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МОДЕЛДІК СУСПЕНЗИЯЛАР, БАЙЫТУ ӨНІМДЕРІ, ФЛОКУЛЯЦИЯ, УЛЬТРАФЛОКУЛЯЦИЯ, ҚОЙЫЛДЫРУ, СУСЫЗДАНДЫРУ, ЫЛҒАЛДЫЛЫҚ.
Зерттеу нысандары немесе әзірлеу - моделдік суспензиялар және байыту өнімдері (концентраттар, флотация қалдықтары),  "Кemira" фирмасының суперфлокулянттары. 
Жұмыстың мақсаты – моделдік суспензиялар мен байыту өнімдерінің гидродинамикалық өңдеудің оңтайлы режимдерін Ультрафлоктестер аппаратын пайдалана отырып, қойылдыру және сусыздандыру үрдістерінің тиімділігін анықтау.
Жұмыс жүргізу әдістері - флокуляция, ультрафлокуляция, сусыздандыру.
Жұмыс нәтижелері және олардың жаңалығы – моделдік және  байыту өнімдері суспензиялардың жылдамдық градиенттерінің (G) оңтайлы режимдерін Ультрафлоктестер аппаратын пайдалана отырып, қойылдыру және сусыздандыру үрдістерінің тиімділігі анықталды. Концентрациясы 100 г/л суспензияны  G = 500 - 1000 с-1 аралығында 12 сек бойы, ал 50 г/л суспензяны G = 1000 - 1500 с-1  6 сек бойы өңдеу керек екені көрсетілді. Бұл кезде қойылдырғыштағы ағымды судағы қатты заттың мөлшері 20-30 мг/л дейін азаятыны анықталды.
Жұмыстың жаңалығы – динамикалық типтес зертханалық ультрафлокуляторды қолданғанда флокулалар түзілу кезінде ірі және ұсақ бөлшектердің бірігуі өте аз уақытта   жүзеге асуы, соның әсерінен седиментация үрдісі, су фазасының мөлдірлену дәрежесінің жоғары болуы аз уақыт аралығында тезірек жүруі жатады.
Енгізу дәрежесі. Зерттеу ультрафлокуляциялық қондырғылар мен тиімді флокулянттарды жетілдіру шегінде тұр.
Енгізудегі ұсыныстар немесе ҒЗЖ нәтижелерін енгізу. Зерттеу жұмыстарынан алынған нәтижелер, байыту өнімдерін тиімді қойылдыру мен сусыздандыру үрдістерінде қолдануға ұсынылады.
Қолдану аумағы. Пайдалы қазбаларды байыту.
Жұмыстың экономикалық тиімділігі немесе маңыздылығы. Өңделінген технология, қазақстанның тау-кен байыту кәсіпорындарындағы  сусыздандыру және қойылдыру үрдісінің байыту өнімдерін қарқындата отырып, үйінді қалдықтардағы пайдалы компоненттердің жоғалымы мен қайтарымды судың тазалануын жақсартады.
Зерттеу нысанның жетілдіру жөніндегі ұсынымды болжау. Кешентүзгіш флокулянттарды және ульрафлокуляция әдісін қолдана отырып,  моделдік жүйелер мен байыту өнімдерінен алынған нәтижелерді әрі қарай өндірістіксуспензияларда жүргізуді   жалғастыру қажет.
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Objects of research or development: model suspensions and enrichment products (concentrates, flotation tailings), Kemira superflocculants.
Work purpose: development of an optimal regime for hydrodynamic processing of model suspensions and enrichment products with the use of UltraflocTester for the processes of thickening and dewatering.
Work methods:  flocculation, ultra-flocculation, dewatering
Research results and their novelty: development of an optimal regime for a medium velocity gradient (G) of model suspensions and enrichment products with the use of UltraflocTester, a laboratory apparatus, for the processes of thickening and dewatering. It has been found that a suspension with a concentration of 100 g/L should be processed at G = 500 – 1000 s-1 for 12 seconds, while a suspension with a concentration of 50 g/L should be processed at G = 1000-1500 s-1 for 6 seconds. Here, the residual solids content in the thickener overflow is reduced to 20-30 mg/L. 
The research novelty is the use of a laboratory ultra-flocculator of a dynamic type, which leads to a rapid combination of large and small particles directly in the process of floccule formation, ensuring their rapid sedimentation and a high degree of clarification of the aqueous phase in a short period. 
Implementation degree. Research is at the stage of the development of ultra-flocculation equipment.
Recommendations on implementation or results of implementation. The results are recommended to be used for effective thickening and dewatering of beneficiation products.
Field of use Mineral processing.
Economic efficiency or significance of the work. The developed technology will make it possible to intensify the processes of thickening and dewatering of the enrichment products of mining and processing enterprises in Kazakhstan with the use of ultra-flocculation equipment.
Predictive assumptions about the development of the research object. The obtained results on model systems and enrichment products with the use of an ultra-flocculation method are supposed to be used for industrial suspensions in the future.
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INTRODUCTION
Assessment of the current state of the scientific and technical problem to be solved.
For thickening processes, the primary role is played by the ability of clay-containing pulps, under certain conditions, to form aggregative and sedimentation-stable systems. Clay minerals, in contact with the liquid phase, actively adsorb polar molecules of the latter on their surface, which leads to the formation of a solvation-hydration layer on the particle surface, which adversely affects the ability of particles to coagulate and precipitate [1-2].
It should be considered that a significant part of hard-to-precipitate solid particles in such systems can be in a colloidal state. The aggregate stability of each of these particles is ensured by electric charges on its surface. They prevent charged particles from sticking together to form larger aggregates and their subsequent precipitation. The magnitude of the charge of the colloidal particle determines the distance for colloidal particles to approach each other. Aggregate and sedimentation stability is determined by a combination of a large number of factors such as physicochemical properties of the solid and liquid phases of the suspension, a degree of dispersion of the material, the specific surface area of the particles, etc. To determine the characteristics of a colloidal system, knowledge of the nature of colloidal particles and the magnitude of their charge is required [3-5].
Recently, Napper et al. have developed new ideas about the so-called displacement flocculation of dispersed systems [6]. Under Napper's concept, the flocculation process occurs under conditions when most of the polymer macromolecules introduced into the dispersion medium are not adsorbed on the surface of the dispersed phase particles but are in a free state in solution. Essentially, this mechanism is that if in a dispersed system, the distance between approaching particles of the dispersed phase is less than the effective diameter of the polymer coil, then macromolecules cannot penetrate the interparticle space and are substantially excluded from it. Thus, there is a microreservoir of an almost pure solvent between the particles, and, in this case, the forces of osmotic pressure from the side of the polymer solution begin to act on the particles and tend to bring these particles closer together. With their further approach, part of the pure solvent is displaced into the bulk phase, which is thermodynamically (more precisely, entropy) favorable and leads to a decrease in the free energy of the system. For this reason, the main distinguishing feature of displacement flocculation is directly related to taking into account the changes in the entropic component of the Gibbs energy that occur in dispersed systems during flocculation.
Flocculation is one of the most effective methods for intensifying the process of separating the tailings of mineral processing by sedimentation and filtration. At the same time, flocculants have one significant drawback – significant molecules, due to a huge molecular weight, have very low mobility, which creates problems when mixing the initial solution of the flocculant with the suspension and the uniform distribution of its molecules in the volume of the process suspension and, consequently, on the surface of the particles. This drawback is especially acute when processing relatively concentrated suspensions (more than 10 g/L of solid). As a result of the uneven distribution of the flocculant in the suspension, areas with too high and too low concentration are formed. Consequently, at the end of the flocculation process, a lot of unbound small particles or aggregates remain in the suspension [3]. These particles not only reduce the quality of the clarified water but significantly complicate sludge dewatering by filtration or centrifugation, which is the most important. This is because unbound fine particles can move in the pores of the filter cake and close them, thereby increasing the hydraulic resistance of the cake and reducing the filtration rate. Moreover, these particles can penetrate and accumulate in the interfiber space of the filter material, reducing its service life several times.
	A partial solution to the problem can be achieved by using well-diluted flocculant stock solutions and appropriate dilution of the process suspension. As a result, when processing highly concentrated suspensions (more than 100 g/L of solid), the load on the separation equipment can increase by 50% or more.
	In the case of dilute suspensions (1 g/L solid), the problems of flocculation are complicated by the fact that the frequency of collisions of flocculated particles is significantly reduced, which leads to a significant increase in the time required to complete flocculation.
	The above difficulties of using flocculants, as was first shown in [7, 8], can be overcome by using special hydrodynamic processing of the suspension during the introduction of the flocculant and immediately after it. This treatment, called "ultra-flocculation" [7, 9], allows not only to quickly and evenly distribute the flocculant molecules throughout the suspension volume but also to create favorable conditions for the rapid formation of tightly packed and strong floccules. Here, almost all particles are in a bound state, which greatly facilitates further sludge dewatering.
Basis and initial data for the development of the theme. High-molecular substances are widely used to accelerate and increase the degree of aggregation of dispersed particles. For example, they find application in various branches of modern technology for intensifying phase separation processes (e.g. by sedimentation, filtration, flotation, centrifugation), including in water treatment, mineral processing, etc. A large number of works have been devoted to the study of the flocculation of dispersions by polymers. The basis for the development of the theme is the need to create a technology for thickening and dewatering of enrichment products with a modern innovative ultra-flocculation method.
Justification of the need for research. The results of the study can be used to increase the efficiency of the processes of thickening and dewatering of enrichment products with the use of ultra-flocculation equipment.
Information about the planned scientific and technical level of development, patent research, and patent research conclusions. The patents and literature on the problem of thickening, filtration, and dewatering of enrichment products (concentrates, tailings) were analyzed. A review of scientific and technical literature and patent research in this area indicate the novelty of the proposed scientific project for implementation.
Information about the metrological support of the research. In the course of research work, metrological support was determined by the presence of certified Chemical Analytical Laboratory and Laboratory of Physical Methods of Analysis. Metrological measurements were performed on verified control and measuring devices, which ensures the reliability of the results and analyzes. The National Scientific Laboratory in the priority direction "Technologies for the hydrocarbon and mining and metallurgical sectors and related service industries" of Institute of Metallurgy and Ore Beneficiation JSC is accredited for technical competence in the National Accreditation Center of the Committee for Technical Regulation and Metrology and has the Accreditation Certificate No.KZ-I.02.1138 dated 23 February 2016 (valid until 2/23/2021, for compliance with the requirements of GOST ISO/IEC 17025-2009 "General requirements for the competence of testing and calibration laboratories". Institute of Metallurgy and Ore Beneficiation JSC has State License for handling with precursors No. 16011676 dated July 21, 2016, State License for handling with poisons No. 16011643 dated July 20, 2016.
Relevance. In recent years, ultra-flocculation treatment has become more and more widespread in the technology of separating technogenic suspensions. The efficiency of the use of flocculants in the processes of sedimentation and filtration separation of suspension phases largely depends on the regime of hydrodynamic processing of the suspension (medium velocity gradient) after the introduction of a flocculant solution into the suspension. Correct selection of the ultra-flocculation treatment mode allows to increase the sump productivity by several times and significantly reduce the suspended matter content in the overflow. It allows increasing the productivity of vacuum and belt press filters by 1.5-2 times and significantly reducing the consumption of expensive flocculants.
Theme novelty. Development of an optimal regime for hydrodynamic processing of model and real enrichment products with the use of a laboratory turbofloculator for efficient thickening and dewatering.
Relationship of this research with other research. The Republic of Kazakhstan has a large number of mining and processing and coal mining industries which annually generate a huge amount of enrichment products, including concentrates and tailings. Effective processing of these products to thicken and dewater them will significantly increase the productivity of these enterprises and reduce production areas, the consumption of water resources, reagents, and, as a result, the cost of products, which will increase its competitiveness in the international market. 
Goals and objectives of the research, their place in the implementation of research work in general. The project aims to improve the processes of thickening and dewatering of model and real enrichment products with the use of superflocculants and by an ultra-flocculation method.
The objectives of the research are as follows: Development of complexing flocculants for effective thickening and filtration of model enrichment products (Report 2018. Inventory No. 0218РК00801); development of laboratory ultra-flocculation equipment and testing it for a significant improvement in the process parameters of thickening and filtration of model enrichment products (Report 2019. Inventory No. 0219РК00782); results of large-scale tests of real enrichment products for thickening, filtration, and dewatering with the use of laboratory ultra-flocculation equipment (2020). 
The goal of the research stage in 2020 is to develop an optimal regime for hydrodynamic processing of real enrichment products with the use of a laboratory turbofloculator for efficient thickening, filtration, and dewatering:
- Development of an optimal regime for hydrodynamic processing of tailings with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering;
- Development of an optimal regime for hydrodynamic processing of lead concentrate with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering;
- Development of an optimal regime for hydrodynamic processing of zinc concentrate with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering;
- Large-scale laboratory tests of copper, lead, and zinc concentrate for thickening, filtration, and dewatering with the use of a laboratory turboflocculator.



MAIN PART
1 Development of an optimal regime for thickening and filtration of model enrichment products with the use of base and complex-forming flocculants
At the first stage in 2018, the optimal conditions for the separation of suspended particles from model suspensions of quartz, coal, bentonite, and coal sludge were considered with the use of both individual flocculants and their mixtures, depending on various factors (a charge, order of introduction of components into the system, etc.). In the presence of mixtures of anionic and cationic flocculants, regardless of their composition and the order of introduction of components into the suspension, the particles acquire a negative -potential characteristic of particles that adsorb only the anionic flocculant. For mixtures of charged anionic and cationic flocculants, synergistic flocculating action is observed. This effect took place even for mixtures with multiple excesses of negatively charged segments compared to positively charged ones. The observed patterns are explained by the structural features of the adsorption layers of flocculant mixtures by the coexistence of a thin layer of adsorbed cationic polymer chains with a large number of contacts with the surface and an extended layer of anionic flocculant (long loops and tails of macromolecules), which “hides” the cationic polymer layer. The electrokinetic potential and the ability of particles to aggregate (by the mechanism of formation of polymer bridges) in solutions of mixtures of anionic and cationic polyelectrolytes is determined primarily by the adsorption value of the anionic polymer.
Quartz particles fractionated by sedimentation, that did not precipitate within 24 hours, were the dispersed phase. Measurements of the particle size distribution on a ZetasizerNano ZS device (Great Britain) showed that the fraction used is sufficiently monodisperse and the average particle diameter is 1.8 ± 0.5 μm. Table 1 shows the characteristics of the superflocculants used.
It was shown that a small concentration of cationic flocculant 0.25 mg/g of solid phase does not cause an increase in the degree of aggregation, and a further increase in the concentration of C-494-5 from 0.5 to 2.5 mg/g leads to a significant increase in the degree of aggregation over time. A further increase in the concentration of C-494-5 does not affect the degree of aggregation. Here, the aggregation of particles is caused by the neutralization coagulation of particles as a result of a decrease in their surface charge and potential due to adsorbed macrocations. 
Thus, a noticeable synergistic effect is observed: the mutual enhancement of the aggregating ability of cationic flocculants. This behavior can also be associated with the formation of a polyelectrolyte complex due to non-Coulomb forces leading to a more complete opening of positive charges. In mixtures of cationic and anionic polyelectrolytes, the ζ-potential of the particles is determined by the adsorbed anionic polymer, regardless of the charge density of the polyelectrolytes and the sequence of addition of the mixture components to the suspension. 
Table 1 – Characteristics of the Kemira superflocculants used

	Superflocculants
	Type
	Molecular weight, M10-6
	Charge density, mol. %

	С-494-5
	Cationic
	11–12
	5

	C-494-25
	Cationic
	11–12
	25

	С-494-35
	Cationic
	11–12
	35

	С-494-80
	Cationic
	11–12
	80

	А-150-5
	Anionic
	14-15
	5

	А-150-30
	Anionic
	14-15
	30

	А-150-60
	Anionic
	14-15
	60


Improved flocculating activity upon addition of cationic and then anionic flocculants is associated with the formation of a mixed adsorption layer on the surface of quartz particles, leading to rapidly sedimenting aggregates. In the reverse order of the introduction of the components, the formation of a mixed adsorption layer is extended, and, as a result, the aggregation of particles is more slowly. 
Some experiments on changing the initial parameters of the coal suspension and polymer flocculants were performed to study the physicochemical properties of the suspension and the flocculant,
Coal suspensions were used as an initial sample. The results of the sieve analysis of the sample are shown in Table 2.
Table 2 – Results of sieve analysis of coal suspension
	Size grade
	Weight, g
	Yield, %
	Ash content, %

	0.5
	23.9
	12.6
	1.0

	-0.5+0.25
	23.3
	12.3
	1.2

	-0.25+0.125
	28.5
	15.1
	1.8

	-0.125+0.063
	34.9
	18.5
	2.7

	-0.063
	78.3
	41.4
	4.3

	Total
	188.9
	100
	2.9


The dependence of the efficiency polymer flocculants on the temperature of the coal suspension was investigated. Efficiency was evaluated by comparing flocculation activity. In the course of work, we used the following flocculants: flocculant C-494-35, and anionic flocculant A-150-30.
The thickening of a coal suspension with the use of anionic and cationic flocculants produced by Kemira, depending on the temperature and pH of the medium, was investigated. According to the data obtained, there is a deterioration in the flow of the flocculation process at 10-15C. Heating a suspension of coal to 30°C has a positive effect on the efficiency of the process; however, further heating is ineffective, since it destructs flocculants. It was shown that the process of flocculation does not occur or proceeds less efficiently in an acidic environment. However, at pH8 of the suspension, the flocculating activity increases, and the moisture content of the sediment decreases.
A 1.0% aqueous suspension of bentonite containing negatively charged particles with an average diameter of 18 μm was the next model system. 
The stability of dispersed systems was analyzed by the turbidimetric method measuring the attenuation of light intensity when light passes through a dispersed system.
It is shown that polyelectrolyte A-150-30 at an optimum concentration of 2.2 mg/L as the most effective individual flocculant for destabilizing an aqueous suspension of bentonite. The study of polymer complexes revealed that the A-150-30 + C-494-35 complex is the most effective for the deposition of a model bentonite system. It has been suggested that bridging is a key mechanism of flocculation of a model suspension of bentonite with anionic polyelectrolyte A-150. 
To select the most effective flocculants for the thickening of a suspension of coal sludge of various concentrations, the laboratory studies were conducted. Chosen flocculants were as follows: anionic A-150-5, A-150-30, and cationic C-494-35 produced by Kemira.
The first sample of coal sludge with a solids content of 25 g/L had an ash content of 75% and a 48 % content of 0-0.044 mm fraction. The research results show that the anionic flocculant A-150-30 acts effectively. Flocculant A-150-5 acts slightly better, and C-494-35 is much worse.
It has been established that with different fluctuations in the concentration and amount of fine particles in coal suspensions, it is necessary to test different flocculants to optimize the technological process. Flocculants act with finely dispersed clay particles with different efficiency.
The choice of model suspensions depends on the fact that, on the one hand, they are part of the enrichment products, and on the other hand, while investigating such objects, we can select effective flocculants or their mixtures for their subsequent use with the UltraflocTester apparatus.



2 Development of an optimal regime for hydrodynamic processing of model enrichment products with the use of UltraflocTester for efficient thickening, filtration, and dewatering
At the second stage in 2019, sedimentation and filtration characteristics of model suspensions (quartz, bentonite clay, coal, and coal sludge) were studied by ultra-flocculation. It is shown that with an increase in the dispersion of the quartz suspension, the processing time in inhomogeneous hydrodynamic fields (medium velocity gradient G> 2000 s-1) significantly decreases, e.g. at t <6 s; with a decrease in the dispersion of the suspension, the optimal hydrodynamic processing mode is determined by the following parameters: 500 <G <1000 s-1; t> 10 s. The quality of clarification of the aqueous phase after sedimentation of the suspension subjected to ultra-flocculation reaches a high value at G> 2000 s-1. If suspension concentration increases, then the uniform distribution of flocculant molecules over its volume becomes difficult, which can be compensated by an increase in G.
The object of the study was quartz suspensions with a concentration of 3 to 50 g/L. Before use, quartz was ground in a ball mill to the required size (d <10 μm or d <5 μm) and then stored as a stock suspension with a concentration of 300 g/L. 
Particle size distribution in these fractions was determined using sedimentation analysis; the results are shown in Table 3.
Table 3 – Composition of the quartz fraction by size
	Quartz fractions
	Quartz fraction content

	d <10 μm

	5 – 10 μm
28 %
	1 – 5 μm
59%
	<1 μm
13%

	
d <5 μm
	1 -5 μm
70%
	<1 μm
30%
	-


The fraction of 5-10 μm particles were separated using a sedimentation classifier and stored in the form of a powder that was subjected to ultrasonic dispersion in a UZDN-2T unit before preparing suspensions. In all experiments, a solution (1 g/L) of a high-molecular cationic flocculant C-494 produced by Kemira was used as a flocculant. 
It was found that when flocculating coarsely dispersed suspensions, it is very important to choose the correct ratio between the time of hydrodynamic processing and the medium velocity gradient. Unlike finely dispersed suspensions, coarsely dispersed suspensions should be processed at significantly lower gradients of medium velocity (500-1000s-1), but for a longer time (10-15s) of G. According to the dependences of the flocculation efficiency obtained for quartz suspensions containing both fine and large fractions in their natural ratio, i.e. (0-5 μm): (5-10 μm) = 74:26, it follows that at low concentrations, the unfractionated suspension behaves in about the same way as the suspension containing only a finely dispersed fraction. With an increase in the concentration of solids, the unfractionated suspension turns out to be more resistant to crushing effects at higher values ​​than a finely dispersed suspension. The latter can be explained by the fact that the presence of both small and large particles in the suspension allows the formation of more densely packed and, therefore, more durable floccules. These changes in the average size of floccules, while changing the hydrodynamic regime of ultra-flocculation, reflect that, at insufficiently large gradients of medium velocity (G = 1250 s-1), the floccules have a thread-like nature, and a large number of small unconnected floccules remain in the water. Their size decreases significantly, but they become very dense. Moreover, the number of small fragments is relatively small. This can be explained by the fact that at this value, the flocculant does not have time to evenly distribute in 6 seconds throughout the entire volume of the suspension and on the surface of the particles to ensure flocculation of high quality. As the intensity of hydrodynamic processing at G = 2900 s-1 increases, the floccules become more rounded and compact, and the concentration of small and unbound floccules decreases significantly. A further increase leads to a decrease in the maximum size of floccules and a large number of small fragments forming when the large floccules are repeatedly formed and fragmented.
The use of ultra-flocculation treatment in the recovery of finely dispersed coal by sedimentation in a radial thickener provides the following advantages: decrease in the consumption of flocculants by 2.5-3.5 times; increase in coal concentrate recovery from tailings by 23-26%; reduction of the ash content of the concentrate recovered from tailings from 18 to 12%; reduction of the moisture content of the press filter cake of the concentrate extracted from tailings from 35 to 25%.
It has been found that when using hard hydrodynamic processing characterized by a medium velocity gradient of G = 2000 – 4000 s-1, as well as the subsequent stepwise decrease in intensity (from 1000 to 30 s-1), soft hydrodynamic processing can significantly improve the results of flocculation and subsequent sedimentation separation of diluted (1 g/L solid) finely dispersed (1 μm) suspensions of bentonite clay, particularly: acceleration of sedimentation of flocculated suspensions by more than 2 times; decrease in the residual concentration of solid in water by 4-10 times; reduction of flocculant consumption by 2-3 times; compaction of the solid phase sediment by 1.5-2 times.
The research found that in the case of using the anionic flocculant A-150-7 at a flow rate of 20 g/t, the grains of coal sludge precipitate more intensively as compared to A-150-15. When using flocculant A-150-7 with a flow rate of 20 g/t, the height of the clarified layer of the coal sludge suspension is 14 cm in 24 minutes, and the height of the clarified layer when using flocculant A-150-15 is 14 cm in 30 minutes. There is increased adsorption of the cationic flocculant C-496-80 on the surface of the coal sludge, compared to the anionic one, as well as a higher electrical conductivity of aqueous solutions of the flocculant, which is explained by the higher cationic activity of the flocculant C-496-80, which is 80%. On the other hand, an increase in the charge of macromolecules increases the rigidity of the macromolecular chain, which contributes to the deterioration of the flocculation process. Measurement of the ζ-potential of the surface of the coal sludge at various concentrations of the flocculant made it possible to establish a decrease in the charge of the sludge surface from 30 mV to zero when the flow rate of flocculants changed from 10 to 50 mg/L. With a further increase in the consumption of flocculants from 50 to 100 mg/L, the surface of the coal sludge is recharged. At the same time, the use of flocculant A-150-7 leads to a more significant change in the charge of the coal sludge surface, as compared to the cationic flocculant C-496-80. This fact can be explained by the structural characteristics of polyelectrolyte macromolecules and the macromolecular structure of the organic part of coal sludge, which significantly affects the size of floccules and the rate of their deposition.
It has been established that in the case of using the UltraflocTester at an optimal hydrodynamic processing rate of 1500 s-1, the deposition time at a minimum flocculant consumption of 7 g/t is reduced by 100-150 times and is 8 to 30 s. When using flocculant A-150-7 with a flow rate of 7 g/t, the height of the clarified layer of the suspension of coal sludge is 14 cm in 10 seconds; and when using flocculant A-150-15, the height of the clarified layer is 14 cm in 15 seconds. 
The performed studies are indicative of the fact that it is necessary to use anionic flocculants of the A-150-7 type at the coal preparation plants of the Karaganda coal basin, which will not only significantly reduce the content of solid particles in the recycled water of the plant but also increase the technical and economic indicators of the process.





3 Development of an optimal regime for hydrodynamic processing of real enrichment products with the use of a laboratory turbofloculator for efficient thickening, filtration, and dewatering
3.1 Development of an optimal regime for hydrodynamic processing of tailings with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering
At the third stage in 2020, first, the intensification of processes of thickening and dewatering of slurry tailings of the flotation concentration of the Zhezkazgan Concentrating Plant (ZCP) with the use of ultra-flocculation treatment was studied. The research used Superfloc flocculants manufactured by Kemira (Finland), which are polyacrylamide copolymers with a high molecular weight and varying degrees of ionicity (Table 4). The solutions of Superfloc flocculants were prepared at 60-70°C.
Table 4 – Characteristics of the reagents of Superfloc flocculants

	Flocculants
	Charge rate, %
	Viscosity, mPa/s
	Molecular weight

	Superfloc С-494 – cationic
	15.2-25.6
	3.0-3.4
	5.8·106

	Superfloc С-496 – cationic
	27.1-39.3
	3.7-4.2
	6.4·106

	Superfloc С-498 – cationic
	3.4-4.0
	4.0-4.6
	4.1·106

	Superfloc А-150 – anionic
	53-63
	4.5-5.9
	15.2·106

	Superfloc N-100 – non-ionic
	1.8-3.0
	4-5.2
	10.1·106



The particle size distribution of the flotation tailings of Zhezkazgan Concentrating Plan was studied using a Photocor-Compact device (Figure 1). 
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Figure 1 – Particle size distribution of the flotation tailings from the Zhezkazgan Concentrating Plant, determined using the Photocor-Compact device
The study of the efficiency of ultra-flocculation of suspensions used the UltraflocTester-2010 device developed by Turboflotservice (Ukraine), which includes a miniflocculator and an optoelectronic mechanism for fixing the efficiency of flocculation by the average size of floccules and the degree of water clarification (Figure 2). This device is able not only to set the optimal type and dosage of the flocculant but also to fix the optimal mode of hydrodynamic processing of a given suspension. 
Using instrumental peristaltic pumps, the test sample of the suspension and the prepared flocculant solution continuously pass through the ultra-flocculator where they are mixed and processed in a hydrodynamic flow for a given time (3 – 12 s). At the exit, the processed sample, passing through the optical sensor, is analyzed, and thus the efficiency of flocculation is determined (Figure 3). The principle of operation of the optical sensor is to recognize fluctuations in the strength of the flow passing through the sample. The data from the optoelectronic mechanism appears on the device display as a numerical value (1 to 99).
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Figure 2 - UltraflocTester-2010
The control panel of the UltraflocTester (at a constant pulp flow rate of 1 cm3/s) provides the possibility to change a flocculant dosage and a rotor rate of the device and regulate the intensity of hydrodynamic processing of the suspension (the average gradient of medium speed is 100 to 10000 s-1).
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Figure 3 - UltraflocTester-2010
The relative humidity of the materials was studied using a Radwag MAC 210 instrument (Figure 4).
The laboratory testing applied suspension samples prepared from flotation tailings of the Zhezkazgan Concentrating Plant with a specific gravity of particles of 2.7 g/cm3, a dispersed composition of particles (Figure 1) of 59.8% for 570 μm, 23.1% for 11 μm and 17% for << 1 μm, and solid concentration of 50 to 100 g/L. 



Figure 4 - Radwag MAC 210
According to the laboratory experiment on ultra-floccular processing of the sample, the curves of the dependence of flocculation efficiency (FE) on the flocculant consumption were plotted (Figure 5). 
[image: ]Flocculation efficiency,  rel.un,

Flocculant consumption, g/t 


Suspension concentration – 100 g/L; gradient of medium speed – 1500 s-1; duration of processing – 6 s
Figure 5 – Dependence of the efficiency of ultra-flocculation treatment on the flow rate of flocculant
Comparative tests of the flocculating effect of non-ionic, cationic, and anionic polyacrylamides on flotation tailings showed that anionic copolymers are the most preferred. The tests found that the anionic flocculant "A – 150" is characterized by the best flocculating action concerning the test sample. If optimal consumption of flocculant A-150 is 9 g/t, then flocculation efficiency (FE) reaches 96-97% (Figure 4). A further increase in the concentration of the flocculant is inexpediently, since it leads to a decrease in the degree of flocculation, probably due to supersaturation and an increase in the viscosity of the reagent, and deterioration in the sedimentation properties of the formed floccules. Cationic flocculants C-494, C-496, C-498 are indifferent to the test sample in the context of flocculation effect. It should be noted that the anionic flocculant A-150, in comparison with other flocculants of the Superfloc series, has the highest chemical affinity concerning the slurry tailings, which consists mainly of mining waste with an insignificant content (basis points) of the metal-ore component.
Figures 6 and 7 show the dependencies of flocculation efficiency of a suspension on a medium velocity gradient at different times of hydrodynamic processing in an ultra-flocculator (3, 6, and 12 seconds). The experiments were performed on a suspension with a solid concentration of 100 g/L and 50 g/L to compare the effect of the hydrodynamic processing time on pulp density. It is noted that if suspension concentration increases, then EF dependence on the duration of hydrodynamic processing increases significantly. 
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	1 - Duration of hydrodynamic processing –3 s; 2 – 6 s; 3 – 12 s; suspension concentration – 100 g/L; flocculant A-150; flocculant consumption – 9 g/t
Figure 6 – Dependence of the efficiency of ultra-flocculation treatment on medium velocity gradient
	1 - Duration of hydrodynamic processing -3 s; 2 – 6 s; 3 – 12 s; suspension concentration – 50 g/L; flocculant A-150; flocculant consumption – 9 g/t
Figure 7 – Dependence of the efficiency of ultra-flocculation treatment on medium velocity gradient


The effect of EF dependence on the duration of hydrodynamic processing in combination with an increase in suspension concentration may be associated with the process of distribution of the flocculant throughout the volume of suspension. If suspension concentration increases, then the uniform distribution of the flocculant becomes more difficult and takes longer. If this time is still short, then the graph shows that the process can be accelerated by increasing the gradient of medium velocity (G). Hydrodynamic processing of the samples has shown the importance of the correct selection of the ratio between the hydrodynamic processing time and pulp density. It has been established that samples with a pulp density of 100 g/t should be processed at significantly lower gradients of medium velocity (500-1000 s-1), but for a longer time (12 s). Meanwhile, the suspensions with a relatively average density of 50 g/t have no problems with the uniformity of flocculant distribution, and the optimal speed and time of hydrodynamic processing for a given sample are 1000-1500 s-1 and 6 s, respectively. 
One of the advantages of ultra-flocculation treatment is the ability to obtain a cleaner overflow, compared to the conventional flocculation in laminar mode. Hence it follows that the use of ultra-flocculation treatment concerning the concentrated suspensions (100 – 50 g/L) makes it possible to achieve a cleaner overflow of the thickener at lower costs of the flocculant. Figure 8 shows the dependence of the residual concentration of mini-thickener overflow on the intensity of hydrodynamic processing (medium velocity gradient) in the ultra-flocculator. The dependence was obtained in the process of treatment of flotation tailings (100 g/L) with a solution of flocculant A-150 at consumption of 9 g/t. The presented graph shows that the best results (20-30 mg/L) are obtained when the intensity of hydrodynamic processing (averaged medium velocity gradient) is 500-1500 s-1. In the case of conventional processing (velocity gradient is 100-200 s-1), the residual suspension concentration in the overflow is about an order of magnitude higher and amounts to 150-400 mg/L.
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Concentration of flotation tailings suspension of 100 g/L, a flow rate of flocculant A-150 of 9 g/t, a processing time of 12 s
Figure 8 – Dependence of the residual concentration of solid in mini-thickener drainage on the average medium velocity gradient in the ultra-flocculator 
To show how the ultra-flocculation treatment beneficially affects the specific volume of the sediment and its fluid loss during filtration, Figure 9 shows the dependences of the moisture content of the sediment of the flocculated suspension after holding it on a grid for 5 minutes and then filtering on a Buchner funnel with the use of a vacuum pump at a pressure of 0.02 MPa for 2 minutes.
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Suspension concentration – 100 g/l, flocculant flow rate A-150 – 9 g/t, processing time – 12 s; sludge moisture: 1 - after separation on the grid; 2 - after filtration on the vacuum pump 
Figure 9 – Dependence of sludge moisture on the medium velocity gradient
Then, a Radwag MAC 210 moisture analyzer determined the relative moisture content of the samples under consideration. 
The graph clearly shows that the minimum value of the moisture content of the sediment before pressing is achieved at a medium velocity gradient G equal to about 2000 s-1, and the minimum moisture content of the filtered cake (about 31.3%) is achieved at G = 1000 s-1.

3.2 Development of an optimal regime for hydrodynamic processing of lead concentrate with the use of a laboratory turbo-flocculator for efficient thickening, filtration, and dewatering
In connection with the need to improve the technical performance of the concentration plants against the background of the complication of the composition of the processed ores, the importance of preparatory operations that accompany the main concentration processes is increasing.
The thickening process usually consists of increasing the concentration of the solid phase in the thickened product in comparison with the feed pulp and obtaining an overflow with a minimum concentration of solid particles, which is achieved by choosing acceptable thickening equipment, as well as the optimal coagulating and flocculating reagents. 
Various enrichment products are subjected to thickening: by-products are thickened to remove the water before further processing, concentrates are thickened before filtration, and tailings are thickened to obtain recycled water and reduce the volume of tailings [10]. 
The article [11] shows the problem of choosing a radial thickener for mining, metallurgical and other industries. The design parameters and the principle of operation of the radial thickener are considered and the features of the thickening process are described, providing the necessary information for the design and selection of the apparatus. The criteria for choosing such type of equipment are analyzed. The difficulties that arise when choosing radial thickeners for a specific process, associated with both the abundance of their names and some uncertainty in terminology and the lack of specific methods for assessing their processability, are described. It is noted that the use of coagulants and flocculants in thickening processes requires appropriate approaches to the selection of equipment and technology management.
The work [12] investigated the effect of several anionic flocculants on the degree of clarification of sludge waters during the thickening of flotation tailings of coal sludge from two coal preparation plants. A polymer flocculant that is effective in settling slurries of both mechanical and column flotation is proposed. 
The work [13] presents the results of studies of flocculation and flotation of fine pyrrhotite particles in the presence of a hydrophobic styrene-butadiene copolymer and partially hydrophobic polyoxyethylene with a molecular weight of 4 ppm. It is shown that the use of a hydrophobic polymer in combination with butyl xanthate increases the flocculation and flotability of the mineral. Polyoxyethylene has a weaker effect on flocculation and flotation of pyrrhotite sludge particles.
The process of flocculation of fine slime classes was studied on pulps prepared from lead-zinc ores [14], and it was determined that the rate of flocculation of solid particles with an aluminosilicate flocculant depends on the flow rate of the added flocculant and the amount of slime fraction. It was determined that the optimal amount of flocculant, which provides the highest rate of the thickening process of slime fractions, is a flow rate equal to 1.0 mg SiO2/g.
Work [15] studies the performance of the Raspadskaya Concentrating Plant on coal sludge processing by selective flocculation. A description of the process flow scheme for the processing of coal sludge is presented. The efficiency of the selective flocculation process is shown in comparison with flotation for KZh coal mined at the Raspadskaya mine. 
The study [16] considered the flotation of bituminous coal with the addition of polyethylene oxide (PEO). It was found that PEO deteriorates the flotation performance in tap water but significantly improves the flotation in sodium hexametaphosphate solution. In vitro sedimentation experiments, observed flakes and zeta potential analysis shows that sodium hexametaphosphate inhibits the flocculation of kaolinite, thereby allowing selective coal flocculation.
The article [17] presents the data of comparative studies of industrial flocculants, such as polyacrylamide and Besfloc flocculants, for intensifying the processes of thickening of flotation pulps of gold-bearing minerals. The research investigated the possibility of industrial replacement of polyacrylamide (base reagent) with Besfloc flocculants (K-4000, K-4020, K-4032, K-4041, K-4043, and K-4045) manufactured by KOLONLIFESCIENCE, INC (South Korea) since these flocculants are the closest in activity to the base reagent, as well as the choice of the optimal dosage of each of the investigated flocculants at the Gold Recovery Plant of Sovrudnik LLC. The results of the optimization of flocculant consumption are presented. A graphical representation of the dynamics of pulp sedimentation for various flocculants is presented. Besfloc K-4020 with a flow rate of 5 g/t and K-4034 and K-4046  with a flow rate of 3 g/t is recommended for industrial tests. 
The experimental results show [17] that a binary flocculant in the form of a composition similar to block copolymers of partially hydrolyzed polyacrylamide (PAA) and an amidoimide polymer (AIP) effectively thickens coal-clay dispersions and can be successfully used to clarify service water.
The work [10] describes the factors influencing the thickening, as well as the effect of clay particles on the sedimentation process. The gravity-driven thickening process is influenced by the mineralogical and granulometric composition of the material, particle shape, pulp pH, thickener design, etc.
Today, there are many studied methods for intensifying the thickening process, such as improvement of the design of thickening equipment; selection of the optimal type and consumption of flocculant; selection of the systems for stabilizing the quality of raw materials described above, etc. Our studies, to intensify the process of thickening of the products of concentration, used the so-called ultra-flocculation treatment of the suspensions under investigation. Ultra-flocculation differs from classical flocculation by using hydrodynamic suspension treatment modes, where the average shear rate (fluid velocity gradient) reaches several thousand rotation seconds. The use of such highly inhomogeneous hydrodynamic fields makes it possible, within a few seconds, not only to achieve a uniform distribution of flocculant macromolecules in the suspension volume and on the surface of flaky particles but also to form larger and more compact flakes. Besides, this approach can significantly reduce the processing time, as well as the consumption of the flocculant [7].
Our research used samples of Kemira acrylamide copolymers such as non-ionic polyacrylamides (N-100, N-300) and ionic anionic (A-150, A-150A) and cationic (C-494, C-498) types.
Anionic flocculants are copolymers of acrylamide with sodium acrylate with a molecular weight of about 14×106 and an anion charge of 53-63%. The molecular weight of the non-ionic polyacrylamide is also approximately 14106. Cationic flocculants (copolymers of acrylamide with methyl chloride dimethyl amino propylacrylamide) have a molecular weight of about 9106 with a cation charge of 27-39%.
To carry out laboratory studies to improve the process of thickening of enrichment products, samples of a suspension were prepared from the lead-zinc bulk concentrate of the Shalkinskoye deposit. The granulometric and elemental composition of the bulk concentrate is shown in Table 5.
The granulometric analysis of the bulk concentrate shows that 79.15% are represented by the 0-44 μm class. The content of the upper size class of +0.1 mm is insignificant and amounts to about 2.24%. It should be noted that due to the significant amount of the fine class in the sample, the processes of flocculation and sedimentation are complicated. In our research, we deliberately chose this type of model suspension intending to test the actual efficacy of ultra-flocculation treatment.

Table 5 – Granulometric and material composition of the bulk concentrate

	Size classes, mm
	Content, %
	Substance composition
	Content, %

	+0.1
	2.24
	Zn
	4.83

	-0.1+0.074
	5.15
	Pb
	16.75

	-0.074+0.044
	13.46
	Fe
	6.55

	-0.044+0
	79.15
	SiO2
	34.11

	
	
	Stot.
	15.95

	
	
	Other
	21.81

	Total:
	100
	Total:
	100


At the initial stage of the research, suspensions were prepared from the lead-zinc bulk concentrate of the Shalkinskoye deposit at a ratio of 150 g of solids per liter of water. For better wettability of the sample, the prepared suspensions were preliminarily mixed with an overhead stirrer before the ultra-flocculation treatment. Also, solutions were prepared from the investigated flocculants in preselected doses and volumes. The flocculant solution was prepared at a temperature of 60-70°C on a magnetic stirrer for 1 hour. 
The original device "UltraflocTester" manufactured by the Ukrainian company "Turboflotservice", was used as an intensifier of dewatering. The device includes a miniflocculator and an optoelectronic recorder of the efficiency of flocculation according to the average size of floccules and the degree of water clarification. This device is able not only to set the optimal type and dosage of the flocculant, but also to fix the optimal mode of hydrodynamic processing of a given suspension. 
The test sample of the suspension and the prepared flocculant solution continuously passed through the ultra-flocculator through a pump on the device, were mixed and processed in a hydrodynamic flow for 5 seconds. At the exit, the processed sample, passing through the optical sensor, was analyzed, and thus the efficiency of flocculation was determined. The principle of operation of the optical sensor is to recognize fluctuations in the strength of the flow passing through the sample. 
The control panel of the UltraflocTester (at a constant pulp flow rate of 1 cm3/s) provided the possibility to change a flocculant dosage, and by changing a rotor rate of the device, it was possible to regulate the intensity of hydrodynamic processing of the suspension (the average medium velocity gradient is 150 to 4000 s-1).
The results of comparing the efficiency of the flocculating action of non-ionic, cationic, and anionic polyacrylamides concerning the lead-zinc bulk concentrate showed the advantage of the non-ionic copolymer. Non-ionic flocculant "N-100" is the most preferable form among investigated forms. It was noticed that the chosen flocculant allows us to obtain significantly better flocculating action in comparison with other flocculants used. The used flocculant N-300 of non-ionic type and flocculant C-496 of cationic type are equally effective concerning the sample. The cationic flocculant C-498 showed weak activity, while the anionic flocculants A-150 and A-150A did not have a flocculating effect on the sample under study. It should be noted that the object of our laboratory research is presented mainly by lead, zinc, iron sulfides, and rock-forming mineral components. The non-ionic flocculant N-100 has a higher molecular weight and a suitable molecular structure for flocculation of the test pulp.
According to the laboratory experiment on the ultra-floccular processing of the sample, the graphical dependencies of flocculation efficiency on the consumption were plotted (Figure 10).
The optimal consumption of "N100", the most effective flocculant from the list, was 21-24 g/t. Other flocculants at the same dosage showed lower productivity. This flow rate ensures high purity of the overflows and the highest density of the thickened product. An increase in flocculant consumption led to a decrease in density, which is explained by the formation of very large flaky floccules forming very porous and loose sediment. The results of the study showed that the consumption of the reagent equal to 21-24 g/t is optimal and makes it possible to get the highest density of the thickened material.

Suspension concentration – 150g/L; gradient of medium speed – 1500 s-1; processing time – 5s
Figure 10 – Dependence of the efficiency of ultra-flocculation treatment on the flow rate of flocculant
The comparative laboratory tests also assessed sedimentation properties (Figure 11) of samples after ultra-flocculation treatment. The sedimentation rate was tested in a 250 ml cylinder. Samples processed with various flocculants at a flow rate of 24 g/t were taken for experiments in cylinders. Due to the worst efficiency concerning the pulp of the bulk concentrate, anionic flocculants A-150, A-150A were not used in these experiments. During tests in cylinders, flocculant N-100 also showed the best results in terms of sedimentation rate and overflow cleanliness. Based on the measured sedimentation rate of particles, sedimentation curves (Figure 11) allowing to select the preferred type of flocculant were plotted.

















Figure 11 – Dependences of the sedimentation time of the pulp after UF treatment 
As noted above, the ability to process a sample in a hydrodynamic mode is the main feature of the apparatus we used. Based on the data obtained, a graph of dependence of flocculation efficiency of the suspension on medium velocity gradient is plotted (Figure 12) It was found that for the suspension based on the bulk concentration of the Shalkinskoye deposit, the concentration of which is 24 g/L, the optimal value of medium velocity gradient lies in the range of 1300 to 1500 s-1.
The thickened product was filtered on a Buchner funnel with the use of a vacuum pump at a vacuum of 0.02 MPa, and the duration of the process was recorded.
The filtration rate can be represented as the volume of filtrate passing through a unit of filtering surface per unit of time:
	
	
 (1)



where, W is a filtration rate, m/s; V is a filtrate volume, m³; S is a filtration area, m2; τ is a filtration time, s.


Suspension concentration – 150g/L; processing time – 5s; flocculant – N-100; flocculant consumption – 24 g/t
Figure 12 – Dependence of the efficiency of ultra-flocculation treatment on medium velocity gradient
At the end of filtration, the cake was weighed and dried and weighed again; the moisture content of the cake was determined by the difference in weight before and after drying:
	
	
(2)


where q1 and q2 are the weight of the wet and dry cake, g
The results of the dewatering of pulps of the bulk concentrate of the Shalkinskoye deposit with the use of various flocculants and ultra-flocculation (UF) treatment are shown in Table 6.
Table 6 – Indicators of pulp dewatering after UF treatment and further filtration

	
Flocculant
	
Flocculant consumption, g/t
	
Flocculation efficiency
	Filtration rate, m/s
	Moisture content of the filtered cake, %

	А-150
	24
	2
	0.331741
	28.14371

	А-150А
	24
	1
	0.331741
	27.54491

	С-496
	24
	50
	0.398089
	24.8503

	С-498
	24
	22
	0.361899
	24.73054

	N-100
	24
	105
	0.442321
	23.9521

	N-300
	24
	51
	0.408297
	24.01198



Suspension samples treated with flocculants N-100 and N-300 were examined in transmitted light on an Olympus microscope at 40x magnification and photographed (Figure 13). 
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    а)							b)

a - bulk concentration of the Shalkinskoye deposit after treatment with N-100; b - after treatment with N-300
Figure 13 – Micrographs of the suspension based on the bulk concentration of the Shalkinskoye deposit 

A comparison of the photos of the samples shows the enlarged concentrate particles and makes it possible to evaluate the efficiency of the flocculating action of two flocculants.
3.3 Development of an optimal regime for hydrodynamic processing of zinc concentrate with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering
The processing of polymetallic ore from one of the deposits in Kazakhstan resulted in the obtained zinc concentrate.
The specified concentrate was dewatered in two stages: thickening (traditionally and by ultra-flocculation) and filtration.
To intensify the sedimentation process and reduce the loss of metals with thickener outflows, flocculants of various grades of anionic A-150, non-ionic N-300, and cationic C-494 types produced by Kemira of approximately the same molecular weight were tested under laboratory conditions. 
Based on the results of preliminary tests of various grades of flocculants, flocculant A-150 was selected, and all subsequent studies were performed. 
Laboratory experiments were performed on pulps with a base density of zinc concentrate of 46 g/L of solid. 
A 0.05% aqueous solution of a flocculant was introduced in 0.5 dm3 glass volumetric cylinders filled with the pulp to 500 mL at various values of its consumption. After thorough mixing of the pulp in the cylinders, a predetermined volume of flocculant was introduced, and after further mixing with a stirrer, a stopwatch was turned on, and the rate of settling of the interfaces between the solid and aqueous phases was monitored. 
As a result of the observations, the following indicators were analyzed: Sedimentation rate of products; the volume of thickened material; quality of the clarification of the aqueous phase, and the presence of a foamy product on the upper surface of the cylinder.
The original device "UltraflocTester" manufactured by the Ukrainian company "Turboflotservice", was used as an intensifier of thickening. This device is able not only to set the optimal type and dosage of the flocculant but also to fix the optimal mode of hydrodynamic processing of a suspension under study. 
The test sample of the suspension and the prepared flocculant solution continuously passed through the ultra-flocculator through a pump on the device, were mixed and processed in a hydrodynamic flow for several seconds (5 to 15 seconds). At the exit, the processed sample, passing through the optical sensor, was analyzed, and thus the efficiency of flocculation was determined. The principle of operation of the optical sensor is to recognize fluctuations in the strength of the flow passing through the sample. The control panel of the UltraflocTester (at a constant pulp flow rate of 1 cm3/s) provided the possibility to change a flocculant dosage, and by changing a rotor rate of the device, it was possible to regulate the intensity of hydrodynamic processing of the suspension (the average medium velocity gradient is 150 to 4000 s-1).
The results of comparing the efficacy of the flocculating action of non-ionic, cationic, and anionic polyacrylamides concerning zinc concentrate showed the anionic copolymer A-150.
Figure 14 shows the processes of sedimentation of zinc concentrate without a flocculant (curve 1) and with an optimal amount of flocculant A-150 (curve 2) and when using an UltraflocTester device with optimal hydrodynamic processing of 1500 s-1 (curve 3). The figure shows that the zinc concentrate suspension if without a flocculant, settles in 120 seconds, while a layer of foam up to 5 mm thick is observed on the upper surface of the volumetric cylinder, and the aqueous phase is visually turbid. When using the optimal dose of flocculant A-150, the deposition time is 35-40 seconds, the aqueous phase is clean, but a layer of foam up to 2 mm thick remains. In the presence of A-150 at an optimal dose of 25 g/t and a medium speed gradient of 1500 s-1 with treatment time in an ultra-flocculator of 15 seconds, the deposition time of the suspension is significantly reduced to 15-20 seconds. Here, it should be noted that the foam layer disappears and the sediment thickens 2-3 times.
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Medium velocity gradient of 1500 s-1 (flow rate 25 g/t); processing time in the ultra-flocculator is 15 seconds; concentration of zinc concentrate suspension is 46 g/L: 1 – without flocculant; 2 – A-150 (consumption 30 g/t); 3 – in the presence of A-150
Figure 14 – Dependence of the degree of clarification of the zinc concentrate suspension on the deposition time 
Flocculant А-150 is the most preferable form among investigated forms. The chosen flocculant allows us to obtain a significantly better flocculating effect in comparison with other used flocculants, which may be due to the greater flexibility of the polymer chain and the possibility of neutralizing the positive charges of the zinc concentrate suspension particles.
According to the laboratory experiment on the ultra-floccular processing of the sample, the graphical dependencies of flocculation efficiency on the consumption were plotted (Figure 15).
The optimal consumption of the effective flocculant A-150 was 25 g/t. Other flocculants showed less activity at the same dosage. At this flow rate, the purity of overflows and the highest density of the sediment was ensured. An increase in flocculant consumption led to a decrease in density, which is associated with the formation of loose sediment. One of the advantages of ultra-flocculation treatment is the ability to obtain a cleaner overflow, compared to the conventional flocculation in laminar mode. Hence it follows that the use of ultra-flocculation treatment concerning problematic suspensions of non-ferrous metal concentrates makes it possible to achieve a cleaner overflow of the thickener at lower flocculant consumption.
Figure 16 shows the dependence of the residual concentration of the overflow of the mini-thickener on the intensity of hydrodynamic processing (medium velocity gradient) in the ultra-flocculator, obtained in the process of processing of a zinc concentrate suspension (46 g/L) with a solution of flocculant A-150 at a consumption of 25 g/t.
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Flocculants: 1 – N-300; 2 – C-494; 3 – A-150; suspension concentration is 46 g/L; medium speed gradient is 1500 s-1; processing time is 15 s
Figure 15 – Dependence of the efficiency of ultra-flocculation treatment on the flow rate of flocculants
It was shown that the best results (35 mg/L) are obtained when the intensity of hydrodynamic processing is 1500 s-1. In the case of conventional processing (velocity gradient is 100-300 s-1), the residual suspension concentration in the overflow is about an order of magnitude higher and amounts to 250-600 mg/L.













Concentration of flotation tailings suspension of 46 g/L, a flow rate of flocculant A-150 of 25 g/t, and with a processing time of 15 s
Figure 16 – Dependence of the residual concentration of solid in mini-thickener drainage on the average medium velocity gradient in the ultra-flocculator 
The ultra-flocculation treatment of a zinc concentrate suspension in the presence of an optimal dose of flocculant A-150 not only increases the rate of sedimentation and compaction of the sediment significantly but changes the moisture content of the sediment after suspension dewatering by filtration. The results are shown in Figure 17. The sediment of the flocculated suspension in the presence of an optimal dose of flocculant A-150 without hydrodynamic processing of the suspension and after treatment with an ultra-flocculator was filtered on a Buchner funnel with the use of a vacuum pump at a pressure of 0.025 MPa for 3 minutes. Radwag MAC 210 moisture analyzer determined the relative moisture content of the samples under consideration. 
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1 – without hydrodynamic processing of the suspension on an ultra-flocculator; 2 – at a  medium speed gradient of 1500 s-1

Figure 17 – Dependence of the moisture content of the zinc concentrate suspension after filtration with a vacuum pump on the flow rate of flocculant A-150

It was found that without hydrodynamic processing of the suspension on an ultra-flocculator at a flow rate of flocculant A-150 of 30 g/t, the moisture content of the sediment is 22%, and with the preliminary treatment of the suspension at a medium speed gradient of 1500 s-1, the moisture content of the sediment decreases to 18%.
3.4 Large-scale laboratory tests of copper, lead, and zinc concentrates for thickening, filtration, and dewatering with the use of a laboratory turboflocculator
Thickening is the process of dewatering a pulp by precipitation of the solid particles it contains under the action of gravity. Here, two product yields: the upper product is a pure liquid phase or overflow with some solid content, and the lower product is a thickened product with a solid content of 40-60%. 
The larger the particles and the higher their density, the faster they settle. Fine particles with a low sedimentation rate, and clay minerals (kaolin, etc.) swelling in water and enveloping the surface of other minerals form a stable and poorly thickening suspension. Material finer than 0.1 μm practically does not precipitate (colloidal state). When liquid slurries are thickened, the particles precipitate faster. In this case, it is necessary to remove a larger amount of water, which, with the same solid performance of the thickener, increases the rate of ascending liquid flows and thereby increases the removal of fine solid particles into the overflow. Besides, the distances between particles are large in overly diluted pulps. As a result, the particles cannot grow larger. The optimal S:L for thickening is 1:6. If the solid particles of the pulp can stick together with a subsequent formation of aggregates, the thickening is more intense. This phenomenon is used in practice to accelerate the thickening of poorly thickened pulps consisting of fine particles. If hydrophobizing reagents (xanthogenates, soaps, and other collectors) are introduced into the pulp, the intermolecular interaction of water with minerals is weakened and the adhesion of particles (flocculation) is also facilitated. The introduction of high-molecular flocculating reagents into the pulp leads to the fixation of their ends on various minerals with the corresponding formation of solid aggregates.
2000 mL volumetric cylinders and an UltraflocTester device (Figure 2) were used to conduct comparative experiments on the flocculation of copper and lead and zinc concentrates.
If a suspension is placed in a cylinder and observed for some time, the following processes will occur (Figure 18). In the beginning, the solid phase is evenly distributed in the suspension (time point a). After a while, a turbidity boundary appears in the upper part of the cylinder, a boundary between the clarified water and the suspension. At the same time, spontaneous flake formation can be noticed. In this case, the individual movement of particles stops, and the entire suspension begins to settle collectively. At the moment (b), 4 regions (zones) appear in the cylinder: I – area of clarified water, IY – area of collective deposition, IYI – transition area, IV – compression area.
In the area of compression, the particles are in contact with each other. Here, there is a further very slow sedimentation and compaction of the sediment under the pressure of the newly settled particles. The border between IYI and IV areas is visually poorly visible. However, its existence is confirmed by pulp density measurements. As sedimentation proceeds, the turbidity boundary drops, and the compression boundary rises due to an increase in the thickness of the precipitate. 
At time point (c): the height of the collective deposition area decreases. At time point (d): the area of collective deposition disappears. The compression area constantly increases, and the transition area decreases and disappears over time. 
At time point (e): the turbidity border coincides with the compression border. If the sediment is left to stand for a long time, then it thickens (time point f). 
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Figure 18 – Processes occurring during deposition
The change in the sedimentation rate of suspensions of lead, zinc, and copper concentrates in the absence and presence of flocculant A-150s was evaluated as follows: a suspension of a certain concentration was placed in a 2000 ml graduated volumetric cylinder, a flocculant was added in a required amount, and after stirring, the movement of the suspension (transparent solution interface) was observed at different times. Based on the data obtained, the sedimentation rate of the suspension was calculated and the efficiency of the flocculating action of the studied reagents was determined. In parallel, experiments were performed using an UltraflocTester device. The data obtained are shown in Tables 7-9.
According to Table 7, in the presence of flocculant A-150 with a flow rate of 30 g/t, the highest deposition rate of zinc concentrate was 4.35 cm/s, which is 3 times higher than without a flocculant. In Tables 8 and 9, the highest sedimentation rates of the lead and copper concentrates are 4.66 cm/s and 4.82 cm/s at a flow rate of 45 and 40 g/t, which is 2.7 and 3.7 times higher than the sedimentation rate without flocculant, respectively. When using an ultra-flocculation method with a medium velocity gradient (G) of 500-1500 s-1, it was found that at G = 1500 s-1, the sedimentation rate of the suspension of zinc, lead and copper was 7.14, 8.67, and 7.51 cm/s  at A-150 flow rates of 25, 25 and 35 g/t, respectively. At the same time, the sedimentation rate of these suspensions is significantly higher than in the presence of a flocculant, while the consumption of the flocculant decreases from 10 to 30% (see Table 7-9).



Table 7 – Influence of flocculant A-150 on the sedimentation characteristics of a zinc concentrate suspension with a solids content of 46 g/L. 
	Sr.No
	Flocculation methods
	Medium velocity gradient (G), s-1
	Flocculant consumption, g/t
	Sedimentation rate, cm/s

	1
	Without flocculant
	-
	-
	1.5

	2
	With flocculant
	-
	15
	1.85

	3
	With flocculant
	-
	20
	2.18

	4
	With flocculant
	-
	30
	4.35

	5
	With flocculant
	-
	45
	3.5

	6
	With flocculant
	-
	60
	2.61

	7
	Ultra-flocculation
	500
	20
	2.89

	8
	Ultra-flocculation
	500
	25
	3.41

	9
	Ultra-flocculation
	1000
	20
	4.44

	10
	Ultra-flocculation
	1000
	25
	5.97

	11
	Ultra-flocculation
	1500
	20
	6.58

	12
	Ultra-flocculation
	1500
	25
	7.14


Table 8 – Influence of flocculant A-150 on the sedimentation characteristics of a lead concentrate suspension with a solids content of 65 g/L. 

	Sr.No
	Flocculation methods
	Medium velocity gradient (G), s-1
	Flocculant consumption, g/t
	Sedimentation rate, cm/s

	1
	Without flocculant
	-
	-
	1.7

	2
	With flocculant
	-
	15
	2.40

	3
	With flocculant
	-
	20
	2.84

	4
	With flocculant
	-
	30
	3.15

	5
	With flocculant
	-
	45
	4.66

	6
	With flocculant
	-
	60
	3.82

	7
	Ultra-flocculation
	500
	20
	3.47

	8
	Ultra-flocculation
	500
	25
	4.89

	9
	Ultra-flocculation
	1000
	20
	5.98

	10
	Ultra-flocculation
	1000
	25
	6.64

	11
	Ultra-flocculation
	1500
	20
	7.22

	12
	Ultra-flocculation
	1500
	25
	8.67


Table 9 – Influence of flocculant A-150 on the sedimentation characteristics of a copper concentrate suspension with a solids content of 54 g/L.

	Sr.No
	Flocculation methods
	Medium velocity gradient (G), s-1
	Flocculant consumption, g/t
	Sedimentation rate, cm/s

	1
	Without flocculant
	-
	-
	1.3

	2
	With flocculant
	-
	15
	1.94

	3
	With flocculant
	-
	20
	2.52

	4
	With flocculant
	-
	30
	2.95

	5
	With flocculant
	-
	40
	4.82

	6
	With flocculant
	-
	50
	3.77
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	7
	Ultra-flocculation
	500
	25
	3.67

	8
	Ultra-flocculation
	500
	35
	4.19

	9
	Ultra-flocculation
	1000
	25
	4.74

	10
	Ultra-flocculation
	1000
	35
	6.42

	11
	Ultra-flocculation
	1500
	25
	6.92

	12
	Ultra-flocculation
	1500
	35
	7.51


Continuation of Table 9
Thus, the results obtained make it possible to recommend pilot-industrial and industrial testing of the flocculant A-150 with the use of an ultra-flocculation method in those industries of Kazakhstan, that require thickening from finely dispersed and slurry products.

CONCLUSION
Executive summary
In the presence of mixtures of anionic and cationic flocculants, regardless of their composition and the order of introduction of components into the suspension, the particles acquire a negative -potential characteristic of particles that adsorb only the anionic flocculant. For mixtures of charged anionic and cationic flocculants, synergistic flocculating action is observed. With an increase in the amount of added mixture from 0.3 to 2.5 mg/g, the rate of flocculation and the size of the resulting floccules increase, while a further increase in the concentration of these mixtures to 3.0 and 6.0 mg/g causes a decrease in the size of aggregates. 
Studies on the thickening of a coal suspension with the use of base anionic and cationic flocculants produced by Kemira, depending on medium temperature and pH, showed that at a temperature of 10-15C, the flocculation process worsens. Heating the suspension to 30°C has a positive effect on the efficiency of the process; however, further heating is ineffective, since it destructs flocculants. It has been shown that the flocculation process does not occur in an acidic medium and proceeds less efficiently, while at pH8 of the suspension, the flocculation activity increases, and the moisture content of the sediment decreases.
The sedimentation and filtration characteristics of a model quartz suspension were investigated by the ultra-flocculation method. The quality of clarification of the aqueous phase after sedimentation of the suspension subjected to ultra-flocculation reaches a high value at G> 2000 s-1. If suspension concentration increases, then the uniform distribution of flocculant molecules over its volume becomes difficult, which can be compensated by an increase in G.
The ultra-flocculation treatment for 5 seconds at an intensity of 1000 – 2000 s-1 allows: to reduce the consumption of flocculant by 25-30%; to work with relatively concentrated flocculant master solutions (1-1.5 g/L) and use them without pre-dilution; to reduce the size of the station for the preparation of flocculant solutions by 1.5-2 times; to significantly increase (1.5-2 times) the throughput of thickeners; to reduce the residual solids content in the thickener overflow to a level of less than 30 mg/L. 
The use of ultra-flocculation treatment provides the following advantages in the recovery of finely dispersed coal by sedimentation in a radial thickener: decrease in the consumption of flocculants by 2.5-3.5 times; increase in coal concentrate recovery from tailings by 23-26%; reduction of the ash content of the concentrate recovered from tailings from 18 to 12%; reduction of the moisture content of the press filter cake of the concentrate extracted from tailings from 35 to 25%.
Among the considered flocculants of the Superfloc series, the anionic flocculant of grade A–150 is the most effective concerning the investigated samples of suspensions from flotation tailings. The consumption of this flocculant for a suspension with a solid concentration of 100 g/L was 9 g/t. 
It has been found that relatively dense suspensions of 100 g/L should be processed at medium velocity gradients of G = 500 – 1000 s-1 for 12 s, and suspensions with a relatively average density of 50 g/L should be processed at G = 1000-1500 s-1 in for 6 s.
The use of ultra-flocculation treatment for a suspension of 100 g/L for 12 s and intensity of G in the range of 500-1500 s-1 reduced the residual solids content in the thickener overflow to 20-30 mg/L. 
The dependence of the moisture content in the flocculated sediment after exposure on the grid on the medium velocity gradient has an extreme effect with a minimum in the region of G ≈ 2000 s-1. The dependence of the moisture content in the cake after filtration on a vacuum pump on the medium velocity gradient has an extreme effect with a minimum in the region of G ≈ 1000 s-1. 
The pulp from the bulk lead-zinc concentrate studied in the research contains fine and dissimilar fractions that are difficult to precipitate. In turn, these factors complicate the process of dewatering of these pulps. The optimal conditions providing acceptable thickening and filtration performance are as follows: flocculant – N-100; flocculant consumption – 21-24 g/t; medium speed gradient – 1300-1500 s-1; filtration rate – 0.44 m/s; the moisture content of the filtered cake – 24%.
It is shown that in the presence of flocculant A-150 with a flow rate of 30 g/t, the highest deposition rate of zinc concentrate was 4.35 cm/s, which is 3 times higher than without a flocculant. The highest sedimentation rates of the suspension of the lead concentrate are 4.66 cm/s and 4.82 cm/s at a flow rate of 45 and 40 g/t, which is 2.7 and 3.7 times higher than the sedimentation rate without flocculant, respectively. When using an ultra-flocculation method with a medium velocity gradient (G) of 500-1500 s-1, it was found that at G = 1500 s-1, the sedimentation rate of the suspension of zinc, lead and copper was 7.14, 8.67, and 7.51 cm/s  at A-150 flow rates of 25, 25 and 35 g/t, respectively. At the same time, the sedimentation rate of these suspensions is significantly higher than in the presence of a flocculant, while the consumption of the flocculant decreases from 10 to 30%.
Thus, the results obtained make it possible to recommend pilot-industrial and industrial testing of the flocculant A-150 with the use of an ultra-flocculation method in those industries of Kazakhstan, that require thickening from finely dispersed and slurry products.
Assessment of the completeness of the solution of objectives. The main difference between ultra-flocculation and conventional flocculation is that during ultra-flocculation treatment, 5-30 times more heterogeneous hydrodynamic fields are used. Such a regime of hydrodynamic processing allows, in a short time (5-7 s), not only to carry out a uniform distribution of the molecules of the high-molecular flocculant over the volume of the suspension and on the surface of the flocculated particles, but also to form large and, which is very important, dense floccules, providing a high sedimentation rate of the solid in thickeners and sediment fluid loss during filtration.
The ultra-flocculation method makes it possible to quickly assess the strength of floccules by measuring the dependence of flocculation efficiency on the medium velocity gradient (G) in a wide range. 
Recommendations and initial data on the specific use of research results. Assessment of the technical and economic efficiency of implementation
The results obtained during the implementation of the project will make it possible to develop a technology for the thickening and dewatering of beneficiation products by ultra-flocculation. The results of this project can be used to improve the thickening and dewatering processes at the existing concentrators in Kazakhstan.
Assessment of the scientific and technical level of the completed research work in comparison with the best achievements in this area. This development was performed at a modern scientific and technical level with the use of modern analytical and research equipment, based on the latest achievements in the theory and practice of thickening and dewatering of enrichment products.
Organizational and material and technical conditions for the research. Research work on the project was performed in the Laboratory of Flotation Reagents and Concentration. The team of performers, including 1 D.Sc. in Engineering, 1 Researcher, 1 Junior Researcher, and 1 Leading Engineer, has experience in the development of thickening and dewatering technologies for real flotation products. The project is provided with the necessary research infrastructure, particularly: production facilities, modern research equipment, access to sources of scientific and technical information. Research works were performed under the international standard ISO 10006 "Administrative quality management. – Guidelines for quality assurance in project management".
Institute of Metallurgy and Ore Beneficiation JSC has implemented a certified quality management system concerning research and development activities and personnel training for compliance with the requirements of ST RK ISO9001-2009 "Quality management systems" (Certificate of Conformity No. KZ 7500729.07.03.00578 dated 27.07.2016).
For the successful implementation of the project objectives, there are laboratory premises (520 m2) equipped with the appropriate infrastructure.
Patent and license provision of research provided by the relevant department of the organization at all stages of the project.
The organization has a chemical analytical laboratory and a laboratory for physical methods of analysis, equipped with modern analytical and research equipment.
Economic feasibility of the requested amount of funding for the research. Project costs include the following items: wages, deductions from wages (social tax, social insurance), travel expenses, purchase of materials, other costs (transfers, registration fees), maintenance of equipment and other fixed assets, organizational support.
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TECHNICAL SPECIFICATIONS AND WORK SCHEDULE

Under the Contract No. _____ dated ____________, 2017

1. CONTRACTOR

Institute of Metallurgy and Ore Beneficiation JSC

1.1 According to the priority: Rational use of natural, as well as water resources; geology, processing; new materials and technologies; safe products and structures.
1.2 According to the sub-priority: Beneficiation systems, complex recovery, processing of natural and technogenic ore raw materials. 
1.3 According to the subject of the project:: No. AP05133052 "Development of laboratory ultra-flocculation equipment of dynamic type and complex-forming flocculants for intensification of the processes of thickening and dewatering of enrichment products".
1.4 Total project amount: 30,200,000.0 (thirty million two hundred thousand) tenge, including with a breakdown by years, for work in accordance with Paragraph 3:
– for 2018 – 10,000,000.0 (ten million) tenge;
– for 2019 – 10,090,000.0 (ten million ninety thousand) tenge;
– for 2020 – 10,110,000.0 (ten million one hundred ten thousand) tenge.

2. Characteristics of scientific and technical products according to qualification features and economic indicators

2.1 Work direction: Development of applied research and work according to the priorities of forced industrial and innovative development.
2.2 Scope: Mining and processing enterprises.
2.3 Outcome:
– for 2018: Development of complexing flocculants for effective thickening and filtration of model enrichment products. 1 article will be published in a peer-reviewed national scientific publication with a non-zero impact factor (presumably, in the journal "Complex use of mineral raw materials", "KazNRTU Bulletin", "VKazNU Bulletin. chemical series'');
– for 2019: Development of laboratory ultra-flocculation equipment and its approbation for significant improvement of process parameters of thickening and filtration of model enrichment products. 1 article will be published in a peer-reviewed foreign scientific publication with a non-zero impact factor; 
– for 2020: results of large-scale tests of real enrichment products for thickening, filtration, and dewatering with the use of laboratory ultra-flocculation equipment. 2 articles will be published in peer-reviewed foreign scientific journals indexed in the Scopus database, with a non-zero impact factor (presumably, in journals "Colloid Journal", "Non-Ferrous Metals", and "Mining Journal").
2.4 Patentability: The results of the research are patentable.
2.5 Scientific and technical level (novelty) The novelty of the topic of this project lies in the development of a laboratory turbo-ultra-flocculator of a dynamic type, which makes it possible to significantly increase the speed and quality of thickening and dewatering of real products of ore and coal concentration. 
2.6 The scientific and technical products will be used by the Contractor.
2.7 Type of use of the results of research and (or) scientific and technical activities:
The results obtained will make it possible to develop new technology for the thickening and dewatering of enrichment products with the use of ultra-flocculation equipment.

3. Name of work, terms, and results
4. 
	Task and stage code
	Contract work and the main stages of work completion
	Work completion time
	Expected result

	
	
	Start
	End
	

	1
	Development of an optimal regime for thickening and filtration of model enrichment products with the use of base and complex-forming flocculants
	January 2018
	November 1, 2018
	Optimal modes of thickening and filtration and dewatering of model enrichment products with the use of basic and complex-forming flocculants will be established.

	1.1
	Investigation of the processes of thickening and filtration of quartz suspension with the use of base and complex-forming flocculants.
	January 2018
	March 2018
	The processes of thickening and filtration of quartz suspension with the use of base and complex-forming flocculants will be investigated.

	1.2
	Investigation of the processes of thickening and filtration of coal suspension with the use of base and complex-forming flocculants.
	April 2018
	June 2018
	The processes of thickening and filtration of coal suspension with the use of base and complex-forming flocculants will be investigated.

	1.3
	Investigation of the processes of thickening and filtration of a suspension of bentonite clay with the use of base and complex-forming flocculants.
	July 2018
	September 2018
	The processes of thickening and filtration of a suspension of bentonite clay with the use of base and complexing flocculants will be investigated.

	1.4
	Investigation of the processes of thickening and filtration of coal sludge suspension with the use of base and complex-forming flocculants.
	October 2018
	November 1, 2018
	The processes of thickening and filtration of coal sludge suspension with the use of base and complex-forming flocculants will be investigated.
1 article will be published in a peer-reviewed national scientific publication with a non-zero impact factor (presumably, in the journal "Complex use of mineral raw materials", "KazNRTU Bulletin", "VKazNU Bulletin. chemical series").


	2
	Development of an optimal regime for hydrodynamic processing of model enrichment products with the use of UltraflocTester for efficient thickening, filtration, and dewatering.
	January 2019
	November 1, 2019
	An optimal regime for hydrodynamic processing of model enrichment products with the use of UltraflocTester for efficient thickening, filtration, and dewatering will be developed.

	2.1
	Investigation of the influence of the hydrodynamic processing of quartz suspension with the use of UltraflocTester on the efficiency of thickening, filtration, and dewatering.
	January 2019
	March 2019
	The influence of the hydrodynamic processing of quartz suspension with the use of UltraflocTester on the efficiency of thickening, filtration, and dewatering will be investigated.


	2.2
	Investigation of the influence of the hydrodynamic processing of coal suspension with the use of UltraflocTester on the efficiency of thickening, filtration, and dewatering.
	April 2019
	June 2019
	The influence of the hydrodynamic processing of coal suspension with the use of UltraflocTester on the efficiency of thickening, filtration, and dewatering will be investigated. 

	2.3
	Investigation of the influence of the hydrodynamic processing of a suspension of bentonite clay with the use of UltraflocTester on the efficiency of thickening, filtration, and dewatering.
	July 2019
	September 2019
	The influence of the hydrodynamic processing of a suspension of bentonite clay with the use of UltraflocTester on the efficiency of thickening, filtration, and dewatering will be investigated.

	2.4
	Investigation of the influence of the hydrodynamic processing of a suspension of bentonite clay with the use of UltraflocTester on the efficiency of thickening, filtration, and dewatering.
	October 2019
	November 1, 2019
	The influence of the hydrodynamic processing of a suspension of bentonite clay with the use of UltraflocTester on the efficiency of thickening, filtration, and dewatering will be investigated.
1 article will be published in a peer-reviewed foreign scientific publication with a non-zero impact factor.


	3
	Development of an optimal regime for hydrodynamic processing of real enrichment products with the use of a laboratory turbofloculator for efficient thickening, filtration, and dewatering.
	January 2020
	November 1, 2020
	Optimal regimes for hydrodynamic processing of real enrichment products with the use of a laboratory turbofloculator for efficient thickening, filtration, and dewatering will be developed.

	3.1
	Development of an optimal regime for hydrodynamic processing of tailings with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering.
	January 2020
	March 2020
	An optimal regime for hydrodynamic processing of tailings with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering will be developed.

	3.2
	Development of an optimal regime for hydrodynamic processing of lead concentrate with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering.
	April 2020
	June 2020
	An optimal regime for hydrodynamic processing of lead concentrate with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering will be developed.

	3.3
	Development of an optimal regime for hydrodynamic processing of zinc concentrate with the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering.
	July 2020
	September 2020
	An optimal regime for hydrodynamic processing of zinc concentrate on the use of a laboratory turboflocculator for efficient thickening, filtration, and dewatering will be developed. 
2 articles will be published in peer-reviewed foreign scientific journals indexed in the Scopus database, with a non-zero impact factor (presumably, in journals "Colloid Journal", "Non-Ferrous Metals", and "Mining Journal").

	3.4
	Large-scale laboratory tests of copper, lead, and zinc concentrates for thickening, filtration, and dewatering with the use of a laboratory turboflocculator. 
	October 2020
	November 1, 2020
	Large-scale laboratory tests of copper, lead and zinc concentrates for thickening, filtration and dewatering with the use of a laboratory turboflocculator will be performed.



	From the Customer's side:

Chairman of the State Department "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"


_________________ B.S. Abdrasilov
Place of seal
	From the Contractor's side:

General Director – Chairman of the Management Board of the Institute of Metallurgy and Ore Beneficiation JSC

___________________ Kenzhaliyev B.K.
Place of seal 


Read and Understood:
Scientific supervisor of the project

___________________ Tusupbayev N.K.
       (signature)
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APPENDIX C
Review
on the Final Report for 2020 
Institute of Metallurgy and Ore Beneficiation JSC

On the subject: Development of an optimal regime for hydrodynamic processing of model enrichment products with the use of UltraflocTester for efficient thickening, filtration, and dewatering.
According to the project AP05133052: Development of laboratory ultra-flocculation equipment of dynamic type and complex-forming flocculants for intensification of the processes of thickening and dewatering of enrichment products.
Under the program: Grant financing of scientific research for 2018-2020
In the priority direction: Rational use of natural, as well as water resources; geology, processing; new materials and technologies; safe products and structures.
In specialized scientific direction: Beneficiation systems, complex recovery, processing of natural and technogenic ore raw materials.

The report contains 53 pages,  18 figures, 9 tables, 17 references.
In recent years, ultra-flocculation treatment has become more and more widespread in the technology of separating technogenic suspensions. The main difference between ultra-flocculation and conventional flocculation is that during ultra-flocculation treatment, 5-30 times more heterogeneous hydrodynamic fields are used. The efficiency of the use of flocculants in the processes of sedimentation and filtration separation of suspension phases largely depends on the regime of hydrodynamic processing of the suspension (medium velocity gradient) after the introduction of a flocculant solution into the suspension. Correct selection of the ultra-flocculation treatment mode allows to increase the sump productivity by several times and significantly reduce the suspended matter content in the overflow. It allows increasing the productivity of vacuum and belt press filters by 1.5-2 times and significantly reducing the consumption of expensive flocculants.
The ultra-flocculation method makes it possible to quickly assess the strength of floccules by measuring the dependence of flocculation efficiency on the medium velocity gradient (G) in a wide range. 
The purpose of the project is to develop an optimal regime for hydrodynamic processing of model suspensions and enrichment products with the use of UltraflocTester for the processes of thickening and dewatering.
The research novelty is the use of a laboratory ultra-flocculator of a dynamic type, which leads to a rapid combination of large and small particles directly in the process of floccule formation, ensuring their rapid sedimentation and a high degree of clarification of the aqueous phase in a short period. 
In the course of the project, the intensification of processes of thickening and dewatering of slurry tailings of the flotation concentration of the Zhezkazgan Concentrating Plant with the use of ultra-flocculation treatment was studied. Comparative tests of the flocculating effect of non-ionic, cationic, and anionic polyacrylamides showed that the anionic flocculant A-150 is characterized by the best flocculating effect: If optimal consumption of flocculant A-150 is 9 g/t, then flocculation efficiency reaches 96-97%.
Studies have shown that concerning suspensions of lead-zinc concentrate of the Shalkinskoye deposit, the flocculant "N-100" with an optimal flow rate of 21-24 g/t is the most preferable. It was found that the optimal value of the medium velocity gradient lies in the range of 1300 to 1500 s-1.
The results of a comparison of the flocculating effect of non-ionic, cationic, and anionic polyacrylamides concerning zinc concentrate showed the effectiveness of anionic flocculant A-150 at a flow rate of 25 g/t, which may be associated with greater flexibility of the polymer chain and the possibility of neutralizing the positive charges of the zinc concentrate suspension particles.
The use of ultra-flocculation treatment provides the following advantages in the recovery of finely dispersed coal by sedimentation in a radial thickener: decrease in the consumption of flocculants by 2.5-3.5 times; increase in coal concentrate recovery from tailings by 23-26%; reduction of the ash content of the concentrate recovered from tailings from 18 to 12%; reduction of the moisture content of the press filter cake of the concentrate extracted from tailings from 35 to 25%.
In general, the final report of Institute of Metallurgy and Ore Beneficiation JSC for 2020 under the grant "Development of an optimal regime for hydrodynamic processing of model enrichment products with the use of UltraflocTester for efficient thickening, filtration and dewatering" meets the requirements for reports in terms of the volume and novelty of the results obtained. The scope of work was performed completely under the schedule. 


Leading Researcher of the Laboratory 
of Synthesis and Physicochemistry of Polymers, 
Institute of Chemical Sciences named after A.B. Bekturov JSC 
D.Sc. in Engineering, Professor, Corresponding Member of the Russian Academy of Natural Sciences __________ Dzhumadilov T.K.
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APPENDIX D

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:
On the 12th question
Report of the Head of the laboratory of flotation reagents and enrichment, Doctor of technical science N.K. Tussupbayev «Development of an optimal regime for hydrodynamic processing of tailings with the use of a laboratory turboflocculator for efficient thickening, filtration and dewatering».

QUESTIONS:
Kozhakhmetov S.M.: Are there any interested companies on the topic of your project?
Kvyatkovsky S.A.: Do you have a patent for the ultraflocculator? Do you have the right to use the device?
Agapova L.Ya.: Рow do you imagine using your device in production?

DECISION OF THE SCIENTIFIC COUNCIL

The report on the AR05131425 project «Development of an optimal regime for hydrodynamic processing of tailings with the use of a laboratory turboflocculator for efficient thickening, filtration and dewatering » (Doctor of technical science Tussupbayev N.K.) 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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Tipuroxerme 1.2
x JlorosopyXe 20181
A rpANTOBOE GRAHCHpOBaNHE

TEXHHYECKAS CTIELHOHKAIMS H
KAJIEHJAPHBIH TUIAH PABOT

To norosopy Ne £ _ot _ U 05 2018 roza
1. HAHMEHOBAHHE HCTIOJTHHTEJIS!
AO (HcTHTyT MeTALIYprUH W 0foramenns»

1.1 Mo npnoputery: PaIOHATBIOE HCTOTH0BARKE NPHPOTHBIX, B TOM THCIE BOMHBIX
DeCypooB, TCOTOTMA, MepepaGoTKa, HOBME MATCHATH H TCXHOTOTHM, GC3ONACHSIC WIIETHS H
‘XOHCTpYKIIH.

1.2 Tlo noanpuopHTeTy: CHCTEMH 0GOTUICHIA, KOMIIEKCHOTO HIBTEHEHI, TIEpepasoTKH
IPHPOIIONO  TEXHOTCHHOTO PYAHOFO CHIpb.

13 Tlo Teme mpoexta: No AP05133052 «PaspaGorka naGopatopholi ymsTpadoky-
msomHOM  amapaTyps! mmaum KOO THIA B KOMIICKCOOGPASYIOUTAX (IOKYISINTOB A1
NTeHCHGKAIH IPOTIECCOB cmne " OGE3BOXHBARNS NPOYKTOB 0GOTAIICHHSD.

1.4 OGmas cysewa npoexTa; 30 200 000,0 (TPHUATS MHTHOHOB ABCCTH THCRY) TeHTE,
B Tow sHEAC ¢ pa3GHBKOf 10 Fo; wn ‘BLTIOTHEHHS PAGOT COFACHO MYHKTY 3:

- a 2018 rox - B cynm 000,0 (zeesTs MiMOROB) Texre;

- Ha 2019 101 - B cymwe [P 090 000,0 (AECATS MILTHOFOB /ICBAHOCTO THICAY) TeHre;

- 18 2020 roz - B eysve J0 110 000,0 (2€CSTs MALIHOHOB CTO ACCATS THics) TehTe,

2. Xapaxmepucmuxa Hay«so-mexnuneckoil npoOyKHuM 1o KeGIUPUKAKUORNbN.
"MDUSHAKM U IKOHOMUNECKIE NOKaIAMENU

2.1 Hanpasnenwe paGorss: PassiTie NpHKTAIMBX HCCTEIOBAHMH W paspaGoTOK 1O
TIPHOPHTTaM (OPCHPOBAHHOTO HILTYCTPHATSHO-HHHOBAITHOHHOTO PASBHTHS.

2.2 O6nacrs npmenesus: T0pHO-0GOTaTHT BHsIe TIpEAMPANTAS.

2.3 Konewmnil pesysrar:

- 32 2018 rox: pmpaborka KoMieKcooGpasyloUUX (MIOKYIRHTOB A1 ppeKTHBHOMD
CrymemHs 1 GUISTPAMH MOAETBHNX MPOZYKTOB oboramenns. Byner onySmaKopasa | cratss
B DCLCHIHDYCMOM OTUCCTRCHHOM MHOy(THOM HILAHWH C HEHYICBHM HMIAxT-paKTOpOM
(npeanonoxaensio, B xypuare «KOMIICKCHOE HCONBIOBAHHE MHHEPATHHOTO ~ CHIDSA,
Becranx KmsHHTY», «Becraik KasHY. Cepis xinriccxa);

- 3 2019 rox: paspabotka aGopatopuoi yrsTagOKyAORNO amnapaTyph
anpoGamis e /UIN CYMECTBCHHOTO yTyWIEHNS —TEXHONOTHYCCKHX NOKESATENCH CrymleRHs i
GWILTPAIH  MOZETBHBX MPOAYKTOB OGoramemmx. Bymer omyGmukosama 1 cratsx B
DELEHIHPYEMOM 3apyGEAHOM HayHOM HIIAHHN ¢ HCHYIEBHN HMIAKT-DAKTOPOM;

-3 2020 X peIMSTTS YKpyNWeNSX HCTBITANMH CYWCHHN, QRISTPAIEH K
OBe3BOXHBANMS  peATHHEX TPOIYKTOB OGOTALICHWS ¢ HCHOTSIOBAHHEM  71aGOpaTopHok
YAVTPAGIOKYIAUHONKOH ANMAPATYPSL ByIyT ONYGTHKOBAN 2 CTATSH B DELCHIMDYEMBX
3apyGEXHAX HaySHBOX HYIAHHAX, HEACKCHPYEMbIX B G43¢ JaHHBDX SCOPUS, C HEHY/ICBSIM HMIIAKT-
daxTopom (npeAonoKHTENBHO, B HypRATax (KomtoWBI KypRAD), «LlpeTHEE METALTH,
«Topasii Kypram).

2.4 TTaTeHTOCNIOCOGHOCTS: PE3YABTATS! HCCAE0BANHH NATEHTOCTIOCOGHSL,

25 Haywmo-Texmiseckili  ypobekb (HoBH3HQ): HOBHIHA TEMS GHHOPO mpOGKTa
saKmouaeTes B paspaboTke 1a6OPATOPHOTD TYPOOYASTPAGIOKYIATOPE  JHHAMMUECKOTO THI,
N0IBOTSIOIErO CYUICCTREHHO NOBBICTS CKOPOCT M KAWCCTBO  CTYIICHES H 0GCIBOXHBAHHS
PCATBHLIX POTYKTOB OGOFAIICHIS PYA H YIS,




image19.png
13

2.6 Mcnoms3osane Hayamo-TeXmiriecKof IpORyKus ocymecTansetes: Menommurenes.

2.7 BUR HCTOMS30BAINA PESyTSTATa Hay<HOM i (WIH) HAY4HO-TEXHiYeCKOM MEXTELHOCTH:
TlonydesIe pe3yNBTATS! HOIBOIT paspaGoTaTS HOBYEO TEXHOOTHIO CrYIIEHHA  OGCIBOKMUBAHIA
POYKTOB OGOTEIIERHS ¢ IPHMEHCHHEN Y ITPAPAOKYIAIHORKOH ANIAPATYPHL

3. Haumenosanue paGom, cpoKu ux peanusauuu u pesyasmam

Wingp Hanvenosanue paGor Cpox
banamix,| 10 JI0roBopy H OCHOBHELE BLINOTHCRIA Omnaensi pesyrsTar
srana Tl €0 BRIOMHEHHS Rawato | oKouvanme

T |PupaGorka  oumwwaisnoro| AmBaps | 1HOSOP | BYAYT YCTAHOBACHE OMTHMATS-
pexiva  crymemws | 20181 | 2018T. |ue pexuk crymemns u
o Tpam MOZETHHEX mnsTpamIH B oGesBoRMBAHE
npomykTon  oforamemnix ¢ MOJETBHBX nponyKToB
HOIOTHIOBAHMCM  GRsOBMX OGOTAMERIS ¢ HCMOTH0BAHHEM
KOMILIEKCO0GpasyIoIX Gasomsx K Kommiexco-
daoKynsHTOB. o6pasyiomx_rokyniuTon.

1.1 |Mccnenopanme TpOlleccoB| AHBApH MapT | BYIYT HCCHElOBaH TPOLECCH
crymemes m  pumtpamwn| 2018r. | 2018r. |crymemss w  dwmTpamam
cycemsui xvapua 3 cycrersmn xapua  ©
HCNOTEI0BAHHEM  GAIOBEX W HCNOMLOBAHMEM  GajBHX W
KoMILIeKCo0GpasyIomX KOMII/IEKC00GpasylomX
oKy SHTOB. oKy sHTOB.

12 |Mccncmosane TpOllcccon| amperh | WiomE | BYAYT HCCTSOBAHM HpOUECCH
crymewws  w  gwmtpawm| 2018r. | 20181 |orymewns M dwmtpamn
cycnessun yras c cycnensim yras ¢
HCOMBIOBAHMEN  GAIOBBIX HCONB3OBANHEM  GasoBkX 1
XoMIEKC00GpasyouIX KOMILIEKCO0GPasyIounIX
10Ky AIHTOB. §rokynsTOB.

13 [Mccnexosanue TpOIleccoB| OMh | CeHTAOPh | BYAYT HCCIENOBANM MpOUECCH
crymemus  w  Qwwpamu| 2018r. | 2018r. [crymemms  m  dwmtpamm
CycrensHH GeHTORHTOBOM TIHHE cycreHsHH GEHTORNTOBOH TMHS
© MemomiioBaHMEN GaloBHX H © MemommI0BANMEN GATOBHX W
KOMILICKCO0GPa3yIONIHX xoMmexcooGpasylonux.

0Ky TRHTOB. $A0KyATHTOB.

T4 [Mcenenosaue TIPOUCCCOB | OKTAGPS | 1 HOAGPA | BYAYT HCCICHOBANS TpOICCos!
crymemus  w  gwmtpamas| 2018r. | 2018r. [crymemms u  dwmTpawm
CYCHEHHH YTOTHAIX UUIAMOB C CyCTeH3HH YTOTHEX IITAMOB C
HCTOTS30BANMEM  GAI0BUX W HenoMsOBaNHEM  G@OBLX 1
KOMIIEKCO0GpasyloumX xoMTIEKc00GpasyIouIX
nokynsTOR. OKy1IHTOB.

Byner omyGuuxosana 1 crama
B PEICHIHPYEMOM OTEHeCTBCH-
HOM  HaYWHOM MMM ©
BeHyIcBHM  HMIAKT-$AKTOpOM.
(MPEANONOKHTENBHO, B KypHATE
«KowIieKcHoe  HeTonb3oBaiHe
HepatsHOro_Caipha», «Bect-
mux  KasHHTY»,  «Beoramx
KasHY. Cepus ximiseckas).

2 |Paspaborxa  OmTMarHOro| ammaps | 1 Ho%opa | ByAyT paspaboran onmuMaThisil
pemnva _ rwapomumaseckoif| 2019 | 2019t |pexind  rmmpommasmeckof
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OGpabori MOReTBHEN 0GpaGotkn MOZCTBHEIX
npoayktop  oforamerus ¢ npoxyktos  ooramenmi ¢
noMoIEI0 «VnsTpagnox noMoIEIO «Ymspagnok
Teerepy na sdexTHBHOCTE HX Tectepy ua pexTmHOCTE HX
crymerns,  Qumtpamn 1 crymenns,  QuisTpammE 1
oBespoxuBamA. oesBoHBanNS. B

20 |Vccieonanie imsis peokuMal sHB2Dh | MapT | BYeT HCCIGIOBaHO BamAHHe
rupommaeckoil obpaGorki| 20191, | 20197, |pexuva  rmpoMMHAMINECKOH
CYCIICH3MH KBapUa ¢ TOMOITHIO 0GpaGoTkIt CycnelsiH KBapiia ©
«VnstpacpnoxTecrepn ™ nomousio «Ynstpagox Tectepy
oexThpioCTE Ce Crymenns, Ha H(EKTHBHOCTS ce CryMeHNs,
ISTPALI H 0GE3BOKHBAHMS. | s Tpan 1 oGesBoXHBANIS.

22 |Mccnenobanne BIHANNS DOKHMA| GNP |  HIONb | BYICT HCCIGIOBaHO  mimamie
rizpommaMireckol o6paborku| 2019T. | 20197 |pesuMa  rHApomMHaMMecKoli
CycHeHsHH YDA C  TIOMONIbIO ofpaGoTkn cycniewwmn yras c
| Ymstpagnok  Tectepy  ma noMomsio «asTpagnok
odextummoct ce  crymenns, Tectepy Ha sexthpHocTs e
unsTpaty 1 oGesBoRHBANHL. | crymenns,  GuuTpamEH 1
| 1 obe3BoKHBaHHS.

23 | WcenenoBanMe BAWSHNA PeAHMMA| HMIOTh | CeHTAOPh |ByJeT HCCIEIOBaHO  BIAHHE
| rnpomHamueckol obpaGotki| 2019T. | 2019T. |pexHMa  IWIAPOMHAMMUECKOH
Cycnensiti GeRTOHHTOBOR TAiE 06paGoTK CyciieHs M GeHTOHH-
¢ moMomsio  «YisTpagok 00N CNMHEL G OMOUILO
Tectepy na oexTHBHOCTS €e «Vmtpagnox  Tectepy  Ha
crymenn,  QwisTpanm W odiexTuoCTs e crymenns,
obesmoxpas. usTpam 1 oBe3soRHBaIS.

24 |Viccacaopane BAWAMIA PeAMMa| OKTAGPS | 1 HOSOPA |BYAST WCCTCiOBaHO BiMsHHe
oA eckolt oOpaGoTki| 2019T. | 2019T. |peXiMa  THADOIMHAMHUECKOH
CYCTICH3MH YTOTBHEIX HUIAMOB C 0GpaGOTKM CyCTIEH3IMH YrOTBHEIX
noMolBIo «Yspadrok uamos < oMo |
Tectep» Ha hdexTuBHOCTE ee «Y asTpadnokTectepy ua|
crymenus, ubTpaIBH B sddexTHBROCTS €€ crymennd, |
s UALTpAH i 0GESBOXHBANHS

Byaer ony6nukosara | cTates B

pelieranpyeMOM  3apyBexoN

| Hay\HOM M3IEHWH C HCRYTICRBIM
B | HMDaKT-GaKTOpOY

3 [Paspaborxa OnTUMaTbHOTO| AHBaps | | HOAOPA |ByAyT  paspaGoTamel  omTh-
pexuva  ruapomwRaMwueckoi| 2020r. | 2020T. |MaTbHEle pexivel  THIPO-
0GpaGoTiH peabHAIX HPORYKTOB avieckoli 0GpaGOTKI peats-
oBoramernis ¢ HemOMs30BAHHEN RbX TIpOZYKTOB oGoramenit ¢
naGopaTopHOTO  TYPOODIOKY- HCTIOTb30BaHHEM TGOPATOPHOTO |

| tsropa ma odexTamnoCT KX TypSoguokyaTopa Ha e |
crymemas,  Qustpawm W TuBMOCTE WX CrymeHWs,
oGespomBass. unstpaus 1 oGesmorcsans. |

3.1 |PaspaGotka ONTHMATLHOTO | AHBADH Mapr | ByaeT paspaGoTan ONTHMATEHELT
peiMa  ruApomuRaMieckoli| 2020T. | 2020T. |pexmv  rHpoRMHaMMNGCKoii
OGpaGOTKH XBOCTOB Oforamerys 0GpaGoTH XEOCTOR OGoralLenHs
¢ ucnomssosamer  7aGopa- ¢ ucnomomammem  naGopa-
TopHoTO TypGoQrIOKyIHTOpR Ha Topuoro. TypGodMOKyIATOpa KA
oexThBHOCTE MY Crymenis, aeKTHBIOCTE X  Crymenns,
uIkTPAWIH K 0BeIBORHBANIS. puTETpaIH 1 0Ge3BOKHBAHNS.
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TByaer paspaboran ommmatssit

32 [Pwpaborsa  ommwamsmoro| ampems |  moms
pexava  rwipomsnaMieckoli| 2020r. | 2020r. |pexm  ruwapommaeckolt
o6padorkn canm0B0r0 oGpador cBmmIOBOrO
KOHUEHTPATa ¢ HCTOMSIOBAHHEN KOHUEHTPATa ¢ HCTOMSIOBAHHEN
‘naGopeToporo Typbo- naBopaTOpHOrO  TypGOQIOKYs-
roxynsTopa Ha HpexTBHOCTS Topa ma exTHn-HOCTE €0
ero. crymenns, QwrsTpan K crymemns,  GwmTpamH B
obespommpanis. oBessommsanms.

33 |Pawpaborka  omTHMamHOro| momh | cemtabph | byaer paspaGoran omtHMATsHAH
pexava  runpommamieckofl| 2020r. | 2020r. [pexuy  rwapomHaMmecol
o6padorkn Jro——— obpaBoTkm wanxoBoro
KOHIEHTPATa ¢ HCTIOMS30BAHHEN KOHUEHTPATa ¢ HCTOMS30BAMMEM
naGopatoproro ‘Typbo- HEBOPATOPHOO  TYPGOQIOKY -
roxyasropa na spdexTupHOCTS topa ma oddexruBHOCTS o
ero crymenns, dwimTpawm K crymemns,  Qwmamm K
pEm— oGespokmpas.

ByAyT onyGuKoBass 2 CTarsi B,
peuenpyenbx  3apybemabix
HAYSNX  WIINWAX, HHIEKCH-
pyessix B Gase Zammux Scopus,
P ——
(UpeamonoKHTETBHO, B KYpUA-
nax  «Komnowmmsii  xypHam,
«llperusie Meranmsy, « opsit
Kypam).

34 | Vxpynuenno-naGoparopusie | OKTAOps | | HOXOpA | ByAyT MposencHE yKpymHeHo-
ensTamks  mo  crymenmwo,| 2020r. | 2020T. | naGopaTopEMe MemTaMRR mO

[ ——

crymemmo,  Guistpa 1

MeaHoro, CBHHLIOBOrO " 06e3BOXHBAHMIO MeJHOro,
LMEKOBOTO  KOHUEHTPATOB  © CBMHIOBOO B FHKOBOTO
HeROk30BaTHEM NAGOPATOPHOIO. KomuenTpaTon ¢
TypoodiokynsTOpa. Hemom30BasHeN 1a50paTOpROTD,
TypOodaoKysTOpa.
O 3akaamka:

Tpencenaress IV «Kowuter Hayxs
Mujuemencgga oGpasopasns u Hayki PK»

Omakomsen:
Hayunsifi pyKosommen npoexta
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PELIEH3US
Ha 3aKTUATEeNbHbIH oT4aeT 2020 1.
AQ «MHCTHTYT METATYPIHE M 000TalleHHsD

ITo Teme: Pa3paGoTka ONTMMAIBHOIO peXHMa T'HIPOIMHAMHUYECKOH
06paboTKM MOJEBHBIX MPOAYKTOB OGOTAMIeHHs ¢ MOMOMBIO «YibTpaduiok
Tectep» Ha 3(HEKTUBHOCTS U CTYIIEHAS, GUIBTPALME 1 00e3B0XKUBAHUS.

ITo MPOEKTY AP05133052: Paspaborka 11aGopaTopHOit
yAbTpabIOKyISIMOHHOK annapaTypst JIMHAMHHECKOT0 THIA "
KOMILIEKCOOOpasyromux — (IoKyJIsSHTOB s HHTEHCHUKAIMH  TPOLECCOB
CTyIIeHHs ¥ 00e3BOXKHUBAHUS TPOIYKTOB 0GOTaIIeHHS.

Tlo nporpamme: I'panToBoe (HHAHCUPOBAHHE HAYHHBIX MCCENOBAHHMH Ha
2018-2020 rr.

[lo TpPHOPHTETHOMY HANpaBIEHHIO: PalHOHAIBHOE  HMCMOJIB30BaHKE
MPHPOIHBIX, B TOM YHCIE BOXHBIX PECYPCOB, TeOJIOrHdA, MepepabOTKa, HOBBIE
MaTepHabl X TeXHONOrHH, Ge30macHbIe H3eTHA H KOHCTPYKITHH,

ITo  cnenmanu3vpoBaHHOMY  HaydyHOMy  HampaBnesmio:  CucTeMsl
o0Oralenns, KOMIUIEKCHOrO —M3BIeueHus, [epepaGoTKUu  NPHUPOTHOTO U
TEXHOTEHHOIO PYIHOTO CHIPBS.

Oruer conepsxur 53 ctp. 18 puc., 9 Tabaun, 17 uCTOYHMKOB,

B nocneHue rozbl B TEXHOIOTHY CEMapalii TeXHOTSHHBIX CYCTICH3UH Bce
Gomee IIMPOKOE pAaCIpPOCTpaHEHHE IonyuaeT yisTpaduokyispHas oOpaboTka.
OcHoBHOe OTIMYHeE YIIbTPAdIOKYISIPHON TeXHOJIOTMH OT OOBIMHONM (IOKYyISALMK
COCTOHT B TOM, YTO IIPH YIBTPadIoKyIsApHOiT 06paGoTke Hemoms3yrores B 5-30 pa3s
GoJiee HeOXHOPOIHEIE THAPOIHHAMIYecK e 110151, DO EKTHBHOCTD HCHONb30BaHHUS
(IIOKYJIAHTOB B IIpoLEccax CeANMEHTAMOHHOM i QUITBTPALHOHHO# cenapanuu da3z
CYCNEH3MH B 3HAUMTEILHON Mepe 3aBHCHT OT PEXKHMA THUIPOIUHAMHYECKON
obpaGotkn cycrieHsnn (rpajueHTa CKOPOCTH Cpeibl) IOCIHe BBEJEHMS B Hee
pacTBopa ¢uokynsHTa. I[lpaBunbHblii nomGop pexuma yieTpadioKyIspHOM
00paboTKH I103BONSIET B HECKONLKO pa3 YBEAHYUTh IPOM3BOIHTETBHOCTD
OTCTOWHMKA ¥ CYIECTBEHHO CHU3UTh COJIEpKaHie B3BecH B cimae. OHA mo3BoseT
B 1,5-2 pasa yBenMYHTh IPOM3BOAMTEILHOCTS BAKYYMHBIX U JCHTOYHBIX Tpecc-
GUIBTPOB M CYHIECTBEHHO CHH3MTh MpPH 5TOM PACKOA  IOPOrOCTOSIIUX
oKy ASIHTOB.

Meron ynbTpapIoKyISUM MO3BOISET ONEPATHBHO OLEHHTb IPOYHOCTH
hrmoxyn mnyTeM u3MEpeHHs 3aBHCHUMOCTH 3((EKTHBHOCTH QUIOKYIALMH OT
rpajiienTa CKOPOCTH cpelis! G B IMPOKOM AHUara3oHe,

Ilenbio  mpoekTa  sBAAeTCS  paspaloTKa — ONTHMATIBHOTO  PeXuMa
THIPOJIMHAMUIECKOH 00pabOTKH MOZJENBHBIX CYCMEeH3HT 1 TIPOYKTOB 060rameHus ¢
WCNONb30BaHMeM ammapata "Yisrpadiokrectep” Ha Mpouecchl HX CryIUeHHS U
006e3BOXKHBAHHUS.

HoBusHa  TeMbl  3akmouaercs B NPUMEHEHHH  J1aGOPAaTOPHOrO
yIBTPAadIOKYJIATOPA AMHAMMYECKOTO THIA, KOTOPbI NPHBOIMT K OBICTPOMY
0ObeIVHEHNIO KDYNMHBIX M MEJKHMX YaCTHIl HENOCPEeJCTBEHHO B Mpolecce
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dopmupoBanus GIOKyn, uTO obecmeduBaeT MX OLICTPYIO CEIMMEHTALMIO H
BBICOKYIO CTENEHb OCBET/IEHUS BOJHOM (hasbl 38 KOPOTKUI MPOMEKYTOK BPEMEHU.

B xome BHIMONHEHHWS TNPOEKTa OBLIH MPOBENEHBI HCCIETOBAHUS TO
MHTEHCH(UKAIMH NPOLECCOB CryIIEHHs W 06e3BOXKMBAHMS XBOCTOBOH ITyJIbIbI
¢notauuonHoro oboramenns JKesxasrauckoii oGoraTurensHol abpuku ¢
HCTIONIB30BAHHEM  yIbTPaduoKyJIsuuoHHOH  06pabotku.  CpaBHHTENbHBIC
MCMBITAHUS  (DIIOKYIUpYONIEro JAEHCTBHA HEMOHOTEHHOTO, KaTMOHHOIO U
AHHOHHOTO MONHAKPHIAMUIOB MOKA3aIH, HTO AHHOHHBIN (IOKYIIHT «A-150»
XapaKTepu3yeTcsi JTydIuM (bIOKYMHPYIOIMM NEHCTBUEM: MPH ONTHMAlIbHOM
pacxoze duiokynsHTa 9 /T 3(deKTHBHOCTE GIOKYIsAIHE A0ocTHraeT 96-97%.

ViccnenoBaHus I[IOKasaly, 9T0 B OTHOIUGHHH CYCIIGH3U# CBMHIIOBO-
LMHKOBOrO  KOHIeHTpata  lllaikuHCKOro — MecTOpoXAeHHs  HauGornee
MPEATIOYTHTENBHEIM siBnsieTcs (hrokyrsHT «N-100%» mps onTuMansEOM pacxoze 21-
24 /1. BBIIO yCTAHOBIIERO, YTO ONTHMANILHOE 3HAYEHHE IPAJIACHTA CKOPOCTH CPe/bl
JIeXHT B quanazore 1300-1500¢™.

Pesynsratel cpaBHenus (IOKyaqupyromero AeHCTBHS HEHOHOTCHHOIO,
KaTHOHHOTO ¥ aHMOHHOTO IIONHAKPHIAMEZOB B OTHONIEHMH LMHKOBOTO
KOHIIEHTpaTa Moxasany () (eKTHBHOCTh IPUMEHEHH aHHOHHOTO (JIOKYJIAHTa A-
150 npu pacxome 25 r/T, 4TO MOXKeT OBITH CBI3aHO C OOJBIIEH THOKOCTHIO
[OJIMMEPHON LEMH M BO3MOKHOCTHI) HEHTPaTM3alHyi TONOKMTENBHBIX 3apsaIoB
HaCTHIl CYCTIEeH3HH IMHKOBOTO KOHIEHTPATA.

Hcnones3oBanue yabTpadaoKy/sipHOiT 00paboTKM JaeT HHKeCHemylolue
TIPEMMYINECTBA P U3BJICICHUH TOHKOIUCTIEPCHOTO YT METOIOM CEIMMEHTALIUM
B paaMalbHOM CryCTHTENE: CHIDKEHHe pacxofia (okyisHToB — B 2,5-3,5 pasa;
YBEIMYEHHE H3BJIEHeHNs YrOJABHOrO KOHIIGHTpPaTa H3 XBOCTOB Ha 23-26%;
YMeHBIIeHHEe 30/IbHOCTH KOHIEHTpAaTa, M3BIEeKaeMoro u3 XBocTos ¢ 18 mo 12%;
YMEHBIIEHHE  BIAXHOCTM  Mpecc-(pUIBTPAIlMOHHOTO  KeKa  KOHIEHTpaTa,
M3BIEKAEMOT0 U3 XBOCTOB ¢ 35 10 25%.

B muemom 3axmoumrensHeii ot4eT AO «MHCTHTYT MeT&UIYPTHH H
oGoramenus» 3a 2020 r. mo rpanty «Pa3paGoTKa ONTHMAIBLHOIO PEXHMA
THAPOMHAMHYECKOH 06paGOTKH MOJENBHBIX POYKTOB 0GOraleH s ¢ TOMOIIBIO
«YaeTpadgnokTecrep» Ha S(QQEKTHBHOCTh M CrylieHusa, OWIBTpaUMM |
06e3BOXHBAHKS IO 00BEMY W HOBH3HE IONY4eHHbIX Pe3yIbTaToB COOTBETCTBYET
TpeGOBaHUAM, IPEABIBIIEMBIM K oTd4eTaM. OGbeM paGoThl BHIIONHEH MOTHOCTBIO
B COOTBETCTBHH C KaJIEHAAPHEIM [UTAHOM.

I'naBHEIH HayYHBIH COTPYAHHK TaGopaTopuu
CHHTe3a U U3MKO-XHMHHU [IOIMEPOB, .
AO "MIHCTHTYT XHMHYECKHX y

Hayk uM. A.B. Bextyposa"
J.T.H., Ipod)eccop, WIeH- KOpp. PAEH / % Joxymaaunos T.K
£

o ot apiopuscols 4

s A0 HXH
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TTPUJIOKEHUE I'
BBINHCKA H3 IPOTOKOJIA N: 9

3acegaHns YdaeHoro copera AQ «MHCTHTYT MeTALTYPran i 060TameHnsD

r. AIMaTel
06.10.2020 r.

Mpeacenarens — Kemxammes B.K., Tenepanbrbii mupexrop — Tlpexcenarens [Ipaenenus
AO «MMuO», 1-p TexH. HayK. podeccop

Cexperaps — Temuposa C.C., pyKOBOIHTENE YIPaBICHHS HAYYHO-TEXHIHIECKHMH [POCKTAMH,
KaHJ. XHM. HayK

TpacyrereoBamn: 19 wienos YueHoro cosera H3 19 cHCOYHOrO cocTaBa.

TIOBECTKA JHS:

Paccmotpenne orgeToB 3a 2020 roj 1o IpoeKTaM, BBIIONHAECMBIM B PAMKaX rPanTOBOro
(HHAaECHPOBAHMA HayYHBIX HccienoBanmii Ea 2018-2020 rr.

CIIVIIAJIA:
Ilo 12-my Bompocy
Jloknax 3aseyromero naboparopueii doTopearenToB u oforamenns, A.T.H. Tycymbaera H.K.
«Pa3paboTKa ONTHMAIBHOrO PEXHMA THIPOMHAMIYECKON 06paboTKH XBOCTOB 0GOTAICHHS ¢
HCIIOIB30BaHHEM J1abopaTopHOro TypGoduokynaropa Ha 3((EKTHBHOCTE MX CTYIICHHSA,
UIBTPAIUH H 00e3BOKHBAHHUY.

BOITPOCHI:

Koowcaxmemoe C.M..: IMeroTcs M 3aMHTEPECOBAHHbIE [IPEANPHATHS 10 TEME BaIlero rpanTa’?
Kesmxoscxkuit C.A.: Ects nu marteHT Ha yaeTpadrokynstop? Ecte nm y Bac npaBo Ha
HCTIOTE30BAHUE JJAHHOI'O a.tmapaTa’?

Azanoea JI.A.: Kax BH IpeficTaBIIseTe IPHMEHEHHE BAlIEro aNapaTa Ha IPOH3BOICTBe?

PEIIEHHME YYEHOI'O COBETA

Oryer mo  mpoexty  AP05133052  «Pa3paboTKa  ONTHMAJIBHOTO  PEXHMa
THIPOIHHAMIYECKOH 00paboTKH XBOCTOB OCOTalleHHs ¢ HCHOIB30BAHHEM JabopaTopHOro
TypOodiokyiaTopa Ha S()QEKTHBHOCT, MX CIYIICHHsS, (QHIBTPAHH H O00E3BOKHBAHHS»
(may4HBIi pyKoBoMTeNb: 1.T.H. Tycyn6aes H.K.) yrepauts.

Tpencenarems —
T'enepabHBIl THPEKTOD —
Tpencenarens [pasnerns
AO «IMuO»,

JI-P TeXH. Hayk, mpodeccop Kemxamues B.K.

Cexperapsb —
PyKoBOJHTETb yIIpaBIeHAS
HAY4JHO-TEXHHYECKHMH IPOCKTAMH,

KaH]I. XHM. HayK Temuposa C.C.
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