICOKOKJIAPKOBEIE DJIEMEHTHI».

Io mpuopurery: «IHeprernka u MAaIIHHOCTPOCHHE» U 10 TeMaM:

16) AP05131183 «Cosganue GypHibHEIX MHCTPYMEHTOB Ul OypeHus
CKB&KHH B JI0OBIMe TBEPIIBIX, XKUAKHUX U TA3000DPa3HBIX TOME3HBIX HCKOIIaeMBIX;

17) AP05132794 «Pa3paboTka SHEProcOeperaroIero crocoba yaapHOro
HMSMEJILYCHHA B IOJI€ LIEHTPOOGKHBIX CHIT M CO3JaHHe HA ero OCHOBE yCTAHOBOK JUIS
TIOMOJIa CBIITYYHX MaTepHaJIOBY.
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ITo mpuopurery: «HMHpopManHOHHBIE, TeIEKOMMYHHKAIHOHHbIE H
KOCMHYeCKHe TeXHOJIOTHH, Hay4YHbIe HCCJIeJOBaHHS B 06JaCTH €CTECTBEHHBIX
HAYK» U [I0 TeMaM:

18) AP05131225 «ba3ucHBIEe CBOMCTBA COOCTBEHHBIX BEKTOPOB OIXHOMEPHBIX
b depeHInaTbHBIX OIIepaTOPOB C HHBOIOLHE;

19) AP05133825 «Pa3paboTka MaTeMaTH4ecKOW Mozenu nehopMHUpOBaHUS
HEOJHOPOJHOTO YIIPYTONOI3y4Yero IpyHTay;

20) AP05134021 «Pa3paGoTka MeTofa BBIYMCIEHHS CTATHCTHYECKUX
TIapaMeTpoB KadyecTBa OOCITY KHBaHHS 171 aCHHXPOHHOM CETH».

ITo npuopurery: «Hayka o KH3HH M 310POBbe» U 11O TEMaM:

21) APO05130333 «Hay4ynoe o6ocHOBaHHE M pa3paboTKa KOMILIEKCHOH
TEXHOJIOTHH IONYy4YeHHS DPacCTHTENBHOIO Macjo M JIEKapCTBEHHOro IIperapara
(buUTHHA U3 BTOPHYHOTO CHIPbS MECTHOTO 3epHA PHCay;

22) AP05132426 «VccnenoBanue U OLEHKaIeKOPATUBHBIX U PEAKUX PACTEHUN
«CrIprapbs —TypKecTaHCKOI'O PErHOHAIBHOTO IPUPOIHOTO IapKay.

Ilo mpuoputery: «YcToH4HBOe pa3BHTHE  AarpoNpoOMBIIIIEHHOr0
KOMILJIeKca H 6e30NacHOCTh CeJIbCKOXO035iiCTBeHHOM NMPOAYKIHH» ¥ II0 TeMaM:

23) AP05135389 «Pa3paboTka OIBITHO-IIPOMBIIILUIEHHON MUHUYCTaHOBKH JUIS
KOMIIIEKCHO# ITepepaboTKH MOJIOYHOTO CHIPBS;

24) AP05132810 «Hay4HO-TpaKTHYeCKHe OCHOBBI TEXHOJIOTHH
MHKpPOKAIICYTUPOBaHUsS OMOJIOIrMYECKU-aKTUBHBIX BEIIECTB M  IPHHIUIHAIBEHO
HOBBIX CTHMYJISITOPOB Pa3BUTHsI PACTEHHUH C [[eTbI0 HHTEHCH(HUKALUU IIPOM3BOICTBA
CeNIbCKOXO03HCTBEHHON POy KITHLY;

25) AP05134395 «IIpaBoBoe perynupoBaHHe 3eMIIEIENHIs i PaCTeHUEBOICTBA
B Pecny6nuke Kazaxctany.

ITo npuopurery: «HannonajabHasi GeonacHocTh H o0opoHa (6e3 rpuda
CeKPeTHOCTH)» U I10 TeMe:

26) APO05132182 «AtmochepHBIi CIYyTHHK B BHIOE OECIHIOTHOIO
JIETAaTeNILHOTO allllapaTa BOSHHOTO U O0ILEero Ha3HauyeHUs».

ITo mpuoputety: «Hay4unbie ocHoBbl «Moanurinik Ea (o0pazoBanme XXI
Beka, (yHIaMeHTa/lbHble H MNPHKJIAaJHble HCCIEAOBaHHSI B 00J1aCTH
rYMaHHTapHBIX HAYK») U [0 TeMaM:

27) AP05132830 «Otpapckuii oa3uc Ha IepeKpecTKe KyJIbTYPHBIX TpaJului
npesHe#t LienTpanpHoli Azun (smoxa Kanrioi)y,

28) AP05131906 «Paspaborka mepexoma CHCTEMBI HEIPEPBHIBHOTO
I[IeIarOrHYecKOro 00pa3oBaHus B KIACTEPHYIO MOJIENb Pa3BUTHSY;

29) AP05132706 «Pa3paboTka SKOHOMUYECKOTO MEXaHHM3Ma PErMOHaTbHOIO
passurusi B Kasaxcrane Ha OCHOBE (DHHAHCOBBIX HHCTPYMEHTOB DErylMpOBaHHS (B
JaCTHOCTA MYyHHLWIIATBHBIX LEHHBIX OyMmar) mmsd obOecHedeHHs HMHBECTHLHOHHOH
[IPUBIIEKATENBHOCTH 1 BEICOKOM KOHKYPEHTOCIIOCOOHOCTH TEPPUTOPHN);

30) AP05132482 «®opMHpOBaHHEe HPABCTBEHHOH KyJIBTYphl CTYAEHTOB
HES3BIKOBBIX CIICIHANBHOCTE B Ipollecce OOYYeHHsS HHOCTPAHHBIM S3BIKAM B
YCIIOBUSIX TPEXSI3BITHOTO 00Pa3OBAHUS».

1.2 ConepxaHue M CPOKH BBINOJHEHUS] OCHOBHBIX 3TallOB pPealM3alliu
HayYyHBIX M  (WIM) HayYHO-TEXHHYECKUX  IPOEKTOB IO  TPaHTOBOMY
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(UHAHCHPOBAHHIO OIpEIEISIOTCS TEXHHYECKOH creluduKanuedl U KaleHIapHEIM
ITaHOM paboT COINIACHO KOHKYpPCHOH 3asBke lcrmonHuTenss Ha TIPaHTOBOE
(uHaHCHPOBAHHUE.

1.3 TlepevnclieHHble HIDKE JOKYMEHTBI M YyCIOBHs, OTOBOPEHHEIE B HHX,
06pa3syloT naHHbIH J[0roOBOp U ABJIAIOTCS €0 HEOThEMIIEMOH YaCThIO:

1) Hacrosmuit Jlorosop;

2) TexHudeckas cremuduKanus U KaaeHIapHEIA mman pabot ([lpunoxerus
1.1-1.30);

3) OTuer 06 HCIIOMB30BaHUH BbIIeNeHHbIX cpecTs ([Ipmmoxenus 2.1-2.30).

2.XapaKTepHCTHKA HAyYHO-TeXHHYECKOH MPOLyKIHH

2.1XapaKTepuCTHKH HAYYHO-TEXHUIECKOU TIPOAYKIHH o
KBaTAGMUKAIMOHHBIM TIPU3HAKAM M SKOHOMMYECKHE MOKa3aTeld YKasaHel B II. 2
TeXHHYeCKHX crelmuduKamwii ¥ KaleHIapHBIX IUIaHOB paboT, —COrIacHo
npunoxeHusM 1.1-1.30.

3.006umasi cymMa J0roBopa 4 ycJ0OBHs OIJIaThI

3.1 O6mas cymma Jlorosopa cocrasiseT 674 036 701 (mecTbCOT ceMbaecHT
4eThbIpe MUJIJIHOHA TPHALATDH LIECTh THICSY CEMBCOT OJHA) TeHIe Ha BECh CPOK
peau3alyi IPOeKTOB, C Pa30MBKOM IO rogam:

B Ipeenax cymMmM (uHaHCHpoBaHWs Ha 2018 rox - B cymme 224 697 391
(ABeCTH AaAUATh YeThbipe MHJIJIHOHA IIECTHCOT JeBSIHOCTO CeMb ThICHY TPHCTA
JeBSIHOCTO OJIHH) TeHTe;

B mpefenax cymMmM duHaHcupoBamus Ha 2019 roxm - B cymme 224 301 365
(aBecTH ABAAUATH YeThbIpe MH/IJIHOHA TPHCTA OJHA ThICSYAa TPHCTA IECTHAECT
NsITh) TeHre;

B mpezenax cymM ¢unancmpoBaHus Ha 2020 rox - B cymme 225037 945
(aBecTH ABAAUATH NATh MHJJIHOHOB TPHAUATH CeMb THICSY AEBATHCOT COPOK
ISITh) TeHTe, BKIIOUAs CTOMMOCTh BCEX 3aTPaT, CBS3aHHBIX C BBITIONHEHHEM Pabor,
C y4eToM BCEX HAJOTOB M JADPYIHX O0s3aTelNbHBIX IUIaTeXed B OlOIKET, B
COOTBETCTBHUM C 3aKOHOZATe bcTBOM Pecy6iuku Kasaxcras.

3.2 Pa6otsl McmonHuTeNs OIUIAYMBAIOTCS 3aKa34uKOM B CIEAYIOIIEM
mopsifke: 3aKa3duk ocymlecTBiseT mpenomraty 30% OT cymmbl (pUHAHCHPOBAHHS
Ha COOTBETCTBYIOIIMH ToH, B Te4eHHH 5 (TATH) GaHKOBCKMX AHEH C MOMEHTa
perucTpanuu Hactosmero Jlorosopa B opranax KasHa4eicrsa.

IMocnenyromas omiara MPOU3BOJUTCA C IPOMNOPLMOHANBHBIM YACPKAHNEM
paHee BBHIIUTAYEHHOTO aBaHCA, COIVIACHO IUIaHY (UHAHCHPOBAHMS IO ILIATEKaM
1ocIie mpefocTaBieHus VcomHuTeNneM | mocieyromero momucanys CTopoHamMu
aKTa BBITOJHEHHBIX PaboT. ;

OkoHYaTeNbHAas OIIaTa  3akasyukoM 1o  JloroBopy Ha  KOHeIl
COOTBETCTBYIOIIEr0 (PUHAHCOBOro roga (IepBBIH IO, BTOPOH TOA pealn3alvH
poekTa (IPOMEKYTOUHBIH)) OCYIIECTBISETCS, COTNACHO IUIaHy (QUHAHCHPOBAHHS
[0 IUIaTeXaM IMOcIe TpefoCcTaBienus VConHuTeeM: OT4eTa O HayqHOH u (M)
HAYYHO-TEXHWUECKOH [eATENBHOCTH, IONOKUTENbHBIX pelennd HarmoHanpHbix
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Hay4HBIX COBETOB, OTYeTa 00 MCIIONB30BaHHUH BBIIEIEHHBIX cpencTs (IIpumosxenust
2.1-2.30 x J[loroBopy), u mociexyomero moxmucanus CTopoHaMM —akTa
BBIIOJIHEHHBIX pa0oT, B COOTBETCTBHM C TPeOOBAHMAMHU yCTAHOBJIECHHBIMU
3aKOHOZATEIBECTBOM.

OxoHuarenpHas  oIulata  3aka3dukoM 1o  JloroBopy Ha  KOHel
COOTBETCTBYIOIETO (DUHAHCOBOTO roja (TpeTHH TOJ peanus3aluH IIPOEKTa
(MTOTrOBEIM)) OCYIIECTBISIETCS COIMIACHO IUIaHY (HUHAHCHPOBAaHHMS IIO IUIATEXaM
mociie NpefocTaBieHus: VICIONHWTeNeM: OT4eTa O HayyHOH W (WIM) Hay4YHO-
TEXHUYECKON [esTebHOCTH, 3aKII0UCHHS IOCYAapCTBEHHON Hay4HO-TEXHUYECKOH
9KCIIEPTU3BI, TOIOXKUTENBHBIX peleHnii HalmoHanbHbIX HAyYHBIX COBETOB, OTYETa
06 ucnonb3oBanuu BeieneHHBX cpencts (IIpunoxenus 2.1-2.30 k Jlorosopy), u
nocnexyromero mnoamucanus CTOpoHaMu —aKTa  BBINONHEHHEIX —paboT, B
COOTBETCTBHU © TpeGoBaHUIMH, YCTaHOBJIEHHBIMHI e CTBYIOIIIM
3aKOHOJATEeNILCTBOM.

3.3 WcTounuk puHaHCHPOBaHUs: PecIyOInKaHCKH GI0KeT.

3.4 VcnonuuTtens o6s13aH 06ecIeunTh y cebsl HamIexaluid GyXraaTepcKui
y4eT ¥ aHaiu3 (PAaKTHYECKOM CTOMMOCTH BBINONHEHHOH paboTel B paspese ee
9TaIloB, B yCTAHOBJIEHHOM 3aKOHOJaTeIbCTBOM IIOPSIIKE.

3.5 B coorsercTBuu ¢ moamyHkToM 4) crateu 253 Koxekca PecmyGmuku
Kazaxcrarn ot 10 mexabps 2008 roma «O Hamorax H JpPyrux o00A3aTeNbHBIX
wiatexax B GropkeT» VcronHuTelb 0CBOOOXKAACTCS OT Hajora Ha J00aBIeHHYO
CTOUMOCTb.

4.IlopsiioK cOa4Yu ¥ NPHeMKH paboT

4,1 HcnonHuTenb o06S3yeTCss  €XErONHO IPEACTaBIATh  3aKa3duKy
IIPOMEXyTOUHble (TOI0BOI), MTOTOBBIH (MOCIEAHHUI TOA peanu3alid MPOEKTa)
OTYETHl O peanu3alliy HaydHO-HMCCIeNoBaTeNbekux pabor mo I'OCT 7.32-2001 B
Tpex 3K3eMIUIIpax He mo3nHee | Hos0ps COOTBETCTBYIOIIETO roaa.

4.2 VicnonHUTENb B MEPBBIA roJ], BTOPOii rox (IpOMeXyTOUHBIH) peann3anni
npoexta He mo3mgHee 10 nexkabps NpencTaBiIAeT 3akasumKy OT4eT 06
HCIIONB30BAHMY BBIIETEHHBIX CpencTB (mpwioxenue 2.1-2.30 k Jlorosopy), akT
BBITIOJIHEHHBIX paboT ¥ perenne HalnoHanpHOro Hay4YHOTo COBETA.

HcnonHuTeNns B TpeTheM rogy (MTOTOBBIM) peanu3allid NPOeKTa He MO3/Hee
10 nexabpsi mpencTaBisieT 3aKka3dyMKy OTYET 00 MCIONBb30BAHMH BbINEIEHHBIX
cpencts (mpmnoxenne 2.1-2.30 x JloroBopy), aKT BEIIONHEHHBIX paboT,
3aKimoueHne [ 0CyJapCTBEeHHOH HayyHO-TEXHHYECKOM OSKCIIEPTH3bl U peLIeHHe
HanponansHOro Hay4HOI'O COBETA.

43 B ciydae IOCpOUHOM peanm3aluu HAaydHOro M (WIH) HaydHO-
TEXHWYECKOTO TPOEKTa [0 TIPaHTOBOMY (GMHAHCHPOBAHHMIO 3aKasduK BIPaBe
JIOCPOYHO MPHHSTH U OIUIATHTH PAaGOTHL.

Ecnv B mpolecce peanu3aldyl HaydHOro M (MIM) HAayIHO-TEXHHIECKOIO
MpOEKTa Mo TPaHTOBOMY (UHAHCUPOBAHUIO BBLICHSIETCS HEM30EKHOCTH MOy ICHHUS
OTPHULATENBHOTO Pe3yJIbTaTa WM Helelecoo0pasHOCTh NalbHEHIIEero BhIIOIHEHU
HayyHoro ® (WJIH) HAyYHO-TEXHHYECKOIO IMpoeKTa, VcromHurens o0s3aH
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MNPUOCTAHOBUTH WX, IOCTAaBUB B H3BECTHOCTH 3aka3unka B ISTHIHEBHBIA CpPOK
TI0CJI€ IPUOCTAHOBJICHHU paGOTLI.

B stom cliy4ae CTOPOHBI 00s13aHBI paccMOTpeTh BOIIPOC O HCHCCOOGPBBHOCTI/I
¥ HaIlpaBJICHUSAX IPOMNOJDKEHUS HAYYHOI'0 U (I/IJ'II/I) HAaYy4YHO-TEXHAYECKOTO MPOEKTa
IIyTEM IIOTY4YCHUSA peLT.IeHI/Iﬁ HarmoHnanbHbeIX Hay4YHBIX COBETOB.

5.0TBETCTBEHHOCTH CTOPOH

5.1 Tlpu HEBBINOJIHEHWH O0O0S3aTeNbCTB, MNPEIYCMOTPEHHBIX J[oroBopom,
CTOPOHBI HECYT OTBETCTBEHHOCTh Ha YCJIOBUSX M B IOPSJKE YCTAHOBJIEHHBIX
3aKOHOZATEIBECTBOM.

5.2 B cioydae HEBBINOJHEHHs paboOT [0 HayyHOMy M (WIM) HaydYHO-
TeXHHYECKOMY MPOEKTY B CPOKH, yKa3aHHbIe B IpuiIoxeHuax 1.1-1.30 Hacrosiuero
IloroBopa u myHkre 4.1 JloroBopa, lcmonHuTenb BBIIAYHBAeT B JOXOX
COOTBETCTBYIOIIEro Gro/keTa HeyCTOWKy B pasmepe 0,03 % ot obme# cymmsl
HaydHOro W (WJIM) HayYHO-TEXHHYECKOTO IIPOEKTa 3a KaXIbli MpOCPOYEeHHBIN
KaJleHJapHBIH J1eHb.

B ciyyac HEBHINIONHEHMS ¥ HEHaJUIEXAIlero BBINONHEHUs pabor,
IIpeyCMOTPEHHBIX TEXHUYECKOH crienuduKaryeil H KaleHIapHBIM IUIaHOM paboT
(nmpunoxenne 1.1-1.30) nHacrosmero J[lorosopa, McmonHuTenb BBIIIAYMBAcT B
JIOXOJ COOTBETCTBYIOIIEro Oro/keTa HeycTOMKy B pasmepe 0,05 % or obmwmiei
CyMMBI HAYYHOTO © (WIM) HAy4YHO-TEXHHYECKOrOo IIPOEKTa 3a  KaXJblif
[IPOCPOYEHHBIH KaleHIapHbIH IeHb.

5.3 B city4ae HeBBIIOIHEHHs X HEHAIUIE)KAIIEro BeINONHeHus VcnonuureneM
paboT Mo Hay4yHOMYy M (WJIM) HayYHO-TEXHMYECKOMY IIPOEKTy, 3aKa3yuK BIIpaBe
NPEKPaTUTh WX (UHAHCHPOBAaHHE Ha JI00OOM 3Tale BHINOJHEHHs, HA OCHOBAaHUM
pemenns HarnoHanpHOro Hay4HOTO COBETA.

5.4 Cpenctsa TpaHTOBOTO (HHAHCHUPOBAHMS PACIPENEISIOTCS Hay4HBIM
PYKOBOJIMTENEM IIPOeKTa, HasHAuaeMBIM 3asBHTENEM Ui HEIOCPEACTBEHHOIO
PYKOBOJCTBA HAaYYHBIM U (/M) Hay4YHO-TEXHMYECKHM IIPOEKTOM, COITACHO 3aiBKe
Ha TPaHTOBOE HMHAHCUPOBAHHE.

5.5 CpeacrtBa rpaHTOBOrO (MHAHCHPOBAaHHS HANpPABIAIOTCS HA PacXOXbl,
HEIIOCPEIICTBEHHO CBA3aHHBIE C pealu3aliell HaydHOro W (WiIM) HayqHO-
TEXHHYECKOr0 MPOEKTa, B COOTBETCTBUM C TPeOOBAHMAMM YCTAHOBJICHHBIMH
3aKOHOZATEIbCTBOM.

5.6 B ciydyae Head(heKTUBHOTO ¥ HEOOOCHOBAHHOTO UCIIOJIBb30BAHHUS CPEICTB
IPaHTOBOTO  (DMHAHCHPOBAaHMS, VICIIONHMTENh HECET OTBETCTBEHHOCTh B
YCTaHOBJICHHOM 3aKOHO/JaTeIbCTBOM IIOPSIKE.

_6.IIpoune ycioBus
6.1 MOHMTOPHMHT XOfia pean3aliil HayYHBIX ¥ (MIH) HaydHO-TEXHHYECKHX
[POEKTOB M WX pE3yJIbTATHBHOCTH, B TOM YHCJIE C BBIE3JOM Ha MECTO, a TaKKe
OCYIIECTBIIEHAE MOHHTOPHHTA Pe3yTBTATHBHOCTH [POBONMMEIX HAYYHBIX U (W)
HayYHO-TEXHMYECKHUX IIPOEKTOB OCYILECTBIIAETCS B COOTBETCTBUU C ACHCTBYIOIIIM
3aKOHOZATEeNILCTBOM.
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6.2 B ciy4yae BHecenus usMeHeHuil B 3akoH PecmyGmmku Kasaxcran «O
pecny6nukanckom Gromkere Ha 2018-2020 romsl», B yacTu YMEHBIIEHUsI CPEeICTB
Ha COOTBETCTBYIOIIMH (UHAHCOBBIH TOM, BBIAE/NIEMBIX HA BEIIOJHEHHE HAYYHBIX H
(MM) HAYYHO-TEXHHYECKHX TPOEKTOB, 3aKa3uMK Ha OCHOBAHUH pelueHus
Hanuonansroro Hay4HOro coBeta BIpaBe BHOCHTS COOTBETCTBYIOIIUE H3MEHEHHS B
IyHKT 3.1. JIoroBOpa, TEXHHYECKYIO CHeNHGbHKALMIO U KaJleHJapHbIi IiaH paboT
(npunoxenue 1.1-1.30 Jorosopa).

6.3 JIoroBOp BCTymaeT B CUJLy U CTAHOBUTCS OOS3aTeNBHBIM IS CropoH ¢
MOM@HTa €ro perucrpanuy B opranax KasHaweiictea MuHucTepcTBa (HHAHCOB
Pecrybnuxu Kasaxcran u meiictsyer no «31» nexa6pst 2020 roga.

6.4  HayuHo-mccrnenoBaTensckas pabota  TOMIEXUT  0OS3aTeNbHOIM
TOCYNapcTBeHHOM —peructpaund  HcmonmureneM B HalpoHamsHOM — meHTpe
TOCYNapCTBEHHOH , HAyYHO-TEXHWYECKOM  OKCIEPTH3BI B YCTAHOBIEHHOM
3aKOHOIATEILCTBOM MOPSIKE.

6.5 OTBeTCTBEHHOCTh IO
Hcnonuurens.

6.6 JloroBop cocTaBlieH B IByX 3K3EMIUIAPAX, MO OXHOMY 9K3eMIUISPY ISt
KaXI0¥ M3 CTOPOH, UMEIOIIHX OXUHAKOBYIO IOPUIHIECKYIO CHILY.

6.7 Bee M3MeHeHUs W JIOTIONHEHHs K HacTosmeMy J[oroBopy o(opMISIOTCS
AOTONHUTENLHBIMY COTJIAIICHUSMH U MOIMHCHIBAIOTCS [IEPBBIMA PYKOBOIUTEIAMHU
CropoH.

BCEM MPETEeH3USIM TPETBUX JHUI HECeT

7.JOpuanyeckue agpeca CTOpOH

3aka3uuk: Hcnoanurenn:

I'Y «KomureT Haykn MuUHHCTEpCTBA
obpazoBanust 1 Hayku PecryOnuku
Kazaxcran»

r. Acrana, npocrekt MoHrinik Ex, 8
BUH 061 140 007 608

BUK KK MF KZ 2A

MWK KZ92 0701 01KS N000 0000
Koe 11

PI'Y «Komurer Kasnaueiictsa

o 3
N ,':'""m""\ S
R v # S

PI'TI na ITXB «}Osxn0-Kazaxcranckuit
rOCYapCTBCHHBII YHUBEPCUTET UM.
M. AyaszoBa» MOH PK

IOKO, r. llIemvkent, mp. Tayke xaHa, 5
BUH 990 240 005 557

BUK TSESKZKA

VHK KZ81 998S TB00 0010 9568
K6e 16

), (30-02-48)

M. Caraes
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Tpunoxenue 1.1 -1.4
x JloroBopy Ne or 2018 r.
Ha rpaHTOBOE (PMHAHCHPOBAHHE

TEXHUYECKAS CHELIUOUKALIAA 1
KAJIEHJIAPHBI IITAH PABOT

ITo morosopy Ne or 2018 rona

1. HaumenoBanue opranmsanun: PecnybinkaHckoe rocyiapcTBeHHoOe NpeANpHsITHE HA
npase xo3siiicTBenHoro Benenus «kOxxHo-Ka3axcraHcKuil rocyapcTBeHHbIH YHHBEPCHTET UM.
M. Ay33oBa» MuHHcTepcTBa 00pa3oBaHus u Hayku PecnyGiunku Kasaxcran.

1.1 TIlo mpmopuTery: PanmoHaIbHOE HCIOJIB30BAaHHE IPHPOIHBIX, B TOM YHCIE BOTHBIX
pEeCypcoB, TeONOrHs, IHepepaboTKa, HOBBIE MaTepHalbl W TEXHOJOIWH, Oe30macHble H3Jenus |
KOHCTPYKI[HE

1.2 TIo moagnpuopuTeTy: KOMIO3HIHOHHBIE MaTepHAIIBI

1.3 Ilo Teme mpoekta AP05135894 «PaspaGoTka 9Hepro- u pecypcocOeperarommx
TEXHOJIOTHH JKAPOCTOMKHX KOMITO3MIMOHHBIX MAaTEPHalOB U WU3JENHil Ha OCHOBE aKTHBHPOBAHHOTO
TEXHOT€HHOT'O MHHEPAIIbHOTO CHIPhSI»

1.4 O6mas cymma mpoexra: 16 006 000 (ecTHAANAT, MHJUIHOHOB IIECTh THICHY) TEHTE,
B TOM UHCJIE ¢ pa3GUBKOIf 110 rozaM, COIIaCHO IYHKTY 3:

-Ha 2018 rox - B cymme S 300 000 (nATh MHUIIHOHOB TPHCTA THICAY ) TEHTE;

- Ha 2019 rox - B cymme 5347 700 (nATh MH/UIHOHOB TPHCTA COPOK CeMb ThICSY
€eMbCOT) TEHTE;

- Ha 2020 rox - B cymme 5 358 300 (nsTh MHJIIHOHOB TPHCTA NATHAECAT BOCEMb ThICSY
TPHCTA) TEHTe.

2. XapaKTepHCTHKA HAYYHO-TE€XHHYIECKO IMPOIYKIHUH 110 KBAJTH(PHKANHOHHBIM
NPH3HAKAM H 3KOHOMHYECKHE MOKA3aTeTH

2.1 HanpaBnenue pa6orbl: IlpuknanHele wHcclenoBaHUS B 00JACTH  JKapOCTOMKHX
KOMIIO3MIMOHHBIX ~MaTepHaJoB M H3[eIMH Ha OCHOBE aKTHBHPOBAHHOTO TEXHOI€HHOTO
MHUHEPATBHOTO CHIPBS.

2.2 O6Gaactp npuMeHeHHs:: MeTautyprudyeckass HOPOMBIIUIEHHOCTh, — XHMHYeCKas
IPOMBIIIIEHHOCT H MAITHHOCTPOEHHE.

2.3 KoHeunblii pe3yibTaT:

-3a 2018 roa: — DByxyT ompeneneHbl ONTHMAlbHBIE — TEXHOJOTMYECKHE ITapaMeTpEI

MEXaHOAKTHBAIMA U (PU3UKO-TEXHUYECKHE CBOWCTBA AaKTHBHPOBAHHBIX TEXHOTEHHBIX ChIPHEBBIX
KOMIIOHEHTOB. BymyT omyGuKoBaHEI 2 CTaThH B PEHEH3HPYEMOM 3apy0eKHOM HAydHOM H3MaHWH,
HHIEKCHpYeMOM B 0ase JaHHBIX Scopus ¢ HeHyneBbiM uMmnakT-(axropom «M3sectus HAH PK»,
CepHsi T€0JIOTHS ¥ TEXHUYECKHE HayKH.
-3a 2019 rom:- ByayT momoGpaHBI ONTHMATbHBIE TEXHONOTHYECKHE MNapameTphl MOMONA TeX-
HOTEHHOTO CBIPBEBBIX KOMIIOHEHTOB JKAapOCTOMKHX MAaTepHajloB. 1EeXHOJIOrMYECKHE IapaMeTphl
[IOMOJIa TEXHOIEHHOT'O CHIPHEBBIX KOMIIOHEHTOB C IIPUMEHEHHEM ITOBEPXHOCTHO-aKTHBHBIX BEIECTB.
Bymyr momaHbl 2 3as{BKM Ha IIONyYeHHe CBHJIETENBCTBA HAa OOBEKT HHTEJLIEKTYalbHOM
coOCTBEHHOCTH. ByayT OIyGIMKOBaHBI 2 CTAThH B PELEH3HPYEMOM 3apy0eXHOM HAay4YHOM H3/IaHHH,
HHJEKCHPYeMOM B 0a3se JaHHBIX Scopus ¢ HeHyieBbIM ummakT-pakropoM «Mssectus HAH PK»,
cepusi TEONOTHS M TEXHHYECKHE HayKH. bynaer omyOiukoBaHa 1 CTaThsi B pELEH3HPYEMOM
3apy0eKHOM HIIH OTE€YECTBEHHOM Hay4HOM JKypHAJe C HeHYJIEBBIM HMIIAKT-(PaKTOpOM.
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3a 2020 rox: ONBITHO-IIPOMBIIUIGHHEIE HCIBITAHMS —DPa3paGOTaHHBIX — TEXHONOTHH
JKapOCTOMKHAX MaTepHanoB. PeKOMEHIATMH 10 HCIIONB30BAHUIO PE3YJIbTATOB IPOCKTA B TCXHOIOTHA
KAPOCTOMKUX MaTepHanoB. ByIyT OmyGIMKOBaHbI 2 CTAThH B PEIEH3APYEMBIX 3apy0eKHBIX HAYUHBIX
W3QHASX, MHICKCHPYEMBIX B 0a3e JAaHHBIX SCOpUS C HEHYJEBBIM AMnaKT-pakropoM «Bompocs!
XHMHE ¥ XHMEYecKolf TexHonormm», Ykpamna u «Mssecrms HAH PK», cepus reomorus u
TexHWYECKHEe HAYKH. DByzner omyOnmkoBaHa 1 cTaTbs B PELEH3MPYEMOM 3apy0eKHOM HJIH
OTEUECTBEHHOM HAYYHOM JKypHATE C HEHyJeBBIM HMIakT-paxTopoM. bByner wusjana Kuura-
MoHorpadus.

2.4 TlaTenTocnoco6HOCTD: [1aTeHTOCIOCOOHA.

2.5 HayuHo-TexHHYeCKHii ypoBeHb (HOBH3HA): Hayuno#f HOBHM3HOH INpeniaraeMbIx K
pa3paBoTKe B POEKTE TEXHOIIOIHI SIBISIETCS IPUMEHEHME METO/IOB MEXaHOAKTHBAIMH KOMIIOHEHTOB
XKAPOCTOMKMX ~ BKYIIMX MATepHAOB B OHEPrOHANDKCHHBIX —aKTHBATOPHBIX —MEJIbHHLAX,
[O3BOJBIOLIAX ~ TOJYYUTb JKAPOCTONKME —MaTephaibl M3 ~aKTHBMPOBAHHOIO — TEXHOTEHHOTO
MHHEPATLHOTO CHIPbS [IPH CYIIECTBEHHOH JKOHOMHH SHEPTETUIECKHX 3aTpaT.

2.6 Vicrob30BaHHe HAYYHO-TEXHHYECKOi IPOXYKIMH OCYIeCTBISeTCs: VICIoMHuTeNeM.

27 Bux HCHOIB30BAHMS pe3yabTaTa HaydyHoll u  (wmim) HAYYHO-TeXHHYIECKOi
nesiTebHOCTH: TEXHOJIOTHSA, PEKOMEHIAINH.

3. HaumeHoBaHue padoT, CPOKH HX PeaIH3alMH H Pe3yIbTaThl

Mudp HaumenoBanue paboT 1o CpOK BBITIONHEHHS Oxxupaemeli pesysbrar
3ananus, | JIOroBOpY M OCHOBHBIE STaIlbl
| orama €ro BBINONTHEHNUS e s

i Mposenenne aHanuTHyeckoro | SlHBaps Mapr Bymer mnpoBeneH aQHATUTHYECKUH
o63opa  Hay4HO-TexHMueckod | 2018 r. 2018.r. 0630p Hay4HO-TEeXHHYECKOH
AWTEpaTyphl M TIATEHTOB MO NUTepaTypsl M TIATEHTOB MO
HU3KOTEMIEPaTy pHbIM HH3KOTEMIEPATYPHBIM np-oLeccam
npoLeccam MPOM3BOACTBA MPOM3BOAICTBA JKapo-CTOMKHX
;Kapocmﬁxnx MaTepuaioB Ha MaTepuaoB Ha OCHOBE TEXHOT€HHOIO
OCHOBE TEeXHOTEHHOTO CBIPbs, B CBIpBSI, B T.U. C HCTIOJNb30BAHHEM Me-
T.4. C MHCIONb30BAHHEM Me- TOJIOB MEXAHOXHMHYECKOH aKTHBALH.
TOHOB MEXaHOXUMHYECKOH ByzeT BbINONHEH MONPOGHBIH aHaIu3
aKTUBAIIMH. JAHHBIX, MPEICTABICHHBIX B Hay4HO-

TEXHHYECKON JTUTEPAType U MaTeHTax.
ByneT npoBeeH CPABHUTEIIBHBIA K
KPUTHYECKUH aHaJu3 METO/IOB
MPOM3BOACTBA JKAPOCTOMKHX
MaTepHaioB Ha OCHOBE TEXHOTGHHOTO
| CBIpDA.

2. BoiGop ¥ (pU3HKO-XUMHYE- Anpenb HUions BynyT BbIOpaHO M (H3UKO-XHMHYECKH
ckue HccmenopaHus TexHo-| 2018 2018 r. |uccnenoBaHo TEXHOT€HHOE
reHHOTO MHHEPATbHOTO ChIPbs MHHEpaTbHOE ChIpbE ISl TMOTYYEeHHs
I8 TIOJy4eHHs HKapOCTOMKHMX KApoCcTOMKMX ~ MaTepuanos.  BymyT
Martepuanos [0y Y€eHbI pe3y/bTaThl aHanM3a

XHUMHYEC-KOrO M MHHEpaIoru4eckoro

- cocTaBa, (UBHKO-XUMHUYECKOH
CTPYKTYpbl M CBOWCTB TEXHO-TEHHBIX
CBHIPHEBBIX KOMIIOHEHTOB, HCIIO/Ib3ye-
MbIX JUI TIOMy4eHHs JKapOCTOMKHX
MaTepHaos.
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Hccnenosanus KUHETUKH Hrons Cents6pb | Bynmer HCcCIIe10BaHa KHHETHKa
JucrieprupoBanus mnpu Mmexa-| 2018 r. 2018r. |mucrieprupoBaHUs MPHU MEXaHOAKTHBA-
HOAKTHBALMH KOMITOHEHTOB UMM KOMIIOHEHTOB  JKapOCTOMKHX
JKAPOCTOMKMX ~BSDKYLIMX —Ma- BSDKYLLHX MaTtepuaos u3
TEPHAloB M3  TEXHOTEHHOTO TEXHOTEHHOTO MHHEPaJbHOTO ChIPb.
MHHEPAJTBHOTO ChIPhS BynyT ompezeneHsl TEeXHOJOTMYECKHE
rapaMeTpel MEXaHOaKTUBaLIMU U
(HU3UKO-TEXHUYECKHX CBOMCTB-
AKTHBHPOBaHHBIX TEXHOTE€HHBIX
CBIPBEBBIX KOMIIOHEHTOB.
HccnenoBauns  pusuko-xuM- |  OkTa6ps Jlo Bynyt HCCIIeIOBAHEI ¢busnko-
HYecKMX CBOMCTB mpomyktoB| 2018r. 1 Hos6ps | XMMHYeCKHEe  CBOMCTBA  MPOAYKTOB
MEXaHOAKTHBALMH KOMIIO- 2018 r. MeXaHOaKTHBaLUH KOMIIOHEHTOB
HEHTOB JKaPOCTOMKHMX  BSKY- JKapOCTOMKHX BSDKYLIMX MaTepHaIOB U3
IUX MaTepUaioB M3 TEXHO- TEXHOT€HHOIO0 MMUHEPAJIBbHOIO CBIPBA.
F€HHOrO MHHEPAILHOTO ChIPbS Bynyr TIOJTyY€eHbI pe3yNbTaThl
onpesieneH s (DU3UKO-XUMHUUECKUX
CBOMCTB MPOIYKTOB MeXaHOAKTHBALMH
KOMITOHEHTOB )KAPOCTOMKHX BSKYIIHX
marepuanoB. bynyTt omyGnukoBaHbl 2
CTaTbH B PELICH3UPYEMOM 3apyGeskHOM
HAay4YHOM H3[aHHH, WHIEKCHPYEeMOM B
Gase maHHBIX Scopus C HEHYJIEBBIM
umnakr-(pakropom «Mzsectuss HAH PK
cepus TeONOTHS M  TEeXHHYECKHE
HayKW».
Hccnenosanus npoueccoB | SHBapp Mapr Bynyr HCCIIEOBaHBI MPOLIECCHI
MeXaHOXMMHuecKol aktuBamuu | 2019, 2019°r. MeXaHO-XUMHYECKOH aKTHBALIWU CMECH
cMecH KOMIIOHEHTOB KOMITOHEHTOB JKaPOCTOMKHX BSIKYILIHX
JKAPOCTOMKMX ~ BSXKYLIMX —Ma- MaTepHaioB W3 TEXHOTEHHOrO0 MHHe-
TEepHaaoB U3 TEXHOINC€HHOTI 0 PajbHOro ChIpbA. Ey}l}’l‘ OonpeaeeHbl
MHHEPAJILHOTO ChIPbs TEXHOJIOTHYECKHE napameTphbl
MEXaHOXHMHUYECKOM aKTHBALMd CMECH
ChIPbEBBIX KOMIIOHEHTOB JKapOCTOMKHX
MaTepHanos.
Hccnenosanus ¢usuko-xu- | Anpenb Hions Bynyt HCCIIeI0BaHbI usmko-
MHYECKHX " CBOMCTB MpoayktoB| 2019T. 2019r. |XMMHUYecKHe  CBOMCTBA  MPOIAYKTOB

MEXaHOXHMHYECKOH aKTHBALUK
cMecH KOMITOHEHTOB
JKapOCTOMKHX BSUKYLIHX
MaTepHaJoB M3 TEXHO-T€HHOrOo
MHHEPaIBHOIO ChIPhs

MEeXaHOXUMHYECKOH aKTHBALMH CMECH
KOMIIOHEHTOB JKaPOCTOMKHX BSKYIIHX
MaTepHaioB W3 TEXHOTEHHOro MHHe-
PABHOTO  CBHIPbS. BymyT —momy4eHs
Ppe3yIbTaThl (DUBHKO-XUMHUECKHX
CBOHCTB NpPOIYKTOB Mexa-
HOXMMHYECKOH  aKTHBALMK  CMECH
KOMIIOHEHTOB JKapPOCTOMKHX BSXKYIIMX
marepuanoB. Byzner omyGmukosana 1
CTaThsl B PELICH3HPYEMOM 3apyOeKHOM
WA OT€YECTBEHHOM Hay4YHOM JKypHaje
C HeHyJIeBBIM UMIAKT-(HaKTOpOM.
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7 HccnenoBaHus MO  HHTEHCH- Hionb Centsa6py | Bynyt HCCIIEI0BAHbI o
¢ukaumn  npoueccoB momona| 2019r. 2019r. | uHTeHCHGUKAaUMM TPOLECCHl MOMONA
CHIPBEBBIX KOMIIOHEHTOB CHIPBEBBIX KOMITOHEHTOB JKaPOCTOMKHX
x(apoc‘roﬁlcux MaTe€pHajoB Ha MaTepUaioB Ha OCHOBE TEXHOTCHHOI'O
OCHOBE TEXHOT€HHOTO MHUHEpaIbHOTO CBIPBA. Bynyr
MHHEPATLHOTO ChIPbS OTIpe/IeNeHbI TEXHOJIOTHYECKHEe

mapamerpel  [OMONa  TEXHOTEHHOTO
CBIPbEBBIX KOMIIOHEHTOB JKapOCTOMKHX
S INATOPHEIIUE

8 Hccnenosanus  ¢usuko-xumu- | Oxtsa6ps | Jlo 1 HOsiOpst | BymyT  mccenoBanbl  GHU3HKO-XHUMH-
YeCKHUX CBOMCTB jkapocToifkux | 2019T. 2019r. |ueckue CBOMCTBA JKAPOCTOUKUX
MaTepHalioB Ha OCHOBE TeX- MaTepHaioB Ha OCHOBE TEXHOTE€HHOTO
HOTE€HHOTO MHHEpPaIbHOTO MHHepanpHOrO  Chippsi M IIAB-
CBIPbs u TTAB- WHTeHCH(UKATOpPOB  momona. Bymyt
HHTCHCHQ)HK&TOPOB nomoJia OIpele/IeHbl TEXHOJIOTHYECKHEe

» napaMeTpbl  [OMOJNa  TEXHOTeHHOro
CBIPBEBBIX KOMIIOHEHTOB C IpPHMEH-
enneM I[TAB. ByayT nonansl 2 3asBKH
Ha TIONy4YeHWe CBHJETENbCTBA  HA
00BeKT MHTEJUIEKTYaTbHOU
coGCeTBEeHHOCTH. BymyT omy6innkoBaHb!
2 cTaTbl B peLeH3HpyeMoM
3apyGeKHOM  HAYYHOM  H3JIaHMH,
HHIEKCHpyeMOM B 0ase  JaHHBIX
Scopus ¢ HEHyJIeBBIM  HMIIaKT-
dakropom «HMssectns HAH PK cepus
TeOJIOTHS M TEXHUYECKHE HAYKH».

9 HccnenoBanus  ¢usmko-tex-| SHBaph Mapr ByznyT uccrnenoBaHsl CI)HSHKO-TCXHH'-IST
HUYECKHX CBOMCTB momydeH-| 2020r. 2020r. |ckue CBOMCTBA TMOJTy4EHHBIX
HBIX KAPOCTOMKHX KOMMO3H- JKAPOCTONKUX KOMITO3HIIMOHHBIX
LMOHHBIX ~ MaTepHaloB  Ha MaTepHalioB Ha OCHOBE TEXHOIE€HHOro
OCHOBE TEXHOTCHHOTO MHHe- MuHepaibHoro ceipbst W ITAB. Bymyrt
panbHOro chipbs u [IAB TIOJTyY€HBI Ppe3ybTaThl usmko-

XHUMHMYECKHX  CBOMCTB  MPOLYKTOB
MEXaHOXHMHMYECKOH aKTHBAllUM CMECH
KOMIIOHEHTOB JKaPOCTOMKHX BSKYLIHX
MaTepHaios.

10 PaszpaGoTka TeXHONOTMYeCKMX | Anpensb Hionp ByayT pa3paboTaHbl TEXHOIO-THYECKHE
napamMmeTpoB npousBoxcTBa | 2020 T. 2020r. | mapamerpel MPOM3-BOJCTBA
JKAapOCTOMKMX MaTepHaIoB Ha JKAPOCTOMKAX MaTepHaJoB Ha OCHOBE
OCHOBE MEeXaHOXHMHYECKH MEXaHOXMMHYECKH  aKTHBHPOBAHHBIX
AKTUBHPOBAHHBIX TEXHOTEHHBIX TEXHOTEHHBIX MUHEPATBHBIX ChIPBEBBIX
MHHEpaTbHBIX CBIPBEBbIX KOMIIOHEHTOB.  ByIyT —omepe/esneHsl
KOMITOHEHTOB. TEXHONOrHYeCKHe rapameTpbl

NPOM3BOZICTBA JKapPOCTOMKHX
MaTepuajioB Ha OCHOBE
AKTUBUPOBAaHHBIX TEXHOT€HHBIX
5 CHIPBEBBIX ~ KOMIIOHEHTOB. Byner
ory6IMKOBaHa 1 cTaths B
peueH3upyeMoM  3apyOexHOM WM
OTEYECTBEHHOM HAay4YHOM JKypHajie ¢
HEHYJIEBBIM UMITAKT-(paKTOPOM.
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Il ToaroToBka W npoBeaeHne Hione CentaGpb | ByayT nNOArOTOBACHBI W TPOBEACHbL
ONBITHO-NPOMBILLIEHHBIX 2020 . 2020r. | OMBITHO-NIPOMBILUIEHHbIE  MCMIBITAHHA
MCTbITaHWE  a3spasOTaHHbIX PaspaboTaHHBIX Texwonoruit
TexHonOTHA KAPOCTOHKHX JKAPOCTOHKHX MATEPHATIOB Ha OCHOBE
MATEPHATOB HA OCHOBE aKTH- AKTHBHPOBAHHBIX TEXHOTCHHbIX MHHE-
BHPOBAHHBIX  TEXHOTGHHBIX PATBHBIX  CHIPBEBBIX ~ KOM-TIOHEHTOB.
MHHEPATBHBIX ChipbeBBIX By/yT NOMyHeHE! pe3yTbTaTE OMBITHO-
KOMTNOHEHTOB. MPOMBILI-IEHHbIX HCMBITAHHI paspaGo-

TAHHbIX  TEXHOTOTHI  Kapo-CTORKHX
MATEpHAoB.

12 | Paspabotka  npakTuiueckux| OKTAGPH Tio ByayT paspaGoTaHkl mpakTHie-CKHE
pekomennawii Mo wenomb-| 2020T. | 1 HoAGpA |peKomeHiauMii Mo He-nOABOBAHIO
30BAHHIO PE3y7bTATOB MPOCKTA 2020r. |pesynsTaTo  MpOGKTa B TEXHONOTHH

B TEXHOTOMMH  KAPOCTOHKHX
marepuaos. Toaroroska W
ciaua oruera

Kapo-cToiKiX  MaTepuaios.  Byzer
noarotosien W cpan order. Byayr
onyoaukosab 2 craTeH B
PELCHMpYCMBIX 3apyGERHBIX HaysHbIX
WIIAWAX, HHAGKCHpyeMbIX B Gase
HaHHbIX SCOPUS C HEHYICBIM HMIAKT-
axropom  «Bonpocsl  XuMmu
XHMpeCKOl TeXxHOAOTHY, YKpauHa 1
«Hspectna HAH PK», cepin reoniorus
W TexHdeoKre Haykn. byzer usnana
KHHra-MOKOrpacu.
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CIIVILIAJIUA: Pykosommtenss temsl  AP05135894 - «PazpaboTka JHEpro- u
pecypcocheperaroLnX TeXHOIOTHI XKapoCTOMKNX KOMITO3HIIHOHHBIX MATCPUATIOB 1 U3JeTHH Ha
OCHOBE aKTHBMPOBAHHOTO TEXHOTEHHOTO MUHEPAIBHOIO ChIPbS» K.T.H. baxuposa T.C.

ITocne paccMOTPEHHs M 0OCYIK/ICHHS OTHETA.

[TIOCTAHOBMIJIN: pa3jie/ibl TeMBI BBINOJIHEHBI B COOTBETCTBHHU C KaJICHIAAPHBIM ILIAHOM
3a 2018- 2020 T. ¥ OoTBEYAIOT TPeOOBAHUSIM TEXHHUECKOTO 3aiaHus. OTHET PEKOMEHIYETCS K
cllavue 3aKa3umuKy.

Ipencenarens HTC
HAO "IOKVY" um. M. Ays308Ba
I.T.H., ipodeccop v XKanracos K.T.

Cekperapp HTC

K.X.H., JOLEHT VYpasbaesa K.A.





image64.png
DOI: 10.6060/ivkkt.20206306.6135
VJIK: 666.3-135

OU3HKO-XUMHYECKHE HCCIEIOBAHUSA HLJIAKA ITPOU3BO/JICTBA
HU3KOYTJIEPOJAUCTOIO ®EPPOXPOMA - KOMIIOHEHTA
KAPOCTOMKOI'O BSKYILIETO MATEPHAJIA

T.C. Bawupos, M.C. Jlayaerusipos, H.C. Basupos, B.E. Ceputacs, K.H. Baauposa

TonwmsiGex Caiiyrumoira Baupos * Myxtap Cpasesit laysernspos, HypmsiGex Caiiyramnonits Bakipos,
Bonarkan Epmaxariosirs CepikGacs, Kavuar HyprsiGexoniia Baiposa
Kadeapa Texionoris uementa, kepamikit i crexia, KOzio-KasaxcTanekoro rocyAapeTaesioro yHHBepeHTe-

Ta . M. Ayssosa, npocn. Tayke xana, 5, [sixent, Kasaxcran, 160018
E-mail: tynlybek bazhirov@gmail.com *, prof.nsb@mail.ru

ensio padoms: aGunNCY (PUIUKO-XUMUNECKUE UCCTC)OGANUS XUMUKO-MUHEPATO2NE-
K020 COCMIGGa WLIAKG NPOU3600CINGE NU3KOY2IEPOOUCINOZ0 (EPPOXPONA, NPeIazaem020 K lic-
ROIB306aHIO & KaueCMGe KOMMONEHMA JCAPOCMONK020 aANCyIe20 Mamepuana. B pesynomame
uccedosanuii yCmanoeneno, umo oCHOGHOI KpUCMAAUNeCKOil (a3oii 6 WAAKe A6TAEMCA 0pMo-
cunuxam kabuus ¢ eude modupuxayuu y-CaxSiy, komopuiii marsice acmuuno npucymemeyem ¢
sude a-CarSiO,, u maznesuanvusie curukamst 6 sude opemepuma Mg:SiOy. Ocnosnsie csoiicmea,
maKue Kak naomHoCcmb, yOe1bHan NOGEPXHOCb, OUCHEPCHOCHb, MIYZONIAEKOCb WLIAKA, Onpede-
NRI0MES CaoiiCmEaNU JOMUNUPYIOU(€20 MUNEPATa opmocuuKama Kanbuus. B yc1oeusx meden-
HO20 OCMBISAHUS WIAK06020 PACNIA6A OCHOGHON MUHEPAn 6 COCMA6E WAAKA, OPMOCUNUKAM
Kkanbuus p-CarSiOy, nepexodum & mooupurauuio y-CarSiO; ¢ yeenuuenuem ofvema kpucmaniuie-
cKoil pewtemKu na ~12%, WMo NPuGOOUM K CAMOPAIPYWIENUIO U NEPEXOOY WLTAKA 6 NBIIEGUNOE
cocmosnue. Pesynsmamst ucciedo6anuii yoesnoil nosepXHOCMU, onpedeenus cpednezo pasmepa
HACMUL, Pe3yBMAMBI CUMIOG020 AHAIU3A NOKA3ATIL, UMO UCCACIyeMblil WK Npedcmaeisem Co-
Goii MONKOOUCHEpCHBIIL NOPOUIOK CePO20 HGEMA CO CTEOVIOUMU XAPAKMEPUCUKAMIL YOCTbHAA
nosepxnocmy 2955 cm’/z, cpednuii pazmep wacmuy 6,8 mxm, ucmunnas niomnocms - 3,01 Jex’,
naceinnas niomnocmy - 739 k2/s’. Ilpu npumenenuu monkoOUCnEpCHOZ0 WIAAKA NPOU3EOICMEA
HU3KOY21EPOOUCII020 (hePPOXPOMG & KWECHIGE KOMRONEHIA KOMROIUNUONHBLX GSICYIAILX MOdICem
Goimb ucKTIOUeH IHepo3ampamubIiL NPoUeCc €20 monKozo nomona. B nacmosuiee epems waak
NPOU3E0CMIER HUIKOY21EPOOUCIIOZ0 (EPPOXPOMA MPAKMUNECKU He UCHOTBIyemCA & Kavuecmee
MOPUNI020 MUNEPATBIO20 COIpbs, OOHAKO (UIUKO-XUMUNECKUE CEOIICMEA COCMARTAIOUX WAGK
MUNEPAT06 NO360ISI0M PeKOMENOOGAMY €20 € KAUECMGE KOMNONENMA 015 U320MOGTEHIA JCapo-
CMOIIKILX Mamepuan06. Pesy1smams BUIKO-XUMUNECKILX UCCTEO06A NI MOZYM Goimb UCHOTE30-
Ganbi 011 PazpaGomKU IPGeKMUCHbLX MEXNONO2UI KOMRIEKCHON NePepATOMKY WAAKOE HUTKO-
yenepooucmozo dpeppoxpoma.
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The aim of the work is physicochemical studies of chemical and mineralogical composi-
tion of the slag from the production of low-carbon ferrochrome proposed o use as a component
of heat-resistant binder. As a result of studies, it was found that the main crystal phase in the slag
is calcium orthosilicate in the form of 3-CaySiOy modification, which is also partially in the form
of a-CaySi0,, and magnesian silicates in the form of forsterite MgSiOs The main properties of
the slag such as density, specific surface, dispersiveness, refractoriness are determined by the
properties of the dominant mineral- calcium orthosilicate. Under conditions of slow cooling of
the slag melt, the main mineral in the slag composition, i.e. calcium orthosilicate p-Ca;SiOy pass-
es into 3-CaySiO; modification with increase in the volume of crystal lattice by ~ 12%, which
leads 10 self-destruction and transition of the slag to a dust state. The results of studies of the spe-
cific surface, determination of the average particle size, the results of sieve analysis showed that
the slag from the production of low-carbon ferrochrome is a finely dispersed gray powder with
the following characteristics: the specific surface is 2955 cm’/g, the average particle size is 6.8
yim, the true density is 3.01 g/cnt’, the bulk density is 739 kg/m’. When using the finely dispersed
slag from the production of low-carbon ferrochrome as a component of composite binders, the
energy-consuming process of its fine grinding can be eliminated. Currently, the slag from the
production of low-carbon ferrochrome is practically not used as a secondary mineral raw materi-
al. However, the physicochemical properties of the minerals making up the slag allow to recom-
mend it as a component for the manufacture of heat-resistant materials. The results of physical
and chemical studies can be used io develop effective technologies for integrated processing of
low-carbon ferrochrome slags.

Key words: low-carbon ferrochrome production slag, surface morphology, elemental composition, spe-
cific surface, caleium orthosilicate, magnesium orthosilicate, polymorphous modifications
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INTRODUCTION In Kazakhstan, at Aktobe Ferroalloy Plant of
Kazchrome Transnational Company JSC, when pro-
ducing the low-carbon ferrochrome, more than

200000 t of slag are gencrated annually, which arc

At present, the huge volumes of industrial
‘wastes accumulated in the dumps of enterprises create
serious problems both in the environmental aspect

polluting the surrounding environment and in the
cconomic aspect, since considerable financial re-
sources are spent to the conservation and maintenance
of the dumps.

Large-tonnage mineral wastes of metallurgs
cal industry under certain conditions of their prepara-
tion can become full-fledged raw materials for pr
duction of various types of composite binders [1

At the same time, when applying various ac-
tivation methods, the efficiency of using technogenic
raw materials in the technology of composite binders
increases significantly [3-5].

In the Russian Federation, in the dumps of
Chelyabinsk Electrometallurgical Plant alone, more
than 8.2 million t of low-carbon ferrochrome slags
have been accumulated [6].

sent to the company’ disposal arca. Kazchrome
Transnational Company JSC is the world leader in the
quality and volume of chrome raw materials produc-
tion, ranked second in the global ferroalloy market.

Over 15 million t of industrial wastes are ac-
cumulated in the company’s slag disposal arca, of
‘which about 8-9 million t are slag of low-carbon fer-
rochrome production. The costs for the slag wastes
disposal and the slag disposal area maintenance are
the major economic and environmental problem fac-
ing the company.

In world practice in the production of ferroal-
loys, importance is attached to the integrated use of
large-tonnage slag wastes according to environmen-
tally friendly technologies.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2020. V. 63. N 6 59
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The European Union provides for a compre-
hensive audit of any technology for registration, eval-
uation, authorization and restriction of chemicals in
accordance with the European Union Legislation on
Registration, Evaluation, Authorization and Re-
striction of Chemicals — REACH [7].

In the processing of slags from the production
of ferrochrome, the problem of ecological safety is no
less important, since chromium is recognized as a
dangerous carcinogen [8, 9]

According to the chemical and mineralogical
characteristics, slags from the production of low-
carbon ferrochrome [10-12], characterized by a ten-
dency to self-decomposition and transformation into
fine powder [13], are among the wastes of ferroalloy
production.

A distinctive feature of the slags from the
production of ferrochrome is their refractory and heat-
resistant properties [14, 15].

The published works analysis showed a small
amount of research and proposed directions for using
the slag of low-carbon ferrochrome production in ag-
riculture for soil liming, in foundry for making self-
hardening mixture, in road construction as a mineral
filler for preparing asphalt concrete, as a raw material
for cement production [16, 17].

The analysis of the published works showed
that there is a small number of works on the use of
slags from the production of low-carbon ferrochrome
in the technology of heat-resistant binders and con-
cretes.

According to the authors of [18], ferroalloy
slags can be a promising raw material for heat-
resistant binders and concretes with a temperature of
application from 800 to 1800 °C. It is shown that the
replacement of sodium  silicofluoride with ferro-
chrome slag as a hardener in heat-resistant concretes
on liquid glass made it possible to increase the tempera-
ture of their use.

The possibility of using metallurgical ferroal-
loy slags as components for the manufacture of heat-
resistant concretes was also shown in [19].

The rationale for the use of self-decomposing
ferrochrome slag of Chelyabinsk Electrometallurgical
Plant for the manufacture of heat-resistant concretes
is given in [20].

As a result of studies in [21], based on bind-
ers using the waste of a ferroalloy plant, slag-alkali
heat-resistant concretes with a temperature of applica-
tion of 1100 °C were obtained.

The authors’ work [22] presents the results of
developing a technology for processing stabilized slag

60

of low-carbon ferrochrome, and its composition and
structure were investigated.

It should also be noted that the authors of [23-
25] examined the current state of the theory and prac-
tice of heat-resistant binders and concretes, general-
ized theoretical provisions on the possibility of ob-
taining heat-resistant compositions using technogenic
raw materials and various binders.

Currently, the slag of low-carbon ferrochrome
production is not used as a secondary material re-
source for building materials production, which is
associated with insufficient research on the slag prop-
ertics, as a mineral raw material, and insufficient re-
search on the formation of structure and properties of
‘building materials and products based on it.

To create of efficient and safe technologies
for integrated processing of low-carbon ferrochrome
slags requires physicochemical and technological re-
search combined with a technical and economic as-
sessment of the effectiveness of the technologies de-
veloped.

EXPERIMENTAL PART

The physical and chemical studies of the slag
sample microstructure of low-carbon ferrochrome
production were carried out using JSM-6490LV
scanning electron microscope of JEOL company (Ja-
pan), which also determined the elemental chemical
composition by the energy dispersion method.

The X-ray phase analysis of the slag was car-
ried out using DRON-3 diffractometer with CuK, ra-
diation with a nickel filter. The goniometer counter
speed was 8 gon/min. The tube voltage is 40 KV, the
tube current is 20 mA.

The slag’s specific surface and the average
particle size were determined by the dispersed materi-
al air permeability method using PSKh-K (ICX-K)
computer multifunctional device produced by Rus-
pribor LLC (Russia).

The sieve analysis of the slag was carried out
using Analysette 3 vibration sieve device of
FRITSCH company (Germany).

The results of the study of the slag sample
surface morphology and the energy dispersion analy-
sis are shown in Fig. 1. The surface of the studied slag
sample is polydisperse in nature, while there are both
dusty particles and larger dense particles having a
detrital and fragment form.

The studies of the elemental chemical compo-
sition (Table 1) showed that the slag composition has
a significant content of such elements as Ca, Si, Mg,
Cr, AL, which characterizes the mineralogical slag
composition.
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Fig. 1. The surface morphology and the elemental composition
when scanning the slag sample of low-carbon ferrochrome pro-
duction
Prc. 1. Moposoris nosepxHOCTH 1 HmemenTHSIl CoCTas ph
‘CKAHHPOBAHHH OGPA3LA UIAKA MPOMSBOTICTEA HHIKOYTTIEPOH-
c1or0 deppoxpoma

Table 1
The elemental chemical composition of the slag sample
(mass %)
Tadauya 1. Dnementibiii xumuseckuii coeran ofpasua
maka (wac. %)
) Mg Al Si Ca | G
34 | 483 | 221 | 1021 | 3620 | 421

The chemical slag composition (mass per-
cent): SiO; - 24.12%; ALO; — 4.69%; CaO — 55.40%;
MgO - 8.92%; Cr,0; — 6.86%.

The Xeray investigation of the slag showed
that the main crystalline phase in it is y-Ca,Si0;, there
are also 0-CasSiO;, and magnesian silicates, possibly,
in the form of magnesium orthosilicate — forsterite
Mg:SiOs.

On the slag diffractogram (Fig. 2), the most
intense diffraction reflections with d = 3.81; 2.79;
2.74; 1.88; 1.62A correspond to the phase y-Ca,SiO;,

The diffraction maxima with d .66,
1.72A, are apparently duc to the presence of a-
Ca;Si0s in the slag. The presence of this phase in the

slag indicates that @ — o'y — o’y — B — y modifica-
tion transformations did not occur completely, and a
small amount of -Ca;SiOs s present in the system.

9,%

m
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[ ®
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Fig. 2. The diffractogram of the slag of 1ow-carbon ferrochrome
production
Prc. 2. JIAQpaKTOTPaNMA LLTAKA NIPOW3BOICTEA HISKOYIIEPOTH-

ctoro eppoxpoa

The reflections with d = 3.81;
cate the presence of forsterite Mg,SiOs.

The results of studies of specific surface,
determining the average particle size, the results
of sieve analysis showed that the slag production
of low-carbon ferrochrome is a fine gray powder
with the following characteristics: the specific sur-
face is 2955 cm’/g, the average particle size is 6.8 pm,
the true density is 3.01 g/em’, the bulk density is
739 kg/m’. By the chemical composition, the slag
can be referred to the main with the lime factor
Mo =2.16, determined by the percentage (%CaO +
%MgO)/(%Si0r+%ALO0;), with low activity factor
Ma = 0.18, determined by the percentage of ALOs
and SiO; content in the slag.

RESULTS AND DISCUSSION

The dominant mineral of slag from the pro-
duction of low-carbon ferrochrome is calcium ortho-
silicate CaxSiO; (2Ca0-Si0,); therefore, its physical
and chemical properties are determined by the basic
‘propetties of slag. Complex polymorphism and asso-
ciated volume changes in the structure leading to self-
destruction of the mineral are inherent in calcium or-
thosilicate CaSiOs.

When producing the low-carbon ferrochrome
under conditions of slow slag melt cooling down, the
main mineral in the slag composition, the calcium
orthosilicate Ca;SiO; passes into y-Ca:SiO; modifica-
tion with increase in the crystal lattice volume by
~12%, which leads to the slag self-destruction and
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transition to a dusty state. Due to the polymorphous
transformations and high dispersion, the siag of low-
carbon ferrochrome production was also called “self-
destructing”.

Magnesium orthosilicate forsterite Mg:SiOs is
known only in the form of one modification; there-
fore, forsterite present in the slag does not undergo
volumetric structural changes upon slow cooling of
the slag. Petrographic studies showed that in the pol-
ydisperse slag medium, forsterite Mg:SiOs is present
in the form of larger dense particles of a detrital and
fragment form.

Unlike the so-called “belite” mineral, ie. B-
modification of calcium orthosilicate B-Ca,SiOs,
which is the mineralogical component of Portland
cement clinker, formed in the slag of low-carbon ferro-
chrome production, y-Ca;SiOs modification has practi-
cally no hydraulic activity and binding properties.

The scheme of modification transformations
in the system CaO — SiO,, according to which calei-
um orthosilicate Ca,SiO exists in four polymorphous
modifications a, d, B, v, is presented in [23].

According to other authors, for calcium or-
thosilicate CaySiOs, there are five polymorphous vari-
cties: a, o, B, 7, taking into account the fact that for
a'-modification there are high-temperature o'y and
low-temperature a7, modifications [24]. Fig. 3 shows
the scheme of polymorphous transformations of cal-
cium orthosilicate Ca,Si0; modifications, described in
detail and summarized in [25].

The characteristics of Ca,SiO, polymorphous modifications

Tagnuya 3. Xapatepuermen

In [26], the results of Ca,SiO; phase poly-
‘morphous transitions parameters (Table 2) and the
characteristics of calcium orthosilicate Ca;SiOs indi-
vidual polymorphous modifications (Table 3) are pre-
sented.

680-630°C

/' (90820 °C
(142025 °C /

T _(116010)°C

AN

850-900°C

By

<s500°C
630-620°C

& gooanc M

780-860 °C M
Fig. 3. The scheme of polymorphous transformations of dicalcium
silicate CaSi0;

Prc. 3. Cxewa mommopHbx npespauesit Mo ukauli
ABYXKaTbUHEBOTO CHMKATA CaSiO;

Table 2

CasSiO; phase polymorphous transitions parameters

Tadauya 2. TIapaveTphi a3oBhix nOAMOPHHELX ne-
pexozon CaSiO,

Phase polymorphous transitions of
Ca,Si0; modifications
u'ﬂ~nu'u-n'“h\,0-u' o'y Bl By [y—a'y
[Temperature 650-
e 1440 1160 | 979 | G5 <s10] 711
AVasgsomn | 83 | 403 | 16 | +12[+115 451
Table 3

uyopubix Mo pukaunii Ca,SiO,

A _Ca:SI0, polymorphous modifications
v oy oy e o B
Symmewry | Rhombic | Monoclnic | Rhombic | Rbombic | Hexagonal | Monoclinic
Density, ke/m’ | 2970 3240 3230 3300 3070 3310

Such minerals of the slag of low-carbon fer-
rochrome  production as calcium orthosilicate
Ca;Si0s, and forsterite Mg,SiOs have high refractori-
ness. Thus, lamite mineral Ca,SiO; is the most refrac-
tory slag mineral, it melts congruently at 2130 °C, and
refractoriness of forsterite mineral Mg,SiO; is
reached at 1900 °C [27, 28]. Due to these propertics,
the slag of low-carbon ferrochrome production can be
used as a component of mixture in the heat-resistant
‘materials production.

CONCLUSIONS

As the result of conducted studics, the chemi-
cal and mincralogical composition and main physical
and technical propertics of the slag from the produc-
tion of low-carbon ferrochromium were determined.

62

As the result of physical and chemical studies, it was
established that the main mineral of the slag of low-
carbon ferrochrome production is calcium orthosili-
cate Ca,Si0;, magnesium orthosilicate in the form of
forsterite Mg,SiO; is also present in the slag.

The slag from the production of low-carbon
ferrochromium is characterized by high dispersive-
ness, conditioned by changes in modification changes
of the dominant material — slag of calcium orthosili-
cate Ca,SiO;. As a result of thermal conversion under
the conditions of slow slag melt cooling down, the
calcium orthosilicate Ca,Si0; passes into y-Ca,SiO;
‘modification with increase in the crystal lattice vol-
ume by ~12%, which leads to the slag self-destruction
and transition to the finely dispersed state.
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The slag under study represents finely dis-
persed powder of grey colour with the following
characteristics: specific surface 2955 cm’/g, regular
particle 6,8 pm, real density — 3000 kg/nr’, packed
density — 739 kg/m’.

When using the finely dispersed slag of low-
carbon ferrochrome production as a component of
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composite binders, the expensive process of ifs fine
grinding in mills can be climinated.

The resuls of present physical and chemical
studies will contribute to solving the issucs of rational
and cfficient use of the slag of low-carbon ferro-
chrome production in technology of building materials,
including as a component of heat-resistant binders.
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HCCIEJOBAHUE ®H3HKO -XHMHYECKHX CBOHCTB ILIAKOB
TIPOH3BO/ICTBA ®EPPOXPOMA

Baxupon T.C., Tayaerusipon M.C., Baxupon H.C., Cepuitaen B.E., Baxuposa K.H.
Bazhiroy T.S., Dauletiyarov M.S., Bazhiroy N.S., Serikbayev B.Ye., Bazhirova K.N.

H0mwH0-KasaxcTancinii rocy apeTaerHbiii yimeepenTer M. Ayasona, Isniert, Kasaxcran
M.Auezov South Kazakiistan State University. Shymkent, Kazakhstan
tynlybek bazhirovgmail. com

Ty

Maxaraoa AxmeGe drepposopimna saysimsinei, moxen Kexipmexmi gheppoxpox onipici uiaxmapoeiy
dusuka-xusuws sepmmey womudxcexepi. keamipineen. Hnaxmapoass nezisci xpucmaiow asacer 3-CaxSiOy
ancane a-CasSiO, Karvijuir opmocunikamsi, Hcane Mg:SiO, macuiis opmocunuxammapyt Gosin maGsuacst. Hnax
Gangsisacemnbiy Gazy cansuoay aaz0alinoa ousy KypaMsmoassl nezizi munepan f-CaSiO, kanoyui
opmocunuxamet 3-CaxSiO; MoOUGuKayuACHMa aimarads, owbi Kpucmay mopsmeiy omuepi ~ 12% apmaow,
Gy osdizinen Kupaysina Hcone waakmoiy way mopisoi Kyiice aywicyina oxeedi. Yaecmix Gemmi sepmmey,
Goauekmepol; oM MOTUEPIH GHYINGY HCAHe CTEK MATOGYS HAMUKCETEPI MOMEH KeMipmexmi deppoxpor
ondipici waakmapOwy Kelecieii cunammamaiape Gap Cyp yumas exeut Kopcemmi: yrecmix Gemi 2955 ez,
Gonuexmepony opmawa Momuepi 6,8 MM, wsHais! Meiebi30biesl - 3,01 2/eM’, yiindi muisizoviest - 739 k/ar’
Kasipei waxsimma mosen xeaipmexmi ¢heppoxpost endipici waaxmaposiy ic scysmde Kaima Koroanamoin
MUHEp@ION! wKISaAM peminOe. naioaIANLLNGIOb, 7GH0A ULIAKMAPONI KYPANBIHOGEH! NUNCPATOGPOsIY Kubil
Ganky Kcone omsa mo3iNOI Kacuemmepi onb bICMIBIGEG MOSINOI MAMEPUAIOGPO! ONOIYZE YCbINY2a MYMKNOiK
Gepeoi.

Abstract:

The article presents the results of physical chemical studies of slag from the production of low-carbon
Jerrochrome of the Aktobe ferroalloy plant. The main crystalline phase in the slag is y-CasSiO, calcium
orthosilicate, a-Ca;SiO; and magnesium orthosilicates Mg:SiO. are also present. Under conditions of slow cooling
of the slag melt, the main mineral in the slag composition of calcium orthosilicate f-CasSiO; goes into the y-
CaSiO, modification with an increase in the crystal lattice by ~ 12%, which leads 1o self-destruction and transition
of the slag 10 a dust state. The results of studies of the specific surface, determination of the average particle size,
and sieve analysis showed that the slag from the production of low-carbon ferrochrome is a finely divided gray
powder with the following characteristics: specific surface 2955 cn’/g, average particle size 6.8 um, true density -
3,01 gien, bulk density - 739 kg/m’. Currently, the slag from the production of low-carbon ferrochrome is
practically not used as a secondary mineral raw material, however, the refractoriness and refractory properties of
the minerals making up the slag allow us to recommend it for the manufacture of heat-resistant materials.

K:TH0teBbIC CI0BA: LLTAKH MPOMIBOCTE KHIKOYIEPOIHCTOro (leppONpOMA, MOPOTOrHH OBCPXHOCTH,
eMeHTHBIi COCTAB, Y 1CT5HAs TIOBEPXHOCTS, OPTOCHINKAT KA7LIIA, TOTHMOPARbIC MO MKa1HI

Keywords: slags from the production of low-carbon ferrochrome, surface morphology, clemental
composition, specific surface, calcium orthosilicate, polymorphic modifications.

B Kauxcrame wa AkmioGmrckom sasose deppocnasos AO THK «Kaspow» mpu mpomssozcrse
HIKOYIICPONCTOrO (DPPOXPOMA CACIOAHO OGPA3yeTCa Gonee 200 000 TOHH LLIAKA, HANPABIACMOO B OTBATE
MpeAMpHATIA. B ULTAKOOTBATAN MPEATHATIA HAKOMICHO GO7Iee 15 MTH TOHH MPOIBOICTBCHHBI OTXOIOB, i3 HAX
KO0 8-9 MIH TORH COCTABIICT MUTAK MPOMIBOZCTBA HIKOYTICPOICTOTO (heppOXpOMA. 3aTPATE! A PATMETICHIC
LITAKOBHIY OTXOZ0B M COTCPKAMMC MUTAKOOTEAOB ABIAOTCA GOTBIION IKOHOMMYCCKOI 1 IKOTOTHHCCKOI
MpOGENO, CTOAMICH MEpE MpEATPHATIEN.

A3 OnYGMKOBAMKBIY PAGOT NIOKAYLY HEGObLION OGBEM HCCACIOBANHIE 1t NPCTATACMBIX HAPABACHI
N0 HCMOTHIOBAMIIO WITAK MPOWIBOICTEA HIIKOYTICPOTHCTORO (NGPONPOMA B CETBCKOM XOBiicTBe AT
WIBCCTKOBAHMS TOYB, B THTCHHOM MPOW3BOICTBS [UIA HATOTOBACHMA CAMOTBEPICIOUICH CMECH. B JOPOKHOM
CTPONTELCTE B KIMCCTEC MHNCPATBHOTO HANOIHHTC.S AT NPHIOTOBICHIA AC(XISTOGCTON, B KIMCCTEE CHIpbS
s npomBozCTEa ueventa [1.2]

B HACTOAIICS BPCST LITAK MPOW3BOICTBA HHIKOYTICPOIICTOrO (JPPONPOMA HE HCTOTHIYETCH B KANCCTBE
BTODIMHOTO  MATCDWATHHOTO DECYPCA S HIOTOBICHIA CTDONTCTBHBIN MATCPHATOB, ‘IO CBAIAHO C
HCAOCTATOMHBIM HCCICAOBAMNCM CBOHCTB 9TOFO LLAKA, KAK MUHCPATHHOTO ChIDbA, TAK M C HCAOCTATOMHbIM
HCCTICIOBANNCM MPOIIECCOB (JOPMHPOBAHIA CTPYKTYPHI 1 CBOFICTB CTPONTCTBHBIN MATCDHATOR  WIACTHIi Ha Cro
ockoBe.
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DusuKO-xUNNCCKIE UCCTE08aNIS MUKPOCHIPYKMYPEI OGPATIIA ILTAKA TPOWIBOICTEA HIKOYTIEPOTICTOrO
(DCPPOXPOMA BEITIOTHHSI C TIPHMCHCHHEM CKAHPYIOLICTO ICKTPOHNOTO MUKDOCKONA « JSM-6490L V) kosmaii
«EOL» (SnOimi). C mOMOWbIO KOTOPOrO OMPEACTATH TAKKE OICMCHTHB  NIMWHECIi  COCTAB
SHEPrOCTICPCHORKBIM METOTOM.

Penmeenodaoenit anans (PPA) wraka BTOAHSH ¢ MpiMeHCHIM JupakToverpa POH-3 npi Cuk, -
WITYMCHNN C HUKETEBSIM (MTSTPOM. CKOPOCTS JBIKCHIA CUCTANKA TOHMOMETPA COCTABIATA § rpas/i.
Hanpsxenie #a 1pyGKe 40 kV. Tok TpyGki 20 mA.

“Anans oucnepcrozo cocmasa WIAKA BHNOTHEH WA mepHOM amamwTope «Analizetie 22» (upsst
«MicroTec Fritsch GmbHb (Tepwaris).

Voensnyio nosepxocmb u cpeonuil pasvep wacmuy WITAKA OMPECTATH METOZOM BOYIYNONPOHHIACMOCTH
JUCICPCHBIN. MATEPHATOB C NPHMCHCHHE KOMITHOTCHOTO MHOTO(YHKIMORATBHOTO pGopa TICX-K. upatt
000 «PycrpuGop» (Poceits).

Cumosoil anas WK BHNOTHEH C MPHMEHEHNEM BHOPAIIIORKOTO MPOCSHBAROMIETO MPHGOpa «Analysette
3» hupet FRITSCH (Tepaanns)

PesybTaTE HCCACAOBAIIS MOP(OTONHH TIOBEPXHOCTIH 1 IHEPrOHCTIEPCHOKOTO AHATHHA OOPAME WITAKA

TIpHBEICHS Ha pricyHKe |

T —

PrtcyHOK 1 ~ Mop(JoTorsis NOBEpXROCTH 11 SeMEHTHEHi COCTAB TpH
OGpAILA LLTAKA MPOHIBOACTEA HHSKOYTACPONCTOTO (ePPOXPOMA

HcCie10BaIIs S1EMEHTHORO NHMITECKOTO COCTABA (TAGHILA 1) NOKASATH, STO B COCTABE LLTAKA
HAGIOIACTCS MAUNTCIIBHOE COACPAANHC eMeKTOB Ca, Si, Mg, Cr. Al \T0 NapaKTepisyer MiHepaorieeKiii
cocTas maka,

Tabmua | - DeMeHTHbIH XHMIMECKHIi COCTAB 06PA3LA MAKA (MAc.%)

o Mg Al Si Ca Cr Fe
41.69 4.73 219 1086 36.72 357 024
316
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Xuysiraccrii cocrap munaka (wac.%): SOz~ 25.21%; ALO; — 4.48%; CaO - 55.76%; MgO ~ 8.51%; Cr:0;
— 5.66%: Fe;05 — 0.38%.

PeHTreHOMpAITECKoE HOCTCIOBARIE IITAKA OKAYT0, MTO OCHOBHOI KHCTALTIECKOH (ariofi B HeM
ABIACTCH OPTOCIIMKAT KB Y-CaySiO,. A TAIAE MPHCYTCTBYCT 0-Ca;SiOy, 1 MATHCSHATBHbC CHIMKATSL
BO3MOHO, B BIAC OPTOCHAMKATA Markis - (oopcrepta Mg;SiO;,

Ha ZHQPAKTOrpaME LLTIKA (PHCYHOK 2) HANGOICE HTCHCHBRbIC M paKIOmAbE oTpwAeHis ¢ d = 3,81
2,79.2.74; 188 1.62A coorsercTayior ase oprocimkata kasits y-Ca;SiO;

Jludpparunontbie MakcinyMbi ¢ d = 2.71; 2,66, 1.72A, 04eBHIHO, 0GYC/I0BICHE MPHCYTCTBHEM B LITAKE G-
Ca;Si0,. Haeve B UUtaKe 3Toii (pashi CBICTETSCTBYET O TOM, 10 MOTH(HKAHORKbIC NPCBPALICHI .

— tys — 0, — [} — Y NPOIIOLIN HE NOTHOCTBIO, H B CHCTEME NPHCYTCTBYCT B HEGOIBLIOM KOTHICCTBC G-
Ca:SiO;

PricyHok 2 — JIu(pAKTOrPAMMA LLTAKA MPOMIBOACTE HH3KOYTIEPOINCTOrO (PPOXPOMA

Ha npucyrcreue (operepira Mg:SiO, ykassisaior orpaeris ¢ d = 3,81; 2.74; 2.66;

Pe3yTBTATHE HCCEA0BAHHIT YA THHOM MOBEPXHOCTH, OMPETCTCHIS CPETHETO PA3MEPA HACTHIL 1 PE3YbTATE
CHTOBOTO AHATH3A TIOKASATH, 4TO LLTAK NMPOW3BOICTBA HHSKOYIICPOTHCTOrO (hepPOXDOMA MPEACTABIACT COGOIi
TOHKOHCTEPCHBIi TOPOIIOK CCPOTO WBETA CO CHEAYIOMMAH XAPAKTCPHCTHKAMI YICTbHA NOBPXHOCTS 2955
en/r, epemmit pasMep ACTHL 6.8 MKM, HCTHHHAS IIOTHOCTS - 3,01 r/CM’, HACKIMHAS WIOTHOCTS - 739 Kr/AC, TTo
XHMHUECKOMY COCTABY ILTAK MOKHO OTHECTH K OCHOBHBIM C MOAYJICM OCHOBHOGTH M, = 2,16, Onpeaeiisessin no
npoueHTHOMY cooTHOmeHIO (%Ca0 + %MgO) / (%Si0x+%A105), ¢ HirKin MOAYCM akTHBHOCTH Ma = 0,18,
OMPEICTACMEIM IO MPOTICHTHOMY COOTHOMICHNO COCPAMNA B TAAKE Al:Os 1 SiO,.

OCHOBHBIM MHHEPATOM LLTAKA NPOHSBOICTE HUSKOYIIEPOIHCTOFO ()ePPOXPOMA SBIACTCH OPTOCHIMKAT
Kambms Ca;SiO; (2Ca0-SiO;). OprochmmaTy KaTsA Ca;SiO; MPMCYI CTOKHBIIH NOTMMOPRII T CBAIAMHEE G
HINM OGBEMHbIC HIMCHEHIA B CTPYKTYPE. MPHEOAIINE K CAMOPASPYIICHHIO MHHCpAA

TIpn NPOMIBOACTBE HIBKOYIIGPOMUCTOrO ()ePPONPOMA B YCIOBHAX MEUIEHHOTO OCTHIBAMIS LLTAKOBOTO
PACTITABA OCHOBHOIi MIHEAT B COCTABE MITAKA OPTOCHTHKAT KaTbIA Ca,SiO; MEPEXOTHT B MOTHMKAIITO -
CasSiO; ¢ YBETINICHIEM 0GBeMA KPHCTATLTINCCKOf POICTKH Ha ~12%, WT0 MPWBOTHT K CAMOpAIDYIICHIIO T
TIEPENOAY LITAK B MHLICBHIHOE COCTOAMNC, BOACICTBHE MOMMAOP(HSIX MPCBPAMICHHIE 1t BLICOKOIH HCTEPCHOCTH,
QK MPOW3BOZICTEA HH3KOYTICPOTNCTOTO (EPPONPOMA MOTYHT TAKVKE HATBAHHE «CAMOPACTATAIONIACH.

B OTIMME OT TAK HAIBACMONO MMHEDATA (GETHTA), T.c. B-MOTM(HKAII OTOCHIHKATA KATHII -
Ca;Si0;. ABIAOWIECTOCH MHHCPATOTHICCKOli COCTABIMIONICH TIOPTIANILCMEHTHOTO KIMHKEPA, 0GpA3YIOMAACA B
LITAKe MPONIBOACTEA HIKOYTIGPOAHCTOrO ()eppoxpoMa Mompukaws y-CaSiO, mpakTiveckn we 06razaet
TIPABINCCKOT AKTHBHOCTBIO H BAKYIIMMH CBOVICTBAN

B paGore [3] npuseiena cxema MOH(HKAUHOHHBIX npeBpameHii & cuereme Ca0 — SiO,, B COOTBCTCTBMI ¢
KOTOpOIf OPTOCHHKAT KaTbist C2,SiO4 CYIIECTBYET B HETHIPEX NOMMMOP{HBIX MOAHDHKAIIX T, 0, B, 7.

Tlo ZaHHBIM ADYTUX ABTOPOB, [T OPTOCHIMKATA KATbuii Ca;SiO; PAMTHMAIOT MATH MOTHMODHHBIX
PASHOBIIHOCTEIL: 0 0. . 7. C Y4CTOM TOXO, TO L1 0/-MOTH(DHKALIH PA3ICIAIOT BICOKOTRMIEPATYPHYIO — G, I
HIIKOTEMTEPATYDHYIO ~ 0. MoMmKawm [4]. Fa prcyRKe 3 mpBEZCHA Cxema mOmmMOpRbIY mpeBpamCHIi
oprocHmKaTa Kambis C2;Si0;. MOIPOGHO OMHCAHHBIX i 0GOBIICHHBIX B padore [5]
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PricyHOK 3 - CxeMa noAMOp(HBLX npespaueniii Moz mawii
oprocrmmkaTa Kambi Ca;Si0;

B padore [6] MpHBECHS! pety B TATS NapaveTphi (A3oBbIX MOTIMOp(HBIX nepexonon CasSiO; (rabama
2) 1 XapAKTEPHCTHKI OTACTEHbIX NOMMOPHBIX MO OpTOCHTIKAT KBS Ca,SIO; (raGMLa 3)

‘TaGmnua 2 - TTapaveTpst (KI30BIX MOMIMMOPHBIX NICPEXOA0B OPTOCHIIKATA KaTsist Ca;SiO;

a30BbIC TOTIOPHE NEPENO A MOT KA CazSi10;

[riRa o oa Ayl Lyp By 70y
Tevmeparypa, 'C 1430 1760 979 650-690 <310 il
EX/7 83 03 16 +12 115 LN

‘TaGmua 3 - Xapaxrepuctaa momenopdsbix Moapukaumii oprocumata kambus Ca;SiO;

Tapaverpot TTommMOpHbIE Mo HKaIH Ca-Si0;

7 [ [y iy o B
CinnieTpiu_| povOmieia | MOHOKIIA | POMOIHCCKa | POMDINCCKbL | TCKCATORIbIA | MoHOK T
TrorHocrs, 2970 3240 3230 3300 3070 310
K/’

Msriepa Tt HUTaka MDOWB0/ICTA HITIKOYTIEPOITHCTOO (hePPONOMA Kk OTOCHINKAT KaThirit Ca,SiOs, Tak
i popereprt Mg;SiO; 0BTaTaIoT BHCOKOli OTREYMOpROCTSIO. Tak, Mifiepat TapiiT Ca;SiO; TBAeTCA Cavbn
TYTOMIABKINN LTAKOBBIN MIHCPAION, OK ILIABHTCA KOHTPYSHTHO mpit 2130°C. 2 OreyMOPHOCTS MitHepaa
doperepima Mg:SiO: xocruract 1900°C [8,9]. BeeacTsite 31itx CROHCTS. LLAK MPOIBOACTE

HITKOY FICPOTICTOrO (EPPOXPOMA MOYKET MPHNCHITHCA TAKGKE KAK KOMIIOHCHT LINXTI B MPOIIBOACTRS

KAPOCTOIHKILX MATCPHAIO.

Butgodss. B Pty BTATE MPOBEICHHBIN (DHIMKO-XHMITICCKAX. HOCTCAOBAHIi YCTAHOBIICHO, HTO OCHOBHBIM
MIHCPAJIOM LUIAKA MPOMIBOACTE HIKOYIICPOHCTOrO (ICPPOXPOMA SBIACTCH OPTOCHIMKAT Kanbius CaxSiO;. B
ke nprcyTeTayer Takske dopereput Me:SiO;

B YCTOBHAX MEICHHOTO OCTBIBANILT MIIAKOBOTO PACTTABA OPTOCHINKAT KATsi Ca;Si0; mepexomT B
MozprKamo 7-Ca;SiO; ¢ yBOTMACHHCM 0GHCMA KPHCTALTICCKON PeWICTKH Ha ~12%, 4T0 mpHBOZHT K
CAMOPAPYIIEHITO 1 NIEPEXOAY HLTAKA B TOHKOTHCTIEPCHOE COCTOHHE.

Uk npeicraaicr codoif _TOMKONCHCpCHbi MOPOIOK CCPOT0  WBCTA €0 GACAYIOmUNI
NADARTEPICTIKANIT. YACTOHAA TOBEPXIOCTS 2955 C/T, GOl pasMiep WICTITL 6.8 MK, TICTIHIAA TEIOTHOCTS -
3000 Kr/Ar', RACHTHA ILIOTHOCTS - 739 KI/Ar.

Pe3yTRTATS KACTOATIITY (MT3HKO-XHMITIECKITY HCCTET0BARTH GY YT CTIOCOGCTROBATS PEMIEHIO BOMPOCOR
PAIHOHATBHOTO. 1 (MCKTHBHOTO HCTOMBIOBANI LLTAKA MPONIBOICTE IIKOYTICPOINCTOTO (BEPPONPOMA B
TCXHOIOTHH CTPOMTCBHBIX MATCHATOB, B TOM MHCIC B KAMCCTBS KOMIOHCHTA ZAPOCTONKIN BAAYIMX
MaTepiaTon,
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OHIPICTI 5)KOCMAPJIAY JKOHE MATEPHAJI/IBIK KAMTAMACBI3 ETY/IH
OAICTEMEJIIK HETT31EPT

METHODOLOGICAL BASES OF PLANNING AND MATERIAL SUPPORT OF
PRODUCTION

Mapacy1on A.M, BexGarhipiisbi JI.
MarasulovA.M, Bekbatyrkyzy L.

KA. Sfcayi AThirIATs NATHKAPATIR KARK-TYDiK yrmpepenreri, Typricran, Kasakcras
K.A.Yassawi International Kazakh-Turkish University, Turkestan. Kazakhstan
rmanova.leila@gmail.com

Pesiove
B paome  npecioxcensi  MemoousecKue oCHOGH  MIGHUPOGGHUA  MAMEPUATSHO0  Oecnevents

POU3BOOCIGA, NO36OTTOUUE 1A OCHOGE YHEMA U OYSHKU COMOTHUMEBHbIX SAMPAM, GOSHUKAIOULY 6 Pesy.Tmame.
npuoGpemens,  Xpanenus 1 MOOOMOGKU MAMEPUAIOS K UCHOTbOSANUIO 6 MPOU3EOOCHIAE,  GINOINUNY
ofocuoaanue coaoRyIOZ0 MamepuaTBHOZ0 pacxoda u ocyujecmeums awibop cnocoda nocmaaxu amepuaios. lpu
MON COROKYNbIL MAMEPUATBNbIE PACTOO NPedCMABIEN! COGOR GeTuNUNY, YUUMbIGAIOUYIO HEnoCpeoCmGeN bl
PACX00 MamMepuaios @ CMOUMOCIIHOM GWIPANCeHUU HA OCHOGE HOPM PAcxodd u OONOTHUMETbHbIN PACX00,
GOSNUKAIOUSUIL & PeVTIMANIE GIUSHIS PUCKOS NOMIEP NI NOOZONIOGKE AAMEPUAIOS K nompeGiento.
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Kyiaipycia WaNOTTES HETLIKKA To3iM GETONNbIN KYPAMB i OHbI Aalfbiiay Tocist
CocTan 6306AHIOBOTO LAMOTHOO AKaPOCTONKOTO GETOH 1 CIOCOD Er0 HITOTOBTEHIA
Composition of fireclay-free fire-resistant conerete and method of its production
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PECIIYBJIMKA KA3AXCTAH

(19)KZ (13)U(11) 5036
(51) C04B 28/26 (2006.01)

ONUCAHUE MOJE3HOW MOJEJH

K INATEHTY

(21) 2019/0215.2
(22) 05.03.2019
(45) 12.06.2020, Grox. Ne23
(72) Baxnpos Temmibex Caiipyramnonis; Hexaxon
TypmmGex  Vremomms;  baxupon  Hypasibex
Caiidpyrannonis; Cepukbaca Bonarxan Epmaxarosis;
Jayneruspos Myxrap Cpaesis; baxuposa Kavuar
HypasiGexonna; Barupon Kauar HypasiGexosis; Cann
Aknyp AGaHIaKbE
(73) PecnyGamkanckoe rocyAapeTBeRHOE IPEATHATHE
ua mpase xossiicrsemnoro menemns  «lOwxmo-
KasaxcTanckiii roCyapCTBeHHbI YHUBEPCHTET HMEHH
M.Ay>i082» Munnctepersa oGpasopanis n- Hayki
PecnyGann Kasaxcran
(56) RU 2377217,27.12.2019
(54 COCTAB  BE30B/KHTOBOIO
IAMOTHOTI'O KAPOCTOMKOIO BETOHA H
CIIOCOB ETO H3rOTOBJIEHHS!
(57) Toe3uan MOATE OTHOCHTA K IPOMBILLICHHOCTH
CIPONTEIBHHIX  MATCPHATOR M MOKCT  OWTh
HCTONB30BAHA NPW  WIrOTORICHMM  M3jenmii 3
6¢305AHTOBOrO LIAMOTHOTO KAPOCTOHKOO GeToma.
Texumueckoii 3anaueii, pemaemoii 1annoii nonesnoit
MOACIHIO, FBIACTCH NOBBILICHHE TEPMOCTOHKOCTH 1t
NPOSHOCTH G306AHTOBORO LIAMOTHOTO AAPOCTOFKOTO
GeToma, HCKIOMCHHE SHEPIETHMECKHX 3TPAT HA
npe/BApUTE LB TOHKMIE NOMON CHIMKAT-THGH 1
KPHCTOGATINTA, COXPAHEHHE NPHPOAHBIX PECYPCOR, TaK
KK MHKDOKDEMHEICM ABIACTCA MHOTOTOHHIAHBIM
OGOMHAIM MPOZYKTOM (PEPPOCILIABHONO NPOM3BOACTRA
1 TIDH IPOHIROACTE KpEMHMICOTCPAALIX CILTAROB.

MUKpOKpEMHE3eM  HMEET MPEHMYIIECTEA  Nepen
KPHCTOGATMTON,  OGYCHOIEHHME  TeMm, 41O
KPHCTOGATHT —  KPHCTALTHWECKHI  KpeMmHe3eM, a

MiKpoKpeMHese B ocuomroM (Goaee 90%) cocTont i3
BAICOKOAKTHBHOTO  aMOPHOTO  AHOKCHIA  KpeMHIS
SiO;, ABIACTCA YAMTPATMCHICPCHBIM MATCPHATOM 1
HMCET CPEAHION YACTBHYIO IOBCPXHOCTE OKO710 20000
cllr, WI0 NOIBOACT HCKIOWHTH NPOCCCH  ero
IPEABAPHTEILHOTO TOHKOTO MIOMOTA.

TlocTanen AR 37242 PEIIACTCA TeM, 4TO COCTAB AT
wnroTornenns GesoGamrosoro wamotsoro
apoctoiikoro  Geroma, BKmoualomuit  mwamoTHbI
JANOIHMTENS, TOHKOMOZOTHI  LIAMOT, HATPHERYIO
CHTMKAT-CAMOY B BHAC TOHKOZHCHICPCHBX HACTHII
caepxronKoro BOZY, AONOHMTEBHO
CONCPAMT  MUKOKpEMHeeM  mpH  CaCAylomen
cooTHOMmeHIM KoMROHeHTOR, Mace.%:

wamohs sanomtens 70-91

TonKoMOA0TH WavoT 6-20

HATDHEBAA CHINKAT-IBIOA B BHAC

TOHKO/CIIEPCHBIX HACTHI CBEPXTOHKOTO 1IOMOAA 1-4
Mikpokpenhesen 2-6

8oza n3 pacuera BIT 0,12-0,14

TocTaptennan 3aAaua PeWACTCH TAKKE TeM, 4TO
€N0cO6 WArOTORTCHNS  GE30GANTOBOMO  INAMOTHOFO
KAOCTOFIKOTO GETOHA U3 YKAJAHHOTO BBIIIE COCTABA
JAKTIOIACTCA B NIEPEBOLE HATPHEROI CHIMKAT-TANO B
TOHKOZNCTIGPCHBIC HACTHIB!  CRPXTOHKOFO NOMOTA
ITyTeM MeXaHHYeCKoi AKTHBALMM W MCHEPTHPOBAHA B
IlaHeTapHON METBHHLE 0 YAETBHON NOBEpXHOCTH
70007500 cx?fr,  nepemeumBammm  mavoTHOrO
JNOINNTENA,  TOHKOMOZOTOTO  maMoTa i
MUKpOKpEMHE3eMA, ¢ AOGARICHHEM B UX CMCCh NpH
nepevemmpanmt  mueiomeii  Tevmeparypy  80-90°C
BOZHOIi CMeCH HATPHEROW CHAMKAT-TINON B B
TOHKOZCTIEPCHBIX HACTHN CBEPXTOHKOTO 1IOMOTA i
3aTem BOAB ¢ Tewnepatypoii 80-90°C, nepevenmmani
noaysentoii Gerommoii cyecu, (opvoBani w3 Hee
wenuii npeccosammem mpn 40 MIa
TepmooGpaGoTku ux mpn Tesneparype 250-300°C &

novona

Teseume 1-2 wac.
Tpeararacyioe  TexHitecKoe  PeUICHHE  NO3BOISET
YAYUNTE  QHIMKO-TeXHIMCCKH  XAPAKTCPHCTHKI

Ge306HI0BONO WAMOTHOTO KapoCTONiKOr0 GeTona —
OBBICHTS IPOSHOCTS H TEPMOCTOHKOCTB, TO YBEIHHIHT
CPOK CyOBI KapoOCTONKHX W3fenuii, MPHMEHAEMBIX
a1 dyTepomkH OGKMIOBHX meweli M TemiomhX
arperatos.

9¢0s (1D N (1) 2 (61)




image80.png
5036

Tonemman MOZEM: OTHOCHTCA K MPOMBILLICHHOCTI
CIPONTEIBHHX  MATCPHATOR M MOKET  OWTh
HCTONB30BAHA NPW  WIrOTORICHMM  M3jenmii 3
6¢305AHTOBOrO LIAMOTHOTO KAPOCTONKOO GeToma.
Imecren  criocod  mroTomenis  Ge3o0muronix
orneynopos [Marenr SU Nel701693, CO4B 28/24,
CO4B 40/00; 1991.12.30), KoTopaii BKIIONACT CHUTHKAT-
by ¢ crmmkaTanM Moayie 2,7-3, OrHeynopusiii

JANOTHMTEN: WIAMOT, KPHCTANHMECKHMii  KBApUMT,
TOHKOMOZOTHI  WAMOT, Tie  MpeAyCMATpHBAETCH,
narpen  kowmomenton 20 80-90°C mpi  cyxom

ChiemBaRIH, 3aTROpEHHE HAIPETO A0 80-90°C BOZO,
popuonanie npeccosanes npu 40 MITa 1 cymky npi
250-300°C n Tesenme 1-2 4.

He0CTaTKOM HIBECTHOFO C1I0COBA ABTAETCA TO, HTO
HACTHUEI CHTMKAT-CANOH UMEIOT pasmepsi Goree 100
MKM, BCICCTEHE STOTO HE AOCTHIACTCA X MOTHOS
pacTROpeHIe, 4 TAKKE PARHOMEPHOE PACTIPEACICHHE B
GeToumoii cyecn 0GPAIORIBLIETOCH PACTROPA AIAKOTO
crena.

HanBorce GAmIKINM K 34BISCMOMY peUICHHO 1O
TEXHIYECKOH CYIHOCTH M COBOKYMHOCTH MPH3HAKOB,
SRIRCTCH  cocTan M CHOCOD  WIrOTOBICHIA
Ge100AHTOBOr0  WAMOTHOTO _#APOCTOMiKOrO  GeToHa
[narenr RU 2377217, CO4B 2826, CO4B 40/00;
2009.12.27]

Cocran  ans  miroromsemns  Ges00mnrosoro
mamoTHOro  apoctoiikoro  GeTowa,  BKmOuaET
WAMOTHBI  3aNONHHTENb, TOHKOMOJIOTBI  LWIAMOT,
HATPHEBYIO CHAMKAT-TIMOY W BOZY, IPH TOM COCTB

COnCpANT  maTpHeRYI0 CWTMKAT-TIMOY B BAAC
HQHODAIMCDHBIX  WACTHL,  JONOTHMTCABHO  —
TOHKOMOIOTH  KpHCTODATNT  mpH  caeaylomen

CooTHoeHIN KOMTOHEHTOB, MaCe. %

wamoTHsi sanommirens 70-91

TonkoMOTOTH mavoT 6-20

HATPHEBAA CHIMKAT-TANGA B BIIE HAHOPAIMEPHBIX
et 14

ToRKoMOOTH KpHCTOGATIT 2-6

Boza s pacuera B/T 0,12-014

Chioco miroTomnenis Ge300AHIOROO WAMOTHOTO
KAPOCTONKOro GCTOHA H3 YKA3AHHOIO BHIIE COCTABA
3AKII0YACTCH B MEPEBOIE HATPHEBOH CHTMKAT-TIHGH! B
HAHODAIMEPHBIC HACTHUSI NyTeM JETHIPATALHOHHOTO
acneprupopanns  mpn  Temnepatype  200-600°C
THAPATHPOBAHHON  TOHKOMONOTON 110 yAenmsHOi
nosepxioctn 25003000 cx¥/r maTpueROfi CKaT-
AMGH, TICPEMEIIMBANIN  WAMOTHORO  JANOAHHTEAS,
TOHKOMOAIOTAIX IIAMOT  KPHCTODAINTA T0GABICHHEM
B MX CMeCch NpH  NepevemmBamum  umesoueit
Temneparypy  80-90°C moaoii cwecn  matpiesoii
CIUTMKAT-CINOM B BMAC HAHOPAIMCPHBIX “ACTHU i
3aten Bobi ¢ Temnepatypoii 80-90°C, nepevenmpani
nonyuenHoii cvecw, popmoBaHmH W3 Hee MitenMii M
0GpaGoTKM X TepMOYZaPOM mpi Temneparype 250-
300°C & Tewenne 12 wac. Tpiiem ToMKOMOZOTHIE
KPHCTOGATINT NOMYMAIOT IYTEM CYXOrO NOMOA.

Henocrarkom  Taxoro  cocrasa  u - cnocoGa
e — GesoGurosoro wanoTHoro
®apoctofikoro  Geroma  smmsercs  Hu3Kas

TEPMOCTOHKOCTS  TPOMHOCTH KAPOCTOiiKOr0 Getoma,
BHCOKA CTOMMOCTS, CBAJAHHAX CO  CIOKHOCTBIO
npoliecca mnepesonia  HATPHEBOH CHIMKAT-TTHGH B

2

HAHODAIMEPHBIC “ACTHIIS, BHICOKHE OHEPICTHUCCKHE
34TPATH! HA NPEBAPHTE L HEIT TOHKHIE IOMOT CHITHKAT-
kbl 1 KPHCTOGATNTA, AQUINT NOCICTHErO BBHAY
OIpAHIMGHHOTO  PACIPOCTPANCHMS B NPHPOZE
KPHCTOBAINTA — BHICOKOTEMICPATYPHOFi NOAMMOPHOI
MOANHKALMN KBAUQ, BCTPEHAOICIOCH TOTBKO B
COCTABE BYAKAHMMCCKIX M MATMATHYCCKHX TOPHBIX
nopox.

Texuiaeckoii 3azaeii, pemaevofi AanHoii noae3HOi
MOACIbIO, FABIACTCA NOBBILICHHE TEPMOCTORKOCTH it
NIPOHOCTH Ge300ANTOBOTO WAMOTHOTO AAPOCTOFKOFO
GeToua, HCKIOWCHHE OHEPIETHHCCKNX TPAT HA
npeABApHTE B B TOHKII NOMOT CHIMKAT-UIBO 1t
KPHCTODAINTA, COXpAHCHHE NPHPOIHBIX PECYPCOR, TAK
KAK  MHKPOKPEMHEICM  SBISCTCS MHOTOTOHHAAHIM
1IOGOHHEIM NPOZYKTOM (hePPOCILIABHOTO NPOMIBOACTEA
H IH NPOU3BOZICTBE KPEMHHHCONIEPAAIIIX CLIABOB.

MKDOKpEMHE3eM  HMEET HpeMMyulecTEa I
M;
KPHCTOGAIHTOM,  OOYCIOBIEHHME — Tewm, 410
KPHCTOGAIHT — KPHCTALIMMCCKHMI  KpeMHE3eM, a

MuKpOKpeMHese B ocHoBHOM (Goce 90%) COCTONT i3
BLICOKOAKTHBHOPO  aMOPGHOO  AMOKCHAA  KpeMHH
SiO:, ARIACTCH YIMTPAZMCIICPCHBIM  MATEPHATOM It
HMEET CPEAHIOIO YACIBHYIO IORGPXHOCTE 0K0710 20000
i, IO NOBOISCT MCKMONNTH NPONCCCH  €ro
NIPEABAPHTEIILHORO TOHKOFO MOMOA.

TlocTanteRHAA 3124 PELIACTCA TeM, “ITO COCTAR 1%
s e— Geobanrosoro wamotHoro
apoctoiikoro  Geroma, BKmoualomuit  mwamoTHb
JANOTHMTENS, TOHKOMOZOTHI  LIAMOT, HATPHCRYIO
CHTMKAT-CAMOY B BHAC TOHKOZHCHICPCHBX HACTHII
CBEPXTOMKOTO MOMOZA H BOAY, AONOAHHTEARHO
COTCPAMT  MUKOKpEMHeeM  mpH  CaCAylomen
cooTHOMEHIM KOMNOREHTOR, Macc. %

wasoThsi sanomtens 70-91

TomKoMOAOTH WavoT 6-20

HATDHEBAS CHIMKAT-T1BI0A B BAC

TOHKOCIIEPCHIX HACTHI CBEPXTOHKOO NIOMOAa 1-4

MuKpoKpeytesen 2-6

soza m3 pactera BIT 0,12-0,14

TocTamiennas 3a1a4a pewaeTcs TAKKS TeM, HTO
CN0co6 WArOTORNEHNS  GE30GAUTOROMO  WAMOTHOFO
KAOCTOFIKOTO GETOHA U3 YKAJAHOTO BB COCTABA
JKTIOIACTCA B TIEPEBOLE HATPHEROH CIIMKAT-TABON B
TOHKOZMCTICPCHBIC 4ACTHI!  CRPXTOHKOFO NOMOZA
ITyTeM MeXaHHYeCKoi AKTHBALMM W MCTIEPrUPOBAHNS B
IlaHeTapHOI METBHUIE 0 YICTbHOH MOBEPXHOCTH
70007500 cx?fr,  nepemeumBammm  wavoTHOO
JNOINNTENA,  TOHKOMOZOTOTO  maMoTa i
MUKpOKpEMHE3eMA, ¢ AOGARICHHEM B UX CMCCh Npi
nepevemmpanmt  mueiomeii  Tenmeparypy  80-90°C
BOZOIi CMeCH HATPHEROW CHMKAT-TINON B B
TOHKOZMCTIEPCHBIX HACTHL CBCPXTOHKOTO 1OMOTA
3aTem BOAB ¢ Tewnepatypoii 80-90°C, nepevenmpani
noaysennoii Gerommoii cyecu, (opvoBani w3 Hee
wenii npeccoanmem mpn 40 MIa
TepmooGpaGoTku ux npn Tesmneparype 250-300°C &
Teueime 1-2 wac.

Toneauan MOZEMs OCYINCCTRISCTCS  CACAYIOUIM
oGpazon.

VICXOAHME  KOMIOHCHTH, BXOTAE B  COCTAB
CHIbeRO/i CMECH AUIS MIOTORICHNA GC10GANIOBOrO
mamoTHOrO  apocToiikoro  Getoma  creayiomme:
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wavoramii  sanommens  TpeGyemoii  (pasum;
TOHKOMOAIOTHI WAMOT MMEABYCHHHI B WapoBOli
Menbie 20 yaeabHo# noBepxocT 2500-3000 ex/r;
MATDHCBAA  CHWIMKAT-TINOA,  NepemcicHHA B
TOHKOAUCIICPCHBIC HACTHUL  CBEPXTOHKOTO TIOMOTA
pasepos 5-10 MKM yTeM MEXAHIMECKOf AKTHBALIH 1t
AMCEPIMpOBAHUA B IIAHETADHOH MeMbHUIE 70
Yaemmoii  nomepxuoctn 70007500 ex/r;
MHKPOKPEMHE1EM; BOZA — TEXHIHECKOTO KaMECTEA.

TIpeABIPHTE ILHO OTAOMPOBANHYIO HACTE WIAMOTHOTO
JANOTHHTENA TOHKO WIMENBUAIOT B 1APOBOI MeTbHHIE
Cyxoro nomona 20 yaeaHoii nosepxsocT 3000 ca/r,
32TeM B N0AOTPERICMYIO GCTOHOMEIIATKY JArPYAIIOT
wavomawii sanommens  (paxum 0,63-125
TOHKOMOOTH  WAMOT,  MUKPOKpEMHEIM it
CMEWMBAIOT B CyXOM BMJe B Tedeme 2-3 M, mpi
HeIpCpHIBHOM  mepeMemmMBAMME  A00aBIRIOT
nozorperyio 20 85°C BomHy chech HaTpeoit
CHIMKAT-TANGH B BIJE TOHKOMMCHEPCHBIX HACTHIY
ceepxTonKoro nomona ¢ pasvepom 10-12 i
paciera  mojoraeproro orwomemms  B/T 0,14,
nepeveumBanue GeTOMNOH Cyech npoAOTAAIOT 3-4
. Vi3 570l GeTonmoii cMeck npeccyloT wieus npi
yaemmow samieman 40 Ma u  npomoast
TepmooGpaborky mizemit npi 300°C B cymwmmHoi
Kavepe B Teserme 1,5 4.

Hcnons3osanne 3asBICHHON
CYUICCTREHNBX NPHINAKOR NOBOTACT JOCTHIHYTH
TOCTABJICHHOH — TEXHHYECKOil  3a7a4M, a HMEHHO
YReIrCHHE NPOYHOCTH NPH CAATHN NOCTC CYUIKH C
60,0 20 66,5 MIla, Tepitacckyio crojixocts ¢ 85 10 89
enzocyien (800°C — Boa), 410 NPHBCACHO B TAGTMIE.

CHIKeHIC TeMIEPATYPBI CMELIHBAHHS CYXOii MACChi
& Getonocuecutene menee 80°C me obecnesmpact
AKTHBHOCTL  B3AMMOZIEHCTBUA  TOHKOIWCHEPCHBIX
NACTHU CMKAT-TINOM  CRCXTOHKOO mOMOIA C
TOHKOMOJIOTOli  4ACTBIO BSUKYWIETO H TeM CaMBIM
cummactca  mpowsocts  maenms.  Ymeamsenue
TEMIIEPATYPE TP CYXOM CMeWMBANMH Chec Gotee
90°C me mpHBOMNT K Aanbmeliesy NOBHICHIIO
AKTHBHOCTH  BIAMMOJGHCTBMA  TOHKOIWMCHEPCHEIX
MACTHU  CHIMKAT-TINOM  CRCXTOHKOO HOMOTA ©
TOHKOMOIIOTOli 4ACTHIO BKYINErO W He MPHBOAT K
OBIICHHIO NPOMHOCTH HYAEIS.

coBOKyIHOCTH

3aTsopenHe  cMecH  BOZHMM  pACTBOPOM
‘TOHKO/CTIEPCHBIX HACTHI| CHIHKAT-TMGH M BOOH ¢
Tewneparypoii mike 80°C NPHBOINT K CHILKCHMIO
PACTROPHMOCTH  MHKDOKDEMHEICMA B CMECH, TeM
CAMIM  YMCHBLITCA KOTHMECTBO  PACTBOPEHHOFO
MUKPOKDEMHEICMA B CMECH M CHIKACTCS NPOHOCTH
nocle Cywkn 3enuii. VBMMMCHHE TeMIEPAaTYphi
cueen mme 90°C He NPHBOLMT K AabHerimieyy
noBBmEHNIO NpoUHOCTH MyAemiii. CyliKa wytenmii npi
250-300°C  cnocoSerayer  momsony  yxaiemiio
(pH3IYECKH CBA3HHOI BOJBI M3 W3CIHIT H YBETHYEHHIO
NPOMHOCTH  COCMMMCHHA  AKTHBMDOBAHMX 1t
IHAPATHPOBAHHBIX TOHKOAHCTIEPCHBIX HACTHIL CHIMKAT-
DIMGH € MACTHNAMM IAMOTHOFO HANOHITENH, i
JANOTHMTENA W TeM CAMBIM YBOTHYCHHIO NPOMHOCTH
m37ienmii. Y MeHbIIEHHE TEMNEPATYPEI CYIIKH HIKE HeM
250°C  me  cnocodctRyer  MaKCHMATBHOMY
OGE3BOKMBAHIO W3ZENMii M TIOJYHEHHIO BBICOKOI
NIPOHOCTH, A TAKGKE NPHBOAMT K YBEHMEHHIO BPEMCHI
cyui. TIpi NOBBIICHI TeMIEPATYPH CYIIKH BHILIC
sent 300°C NPOYHOCTS HE MOBKILIACTCS 13-32 GHICTPOTO

OGCIBOAUBANMA M HENOIHOTH  pCTROpCHHA
KpeMHeIeNa B CMecH.

ToMKOMMCIEPCHNIE  MACTHUSI  CHMKAT-TBOH
CBEPXTOHKOTO  NOMOTA  MOIYSAOT  CACAYIOUIM
oGpazon. TIEABIPHTEIHO HIMETLICHHYIO 10 PAIMEPA
Memee 3 MM cwmkaT-ramby  Noamepraior
MEXAHMMECKO/i  AKTMBALMH  AMCTCPIMPOBANHIO B

IUIaHeTapHO METBHUIE 0 YICTbHOH MOBEPXHOCTH
7000-7500 exi/r.

Tpe/viaraemsie cocTas W CHOCOG  oGecneduBaior
noMyHeHHe WAMOTHOTO KapocToiikoro Gerowa Ges
pHMEHEHHS  OGANIA,  OBHIEHHE  NPOSHOCTH
JoCTHraeTCA 3a cuer Golee MOTHOTO PACTROPeHiS
KOMIOHeHTOR MEXHOAKTHBHPOBAHHEX
TOHKOAHCIEPCHAIX wacTig CHHKAT-TBGH
CBEPXTOHKOIO ~ MOMOZA M YNSTPATHCHEPCHOTO
MHKPOKDEMHE3EMa i HX PABHOMEPHOTO pacIpeereriis
B GETOHHOI CMECH B NpoOLeCCe MepeMemBanis.

Cocras, mapawerpsi  crocofa - pesybTatel
HCHBITAHMI  CBOHCTB Ge300/KHIOBOIO  KApOCTOHKOTO
wamoTHOro GeTona npHBe ekl B TaGxHIaX | 1 2

cmecn  —

Tabmna |
Cocransi Ge306AHT0BOr0 AAPOCTOFiKOro WaMOTHOO GeTona
Kononent Coacpmantie cveen, Mac.%
npeacibbe sanpeaerknie | Tpotorun
1 2 3 4 5 6
TlaoTHsii sanonmens 70 EJ 91 6 | 95 EJ
TonKkoMOAOTHIR wanoT 20 3 [ % 3 16
CHauKaT 15102 B BISe TOHKOAHCTIEPCHEIX dacTuit | 4 3 1 6 05 B
caepxToHKOrO MOMOIA
Minkpoxpestieien [ [ 2 g T B
Cuutiat-rii6a B BHAC HAHOpAIMCPHAX aCcT | - - - - - 1
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Tabmima 2
TIPOMHOCTS 1 TepMHHECKas CTONKOCTS KAPOCTOHKOrO IAMOTHOTO GeTOHa
Croicraa Temneparypa cuemmBamis waccs nocae | Tpororin
sozosarsopets, °C
0 85 90 70 95 30
TipouocTs npn caatii nocie cyur, Mila, upn | 617 | 655 | 656 | 592 | 655 525
remneparype Tepmoyapa — 250°C
Tepmirieckas CTORKOCTS, 9GO TerLiocHeH (S00°C| 82 87 ® 81 £ 7
— oaa)
Tipouocts npn caatiu nocae cyur, MiTa, npn | 633 | 664 | 665 | 614 | 655 60
remneparype Tepmoyapa — 275°C
Tepmiricckas CTORKOCTS, 9GO TerLiocHeH (S00°C| 88 B ) 87 £ By
— oaa)
Tipouocts npn caatiu nocae cyurn, MTa, npn | 593 | 649 | 651 | 581 | 639
remneparype Tepmoyapa — 300°C
Tepmirieckas CTORKOCTS, 9me0 Tenocuen (S00°C| 86 87 ® By £ )
— noaa)
AuATNs  amMMX  TAGWMIM  NOKIIBBACT, WTO  MHKDOKPEMHEICM NPH  CICAYIOINSM  COOTHOICHMI
npeataracMBii  COCTAB M CNIOCOG  OGCCHCHMBAIOT  KOMIOHCHTOR, B Mace.%:
nozyseHme Ge306ATOBONO LIAMOTHOTO AAPOCTOFKOTO wavoTsii sanommiTens 70-91

Gerona ¢ Goce BHICOKO/i MPOYHOCTEIO, Y KOTOPOTO
yremraBacTes KomecTBO Tertoemen (300°C - moza),
T.e. TEPMOCTOIKOCTD, 1, CIE/IOBATENLHO, PACIMPAETCH
AManason npHMeHeHIs.

TMpeanaraesoe  TexHiveckoe  pemeniie
YAYMLATE  (QHIMKO-TEXHIMCCKHS  XAPAKTCPHCTHKI
Ge305AHT0BOr0 WAMOTHOTO KAPOCTONKOrO. GeToHa —
TOBBICHTS NPOYHOCTS H TEPMOCTONKOCTS, 4TO YBETHHHT
CPOK CTyA&GBI KApOCTONKHX M3IETHil, MPUMEHAEMEIX
18 yTepoBki OGAMTOBIX medeii H  TemioBEX
arperaton.

no3sonser

DOPMYJIA OJIE3HOH MOJETH

1. Cocras amn  wiroTomfenMs  Ge3oGKHrosoro
IMAMOTHOrO  KapocToliKoro  GeToma,  BKMOUAKOML
WAMOTHb  JANOTHUTE,  TOHKOMOZIOT  WIAMOT,

HATPHEBYIO CHIIMKAT-TIWOY H BOAY, OMANNGIOWUIICS
TeM, HTO OH COEPAHT HATPHERYIO CHIMKAT-TIHIOY B

BJC  TOHKOZMCNIGPCHBIX  MXHOAKTHBMPORAMHBIX
HACTHI CBEPXTOHKOTO NOMOTA, JONOTHHTEABHO -
Beperka ®.

TomKoMOAOTH WavoT 6-20

natpuesas  cwmmaT-rmmGa B maae
TOHKOICIEPCHIX HACTHI CREPXTOHKOrO nowoa 14

Mikpokpesnesen 2-6

Boaa s pacuera B/T 0,12-0.14
2. Cnioco H3roToRTeH IS Ge300AHTOBOTO LIAMOTHOTO
wapoctoiikoro  GeTowa,  BKmoWaRomuii  nepesox
HATPHERO/i  CHTMKAT-TAMGH B  TOHKOMHCTGPCHBIC
MACTHIEI CBEPXTOHKOTO TIOMOIA, OMLTUNAIOWAUIICS TeM,
4TO  NPOMIBOMAT  MEXAHMWCCKYIO AKTHBAWMIO i
AMCTEPrUpOBANHE B IIAHCTAHOH  MEIBHMIE A0
yaemmoit  nomepxuoctn 70007500 ewlr,
nepevemmpanie wavoTHoro anomuTens,
TOHKOMOIOTOTO  WIAMOTA H  MHKPOKpEMHEIMA  C
AoBaBtCHHEM B X CMech HMEioNEHi Tevneparypy 80-
90°C npu nepememmBaIK BOTHOI CMeCH HATPHEBOH
CHTMKAT-CIMOM B BMAC TOHKOAMCIEPCHBIX HACTHI
CBEPXTOHKOTO TOMOIA 1 3aTeM BOJHI C TEMIEPATypoit
80-90°C, nepevewmpanmi  moxyueHnoii  GeToHNol
cvecH, dopMOBaHMH M3 Hee M3emMii NpeccoBaHeMm
npn 40 MIla u Tepmireckoii obpaborkn mx npi
temmeparype 250- 300°C B Teuee 1-2 4

Conaxosa

Koppexrop I'. Kocaosa
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(86) permerpamossti Hovep Me Ay ApOTHO 337K 1 24T Me ATy HAPO/HO IOTAE, JCTANOSTSHHLS Oy THOMIDS BEAONCTEON
(87) moaeep 1 Aara MeAyapoTEOF: My STHEAII MeATyHApOTHOR saxBRE

(96) soatep espasmicRofi SARBKI K 4Ta HOTAI SARBKE, Y TAHOBTSHNAS 0Ty SO BEAONCTSON.

o o o 0

(97) moscep 1 2ara mySmnxays espaswiicxof sasi

3ASIBIEHHE
0 BbIIaYe MaTeHTa
Pecnydnkn KazaxcTaH Ha IOJIe3HYI0 Molelh

TIpeaocTas A% yKAsaHHEE HICKE JOKYMEHTSL IPOITY (WPOCHNM) BELIATE HaTeHT Kog crpamt
PecnyGmumn Kasaxcras a muz sazswrena(ei) ey

(71) 3asmarems(n) (ec on yeramomen)

1. PechybTMKARCKOS TOCYAAPCTRCHHOE NPEANPHATHE Ha IPABE XOILACTBCHEOTO
sexerms "FOzmo-KasaxcTaHCKui TOCYIAPCTECHHEL YHHEEPCHTET HMEHH
M Ays208a" MummcrepeTsa obpazosamus 1 mays Pecnryomma Kazaxcran
(Tpocmex Tayxe Xan 5 . ropoa Ilsnument, Ams-Papabuiicxii pafion, 160012)
(J391BBeTCR OO AU HIT AACHORAHE  MECTOANTETACTRO T MECTOREOATEHIE.
Hamse o iecToRTeTBCTRE 2ETOPOR-SAtENTEeR TpIERGAATCA B e pATON < Tpacho ¢ K02cN(T2)

KZ

SANOTHACTCA TOTHKO MPH HCIPAINMEAENH IPHOPHTETa IO JATe, GOTee PAEEeH, 9eM 1aTa NoNatn 3axBxH 5 PITI (HANHORATSHNE
HECTHTYT HETETEKTYATSOR COGCTBERROCTID

Tipommy (mpocH) YCTAHOBHTS MPHOPHTET IOTEIEOR MOTETH 10 1aTe:

Clnoxaw mepsofi(six) 3a#8KH(0K) B rocynapeTse-yaacTse ITapracrofi KoRBemR (TyHKTOM 2 CTaTsh 20 3aK0Ea)

Onoza Goxee pameii 3assian » PITI «Hamosas st HECTHTYT HETE-TeKTyaT5HOM COBCTBEREOCTI B COOTBETCTRMH C IYEKTON 4
cratsin 20 3axoma

Clnozaw nepsoratatssoft 32183 5 PTTI (HAIHOHATSH5IH HECTHTYT HETETIEKTYATsHOR COGCTBEHHOCTID) B COOTBETCTBHE C IYEKTOM
5 cratsn 20 3axoma
IpHOPHTETa MepBORATATHOR 3a4BKH (TYEKTOM 5 CTaTSh 20 3aK0Ra)

(oMep saxEKH . nata monasm )
Cloctymesms fomoTHHTe TS HA MaTepHATOS ¥ G0Tee pasHeit sagske (nyKTow 3 crars 20 3axoma)
(31) Ne mepsoR, Goree passei, (32) Jlara ncnpamszaentoro (33) Kox crpastt nogam 10 ST3
TlepBoHaTATE HO 3a5BKH nproprrera (npw HCnpAMHEARR KORBEHNHORHOTO TpHOpHTETZ)

(54) Hassange mo7e3s0H MozeTd
JKAPOCTOHKHH FETOH
BICTBIKKA TO3IMJII BETOH

Axpec 113 nepencki (HOHAIA HOTTOBAIA AIPEC H HMA 2APECaTa) N
CAMIIOB ABJWIIA ABMBYIUIAEBHY, MHUKPOPAHMOH 18 10, 69, LIIBIMKEHT EHBEKUIMHCKHM EnGexmumcKHi,
Pecry6muxa Kazaxcran, 160012
Tenegor MoGmsssti Tex axc Axpec anexTpossofi HOTTE
+77057224179 ippv.rm.sksu@gmail.com

(74) TlaTenTasti noBepeRRA (TOTHOS HMA, PETACTPALHORNER HOMCP) HIH NPCACTABMISTS SaXBHTCIA(cH) (HomHoe
e —)

CAWIIOB AB/IIULTA ABUBYIUIAEBUY
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sKseMmIIPOR

Koxiiectso mcton
5 1 xaenmaspe

Tlepetters IPAIATAEMEIX TOKYMEHTOB.

O mprnokesre & asatermo

7
T

T
T

omucamme HonesroH MozeT

‘oparyaa mozesmo ogean

1 veprex(x) i umste MatepraTst

pegepar

[ zokysesT 06 omaTe HOXEH 3a%BRH

O noxyest  mommsepxmaommi  mamHie
OCHOBARHE 1% yMEHB RN pasMepa OMTATH

1 xomma(s) mepBOfi(srx) 3axBKH(0F) (apH
HCTAIIHEAHAR KORBEHIHORHOTO TPHOpHTETa)

0] okyserTs 3as8x Ha HHOCTpAMHOM F3mKe
OBEDERHOCTS, YAOCTOBEDAIONAS HOTHOMOTHS
IIATERTHOrO MOBepeHHOTO HTH MpeICTABATETE

1 apyrof zoxyMesT (yKass)

(tecro 2% mrravma PITI
«HammoRATS S HECTHIYT
HETeNTEKTya 5RO COGCTBEREOCTID)

QHTYpH TepTeeR, HpeATATaeNoR 4T3 MyGTHKAIIH ¢ GOPMYTOR(peGeparon)

(72) Astop(=) TloTali HoTroRalA 2ADEc MECTORHTENECTE. BRITI0AR RAMCOBIERS
(yRasaBacTes noTHoe M) CTpasst i ee xox 10 crarnapry BOMC ST 3, ecan o ycTasoses

1. THIIBIGEK BAXKIIPOB MVKPOPATIOH § 57 5. F0-KASAXCTAHCKAS IIBIMKEHT
CAH®YTIMHOBUY KZ. 160018
TYNLYBEK BAZHIROV
SAIFUTDINOVICH
HYPTIBIGEK BAKIPOB MKP_ JKATUIAY ABHIIEBA 62 . 0-KASAXCTAHCKAS
CAH®YTIMHOBUY IIBIMKEHT -, KZ. 160004
NURLYBEK BAZHIROV
SAIFUTDINOVICH
CEPHKBAEB FOATKAH TYIIVIK Kapacy 8 . FO-KA3AXCTAHCKAS IIEIMKEHT . KZ.
EPMAXAHOBHY 160019
SERIKBAEV BOLATZHAN
YERMAKHANOVICH
KAMIIAT FAKIPOBA MVIKPOPATIOH § 57 13, IILIMKEHT ABAVCKIIH Abatickni.
HYP/BIFEKOBHA KZ. 160018
KAMSHAT BAZHIROVA
NURLYBEKOVNA
MYXTAP JAVJIETIAPOB CPAKEBHY | KASBIBEK BH 6 57. 10 KASAXCTAHCKAS IIEIMKEHT - KZ.
MUHTAR DAULETIYAROV 160000
SRAZHEVICH
KAHAT BAKIPOB HYPIGIGEKOBIY | MUKPOPATIOH Kafinay, YIIHITA A AGumesa 62 . 10-
KANAT BAZHIROV NURLYBEKOVICH | KASAXCTAHCKAS IIBIMKEHT . KZ. 160004
TIATIMEPIEHOBA T Y/ITAHA Cana 3. Entrrait ata 31, Typrectanckaz obnacts, KZ, 160000
CMAXYIIOBHA
IIAHMEPIEHOBA T'VIITAHA
CMAXYIIOBHA

3 (um)

‘mpormy (pociy) e YTOMHEATS Metx (Ac) KaK a8TOPa(0B) IpH Iy GTHKAIIH CBeTeRH o BEITaTe IATEHT HA IOTEIHYI0 MOTET

Tommrcs (s) asropa(os)

Cormcen ma mcmomssosamme
HEQOPMATHORKEIX cHCTeMaX

CBeTeHHE, COCTABTAONHX OXPAHAMYIO 3AKOHOM TafiFy, CONEPAQIYIOCE B

Tloamucs

04.08.2020 Tlommacaso ¢ nosomsio UTL CAMTIOB ABIULTA

Pors (TosepesHoe THm0)

Toamcs(n) saseuTens(ci) (TpM MOMIMCARHE OT HMCHA IOPWINTCCKOTO TMIA MOAHCH DYKOBOIATETA CKPEILIACTCH
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«YTBEPKJIAIO» «YTBEPXJIAIO»
1.0. Tupexropa TOO HIIO Jlupexrop HHM cTpomTensHex

.., ipodeccop
B.Capcenacs
2020

AKT
OMEITHO-MPOMMILLICHHBIX MCTBTaHii pa3pasoTasKofi
TEXHOMOTHM HAPOCTOMKHX KOMHIOSMIAOHKBIX BKYIIHX MATCPHAIOB
Ha OCHOBE MEXaHOAKTHBHPOBAHHOFO TEXTOTCHHOTO CHIPES

OBbeKTaMit JUs IPOBECHIS ONBITHO-MPOMBIIIIEHHBIXHCILITA W ABUTHCH
Pe3yIBTATEl HCCACAOBANMIT M PaspaGOTAHHEIE TEXHOTOTHM, BEINOTHEHHBIE B
IOKTY  wvMAyesosa 1o npoekty HWP  «PaspaboTka sHepro- M
PeCyPCOCBeperaolliX TeXHONOTHIL KAPOCTOMKIX KOMTO3HIUHMOHHELX MATepHaTon
M H3leu 1A OCHOBE AKTUBIPOBANIOND TEXHOTERHOTO MUHEPATBHOTO CLIPLAY.

OMbITHO-NPOMBINIICHbIE  HCMHITARMA — MPOBEJCHE  HA  OMBITHO-
IPOMBILLEHHOH TEXHOTOIHECKOI THHHH NPOWIBOAHTENLHOCTEIO 0,5 TOHH B Uac.
OcHOBHEIM 0GOpY/I0BAHUEM TeXHONOTHUECKO JIHHUM ABSIOTCS CYUHIBHBI
6apaGan, NOMOMBHAA YCTAHOBKA, BKTIOYAIONIAA UEHTPOBEKHO-DIIUITHICCKYIO
Mensunmty (LIOM) «Axtisatop C500» (Pocens), 060py OBaHHYIO PACKOTHBIMI
6yHKepanH 1 JO3ATOPaVIH, @ Tak’ke ABYXBATBHbI TONACTHON CMECHTENTh.

TexHiUecKHE  XapaKTEPHCTHKH LIHTPOGEKHO-OMTHITHIECKOMH  MeTbHHIIEL
«Axriparop C-500» npipeseHs! B TaGamue |

TaGmutta 1 - TeXHHHCCKHE XapaKTEPHCTHKH UCHTPOGEAHO-DITHITHECKOH
Mebme «AkTiBatop C-500»

XapAKTEPHCTHKI HITAPAMETPS! MTEHHIIET nasenis
KonHeeTao MOMOTBHbI Kaviep 2
TIpOI3BOITEBHOCTE, R 0514
TorxocTs, novoia [ a7
Makciaibhas YactoTa BpaeHis 1000 06/mms
TlenTpobeioe yexopenie 201008
TIOTpeOACH A MONTHOCTE 21K TPOABH AT kBT
TaBapiTHEC pasyiepLl: AUTHIA X IMPHHA X BBICOTA 1370 x 2325x1600
Macca 890 r
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TexHONOTHYeCKHH NPOLECC MOMYHCHHS KAPOCTOMKIX KOMIOIMIHOIHELX
BSUKYLIMX MAaTePHAIIOB HA OCHOBE MEXaHOAKTHBHPOBAHHOIO TEXHOTEHHOTO CHIPH
COCTOHT 3 CJIEAYIOIIMX NOCIE/0BATENBHBIX ONepaLuii,

Bessofiblii NONHCHIMKAT HATPHS M  JOM  IIAMOTHOTO  KHDIMYA
NPCARAPHTENHHO NONBEPraioT APOGNCHIIO /10 PasMepa YacTHIl He Goee 5 MM.
3aTeM 13 GYHKEPOB 110 OTACABHOCTH HIIH B OIPE/IENICHHOM COOTHOMIEHHH, TOTAIOT
B CymmnbHb GapaGaH, I CHIPBEBBIE KOMIOHEHTE CYWAT 7O OCTATOWEHOM
BI&KHOCTH He Goree 2%. Tloce CYIIKH TONMCHANKAT HATPHS M JIOM HIAMOTHOTO
KHPNIFYa TORAIOT B PACKOMHIE GYFKepa W TIOCPEACTHOM JO3ATOPOB TIOAGIOT B
LeHTPOBEHkHO-DIHITHYecKyI0  MebHuly L[OM  «Axmisatop CS500», rme
TONBEPraior  TOHKOMY — W3MCABYCHMIO, ~ COBMELICHHOMY €  NIPOLIECCOM
'MEXaHOXHMHUECKOI aKTHBAIIHH.

TexHOMOTHYECKA CXeMa MPOBOJICTBA KAPOCTOMKHX KOMIOSHIHOHIEIX
BKYLIHX MATEPHATIOB Ha OCHOBE AKTHBHPOBAHHOTO TEXHOrEHHOTO MUHEPAILHOTO
CHIPES IPEMICTARNEHa B TIPHIOKEHHH K HACTOSIIEMY AKTY.

TOHKOMUCIIEPCHYIO  MEXaHOAKTUBHPOBAHHYIO CMECh, COCTOSIIYIO M3
TONMCHINKAT HATPHS M JIOMA LIAMOTHOTO KHPIHUA, NOJAIOT B JABYXBABHEIA
JonacTHO!  CMECUTeNs, TAe CMEIMBAIOT CO TOHKOAMCIEPCHBIM  IILTAKOM
TIPOM3BOACTBA HH3KOYIJIEPOIHCTOr0 ()eppoXpoMa, BHIMOMHSIOMETO PONb Kak
OTBEPIHTEIN IOHCHIIHKATA HATPHS, TAK H AKTHBHOTO KOMIIOHEHTA KaPOCTONKOr0
BKYIIIETO.

B npouecce nomyuenns xapoCTORKOro KOMIIO3HIIHOHHOTO MaTepHana MOTyT
MPHMEHATBCS TaioKe CHEMATEHbIE TeXHONOMHYECKHE OGABKI — BEPMHKYIHT KAK
MHHCPAISHAN MHKOTIOPHCTAR 70GABKA, & TAICKE OBEPXHOCTHO-AKTHBITHIC BELIeCTEa
(TTAB) B KauecTBe MHTEHCHHUKATOPA TIOMOTA.

TIpoiiecc TOHKOro HOMOAIa B LEHTPOBEHKIO-DIHITIecKol Menbiime LIBM
«Axriparop C500» aKTHBATOPHOrO THNA TIO3BONWI MONYIHTh TOMOTEHHYIO 1
MEXaHOXHMUYECKH AKTHBHPOBAHHYIO CMeCh MONMCHIMKATA HATPHA M IoMa
WIAMOTHOTO KHpIHYa.

Ha ONBITHO-IPOMBIIUIEHHO!H TeXHOMOTHYCCKOH JHHHH HCHOTHUTENSMH
IPOEKTa NPOH3BE/ICH BHIMYCK OMLITHON MapTHH Maccoii 0,5 TOHHb! XKaPOCTOHKOTO
KOMIO3HIIMOHHOTO  BAXymero. IIpH  M3rOTOBNCHMH  ONBITHOH  IapTHH
KAPOCTONKOTO  KOMMO3NIMOHIONO  BKYWIETO B  MCAbHMILY — BBONHTH
paspaGoTaHKEIil B AAHHOM NPOeKTe HOBSII HiTencHHKaTop nomona ([atent PK
Ne2975. Tlonesnas mogens Mnencudmxarop omona) B Komiectse 0,05 % Mac.
ot Maccs BaxyIero (caepx 100% Mac.).

KOMMOHEHTBI %apOCTOHKIX KOMIO3HIIMOHHBIX BIKYIIMX MATEPHATIOB.

Jlom 6iBmero B yroTpebnenun_wmamoTHOro xupmuua. IIpu mposeserim
HCTIBITAHHH B Ka4ECTBE KOMIOHEHTA HCTIOMB30BAH JIOM LIAMOTHOTO KHPITHYA MApKI
1LIB-5 (no Mewynapouomy crataapty FOCT 390-96).

XuMudeckiti  COCTaB OOpa3ia JOMA WIAMOTHOFO KMDMHMYA BKIIONAET
cnenyromue oxcuapt, % macc.: $i0; — 53,15; AlO; — 47,97; Fe;05 — 2,45; TiO; —
1,05; ocTaNBHOE COCTABISIOT MIPHMECH.
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Ilnaku nponsBozcTsa heppoxpoms:

B Ka4eCTBC MCXONHBIX KOMIOHCHTOB JKAPOCTOMKIX KOMIOSHIHOHHEIX
MATepHalloB MCTIONB30BAHB!  IEGHCBHNBIA LUIAK NPOM3BONCTBA  BEICOKO-
YIACPONMCTOT0  JeppOXpOMA H  CAMOPACTIAZMOUNICH B TOHKMI  MOPOLIOK
JCTIEPCHBIH L11aK MPOH3BOACTBA HU3KOYTIEPOAHCTOro heppoxpoma.
Xumirseckuli COCTAB M OTHEYNOPHOCTH IILIAKOB BHCOKOYIICPOAHCTOTO
ePPOXpOMA I HHIKOYTIICPOTHCTOrO (YePPOXPOMA NPE/ACTABNEHE! B TAOAMLE 2.

Ta6nutia 2 - XuMirseckitii COCTan 1 OTHEYNIOPHOCTS IITAKOB POM3BOACTSA

Geppoxpoma

n,‘j::: s Copepwastite oxeuzon, % Orieynoprocrs,

eppoxpoa Si02 | ALOs | CaO | MgO | Cr;0; | Fes05 °c
1Ilnax mpom3BoACTSa
mcosoyrneponeroro | 312|178 24 [a31 |51 |1 1630
eppoxpoma
LInak npon3B0ACTEa
HIIKOYTIEpOHCTOrO 293( 71 [452 134 |52+ |11 1360
eppoxpona.

Tomuennukar warpus (cnnkar _riwi6a). B kauectse  cessyiomero
KOMIOHEHTA KAPOCTOHKHX KOMIO3HLMOHHEIX BAKYLIMX MAaTEPHAIOB Ha OCHOBE
TEXHOTCHHOTO MHHEAISHOTO CHPBH HCTONEIOBAN TEXHMVECKH TPOIYKT -
Ge3BOXHEL NOMHCHITHKAT HATPHA © CHIMKATHBIM MOAYJIEM 2,8, COOTBETCTRYIOUHH
TpeGobamay MeayHaponHoro cranapra [OCT 1307993 «Cunikar Hatphs
pacTROpHMSIit. TeXHUUCCKHE YCTIOBHD).

TIOTHCHIHKAT HATPHS MPEICTABISET COGON CMeCh HATPUEBHX coneli
TOMIKpeMHEBbIX KHEOT C o6iteii (popvyioii Na;0nSiO;, e n — uierio Momekyl
OKCHJIa KPEMHHS Ha Oy MOJIEKYTY OKCHIA HATPHA.

XuMitsieckiii COCTaB IONMCHIIKATA HATPHS IPHBEACH B TAGTHLE 3.

TaGnua 3 — Xuvireckuit COCTaB IOMHCHTHKATA HATPHS

SiO, ALO; Fey05 a0 MgO Na,O SOs
72,09 0,21 0,05 0,42 0,07 26,89 0,27

KOMIIOHEHTHEI COCTAB 1 NPOYHOCTHBIC MOKA3ATeNH MOMYHGHNOrO Ha
OMEITHO-IPOMBILITCHHON  TEXHONOTHYCCKOH  JuHMM  KapocTolikoro
KOMIIOSHIMHOIHOT) BAXYLIEro MATEPHATA Ha OCHOBS MeXaHOAKTHBMPOBAHHOTO
TEXHOTEHHOTO ChIpb, YCTAHOB/EHHBIE MyTeM CTAHIAPTHBIX WCMBITAHMHA B
coorsercTami ¢ TpeGobaruami TOCT 310, npexcTasnens! B TaGHIe 4.
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TaGmna 4 — [T0Ka3aTENH QUIMKO-TEXHUNECKHX CBOTCTE KapocTolikoro
BAKYILEFO OIIBITHON NAPTHH COBMECTHOTO TIOMONIA B AKTHBATOPHOI MCNTBHHLE, B
CMECH CO LLNaKOM HUBKOYTIIEPOJICTOrO (heppoXpoMa

Coctan BRRYIETO COBNECTIOTG Ulax | Cpeausn | Orncynop- | lpowioors

nosona, mac. % nuskoyrne- | wiotwocts, | Hocts, °C | npn

3

Tommcwmar | Wanoririi | IAB | PORCTOrO | kri CRaTHI

deppoxpoya | nocie
HATPA | KOMTOHCHT

cymki npi

200°C

5 45 0,05 50 1730 1970 238

10 40 0,05 50 1640 1850 356

20 30 0,05 50 1520 1760 493

30 20 005 50 1370 1690 51,7

Pe3yIIBTaTs! OMBITHO-IPOMEIULICHNEIX HCNLITANHI! IOATECPIHTH BLICOKYIO
IQQEKTUBIIOCT, MPUMEHEHIS METONOB MEXaHOAKTUBAUMH MPH NPOH3BOACTEE
POCTONKMX KOMMOIHIKORHLIX DAKYLIHX MATCPUATOB.

Pacuer  axoioMmueckoli  adipexTiBioCTH  paspaGoTantoli  Texonormit
TPOH3BOACTBA  JKAPOCTOHKHMX KOMIOSHINONHEIX BAKYIIIX MATCDHATOB He
TIPOM3BOMIICA BBHIY OTCYTCTBUS B pecmyGliike MOOGHONO MOMSBOCTEA KAK
6a3b1 715 COMOCTABIIEHHS H CPABHHTENBHON OUCHKI.

Tlo pe3y.1bTaTaM OMBITHO-IIPOMBIIUICHHBIX HCTTBITAHMIL CACTANE CEAyIomIe
BBIBO/IbI.

1. Vcrauosieno, IO NpUMEHCIME MCXAlOAKTHBALMM  TO3BOISAET
CYUICCTBEHHO  NOBBICHTH  5()EKTHBHOCTE  HCIIOME3OBANMA  TEXHOTEHTIOTO
MHHEPANLHOTO  CHPEA NP TOH3BOJCTEC KAPOCTONMKHX ~KOMIOIHIIOHHBIX
BUKYWHMX  MaTcphanos.  IlpuMenciiMe B KauecTe  KoMIoOHerTA
camopacTazatolerocs TOHKOZHCIIEPCHOTO wnaka npoisEoncTEa
HH3KOYIMICPOANCTOT0  (heppOXpOMA TIO3BONISCT  HCKIIOUMTH  SHEprO3aTpaTIEL
HIPOIECC TOHKOTO MOMOJTA STOTO KOMIIONCHT.

2. YoTanoBAero, UTO ¢ YRCMHHeHHeM CONEPRANIA NOMMCHIHKATA HATHA
[OBHIIAETCH  NPOMHOCTh, OJHAKO CHINKASTCA ~OTHEYNOPHOCTH  0GPasLOB
KAPOCTOIKIX KOMIO3HUHOHHBIX BAKYILIX MATEpHAIOB,

PekoMel/lyeMblil  COCTAB  KAPOCTOMKIX ~ KOMIOSULMOIHEIX  BIUKYIIX
MaTepHanos, % Mac.:

- NoMHCHHKAT HaTpHA 2025
- IOM WAMOTHOTO KMpTIHYA 25-30
- 1IIaK NPOMIBOZCTEA HHIKOYINEPOMCTOTO dieppoxposa 50

- nTencHpiarop novona (ceepx 100%) 005
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3. PaspaboTantias TeXHOMOTHs KAPOCTONKUX KOMIOSHIMOHHEIX BAKYIIHX
MATepHatoB Ha OCHOBE MeXaHOAKTHBHPOBAHHOTO TEXHOTEHHOTO ChIPBA SBISETCH
YHHBEPCATLHOI, TAK KAk [1yTeM MeXaHOAKTHBALIM B aKTHBATOPHOH MTBHHLE 110
TOfi  TEXHONOIMH CTAHOBHTCA —BOIMOKHBIM  TIOBBICHTh  5((EKTHBHOCT
MCTIONB30BAHNA B KOMIIO3MUMOHHBIX BSUKYLIMX JIOGOr0 BUIA TEXHOTEHHBIX
MHHEPATBHBIX 100aBOK.

6. PacsieT 5KOROMMUECKOH SOGEKTHBHOCTH Pa3pAGOTAHHOI TeXHOTOTHI
KAPOCTOMKMX  KOMMOBMUMOHHBIX  BUKYWHX — MaTepHaloB HA  OCHOBE
MEXaHOAKTHBHPOBAHHOTO TEXHOMEHHOrO MHHEPANIHOTO CHIPBSI He MPOH3BOIMIICS
B CBA3M C OTCYTCTRHEM B pecnyGiIike NOAOGHOM NPOW3BONICTE JUis CPABHEHHA 1
COMOCTAR/CHHS IKOHOMHUECKUX NOKa3aTeNei.

AKT ONBITHO-TIPOM BILIVTCHIBIX HCTBITAHNIt TIOAMHCAH:

Or HUM CMCHA, soktop Ph.D. H.5.Capcentacs
Or HII «XnmHieckas TexHoTorna

HeOPraHHYECKUX BELLECTB»,

AT, tpodeccop (0 T Kautacon

Ot paspaGorunikos:

PYKOBOZHTE/E MPOCKTa, K.T.H. T.C.Basupos
OTBeTCTBERHEL HCMOMHNTEb K.T.H, M.CJlaynetnsipos

A

Menonitens, A.T.1., npojeccop H.C.Baxupos




