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Реферат

Есеп беру  71 бет., 20 сур., 12 кесте, 30 әдеб. көз., 5 қосым.

УРАН, СОРБЦИЯ, ТАБИҒИ СОРБЕНТТЕР, ЦЕОЛИТ, ШУНГИТ, МОДИФИКАЦИЯЛАУ, СОРБЦИЯЛЫҚ СИЫМДЫЛЫҚ

Зерттеу нысаны - Құсмұрын кенорнының цеолиттері және Көксу кенорнының шунгиті (таурит), құрамында уран бар ерітінділер.

Жұмыстың мақсаты - Қазақстанның табиғи минералдарының негізіндегі жаңа композициялық сорбенттерді пайдалану арқылы уранды селективті сорбциялық бөліп алудың ресурсты үнемдеуші технологиясын жасау.

Жұмысты жүргізу әдістері – химиялық, рентгендіфазалық, рентгенді-флуоресцентті, атомдық-абсорбциялық, жылу әсерімен талдау, талдаудың ИҚС әдісі.

Зерттеу нәтижелері. Алғаш рет «қаттыфазалық экстрагенттер» әдісімен модификацияланған сорбенттерді алу әдістері мен органополимерлерді синтездеу туралы мәліметтер алынды. Бұл уранды ерітінділерден уран мен ілеспе металдарды селективті боліп алу үшін табиғи материалдар негізінде сұйық экстрагенттермен модификацияланған импрегнирленген сорбенттер жасауға мүкіндік берді. Уранның сорбция дәрежесі 90 % жетті. Қазақстанның табиғи минералдары негізінде алынған жаңа композитті сорбенттерді пайдаланып технологиялық ерітінділерден уранды селективті алудың ресурсүнемдеуші сорбциялық технологиясы жасалды. Технологиялық ерітіндіден уран сорбциясының ірі-зертханалық сынақтары жүргізілді.

ҒЗЖ нәтижелерін нақты пайдалану бойынша алғы мәліметтер және ұсыныстар. Технология уран өндірісі кәсіпорындарындағы сынақтарға, сонымен бірге жерасты сулары мен  ағынды суларды тазарту үшін қолдану ұсынылады.  Сонымен қатар, түрлендірілген сорбенттер технологиялық ерітінділерден уранды алу үшін де қолданылады. 

Қолдану аумағы. Уран өндірумен айналысатын кәсіпорындар. 

Өндіріске енгізудегі ұсыныстар. технологиялық ерітінділерден және уран өндірісі қалдықтарынан Уранды алу үшін жасалған табиғи сорбенттерді модификациялау әдістерін қолданысқа енгізу жекелеген аймақтардағы экологиялық жағдайды жақсартуға мүмкіндік береді.  

Зерттеу нысандарын дамытудағы болжамдар. Технологиялық ерітінділерден уранды алу үшін Қазақстанның табиғи сорбенттерін түрлендірудің жасалған технологиясы  уранды шикізаттарды алу және өңдеумен айналысатын кәсіпорындарда сұранысқа ие. 

abstract
Report of 71 pages, 20 figur., 12 tabl. and 30 sources., 5 annexes
URANIUM, SORPTION, NATURAL SORBENTS, ZEOLITE, SHUNGITE, MODIFICATION, IMITANTS, SORPTION, SORPTION CAPACITY

Subjects of research are the zeolite of the Kusmurunsky deposit and the shungite of the Koksu deposit (taurite) uranium-containing solutions.

The research goal is to develop a resource-saving sorption technology for the selective extraction of uranium using new modified sorbents based on natural minerals of Kazakhstan.

Work methods - chemical, X-ray phase, X-ray fluorescence, atomic absorption, thermal, IR methods of analysis.
Results of work. For the first time, data were obtained on the methods of obtaining modified sorbents by the method of "solid-phase extractants" and the synthesis of organominerals. This made it possible to develop impregnated sorbents based on natural materials modified with liquid extractants for the selective extraction of uranium and associated metals from uranium-containing solutions. The uranium recovery rate was over 90 %. 
A resource-saving sorption technology for the selective extraction of uranium using new composite sorbents based on natural minerals of Kazakhstan has been developed. Large-scale laboratory tests of the sorption extraction of uranium from technological solutions were carried out. 
Recommendations and initial data on the specific use of research results. The technology is recommended for approbation at uranium production enterprises, as well as for the purification of waste solutions and groundwater. Modified sorbents can also be used to extract uranium from technological solutions.
Application area. Uranium industry enterprises.

Implementation recommendations. The introduction of the developed methods for modifying natural sorbents for extracting uranium from technological solutions and wastes of uranium production will improve the ecological situation in certain regions of the country.
Predictive assumptions about the development of the research object. The developed technology for modifying natural sorbents in Kazakhstan for the extraction of uranium from technological solutions is in demand by enterprises associated with the extraction and processing of uranium-containing raw materials. 
The developed technology of Kazakhstan natural sorbents modification for the uranium extraction from process and technogenic solutions can be in demand by national companies and enterprises associated with the extraction and processing of uranium-containing raw materials.
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terms and definitions
The following terms are used with appropriate definitions in this research report:

Sorption is a physicochemical absorption process of valuable components (simple or complex ions of various elements) by solid or liquid sorbents from solutions or pulps during ores and concentrates leaching.

Modification is an effect wherein the structure and properties of a material change when modifiers are introduced into its composition.

Mother solution is a productive solution wherein a useful component has been extracted. The mother solution is used to prepare the treatment solution by reinforcing it with leaching agents.

Product solution is a solution formed as a result of the physicochemical interaction of the treatment solution with the leached ore mass and containing minerals in a concentration higher than the minimum industrial one.

Process solution is an aqueous solution of reagents and products of their interaction with the background medium. The process solutions in underground uranium leaching are subdivided into treatment solutions, product solutions, mother solutions, return solutions, waste solutions.

list of abbreviations and designationS 

The following abbreviations and designations are used in this research report:

IRS ( infrared spectroscopy;

SEC ( sorption exchange capacity, mg eq/g;

FDEC ( full dynamic exchange capacity, mg/g;

EMe ( metal degree of extraction,%;

τ ( the duration of the phase contact time, h;

S:L ( solid to liquid phase ratio;

PR ( product solution;

LRW ( liquid radioactive waste;

TBP ( tributyl phosphate;

TAA ( trialkylamine;

PAA ( polyacrylamide;

Di-2-EHPA ( Di-2-ethylhexyl phosphoric acid;

DMFA ( dimethylformamide;

GMA ( glycidyl methaacrylate;

OEDP ( oxyethylene diphosphonic acid;

PEPA ( polyethylene polyamine.

INTRODUCTION
Assessment of the current state of the scientific and technical problem being solved.

Kazakhstan ranks second in the world in terms of natural uranium reserves, 12 % of all explored world reserves are concentrated in the earth's depths of the Republic of Kazakhstan. About 80 % of the world's uranium products are produced by five countries ( Kazakhstan, Russia, Australia, Canada, and Nigeria [1].

In 2009, Kazakhstan took first place in uranium mining in the world and continues to maintain a leading position in the world market, producing almost 40 % of world production.

In 2016, the volume of uranium production amounted to 24.689 thousand tons and compared with 2009 increased by 76 %, and in 2019 it slightly decreased and amounted to 22,742 tons.

The Kazakhstan nuclear industry is one of the most promising resource industries in terms of developing technological potential, both the industry itself and the country as a whole.

The hydrometallurgical processing of uranium ores is associated with a significant amount of liquid radioactive waste including waste solutions requiring disposal [2].
One of the main methods of disposal (purification) of LRW is sorption, which requires the use of inexpensive sorbents of complex action based on domestic raw materials, due to the increasing threat of environmental pollution by radionuclides [3]-[6].
Justification and initial data for the research into the topic.

There are significant reserves of mineral raw materials in Kazakhstan, which are of interest in terms of natural ion-exchange materials. The availability of mineral and coal-mineral raw materials, its low cost, ease of use and environmental problems necessitate the production and study of new sorbents with a complex of valuable properties for the extraction of radionuclides [7]-[10].
Against the background of a significant and diverse mineral raw materials with sorption properties, shungites and zeolites occupy a special position as the most studied.

The ability of zeolites and zeolite-containing rocks to effectively absorb and retain radionuclides has been shown in many papers [11]-[15]. In addition to high ion-exchange and sorption properties, natural aluminosilicates are characterized by thermal, chemical, radiation resistance, mechanical strength, and sorption irreversibility. These physicochemical properties largely depend on the type of mineral and the features of its structure: the size of the pore entrances of the scaffold, the volume of the cavities, the S /Al ratio, and the composition and position of cations.
The advantages of natural zeolites over synthetic sorbents are their low cost if it is necessary to purify large volumes of radioactively contaminated water [16]-[18].
Over time, the range of mineral carriers used to obtain modified sorbents has expanded significantly, in particular, researchers have paid attention to shungites, the coal-mineral raw materials. However, among the proposed developments, only a few have found the industrial application for one reason or another.

Justification for research and development.

The increasing sorption capacity of natural minerals is performed with various existing modifying methods and techniques, but they are designed for imported raw materials. The methods of modifying natural sorbents have received much attention in the papers [19]-[21]. in Kazakhstan. The authors mainly considered the development of methods for the synthesis of organominerals: producing polymer compositions, studying the possibility of their interaction with natural ion exchangers, studying the physicochemical and sorption properties of the produced organominerals. These studies are mainly aimed at the development of ion exchangers with improved properties for the sorption of copper, lead, silver, and platinum. These ion exchangers are not used for the sorption of uranium.

Besides, all the produced organominerals are characterized by the instability of the surface layer of the modifier and the need to create special conditions for optimal sorption.

The most interesting data in the field of modification of domestic zeolite and shungite relating to the uranium sorption are presented in this paper [22]: examples of the modification of natural ion exchangers pre-activated with sulfuric acid, copper (II), and nickel hydroxides are given, the features and general regularities of uranium sorption by modified ion exchangers are discussed. It has been shown that the use of pre-activated and modified shungite and zeolite makes it possible to increase the extraction of uranium in comparison with the use of natural sorbents; however, the labor-intensive process of modification is a limiting factor in the use of the method in the industry.

Thus, the common disadvantage of the described methods is the complexity of implementation, high cost, and the use of scarce reagents. However, the demand for cheap and effective sorbents is still great given the difficult environmental situation.

Information about the metrological support of research and development. The control and measuring instruments verified under the regulatory documents were used for measurements in the course of research. Physicochemical studies were conducted according to the certified methods of the chemical laboratory and the laboratory of physical analysis methods.

Timeliness and relevance. The use of modified sorbents based on natural minerals widespread in Kazakhstan, is a promising direction in creating domestic ion-exchange materials, given the fact that there is no own production of synthetic ion-exchange materials in the republic and the ecological situation in the regions where uranium ores are mined and processed. Besides, the use of synthetic sorbents is not always justified due to their high cost, and natural ones due to their low sorption capacity. The production of modified ion-exchange materials based on their combination is an urgent problem for various industries, including nuclear.

However, the ways of modifying natural raw materials described in the literature are difficult to implement, require expensive and sometimes scarce reagents, and are primarily aimed at using foreign raw materials. The limited amount of information on the development of modified sorbents for the uranium extraction from product solutions and LRW, especially based on natural minerals of Kazakhstan, is the reason that the problem continues to be relevant.

The novelty of the topic lies in the selection of new approaches in solving the objective of using many tested and new polymer compositions, as well as extractants for producing impregnated sorbents based on natural raw materials, studying their structural features and sorption properties.

The relationship of this research with other research projects. This work is a continuation of the research “Development of innovative technology to increase the uranium extraction from refractory ores by sulfuric acid leaching” for 2015-2017.
Goals and objectives of the research, their place in the implementation of research and development in general. The aim of this project is the development of modified sorbents producing methods based on natural minerals of Kazakhstan and its testing concerning imitations of waste solutions and process solutions.
The purpose of the 2020 research stage is to develop a technology for the selective uranium extraction from product solutions of uranium production by using modified natural minerals, its testing, and development of recommendations for the use of composite sorbents for the selective uranium extraction from process solutions of uranium production and contaminated natural objects.

The objectives of this research stage included:
- determination of the optimal parameters for the uranium selective extraction from technological solutions and contaminated natural objects;

- development of the modes of uranium sorption-desorption during the processing of uranium-containing solutions using the obtained sorbents;

- large-scale laboratory tests of the sorption technology of uranium extraction using modified sorbents;

- development of recommendations for the practical application of composite sorbents for selective uranium extraction from technological solutions of uranium enterprises and contaminated natural objects.

Within the framework of the goal set for 2018 and according to the fully completed objectives, the foundations for the subsequent development of methods for modifying natural sorbents with liquid extractants (2019) and testing them under production conditions (2020) have been created.
The research results for the previous stages are presented in interim reports:
Stage of 2018. “Study of the physicochemical properties, structure and composition of natural sorbents, kinetic parameters of the sorption process of uranium and accompanying metals”, registration No 0118RK00357, inventory number 0218RK001255. 

Stage of 2019 “Producing impregnated sorbents based on natural materials modified with liquid extractants for the selective extraction of uranium and related metals from uranium-containing solutions” registration No  0118RK00357, inventory No. 0219RK00628. 

THE MAIN PART about Research work
1 Study of physico-chemical properties, structure and compos-ition of natural sorbents, kinetic parameters of uranium and associated metals impurities sorption process
Choice of research direction. One of the most effective methods for cleaning objects contaminated with radionuclides and, in particular, waters, is the use of sorption methods. To date, methods of sorption purification using synthetic and natural sorbents are the most common and effective, and in many cases there are no alternatives. The disadvantage of using synthetic sorbents is their high cost, and natural ones - their low exchange capacity. In order to improve the sorption properties, natural materials used for cleaning solutions are subjected to various modifications. At the same time, there are no real ways to obtain modified sorbents that would have proven themselves in the processes of uranium sorption. In this regard, the problem of obtaining modified sorbents based on natural raw materials remains relevant for the nuclear industry.
Research methods. In the process of research, physical and chemical research methods were used: chemical, X-ray phase, X-ray fluorescence, atomic absorption, thermal, IR analysis methods, scanning electron microscopy; modern analytical equipment: inductively coupled plasma atomic emission spectrometer, FTIR spectrometer, X-ray fluorescence wave-dispersive spectrometer, scanning electron microscope with analyzer, synchronous thermal analyzer.
In the study of the work in 2018, the physicochemical properties, structure and composition of natural sorbents, the kinetic parameters of the sorption process of uranium and associated metals were studied.

The elemental composition of the original natural zeolites was determined, %: SiO2 - 62.2, Al2O3 - 13.4, Fe2O3 - 5.9, Na2O - 1.6, CaO - 5.3, K2O - 6.5, MgO - 2.2 , P2O5 - 0.4, MnO - 0.2, TiO2 - 0.5, other impurities - 1.8, SiO2 / Al2O3 - 4.6.

The phase composition of the initial zeolite was determined: clinoptilolite (Na,K,Ca)6 (Si,Al)36O72. 20H2O) -21.5 %, quartz (SiO2) - 21.3%, albite (Na(AlSi3O8)) - 19.4 %, diopside (Ca(Mg,Al)(Si,Al)2O6) - 13.9 %, hematite Fe2O3 - 9.3 %, lomontite (Ca(H2O)2.8(Al2Si4O12) (H2O).5) - 7.8 %, erinite ((Fe+2, Fe+3,Al) 3Mg3(Ca,Na)4 (Si13.5Al4.5O42)(OH)6)11.3H2O) - 6.8 %.

In order to increase the sorption capacity of the zeolite, its preliminary activation with chemical reagents was carried out, as a result of which the chemical and phase composition of the zeolite changed.

It was found that the most effective activation method is the treatment of the zeolite with hydrochloric and sulfuric acids.

When the zeolite is activated with hydrochloric acid, the sorption capacity, depending on the acid concentration, increases by a factor of 3 - 5. The activation of the zeolite contributes, along with a change in the initial composition, a change in its properties.

The Brunauer - Emmett - Teller (BET) method showed that in the process of activation of natural sorbents, the specific surface area increases, and the average pore diameter decreases, which contributes to an increase in the sorption capacity.

The activation of the zeolite contributes, along with a change in the initial composition, to a change in its properties, as evidenced by the data in Table 1.
Thus, it was found that during the activation process the specific surface area of ​​the zeolite increases and the average pore size decreases 1.5 times. 
Table 1 - Properties of natural zeolites before and after activation
	Name
	Specific surface

SBET, m2
	True pore volume

 ∑ cyst, ml /g
	Average pore diameter

Dav,  Å
	Mechanical

strength, kgf / cm2

	Zeolite (original)
	31,70
	0,0685
	43,6337
	35 - 40 

	Zeolite

(after activation)
	47,55
	0,0677
	31,7014 
	35 - 40


The elemental composition of shungite was determined, %: C - 15.0, K - 0.83, Al - 3.52, Si - 14.9, Fe - 2.9, S - 0.05, Na - 0.12, Mg - 0.90, P - 0.26, Ca - 16.43, Ti - 0.26, V - 0.16, O - 43.2, Mn - 0.12. According to X-ray phase analysis, shungite of the Koksu deposit consists of quartz, siderite, muscovite, albite and clinochlore.

In the process of research, three variants of the technology of shungite beneficiation by flotation were proposed and tested. The composition of the shungite concentrate (Table 2).
Table 2 - Composition of shungite from Koksu deposit after flotation
	Product name
	Exit, %
	Content,%

	
	
	C
	O
	Al
	Si
	S
	K
	Fe

	Concentrate
	-
	21,0
	40,9
	3,29
	14,8
	0,05
	0,77
	3,1

	Tails
	-
	10,4
	45,0
	3,7
	14,9
	0,04
	0,88
	2,8

	Ore
	-
	15,0
	43,2
	3,52
	14,9
	0,05
	0,83
	2,9

	                                            Extraction,%

	Concentrate
	43,2
	60,5
	40,8
	40,3
	42,9
	47,9
	39,9
	46,1

	Tails
	56,8
	39,5
	59,2
	59,7
	57,1
	52,1
	60,0
	53,9

	Ore
	100
	100
	100
	100
	100
	100
	100
	100


The optimal variant turned out to provide for froth flotation of shungite rock preliminarily crushed to a fraction of 71 microns with the addition of lime to create a pH of the medium equal to 8.0-9.0 and liquid glass for depression of gangue minerals.

It was found that in the process of flotation and subsequent activation of shungite with hydrochloric acid, its properties also change: the specific surface area increases from 34.5 to 48.3 m2 and the pore volume from 0.05 to 0.06 ml / g, the pore diameter decreases from 38, 68 to 33.78 Å, which contributes to an increase in the degree of uranium sorption and an increase in the sorption capacity of the sorbent.

The kinetic parameters of the processes of sorption of uranium and associated metals from model solutions by natural sorbents have been studied.

The data on the sorption of uranium are given in Table 3. The calculations given in the table were carried out on the basis of the results of studying the uranium content in the mother liquor after sorption.

Table 3 - Results of sorption of uranium from the model solution by zeolite
	Time of contact of the sorbent with the model solution, min
	U content in mother liquor after sorption, 
mg / dm3
	Extracting U

in sorbent
	Sorption capacity of zeolite for uranium, mg / g sorbent

	
	
	mg
	%
	

	30
	1,28
	0,065
	50,9
	0,0325

	60
	0,26
	0,117
	90,1
	0,0585

	120
	0,23
	0,118
	91,1
	0,0590

	180
	0,20
	0,120
	92,3
	0,0600

	300
	0,18
	0,121
	92,9
	0,0605


It follows from the table that over 90 % of uranium is extracted during the first hour of the process, i.e. the sorption of uranium is quite active, however, the natural sorbent - zeolite - has a low sorption capacity.

It was found that with an increase in the initial concentration of uranium in solution from 2.6 mg / dm3 to 50.1 mg / dm3, the maximum degree of its extraction decreases from 96.6 to 7.1 % at the ratio L: T = 25. With the ratio L : T = 2: 1, the degree of uranium extraction is 51.1 %. It was found that on shungite, as well as on zeolite, the degree of uranium sorption in the first hour of the process exceeds 90 %.

Productive uranium-containing solutions, in addition to the main component, contain a diverse spectrum of impurity elements, the main of which is iron.

The X-ray spectral analysis of the zeolite after the sorption of uranium, carried out on an energy dispersive spectrometer, showed that the main element in this segment of the sample is iron (Figure 1), i.e. uranium, in this case, gravitates towards iron and is relatively evenly distributed over the surface.
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Figure 1 - Scanning electron microscopy of zeolite after sorption of uranium from model solutions

The process of desorption of uranium and associated metals from natural sorbents has been studied.

Saturation of the initial natural sorbents - zeolite and shungite - with uranium and desorption with 1.0 M solutions of (NH4) 2CO3, NH4HCO3, Na2CO3, NaHCO3 were carried out. The results are shown in Figure 2.

It has been established that the most effective desorbent is sodium carbonate, which allows transferring about 70.0 % of sorbed uranium into solution, less uranium is eluted with sodium bicarbonate. The degree of desorption is followed by ammonium carbonate and bicarbonate.

The same dependence is retained during the elution of uranium from shungite, however, the degree of desorption is somewhat higher in each case. So, when eluted with sodium carbonate, the degree of desorption of uranium for 4 hours is 81.0 %, sodium bicarbonate 59.0 %, ammonium carbonate and bicarbonate, respectively, 32.0 and 20.0 %.
The kinetic parameters of the processes of sorption and desorption of uranium and associated metals from technological solutions by natural sorbents have been investigated. 
The process of activation of zeolite and shungite with acids, alkalis and salts has been studied, and the kinetic parameters of the sorption and desorption of uranium and accompanying metals (iron) from technological solutions by activated materials have been studied.
It was found that when activated with hydrochloric acid under normal conditions, the aluminum content decreases by 30.6 %, magnesium - 22.8 %, calcium - 53.95 %, the silicon content increases by 29.6 %, iron - 27.4 %, with increased temperature - respectively: Al - 23.5 %, Mg - 48.11 %, Ca - 35.23 %, Si – 19 %.
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Figure 2 - Kinetic dependences of uranium desorption from zeolite by different eluents
It was found that the possibility of activating the zeolite. The best results of the sorption of uranium by samples of activated zeolite were achieved upon activation with hydrochloric acid (Figure 3).  
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Figure 3 - Kinetic curves of sorption of uranium (a) and iron (b) by zeolite


It was found that the most effective desorbent is sodium carbonate, which makes it possible to transfer about 70.0 % of sorbed uranium into solution in 4 hours.

The Brunauer - Emmett - Teller (BET) method showed that in the process of activation of natural sorbents, the specific surface area increases, and the average pore diameter decreases, which contributes to an increase in the sorption capacity. Thus, the studies carried out and the results obtained showed that the activation of zeolite with chemical reagents, as well as the enrichment of shungite for carbon by flotation and subsequent acid activation contribute to a change in the properties of natural sorbents and an increase in their sorption capacity.
2 Acquisition of impregnated sorbents based on natural materials, modified by liquid extractants for uranium and associated metals impurities selective extraction from uranium-containing solutions
As a result of research in 2019, impregnated (modified) sorbents based on natural materials modified with liquid extractants were obtained for the selective extraction of uranium and associated metals from uranium-containing solutions [24].
Development of methods for the modification of natural sorbents. Research has been carried out on the choice of a method for modifying natural sorbents and assessing its sorption capacity after modification [25].
Physical methods include preliminary ultrasonic treatment of hydrochloric acid and its subsequent activation of natural sorbents.

It has been established that the activation of natural sorbents with hydrochloric acid pretreated with ultrasound makes it possible to increase the sorption capacity of natural ion-exchange materials, both shungite and zeolite, to 16 %.

Chemical methods included 2 methods of modification: saturation of natural sorbents with organic extractants - tributyl phosphate (TBP), trialkylamine (TAA), Di-2 ethylhexyl phosphoric acid (Di-2-EHPA) and organopolymers - epoxy resin (ED-20) and polyethylene polyamine (PEPA ) according to the method of obtaining "solid-phase extractants" and the synthesis of organopolymers. The extraction of uranium from technogenic solutions by modified sorbents is over 90 % (Table 4).

Table 4 - Results of sorption of uranium from productive solutions by natural sorbents modified with organic solvents
	№
	Organic solvents for modification
	Zeolite
	Shungite after flotation

	
	
	Remaining end, mg / dm3
	Recovery rate,%
	Residual concentration, mg / dm3
	Recovery rate,%

	1
	Di-2-EHPA 
	0,0045
	99,8
	-
	-

	2
	TBP
	2,08
	50,5
	1,8
	57,0

	3
	Di-2-EHPA +TAA
	0, 0055
	99,86
	0,026
	99,4

	4
	TBP +ТАА
	0,784
	81,3
	0,49
	88,3

	5
	Di-2-EHPA (with flushing)
	0,0005
	99,87
	0,0046
	99,9

	6
	TBP (with flushing)
	0,8
	80,95
	2,1
	50

	7
	Di-2-EHPA + TBP + kerosene
	˂ 0,0002
	99,9
	0,007
	99,8


Based on the IR spectra, an assumption was made about the mechanism of the formation of modified sorbents based on a matrix of zeolite and shungite with a mixture of extractants Di-2-EHPA, TBP and kerosene and a mixture of phosphoric acid and polyacrylamide. During the synthesis of organopolymers in the zeolite matrix, no new chemical compounds are formed; most likely, as with the use of a mixture of extractants, the copolymers are fixed on the matrix surface.

When zeolite and shungite are modified with a mixture of Di-2-EGPA, TBP and kerosene, the sorption of uranium will presumably be accompanied by complexing compounds. The complexing sorbents obtained in this way - "solid-phase extractants" - are characterized by good sorption properties.

When natural sorbents are modified with a mixture of H3PO4 and PAA, as a result of the interaction of the matrix with modifiers, calcium compounds H3PO4 are formed in the form of dibasic calcium phosphate.

The data of the IR spectra of the initial natural zeolite indicate the presence of plagioclase of the albite type Na [AlSi3O8] (787, 762, 745, 725, 648, 590, 531 cm-1), carbonates (1426 cm-1), limontite Ca [Al Si2O6]2∙4H2O (1029, 762 cm-1). The most intense band at about 1000 cm–1 is characteristic of layered silicates and refers to antisymmetric stretching vibrations of the Si -O-Al group.

From the data of the IR spectra of zeolite modified with a mixture of di-2-ethyl-hexyl-phosphoric acid, tributyl phosphate and kerosene, it follows that there is a plagioclase of the albite type Na[AlSi3O8] (762, 747, 726, 647, 590, 528, 465 cm -1), heulandite Ca [Al2 Si7O18] ∙ 6H2O (3428, 1032, 523 cm-1), limontite Ca [AlSi2O6]2∙4 H2O (3572, 1032, 762, 523 cm-1), phillipsite K,Ca[Al3Si5O16] ∙ 6H2O (3428, 1639, 1032, 590 cm-1), quartz α-SiO2 (696, 465 cm-1), calcite CaCO3(1797, 1428, 878, 714 cm-1), di-2-EHPA (C16H35PO4) (2960, 2931, 2874, 2861, 1461, 1384 cm-1 and tributyl phosphate (C12H27PO4) (2960, 2874, 1461, 1384 cm-1). 
Thus, it has been established that when zeolite and shungite are modified with a mixture of Di-2-EGPA, TBP and kerosene, sorbents with fixed functional groups on the surface of the polymer matrix are formed. Uranium sorption, in this case, will be accompanied by complexing compounds. The mechanical strength of sorbents modified by different methods was determined in comparison with the initial ion-exchange materials. It was found that when zeolite and shungite are saturated with H3PO4 in the presence of PAA, the strength increases from 1.25 MPa to 2.50 MPa and from 1.41 to 10.30 MPa, and with a mixture of extractants Di-2-EHPA, TBP, kerosene decreases from 1.25 to 0.42 and from 1.41 to 1.24 MPa, respectively.

It was found that the best desorbent of uranium is sodium carbonate, which allows it to be eluted by 70.0 %. It is shown that the accompanying metal (iron) is recovered by 97 – 99 % by modified sorbents obtained by the method of "solid phase estragents", and by organominerals by 68 %.

During the sorption of uranium by modified zeolite, it was shown that the data obtained are described by the Langmuir equation. The values ​​of the Langmuir constant - KL were calculated for uranium concentrations of 10.1, 19.4 and 38.9 mg / dm3, which are 0.029, 0.041 and 0.216, respectively. The kinetic parameters of the process of sorption and desorption of uranium and associated metals on modified sorbents from technological solutions have been studied.
It has been found that modified sorbents are rather active in extracting uranium from technological solutions. The uranium recovery rate exceeds 90 %, the maximum iron recovery rate is 58.62 %.

The process of elution of uranium and iron from pre-saturated modified sorbents has been studied (Figure 4). 
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Figure 4 - Desorption of uranium and from the modified zeolite by different eluents
Figure 4 shows that the most effective desorbents of uranium from the zeolite phase are sodium carbonate and ammonium carbonateю
Next in terms of efficiency is sodium bicarbonate, which allows desorbing up to 54.4 % of uranium.  The use of sulfuric acid solution  as a  desorbent makes it possible  to extract  only 12.1 % of uranium. Sodium bicarbonate exhibits a relatively high eluting ability with respect to iron, the degree of desorption of iron is 35.4 %.
Thus, in the course of the research, methods for modifying natural sorbents were proposed and tested, which make it possible to actively extract uranium, the properties of modified sorbents were studied, their sorption capacity was assessed, and options were selected for further experiments.
3 Development of uranium selective extraction technology from product solutions of uranium production with application of modified natural minerals. Tests and development of recommendations on the use of composite sorbents for uranium selective extraction from processing of uranium productions and contaminated natural objects
3.1 Determination of the optimal parameters for the selective uranium extraction from process solutions and contaminated natural objects 
At the third stage of 2020, the technology of selective extraction of uranium from productive solutions of uranium production using the used natural minerals. The normative assessment of the use of composite sorbents for the selective extraction of uranium from technological solutions of uranium production and natural objects contaminated by it has also been tested.

Experiments on the modification of zeolite were carried out as follows: 10 g of a natural sorbent was poured with the sum of extractants (di-2-ethylhexylphosphoric acid and tributylphosphate) in kerosene. The resulting compositions were kept for 72 h, dried at room temperature for a day, and also in an oven at a temperature of 100 ° C.

Modification of shungite with phosphoric acid and polyacrylamide under the following conditions: a sample of natural sorbent in an amount of 10 g was treated with a dilute (1: 4) solution of dilute acid, after 12 hours the sorbent was washed from excess acid, dried, and filled with polyacrylamide (10 g / l), leaving for 12 hours. Then the polyacrylamide solution was poured off, the sorbents were washed with distilled water and dried.

As a rule, the uranium content in waste solutions is 5-15 mg/dm3. In this regard, we have adjusted the product uranium-containing solution in accordance with this uranium concentration and the sorption process by modified zeolite and shungite have been investigated. These sorbents were modified with developed, tested, recognized appropriate way.

Experiments on the modification of zeolite were conducted as follows: 10 g of a natural sorbent was poured with a solution of the extractants sum (di-2ethylhexylphosphoric acid and tributylphosphate) in kerosene. The resulting compositions were kept for 72 h and dried at room temperature for a day, and then in an oven at a temperature of 100 °C.

The modification of shungite with phosphoric acid and polyacrylamide was performed under the following conditions: a sub-sample of the natural sorbent in the amount of 10 g was treated with a diluted (1: 4) solution of phosphoric acid, after 12 hours the sorbent was washed to remove excess acid, dried, and filled with a solution of polyacrylamide (concentration ( 20 g/l), leaving for 12 hours. Then the polyacrylamide solution was poured off the sorbents were washed with distilled water and dried.

Test studies on the sorption of uranium from a productive solution, simulated by the content of LRW components (U = 11.9 mg/dm3), were conducted for 4 hours at room temperature (~ 25 °C) under static conditions at the S:L ratio = 1:25. The kinetics of the process is shown in Figure 5. Figure 5 shows that it is possible to extract more than 90 % of uranium from LRW with modified sorbents already in the first 15-20 minutes.
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Figure 5 ( Kinetic dependences of uranium extraction from LRW simulant
At the next stage, studies of the S:L ratio impact the degree of uranium extraction from LRW. The results of the study are presented in Figure 6. It follows from the figure that the best S:L ratio at a given initial concentration of uranium in solution is interval 1:5 - 1:25.
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Figure 6– The S:L impact the degree of uranium extraction
The pH values impact the degree of uranium extraction is shown in Figure 8. The pH simulant values were adjusted with sulfuric acid. It follows from the figure that the uranium sorption should be performed at pH 2.5 and higher. 
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Figure 7 – The pH imitate impact the degree of uranium extraction
Further, the possibility of multiple use of modified sorbents for the extraction of uranium from LRW was studied in the course of research, by means of doubling the concentration of di-2-ethylhexylphosphoric acid and tributyl phosphate during zeolite modifying and doubling the concentration of phosphoric acid and polyacrylamide during shungite modifying. Sorption and desorption by modified sorbents were performed in a static mode, alternating the processes of sorption and desorption. The research results are presented in table 5.

Table 5 ( Results of experiments on uranium sorption and desorption

	Stage
	Process
	Modified zeolite
	Modified shungite

	
	
	Uranium content, 
mg / dm3
	Recovery and desorption,%
	Uranium content, 
mg / dm3
	Recovery and desorption,%

	I
	Сорбция
	0,79
	91,12
	0,046
	99,5

	
	десорбция
	9,504
	40,2
	3,8
	15,45

	II
	Сорбция
	7,4
	16,0
	0,06
	99,3

	
	десорбция
	0,39
	10,4
	18,06
	81,7

	III
	Сорбция
	7,18
	19,3
	0,96
	89,2

	
	десорбция
	0,3
	7,8
	11,52
	63,8


It follows from the table that with the modifier concentration increasing, the modifing shungite can be used repeatedly. This relationship is not observed for zeolite.

Further, two-fold increased modifier concentration was also used to modify the sorbents. The research was conducted from model solutions with a uranium concentration of 70.7; 107.5; 142.8 and 212.61 mg/dm3. The uranium sorption from model solutions was performed in a static mode for 4 hours at room temperature ~ 25 ° C, S:L = 1:5. The results of uranium sorption are shown in Table 6.

Table 6 ( Results of uranium sorption from model solutions on modified sorbents at different concentrations of modifying agents

	Initial uranium concentration in solution, mg / dm3
	Modified zeolite
	Modified shungite

	
	70
	107,5
	142,8
	212,6
	70
	107,5
	142,8
	212,6

	Uranium concentration in solution after sorption, mg / dm3
	0,07
	0,063
	0,51
	0,56
	0,07
	0,02
	0,81
	0,88

	Recovery rate,%
	99,9
	99,9
	99,6
	99,7
	99,9
	99,99
	99,6
	99,6

	Sorption capacity, mg / g
	0,349
	0,671
	0,911
	1,007
	0,349
	0,713
	0,921
	1,006


The balance ratio was used to calculate the sorption capacity of ion exchangers (SC, mg/g):
                                                        SC = (Cinitial – Сsorption)Vsol./g,                                               (1)
where Cinitial and Csorption are the uranium concentration, respectively, in the initial solution and in the solution after sorption, mg/l; Vsol. ( solution volume, l; g is the mass of the sorbent sub-sample, g.
It follows from Figure 8 (a, b) that the curves are convex and can be described by the Langmuir equation:

                                                           С/ SC = С/SC∞+1/(SC∞×LC),                                            (2)
where SC is the sorption capacity, mg/g; SC∞ – maximum sorption capacity, mg/g; LC - Langmuir's constant, ml/g; C – equilibrium concentration of metal in solution after sorption, mg/l.

Anamorphoses of the sorption isotherms of uranium by modified zeolite and shungite in Langmuir coordinates are shown in Figure 8 (c, d) according to which the maximum sorption capacity for zeolite SC∞ = 434.76 mg/g, for shungite SC∞ = 225.99 mg/g were calculated and Langmuir's constant for zeolite LC = 0.229 ml/g for shungite LC = 0.187 ml/g.

The obtained isotherms and their anamorphoses are shown in Figure 8.
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Figure 8 – Isotherms of uranium sorption by modified sorbents and their anamorphosis in the coordinates of the Langmuir equation
Thus, an increase of the modifiers concentration makes it possible to use modified shungite many times. There is no such dependence for zeolite. In addition, modified sorbents (zeolite and shungite) can be used for the uranium sorption from solutions with an increased concentration (100-200 mg/dm3).

3.2 Development of uranium sorption-desorption modes during the processing of uranium-containing solutions using the produced sorbents 

Shungite-based organopolymers have been synthesized. Organopolymers were synthesized as follows. Glycidyl methaacrylate (GMA) was loaded with the help of mechanical stirrer to the reaction vessel equipped with a thermometer, and orthophosphoric acid was added. The mixture was heated to 100°C and stirred for 30 minutes. Then a solution of etidronic acid (OEDP) in 1,4-dioxane and a calculated amount of shungite were added and the mixture was again stirred for 30 minutes.

Then the mixture was kept in an oven in porcelain cups for 10 h at 100°C, after which the ion exchangers were repeatedly washed with a solvent and dried to constant weight under vacuum. The modified samples were treated with a 3 % alkali solution and washed with distilled water until the neutral reaction of wash water was, then converted into the H+ form using a 3 % HCl solution.

The assumed structural formula of a phosphorus-containing interpolymer for modifying shungite [14], [26]  is shown in Figure 9.
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Figure 9 ( Structural formula of a phosphorus-containing interpolymer

The organomineral phosphorus-containing cation exchanger formation mechanism occurs due to the interaction of chemically active hydroxyl and acid groups and a shungite molecule. The chemically active chelating phosphorus-containing groups are formed on the surface of the shungite molecule. These functional phosphorus-containing groups well sorb uranyl ions from aqueous solutions according to the donor-acceptor bond and the coordination mechanism.

Productive uranium-containing solutions, in addition to the main component, contain a diverse range of associated metals, the main of which is iron.

Therefore, the sorption of uranium and iron by an organopolymer based on shungite was conducted at a solution flow rate of 30 dm3/h, according to the procedure described above. The results obtained are shown in Figures 10, 11 (curve 3).
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Figure 10 – Output curves of uranium sorption on modified sorbents
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Figure 11 – Output curves of iron sorption on modified sorbents
The modified sorbents were pre-granulated and placed in a sorption column. A uranium-containing solution was passed through the sorbent layer placed in the column. Samples of ~ 10-15 ml each were taken and analyzed by the content of uranium and iron during sorption. The results obtained are shown in Figures 10, 11 (curves 1, 2).
It follows from the figure that the sorption curves have a similar shape, which indicates a similar sorption mechanism.

We have previously shown that the best eluent for uranium from modified sorbents is a 1 M sodium carbonate solution. Uranium desorption was performed in a static mode at S:L ratio = 1: 10. The results obtained are shown in Figure 12. It follows from the figure that the uranium elution from the phase of the modified zeolite exceeds 70 %, and of shungite – 80 %.
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Figure 12 – Kinetic dependences of uranium desorption sodium carbonate

The Table 7 shows the FDEC values of modified sorbents and organopolymer by uranium and iron.

Table 7 – Values of the total dynamic exchange capacity of the modified sorbents for uranium and iron

	FDEC, 
mg / g
	Modified shungite
	Modified zeolite
	Synthesized organopolymer

	
	U
	Fe
	U
	Fe
	U
	Fe

	
	1,068
	17,2
	1,07
	17,26
	0,77
	11,3


If we compare the FDEC values of the modified sorbents for uranium and iron, it can be seen that the sorption capacity of metals by the modified shungite and zeolite significantly exceeds the FDEC values of the organopolymer.

Next, we research physicochemical studies of modified sorbents after sorption of uranium in a dynamic mode.

Tables 8, 9 show the phase composition of the modified sorbents.
Table 8 – Phase composition of modified shungite

	Name
	Formula
	S-Q

	Quartz
	SiO2
	70,26 %

	Gypsum
	CaSO4 ·2 H2O
	26,38 %

	Muscovite
	KAl 2(Si, Al)4 O10(OH)2
	3,36 %


Table 9 – Phase composition of modified zeolite

	
Name
	Formula
	S-Q

	Quartz
	SiO2
	32,48 %

	Calcite bound albite
	(Na, Ca) Al(Si, Al)3O8
	28,22 %

	Heulandite -Na
	Na1.56 H2.34 Al1.32(Al7.86Si28.14 O72)(H2O)28.56
	21,30 %

	Aluminum phosphate hydrate
	Al3P3O12( H2O)5
	7,93 %

	Hematite
	Fe2O3
	7,83 %

	Aerinitis
	(Ca4.31Na0.07) (Al5.25 Si0.43Mg0.33)Fe2( Fe1.2 Mg0.5 Al0.3) (Si12 O36(OH )12) (CO3)0.74 (S O3)0.25 ( H2O)11.1
	2,24 %


Studies have shown that the matrix of zeolite and shungite does not change significantly during sorption; this fact is also confirmed by IR spectroscopic studies [23]-[24]. The IR spectra of the modified sorbents after the uranium sorption in the dynamic mode are shown in Figures 13 - 14.

Figure 14 shows the IR spectrum of shungite after sorption in a dynamic mode. It follows from the figure that in the range 798-342 cm-1 bands are recorded at 798, 779, 693, 517, 468, 397, 372 cm-1 characterizing quartz α-SiO2 and gypsum Ca [SO4] • 2H2O – 3545, 3408, 1684, 1621, 1139, 1119, 669, 603, 468 cm‾1 at 3545-468 cm-1. The sample may contain carbonates at 1428, 875, 838 cm–1 [27]- [29]. 
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Figure 13 – IR spectrum of modified shungite after sorption in dynamic mode
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Figure 14 – IR spectrum of modified zeolite after sorption in dynamic mode

Figure 14 shows the IR spectrum of a modified zeolite sample after sorption in a dynamic mode. According to IR spectroscopic studies, the spectrum contains: Plagioclase of the albite type Na [AlSi3O8] – 786, 761, 743, 725, 647, 583, 464 cm-1.

Possibly present: lamontite Ca [Al Si2O6] 2∙4H2O - 3553, 1035, 761, 520 cm-1, heulandite Ca [Al2 Si7O18] ∙ 6H2O - 1637, 1035, 668, 520, 464 cm-1, Di-2 ethylhexylphosphoric acid (C16H35PO4) - 2960, 2933, 2874, 2862, 1459 cm-1, tributyl phosphate (C12H27PO4) - 2960, 2933, 2874, 1459 cm-1, quartz SiO2 - 692, 464, 397 cm-1 [27] - [29].
The images of the zeolites surface, and also the information on the chemical composition of the near-surface layers have been obtained with X-ray fluorescence method (Figure 15).

[image: image19.png]8/17/2020 9:35:45 AM

Correction applied for medium:
Correction applied for film:
Results database:
Results database in:

PANalytical
Quantification of sample S_106-2020_pr_2

R.M.S.:
Result status:
Sum:

Sample type:

0.006

748 %

Pressed powder

No
No

omnian 37 mm
c\panalyticahsuperqiuserdata

Analyte Calibration Compound Concentration Unit Calculation  Status

(o]
Na
Mg
Al
Si

status
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Catibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated

formula
o]
Na
Mg
Al
Si

40.720
0.766
0.981
4.401

21.870
0.761
0.224
0012
0.484
1.059
0.336
0.0581
2.801
0.006
0.007
0.005
0.008
0.080
0.003
0.018
0.005
0.015

Yo
%
%
%
%
%
Yo
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

method
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Caiculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate

BgC:DC;
BgC.DC;
BgC;DC;
BgC:DC;
B8gC:DC;
BgC;DC;
BgC:DC,;
BgC:DC:
BgC:.DC:
BgC:DC
BgC:DC:
BgC.DC;

BgC,DC;LoR;

BgC.bC;
BgC.DC;
BgC;DC;

BgC:DC;LoR:

BgC,DC;

BgC:DCiLoR:

BgC.DC
BgC:DC;

BgC:DC LoR;





Figure 15 – Results of X-ray fluorescence analysis of zeolite after uranium sorption from technological solutions

Thus, the studies performedand the results obtained showed that the structural changes occur in the matrix in the process of modifying natural sorbents, which is expressed by the transformation of its constituents. Uranium concentrates of 0.036 and 0.364 % are formed during the sorption of uranium in a dynamic mode, which can be used as an additional charging in the processing of uranium-containing raw materials, or sent for elution.

3.3 Enlarged laboratory tests of the uranium extraction sorption technology using modified sorbents 
Modified natural sorbents - zeolite (Figure 16) and shungite (Figure 17) have been produced at the first stage of large-scale laboratory tests. The modified zeolite was produced by placing to the reactor, pouring with a solution of the sum of the extractants (di-2 ethylhexylphosphoric acid and tributylphosphate) in kerosene, and thoroughly mixed. The resulting composition was kept for 72 hours, then dried at room temperature for a day, and then in a drying oven at a temperature of 100 °C.
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Figure 16 – Modified zeolite
Shungite was modified with phosphoric acid and polyacrylamide under the following conditions. Shungite was placed in a reactor and treated with a diluted (1:4) solution of phosphoric acid. After 12 hours, the sorbent was washed from excess acid, dried, and filled with a polyacrylamide solution (20 g/dm3 concentration), leaving for 12 hours. Then the polyacrylamide solution was poured off, the sorbent was washed with distilled water and dried in an oven.
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Figure 17 ( Modified shungite 
The uranium sorption from process solutions was performed on natural sorbents: zeolite modified with a mixture of organic solvents (tributyl phosphate and di 2-ethylhexylphosphoric acid), shungite modified with a mixture of phosphoric acid and polyacrylamide.

Sorption was performed in a reactor with periodic stirring of the process uranium-containing solution (14.6 mg/dm3) with a volume of 2.5 dm3 and a modified natural sorbent (zeolite and shungite) weighing 100 g.

The unit shown in Figure 18 was used.


[image: image22]
Figure 18 ( Unit for uranium sorption in static mode

Sorption was performed for 4 hours at room temperature at the S:L ratio = 1:25. In the course of the research, 2.5 dm3 of a product solution was processed when extracting uranium with modified zeolite and 2.5 dm3 of a solution when extracting with modified shungite. 
The sorbents composition after sorption is shown in Table 10.

Table 10 – Results of uranium sorption 
	Name
	Residual uranium content, mg / dm3
	Recovery rate,%

	Shungite
	0,05
	90,4

	Zeolite
	0,08
	99,4


It follows from the table that the degree of uranium extraction with modified shungite and zeolite was 90.4 and 99.4 %, respectively.

Thus, the large-scale laboratory tests for producing modified sorbents based on natural minerals and uranium sorption have shown that the developed methods of modification are promising and that the sorption of uranium by modified sorbents is fundamentally possible.

3.4 Development of recommendations for the practical application of composite sorbents for the selective uranium extraction from process solutions of uranium enterprises and contaminated natural objects 
Uranium sorption – desorption under dynamic conditions. Sorbents sub-samples of weighing 4 g were used during the experiments. The uranium sorption was performed under dynamic conditions. The initial uranium concentration in the process solution is 11.9 mg/dm3. The results obtained in these experiments are presented in table 11.
Table 11 – Results of uranium sorption from process solutions in dynamic mode

	Characteristic
	Zeolite modified with a mixture of organic solvents
	Shungite modified with a mixture of phosphoric acid

and polyacrylamide
	Organopolymer based on zeolite and monomers

	Uranium recovery from solution,%
	90,4
	93,9
	87,6

	Exchange capacity, mg / g
	0,05
	0,37
	0,15


Based on the data of experimental studies, modified, pre-granulated sorbents, can be recommended for industrial technological testing. The recommended basic instrumental diagram of the uranium sorption – desorption [30] using these sorbents in a dynamic mode from waste solutions of uranium production is shown in Figure 19. The diagram shown in the figure is based on the use of a cascade of uranium sorption – desorption columns.
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Figure 19 – Schematic diagram of the process of stepwise sorption-desorption of uranium using granular sorbents

According to this scheme, the primarily initial uranium-containing waste solution is fed for the uranium sorption into column 1, which operates as the head stage of the sorption cascade in this case. The mother solution of the column 1sorption is sent to column 2 for additional uranium extraction, etc. until the uranium content in the waste solution reaches no more than 2-3 mg/dm3. After the sorption cycle, the mother solution, leaving the column n, is collected in a separate container, from where it can be sent into circulation or pumped out to the tailing dump, depending on the technology incorporated in the main production. As the uranium concentration in the head column 1 sorbent rises to industrially valuable values, this column is removed through stop valves from the sorption cycle to the uranium desorption operation. At the same time, column 2 is put into operation as the head stage of the sorption cascade, etc.

Based on the results of experimental studies, we have found that the uranium sorption from the waste solution under dynamic conditions using modified sorbents by the methods we have developed ensures fairly complete extraction of uranium and the production of sorbents saturated with uranium.

The desorption process in the columns is performed sequentially (first in column 1, then 2, then 3, etc., as practically significant amounts of uranium are reached, or a static elution method can be used. It is recommended to use a 1 M sodium carbonate solution as eluent.

Uranium sorption – desorption under static conditions 
Modified sorbents with a size of 50/100 microns can be recommended taking into account the results of experimental studies for industrial technological testing of uranium sorption in a static mode.

It is possible to use the principle of stage countercurrent uranium sorption-desorption during the conducting process in a static mode. The fundamental instrumental diagram of the process of static uranium sorption – desorption [30] during the processing of waste solutions is shown in Figure 20.
The scheme shown in the figure is based on the use of a cascade of uranium sorption-desorption sediment tanks.

The cascade of sediment tanks for uranium sorption from the initial uranium-containing solution provides continuous counter movement of this solution and sorbent in all stages of the sorption cascade. In this case, industrially significant concentrations of uranium in the sorbent can be produced in the first (head) stage of the sorption cascade.

According to the results of experimental studies, we have found that the uranium sorption from the stimulant waste solution under static conditions using modified zeolite and shungite makes it possible to extract over 90 % of uranium in the first hour of the process.

According to the instrumental scheme, the pulp of the thickened sorbent from the first (head) stage of the sorption cascade is fed to the last stage of the uranium desorption cascade. The continuous counter movement of the eluent and sorbent with uranium in all stages of the desorption cascade is intended to achieve the minimum uranium content in the sorbent in the head stage of this cascade to use it in subsequent sorption cycles.
The resulting eluate is removed from the cascade desorption into a separate container and passes to the main production.

This scheme does not require the cost for producing mechanically strong sorbent granules, but at the same time, during its operation, problems may arise with the removal of the fine fraction of the sorbent into the upper drains of the sediment tanks, which will require the control filtration of these drains.

This scheme does not require the cost for producing mechanically strong sorbent granules, but at the same time, during its operation, problems with the removal of the fine fraction of the sorbent into the upper drains of the sediment tanks may arise, which will require the control filtration of these drains.

Thus, according to the developed recommendations for conducting the process of uranium sorption by modified sorbents in a static mode using a cascade of sedimentation tanks, the resulting eluates can be supplied to the main production. A sorbent saturated with uranium is formed in the dynamic mode, which can be used as an additional charging in the processing of uranium-containing raw materials, or it can be directed to elution. The mother solution goes into circulation.
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1 – sediment tank; 2 – barbotage repulpator; 3 – barbotage repulpator with a heat exchange jacket

Figure 20 – Principle diagram of the process of stage countercurrent uranium 
sorption-desorption under static conditions

As for the uranium desorption from the saturated sorbent, we have experimentally shown the possibility of a fairly complete conversion of uranium into the eluate (80 % and higher) using a 1 M sodium carbonate solution as eluent.

Calculation of the estimated economic efficiency of the process.
The rough estimate was performed by us for the production of 1 ton of modified sorbents to obtain data on the economic efficiency of using the produced modified sorbents (Table 12).

Table 12 – Calculation of the production cost of 1 ton of modified sorbents
	Reagents and consumables
	Quantity, units 
	For zeolite modification 
	For shungite modification

	
	
	Tenge, per unit
	Consumption l / tg
	Tenge, per unit
	Consumption l/tg

	Raw materials
	1 ton
	120 000
	120,000
	58,700
	58,700

	Phosphoric acid
	l
	not available
	not available
	986
	320,450

	Polyacrylamide
	kg
	not available
	not available
	1,200
	60,000

	Di-2-EHPA
	l
	1,980
	158,400
	not available
	not available

	Tributyl Phosphate (TBP)
	l
	3,738
	74,760
	not available
	not available

	Kerosene
	l
	500
	150,000
	not available
	not available

	The cost of producing 1 ton of material by price indicators for 2020 
	tenge
	not available
	503,160*
	not available
	439,150*

	Note* ( the average cost of 1 ton of synthetic sorbent ranges from $ 4,000 and more


Thus, a basic assessment of the efficiency of uranium extraction from process solutions of uranium production was performed based on laboratory studies and enlarged tests, recommendations were developed for the practical application of modified sorbents for the uranium extraction.

CONCLUSION
Executive summary under the research results  

A complex of physical and chemical studies was carried out with the study of sorption starting materials, modification products, the development of methods for modifying and activating sorbents, the technology was worked out in laboratory tests with subsequent approbation of the results in large-scale laboratory tests. Modified sorbents and optimal technological parameters of selective extraction of uranium from technological solutions and natural objects contaminated with it have been obtained.
The physical and chemical properties, structure, and composition of natural sorbents, specifical zeolites from the Kusmurunskoye deposit, and shungites from the Koksu residua, l were studied in 2018.

The elemental composition of the original natural zeolites has been determined, %: SiO2 - 62,2, Al2O3 - 13,4, Fe2O3 - 5,9, Na2O - 1,6, CaO - 5,3, К2O - 6,5, MgO - 2,2, P2O5 - 0,4, MnO - 0,2, TiO2 - 0,5, other impurities - 1,8, SiO2/ Al2O3 - 4,6. The original zeolite contains the following minerals: clinoptilolite, quartz, albite, diopside, hematite, limontite, erinite.

It was found that the chemical activation of the zeolite leads to the change in its chemical and phase compositions. The most effective method for zeolite activation is its treatment with hydrochloric and sulfuric acids. When the zeolite is activated with hydrochloric acid, the sorption capacity, depending on the acid concentration, increases by 3 ( 5 times due to the increase in the specific surface area. The specific surface area of the original zeolite (SBET) is 31.70 m2 and 47.55 m2 after activation. It was found that the mechanical strength of the initial zeolite is 35 ( 40 kgf/cm2 and 35 ( 40 kgf/cm2 after activation, the average pore diameter of the original zeolite Dav is 43.6337 Å, and 31.7014 Å after activation. During activation, the specific surface area of the zeolite increases, and the average pore size decreases 1.5 times.

The shungite elemental composition was determined,%: С - 15,0, К - 0,83, Al - 3,52, Si - 14,9, Fe - 2,9, S - 0,05, Na - 0,12, Mg - 0,90, P - 0,26, Ca - 16,43, Ti - 0,26, V - 0,16, О - 43,2, Mn - 0,12. According to X-ray phase analysis, shungite of the Koksu deposit consists of quartz, siderite, muscovite, albite and clinochlore.

Three variants of shungite flotation concentration have been tested. Optimal conditions: grinding of raw materials to the -71 microns fraction, the medium pH is 8.0-9.0 with the addition of liquid glass for depression of gangue material minerals. The carbon preparation of shungite was 21%. It is shown that in the process of flotation and following shungite activation with hydrochloric acid, the specific surface area increases from 34.5 to 48.3 m2 and the pore volume increases from 0.05 to 0.06 ml/g, the pore diameter decreases from 38.68 to 33.78 Å that contributes to the increase in the degree of uranium sorption and increase in the sorbent sorption capacity.

The kinetic parameters of the process of uranium sorption and foreign-metal impurities from standardized test solutions have been determined. It was found that when the uranium concentration in solution is from 2.2 - 2.3 to 3.5 - 3.6 mg/dm3, its sorption degree exceeds 90%.

The desorption process of uranium and foreign-metal impurities from natural sorbents has been studied. It has been found that the most effective desorbent is sodium carbonate that makes it possible to transfer about 70.0% of sorbed uranium into solution in 4 hours.

The kinetic parameters of the sorption and desorption processes of uranium and foreign-metal impurities from process solutions with natural sorbents modified by chemical activation of H2SO4 and HCl have been determined. It is shown that the uranium sorption by the zeolite modified with HCl is 15-20% higher than that of the natural sorbent treated with H2SO4.

As a result of research in 2019, impregnated (modified) sorbents based on natural materials modified with liquid extractants were produced for the selective extraction of uranium and foreign-metal impurities from uranium-containing solutions.

The researches to choose a method to modify natural sorbents and assessing its sorption capacity after modification have been performed. Physical and chemical methods of modification have been proposed. Physical methods include preliminary ultrasonic treatment of hydrochloric acid and following activation of natural sorbents with it. It was found that the activation of natural sorbents with hydrochloric acid, pretreated with ultrasound, makes it possible to increase the sorption capacity of natural ion-exchange materials, both shungite and zeolite, up to 16%.

Chemical methods included 2 modification methods: saturation of natural sorbents with organic extractants: tributyl phosphate (TBP), trialkylamine (TAA), di-2-ethylhexyl phosphoric acid (di-2-EHPA), and organopolymers: epoxy resin (ED-20) and polyethylene polyamine (PEPA) by the method of producing “solid-phase extractants” and the organopolymers synthesis. The uranium extraction from technogenic solutions by modified sorbents is over 90.0%.

When zeolite and shungite are modified with a mixture of di-2-EGPA, TBP, and kerosene, the uranium sorption, according to IRS data, is accompanied by the formation of sequestering agents, the so-called “solid-phase solvent extraction agents” that are characterized by good sorption properties.

The mechanical strength of sorbents modified by different methods was determined in comparison with the original ion-exchange materials. It was found that when zeolite and shungite are saturated with H3PO4 in the presence of the surface acting agent, the strength increases from 1.25 MPa to 2.50 MPa and from 1.41 to 10.30 MPa, and with a mixture of solvent extraction agents Di-2-EHPA, TBP, kerosene decreases from 1. 25 to 0.42 and from 1.41 to 1.24 MPa, respectively.

The process of uranium and iron elution from saturated modified sorbents has been studied. It has been found that the most effective uranium desorbents from the zeolite phase are sodium carbonate and ammonium carbonate, the use of which provides the uranium desorbing up to 60.0%.

Thus, the natural sorbents modification methods that provide the active uranium extraction have been proposed and tested, the modified sorbents properties have been studied and their sorption capacity has been assessed, as well as further experiment options have been selected.

At the third stage in 2020, the technology for the selective uranium extraction from product solutions of uranium production using modified natural minerals was developed and tested. Recommendations for the use of composite sorbents for the selective extraction of uranium from process solutions of uranium production and contaminated natural objects have been developed. 

The large-scale laboratory tests to produce modified sorbents based on natural minerals and the uranium sorption from waste solutions have shown the promise of modification methods and the fundamental possibility of uranium sorption with modified sorbents.

The recommendations have been developed for the practical application of modified sorbents for the uranium extraction from waste and process solutions of uranium enterprises in static and dynamic modes.

According to the developed recommendations for conducting the uranium sorption-desorption process with modified sorbents in a static mode using a cascade of sedimentation tanks, the resulting eluates can be fed to the main production. The dynamic mode provides the formation of sorbent saturated with uranium that can be used as a charging agent in the processing of uranium-containing raw materials or directed to elution. The mother solution is recycled. The possibility of transferring uranium from this sorbent to the eluate (80% and higher) using a 1 M sodium carbonate solution as an eluent has been experimentally demonstrated.

Assessment of the set objectives solution completeness. Methods for obtaining modified sorbents with the solid-phase solvent extraction agents method and the synthesis of organominerals have been developed, their physical and chemical and sorption properties have been investigated. A resource-saving sorption technology for selective uranium extraction using new composite sorbents based on natural minerals of Kazakhstan has been developed.

Recommendations and initial data on the specific use of research results. The technology is recommended for approbation at uranium production enterprises, as well as for purification of waste solutions and groundwater in ecologically unfavorable regions. The research results are directed at improving the ecological situation in industrial regions using uranium extraction from wastewater. Modified sorbents can also be used for uranium extraction from process solutions.

Assessment of the technical and economic efficiency of implementation. The introduction of the developed methods to modify natural sorbents for uranium extraction from process solutions and wastes of uranium production will improve the ecological situation in certain regions of the country.

Assessment of the scientific and technical level of the completed research and development in comparison with the best achievements in this area. Data on the methods of producing modified sorbents by the solid-phase solvent extraction agent method and the organominerals synthesis have been obtained for the first time. This made it possible to develop impregnated sorbents based on natural materials modified with liquid solvent extraction agents for the selective uranium extraction and associated metals from uranium-containing solutions. The technical novelty of the development is protected by the RK Patent No. 34401. Sorption method of uranium extraction / Publ. 06/19/2020. Bul. No. 24.

Managerial and material-and-technical provision of research performing. Research and development on the project were performed in the aluminum oxide and aluminum laboratory by a team of performers, including 1 D.Sc. and 2 Ph.D. in Engineering Science, 2 Ph.D.- postdoctoral students, 1 researcher with experience in the development of technologies for processing mineral, including uranium-containing raw materials.

The material and technical support meet international standards for analysis and research of objects in the metallurgy: there are appropriate specialized laboratory and production facilities, communications, necessary equipment, and access to scientific information resources.

The IMOB JSC has a National Scientific Laboratory in the priority direction “Technologies for the hydrocarbon and mining and metallurgical sectors and related service industries”, equipped with modern research and analytical equipment. Pilot and experimental metallurgical production with an operating pilot plant for testing new technologies are in the structure of the Institute (http://imio.kz/). 

Economic feasibility of the requested amount for research and development. The Project expenses include the following items: salary with deductions, travel expenses, purchase of materials, others (translations, registration fees), maintenance of equipment, project support.
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Appendix A

Certificate of large-scale laboratory tests 
dated 26.08.2020.
Confirmed by:
Deputy General

Director of JSC “Metallurgy and 
Ore Beneficiation”
Kuldeev E.I.
_____________________________
August 26, 2020
Certificate
On conducting large-scale laboratory tests of the sorption technology for extracting uranium using modified natural sorbents.

We, the undersigned, from JSC "Institute of Metallurgy and Ore Beneficiation", Head of the National Scientific Laboratory (NNL) A. Panichkin, VNS Laboratory of Special Methods of Hydrometallurgy named after B. B. Beisembaeva A.K. Koyzhanova, senior researcher Berkinbaeva A.N., researcher Dossymbaeva Z.D., junior researcher Abdikerim B. drew up this act on conducting large-scale laboratory tests of the sorption technology of uranium extraction on modified natural sorbents - zeolite and shungite ...

The sorption of uranium from technological solutions was carried out on natural sorbents: zeolite modified with a mixture of organic solvents (tributyl phosphate and di 2-ethylhexylphosphoric acid), shungite modified with a mixture of phosphoric acid and polyacrylamide.

Sorption was carried out in a reactor with periodic stirring of a technological uranium-containing solution (14.6 mg / dm3) with a volume of 2.5 dm3 and a modified natural sorbent (zeolite and shungite) weighing 100 g.

The degree of extraction of uranium on the modified zeolite from technological solutions was 90.4%.

The degree of uranium extraction on modified shungite from technological solutions was 99.4 %.

Experiments on conducting enlarged laboratory tests of the sorption technology for extracting uranium using modified natural sorbents were carried out in the period from August 19 to August 25, 2020 at JSC “IMOB”.
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Appendix B
LIST OF PUBLISHED WORKS FOR 2018-2020

2018 year

Article in a peer-reviewed Russian scientific journal:
1. Kenzhaliev B.K., Surkova T.Yu., Berkinbaeva A.N., Dosymbaeva Z.D., Chukmanova M.T. Prospects for the use of natural sorbents in Kazakhstan // Bulletin of KazNRTU. -2018. -No. 4 (128). -FROM. 433-437. (russ).
2. Kenzhaliev BK, Surkova T.Yu., Berkinbaeva AN, Dosymbaeva ZD, Chukmanova MT, Abdikerim B. Study of the sorption of uranium on a natural sorbent // Bulletin of KazNRTU. -2018. -No. 6 (130). -FROM. 454-459. (russ).
3. Kenzhaliev B.K., Surkova T.Yu., Berkinbaeva A.N., Dossymbaeva Z.D., Chukmanova. M.T., Abdikerim B. Investigation of the physical and chemical properties of natural aluminosilicates of the North Kazakhstan deposit / Materials of the international scientific and practical conference effective technologies for the production of non-ferrous, rare and noble metals. Almaty, 2018. -P. 293-296. (russ).
2019 year

Publications in foreign editions:

1. 1. Kenzhaliev B.K., Surkova T.Yu., Berkinbayeva A.N. To the question of the intensification of the processes of uranium extraction from refractory raw materials // Metalurgija. –2019. -№1-2. ISSN 0543-5846. - P. 75-78. (eng). https://www.scopus.com /record/display.uri?eid=2-s2.0-85056425875&origin=resultslist
2. Kenzhaliev BK, Surkova T.Yu., Berkinbaeva AN, Dosymbaeva ZD, Chukmanova MT, Abdykerim B. Research of zeolites of northern Kazakhstan // Mater. XXIV Int. scientific and technical. conf. "Scientific foundations and practice of processing ores and technogenic raw materials." Yekaterinburg, April 9-12, 2019 -S. 132-137. (russ).
Publications in domestic editions:

1. B.K. Kenzhaliev, T.Yu. Surkova, A.N. Berkinbayeva, Z.D. Dosymbayeva, M.T. Chukmanova. To the question of recovery of uranium from raw materials // News of the National Academy of Sciences of the Republic of Kazakhstan. Series of Geology and Technical Sciences. - Vol. 1. - Number 433 (2019). - Р.112 - 119. Scopus: SJR (2018) - 0.19; Q4. (eng). DOI: 10.32014/2019.2518-170X.14 https://www.scopus.com/record/display.uri?eid=2-s2.0-850660492 88&origin=resultslist
2020 year

Publications in foreign editions:

1. 1. Kenzhaliyev B.K., Surkova T.Yu., Berkinbayeva A.N., Dosymbayeva Z.D., Abdikerim B.E. Revisiting the Kazakhstan natural sorbents modification // Metallurgija. - 59. - 2020. - No. 1, 2. - P. 117-120. Scopus: Cite-Score - 0.95; Q2 (eng). https://www.scopus.com /record/display.uri?eid=2-s2.0-85078299735&origin=resultslist
2. Kenzhaliyev B.K., Surkova T.Yu., Berkinbayeva A.N., Dosymbayeva Z.D., Abdikerim B.E. Mukhanova A.A., Abdikerim B.E. Development of a method оf modifying а natural sorbent for uranium extraction // Journal of Chemical Technology and Metallurgy, 55, 5. - 2020. - P. 1041-1046. Scopus: Cite-Score - 0.6; Q2 (eng). https://www.scopus.com /record/display.uri?eid=2-s2.0-85088139289&origin=resultslist
3. B.K. Kenzhaliyev, T.Yu. Surkova, A.N. Berkinbayeva, Z.D. Dosymbayeva, B.E. Abdikerim, N.A. Bektenov. Organomineral synthesis based on natural shungite in Kazakhstan // Modern Science. – 2020. No. 5-3. – P. 529-534. https://elibrary.ru/item.asp?id=42912030
Publications in domestic editions:

1. Abdikerim B.E., Kenzhaliyev B.K., Surkova T.Yu., Berkinbayeva A.N., Dosymbayeva Z.D., Umirbekova N.S. Uranium extraction with modified sorbents // Kompleksnoe Ispol'zovanie Mineral'nogo Syr'a. -2020. -No. 3 (314). -P. 40-49. https: // doi.org /10.31643/2020/6445.2 (eng). https:// doi.org /10.31643/2020/6445.2
2. Patent KZ 34401 C22B 60/02.  Method of uranium extraction by sorption / Kenzhaliev BK, Surkova T.Yu., Berkinbaeva AN, Dosymbaeva ZD, Chukmanova MT, Abdikerim B. Publ. 06/19/2020. Bul. No. 24. (russ).
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CALENDAR PLAN
Appendix 1.19
to Agreement No._____ as of _______2018 
for grant funding
TECHNICAL SPECIFICATION, and 
TIME SCHEDULE
According to Agreement No.80 as of 02.03.2018
1. EXECUTOR’S NAME
Institute of Metallurgy, and Ore Beneficiation JSC

1.1 Priority: Natural resources conservation, including water resources, geology, recycling, new materials, and technology, safe products, and structures.
1.2 Subpriority: Systems of beneficiation, complex recovery, processing of natural, and industry-related ore raw materials.

1.3 On the subject of the project: No. AP05131104 – Development of an innovative technology for the selective uranium recovery from uranium-containing solutions using new modified sorbents based on natural minerals found in Kazakhstan.
1.4 Total project amount: 30,200,000.0 (thirty million two hundred thousand) tenge, including with a breakdown by years, for the execution of work under Clause 3:

- for 2018 – in the amount of 10,000,000.0 (ten million) tenge;

- for 2019 – in the amount of 10,090,000.0 (ten million ninety thousand) tenge;

- for 2020 – in the amount of 10,110,000.0 (ten million one hundred ten thousand) tenge.

2. Characteristics of scientific, and technical products based on qualification, and economic indicators

2.1 Direction of work: Development of a technology for the uranium recovery from solutions using new modified sorbents based on natural minerals.
2.2 Application: in the field of uranium mining.
2.3 Outcome:

- for 2018: studying the physical, and chemical properties, structure, and composition of natural sorbents, kinetic parameters of the sorption of uranium, and associated metals. 1 article will be published in a peer-reviewed domestic scientific journal with a non-zero impact factor (presumably in the following journals: “Herald of the Kazakh-British Technical University”, “Complex Use of Mineral Resources”);

- for 2019: obtaining impregnated sorbents based on natural materials modified with liquid extractants for the selective recovery of uranium, and associated metals from uranium-containing solutions. 1 article will be published in a peer-reviewed foreign scientific journal with a non-zero impact factor (presumably in the “Journal of Chemical” journal);

- for 2020: developing a technology for the selective uranium recovery from product solutions resulting from uranium production using modified natural minerals; performing tests, and developing recommendations for the use of composite sorbents applied in the selective uranium recovery from technological solutions resulting from uranium production, and natural objects contaminated with it.3 articles will be published in foreign scientific journals indexed in the Scopus database, with a non-zero impact factor (presumably in the following journals: “Journal of Advanced Chemical Engineering”, “American Journal of Applied Sciences”, “News of National Academy of Sciences of the Republic of Kazakhstan. Geology Series, and Technical Sciences”). It is planned to patent the obtained results in the Kazakhstan patent office.

2.4 Patentability: the research outcomes are patentable.
2.5 Scientific, and technical level (novelty): development of new technologies for the selective uranium recovery from technological solutions based on new composite sorbents obtained by modifying natural minerals of Kazakhstan.
2.6 The scientific, and technical products are used by: the Executor.
2.7 Type of use of the result obtained from the scientific, and (or) scientific, and technical activities: Recommendation on the use of composite sorbents for the uranium recovery from technological solutions produced by uranium enterprises.
3. Name of work, deadlines for their implementation, and results


under the Agreement, and the main

	
stages of its implementation
	Deadline
 
	Expected result
	

	
	
	beginning
	ending
	

	1
	Studying the physical, and chemical properties, structure, and composition of natural sorbents, kinetic parameters of the sorption of uranium, and associated metals.
	January,
2018
	1 November,
2018
	The project provides for studying the physical, and chemical properties, structure, and composition of natural sorbents, kinetic parameters of the sorption of uranium, and associated metals.


	1.1
	Studying the composition, structure, physical, and chemical, and sorption properties of natural minerals.
	January,
2018
	March, 
2018
	The project provides for studying the composition, structure, physical, and chemical, and sorption properties of natural minerals. Based on the experimental data obtained, the choice of natural materials, and modifying additives for the uranium sorption recovery from solutions will be substantiated.



	1.2
	Studying the kinetic parameters of the sorption of uranium, and associated metals from model solutions by natural sorbents.
	April,

2018
	June, 

2018
	The project provides for studying the kinetic parameters of the sorption of uranium, and associated metals from model solutions by natural sorbents, as well as identifying their relationship with the structure, and properties of sorbents.

	1.3
	Studying the desorption of uranium, and associated metals from model solutions by natural sorbents.
	July,

2018
	September,

2018
	The project provides for studying the competing desorption of uranium, and associated metals from model solutions by natural sorbents.



	1.4
	Studying the kinetic parameters of the sorption, and desorption of uranium, and associated metals from technological solutions with natural sorbents.


	October,

2018
	1 November,

2018
	The project provides for studying the kinetic parameters of the sorption, and desorption of uranium, and associated metals from technological solutions with natural sorbents.

1 article will be published in a peer-reviewed domestic scientific journal with a non-zero impact factor (presumably in the following journals: “Herald of the Kazakh-British Technical University”, “Complex Use of Mineral Resources”).

	2
	Obtaining impregnated sorbents based on natural materials modified with liquid extractants for the selective recovery of uranium, and associated metals from uranium-containing solutions.
	January,
2019
	1 November,
2019
	The project provides for obtaining impregnated sorbents based on natural materials modified with liquid extractants for the selective recovery of uranium, and associated metals from uranium-containing solutions.



	2.1
	Development of methods applied to modify natural sorbents.
	January,
2019
	March, 
2019
	The study aims to develop methods applied to modify natural sorbents.

	2.2
	Studying physical, and chemical, sorption, and other properties of modified natural sorbents.
	April,

2019
	June, 

2019
	The project provides for studying physical, and chemical, sorption, and other properties of modified natural sorbents.

	2.3
	Studying the kinetic parameters of the sorption, and desorption of uranium, and associated metals using modified sorbents from model solutions.
	July,

2019
	September,

2019
	The project provides for studying the kinetic parameters of the sorption, and desorption of uranium, and associated metals using modified sorbents from model solutions.

	2.4
	Studying the sorption, and desorption of uranium, and associated metals using modified sorbents from technological solutions.
	October,

2019
	1 November,

2019
	The project provides for studying the sorption, and desorption of uranium, and associated metals using modified sorbents from technological solutions.

1 article will be published in a peer-reviewed foreign scientific journal with a non-zero impact factor (presumably in the “Journal of Chemical Technology, and Metallurgy” journal).

	3
	Development of a technology for the selective uranium recovery from productive solutions of uranium production using modified natural minerals.

Testing, and development of recommendations for the use of composite sorbents for the selective uranium recovery from technological solutions of uranium production, and contaminated natural objects.
	January,
2020
	1 November,
2020
	The project provides for developing a technology for the selective uranium recovery from productive solutions of uranium production using modified natural minerals.

It is planned to test, and develop recommendations for the use of composite sorbents for the selective uranium recovery from technological solutions of uranium production, and contaminated natural objects.

	3.1
	Determination of the optimal parameters for the selective uranium recovery from technological solutions, and contaminated natural objects.
	January,
2020
	March, 
2020
	The project provides for determining the optimal technological parameters for the selective uranium recovery from technological solutions, and contaminated natural objects.

	3.2
	Refining the modes of uranium sorption-desorption while processing the uranium-containing solutions using the obtained sorbents.
	April,

2020
	June, 

2020
	The project provides for refining the modes of uranium sorption-desorption while processing the uranium-containing solutions using the obtained sorbents.

	3.3
	High-level laboratory tests of the sorption technology applied to recover uranium using modified sorbents.
	July,

2020
	September,

2020
	The project provides for performing high-level laboratory tests of the sorption technology applied to recover uranium using modified sorbents.

3 articles will be published in foreign scientific journals indexed in the Scopus database, with a non-zero impact factor (presumably in the following journals: “Journal of Advanced Chemical Engineering», «American Journal of Applied Sciences, “News of National Academy of Sciences of the Republic of Kazakhstan. Geology Series, and Technical Sciences”). It is planned to patent the obtained results in the Kazakhstan patent office.



	3.4
	Development of recommendations for the practical application of composite sorbents for the selective uranium recovery from technological solutions produced by uranium enterprises, and natural objects contaminated by it.
	October,

2020
	1 November,

2020


	The project provides for developing the recommendations for the practical application of composite sorbents for the selective uranium recovery from technological solutions produced by uranium enterprises, and natural objects contaminated by it.


	From Customer:
Chairman, State institution “Science Committee of the Ministry of Education, and Science of the Republic of Kazakhstan”
_________________ Abdrassilov B.S.
stamp
	From Executor:
Director General, and Chairman of the Management Board, Institute of Metallurgy, and Ore Beneficiation JSC

___________________ Kenzhaliyev B.K.
stamp 
Briefed on:
Scientific Project Leader
__________________________ Kenzhaliyev B.K.
(signature)
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k Jlorosopy Ne or 2018 r.
Ha rPaHTOBOE PHHAHCHPOBAHKE

TEXHUYECKASI CHEOUOUKALIMA U
KAJIEHIAPHBIN IIAH PABOT

Ilo morosopy Ne f0 ot A . 05, 2018 roxa

1. HAUMEHOBAHME HCTIOJTHUTEJIA
AO «MHCTHTYT METAJTYPrid H oforamenus»

1.1 Ilo npuopurery: PauroHaNbHOE HCNONB30BAHME NPHPOIHBIX, B TOM YHCIIE BOAHBIX
PECYpCOoB, TeoJIoTHs, nepepaboTKa, HOBblE MaTepHasibl M TEXHONOTHH, OesomacHele H3enus H
KOHCTPYKIIHH.

1.2 ITo nmoanpuopurery: Cucrems! 060ramenus, KOMIUIEKCHOTO H3B/IeYeHUs, epepaboTKe
IPHPOIHOTO ¥ TEXHOTE€HHOTO PYIHOTO CHIPBSL.

1.3 Tlo Tteme mnpoexta: No AP05131104 «Pa3zpaGoTka MHHOBALMOHHON TEXHOJIOTHH
CEIEKTHBHOrO H3BIEYEHHs ypaHa M3 ypaH CONEpKall¥X pPacTBOPOB C MPUMEHEHMEM HOBBIX
MOZH(HUMPOBaHHBIX COPOEHTOB HA OCHOBE NPUPOIHEIX MUHEpasoB KasaxcTanay.

1.4 Obmas cymma mpoexra: ’.‘}0 200 000,0 (TpumuaTh MHITHOHOB JBECTH TBICSY) TEHTE,
B TOM 4HCIIE C pa3GHBKOI 110 royIaM, 15 BBINOIHEHHS paboT COrNacHoO MyHKTY 3:

- Ha 2018 rox - B cymmel10 000 000,0 (necsaATs MHLTHOHOB) TEHTE;

- Ha 2019 rox - B cymme ¥0 090 000,0 (aecsTh MEIITHOHOB I€BSIHOCTO THICSY) TEHTE;

- Ha 2020 rog - B cymme }0 110 000,0 (zecATh MUIUTHOHOB CTO AECATH THICAY) TEHTE.

2. Xapaxmepucmuka HaQy4HO-MexHu4eCKol NPOOYKIUU RO KEAAUPDUKAUUOHHVIM
NPUSHAKAM U IKOHOMUMECKUE NOKA3Amenu

2.1 Hanpasnenue paGotsl: PaspaGoTka TeXHONOTMH H3BIEYEHUS ypaHa M3 PacTBOPOB C
NPUMEHEHHEM HOBBIX MOAHGUIHPOBAHHEIX COPOEHTOB Ha OCHOBE PHUPOJHEIX MHHEDPAJIOB.

2.2 O6nacTh npUMeHeHus: B 00.1aCTH 106BIYH ypaHa.

2.3 KoHeuHsblii pe3ynbTar:

- 3a 2018 rox: u3yueHsl (PHU3MKO-XHMHUYECKHE CBOKCTBA, CTPYKTYpa U COCTAB MPUPOIHBIX
CopOEHTOB, KMHETHYECKHE IapaMeTphl Ipolecca COpOLHH ypaHa M COMYTCTBYIOLMX METaLIOB.
Bymer omyGmukoBana 1 cTaTkss B PELCH3HPYEMOM OTEYECTBEHHOM HAyYHOM H3IAHHHX
C HEHYNEBBIM HMIIAKT-(akTOpoM (NMPENNoNOKUTENbHO, B kypHasax «Bectuuk KBTY»,
«KoMIUIEKCHOE HCIT0IB30BAHIE MEHEPAIBHOTO CHIPhAN);

- 3a 2019 rom: mnonyueHbl MMIIPErHHpOBaHHBIE COPOEHTHI HAa OCHOBE MPHPOAHBIX
MaTepHajioB, MOAHMGHUMPOBAHHBIX JKHIKUMH 3KCTPAareHTaMHM, UIS CENeKTHBHOTO H3BIEYEHHUS
ypaHa # COMyTCTBYIOUIMX METAaNIOB M3 YpaHCOAEPKAUIMX pacTBOpOB. Byner omy6iukoBaHa
1 cTaThst B peLEH3MPYeMOM 3apy0eXHOM HAYYHOM H3JaHHH C HEHyJIEBbIM HMIAKT-(aKTOpoM
(mpeanooxuTe IR0, B xypHaie «Journal of Chemical»);

- 3a 2020 rom: paspaGoraHa TEXHOIOTHH CeJIeKTHBHOTO HK3BIEYEHHs YypaHa W3
NPOJIYKTHBHBIX PACTBOPOB YPAHOBOIO TPOM3BOACTBA C IIPHMEHEHHEM MOIH(H-LEPOBAHHBIX
NPHPOHBIX MEHEPASIOB, NPOBEACHE! HCIBITAHKS M paspaboTaHbl PEKOMEH/IALMH 110 IPUMEHEHHIO
KOMIO3HIMOHHEIX COPOEHTOB [T CENEKTHBHOTO H3BIEYCHHS YypaHa H3 TEXHOIOIMYECKHX
pacTBOPOB  ypaHOBBIX IIPOM3BOACTB M 3arpA3HEHHBIX MM NpHPONHBIX 00BeKkTOB. BymyT
omy6.1MKOBaHbl 3 CTATBH B 3apy0eiKHBIX HayqHBIX H3JAHUSX, WHAEKCHPYEMBIX B 0a3se NAHHBIX
Scopus ¢ HeHy:IeBEIM HMNAKT-(aKTOpoM ([PEANONIOKUTEIBHO, B XKypHaiax «Journal of Advanced
Chemical Engineering», «American Journal of Applied Sciences, «Wssectus HAH PK. Cepus
CEOJIOTMY M TEXHHYECKHX HayK»). [InaHHpyeTcss NaTeHTOBAaHHE MOJIYYEHHBIX pPE3yJIbTaTOB B
Ka3aXCTAaHCKOM IaTEHTHOM Gropo.




[image: image26.jpg]2.4 T1aTeHTOCIIOCOGHOCTD: Pe3yJIBTATEl HCCIENOBaHMI TaTEHTOCIIOCOOHEI.

2.5 HayyHO-TeXHHYeCKHi ypOBeHb (HOBM3HA): pa3pabOTKa HOBBIX TEXHONOTHH MUt
CEJEKTHBHOTO H3BJICYEHHS ypaHa M3 TEXHOJOTHYECKMX pAacTBOPOB Ha OCHOBE HOBBIX
KOMIIO3HULMOHHBIX COPOEHTOB, MOJNyYeHHBIX IyTeM MOAMGUKAUMHA TNPUPOAHBIX MHHEpanoB
KasaxcraHa.

2.6 Mcnons30BaHHe HAYIHO-TEXHHYECKOMN POJAYKIHH OCymecTBIseTcs: McnonuuTenem.

2.7 Buj HCIIONB30BAHHUS Pe3y/IbTaTa HayqHoM u (MJIH) Hay4HO-TeXHUYECKOH AeATeNbHOCTH:
PexoMeHIaKs 10 NPHMEHEHHIO KOMIIO3HLIHOHHBIX COPOEHTOB JUIS M3BICYEHUs ypaHa H3
TEXHOJIOTHYECKHX PACTBOPOB yPAaHOBBIXIPEATIPHATHH.

3. Haumenosanue padont, CPOKU UX peanu3auui i pe3yibmantvl

Cpoxk

HIugp Hanmenosanue pabot BBIIOHEHAS

pajaHus,| 1o JIoroBopy ¥ OCHOBHbIE OxxuziaeMblii pesynbrar

JTana 9TAIbI €r0 BbIIOJIHEHHS L —

1 Usyuenne Qusnko-xuMudeckux | susapb | 1 HosGpa | Bynyt H3Y4EHbl dusmko-
CBOWCTB, CTPYKTYpsl H cocraBa| 2018 r. | 2018 r. |XuMMH4ECKHE CBOHCTBA, CTPYKTypa
TPUPORHBIX cOpOEHTOB, U COCTaB NPHUPOJHBIX COpPOEHTOB,
KHHETHYECKHX napaMeTpoB KHHETHYECKHE mapaMeTpsl
npouecca copbIHHM ypaHa H npomecca copbuum ypaHa H
COIYTCTBYIOLIMX METAJIOB. COIYTCTBYIOLIMX METAILIOB,

1.1 | HccnenoBanue cocTaBa, | SHBaphb mapT |BymyT  uccmenoBaHel  cOCTaB,
CTPYKTYpHI, ¢dusuko- | 2018 r. | 2018 r. |cTpykTypa, GH3HKO-XHMHYECKHE U
XHMHYECKHX M COPOLHOHHBIX copOLHOHHEIE cBoOHCcTBa
CBOHCTB HIPHPOAHBIX NPAPOAHEIX  MHUHEDAJIOB. Ha
MHHEPAJIOB. OCHOBAaHHH NOMY4EHHBIX =

9KCIEPUMEHTAIBHBIX JaHHBIX |
i I Oyner 0060cHOBaH BBIOOD
I i NPHPOJHBIX MaTepHanoB "
{ i MozudHUHPYIOIUX A00aBOK I
| COpOLIMOHHOTO H3BJIEYeHHs ypaHa
H3 PacTBOPOB.

1.2 |HzyyeHue KHHETHYECKHX | anpensb WIOHb |By@yT  yCTaHOBNEHBI  KHHETH-
rapaMeTpoB npoueccoB | 2018 1. | 2018 r. [ueckwe mapaMeTpel IPONECCOB
copbuuu ypaHa H copOUMH ypaHa i CONYTCTBYIOIIMX
COMYTCTBYIOLIMX METALIOB U3 | METaJLIOB u3 MOZIEBHBIX
MOJENBHBIX pacTBopoB | PacTBOpOB NPHPOJHEIMU
NPHPOIHBIMH COpPOEHTaMH copGeHTaMu, BBIABICHA HX CBA3b

CO CTPYKTYpOi H cBOHCTBaMH
copGeHTOB.

13 Hccnenosanue MpoleccoB | WM | ceHT0ph | BymyT uccrenosaHsl npoueccel
necopbuuu ypaHa u | 2018r. | 2018r. |KOHKypHpYyIOLUeH aecopbuuu
COMYTCTBYIOLIMX META/IOB H3 ! { ypaHa " COMYTCTBYHOIIHUX
MOJENBHBIX PacTBOPOB | | METaJUIOB u3 MOJIENIBHBIX
NPHPOAHBIMH COPOEHTaMHU PacTBOpPOB [PUPOIHBIMU

copGeHTaMH.
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1.4 VccnenoBanue KHHETUHECKHX | OKTSOph | 1 HOsOps | BymyT HCCNIEOBAHBI
napamMmeTpoB npoueccos | 2018 r. | 2018 r. |kuHeTHHYCCKHE napaMeTpbl
copbuun U mecopbuuM ypaHa TIpoLEeccoB COpOLME U necopOunu
H COMYTCTBYO-IIHX METAIOB ypaHa u COMYTCTBYIOIUX
u3 TEXHOMIOTHIECKHX METALIOB U3 TEXHOJOTHYECKHX
PpacTBOpOB [IPUPOIHBIMH pacTBOpOB IPUPOIHBIMH
copGeHTamMu. copbeHTaMH.

Byner ony6nuxosana 1 cTarhs |

B PCLEH3NUPYEMOM OTEHCCTBEHHOM |

HAayYHOM H3JaHHHX C HEHYIEBBIM |

HMIaKT-pakTopoM.  (Ipemnomno- |

JKHTENBHO, B XypHajgax «BecTHHK

KBTVY», «KoMmexcHoe HCIOMb- |

30BaHHE MUHEPATBHOTO CHIPBL»). |

Monyyenne  uMmperHupo- | AHBapb | 1 HO#Opa |ByayT  MHOQy4eHBI  HMIIPErHH- |

BaHHBIX  copGentos  Ha | 2019T. | 2019T. |poBaHHbie COpOEHTE! Ha OCHOBE |

OCHOBE NIPHPOIHBIX Mare- MPUPOIHBIX MaTepUAIOB, |

pHaioB,  MOAHM(HUIUPOBAH- MOAM(UIHPOBAHHEIX  KUIKHMH |

| HBIX JKHAKHMH SKCTpAreH- 9KCTpareHTaMu, I1s cenexmsnoroi

i TaMH, 08 CEeNeKTHBHOIO H3BJICUEHHUS ypaHa H|

H3BJIEHERUS ypaHa % COMYTCTBYIOIWMX ~ METALIOB M3 |

COMYTCTBYIOLIUX — METALIOB YPaHCOIEPHKALIUX PaCTBOPOB. i

u3 YPaHCOAe PHKALIUX i

PAacTBOpOB. |

2.1 PaspaGoTka METOJIOB | sSHBaph Mapr |Bynyr  paspaGotansl Me‘rozlbl}

Momudukammu  npupommex | 2019r. | 2019 | Mozubuxanuun NPHPOIHBIX
copBeHTOB. f copOeHTOB.

2.2 HcenenoBanne (usuKo- | anpens uioHb | Bymyr  HccnenosaHsl (bmuxo-l

XUMHYEC-KHX, COPOLMOREBIX | 2019T. | 2019r. |Xumuueckue, COpOUMOHHBIE M1
" OpYTrHx CBOHCTB Ipyrue cBoiicTBa
MOIMOUIINPOBAHHBIX MOJH(HUMPOBAHHEIX TPUPOMHBIX |
TPUPOIHEIX COPOEHTOB. COpOEHTOB.

2.3 i HccremoBanue KuHeTHHEC- urons | cenTa6ps | Byayr YCTaHOBJIEHBI
i KAX mapaMeTpoB mpouecca ! 2019r. | 2019r. |kuHeTHHECKHe HapaMeTpsl
| copbuum u necopbuun ypasna : npouecca copbuum U aecopOuuu
I H COILYTCTBYIOUIUX METAILIOB i ypara u COMYTCTBYIOLIHX

C HCMONB30BAaHHEM MOMIH- | METalIoB ¢ HCIIONb30BaHHEM
(GUIHpOBABHEIX  COPGEHTOB | MOZHGHIMPOBAHHEIX  COPGEHTOB
U3 MOJENBHBIX PacTBOPOB. | H3 MOJIC/IBHBIX PaCTBOPOB.

2.4 Hccnenosanue  mpoiieccos IOKTHpr' 1 Host6ps | Byayr HccneoBaHbl MPOLECCHI
1 copbuuu ¥ gecopbuuu ypana | 2019r. | 2019r. |copbuum u jmecopSuud ypaHa H
| " COMYT-CTBYIOUIHX | COMyTCTBYIOIIMX ~ METalloB ¢

METa10B c HCTIOMb- HCII0B30BaHHEM MonHpH-
30BAHHEM [UPOBaHHBIX  COpOEHTOB W3
MOnHGHIHPOBAHHBIX TEXHOOTHYECKHX PaCTBOPOB.

copGeHTOB u3 Bymer onyGnukoBana 1 craTes
TEXHOJOTHYECKHX B peLeH3upyeMoM 3apyOexHOM
pacTBOpPOB. HAay4yHOM H3JaHHH C HEHYJEBBIM

HMIaKT-()aKTopoM (mpearnono-
JKHATENBHO, B XKypHane «Journal of
Chemical Technology and
Metallurgy»).
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PaspaboTrka TEXHONOIHH | siHBaph | 1 HOsOps | Byxer paspaGoTaHa TeXHONOTHH
cenek-THBHOro  u3pnewenus | 2020r. | 2020r. | cenek-THBHOro H3BJIEYECHHA
ypaHa M3  MPOJYKTHBHBIX ypaHa M3 NPOIYKTHBHBIX
PacTBOpOB YPaHOBOIO | pacTBOpOB YPaHOBOTO
MpOM3BOACTBA C TPHMEHE- MPOM3BOJCTBA C MPHMEHEHHEM
HMEM  MOAUGHUMPOBAHHBIX MOM(H-IHUPOBAHHBIX
IPUPOJHBIX MYHEPATIOB. NPUPOIHBIX MUHEDPATIOB.
Wcnbitanus u  paspaboTka ByayT mpoBemeHl MCHOBITAHHA H
PpeKoMeHanuit no pa3paboTaHbl PEKOMEHIAUHH IO
[IPAMEHEHHIO KOMITO3HLIHOH- NPUMEHEHUIO  KOMIIO3HLUHOHHBIX
HBIX copOeHTOB s COpOEHTOB MIA  CENEeKTHB-HOTO
CENIEKTHBHOTO  W3BJIEYCHHUS U3BJIEYEHHUA YpaHA M3 TEXHOIO-
ypaHa H3 TEXHOJOTHYECKHX THYECKHX PacTBOPOB YPAHOBBIX
PacTBOpoOB yPAHOBBIX NIPOU3BOACTB M 3arPA3HEHHBIX HM
NPOM3BOJACTB M  3arpsa3HeH- NPUPOIHBIX 0OBEKTOB.

HBIX UM TIPHPOIHBIX

0OBEKTOB.

3.1 Omnpeje/ieHHe ONTHMANBHBIX | SIHBAph mapt | Byayr YCTaHOBJIEHbL
napa-MeTpoB  cenekTHBHOro | 2020r. | 2020r. |onTHMANBHBIE TEXHOJO-THYECKHE
H3BJICYEHHUS ypaHa  u3 napamMeTphbl CeJIeKTUBHOTO H3BIe-
TEXHOJIOTHYECKHX PacTBOPOB YeHHA ypaHa H3 TEXHOJOTHHYECKHX
" 3arpsA3HEHHbIX UM PacTBOPOB M 3arpA3HEHHBIX HM
TIPUPOIHBIX 0GBEKTOB. IIPUPOIHEIX 06BEKTOB.

32 OrpaGotka peXXHMOB | ampens | MioHb |Byayr  oTpaGoTaHBl  peXXHMBI
copbuuu-gecopbuun  ypana | 2020r. | 2020r. |copbumu-mecopbuuu  ypaHa Npu
npH nepepaboTke ypaHcoaep- nepepaboTke  ypaH-COAepXKaIMX
XKaIlMX pacTBOPOB C HC- PacTBOPOB € HCIIOJIb30BaHHEM
NOJIE30BaHHEM  IOJIY4EHHBIX TIOJIY4EHHBIX COPOEHTOB.
COpOEHTOB. !

33 TlpoBesieHue  yKpYNHEHHBIX | HIONb | CEHTAGPH | ByAyT IpOBEXEHBI YKDYIHEHHBIE
nabopaTopHbiXx  mcmbrtanuit | 2020r. | 2020 r. | 1abopaTopHble HCTIBITAHUS
COpG-LMOHHOM  TEXHOJIOTHH COpOLHOHHOM TEXHOJIOTHH
H3BJICYEHUT ypaHa c U3BJICYEHHS YPaHa C ITOMOIIBIO

l TIOMOIUBIO Moaubu- MOAM(UIHPO-BaHHBIX COPBEHTOB.
LHPOBaHHBIX COPOEHTOB. Bynyr omyGnukoBaHE! 3 cTaThH B
3apyGeKHBIX Hay4HBIX H3JaHHSX,
' HHIEKCHPYEeMBIX B 0a3e AaHHBIX
[ Scopus ¢ HEHyJEBBIM MMIIAKT-
I (baxTopoM (IIPEATOIOKHTEIBHO, B
! xypHanax «Journal of Advanced
Chemical Engineering»,
«American Journal of Applied
Sciences, «Hssectus HAH PK.
CepHsl T€ONOTMM M TEXHMHYECKHX
! { Hayk»). [Ilnanupyercs  mareH-
; TOBaHHE IOJIYYeHHBIX Pe3yNbTaToB
! i | B Ka3aXCTaHCKOM  IaTCHTHOM
i 61opo.

3.4 Pa3paGoTka pPeKOMEHIANHMH | OKTAGPS | 1 HOsA6ps |Byayr paspaboTaHel pEKOMEH- |

no TPaKTHYECKOMY | 2020r. | 2020r. |maaun no IIPaKTHYECKOMY |
| IPUMEHEHHIO KOMIO3HLHOH- | i NIPUMEHEHUIO  KOMIO3HIMOHHBIX
[ _HBIX copOeHTOB ana_ | i | COPOEHTOB  JUISl _ CENIEKTHBHOIO
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CENIEKTHBHOTO  W3BJICYECHHUS
ypaHa H3 TEeXHOJOTHYECKHX
PacTBOpOB YPaHOBBIX

OpefUpUATHH ¥ 3arpss-
HEHHBIX MM  IIPHPOIHBIX
0OBEKTOB.

H3BJIECUCHHSA ypaHa u3
TEXHOJOrHYECKHX PacTBOPOB
YPaHOBBIXIPEMIPHATHR M 3arpss-
HEHHBIX M [PHPOTHEIX 0GBEKTOB.
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Supplementary Agreement No. 1

to the Agreement for Grant Financing No. 80 dated March 02, 2018

Astana








 from “04” 07.2018

State institution “Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan”, hereinafter referred to as the Customer, represented by Acting Chairman Nurseitov R.S., acting on the basis of the Regulations on the Science Committee, approved by order of the Executive Secretary dated July 4, 2013 No. 96, dated June 11, 2018 No. 145-K, on ​​the one hand, and the Institute of Metallurgy and Ore Beneficiation Joint Stock Company, hereinafter referred to as the Contractor, represented by the General Director - Chairman of the Management Board B.K. Kenzhaliev, acting on the basis of the Charter approved by the protocol decision of the Sole Shareholder -  “Kazakh National Research Technical University named after K.I. Satpayev” NCJSC, No. 9 dated June 17, 2016, on the other hand, hereinafter collectively referred to as the Parties, on the basis of the Budget Code of the Republic of Kazakhstan dated December 4, 2008, the Law of the Republic of Kazakhstan dated February 18, 2011 “On Science”, Resolution of the Government of the Republic of Kazakhstan dated 25 May 2011 No. 575 
“On approval of the Rules for basic, grant, program-targeted financing of scientific and (or) scientific and technical activities”, order of the Minister of Education and Science of the Republic of Kazakhstan dated August 15, 2017 No. 410 “On approval of tender documentation for grant funding on scientific and (or) scientific and technical projects for 2018-2020”, order of the Chairman of the Science Committee of the Ministry of Education and Science of January 29, 2018 No. 18-nzh on the priority “Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures”, “On approval of the decision of the National Scientific Council on the grant funding of scientific research for 2018-2020”, decisions of the National) Scientific Council on grant funding for the priority" Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures”(Protocol No. 2 dated January 25, 2018, Minutes No. 3 dated February 21, 2018, Minutes No. 5 dated April 17, 2018) concluded this Supplementary Agreement to the Agreement for Grant Funding No. 80 dated March 02, 2018 (hereinafter - the Agreement ) about the following:

1. In the text of the Agreement in clause 1.1. the words:

“The customer instructs, and the Contractor assumes obligations to carry out scientific research within the framework of the state order for the implementation of scientific and technical projects under the budget program 217 “Development of Science”, subprogram 102 “Grant financing of scientific research”, specifics 156 “Payment for consulting services and research 
“for the total amount of 558,013,501 (five hundred fifty-eight million thirteen thousand five hundred and one) tenge for the entire duration of the project, with a breakdown by years:

within the amount of financing for 2018 - in the amount of 184 715 456 (one hundred eighty four million seven hundred fifteen thousand four hundred fifty six) tenge;

within the amount of funding for 2019 - in the amount of 186 396 025 (one hundred eighty six million three hundred ninety six thousand twenty five) tenge;

, within the limits of funding for 2020 - in the amount of 186 902 020 (one hundred eighty six million nine hundred two thousand twenty) tenge” shall be stated as follows:

“The Customer instructs, and the Contractor assumes obligations to carry out scientific research within the framework of the state order for the implementation of scientific and technical projects under the budget program 217" Development of Science”, subprogram 102 “Grant financing of scientific research”, specifics 156 “Payment for consulting services and research 
“on total amount 573,113,501 (five hundred seventy three million one hundred thirteen thousand five hundred and one) tenge for the entire period of the project, broken down by years:

within the amount of financing for 2018 - in the amount of 189,715,456 (one hundred eighty nine million seven hundred fifteen thousand four hundred fifty six) tenge;

within the amount of funding for 2019 - in the amount of 191 441 025 (one hundred ninety one million four hundred forty one thousand twenty five) tenge;

within the amount of financing for 2020 - in the amount of 191 957 020 (one hundred ninety one million nine hundred fifty seven thousand twenty) tenge.”

2. In the text of the Agreement in clause 3.1. the words:

“The total amount of the Agreement is 558,013,501 (five hundred fifty-eight million thirteen thousand five hundred and one) tenge for the entire duration of the projects, broken down by years:

within the amount of financing for 2018 - in the amount of 184 715 456 (one hundred eighty four million seven hundred fifteen thousand four hundred fifty six) tenge;

within the amount of financing for 2019 - in the amount of 186 396 025 (one hundred eighty six million three hundred ninety six thousand twenty five) tenge;

within the amount of funding for 2020 - 186 902 020

(one hundred eighty six million nine hundred two thousand twenty) tenge, including the cost of all costs associated with the performance of work, including all taxes and other obligatory payments to the budget, in accordance with the legislation of the Republic of Kazakhstan” 
shall be stated as follows:

“The total amount of the Agreement is 573,113,501 (five hundred seventy three million one hundred thirteen thousand five hundred and one) tenge for the entire duration of the projects, broken down by years:

within the amount of financing for 2018 - in the amount of 189 715 456 (one hundred eighty nine million seven hundred fifteen thousand four hundred fifty six) tenge;

within the amount of funding for 2019 - in the amount of 191 441 025 (one hundred ninety one million four hundred forty one thousand twenty five) tenge;

within the amount of financing for 2020 - 191,957,020 (one hundred ninety-one million nine hundred fifty-seven thousand twenty) tenge, including the cost of all costs associated with the performance of work, including all taxes and other.

obligatory payments to the budget, in accordance with the legislation of the Republic 
of Kazakhstan.”

3. In Appendix 1.19 to the Agreement, clause 1.4 of the words:

“The total amount of the project: 30,200,000.0 (thirty million two hundred thousand) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:

- for 2018 - in the amount of 10,000,000.0 (ten million) tenge;

- for 2019 - in the amount of 10,090,000.0 (ten million ninety thousand) tenge;

- for 2020 - in the amount of 10,110,000.0 (ten million one hundred ten thousand) tenge "

to read as follows:

“The total amount of the project: 45,300,000.0 (forty-five million three hundred thousand) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:

- for 2018 - in the amount of 15,000,000.0 (fifteen million) tenge;

- for 2019 - in the amount of 15,135,000.0 (fifteen million one hundred thirty-five thousand) tenge;

- for 2020 - in the amount of 15 165 000.0 (fifteen million one hundred sixty-five thousand) tenge”.

4. The term of this Supplementary Agreement is December 31, 2020.

5. The supplementary agreement is an integral part of the Agreement.

6. The terms of the Agreement not affected by this Supplementary Agreement remain unchanged.

7. The additional agreement comes into force from the moment of its registration with the Treasury bodies of the Ministry of Finance of the Republic of Kazakhstan.

8 The supplementary agreement is made in two copies, one copy for each of the parties, having the same legal force.
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AKT

O mpoBeneHHH YKPYITHEHHRIX JIAGOPATOPHBIX MCTBITAHNH COPOIMOHHON TEXHOJIOTHH
H3BJIEYCHUS YpaHa C HOMOIIBIO MOIH(HIHPOBAHHEIX IPHPOIHEIX COPOSHTOBR.

Msl, mHmxenmogmucasmmecs, 0T AO  «MuctuTyr Merauryprum ¥ obOTaIIeHHI»
sapenyromuii Hamwonansnoit mayamoit saSoparopuu  (HHJT) IMammaxur A.B., BHC
naboparopueli cmenmeronos ruppoverantypruu ¥M. B.B. BelicemGaena Koitxadosa AK.,
CTapIiuii HayuHbIl coTpyaHuK bepxunbacsa A.H.. mayunenmi corpymsuk JocsiMbaeBa 3./1.,
MIJUIHY HAY4HBIA COTPYAHHUK AOIHKEpHM b. COCTaBMIM HACTOAINEE 4aKT O IIPOBENCHHH
YKPYTIHEHHBIX JIa0OPATOPHBIX HCIBITAHNH COPOLHOHHOM TCXHOJIOTHA W3BJICUCHHS ypaHa Ha
MOIU(UIMPOBAHHBIX IPHPOLHBIX COPOSHTOR — LEOIMTA M ILYHTUTA.

CopOuuss ypasa u3 TeXHONOTHYECKHX PACTBOPOB ObLIA IIPOBEICHA HA IPHPOXHBIX
copbeHTax: IeoNMTe, MOIHQHIMPOBAHHOM  CMECHIO OpPraHWYECKHX  pacTBOPHTENeH
(tpubytHIdocdara 1 mu 2-sTHIrexcHNPoChOPHON KHCIOTEL), MIyHIHTEe MOAH(UIEPOBAHHOM
cMechio GocOPHOI KHCI0TEL U TIOJNMAKPUI aME 1A,

Copbumro  mpoBOMMIM B PeakTOpe  IIPM  [EPHOSMYECKOM  IlepeMelIMBAHUH
TEXHONOTHYECKOrO0 ypaHcomepkamero pactaopa (14,6 wmrimv®)  ofsémom 2.5 aM° =
MOAEGQUUIPOBAHHOTO IPUPOHOTO COpOeHTa (110 T ¥ IyHrHTa) Maccoit 100 r.

Crenens u3BleueHMs ypaHa Ha MOH(HIHPOBAHHOM LEOJIHTE M3 TEXHOIOTHYECKHX
pactBopoB cocTasuna — 90,4 %.

Crenenpr M3BICUEHHA YpaHa Ha MOIMGMIMPOBAHHOM IUYHTHTE W3 TEXHOJIOIHYECKHX
PacTBOpPOE cocTasmwia — 99,4 %.

OmeITEl [0 HPOBENEHUIO YKPYIHCHHBIX 1a00PATOPHBIX HCIIBITAHWE COPOMHOHHOM
TEXHOTOTHM W3BIEYEHUS YpPaHA C IOMOLIBKY MO MQHUIUPOBAHHEIX INPUPOSHBIX COPOEHTOB
IIpOBOAMIH B iepuon ¢ 19 mo 25 asrycra 2020 roxa 8 AQ «MMuO».

3as. HHJI TlarunuxeH A.B.
BHC Koiixxanosa A.K.
CHE Bepkunbaesa A.H.
HC JlocemvbGaesa 3.1
MHC A6 mkepum B.





[image: image34.jpg]ypaHa OpraHoIONMMEpPOM HIDKE [0 CPaBHEHHIO C MOJH(HUIMPOBaHHBIMH
copOeHTaMH.

[TpoBeeHE  yKpYNHEHO-NaGOparopHEe  MCOBITAHHA — COPOIMOHHOIO
H3BJICUCHHUs yPaHa U3 TEXHONOTHIeCKHX pacTBopoB. CTelneHb H3BNeYeHHs ypaHa
cocraBmia ceelme 99 %.

[MoIrygeHs KOHIIEHTPATH ypaHa ¢ cofepkanueM ypana 0,0363 u 0,364 %,
KOTOpBIE MOXHO HMCTONB30BaTh B KadecTBe NOJIIMXTOBKM TIpH mepepaboTke
YPaHCOAEPIKALIETO CHIPh, MO0 HAIPaBHTE Ha DIIOUPOBAHUE.

PazpaboTanbl ~ peKOMEHAAMH IO  TPAKTAYECKOMY  [PMMEHCHMUIO
MOAMQHUIEPOBAHHEIX COPOEHTOB UL H3BICYEHHS YPaHA W3 TEXHOJOrHYECKHX
PACTBOPOB YPaHOBBIX NPEAIPAATHI ¥ KUIAKHX PATHOAKTUBHELX OTXO/OB.

OT4eT BLIIOIHEH HA BEICOKOM HAYYHOM YPOBHE H PE3YJILTATHI IPOBEICHHBIX
WCCNe/IOBaHMH  TMO3BOJSIIOT — paspaloraTs  MHHOBAalHOHHBEIE  D(GdeKTHBHbIE
TEXHOJIOCHH M3BJieYeHNA YPaHa U3 YIIOPHOIO MUHEPAJIBLHOTO CHIPbA.

3amecTUTe/b JHPEKTOPA MO
HHP TOO «ABT», KxH KonGaepa MLII.
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Ha 3aKTIOUMTENBHBIN OTYET O HaYYHO-HCCIeA0BATENhCKOH paboTe
1o TeMe: «Pa3paboTKa HHHOBAIIMOHHOHN TEXHOIOTHH CEIIEKTHBHOIO M3BJIEeHECHUS
VvpaHa i3 VpaHCOAeprKallllX PacTBOPOB C IPHMEHEHHEM HOBBIX
MO1H(QHUHPOBAHHBIX COPOEHTOR Ha OCHOBE IPHPOIHBIX MUHepanos Kazaxcranas

OTueT cOAeP:KUT MATEPUATBI MCCIEI0BAHKMH, BBIITIOTHEHHBIX 110 sTany 2020
r. srumouaroumit 4 pasgena: 1) OnpeaeleHHe ONTHMAIBHbIX —[APAMETPOB
CeTEKTHBHOrO M3BI1eYEHHS YpaHa U3 TEXHONOMHIECKHX PACTBOPOE H 3arPs3HEHHBIX
UM IIPUPO.IHBIX 00BEKTOB; 2) PaspaboTka pexxHMOB cOpOIHU-1ecOopOLHHT ypana Ipu
nepepaboTKe ypaHCOepKalluX pPacTBOPOB C HCHONIB30BAHMEM IOJYYCHHBIX
copbentos; 3) IlpoBenenwe  YKpYNHEHHBIX  71a0OpaTOPHBIX — MCIIBITAHME
copBLMOHHOM TeXHOJOTHH H3BIEUSHHS ypaHa ¢ IOMOIIBIO MOAHDU-LIMPOBAHHbIX
copbenTor; 4) PazpadoTka pexoMeHIaNMH [0 IPAKTUHECKOMY ITPHMEHSHHIO KOM-
MO3MIIMOHHBIX ~ COpPOCHTOB  [UI1  CEJEKTHBHOIO  U3BJIEYEHHs  ypaHa  H3
TEXHONOTHYECKHX PacTBOPOB YPAHOBLIX IPEANPUSTHH M 3arpsA3HEHHBIX HM
OPUPOAHBIX 00BEKTOB.

Ha 0CHOBaHWH IPOBEACHHLIX HCCNENOBAHUH NPEIBLIYIINX JIET MPHPOHbIE
copbeHThl  [eoAWT | IYHTUT  MoAuQHUUpOBANHM  paspaboTaHHBMH,
OTpOGOBAHHBIMM U 1IPM3HAHHBIMU OITHMATBHBIM crlocoboM. [IpoBeIeHbI TECTOBbLE
vccleaoBanus mo copOUUH ypaHa U3 NPOAyKTUBHOIO PAacTBOPa, HMHTHPOBAHHOIO
no comepxkanmo xowrnonentos JKPO (U = 8,9 mr/mv3). Kunetuweckue
3&BUCHMOCTH COpOLIMK ypaHa B CTATUYECKOM pexxuMe u3 nmutata JKPO nokasany,
4TO MOAWDUIUPOBAHHEIME COPOSHTAMI BO3MOMKHO M3BIEUb ypaH olee, 4eM Ha
90% yxe B mepsble 15-20 MHHYT, OmpeeNeHHl JTydmue coorHourenns T:K -
aHTepBan 1: 5-25.

W3zyuena BO3MOXKHOCTD MHOTOKPaTHOTO WCTIONB30BaHU
MOIM(UIMPOBaHHbIX COPOEHTOB mms H3BneueHus ypana uz JKPO, 1mg gero
KOHIIEHTPALXE MOAM(HULMPYIOLIIX AaTCHTOB YBEIHIUIH BABOE. Y CTAHOBJIEHO 4TO,
MPAMEHCHNE YBEIHUSHHON KOHLEHTPalUY MOIU(PUKATOPOB O3BONAET M3BJIEKATh
YpaH U3 pacTBOPOB ¢ codepikannem 100-200 mMr/ov® U BEILLE.

[MocTpoeHB! H30TEPMbI COpOLINK ypaHa MOIN(DUITHPOBAHHEIMHA MPUPOAHBIMH
copbeHTaMH M ONHCAHBl ypaBHeHuem JleHrmiopa. Ha ocHoBaHMM aHaMopdo3
U30TEpPM, TIOCTPOCHHDBIX B KOOpAWHAaTax JIeHrMiopa, paccdMTaHEl MAKCHMAIbHas
copbuuoHHas eMKOCTh I KOHCTaHTH! JlenrMiopa. Tlokaszano, uto npu yBeInIeHHH
KOHLIEHTPAIWH MOAHPHUKATOPA ITYHTUT MOKHO HCIIOTIE30BaTh MHOTOKPATHO.

INposenena copbuuio ypaHa B ANHAMHYECKOM PEKHME W3 UMHTATa C TNpH
pasHoil  cxopocti ero rponyckanus. OmnpeneleHa ONTHManbHAs CKOPOCTh
MIPOIYCKaHNs yPaHCOIEPIKAIIero pacTBopa. JIydlIMM 3JI0€HTOM JId ypaHa H3
MOAM(BULIHPOBAHHBIX cOpOeHTOB siBnsercst 1M pacTBop kapOoHaTa HaTpUs.

Jnst  cpaBHeHHS H3ydeHa copbumsi ypaHa Ha  OpPLaHOIOJIHMEpE,
CHHTE3UPOBAHHOM Ha oOcHOBe wryHruTa. CpapHeHuwe 3HadeHus [1JIOE
MOARMDHIUPOBAHHEIX COPOEHTOB 1O ypaHy mokaszanu, urto IIJOE wussaedends




Additional Agreement No. 5   
to Agreement No. 80 for grant funding 
dated March 02, 2018
Nur-Sultan
21, 05, 2019

The state institution “Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan”, hereinafter referred to as “the Customer”, represented by Zharkenov A.B., Acting Chairman, being guided by the Regulations on the Science Committee approved by the Executive Secretary’s order dated July 10, 2018, No. 169-K, and by the Executive Secretary’s order on assigning duties dated February 26, 2019, No. 128-K, on the one hand, and Institute of Metallurgy and Ore Beneficiation JSC, hereinafter referred to as “the Executor”, represented by Kenzhalyiev B.K., Director General and Chairman of the Management Board, being guided by the Charter approved through a protocol decision No. 9, dated June 17, 2016, by Kazakh National Research Technical University named after K.I. Satpayev NJSC acting as the Sole Shareholder, on the other hand, hereinafter collectively referred to as “the Parties”, based on Articles 386, 401 of the Civil Code of the Republic of Kazakhstan, subparagraph 40), Article 394 of the Code of the Republic of Kazakhstan “On taxes and other obligatory payments to the budget (Tax Code)”, subparagraph 23-1), Article 1 of the Law of the Republic of Kazakhstan “On Science”, and the Budget Code of the Republic of Kazakhstan dated December 4, 2008, the Law of the Republic of Kazakhstan “On Science” dated February 18, 2011, the decisions of the National Scientific Council on program-targeted funding on the priority “Natural resources conservation, including water resources, geology, recycling, new materials and technology, safe products and structures” (Minutes No. 2 dated January 25, 2018, Minutes No. 3 dated February 21, 2018, and Minutes No. 3 dated April 29, 2019) concluded this Additional Agreement to Agreement No. 80 for grant funding dated March 02, 2018 (hereinafter referred to as “the Agreement”) and came to an understanding on the following:   

1. Clause 3.5 of the Agreement shall be revised to read:
Under subparagraph 40), Article 394 of the Code of the Republic of Kazakhstan “On taxes and other obligatory payments to the budget (Tax Code)” dated December 25, 2017, the Executor shall be exempt from value-added tax.
2. In Appendix 1.1 (Grant AP05130436) of the Agreement, Section 2. Characteristics of scientific and technical products based on qualification and economic indicators, Clause 2.3 (for 2020), and Section 3. Name of work, deadlines for their implementation and results, Clause 3.3 shall be revised to read:  
2.3 Outcome:

- for 2020: the results obtained from the high-level laboratory tests of the developed technology for producing titanium dioxide and calcium nitrate from titanium production slimes. 2 articles will be published in peer-reviewed foreign scientific journals indexed in the Scopus database, with a non-zero impact factor. A patent application will be filed.
	3.3
	Development of technological modes for producing titanium dioxide and commercial calcium nitrate.
	July,
2020
	September,
2020
	The project provides for developing the technological modes for producing titanium dioxide and commercial calcium nitrate. 2 articles will be published in peer-reviewed foreign scientific journals indexed in the Scopus database, with a non-zero impact factor. A patent application will be filed. 


In Appendix 1.19 (Grant AP05131104) of the Agreement, Section 2. Characteristics of scientific and technical products based on qualification and economic indicators, Clause 2.3 (for 2019 and 2020), and Section 3. Name of work, deadlines for their implementation and results, Clauses 2.4 and 3.3 shall be revised to read:   
2.3 Outcome:
- for 2019: obtaining impregnated sorbents based on natural materials modified with liquid extractants for the selective extraction of uranium and associated metals from uranium-containing solutions. 1 article will be published in a peer-reviewed foreign scientific journal with a non-zero impact factor;
- for 2020: developing a technology for the selective extraction of uranium from product solutions resulting from uranium production using modified natural minerals; performing tests and developing recommendations for the use of composite sorbents applied in the selective extraction of uranium from technological solutions resulting from uranium production and natural objects contaminated with it. 3 articles will be published in foreign scientific journals indexed in the Scopus database, with a non-zero impact factor. It is planned to patent the obtained results in the Kazakhstan patent office.
	2.4
	Investigating the processes of sorption and desorption of uranium and accompanying metals using modified sorbents from technological solutions.
	October,
2019
	1 November,
2019
	The project provides for investigating the processes of sorption and desorption of uranium and accompanying metals using modified sorbents from technological solutions.
1 article will be published in a peer-reviewed foreign scientific journal with a non-zero impact factor.


	3.3
	High-level laboratory tests of the sorption technology for uranium extraction using modified sorbents.

	July,
2020
	September,
2020
	The project provides for performing high-level laboratory tests of the sorption technology for uranium extraction using modified sorbents. 
3 articles will be published in foreign scientific journals indexed in the Scopus database, with a non-zero impact factor. It is planned to patent the obtained results in the Kazakhstan patent office.


4. This Additional Agreement is an integral part of Agreement No. 80 dated March 02, 2018, and comes into force from the moment of its signing by the parties and is valid until December 31, 2020. 

5. The terms of Agreement No. 80 dated March 02, 2018, not affected by this Additional Agreement, shall remain unchanged, and the Parties confirm their obligations under them.

6. The Additional Agreement is made in two copies, one copy for each of the parties having the same legal force.
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Appendix D 
REVIEW

for the final research report on the topic: "Development of an innovative technology for the selective extraction of uranium from uranium-containing solutions using new modified sorbents based on natural minerals of Kazakhstan"
The report contains materials of research carried out at the stage of 2020, including 4 sections: 1) Determination of the optimal parameters for the selective extraction of uranium from technological solutions and contaminated natural objects; 2) Development of modes of sorption-desorption of uranium during the processing of uranium-containing solutions using the obtained sorbents; 3) Conducting large-scale laboratory tests of the sorption technology of uranium extraction using modified sorbents; 4) Development of recommendations for the practical use of composite sorbents for the selective extraction of uranium from technological solutions of uranium enterprises and contaminated natural objects.
Based on the studies carried out in previous years, the natural sorbents zeolite and shungite were modified in a developed, tested and recognized optimal way. test studies on the sorption of uranium from a productive solution simulated by the content of lrw components (U = 8.9 mg / dm3) have been carried out. the kinetic dependences of the sorption of uranium in a static mode from the simulated liquid radioactive waste showed that with modified sorbents it is possible to extract uranium by more than 90 % already in the first 15-20 minutes; the best s: l ratios are determined - the interval 1: 5-25.
The possibility of multiple use of modified sorbents for the extraction of uranium from lrw was studied, for which the concentration of modifying agents was doubled. it was found that the use of an increased concentration of modifiers makes it possible to extract uranium from solutions with a content of 100-200 mg / dm3 and higher.
Isotherms of uranium sorption by modified natural sorbents are constructed and described by the langmuir equation. based on the anamorphosis of the isotherms plotted in langmuir coordinates, the maximum sorption capacity and langmuir constants were calculated. it is shown that with an increase in the concentration of the modifier, shungite can be used repeatedly.
The sorption of uranium was carried out in the dynamic mode from imitate c at different rates of its transmission. the optimal transmission rate of the uranium-containing solution has been determined. the best eluent for uranium from modified sorbents is 1M sodium carbonate solution.
For comparison, the sorption of uranium on an organopolymer synthesized on the basis of shungite was studied. comparison of the pdou value of the modified sorbents for uranium showed that the pdou of uranium extraction by the organopolymer is lower compared to the modified sorbents.
Enlarged laboratory tests of the sorption extraction of uranium from technological solutions have been carried out. the uranium recovery rate was over 99 %.
Uranium concentrates with a uranium content of 0.0363 and 0.364 % have been obtained, which can be used as a charge in the processing of uranium-containing raw materials, or sent for elution.
Recommendations have been developed for the practical application of modified sorbents for the extraction of uranium from technological solutions of uranium enterprises and liquid radioactive waste.
The report was made at a high scientific level and the results of the research carried out allow the development of innovative efficient technologies for extracting uranium from refractory mineral raw materials.
Deputy director for research and 

development of Institute of high 

technologies LLP, 

Candidate of chemical sciences                                                                 Kopbaev M.P.
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3aceqanus YaeHoro copeta AQ «MHCTUTYT METALTYPrHH H 000rameHus»

r. AiMaTbl 06.10.2020 r.

Ilpencenarear — Kemxamues BXK., Ienepanenwii jupexktop — Ilpencenarens IIpaBnenus

AO «AMuOy, 1-p TexH. HayK, podeccop
Cexperaps — Temuposa C.C.. pyKOBOJMTEb YNPABIEHUs HAYYHO-TEXHMYECKMMHU IPOCKTAMH,

KaH/J. XUM. HayK

IpucyrersoBamu: 19 wieHoB YueHoro copeTa u3 19 CMCOYHOro COCTaBa.

ITOBECTKA JTHA:

Paccmotpenune ot4etoB 3a 2020 roj II0 HPOEKTaM, BBIIOJIHACMBIM B paMKaX IPaHTOBOTO
(uHaHCHpOBaHKs HAY4YHBIX HccnenoBanuit Ha 2018-2020 rr.

CJIYIIAJIN:
JIoKaa] CTapuIero HAayYHOTO COTPY/IHHKA J1abOpaTOpuUM CIELMETO/0B THIPOMETAILIY Priu
KaHJ. TexH. Hayk bepxunGaesoit A.H. «Pa3paboTka HHHOBAIMOHHON TEXHOIOTHH CEJIEKTUBHOIO
M3BJICYCHHS YPaHa U3 YPAHCOAEPKAIUX PACTBOPOB C IPUMEHEHHEM HOBBIX MOIH(HIUPOBAHHEIX
COpOEHTOB Ha OCHOBE PUPOIHBIX MIHepanoB Kaszaxcranay.

BOITPOCBI:
A6oyneanues P.A.: CKOIBKO KPATHO MOYKHO HCIIOIb30BATh MOTU(UIEPOBAHHBIE COPOCHTHI?

PEIIEHME YYEHOI'O COBETA

Orser no mpoekty  AP05131104  «PaspaGoTka  TEXHOJIOTMM  I€pepabOTKH
HU3KOKAYECTBEHHOr0 M TEXHOTEHHOTO ChIpbsl C NPUMEHEHHEM HOBOTO 00OpYNOBaHUS H
MOZII(HIIPOBAHHBIX PEAreHTOB» (Hay4HbIi pyKOBOAMTEIb: JOK. TexH. Hayk Kemxames b.K.)
YTBEPIUT.

Ipencenarean —
[eHepalbHbI IUPEKTOP —
IMpencenarens [Ipasnenus
AO «MIMuO»,

JI-p TEXH. HayK, npodeccop Kemxanues b.K.

Cexkpertapb —

PyxoBoauTens ynpapieHus
Hay4HO-TeXHHYECKUMH TIPOEKTaMH,
KaHJ[. XHM. HayK

Temuposa C.C.




[image: image40.jpg]JomosmuTenpHoe cornamenue Nel
k Jlorosopy Ha rpantosoe punancupopanne Ne80 ot 02 mapTa 2018 rona

r. Acrana or « LY » (W A32018 roxa

TocynapcTBeHHOE yuperxacHne «KomureT Haykm MurmicTepcTea obpasoBaHU H
naykun Pecnybmuxm Kazaxcrany, HMEHyemoe B JanbpHedIeM 3akasudMk, B JIMLE
M.o. Mpencenateass Hypcemrosa P.C., [CHCTBYIOIEIO HA OCHOBAHWH Tlonoxenus
o Komurere Haykud, yTBEpKACHHOro mnpukasoM OTBEICTBEHHOTO  CEKpeTaps
ot 4 mroms 2013 roma Ne 96, or 11 umioms 2018 roma Ne 145-K, ¢ 0fHOH CTOPOHEI,
AxuponepHoe  00mecTBo «VHCTHTYT MeTaIyprHu M 00OTalleHus», WNMCHYeMOS B
nanpHeitmeM Mcnmoauurens, B nuie I['eHepasbHOro IHpPeRTOpa — IIpencenarenst
[pasaenus Kewxanuesa B.K., neiicTsyomero Ha 0CHOBaHIH YcraBa, yrBEpKICHHOIO
POTOKOJIBHBIM PEIIeHHEM EMHCTBEHHOTO aKIMOHEpa — HAO «Ka3axckuil HallHOHAIBHBIH
HCCIIENOBATENbCKMH TexHuecKmit yansepentet nv. K. Carnaesay Ne9 ot 17 nions 2016
roa, ¢ APYroif CTOPOHBI, Aajee COBMECTHO uMeHyemble CTOPOHBL Ha OCHOBAMHMU
Browkernoro Konekca Pecry6mmkn Kaszaxcran or 4 gexabps 2008 roza, 3akoma
Peciyomuku Kasaxcran or 18 ¢espans 2011 roma «O Hayke», IOCTAHOBIECHHS
[pasurenscrsa PecnyGmiku Kasaxcran ot 25 Mas 2011 roma Ne 575 «OO0 yrBepKICHAI
[Ipasu1 6a30BOTO, TPAHTOBOTO, MPOrPaMMHO-IEICBOrO (PMHAHCUPOBAHUA HAYIHOH H
(uIM) HayIHO-TEXHHYECKOH ACATEIPHOCTHY», TpHKaza MunucTtpa 06pa3oBaHus U HAYKH
Pecrry6mxu Kasaxcran or 15 asrycra 2017 roza Ne 410 «O6 yrBep:KICHAN KOHKYPCHOH
JOKYMEHTAUM{ HA TPaHTOBOE (DMHAHCHPOBAHME TO HAyIHBIM U (wnu) HaydHO-
TeXHHYECKUM TIpoekTaM Ha 2018-2020 rozme», npukasa IIpencenarens Komurera Haykn
MuHICTepeTBa 06pa3oBaIlisl I HAYKH OT 29 sHBaps 2018 roma Ne 18-mx IO IPHOPUTETY
«PalmoHaTBEHOE MCIMOIb30BaHIe PHPOAHBIX PECYPCOB, B TOM HHCIIC BOIHBIX PECypCOB,
reONOTHs, [epepaboTKa, HOBBIC MaTepuamsl M TCXHOIOTHH, Oe30macHble H3JCTMT M
KoHCTpyKimKy  «O6  yrepxaennn  pemeris HalwowanbHOTO —HaydHOTO  COBETA
0 rpaHTOBOM (PMHAHCHPOBAHMM HAyYHBIX MCCICLOBAHHMH Ha 2018-2020 roxsl», pelieHH
HallOHANbHOITO HAyYHOTO COBETa O TIPAHTOBOM (HHANCHPOBAHHH IO NPHOPUTETY
«PalHOHATBHOE HCIIOIb30BAHNE TIPUPOAHEIX PECYPCOB, B TOM UHCJI€ BOAHBIX PECYpPCOB,
reonorms, repepaGoTKa, HOBBIE MATEPHAIbl M TEXHONOIrWH, 0e30macHBle M3ACIHA H
KOHCTpYKIHH» (mporokonr Ne 2 or «25» sAHBapA 2018 rona, mporokon Ne3
or «21» despans 2018 roxa, mporokon NeS ot «17 ampens» 2018 rona) 3aKIIOYHIA
HacTosmee J{ornonHuTENbHOE coryamenne K JIoroBopy Ha rpaHToBoOC (prHAHCHPOBAHNE
Ne80 ot 02 mMapTa 2018 roga (manee — JIoToBop) 0 HHKCCIETYIOMIEM:

1. B texcre dorosopa B myHkre 1.1. ciosa:

«3akasuuk ropyuaer, a VcmonHnTens NpHHEMaeT Ha cels 00s13aTENLCTBA
[0 BBHIIOJHEHMIO HAY4HBIX HCCJIENOBaHMH B paMKax TOCYIapCTBEHHOTO  3aKasa
Ha peaM3aLHI0 HAYYHBIX HHAYTHO-TEXHHYCCKHX NPOCKTOB MO OFO/DKETHON IpOrpamMme
217 «PaseuTne Haykwy», moamnporpamve 102 «I'paHTOBOC (DHMHAHCUPOBAHKUEC HAYYHBIX
WccieoBanuiy, cueunduke 156 «Omiata KOHCaATHHIOBLIX YCIyI H HCCIeIOBaHMI
Ha ofmyo cymmy 558 013 501 (IATHCOT MATBAECAT BOCEMb MILIHOHOB TPHHAIIATL
TRICSY TIATHCOT OAWH) TEHTe HA BECh CPOK pealu3aldy [poekTa, C pa3buBKoi
IO roJaM:

B mpemenax cymM (uuascmpoamus Ha 2018 ronm - B Cymme 184 715456
(cTO BOCEMBECAT YETHIPe MHJLIAOHA CEMBCOT MATHAAUATH TBHICAY YCTBIPECTA MATBACCAT
LIECTH) TEHTE;




[image: image41.jpg]B Iperenax cymm QuHaHcupoBanums Ha 2019 rox - B cymme 186 396 025
(cTo BOCEMBJIECAT IIECTH MUJUIMOHOB TPHCTA NEBSHOCTO LIECTH THICAY IBAJIIATH IITE)
TEHTe;

B npenenax cymMm (QuHancupoarms Ha 2020 rom - B cymme 186 902 020
(cTO BOCEMB/IECAT 11ECTh MUIUIHOHOB JIEBSTHCOT ABE THICSUH JBaNLATh) TEHIe»

H3JI0XKUTE B CJIEAYIONIEH pelaKIIim:

«3aka3vyMK nopyuaer, a crmonHuTens NpUHMMaeT Ha cebs  06A3aTeNLCTBA
MO  BRIMOTHCHMIO  HAYYHBIX HCCIEJOBaHMIB paMKaX TOCYIapCTBEHHOIO 3aKasa
HApCaU3aLUIO HAYYHBIX HHAYYHO-TeXHIIECKNX IPOEKTOBIO GIOKETHOIT nporpamme 217
«Pasputie Hayku», mnommporpamme 102 «IpaHToBOE buHaHCHpOBaHME HAYYHBIX
MCCIe0BarmiD), creuuuke 156 «Omrara KOHCAITHHTOBEIX YCIYT H HCCIeIOBAHMID Ha
obmyro cymmy 573 113 501 (IATbcoT ceMbaccaT TPH MUJUIMOHA CTO TPUHAUATh THICAY
TSTBCOT OJIH) TEHTe Ha BECh CPOK PEaNTH3aLluy POEKTa, ¢ pasbUBKON [0 rofam:

B mpemenax cymm (uHaHcupoBaHus Ha 2018 rom - B cymme 189 715456
(CTO BOCEMBIECAT ACBATH MHIUTHOHOB CEMBCOT IATHAIATE TEICAY YETBIPECTA MIATHACCAT
LIECTh) TEHTE;

B mpencrax cymm (uHancupoBanus Ha 2019 rom - B cymme 191 441025
(CTO IEBAHOCTO O/IMH MIJUTHOH METHIPECTa COPOK OIHA ThICIYa ABA/IIATE IATh) TEHTE;

B mpezeiax cymm Qunancuposanus Ha 2020 rox - B cymme 191 957 020
(CTO ACBAHOCTO OJMH MUJLTHOH JEBATHCOT IIATHJECST CEMb THICAY JBALATE) TEHIeY.

2. B texcre Jlorosopa B myskTe 3.1. ciosa:

«O6was cymma JloroBopa coctarinser 558 013 501 (ISTBECOT MATHAECST BOCEMb
MHJITHOHOB TPHHAAUATH TRICAY LS ThCOT OJIMH) TEHTe HA BECh CPOK PEaU3allii IPOEKTOB,
¢ pa3luBKOIi 110 roam:

B Ipeielax cymm ¢unancuposamus Ha 2018 rom - B cymme 184 715 456
(CTO BOCEMBIECAT 4YeThIpe MUILIMOHA CEMbCOT IIATHANNATH THICAY YETHIPECTa MATHIECAT
IIECTh) TEHTe;

B mpefienax cymMm ¢umadcupoBanms Ha 2019 rom - B cymme 186 396 025
(CTO BOCCMBIECAT INCCTh MUJLTHOHOB TPUCTA IEBSHOCTO IIECTh THICAY JBAALATH IISTh)
TEeHTe;

B npefenax cymm  (uHaHcupoBamms Ha 2020 rox - 186 902 020
(CTO  BOCEMBJICCAT WICCTh MILTHOHOB JEBSTbCOT ABE THICAYM JBajlATh) TEHTe,
BKTIOYAsL CTOMMOCTB BCEX 3aTPAT, CBS3AHHEIX C BEINONHEHHeM paloT, ¢ YYETOM BCeX
HAoOroB M JPYruX 00A3aTeNBHBIX IL1aTeXed B OIO/DKET, B  COOTBETCTBUM
¢ 3aKoHOaTeabCTBOM Pecry6mukn Kasaxcram»

M3JIOKUTE B CIIEJYIOLIEH pelaKiu:

«O6was cymma JloroBopa coctapuseT 573 113 501 (msmhcoT cembiecst Tpu
MHJITHONA CTO TPMHAAUATH THICAY TATHCOT OJMH) TCHIE HA BECh CPOK pealU3allin
NPOEKTOB, ¢ PA3OUBKOIL O romam:

B mOpenenax cymm Qunancuposanus Ha 2018 rtom - B cymme 189 715456
(CTO BOCEMBECAT JEBATH MULTHOHOB CEMBCOT IHTHAALATH ThICAY YETBIPECTa MATHIIECAT
IIECTh) TEHTE;

B 1penenax cymm ¢umancuposanms Ha 2019 rom - B cymme 191 441025
(CTO IEBAHOCTO OJIMH MIILIHOH YETHIPECTA COPOK OLHA THICAYA ABALATS IIATh) TEHTE;

B Ipenenax cymm ¢unancupopaunus ma 2020 rox - 191 957 020 (cto meBsHOCTO
OIMH MIJUTHOH ACBATBCOT IATBACCAT CEMb TBHICAY JBAALATH) TEHIe, BKIOYAs CTOUMOCTE
BCEX 3aTpat, CBA3AHHBIX C BEIIOTHEHHEM DafoT, ¢ y4eTOM BCeX HAJIOrOB M APYTHX




Appendix F

Extract from Protocol No. 9

meetings Of the academic Council of JSC "Institute of metallurgy and enrichment"
Almaty city                                                                       06.10.2020

Chairman - Kenzhaliev B.K., General Director - Chairman of the Management Board JSC "IMiO", Dr. Tech. sciences, professor

Secretary - S. Temirova, Head of Scientific and Technical Projects Management, Cand. chem. Science

Attended by: 19 members of the Academic Council from 19 payroll.

AGENDA:

Consideration of reports for 2020 on projects carried out within the framework of grant funding for scientific research for 2018-2020.

LISTENED:

Report of the senior researcher of the laboratory of special methods of hydrometallurgy, Cand. tech. Sciences Berkinbaeva A.N. "Development of an innovative technology for the selective extraction of uranium from uranium-containing solutions using new modified sorbents based on natural minerals of Kazakhstan."
QUESTIONS:

Abdulvaliev R.A .: How many times can modified sorbents be used?
DECISION OF THE SCIENTIFIC COUNCIL

The report on the AP05131104 project "Development of technology for processing low-quality and technogenic raw materials using new equipment and modified reagents" (supervisor: Doctor of Technical Sciences Kenzhaliev BK) to approve.
Chairman 

General Director – 

Chairman of the Management Board 

JSC "IMiO", 

Dr. Tech. sciences, professor






Kenzhaliev B.K.

Secretary  

Head of Scientific and Technical 

Projects Management, 

Cand. chem. Science 







S. Temirova
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Kasaxcram».

3. B Ilpunoxenun 1.19 k JloroBopy myHKT 1.4 cjoBa:

«O6mas cymma tpoekra: 30 200 000,0 (TpuanaTh MITIHOHOB JBECTH THICAY) TCHIC,
B TOM 4HcIIe ¢ pa3GUBKOI 10 roJaM, Ul BEIIIOTHEHHS pab0T COracHo MyHKTy 3:

- Ha 2018 rox - B cymme 10 000 000,0 (1ecATh MUTIMOHOB) TEHTE,

- 1a 2019 rox - B cymme 10 090 000,0 (1ecATb MIUIITHOHOB ACBAHOCTO TEICAY) TSHIE;

- 12 2020 rox - B cymme 10 110 000,0 (1ecaTh MULIHOHOB CTO IECSTH THICSY) TEHTEY

U3J10KUTh B CIIE/IYIOIIEH peaaKIin:

«O6umas cymmva mpoekta: 45 300 000,0 (copok HAT MHJTHOHOB TPHCTa THICAY)
TeHre, B TOM YHUC/IE ¢ pa3OUBKOIL 110 rofam, TS BRIIOIHEHUS paboT COTNIacHO MyHKTY 3:

- Ha 2018 rox - B cymme 15 000 000,0 (msTHAIIATS MUJUIHOHOB) TEHTE;

- Ha 2019 rox - B cymme 15 135 000.0 (nsTHaAUATh MHIMOHOB CTO TPUAUATD ISATH
TBHICSY) TEHTE,

- Ha 2020 roxm - B cymme 15 165 000,0 (msaTHaznaTh MHUIMOHOB CTO IMECTHACCST
[SITh THICAY) TEHIE).

4. Cpok meiicTBus HacTosiiero J[OMOJHUTEIBHOrO coriamrenus mo 31 mexalps
2020 roxga.

5. JIOTIONTHATEIIBHOC COTJIALICHIC ABIACTCA HEOTheMIeMolt yacToio Jlorosopa.

6. Vcuoeus Jloropopa, He 3aTPOHYTHE HACTOAIMM  JIOIOJHUTEIBHBIM
COTJIAIICHUEM, OCTAIOTCS B HEU3MEHHOM BHJE.

7. JIONOJHUTCIBHOC COMVIAIICHHE BCTYNAeT B CHJIYy ¢ MOMEHTA €r0 perdCTpalii
B opranax Kasnaueticrsa Munncrepcrsa Gpunancor Pecry6mikn Kasaxcras.

8 JIOMONHUTENIFHOE COTUIAIlIEHHE COCTaBACHO B IBYX DK3eMIUILApax, 110 OJHOMY
IK3CMIULIPY IUIT KaXK IO M3 CTOPOH, HMCIOMIHX OAMHAKOBYIO IOPHANYCCKYIO CHILY.

YOpuanyeckue aapeca CTOpOH

HcenonHuTeb:
AKITHOHEPHOE 00IIeCTBO
«VIHCTUTYT METAULyprH H 06orameHns»

3aka3syHK:
I'V «Komurer Hayxu MunucrepcTaa
o6pazoBaHUs U HAYKH PeciryGnuku

Kazaxcran»

r. Acrana, npocrekt Moxrinik Ex, &
BM1H 061 140 007 608

BUK KK MF KZ 2A

MWK K792 0701 01KS NO0O 0000
Kb6e 11

PI'Y «Komurer KasnaueiicTpa
Munncrepersa punancor PKy»

vy

NG !
i vevie » V3t

050010, r. Anmarst, yi. IlleBueHxo,
yr. yi. Banuxanosa, 29/133

BHH 070 740 005 957

BUK KC JB KZ KX

MUK KZ878560000000012298
Kb6e 16

AO «baunk LentpKpenu»

Ten. 8 (727) 298-45-02, 298-45-07

I'enepanbHbIi AUpEKFOp -
Ipencepazear IIpapiienus
D H:,bggy?mﬂ Xcﬁ"! s
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[image: image43.jpg]JlonoHATEALHOE coramenne NeS
Jorosopy Ne80 na rpanToBoe ¢$puHaHCHPOBAHHE
ot «02» mapra 2018 roga

r. Hyp-Cyaran « 21» /4 42 »2019 roma

TocyaapCTBEHHOE yUPexkIeHne «KomuTeT mayku MunucTepcrpa 00pasoBaHUA H HAyKH
Pecrybnmukn  Kasaxcraw», AMEHyemoe B nanpHeitireM 3axazunk, B wme W.0. lpencesatens
Yapxenosa A.B., eficTByIONMEro Ha OCHOBAHUM 1lonoxenust 0 Komutere HayKd, yTBEPKACHHOTO
npukaszoM OTBETCTBEHHOTO CeKpeTaps 0T 10 mrosst 2018 Ne 169-K u npukasom OTBETCTBEHHOTO
cexperapa oT 26 despans 2019 rona No 128-K 0 BO370KeHHH 00S3aHHOCTH, C OHOI CTOPOHBL H
AKIHOHEPHOE 00IIecTBO «IHCTHTYT METaLTypruu oGoramennsay, IMeHyeMoe B ITajlbHEHIIeM
VCTIOTHUTCIT, B JuIe [ eHepalbHOro IMpeKTopa — Ilpencenarens [Ipaienus Kemxanuesa b.K.,
JIefiCTBYIOIIEro Ha OCHOBAHHH Y CTaBA, Y TBSPAKACHHOTO IIPOTOKOJBHEIM pemerneM EMHCTBEHHOrO
aximorepa — HAO «Kazaxckuit HAIHOHATRHBI HCCIIETI0BATEbCKI TEXHUYECKUH yHHBEPCUTET
. K. Catmaesay Ne9 ot 17 mrors 2016 roza, ¢ ZPYTOH CTOPOHEL, Zlallee COBMECTHO MMEHYEMbIC
«CTOpOHbI», HA OCHOBAHHM CTaTbH 386, 401 T'paykIaHCKOrO KOJIEKCa Pecny6nuku Kasaxcras,
noxmyrkt 40) craren 394 Kojekca PecmyGumkn Kasaxcran «O manorax i Apyrux 06s3aTeNbHbIX
nmarexax B Oromker (Hamoropslit Kojekc)», TOMIYHKT 23-1) cratbr 1 3PK «O mayke» u
Bromkersoro Konekca PecriyGmukn Kazaxcran 0T 4 nexaGps 2008 roma, 3akoHa Pecmybnmka
Kasaxcran or 18 gespans 2011 roza «O naykey, pemennii HalmoHANIBHOTO HAYIHOTO COBETA O
IPOrpaMMHO-T[e1eBOM  (PHHAHCHPOBAHMH  TI0 upuoputeTy «ParHOHATBHOE  HCIONE30BAHNE
TPHPOJIHbIX PECYPCOB, B TOM HCIIE BOJHEIX PECYPCOB, reosIorusl, IepepaboTKa, HOBbIE MaTepuaslbl
M TexHOJOruM, Ge30MacHbIe W3S i KOHCTPYKIIIY (mpotokon Ne 2 0T «25» sHBapsL 2018 rona,
npotokon Ne3 ot «1» ¢espana 2018 roma u MPOTOKOI Ne3 ot «29» ampenst 2019 roua)
sakmoun  Hactosmiee JIONOTHUTENbHOE —COTNAIICHME K Jlorogopy Ne80 ma rpaHTOBOE
(unancuposanue 0T «02» mapra 2018 rona (mamee — JIOTOBOp) W IPHILTH K COITAUICHHIO O
HMKECTIETY OLIEM:

1. Tlynkr 3.5 Jlorosopa usiooicumo 6 HOBOU pedaxyul:

B cooTBeTcTBAH ¢ TOAMYHKTOM 40) cTaThu 394 Kosekca Pecry6muxu Kasaxcran ot 25
nexaGps 2017 roma «O Hajorax H ApyrHx 06s3aTenpHBIX IUIaTexRax B OromwkerT (Hamorosblil
Kkojteke)» Vcronuuress 0cROG0KIACTCS OT HAlora Ha MO00ABIEHHYIO CTOUMOCTb.

2. B Hpunoxcenuu 1.1 (rpast AP05130436) Jlorosopa, passiene 2. XapakTepuCTAKA
HAy4HO-TeXHHUECKOH MPOIYKIMH [0 KBATHQUKALIMOHHBIM TPU3HAKAM H  OKOHOMHUICCKHE
okazaTeny, TyHKT 2.3 (3a 2020 r.) u pasxene 3. HammeHoBaHue padoT, CPOKH HX pead3aliil 1
PC3YIbTATLL, YHKT 3.3 un024cums 6 cneoyiouett peoaryul.

2.3 KoHeuHBbIH pe3ymbTal:

- 3a 2020 rom: pe3yJbTaTHl YKPYIHEHHO-1a00paTOPHBIX UCIIbITaRnl  pa3paboTaHHOH
TeXHONOTHM IIONYUEeHUs JUOKCH/a THTaHa H KaJNbIHEBOH CETUTPhl M3 IIAMOB THUTAHOBOTO
[IpOM3BOJICTBA. BYyIyT OMyOTHKOBAHE! 2 craThil B DElEH3UPYEMBIX 3apyOCHKHBIX HAyIHBIX
H3AHUAX, MHICKCHPYEMBIX B Oase JaHHBIX Scopus, ¢ HEHYJIEBBIM nMmakT-GpakTopoM. byner
[To/JaHa 3as1BKa 11a IaTeHT.

3.3 PaspaboTKa TEXHOIOTHYECKHX | IO centsbph | ByayT paspadoTaHBl TEXHOIO-
PEXKIMOR TOJTYUCHIST THOKCHAA 2020r. 2020 . |ruuecKHe PEIKHMBI [OJIyUEHHUS
THTAHa ¥ TOBAPHOH KalbIHeBO JTWOKCHIA THTAHA M TOBAPHOH
CeJTUTPEL KaIpLMeBOll CenuTpEL.  byayT

onyOIMKOBaHEl 2 CTalbd B
PEIeH3HPYCMBIX  3apyOeHHBIX
HAYUHBIX W3TaHASX,
MHIEKCHPYEMBIX B 6a3e IaHHEIX
Scopus, ¢ HEHYJIEBBIM HMIIAKT-
(axropom.  bymer  monama
3asBKa Ha MATeHT




[image: image44.jpg]MO TG HIEPO-BAHHEIX COPOEHTOB.
bymyt onyOnMKOBaHEI 3 CTATHU B
3apyOeKUDIX HAYUHBIX H3JAHHAX,
AHJCKCHPYeMBIX B 0ase JaHHBIX
Scopus, ¢ HeHyJEeBEIM HMITaKT-

TIOMOLIBIO Momudu-
[UPOBAHHEIX COPOEHTOB.

(axropom. [lnanupyercs
[TaTEHTOBAHIC OJTyYeHHBIX
pesysapTaToB B Ka3axCTAaHCKOM

aTEHTHOM OFOpo.

4. Hacrosmee JIOMOMHUTENBHOE COTMANICHHE ABJSETCA HEOTHEMIEMOi
yactsio Jorosopa Ne 80 ot «02» mapta 2018 rofa ¥ BCTYIAET B CHITY C MOMEHTA €TO
[ONTHCAHHS CTOPOHAMH U JeHCTBYeT 10 «3 1» nexabpst «2020» rona.

5. Vemosus Jorosopa Ne80 or «02» mapra 2018 roga, He 3aTpOHYTHIC
HacTOSIEM J{OTIONITHTELHEIM COTIAEHUeM, OCTAOTCs B HEU3MCHHOM BHAC, H
CTOpOHBI TIOATBEPKAAIOT 10 HUM CBOU 0053aTeIIbCTBA.

6. JIOTMONHHUTENBHOE COMVAIICHME COCTaBICHO B JIByX OK3CMILIAPAX,
[0 ONHOMY OSK3eMILBIpY Ml KaKAOH M3 CTOPOIN, HMMEIOLIEX OIMHAKOBYIO
JOPHIAMIECKYIO CHILY.

7. FOpuanyeckue azpeca CTOpOH:

3aka3yHK:
'V «Komutet Haykn MUHHACTEPCTBA
06pazoBanus i HayKH PeciyOiuKku
Kazaxcram»
010000, r. Hyp-Cyunram,
mpocrtext MoHrimik En, 8
BUH 061140007608
BUK KKMFKZ2A
WK KZ92070101KSN0000000
Koe 11
PI'Y «KomuteT Kaznauencrsa
Munucrepcrsa GpuaaHcoB PK»

H.o. IIpencenaresst

A. KapkeHnos

HWcnoanureinb:
AKIMOHEpPHOE 0OIIECTBO
«MHECTHTYT MCTAJITy prHA
1 oboraieHus»

050010, r. Ammartsl, yi1. [lleB4eHKO,
yr. yi1. Bannxanosa, 29/133

BUH 070 740 005 957

BUK KC JB KZKX

MUK KZ878560000000012298
Kbe 16

AO «bank LerTpKpemum»

Ten. 8 (727) 298-45-02, 298-45-07

TenepaabHbIi IHPEKTOP -

.+ Ipeacesarens Mpasaenus

£

b. Kenokanuen
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2.4 |HapaGoTka  mapTHH  CyXHX oxTs16ps | 1 HosGps | Bynyr HapabOTaHbl MAPTHH CYXHX
CTpOMTENBHBIX — CMeced UL 2019r. | 2019r. |CTPOUTCIBHDBIX cmeceit st
YKPYTHEHHBIX HCIBITAHIH YKPYIIHEHHEIX ACTbITAHHHA.

Byner omyGmuxosana 1 craThs B
pereH3upyeMoM 3apy0eKHOM
HAyYHOM M3JJQHHH C HEHYICBEIM
UMIIAKT-(AKTOPOM.

3.3 |CpaBHHTENLIBIC pacueTsl | HIOJb CeHTAOpPH | byAyT — BBIIOJHCHBI CpaBHH-
HKOHOMHYECKOI 2020r. | 2020 r. |TenbHBIE PACYETHI 3KOHOMHYECKOH
3¢ GexTHBHOCTH nepepaboTKu 3 PEKTUBHOCTH nepepaboTiH
IMATOMHTOBOI pyZBL " IMATOMUTOBOM PY/Ihl M BEIIYCKA
Bbllycka ~ Ha e  OCHOBE Ha ee OCHOBE O0€3aBTOKJIABHBIX
(e3aBTOKIABHEIXX CHIIHKATHBIX chmMKaTHRIX  Knpmaueit.  ByayTt
Kupigei. OmMyOJNMKOBAHBI 2 CTaTbM B

PCLICH3HPYEMBIX 3apyOekHBIX

HAYYHBIX ~ H3JAHMSX, HHICKCH-
pyemsbIx B 0ase JaHHEIX Scopus, ¢
HeHyJIEBbIM HMIAKT-(paKTopoOM.

B Hpunosncenun 1.19 (I'past AP05131104) JHorosopa, pasgene 2. XapakrepucTHka
HAYUHO-TEXHHUECKON TPOIYKIHH 110 KBamH(UKAIHONHLIM ~TPH3HAKAM ¥ OKOHOMHICCKAC
110Ka3aTeNIH, MyHKT 23 (za 2019 r. u 2020 1.) 1 paszele 3. HauMeHopanue paboT, CPOKH HX
peanu3aruy U Pe3yIbTaThl, MyHKTbI 2.4, 3.3 uznoocumo 6 caeoyrouetl pedaKyuL:

2.3 KoHeuHbIi pe3ypTar:

_ 2a 2019 rom: TMONy4eHbI HMIPETHHPOBAHHDIC copGeHTsl Ha OCHOBE TPHPOIHBIX
MATEPHATOB, MOJHGMHIHPOBAHHBIX JKHITKHMH SKCTpATEHTAMH, JUIS CENEKTHBHOLO W3BJICUCHI
ypaHa # COMYTCTBYIOLIMX METajlIoB I3 YPAHCOZEPIKAITUX PACTBOPOB. Bysner omy6mikopana 1
CTATBA B PEIEH3HPYEMOM 3apyOeRHOM HayTHOM W3NAHH ¢ HEHyIEeBBIM HMIAKT-(paKropom;

_ sa 2020 rom: pa3paboTaHa TEXHOIOTHH CCICKTHBIOTO HM3BJEUEHHs] ypaHa H3
IIPOJYKTUBHBIX PAacTBOPOB yPAIIOBOTO IPOM3BONCTRA C NPHMEHEHHEM MOIA(PUIMPOBAHHBIX
[IPUPOZHEIX MHHEPATOB, IPOBEIEHEL MCIbITANHA i paspabOTaHBl PEKOMEH/IALIHIL [0 TPUMEHEHHIO
KOMIIOSHIMOHHBIX COPOEHTOB UM  CETeKTHBHOIO  M3BIEHCHIS ypaHa U3 TEXHOJOIHUECKHX
PACTBOPOB ~ YPAHOBBIX TMPOM3BOLCTB 1 3arpSISHCHHBIX  HM  IPHPO/HBIX 06BekToB. byayT
OTYGIUKOBAHEL 3 CTATBH B 3apyOCIKHBIX HAYyHHBIX J3IAHMSX, WHIEKCHPYEMBIX B 0asze JaHHBIX
Scopus, ¢ HEHYJIEBBIM pMIaKT-(aKTopoM. TIIAHIPYETCs MATCHTOBARNE TOJTY ICHILX Ppe3yabTaToB
B Ka3aXCTAHCKOM IATEeHTHOM Oropo.

24 Wccenenosanue IIpOTIECCOB | OK1510pPb | mostGpa |BymyT uccieZOBaHbl  MPOLECCH
copbuun ¥ mecopOuuH ypaHa 2019 r. | 20191, |copbumu m necopOuuu ypana H
¥ COMYTCTBYIOIIMX METaIOB COTMYTCTBYIOUMX ~ METAamioB ¢
C HCIOIB30BaHHEM MOTH(H- HCIIOJIB30BAHIEM mozudu-
IMPOBAHHRX  COPOEHTOB U3 [IPOBAHNLIX  COPOEHTOB u3
TEXHOJIOI HYECKHX PaCTBOPOB. TeXHOJIOTHIECKUX PACTBOPOB.

Bymer omyGruxopasa 1 cTares B
peleH3IPYEMOM 3apyOeKHOM

HAyYHOM M3IAHAH C HEHYIEBBIM
AMIIAKT-(aKTOPOM.

3.3 llpoBeneHue  YKPYIHCHHBIX | HIOND censiOph | ByayT TPOBETEHbL YKDYIHEHHEIC
7aGOpaTOPHBIX  HCITRITAHMUIL 2020r. | 2020r. |naGopaTopHBIE WCITBITAHHSI
cOpOIIOHHOM TEXHOJOTHA COpOLHOHHON TEXHOIOTHH

H3BJICUCHHUS ypaHa C U3BJICHUCHHA ypaHa ¢ TIOMOUILIO




_1664975929.xls
Диаграмма1

		Na₂CO₃		Na₂CO₃

		NaHCO₃		NaHCO₃

		(NH₄)₂CO₃		(NH₄)₂CO₃

		H₂SO₄		H₂SO₄
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Desorption rate, %
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6.4042469796

59.3338181818
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54.0603636364
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12.0846545455

22.3201604722



U М.р

																																												Ц		0.8		8.84		45.18

																																												0		0		0		0

																																												30		98.9		98.8		98.9

				Кинетика сорбция урана из модельных растворов																																								60		99.14		99		99.14

																																												120		99.2		99.4		99.2

		1		Ц + Ди2 + ТБФ + керосин						С,  мг/дм3				Т:Ж=1:25		V		m		Сумма																								240		99.36		99.86		99.36

										8.84						0.1		4		мг просорб.

		№ 10		τ		Ост. С(мг/дм3)		Е, %		просорб, мг										0.63948825

				0		0		0												3.2538325		Е, %

				30		0.106		98.8		0.08734										0.0568435		0		0

				60		0.087		99		0.17487										1.5585854		0.8		98.1

				120		0.0545		99.4		0.262725										5.50874965		8.84		99.86

				240		0.0122		99.86		0.63948825												45.18		99.36

										С = 45,18 мг/дм3				V		m																														С = 45,18 мг/дм3				Т:Ж=1:5

		№ 20		τ		Ост. С(мг/дм3)		Е, %		45.18				0.05		25																						№ 70 Ц		τ		Ост. С(мг/дм3)		Е, %

				0		0		0																																0		0		0		45.18

				30		0.49		98.9		0.4469																														30		0.02		99.95		0.2258

				60		0.387		99.14		0.89483																														60		0.0146		99.96		0.451627

				120		0.348		99.2		1.34315																														120		0.01		99.97		0.677477

				240		0.287		99.36		3.2538325																														240		0.0031		99.99		1.5585854

										С = 0,8 мг/дм3				V		m

		№ 30		τ		Ост. С(мг/дм3)		Е, %		0.8				0.05		10

				0		0		0

				30		0.03		98.9		0.0077

				60		0.0206		99.14		0.015494

				120		0.0168		99.2		0.023326

				240		0.0152		99.36		0.0568435

		1		Ш + H3PO4 + ПАА						С = 8,84 мг/дм3				Т:Ж=1:25

												V		m

		№ 40		τ		Ост. С(мг/дм3)		Е, %		8.84		0.1		4

				0		0		0

				30		0.055		99.37		0.08785

				60		0.0433		99.51		0.175817

				120		0.038		99.54		0.263837

				240		0.0362		99.6		0.63820625

										С = 45,18 мг/дм3																																				С = 45,18 мг/дм3				Т:Ж=1:5

		№ 50		τ		Ост. С(мг/дм3)		Е, %		45.18																												№ 80		τ		Ост. С(мг/дм3)		Е, %

				0		0		0																																0		0		0		45.18

				30		0.198		99.12		0.44982																														30		0.462		98.9		0.22359

				60		0.145		99.7		0.90017																														60		0.29		99.35		0.44804

				120		0.102		99.8		1.35095																														120		0.2		99.5		0.67294

				240		0.084		99.81		3.2689775																														240		0.18		99.6		1.552294

										С = 0,8 мг/дм3				Сумма

		№ 60		τ		Ост. С(мг/дм3)		Е, %		0.8

				0		0		0

				30		0.005		99.4		0.00795				0.63820625

				60		0.002		99.7		0.01593				3.2689775

				120		0.001		99.8		0.02392				0.0579345

				240		0.0007		100		0.0579345				1.552294

														5.51741225

																								4		3		2		1

				Ц+ Н2SO4		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %								Ц+ Н2SO4		Ц+ (NH4)2CO3		Ц+ NaHCO3		Ц+ NaHCO3

						5.50874965		4		0.02												0		0		0		0		0

				30						0.02		2.2		0.044		0.7987293451						30		0.7987293451		2.4687997938		2.6358068387		28.0535511686

				60						0.02		2.95		0.103		1.869752785						60		1.869752785		4.4982984478		20.5019300523		44.9902427956

				120						0.02		4.36		0.1902		3.4526891234						120		3.4526891234		7.1776723417		33.8624936423		60.3803040617

				240						0.012		4.96		0.24972		4.533152092						240		4.533152092		8.3997282396		47.0916299491		69.2854095757

				Ц+ (NH4)2CO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						5.50874965		4		0.02

				30						0.02		6.8		0.136		2.4687997938

				60						0.02		5.59		0.2478		4.4982984478

				120						0.02		7.38		0.3954		7.1776723417

				240						0.012		5.61		0.46272		8.3997282396

				Ц+ NaHCO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						5.50874965		4		0.02

				30						0.02		7.26		0.1452		2.6358068387

				60						0.02		49.21		1.1294		20.5019300523

				120						0.02		36.8		1.8654		33.8624936423

				240						0.012		60.73		2.59416		47.0916299491

				Ц+ Na2CO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						5.50875		4		0.02

				30						0.02		77.27		1.5454		28.0535511686

				60						0.02		46.65		2.4784		44.9902427956

				120						0.02		42.39		3.3262		60.3803040617

				240						0.012		40.88		3.81676		69.2854095757

																						4		3		2		1

				Ш+ Н2SO4		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %						Ш+ Н2SO4		Ш+ (NH4)2CO3		Ш+ NaHCO3		Ш+ Na2CO3

						5.51741225				0.02										0		0		0		0		0

				30						0.02		3.5		0.07		1.2687107076				30		1.2687107076		3.130002		20.6082		11.167538

				60						0.02		5.6		0.182		3.2986478398				60		3.2986478398		9.345042		47.041502		34.115966

				120						0.02		3.2		0.246		4.4586119154				120		4.4586119154		17.616026		62.597042		50.607398

				240						0.012		4.9		0.3048		5.5243289098				240		5.5243289098		34.470666		67.8594068		70.9011308

				Ш+(NH4)2CO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						5.51741225				0.02

				30						0.02		12.51		0.2502		3.130002

				60						0.02		12.45		0.4992		9.345042

				120						0.02		11.38		0.7268		17.616026

				240						0.012		17.9		0.9416		34.470666

				Ш+ NaHCO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						5.51741225				0.02

				30						0.02		32.1		0.642		20.6082

				60						0.02		23.69		1.1158		47.041502

				120						0.02		11.55		1.3468		62.597042

				240						0.012		3.78		1.39216		67.8594068

				Ш+ Na2CO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						5.51741225				0.02

				30						0.02		23.63		0.4726		11.167538

				60						0.02		24.06		0.9538		34.115966

				120						0.02		13.48		1.2234		50.607398

				240						0.012		14.52		1.39764		70.9011308
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1
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Время, мин

Степень десорбции, %



		Fe

				Сорбция Fe и U из модельных растворов																																						Сорбция Fe и U из модельных растворов

						С(Fe)=				С(U)=																																		С(Fe)=				С(U)=

						99.7				48		0.05										Fe		U																				99.7				48		V=0,005

		№ 1       Ц		Ост в мг		Ост. С(мг/дм3)		Е, %		Ост. С(мг/дм3)		Е, %		Ост в мг						0		0		0																		ц+ЭД10+ПЭПА		Ост. С(мг/дм3)		Е, %		Ост. С(мг/дм3)		Е, %

		0				0		0				0								30		94.36		99.35																		0

		30		0.4704		5.62		94.36		0.311		99.35		0.238445						60		96.14		99.47																		30		90.1		9.62888666		4.77		90.0625

		60		0.47925		3.85		96.14		0.254		99.47		0.23873						120		97.9		99.61																		60		88.5		11.2337011033		3.45		92.8125

		120		0.4881		2.08		97.9		0.183		99.61		0.239085						240		99.43		99.76																		120		58.8		41.0230692076		2.53		94.7291666667

		240		3.27129		0.57		99.43		0.116		99.76		1.580172																												240		31.64		68.2647943831		1.38		97.125

		всего, мг		0.470904								всего, мг		0.2296432

				0.7833333333										0.3826666667

				1.2542373333										0.6123098667

																																												С(U)=

						C (Fe)=				С(U)=																																		48		V=0,005

						99.7				48		0.05																																Ост. С(мг/дм3)		Е, %

		№ 2       Ш		ост в мг		Ост. С(мг/дм3)		Е, %		Ост. С(мг/дм3)		Е, %		Ост в мг																												0

		0				0		0																																		30		2.099		95.6270833333

		30		0.49825		0.05				0.093		99.8		0.239535																												60		1.061		97.7895833333

		60		0.49835		0.03				0.072		99.85		0.23964																												120		0.422		99.1208333333

		120		0.4984		0.02				0.0594		99.9		0.239703																												240		0.092		99.8083333333

		240		3.28944		0.02				0.021		99.96		1.583307

		всего, мг		0.478444								всего, мг		0.2302185

				0.7973333333										0.3835

				1.2757773333										0.6137185

				Десорбция урана и железа

				МР		H₂SO₄

		Ц+ Н2SO4		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %																														U		Fe

				0.6123098667		3.9		0.02														0		0		0																0		0		0

		30						0.002		3.99		0.0798		13.0326170366								30		0.0798		1.1758																30		13.0326170366		9.3746212838

		60						0.002		4.52		0.08884		14.5089937034								60		0.1702		2.4008																60		14.5089937034		15.6126751131

		120						0.002		5.38		0.0996		16.2662738953								120		0.19644		3.7484																120		16.2662738953		19.3519993026

		240						0.012		5.81		0.16932		27.652665622								240		0.2158		5.1964																240		27.652665622		30.4216745794

		Ц+ Н2SO4		С(Fe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				1.2542373333		3.9		0.02

		30						0.002		58.79		0.11758		9.3746212838

		60						0.002		39.12		0.19582		15.6126751131

		120						0.002		23.45		0.24272		19.3519993026

		240						0.012		11.57		0.38156		30.4216745794

		Ц+Na2CO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %						U		Fe								Цеолит				Na₂CO₃		NaHCO₃		(NH₄)₂CO₃		H₂SO₄

				0.6123098667		3.9		0.02										0		0		0										U		74.9914422414		61.9718904851		60.4628506177		30.4216745794

		30						0.002		77.27		0.15454		25.2388550982				30		25.2388550982		14.4119454266										Fe		50.4497819658		57.9810519646		21.5254316567		27.652665622

		60						0.002		68.6		0.29174		47.645810705				60		47.645810705		25.7814044763

		120						0.002		52.4		0.39654		64.7613278157				120		64.7613278157		31.3816204908

		240						0.012		5.22		0.45918		74.9914422414				240		74.9914422414		50.4497819658

		Ц+ Na2CO3		С(Fe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				1.2542373333		3.9		0.02

		30						0.002		90.38		0.18076		14.4119454266

		60						0.002		71.3		0.32336		25.7814044763

		120						0.002		35.12		0.3936		31.3816204908

		240						0.012		19.93		0.63276		50.4497819658

		Ц+(NH4)2CO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %						U		Fe

				0.6123098667		4		0.02										0		0		0

		30						0.002		46.96		0.09392		15.3386389985				30		15.3386389985		3.1780269125

		60						0.002		43.32		0.18056		29.4883374954				60		29.4883374954		5.7628646572

		120						0.002		14.97		0.2105		34.3780186241				120		34.3780186241		7.882080797

		240						0.012		13.31		0.37022		60.4628506177				240		60.4628506177		21.5254316567

		Ц+(NH4)2CO3		СFe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				1.2542373333		4		0.02

		30						0.002		19.93		0.03986		3.1780269125

		60						0.002		16.21		0.07228		5.7628646572

		120						0.002		13.29		0.09886		7.882080797

		240						0.012		14.26		0.26998		21.5254316567

		Ц+NaHCO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %						U		Fe

				0.6123098667		4		0.02										0		0		0

		30						0.002		29.22		0.05844		9.5441872133				30		9.5441872133		7.1405943373

		60						0.002		28.31		0.11506		18.7911393011				60		18.7911393011		13.7884589626

		120						0.002		27.92		0.1709		27.9107049067				120		27.9107049067		19.8829992835

		240						0.012		17.38		0.37946		61.9718904851				240		61.9718904851		57.9810519646

		Ц+NaHCO3		СFe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				1.2542373333		4		0.02

								0.002		44.78		0.08956		7.1405943373

								0.002		41.69		0.17294		13.7884589626

								0.002		38.22		0.24938		19.8829992835

								0.012		39.82		0.72722		57.9810519646

		Ш+ Н2SO4		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				0.6137185				0.02

		30						0.002		1.48		0.00296		0.4823058128

		60						0.002		0.97		0.0049		0.7984116496

		120						0.002		1.06		0.00702		1.143846894

		240						0.012		0.463		0.012576		2.04914794

		Ш+ Н2SO4		С(Fe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				1.2757773333				0.02

								0.002		12.23		0.02446		1.917262469

								0.002		15.98		0.05642		4.4224018193

								0.002		13.87		0.08416		6.5967624444

								0.012		16.65		0.28396		22.2578025632

		Ш+Na2CO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %				Шунгит				Na₂CO₃		NaHCO₃		(NH₄)₂CO₃		H₂SO₄

				0.6137185				0.02												U		72.2904719346		45.3465228765		49.133275272		2.04914794

								0.002		42.38		0.08476		13.8108921273						Fe		24.5058437575		33.9306859191		43.8148558839		22.2578025632

								0.002		22.98		0.13072		21.2996675186

								0.002		21.65		0.17402		28.355019443

								0.012		22.47		0.44366		72.2904719346

		Ш+ Na2CO3		С(Fe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				1.2757773333				0.02

								0.002		34.88		0.06976		5.4680388323

								0.002		22.39		0.11454		8.9780557318

								0.002		26.51		0.16756		13.1339533649

								0.012		12.09		0.31264		24.5058437575

		Ш+(NH4)2CO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				0.6137185				0.02

								0.002		15.89		0.03178		5.178269842

								0.002		13.47		0.05872		9.5679045034

								0.002		15.51		0.08974		14.6223390691

								0.012		17.65		0.30154		49.133275272

		Ш+(NH4)2CO3		СFe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				1.2757773333				0.02

								0.002		33.34		0.06668		5.226617393

								0.002		32.14		0.13096		10.265114184

								0.002		31.67		0.1943		15.2299304058

								0.012		30.39		0.55898		43.8148558839

		Ш+NaHCO3		С(U), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				0.6137185				0.02

								0.002		31.08		0.06216		10.1284220697

								0.002		16.34		0.09484		15.4533389494

								0.002		16.13		0.1271		20.7098205448

								0.012		12.6		0.2783		45.3465228765

		Ш+NaHCO3		СFe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

				1.2757773333				0.02

								0.002		74.82		0.14964		11.7293195364

								0.002		23.54		0.19672		15.4196186795

								0.002		16.98		0.23068		18.0815251982

								0.012		16.85		0.43288		33.9306859191
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						Десорбция U из продуктивных растворов

														Цеолит

				№		Vраст, л		конц, в раст, мг/дм3		m сорб., г		сорбировано, мг/г

				105		0.02		26.6		4								U				Fe

				U				0.2		3.9		0.132		0.686032				0.02				0.796		1.515		1.596		1.629		2.879

				Fe				0.66				0.1297						0.039				1.515

																		0.078				1.596

																		0.127				1.629

				205						4								0.169				2.879

						0.02		2.1		3.9		0.1225						0.132				0.1297

				Fe				0.66				0.1297						0.1225				0.1297

																		0.6875				8.6744

				4.3		50		95.4		25

				U		0.05		10.99		23		0.16882

				Fe

				5.4		40		19.4		20

				U		0.04		0.027		19.3		0.038746

				Fe

				6.4		50		10.1		25

				U		0.05		0.002		23		0.020196

				Fe

				3.4		50		63.1		25

				U		0.05		0.156		23		0.125888

				Fe

				2.3		50		38.95		25

				U		0.05		0.009		23		0.077882

				Fe

				Ц+ Н2SO4		С(U), мг		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						0.6875		25		0.05

										0.005		2.055		0.010275		1.4945454545

										0.005		1.82		0.019375		2.8181818182

										0.005		1.759		0.02817		4.0974545455

										0.033		1.664		0.083082		12.0846545455

				Ц+ Н2SO4		С(Fe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						8.6744		10		0.05

										0.005		70.64		0.3532		4.0717513603

										0.005		31.9		0.5127		5.9104952504

										0.005		39.3		0.7092		8.1757816103

										0.033		37.18		1.93614		22.3201604722

				Ц+(NH4)2CO3		С(U), мг		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						0.6875		10		0.05

										0.005		7.133		0.035665		5.1876363636

										0.005		7.14		0.071365		10.3803636364

										0.005		7.59		0.109315		15.9003636364

										0.033		7.95		0.371665		54.0603636364

				Ц+(NH4)2CO3		С(Fe), мг/г		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						8.6744		10		0.05

										0.005		59.73		0.29865		3.4428894217

										0.005		13.49		0.3661		4.220464816

										0.005		10.54		0.4188		4.8279996311

										0.033		13.34		0.85902		9.9029327677

				Ц+NaHCO3		С(U), мг		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %						Цеолит				Na₂CO₃		NaHCO₃		(NH₄)₂CO₃		H₂SO₄

						0.6875				0.05														U		61.3003636364		59.3338181818		54.0603636364		12.0846545455

										0.005		8.27		0.04135		6.0145454545								Fe		6.4042469796		37.1026238126		9.9029327677		22.3201604722

										0.005		9.45		0.0886		12.8872727273

										0.005		9.81		0.13765		20.0218181818

										0.033		8.19		0.40792		59.3338181818

				Ц+NaHCO3		С(Fe), мг		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						8.6744				0.05

										0.005		27.74		0.1387		1.598957853

										0.005		38.59		0.33165		3.8233191921

										0.005		39.72		0.53025		6.1128147192

										0.033		81.46		3.21843		37.1026238126

				Ц+Na2CO3		С(U), мг		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						0.6875				0.05

										0.005		8.48		0.0424		6.1672727273

										0.005		8.72		0.086		12.5090909091

										0.005		9.8		0.135		19.6363636364

										0.033		8.68		0.42144		61.3003636364

				Ц+Na2CO3		С(Fe), мг		m сорб, г		обьем р,л		Конц в р, мг/дм3		В пересч на мг		Степень десорб, %

						8.6744				0.05

										0.005		11.29		0.05645		0.6507654708

										0.005		13.19		0.1224		1.4110486028

										0.005		11.32		0.179		2.0635432998

										0.033		11.41		0.55553		6.4042469796
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														Шунгит

				№		Vраст, мл		конц, в раст, мг/дм3		m сорб., мг		сорбировано, мг/г

														SE

				44.3		40		95.4		20				0.2903970789

				U		0.039		0.0013		19		0.1958183842

				Fe

				55.4		40		19.4		20

				U		0.039		0.00062		19		0.03981978

				Fe

				66.4		50		10.1		25

				U		0.039		0.00024		23.5		0.0167613038

				Fe

				33.4		50		63.1		25

				U		0.039		0.00024		23.5		0.1047187506

				Fe

				22.3

				U		50		38.95		25

				Fe		0.039		0.00056		23.5		0.0646394962

				43		20		4.751		4

				U		0.0154		0.009		3.9		0.0187248205

				Fe

				44		20		4.751		10

						0.0154		0.0002		9.7		0.0075425072

				41		20		4.751		4

						0.0154		0.087		3.9		0.0184168205

				42		20		4.751		10

						0.0154		0.0002		3.7		0.0197736

				Десорбция урана на Ц (МР)






