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ABSTRACT

The report contains 137 pa12ges, 17 figures, 11 tables, 69 sources, and 9 appendices.
NANOMATERIAL, XEROGEL, VANADIUM PENTOXIDE, TEMPLATE, SOL-GEL METHOD, STRUCTURE, SORBENT, CATALYST, MODIFICATION
Objects of research: technology for the synthesis of modified catalysts and sorbents based on zeolites and industrial grade catalysts.
The purpose of this project is scientific and technical justification and development of technology for modifying industrial catalysts and sorbents with synthesized vanadium xerogel, studying their properties and applications.
Methods and methodology of work. The work uses x-ray phase, UV and IR spectroscopic, elemental, photometric analysis, electron microscopy, laser light scattering, etc.
Results and their novelty. Information on the synthesis of xerogel based on vanadium pentoxide is considered; thermodynamic equilibrium States of vanadium ions and compounds capable of spontaneous structure formation are established. Modification of the zeolite mass to obtain sorbents and catalysts was carried out by the "cold impregnation"method. The structure of the obtained modified sorbents and catalysts, their sorption and catalytic properties are studied.
Scientific novelty of the project. A technology has been developed for the production of vanadium xerogel, which can act as a modifying agent for the production of effective catalysts and inorganic sorbents.
Recommendations for implementation or results of implementation of research results. The research results allow us to implement the technology for obtaining sorbents and catalysts modified with vanadium xerogel.
Fields of application: metallurgy, nanotechnology, chemistry of inorganic substances and organic synthesis.
Economic efficiency or significance of the work. Economic calculations of the technology of production of vanadium xerogel from products of processing of carbon shale showed that the net income at the production capacity of 100 kg per year of xerogel will be 1073,422 thousand tenge, profitability-36 %, payback period-5 years.
Predictive assumptions about the development of the research object. The developed catalysts and sorbents based on vanadium xerogel will be tested and used at enterprises that process vanadium-containing raw materials, organic synthesis, and non-ferrous metallurgy.
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INTRODUCTION


Assessment of the current state of the scientific and technical problem being solved. Currently, more and more attention is drawn to nanotechnology, which allows you to create a number of fundamentally new production processes, materials and devices based on them. Of great interest are materials of nanotubular structures based on 3d element oxides, in particular vanadium oxides, which have a unique ability to complex with highly developed layered nanoscale structures [1-4]. Among the known methods for producing vanadium – containing nanomaterials -sol-gel technology is based on the participation of vanadium pentoxide in the presence of a molecular template in the synthesis of a complex compound with a highly developed structure [3-7].   The popularity of the classical version of the Sol-gel method is due to the fact that the resulting products have a high chemical uniformity, which significantly reduces the temperature and duration of heat treatment to obtain functional materials, the ability to control the particle size and pore structure of materials at different stages of synthesis, and change the rheological properties of the dispersed system within a wide range [1, 8, 9]. 
Basis and source data for theme development. In the practice of vanadium production, pentoxide, which is the raw material base of xerogel, is obtained from ammonium Vanadate by drying and calcining it. A promising source of ammonium Vanadate in Kazakhstan is the uranium-containing carbon-siliceous shale of the Bolshoy Karatau Deposit, whose reserves amount to hundreds of millions of tons. The integrated use of such a unique type of raw material is an essential component of modern environmentally friendly, waste-free and highly efficient technologies that allow us to isolate not only compounds of valuable target components, such as uranium, but also the source material for the production of vanadium xerogel.
Justification of the need for research. This project involves obtaining not only a nanomaterial based on vanadium pentoxide, but also modified sorbents and catalysts that can solve a number of problems in the chemical and metallurgical industries. Thus, modified sorbents can selectively extract harmful compounds from wastewater and waste water from various industries, and modification of catalysts will reduce the conversion time of hydrocarbons, including in the production of liquid and gaseous fuels. 
Information about the planned scientific and technical level of development, patent research and conclusions from them.  Currently, there is information about the possibility of using vanadium compounds as modifiers for the production of catalysts, but information about the use of vanadium xerogel as modifiers of catalysts and sorbents has not been found. Methods for producing vanadium xerogel are mainly associated with high-temperature processes. the task of this research is to develop a low-temperature method for obtaining this nanomaterial. 
Information about metrological support for research. Devices and equipment for physical and chemical research were checked in a timely manner, and the methods used for performing analyses were certified. 
The relevance of the research. The development of new methods for obtaining nanomaterials is a modern priority area of science and technology. The formation of nanoobjects occurs, as a rule, within the framework of specific laws that were not previously studied in the classical sections of natural Sciences. One of the main principles of obtaining nanostructured materials is self-organization in complex open systems with hierarchical interactions at various structural levels. Such materials can be successfully used to produce modified sorbents and catalysts used in wastewater treatment and in the production of organic substances.However, despite the intensive development of nanotechnology, information about nanomaterials based on vanadium oxide is not extensive enough. Therefore, the research carried out in this direction is relevant and timely.
The novelty of the topic is to create an innovative technology for producing vanadium xerogel, which, due to its activity and developed structure and morphology, can act as a modifying agent for producing effective catalysts and inorganic sorbents. 
Connection of this work with other research works.
Research within the framework of this project was carried out jointly with specialists of JSC "Institute of fuel, catalysis and electrochemistry named After D. V. Sokolsky", Institute of polymer materials and technologies, "PPP" LLP, "Zhersu Power" LLP.
Goals and objectives of research, their place in the implementation of research in General. The purpose of this project is scientific and technical justification and development of technology for modifying industrial catalysts and sorbents synthesized by vanadium xerogel, and their application. The main research objectives were: to study the current state of production of vanadium xerogel; thermodynamic justification of the possibility of synthesis of vanadium xerogel in the low-temperature region; analysis of initial and intermediate materials in the process of obtaining vanadium xerogel; development of conditions for the synthesis of vanadium xerogel and its modification of selected natural sorbents and catalysts; testing of technologies for the synthesis of vanadium xerogel and its modification of sorbents and catalysts on a test laboratory scale. 








1 Justification and study of the process of obtaining vanadium xerogel from black shales of the Greater Karatau 

1.1 Current state of production of xerogel based on vanadium pentoxide 

Nanomaterials have a large surface area, which increases thethe interaction between them and the environment in which they are placed. Nanomaterials are successfully used in the composition of membranes constructed on the basis of porous matrices and anisotropic nanoparticles inserted into channels-pores. The presence of an unfilled 3d shell in the vanadium atom causes the existence of a number of its oxides that have the ability to complex with the production of spatial partially ordered highly developed nanoscale structures. V2O5 has a range of modifications [1-9]: nanoribbons, filamentous crystals (whiskers), hybrid organo-inorganic materials, and xerogels, which expand the scope of their use. V2O5-based nanotubes (Figure 1) are a typical example of a hybrid nanomaterial. 
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a - vanadium oxide nanotube; b - nanotube legs of a vanadium oxide centipede
Figure 1 – Nanomaterials based on vanadium pentoxide

Vanadium oxide (VO–H) nanotubes are produced during long-term (up to 10 days) hydrothermal (180 0C) treatment of vanadium-containing compounds such as V2O5, VOCl3, HVO3 [3]. With the participation of surfactants-templates of different radii, it is possible to regulate the interlayer space of the structure, as a result of which the xerogel will "stretch" or "shrink" according to the accordion principle [1]. Thanks to this structure, the xerogel can intercalate (i.e. "suck in") a variety of ions.  The V2O5·nH2O xerogel with a pronounced quasi-one-dimensional structure obtained by the Sol-gel method is the basis for the synthesis of vanadium oxide nanotubes [4-11]. The Sol-gel method is understood as a set of stages, including the preparation of a precursor solution, its sequential conversion first to Sol, and then to gel due to the processes of hydrolysis and condensation, subsequent aging, drying and heat treatment of the product. Vanadium oxide nanotubes are multi-walled, which is due to the peculiarity of their formation process. Twisted V-O layers often remain unclosed. The shape of the cross-sections of such formations is asymmetric, and the distances between adjacent layers can vary quite significantly, usually increasing from the inner to the outer wall. The fine structure of vanadium compounds is quite easy to manage.The process of forming ordered structures can be implemented through the use of templates - "templates" that contribute to the formation of necessary interactions between system elements [5]. The use of ammonia as a template in vanadium-containing systems should contribute to the creation of an ordered complex of nano - or supramolecular structure due to various intermolecular interactions. The phenomena of formation of ordered structures and self-organization usually occur as a response of a complex system to a strong external influence. The ordering of the system during self-Assembly is controlled by the competition of various interaction forces, often of a molecular nature: hydrophilic-hydrophobic interactions, gravitational forces, van der Waals or Coulomb interactions. 

1.2 Physical and chemical analysis of raw materials and thermodynamic calculations of the possibility of synthesis of vanadium xerogel

  As a starting material, vanadium-containing material is usually used chemically pure vanadium pentoxide. Considering the fact that the use of pure vanadium pentoxide compound for large-scale production of sorbents and catalysts modified with vanadium xerogel will not be economically profitable, we analyzed industrial sources of vanadium pentoxide. 
Ammonium metavanadate obtained during processing of the Big Karatau shale was selected as the initial vanadium-containing compound (table G). The composition of ammonium metavanadate was as follows,%: 75,6 –NH4VO3,  Si – 3,08 , Fe – 2,4 ,  S – 2,02 , P – 1,08, Al –2,03, Cl – 3,05, As – 0,9. Recrystallization of  NH4VO3 was performed from a cooled solution (15 ° C) at pH 8.0-8.5 adding 30 % ammonia. Recrystallized NH4VO3 was filtered and dried. The structure of the samples was studied using a low-vacuum scanning electron microscope (Figure 2) Jeol JSM-6490 LV.X-ray diffractometer x'pertmpdpro showed that the composition of ammonium metavanadate includes the following components%: 99,6 NH4VO3, Si –0,08,  Fe – 0,06, S – 0,02,  P – 0,02, Al – 0,03, Cl – 0,10.
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Figure 2 – Micrographs of ammonium metavanadate  

Vanadium pentoxide was obtained from technical NH4VO3 purified from impurities by recrystallization after filtration, drying and thermal decomposition at a temperature of 550 ° C.   
Thermodynamic analysis of vanadium-containing systems has shown that the formation of complex vanadium ions and compounds in the V-N-Н2О system occurs spontaneously, preferably the formation of decavanadium complexes HV10O285- (Figure 3). 
As the pH of the medium increases, the values of the lower and upper limits of their stability potentials decrease. In an ammonia solution, free ammonia molecules begin to replace hydroxyl ions in the decavanadium ion, forming ammonia complexes of the type [(VO2)х(ОН-)у∙nNH3]у-х, which ensure its high solubility.
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Figure 3 – diagram of the Ex-pH of the V-N-Н2О system (25 оС)

	1.3 Working out the conditions for the synthesis of vanadium xerogel 

	The initial material for the synthesis of xerogel-vanadium pentoxide was studied by physical and chemical analysis methods. The results of electron microscopic analysis showed that vanadium pentoxide has a crystal structure formed into complex agglomerates (Figure 4).
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Figure 4 – Micrograph of the initial vanadium pentoxide

A sample of freshly deposited V2O5 was melted at a temperature of ~ 600 ° C. Then the Plav was heated to a temperature of 850 ° C for more than half an hour, removed from the oven and introduced into a container with distilled water. The contents were mixed until the precipitate was completely dissolved. In this case, the homogeneous solution turned brown at the pH of the medium 2. the Addition of ammonia to the vanadium solution was carried out with stirring (~ 650 rpm). The main factors affecting the formation of xerogel are the pH of the medium, the duration of the process, the metal concentration in the initial solution, and the system temperature. 30 % ammonia was added to a vanadium-containing solution of 0.2-0.4 ml. The experiment was completed when the consistency of the solution changed (Table 1). When the pH of the medium was 3.4, the solution began to HUS-tify as a result of Sol formation. The process was controlled by visual observation of external signs of a vanadium-containing solution. It was found that at pH ~ 4, the volume of the dispersed phase increases, and coagulation contact between the particles appears, which leads to the beginning of structuring of the monolithic vanadium gel. The final formation of the gel is carried out within 80-120 minutes.  The vanadium concentration in the solution was maintained at 5÷25 g /l with a ratio of vanadium solution volumes (СV2O5 = 20 g /l) and 30 % ammonia 50÷1.5-2.0.
During the formation of xerogel (Figure 5), you can see a change in the color of samples, the organization of coagulation contact of particles, the formation of agglomerates to produce a xerogel with a shiny dark gray surface.

Table 1 – Results of experiments on the synthesis of vanadium gel
	τ, min
	VNH3, ml
	pН sol.n
	Cv2o5, g/l

	10
	0,2
	2,13
	25,4

	20
	0,2
	2,42
	23,1

	30
	0,2
	2,79
	21,9

	40
	0,3
	2,96
	20,3

	50
	0,3
	3,08
	19,99

	60
	0,4
	3,28
	19,43

	70
	0,4
	3,4
	19,32

	80
	0,4
	3,92
	19,29
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Figure 5 – scheme of xerogel formation in the vanadium-ammonia system

By electron microscopy the mouthit is shown that the composition of the xerogel includes,%: V – 35,32; О – 52,4; H – 10,76; С – 1,52. the X method shows that in the region of 3400 cm-1, absorption bands of valence vibrations of OH groups are manifested; deformation and libration vibrations of water molecules are observed at δHOH-1651 cm-1 and νLH2O – 739 cm‾1[17]. The absorption band at 1013 cm-1 is attributed to the valence vibrations of V – O groups. The absorption band at 510 cm-1 corresponds to the characteristic vibrations of the [V2O8]2-∞  groups. When subtracting the water spectrum, valence vibrations of the V – O groups were detected at 747 cm-1 and [V2O8]2-∞  at 503 cm-1.

1.4 Study of the properties of the obtained vanadium xerogel

An amorphous component was detected on the gel diffractogram (Figure 6A); when exposed to air for 120 min, individual reflexes were detected in the small-angle region (6-8°) (Figure 6b). Phase separation is associated with the formation of vanadium hydroxo compounds and the disorientation of nuclei with a non-crystalline structure.  Various oxides are crystallized: V2O5(H2O)  31 %, V2O513 %, V3O7  45 %, V2O5 11 %. When water is removed from the gel, a porous layered structure of the vanadium-containing material is formed (Figure 7a). The formation of a layered structure of vanadium xerogel was confirmed by probe microscopy (Figure 7b). The layered structure is formed by ribbon fibers with a length of 100-600 nm and a width of up to 25 nm.  The interlayer distance (d) is approximately 150-200 nm.
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Figure 6 – Diffractograms of vanadium xerogel, freshly extracted (a) and kept in air for 120 minutes (b)
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a-spatial structure; b-3D image of the layered structure
Figure 7 – micrographs of vanadium xerogel


Conclusions for 1 section 
– among successfully developing nanotechnologies, the production of nanostructures based on 3d element oxides, in particular vanadium xerogel produced by the Sol-gel method, is of interest. The method is based on the interaction of V2O5 and NH3 used as a template.  
– V2O5, which serves as the raw material base of the xerogel, can be extracted from the technical NH4VO obtained from the carbon-siliceous shales of the Bolshoy Karatau Deposit, whose reserves amount to hundreds of millions of tons. Pure vanadium oxide was obtained by recrystallization and thermal decomposition of ammonium metavanadate (550 ° C).  
– Thermodynamic analysis shows the formation of HV10O285- (ΔG° = -1934.738 kcal/mol) ions in the V-N-H2O system, in the presence of NH3 – [(VO2)х(ОН-)у∙nNH3]у-х. By selecting the conditions for the formation of vanadium-containing ammonia particles and the occurrence of coagulation contact between the particles, it is possible to cause structuring of the material.
– by methods of physical and chemical analysis, it is shown that during the drying of vanadium xerogel, its layers are released from water, and a quasi-one-dimensional layered structure is formed, which is wrapped in tubes. A porous layered structure of a vanadium-containing material is formed with ribbon fibers from 100-600 nm long and up to 25 nm wide.  The interlayer distance reaches 150-200 nm.




































2 Development of technology for producing high-performance catalysts and inorganic sorbents modified with vanadium xerogel and study of their properties 
	
2.1 Selection of natural sorbent and industrial catalyst, carriers and substrates

Natural sorbents include zeolites, which are aluminosilicates with a frame structure that allows controlling the parameters of nanoparticles at the stage of their formation. The most widely used catalysts in organic synthesis are zeolites containing vanadium pentoxide and titanium dioxide [14-16]. The low cost of natural aluminosilicates determines the possibility of their use in processes that do not involve zeolite regeneration [13].
As a sorbent, a mixture of Al-containing carriers of the following brands was used: KN-30, IK-17-M, the bidisperse structure of which is represented by the ZSM–5 zeolite base. Composition of zeolite, % wt; Al2O3 – 12,9-13,2; SiO2 – 66,2-78,3; К2O – 4,0-4,8; Na2O – 1,8-2,2; CaO – 1,8-2,4; Fe2O3 – 0,8-1,2; V – 0,0003; Mn – 0,001; Cu – 0,001; Be – 0,001; Rb – 0,001; As – 0,03; H2O – 10-12; Synthetic zeolite and titanium dioxide were selected as initial catalysts. Analysis of the granulometric composition of zeolite using a two-angle analyzer of the MalvernZetasizerNanjZS90 brand showed that the main number of particles has a size in the range from 400 to 2000 microns [17]. The analysis of the elemental composition of the samples performed on the INCAENERGY spectrometer allowed us to determine the composition of the zeolite mixture, mass %: O – 47,64, Al-7,42, Si-4,36, S – 0,03, Ca – 0,19, Fe – 0,15, other – 1,21. 
A line of hydrated compounds of aluminum and silicon, rhombic sulfur, and silicon oxide was detected on the diffractogram. The results are confirmed by IR spectroscopy. The maxima at 1140, 1050, 990, and 480 cm-1 correspond to fluctuations in Si–O–Si bonds. The band at 710 cm-1 refers to the valence vibrations of the Al–O bond, at 670 cm-1 – to the deformation vibrations of Al–O4, and at 1610 cm-1   to the deformation vibrations of water molecules. Thermal analysis of the samples showed that at 20-200 0C, there is an inflection in the DTG and DTA curves corresponding to the dehydration reaction. At 200-1000 0C, a decrease in weight was recorded due to the removal of hydroxyl water (~1,5 %) and weakly bound sulfur oxides (~1,5%).

 2.2 Working out the conditions for modification of selected materials with vanadium xerogel

Modification of the zeolite mass was carried out by the method of "cold impregnation" by impregnating it with a vanadium-containing gel and drying it at 150 °C for 60 minutes.  The amount of vanadium xerogel varied from 0.2 to 5.0 wt. % by vanadium of the initial mass of zeolite. The resulting mixture was calcined at a temperature of 450-500 °C for 5-6h. During the first 15 minutes of impregnation, 97% absorption of vanadium xerogel by zeolite is achieved. Full saturation of the zeolite matrix with vanadium xerogel is achieved at 180 min. The duration of aging of vanadium xerogel has a significant impact on the course of subsequent modification of zeolites. To obtain a modified sorbent, it is optimal to age vanadium xerogel for at least 4 days at room temperature (table 2).

Table 2 – Effect of the aging duration of the initial xerogel on the phase composition of the zeolite matrix products at SiO2/Al2O3 = 9
	Duration of xerogel aging, day Phase composition of zeolite matrix products at temperatures
	Phase composition of zeolite matrix products at temperatures

	
	25 оС
	50 оС

	0
	Amorphous phas
	Amorphous phas

	1
	SiO2/Al2O3
	SiO2/Al2O3

	2
	SiO2/Al2O3
	SiO2/Al2O3

	3
	SiO2/Al2O3
	SiO2/Al2O3 + V2O5

	4
	SiO2/Al2O3 + V2O5
	SiO2/Al2O3 + V2O5

	5
	SiO2/Al2O3+ V-OH
	SiO2/Al2O3 + V-OH

	6
	SiO2/Al2O3 + V-OH
	SiO2/Al2O3 + V-OH

	10
	SiO2/Al2O3 + V-OH
	SiO2/Al2O3 + V-OH

	Not: V-OH – oxyvanadium phase



When modifying the catalyst, the resulting mass of the carrier was introduced into the material powder – a mixture of Al-containing materials of the composition AlSi + (θ + α)-Al2O3. with the necessary moisture capacity. After drying, the catalyst was formed and sieved. The xerogel vanadium interacts with the zeolite with the formation of alyumosilikatov vanadium. it is established that the process depends on the temperature of the matrix surface, the intensity and flow rate of the deposited substance. 


2.3 Study of properties, composition and structure of modified sorbents

Analysis of the granulometric composition of the modified catalysts showed that the resulting material contains more fine particles (less than 100 microns) than the sample of the original zeolite. The structure of the material is dominated by submicron and nanoscale grains with unique oxyvanadium compositions fixed on the zeolite surface.
X-ray phase analysis of the modified zeolite shows that the main existing phases in the zeolite are preserved. In addition, there are the lines corresponding to vanadium oxide. A thermogravimetric analysis of the modified material sample was also performed.  The TG curve recorded four stages of weight loss in the intervals of 20-200, 200-325, 325-680, and 680-1000 0C-7,0, 6,5, 15,0, and 0,5%, respectively, due to the removal of water and sulfur from the system, as well as the combustion of organic matter (S) present in the sample. 
The ion exchange properties of modified samples of sorbents on lead-containing solutions were tested, since lead is one of the dangerous metals often present in industrial wastewater. Lead sorption was performed under dynamic conditions. A solution with a lead concentration of 24 mg / dm3 and pH 2 was passed through the column at a rate of 100 ml / hour. After saturation, the sorbent was washed with water and desorbed at room temperature with 3 % sulfuric acid solution at a rate of 5 specific volumes per hour.  It was found that lead is almost completely (95 %) absorbed from the first 400 specific volumes of the passed solution. The total dynamic lead exchange capacity is 74.9 mg / g. Almost complete desorption of lead is achieved by 5 specific volumes of eluate, which contains 85.6% of lead. It was found that in one cycle of sorption-desorption of lead from solutions with a concentration of 24 mg / dm3, a lead solution with a concentration of up to 2.6 g/dm3 can be obtained. In one cycle of the process, it is possible to concentrate lead 130 times. The parameters of the modified sorbent are high and exceed those for traditionally used active coals when extracting lead from model solutions [18].

2.4 Study of the properties, composition, and structure of modified catalysts

The possibility of using synthesized vanadium xerogel in the production of catalysts was tested. For this purpose, zeolite catalysts impregnated with xerogel were dried for 1 hour at 150 °C, then they were heat-treated for 2 hours at 450 °C in an air atmosphere. The duration of impregnation is 180 min, the mass of the xerogel according to V2O5 from the initial mass of the zeolite catalyst is 2.0 wt.%. changes in the chemical composition of zeolite catalysts during their activation with vanadium xerogel were judged by their content of SiO2, Al2O3, Na2O, K2O and V2O5. As a result of activation, sodium and potassium ions were almost completely removed from the structure of zeolite catalysts, which is due to the isomorphic substitution of sodium and potassium oxides with vanadium oxide forms. The decrease in the aluminum content is associated with the transition of the trioctahedral structure to the dioctahedral structure with isomorphic substitution of silicon and simultaneous stabilization of the oxyvanadium nanoparticles [19, 20]. The activated catalyst keeps the crystal structure unchanged. Based on the literature data and research results, it can be assumed that part of the V=O and V–O groups of vanadium xerogel is fixed on the outer surface of the zeolite, while part migrates to the zeolite channels and is fixed on their surface, replacing hydrogen protons in the brensted and potassium and sodium cations in the Lewis acid centers, which affects the change in the catalytic properties of the catalyst [21, 22].
Determination of the catalytic activity of the resulting zeolite catalyst activated by vanadium xerogel was evaluated during the conversion of methane to ethylene (oxidative condensation of methane) using synthesis gas. The reaction of methane conversion to ethylene corresponds to a homogeneous-heterogeneous mechanism [23, 24]. The zeolite catalyst IK-17 was chosen, since its composition revealed the maximum content of vanadium pentoxide. The maximum yield of ethylene is observed at a temperature of  700-750 0C and the mass of xerogel by V2O5 from the initial mass of the zeolite catalyst in an amount of 5 %. 
Conclusions for section 2
        –as sorbents, a mixture of Al-containing carriers with high metal content, KN-30, IK-17-M, was used to obtain modified catalysts – titanium dioxide and zeolite of the ZSM–5 brand.It was found that the aging of the gel sample affects the properties of the resulting materials. This is due to the fact that various forms of vanadium oxides crystallize in the air. The gel layers are released from water, the anion bond is lost and their transformation occurs, and a quasi-one-dimensional layered structure of the gel is formed;
– the conditions for modifying the initial materials with vanadium xerogel of the composition, mass %: V – 35,32; O – 52,4; H – 10,76; C-1,52 were worked out; introduction of vanadium xerogel into the zeolite structure leads to the grinding of the material particles and the development of its General surface, which is important for sorption processes; the main existing phases in the zeolite composition are preserved, but vanadium oxide appears; during calcination of the modified material, phase transitions are observed associated with the removal of water and sulfur; the study of the sorption properties of the modified sorbent in relation to lead showed that its concentration in one sorption-desorption cycle is 130 times;
– the catalytic activity of the catalyst is significantly affected by its modification with vanadium xerogel, so the decomposition of hydrogen peroxide on modified samples was very active – the volume of oxygen released was 122 ml compared to 14 ml of oxygen released under similar conditions when using pure titanium oxide as a catalyst.







	3 Testing of the developed modified materials on a test laboratory scale

3.1 Testing the synthesis of vanadium xerogel and studying its aging properties

The technology of synthesis of vanadium xerogel was tested at The Institute of polymer materials and technologies.
The nanomaterial was synthesized using the Sol-gel method [17, 25-27]. The Sol-gel synthesis method involves obtaining Sol and then converting it into a gel, i.e., into a colloidal system consisting of a liquid dispersion medium enclosed in a spatial grid formed by joined particles of the dispersed phase. Common features of these products are the preservation of nanoscale structural elements at different stages of synthesis: 
a) changes in the reaction time; 
b) temperature; 
C) concentration and chemical composition of reagents.
Vanadium pentoxide was chosen as the raw material base, and ammonia as the template [28, 29]. 
Vanadium xerogel was prepared on the basis of technical ammonium metavanadate (NH4VO3), obtained from black shales of the Greater Karatau, according to the technological scheme shown in the PB drawings, with the production of vanadium pentoxide and uranium-containing desorbate [56]. This vanadium pentoxide was used by us for the synthesis of vanadium xerogel.
Shale leaching consists of the following operations: percolation leaching, collective sorption of vanadium and uranium, separate desorption of uranium and vanadium, crystallization of ammonium metavanadate and its thermal decomposition to vanadium pentoxide. 
A sample of 98.5 t quartzite with a bulk weight of 1310 kg / m3 was loaded into 4 columns of 32.2 m3 each for leaching. 1% of the total weight of manganese ore was added to quartzites. As a leaching agent, solutions of sulfuric acid with a concentration of 30 g/dm3. H2SO4 and nitric acid – 10 g/dm3 HNO3 were used. When working in a closed cycle, the ore was irrigated with the initial and masterbatch solution coming from the sorption processing, at a maximum speed of 95.2 dm3/m2/hour. The solution seeped through the ore layer at a rate of 0.3×10-4 m/s. 
In total, the tests resulted in 3 leaching cycles, each of which lasted for 30 days. Solutions obtained after leaching containing 3.30 -3.77 g / dm3 V2O5 and 0.052-0.261 g/dm3 UO3 were sent for collective sorption with AM-p anion. Resin saturated with 280 kg/t vanadium and 11 kg/t uranium after washing was desorbed with a solution of 80-90 g / dm3 NH4NO3 and 10-20 g / dm3 H2SO4. 1,520 m3 of a solution containing 10 g/dm3 of uranium was obtained. 
15.66 m3 of desorbate containing 25 g/dm3 of vanadium was produced. Vanadium extraction 99.0 %. The solution after desorption was directed to obtain ammonium metavanadate. This technology has been tested on a pilot scale. Technical and economic calculations allowed the authors to establish that when processing 1,000,000. 00 tons of carbonaceous quartzites in Kazakhstan, the economic effect reaches $ 14 million per year with a payback period of 1.2 years for capital investments
To obtain pure ammonium metavanadate, we performed recrystallization of technical NH4VO3. Recrystallized ammonium metavanadate was filtered and dried at room temperature for 48 hours. Next, the resulting powder of freshly deposited vanadium pentoxide was subjected to thermal quenching in a muffle furnace at an initial temperature of 670 ° C, followed by an increase in temperature to 850 ° C for 30 minutes, then V2O5 was removed from the furnace and immediately introduced into a glass with distilled water. 
The content was stirred to dissolve the solid product, the homogeneous solution and achieve a pH of ~ 2. Then vanadium-containing solution was added the template, which was using 30 %ammonia at a solution temperature of ± 22 °C. When the pH of the medium reached 3.4, the solution began to slowly thicken with the formation of a gel. To form a vanadium xerogel, the resulting product was kept in air for 72 hours.
According to the results of preliminary studies, the main factors affecting the synthesis of vanadium xerogel were selected as the pH of the gel formation medium-X1; the volume ratio of the initial solution of vanadium pentoxide with a concentration of СV2O5= 20 g / l and 30 % ammonia (Vр-р: VNH3) – Х2 and the duration of the process – X3.
Based on the literature [37, 51, 52] and preliminary experimental data, the temperature of the synthesis process was maintained at 22 ° C. the Criterion for optimizing the synthesis of vanadium xerogel was the size of gel Y nanoparticles, expressed in %. the Boundary conditions for the synthesis of xerogel, selected on the basis of preliminary studies, are shown in table D 2.
After statistical processing of the experiment results, the regression equation was obtained:

                          Y=0+b1X1+b2X2 + b3X3 + b12X1X2+b13X1X3 + b23X2X3 +b123X1X2X3,    (1)

where b –coefficients of the regression equation;

         0 – free term of the regression equation defined by the formula:
	

Y0 = = 77,73.                                            (2) 

The coefficients of the regression equation were determined by the equation:


bj = .                                                  (3)
The bj values were the following values:

b1= 28,65;                 b3  = -8,51;                 b13=0,98;              b123= -0,21.
b2= 2,55;                   b12= 13,01;                b23 = 5,4;

The regression equation (mathematical model) takes the form:

Y = 50,56 + 28,65 X1 + 2,55 X2 -8,51 X3 + 13,01 X1X2 +
 + 0,98X1X3 +5,4 X2X3+  -0,21 X1X2X3.                                                      (4)

The dependence of the coefficients of the regression equation can be checked for each coefficient separately by the student's criterion [53].
Excluding an insignificant coefficient from the regression equation will not affect the other coefficients. The variance of the coefficients (Sbj) and reproducibility (Sbplay) were calculated using the expressions:

                                                             Sbj = ,                                                                    (5)
where N is the number of experiments (N= 8).

                                                        Splay= ,                                                          (6)

where Sj2 – variance of a single measurement, determined by the formula:


                                          Sj2 = ( Y1 - )2 + (Y11 - )2.                                        (7)

The calculated variance values are equal to the following values:

S12 = 1,125;           S42 = 0,180;           S72 = 1,450;        Sвоспр= 1,310; 
S22 = 1,620;           S52 = 0,320;           S82 = 1,280;        Sbj= 0,463.
S32 = 0,605;           S62 = 3,920;

The significance of the coefficients was evaluated according to the student's criterion:

                                                                      tj =                                                    (8)

in comparison with the reference table, its ecru value table= 2.31 for the significance level p = 0.05 and the number of degrees of freedom
                                                                       f = N (m – 1),                                          (9)   

where m = 2 is the number of parallel experiments (m = 2 and f = 8 (2 – 1) = 8).
If tj is greater than ttable, then this coefficient is significant.

	t1 = 61,85 – significant;        
t2  = 5,5 – significant;
t3 = -18,37 –not significant;
	t12 =  28,08 – significant;
t13= 2,12 – not significant; 
t23 = 11,6 –  not significant.
	t123=-0,45 – not significant.



Therefore, you can exclude insignificant terms from the regression equation and it will take the form:
                                  Y = 50,56 + 28,65 X1 + 2,55 X2 + 13,01 X1X2 +5,4 X2X3.                    (10)

The adequacy of the obtained equation was checked using the Fischer criterion [54]:

                                                     F = Sост.2/ Splay.2 ,                                                (11)

where

                                                      Sост.2 =  ,                                         (12)

L – number of significant coefficients: L= 6.

	
(Y1 - )2 = 0,5625;

(Y2 - )2 = 0,81;

(Y3 - )2 = 0,3025;

(Y4 - )2 =  0,9;
S2ост.=5,25/(8 – 6) = 2,625;
	
(Y5 - )2 =0,16;

(Y6 - )2 = 1,96;

(Y7 - )2 =  0,725;

(Y8 - )2 = 0,64;
F = 2,625/1,312 = 1,53.



Tabulated value of the Fisher criterion for 

           р = 0,05, f1 = N – L = 2, f2 = N(m – 1) = 8: F(f1, f2) = 4,5,                             (13)

where p – is the significance level;
f1 – number of degrees of freedom of the adequacy variance;
f2 is the number of degrees of freedom of the reproducibility variance.
The adequacy of the obtained equation was checked using the Fischer criterion. The obtained values of the Fischer criterion for the synthesis of vanadium xerogel were less than the table value of 1.53 < 4.5, therefore, the equation describing the synthesis of vanadium xerogel based on vanadium pentoxide is adequate to the experiment. The resulting regression equation describes the process of xerogel synthesis with sufficient accuracy within the specified measurement limits of three parameters, and, therefore, this model can be used to find the optimal process conditions (Table D). An approximate technical and economic calculation showed the effectiveness of the proposed technology (Table E).
Figure 8 shows an electron microscope image of a dried, freshly prepared gel (gel I), and figure 9 shows a gel II dried and kept in a desiccator for 12 months. The results of the analysis confirm the formation of a porous layered structure of the vanadium-containing complex when water is removed from the resulting gel. Comparison of images of the initial vanadium pentoxide and the dried vanadium-containing gel showed the presence of stratified structural fibers (Figure 9).
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Figure 8 – Micrograph of vanadium-containing gel I
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Figure 9 – Micrograph of vanadium-containing gel II

On the surface of the films formed by the randomly entangled threadlike particles are found partially ordered extra long, strongbut anisotropic particles close in size to the" ribbons " of the OK-si gel Yes, of vanadium. The formation of a layered structure of the vanadium complex opens up great opportunities for using the synthesized material in various nanotechnologies, obtaining composite materials, sorbents, catalysts, etc.
In the IR spectrum of gel I, an intense absorption band is observed with a maximum at a wavenumber of 510 cm-1, which is characteristic of vibrations of the [V2O8]2-∞ radical. After subtracting the water spectrum, the valence vibrations of the V–O groups are detected at 747 cm-1and  [V2O8]2-∞ - at 503 cm-1.In the IR spectrum of gel II (Figure10) absorption bands with maxima at wave numbers 1420, 994, 965, 452 cm-1 and arms at 836, 765 cm-1 are observed, confirming the presence of ammonium polyvanadate as the base of the material, in addition, ammonium hexavanadate – (NH4)2V6O16(absorption maxima at 1420, 994, 983, 723, 553, 407 sm-1) [42-44].


ν, см-1
R, %


Figure 10 – IR spectrum of vanadium-containing gel II

The gel of the vanadium ammonia complex synthesized by the Sol-gel method was also studied by thermogravimetric analysis (Figure 11). The thermogram shows endothermic peaks at 82.3, 140, 277.2, 355.9 and 382.6 ° C. Up to 300 ° C, hygroscopic and partially included in the composition of crystal hydrates water and some oxide compounds are removed. The bond between the layers passes from the crystallized water to the OH groups. 

[image: ]
Figure 11 – Thermogram of vanadium-containing gel

A special feature of the hydroxo formation of transition metals is the delamination of the hydroxide structure when moisture is removed to form very thin layers of the material [45]. As a result, the anion bond is lost and the gel is transformed. Mixed-layer hydroxides are formed and wrapped in tubes. Interplanethe distances of the formed phases reach 1.6-0.8 nm.

3.2 Working out conditions for modifying sorbents with vanadium xerogel
The successful development of nanotechnologies that allow synthesizing compounds with a highly developed nanoscale structure opens up broad prospects for creating unique sorbents based on them by modifying natural ion-exchange materials. Effective natural sorbents that can serve as a matrix for modifying nanocompounds include zeolites, the General appearance of which is shown in figure 12. They are aluminosilicates with a frame structure in which there are cavities occupied by large ions and water molecules. Both of them are characterized by significant mobility, which allows for ion exchange and reversible dehydration [46]. The presence of metal cations gives zeolites sorption properties: cations that are part of natural ion-exchange materials can exchange for cations present in solutions of various origins.
A characteristic difference between natural zeolites and other types of sorbents is that they have a highly developed surface framework and the presence of pores of different diameters in it [47, 48]. The crystal structures of zeolites consist, as is known, of silicon-oxygen [SiO2] and aluminum-oxygen [AlO4] tetrahedra connected by vertices in openwork channels, in the cavities and channels of which cations and H2O molecules are located.
The General formula of zeolites can be represented as:
Mex/n[AlхSiyО2(x+y)]zH2O, where Me is a metal; n is the degree of its oxidation; x is the number of aluminum atoms; y is the number of silicon atoms; z is the number of water molecules.
Sorption properties of zeolites depend on the nature and physicochemical properties (energy, hydration, charge, radius of ion) sorbed ions, concentration of ions in solution, pH, contact time of sorbent with ions, temperature. To obtain strong and water-resistant filter materials from natural zeolites, they are pre-subjected to heat treatment.
Natural zeolite is easily regenerated and can be reused in sorption processes as well as in other industrial areas [49, 50].
A distinctive feature of layered silicates with a zeolite structure is the ability to modify (intercalate) with various compounds, with the expansion of the inter-pack space and subsequent exfoliation into separate layers. This is due to the possibility of significantly improving a number of physical and mechanical properties in comparison with micro-and macro-composites containing the same amount of inorganic filler. This property was used by us in the development of nanocomposites by modifying zeolite matrices with nanoparticles. The process is influenced by the temperature, the duration of synthesis, the nature of the initial reagents, their concentration, the dispersed composition, the presence of organic templates, and a number of other parameters.
As the main sorbent (section 2), a mixture of aluminum-containing carriers (based on zeolite) with high metal content of grades KN-30, KN-4, and IK-17-M was used.
Vanadium xerogel was used as a zeolite modifying agent, which was synthesized according to the methods given in sections 1.3 and 3.1 of this report.
Before modifying the sorbent, samples of the carrier (zeolite) and the active phase were dried at a temperature of 150 °C. Then the zeolite mass was impregnated with a freshly obtained vanadium-containing gel, dried again, and at the last stage the resulting mixture was calcined in a muffle furnace at a temperature of ~ 500 °C for 2 hours. Table 5 shows the dynamics of cycles of impregnation of the initial zeolite with vanadium xerogel, on average, the weight gain of the matrix with vanadium xerogel was 8-10 %.
From the results of the studies shown in table 5, it follows that during the impregnation process, the saturation of the zeolite matrix with nanovanadium occurs already on the 13th cycle (within 10-15 minutes). An increase in the number of impregnations to 17 cycles does not lead to an increase in the degree of coating the matrix surface with ions and, especially, to the growth of agglomerates of the vanadium oxide phase. The degree of saturation of the sorbent with vanadium xerogel reaches 98-99 %.            

Table 3 – Results of impregnation of the zeolite matrix with vanadium xerogel
	
Impregnation cycles
	The total duration of soaking, min.
	Weight of the zeolite matrix, g
	Changing the mass of the matrix, %

	
	
	original
	after impregnation
	after pushing
	

	1
	2
	3
	4
	5
	6

	1
	15
	62,35
	 66,71
	64,67
	3,72

	2
	30
	64,67
	67,13
	64,99
	4,24

	3
	45
	64,99
	67,78
	65,34
	4,80

	4
	60
	65,34
	67,93
	65,72
	5,41

	5
	70
	65,72
	68,18
	66,30
	6,33

	6
	80
	66,30
	68,61
	66,65
	6,90

	7
	90
	66,65
	69,03
	66,97
	7,41

	8
	105
	66,97
	69,38
	67,30
	7,93

	9
	120
	67,30
	69,82
	67,60
	8,42

	Table 3 (continue)

	1
	2
	3
	4
	5
	6

	10
	135
	67,60
	70,21
	67,89
	8,88

	11
	150
	67,89
	70,49
	68,06
	9,16

	12
	165
	68,06
	70,78
	68,24
	9,45

	13
	180
	68,24
	70,93
	68,40
	9,70

	14
	195
	68,40
	71,05
	68,41
	9,72

	15
	210
	68,41
	71,12
	68,42
	9,73

	16
	225
	68,42
	71,16
	68,42
	9,74

	17
	240
	68,42
	71,17
	68,43
	9,74



Preliminary experiments have found that the impregnation of zeolite with ammonium Vanadate followed by calcination of the material results in the formation of crystalline vanadium pentoxide on the zeolite matrix. While the samples obtained by modifying zeolites with vanadium xerogel, during their subsequent calcination, contain surface polyvanadates, which should improve the sorption properties of the modified materials.
The formation of a nanoscale modified sorbent synthesized on the basis of natural zeolite and vanadium xerogel using a previously developed method was confirmed by the results of electron microscopy (Figure 13).
Thus, nanomaterials are obtained with a submicron or nanoscale grain, with unique compositions and properties. High thermal and chemical stability of zeolites with introduced nanoparticles allows us to consider them as the most promising sorbents and catalysts.
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Figure 12 – Micrograph of the modified sorbent



Figure 13 – Influence of the total duration of impregnation on the change in the mass of the zeolite matrix

The trend line plotted on the resulting curve has the equation

y = -0,0002x2 + 0,0855x + 1,3362.                                (14)

The equation shows that the process of saturation of the zeolite matrix corresponds to a parabola with the roots of the equation.
The extremum of the function is found by the first derivative of the obtained equation, taking into account the step in the diagram – 10 minutes:

y/ = -0,0004x + 0,0855.                                        (15)

For y/= 0, we get x = 21.375, which corresponds to a duration of 213 minutes and 45 seconds. Therefore, to fully saturate the zeolite matrix with vanadium xerogel, it is sufficient to maintain the impregnation duration of 213-215 minutes.
The elemental composition of the samples was determined using an INCA ENERGY energy dispersive spectrometer installed on a Superprobe 733 electron probe microanalyzer. Table 6 shows the results of spectral analysis of the modified zeolite. As can be seen, in addition to the main components of oxygen, aluminum, silicon and vanadium, the modified sorbent contains calcium impurities. iron and sulfur.
             The spatial structure of the aluminosilicate does not change also because the destruction of the octahedral structure does not occur, which is confirmed by the coincidence of interplanar distances in the initial zeolite and zeolite after activation by vanadium xerogel, despite the detection of the phase of vanadium oxides [19, 57].

Table 4 – Elemental composition of the modified sorbent, %
	Spectrum
	O
	Al
	Si
	S
	Ca
	V
	Fe

	Spectrum 2
	47,43
	7,29
	42,87
	0,00
	0,14
	0,50
	0,12

	Spectrum 3
	47,57
	7,31
	43,28
	0,02
	0,13
	0,63
	0,11

	Spectrum 4
	47,46
	7,52
	43,33
	0,02
	0,13
	0,63
	0,15

	Average
	47,49
	7,37
	43,16
	0,01
	0,13
	0,59
	0,13



Based on the obtained data and literature data, it can be assumed that some vanadium xerogel nanoparticles in the form of V=O and V–O groups are fixed on the outer surface of the zeolite, while some migrate to the zeolite channels and are fixed on their surface [58], which should increase the sorption efficiency of the modified sorbent.
The introduction of vanadium xerogel into the zeolite structure leads to the grinding of material particles and the development of its overall surface, which is important for sorption and catalytic processes.

3.3 Testing the conditions for modification of sorbents on a test laboratory scale

Using the experimental planning method, a mathematical model of the process of modifying the sorbent with vanadium xerogel was constructed, processing the data of which made it possible to obtain optimal conditions for the synthesis of effective sorbents. Optimization of the regression equation allowed us to obtain controlled technological parameters of the process of modifying natural zeolite with vanadium xerogel, which allow us to synthesize effective sorbents that can be used for technological purposes, in particular for wastewater treatment of various industries. The resulting modified sorbents were tested in test tests at the pilot plant of the laboratory of the center "Water technologies and water-chemical modes" of the experimental base of enertek LLP for the treatment of industrial wastewater from metal and ammonium nitrogen impurities and showed positive results (Table I).
Taking into account the fact that the introduction of vanadium xerogel into compounds with a developed porous surface can improve the properties of the starting material, we investigated the possibility of using synthesized vanadium xerogel in the technology of catalyst production.
As you know, catalysts are substances that accelerate chemical processes, but do not experience transformations during the reaction. In catalytic processes, the activation energy of the reaction decreases as a result of the formation of intermediate complexes compared to processes that occur without a catalyst. Many molecules of the starting materials, whose energy was insufficient for active collisions in conventional reactions, become active in the presence of a catalyst. The activity of the catalyst is affected by promoters-substances that, when added in small quantities, increase the effectiveness of the catalyst.
One of the many ways to produce catalysts for organic synthesis is the activation of aluminosilicate materials. Zeolites and catalysts based on them are the most popular for this purpose, since their developed spatial structure allows creating conditions for the introduction of activators at the stage of formation of a new material.
Characteristic important properties of zeolite catalysts are the ability to change the interplane distance depending on the size of the cation (in our case, vanadium). Zeolites are characterized by polyfunctional catalytic properties, which is confirmed by the variety of catalytic processes occurring on them. To enhance the catalytic properties of zeolites, they are activated by metals-cu, Zn, Cd, Al, Ga, In, Sn, V, Cr, Mo, Mn, Co, Ni, Fe, Pt and their compounds. The content of the active component on the carrier, which is often metal oxides (V2O5, MoO3, MgO, Al2O3, TiO2, ZnO), is 4-8 mass%.
Research on catalysts using nanomaterials synthesized on the basis of 3d element oxides is attracting increasing attention [2, 11, 61], among which vanadium is of great interest due to its unique ability to complex with the production of spatial partially ordered highly developed layered nanoscale structures under certain conditions. As is known, vanadium solutions in the highest degree of oxidation are prone to spontaneous formation of hydrogels corresponding to the compositions V2O5∙1,8H2O; V2O5∙1,6H2O, as well as systems of colloidal and quasi-colloidal nature. When such colloidal solutions dry, xerogels are formed, from which water is completely or partially removed. Xerogels are an almost x-ray amorphous phase consisting of interwoven polymer chains with a partially ordered layered structure [19, 33, 62].
Nanotechnologies that allow embedding active spatially developed nanoparticles into the existing structure of catalysts are of particular importance in the production of activated catalysts with higher catalytic properties. One of the most promising technologies for the synthesis of active nanostructured particles is the Sol-gel method, which consists of a series of sequential operations: obtaining the initial solution of the active substance (precursor); formation of a colloidal solution (Sol) during hydrolysis and condensation reactions, and then a gel, which is a homogeneous substance with a spatial structure in the form of a mobile three-dimensional grid of metal hydroxide particles containing solvent molecules; aging, drying and heat treatment of the resulting gel-like substance to form a solid nanodisperse material with a particle size of up to 100-150 nanometers [63].
A method for activating zeolite catalysts by impregnating their matrix with vanadium xerogel nanoparticles is proposed. The method is simple to implement, and the resulting activated catalyst can be promising in the processes of catalysis of organic substances.
The preparation of catalysts is carried out by contact with the activator in the stationary and fluidized layers depending on the size of the carrier grains: for the preparation of catalysts in a fixed layer, carriers with a grain size of 3-8 mm are used, and for the preparation of catalysts in a fluidized bed-50-700 microns [2, 11, 61].
When using a porous substrate, the catalysts are prepared by spraying or impregnating the carrier with a suspension of water-soluble vanadium salt and solutions of salts of promoting elements, followed by drying and heat treatment at a temperature of about 500 ° C. The use of promoted vanadium oxide, vanadium-molybdenum and mixed catalysts obtained by impregnation of porous corundum with vanadium oxide melt at 750-780 0C was studied. Vanadium oxides deposited on carriers containing various activating elements (Nb, P, Cs, Tl, Sb, etc.) have a high catalytic efficiency.). Carrying out the process in a stationary layer allows to reach the output of the activated catalyst up to 83,2-84,6 % [33, 35].
Activation of zeolite catalysts with nanoscale active particles will not only increase the active surface of the catalyst, but will also facilitate the transition of a significant proportion of the atoms forming its surface to a low-coordinated state, in which they exhibit maximum catalytic activity.
The possibility of forming nanomaterials with a developed porous surface can form the basis for creating catalysts with high reactivity while reducing the content of the catalytically active phase [59, 60].
The choice of vanadium xerogel as an activating material for industrial catalysts was justified by preliminary studies [27, 63], which showed its high reactivity and the possibility of conducting the nanomaterial synthesis process at low temperatures.
Vanadium xerogel was synthesized by the Sol-gel method by interacting vanadium pentoxide and ammonia, which was used to form a molecular structure-forming reagent (template) that promotes the formation of a developed nanomaterial structure, which served as an ammonia complex with a vanadium-oxygen framework [(VO2)x(OH)y·nNH3]y-x  [29, 64].
The main factors affecting the formation of vanadium xerogel are the amount of ammonia introduced into the system, the pH of the medium, the mixing rate, the duration of the process, and the metal concentration in the initial solution. In addition, depending on the specific conditions of nanomaterial synthesis, temperature can have a noticeable effect on the process. Section 1 shows the optimal conditions for the synthesis of vanadium xerogel: СV2O5 = 25 г/л, t = 25 оС, Vр-р:VNH3 = 50:2,рН∼ 4,τ = 30 мин. 
X-ray phase studies revealed that the aging of the resulting xerogel in air at room temperature is accompanied by a change in its structure. The newly extracted gel is dominated by the amorphous component, which gradually decreases. As can be seen (Figure 14), as the duration of aging increases, the main maximum and the regions of 6-8° and another one in the region of 23-26°appear and become more intense on the diffractogram. This indicates the formation of a crystal structure corresponding to the vanadium oxide forms V2O5 и VO2 [28, 65]. X-ray phase analysis of vanadium oxide gels was performed using an X'pert MPD PRO diffractometer.
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Figure 14 – Diffractograms of vanadium gel samples with different duration of its aging

During aging, the amorphous component of the gel passes into a layered hydroxide material.This structure of the xerogel should enhance the catalytic properties when activating the zeolite matrix, since it will increase the contact between the particles in its entire volume [66].
The properties of industrial grade catalysts modified with vanadium xerogel were compared with catalysts in which zeolite mixtures of grades IK-17, KN-4, and KN-30 produced by the Novosibirsk chemical concentrate plant were used as a carrier. The bidisperse structural form of these zeolites is represented in proton form with an inert carrier γ-Al2O3with partial substitution of hydrogen protons for potassium and sodium oxides. These materials were tested by us as the matrix of the sorbents. The carrier layers are a ten-membered ring, and the zeolite itself belongs to the MFI structural type. The pore system of MFI-type zeolites consists of elliptical straight channels with a diameter of 54-56 nm and sinusoidal channels with a diameter of 51-55 nm, which are located perpendicular to each other [67, 68].
The zeolites selected for research are currently used in oil cracking processes[69], but are not used in organic synthesis processes.
Activation of zeolite matrices with vanadium xerogel was performed by the "cold impregnation" method, which is described above in section 2 of the report.
It was found that in the first 15 minutes of impregnation, the zeolite matrix is 63-65% saturated with vanadium xerogel. The duration of impregnation of the zeolite matrix with vanadium xerogel for more than 180 min does not increase the degree of coating of the matrix surface with vanadium ions and is 85-88 %.
Zeolite materials impregnated with vanadium xerogel were first dried for 1 hour at t = 150 °C, then they were heat-treated for 2 hours in a muffle furnace "SNOL" at t = 450 °C in an air atmosphere.
Changes in the chemical composition of zeolite catalysts during their activation with vanadium xerogel were judged by their content of SiO2, Al2O3, Na2O, K2O и V2O5.
The results of chemical analysis of the composition of the initial and activated zeolite catalysts obtained as a result of their impregnation with vanadium xerogel (impregnation duration 180 min, mass of xerogel according to V2O5 from the initial mass of the zeolite catalyst-2.0 wt.%) are shown in table 5.
Analysis of the data obtained shows that as a result of activation, sodium and potassium ions are almost completely removed from the structure of all zeolite catalysts, and nanoparticles of vanadium xerogel are embedded in the structure of zeolite catalysts, and the greatest saturation of vanadium xerogel (85-88 %) was observed when activating the IK-17 zeolite catalyst.
The SiО2/Al2О3 ratio changed: for IR-17 it increased by 40 %, for KN-30 it decreased by 16 %, and for KN-4 it increased by 15 %. The decrease in the aluminum content in zeolite catalysts can be associated with a rearrangement in the octahedral positions, which leads to the transition of the trioctahedral structure to the dioctahedral one with isomorphic substitution of silicon and simultaneous stabilization of the nanoparticles of the oxyvanadium structure [19, 20].
The results of x-ray phase analysis (Figure 15) showed that the activated zeolite catalyst, when introducing vanadium nanoparticles into the aluminosilicate phase, retains the crystal structure unchanged, which is probably due to the isomorphic substitution of sodium and potassium oxides with vanadium oxide forms.

Table 5 – Results of chemical analysis of initial and vanadium xerogel-activated zeolite catalysts
	
Components
	Composition of zeolite catalysts, mass. %

	
	source
	activated

	
	IR-17
	KN-30
	KN-4

	IR-17
	KN-30
	KN-4


	SiO2
	76,20
	66,26
	74,79
	69,38
	63,13
	79,34

	Al2O3
	13,20
	12,88
	11,10
	8,54
	14,54
	10,26

	Na2O
	1,80
	3,16
	4,61
	0,30
	0,10
	0,05

	K2O
	4,27

	5,52

	4,80
	0,21
	-
	0,42

	V2O5
	-
	-
	-
	2,20
	0,87
	1,10

	SiO2/Al2O3
	5,80
	5,10
	6,70
	8,12
	4,30
	7,70
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Figure 15 – Diffractogram of activated zeolite catalyst IK-17

The spatial structure of the aluminosilicate does not change also because the destruction of the octahedral structure does not occur, which is confirmed by the coincidence of interplanar distances in the initial zeolite and zeolite after activation by vanadium xerogel, despite the detection of the phase of vanadium oxides [19, 57].
Based on the data of chemical and x-ray phase analysis, it is assumed that a part of vanadium xerogel nanoparticles in the form of V=O and V-O groups is fixed on the outer surface of the zeolite, while a part migrates to the zeolite channels and is fixed on their surface, replacing hydrogen protons in the brensted and potassium and sodium cations in the Lewis acid centers, which may affect changes in the catalytic properties of the zeolite catalyst [21].
The catalytic activity of samples of zeolite catalysts activated by vanadium xerogel was studied at the D. V. Sokolsky Institute of fuel, catalysis and electrochemistry (Table I). The catalytic activity of the resulting zeolite catalyst activated with vanadium xerogel was determined on a laboratory flow-through unit when studying the conversion of methane to ethylene (oxidative condensation of methane) using synthesis gas.
It was found that the reaction of methane conversion to ethylene corresponds to a homogeneous-heterogeneous mechanism [23, 24]. At the first stage of catalysis, methane activation occurs on the surface of the catalyst, during which the hydrogen atom is separated from the methane molecule to form CH3* radicals, which then undergo recombination and oxidation according to the scheme shown in figure 16[23].
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СОх– a generic term for the carbon oxides CO  and СО2
Figure 16 – Scheme of the reaction of oxidative condensation of methane [23]

Catalysts based on vanadium oxides operate in a periodic oxidation-reduction mode and their catalytic activity is based on the processes of reduction of higher vanadium oxides during catalysis and their subsequent regeneration due to oxidation with oxygen contained in the gas phase [23, 24].
The efficiency of the catalyst is estimated by its ability to create active oxygen centers for breaking the C-H bond in the methane molecule, and it is considered that acceptable indicators for oxidative condensation of methane are: selectivity for ethylene-80 % with methane conversion of 25 % [23].
To study the catalytic properties during the conversion of methane to ethylene, the zeolite catalyst IR-17 was chosen, since its composition revealed the maximum content of vanadium pentoxide (Table 8). Factors that influence the process of oxidative condensation of methane include the reaction temperature, the composition of the synthesis gas, and the nature of the catalyst.
The conditions for methane oxidation in the synthesis gas were maintained as follows: temperature-300-750 °C, molar ratio of gases-CH4:O2 = 2:1, CH4:H2O = 1: 1, volume reaction rate (W) – 8000 h-1. During methane oxidation, ethylene was obtained, the yield of which depended on the temperature of catalysis and the conditions for activating the catalyst with the accepted composition of the synthesis gas (Table 6).

Table 6 – Dependence of ethylene yield during the catalytic oxidation of methane on the mass of vanadium xerogel embedded in the structure of the IK-17 zeolite catalyst
	Mass of vanadium xerogel by V2O5 from the initial mass of the zeolite catalyst, mass. %
	Ethylene yield at t,оС

	
	300
	500
	700
	750

	1
3
5
7
	12,6
21,8
35,6
37,3
	48,6
59,4
68,8
70,1
	77,3
90,5
97,0
97,2
	79,2
90,8
97,2
97,5



The composition of gaseous products of oxidative condensation of methane was analyzed by gas chromatography. As a result of the conducted research, it was found that the maximum yield of ethylene when using a zeolite catalyst activated with vanadium xerogel is observed at the temperature of catalytic oxidation of methane 700-750 0C and the mass of xerogel by V2O5 from the initial mass of the zeolite catalyst in the amount of 5 %. The catalytic properties of the synthesized catalyst remained unchanged during the entire test period (56 hours).
Comparison of the properties of the proposed catalyst based on vanadium xerogel with a conventional catalyst prepared by impregnating the carrier with ammonium metavanadate, which is widely used in the production of ethylene, showed that when using an activated catalyst at a temperature of 700 0C, the ethylene yield reached 97 %, while in the presence of an industrial catalyst, the ethylene yield did not exceed ~ 82 %. Thus, the introduction of vanadium nanoparticles into the structure of the zeolite catalyst can significantly increase its catalytic activity in the methane oxidation reaction.

3.4 Testing of modified sorbents on a test laboratory scale

In this work, natural and synthetic zeolites of various compositions and ratios with the addition of vanadium nanopowder were used for wastewater treatment as a contact material on which ions of harmful impurities are sorbed (a certain mass of nanopowder was added to the zeolite powder by mixing).
We conducted test tests of sorption technology for wastewater treatment from heavy metals and ammonium nitrogen with industrial zeolites and their modified vanadium xerogel forms in the laboratory of the center "Water technologies and water-chemical regimes "of the experimental base of «ENERTEK» LLP (table E). In section 2 of the report, the results of wastewater treatment from lead ion impurity were presented. It was found that the degree of purification of industrial wastewater from lead by modified vanadium xerogel zeolites increases to 96,4 % compared to 85,7% when using industrial sorbents.
It was of interest to study the possibilities of wastewater treatment from non-ferrous metal impurities, which are most often present in them, as well as from nitrogen-containing impurities.
A mixture of Al-containingcarriers (based on zeolite) with high metal content of the following grades KN -30 (TU 2177-011), IK -17 – M (TU 2177-008) and their modified forms in the presence of vanadium nanopowder were used as sorbents.
The concentration of the active phase (vanadium xerogels) on the carrier varied from 0,1% to 20%. After drying the samples under the used temperature conditions, the system was tested in the process of wastewater treatment.
Waste water from pnkhz LLP was used for testing the treatment process. The process of zeolite wastewater treatment was started by loading a 508 ml sorption column with a sorbent (218 ml). Parameters of the sorption process are shown in table 9.

Table 7 – Parameters of the sorption process
	Working parameters
	Unit
	Values

	1 volume of waste water passed through the column
	l
	12,0

	2 mass of the sorbent in the column
	kg
	0,15

	3 the volume of the sorbent in the column
	ml
	218

	4 Volumetric water flow rate
	h-1
	15,3

	5 number of sorption columns
	pcs
	1

	6 sorption Temperature
	°C
	25



The waste water of PPP LLP, which is characterized by a high content of ammonium nitrogen and heavy metals, had the following composition, mg/l: ammonium nitrogen-182.40; nitrates-16.95; nitrites – 4.94; copper – < 0.05; lead – < 0.02; manganese – < 0.24; chromium – < 0.0024; strontium – < 0.50.
The results of purification of waste water from harmful impurities are shown in tables 10, 11.before sorption, 290 ml of water (1 volume of water per 1 volume of sorbent) was poured Into the column to soak and activate the pores of the sorbent. The tests were carried out in the mode of running water discharge with a volume feed rate of 15.3 h-1 through columns with grids on which the sorbent was placed. The volume of wastewater was 200 liters. Next, waste water was supplied from the pressure tank with a flow rate of 3334 ml/h. The mother liquor was fed into a container for collecting the purified solution.

Table 8 – Results of purification of waste water from ammonium nitrogen and metals
	Name of types of pollution
	Waste water composition, mg / l

	
	source
	after the sorption treatment

	
	
	on Al-containing media
(10 l volume)
	on a modified vanadium xerogel sorbent under the conditions of

	
	
	
	static
(volume 10 l)
	dynamic
(volume 20 l )

	Ammonia nitrogen
	182,4
	142, 1
	2,82
	4,24

	Nitrates
	16,95
	12,7
	2,3
	2,04

	Nitrites
	4,94
	3,2
	1,6
	0,94

	Copper
	<0,05
	0,04
	0,02
	0,01

	Lead
	<0,02
	0,016
	0,011
	н/обн

	Manganese
	0,24
	0,18
	0,12
	0,12

	Chrome
	<0,002
	not detected
	not detected
	not detected

	Strontium
	<0,5
	not detected
	not detected
	not detected











Table 9 – Results of wastewater treatment of "PPP" LLP based on the analysis of the accredited laboratory of "Kazekologiya" LLP.
	
POKER
	Unit.
	VALUES


	
	
	Sample WTU-II Systems

	
	
	Normative documents for test methods
	Water before cleaning
	Water after cleaning

	Mineral oils
	mg/DM3
	BRD14.1:2:4.128-98
	0,30
	0,15

	Total hardness
	mg-EQ/L
	S RK2015-2010
	4,5
	0,05

	Total alkalinity
	mg-EQ/L
	S RK2015-2010
	0,4
	0,20

	Solids
	mg/l
	S RK2015-2010
	912,5
	31,0

	Suspended solids
	mg/l
	S RK2015-2010
	41
	0

	COD, biochemical oxygen demand permanganate
	mango2/L
	S RK 1322-2005
	16,0
	0,56

	Calcium
	mg/l
	S RKISO 8288-2005
	44,1
	1,0

	Magnesium
	mg/l
	S RKISO8288-2005
	28,0
	н.о.

	Sulfates
	mg/l
	S RK2016-2010
	303,8
	н.о.

	Chlorides
	mg/l
	S RK2016-2010
	137,0
	4,4

	Iron
	mg/l
	КZ.0700.00934-2014
	0,54
	0,05

	Mineral oils
	mg/l
	S RKИСО 8288-2005
	146,2
	3,3

	NH4
	mg/l
	КZ.0700.00935-2014
	182,4
	4,0

	рН
	-
	GOST 26449.2-85 п.2
	6,81
	5,9



In order to optimize the sorption process under dynamic and static conditions, the transmission rate for solutions with different concentrations of impurities was changed from 1.0 to 2.0 ml / sec. as a result, the flow rate was set to 1.5 ml/sec.

Conclusions for section 3
– testing of the technology for the synthesis of xerogel from vanadium pentoxide when using ammonia as a template was carried out at The Institute of polymer materials and technologies. The initial vanadium pentoxide was prepared on the basis of technical ammonium metavanadate obtained from the black shales of the Greater Karatau.
– methods of physical and chemical analysis confirmed the previously formulated conclusions about the formation of a porous layered structure of a vanadium-containing complex during the interaction of vanadium pentoxide and ammonia. When water is removed from the formed complex, stratified structural fibers are formed, chaotically entangled with filamentous particles;
– a mathematical model of the synthesis process of vanadium xerogel is constructed. Optimization of the regression equation allowed us to obtain controlled technological parameters of the process that allow synthesizing nanomaterials with specified size limits of nanoparticles;
– economic evaluation of the technology of production of xerogel from products of processing of carbon shale showed its effectiveness;
– high sorption properties of natural aluminosilicates, low cost and large reserves in nature served as the basis for their choice as a carrier modified by vanadium xerogel. A mixture of aluminum-containing carriers (based on zeolite) with high metal content, grades KN-30, IK-17-M was used; a method for modifying the carrier with a nanoscale vanadium complex was developed;
– a mathematical model of the process of modifying natural and industrial sorbents was constructed, which allowed determining its optimal conditions;
– sorption treatment of waste water from "PPP" LLP and "Zhersu Power" LLP from metal impurities and ammonium nitrogen is considered. It is established that when using modified ionite KN-30 as a sorbent, a significant increase in the sorption capacity of ionite is observed, in particular for ammonium nitrogen-from 22.09 % (initial KN-30) to 98.45 % (modified KN-30);
– the possibility of using synthesized vanadium xerogel in the production technology of catalysts was investigated; zeolite mixtures used earlier for the production of sorbents were used as a carrier; the method of modifying the zeolite matrix with vanadium xerogel was developed; comparison of the properties of a catalyst modified with vanadium xerogel with a catalyst based on ammonium metavanadate, which is widely used in the production of ethylene, showed that the yield of ethylene on the synthesized catalyst reaches 97 %, while on an industrial catalyst based on NH4VO3, the yield of ethylene does not exceed ~ 82 %. Thus, the synthesized catalyst based on vanadium xerogel showed high catalytic characteristics.







CONCLUSION

Summary of research results.
According to the results of the research we can draw the following conclusions:
– analysis of the literature data showed that nanostructures based on oxides of the 3d elements, in particular xerogel vanadium, are promising from the point of view of modification of natural and industrial sorbents and catalysts, increasing the efficiency of their actions by changing their structure; as raw materials of xerogel vanadium pentoxide use it, and as of template – ammonia involved in the formation of the ammonium vanadium complex;
– high-purity vanadium pentoxide is required for the production of vanadium xerogel. We have proposed the production of vanadium pentoxide from technical ammonium metavanadate technology for processing Large Karatau shale, whose reserves amount to hundreds of millions of tons, by recrystallization of NH4VO3 and after drying its thermal dissociation;
– conditions for the synthesis of vanadium xerogel by Sol-gel method by interaction of V2O5 and 30% NH3 were established. The results of thermodynamic analysis of vanadium-containing systems have shown that the formation of complex vanadium ions and compounds in the V-N-Н2Оsystem occurs spontaneously with the formation of [(VO2)х(ОН-)у∙nNH3]у-х complexes, which ensure its high solubility. By selecting the conditions for the formation of vanadium-containing ammonia particles and the occurrence of coagulation contact between the particles, it is possible to cause structuring of the material; it was found that the main factors affecting the formation of metal xerogel are the pH of the medium, the duration of the process, and the metal concentration in the initial solution;
– the formation of a quasi-one-dimensional layered structure of a xerogel with ribbon fibers 100-600 nm long and up to 25 nm wide with an interlayer distance of 150-200 nm was established by physical and chemical analysis methods;
– vanadium xerogel is recommended as a modifying additive in sorbents and catalysts; mixtures of aluminum-containing carriers, in particular kN-30 and IK-17-M grades, whose properties have been studied by physical and chemical analysis, are selected as matrix materials;
– conditions for modification of sorbents and catalysts with vanadium xerogel have been worked out. Thus, modification of natural zeolite by "cold impregnation" allows to achieve the degree of absorption of vanadium xerogel by zeolite at least 97 %;
– the developed technology of xerogel synthesis was tested at the Institute of polymer materials and technologies. The initial vanadium pentoxide was prepared on the basis of technical ammonium metavanadate obtained from the black shales of the Greater Karatau;
–  methods of physical and chemical analysis confirmed the previously formulated conclusions about the formation of a porous layered structure of a nanoscale complex in the process of interaction of vanadium pentoxide and ammonia, which, when water is removed, forms stratified structural fibers chaotically entangled with nitric particles;
–  a mathematical model of the synthesis process of vanadium xerogel is constructed. Optimization of the regression equation allowed us to obtain controlled technological parameters of the process that allow synthesizing nanomaterials with specified size limits of nanoparticles;
–  an economic assessment of the technology for the production of vanadium xerogel from carbon shale processing products has shown its effectiveness;
–  high sorption properties of natural aluminosilicates, low cost and large reserves in nature served as the basis for their choice as a carrier modified with vanadium xerogel;
–  a mathematical model of the process of modification of natural and industrial sorbents was constructed, which allowed determining its optimal conditions. The results of calculations were verified on a test laboratory scale;
–  sorption treatment of waste water from "PPP" LLP and "Zhersu Power" LLP from metal impurities and ammonium nitrogen is considered. When using modified ionite KN-30 as a sorbent, a significant increase in the sorption capacity of ionite is observed, in particular for ammonium nitrogen-from 22.09 % (initial KN-30) to 98.45 % (modified KN-30), and the concentration of lead ions in one sorption-desorption cycle occurs 130 times;
–  comparison of the properties of a catalyst modified with vanadium xerogel with a catalyst based on ammonium metavanadate showed that the yield of ethylene on the synthesized catalyst reaches 97 %, while on an industrial catalyst based on NH4VO3, the yield of ethylene does not exceed ~ 82 %.
Assessment of the completeness of the solution of tasks. The tasks set for all stages of the project were completed in full: the analysis of literature data on the creation of vanadium xerogel, its application, and thermodynamic justification of the possibility of xerogel synthesis. The conditions for the synthesis of vanadium xerogel with mathematical processing of the results were studied; its structure was established by physical and chemical studies.
Natural sorbent and industrial catalyst, carriers and substrates were selected; conditions for modification of selected materials with vanadium xerogel were worked out; properties, composition and structure of modified sorbents and catalysts were studied. The obtained results of methods for the synthesis of vanadium xerogel and modification by the vanadium complex of natural and industrial aluminosilicates were tested on a test laboratory scale;
Organizational and logistical support for research. Research was carried out at the Department of "Metallurgical processes, heat engineering and technology of special materials" and in the Laboratory of engineering profile of Kaznit named after K. I. Satpayev. Team of performers – 1 Dr. tech. 1 Cand. Techn. PhD, 2 doctors, 2 masters, 1 Junior researcher with experience in the field of rare and scattered element technology, practical skills in working with sorption systems and catalytic processes,
The project has the necessary research infrastructure: production areas (3 laboratories with a total area of more than 130 m2), research equipment (modern muffle and tube furnaces, technical and analytical scales, centrifuges, derivatograph, photoelectrocolorimeter, spectrophotometer, pH meter and ionomers, automatic titration unit, distiller, necessary office equipment with application programs), access to sources of scientific and technical information. Used equipment of laboratory of engineering profile KazNTU. Specialists of specialized laboratories of the research Institute of the Republic of Kazakhstan were involved in performing physical and chemical analyses. Patent and license security of works was carried out by the relevant service of the organization at all stages of the project.
Assessment of the scientific and technical level of research performed in comparison with the best achievements in this field. The scientific and technical level of the project's research is high, meets the achievements of modern science and technology, and differs from well-known research in that the results obtained allow synthesizing vanadium xerogel without high-temperature heating of the system. Sorbents and catalysts modified with synthesized vanadium xerogel have higher technological performance compared to known analogues.
Assessment of technical and economic efficiency of implementation. The development of a method for obtaining vanadium xerogel and its modification of industrial carriers will allow obtaining new materials with high sorption and catalytic properties. Economic assessment allowed us to state that the profitability of production can reach 36 %, the payback period of the proposed technology is 5 years.
Thus, vanadium xerogel can be successfully used as a modifier of sorbents and catalysts, improving their performance. The materials will not have a high cost, since the raw material base of vanadium xerogel is its pentoxide, which is extracted from the product of processing of black shales of the Republic of Kazakhstan, whose reserves are significant. In addition, aluminosilicates used as a carrier of catalysts and sorbents are natural materials that are rich in the subsoil of Kazakhstan.
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Appendices 1.16
to the agreement №         of 2018
for grant funding

TECHNICAL SPECIFICATION AND
JOB SCHEDULE

Under contract no____ of 2018_________________

1. Non-commercial joint stock company
“Kazakh national research technical University
named after K. I. Satpayev”

1.1 By priority: 1. rational use of natural resources, including water resources, Geology, processing, new materials and technologies, safe products and structures
1.2  By sub-priority: New multi-purpose materials based on natural raw materials and man-made waste
1.3  Project topic: no. AR05134196 "Development of technology for producing high-Performance catalysts and sorbents modified with vanadium xerogel»
1.4  The Total amount of the project is 15,100,000 (fifteen million one hundred thousand) tenge, including by year, for the performance of works in accordance with paragraph 3:
              - for 2018 - in the amount of 5,000,000 (five million) tenge;
              - for 2019 - in the amount of 5,045,000 (five million forty-five thousand) tenge;
              - for 2020 - in the amount of 5,055,000 (five million fifty-five thousand) tenge.

2. Characteristics of scientific and technical products according to the educational characteristics and economic indicators
2.1 Direction of work: technologies for producing modified catalysts and sorbents.
2.2 Field of application: chemistry and metallurgy
2.3 Final result:

-for 2018: Justification and development of conditions for the synthesis of vanadium xerogel. Publications: 1 article, 1 report;
- for 2019: Conditions for obtaining and properties of catalysts and inorganic sorbents modified with vanadium xerogel. Publications: 1 article, 1 report;
- for 2020: testing the technology on a test laboratory scale. Publications: 1 article. 1 report, 1 application for an invention.

2.4 Patentability: patentable.
2.5 Scientific and technical level (novelty): the scientific novelty of the project is to create an innovative technology for producing nanomaterial - vanadium xerogl, which, due to its activity and developed structure and morphology, can act as a modifying agent for the development of affective catalysts and inorganic sorbents.
2.6 The use of scientific and technical products is carried out by: the Customer and the Contractor together.
2.7 Type of use of the result of scientific and (or) scientific and technical activities: Technology, prototypes, security documents of the publication.


2. The name of the work, terms of their implementation and results

	 Cipher of task, stage
	Name of Work under the contract and the main stages of its implementation*
	Due date*
	Expected result*

	
	
	Beginning
	The end
	

	1
	Justification and study of the process of obtaining vanadium xerogel from black shales of the Greater Karatau.
	January 2018
	1 November
2018
	The processes of obtaining vanadium xerogel from the black shales of the Greater Karatau will be substantiated and studied. 
Conditions for the synthesis of vanadium xerogel will be justified and studied. 1 article in a peer-reviewed Russian journal with a non-zero impact factor and 1 report will be published

	1.1
	Current state of production of xerogel based on vanadium pentoxide.
	January 2018
	Мarch
2018
	The current state of production of xerogel based on vanadium pentoxide will be studied.
Literature data on the research topic will be analyzed.

	1.2
	Physical and chemical analysis of raw materials and thermodynamic calculations of the possibility of synthesis of vanadium xerogel
	April 2018
	June
2018
	Physical and chemical analysis of raw materials and thermodynamic calculations of the possibility of synthesis of vanadium xerogel will be performed.
The composition of the initial materials and thermodynamic calculations of the possibility of synthesis of vanadium xerogel will be determined.

	1.3
	Working out the conditions for the synthesis of vanadium xerogel
	July
2018
	September 2018
	Conditions for the synthesis of vanadium xerogel will be worked out. A mathematical model for the synthesis of vanadium xerogel and its optimization will be developed

	1.4
	Study of the properties of the obtained vanadium xerogel.
	October
2018
	1November
2018
	The properties of the resulting vanadium xerogel will be studied.
The structure and morphology of vanadium xerogel will be studied.

	2
	Development of technology for producing high-performance catalysts and inorganic sorbents modified with vanadium xerogel and study of their properties.
	January
2019
	1
November
2019
	A technology for producing high-performance catalysts and inorganic sorbents modified with vanadium xerogel and studying their properties will be developed.
The conditions for obtaining and properties of catalysts and inorganic sorbents modified with vanadium xerogel will be developed. 
1 article will be published in a peer-reviewed foreign publication with a non-zero impact factor and 1 report.

	2.1
	Selection of natural sorbent and industrial catalyst, carriers and substrates.
	January
2019
	Маrch
2019
	Natural sorbent and industrial catalyst, carrier and substrate will be selected.
Exploratory research will be carried out on the properties of natural sorbent and industrial catalyst, carriers and substrates.

	2.2
	Working out the conditions for modification of selected materials with vanadium xerogel
	Аpril
2019
	June
2019
	Conditions for modification of selected materials with vanadium xerogel were worked out.
Conditions for modification of natural sorbents and industrial catalysts will be worked out.

	2.3
	Study of properties, composition and structure of modified sorbents.
	July
2019
	September 2019
	The properties, composition and structure of modified sorbents will be studied.

	2.4
	Study of properties, composition, and structure of modified catalysts.
	Оctober
2019
	1
November
2019
	The properties, composition and structure of modified catalysts will be studied.

	3
	Testing of new modified materials on a test laboratory scale.
	January
2020
	1
November
2020
	The developed modified materials will be tested on a test laboratory scale. 
The technology will be tested on a test laboratory scale. 
2 articles will be published in foreign journals with a non - zero impact factor indexed by the Scopus database, 1 report and 1 application for an invention will be submitted


	3.1
	Testing of the synthesis of xerogel of vanadium and a study of the properties during its ageing.
	January
2020
	Маrch
2020
	The synthesis of vanadium xerogel and the study of its aging properties will be tested.
The proposed technology will be tested on a test laboratory scale.

	3.2
	Working out conditions
Modification of sorbents with vanadium xerogel
	Аpril
2020
	JUNE
2020
	Conditions for modifying sorbents with vanadium xerogel will be worked out.
A mathematical model for modifying sorbents with vanadium xerogel and its optimization will be developed.

	3.3
	Approbation of conditions for modification of sorbents on a test laboratory scale.
	July
2020
	September 2020
	Conditions for modification of sorbents will be tested in the test laboratory mass.
The proposed technology will be tested on a test laboratory scale.

	3.4
	Testing of sorption sorbents on a test laboratory scale
	Оctober 2020
	1 November
2020
	Sorption sorbents will be tested on a test laboratory scale.
The proposed technology will be tested on a test laboratory scale.
2 articles will be published in foreign journals with a non - zero impact factor indexed by the Scopus database, 1 report and 1 application for an invention will be submitted.
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List of published works for 2018-2020


	Output data of works
	
Link

	2018 year

	1
	Baikonurova A.O., Usolzheva G.A., Markomedova M.S. Carbonaceous-silicon shales of the Great Karatau field - a potential source of production of vanadium xerogel (Углеродисто-кремнистые  сланцы  месторождения Большого Каратау – потенциальный источник получения ксерогеля ванадия) // XVIII International scientific conference «The priorities of the world science: experiments and scientific debate» in the section «Engineering»,25-26 July 2018, North Charleston, SC, USA, р. 20-23
	http://otkritieinfo.ru/d/669057/d/sbornik_prioritety_18.pdf

	2
	Baikonurova A.O., Ussoltseva G.A., Markametova M.S., Nurzhanova S.B., Akpanbayev R.S. The Equilibrium State of Compounds of Vanadium, Capable of Spontaneous Structure (Синтез ксерогеля ванадия золь-гель методом) // Reports NAS of RK, № 4, November 320 (2018), P. 5-11.
	https:///nauka-nanrk.kz/assets/assets/magazine%202018%204/Reports 04_2018.pdf

	2019 year

	3
	Baikonurova A.O., Markomedova M.S., Usolzheva G.A., Altmicbaeva A.J., Orazimbetova S.J. Synthesis of vanadium ash gel xerogel by the method (Изучение условий синтеза ксерогеля ванадия) / ""Prospectsforthe Development of Modern Science" –MaterialsoftheIVInternationalScientific-PracticalConference, March 20 - 22, 2019. – Gwangju, Korea. – P. 107-111.
	https:///drive.google.com/file/d/1gM-BwmbNYkwUF9zBeTEnlsiExhjUc7C/view

	4
	Zhekenbay A.K., Altmyshbaeva A.J., Baikonurova A.O., Markomedova M.S. Study of conditions for synthesis of vanadium xerogel (Изучение условий синтеза ксерогеля ванадия) // Innovative technologies - key to successful solution of fundamental and applied problems in the ore and oil and gas sectors of the economy of RK. - 2019. - T.1. - S. 733-736.
	https:///official.satbayev.university/ru/y-materialsatpaevskikh-chteniy

	5
	Baikonurova A.O., Markomedova M.S., Usolzhev G.A., Konyratbekova S.S. Influence of the conditions of synthesis of the xenogol vanadium on its structure (Влияние условий синтеза ксерогеля ванадия на его структуру) // Natural and technological sciences. -   8. - 2019. - P. 167-173.
	https://yadi.sk/i/fKP76duoHJ0vA

	6
	Baikonurova A.O., Usolzheva G.A., Nurzhinova S.S., Markomedov M.S. Study of the composition, structure and sorption properties of aluminosilicates modified by vanadium xerogel (Изучение состава, структуры и сорбционных свойств алюмосиликатов, модифицированных ксерогелем ванадия) // «The role of innovation in the transformation of modern society», Zhezkazgan, 2019, P.50-54

	https:///www.zhezu.kz/index.php/ru/20190909-23-1155-05

	2020 year

	7
	Usolzheva G.A, Baikonurova A.O., Markomedova M.S., Altmyshbayeva A.J., Nurzhnova S.B. Properties of catalysts activated by vanadiya xerogel (Свойства катализаторов, активированных ксерогелем ванадия) / Materials of the XXIV International Scientific and Practical Conference «Innovative development of modern science» IRS-24. 10 June 2020, Russia, Mr. Anapa, S.129-135
	https://innovaova-science.ru/wp-content/upls/2020/06/sbornik-nauchnyh-trudov-10.06.202irs0--24.pdf

	8
	Usolzheva G.A., Baikonurova A.O., Markomedova M.S., Nurzhinova S.B. Physico-chemical properties of zeolitic catalysts activated by the xenogol vanadium (Физико-химические свойства цеолитных катализаторов, активированных ксерогелем ванадия) // Non-ferrous metals. Rare metals, semiconductors. - 2020. -   7.- C. 33-40. ISSN 0372-2929
	https:///www.rudmet.ru/catalog/journals/4/1935/

	9
	Baikonurova A.O., Usolzheva G.A., Nurzhinova S.S., Markomedov M.S. Method for purifying waste water of metal ions (Способ очистки сточных вод от ионов металлов) / Application for invention at the stage of submission for consideration
	Application for the grant of a patent No. 2020/0434.1
(Appendix I)


	10
	Baikonurova A.О., Markametova M.S., Nurzhanova S.B., Ussoltseva G.A., Altmyshbayeva A.Z. Development of the conditions modification of zeolites by synthesized Xerogel of vanadium |//
	Attached is a certificate of acceptance for publication
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Application for the grant of a patent
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APPENDIX D

Karatau quartzite processing schemes
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Figure G.1 – Technological scheme for the processing of Karatau quartzite
[image: Описание: D:\Users\User\Рабочий стол\111.jpg]

Figure D.2 – Apparatus and technological scheme for the processing of Karatau quartzite































APPENDIX E

Optimization of the obtained mathematical models for the synthesis of vanadium xerogel

Table D. 1 – Boundary conditions for the synthesis of vanadium xerogel
	Process conditions
	X1, (рН)
	X2, (Vр-р :VNH3)
	X3, (τ)

	Lower level
	   2,8
	        50:1
	30

	Top level
	    4
	        50:2
	120



Table D. 2–Extended matrix of the full factor experiment
	№
	Х1
	Х2
	Х3
	Х1Х2
	Х1Х3
	Х2Х3
	Х1Х2Х3
	Y1
	Y2
	


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1
	+
	+
	+
	+
	+
	+
	+
	91,7
	93,2
	92,45

	2
	-
	+
	+
	-
	-
	+
	-
	6,7
	8,5
	7,6

	3
	-
	-
	+
	+
	-
	-
	+
	16.7
	17,8
	17,25

	4
	-
	+
	-
	-
	+
	-
	+
	15
	15,6
	15,3

	5
	+
	+
	-
	+
	-
	-
	-
	96,7
	97,5
	97,1

	6
	+
	-
	-
	-
	-
	+
	+
	75
	77,8
	76,4

	7
	+
	-
	+
	-
	+
	+
	-
	50
	51,7
	50,9

	8
	-
	-
	-
	+
	+
	+
	-
	46,7
	48,3
	47,5

	Y0 = 50,56 %



The optimization of the obtained mathematical models was carried out using computer technologies by a graphical method with setting one of the factors to a constant value.
The response surfaces are obtained in coordinates:
The obtained mathematical models were optimized using computer technologies using a graphical method when one of the factors was set as a constant value.
Response surfaces are obtained in coordinates:
Y = ƒ (X2; X3) приX1=1, X1 = 0, 1X1= -1  (FigureВ.1, В.2);
Y = ƒ (X1; X3) приX2=1, X2 = 0, 1X2= -1  (FigureВ.3, В.4);
 if the values of the encoded variable X3 are constant: X1, X2 are mutually influencing factors.[image: ]
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Figure D. 1 – process response Surfaces with constant values of the encoded variable: (а) X1= 1,(б) X1= 0, (в) X1 = -1 X1
[image: ]
Figure D. 2 – Superimposition of the response surfaces of the vanadium xerogel synthesis process with constant values of the encoded variable X1
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Figure D. 3 – response Surfaces of the xerogel synthesis process with a constant value of the variable X2: (а) X2 = 1, (б) X2 = 0, (в) X2 = -1 
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Figure D. 4 – superimposition of response Surfaces of the vanadium xerogel synthesis process with constant values of the encoded variable X2

Based on the obtained response surfaces, one can clearly see not only the extremum regions, but also the optimal points in the given intervals of variation of the factors X1,X2, X3. 
Depending on the further use, it is possible to synthesize nanomaterials of various dimensions (1 ÷ 100 nm). It has been established that to obtain the maximum size of vanadium xerogel nanoparticles, it is necessary to observe the following synthesis modes X1 = 1; X2 = 1; X3 = 1, which corresponds to pH 4, Vsol: Vsol:VNH3 = 50:2,  τ = 120 min. To obtain the minimum size of vanadium xerogel nanoparticles, the following synthesis mode must be observed X1 = -1; X2 = -1; X3 = -1, which corresponds to pH  2,8,Vsol:VNH3  = 50:1,  τ = 30 min.
Experimental studies carried out under conditions corresponding to the optimal points of the model made it possible to obtain a vanadium xerogel with the following average particle sizes:
- while maintaining the pH of the medium at 4, Vsol :VNH3 = 50:2, τ = 120 min, the size of vanadium xerogel nanoparticles was 54 nm;
- while maintaining the pH of the medium at 2.8, Vsol :VNH3 =  50:1, τ = 30 min, the size of vanadium xerogel nanoparticles was 5.5 nm.
If it is necessary to expand the variation interval, you can use the resulting model, predicting the synthesis conditions.

























APPENDIX F

Approximate technical and economic calculation of vanadium xerogel synthesis technology indicators

The economic effect was calculated from the profit of sales of vanadium xerogel. Calculations were performed using the Russian standard Alt. Invest program, which is used in Kazakhstan. It allows in automatic mode, rassmatrivayut calculate the efficiency of the process, considering all types of taxes in accordance with tax legislation of the RK (income tax on legal entities (profit tax), social payments (insurance and pension levy), land tax, property, VAT.
The construction costs of buildings and structures were not taken into account, because the necessary equipment can be placed in the workshops of metallurgical plants for the production of vanadium. Additional investments for the implementation of the technology for obtaining vanadium xerogel were calculated based on material flows and equipment performance. Investment costs included the cost of investment in fixed assets. Investment costs in working capital were formed from own and borrowed funds.
The minimum need for working capital was determined using the following criteria:funds available to create reserves in case of delays in payments. The composition and size of working capital were determined by the needs and requests of the technology. Working capital was defined as the difference between current assets and liabilities. The forecast of the initial working capital requirement for elements was calculated based on the annual increase in net working capital.
Current expenses were determined based on the linear growth of conditionally variable expenses depending on the growth of indicators of production volumes and set values for the main time interval of conditionally fixed expenses. Direct material costs were determined by the cost of purchased raw materials (tables E.1, E.2), as well as the cost of energy resources, maintenance of equipment, transportation costs, and wages of production personnel.Administrative expenses (overheads) included the costs of training staff and the project development period, salaries with accruals of administrative and management personnel, and sales expenses. When forming the cost of production, depreciation charges were determined based on the design useful life of fixed assets.
The main costs of obtaining vanadium xerogel arecosts for raw materials, basic materials, energy, wages, amortization, shop and General plantexpenses. The costs of basic materials and their cost were determined based on the data of consolidated tests and calculations in accordance with current wholesale prices and consumption coefficients. The time interval is 6 years. Electricity and water costs are based on the average technical and economic indicators of industrial enterprises.The main technological equipment is shown in table E. 3.
The number of SPTS and salary expenses of production workers, as well as shop staff, were determined taking into account the experience of operating existing production facilities. The calculation of the number of production personal by category and the annual salary Fund is shown in table G. 4. Accruals for wages and social insurance deductionsyou are in accordance with current regulations. Overhead production costs include the cost of maintaining and operating the main equipment.

Table E. 1 – Consumption of raw materials per 100 kg of vanadium xerogel
	Name
	1year
	2-4 year
	5 year
	6 year
	Total

	The ammonium metavanadate, kg
	10
	30
	10
	10
	60

	Ammonia, l
	5,6
	10,18
	5,6
	5,6
	30,36

	Distilled water, l
	1000
	3000
	1000
	1000
	6000

	Containers for solutions, PCs
	200
	600
	200
	200
	1200

	Alund crucible, PCs
	100
	300
	100
	100
	600



Table E. 2 – raw material costs, tenge
	Name
	1year
	2-4 year
	5 year
	6 year
	Total

	The ammonium metavanadate
	6000
	18000
	6000
	6000
	36000

	Ammonia
	3578
	10735,2
	3578
	3578
	21470,4

	Distilled water
	10000
	30000
	10000
	10000
	60000

	Containers for solutions
	40000
	120000
	40000
	40000
	240000

	Alund crucible
	7000
	21000
	7000
	7000
	42000

	Total expenses (without VAT)
	66578
	199735,2
	66578
	66578
	399470,4

	VAT to expenses
	13981,38
	41944,392
	13981,38
	13981,38
	83888,784



Table E.3 – List and cost of equipment used, thousand tenge
	Permanent assets
	"0"
	1 year
	2-4 year
	5 year
	6 year
	Total

	Muffle oven 1 PC.

	Carrying amount
	120
	120
	120
	120
	120
	-

	Residual value
	120
	108
	72
	60
	48
	-

	Depreciation
	0
	12
	36
	12
	12
	72

	Electric mixer 2 PCs

	Carrying amount
	100
	100
	100
	100
	100
	-

	Residual value
	
	90
	60
	50
	40
	-

	Depreciation
	0
	10
	30
	10
	10
	60

	Nutch filter (S = 1.5 m2), 1 PC.

	Carrying amount
	180
	180
	180
	180
	180
	-

	Residual value
	180
	162
	108
	90
	72
	-

	Depreciation
	0
	18
	54
	18
	18
	108

	Other equipment and deferred expenses

	Carrying amount
	150
	150
	150
	150
	150
	-

	Residual value
	150
	135
	90
	75
	60
	-

	Depreciation
	0
	15
	45
	15
	15
	90 

	Total depreciation charges
	0
	55
	165
	55
	55
	330



Operating costs for a period of 1-6 years and the amount of capital costs are presented in table E.5.The analysis of the project development efficiency was performed using the following indicators: return on investment; net present income; internal rate of return; payback period of the project.
The main economic indicators of the proposed technology for producing vanadium xerogel are shown in table E. 6.

Table G. 4 – Number and salary of production personnel
	Category of personnel
	Unit
	1 year
	2-4 year
	5 year
	6 year
	Total

	Main industrial and production personnel

	Apparatchik (IV category)
	people
	2
	2
	2
	2
	-

	- monthly salary
	tenge / month
	60 000
	60 000
	60 000
	60 000
	-

	- salary expenses
	thousand tenge people
	1440

	4320
	1440
	1440
	8640

	Number of main production personnel
	
	2
	2
	2
	2
	-

	Salary of the main production staff
	thousand tenge people
	1440
	4320
	1440
	1440
	8640

	Payroll accruals (unified social tax+insurance)
	thousand tenge people
	302,4
	907,2
	302,4
	302,4
	1814,4

	Auxiliary industrial and production personnel

	Locksmith
	people
	1
	1
	1
	1
	-

	 - monthly salary
	tenge / month
	50000
	50 000
	50 000
	50 000
	-

	 - the salary costs
	thousand tenge people
	600
	1800
	600
	600
	3600

	Number of support staff
	people
	1
	1
	1
	1
	-

	Salary of support staff
	thousand tenge people
	600
	1800
	600
	600
	3600

	Payroll accruals (unified social tax+insurance)
	thousand tenge people
	126
	378
	126
	126
	756

	Administrative and managerial staff

	Head of Department
	people
	1
	1
	1
	1
	-

	- monthly salary
	tenge / month
	100 000
	100 000
	100 000
	100 000
	-

	- salary expenses
	thousand tenge
	1200
	3600
	1200
	1200
	7200

	Sales engineer
	people
	1
	1
	1
	1
	-

	- monthly salary
	thousand tenge
	80 000
	80 000
	80 000
	80 000
	-

	- salary expenses
	thousand tenge
	960
	2880
	960
	960
	5760

	Number of administrative and management personnel
	people
	2
	2
	2
	2
	-

	Salary of administrative and administrative staff
	thousand tenge
	2160
	6480
	2160
	2160
	12960

	Payroll accruals (unified social tax+insurance)
	thousand tenge
	453,6
	1360,8
	453,6
	453,6
	2761,6

	Total number of employees
	people
	5
	5
	5
	5
	-

	Total salary expenses
	thousand tenge
	4200
	12600
	4200
	4200
	25200

	Total payroll accruals (unified socialtax+insurance)
	thousand tenge
	882
	2646
	882
	882
	5292





Table E. 5 – Operating expenses, thousand tenge
	Current expenditure
	1 year
	2-4 year
	5 year
	6 year
	Total

	Raw materials
	66,578
	199,7352
	66,578
	66,578
	399,4704

	Production staff salary
	2040
	6120
	2040
	2040
	12240

	Payroll accruals (unified social tax + insurance)
	428,4
	1285,2
	428,4
	428,4
	2570,4

	Other current expenses, including:
	50
	150
	50
	50
	300

	- electricity
	100
	300
	100
	100
	600

	- water
	4
	12
	4
	4
	24

	- current equipment repairs
	80
	240
	80
	80
	480

	General expenses

	Salary of administrative and administrative staff
	2160
	6480
	2160
	2160
	12960

	Payroll accruals (unified social tax+insurance)
	453,6
	1360,8
	453,6
	453,6
	2721,6

	Other General expenses:
	35
	105
	35
	35
	210

	- electricity for lighting
	10
	30
	10
	10
	60

	- steam for heating, water for household needs
	25
	75
	25
	25
	150

	- current repairs of the building and inventory
	1,5
	4,5
	1,5
	1,5
	9

	- other expenses
	2,5
	7,5
	2,5
	2,5
	15

	Operating cost
	5456,578
	16369,734
	5456,578
	5456,578
	32739,468

	Depreciation
	15
	45
	15
	15
	90

	Total running costs
	5471,578
	16414,734
	5471,578
	5471,578
	32829,468

	VAT to total current expenses
	1149,031
	3447,094
	1149,031
	1149,031
	6894,188



Table G. 6 – Main indicators of the proposed technology, thousand tenge
	Indicators
	"0"
	1 year
	2-4 year
	5 year
	6 year
	Total

	Sales proceeds
	0
	6545
	19635
	6545
	6545
	39270

	Given the costs
	0
	5471,578
	16414,734
	5471,578
	5471,578
	32829,468

	Net income
	0
	1073,422
	3220,266
	1073,422
	1073,422
	6440,532

	The same, cumulative total
	0
	1073,422
	4293,688
	5367,11
	6440,532
	6440,532



Net income for the year with a production capacity of 100 kg per year of vanadium xerogel will be 1073,422 thousand tenge, the profitability of production is 36 %, the payback period of the proposed technology is 5 years.
Thus, an approximate technical and economic assessment of the proposed technology for producing vanadium xerogel showed its effectiveness.









































APPENDIX G

Act of laboratory tests for the preparation and use of catalysts based on vanadium xerogel
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APPENDIX H

Technology laboratory tests
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APPENDIX I

Extracts from the minutes of the discussion of the report
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APPENDIX J

Forms for grant financing (results for 2018-2020)
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Grant financing
(results for 2020)
	Полное наименование организации-исполнителя
	Номер гранта
	Вид исследований
	Наименование проекта
	Дата начала проекта
	Дата завершения проекта

	Некоммерческое акционерное общество «Казахский национальный технический университет имени К.И. Сатпаева»
	AP05134196
	Прикладные
	Разработка технологии получения высокоэффективных катализаторов и сорбентов, модифицированных ксерогелем ванадия
	05.03.2018
	01.11.2020

	Вид полученного результата

	Апробация разработанных модифицированных материалов в тестовом лабораторном масштабе 

	

	Патенты**

	Количество инновационных патентов или авторских свидетельств
	Количество казахстанских патентов
	Количество евразийского патента
	Количество международных патентов ОЭСР
	Количество иных международных патентов
	Реализация патента

	0
	1 заявка на патент
	0
	0
	0
	0

	Внедрение результатов**

	Номер
	Наименование внедрения
	Тип внедрения (технология, стандарт, рекомендация, методика, другое)
	Место внедрения (за исключением организации-исполнителя)*

	1
	Акт  испытаний модифицированных катализаторов 
	Лабораторные в тестовом масштабе
	Г. Алматы, АО «Институт топлива, катализа и электрохимии им. Д.И. Сокольского»

	2
	Акт  испытаний модифицированных сорбентов
	Лабораторные в тестовом масштабе
	Г. Алматы, ТОО «ТрансСервис Ко»

	Публикации**

	Количество опубликованных докладов и статьи по результатам исследований на международных конференциях, имеющих импакт-фактор
	Количество опубликованных докладов и статьи по результатам исследований на региональных и местных  конференциях

	2
	1

	
	

	Подготовка кадров**

	Количество исполнителей, имеющих ученую степень
	4

	Количество зарубежных ученых, привлеченных к НИР
	0

	Участие PhD студентов, магистрантов в проведении исследований в рамках подготовки своих диссертаций
	1

	Приложения (приложите необходимые документы, подтверждающие представляемые данные) 

	Научный руководитель проекта__________________  /Байконурова А.О. /
	+ 7 (707) 777-42-62 a.baikonurova@yandex.kz

	
	

	
Проректор по науке____________________________  /А.Х. Сыздыков/
	
A.Syzdykov@satbayev.university

	
	

	
	

	
	

	Подтверждение: Я подтверждаю, что предоставленная информация в данном отчете является полной и достоверной
Примечание: 
* Указывать каждое значение в отдельной ячейке	
** необходимо приложить копии документов, подтверждающих информацию 
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INockomsky memeio paboTHl  ARIAIOCH  ONpeJeleHHe YCIOBHH — MOMYdeHHS

HCXOJHOTO LIEOTHTa HMeeT pasMep B HETepeate oT 400 2o 2000 Mrou [2].

AHATHIOM NEONHTA OOHApYXEHE! THIPATHPOBAHHEIE COETHHEHHA
AMOMHHHSA, pPOMOHYECKai Cepa H OKCHA KpeMHHA AHATH3  BBIIONHLTH
aBTOMATH3HPOBaHHOM JH(pakToMeTpe IPOH-3 ¢ Cug, — HITyIeHHeM.

Obpasmsl agcopberTa O HecrenoBaEE! MK-CIEKTPOCKONHTIECKHM AHATHIOM C
HCNIOMB30BaHHEM cmekTpoMerpa MogemH «VERTEX 70» ¢mpver Bruker Optics.
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CyujecmeeHHoe eUAHNE YCTOBUA CUHMESA KCEPO2eNs EAHAOUR 30Tb-2eTo MEMOJOM.

Abstract: The article is devoted to the study of the properties of zeolite catalysts
activated by nanostructured vanadium xerogel. It was found that the catalytic proper-
ties of the obtained materials are significantly influenced by the conditions of synthesis
of vanadium xerogel by Sol-gel method.

Knioueevie croea: xamanusamop, HGHOMAMeEPUAn, GKMUSUPOBARUE, KCEPOZeTd
8aHadUs, memMnaam, 301b-2eb Memoo.

Keywords: catalyst, nanomaterial, activation, vanadium, template, Sol-gel
method.
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XBPSKTEHE DM GYHKLIACHANHHOCT S KAT ATHTHHECKX CBOICTS, 70 NOATBEEIKABET CH PASHOOGPaMEM NPOTEKIUBXHE
B KBTRIMTHYECIOAX TIPOLECO08.

Hisyenue SKTMBHOCTH COIAaHHAX KaTATHIETOPOB NOKBSENO, 4O NpH BAPEHDOBANIH COCTABE LEGTATE  COOTHOLIEHI
HHOCOREUHEHMR BIHLMSH W LLEONHTHN O HOCHTENS MOrYT GulT 110y NeHS HaHOKATAIM 3T 0D, SKTHENOCTb KOTODSIX
BIPOUECOR Ka ANTHHECKDN O CRACTIEHIS! METEHS CYLIECTBEHHO IIOBLLLIBT 3 MIIBOCKOMATNICKAIET BN NIPCMBALINGHHOTO
BaHAAMEBONO KaTATMITOPS.

TIpesa70Xe4 METOR SKTHBADOBSHH L ST KSTa/M SSTODO Iy TEM DI TOA VX MATPWEIM HSHONACTIIZM M KCOPOrens
‘Banamus. METOR NPOCT B MCNGAHENI, & NOMY4GEM bl SKTHEHDOBSHHLIA KATAAMISTOP MOXET GTh NEPCNEKTHBEH
BIIPOUECCAX KATANMSA OPIAHMIECAX BELIECTS.
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UeanHT, CTPYXTYPa, KNCROTHM LEHTD.
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Beepenue
'aK M3BECTHO, KATANM3ATOPHl — 3TO BEWeCTBa, KOTO-
YCKODRIOT XHMUHECKHE NIPOLECCH, HO NPH 3TOM He.
MCNLITEBAIOT NPEBPALLEeHIA B XOAE PeaKwyk. B kaTanumi-
HECKY MPOLECCAX CHIKABTCH SHEPIIA aKTMBALMN peax-
WM B pesynsTate 06PAa3IosaHMs NPOMEXYTONHLIX KOM-
MNeKCOB NO CPABHEHMIO C NPOLECCAMM, NPOTEKAIOUMI
663 KaTanMaaTopa. MHOME MOMEKY ikl MCXOTHLX BEUIECTS,
3HEPIS KOTOPBIX GbiN1a HRIOCTATONHA AR aKTMBHBX CTON-
KHOBEHMIA B OOLIYHLIX PEaKLMAX, B NPUCYTCTBMM KaTanuaa-
TOpa CTaHOBATCA AKTUBHLMM. Ha aKTHBHOCTL KaTanaa-
TOPa BAMSIOT NPOMOTOPL! — BEWECTEa, NPU Ao6aBNeHM
KOTOP&IX 8 HOGONLLLKX KOAMYECTEAX 3DDRKTUBHOCTE Akt~

CTBMS KATaAM3IATOPa NOBLALAGTCS.
Bo3MOXHOCTE 06Pa30B8aHNS HAHOMATEPUanos C pas-
BUTOM NOPUCTON NOBEPXHOCTLIO MOXET 1G4 B OCHOBY CO3-

'MEPHLIMIA aKTMEHLIMM YaCTULIAMH HE TONILKO NO3BOMMT yBe-
TM4MTL GKTUBHYIO NOBEPXHOCTL KATA/M3ATOPa, HO Takxe
Gyner cnocobCTROBATL NEPEXOly HAWMTENLHOM oMM

ISSN 0372-2929 «Usernse metannu». 2020. No 7

aToMO8, 06PA3YIoLYAX ErO NOBRPXHOCTL, B HUIKOKOOPAMHH-
POBAHHO@ COCTORHME, NPH KOTOPOM OH# MPOSIBNSIOT MaKCH-
MaEHYIO KATANMTHHECKYIO BKTMBHOCTE.

ORHMM M3 MHOTOSUCAIGHHLX HANPABNEHW NOMYYEHNS
XaTa/M3aTOPOB OPraHYECKOTO CHHTE3a FBNSIETCH AKTHEH-
[POBAHME ANOMOCHAMKATHLX MaTepuancs. Hanbonee Boc-
TpeGoBaHHLIMI ANA STOR LENM ABNSIOTCA LIGONMTH W KaTa-
TM3ATOPS! Ha WX OCHOBR, TaK KaK VX PAJeHTas NpoCTpak-
CTBeHHaR CTPYKTYPa NO3BONMeT CO3NaBaTh YCHOBMA ANR

M3, TaKnX KaK KpEKWHT, PeaKiyti NPOTOHMPOBAHWS, Pa3-
PYWeHHME M NONMMEPH3ALMR CoeauHeHmR [3].

Otpenchibie S¥eiiky LEONWTOR NPRACTABNMIOT COBOR
TeTPas/PL U3 KaTHOHOB KDeMsMR Si** W amommma AP,
XOTOPHE OKPYXEH! YETHIpLMS OTDALATENLHO 3APAXEH-
HLIM MOHAMM KMCNIOPOAA, B PedyfbTaTe ero TeTpas-
AP, OCHOBY KOTOPGX COCTABNRAT KPEMHMT, HO ADRXEHE,
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RESUMO
|
Palavras-chave:
ABSTRACT

The production of nanomaterials with a developed porous surface reveals ample opportunities to create
effective modified ion exchange materials, catalysts, carriers, and substrates. In this regard, of significant interest
is the synthesis of nanomaterials based on vanadium compounds, which have a unique ability to complex
formation, with the production of spatial partially ordered highly developed layered nanoscale structures. The
article is devoted to the study ofstudying conditions for the modification of natural aluminosilicates by synthesized
'vanadium-containing xerogel to produce nanocomposite material with high catalytic properties. To substantiate
the possibility of the synthesis of vanadium xerogel in the presence of ammonia, a theoretical and thermodynamic
analysis of the equilibrium states of vanadium compounds was carried out using the HSC Chemistry 5.11 certified
thermodynamic calculation program by Outokumpu Technology Engineering Research. It is shown that the
memdmmm-emmmmwumd

mdwmdmt@mﬂ, wdw)wumuh

mmmannnnmdv-nnmwwwmmmkw the formation
of a porous layered structure of a vanadium-containing complex occurs.

Keywords: template, structure, modification, kinetic dependence, polynuclear ion form.
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Pucynok 5.3.2 - AnnaparypHas cxema rnepepaborku kBapuutos Kaparay
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SATBAYEV SATBAYEV UNNIVERSITY
UNIVERSITY TopHo-MeTaanypradeckuii HHCTHTYT HM. O.A. Baiikonyposa
Pecny6aunka Kaszaxcran, 050013, r. Anmarsl, yin Carraesa, 22
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AKT
BHeJpeHHs! (HCIOJIb30BAHMS)
pesyastatoB HUP B yueGHbIii npouecc

MBI, HIDKENOJIMHUCABIINECS, JUPEKTOP [ "OpHO-METa/IyprudyecKoro HMHCTUTYTA
umenn O.A. Baiikonyposa, 1-p TexH. HayK, akazemuk HAH PK, npodeccop Abumesa
3.C., 3zaBemyrommii kabenpoii «MeTalTyprudeckue IpOLECChl, TEIUIOTeXHHKA U
TeXHOJIOTUs CHIELUATBHBIX MaTepHaIoBy, I-p Ph.D, kann. TexH. nayk Yemymranosa T.A.
M Hayd4HBIM KOHCYJBTAHT IOKTOPCKOM juccepranmu  AnteiaGex IILY. Ha Temy:
«Pa3paboTka KOMOHHUPOBAHHOM TEXHOJIOTHH I€COPOIIMU 3010TA M3 HACKIIIEHHBIX CMOJT B
NPUCYTCTBUM META/UIOB-TIPUMeECce» I-p TeXH. Hayk, akageMuk MAMH, npodeccop
Baitkonyposa A.O. cocraBunu Hacrosmuii AKT BHEJIPEHUMS (MCITOJIb3OBAHIA)
pesynbratoB HUP 1o nokTopckoit mccepramu B yueGHbIi npouecce (2017/2018 y4. rox)
JUIS TOArOTOBKH OOYYalOIIMXCA B BHJIE MAaTEpUAloB JICKIMOHHBIX KypCcOB IO
qucuriuiiHam: «Teopus M NpakTHKa padUHUPOBAHMS M Pa3[EICHHS METALIOB»  JUIA
GakanaBpoB crenuansHoctd 5B070900 — Metamnyprus, «KommiekcooGpa3oBaHue B
METaJUTypru4ecKuX CHCTEMAax M Mpoleccax» s JOKTOPaHTOB crelaibHocTi 60070900
— Meramyprust.  YacTe  pesynbTaThl HMCCAEIOBAaHMIL, CBA3aHHBIX C H3YYCHHEM
COpOLIMOHHBIX ~CHUCTEM, COIVIaCyIOTCS C TEeMaTHKOH paboT HayyHOro IIPOEKTa
Ne AP05134196 - «Pa3paboTka TEXHOIOTUHM IOJYYEHHS BBICOKOI(h()EKTUBHBIX
KaTaJIM3aTOPOB U COPOEHTOB, MOANMUIMPOBAHHEIX KCEPOIe/ieM BaHaUs».

BHezpenue (MCIONB30BaHKE) OTAEIBHBIX PE3YIBTATOB AUCCEPTALOHHOM paGoTh!
B y4eGHBIH IPOoLece O3BOJIAET MOBEICHTH KaUYeCTBO 00yUYeHHs CTyeHTOB GaKalaBpuara,
MarucTpaHToB W JOKTOPAHTOB IIyT€M MX O3HAKOMJICHHS C HOBBIMH TEXHOIOIHMAMH H
NpueMamMd B TMPOU3BOACTBE [BETHBIX U pEeIKUX METaUIOB, C COOTBETCTBYIOIIHUM
060pyI0BaHMEM JUIsl MX OCYIIECTBIICHHS, C CYIIECTBYIOMUMHU MPOGIeMaMy B OTPACIH U
BO3MOKHOCTSIMH BBIGOpA M IPHMEHEHHS TEXHOIOTHIECKHX emey.

3.C. Abumesa

(A

JMupexrop F'MH
3aseayomuii kadeapois MIITuTCM @ T.A. Yenymranosa
Hay4Hblii KOHCYJIBTAHT PaGoThI \ﬁﬂiy - A.O. Baiikonyposa

JlokTopanT P LY. AnTeiabex
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AKT
BHepeHHs (HCNO/Ib30BAHMS)
pesyabtaTtoB HUP B yuebublii nponecc

MeI, HIKEMOANUCABIIMECS, JAMPEKTOP ['OpHO-METasLypruyeckoro HHCTHTYTa
umenn O.A. BaiikoHypoBa, 1-p TexH. Hayk, akagemuk HAH PK, npodeccop Abumesa
3.C., saBenyrommii kadenapoii «MeTaltypruyeckue INpOLECCHl, TEIUIOTEXHHKa U
TEXHOJIOTHS ClIeLMaIbHBIX MaTepHaioBy, 1-p Ph.D, kau. texu. nayk Yenymranosa T.A.
W HAay4HBI KOHCYJIBTAHT Marucrepckoii amcceprauun Asnrtmeimbaea AJK.Ha Temy:
«/I3yueHne BO3MOXXHOCTH OUMCTKH CTOYHBIX BOJL OT HOHOB BHCMYTa C MCIIOJb30BAaHHEM
PEIOKC IONMMEPOB HAa OCHOBE MMPOKATEXMHA» J-p TeXH. HaykK, akazemuk MAWH,
npogeccop Baiikonyposa A.O. cocraBuiu Hactosimiit AKT BHepenns pesynsratos HAP
10 MaruCTEepPCKOil uccepTalmy B ydeOHbIi npouece (2017/2018 yu. rox).

PesynbraThl HecIe10BaHMI HCMOJIB30BaHbl B MaTEpHAIaX JICKIMOHHBIX 3aHATHIH 110
jucummuinHam «Teopust M MPAaKTHKa paQUHUPOBAHMS M Pas/e/ieHHss METAIoB»  JUIA
GakanaBpoB cneumanbHocTH  5B070900 - Mertamnyprus, «XuMHA  KOMILTEKCHBIX
COEIMHEHMID» Ul MATHCTPAHTOB crienuanbHocTH 6M072000 — « XuMHuyeckas TEXHOIOTHS
HEOPraHMYeCKHX BelecTB». HayuHble pe3yIbTaThl, KOTOPBIE MOTYT ObITh IPUMEHEHBI IPH
pa3paboTKe HOBBIX COPOGEHTOB Ha OCHOBE MPHPOIHBIX MATEPHAIOB, MOM(HIIMPOBAHHBIX
MPOM3BOJHBIME  TTHPOKATEXHHA, XOPOIIO JIOIOJHAKOT —HANpaBleHHe HCCIeNI0BaHHUit
Hayysoro mnpoekta Ne AP05134196 - «Pa3paboTka TEXHONOTMM TMOJY4EeHHsS
BBICOKOI((EKTUBHBIX KATAaIN3aTOPOB M COPOEHTOB, MOXM(HIMPOBAHHBIX Kceporeiem
BaHajus». BHeapeHHe pe3ysbTaTOB JIMCCEPTAlMOHHON paboThl B yueOHBI mpouecc
T103BOJISET TOBBICHTh KA4yeCTBO OOYHAKOUIMXCA IMYTEM HMX O3HAKOMJIEHHS C HOBBIMH
TEXHOJIOTHSIMHM, TPHEMAMH B TPOM3BOJACTBE IBETHBIX M PEIKMX METaLIoB, C
CYIIECTBYIOLIMMHU NPOGIEMaMH B OTPACIH H BO3MOXKHOCTAMH m6opa peleHHii.

Jupexrop 'MHU W//l 3.C. A6umeBa

3asenyrommii kadepoii MITHTCM ,@; T.A. Yenymranosa

Hayunblii KOHCYILTAHT paboThI A.O. BaiikonypoBa

Marucrpanr f—_\ AJK. AntmbimbaeBa
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SATBAYEV WHCTHTYT MeTA/LTYPIHA H NPOMBINLICHHON HHKeHePHH
el PecnyGruka Kasaxcran, 050013, Anvarsk-yi Cartnaesa, 1. 22

BHeJpenus pesyastaros HAP
B y4eGHbII nponece

MEI, HHKENOIHMCABIINECs, AMPeKTop HWHCTHTYTa METAIyprHH M IIPOMBIIUICHHOMN
umkenepun, EnemecoB KK.,  3aBemyiommii kadenpoii «Meramuiypradecke MpOLECCHI,
TEIUIOTEXHHKA M TEXHOJOTHS CHelHalbHBIX MarepuanoBy» Yemymranoa T.A. M Hay4HbIX
pyKoBomMTeNb HayyHoro mpoekta Ne AP05134196 — «Pa3paGoTKka TEXHOJIOTHH NOTY4eHHs
BBICOKOI()(EKTHBHEIX KATAIM3aTOPOB M HEOPraHHYECKHX COPOEHTOB, MOM(UIHMPOBAHHBIX
KceporesieM Banamus» Baiikonyposa A.O. cocraBmm Hactosmmiit AKT BHeapeHHs pe3yibTaToB
HUP B yueGusiit nponece 2019/2020 yueGHoro roza.

Otnenbbie  pesynbTatel HUP, B HCHIONHEHHH KOTOPBIX Hapsiy C HayYHBIMH
COTpy/IHMKAaMH NPHHUMATH aKTHBHOE yYacTHe ydammecs OakalaBpHaTa, MariCTPaTypbl H
JIOKTOPaHTYPhl Kadeaphl, HCIONB30BaHB B MaTepHanaX JIEKIMOHHBIX, NPAKTHYECKHX M
11aGopaTOPHEIX 3aHATHH CIEIYIOIMX JUCUMIUIMH: «Teopus MeTautypradeckux npoueccos 11y,
«ITepepaGoTka pemxoMeranbHOro Chiphsi Kasaxcrama» s GakalaBpoB —CIENHATBHOCTH
5B070900 - «Meramtyprusy, «HApOIIETOYHbIE TEXHOJIOTHH nepepaboTKH
MOJMMETAUTMYECKOTO  CBIPBS»  JUIA  MArMCTPaHTOB  crenmanssHocTH — 6M070900 —
«Merannyprus», «KomriekcooGpa3oBaHHe B METALTPrHYeCKHX CHCTEMAX M IIPOLECCAxy UL
JIOKTOpaHTOB crenmanbaoctd 60070900 —«MeTautyprusi».

OsnakomiieHHe OOY4YAIOIMXCS C HOBEIMH HANpaBICHHAMH B HayKe H TeXHHKE, C
TIepeIOBEIMU TEXHOOTHAMH B 00J1aCTH IPOM3BOJICTBA LIBETHBIX M PEIKHX METALIOB MO3BOJISET
TIOBBICHTb YPOBEHB TOTOTOBKH CIICIHATHCTOB.

Jupexrop UMullA
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Tenep o_smpexTopa
5, KaTana
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@arkanos A. 3.
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v Akt 2
X KaTAANIATOPOB, MOTHGUIPOBANHEIX HAHOCTPYKTYPHBIM

KCeporeem OKCHIA BAHATHA

Mt mikenoammcaptecs, or HAO "Kasaxcinli HAIMOHATSHbI HOCTEA0BaTENBCKHI
exniseckili ynuaepcuter umenn K. Carnacsay, Baiionyposa A.O. — 1p Texi. Hayk,
npod; Veonsiiena T.A. — accucTeHT npodeccopa, Kawa. Texi. Hayk; Mapkaverosa M.C. —
accncrent, a-p PhD, 1 or AO (HHCTHTYT TOMTHBa, KaTATH3A H H7TEKTPOXHMIH M. JLB.
Cokonscxoron Tynrataposa C.A. A-p xuw. Hayk, npod., Hypiasosa C.B. Kaw. Xiw. HayK,
B.at.c. W Baltkywanosa T.C. KAWL XHM. HAYK, C.H.C, COCTABHIHN HACTORUAIi GKT B TOM, HTO B
1aBOPATOPHI OPraHMIECKOrO KATATH NPOBEACHH HCMBITAHHS KATATHRTOPOB HA OCHOBE
HCOHTOB, MO HLHPOBANIBIX HAHOCTPYKTYPHBIM KCCpOTeIleM OKCIIZa BAHIS, B TIPOILECCAX
OKHCIHTEHOrO. NPCADAILEHHS JIETKMX AIKAHOB MPHPOTHBIX H MOMYTHKIX Tas0B. DHSHKO —
XHMMHECKHMH HCCTEIOBAHMAMH YCTAHOBTEH PasMep YacTHIL B mperenax 20 -300 .

Bbiia ONpeXeena KATATHTHHECKAS AKTHBHOCTS PAIPACOTARHKIX KATATH3ATOPOB TIpH 300-
350 °C TeMmepaTypax # HIMeHEHHH COOTHOMEHHA nonaBacMX rasos (CHH20 = L:1). B
PesyILTaTE GhUH NIOTYHEH! ONTHMATHHHE YCIOBHA UIA MAKCHMATBHOTO BIXOTA STHICHA ©
BHICOKOI CeNeKTHBHOCTSIO: KaTamnsaTop — 1-5 % Viea/AlSi + (0 +a)-ALO3, MonspHoC
coomHowente Hexominix rasos CHsHzO = 1:1, nponomkutensmocts Koutakta 0.45 ¢,
oBheta ckopocts (W) 8000 w1, Hapsy ¢ METaHOM i IPONAHOM, KOTHYECTBA, KOTOPHIX Gutiin
HEIAUNTETHE, Ghi7 NOAYHEH OTWICH, BHXOQ KOTOPOro coctamun 77.3-97.0 % mpu
emncparype  700°C. Hsydcue COMCTB KATATHIATODA B _MPOIUCCCE  OKHCAHTENHHOTO
NDEBPALIEHHS Fa308 IOKAZATO, STO 5 Y%-Hili PeareHT GTa1acT Goree HpdeKTHBHbII CROVCT-
Bavk, e | Yornbii

‘Taki OGPaI0M, CHHTESHPOBAHHBIi KATATH3ATOP HA OCHOBE KCEPOTEA BaHATHE IOKa3aT
BHCOKHE KATATHTHUECKHE XapAKTEPHCTHKH W MOKCT GbITh PEKOMEH/I0BaN [UTA Tatsieiiiero
HCTIONEX0BAHHS He TOTHKO /VIA NPOH3BO/ICTBA STHAEHA, HO  ZPYTHX OPFAHHHECKHX PEArEHTOB

Or KasHUTY mw. KM, Catnaesa O1 AO HTKD um.JLB.Coxoanexoro
7P TexH. yayK, npod. 7P Xitpp YK, pod.
ﬁ —_ balixonyposa A.O. Tynrataposa C.A.
Kanz, Texi. gy xan HayK, BHC
VeomuesaTA. — Hypxanosa C.5.

2-p PhD, acercrenT K Xy, Ry, c.c.
Mapkaserona M. é? Baiiymarosa T.C.
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Axr
O TEXIOOTII OIHCTRH CTOMILIX 5O
npOMBIILTEIILX HpEpHsTIIE

M mwkenommicasumecs, or HAO "Kasaxckiii HaumonatsHbili HCCIE0BATENBCKHH
rexsimiccxnit ynunepenter muenn KJ1. Carnacsa»  Baiixonypona A.O. — J-p Texi. Hayk,
mpod.; Yeombiena IA. — acccTenT npojeccopa, Kawi. Texi. Hayk; Mapkamerosa M.C. —
accuctent, ap PhD, m or TOO «TpancCepauc Ko» HAYATHHHK NpOHIBOICTECHHO —
Texiiceoro oTiena Balliaiiesa 3.,  COCTABILI HACTORULAIE AKT B NPOBEACHHH HCMBTaHH
"HAHOA/ICOPOCHTOR JUIS OUHCTKH CTOKOB MOAPAIACIICHIS XHMHUECKOH BOIOOMHCTKH HacTosieli
KOMITaiHi, KOTOPHIC COZCPAT BHICOKHE KONNCHTPAIIAH TAKCIIHIX MCTAIIOB, Opraiikk, TAB.

B xaicerne aicopbena menosiopana cxecs Al-coepxeaupux nocumeneil (ia ocrose
IeoTa) OG/IAZAIONIHE BHICOKOH META/LIORMKOCTHIO cietylomux Mapok: KH -30 (TY 2177-
011), MK -17 — M (TY 2177-008) 1 mx womspwwapopamisic GOpMS B mpHCYTCTBHI
nanoMopoIIKa Banauis, COCTAB NOTYSCHNOTO ICOPOCITA KONTPOIMPOBATCA  METOAMH
usKo-xinMieckoro anama. Konentpamns akrinioii dassi (HaHONOPOIKA Banaius) Ha
HociTere BapbmpoBatack o1 0,1% 10 2%. Tlocse BLCyIBaNIA OGPA3IOR IPH OTPACOTAMIIEIX
TeMIICPATYPHBIX YC/IOBIX CHCTEMY MCHBITHIBTH B IpONIECCe OSHETKH CTOWHON BO

CHTeIHpOBANHbe 21COPOEHTH GELI NPOTECTHOBAIEI H TIDH OYHCTKE  CTOWHBIX BOX
TOO W[IHX3» (Tlanonapeiuii medreximseckiti 3ason, r. TaBioiap) ¢ BHCOKHM
ConepKANICM AMMOHMINOFO 30Ta M THKCIHIX METaL108, CTOMHSIE BOAb! HMETH CACAYIONIAH
cocran (wr/n): avvommHHsI asoT — 182,4; marpars: — 16,95; mirtputs: — 4,94;  Mems — <0,05;
canren — <0,02; Maprarert ~ 0,24; xposs — <0,002; ctpomui — <0,5.

Tipn Bhicokix BXofsmuiX Komuentpawnsx NHi™ 7o 500 -1000 /s, owncrsie
coopyeuns He CHpaBAIOTCH, W ua BHXOLE W3 mAX conepamne NHi' MuOrokpario
npessimaer TUIK. DQQEKTHBHAS OWHCTKA B JIANHOM CIyHac OGECTCUMBACTCH TpH
~KONNEHTpALH AMMORMTHOTO A30Ta B HOCTyalomel Boe e Gortee 15-20 /.

McnbITanus IpOBOUT B PEKHME NPOTOMNOO CIYCKA BOABI  Hepe3 KONOHKH ¢
PeICTKAMH, HA KOTOPBIX' GhUI pasMellleH KOHTAKTHBIA MATepHAl. YC/IOBHS NpOBECHHS:
3arpy3ka eonHTon — Macca 50 T, obuuii oGbem crounsix Bx cocranimi 200 1. OGbew
NPOIIYICHITBIX PACTBOPOB 10 10 1 JUT KAAJ0r0 COPOCINTa, CKOPOCTS NPONyCKAHS - 1,5 Milcex,
‘TeMmepatypa cpesi - 20-25 °C i Bozst - 18 - 20°C. Tleper copoueit B Koommy sammsan 290
~ut Bost (1 00Ten BOs! 1a | 0Bhen copOCiITa) /U1 3aM@MBAIHS H AKTHBAILAH 1OP COPOCIITa.
HensTasius NPOBOZVLII B PEXAME TIPOTOWNOTO CIIYCKa. BOJIBE ¢ 00BCMHOM CKOPOCTHIO ORI
Chipht 15,3 51 vepea KOTONKH ¢ pemiCTKAMH, Ha KOTOpBIX GhuI paswemen copbent. Jlance ¢
HATIOpHOrO GoKa MOJABATH CTOWNYIO BOAY ¢ pacxolow 3334 My, Marownsii pactsop
HOCTYIIAI B €MKOCTS /Uls c6OPA OUMIEHHOTO PACTBOPA. B CTATHYECKHX YCHOBHAX MONYYEHB!
WIOTEPMBI ACOPOLUH HOHOB AMMOHHS HA KIMHOITILIONITE H ATIOMOCHIMKATHOM KOMIOSHTE.
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MaKcHMaTBHaS BeTHTAIA QICOPOILH COCTABTACT JUIS MOXGTSHEX actsopos 0,75 Mr —oks
NH#* /r 11 0,57 wr ~oxs NH;" /r s crouisix Box na knmonrrionite i 0,48 Mr —oxs NHs* /r
HA ATIOMOCHIHKATHOM KOMIIO3HT. PaccHiTaithi 1I07ast COpGIHOINASt eMKOCTS Al-cofepKants
HOCHTEACl B JMHAMMTECKHX YC/IOBHSX, KOTODHE COCTABIUIH JUI% MOJETBHBIX PAcTBOpOB 56,3
sir ok NHS* /i1 35,7 wr —oxe NHi* /i J1s CTOSHBIX BOA Ha KIHHONTHIONHTE 1 48,1 Mr —oK
NH4* /1 1a aIOMOCHIIHKATHOM KOMITO3HTE.

PesynbTatsi owncTkn crownoit poxsi TTHX3 or Bpeasix mpwveceli mpusexesi

rabmmax 1, 2.
TaGuma 1- Pesynstars: owncrw crownofi soxst ITHX3 ot asvommiisoro asora u
Meranon
Cocran crowmoft post, M/
e nocste copbuonHOl omCTH
. wa Al- 12 MOZUIHLHpOBAIHON KCEpOTereN
sarpen | HeXomas | conepsanx Baas copGenTe b yeoBAX
nocurenx CraTccknx | AMRawiCcKi
(0Gven10m) | (oGvem 101) (oGmem 20.1)
Avvomafimeit | 1824 42,1 282 724
asor
Hirrparit 1695 27 23 2,04
Hirrputst 494 32 16 094
Mems <005 0,04 002 0,01
Camiert <002 0016 0011 /oG
Maprarer 024 0.18 0.12 0.12
Xpou <0002 /o6 /o6 H/obr
Crponmnit <03 /o6 w/obn w/obu

‘TaGumimta 2 — PesyIbTaTs! O4HCTKH cTOWHOH Boab TOO ([THX3»

axxpezuropanoit naGopatopii TOO (Kamkonorisy.

Ha OCHOBE aHATH3A

Suaseimne
o Tipoba BOC-Il cuctewst
Toxssarery | Htwa weroms mensramy | Boaaso | Bona nocie
omeru | _ounersn
Hegrenporyst /e | THJOI412:4.12898 030 0.5
Obmas weerxoers | row/a_| CT PK 2015-2010 45 005
Obinas menounoets | wr-oxw/a | CTPK 2015-2010 04 020
Cyxoit ocrarox /1| CTPK 20152010 9125 310
BESemetmc ar/n | CTPK2015-2010 4 0
Bemectna
XIIK, OKHCIACMOCTL |1, | €T pK 1322-2005 160 056
nepwanranatas
Kbt wi/a__| CTPKICO 82882005 | 4.1 0
Marsuii wr/a__| CTPK1ICO 8288-2005 | 28,0 io.
Cymsarit wr/a__| CT PK 20162010 3038 o,
Xnopws wr/a__| CT PK 20162010 1370 44
Keneso wr/a | KZ.0700.00934-2014 054 0,05
Harpuit wr/a | CT PKICO 8288-2005 | 1462 33
NH wr/a | KZ.0700.00935-2014 1824 40
pH -~ [TOCT 26449285 1.2 681 59
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C HTBIO ONTHMM3AIUAH MpOIIEcCa COPOLUH B ANHAMAYECKHX H CTATHYECKHX YCTOBHSX
CKOPOCTS MpOIyCKAMS! /U1 PACTROPOB ¢ pasHol KomleHTpaueH mpiveceit Mens ot 1,0 10
2,0 M1/c B pesyIBTaTE Yero Ghuia YCTAHORIEHA CKOPOCTS 1OTOKA pannas 1,5 M.

Anaey MONBTAmMH TIOKAJHBACT BHCOKYIO COPOIMOMHYIO AKTHBHOCT: OGPasIoB
HAHOWICOPOCHTOR, NPONCAIHE TCPMOKHCIOTHYIO OOpAGOTKY, H BOSMOKHOCTD WX
HCTIOMB30BAIIS [UIA MPOMBIILICHHOM OWHCTKH CTOWHBIX BOA OT NPOGIEMHOT0  aMMOHHAHOTO
23072 H THKCTBIX METATIOB.

Or KasHHTY uw. KM, Caniacsa Or TOO/cTpancCepaie Ko»
P TeXI, JayK, PO Haugin 1ITO
¢ ﬁ/, Baiixonyposa A.O. Batianesa 3.

KaiL. Texi. Haygs7 ——
Veoniesa A,

2ep PhD, accrctent
Mapraverosa M.
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MUHHCTEPCTBO OBPA30OBAHMS M HAYKH PECITYBJIMKH KABAXCTAH
COTBAEBYHUBEPCHTETI

Brinucka
W3 npotokona Ne 4 3acenanus kapeaps: «MeTaL1ypruieckue npoueces!, TenIoTeXHHKa i
TEXHOAOTHA CHEIMATILHBIX MATEPHAIOBY

r. Anmatsl «28» centatdpa 2018 1.

Tpencenarens: Yenymranona T.A. — 3as.kadeapoit MITTuTCM
Cexperaps: Maxnpipaesa K.K. — accucrent npodeccopa kadenps MITT u TCM

MPUCYTCTBOBAJIM: Yenywranosa T.A. - zas.kad. MITTuTCM, Baiixonyposa A.O. —
A.T.H., npotheccop; Jlyranos B.A. — a.t.u., npopeccop; I'yceitnosa I'J1. - k.7.11., accou.npodeccop;
Yeomwuesa ILA. — K.T.H., accucrent npodeccopa; Aknaubacs P.C. — a-p PhD, accucrent
npodeccopa; Mampipbaena K.K. — a-p PhD, accuctent npodeccopa; KonsiparGexosa C.C. - x.1.4.,
cennop — nexrop; baiircwxenosa O. - a-p PhD, cennop — nekrop; Axbapop M. — noxropasT,
accuerent u YBII kadeaps:.

TIOBECTKA JIHS:

1. Pacemorpenne u obeyziaenne roaossix orgeros o HUP 3a 2018 roa mo I'panroBomy
DHIANCHPOBAHMIO M IPOCKTHO-UEACBOMY (HHAHCHPOBAHUIO HAYUHBIX HecaetoBanuii na 2018-
2020 roast

CJIYHIAJIM: 3aseayromyio Kadeapoii Yenywranosy T.A.., kotopas nponndopmuposana
NPHCYTCTBYIOIMX O HeoBX0omIMOCTH 06CyanTh roaospie otyersl 3a 2018 ron o HUP nayunsix
pyxopoauTesneit TeM 0o [panTopoMy (PUHAHCHPORAINMIO M POCKTHO-UE/ICBOMY (QHHAHCUPOBAHILO
HayuHBIX Heeseopannit na 2018-2020 roan:.

Caywanu: Hayuroro pykososrens rembt AP05134196 «Pa3paboTka TeXHOJIOTHH NOTyHeHNHs
BBICOKOI((EKTUBHBIX KaTAIN3ATOPOB M COPOEHTOB, MOM(PHIMPOBAHHBIX KCEPOre/eM BaHALMA»
BaiikonypoBy A.O., kotopas cooBIIMI, UTO 338 OTYECTHLIN NEPHO BHINOTHEHbI BCE MOCTABIEHHBIE
3a1a4p. B COOTBETCTBHH € MOCTABICHHOM HE/BIO 32 OTUCTHBII IICPHO PACCMOTPEHBI THTEPATYPHbIE
CBeJICHHA 110 NOJYYCHHIO KCEPOreis HA OCHOBE NCHTAOKCHAA BAHAIMS; NPOBEReH (BHINKO-
XHMUUECKHIT aHATH3 MCXOAHBIX MATEPHAIOR JUIA MPOBENCHMA CHHTE3a KCEPOrC/s BAHAIMA;
YCTRHORJIEHHT TEPMOJHHAMMYECKHE DABHOBCCHLIC COCTOANHA HOHOB M COC/AMHCHMIl BaHAINSA,
CIIOCOGHBIX K CAMONPOU3BO/ILHOMY CTPYKTYPOOOPAIOBAHMIO, H3YHEHBI YCIIOBHA CHHTE3a KCePOTesia
BaHAIHA, IOCTPOSHA MATCMATHUECKAN MOJIE/5 NPOLIECCA HOJyYeHHA KCePOTesis BAHAIIA, METOIaMM
DHINKO-XUMUUCCKOO AHAIM3A H3YUCHA CTPYKTYPA KCEPOres BaHauis.

BBICTYITHJIM: Jlyranos B.A., I'yceiinosa I".J1. kotopeie ommeTui, uro HUP seinonsena
H2 BBICOKOM YPOBHE, OTYeT O(OPMICH B COOTBCTCTBHH C MPSIBLABICHHBIMH TPEGOBAHUAMIL,
AKTYANIBHOCTH 1 HOBH3HA PAGOTHI HC BLIIBIBACT COMHCHHIA, IIPE/ICTABCHIIBIH 112 PACCMOTpEHHE OTHeT
no Teme: AP05134196 «Pa3paGoTka TeXHOMOMHH NOMYUeH s BEICOKOIDOCKTHBHBIX KaTANH3aTOPOB
# COPOEHTOB, MOMHGHIIIPOBARHBIX KCEPOTEIIeM BAHAHA» MOXKHO PEKOMEH/I0BATS K YTBEPKIUCHHIO.

TTOCTAHOBHJIU:

- YTepnuTsh rosoBoit otuer no Teme: AP05134196 «PajpaboTka TeXHOTOrHH MOMyYeNus
BBICOXOIPHEKTHBHBIX KATATH3ATOPOB N COPOCHTOB, MOAM(PHIHPOBAHNBIX KCeporeieM BaHausa» 1
PEKOMEH08aTH K yTBepxienuio Ha Yuenom Cosere [OPHO-MeTALYPriueckoro nucTutyTa um. A.
Baiixonyposa.

Hpeaceaarean T.A. Yenywranosa

Yueneiii cexperaps K.K. Mampipbacsa

© KasHHTY 703-07. [1poroxon
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MUHHCTEPCTBO OBPA30BAHMSA U HAYKH PECHYBJIWKH KABAXCTAH
COTBAEBYHUBEPCHTET!

Boinncka u3 nporoxona Ne 2
3acenanua YueHoro copeta I'opHO-MeTaLIypriuieckoro HHCTHTYTa
nmenn O.A. Bajixonyposa

r. Anmarnt «04» oxrabpa 2018 r.

MNpeacenarens: Abumesa 3.C. — mupexrop I'MH
Cexperaps: I1lakuena I'.C. — accuctent kadeapst MJul

HNPUCYTCTBOBAJIM: A6uuesa 3.C. — jmpekrop uucruryra, Pakmwes B.P. -
3aM.JUIPCKTOP2 HICTHTYTa, npodeccop; Alirenos K JI — sam. aupektopa mnetntyTa; Enysax M. -
3aM. JMpeKTopa HucTHTyTa; PoicGekos K.B. — 3as. kadeapoit 1, k.r.1.; Beranunon AB. - ath.,
upotpeccop xadbeaper IJ1; Mmancakunosa B.B. — 3as. kadeapoit MJlul', zoxrop PhD; Enesccos
K.K. - 3as. kadeapoit TMuO, k.T.H., accon.npoteccop; Yenymranosa T.A. — 3ae. kadenpoit
MITTuTCM, noxrop PhD; Bapmenmunosa M.B. — 3as. kadeapoii MuOITH, k.1.i.; Baiikonyposa
A.O. - aru, npodeccop kadeapsr MITTUHTCM; Jlyranos B.A. — ar.u., npodeccop xadieapbt
MIITuTCM; Beiicenos B.C. — k.r.1., accoiL.npodeccop kadeaps TMuO; baiirypus X)L — A1.H.,
npoeccop kadeapst MJul; AGasikansikosa P.C. — koopminarop npiemuoii komuccun; Lllakuesa
TI".C.— yuenpiit cexperaps COBeTa U PYKOBOIMTE/H TEM.

TOBECTKA j1Hs1:

1. Pacemorpenue 1 obeysaenue roaosbix orueros o HHP 3a 2018 rogx no I'panrosomy
(GHHAHCHPOBAHIIO 1 NPOCKTHO-IEICBOMY (PHUANCHPOBAHIIO HAYUHBIX HecaetoBannii na 2018+
2020 romm

CJYIIAJIM: aupexkropa uHcruryra Aouwmesy 3.C., kotopas npousdopMmiposaia
OPHCYTCTBYIOWNX O TOM, 4TO JUIsl 3)(DEKTHBHOIO BHINOJHEHHA HAYYHO-HCC/IEI0BATEILCKHX PaboT,
[POBOJIUMBIX B PAMKAX 10COIO/UKETHOrO GMHAHCHPOBAHHSA H NPOSKTHO-LENEBOID (PHHAHCHPOBAHKS B
HAO «KasHUTY umennt K.J. Catnaesan, i B CBA2H C NPEACTOAUIMM PACUIHPEHHBIM 3aceaHieM
HITC ynuepeutera, HeoGXommo obeyuts ropossie otdetst 3a 2018 rox o HUP nayunmix
pyKoBojwTeneit TeM no [panTonoMy (HHAHCHPOBAHMIO M NPOCKTHO-UCICBOMY (MHAHCHPOBAHMIO
nayuneIx xeeezonannii ia 2018-2020 roasl.

BBICTYIHJIM: Hayussiii pykosomurenh Tembl AP05134196 «PazpaGoTka TeXHOIOIHH
Oy HeHUs BHICOKOIP(EKTHBHEIX KATAIH3ATOPOD H COPGENTOR, MOMDHITHPOBANILIX KCeporesien
panaua» Baiikonyposa A.O.

NOCTAHOBHJIH:

- Vrsepanth rogonoii otuer no teme: AP05134196 «PaspaGorka TeXHONOTHH MONYHEHNA
BLICOKOIDDEKTHBHBIX KATAH3ATOPOB # COPOEHTOB, MOMUGHUIPOBAHHEIX KCEPOTEIeM BAHAIMAY H
pexoMenonars ans samnte va 3aceganun HTC HAO KazHUTY umenn K.M. Carnaesa.

Mpencenareas Yuenoro Cosera

4 ‘. //é//[/s/q AbGmuena

Vuennii cekperapb I.C. Illakuesa

® KesHUTY 703-07. Tpotoxon
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BBINMUCKA
u3 nporokosia Ne 3 3aceaannsi Hay4HO-TEXHHYECKOT0 COBETA
KasHUTY umenu K.H. Carnaesa (HTC KazsHUTY)
ot «08» oxrabps 2018 r,
(Bpemsi n meeto 3aceanusn: 10:00 u., I yrax HK, kondepenu-3an)

r. Aimatsl «08» oxTsidps 2018 1,

ITPUCYTCTBOBAJIU: 13 23 wienos npucyrcrsosaiu 18 unenos HTC —
b. Kewxanuen, 1. Haypoisbaesa C. AGukos, 3. AGuuena, Y. YanGacGaes, A
Aummos, B. Kycnanranues, A. Coisasikos, C. Mamekos, A. BekGoraesa, b.
Pakues, A. Jlxonnacos, A. Cepukkaios, b. Cyseiimenos, M. AGcameros, b.
Mmancaxunosa, JI. Canbikoa, M. BapmenummnoBa, PEKTOpa  3aMecTHTENH

JIMPEKTOPOB HHCTHUTYTOB, PYKOBOJIMTE/IH M HCTIOJIHHTENH Hay4YyHO-
HCCIIe/I0BATENBCKHX paboT.

NNOBECTKA JIHS: .

1. OBcykaenue 1 yTBepikKICHHE NPOMEXKYTOUHBIX oT4eton o HUP HAO
«KasHUTY umenu KM. Carnaesa» no «I'panrosomy (hHHAHCHPOBAHMIO HAYHHBIX
neesenosannii Ha 2018-20120 rossi» 3a 2018 rog.

2. Pasuoe.

CIIYIIAJIN:
Joknan wayunoro pykosojutens npoekra Ne AP05134196 «PaspaGorka
TEXHOJNIOIHH  MONIYYCHHA  BHICOKOID(CKTHBHEIX KATA/IM3ATOPOB M COPOEHTOB,

MOAM(HMUMPOBAHHEIX  KceporeneM  Bamajus»  BaiikomypoBoii  Asmm
Omupxanosus,

Iocae oﬁcymelmn ‘JICHBI HAYHHO-TCXHHYECKOI'0 COBeTa

NOCTAHOBWJIN:

1. Tlpomexyrounbiii order 3a 2018 roa no npockry Ne  AP05134196
«Pa3paGoTka TeXHONOTMH MNOMydeHHs BLICOKOIDHCKTHBHEIX KATAIH3ATOPOB
COPGEHTOB, MOAMBHIMPOBANHLIX KCCPOrE/ieM BAHA/S) HAYHHOIO PYKOBOAUTENS
Baiikonyposoii A.O. yTsepauts.

2. PekoMenj10BaTh aKTHBHOE Y4acTHe B KOHKypcax oBbasnsembix MOH PK )
H JAPYTHMH 11IPOQHIIbHBIMH Mﬁ'uucmpga'a 1"

Mpexcenarens 3acenam‘n llTC “\ )\ S
l NN
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MHUHUCTEPCTBO OBPA3OBAHMA H HAYKH PECINIYBJIMKH KASAXCTAH
COTBAEBYHHUBEPCUTET!

Buiuneka us nporokoaa Ne 2
sacenann Kadeapbl «MeTaLIYPrHYecKite NPOUECCHl, TENIOTEXHHKA H TEXHONOMMA CIECLMANbHBIX
MATEPHANOBY

. Anvarss «18» cenrabpy 2019 1.

Hpeacenarens: Yenywranoea T.A. - 3as. kadeapoit MITTuTCM
Cekperaps:  Mambipbacsa K.K. — accuctenr-npodeccop kapeaps MITTHTCM

NMPHCYTCTBOBAJIM: Yenywranosa T.A. - 3as. kadenpoit MIITuTCM, k.1.n., noxrop PhD,
accounnposanubiil npodeccop: baiikonypopa A.O. - A, npodeccop; Jlyranos B.A. - At
npodeccop; IN'yceiinosa I'. /L. - K.7.1., accounnposanntit npodeccop; Yeonsuesa I.A. - k.1.1., accncrent-
npodeccop: Konuparbexosa C.C. - K.1.1., cenmop-nekrop: baitrenkenos O.C. - a-p PhD. acencrent-
npogeccop; Akbapos M. - gokTopant, aceuctent; AxrmbiGacsa A.K. — aceuetent: MamumpGacsa K.K.
- yucnblit cexperaps Kageapst MITTuTCM, noxrop PhD, accucrent-npodeccop n YBIT kadeapu.

HOBECTKA JIHSI:

1. Pacemorpenne n obeywnenne roaosuix orueros o HUP 3a 2019 roa uo I'pantosomy
GHHAHCHPOBANMIO H NPOEKTHO-UEACBOMY GHUANCHPOBANKIO HAYUHBLIX HecaeaoBannii na 2018-
2020 roat

CIYINAJIH:  3aseayiowas  xapeapoit  Yenywranosa  T.A.  npoundopmuposana
NPHCYTCTBYIOUMX O HEOGXOAMMOCTH 00CYAHTE To0BbIe OTYeThi 3a 2019 rog o HUP nayuHbix
pyxopoauTenei Tem no I'panrosomy (GUHAHCHPOBIHMIO M NPOCKTHO-LICACBOMY (PHHAHCHPOBAHMIO
HayuHbIX Heesieosanmii na 2018-2020 roaw.

Hayunniii  pykoeoaurens  tembl  AP05134196  «PaspaGotka  TeXHONOIMM  1O/ydcHHS
BHICOKOIDPEKTHBHBIX  KATANMIATOPOB # COPOEHTOB, MOAH(PHIHPOBZHHBIX KCEPOIENEM  BAHALMA»
Baiixonypora A.O. coolumna, 4TO 3a OTYCTHBIN NCPHOA BHINOIHCHL BCC NOCTABACHHBIC 33a4H:
NpOU3BENeH BHIGOP NPHPOAHOIO COPGEHTA M IPOMBIUUICHHOIO KATAIM3ATOPd, HOCHTENCH M
NOIOKEK: OTPABOTAHBI YCIIOBHS MOAHDHKALMH KCEPOIe/IeM BAHAIMS COPOEHTOR H KaTAIH3ATOPOR;
H3YUeHB! CBOMCTBA, COCTAB M CTPYKTYPAZ MOAM(HUUMPOBAHHBIX COPOCHTOB W KaTalH3aTOPOB;
N0K3aH0, YTO MOJHGHIMPOBARHBIC MATEPHWTH 00/1a1aI0T §O/ICE BHICOKHMU COPOIHONNBIMK H
KATQIMTHYECKHMH XaPAKTEPHCTHKAMH (10 CPABHCHMIO € HEXOIHBIME.

BbICTYIIHJIN: Mamuipbaesa K.K., I'yceitnosa I".JI. v Jlyranos B.A., koTopbic oTMeTHAN, 4TO
HHP sbinonnena Ha BLICOKOM YpOBHC, OTUET OHOPMICH B COOTBETCTBHH C NPCALABICHHBIMMI
TPEOOBAHMAMM, AKTYANLHOCTL W HOBH3HA PABGOTHI HMCIOTCA, NOAYHCHHBIC PE3Y/ILTATLE COOTBETCTBYIOT
TEMATHKC, NPSACTABACHHBIN HA paceMoTpenue oTuer no reme: AP0S134196 «Paspaborka TexHOROrMH
NOAYHEHHA  BLICOKOIPDEKTHBHBIX KATWINIATOPOB W COPOEHTOB, MOAHDHIMPOBANNLIX KCEPOreneM
BAHAIHS MOKHO PCKOMCHAOBATL K YTBEPKACHHIO.

MNOCTAHOBHJIMN:

Vrsepante 104080#  ot4er mno Teme: AP05134196  «Pa3spabotka TeXHOAOrHH NOAYYEHHS
BHICOKOIPPEKTHBHLIX KATAIMIATOPOB M COPOEHTOR, MOAMDHUMPOBAHHBIX KCCPOIC/CM BAHAAMA» W
PEKOMEHJIOBATH K yTrEpkKAeHmO Ha Yuenom Cosete MHCTHTYTA MCTAWUIYPrHH W NPOMBILLICHHOH
nreHepuu umenu O.A. baiikonypoea.

Mpeacenarean T.A. Yenyurranona

Yuenwiii cexperaps, K.K. Mamuipbaesa

© KasHHUTY 703-07. Iporoxon
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MHUHHCTEPCTBO OBPAZOBAHMA M HAYKH PECIIYBJIMKH KASAXCTAH
COTBAEBYHHUBEPCHTETI

Brinmeka w3 nporokoaa Ne 2
sacenanna Yuenoro cosera Muctutyra Metannypris u npoMbILLICHHOM HIKCHEPHH

r. Anmarsl «20» centsbps 2019 r.
Hpencenarenn: Typricbekosa I'.C. — nmupexrop UMul X
Cexperapn: Mampipbacsa K.K. - accucrent-npodeccop kadenpst MITTuTCM

HPHCYTCTBOBAJIM: TypeicGexosa I".C. - xupexrop UMulIH k..n., npodeccop; Ajitenon K /1.
— 3aMm. aupekropa UMulld, k.r.n.: Exysax M. — sam. jmpexropa MMullM; Exemecor K.K. - 3aB.
kadeapoit TMuO; k.r.i.; Yenywranosa T.A. — 3as. kadeapoii MITTHTCM, k.1.1., 2okTop PhD,
accounnposannbiii  npogeccop:  bapmenmmnosa M.b. - 3as. kadeapoit MuOIIM, k1.m.,
accounnposannbiii npodeccop; Mauekos C.A. - 3as. Kadenpoii TT, a.1.4., npodeccop; Beiicenos
P.E. - 3as. kapenpoit U®; Kpynuuk JLA. - n.rn., npodeccop kadeaps TMuO; baiikonyposa A.O.
T.H., npodeccop kadepui MITUTCM; Jlyrawos B.A. ATH., npodeccop  Kadesph
MITTuTCM: baumberon b.C. — K.T.H., acconmmpopannbii npodeccop kadeaps MuOITH; Maitimna
X.P. - kaH., accouunpopanneii npodeccop xapeapm M®; Illanbaes KK. - arn.,
acconuuposannnii npodeccop kadeapnt TT; Mavbipbaesa K.K., - Ph.D, accucrent-npodeccop
kadeapsr MITTUTCM; JlecOaes A. - Ipeicenareas CMY UMulIU; Xakninbek bl. — koopiumarop
npucmnoit B8 marucrpatrypy I'MH, Visbacsa B — awmpextop mayunoii Gubamoreku CVY;
Mamsipbaesa K.K. - yuensiii cexperapn Cosera,  pykososrenn HUP.

NMOBECTKA JIHSI:

1. Pacemorpense u obeyaienne rojosex orueros o HUP 3a 2019 rox no Fpanrosomy
GUIANCHPOBANMIO M NPOCKTHO-UEICBOMY QUHAHCHPOBANMIO HAYUHLIX HecaenoBamti na 2018-
2020 rouns

CIIYIHAJIM:  JMpekIop MECTHTYTA MCTALIYPIHH W HPOMBIUUICHHON  MIKCHEPHH
TypoicGekosa I.C. npoMHopMHPOBIA NPHCYTCTBYIOWMX O TOM, 4T0 Juis SdexiBHoro
BLUTOANCHHS  HAYUHO-HCCICAOBATEALCKHX  PaboT, HPOBOJMMBIX B paMKax rocBIo/ukeTHOro
dunaucupoBanns ¥ npoexTHo-ueneBoro ¢Guxancuposawns B HAO «KasHUTY umenn KM
Carnacsay, ¥ B CBA3H C NPEACTORIMM paciuupenibiv 3acesannem HTC ynusepenrera, neobxommo
obeymts rojgossie oruersl 3a 2019 ropx o HUP wayunwix pykosojmresneii tem no pantoBomy
(HHAHCHPOBANHIO ¥ POCKTHO-LCICBOMY (PHHANCHPOBAHHIO Hay4HbIX HccaesoBanmii Ha 2018-2020
1O/ubl.

BBICTYITHJIM: Hayunsiii pykosoantens Tembl AP05134196 «PaspaGorka texuonorum
nosyueHns  BLICOKOXPPEKTHBHLIX  KaTANMIATOPOE 1 COPOEHTOB. MOUMDHUMPOBANNBIX KCCPOreacM
sananmy Baiikonyposa A.O. cooGmuna, 4o 3a OTYCTHLI NEPHOA BBINOIHEHL BCE HOCTARNEHHbIE
3A1a4H: IPOU3IBECH BHIGOP NPUPOAHOIO COPOEHTA U IPOMBILLICHHOTO KATATH3ATOPA, HOCKTENel 1
1IO/UI0KCK; OTpaBoTanbl yCI10B8Hs MOIH(HKALHH KCCPOTe/ieM BaHAHA COPOEHTOB H KATA/M3ATOPOB;
H3YYCHBI CBOHCTBA, COCTAB M CTPYKTYP2 MOAMMHUMPOBAHHBIX COPOSHTOB M KATAIM3ATOPOB;
1I0K232HO, 4TO MOAM(UUHPOBRANHBIE MATEPHATLI 001A4a10T G0/IEe BHICOKHMH COPOUMOHHBIMK K
KaT&IHTHYCCKHMH XaPAKTCPHCTHKAMM (10 CPABHCHHIO € HCXOIHBIMH.

JIOCTAHOBHJIN:

Yisepants ronosoit or4er no teme: AP05SI34196 «PaspaGorxka TeXHONOrHM nOAy4eHMR
BHCOKOIPEKTHBHLIX KaTann3al M COpOEHTOB, MOAN(PMUAPOBAHHBIX KCEPOIEIEM BAHAAMI U
PCKOMCHIOBATE JU18 3L iR

TOJIOCOBAJIM;

\
7 Mpencenareas ¥ i W}M‘J 2 I'.C. Typuiciexona

Vuenwrii cekpe ¥ K.K. Mamgipbacsa

@ KasHUTY 703-07. [1poToxoa
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BBINTUCKA

u3 nporokosa Ne 7 3aceaanus Yuenoro Cosera (Hay4HO-TeXHHYECKOE
HanpasJjenue)
HAO «Kazaxckuii HAUHOHAIbHbII HCCJIEAOBATE/IbCKUI TEXHHYECKHIH
yuusepenrer um. K.M. Carnaesa»
or 30.09.2019 r.

MPUCYTCTBOBAJIN: uienst Yueroro Coera 1o SBOYHOMY JIUCTY.

Iosecmika Ona:

Mo Bompocy «3aciymMBaHWE M YTBEPIKICHHE [TPOMEKYTOYHLIX OTYETOB O

HUP HAO «KasHUTY nmenn K.M. CatnaeBay no I'paHTOBOMY H IPOrpaMMHO-
1e1eBoMy (PMHAHCHPOBAHHMIO HAYUHBIX HecaenoBanuil #a 2018-2020 roxa» 32 2019
ro:
Jloknan HayuHoro pykosoauTens mnpoexra AP-2018/05131496 «Paspaborka
TEXHOJIOTHH TIONYYCHUs BbICOKOI(P(EKTHBHEIX KATAIN3ATOPOB W COPOEHTOB,
MOAM(HIUMPOBAHHBIX ~ KCeporejieMm  BaHAAHs» baiikonyposoii  Auuu
OMHuPXaHOBHBI.

Pesyaomamor 2orocoeanus:
«IIpomuey - nem; «Bo3zdepoicasuuxca» - nem;
«3a ymeepaicoerue omuemay - eOUHO2NACHO.

PEIIAJIN:

V1BepauTh NpoMesxyTouHblii oryer 3a 2019 roj Hay4HOro pyKOBOJHMTENA
Baiikonyposoit A.O. 1o npoekty AP-2018/05131496 «Pa3paboTka TeXHONIOTHH
MOy 4eHHs BBICOKO3(DDEKTHBHBIX Karanu3aTropos H copOeHTOB,
MOJM(DHIMPOBAHHBIX KCEPOTeJieM Balj;

B. Kenzkaanes

J1. Haypsi36aeBa
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MHHHCTEPCTBO OBPA3OBAHHS! H HAYKH PECITYB/IMKH KABAXCTAH
COTBAEBYHHBEPCHTETI

Buinucka

M3 nporokona Ne 3 saceanns kadeapsi «MeTannypriseckue npoiiecch, TENOTEXHAKA i
TEXHOJIOTHS CIELHATBHbIX MATEPHAIOB)
r. Anvarst S okTAGpA 2020 .

Tpexcenarean: Yenynrranosa T.A. ~san.xageapoii MITHTCM
Cexperapni  MavsipGacsa K.K. - accuetent npoeccopa kadeapst MITT 1 TCM

IPHCYTCTBOBAJIM: Yenyurranosa T.A. — sas.xad. MITTTCM, Baiikonyposa A.O. —
A1, npobeccop: Jlyraros B.A. — AT.n.. npodeccop: I'yeeiitosa I, - k.1.1. accoit.npodeccop;
baiirerxenon O.C. - -p PhD, accoinpodpeccop: Yeonsitesa I'A. - K.T.1., accHeTeHT npodheccopa;
MassipGacsa K.K. - 1-p PhD, acencrent npodeccopa; KoubipatGexosa C.C. - K.T.H.. cennop —
sexrop; Emmonnaesa A.. — nektop; AntmbiiGacsa AK.. AkGapos M.C  accuctentsy; Capeenosa
M.C. Mepkutaen E.C. - VBIT kadeaps

MOBECTKA JIHSE:

1. Paceorpentie u ofeysenie sakmountenbubix otaeron no HUP 3a 2018-2020 rr no
TDANTOBOMY  (UHANCHDOBANIIO 1 NPOEKTHO-UEACBOMY  GUHANCHPOBANIIO  HAYWHbIX
neeaexonammii a 2018-2020 roxbi.

CHAVIIAJIH:  saenyiouyio  Kadeapoit T.A. xoropas coobumna
NIPHCYTCTBYIOWIMM O HEOOXOAMMOCTH PACCMOTPCHHA W OGCYAICHHA TOTOBHX OTHETOB 110
T'parToBoMy (MHANCHPOBAHMIO H NPOCKTHO-LIETIEBOMY (HHANCHPOBAHHIO HAYHBIX HCCETOBANHIi HA
2018-2020 oz,

Coywann naysmoro pykosomurens Tewsi No AP0SI34196 «PaspaGotka Texnosorni
n0yeHHA BLICOKOXDOEKTHBIBIX KATATH3ATOPOR H COPOEHTOB, MOM(HIMPOBAHHBIX KCEPOTe/en
sanaxns Baiikoiyposy A.O.. KOTOpas COOGIUATA, HTO 3 OTETHbiIE NEPHON BHINOTHEHEI BeE
nocTaBieHibe atauh. B COOTBETCTBUM ¢ NOCTABICHHON LETBIO MPOBCCHSI 71aGOPATOPHBIE
HCHWTANNA B TECTOBOM PEAMME 110 HCMONHIOBANMIO HAHOCOPGCHTOB A OWHCTKH BOX
POMBIILIEHHBIX NPEATPHATHIT W MOUHDHILHPOBANHBIX LICOTHTOB B KAUECTBE HOBBIX KATATH3ATOPOB.
B CHHTE3C OPTAHIYECKIX COCAMHEHHT.

PesyIIbTaThi HemBITaRH NOK3AIM BICOKHE NIOKAIATEAH OMHCTKH CTOKOB OT mpHMeceit, a
“Tarake A EKTHBIBIC XaPAKTEPHCTHKH MO PHLMPOBAHHBIX KCCPOTEIICM BAHAMA KATATHIATOPOB.

Tlotyieibi COOTBETCTRYIOILHE AKThI HCNLITARHI, B KOTOPBIX CHHTE3HPOBAHHBIE MATEPHATSI
PEKOMEILIOBAHEI U MPOMBILLIEHHOTO HETIOMB3OBAHHS.

BBICTYIIMJIH: Baiiremxenos O.C., Yeonmuesa I'A., Kotopsie overnm, wro HHP
BLITOANCHA Ha BHICOKOM YPOBHE, BHNOHEHS! BCE JANIAHKPOBAHHHE paGoTs! 3a 2018-2020 roasl,
OTHCT OOPMUICH B COOTRETCTRIH C NPEABARICHHBIMH TPEGOBANHANMH, AKTYATBHOCTS, HOBH3HA H
Pe3YALTATHI PAGOT He BIILIBAIOT COMHENHH.

Tocze oGeysiienis Ghilo IPOBEEHO FO/IOCORANHE N0 YTBEPAICHHIO OTHETa. PesybTaTh!
TOI0COBANIA: (3 — CAMHOIIACHO, CIIPOTHB - HET. (BOYICPKABUIHXCA) - He'

MOCTAHOBHIN:

- yTBepANTH 3aKONHTEBNBI OTHCT M0 [panToBOMY (uHancHpoBanmio mo Teve: No
APOS134196  (Pa3paGoTka TEXHONOTHH NOTYMEHHS BHCOKOXPHCKTHBHLIX ~KATATHIATOPOB i
COPOCHTOR, MOAMIUIPOBAIbIX KCCPOTECM BAHALMS) H PEKOMEHIOBATH €0 K YTHEPACHHIO Ha
Vuenom Conere HHCTHTYTa METALIYPriH 1 IPOMBILITCHHON HIDKEHEPHH.

Tpexcenarean T.A. Yenywranosa
Cexperapn K.K. Mawbip6acsa

® KasHHTY 703-07. Tpotoon
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MHHUCTEPCTBO OFPA3OBAHHS W HAVKH PECTTYBJIIHKH KABAXCTAH
COTBAEBYHIIBEPCHTETI

Boinincka w3 nporoxona Ne 2
3acenanns Yuenoro Cosera nucruryra Meramayprus u [IpoMbiuuiennoi numenepun

. AlMarsl or 12.10.2020 r.

Tipeaceaarensn: Jlupexrop UMullH Enenmecos K.K.
Cerperapn:  Jliocenosa C.B.
3acedanne YC nposoounocs ducmanyiorHo.

NMpucyrcreopaan:  Exemecos KK. - ympektop UMullH, sae. kad. « TMTu)I», K.T.H., aouenr;
Altreros KJI. - sam. aupexropa UMulTH, k.t.h.: Kyaunewos T.A. - 3am. ampexropa UMulTi:
Bapmenumrosa M.B. - 3a8. kadenpoii «MuOITH», k.1.1.. accou. npodeccop: Yenywranosa T.A. - 3as.
xateapoit «MIITHTCMy, k.T.1., noktop PhD: Beiicenos P.E. - 2aB. xadeapoii «Hd», roxrop PhD:
Jlyranos B.A. - a.t.h., npodeccop: Llayrenos M.P. - x.T.i., npopeccop: 3aypbekos C.A. - K.T.H.,
npodeccop; banmberos B.C. - k.1.H.. accou. npodeccop; Beficenos B.C. - k.1.1., accon. npodeccop:
Maiiauna X. P. - k.1.H., accounnposannsiit npodeccop; Myxanosa I.C. - K.T.H., accou. npodeccop:
VYcomuera TA. - KT.H, accucrent-npoeccop: Miocenosa C.5. - moxrop PhD. cenuop-iektop.
PYKOBOZHTE/H NPOCKTOB.

MOBECTKA JTHST:
1. Paccmotpennie n obcyancnne orveros o HHP 3a 2020 roa mo IpantoBomy n
TIporpammuo-uesieBoMy GUuANCHPOBANIIO HAYUHBIX HecaeaoBanuii Ha 2018-2020 roae:.

BBICTYIIHJIA:

HayuHsl# pykoBOAHTENb TeMBI «Pa3paboTKa TEXHONOMHH MONYYEHHA BBICOKOI(PEKTHBHEIX
KaTamu3aTopoB W COpOGCHTOB, MOAMMHUNPOBAHHBIX KCCpOreneM BaHamusa», baiikonyposa A.O.,
KOTOpas COOBIINAA, YTO 10 TeMe BHINOMHEHH PAGOTH B COOTBETCTBUH ¢ KATICHIAPHBIM NIAHOM
Ha 2018-2020 roxs.

Pesynomamur  zonocosanws:  «llpomue» - wem; «Bozdepycaeuuxca» - wem: «3u»
COUHO2TACHO.

PELUHJIH:

Yreepaute otyer o HHP 3a 2020 roa no [panroBoyy u Ilporpammuo-uesesosy
(uHancuposanmio HayaHbIX Hceneaosaniii na 2018-2020 roel H PeKOMEHIOBATE UTA 3AUMTHE Ha
sacenanun Hayuno-texundeckoro cosera HAO KasHUTY nmenu K.H. Catnaesa.

K.K. Enemecos

e
Mpeacenatens Yuenoro Copera £ ‘,',f /
1

Yueubiit cexperaps C.B. liocenona
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BBITTMCKA
u3 nporokoaa Ne 33aceanns Hay Ho-TEXHHYCCKOIO COBCTA
KasHUTY usenn K.H. Carnaesa (HTC KasHUTY)
o1 «13» oxrsidps 2020 r.

r. Aamartel «13» oxTsdps 2020 r.

MPUCYTCTBOBAJIU: npucyrcrsosami see wiens HTC —
W. Beiicemberos, A. Coizabikos, /1. Haypbiadaesa, XK. Mabmaaues, V. )Kanbacbaen,
3. Tyiiebaxosa, b. Kycnanranues, K. PricGeko, K. Enemecos, H. Ceiinosa, b.
OwmapGexos, A. Capenosa, Jl. Anunmdaesa — TeXHIMECKHTT CCKpeTaph.
MOBECTKA JIHsI:

1. OBcyxknenue i yTBepiICHHE 3aK/IOUHTENbHBIX 0TYeTOB 0 HUP HAO
«KasHUTY umenn K.H. Catnaesa» 1o «I'pantoBoMy HHHAHCHPOBAIIIO HAYUHBIX
nccrnenoatui Ha 2018-2020 rogsi» 3a 2020 roa.

2, Pasnoe.

CIYIAJIN:

Jloknax HayuHoro pykosoauteas mnpoexta AP05134196 «Paspadorka
TEXHOMOTHH  MOJIy4eHHsl BbICOKOI(D(ECKTHBHBEIX  KATAIH3aTOPOB M COPOCHTOB,
MOAH(HLUHPOBAHHBIX Kceporeliem BaHaANA» Baiikonyposoii Anin
OMHPXAHOBHBI.

TMocrie 06cyKaeHHA YAeHb! HAYYHO-TEXHIYECKOrO COBeTa

MNOCTAHOBH.IH:

1. 3axatountensHbiii  otyeT 1o npoekty AP05134196 «PaspaGotka
TEXHOJIOTHH MOJYYeHHs BBICOKOI((EKTHBHBIX KaTaaH3aTopoB H COPOCHTOB,
MOAM(UUMPOBAHHBIX  KCeporeaeM  BaHAMIS»  HAYYHOIO  PYKOBO/LMTENs
baiikonyposoii A. O. yrsepiuuts.

2. PexomenjioBath aKTHBHOE Y4acTHE B KOHKYpCax OOBABISEMbIX
MOH PK u apyrimu npodHibHbIMH MHHHCTEPCTBAMH 1 BEAOMCTBAMH.

3amecTnres npeu
3acenanns HTC A. Cozaviron

Cexperaps 3acena JL Asnmvdacena
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I'pantosoe Gunancuposanue
(peaynbrarnt 32 2018 rox)

TCXHHUCCKHIT
YHHBCPCHTCT HMCHH
K.H. Carnacsa»

copbenTos,
MOLUDHUHPOBRHHBIX
KCEPOTeAeM Bananus

HCCACAOBANHA NP

Koanueeroo
MeRRYHAPOAHLIX |
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(TCXHONOTHA, CTAKARPT,
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METOAMKR, APYIOC)

Konwyectso onyBankosaiisiX 0KIAA08 # CTATLH NO
PEIYABTATAM IICCICA0BRHMI HA MCKNY HRPOHBIX
XONGEPENUNAX, HACIOULIX HMAAKT-(axTOp

OLIECCA CHIITE3A KCCPOTenT Ranaama

| Koanucerso

[T

AeRAYHPO

AHBIX

MATCHTOR

[

MecTo BHCAPEHUA (38 KCXOUEHHMEM OPFaHK3AINN-
nenoamuTens)*

Tonnoe [ Homep rpanra [ [ Hanmenosaune | Aara Nlara
nanvenopame | HeCAEROBANI npoexra navana JABepIICHIH
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@®opma 110 rpaHToBOMY (PHHAHCHPOBAHHMIO (pe3ynbTaThl 32 2019 ron)

I'pantoBoe puHAHCHPOBAHHE
(pe3ysbTathl 3a 2019 roj1)

Tlonnoe Homep Bua Haumenosanne Hara Mara
HanMeHoBaNNe rpanTa neenenoBaii npoekTa nauaza | jamepuren
opramiauIi- npoekta ns
wenoaiTens L | upoexta

Hexommepueckoe PaspadoTka
aKLoHepHOe TexHonOr It |

ofuecTso nonyueHus |
CYETEA} APOS134196 | Tpukramssie | PHEOKOPDERTHBILX | g ) 5619
HalHORAIHbIIT KaTaIi3aTopos it
TEXHHUECKHIT copGeHToB,
YHUBEPCUTET HMCHH MOHHUIPOBAHHBIX
K.M. Carnacsay Keeporeseyt sanamis )

Bu1 HIO/TYHEHHOrO pesysibTara

TeXHO7IOrHUECKHE HCCENOBAIA NPOLECCa MOM(DHKAII MPHPOAHBIX H NPOMBILIEHILIX COPOSHTOB 1
KAaTan3aTopOB CHHTE3NPOBAHHbIM KCPOTeNs BaHAUs H H3yueHHe CBOTICTB NOMYHEHHBIX MAaTCpHAIoB

Tlatestsl™
Komimectso Konnuecteo Komiuectso Konnuectso Komuecrso | Peannsauns
MHHOBAMOHHBLIX | KA3aXCTAHCKHX | eBpasmiicKoro MEKITYHAPOIIHbIX HHBIX natenta
NATeHTOB WML NaTEHTOB nareHTa natentos OICP
ABTOPCKIX
CBUICTENLCTB | narentos
0 | 0 0 0 0 [ o
BHe/peHue PesybTaTos
Howmep Hanmenosanne Tun BHeTpeHNs MecTo BHepeHns (3a HCKTIOYeHHeM OpraHi3atii-
BHEPCHIA (TeXHONIOTHA, CTAHAAPT, nenoHnTens)*
PeKOMEH LI,
METOMHKA, IPYroe)
1 AKT BHEAPEHNA B Mertomika 1 HayuHble Satbayev University
yucOHbIIT npouece pe3yIbTatbl
Tly6rukamn’™
KonnuectBo onyOa1nKOBaHHBIX 10KIAZ0B W CTaThH N0 KonnuectBo 0nmyGnHKoBaHHBIX 10KIAN0B 1 CTaToH
pesybTaTaM HCCIeIOBARHIT Ha MEAKIYHAPOIHBIX 110 Pe3y/IbTaTaM HCCIIEAOBAHMIT Ha PETHOHATLHBIX H
KOH(pEPEHISX. MEIOTIX HMTAKT-haKkTop MECTHBIX KOH(epeHunsx
2 1
TI0ATOTOBKA KAZPOB'

KonnuecTso HCMONHHTECH. HMEIOLIHX YUEHYIO CTeneHb

KomuecTso 3apyGenbix yuenbix, npusieuentsix k HUP

YuacTie PhD cTy€HTOB, MaricTpauToB B IPOBEAEHNHN HCCIEL0BaHNIT B paMKaX
rOTOBKH CBOHX IHCCEpTaLnii

5
0
1

HeQBNQIAMEE JIOKYMEHTI, IOATBEPAIAIOIIHE [PE/ICTABISEMBIC AHHEIC)

Baiikonyposa A.O. /

+7(707) 777-42-62

/Kewxanues b.K./

Tpuveuane:
* VKa3biBaTh KaKIOE JHACHIE B OTIEIBHOI suelike
** HCOGXO/UTMO NPHAOKHTH KOMITH JOKYMCHTOB, TOATBCpAT@IONIX HHOPMAIIO

=
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THE EQUILIBRIUM STATE OF COMPOUNDS OF VANADIUM,
CAPABLE OF SPONTANEOUS STRUCTURE FORMATION

Abstract. This article presents the results of theoretical and thermodynamic analysis of cquilibrium States of
vanadium compounds in order to justify the possibility of xcrogel synthesis in the prescnce of ammonia. It is shown
that vanadium, which is one of the 3d-clements, has the ability to form complexcs. One of the stable complexes is
[HV,40x] *, whose propertics allow to obtain nanomaterials based on vanadium.

Key words: complex formation, nanomaterials, template, xerogel, Sok-gel method, thermodynamic analysis,
monomer forms, polymer forms, vanadium complexes.

Introduction

Currently, nanotechnology is attracting a lot of attention, allowing to create a number of
fundamentally new production processes, materials and devices based on them. Within the framework of
the known synthesis methods, nanoobjects of different morphologies can be obtained, having a variety of
shapes, sizes and functional properties.

the known methods of obtaining nanomaterials, one can note the Sol-gel technology.
Traditionally, the Sol-gel method is understood as the state of the stages, including the preparation of the
precursor solution, its subsequent transfer first to Sol, and then to the gel due to the processes of
hydrolysis and condensation, subsequent aging, drying and heat treatment of the product [1].

The Sol-gel method is a simplified flow chart of the synthesis. This method allows to achieve a high
degree of purity of products at all stages of synthesis with a minimum of energy consumption to achieve
it. It becomes possible to obtain by this method products that are characterized by a monophase crystal
structure with a high degree of perfection, strictly stoichiometric composition.

The solvent removal from the gel (drying) plays an extremely important role in Sol-gel synthesis.
Depending on the method of their implementation, various synthesis products (xerogels, ambigels,
cryogels, aerogels) can be obtained. The General features of these products are the preservation of
nanosize of structural elements at different stages of synthesis (due to changes in reaction time,
temperature, concentration and chemical composition of reagents), and sufficiently high specific surface
area values [2-4].

Nanomaterials synthesized on the basis of vanadium compounds are of great scientific and practical
interest. Vanadium, which is a polyvalent metal, shows a high tendency to complexation. Its compounds
have a wide range of properties due (o spontaneous structure formation, which is the starting point for the
synthesis of nanomaterials based on them in the presence of a template (the educator of complexes), which
contributes to the creation of an ordered structure complex.
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B HacTosiwee Bpems Bce OGonbliee BHUMaHUE nNpuBMeKaoT
HaHOTEXHOOMMK, KOTOPbIE NO3BONSAIOT CO3AaTh LieNbli PAA NPUHUMNUANBLHO
HOBbIX NPOM3BOACTBEHHbLIX NPOLECCOB, MATEPUanosB U YCTPOMCTB Ha UX
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npeAcTaBNAT MaTepuansl HAHOTYBYNAPHbLIX CTPYKTYP Ha OCHOBE OKCMA0B
3d-3nemeHTOB, B 4aCTHOCTU OKCMAOB BaHaaus.

Cpean U3BECTHbIX CMNOCOGOB MOMYYEHWUS BaHAAWICOAEPKALYUX
HaHOMaTepUarnos MOXHO OTMETUTL 30b-Tefb TEXHOMOTUIO, OCHOBAaHHYIO Ha
y4acTUM COeIMHEHUA BaHAAWA B NPUCYTCTBUM MOMEKyNAPHOro Temnnara B
CUHTE3e KOMNMEKCHOr0 COEAMHEHUA C BbICOKOPA3BUTOW CTPYKTYPOW, Ha
OCHOBE KOTOPOrO MNPOMCXOAUT (hOpPMUPOBaHME Kceporena MeTanna.
MonynsapHOCTL KNacCcMYeckoro BapuaHTa 30Mb-reflb METOAA CBA3aHa € TeMm,
4YTO  MoMy4Yaemble NPOAYKTbl  0BNapalT  BbLICOKOW  XMMUYECKON
OAHOPOAHOCTBLIO, MO3BONALIEN CYUWECTBEHHO CHU3UTL TemnepaTtypy W
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MaTepuanos, BO3MOXHOCTbIO KOHTPONMPOBATL Pa3Mep YacTUL U CTPYKTYpY
nop MaTepuanoB Ha pasHbiX CTaausx cuHTe3a. Kceporenu ¢ 4acTU4HO
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WM3BeCTHO, 4TO CbIPbEBOI OCHOBOI CUHTE3a KCeporensa MOXeT ABUTbLCA
MEHTAOKCUA, KOTOPLIN NOMYHAlOT U3 BaHAAATa aMMOHMUA NMYTEM €ro CYLUKU U
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BIMAHHE VCIOBHI CHHTE3A KCEPOTE.IA BAHATHA HA ETO CTPYKTVPY
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pozen 6aHadun) Ha e2o cmpyxmpy. B xauecmse cuipLesoli OCHOGH Xcepozelt 6aHAOUR Gl UCNOTL308aH
NEHMAONCUO 6AHAOUA, 6 KAYECMEE MEMNIAMA — AVMUAK. PUSUKO-XUMUNECKUMU MEMOOAMY AHAW3A yema-
HOB1€HO, YMO UIMEHEHNE YCAOSUlE CUHMEA KCEPO2ent eaHaduR exusem Ha e2o cmpyxmypy. Hoxasano, umo
CUNMESUPOSAKHWIIL KCepozeTs SAHAOUR 061a0aEM SLICOKOPASEUMOIL HAHOPAIMEPHOL CAOUCION CMPYXMYPOI,
UMO AETAEMCA BANCHBIM OIA €20 UCNOTLIOEAHUA & KaeCmee MOOUPUYUPYIOUjeli OOBASKIU NPU NOTYNEHUN HA-
HOKOMMOSUMHBIX MAMEPUAT0E PAZTUYHO20 HASHAYEHUA.
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THE EFFECT OF SYNTHESIS CONDITIONS OF
THE XEROGEL VANADIUM ON THE STRUCTURE

The paper presents the results of studies on the effect of conditions of synthesis of nanomaterial (xerogel
vanadium) on its structure. As a raw material base of xerogel vanadium was used vanadium pentoxide, as a
template — ammonia. Physico-chemical methods of analysis found that changes in the conditions of synthesis
of xerogel vanadium affects its structure. It is shown that the synthesized xerogel vanadium has a highly devel-
oped nanoscale layered structure, which is important for its use as a modifying additive in the preparation of
nanocomposite materials for various purposes.

Keywords: xerogel, vanadium pentoxide, template, Sol-gel method, structure, particle size distribution,
mathematical model.

Bsexenne

B HacToamee speya Gonsmoe BHEMAHHE YAeieTCA CHETESY H H3Y9eHHIO HAHOPASMEPHEIX OK-
CHIHBIX MaTepHATOB, HMEIONIHX PasHOOGpasHEe CTPYKTYPHElE 0COOEHHOCTH, GrIarofapa XOTOpEM
OHH NOTYYHIH MEPOKOEe NPAKTHIECKOE OPHMEHeHHe B MPOH3BOICTBE CEHCOPOB, MATHHTHEIX HO-
CHTeef, KepaMHKH, HOHOOOMEHHEIX MAaTepHATOB, Karammsatopos [1-5]. Boasmoe srmManme yae-
JIAeTCA H3Y9eHHIO HAHOTYOYIAPHEIX CTPYKTYP HA OCHOBE OKCHIOB MePeXOTHBIX d-3eMEHTOB, cpe-
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