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Abstract. The process of extracting fines of precious metals by the method of pressure flotation is considered in the paper. 

Estimated calculations of the size and mass of the raised from the dumps gold fines were made. The author gives the conclusions that 
allow to determine the application of the pressure flotation method depending on the used raw materials containing fine gold frac-
tions. 

Materials and methods. A new method for extracting fine fractions of precious metals (for example, from ore pulps) at the 
first stage includes treating the pulp with flotation reagents in order to hydrophobize the surface of the selected fines to be extracted. 
When using this method, the water must first be saturated with air under pressure. Then the prepared conditioned pulp is mixed with 
water saturated with air at atmospheric pressure. Then this mixture is treated with a stream of air bubbles of appropriate flotation 
sizes. 

Results.The proposed technology, based on the method of pressure flotation [7], can be used to extract fine fractions of 
precious metals that cannot be extracted by the method of classical flotation. But this method is applicable only for a limited type of 
raw material with recoverable fines of a certain shape and size. 

Conclusions. The task of extracting fine fractions of precious metals can be solved by using a new technology, the raw ma-
terial for which is plate gold, which has the necessary geometric parameters and dimensions calculated in this article. It is consid-
ered that this method can be used to extract plate gold with a thickness of 0.005 (mm) and less. 
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Introduction. Flotation methods of ore beneficiation are based on the use of the kinetic component, which is 

expressed in the inertial motion of hydrophobized fines during the implementation of the elementary flotation action  
hitting an air bubble and sticking to it with the formation of a floating particle-bubble aggregate. In all these cases, par-
ticle size is critical. With a decrease in the size of the particles, their kinetic component decreases and they become una-
ble to perform an elementary flotation action. As follows from literary sources, from 40 to 50% of unrecovered gold of 
fine fractions remains in the tails of gold placers enrichment [1]. 

The flotation method operates on the principle of adhesion of hydrophobized particles of individual minerals to 
air bubbles in the pulp environment through their collision. With this interaction, the formed particle-bubble aggregates 
float to the surface of the pulp under the action of the Archimedean force. The result is foam that is discharged into the 
tank. Further, the resulting foam is dehydrated to obtain a product  a concentrate of the extracted mineral particles. The 
remaining depleted slurry from the chamber is discharged in the form of flotation tailings into a storage facility. In this 
case, the pulp before the flotation process is treated with specially selected flotation reagents, which convert the parti-
cles of selected minerals into hydrophobic particles subject to flotation. The particles of the remaining minerals turn 
into hydrophilic, water-wetted, and therefore non-floatable particles [2]. 

By dispersing atmospheric air in the pulp, appropriate conditions are created for the adhesion of hydrophobized 
particles with air bubbles in the pulp. The adhesion of the obtained hydrophobized particles to air bubbles with their 
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subsequent retention on the surface occurs under the action of the forces of intermolecular interaction. These forces 
exist on the surfaces of a floating particle and bubble in the form of surface free energy created by uncompensated forc-
es of molecules and atoms located on this surface [3, 8]. 

The action of van der Waals forces begins to manifest itself at a distance of 1000 pm (picometers 1 * 10-12m), 
and their maximum effect occurs at a distance of 500 pm, but further convergence of reacting particles is counteracted 
by the repulsion of electrons of molecules of approaching particles [4,5]. 

As the mass of hydrophobized particles decreases to less than 0.05 mm, the inertial forces of such particles are 
weakened, and it becomes more difficult for them to break through the hydration layers and the elementary effect of 
flotation of these small particles does not occur, therefore, they will not float. But the flotation of such particles is of 
great importance for the beneficiation of gold-bearing sands, in which a significant part of the precious metals is in the 
form of fine particles less than 0.05 mm in size, which are not recovered either by gravity or flotation methods [6, 9]. 
That is why a number of sources indicate that when such sands are enriched, up to 50% of the gold contained in them is 
not recovered and goes into the tailings. Consequently, raw materials from such deposits require a new method of flota-
tion, in which air bubbles would stick to such small particles and be carried out into the foam layer [10]. 

As the external pressure decreases, the gas solubility in the liquid decreases. In the technological process of 
flotation, an aqueous solution of air created under pressure, being at atmospheric pressure, turns out to be supersaturated 
with air and unstable. In this case, the excess dissolved air begins to pass from the solution into the gas phase. Such a 
phase transition occurs in the form of very small bubbles, the nuclei of which can form and grow on hydrophobic parti-
cles by diffusion of air from the solution medium. This occurs by shifting the H2O molecules from the hydrophobic 
surface. If there are not enough hydrophobic particles, very small bubbles will begin to emerge in the total volume of 
water. This is due to the fact that on the hydrophobic surface, the particles, attracted water molecules, have a weak bond 
with it, and the nuclei of small bubbles formed on this surface can shift them without high energy consumption [11]. 
And with the appearance of nuclei of air bubbles in the total volume of water and their further growth, they need to de-
stroy the strong bonds of polar H2O molecules, at significantly higher energy consumption. 

The process of pressure flotation can continue as long as particles with a free hydrophobic surface area and the 
remainder of an aqueous solution supersaturated with air remain in the initial pulp. And only in the process of reducing 
the area of particles with a hydrophobic surface can the energy-intensive process of the appearance of air bubbles in the 
total volume of the aqueous phase of the pulp occur. In this regard, the process of obtaining a mixture of conditioned 
pulp with water, previously saturated with air, must be of high quality. In this case, the resulting mixture of saturated 
water with the aqueous phase of the pulp should be evenly distributed over the volume of the pulp. But, due to the small 
size of the resulting mini-particle-bubble aggregates, which have a low ascent rate, the pulp must be constantly pro-
cessed with flows of air bubbles of appropriate sizes for transportation. 

A patent for an invention No. 2507007 dated 20.02.2014. "A method of extracting selected minerals from ore 
pulps by pressure flotation and a device for its implementation is received on this subject." [7] 

When working with gold-bearing raw materials, it should be taken into account that the density of gold is high 
  b-

tained due to the adhesion of air bubbles to it with a total volume of approximately 20 times the volume of this gold 
particle. 

The surface of a gold particle must be covered in the general case with at least 20 bubbles of the same volume 
each as the original gold particle. Theoretically, it is possible to assume the shape of a gold particle in the form of a cu-
be (grain) with 6 faces, which will allow only 6 air bubbles of the corresponding volume to be attached to the surface, 
while the calculation requires at least 20 bubbles of the same volume to lift a particle. In this case, particles of a sub-
stance with a density not exceeding 6 (kg / m3) can be subjected to flotation  according to the number of particle faces. 
Therefore, the flotation process is highly dependent on the shape of the gold particle (for example, in the form of 
flakes). 

Let's make the necessary calculations. Let's designate the average geometric parameters of a cube-shaped par-
ticle (length, width, height): l = 0.05 (mm) = 5 10-5 (m). The volume of such a particle is V aurum = l3 = 125 10-15 
(m3). The density of gold is  aurum = 19.3 (g / cm3) = 19.3 103 (kg / m3).  

Let us determine the mass of the selected gold particle m = V aurum   -
-11 (kg). 

Particle weight is P=m g=241,25  10-11 -8 (kg m/ 2). Here g=9,81 (m/ 2). 
At the same time, we take the density of water  = 1 (g / cm3) = 1  103 (kg / m3). The lifting force acting on the 

gold particle must be higher than its weight, therefore, the volume of the air bubbles participating in the rise must be 
proportionally larger than the volume of the gold particle due to the difference in density between the water and the 
lifted particle. P=m g = water  V water   aurum V aurum g (kg m/ 2); V air > 20  V aurum. 

As a result, the total volume of air bubbles should be more than 20 times greater than the volume of a grain of 
gold, determined by the difference in the density of water and the floating element. 

From the above calculations, it can be seen that for the example of a particle with a face size of 0.05 (mm) x 
0.05 (mm), the volume of the particle will be V particle = 125 10-15(m3). To lift such a particle, an air volume of at least 
20 times is required.V air.=20 V particle= 20 125 10-15=250 10-14(m3). 
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If a particle of a given volume is divided into 10 thin plates, then 20 air bubbles (on top of the plate and bottom 
of the plate) necessary for lifting can be placed on it, placed on the corresponding area (see Fig. 1). In this case, the par-
ticle has the same mass, but a much larger surface. This allows the particle to be lifted, since the number of bubbles will 
provide the required lifting force. Thus, the shape of the particle affects its rise. 

 
                        a)                                                                                           b) 
Fig. 1. Elementary particle for lifting by pressure flotation. a) a particle of a cubic shape; b) a plate-shaped particle  

(bubbles are shown only on one upper side of the plate) 
 
Conclusion. As a result, the following conclusions can be drawn: 
1. For lifting gold particles by the method of pressure flotation, a promising raw material can be mainly plate 

gold, which has the necessary geometric parameters and dimensions. 
2. This method can only lift plate gold with a thickness of l = 0.005 (mm);  = 0.005 (mm). 
3. Materials with a density  <6 (g / cm3) can be lifted in the form of grains, because sufficient lifting force will 

be provided by the total number of bubbles attached to the particle. 
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