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The objects of research are aluminum alloys activated by metal activators (AAA).
The aim of the work is to reveal the role of the nature of activator metals, alloy composition, salinity and pH of formation, sediment and circulating water on the rate of hydrogen evolution, as well as the degree of demetallization and desulfurization of heavy oils and oil products.
Methods or methodology of work. Methods of optical emission spectroscopy with inductively coupled plasma (ICIP), X-ray phase and X-ray fluorescence analysis, TG, DTA, DSC, SEM.
Results of work and their novelty. The high reactivity of aluminum with water was revealed due to mechanical loosening of the surface and heterogeneity of the alloy. The prospects of using Rose, Wood and Darce alloys for the activation of aluminum have been theoretically substantiated and experimentally proved. The rate of hydrogen evolution is regulated by the composition and ratio of the activating additives, as well as by the acidity and mineralization of the water. For the first time, the possibility of cleaning formation, sediment and circulating water from corrosive ions Ca, Mg and Fe has been shown and proven. A new highly efficient method for demetallization and desulphurization of heavy hydrocarbons using the hydrogen energy of AAA, as well as purification of formation and sediment water using coagulants based on the decomposition products of EAS with water has been developed and tested.
Scope of the results. Oil production, oil transportation and oil refining industries, as well as non-traditional energy sources.
Recommendations for the implementation or the results of the implementation of research results. The research results can be used as a basis for work on the creation of a new generation of alloys based on aluminum and solving a number of complex environmental problems.
Cost-effectiveness or value of work.
Determined by the possibility of using AAA as a source for obtaining hydrogen from water, using hydrogen energy in solving environmental problems in the oil industry.
Predictive assumptions about the development of the research object. In the technology of application of hydrogen energy EAV based on ASA to obtain hydrogen from water with a high controlled rate of emission of thermal energy and for purification of industrial and formation water, as well as demetallization of fuel oil and tar.
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LIST OF ABBREVIATIONS AND SYMBOLS

In this research report, the following abbreviations and symbols are used
	AOR
	Atyrau Oil Refinery

	АAA  
	Activated aluminum alloy

	мV
	Miles Volt

	ICIP  
	Inductively coupled plasma-optical emission spectrometry

	DTA
	Differential thermal analysis

	DSC
	Differential Scanning Calorimetry

	OGPD
	Oil and Gas Production Department

	BHFZ
	Bottom-hole formation zone

	PPP
	Pavlodar Petrochemical Plant

	VST
	Vertical steel tank

	SEM
	Scanning electron microscope

	HOR
	heavy oil residues

	TG
	Thermogravimetry

	EAS
	Energy accumulating substances

	ORP
	ORP - redox potential

	HRM
	heavy raw materials

	HOR
	heavy oil residues

	XFA
	X-ray fluorescence analysis

	
	















INTRODUCTION

Assessment of the current state of the solved scientific and technical problem. Unique physicochemical properties and practically unlimited resources allow the use of hydrogen as an energy carrier in hydrogen energy systems. Environmental protection is an important argument for the introduction of hydrogen into power engineering: when hydrogen is used for energy, only water vapor is discharged into the atmosphere. When using hydrogen as a fuel, the possibility of an increase in the greenhouse effect is excluded, no harmful substances are emitted (a car engine emits 45 toxic substances, including carcinogens), there is no danger of the formation of stagnant zones of hydrogen: it easily volatilizes [1-13]. 
Long-term exploitation of oil fields leads to high oil water cut (20-97%), as well as the formation of stable oil-water emulsions, scale deposits of various compositions, which complicates the production processes.
In this regard, the task of maintaining the level of oil production in the long term through the creation, development and implementation of effective science-intensive, innovative technologies that ensure the stable development of oil production is urgent [6-7]. 
The paper proposes new technical solutions for the development of economically feasible activated aluminum alloys with a high, controlled hydrogen evolution rate. For the first time, to solve the environmental problems of the oil industry, innovative technological solutions have been developed for demetallization and desulphurization of heavy oils and petroleum products using hydrogen energy of activated aluminum alloys, as well as purification of formation and sediment water using adsorbents and coagulants based on the decomposition products of EAS with water.
Basis and initial data for the development of the theme. Hydrogen energy of activated metal alloys in solving complex environmental problems "within the framework of the state order for the implementation of scientific and scientific and technical projects under the budget program 217" Development of Science ", subprogram 102" Grant financing of subjects of scientific and / or scientific and technical activities ", specifics 156 "Payment for consulting services and research." By priority "Energy and Mechanical Engineering". The name of the specialized scientific direction for which the application is submitted: Alternative energy and technologies: renewable sources, hydrogen energy, other energy sources".
Justification of the need for research
For the widespread use of hydrogen in power engineering, the problems of its efficient production and highly efficient use must be solved.
Fundamental physicochemical and physicotechnical problems associated with the widespread introduction of hydrogen energy are mainly determined by the need to develop new methods for efficient and environmentally friendly production of hydrogen [8 - 14]. 
In this regard, it seems promising to develop methods for producing hydrogen directly from water by reacting it with aluminum.
In terms of prevalence in nature, aluminum ranks first among metals. Its content in the earth's crust is 8.8% [6]. 
At the same time, it is known that a dense oxide film formed upon contact of aluminum with atmospheric oxygen creates diffusion restrictions on the oxidation of aluminum even in boiling water. The development of methods and conditions for the activation of aluminum by metals-activators, which lead to the destruction of the oxide film, and ensure the reactivity of aluminum to water, is urgent. There is also no doubt about the need to identify the role of metals-activators, alloy composition, crystallization modes and features of the formation of the structure of activated aluminum in order to obtain high rates of hydrogen evolution from water and aluminum oxide with predetermined physicochemical properties. Carrying out work to solve this problem made it possible to solve a number of practical problems on the development of methods and conditions for the activation of aluminum by metals-activators, providing aluminum reactivity to water.
The use of AAA and the products of their interaction with water (hydrogen, hydroxides, high-pressure steam, heat of reaction) opens up broad prospects in technologies for the integrated treatment of oil, the destruction of abnormally stable oil-water emulsions and oil sludge, demetallization and desulfurization of HC (mazut and tar), as well as wastewater treatment of oil production and oil refining facilities [14].
Information about the planned scientific and technical level of development, patent research and conclusions from them
An analytical generalization of well-known scientific and technical results on the use of EAS in the field of non-traditional energy sources is carried out. It is proposed to use EAS as AAA [8-13]. 
In the process of performing the work, the role of the nature of the activator metals, the composition of materials, and modes of creating the necessary type of non-equilibrium in order to obtain high rates of hydrogen evolution from water was revealed. A number of technological methods have been developed to obtain materials with a given concentration. So, for the activation of aluminum, the principle associated with the P.A. Rebinder effect [10-15] and based on the use of activators to change the specific surface energy was used. Liquid metals and low-melting eutectics: gallium, indium, tin, as well as Darce, Rose and Wood alloys were studied as potent activators. For the first time, it was proposed to use AAA as coagulants for the purification of industrial, waste and formation waters with various degrees of mineralization [20-23].  
The physicochemical properties and characteristics of samples of fuel oil and tar of Atyrau Oil Refinery LLP and Pavlodar Petrochemical Plant LLP, anomalously stable water-oil emulsion of the Karazhanbas field, oil sludge from ASP Atyrau Refinery were studied.
 Structural-group, X-ray phase and X-ray fluorescence analysis of tar and fuel oil was carried out. It is shown that the resource potential of oil and water-oil emulsions Karazhanbas can become a reliable source of valuable metals - vanadium and nickel.
 For the first time, a method has been developed for demetallization of heavy oils and oil products using the AAA hydrogen energy. Composite compositions containing EAS based on AAA, organic solvents and distilled water have been developed. It was revealed that the use of composite compositions containing EAS based on an AAA can significantly reduce the content of non-ferrous metals vanadium and nickel in heavy hydrocarbon feedstock (mazut, tar) to 70 - 75%.
A method has been developed for desulphurization of HO and OP (mazut, tar) and oil sludge from PDO LLP "Atyrau Refinery" using hydrogen energy of AAA. Composite compositions containing EAS based on activated aluminum alloys, organic solvents and distilled water have been developed. It was found that the use of compositions containing EAS based on an activated aluminum alloy can significantly reduce the sulfur content in heavy hydrocarbon feedstock. The degree of desulfurization for tar - 51%, fuel oil - 64%, Karazhanbas oil - 82%, oil sludge - 98%.
Information on metrological support of research work
Modern instrumental methods of chemical analysis: optical emission spectrometer with inductively coupled plasma Tim 8000, spectrophotometer Hach Lange 3900, Germany, acid purification system BSB-939-IR, pH-, ORP-meter, IR-spectrometer Agilent Catty 660, X-ray diffractometer X'PERT PRO MPD, SEM Jeol-JSM-6490 LA, 20071, X-ray fluorescence spectrometer X-RAY INNOV SYSTEMS.
To study the kinetic parameters of the reaction of the interaction of AAA with water samples of various degrees of mineralization and acidity, a special installation has been developed and created with the registration of the volume of evolved gases on a drum gas meter. The water heating temperature was measured with a thermometer with an accuracy of 0.1 ° C.



Relevance
The significance of the project is determined by the possibility of using AAA as a source for obtaining hydrogen from water, using hydrogen energy in solving environmental problems in the oil industry.
Carrying out research in the field of non-traditional environmentally friendly energy sources, in particular, hydrogen energy, new ways of storing energy in the form of hydrogen and its compounds, EAS. Finding new ways to use hydrogen and the energy of interaction of AAA with water.
The controllability of the process of generating active hydrogen during the interaction of ASA with water is carried out due to the developed methods of aluminum activation and is regulated by their composition.
Creation of adsorbents-coagulants of different types with controlled physicochemical properties without changing the hardware and technological schemes. The use of EAS as adsorbents-coagulates for physicochemical water purification, in the rejection of foreign products, improvement of the commercial characteristics of oil, destruction of abnormally stable oil-water emulsions, oil sludge, as well as demetallization of HO and OP (mazut and tar) with simultaneous purification from sulfur is relevant.
The implementation of this project will allow solving a number of serious environmental problems in the oil industry through the integrated use of the products of interaction of AAA with water (metal oxides, high pressure steam, hydrogen, heat of reaction) to create resource and energy saving technologies for demetallization, desulfurization of hydrocarbons ( masut and tar), waste and formation water treatment.
 The novelty of the topic. For the first time, the use of EAS of new generation obtained on the basis of aluminum activated by Rose, Wood and Darce alloys has been proposed. It was found that the synthesized alloys of activated aluminum exhibit a high coagulating ability and can be used as coagulants for purification of formation and sediment waters from Ca, Mg and Fe, which reduces the corrosiveness of the tested waters.
The high reactivity of aluminum with respect to water was revealed due to mechanical loosening of the surface and heterogeneity of the alloy.
The prospects of using Rose, Wood and Darce alloys for the activation of aluminum have been theoretically substantiated and experimentally proved. The rate of hydrogen evolution is regulated by the composition and ratio of the activating additives, as well as by the acidity and mineralization of the water.
For the first time, the possibility of cleaning formation, sediment and circulating water from corrosive ions Ca, Mg and Fe has been shown and proven.
 New technical solutions for the development of economically viable activated aluminum alloys with a high controlled hydrogen evolution rate. Innovative technological solutions for demetallization and desulfurization of heavy oils and petroleum products using hydrogen energy of activated aluminum alloys.
The relationship of this work with other research projects.
This research work is a logical continuation of the work of academicians D.V. Sokolsky, R.G. Sarmurzina to solve the problem of modifying metals in order to directly influence their chemical, physicochemical and physicomechanical properties, including the creation of a new class of EAS, which, when interacting with water, release hydrogen at high rates.
Goals and objectives of the research stage, their place in the implementation of research in general
Revealing the role of the nature of metal-activators, alloy composition, salinity and pH of formation, sediment and circulating water on the rate of hydrogen evolution, as well as the degree of demetallization and desulfurization of heavy oils, analysis of the technologies of decomposition of oil and bottom sediments in ponds of additional sludge existing in the world practice, and sludge collectors, fuel oil tanks. Obtaining the results of the analysis of patent and scientific and technical literature on the topic being developed.
   List of names of prepared interim reports by stages and their registration numbers:
REPORT 2018 “Creation of new generation EAS based on activated metal alloys. A comprehensive comparative analysis of the physicochemical properties of samples of technical, reservoir and sediment water from additional sediment ponds before and after treatment with EAS using modern physicochemical methods; development of methods and methods of using EAS  for purification of formation and sediment water from additional sediment ponds from hazardous water-soluble impurities, oil residues ”No. state.reg.0118RK001989 (project AR05130541).
REPORT 2019 "Development of methods for demetallization of fuel oil and tar with the use of hydrogen energy eav based on activated metal alloys" No. state reg. 0219RK00933 (project AR05130541).

	Chapter 1 Creation of new generation of EAS based on activated metal alloys. A comprehensive comparative analysis of the physicochemical properties of samples of technical, formation and sediment water from additional sediment ponds before and after processing with EAS using modern physicochemical methods; development of methods and methods of using EAS for purification of formation water and sediment water from additional sludge ponds from hazardous water-soluble impurities, oil residues. Results of the first year of the study


	1.1	Revealing the role of metals-activators, alloy composition, crystallization modes and features of the formation of the structure of an activated metal alloy for obtaining high rates of hydrogen evolution from water and aluminum oxide with predetermined properties
Aluminum, activated by metal activators, is an alternative source of hydrogen production from water, its storage, emission of thermal energy, as well as solid aluminum hydroxide, the composition of which (boehmite, pseudoboehmite, bayerite) depends on the ratio of reagents and the reaction temperature [1-10]:
     		(1)
              		          (2)
                                          (3)

It is noted [14-16] that the thermodynamic instability of activated aluminum with respect to water makes it possible to obtain hydrogen at high rates as a result of the developing reaction, the intensity of which depends on the structure of the alloy, the state of grain boundaries, the distribution of additives between the body and grain boundaries [14-16].
The principle associated with the P.A. effect was used to activate aluminum. Rebinder, based on the use of activators for the embrittlement of materials due to a decrease in their surface energy [10]. Gallium, indium, tin, zinc, bismuth, lead, cadmium, and antimony were used as activator materials. It was found that all aluminum alloys, both binary and complex-component, belong to systems of the eutectic type and correspond to the well-known Rebinder-Shchukin-Gorkatov rule. Alloys were prepared under nonequilibrium conditions in order to obtain a pronounced heterogeneity of the structure. The high crystallization rate ensured the release of the eutectic along the ingot boundaries even at low concentrations of the introduced activator metals. With an increase in the percentage of each of the input components from 1.0 to 5.0 wt. %, the refinement of the aluminum phase is also observed, and is more pronounced than in binary alloys. High cooling rates of the melt to the temperature of liquid nitrogen enhances the overall inhomogeneity of the ingot: the formation of an intercrystalline structure with the release of second phases, both along the boundaries and along the grain body, which are the centers of development of intergranular and focal corrosion.
X-ray phase analysis confirms the eutectic nature of the studied alloys. However, the chemical composition of the surface of the alloys, as a rule, is not identical to the chemical composition of the bulk phase.
Under the influence of the introduced metals - activators, the mechanical properties of aluminum-based alloys change in accordance with Figure 1.



Figure 1 - Dependence of the ultimate strength of alloys on the nature and amount of activator metals

The sharp decrease in the mechanical properties is a consequence of the fact that the activator metals greatly reduce the surface energy and develop the effect of the adsorptive decrease in strength (Rebinder effect). An increase in the percentage of activator metals leads to a refinement of the grain structure of aluminum, to an increase in the number of formed eutectics, their distribution over the volume, to an increase in the heterogeneity of alloys with a simultaneous decrease in strength. The reactivity of the alloy with respect to water is largely determined by the conditions of its manufacture. The most active is the alloy prepared by quenching in liquid nitrogen. Introduction of metals - activators into aluminum and quenching of alloys with high cooling rates promotes the formation of a single-crystal structure of the metal and an increase in the number of microgalvanic elements. Processes leading to grain dispersion (alloy hardening, increasing the amount of additives) contribute to the growth of activity.
 A typical form of kinetic curves of topochemical reactions is shown in Figure 2. Introduction of bismuth into the Al:Ga:In:Sn alloy, cadmium, antimony or eutectic alloy ingredients leads to an increase in the rate of its interaction with water. Distilled water, as well as model aqueous solutions of sodium bicarbonate, sodium chloride, calcium and magnesium chloride, and their mixtures, with an additive were studied as an oxidizer of the Al:Ga:In:Sn = 85:5:5:5 alloy (reagent Rau-85). and without added HCl. The total mineralization of electrolyte solutions varied from 2688 mg/l to 77712 mg/l. The ORP of water is -48 mV, which corresponds to the conditions of the reducing environment (from +200 to -300 mV) [17]. It was found that with a decrease in the pH of the simulated formation water by adding hydrochloric acid, the volumetric yield and the rate of hydrogen evolution increase (the hydroxonium ion Н3О+ is an active oxidizing agent).
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a) 1 Al -Ga; 2 Al -Ga- In; 3 Al -Ga- In; 4 Al -Ga- In-Sn. (5.0 wt.% Of metals-activators) b) Al-Ga-In-Sn alloy, the content of metals-activators (wt.%): 1-0.5; 2-1.0; 3-3.0; 4-5.0;
Figure 2 - Dependence of the degree of transformation (α) of the interaction of alloys with water on time


1- solution №4  (NaHCO3- 5376 mg/l ); 2- solution № 3 (NaHCO3- 5376 mg/l +36168 NaCl) with HCl; 3 – distilled water with HCl;4- solution №1 с HCl;
5- solution №2  (NaHCO3 - 2688 mg/l) c HCl;  6- distilled water without HCl;  7 solution №1 with HCl; 8- solution №5( NaHCO3- 5376 mg/l +72336 NaCl) с HCl
(solution №1 -  NaHCO3 -1344;NaCl-18084; CaCl2 -3046;MgCl2·6H2O mg/l)
Figure 3 - Dependence of the amount of evolved gases (a) and the heat of reaction (b) during the oxidation of Rau-85 with electrolyte solutions
It was found that the rate of H2 evolution during Rau-85 oxidation in distilled water is higher than in the simulated formation water (Figure 3). This reaction takes place without an induction period. The volumetric output of H2 increases and reaches 99% relative to the theoretical, and the heat is 33712 kJ/kg. The oxidation rate of Rau-85 by electrolyte solutions with additions of HCl increases with the transition from the multicomponent composition of the solution to a one-component solution of NaHCO3. The highest gas yield (1.45 l per 1 g of alloy) is observed when using solution No. 4, containing 5376 mg/l NaHCO3 (curve 1). The volume of evolved gases is much higher than the theoretically calculated volume of H2 (according to stoichiometry, 1.244 m3 H2 is released per 1 kg of Al). Apparently, in the course of the exothermic reaction, the aqueous salt solution is heated to 60°C, at this temperature sodium bicarbonate decomposes into sodium carbonate, carbon dioxide and water [19].

1.2 Comprehensive comparative analysis of the physicochemical properties of samples of formation waters of various fields and sediment water of additional sludge ponds from the Atyrau Oil Refinery and the Pavlodar Petrochemical Plant using physicochemical methods prior to eas treatment
The method of optical emission spectroscopy with inductively coupled plasma, spectrophotometric method, ORP-meter, as well as titration and study of pH, carried out a comprehensive analysis of the chemical composition and physicochemical characteristics of the formation waters of the Western Kazakhstan fields. The waters contain Na, K, Ca , Mg , Fe, Ba, Li ions as salt-forming cations. The waters are characterized as brines. The total mineralization ranges from 86.9 g / dm3 (o. Koschagyl № 606) to 215.7 g/dm3 (o. Botakhan). Waters are at greater risk of sodium chloride (halite) deposition. The presence of Mg and Fe cations in formation waters indicates their high corrosive activity, therefore, to prevent the formation of mineral salts on oil-producing equipment and oil-transporting equipment, it is necessary to prevent mixing of waters containing carbonates and sulfates.
Reagent Rau-85 was used to treat formation waters of the Altykul (well No. 102), Botakhan (well No. 121) and Karazhanbas (well No. 897, well No. 1783, well No. 3817) fields, and Karsak. Figures 4-7 show the dependence of the temperature rise of the reaction medium and heat release on the acidity and total salinity of the formation water during the oxidation of activated aluminum Rau-85 with acidified and non-acidified formation water. It was shown that additions of HCI lead to an increase in the heating temperature of the reaction mixture. The amount of released heat is on average 6 times higher than the amount of heat without adding HCl to water.


Figure 4 - Dependence of the temperature increase of acidified and non-acidified formation water when treated with Rau-85 reagent



Figure 5 - Dependence of the heat of reaction of Rau-85 with HCl (5% solution) on time

For the first time, the relationship between the total salinity of formation waters and the rate of interaction with Rau-85 was revealed. When Rau-85 interacts with formation waters, the hydrogen yield relative to the theoretical is 38.9% on average. When adding HCl to formation water from 1% to 5% of the mass. the volumetric yield of hydrogen relative to theoretical reaches 99%.The hydrogen evolution rate reaches 1100 ml / gmin, the process ends at the 6th minute, which is shown in Figure 7.



Figure 6 - Dependence of the released heat of reaction of Rau-85 without HCl on time

        


Figure 7 - The rate of hydrogen evolution during the reaction of Rau-85 by the formation waters of the fields of Western Kazakhstan with the addition of HCI
      Thus, it was shown that the reactivity of the alloy can be controlled. The rate of hydrogen generation from water is controlled by the structure and composition of the alloy, as well as by the conditions of heat treatment of the alloy, by introducing appropriate additives to water.
    



        Chapter 2 Development of methods for demetallization of fuel oil and tar with the use of hydrogen energy EAS based on activated metal alloys. Results of the second year of the study



2.1 Study of the physicochemical properties and characteristics of fuel oil and tar samples from the Atyrau oil refinery and the Pavlodar Petrochemical Plant before processing with EAS
In HOR (mazut, tar, bitumen), metals (vanadium and nickel) are concentrated in the resinous-asphaltene part [24-28]. In heavy oil residues (mazut, tar, bitumen), metals (vanadium and nickel) are concentrated in the resinous-asphaltene part. Their content in comparison with the content in oils increases by at least 3.5 - 4 times and can reach the level of industrial ore concentrations [28]. 
In this work, the physicochemical properties and characteristics of samples of masut and tar of LLP "Atyrau Refinery", "PPCHP" LLP, water-oil emulsion of the Karazhanbas field were studied. Structural-group, X-ray phase and XFA of tar and fuel oil was carried out.
It was revealed that the tar of LLP "Atyrau Refinery" contains 2.5 times more asphaltenes in comparison with tar of "PPCHP" LLP. Fuel oil and tar are HOR with a high content of silica gel resins from 22.21% in mazut to 27.66% in tar.
XFA of asphalts isolated from Karazhanbas oil showed an increased content of vanadium in them, the concentration of vanadium reaches 0.482% and nickel 0.075% (4.82 kg and 750 g, respectively, per 1 ton of asphaltenes). It is shown that the resource potential of oil and water-oil emulsions Karazhanbas can become a reliable source of valuable metals.
XFA of mechanical impurities showed that the tar contains S, Ca, V, Na, Ni, Zn, Fe, Cr. The amount of sulfur in the tar is 2.624%, vanadium 0.18%, nickel 0.10%. After the tar treatment with Rau-85, the sulfur content in the tar was 1.716%, that is, it decreased by 0.908%, the content of vanadium and nickel decreased to 0.017%, respectively, and nickel to 0.008%.
[image: ]
Figure 8 - The content of sulfur and metals in the tar of "PPCHP" LLP before and after treatment with an activated aluminum alloy Rau-85
[bookmark: _Hlk515615625]2.2 Establishment of optimal parameters for the interaction of aluminum alloys, activated by Darce, Wood, Rose alloys with water, depending on temperature, the amount of an activating additive in the alloy, pH of water according to the rate of hydrogen evolution. Comparative assessment of the efficiency of alloys
[bookmark: _Hlk515551178]In order to reduce the cost of an aluminum alloy activated with metal activators indium, gallium and tin, the authors of the report have developed new economically feasible alloys that exclude the use of nonferrous scattered metals and contain Wood, Rose and Darce alloys as activator metals.
The optimal parameters of interaction of aluminum alloys, activated by Darce, Wood, Rose alloys with water, depending on the temperature, the amount of the activating additive in the alloy, and the pH of water, have been established. It was found that the optimal temperature for the interaction of alloys with distilled water is 90 ° C, the content of the activating additive in the alloy is 10%, the conversion of aluminum under these conditions reaches 25 - 28% depending on the composition of the activated alloy.
For aluminum alloys activated by Darce and Wood alloys the optimal ratio is Al: alloy = 85: 15.
The effect of water pH on the rate of hydrogen generation has been studied. It was revealed that a decrease in pH by adding hydrochloric acid to distilled water increases the volumetric yield of hydrogen from 200 ml to 1100 ml and the average rate of hydrogen evolution from 20.5 to 100 ml / g ∙ min. Conversion of aluminum reaches 99 - 100% at a temperature of 90 ° C and the content of an activating additive in the alloy is 10%.
The hydrogen yield increases with increasing acid concentration and corresponds to the theoretically calculated value. The rates of hydrogen evolution for aluminum alloys activated by Wood and Rose alloys are practically equal, the conversion of aluminum reaches 100%, the volume of released H2 during the reaction of the alloy with acidified water reaches the theoretically calculated value at a lower temperature - 70° C. The rate of H2 generation under these conditions is for Al alloy : Darce's alloy - 59 ml / g ∙ min, Al: Wood's alloy - 29 ml / g ∙ min and Al: Rose's alloy - 20 ml / g ∙ min. The maximum hydrogen evolution rate at 90 ° C and the ratio of aluminum to alloy 85: 15 is 200 ml / min for Al: Wood's alloy, 100 ml / min for Al: Rose alloy and 140 ml / min for Al: Rose alloy.
Comparative kinetic curves of hydrogen evolution during the interaction of an aluminum alloy activated by Wood's alloy in time depending on temperature and HCl concentration at different ratios are shown in Figure 9, Rose alloy in Figure 10.
(а)
(а)
(б)


Figure 9-Comparative kinetic curves of H2 evolution during the interaction of aluminum activated by Wood's alloy in time depending on temperature and HCl concentration at a ratio of 95: 5 (a) and 90: 10 (b)

Figure 10 shows the comparative kinetic curves of hydrogen evolution during the interaction of aluminum activated by Rose's alloy with distilled and acidified water (1% HCl solution) at a temperature of 90 ° C.



Figure 10 - Comparative kinetic curves of hydrogen evolution during the interaction of AAA with distilled and acidified water (1% HCl solution) at a temperature of 90 ° C

Figure 11 shows the average hydrogen evolution rate during the interaction of aluminum activated with Wood's alloy (a) and Rose's alloy (b), depending on the temperature and concentration of HCl for 10 minutes.

 
Figure 11- Average rate of H2 evolution, during the interaction of activated Al alloy: Wood's alloy (a) and Al alloy: Rose's alloy (b) depending on temperature and concentration of HCl (10 minutes)

          Kinetic curves of hydrogen evolution during the interaction of AAA with stratum sediment water from Karazhanbas (Figure 12) indicate that the volume of released H2 reaches 1400 ml with acidified (1% HCl solution) water, while without adding HCI to water, the yield is H2 did not exceed 500 ml. The addition of Н2О2 to formation water reduces the rate and amount of released Н2, the highest rate is observed for water with the addition of sodium hydroxide, the volume of released Н2 is higher than the theoretically calculated one.


Figure 12 - Comparative kinetic curves of H2 evolution during the reaction of the activated alloy AI: Wood's alloy = 90:10 (slowly cooled) with the formation water of the Karazhanbas 3/9 field with the addition of chemical reagents under the following conditions: temperature 90 ° C, alloy: formation water ratio 1 :50

Thus, the studies carried out made it possible to reveal the dependence of the rate of interaction of AAA with water on temperature, composition and amount of an activating additive in the alloy, and pH of water.

2.3 Production of the required amount of activated aluminum alloys for the destruction of various types of oil sludge
An experimental batch of the reagent was made in the laboratory of the NJSC "KazNRTU named after K.I.Satbayev". To obtain castings, steel molds were manufactured with an outer diameter of 60 mm, an inner diameter of 40 mm and a height of 40 mm to 80 mm.
An aluminum alloy with an activating additive is prepared in an alundum crucible, on the bottom of which an alloy (Darcé, Rose or Wood) is placed in an amount of 5-15% by weight, and metal aluminum is placed on top in the form of granules or wire. Smelting is carried out at a temperature of 850 ° C in a SNOL 1300 furnace in an inert gas atmosphere with subsequent cooling. The melt is kept at a temperature of 800 - 8500C for 30 minutes. As soon as the aluminum melted (temperature over 660 ° C), the melt was stirred with a quartz rod and placed back in the furnace. After heating, the composition was mixed again and poured into manufactured steel molds with an outer diameter of 60 mm, an inner diameter of 40 mm, and a height of 40 mm to 80 mm. The ingots were placed on a flat steel plate. The cooling rate of the lower casting layer when the liquid metal touches the plate did not allow metal to spill into the gap between the plate and the mold. The absence of a bottom at the mold facilitated the removal of the casting from it after crystallization and cooling of the metal. With a mold wall thickness of 10 mm, the melt rapidly cooled down with the formation of a fine-crystalline structure and high reagent activity. The total duration of metal heating during heat treatment is the sum of the heating time to a given temperature and the holding time at this temperature. The duration of the heating - holding - cooling cycle was 1 hour. It was found that the content of metals in the alloy slightly differs from the initial ratio of metals taken for the preparation of alloys.
Powder with granule sizes up to 0.6 mm was made from the ingot.
1 kg of AAA was smelted. Estimated prices for raw materials for the preparation of alloys indicate that the use of Wood, Rose and Darce alloys as AAA an order of magnitude to reduce the prices for AAA.




2.4 Comprehensive analysis of the composition of Karazhanbas oil prior to treatment with EAS based on activated aluminum alloys 
Oil from the Karazhanbas field is characterized by a high content of resinous (26.32%) and a low content of paraffinic components (0.8%). The oil is sulphurous, the sulfur content in crude oil is 2.288% (according to titration data), according to XRD data - 1.883%.
It was revealed that the main component of the structural-group composition of the oil part of the Karazhanbas water-oil emulsion samples are high-molecular-weight asphaltenes localizing in their structure a high content of heteroatoms. According to the data of the structure-group composition, the contribution of oil components to the formation of the dispersed phase in ODS was characterized using the ratio RAC / PH, where RAC are resinous-asphaltene components, PH are paraffinic hydrocarbons [25, 26]. According to this classification, the core of the dispersed particle of the oil part of the Karazhanbas field (ratio RAC / PH> 1) is represented by resinous asphaltene components [25, 26]. 

2.5 Development of methods for demetallization of fuel oil and tar (V, Ni) by thermogas-chemical action with activated metal alloys
The attention of researchers to vanadium-containing compounds of oil is connected not so much with the problem of extracting vanadium from alternative (petroleum) feedstock, but with the fact that vanadyl porphyrins present in oils, contained in the residue, during catalytic cracking are "poisons" for catalysts, interfere with the cracking of oil, or the use of cracking products [26-28]. The structure of porphyrin complexes of vanadyl in oils was studied in [27,29-32]. It was revealed that the concentration of vanadium in oil is the higher, the higher the sulfur content, and Ni - the higher the nitrogen content, and in general, the higher the ligand atom content.
The purpose of this work is to develop an easy-to-implement with high efficiency method for removing non-ferrous metals from heavy oil feedstock and reducing its energy intensity (Patent RK No. 33863)
According to the patent, HOR is preheated, mixed with an organic solvent and water is added, and the aluminum alloy is introduced into the aqueous layer, then the resulting mixture is stirred and the non-ferrous metal salts are separated by filtration.
The method of demetallization of HOR and OP is carried out by the interaction of the Rau-85 reagent with water in a solvent medium. The reaction is accompanied by a significant TLC effect. The aluminum alloy interacts with the aqueous phase to release hydrogen and heat. As a result of the release of atomic hydrogen in the reaction mixture, a number of chemical interactions occur, and the hydrocracking of HPS proceeds. Aluminum alloy, hydrolyzed by water to form hydroxides, which are adsorbents for non-ferrous metal ions. The resulting solid components are separated by filtration. The aluminum alloy contains components in the following ratio, (wt.%): Indium 0.1-5, gallium 0.1-5, tin from 0.1-5. Heavy oil feedstock is heated to a temperature of 60C. The weight ratio of heavy oil feedstock: solvent is from 1: 1 to 1: 4. The weight ratio of heavy oil feedstock: water is 1: 1. Water is added with a temperature of 70 - 1000C. An aluminum alloy is introduced into HOR at a mass ratio of 1: 100, respectively. The mixture is stirred for 0.5 to 3 hours. The novelty of the method for extracting non-ferrous metals from heavy petroleum feedstock is determined by the use of the AAA hydrogen energy.

2.6 Evaluation of the effectiveness of demetallization of fuel oil and tar (V, Ni) by thermogasochemical action of activated metal alloys based on the analysis of the physicochemical properties of fuel oil samples, tar from Atyrau oil refinery and Pavlodar Petrochemical  Plant  after  treatment with EAS
A comparative assessment of the efficiency of demetallization of petroleum products was carried out on the samples of tar from Pavlodar Petrochemical Plant  LLP (Figure 13).


Figure 13 - The content of vanadium (blue) and nickel (yellow) on the adsorbent at TGCT with the reagent Rau-85 in various solvents

Figure 14 - The degree of extraction of vanadium (green) and nickel (gray) by the adsorbent at TGCT with the reagent Rau-85 from tar
Composite compositions containing EAS based on AAA, organic solvents and distilled water have been developed. Comparative results of metal extraction from tar are shown in Figure 14. After tar treatment with Rau-85 reagent, vanadium content in tar decreased from 0.1811 to 0.017%, nickel from 0.017 to 0.008%. The best results on the extraction of non-ferrous metals on an adsorbent, which is a product of hydrolysis of an aluminum alloy, were obtained when heptane and benzene were used as solvents at a temperature of 80 ° C. The degree of demetallization reaches 64.61%.
The developed method for extracting non-ferrous metals from HOR using AAA is more economical in comparison with the method according to the prototype, because does not require high temperatures. The adsorbent formed during the hydrolysis of AAA concentrates Ni and V in quantities that allow the adsorbed product to be used as a raw material for vanadium production. The processed HOR contains a low content of Ni and V, which makes it possible to use it for further processing into the target product.

2.7 Development of methods for desulfurization of tar and oil Karazhanbas (northern) by treatment of activated metal alloys
Most of the sulfur in oil is presented in the form of its organosulfur compounds (mercaptans (RSH), sulfides (RSR '), disulfides (RSSR'), cyclic sulfides (CnH2nS) [33–48]. In recent years, strict environmental standards have required a reduction in sulfur content to a level close to zero.
The purification of oil and petroleum products from sulfur is possible with the implementation of various variants of the extraction process, including sulfuric acid, alkaline extraction, with polar solvents, as well as hydrotreating of sulfur-containing compounds by chemical conversion of sulfur to H2S on catalysts in a hydrogen atmosphere at high pressures and temperatures, adsorption purification on silica gel and AI2O3, biodesulfurization and sonocatalytic oxidative desulfurization [36-53].
Despite the variety of proposed technologies for desulphurization of oils and petroleum products, the problem has not been practically resolved to date; an integral universal method, practical for the purification of both sulphide and mercaptan sulfur, has not yet been found [49-51].
The authors of the report have developed an alternative desulfurization method using the ACA hydrogen energy. The technical result is achieved by a method for removing sulfur from petroleum feedstock, including contacting said feedstock with a Rau-85 reagent (RK patent No. 34095).
The raw material is preheated, mixed with an organic solvent and water is added, and the Rau-85 reagent is introduced into the aqueous layer, then the resulting mixture is stirred and the formed sulfur-containing precipitate is separated by filtration. HRM is heated to a temperature of 60 ° C. The mass ratio of HRM: solvent is from 1: 1 to 1: 4. The mass ratio of HRM: water is 1: 1. Water is added at a temperature of 70-100 ° C. AAA, are introduced into petroleum feedstock at a mass ratio of 1: 100, respectively. The mixture is stirred for 0.5 to 3 hours.
Evaluation of the efficiency of desulphurization of HPS with the use of AAA hydrogen power was carried out on samples of tar and fuel oil from PPCHP LLP and AOR LLP, as well as Karazhanbas oil (North). The desulfurization process was controlled in accordance with the methodology GOST 1437-56, as well as described in the source [40].
After the tar treatment with AAA, the content of sulfur and metals decreases (Figure 15), the degree of desulfurization of the tar of Atyrau Refinery LLP reaches values of 21 - 51%, depending on the composition of the original tar and the solvent used (Figures 15, 16).
    
Figure 15 - Sulfur content in the tar of Atyrau oil refinery LLP after treatment with an activated aluminum alloy. Dependence of the degree of desulfurization of tar of Atyrau Refinery 

  
Figure 16 - Results on desulphurization of fuel oil by Atyrau oil refinery LLP
The degree of desulfurization of fuel oil at 80 ° C is 41–65%. Treatment of HRM with white spirit and AAA according to the proposed method allows to achieve its desulfurization up to 98% (Figure 17). AAA interacts with the aqueous phase with the release of atomic hydrogen and heat. As a result, a number of chemical interactions take place in the reaction mixture, hydrogenolysis of HC sulfur compounds by the mechanism:
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Figure 17 - Results of desulfurization of oil sludge LLP "Atyrau oil refinery"
The desulphurization method using ASA was applied to de-sulfurize the Karazhanbas (Severny) crude oil, Figure 18.
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Figure 18 - Dependence of the degree of desulfurization of crude oil Karazhanbas (norhtern) on the consumption of Rau-85 (oil: solvent ratio - 1: 5; solvents - benzene: hexane; temperature - 80 ℃; time - 1 hour)
After TGCT of oil with compositional compositions containing Rau-85, the sulfur content decreases from 2.8% to 0.5%, the degree of desulfurization reaches 81.6% at a reagent consumption of 6 kg per ton of oil, the optimal ratio of oil to solvent is 1: 5 .
Thus, it has been shown that using composite compositions containing AAA can significantly reduce the content of sulfur and non-ferrous metals in heavy oil. The method does not require high temperatures and special equipment. The adsorbent formed during the hydrolysis of AAA concentrates sulfur and effectively purifies HC. The processed HOR contains an insignificant content of sulfur and metals, which makes it possible to use it for further processing into the target product.
Chapter 3 Evaluation of the technological and economic efficiency of using EAS based on activated metals for purification of technical, formation and sediment water from additional sludge ponds, development of practical recommendations for the introduction of EAS as adsorbents and coagulants for water purification, demetallization of fuel oil and tar. Results of the third year of the study

3.1 Comparative evaluation of the efficiency of purification of industrial and formation water using adsorbents and coagulants based on the decomposition products of EAS with water
For the purification of industrial wastewater in world practice[52-63], various methods are used, including sorption methods based on activated carbons, zeolites, aluminum salts and alumina Аl2O3, which make it possible to reduce the anthropogenic load on water bodies. Many impurities of coarse, colloidal and part of dissolved impurities are not removed from the water mechanically, are not neutralized during biological treatment, and are not removed by traditional water purification methods such as sedimentation, coagulation and flotation. This leads to the introduction of the stage of sorption additional treatment into the complex technological scheme of water treatment. Additional treatment of effluents using sorption materials is the final stage in technological schemes.
Sorption methods make it possible to remove contaminants of a very wide nature, in fact, to trace concentrations, regardless of their chemical resistance. Sorption methods of purification are a heterogeneous process, they are quite effective, they are used for deep purification of weakly concentrated wastewater, mainly from molecularly dissolved substances. The choice of adsorbent depends on the nature of the extracted substance and the form of its presence in solution.
The mechanism of sorption of contaminants on inorganic sorbents (clay materials, zeolites) is rather complex, and includes van der Waals interactions of hydrocarbon chains with a developed surface of silicate microcrystals and the Coulomb interaction of charged and polarized sorbate molecules with positively charged areas of the sorbent surface containing H + and Al 3+ [63].
According to the author [63], widespread adoption is due to a rather high sorption capacity, selectivity, cation exchange qualities, as well as a relatively low cost and availability. Cheap natural sorbents have a developed structure with micropores having different sizes depending on the type of mineral.
In [62], it is noted that the expansion of their implementation scale for water purification is facilitated by the ability to regulate the porosity and sorption qualities of inorganic compounds, chemical and thermal stability, resistance to fire, readiness of raw materials and the organization of domestic products during synthesis by adding various compounds.

Clay materials are most widely used for water bleaching, removal of inorganic impurities and especially toxic organochlorine compounds and herbicides, various surfactants. Natural sorbents are extracted in the immediate vicinity of the place of consumption.
The most widely used natural sorbents are zeolites - chabazite (Na2Ca)O(Al2O3(4SiO2(6H2O) with pore size 0.37-0.50 nm, mordenite (Na2K2Ca)O(Al2O3(10SiO2(6.7H2O) with pore size 0.67-0.70 nm), and also clinopptilomite (Na2K2Ca) O (Al2O3 (10SiO2 (8H2O). For the manufacture of durable and water-resistant filter materials from natural zeolites, they are fired in furnaces with sodium chloride or sodium carbonate at 10000C. Improves the sorption of oil from water by treating the surface of zeolites with organosilicon compounds, which make it hydrophobic.
It should be noted [60, 62] that high-tech development of sorption materials, which allow complex sorption of pollutants of various nature up to their complete absorption, have a very high cost. There are no relatively inexpensive sorbents capable of purifying water from heavy metal ions (HMI) and other pollutants. Therefore, the problem of complex wastewater treatment from HMI and organic compounds is of great scientific and practical importance.
Water purified to the norms necessary for reuse for technological needs can be obtained only by using combined reagent and physicochemical methods of wastewater treatment, modernization of existing enterprises, replacing outdated treatment processes, improving the quality of wastewater treatment, introducing closed production cycles [60, 62]. It is necessary to focus on resource-saving technologies [64, 65].
The choice of optimal technological schemes for water purification is known to be a rather difficult task. This is due to the predominant variety of impurities in the water and high requirements for the quality of water purification. When choosing wastewater treatment schemes, one has to take into account not only their composition, but also the requirements that the treated water must satisfy. When used in the production of re-treated wastewater, the criterion for the degree of purification is those requirements that are necessary for the implementation of specific technological processes [66-69].
The aim of the work is to improve the quality of wastewater treatment of LLP "Atyrau oil refinery" to the standards required for reuse in technological processes.
When choosing a coagulant used for wastewater treatment, the following requirements were taken into account:
-availability;
-low cost;
-good filtration properties;
-high sorption capacity;
-the possibility of further disposal.
It is known from the literature that AI2O3 is widely used as a sorbent.
To break the stability of the dispersed system in the process of water treatment, the authors of this report used the products of the reaction of AAA with water as coagulants-sorbents for disinfection and physicochemical purification of sediment formation waters after the destruction of the OS. It was revealed [20] that coagulants-adsorbents based on the reagent Rau-85 not only improves the properties of water by reducing the content of corrosive cations Ca, Mg, Fe, but also have a bactericidal effect.
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Figure 19 - The content of cations in the formation water of  Western Makat field before and after treatment with activated aluminum alloys of different composition

Figure 19 shows that after treatment with the Rau-85 reagent, the total salinity of formation water for injection from the Western Makat field decreases by more than 2 times, the content of Ca cations decreases from 4600 mg / l to 4044 mg / l, Mg from 1920 mg / l up to 893.3 mg / l, Fe from 186.6 to 0.532 mg / l, which is associated with the reactions of ion exchange and adsorption on the surface of aluminum hydroxides. From 66% to 96% of the elements in the formation water are deposited on the surface of aluminum hydroxide. AAA purify water from toxic compounds of natural and technogenic origin, reduce the total mineralization and the content of alkaline earth elements, which helps to protect the environment, as well as improve the state and preserve human health.
AAA is highly active with water. The reaction takes place with the formation of aluminum hydroxide and hydrogen in any aqueous solutions. The reaction is exothermic, from which it follows that the use of AAA will be especially effective in the cold season, when the rate of chemical reaction of wastewater treatment is significantly reduced, as well as during spring and autumn floods [20]. It has been shown that the reaction products of AAA with water are effective adsorbents and coagulants and can be used for water purification for various purposes at oil production facilities, oilfield preparation and oil refining.

3.2 Development of formation water treatment technology using different doses of activated aluminum
At the present stage of development, Atyrau Oil Refinery LLP does not have a fully closed recycling water supply system. In this regard, after purification, excess wastewater treated according to regulations is discharged into a special evaporation pond to the evaporation fields, which are located to the north-east, 3 km from the plant. Evaporation pond of the left-bank part of Atyrau. belongs to the main potential sources of groundwater pollution. The total area of ​​the evaporation pond is 1000 hectares, the capacity is 14.0 million m3. The design volume of wastewater discharged into the evaporator pond of Atyrau Refinery LLP, taking into account the deep oil refining complex (DORC), will amount to 288.82 m3 / h for 2019; 2530096 m3 / year [76.77]. The standard maximum permissible discharge (MPD) for 2019 is 847.28 m3 / hour, 7 422 170.85 m3 / year.
When developing a method for treating formation water separated from oil sludge from ASP AOR LLP using activated aluminum alloys, the effect of the composition of the AAA, the ratio of alloy: water, as well as the mineral composition and pH of water was studied.
In laboratory conditions, a reagent method for purifying contaminated water from petroleum products using AAA on industrial waters of ASP AOR LLP and in comparison with industrially used coagulants with AI2 (SO4) 3 and Fe2 (SO4) 3 has been worked out.
The influence of the composition of AAA, the ratio of alloy: water, as well as the mineral composition of water and its pH on the efficiency of water purification was revealed.
Before carrying out technological research on water purification using AAA and assessing its effectiveness, a complete chemical analysis of the source water was carried out. On the basis of the obtained results and analysis of industrial methods of water purification, variants of the technological scheme of water purification were developed.
Recommended scheme for water purification AAA: a sample of 50-750 ∙ 10-6 g / dm3 of aluminum alloy was introduced into a water sample with a volume of 1 dm3, and it was altered with electric stirrers for 300 s - 2000 s. Rapid mixing is important at this stage in order to obtain a homogeneous dispersion of the chemical and to maximize the possibility of maximum contact between the particles. After prolonged (several minutes) stirring, coagulation of particles into larger formations is observed. After the particles have increased in size and weight, they begin to settle to the bottom, due to the action of gravity. In the process of interaction of alloys with water, particles of the resulting products can capture various impurities and, precipitating, remove them. When AAA is used as coagulants, coprecipitation and adsorption are likely to occur simultaneously.
After stirring, the stirrers were turned off and the water was allowed to settle for 3600 s. After the stage of coagulation and sedimentation of the precipitate, the water was passed through a filter. The filtration method is the main technological method of fine purification of any type of water from dissolved and dispersed particles [60], then the determination of the physicochemical characteristics of the purified water was carried out according to the methods set forth in the State Standards.
Thanks to the use of a coagulant, the water at the outlet is purified from suspended oil particles and from the mechanical particles of calcium, sodium, magnesium, and iron hydroxide contained in it.
The content of oil in industrial waters ASP in the aqueous phase before alloy treatment is 404 mg / l after AAA purification - 15-17 mg / l (there is no need for preliminary additional treatment). The cleaning efficiency depends on the process conditions (solution temperature, solution pH, alloy composition). Alkalinization of water was used to accelerate flocculation. In order to reduce the consumption of the coagulant, the coagulation process was carried out in the medium pH range from 4.4–8; the highest purification efficiency is achieved in media with high pH, ​​which are achieved by adding sodium hydroxide.
Processing of sediment formation water samples by AAA allows to obtain transparent waters (Figure 20), in which there are no oil impurities, turbidity decreases from 128 to 1-2 NTU, the content of Ca, Mg, Fe cations decreases towards lower values.
The use of Rose, Wood, Darce alloys for the activation of aluminum makes it possible to reduce the cost of activated aluminum alloys by an order of magnitude. Purified formation water using ASA as coagulants-adsorbents, according to hygienic standards, the content of oil, suspended particles, heavy metals, which have a significant effect on the oil recovery factor, meets the requirements for the quality of injected water for waterflooding of oil reservoirs with a porous reservoir medium permeability up to 35 μm2 and more and the coefficient of relative fracturing of the reservoir from 6.5 to 2 inclusive (industry standard OST 39-225-88). The purified water has a pH of 8.22-8.50, the oil content is 15 mg / l, iron ions are trace concentrations.
       From the analysis of Figure 20, it follows that the coagulant based on ASA more effectively removes organic substances that impart color to wastewater compared to AI2 (SO4) 3 and Fe2 (SO4) 3.
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a - initial formation water, b - sediment water after treatment AI: Wood's alloy = 90: 10 at a temperature of 90 ° C and a ratio of 1:50, c - formation water after treatment with AI2 (SO4) 3 at a temperature of 90 ° C and a ratio of 1:50, d-sediment water of the Karazhanbas field
Figure 20 - Photos of sediment water from oil sludge from ASP AOR LLP and water-oil emulsion from Karazhanbas field.

Thus, the test results of the developed purification technology using AAA as coagulants-sorbents confirmed their effectiveness for wastewater purification up to the norms required for reuse in technological processes. 

3.3 Development of practical recommendations for the introduction of EAS based on activated metal alloys and hydrolysis products with water as adsorbents and coagulants for water purification, demetallization of mazut and tar
When developing a reagent method for purifying contaminated water from OP using AAA, it was revealed that in media with a high pH, ​​which is achieved by adding sodium hydroxide, the content of alkaline earth ions is significantly reduced in comparison with media with low pH values ​​(achieved by adding HCI). However, the content of aluminum ions increases in the purified water.
It is known that aluminum oxide in aqueous acidic media has a positive charge, in alkaline media - negative, which allows the oxide surface to selectively sorb anions (in acidic media) and cations (in alkaline media) [62].
The established increase in efficiency in the extraction of cations from the solution with increasing pH indicates the occurrence of chemisorption processes. Due to the increase in the number of OH functional groups in the solution, the surface of the sorbent acquires a negative charge, and the sorption of positively charged metals occurs more efficiently [17, 62].
It is also known that the solubility of Al (OH) 3 in water is a function of pH [72] at low pH values ​​<4.5, Al3 + ions prevail in the solution, at pH = 5-6, Al (OH) 2+ ions prevail in the solution, at pH > 7 ions Al (OH) 4 prevail in the solution. Aluminum salts and aluminates in solutions are highly hydrolyzed.
In an environment with a high pH value, when the alloy interacts with water, along with aluminum hydroxide, sodium aluminate NaAI (OH) 4 is formed, soluble in water, which is a sodium salt of aluminum acid, which is an effective coagulant. In the process of waste water purification, a double coagulation process takes place, while polyvalent aluminum cations compensate for the charge of negatively charged particles, and aluminate ions act on contaminants with a surface positive charge. In an environment with a high pH value, sodium aluminate interacts with water molecules to form sodium tetrahydroxoaluminate, that is, sodium aluminate exhibits anionic properties. Sodium aluminate leads to a decrease in the hardness of waste water, since it effectively precipitates magnesium ions [73–75].
It is noted that many adsorbents on their surface in an aqueous medium carry a charge, the value and sign of which are determined by the pH of the solutions under study.
It was revealed that with a decrease in the concentration of heavy metal ions (HMI) in the solution, the pH value shifts to the alkaline region.
The efficiency of wastewater treatment from HMI is influenced by the nature of the cation. Wastewater treatment from HMI (Cu 2 +, Ni 2 +, Fe tot., Zn 2 +, Cd 2 +, Pb 2 +) using activated aluminum alloys showed that the purification efficiency increases in the series: Cu 2 + <Ni 2 + <Fe tot. <Cd 2 + <Zn 2 + (89%) <Pb 2 +.
AAA, when interacting with alkaline water, form sodium aluminate NaAI (OH) 4 soluble in water, therefore, after treatment of water with alloys, the aluminum content is higher than in the original water. The content of elements Ba, Ca, Fe, Mg, P, Si is significantly reduced and reaches trace concentrations, which indicates the high efficiency of alloys as coagulants for water purification.
Aluminum ions contained in water do not belong to substances with pronounced toxic effects. Maximum concentration limit of aluminum in drinking water is 0.2 mg / l, in some cases reaching 0.5 mg / l.
When using purified water in a circulating water supply system, the amount of dissolved aluminum salts in order to avoid the formation of a hydroxide precipitate is normalized, since in these systems a reagent containing phosphate ions is used as a corrosion inhibitor, aluminum in the water interacts with them, forming complex insoluble complex compounds that clog the pipes of heat exchangers and impair their operation [75]. Considering the above, it is recommended to purify water using AAA without adding acids or alkalis to the water (pH of the medium from 4.4 to 8) and the dose of the alloy from 70 to 100 ppm, at a temperature of 25 ° C when using the reagent Rau-85 containing indium as activator metals, gallium, tin at a ratio AI: In: Ga: Sn = 85: 5: 5: 5, and a temperature of 90 ° C when using aluminum activated with Rose, Wood, Darcay alloys at a ratio AI: alloy = 90: 10.
In the water purified in this way, the aluminum content is in the range from 0 to 15 mg / l. Shaking and stirring vigorously the coagulated water is not recommended, because this leads to the separation of the floccules.
 The desulfurization process is recommended to be carried out using composite compositions containing AAA in a mixture of solvents benzene: hexane = 1: 1, with a ratio of oil: solvent = 1: 5, a ratio of heavy oil feedstock: water from 1: 1 to 1: 4, a temperature of 80 ° C and the duration of the process is 1 hour.
The demetallization process is recommended to be carried out in a solvent environment (benzene, heptane). Heavy petroleum feedstock is heated to 60 ° C.
Water is added at a temperature of 70-100 ° C at a ratio of oil feedstock: water = 1: 1. An aluminum alloy (Rau-85 reagent) is added to the oil feed at a ratio of 1: 100. The duration of the process is from 0.5 to 3 hours.



















CONCLUSION

Brief conclusions on the results of the completed research work or its individual stages
The technical solution of the research work carried out is the development of methods and conditions for the activation of aluminum by metals with activators, which lead to the destruction of the oxide film and ensure the reactivity of aluminum to water.
The possibilities of controlling the process of interaction of activated aluminum with water are revealed, which makes it possible to obtain hydrogen at high rates, which is determined by the nature and content of the activator metals, as well as the nature of metals and water salinity, the temperature of the experiment and the conditions of heat treatment of alloys.
It is noted that the introduction of Darce, Rose, Wood activator alloys into the Al alloy leads to an increase in the rate of its interaction with water in comparison with an alloy containing only Al, Ga, In, Sn.
The method of optical emission spectroscopy with inductively coupled plasma, spectrophotometric method, ORP-meter, as well as titration and study of pH, carried out a comprehensive analysis of the chemical composition and physicochemical characteristics of the formation waters of the Western Kazakhstan fields. The formation waters of the Koschagyl, Akkuduk, Kisimbai, Akingen fields differ in the content of Na, K, Mg, Ca, Ba, Si cations. The analyzed formation waters are characterized as brines and are at greater risk for sodium chloride (halite) deposition. Thus, at Koschagyl No. 606, the density value was 1055 kg/m3, and the total mineralization was 86.9 g/dm3, while at Cape Botakhan 150, the density was 1143 kg/m3, and the total mineralization was 215.7 g/dm3.
 The presence of Mg and Fe cations in formation waters indicates their high corrosive activity. It was found that during the exploitation of the studied oil and gas fields, it is necessary to prevent the mixing of waters containing carbonates and sulfates in order to prevent the formation of mineral salts on oil production and oil transportation equipment.
A pilot batch of AAA of various compositions and degrees of grinding has been produced for comprehensive research. A pilot batch of AAA was obtained.
It has been shown that the reaction products of activated alloys of Rau with water are excellent adsorbents and coagulants and can be used to purify water for various purposes at oil production enterprises and to reduce its corrosivity.
Based on the analysis of the formation waters of East Makat (EmbaMunayGas JSC) before and after treatment with AAA, it was concluded that after treatment with the Rau reagent, a decrease in the redox potential (Eh) of water and salts towards lower values ​​is associated with ion exchange and adsorption reactions on the surface of aluminum hydroxides. The content of cations of Ca decreases from 4600 mg/l to 4044 mg/l, Mg from 1920 mg/l to 893.3 mg/l, Fe from 186.6 to 0.532 mg/l.
It was found that with an increase in the total mineralization and an increase in the acidity of water, the rate of interaction of AAA with formation water increases and heat release increases. The physicochemical properties and characteristics of fuel oil and tar samples of Atyrau Oil Refinery LLP, Pavlodar Petrochemical Plant LLP, water-oil emulsion of the Karazhanbas (Northern) field before processing with EAS were studied.
Structural-group, X-ray phase and X-ray fluorescence analysis of tar and fuel oil was carried out. It was revealed that the tar of "Atyrau oil refinery" LLP contains 2.5 times more asphaltenes in comparison with the tar of " Pavlodar Petrochemical Plant " LLP. X-ray fluorescence analysis of asphalts isolated from Karazhanbas oil showed an increased content of vanadium in them, the concentration of vanadium reaches 0.482% and nickel 0.075% (4.82 kg and 750 g, respectively, per 1 ton of asphaltenes). It is shown that the resource potential of oil and water-oil emulsions Karazhanbas can become a reliable source of valuable metals - vanadium and nickel.
 For the first time, a method has been developed for demetallization of HO and OP (mazut and tar) using hydrogen energy of AAA. Composite compositions containing EAS based on AAA, organic solvents and distilled water have been developed. It was revealed that the use of composite compositions containing EAS based on an activated aluminum alloy can significantly reduce the content of non-ferrous metals vanadium and nickel in heavy hydrocarbon feedstock (fuel oil, tar) to 70 - 75%.
 For the first time, a method has been developed for desulfurization of heavy oils and oil products (fuel oil, tar) and oil sludge from  LLP "Atyrau oil refinery" using activated aluminum alloys. Composite compositions containing EAS based on activated aluminum alloys, organic solvents and distilled water have been developed. It was found that the use of composite compositions containing EAS based on an activated aluminum alloy can significantly reduce the sulfur content in heavy hydrocarbon feedstock.
The degree of desulfurization for tar - 51%, fuel oil - 64%, Karazhanbas oil - 82%, oil sludge – 98%.
Assessment of the completeness of the solution of the assigned tasks
1) The task of the project No. 1.1 according to the calendar plan was completed in full. A correlation has been established between the composition of the aluminum-based alloy, the temperature and the rate of hydrogen evolution.
To reduce the cost of activating aluminum, it was proposed to replace the metals Ga, In, with Darce, Rose and Wood alloys. It was found that their introduction into the composition of the aluminum alloy leads to an increase in the rate of its interaction with water. It is noted that the rate of hydrogen evolution during the oxidation of activated aluminum with distilled water is higher than in the simulated formation water. The hydrogen evolution reaction proceeds without an induction period. It was also found that with a decrease in the pH of the simulated formation water by adding hydrochloric acid, the volumetric yield of hydrogen increases and reaches the theoretical 99%, and the heat of reaction is 3371 kJ/kg.
2) The task of the project No. 1.2 was completed in full according to the schedule.
Using the method of optical emission spectroscopy with inductively coupled plasma, pH-, ORP - meter, spectrophotometer and titration, a comprehensive analysis of the chemical composition and physicochemical characteristics of formation waters for the content of salt-forming elements Na, K, Ca, Mg, Fe, Ba, Li, Si, Sr, V, anions SO42-, Cl-, CO3-, HCO3-, as well as pH, ORP, electrical conductivity, ρ, total mineralization.
The waters of the Altykul (well No. 102), Botakhan (well No. 121) and Karazhanbas (well No. 897, well No. 1783, well No. 3817), and Karsak deposits were studied. Tengiz: field-2NT, field -11 NT and field -4NT,  field of NGDU "Zhylyoimunaigaz": Koschagyl No. 606, Koschagyl Kazan, Akingen, Akkuduk, Botakhan 121, Botakhan 150, Kisimbai No. 34, NGDU “Zhaiykmunaigas” : Saltanat Balgimbaev RVS No. 1,8,9.
Based on the research, it was concluded that during the operation of the fields, it is necessary to prevent the mixing of waters containing carbonates and sulfates in order to prevent the formation of mineral salts on oil-producing equipment and oil-transporting equipment.
3) The task of the project No. 1.3 was completed in full according to the schedule.
With regard to aluminum alloys, a simple and cheap method has been developed for obtaining aluminum alloy powder and storing it without changing its activity. For this, an aluminum alloy with the addition of activator metals was initially obtained by fusion, which was cast into cooled cylindrical molds, and then, in an atmosphere of pure argon, was crushed in a fine crusher DMD 160x100 mm according to a program that allows obtaining the required grain size composition of the alloy.
4) The task of the project No. 1.4 was completed in full according to the schedule.
 Produced waters are characterized by different chemical composition and physical and chemical properties. It can be noted that the analyzed formation waters are characterized as brines with a total salinity of 16374, mg / l for wells. No. 3817 m. Karazhanbas up to 215600 mg / l for well. No. 121 m. Botakhan. After the treatment of formation waters by ASA, there is a decrease in the total mineralization, so on the example of Cape East Makat, the content of cations decreases: Ca from 4600 mg / l to 4044 mg / l, Mg from 1920 mg / l to 893.3 mg / l, Fe from 186.6 to 0.532 mg / l.
Research data indicate that the reaction products of activated alloys of Rau with water are excellent adsorbents and can be used for water purification for various purposes at oil production enterprises. It has been proved that during the exploitation of the studied fields it is necessary to prevent mixing of waters containing carbonates and sulfates in order to prevent the formation of mineral salts on oil and gas production and oil transportation equipment.
5) The task of the project No. 2.1 according to the calendar plan was completed in full. The physicochemical properties and characteristics of fuel oil and tar samples from the Atyrau oil refinery and the Pavlodar Petrochemical Plant before processing with EAS have been studied.
6) The task of the project No. 2.2 is completed in full. Based on the rate of hydrogen evolution, the optimal parameters of the interaction of aluminum alloys activated by Darce, Wood, Rose alloys with water, depending on the temperature, the amount of the activating additive in the alloy, and the pH of water, have been established. A comparative assessment of the efficiency of the alloys is carried out. It was revealed that the process proceeds at a significant speed for 20 - 40 minutes and ends after 40 minutes. The hydrogen yield reaches theoretical values ​​when the pH of the water is reduced by adding hydrochloric acid.
7) The task of the project No. 2.3 is completed in full. A comprehensive analysis of the composition of oil and water-oil emulsion Karazhanbas, sediment formation water before the processing of activated aluminum alloys was carried out. The elemental composition of asphaltenes isolated from oil products, mechanical impurities and sediment water of the Karazhanbas creek after the treatment with AAA was studied. It is shown that the resource potential of oil and water-oil emulsions Karazhanbas can become a reliable source of valuable metals - vanadium and nickel. Treatment of sediment formation water samples with an activated aluminum alloy allows obtaining transparent waters in which there are no oil impurities, the turbidity is reduced from 128 to 1 - 2 NTU.
8) The task of the project No. 2.4 was completed in full according to the schedule. A method has been developed for demetallization (V, Ni) of HO and OP (mazut, tar) by thermogasochemical action with AAA. Composite compositions containing EAS based on AAA, organic solvents and distilled water have been developed.
9) The task of the project No. 2.5 was completed in full according to the schedule. An assessment of the efficiency of demetallization (V, Ni) of mazut and tar by thermogasochemical action with AAA was carried out on the basis of an analysis of the physicochemical properties of fuel oil and tar samples from the Atyrau oil refinery and the Pavlodar Petrochemical Plant after treatment with EAS.
10) The task of the project No. 2.6 was completed in full according to the schedule.
A method has been developed for desulphurization of HO and OP (mazut, tar) and oil sludge of LLP "Atyrau Refinery" using AAA. Composite compositions containing EAS based on AAA, organic solvents and distilled water have been developed. It was found that the use of composite compositions containing EAS based on an AAA can significantly reduce the sulfur content in HHF.
11) The task of the project No. 3.1 was completed in full according to the schedule. An assessment of the technological and economic efficiency of the use of EAS based on AAA for the treatment of industrial wastewater from LLP "Atyrau Refinery" has been carried out. The results of testing the reagent method of purification by the decomposition products of EAS with water confirmed the efficiency of using AAA as coagulants-sorbents for wastewater treatment, up to the norms required for reuse in technological processes. AAA purify water from toxic compounds of natural and technogenic origin, reduce the content of alkaline earth elements and general mineralization, improve the properties of water, and exhibit a bactericidal effect. The use of Rose, Wood, Darce alloys for the activation of aluminum makes it possible to reduce the cost of activated aluminum alloys by an order of magnitude.
Purified formation water using AAA as coagulants-adsorbents, according to hygienic standards, content of oil, suspended particles, heavy metals, meets the requirements for water quality (industry standard GOST 39-225-88). Purified water has a pH of 8.22-8.50, oil content 15 mg / l, iron ions - trace concentrations.
12) The task of the project No. 3.2 was completed in full according to the schedule. The technology of purification of formation water separated from oil sludge from LLP "Atyrau Refinery" with the use of various doses of AAA has been developed. The influence of the composition of the activated alloy, the alloy: water ratio, as well as the mineral composition and pH of water has been studied.
To accelerate flocculation, alkalization of water with sodium hydroxide was used. In the water purified in this way, the aluminum content is in the range from 0 to 15 mg / l.
13) The task of the project No. 3.3 was completed in full according to the schedule. Practical recommendations have been developed for the introduction of EAS based on AAA and products of hydrolysis with water as adsorbents and coagulants for water purification, demetallization of fuel oil and tar.
Water purification using AAA must be carried out without adding acids or alkalis to the water (pH of the medium is from 4.4 to 8) and the dose of the alloy is from 70 to 100 ppm at a temperature of 25°C when using the Rau-85 reagent containing indium, gallium as activator metals , tin at the ratio AI: In: Ga: Sn = 85:5:5:5, and 90 ° C when using aluminum activated with alloys Rose, Wood, Darce at the ratio AI: alloy = 90:10.
The desulfurization process is recommended to be carried out using composite compositions containing AAA in a solvent mixture benzene: hexane = 1: 1, with an oil: solvent ratio = 1: 5, a heavy oil: water ratio from 1: 1 to 1: 4, a temperature of 80 ° C and the duration of the process is 1 hour.
The demetallization process is recommended to be carried out in a solvent environment (benzene, heptane). HHF is heated to 60 ° C. Water is added at a temperature of 70-100 ° C at a ratio of HHF: water = 1: 1. Aluminum alloy reagent Rau-85 is introduced into oil feedstock at a ratio of 1: 100. The duration of the process is from 0.5 to 3 hours.
Development of recommendations and initial data on the specific use of research results;
It consists in finding the possibility of using activated metal alloys as a source for obtaining hydrogen from water. Creation of adsorbents-coagulants of various types with controlled physicochemical properties for water purification, improvement of the commercial characteristics of oil, demetallization of fuel oil and tar. Solving environmental problems in the oil production, oil transportation industry, and the petrochemical industry through the integrated use of EAS water decomposition products (metal oxides, high pressure steam, heat of reaction) for resource and energy saving technologies for demetallization, desulfurization of hydrocarbon raw materials (fuel oil and tar), waste and reservoir treatment water.
The results of assessing the technical and economic efficiency of implementation
The results of the research carried out at this stage are not enough to assess the technical and economic efficiency. Research in this direction will be continued
The results of assessing the scientific and technical level of the completed research work in comparison with the best achievements in this area.
The performed research and development work corresponds to the best achievements in this area, which is confirmed by the publication of research results in high-ranking journals (Yerzhan A. Issabayev, Galina I. Boiko, Nina P. Lyubchenko, Yerengaip M. Shaikhutdinov, Hervé Muhr, Ludovic Colombeau, Philippe Arnoux, Céline Frochothesis Synthesis and evaluation of new aminophosphonic acid as scale inhibitor for industrial water applications // Journal of Water Process Engineering 22 (2018) 192 - 202 Impact factor = 4.0, quartile Q1, percentile 91%; Raushan G. Sarmurzina, Galina I. Boyko, Meirzhan T. Baigaziyev, Uzakbai S. Karabalin, Nina P. Lubchenko New generation of energy accumulating substances based on activated aluminum // Journal of chemical technology and metallurgy//Journal of chemical technology and metallurgy, Sofia, V53, issue 1, 2018. - pp. 119 - 124 (with an impact factor of 0.60, quartile Q3, percentile 41%), Valeriya N. Ayukayeva, Galina I. Boiko, Nina P. Lyubchenko, Raushan G. Sarmurzina, Rashida F. Mukhamed ova, Uzakbay S. Karabalin, Sergey A. Dergunov Polyoxyethylene Sorbitan Trioleate Surfactant as an Effective Corrosion Inhibitor for Carbon Steel Protection//Colloids and Surfaces A: Physicochemical and Engineering Aspects А579 (2019). - P. 1 - 9 (impact factor 3.13, quartile Q2, percentile 76%), as well as patents (1. Patent No. 33863 on application reg. No. 2018 / 0265.1 dated 26.04.2018 / date of registration in the State Register inventions of the Republic of Kazakhstan: 08/27/2019 Method of extracting non-ferrous metals from heavy oil raw materials / Sarmurzina R.G., Boyko G.I., Lyubchenko N.P., Nabidollaev S.E., Boyko E.A., Karabalin U.S., Akchulakov B.U., Kozyrev D.V .; 2. Patent of the Republic of Kazakhstan No. 34095 (z. Reg. No. 2018 / 0640.1 dated 16.09.18) publ. 20.03.2020, bulletin No. 11 Method for removing sulfur from crude oil / Boyko G.I., Sarmurzina R.G., Karabalin U.S., Tiesov D.S., Lyubchenko N.P., Nabidollaev S.E., Boyko E.A.), speeches at international conferences and forums .
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Defenced: 1 PhD thesis on the topic: "New inhibitors and coagulants based on organophosphorus substances and activated aluminum for the prevention of salt deposition and water purification" (Issabaev Ye.A.), 3 master's degree thesis.





















APPENDIX B
Calendar plan of works

to Agreement No. 110 dated March 5, 2018
for grant funding

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

1.1 By priority: 2. Energy and mechanical engineering
1.2 For sub-priority: 2.2 Alternative energy and technologies: renewable sources hydrogen energy, other energy sources.
1.3 On the topic of the project: № ИРН АР05130541 «Hydrogen energy of activated metal alloys in solving complex environmental problems».
1.4 Total project amount 26 940 510 (twenty six million nine hundred forty thousand five hundred ten) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
- 2018 year – in total 9 000 000 (nine millions) tenge;
-  2019 year -  in total 9 123 381 (nine million one hundred twenty three thousand three hundred eighty one) tenge;
-  2020 year -  in total 8 817 129 (eight million eight hundred seventeen one hundred twenty nine) tenge.


 2. Characteristics of scientific and technical products for qualification
featured and economic performance
2.1 Direction of work: Hydrogen energy. Fundamental, applied and experimental research.
2.2 Application: oil and gas industry, oil transportation, oil refining industry.
2.3 End result: Methods of using EAS hydrogen energy based on activated aluminum alloys to obtain hydrogen from water with a high controlled release rate, emission of thermal energy and use of hydrolysis products as coagulants for purification of technical, formation and sediment water from additional sediment ponds from hazardous water-soluble impurities , oil residues contained in small quantities in water, as well as for the technological use of hydrogen energy for demetallization and desulfurization of heavy oil residues
- 2018 year: Development of new generation EAS based on activated metal alloys. Comprehensive comparative analysis of the physicochemical properties of samples of technical, formation and sediment water from additional sludge ponds before and after EAS treatment using modern physicochemical methods. Development of methods and methods for using EAS for purification of formation water and sediment water from ponds of additional sludge from hazardous water-soluble impurities, oil residues, the results of the analysis of patent and scientific and technical literature on the topic being developed;
-  2019 year: Development of a method for demetallization of fuel oil and tar, as well as desulfurization of heavy oil residues using hydrogen energy EAS;
- 2020 year: Assessment of the technological and economic efficiency of the use of EAS based on activated metals for the purification of technical, formation water and sludge water from additional sludge ponds from hazardous water-soluble impurities, oil residues contained in small quantities in water, as well as for the technological use of hydrogen energy for demetallization and desulfurization heavy oil residues. Practical advice. Over the entire period of the project implementation, articles will be published in foreign peer-reviewed scientific journals with a non-zero impact factor: Journal of chemical technology and metallurgy, (Sofia, Bulgaria), Journal of Water Process Engineering (Holland), Oil Industry (Russia) and 1 an article in a peer-reviewed Russian scientific publication with a nonzero impact factor. 2 applications for the RK patent will be filed.
2.4 Patentability: patentable.
2.5 Scientific and technical level (novelty): The use of hydrogen energy of activated aluminum alloys and products of their hydrolysis with water for purification of technical, formation and sediment water from additional sludge ponds, demetallization of fuel oil and tar. Integrated use of water decomposition products by energy-storage substances based on activated aluminum alloys (hydrogen, metal oxides, high-pressure steam and heat of reaction) in solving environmental problems, rational use of modern resource and energy-saving technologies.
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 activity: Prototypes, titles of protection, publications.

	Cipher tasks, stage
	Name of work onThe agreement and main stages of its implementation *
	Period of execution *
	Expected Result *


	
	
	Start
	Ending
	

	1
	The task of the project for 2018 
Creation of EAS of a new generation based on activated metal alloys. Complex comparative analysis of the physicochemical properties of samples of technical, reservoir and sediment water from additional sediment ponds before and after treatment with EAS using modern physicochemical methods; Development of methods and methods of using EAS for purification of formation water and sediment water from additional sediment ponds from hazardous water-soluble impurities, oil residues, analysis of decomposition technologies existing in world practice oil and bottom sediments in additional sludge ponds, and sludge collectors, fuel oil reservoirs.
	January 2018

	November 1st 2018
	A new generation EAS will be created based on activated metal alloys. A comprehensive comparative analysis of the physicochemical properties of samples of technical, reservoir and sediment water from additional sludge ponds before and after processing with EAS using modern physical and physical and chemical methods; Methods and methods of using EAS for purification of formation water and sediment water from ponds of additional sludge from hazardous water-soluble impurities, oil residues will be developed, an analysis will be carried out decomposition technologies existing in the world practice oil and bottom sediments in additional sediment ponds, and sludge collectors, fuel oil tanks. The results of the analysis of patent and scientific and technical literature will be received on the topic being developed.

	1.1
	The task of the project 1. Revealing the role of metal activators, alloy composition, crystallization modes and features of the formation of the structure of an activated metal alloy to obtain high speeds evolution of hydrogen from water and aluminum oxide with predetermined physical and chemical properties.
	January 2018

	March 
2018
	The roles of activator metals, alloy composition, crystallization modes and features of the formation of the structure of an activated metal alloy for obtaining high rates of hydrogen evolution from water and aluminum oxide with predetermined physical and chemical properties. A new generation EAS will be developed based on activated metal alloys with high controlled rates of hydrogen evolution from water and aluminum oxide with predetermined physicochemical properties.

	1.2
	The task of the project 2. Comprehensive comparative analysis of physical and chemical properties of reservoir water samples from various fields and sediment water from additional sediment ponds from Atyrau Oil Refinery and Pavlodar PetroChemicl Plant with the use of physicochemical methods prior to EAS treatment.
	April
2018

	June 2018
	The results of a comprehensive comparative analysis of physical and chemical properties of samples of formation waters various deposits and sediment water of ponds additional sludge from Atyrau Oil Refinery and Pavlodar PetroChemicl Plant using physical and chemical methods up to EAV processing.

	1.3
	The task of the project 3. Production of a pilot batch of activated alloy of metals of various compositions and the degree of grinding for complex research.
	July 2018

	September2018
	A pilot batch of activated alloy will be produced metals of various compositions and degrees of grinding for complex research. An experimental batch of activated alloy of metals.

	1.4
	The task of the project 4.
Analysis of formation water and sediment water from additional sediment ponds for the content of cations, anions, ORP, pH. electrical conductivity after processing with EAS using physicochemical methods.
	October 2018

	November 1st 2018
	The results of analyzes of formation water and sediment water from additional sludge ponds will be obtained for the content of cations, anions, ORP, pH after processing EAS with application of physical chemical methods.

	2
	The task of the project for 2019.
Development of methods for demetallization of fuel oil and tar with the use of hydrogen energy EAS based on activated metal alloys
	January 2019
	November 1st 2019
	Methods will be developed for demetallization of fuel oil and tar using the hydrogen energy of EAS based on activated metal alloys

	2.1
	The task of the project 5.
Study of the physicochemical properties and characteristics of fuel oil and tar samples from the Atyrau Oil Refinery and Pavlodar PetroChemicl Plant before processing with EAS
	January 2019
	March  2019
	The physicochemical properties and characteristics of the fuel oil and tar samples from the Atyrau Oil Refinery and the Pavlodar PetroChemicl Plant before processing with EAS will be studied. The results of the analysis of the physicochemical properties of the fuel oil and tar samples from the Atyrau Refinery and the Petrochemical Plant before processing with EAS

	2.2
	The task of the project 6.
Development of methods for demetallization of mazut and tar (V, Ni) by thermogasochemical action with activated metal alloys
	April 2019
	June  2019
	Methods for demetallization of mazut and tar (V, Ni) by thermogasochemical action with activated metal alloys will be developed

	2.3
	The task of the project 7.
Evaluation of the efficiency of demetallization of mazut and tar (V, Ni) of thermogasochemical action by activated metal alloys based on the analysis of the physicochemical properties of mazut and tar samples from the Atyrau Oil Refinery and Pavlodar PetroChemicl Plant after treatment with EAS
	July  2019
	September 2019
	The results of evaluating the effectiveness of demetallization of fuel oil and tar (V, Ni) of thermogasochemical action by activated metal alloys will be obtained based on the analysis of the physicochemical properties of fuel oil and tar samples from the Atyrau Oil Refinery and Pavlodar PetroChemicl Plant after treatment with EAS

	2.4
	The task of the project 9.
Development of methods for desulfurization of tar by the action of activated metal alloys
	October 2019
	November 1st 2019
	Methods for desulfurization of tar by exposure to activated metal alloys will be developed

	3
	The task of the project for 2020.
Assessment of the technological and economic efficiency of the use of EAS based on activated metals for the purification of industrial, formation water and sediment water from additional sludge ponds. Development of practical recommendations for the introduction of EAS as adsorbents and coagulants for water purification, demetallization of mazut and tar
	January 2020
	November 1st 2020
	The results of evaluating the technological and economic efficiency of the use of EAS based on activated metals for the purification of technical, formation water and sediment water from additional sediment ponds will be obtained. Practical recommendations will be developed for the introduction of EAS as adsorbents and coagulants for water purification, demetallization of mazut and tar.

	3.1
	The task of the project 10.
Comparative evaluation of the efficiency of purification of industrial and formation water using adsorbents and coagulants based on the decomposition products of EAS with water
	January 2020
	April 2020
	Comparative assessments of the efficiency of purification of industrial and formation water using adsorbents and coagulants based on the decomposition products of EAS with water will be obtained.

	3.2
	The task of the project 11.
Development of the formation water treatment technology using different doses of activated aluminum
	May 2020
	August 2020
	The technology of formation water purification using various doses of activated aluminum will be developed

	3.3
	The task of the project 12.
Development of practical recommendations for the introduction of EAS based on activated metal alloys and hydrolysis products with water as adsorbents and coagulants for water purification, demetallization of fuel oil and tar
	September 2020
	November 1st 2020
	Practical recommendations will be developed for the introduction of EAS based on activated aluminum and products of hydrolysis by water as adsorbents and coagulants for water purification, and demetallization of fuel oil and tar will be carried out. Over the entire period of the project, articles will be published in foreign peer-reviewed scientific journals with a non-zero impact factor (Scopus): Journal of chemical technology and metallurgy (Sofia, Bulgary), Journal of water process engineering (Holland), “Oil industry” (Russia) and 1 article in a peer-reviewed Russian scientific publication with a non-zero impact factor. 2 applications for the RK patent will be filed.
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х1	0	0.5	1	1.5	2	2.5	3	4	6	8	10	13	16	25	35	40	50	60	70	0	0	0.4	0.64	0.86	0.92	1	1.05	1.1000000000000001	1.1399999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	1.1599999999999999	х2	0	0.5	1	1.5	2	2.5	3	4	6	8	10	13	16	25	35	40	50	60	70	0	0.44	0.7	0.84	0.92	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	0.94	х2+NaCl	0	0.5	1	1.5	2	2.5	3	4	6	8	10	13	16	25	35	40	50	60	70	0	0.4	0.66	0.84	1	1.05	1.1000000000000001	1.2	1.26	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	1.3	x4	0	0.5	1	1.5	2	2.5	3	4	6	8	10	13	16	25	35	40	50	60	70	0	0.6	0.88	1.02	1.1000000000000001	1.2	1.24	1.38	1.44	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	1.46	Дист.в.	0	0.5	1	1.5	2	2.5	3	4	6	8	10	13	16	25	35	40	50	60	70	0	0.1	0.19	0.24	0.28000000000000003	0.33	0.38	0.48	0.64	0.77	0.84	0.87	0.88	0.88	0.88	0.88	0.88	0.88	0.88	Дист.+HCl	0	0.5	1	1.5	2	2.5	3	4	6	8	10	13	16	25	35	40	50	60	70	0	0.34	0.64	0.8	0.9	0.95	1	1.03	1.1000000000000001	1.1200000000000001	1.1499999999999999	1.17	1.2	1.2	1.2	1.2	1.2	1.2	1.2	Раствор модельный  №1 без HCl	0	0.5	1	1.5	2	2.5	3	4	6	8	10	13	16	25	35	40	50	60	70	0	0	0	0	0	0	0	0	0.02	3.5000000000000003E-2	0.05	0.06	0.08	0.12	0.15	0.18	0.22	0.25	0.3	Столбец7	0	0.5	1	1.5	2	2.5	3	4	6	8	10	13	16	25	35	40	50	60	70	
x1	0	0.5	1	1.5	2	2.5	3	4	6	8	10	12	17	20	26	40	60	0	15998.892	20570.004000000001	21712.781999999999	20570.004000000001	21712.781999999999	18855.837	14856.114	14284.725	14284.725	х2	0	0.5	1	1.5	2	2.5	3	4	6	8	10	12	17	20	26	40	60	0	8570.8349999999991	10285.002	14284.725	13713.335999999999	15427.503000000001	15998.892	14284.725	14284.725	14284.725	х2 + NaCl	0	0.5	1	1.5	2	2.5	3	4	6	8	10	12	17	20	26	40	60	0	12570.558000000001	20570.004000000001	22284.170999999998	20570.004000000001	20570.004000000001	19427.225999999999	15427.503000000001	14284.725	14284.725	x1 без HCl	0	0.5	1	1.5	2	2.5	3	4	6	8	10	12	17	20	26	40	60	0	0	0	0	0	0	0	0	571.38900000000001	1142.778	1142.778	1142.778	1714.1669999999999	2285.556	2856.9450000000002	3428.3339999999998	3999.723	x4	0	0.5	1	1.5	2	2.5	3	4	6	8	10	12	17	20	26	40	60	0	6856.6679999999997	17141.669999999998	19427.225999999999	18855.837	19998.615000000002	16570.280999999999	14284.725	14284.725	14284.725	x4+Nacl	0	0.5	1	1.5	2	2.5	3	4	6	8	10	12	17	20	26	40	60	0	17141.669999999998	26855.282999999999	30855.006000000001	33711.951000000001	33711.951000000001	33711.951000000001	33140.561999999998	17713.059000000001	17141.669999999998	дист.в.	0	0.5	1	1.5	2	2.5	3	4	6	8	10	12	17	20	26	40	60	0	342.83340000000078	914.22240000000079	1371.333599999999	1714.1669999999999	2171.2781999999984	2628.3894000000009	3428.3339999999998	4571.1120000000001	5713.89	6856.6679999999997	7999.4459999999999	9142.2240000000002	9300	9713.6129999999994	9600	9400	0	0.5	1	1.5	2	2.5	3	4	6	8	10	12	17	20	26	40	60	0	4571.1120000000001	7999.4459999999999	10285.002	11427.78	11427.78	11999.169	12570.557999999999	13141.947	13713.335999999999	13713.335999999999	13484.780399999996	12570.557999999999	12000	

Altykul №102 with HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	27.5	55	63	66	71	78.5	77.5	76	70	69	66.25	63.6	60.95	58.3	Botakhan 121 with HCl 	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	26.5	51	63	70	73.5	80.5	79.5	78.5	71.5	70.5	67.7	64.900000000000006	62.1	59.3	Karazhanbas 1783 with HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	27.5	40	46.5	55	65	69	69	68.5	63	62.75	60.9	59.05	57.2	55.35	Karazhanbas 897 with HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	27	34	41	45	50.5	51	59	59	56	55	53.5	52	50.5	49	Karazhanbas 3817 with HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	27.5	38	43.5	47	52	61.5	60.5	60.5	57.5	57	55.8	54.6	53.4	52.2	Altykul  №102 without HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	25	25.5	26	26	26.5	27	27	27.5	29	30	31	32.5	33	33.5	Botakhan 121 withoutHCl 	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	25	25.5	25.5	26	26	26.5	26.5	27	28	29.5	30.5	32	32.5	33	Karazhanbas 1783 without HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	26	26.5	27	27.5	27.5	28	28.5	29	30.5	31.5	32.5	33.5	34.5	34.5	Karazhanbas 897 without HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	24.5	25.5	25.5	26	26	26.5	26.5	27	28.5	29.5	30.5	31.5	32.5	33	Karajanbas 3817 without HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	24.5	25.5	25.5	26	26	26.5	26.5	27	28.5	30	30.5	31.5	32.5	33	Time, min

t, 0С



Altykul №102 with HCl	0	0.5	1	1.5	2	3	4	5	10	0	5756.85	7431.57	8059.59	9106.2899999999991	10676.339999999998	10467	10152.99	8896.9499999999989	Botakhan 121 with HCl 	0	0.5	1	1.5	2	3	4	5	10	0	5128.83	7640.91	9106.2899999999991	9838.98	11304.36	11095.02	10885.679999999998	9420.3000000000011	Karazhanbas1783 with HCl	0	0.5	1	1.5	2	3	4	5	10	0	2616.75	3977.46	5756.85	7850.25	8687.6099999999988	8687.6099999999988	8582.9399999999987	7431.57	Karazhanbas 897 with HCl	0	0.5	1	1.5	2	3	4	5	10	0	1465.38	2930.76	3768.12	4919.49	5024.16	6698.88	6698.88	6070.86	Karajanbasс 3817 with HCl	0	0.5	1	1.5	2	3	4	5	10	0	2198.0699999999997	3349.44	4082.13	5128.83	7117.56	6908.22	6908.22	6280.2	Time, min

Q, kJ/ kg 



Altykul №102 without HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	60	70	80	90	100	0	104.67	209.34	209.34	314.01	418.68	418.68	523.34999999999991	837.36	1046.6999999999998	1256.04	1570.05	1674.72	1779.39	1779.39	1674.72	1674.72	1570.05	1465.38	Botakhan 121 without HCl 	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	60	70	80	90	100	0	104.67	104.67	209.34	209.34	314.01	314.01	418.68	628.02	942.03	1151.3699999999999	1465.38	1570.05	1674.72	1674.72	1674.72	1570.05	1465.38	1360.7099999999998	Karazhanbas 1783 without HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	60	70	80	90	100	0	104.67	209.34	314.01	314.01	418.68	523.34999999999991	628.02	942.03	1151.3699999999999	1360.7099999999998	1570.05	1779.39	1779.39	1674.72	1570.05	1465.38	1360.7099999999998	1256.04	Karazhanbas 897 withoutHCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	60	70	80	90	100	0	209.34	209.34	314.01	314.01	418.68	418.68	523.34999999999991	837.36	1046.6999999999998	1256.04	1465.38	1674.72	1779.39	1779.39	1779.39	1674.72	1570.05	1465.38	Karajanbas 3817 without HCl	0	0.5	1	1.5	2	3	4	5	10	15	20	30	40	50	60	70	80	90	100	0	209.34	209.34	314.01	314.01	418.68	418.68	523.34999999999991	837.36	1151.3699999999999	1256.04	1465.38	1674.72	1779.39	1779.39	1674.72	1674.72	1570.05	1465.38	Time,min

Q, kJ/kg



Алтыкуль №102 с HCl	0	0.5	1	1.5	2	3	4	5	10	0	800	600	240	120	20	40	10	2	Botakhan 121 with HCl 	0	0.5	1	1.5	2	3	4	5	10	0	1100	620	460	20	14	72	10	0	Karazhanbas 1783with HCl	0	0.5	1	1.5	2	3	4	5	10	0	600	640	440	240	50	40	10	2	Karazhanbas 897 with HCl	0	0.5	1	1.5	2	3	4	5	10	0	500	580	480	240	60	40	10	0	Karazhanbas3817 withHCl	0	0.5	1	1.5	2	3	4	5	10	0	640	720	400	160	40	80	20	4	Time, min

The rate of  hydrogen evolution, ml/g*min



Вуд-10 90 С 1% HCl	0	2	5	10	15	20	30	40	50	60	0	100	290	530	690	790	880	920	950	970	Вуд-5 90 С 1% HCl	0	2	5	10	15	20	30	40	50	60	0	95	250	490	650	740	820	860	880	900	Розе-10 90 С 1% HCl	0	2	5	10	15	20	30	40	50	60	0	200	340	570	780	855	955	1000	1045	1090	Розе-5 90 С 1% HCl	0	2	5	10	15	20	30	40	50	60	0	220	340	490	582	650	725	770	800	820	Вуд-10 90С 5%HCl	0	2	5	10	15	20	30	40	50	60	0	750	890	1020	1100	Розе-10 90С 5%HCl	0	2	5	10	15	20	30	40	50	60	0	560	820	1010	1130	Розе-5-90С без HCl	0	2	5	10	15	20	30	40	50	60	0	75	95	99	101	104	112	117	121	126.9	Розе-10 90С без HCl	0	2	5	10	15	20	30	40	50	60	0	120	162	205	228	261	275	288	294	300	Вуд-5 90C без HCl	0	2	5	10	15	20	30	40	50	60	0	158.00000000000003	218.00000000000003	258.00000000000006	293	318	358	378	387	394	Вуд-10 90С без HCl	0	2	5	10	15	20	30	40	50	60	0	125	160	192	218	239	255	268	276	280	Time, min
Volume of gas, ml
Вуд-10 90С 5%HCl	Вуд-5 70С 5%HCl	Вуд-10 70С 5%HCl	Вуд-10 50С 5%HCl	Вуд-5 90 С 1% HCl	Вуд-10 90 С 1% HCl	Вуд-5 70С 1% HCl	Вуд-10 70С 1% HCl	Вуд-5 50С 1% HCl	Вуд-10 50С 1% HCl	Вуд-5 90C без HCl	Вуд-10 90С без HCl	Вуд-15 90С без HCl	Вуд-5 70С без HCl	Вуд-10 70С без HCl	Вуд-15 70C без HCl	Вуд-5 50C без HCl	Вуд-10 50C без HCl	Вуд-15 50C без HCl	102	92	99	96	49	53	21	22	17	16	25.800000000000004	19.2	29	12.000000000000005	11.099999999999998	13.5	6.8	4.7999999999999989	6.1	Rate of gas evolution in 10  min, ml/g*min
Розе-10 90С 5%HCl	Розе-5 70С 5%HCl	Розе-10 70С 5%HCl	Розе-10 50С 5%HCl	Розе-5 90 С 1% HCl	Розе-10 90С  1% HCl	Розе-5 70 С 1% HCl	Розе-10 70 С 1% HCl	Розе-5 50 С 1% HCl	Розе-10 50 С 1% HCl	Розе-5-90С без HCl	Розе-10 90С без HCl	Розе-5-90С без HCl	Розе-10 90С без HCl	Розе-15 90С без HCl	Розе 5-70С без HCl	Розе-10-70С без HCl	Розе 15-70С без HCl	Розе 5 50С без HCl	Розе 10 50С без HCl	Розе 15-50С без HCl	101	95	99.5	98	49	57	24	25	5.4999999999999991	6.5	9.9	20.5	9.9	20.5	9.5	9.3000000000000007	11.2	4.2	3.2	2.4	3	Rate of gas evolution in 10  min, ml/g*min
formation water	0	10	20	30	40	50	60	70	80	90	100	110	120	0	90	150	200	230	280	300	330	360	380	420	450	480	1% Н2О2	0	10	20	30	40	50	60	70	80	90	100	110	120	0	70	90	110	120	130	140	150	160	170	180	190	190	3 % Н2О2	0	10	20	30	40	50	60	70	80	90	100	110	120	0	100	130	150	160	170	190	200	210	210	220	230	240	1% HCl	0	10	20	30	40	50	60	70	80	90	100	110	120	0	510	720	880	1000	1020	1030	1030	1030	1030	1030	1030	1030	0,4% NaOH	0	10	20	30	40	50	60	70	80	90	100	110	120	0	480	800	980	1120	1210	1260	1270	1270	1270	1270	1270	1270	4%NaOH	0	10	20	30	40	50	60	70	80	90	100	110	120	0	350	580	820	1020	1200	1260	1340	1340	1340	1340	1340	1340	Time, min
Volume of gas, ml
Me	бензол	толуол	гептан	раств-646	Уайт-С	гудрон	0	0	0	0	0	C, г/кг	бензол	толуол	гептан	раств-646	Уайт-С	гудрон	1.9000000000000006E-2	9.0000000000000028E-3	2.9000000000000001E-2	6.0000000000000019E-3	2.1999999999999999E-2	0.10340000000000002	Me	бензол	толуол	гептан	раств-646	Уайт-С	гудрон	0	0	0	0	0	C, г/кг	бензол	толуол	гептан	раств-646	Уайт-С	гудрон	6.8000000000000019E-2	5.3999999999999999E-2	0.11700000000000002	3.7999999999999999E-2	9.9000000000000046E-2	0.18110000000000001	Benzene      Toluene     Heptane    Solvent-646  White spirit    Tar
Content, g/kg



бензол	толуол	гептан	Растворитель-646	уайт-спирит	37.548315847598012	29.817780231916068	64.605190502484817	20.982882385422418	54.665930425179461	
бензол	толуол	гептан	Растворитель-646	уайт-спирит	18.375241779497095	8.7040618955512556	28.046421663442942	5.8027079303675047	21.276595744680847	Benzene              Toluene            Heptane            Solvent-646     White spirit     
Metals recovery,%


в исходном гудроне	Гептан	Толуол	Уайт-спирит	0.43000000000000005	0.34	0.29000000000000004	0.23	Starting tar       Heptane          Toluene       White spirit
Sulfur content in tar after treatment,%
Гептан	Толуол	Уайт-спирит	27.6	38.300000000000011	51.1	Heptane           Toluene        White spirit
Desulfurization degree,%
Толуол	Уайт-спирит	37.5	64.599999999999994	Toluene             White spirit
Desulfurization degree,%


в исходном мазуте 	Толуол	Уайт-спирит	0.4	0.30000000000000004	0.17	Starting masut      Toluene          White spirit
Sulfur content in fuel oil after treatment,%
исходный нефтешлам	Растворитель-646	Уайт-спирит	0.22	8.0000000000000019E-3	8.0000000000000019E-3	Starting oily sludge     Solvent-646         White spirit
Sulfur content in fuel oil after treatment,%
Растворитель-646	Уайт-спирит	98.1	98.1	Solvent-646                        White spirit
Desulfurization degree,%
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Tpuioxerns 1.32
x Jlorosopy Ne__ ot 2018T.

Ha TPAHTOBOE (PHHAHCHPOBAHHE

EXHHYECKAS CHIEIU®UKALIUSA
KAJIEHJAPHBIN IUIAH PABOT

ITo morosopy Ne, or 2018 roza

1. HexomMepyeckoe aKuHoHepHOe 06mecTBO
«Kazaxcxuii HALHOHATBHBIH HCCIEMOBATEILCKAIT TEXHHYECKNT yHHBEpCHTET
nmenn K.H. CaTnaesa»

1.1 Tlo npuopurery: 2. DHepreTHKa H MAIIHHOCTPOEHHE
12 Tlo nomnpuoputery: 2.2 AJBTCDHATHBHASK OHEPrETHKA M  TCXHOJOTHH:
B0300HOBILIEMbie HCTOYHHKH BOAOPO/HAs SHEPreTHKA, APYTHE HCTOTHHKH SHEPIHH.
1.3 Tlo Teme mpoexta: Ne UIPH AP05130541 «Bonoponnast SHepreTHKa aKTHBHPOBAHHBIX
CILTABOB METAILIOB B pEMICH MM COXHBIX IKOTOTHYECKHX IPOGAEM.
1.4 O6mas cymma npoekta 26 940 510 (TBATUATS MeCTE MIUTHOHOB A€BATECOT COPOK
THICHY IATHCOT ZIECATE) MeH2e, B TOM WHCIC ¢ PAsGHBKOH 110 TOZiaM, AUTA BHIIOTHEHHS
PaboT COrTIACHO MYHKTY
- Ha 2018 rox - B cymme 9 000 000 (1€BATS MIIUTHOHOB) menze;
- Ha 2019 rox - B cymme 9 123 38] (LeBATH MILLTHOHOB CTO JBAIIATH TPH THICUM
TPHCTA BOCCMB/ICCAT O/IHA) MeHze; ;.
- 1a 2020 1oz - B cymve 8 817 129 (B0CeMb MHJUIHOHOB BOCEMBCOT CEMHAILATH CTO
ZBaauaTh ACBATD) MeH2e.

2. XapakmepucmuKa Hay4Ho-mexnuuecKoii npodyKuuL N0 KeanUpUKAUUOHELM
NPUIHAKAM U IKOROMUUECKUE NOKA3ament

2.1 Hanpasnenue paGotsr: Bomoponmas snepreTnka. OyHIaMEHTANBHEIE, IPHKIATHEIE H
KCTIEPHMEHTABHBIC HCCICAOBAHMA.

22 OGnacTs' NpHMCHEHWS: HE(TErasofOCHBAIONAs OTPACib, HeTeTPAHCHOPT,
HedTenepepaBATHBAIONAs POMBIILICHHOCTS.

2.3 Koueunpii pesynbrar: Crioco0sl NpHMEHEHHs BOHOpOIHOH sHepretnkd DAB Ha
OCHOBE AKTHBHDOBAHHBIX CILIABOB AMIOMHHHSA U1 TOJY4EHHS BOJOPOAA M3 BOXBI C BEICOKOH
Pery/MpyeMOoii CKOPOCTBIO BELIETCHHS, IMHCCHH TEILIOBOM SHEPrHH H HCIIONb30BAHUS IPOAYKTOB
THIPOIH3a B KAYCCTBE KOATY/IAHTOB /LSl OYHCTKH TEXHHYECKOH, IUIACTOBOMH H OTCTOHHOM BOBI 13
NPYAOB JONOJHHMTENBHOTO OTCTOS OT ONACHBIX BOJOPACTBOPHMEIX IpHMecel, HeQTAHBIX
OCTATKOB, CONEPKAMNXCS B MANBIX KOTHUECTBAX B BOZE, & TAKKe LA TEXHOJNOTMYECKOro
MCIONB30BAHMS SHEPTHH BOLOPOJA Ul AeMETA/LIH3AMH U 05eCCePHBAHHS TAKETBIX He()TIHBIX
0CTaTKOB

- 3a 2018 rox: PaspaGorka DAB HOBOrO MOKONEHHS Ha OCHOBE aKTHBHPOBAHHBIX CIUTABOB
MetaoB. OCYIIECTBIEHHE  KOMIUIEKCHOrO CPABHMTENBHOTO aHANH3A (H3HKO-XHMHHUECKAX
CBOHCTB 0BPA3LOB TeXHMUECKoH, IIACTORON W OTCTORHOMH BOJS! M3 TPYAOB AOTOTHHTETEHOTO
oTcTof X0 W mocie 00paGoTKH DAB C NHMEHEHUEM COBDEMCHHBIX (BH3HKO-XHMHUECKHX
MeTonoB. PaspaGoTka METOZOB H CTIOCOGOB NMpHMeHeHns DAB 1St OUHCTKH ILIACTOBOH BOXEL I
OTCTOHHOI BOJIBI H3 MPYOB JOMOJHHTEIBHOTO OTCTOS OT ONACHEIX BOAOPACTBOPHMBIX NPHMeCeH,
He(TAHBIX OCTATKOB, PE3YJbTATHl aHATH3A NATCHTHOH M HAaYYHO-TEXHHYECKOH JHMTEpaTyphl IO
paspaGaThiBacuoli TemaTHKe;

- 3a 2019 rox: PaspaGorka cmocofa NeMeTaLTH3AUM Ma3yTa H TYAPOHA, a TaKke
ofecceprBaHus TAKENBIX He(YTAHBIX OCTATKOB C HCTIONB30BAHUEM BOLOPO/HOH nepreTrin DAB;

- 32 2020 roa: OleHKa TEXHOIOrHYECKOH i SKOHOMHUCCKOH 3hdEKTUBHOCTH NPHMEHEHHS
DAB Ha OCHOBE AKTHBHPOBAHHOTO METAIOB /Ui OYMCTKH TEXHHYECKOH, IUIACTOBOH BOAB H
oTCToiHOI BOIBI H3 MPY/I0B ZOMOMHHTEHHOTO OTCTOR OT ONACHEIX BOJIOPACTBOPHMBIX PHMeCe,
He(TAHBIX OCTATKOB, CONEPKAIMXCS B MAIBIX KOIHYECTBAX B BOZe, a Takke LT
TEXHONOTHYECKOTO HCTIONB30BAHUA SHEPIHH BOOPOAA UL JEMETAIH3ALHK W 06eccepHBaHHs

Mncrpymenter
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TKEBIX He()THHBIX OCTAaTKOB. IIpakTHueckue peKoMeHAaluH. 3a Bech NMEPHOI PealM3alud
npoexTa GyAyT ONYGIMKOBAHEI CTATHH B 3apyGEXHBIX PENIEH3MPYEMBIX HAYWHEIX XKypHATAX C
HeHyTeBEM mMmakT-(akTopom: journal of chemical technology and metallurgy, (Sofia,
Bonrapus), Journal of Water Process Engineering (Tonanmus), «Hedrsmoe xo3sitctso» (Pocems)
W 1 CTATER B PeIEHIMPYCMOM OTCUCCTBOHHOM HAYMHOM HITAHNF C HOHYTCBHM MMIGKT-
axropom. ByayT mojant: 2 sasBKi Ha natent PK.

2.4 TTaTeHTOCI0COBROCT: TATEHTOCTIOCOGEH. :

2.5 Hay4Ho-TeXHUuecKuli ypoBes (HoBU3HA): VICIIONE30BaHME BOXOPOIHOMN SHEPreTHKH
aKTHBMPOBAHHBIX CIUIABOB &NOMHHAS M NPOAYKTOB HX THAPOTH3A BOOH UL OUHCTKH
TEXHHYECKOH, IUIACTOBOH M OTCTOHHOH BOABI M3 INPYAOB JONOJHHTENBHOTO OTCTOSA,
JleMETAIITH3AINH Ma3yTa i ryapoHa. KoMILIeKCHOe HOTOIB30BAHAE NPOIYKTOB PA3/IOKEHHsA BOIbI
SHEPrOAKKYMYJIUPYIOIIUMH BEIECTBAME HA OCHOBE AKTHBHPOBAHHBIX CILIABOB ATIOMHHHS
(BOZIOPOZ, METAIOOKCHISI, Tap BBICOKOTO [ABJICHHS M TEIVIOTA peakuuu) B peIeHHH
JKONOTHUECKHX ~TPOGJEM, —pAanMOHATBHOIO HCIONB30BAHUA COBPEMEHHBIX —pecypco- H
HeprocGeperalouH TeXHONOTHI.

2.6 VIcTIOE30BaHHe HAYUHO-TCXHUUCCKOH MPOTYKIH OCYIIECTRIACTCS: 3aKa3anKoM
HcnonsnTeneM cOBMECTHO.

2.7 BHR WHCTONLIOBAHHA De3yIbTATA HAyWHOH M (HiM) HAyUHO-TEXHHUCCKOH
JesTenbHOCTA: OMBITHBIE 0GPA3Ibl, OXPaHHbIe JOKYMEHTBI, TyG/HKAIMH.

3. Haumenosanue pabom, cpoKu ux peanu3ayuu u pesybmamst

Tlugp | HaumeHoBamie paboT 0 | CPOK BEIIOTHCHAA® OsnaacmbIli pesynsTar™
[OrOBOpY ¥ OCHOBHBIE »
A Py . | mavano |oxonuanm
STaITHI CTO BBITONHCHNA

3anaua npoexra na 2018 1nos6ps |Byner cosnan  DAB  HOBOro
rog. TIOKOMeHHs Ha ocHOBe
Cosnanne DAB HOBOTO aKTHBHPOBAHHBIX CILIABOB
TIOKOJICHHS Ha OCHOBE METaIoB. Byner npoBeNeH
AKTHBHPOBAHHBIX CILTABOB KOMILICKCHBIH  CPaBHHTeTbHBIH
Metanos. KommuexcHsii anamms (DH3UKO-XHMHUCCKHX
CpaBHHTE/IBHbIN aHATH3 CBOMCTB 00pAsOB  TEXHHUECKOH,
PUIMKO-XHMIIECKIX IIaCTOBOH 1 OTCTOMHOH BOXEI M3
cBOlicTB 06pasioB TPY/IOB JIOTIONHHTEJBHOIO OTCTOS

TEXHHIECKOH, IIaCTOBOH
M OTCTOHHOH BOZBI H3
TPYZIOB OTIONHHTEEHOTO
0TCTOS 710 H TocTe
obpatoTxn DAB ¢
TIpHMeHeHHeM
COBDEMERTBIX (H3HKO-
H3MKO-XHMITHECKIX
MeTo708; PaspaboTka
'METOJIOB H CI0COGOB
npuvenenus DAB s
OYHMCTKH IUIACTOBOH BOJBL
M OTCTOHHOH BOJBI H3
TIPY/IOB /IONIOIHATEIBHOTO
OTCTOS OT ONACHEIX
'BOZIOPACTBOPHMBIX
TpHMecelt, HedTAREX
OCTATKOB, aHATH3

g0 u mocne obpaborka DAB ¢
IpEMeHeHHeM COBDEMEHHBIX
u3mxo- (DH3MKO-XHMHYECKHX
Metono; Byamyr paspaGoramst
METONBl # CHOCOOEl NPHMCHEHHS
DAB s OYHCTKM  IUIacTOBOH
BOJIBI H OTCTOMHO# BOJIBI H3 PYZOB
JIONOHHUTENLHOTO  OTCTOSt  OT
OMACHBIX BOZIOPACTBOPHMBIX
He()TAHBIX ~OCTAaTKOB,
npoBezien aHanm3
CcymecTByloUWX B MEOBOi
TPAKTHKE TEXHOJIOTHi Pa3NoKeHHs
He(TSHBIX U JOHHBIX OTIOXEHHIT B
npyziax IONOTMHTEIEHOTO OTCTOS,
B IUIAMOHAKOMHTEISX, Ma3yTOBBIX
pesepByapaX.  BymyT momyueHst
Pe3y/IBTaTh aHANH3A IaTCHTHOMH 1
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CyLIeCTBYIOMHUX B
MHpOBO#i paKTHKe
TEeXHOJIOTHH Pa3JIOKEHUS
HE(TAHBIX H TOHHEIX
OTIIOKEHHH B Npyaax
JIOTIOTHHTEBHOTO OTCTOS,

3amaua  mpoexta
BhisBrenne ponu
METaIIoB-  aKTHBATOPOB,
COCTaBA CILIABA, PEKMMOB
KpHCTR/LTH3aIHA n
ocobenHocTel
HOPMHDOBAHNS CTPYKTYDHI
aKTHBMPOBAHHOTO  CIUIABA
METALIOB [l TOMyHeHHST
BBICOKHX CcKopocTel
BbUIEICHHA  BOZOPOZA K3
BOZIEI M OKCHJIA AFOMHHHS
C 3apaHee  3AAHHEIMA
u3uxo- XHMHUECKHMH
CcBOMCTBAMH.

3ajaua npoexra 2.
KommnexcHpiit
cpaBHHTENBHBIH aHATH3
(DH3HKO-XHMHYECKHX
cBoficts 06pasnoB
IIACTOBEIX BOZ PA3THIHBIX
MECTOPOIKACHUH 1
OTCTOHHOH BOIBI MPYIOB
JIOTIOTHKTEIIBHOTO OTCTOS
w3 AHII3 u [THX3 ¢
IpHMeHEHUeM (BH3HKO-
XHMHHECKHX METOZIOB 210
obpaorkn DAB.

3agaua npoekTa 3.
HapaGotKa onsITHol
IapTHH aKTHBHPOBAHHOTO
CIUIaBa METAILIOB
Pa3JIMYHOrO COCTABA
CTEIeHH H3MEIbHCHHA UL
TPOBENICHHS KOMILIEKCHEIX
HCCIENOBAHMH.

Siwsaps | Mapt
2018 2018

Anpeis Hionb
2018 2018

CenraGps
2018

HAYYHO-TEXHHYECKOH JHTepaTypsl
1o paspaGaTeisacmoii TevatuKe.

By/yT BHBICHEL POAH METalL
AKTHBATOPOB, COCTABA CILIABA,
PEXHMOB KPHCTAIUTH3AAN A
ocoBenHocTell popMHpOBaHHS
CTDYKTYpHI aKTHBHPOBAHHOTO
CIIIaBA META/IOB /UL TIOTTyHeHHS
BEICOKHX CKOPOCTE BBUIETIeHHS
BOZIOPOJIA H3 BOJIBI H OKCHIA
TIOMHHHS C 3apaHee 33aHABIME
DUIHMKO- XHMHTCCKIMI
CBOHCTBAMH.

Byner paspa6otan DAB HoBOrO
TIOKOJICHNS! Ha OCHOBES
aKTHBHPOBAHHEIX CILTABOB
METAILIOB ¢ BEICOKHMA
Pery;THPYEMBIMH CKOPOCTAMA
BBIICIICHIS BOZOPOIA H3 BOIEL i
OKCHJIa ATIIOMHHHS C 3apanee
3aIaHHBIMA (QU3MKO- XHMHYECKHMU
CBOMCTBAMH.

Bynyr nostyuens! pesyasTarst
KOMILICKCHOTO CPaBHHTEIBHOTO
aHATHM3a (U3HKO-XUMHYECKIX
CBOHCTB OGPA3LOB MUIACTOBBIX BOX
PA3HUHBIX MECTOPOKIEHHH 1
OTCTOHHOM BOABI IIPYZIOB
JIONOJIHHTENHHOTO OTCTOS H3
'AHIT3 7 ITHX3 ¢ mpHMereHHeM
(DH3HKO-XMMHYECKHX METOJIOB JIO
oGpaGoTki DAB.

Byzer napaGoTana onbITHas
NapTHs AKTHBUPOBAHHOTO CTI/IaBa,
METajlioB  PasIHYHOro COCTaBa H
CTCTICHH H3MENBUCHHS JUIs
TPOBE/ICHHS KOMILICKCHBIX
nccneopanmii. Byzer nomyuena
OMBITHAA TAPTHA AKTHBHPOBAHHOTO
CIUIaBa METAILIOB
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3ana4a npoexra 4.
/AHa/Ii3 1aCTOBBIX BO H
OTCTOHHOH BOZEI U3
TIPYAOB JOTIONHHTENBHOO
OTCTOA Ha COTepKaHHe
KaTHOHOB, aHMOHOB, OBII,
pH. 2nexTponpoBoAHOCTH
nocae o6paGork JAB ¢
IIpHMeHeHHeM QU3HKO-
HMHYECKHX METOMIOB.
3anaua npoexta Ha 2019.
Paspa6orka ciocoGoB
JleMeTaILTH3AMMH Ma3yTa I
TyApoHa ¢
HCTIONE30BaHHEM
BOJIOPOZIHO#M SHEPreTHKHA
DAB Ha ocHOBE
AKTHBHPOBAHHBIX CILIABOB
MeTajuIoB.
3agaua  mpoekta 5.
Visyuenue uano-
XHMHUCCKHX ~ CBOHCTB M
XapakTepHcTHK ~ 0ofpasos
MasyTa u ryapona ¢ AHII3
w THX3 no o6paborkn
DAB.

3ajaua  mpoekta 6.
PaspaGotka  cmocoGoB
JeMeTa3AIMA Ma3yTa H
TyApOHa \A Ni)
TCPMOra30X HMHHECKHM
Bo3JeHCTBHEM

AKTHBHPOBAHHBIMA
CIUIABAMH METAIIOB.
3ajaua npoekra 7.
Onenka  apdexrusroCTH
JIeMCTAUTH3AIAH Ma3yTa i
ryapoHa v, Ni)
TEPMOTa30XHMHHECKOr0
BO3CHCTBHS
aKTHBHPOBAHHBIMH
CITABAMH  MeTALIOB HA
OCHOBAHHH anam3a
QH3HKO-XHMHYECKHX
CBOMCTB 00pa3noB MasyTa
u rysposa ¢ AHII3 u
MHX3 nocne o6paGoTii
DAB

T Howopa

Slusaps | 1 HosGps
2019 2019

Slupaps | Mapr
2019 2019

Anpens | Vioms
2019 | 2019

Wioms | CentsiOps
2019 2019

ByznyT nomydeHs! pe3ysTaThl
AHAM30B [LIACTOBBIX BOA H
OTCTOHHO# BOAEI U3 NIPYZI0B
JIOTIONHATENBHOTO OTCTOS Ha
COZIEPIKAHHE KATHOHOB, AHHOHOB,
OBII, pH. a1eKTpompoBoHOCTH
Tocne obpabotki DAB ¢
pUMeHEHHeM QI3HKO-
XUMHYECKHX METOZIOB.

BymyT paspaGoTansi crocos!
JIeMETAUTH3ALIH Ma3yTa i TYPOHa
C MCTIONTE30BAHHEM BOJIOPOTHOMH
suepreTukn DAB Ha ocHOBe
AKTHBHPOBAHHEIX CILIABOB
METAILIoB.

BynyT usydensi u3uko-
XHMHYECKHE CBOHCTBA H
XapaKTepHCTHKH 00pa3loB Ma3yTa
u ryapona ¢ AHII3 u ITHX3 no
obpabotkn DAB. Byayr nomyuenst
Pe3yNBTATH aHaTH3A GH3MKO-
XHMHYECKHX CBOHCTB 0GpasIio)
Ma3yta u Tynpona ¢ AHII3 i
ITHX3 510 o6paborkn FAB.

BynyT paspaGoTans! criocodbt
JIeMeTALIH3ALMH Ma3yTa H TYApOHa,
(V, Ni) TepMOrasoXnMHHeCKHM
BO31ICHCTBHEM AKTHBHPOBAHHBIMH
CILTABaMH METAILIOB.

BynyT noJTydeHsI pe3ymsTaThl
ouenku s dexTuBHOCTH
JZIeMeTALTH3AIKH Ma3yTa i TYPOHa
(V, Ni) TepMora3oXHMHHecKoro
BO3/CHCTBAA aKTHBHPOBAHHBEIMH
CIIIABAME, METAIIOB Ha OCHOBAHKH
aHAMH3A GU3HKO-XHMHUECKHX
CBOMCTB 06pasIOB MasyTa i
ryapona ¢ AHII3 u [THX3 nocne
o6patoTki DAB.
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3agawa  mpoekra 9. Okrta6ps | 1 HoAGps
PazpaGorka crocoGos | 2019 2019
ofeccepHBaHUs  TyApoHa

BO3CHCTBHEM

AKTHBHPOBAHHBIMA

CILIABAMH METAILIOB.

Sanaua npoekra na 2020.| Supaps | 1 HoAGpA
Onenka TEXHONOTHUCCKOH 2020
" 9KOHOMHYECKOH

2D beKTHBHOCTH

npuvenenns DAB  ma

OCHOBE  AKTHBHPOBAHHBIX

METALIOB Ul OYHCTKH

TeXHHYeCKoH, TLIACTOBOM

BOABL H OTCTOHHOH BOABI

u3 npyAos
JIOTIONHUTETBHOTO  OTCTOSL.

Pa3paGoTKa NMPaKTHUECKHX

peKoMeHaNmit s

Bicnpenns  DAB B

KauecTse ancopGeHToB H

KOAryJISHTOB JUIS OMHCTKH

BONGL,  JICMETAUIH3ALMH

3amaua  mpoexra 10,
CpaBHHTe/BHAS  OLEHKA
3(deKTHBHOCTH  OMHCTIH
TEXHUYeCKOH H IIACTOBOH
BOZBL ¢ HCTIONB3OBAHHEM
ajcopGeHToB " |
KOAry/HTOB HA OCHOBE
NPOAYKTOB  PasiOKeHHs |
DAB ¢ Boztoii

3anava npoexra 11.
OTpaboTKa TeXHOIOTHH
OUHCTKH IUIACTOBOMH BOIBI
© IpEMeHeHHIeM
PA3THUHEIX 7103
aKTHBHPOBAHHOTO
ATIOMHHHS,

3ajaua npoekra 12.
Pa3paGoTKa IPaKTHYCCK
pexoMenfauuit s
BHezperst DAB Ha ocHOBE
AKTHBHPOBAHHEIX CIUIABOB
METaJLI0B H POYKTOB
THIPOU3A BOXOH B
KayecTBe afcopOeHToB H
KOAIY/ISHTOB /ULl OUHCTKH
'BOIbI, CMETALIH3AHAH
Ma3yTa i ryJpoHa.

Mait 2020 | Asryct

Centsabps | 1 HOsOps.

ByayT paspaGoTass! CriocoGs!
'ofeccepHBaHHs TyPOHA
BO3EHCTBHEM AKTHBHPOBAMBIMH
CIUIABAMH METAILIOB.

ByZyT mOMy4eHEI pe3yIbTaThl
OLIEHKH TEXHOJIOTHYECKOM H
9KOHOMHYECKO d)peKTHBHOCTH
‘mpuvencrns DAB Ha ocHOBe
AKTHBHPOBAHHOTO METAILIOB UL
OUHCTKH TeXHHYECKO, IIACTOBOI
BOJIBI H OTCTOHHO BOABI H3 NIPYAOB.
JIOTIONTHHTENBHOTO OTCTOS.  ByayT
pa3paGoTaHbl IPAKTHUECKHE
EKOMEH{aLlAs! /LTS BHCAPEHHS
DAB B KauecTBe AICOPOCHTOR i
KOAryJIAHTOB Ul O4HCTKH BOJIBL,
ZIeMeTA/UIH3AIHH MA3yTa H TYpOHa.

By/yT IOy deHb pesyIbT:
CPaBHHTENBHOHN OLICHKH
hEKTHBHOCTH OYHCTKI
TexiHYeckol 1 ILIACTOBOI BOEI ¢
HCHONB30BAHHEM aJICOPOEHTOB 1
KOAryJISHTOB Ha OCHOBE
TPOMyKTOB pasnoxenust JAB ¢
BOJOH

Byzet 0TpaboTaHa TeXHOMOTHs
OUHCTKH TIACTOBOM BOIBI C
TIPHMEHCHHEM PA3IHHIHbIX 2103
aKTHBHPOBAHHOIO ATIOMHHHS

Bynyr paspabotanbl npakTHUecKHe
PEKOMCHI@UMH Ui BHEAPCHHS
JAB Ha OCHOBE AKTHBHOBAHHOTO
TOMHHHA 1 IPOXYKTOB [HIPOIH3A
BOJION B KauecTBe aiCcOpOEHTOB H
KOAryJSHTOB JUI OUMCTKH BOMSL,
GyzeT npsoeficHa ACMETAUTH3ALKS
MasyTa M TyIpoHa. 3a Bech
TIEPHOJ PealH3aliu NpoeKTa GyxyT
ony6HKOBAHEL cTaten B
3apyGe/KHBIX PECH3UPYEMBIX
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(o] /6 WHcTpymenTs! 3anonHuTs M nognucate | Kommentapum

Hay9HEIX XKyPHATAX C HEHYJeBHIM
HMTIAKT-(aKTOpOM (Scopus):
journal of chemical technology and
metallurgy, (Sofia, Bosrapus),
Journal ~ of  Water  Process
Engineering (Tonanmms),
«Hegranoe xo3siictBo» (Poccns) 1
1 cratea B  peneHsmpyeMoM
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PK.
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MHUHUCTEPCTBO OEPA30BAHUS U HAYKH PECITYBJIMKU KA3AXCTAH
SATBAYEV UNIVERSITY

BBIITUCKA
W3 nNpoTokoaa Ne 2
O6nemnennoro 3aceaanus Yuenoro u Yueono-meroanyeckoro Copera
Hucturyra xuMuuecknx u 6H0J10rH4eckHX TexH0I0rHil
oT «8» centsbps 2020 r. r. AsMatel

[Mpucyrersosaan:

[Tpeacenarens:

3.K. TyiieGaxosa Hupektop UXubT

Yiaennr:

H.A. IlopTtuaruna 3aMm. mupektopa UXuBT

C. Azar - 3am. aupektopa UXubT

X.C. PaduroBa 3aB. kad. Xubl

1I.H. KyGekosa 3aB. kad. XTIullD

I'.A. I:xamanosa Accou.npod. kad. Xub!

A.C. Kanenosa Accuctent-npod. kad. XITull3
I'.C. Ajitkanuea AccHCTeHT - npod. kap. XubU
M.B. Xypcymbaesa Accucrent-npo¢. kad. XITulld
[". K. Hypynnaesa Cenuop-nextop kad. XITul1D
B.H. Arokaesa Trrotop kad. XubU
Cekperaps YMC:

N.A TlopTHsAruna 3am. Tupexropa UxuBT
Cekperaps YC:

C. Azar 3am. [lupektopa UxuBT

OtcyrerBoBana — U6panmosa I'.T. (paGoTa B ipueMHO# KOMHCCHH)
[Ipuraamennslie — npodeccop kadp.XubU, Boiiko ..

INMOBECTKA JIHA:

1. PaccmoTpenue u yTBepkIeHHE 3aKIHOUMTENBHEIX oTdeToB 0 HUP HAO «Kazaxckuii
HalMOHAJIbHBIH ~ HMCCIIEIOBATENIbCKHH TEXHHYECKHH YHHBepcHTeT HMeHH K.U.
Carnaesa» no «I'paHTOBOMY (DMHAHCHPOBAHHIO HAYYHBIX HCCIENOBaHHI Ha 2018-
2020 rozmei» 3a 2020 rog.

2. Pasnoe

CJIYIIAJIN Jloknan Hay4Horo pyKoBoauTens npoekta NeAP05130541 «BonoponHas
JHEPreTHKa aKTUBUPOBAHHBIX CIUIABOB METAUIOB B PEIIEHHH CIIOKHBIX 3KOJNOTHYECKHX
npob6nem» boitko ["anuner UnbacoBHbL.

ITOCTAHOBWJIM: 3aknioyuTenshblii  HTOrOBBIH  OTYeT HAQy4YHOr0 pYKOBOAHTEIS
npoekta Ne AP05130541 .«Bonopoasas suepretnka AKTHBHPOBAHHEIX CIUIABOB METAIOB B
PEIICHHH CIIOKHBIX SKQMIOrHyeckux npobnem» Boiiko I.W. yreepauTs.

Mpeacenarens % Tyiie6axona 3.K.
Cexperapn \ §Z _ IopTharuua H.A.

-
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BBIITHCKA
13 npoToroaa Ne 6 3acenanusi Hay1HO-TCXHH'IECKOr0 COBETA

KasHUTY nmenn K.H. Carnaesa (HTC KasHHUTY)
oT «16» oktsiops 2020 r.

r. AJIMaThbl

«16» oxTsa6pst 2020 r.
IIPHCYTCTBOBAJIM: npucytcropany see wiedst HTC —

H. BeiicemGetoB, A. Coizasikos, J|. Haypeistaesa, XK. Mnbmanues, Y. JKanbacbaes,
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