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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
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METHODS OF CARRYING OUT FLOTATION PROCESSES

Abstract. Within the scope of work on separation of polymer waste by the flotation method, there has been
made a review of methods for carrying out flotation processes and the equipment used. There have been considered
the existing schemes for classification of flotation processes by objects, interfacial boundaries, design features of
flotators, aeration method, technological purpose, and there has been done the analysis of the completeness of
accounting for all characteristic features.

Based on the analysis done, there has been suggested the classification of flotation processes by the following
types: extraction of the valuable (target) component, type of the raw material, type of devices, process mode in the
apparatus, interfacial surfaces. Among the methods of flotation separation on interfacial surfaces, the phase foam
flotation is most widely presented in the industry. By the method of feeding gas to the liquid, flotation is divided into
pneumatic, pneumomechanical, cascade, ejector, vacuum, pressure, electrical, reagent and thermal.

Flotation devices are also proposed to be classified by type into trough (direct flow), chamber (cascade) and
column (tank) ones.

When choosing the most suitable flotation method for a particular task, it is necessary to take into account all
types of flotation and know the features, advantages and disadvantages of each of them. The suggested scheme for
classification of flotation processes lets us systematize and characterize completely most of the existing flotation
processes.

Keywords: flotation, classification, raw materials, concentrate, target component, process mode, interfacial
surface, aeration, equipment.

Introduction.Flotation as a method of mineral concentration is known since the 19th century. The
English inventor William Haynes was the first who patented the use of oil flotation on February 23, 1860
[1]. Flotation varies by objects, interfacial boundaries, design features of flotators, aeration method,
technological purposeand other characteristics [2—5].

Recently, the flotation process on the basis of various wettability is used to sort plastics. It is very
promising because of the simplicity of hardware design and reliability in operation. It can be used to
separate plastics with fairly close or equal densities. This requires the presence of surfactants and gas
bubbles in the working volume of the device.

The purpose of this article is to review the methods of carrying out flotation processes and the
equipment used, as well as to develop the flotation process classification scheme, ensuring the
completeness of accounting for all characteristic features.

Study methods. Each of the considered methods of carrying out the flotation process has its own
specific features of carrying out the studies.

Study results.

In the existing literary sources, there is a description of flotation types only by separate features. In
the mining encyclopedia [6] there is a flotation process classification scheme, shown in figure 1. But it
also does not contain a complete list of features and is difficult for perception.

— g2 ——
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P dioxide — L1

direct reverse

Figure 1 —Classification of flotation

Therefore, based on the literature data on flotation methods and their hardware design, the authors
proposed the most complete scheme for classification of existing flotation processes, shown in figure 2.

The proposed scheme includes the following types of classification. By the extraction of a valuable
(target) component, flotation can be direct or reverse; selective or collective. Direct flotation is an
operation, in which the extracted useful material is concentrated in foam [7-9]. If during flotation the
gangue is extracted into the foam and the concentrate is a chamber product, such flotation is called reverse
[10, 11].

During the flotation of ores with obtaining several concentrates, depending on the order of separation
of valuable components, there are distinguished selective and collective types of flotation. At the
beginning of flotation process development, there was used only separation of gangue and target
components, extracted into a collective (generic) concentrate with its following separation. Such flotation
is called collective. Later on, there were developed the methods of separation into several products with
the release of valuable components into various concentrates— so there appeared the selective flotation [12,
13].

Depending on the type of extracted material, flotation is divided into organic [10, 14, 15], mineral
[16] and ion [17-20].

Flotation separation is carried out on the following phase interfaces:

— liquid-liquid (oil and emulsion flotation);

- liquid-gas (film and foam flotation);

— liquid-solid (coagulation and flotation with a carrier).

Oil flotation consists in different wetting of separated particles by immiscible liquids, dispersed in
water in the form of small drops [15]. As a result, there are formed "particle — oil" complexes, floating to
the surface. In Mariupol (1904) such a process was applied for the purpose of graphite ore concentration.
Subsequently, this method was improved: the oil was dispersed to an emulsion, which made it possible to
extract fine tailings [21].
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During film flotation, the separated particles are poured from a certain height to the surface of the
working fluid [22-25]. Non-wetted particles are kept on its surface and separated as a concentrate, while
those wetted with water — sink and get into another product.

Oil and film flotation have low efficiency. Foam flotation is most widely presented in the industry.

Foam flotation is carried out in a three—phase medium "particles —liquid-gas", which contains
flotation reagents. The flotation principle is as follows. In an aqueous medium, the gas bubble and the
particle’s hydrophobic surface, the adhesion (adherence) of which to liquid is less than the cohesion
(repulsion) of liquid, come together. The water layer, separating them, reaches a certain thickness, at
which it becomes unstable and spontaneously breaks. Then the particle and the bubble stick together. Due
to the fact that the density of "bubble-particle" complexes is less than the density of liquid, they float to its
surface and form a foam product that is withdrawn from the flotation machine. Wetted particles do not
adhere to the bubbles, remaining in the volume of liquid, or settle to the bottom [26, 27]. This method was
first patented by brothers Arthur and Adolf Bessel (Germany, 1877).) [28].

The foam layer can be formed in two ways - when feeding gas to the liquid or when gas being
released from the liquid. Gas is fed to the liquid either forcedly under pressure (pneumatic and
pneumomechanical flotation), or with dynamic involvement (mechanical, cascade, ejector flotation).

By the method of feeding gas to the liquid, as a defining feature of classification of flotation
machines, there are distinguished the following methods of flotation [4]:

— pneumatic — flotation by gas bubbles, appearing, when gas is passed through porous aerators
(branch pipes, filters, porous plates, caps, etc.)[29, 30];

— pneumomechanical — flotation by bubbles, formed during dispersion of the compressed gas, fed by
mechanical agitators [31];

— mechanical — flotation by bubbles, drawn into the liquid from atmosphere, with intensive mixing of
liquid by various agitators [31, 32, 33];

— cascade — flotation by bubbles, drawn into liquid from atmosphere as a result of the jet of the same
liquid, falling into it from a certain height [34];

— ejector— flotation by bubbles, drawn into liquid from atmosphere as a result of the flow of a jet of
the same liquid at a high speed in a tube with a narrowing and air access gap [35, 36, 37].

Gas is separated from the liquid thermally, chemically (reagent or electroflotation) and by changing
the pressure (pressure, vacuum):

—vacuum — flotation by gas bubbles, dissolved in the liquid, which are released under vacuum [38,
391;

— pressure (compression) — flotation by bubbles, released at atmospheric pressure from oversaturated
under pressure solutions of gases in the liquid [40, 41];

— electroflotation — flotation by bubbles, arising in electrolysis, usually on the cathode [42, 43];

— reagent — flotation by bubbles, which are obtained as a result of the influence of acids or alkalis on
the liquid;

— thermal — flotation by bubbles, released from the liquid as a result of its heating above the boiling
point of the liquid, oversaturated with gas.

Reagent and thermal methods of flotation are very expensive and recently do not find a wide practical
application. There are also combined methods of flotation, in which the liquid is aerated in several ways
[44—46].

In machines of mechanicaltype, air from the atmosphere is sucked due to the mechanical action of the
mixer-aerator blades on the pulp. Strong mixing in the chamber creates the pulp turbulent flows in it. The
pulp has a horizontal circular motion around the impeller shaft and a vertical circulation. Large air
bubbles, trapped in the working fluid, are broken by a stirrer and pulp flows into small bubbles.
Mechanical floatation is characterized by a variability of air suction with time, high power consumption,
strong agitation of the pulp.

The specific feature of pneumomechanical flotation devices is that in such devices the impeller
rotates only to hold the particles in suspended state and to disperse the air, supplied to the device from the
blower, which makes it possible, in comparison with mechanical flotation devices, to ensure constant air
flow in the device regardless of the wear of aerators. With this method, strong mixing of the pulp is
carried out too.
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Pneumatic flotation is characterized by the design simplicity, low cost (no impellers, pumps are
needed). However, it is characterized by frequent clogging of aerator holes, the difficulty of uniform
aeration. The efficiency of pneumatic flotation depends on the holes and material of the aerator, pressure
and air flow, duration of the process, depth of liquid in the apparatus [47]. The low efficiency of
separation is determined by the fact that when air is supplied through aerators, there are appearing large
bubbles (1-3 mm) [48]. However, currently there are developed the aerators, providing a fine aeration (up
to 0.3 mm). With such aerators there are equipped modern flotation devices with pneumatic aeration [49],
and their use in pneumatic flotators increases the efficiency.

Gas separation from the solution with changing the pressure is applied for liquids that contain very
small particles. This possibility was grounded by Klassen [50]. In this case, bubbles appear on the surface
of the particles. This is done, in accordance with Henry's law, by reducing the solubility of gas in liquids
with a decrease in pressure. The essence of the method is in formation of an oversaturated gas solution in
the liquid. When pressure is released, from the solution there begin to separate the gas bubbles, which
float hydrophobic particles. There are distinguished vacuum and pressure types of flotation.

By the method of vacuum flotation, the liquid under atmospheric pressure is saturated with air in the
aeration chamber, and then transferred to the flotation unit, where the vacuum pump maintains the vacuum
of 30-40 kPa. The bubbles released in this case float part of the dispersed particles to the surface. The
advantages of vacuum flotation are that the process is carried out in a still medium, the possibility of
destruction of flotation complexes is minimal and energy costs are low. The disadvantages of vacuum
flotation include a limited by small pressure difference amount of liquid saturation with gas. This limits its
application to separation of suspended particles with a concentration of up to 0.3 kg/m’. One more
disadvantage of vacuum flotation is the presence of sealed reservoirs with scraper mechanisms, which
causes certain structural and operational difficulties.

Pressure flotation devices are more common than vacuum ones. Pressure flotation makes it possible
to separate the material with a concentration of suspensions in liquid up to 5 kg/m’. They are simple and
reliable in operation. The saturation of liquid with gas occurs at elevated pressures in pressure tanks. The
flotation unit operates at atmospheric pressure in this case. The solubility of gas in it decreases, and in the
entire volume there are released the bubbles, which collide with the particles and float them.

Electroflotation is a process of separation of particles, suspended in liquid, by gas bubbles of
hydrogen and oxygen, released during electrolysis. This method has distinctive features, which at the same
time are its advantages. During electrolysis the finely dispersed gases are released [S1, 52]. The bubbles of
electrolysis gases are the same in size, they are little inclined to coalescence and during their residence in
liquid they retain their diameters.

Electroflotation is a complex hydro-mechanical and electrochemical process. The speed and
efficiency of this process is significantly influenced by the density of the electric current. The most serious
drawback of the electroflotation separation method is that as electricity passes through the liquid, salt
deposits occur on the electrodes, which can provoke a complete stop of the process. The electrodes work
more effectively in an acidic medium. Uneven gas release on the electrodes leads to the concentration of
bubbles in certain areas of the flotation device. Because of this, it produces the undesirable circulation of
liquid [53, 54].

The process of electro-flotation, apparently, will not receive widespread adoption in large-tonnage
production. This is primarily due to the low performance of electric flotators, as well as their instability,
caused by the latch-up of the interelectrode area [55, 56].

Flotation devices are also classified by type to trough (direct-flow), chamber (cascade) and column
(tank).

Flotation devices of a trough type have a form of a bath, stretched in length. The working fluid is
supplied from one side and goes out on the other side together with the sludge. The foam is taken along
the entire length through the side boards into the troughs (usually by gravity). The height of the working
fluid is regulated by the intensity of discharge.

Chamber [57] flotation devices consist of separate chambers, with one or more aerators used in each
of them. Among the features of chamber machines there are: the need to adjust the height of the working
fluid in each chamber; lowering the level of the working fluid along the machine, due to which in each
chamber there are different heights of foam threshold and foam scraper blades.

Flotation apparatuses of column type [2, 58-81] are vertical tanks of different sections (round,
elliptical or rectangular). The foam product is removed from the top and the sediment - from the bottom of
the column. Power is supplied most often to the middle part of the column.
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Flotation in the column apparatus is carried out with the counter-current movement of the bubbles and
the working fluid. The liquid is discharged through the discharge pipe at the bottom of the column, and
bubbles float towards it. On the surface of liquid they form the foam, which is withdrawn at the top of the
column. The speed of the working fluid should be less than the relative speed (float) of the bubbles. The
high velocity of liquid can result in the accumulation of bubbles, their coalescence and the release of gas
locks.

The flotation column is smaller in size than other flotation units of the same capacity; it is generally
free of moving parts, which reduces the energy consumption and maintenance costs. The main difficulties,
arising during the operation of column apparatus are associated with clogging of aerators [81].

Chamber machines can be of mechanical and pneumomechanical types, trough machines — of any
other types, column machines - of a pneumatic type only.

The mode of motion of bubbles and particles is a significant factor, affecting the possibility of
flotation complex formation, flotation intensity and energy consumption of the process. The probability of
collision of a bubble and a particle, as well as the formation of a flotation complex depends on the relative
speed of their movement, the duration of contact and the forces of inertia. By the mode of movement of
phases in the machine, flotation is also divided into numerous types: pressure, vibration, pulsation,
centrifugal, etc. In this work we’ll consider only those modes of movement of phases, which are most
commonly found in the basic designs of flotation machines.

In mechanical and pneumomechanical machines the nature of liquid and solid phases’ motion is
similar to perfect mixing. This is necessary to maintain the suspension in a suspended state, to disperse the
bubbles and increase the time they stay in the working volume of the apparatus. However, intensive
mixing can cause the destruction of the bubble — particle complex due to the inertia forces, especially
during the flotation of large particles [2]. In addition, the use of the impeller reduces the efficiency of the
flotation unit, since a significant part of the energy is used to maintain the working medium in a suspended
state, which is not directly related to the flotation process.

The counter-flow of the working fluid and bubbles in the column apparatus reduces the speed of the
constrained (group) motion of bubbles, which increases their residence time in the working fluid, the
efficiency of gas use and the specific productivity of the flotator. In the column, the forces of inertia are
insignificant due to the absence of mechanical devices and low turbulence of flows.

As it can be seen from the listed types, flotation is a complex and multi-faceted process. When
choosing the most suitable method of flotation for a particular task, it is necessary to take into account all
types of flotation and know the features, advantages and disadvantages of each of them. The suggested
scheme for classification of flotation methods lets us systematize and characterize completely most of the
existing flotation processes.

Conclusions.There have been made a review and analysis of methods for carrying out flotation
processes and the equipment used. The existing schemes of classification of flotation processes do not
contain a complete list of features and are difficult for perception.

There has been suggested the classification of flotation processes, the main components of which are
the methods of extraction of a valuable (target) component, the type of raw materials, the type of devices
used, the process modes in the apparatus, the interfacial surfaces used. The suggested scheme for
classification of flotation methods lets us systematize and characterize completely most of the existing
flotation processes.

Foam flotation is noted as a method, most widely used in the industry. There have been considered
the designs of flotation machines.
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! Benopycckuii rocy1apCTBEHHBIN TEXHOIOrHUECKHUil yHuBepeuTeT, I.Munck, benapycs
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OJIOTANUAJIBIKITIPOHECCTEPALKYPI'I3YOAICTEPI

AnHotanusi. DnoTtauusi apKpUIbl TOJUMEPIIK KalJIbIKTap/bl Oejin mibiFapy OOMBIHILA JKYMBICTAP/IbIH
meHOepinae (GIOTauMsUIBIK YPIICTEPAl JKOHE KOJNJAHBLIATBIH KAOABIKTBI JKYPri3y OIICTEpiHE MIONY >Kacajbl.
Heicannap, ¢azaapansik miekapa, ¢uioraTopiapibslH KOHCTPYKTHBTI Oenriiepi, ajspauusuiay Tociiaepi, TEXHO-
JIOTHSUIBIK TaFaiibIHay1apbl OOWBIHINA KOIJAHBICTAFb! (MIIOTAlMSIIAY MPOLIECCTEPIHIH KIacCH(PUKAIMSIBIK CYJI0aChI
KapacThIPBUIBI XKOHE OJIapFa TOH OapJIbIK OCNriIep Il €CeNKe aIbIHbIN TaJJaHIbL.

XKyprizinren TannayaaH Keiin ¢uioTaiys NpoLecTepiH Kejeci THITep OOWBIHINIA JKIKTEY YCHIHBUIAIBL Oarajibl
(MakKcaTThl) KOMIIOHEHTTI aily OOMBIHIIA, IIHUKI3aT Typi OOMBIHINIA, KYPBUIFBUIAP.IBIH TYpl OOWBIHILA, annapaTTapiarsl
npouecTiH OoibIHIIA, (a3zaapanslk O0errep OoiibiHmIa. Pazanapasl OeTTik OoibIMEH OenymeH (roTanuoHIsl 0oy
ozicTepiHiH imiHAe KeOIKTi (uioTanys eHEepKacinTe KeHiHEeH YChIHBUIFaH. ['a3/1bl CYHBIKTHIKKA Oepy Tociii OolbIHIIA
(rroTanys THEBMATHUKANBIK, ITHEBMOMEXaHUKAIIBIK, KACKAIThI, 3)KEKTOPIIbI, BAKYYMJIbl, KbICHIMIIBI, AIEKTpodIoTa-
IUSUTBIK, PEareHTT] )KOHE TEPMUSIIBIK OOJBIN OeTiHe .

OoTaUIIBIK ammaparTap TUMI OOWBIHIIA JKIKTey (TiK CBI3BIK), KaMepalbl (Kackaxm), OaraH (mmaHma) OOHBIHIIA
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