COBPEMEHHAA HAYKA U MHHOBALUWMHU

A. B. Canxus [A. V. Sankin]

VK 622.2(075.8) METO/I HATIOPHOM ®JIOTAIIMU. PACYETHAS OITEHKA PASMEPOB
1 ®OPMbI U3BJIEKAEMBIX TOHKUX ®PAKIAI IPATMETAJLIOB

PRESSURE FLOTATION METHOD. THE ESTIMATED ASSESSMENT
OF THE SIZE AND SHAPE OF RECOVERABLE FINES OF PRECIOUS METALS

HHcTuTyT cepBuca, TypusMa u nuzaitna (punuan) CK®Y B r. Ilaturopcke, [Iaturopek, Pocens
Institute of Service, Tourism and Design (branch) NCFU in Pyatigorsk, Pyatigorsk, Russia

Annomayus. B pabome paccmompen npoyecc uzenesenus wacmuy OpazoyeHnbix Memanios MemoooM HanopHoii gnoma-
yuu. Ilpouseedensv oyenounvie paciemst pasmepos U Maccvl ROOHUMAEMbIX HACIMUY 30110Mma u3 omeanos. llpusedenst 6v1600v1, nO3-
gonsIowUe Onpeodetms NPUMEHEHHE MeMo0a HANOPHOT PIOMAyUY 8 3A6UCUMOCINU OM NPUMEHAEMOR0 CbIPbsl, COOePIICaujeco meJl-
Kue ¢pparyuu zonoma.

Mamepuanst u memoodst. Hoeviii MemoO uzgnedeHus MOoHKUX Qpaxyuti OpacoyeHHbIX MeMmaniog (Hanpumep, u3z pyoHbix
nynen) Ha nepeom Imane ermodaem 6 cebs obpabomky nyenvl Qromopeazenmami ¢ yeawvio 2uOpoPooU3AYUU ROBEPXHOCMU U36TIe-
Kaemvix uzopannvix yvacmuy. lpu pabome no smomy memody 600a npedsapumenvHo OOIICHA HACLIWAINGCA 8030YXOM HOO 0Q6leHU-
em. /lanee nodeomoenennas KOHOUYUOHUPOBAHHAS NYIIbNA CMEWMUBACCA ¢ 6000, CAMYPUPOBAHHOT 6030YXOM NPU AMMOCHepHOM
Oaenenuu. 3amem 5my cmece 00pabAMvIEAIOM OMOKOM NY3bIPLKOE 6030YXA COOMBEMCIMEYIOUUX PIOMAYUOHHBIX PAZMEPOE.

3axmouenue. Ilpeonooicennas mexnonozus, 6 ocHoge KOMOPOT UCHOMb3VEMCA MemoO HanopHoi gnomayuu [7] moxcem
NPUMEHAINBCA OIS U3GTICHEHUSA IMOHKUX PPaKyUti OpazoyeHHbIX MEMANI08, KOMOPbIe He MO2YIM U36IIEKAMbCA MEMOOOM KAACCUHECKOT
@romayuu. Ho 2mo npoucxooum monvko ¢ 02panudennviMy Munam colpsi ¢ U361€KAEMbIMU HACIUYAMY ONpeOeeHHOT PopMbl U
pasmepos.

Bb1600061. 3a0aua uszeneuenus monxux Qpaxyuii OpacoyeHHvix MEMaIo8 Modxcem Obimb peutena nocpeocngom npumMene-
HUS HOBOIl MEXHONO2UH, CbIPbeM O/ KOMOPOI AGNAEMCs NAACIMUHYAIMOe 301I0MO, UMeIuee HeoOX00UMble 2eOMempuIecKiue napa-
Mempbl U pasmepul, paccyumanisie 6 Oannoli cmameve. Iloxaszano, 4mo OaHHBIM MEMOOOM MOJICHO U3GTIEKAMb NAACIMUHYAMOE 3010~
mo ¢ momyunoii om 0,005 (um) u menee.

KmioueBsie citoBa: (roTannoHHbIe MeTOIBI, BIOTOpEArcHT, o0oTalleHue 30I0TOCOIEPIKAIIETO ChIPhS, IyJbla, THIPO-
(oOHBIC YACTHITHI.

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.

Key words: flotation methods, flotation agent, enrichment of gold-bearing raw materials, pulp, hydrophobic particles.

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 H20 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 H20 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
—p =196 104 (kg / m3). In order to lift a gold particle from the pulp, it is necessary to have a buoyancy force ob-
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): I = 0.05 (mm) = 5 10-5 (m). The volume of such a particle is V aurum = 13 = 125 10-15
(m3). The density of gold is p aurum = 19.3 (g/ cm3) =19.3 103 (kg / m3).

Let us determine the mass of the selected gold particle m = V aurum * p aurum = 125 - 10-15 - 19.3 - 103 =
241.25 - 10-11 (kg).

Particle weight is P=m'g=241,25- 10""9,81~2.5 10® (kg ‘m/c?). Here g=9,81 (m/c?).

At the same time, we take the density of water p =1 (g / cm?) = 1- 10° (kg / m®). 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 = pyaer * V water ‘g = p aurum V aurum -g (kg ‘m/c?); 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"°(m?). To lift such a particle, an air volume of at least
20 times is required.V air.=20-V particle= 20-125-10"°=250-10"*(m?).
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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.
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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 1 = 0.005 (mm); 5 = 0.005 (mm).

3. Materials with a density p <6 (g/ cm’) 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.

JIUTEPATYPA

1. I'nembonxuit B.A. Knaccen B.M. ®notaimonnsie Metos! odoramenus. M. «Hexpay, 1981.

2. AbpamoB A.A. droTaimoHHbIe MeTO/IBI oOorammenus. M.: 'opraas xaura, 2008. 711c.

3. IMatent Ne2155716. Ony6m. 16.09.2000 r. Brom. Ne25.

4. TlatenT Ne87159 Ha nmonesnyio Mogens. Omy6m. 27.09.2009 r. Bron. Ne27.

5. Tuno H.A. Ydenne o pocerinax. Teopus pocchiieoOpasyomux pyaHbIX Gopmaiiuit u poccrineit. BnagusocTtok, Jans-
Hayka, 2002. 473 c.

6. DnexTpoHHBIU pecype: www.twellgroup.ru

7. Iatent Ha uzobperenne No2507007 ot 20.02.2014r. «Crocob u3BneueHUs W3OpaHHBIX MUHEPATIOB U3 PYAHBIX MYJIBIT
HanopHo# ¢raoTanuel 1 yeTPOHCTRO JUIS €I0 OCYINECTBICHUS.

8. Atkinson B.W., Conway C.J. and Jameson G.J. High Efficiency Flotation of Coarse and Fine Coal, paper presented at:
High Efficiency Coal Preparation Symposium, SME annual Meeting, AIME 124™ Annual Meeting, March 6-9, Denver, Colorado,
USA (1995).

9. Borpanos O.C. Teopus u TexHoi0THs QroTanuu pya. 2-¢ u3l. M.: Henpa, 1990. 363 c.

10. Knebanor O.B., [ly6os JI.51., [Tlernora H.K. CripaBouHuk TeXHONOTa MO 0OOTAINCHUIO PYJL IIBETHBIX MeTamioB. 1lox
pen. A.B. Tpounxoro. M.: Heapa, 1974. 472 c.

11. https://metallurgy.zp.ua/obogashhenie-rud-flotatsiej/ O6oramenue pyz drotaiueii. 16.11.2016. (nata obparmenus
19.07.2019 .)

REFERENCES

1. Glembockij V.A. Klassen V.I. Flotacionnye metody obogashcheniya. M. «Nedra», 1981.

2. Abramov A.A. Flotacionnye metody obogashcheniya. M.: Gornaya kniga, 2008. 711s.

3. Patent Ne2155716. Opubl. 16.09.2000. Byul. Ne25.

4. Patent Ne87159 na poleznuyu model'. Opubl. 27.09.2009 g. Byul. Ne27.

5. Shilo N.A. Uchenie o rossypyah. Teoriya rossypeobrazuyushchih rudnyh formacij i rossypej. Vladivostok, Dal'nauka,
2002 g. 473 s.

6. Elektronnyj resurs: www.twellgroup.ru

7. Patent na izobretenie Ne2507007 ot 20.02.2014g. «Sposob izvlecheniya izbrannyh mineralov iz rudnyh pul'p napornoj
flotaciej 1 ustrojstvo dlya ego osushchestvlieniyay.

8. Atkinson B.W., Conway C.J. and Jameson G.J. High Efficiency Flotation of Coarse and Fine Coal, paper presented at:
High Efficiency Coal Preparation Symposium, SME annual Meeting, AIME 124th Annual Meeting, March 6-9, Denver, Colorado,
USA (1995).

9. Bogdanov O.S. Teoriya i tekhnologiya flotacii rud. 2-e izd. M.: Nedra, 1990. 363 s.

10. Klebanov O.V., Shubov L.YA., Shcheglova N.K. Spravochnik tekhnologa po obogashcheniyu rud cvetnyh metallov.
Pod red. A.B. Troickogo. M.: Nedra, 1974.472 s.

11. https://metallurgy.zp.ua/obogashhenie-rud-flotatsiej/ Obogashchenie rud flotaciej. 16.11.2016. (data obrashcheniya
19.07.2019¢g.)

OB ABTOPE | ABOUT AUTHOR
Canknn Anexcanap BukropoBu4, kagj. ¢uioc. Hayk, gornent, HadansHUK OMPI] PTIK CCT UCTu/l
(pummax) CKOV B 1. [laruropcke. ABTop cpoime 170 HAYIHEIX TPYAOB, 2 MOHOTpaduif, 5 n3oOpereHuin
1 IpOTpaMMHHIX cpecTB. [efictBurensuniif wieH PAEH 1o cexmun «HoocdepHbie 3HaHUS M TEXHOIOTHI .
Kpyr HayuHO# A€STENLHOCTH — PacdeTHl M MOJICIMPOBAHIE TEXHHIECKUX CHCTEM, HAHOCTPY KTY PHPOBaHHBIX

100 Beinyck Ne2, 2020



COBPEMEHHAA HAYKA U MHHOBALUWMNU

MATEPHAIIOB, TETEPOCTPYKTYP U IICHOK;, pa3paboTKa TeXHOJIOTHH MOIyIeHHs HOBHIX MATEPUAIIOB.

Sankin Alexander Viktorovich, Candidate of Philosophy, Associate Professor, Head of Sectoral Interregional
Resource Center for the Development of Professional Qualifications in the Field of Service and Tourism

of the School of Caucasian Hospitality, Institute of Service, Tourism and Design (branch) NCFU in Pyatigorsk.
Author of over than 170 scientific papers, 2 monographs, 5 inventions and software. Full member

of the Russian Academy of Natural Sciences in the section "Noospheric Knowledge and Technologies".

The range of scientific activities — calculations and modeling of technical systems, nanostructured materials,
heterostructures and films; development of technologies for obtaining new materials.

Jata noctymnenus B pepaxiuto: 11.09.2019
ITocne peuensupoanus: 11.10.2019
Jlata npunsiTus k mybnukarun: 01.11.2019

Buinyck Ne2, 2020 101



