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ABSTRACT: Today, flotation is becoming increasingly important, since using this method it is possible to enrich 

various metal ores, purify wastewater from various oil and fat and suspended solids, as well as in other industries to 

solve a number of important processes. Available data show that flotation processes are based on different wettability 

properties of the surface of materials. In this regard, this review is aimed at the study of flotation reagents, their purpose 

and classification. The mechanisms of adsorption of flotation reagents on the surface of minerals are analyzed. 
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I. INTRODUCTION 

 

At present, the term flotation is often found in the scientific and technical literature, which is used to purify 

water from organic substances and solid suspensions, separate mixtures, and accelerate settling in the chemical, oil 

refining, food, and other industries. Flotation is one of the main technological processes for the enrichment of most 

minerals, due to the separation of mixtures of fine particles [1, 2]. Flocculation processes have been successfully used 

in ore dressing processes for a long time and probably the greatest theoretical and practical experience has been 

collected in this direction. Selective flocculation is the most promising method for concentrating and enriching minerals, 

separating especially valuable substances from natural raw materials [3]. 

The method of flotation enrichment of minerals is one of the most common processes that obey the laws of 

colloidal chemistry. Today, the method is becoming increasingly important, since it is its use that contributes to the 

enrichment of non-magnetic and finely disseminated ore with a complex material composition, which is not enriched 

by other classical methods [4]. 

Flotation contributes to the solution of a number of important problems related to: the expansion of mineral 

resources due to the possibility of bringing into operation a deposit of low-grade complex ores; complex use of 

polymetallic ores; sludge enrichment [5]. 

The use of the flotation process is continuously expanding. In terms of the quantity and variety of processed 

raw materials, flotation ranks first among other technological enrichment processes. The first data on the use of 

flotation in enrichment processes are given in a Persian manuscript dating back to the 15th century. These instructions 

provided for the mixing of raw materials with oil, followed by mixing with water, which promotes the separation of 

particles coated with oil and particles that are selectively wetted with water [6]. This type of flocculation was known as 

oil flocculation, and W. Hynes (Great Britain) was issued patent No. 488 for it in 1860 [7, 8]. However, the efficiency 

of this flotation method was underestimated due to the consumption of significant amounts of oil substances. 

A. Nibelius (USA, 1892) and A. McQuisten (Great Britain, 1904) developed another type - film flotation, 

based on the ability of hydrophobic mineral particles to stay on the water surface, while hydrophilic particles sink in it 

[9]. At present, the above methods of flotation are practically not used. 
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II. SIGNIFICANCE OF THE SYSTEM 

 

Currently, the most common flotation method is probably froth flotation, with the help of which more than 1 

billion tons of rock mass and more than 20 types of ores are enriched worldwide every year. According to literary 

sources, the first patent for this method is known, which was issued to Adolf and Arthur Bessel (Germany, 1877). 

According to this, the graphite particles fixed on the gas bubbles formed during the boiling of the suspension (pulp) 

float to the surface, due to which it is released from the separation zone. Today, froth flotation is carried out by 

supplying gas to flotation plants. There are numerous theoretical data explaining the nature of the formation of foams 

and their stability from the size of the components of the system [10], from the presence of reagents of the so-called 

foaming agents [11], etc. This type of flotation has been described as the single most important operation used to 

extract and enrich sulfide ores . The development of froth flotation has improved the recovery of valuable minerals, 

since copper and lead from natural minerals. It not only ensured the complete mechanization of mining, but also made 

it possible to cost-effectively recover valuable metals from ore with a lower content of the main element than before. 

To date, such modifications of froth flotation as vacuum, flotation gravity, ionic, electroflotation, flotation with CO2 

release, froth separation, etc. are known [12]. 

The study of methodology is explained in section III, section IV covers the experimental results of the study, 

and section V discusses the future study and conclusion. 

 

III. METHODOLOGY 

 

The flotation process is used to separate large quantities of oxide, sulfide and carbonate minerals before further 

purification. Phosphate minerals and coal containing raw materials are also cleaned using flotation technologies. 

Despite the advances made in these areas of production, numerous scientific studies continue to improve flotation 

processes for the treatment of minerals. Thus, the problems and prospects for the processing of fine particles are studied, 

methods for optimizing the processes of enrichment of sulfide mineral raw materials and their stability, as well as the 

state of their surface in aqueous solutions and pulps, the mechanism of oxidation and formation of chemical compounds 

for various flotation conditions are given [13]. 

The results of the redox interaction of the components of sulfide pulps are analyzed. The kinetics of oxygen 

uptake by sulfides and their mixtures in solutions of modifiers has been studied. The concentration influence of iron on 

the processes of pyrite and sphalerite flotation was determined. The activating effect of copper cations on sphalerite 

was established [14]. 

The authors of [15] study the effect of pulp oxidation with live steam on the parameters of zinc flotation. As a 

result of the research conducted by the author, it was found that heating the pulp before the operations of the main and 

first refining flotation allows increasing the extraction of zinc into the final concentrate from 73,9 to 78,5%. 

The results of enrichment by means of flotation of mineral copper-zinc [16], copper-lead-zinc [17], copper-

molybdenum [18], copper-iron [19], gold-bearing [20], containing precious metals [21] are presented. 

One of the flourishing areas of flotation methods can be seen in wastewater treatment plants of various 

industries, where fats, oils and suspended solids are removed from wastewater using this method. These units are called 

dissolved air flotation units [22]. In particular, flotation in this case is used to remove oil from wastewater from oil and 

gas processing plants, petrochemical and chemical industries [23, 24]. 

As another industry that cannot do without flotation enrichment, the paper processing industry can be shown. 

Froth flotation is one of the processes used to recover already recycled paper. The goal is to release and remove 

hydrophobic contaminants from recycled paper. The pollutants considered are mainly printing inks and some sticky 

materials [25]. 

It is well known that flotation is carried out due to the adsorption of air molecules on the mineral particles of 

the components under the influence of substances called "flotation reagents". The course of the flotation enrichment 

process and its result are largely determined by the reagent regime of flotation, i.e. assortment, type and method of their 

application. This mode is mainly determined by the physicochemical characteristics of the mineral, the degree of its 

dispersion, as well as the conditions for finished products [26]. 

In the flotation process, for the best enrichment result, several flotation reagents are usually used, the actions 

of which are interconnected and depend on the concentration of each of them. Therefore, the excess consumption of 

one reagent necessitates an increase in the consumption of other reagents, and in excess of an increase (or decrease) in 

their concentration can lead to a deterioration in the technological performance of the entire process. Experiments have 
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shown that the lowest possible consumption of reagents provides lower costs for the processing of mineral raw 

materials and better results of the enrichment process. Despite the accumulated theoretical and practical experience, the 

required amount of reagents is always determined using laboratory flotation experiments, and is specified under 

industrial conditions for each mineral raw material [27]. 

The activity of flotation reagents is influenced by various physical processes, since supply of a reagent (in a 

vapor state or in the form of an aerosol) ultrasonic, thermal treatment and chemical processes, because electrochemical 

oxidation, bacterial treatment, mixing of different reagents, etc. Basically, these measures are used to improve the 

technical and economic indicators of the process as a whole [28]. 

The intended purpose of flotation reagents predetermines their compliance with one of three large classes: 

collectors, foam concentrates and regulators. 

Collectors are organic in nature, anchoring mostly at the solid-liquid interface. Foaming agents are surface-

active organic substances that are adsorbed predominantly at the liquid-gas interface. Regulators are used as an adjunct 

to collectors and frothers to increase flotation selectivity or mineral recovery. Representatives of this class are 

substances of both inorganic and organic origin [29]. 

The main purpose of the collectors is to hydrophobize the mineral surface, increase the speed and strength of 

adhesion of particles to air bubbles [30]. 

Recently, selective collectors have been mainly produced on the basis of chelate-forming organic compounds 

containing electron-donating atoms, since nitrogen, oxygen, sulfur, phosphorus and of course halogens. As a rule, the 

nonpolar part of anionic sulfhydryl collectors (the polar part contains S-2) contains 2–6 carbon atoms, while the 

oxyhydryl collectors (the polar part contains O–2) contain 12–18 carbon atoms [31]. 

Of the nonionic collectors, nonpolar oils and water-insoluble sulfur-containing oily reagents are used in 

flotation practice [32]. 

For flotation of sulfide and sulfidized ores of heavy nonferrous metals, sulfur-containing collectors—

sulfhydryl and thiocarbamic acid derivatives—are most effective [33]. Oxygen-containing (carboxylic acids and their 

derivatives), nitrogen-containing (amines, quaternary ammonium bases, ammonium salts) and some sulfur-containing 

collectors are effective in the flotation of oxidized minerals ores of rare, ferrous, and some non-ferrous metals [34]. 

As flotation reagents that are selective with respect to gold due to the formation of sparingly soluble complex 

compounds, the use of modified solutions of sulfhydryl collectors—xanthate and diethyldithiocarbamate—consisting of 

nonionic components with a hydrophobizing ability and complexing properties with respect to noble metals [35] was 

proposed. 

In the flotation of quartz, sylvinite, and some oxidized minerals of non-ferrous and rare metals (smithsonite, 

calamine, wolframite, etc.), nitrogen-containing (amines, quaternary ammonium bases, ammonium salts) and oxygen-

containing (carboxylic acids and their derivatives) collectors are used [36]. 

The possibility of increasing the selectivity of the flotation separation of copper and zinc sulfides by using a 

composition of reagents - sodium dialkyldithiophosphate and butyl xanthate has been established. The influence of the 

ratio of the main collector Kx and the additional collector BTF on the technological parameters of flotation and the 

selectivity of the separation of copper and zinc sulfides was determined [37]. For flotation of sulfide ores of heavy non-

ferrous metals, oxyhydryl and cationic collectors are also effective; however, in this case, they are significantly inferior 

in selectivity to sulfhydryl collectors and thiocarbamic acid derivatives [38]. 

Foaming agents are used to effectively disperse the air delivered to the flotation cell into bubbles of the 

required volume and stability. Their molecules have a heteropolar structure, i.e. contain hydrophobic and hydrophilic 

groups of atoms [39], the nonpolar part of which includes one or more aliphatic or cyclic hydrocarbon radicals. 

Foaming agents owe their polar nature to hydroxyl, carboxyl, carbonyl, amino or sulfo groups. 

The intensity of the flotation process is determined by the size of the liquid-gas interface, which, with the same 

amount of gas, will increase with increasing bubble dispersion. However, this process is accompanied by a sharp 

increase in the free surface energy, which makes the pulp more unstable in terms of thermodynamics [40], i.e. merge 

into larger ones, their total surface and the value of the free energy of the system decrease in this case. Pure liquids 

cannot form stable foam because air bubbles coalesce upon collision, reducing the total surface area and free energy 

values of the system. Foaming agents slow down the process of coalescence, because as a result of adsorption on the 

liquid-gas interface, an oriented layer of molecules is formed, the polar ends of which are hydrated by water dipoles. 

Depending on the foaming ability of the pH, blowing agents are classified into three main groups: acidic, basic 

and neutral. Acid and neutral foaming agents are practically not used in the flotation of non-ferrous and rare metal ores, 
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because they are toxic (phenolic reagents, heavy pyridine bases) and wastewater treatment from them is a great 

difficulty [41]. 

Neutral blowing agents containing aromatic alcohols include terpinel-containing substances and some 

synthetic reagents containing ether bonds, including monoethers of polypropylene glycols, polyalkoxyalkanes, dialkyl 

phthalates, dimethyl phthalates, OPSB reagents (propylene oxide, butyl alcohol), E-1, etc. The OPSB blowing agent 

has a very strong foaming properties and is used in the flotation of copper-molybdenum and other ores, in the cycle of 

collective flotation of sulfides from polymetallic ores [42]. 

Foaming agents with ether bonds include oxal (T-80), T-66, OPSB, OPSM, E-1. T-80 is an improved version 

of the T-66 foam concentrate. It is less toxic and less volatile than T-66 and its consumption is 10-20% lower. Oxal is a 

by-product of dimethyldioxane production; it contains over 60 compounds, of which only 15 have been identified [43]. 

A foaming agent for the flotation of non-ferrous and precious metal ores was obtained on the basis of fusel oil 

by modifying it with the use of sulfuric acid as a catalyst and air oxygen as an oxidizing agent [44]. The product with 

the most pronounced foaming quality is designated MFS - modified alcohol fraction, tested in the flotation of gold-

bearing ore. 

During the flotation of non-ferrous metal ores, reagents based on acetylenic alcohols DMIPEK and DK-80 act 

as selective additional collectors with foaming properties, and at a flow rate of 3–35 g/t, they can reduce the flotation 

time, as well as increase the recovery of copper up to 3.5% , zinc up to 12%, gold up to 8-10%. The use of DMIPEK 

and DK-80 as additional selective foam collectors in the flotation of various types of non-ferrous and precious metal 

ores will increase the extraction of valuable components by 1.5-12.0%, almost double the flotation speed, improve the 

quality of the resulting concentrates, improve the stability of the flotation process and reduce the environmental burden 

on the environment in the area of operation of flotation plants by reducing the content of heavy metals in tailings [45]. 

AKA-9 foaming agent was synthesized on the basis of hydrocarbon feedstock processing products to improve 

the process of flotation of polymetal feedstock [46]. 

Compositions based on the foaming agent T-80 with aqueous solutions of sodium sulfur-containing inorganic 

salts have been created, which help to reduce the consumption of the foaming agent, increase the extraction and content 

of valuable components in concentrates [47]. 

Very interesting complex selective reagents have been synthesized: composite xanthate (XC) and composite 

aeroflot (CA) with the preparation of mixtures KS-1, KS-2, KS-3 based on them at various ratios for the flotation 

extraction of sulfide minerals with fine inclusions of gold from refractory ores [48]. 

There are data on the synthesis of a foaming agent based on monohydric secondary alcohols [49], a mixture of 

methyl esters of benzenecarboxylic, isoamyl, succinic, and glutamic acids obtained as a result of methylation of a coal 

oxidation product [50]. 

As noted, regulators are flotation reagents used in addition to collectors and frothers to increase flotation 

selectivity or increase mineral recovery. For the flotation of mineral raw materials, about four hundred regulators have 

been proposed. Depending on the intended purpose in the process of flotation, in each case, regulators of an activating, 

depressing, or suppressing action and regulators of the environment are distinguished [29]. 

 

IV. EXPERIMENTAL RESULTS 

 

Before studying the mechanism of adsorption of flotation reagents, it is necessary to consider the basic 

principles of natural flotation and hydration of minerals. Inherent surface hydration is possible when the interrelation of 

molecules of one phase is less than the interrelation of molecules between different phases [51]. Typically, air 

molecules will attach to more hydrophobic particles. This process is determined by the interfacial energies between the 

solid, liquid and gas phases, which is determined by the Young-Dupré equation [52], which characterizes the 

relationship between the work of adhesion and the contact angle of wetting: 

                (1) 
 

where, 

σ12 - surface tension at the interface of two phases (liquid-gas), 

cosθ - wetting angle, 

Wa - inverse work of adhesion. 
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Under the conditions of having a mineral with good wettability, it is possible to form multilayer coatings from 

water molecules. If the contact angle is equal to 90°, the adhesion and cohesion energies are characterized by the same 

values (Wa/Wk=1). In the case when θ=180° (Wa<Wk), the liquid does not wet the surface of the mineral at all. 

However, as practice shows, minerals with a wetting angle of more than 105° have not been found, and for minerals 

such as quartz and hematite, these indicators do not exceed 25°. This is due to the formation of unsaturated bonds 

during the destruction of the mineral, and the formation of unsaturated bonds can be associated with the breaking of 

bonds between atoms, molecules and ions in the composition of the original mineral. 

Today, using the possibilities of modern programming, it is possible to adequately simulate the collision 

velocities of small particles (less than 0.08 mm), but there is no theory that accurately models the collision of bubbles 

with particles up to 300 µm in size, which are commonly used in flotation processes [53]. 

The efficiency of the adsorption medium is affected by the ratio between the surfaces of both materials. There 

are many factors that affect the efficiency of physical or chemical adsorption. Among such factors, starting with surface 

energy and polarity, ends with the shape, size and roughness of the particle. In froth flotation, adsorption is a 

consequence of free surface energy, since finely dispersed particles, having a high surface area to size ratio, form 

attraction with adsorbates. The air bubbles must selectively adhere to the necessary particles to lift them to the surface 

of the suspension, wetting the particles of another mineral and leaving them in the aquatic environment of the system. 

The adsorption of flotation reagents is based on complex physical and chemical interactions of the sorbent 

with the adsorbate. Basic information about the adsorption properties of a mineral and the nature of adsorption on it can 

be obtained based on the analysis of adsorption isotherms and their description by the corresponding models of 

isotherm equations [54]. 

During the adsorption of cationic collectors, the molecules of the dissolved adsorbate interact simultaneously 

with water molecules and with atoms of the surface layer of the mineral. In this case, the energy that keeps the 

adsorbate molecules on the surface of the sorbent is equal to the difference between the energies of these two 

interactions. Therefore, the greater the difference, the greater the adsorption energy and the amount of adsorbed 

substance [55]. 

Mirgorod Yu.A. and his colleagues, studying the thermodynamics and sorption kinetics of cationic and anionic 

surfactants in solutions, experimentally determined the area per surfactant molecule as a function of temperature and 

the Gibbs adsorption energy. It was established that the sorption kinetics of cationic surfactants is controlled by the 

equilibrium excess concentration on the surface of a solid, while that of anionic surfactants is controlled by the 

adsorption barrier [56]. 

Foams used in the flotation beneficiation of ores should have a fineness, which is characterized by air bubbles 

(dispersed phase), having sizes in the range of 0,6–1,2 mm [44]. It is the dispersity in the specified range that gives the 

foams lifting abilities, providing the floating of fine particles with valuable components into the surface foam layer. 

The relationship between the structure and properties of adsorption foam films and their stability was 

considered in [57]. Unlike low molecular weight surfactants, their high molecular weight varieties create adsorption 

layers with a relatively higher viscosity and strength, which ensure the action of the structural-mechanical stability 

factor [58]. 

From the course of colloid chemistry, it is known that with a decrease in the surface tension of a solution, its 

foaming ability increases, tk. in this case, less work is expended to obtain the same volume of foam and the supply of 

free surface energy decreases [59]. At constant pressure and temperature: 

           (2) 
where, 

∆G - change in the Gibbs energy; 

∆A - change in the specific surface area of the system. 

It can be seen from (2) that a decrease in ∆G is accompanied by a decrease in the value of ∆А, which 

contributes to the destruction of foam bubbles. To develop a thermodynamically stable foam, the solution must contain 

a surfactant. The criterion for evaluating the effectiveness of a surfactant as a foaming agent is the value of its 

adsorption at the solution–air interface and a decrease in surface tension [60]. 

The foaming ability of surfactants depends on the mutual influence of such factors as temperature, pH of the 

solution, the presence of additives of electrolytes and organic non-polar liquids, etc. It is shown that the foaming ability 

depends on the location of the hydrophilic group in the molecule: the closer this group is located to the middle of the 

molecule, the higher foaming ability of solutions of anionic surfactants [61]. 
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An increase in the concentration of a surfactant in a solution leads to an increase in its adsorption and foaming 

ability [31]. It is shown that the time of liquid outflow from the foam film sharply increases in a narrow concentration 

range. Typically, maximum foaming occurs when the CMC is reached. In this region of surfactant concentration, the 

formation of the adsorption layer is completed, and the foam film acquires maximum strength. Exceeding the CMC 

leads to a weakening of the diffusion of surfactant molecules into the adsorption layer of the mineral, due to which the 

foaming ability decreases. Therefore, it is recommended to evaluate the foamability of aqueous solutions of surfactants 

during CMC [62]. 

It is well known that foams are not thermodynamically stable. However, their lifetime can be significantly 

extended by the action of the Marangoni and Gibbs effects, an increase in the relatively high surface viscosity or 

mechanical properties in the film, which determine the effect of the structural-mechanical factor of stability. Surface 

hydrated layers and double electrical layers, which prevent their thinning, have a significant effect on the film stability 

[63]. 

 

V. CONCLUSION AND FUTURE WORK 

 

Today, flotation is becoming increasingly important, since using this method it is possible to enrich various 

metal ores, purify wastewater from various oil and fat and suspended solids, as well as in other industries to solve a 

number of important processes. Available data show that flotation processes are based on different wettability 

properties of the surface of materials. In principle, flotation is very similar to the sinking and floating process, where 

the density characteristics of the materials relative to the medium in which they are located underlie the separation. 

Flotation reagents interact with the surface of the particles of the enriched ore due to the mechanism of physical or 

chemical adsorption. Using the corresponding adsorption equations, it is possible to establish the nature of the 

processes of flotation interaction. 
 

REFERENCES 

 

[1]. Abramov A. A. Collected Works. Flotation. Reagents-collectors. - M .: MGGU "Mining Book", 2012. –pp. 656.  

[2]. Alekseev D.V., Nikolaev N.A., Laptev A.G. Integrated treatment of wastewater from industrial enterprises by jet flotation. – Kazan: KSTU. 
2005. - pp 156.  

[3]. Aksenov, V.I. The use of flocculants in water management systems: textbook / V.I. Aksenov, Yu.V. Anikin, Yu.A. Galkin, I.I. Nichkova, L.I. 

Ushakova, N.S. Tsarev. Ekaterinburg: USTU-UPI, 2008. – pp. 92.  
[4]. Gubin S.L., Avdokhin V.M. Flotation of magnetite concentrates by cationic collectors // Mining Journal. - 2006. - No. 7. -pp. 80-84.  

[5]. Glembotskii, V. A., Klassen, V. I., and Plaksin, I. N. (1972), Flotation, Primary Sources, New York, -pp. 633. 

[6]. Nelson, Michael (2012). "From 10 Cubic Feet to 500 Cubic Meters--Observations on 100 Years of Flotation Technology". Separation 
Technologies Book Edited by Courtney Young et al. Society of Mining, Metallurgy and Exploration: 539–546. 

[7]. Woodcroft B. Chronological Index of Patents Applied for and Patents Granted, For the Year 1860 (англ.). — London: Great Seal Patent Office, 

1861. -pp. 34. 

[8]. Flotation [Electronic resource]. Access mode https://ru.wikipedia.org/wiki/flotation from the screen (accessed 07/24/2020). 

[9]. Flotation [Electronic resource]. Access mode http://www.chemport.ru/data/chemipedia/article_4042.html Head. from the screen (accessed 

07/24/2020). 
[10]. Miettinen, Tatu & Ralston, John & Fornasiero, Daniel. (2010). The Limits of Fine Particle Flotation. Minerals Engineering - MINER ENG. 23. 

420-437. 10.1016/j.mineng.2009.12.006.  

[11]. Andreev A.P., Gerasimova I.N. Foaming compositions for extinguishing, isolating and degassing spills of ecologically soldered substances. 
Pozharovzryvobezopasnost. – 2005, Vol. 14, No. 6, pp. 67–70. 

[12]. Nguyen, An (2003). The colloidal science of flotation. pp. 11–12. ISBN 0824747828. 
[13]. Avdokhin V.M. Problems and prospects for the processing of fine particles // Mining Information and Analytical Bulletin (Scientific and 

Technical Journal) 2011. No. 1, pp. 567-580. 

[fourteen]. Bocharov V.A., Ignatkina V.A. On the relationship between the physicochemical properties of finely dispersed sulfide pulps and the 
results of selective flotation // Mining Information and Analytical Bulletin (Scientific and Technical Journal) 2009. No. 22, pp. 332-342. 

[fifteen]. Arustamyan M.A. Influence of pulp temperature on zinc flotation performance // ISSN 0135-3500. Notes of the Mining Institute. T.159. 

Part 1, 2004, pp. 140-141. 
[16]. Sarkisova L.M. Improving the efficiency of processing waste from flotation enrichment of copper-zinc ores based on the use of combinations of 

reagents collectors and flocculants: Abstract of the thesis. dis. cand. tech. Sciences (25.00.13). Moscow, 2008. -pp 19. 

[17]. Copper-Lead-Zinc ores [Electronic resource]. Access mode http://www.danafloat.com/uk/mining_ores/copper_lead_zinc from the screen 

(accessed 07/26/2022). 

[eighteen]. Ignatkina V.A., Bocharov V.A., Khachatryan L.S., Baatarkhuu Zh. Flotation of copper-molybdenum ores using various collectors and 

frothers // Mining Information and Analytical Bulletin (Scientific and Technical Journal) 2007. No. 25, pp. 321-330.  
[19]. Xiaolong Zhang, Xiaotian Gu, Yuexin Han, N. Parra-Álvarez, V. Claremboux & S. K. Kawatra (2019) Flotation of Iron Ores: A Review, 

Mineral Processing and Extractive Metallurgy Review,  DOI: 10.1080/08827508.2019.1689494 

[20]. R.Dunne Flotation of gold and gold-bearing ores // Volume 15, 2005, pр. 309-344. 

http://www.ijarset.com/


      
         

        
ISSN: 2350-0328 

International Journal of Advanced Research in Science, 

Engineering and Technology 

Vol. 9, Issue 9 , September 2022 

 

Copyright to IJARSET                                                           www.ijarset.com                                                                      19845 
 

 

 

 

 

 

[21]. Usmanova N.F., Shoshina A.S. Extraction of non-ferrous and noble metals from the sludge fraction of weathered tailings of copper-nickel ores 

enrichment // Mining information and analytical bulletin (Scientific and technical journal), 2009. No. 25, -pp. 493-501. 
[22]. Beychok, Milton R. (1967). Aqueous Wastes from Petroleum and Petrochemical Plants (1st ed.). John Wiley & Sons Ltd. LCCN 67019834. 

Library of Congress Control Number. 

[23]. Karataev O.R., Markina A.A., Shamsutdinova Z.R. Wastewater treatment of the petrochemical industry by crystallization and flotation 
methods // Vestnik Kazanskogo tekh.univ. 2014. pp. 351-356. 

[24]. Zubareva G.I. Flotation in technological schemes of industrial wastewater treatment. Bulletin of PNRPU. Construction and architecture, vol. 10, 

no. 4, 2019. pp. 61-76. 

[25]. Borchardt, J.K. Progress in Paper Recycling, 1992, 2(1) pp. 55-63. 

[26]. Bobrakova A.A. Substantiation of the reagent regime of sulfide flotation of molybdenum-containing ores of aluminosilicate composition // 

Mining Information and Analytical Bulletin (Scientific and Technical Journal), 2013. pp.298-302. 
[27]. Garkovenko E.E., Nazimko E.I., Samoilov A.I., Papushin Yu.L. Features of flotation and dehydration of finely dispersed carbonaceous 

materials - Donetsk: NORD-PRESS, 2002. – pp. 106-107. 

[28]. Shengo, Michel & Gaydardzhiev, Stoyan & Ngoy, Pierre. (2014). Physicochemical observations during process water reuse in flotation of 
oxide copper-cobalt ore. IMPC 2014 - 27th International Mineral Processing Congress. pp. 1-16. 

[29]. Grigoriev A.A. Production of flotation reagents // Catalysis and petrochemistry, 2001, No. 9–10. - pp. 53-60. 

[thirty]. Rodina, T.A. Flotation reagents: textbook for self-study in organic chemistry / T.A. Motherland. - Blagoveshchensk: Publishing house of 
AmGU, 2015. -pp 36. 

[31]. Bocharov V.A., Ignatkina V.A. Rational technologies for flotation of refractory pyrite ores of non-ferrous metals / New technologies for the 

enrichment and complex processing of refractory natural and technogenic mineral raw materials (Plaksinsky Readings 2011): Proceedings of the 
international meeting. Verkhnyaya Pyshma, September 19-24, 2011, Yekaterinburg: Fort Dialog-Iset Publishing House, 2011. -pp 580. 

[32]. Flotation [Electronic resource]. Access mode http://masters.donntu.org/2004/fema/khokhlova/diss.htm Head. from the screen (accessed 

07/27/2022). 
[33]. Zimbovsky I.G. Modern reagents-collectors for flotation of copper-zinc sulfide ores // Mining Information and Analytical Bulletin (Scientific 

and Technical Journal) 2013. No. 1, pp. 117-123. 

[34]. Automated control system for dosing reagents at the Satpaev concentrator [Electronic resource]. Access mode 

https://revolution.allbest.ru/manufacture/00271329.html from the screen (accessed 07/27/2022). 

[35]. Chanturia V.A., Ivanova T.A., Koporulina E.V. Method for assessing the effectiveness of the interaction of flotation reagents with gold-
containing pyrite // Tsvetnye metally. - 2010. - No. 8. – pp. 16-19. 

[36]. Definition of flotation reagents and their classification [Electronic resource]. Access mode https://otherreferats.allbest.ru/-

manufacture/00429984_0.html from the screen (accessed 07/27/2020). 
[37]. Zavarukhina E.A., Orekhova N.N. Influence of an additional collector on the selectivity of the flotation separation of copper and zinc sulfides // 

Mining Information and Analytical Bulletin. 2017. No. 3. pp. 305–311. 

[38]. Ignatkina V.A. Development of the theory of the selectivity of the action of combinations of collectors in the flotation of refractory ores of non-
ferrous metals: Abstract of the thesis. dis. ...can.tech.sci. – M.: 2011. –pp 47. 

[39]. Melik-Gaykazyan V.I., Voronchikhina V.V., Emelyanova N.P., Draganov A.V., Ermakov K.G. The main characteristic of the flotation activity 

of apolar reagents. Non-ferrous metallurgy, 2004. No. 4.-pp. 68-71 
[40]. Ryaboy V.I. Physico-chemical foundations of the theory of flotation: Sat. – M.: 

[41]. George Z. Kyzas, Kostas A. Matis. The Flotation Process Can Go Green. Processes 2019, 7, 138. 

[42]. Alcohols, aldehydes, k. have foaming abilities, [Electronic resource]. Access mode 
http://faq.surnet.ru/obogatitelnoe_oborudovanie/000_131.html Head. from the screen (accessed 07/27/2020). 

[43]. Abramov A.A. Flotation enrichment methods. - M .: Nedra, 1984.-pp. 192-203. 

[44]. Tropman E.P., Chirkov B.D., Samokhvalov A.A. New reagent - foaming agent for flotation of non-ferrous and precious metal ores. Complex 
use of mineral raw materials. 1998.- No. 4.- pp. 34-37. 

[45]. Yushina T. I., Malyshev O. A., Shchelkunov S. A. Flotation of gold-bearing ores of non-ferrous metals using reagents based on acetylene 

alcohols // Non-ferrous metals, 2017, No. 2. pp. 13-18. 
[46]. Omarova D.A., Baizhumanova R.A., Abdikulova A.O., Tusupbaev N.K., Kalugin S.N., Abilov Zh.A. Synthesis and properties of a new 

foaming agent AKA-9 for the processes of flotation of polymetallic raw materials based on the products of processing hydrocarbon raw materials of 

Kazakhstan // Bulletin of KazNU. Series chemical, No. 1 (65), 2012. pp. 336-340. 
[47]. Patent 2024321. Russia. Method for flotation of polymetallic ores. / Gak T.L., Kurilnov B.R., Varlimov V.G., Begaminov A.B., Pervykh V.I., 

Isanov S.I. // Institute of Metallurgy and Enrichment of the Academy of Sciences of the Republic of Kazakhstan. publ. No. 7. 2002 

[48]. Tusupbaev N.K., Turysbekov D.K., Semushkina L.V., Narbekova S.M. Processing of gold-bearing gravity tailings using composite reagents / 
Modern problems of complex processing of refractory ores and technogenic raw materials (Plaksinsky readings - 2017): materials of the International. 

scientific Conf., Krasnoyarsk, September 12–15, 2017. – pp. 154-156. 

[49]. Selivanova N.V. Efficient reagents based on waste and by-products. - Vladimir.: VGU, 2008. -pp 84. 
[fifty]. Avdokhin V.M. Fundamentals of mineral processing. – M.: MSTU. T. IV. 3rd ed., revised. and additional - 2008. -pp 710. 

[51]. Krainiy Anatoly Anatolievich Flotation of hematite quartzites by cationic collectors: dis. ... cand. those. Sciences. Belgorod. state technol. un-t 

im. V.G. Shukhova, Belgorod, 2014. -pp 120. 
[52]. Ponomareva M.A., Shrager G.R., Yakutenok V.A. Using the Dupre-Young Equation to Solve the Problem of Liquid Spreading with Limited 

Wetting // Bulletin of the Tomsk State University, No. 1, 2008. -pp. 90-97. 

[53]. Nguyen, Anh V (12 June 1996). "On modelling of bubble–particle attachment probability in flotation". International Journal of Mineral 
Processing. 53 (4): 225-249. 

[54]. Gavrilova N. N. Analysis of the porous structure based on adsorption data: textbook. allowance / N. N. Gavrilova, V. V. Nazarov. - M .: 

RKhTU im. D. I. Mendeleeva, 2015. -pp 132. 
[55]. Frolov Yu.G. Course of colloid chemistry. Surface phenomena and disperse systems. Textbook for high schools. - 2nd ed., revised. and 

additional - M .: Chemistry, 1988. -pp 464 

http://www.ijarset.com/


      
         

        
ISSN: 2350-0328 

International Journal of Advanced Research in Science, 

Engineering and Technology 

Vol. 9, Issue 9 , September 2022 

 

Copyright to IJARSET                                                           www.ijarset.com                                                                      19846 
 

 

 

 

 

 

[56]. Mirgorod Yu.A., Borshch N.A. Thermodynamics and kinetics of the flotation extraction process with the participation of a cationic and anionic 

surfactant // Bulletin of the South-Western State University. Physics and chemistry series. No. 1. 2011. pp. 73-80. 
[57]. Aidarova S.B. Interfacial layers of polycomplexes of synostic polymers at the water-air interface. Abstract dis… doc. chem. Sciences. – M.: 

1992. –pp 39. 

[58]. Rebinder P.A. Selected Works Vol.1. Surface phenomena in disperse systems. – M.: Nauka, 1978. –pp 368. 
[59]. V.A. Lyubimenko, D. Yu. Mityuk, V. I. Frolov, V. A. Vinokurov Workshop on the course "Physical and colloidal chemistry": textbook. 3rd ed., 

revised, corrected. and add. - M .: Federal State Unitary Enterprise "Oil and Gas", Russian State University of Oil and Gas. I. M. Gubkina, 2013. -pp 

125. 

[60]. Selected chapters of colloid chemistry [Electronic resource]. Access mode: http://www.chem.vsu.ru/content/files/verezhn.pdf Head. from the 

screen (accessed 07/28/2020). 

[61]. Pakharukov Yu.V., Shevnina T.E. Stabilization of foam by surfactants in the fractal-percolation fracture model // JTF Letters. - 2001. -T.27, 
issue 3. - pp 85-88. 

[62]. GOST R 51211-98. Drinking water. Methods for determining the content of surfactants. - M.: Publishing house of standards, 2001. - pp. 487-

503. 
[63]. Deryagin B.V. Theory of stability of colloids and thin films. – M.: Nauka, 1986. –pp 204. 

 

http://www.ijarset.com/

