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ABSTRACT

The article presents the results of laboratory studies on the effect of the liquid-gas ratio and the
foaming agent type on the average water-air micro dispersion size obtained from the foaming
agent solution. The size of microbubbles significantly effects the efficiency of flotation and
depends on the type and concentration of foaming agent used for their production. A generator
was used to obtain water-air micro dispersion. The works were performed to work out the water-
air micro dispersion parameters of at different liquid-gas ratio and different performance of the
generator. The following foaming agents were used as objects of research: sodium butyl aero flot
(BTF), flotanol C-7, butyl triethylenetetramine (B-TETA) at a concentration of 0.5 g/dm?. It has
been established, that the optimal phase liquid-gas ratio was 1:1, the optimal capacity of the
generator was 6-7.2 dm®h with an average particle size of air-water micro dispersion- 33-41 um
for BTF solution, 103-107 um for C-7 solution, 90-93 um for B-TETA solution. The type of
foaming agent used in flotation effects the size and stability of microbubbles. It is established that
the flotation agents can be arranged in the following line with respect to their ability to create
micro dispersion: [IBK—Senfroth 580—B-TETA—OPSB—Flotanol C-7—T-92—BTF. The best
results are shown by BTF that creates micro dispersion of 43-58 um (t 20-40 °C) and stability of
80 sec with concentration of 0.5 g/dm?®.

Keywords: flotation, combined micro flotation, flotation reagent, water-air micro dispersion,
microbubbles.
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Introduction

the solutions to this problem is the use of
combined microflotation with water-air micro-

Low efficiency of flotation recovery of micron-
sized particles from ores is one of the important
reasons for large losses of valuable components at
beneficiation plants [[1], [2]]. Beneficiation plants in
all countries are engaged in solvation of this
problem [[3], [4], [5], [6], [7], [8], [9], [10]]. One of

dispersion obtaining enabling to extract additional
micro-dispersed valuable oreminerals, optimize the
flotation process and obtain higher technological
parameters [11], [12], [13]].

The problem is reduced to finding a
microbubble production method [[14], [15], [16],
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17]]. Spatial separation of the processes of
microbubble formation and flotation is also
important that willeliminate the pulp heating
process in the flotation chamber and coalescence
of bubbles, stabilizing formation process of micro
dispersions homogeneous in size. All this in
aggregate provides improved flotation performance
of deeply milled ores to the micro-dispersed state,
more complete recovery of finely dispersed
valuable minerals

It is well known that classical flotation also uses
different types of bubbles: macro-, medium- and
micro-bubbles. Macro-bubbles that are
transportable bubbles have a size of 300-500 um,
medium - 70-300 pumand micro - less than 70 um.
But, in conventional flotation, the amount of
macro-bubbles (>90%) significantly exceeds the
amount of medium and micro-bubbles. When
stable micro dispersion sizes with the correct ratio
of bubbles of different sizes is used, the flotation
recoveryprocessformicroparticles is accelerated,
the flotation time is reduced.

Scientists conduct researches to study sizes and
stability of water-air microemulsion [[18], [19],
[20]] obtained from the foaming agent solution.
The effect of the water-air microemulsion (WAMD)
nature on the flotability of sulfide minerals of non-
ferrous metals and the properties of water-air
microemulsion was studied in [21].

The purpose of this study is to study the effect
of the liquid-gas ratio and the foaming agenttype
on the average water-air micro dispersion size.

Thus, the problem to find more effective ways
intended to obtain microbubbles for flotation of
fine particles of minerals of non-ferrous and rare
metals from minerals still remains relevant.

Experimental part

A generator was used to obtain water-air micro
dispersion. The laboratory generator principle is
that air and foaming solution is transferred through
the inlet pipe of the dispersant head into the mixing
chamberwith the help of metering pumps.

Additional mixing of the mixture is performed
in the mixing chamber by means of the rotor part of
the dispersator head. The mixture is thrown to the
periphery and goes through the slot between the
rotor and the stator due to the high circumferential
speed. Its size is determined by the composition of
raw materials and the required degree of
dispersion. The rotating rotor crushes air bubbles

with its teeth. The crushing degree of the final
product depends on the viscosity of the medium,
the foaming agenttype, the peripheral speed.

The properties of water-air micro dispersion
are effectd by the ratio of air and foaming agent
solution whose flow rate is regulated by dosing
pumps with maximum capacity of 3.3 cm3¥/s (12
dm3/h).

The workswereperformedto work out the
parameters of water-air micro dispersion at
different liquid-gas (L:G)ratio, to study the effect of
this ratio on the water-air micro dispersion size.
Different L:G ratios were studied;theywere varied -
L:G=1:0.75; L:G=1:1; L:G=1:1.25; L:G=1:1.5. The
foaming agents used were sodium butyl aeroflot
(BTF), flotanol C-7, butyltriethylenetetramine (B-
TETA) at a concentration of 0.5 g/dm?3. Besides,
tests were conducted at different dosing pump
capacities.

The water-air mixture size obtained in the
generator was analyzed using a Photocor Compact
particle size analyzer. The operation principle of the
analyzer was based on the method of static and
dynamic light scattering (photon correlation
spectroscopy). The size of the particles dispersed in
the liquid was determined by measuring the
correlation function of the fluctuations of the
scattered light intensity and the integral scattering
intensity. The analyzer laser power ranges from 2 to
35 mW.

Figures 1-3 show the dependencies of the
average water-air micro dispersion size obtained
from solutions of BTF, C-7, B-TETAfoamingagentson
the liquid-gas ratio.
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Figure 1 - Dependence of the average particle size of
WWMD obtained from BTF solution on the L:G ratio at
different pump capacities
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Figure 2 - Dependence of the average particle size of
WWMD obtained from the C-7 solution on the L:G ratio
at different pump capacities
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Figure 3 - Dependence of the average particle size of
WWMD produced from B-TETA solution on the L:G ratio
at different pump capacities

The result of the analyses shows that changes
in the liquid-gas ratioeffects the final size of the
water-air micro dispersion. The average water-air
micro dispersion size increases for all solutions of
foaming agents compared with other liquid-gas
ratios at the liquid-gas ratio of 1:1.5. It indicates
that thegas phase supply more than the liquid
phase worsens the water-air micro
dispersionproperties.

The final average water-air micro dispersion
size is close to each other at liquid-gas ratios equal
to 1:0.75, 1:1 and 1:1.25. It is required to properly
adjust the generator (pumps) capacity and the
liquid-gas ratio phases to obtain the optimum

water-air micro dispersion size. Proper feeding of
the gas phase, the optimal liquid-gas ratiohave a
huge impact on the water-air micro dispersion
formation. Increased supply of the gas phase
results in an increase in the number of micro-
bubbles with a smaller flow of the liquid phase
(reagent solution). Not only the final size of the air-
water micro dispersion but also the amount of
created micro dispersionisimportantto obtain high
performance in the flotation process, i.e. it is
required to create a certain amount of air-water
micro dispersion. The final amount of air-water
micro dispersion created by quantity should
provide recovery of all useful particles of slurry
class not adsorbed by standard bubbles in the
standard mode.

Discussion of the results

Analysis of the results shows that the liquid-gas
ratio, equal to 1:listhe optimum of all types of
foaming agents. Figure 4 shows the dependence of
the average water-air micro dispersion size
obtained from 0.5 g/I solutions of BTF, C-7, B-TETA
foaming agents at a liquid-gas ratio of 1:1.
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Figure 4 -Dependence of the average particle size of
WWAMD obtained from BTF, C-7, B-TETAfoaming agent
solutions at the ratio L:G = 1:1, on the generator capacity

The average size of the water-air micro
dispersion obtained from 0.5 g/I BTP solution is 60-
73 um; from 0.5 g/I C-7 solution - 122-142 um; from
0.5 g/l B-TETA solution - 104-123 um at increased
capacity of the liquid phase (9.6 I/h; 12 I/h).
Analysis of the results shows that the water-air
micro dispersion size for BTF solution increases by
100%,; for C-7 solution by 20%; for B-TETA solution
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by 15%at capacities of 9.6 I/h; 12 I/h. Thus, the
generator capacity should vary between 6-7.2 |/hto
create the optimum water-air micro dispersion size.

Thus, the parameters to be used to obtain
water-air micro dispersion have been worked out,
the effect of the phase ratio: liquid-gas on the
micro dispersion properties has been studied. It has
been established that the optimal liquid-gas ratio is
1:1, the optimal generator capacity - 6-7.2 I/h, and
the average particle size of air-water micro
dispersion is 33-41 um for BTP solution, 103-107
pum - for C-7 solution, 90-93 um - for B-TETA
solution.

The researches to study micro dispersion
properties depending on the flotation
foamingagent used and their concentration were
performed at the established optimum L:G ratio
and generator capacity. The following foaming
agents were studied: BTF, oxal T-92, propylene
oxide butyl alcohol (OPSB),C-7, B-TETA, methyl
isobutyl carbinol (MIBC), Senfroth 580 foaming
agent. Here are some characteristics of these
foaming agents.

BTF - sodium-butyl aeroflot ((CsHs)2S20,PNa,
molar mass 264.3 g/mol) is an aqueous solution of
sodium salt of dibutyl dithiophosphoric acid.

Oxal T-92 is a product of high boiling by-
products of dimethyldioxane production. It
contains more than 50 % of dioxane alcohols and
esters and about 50 % of a mixture of 1, 2, 3 atom
alcohols.

OPSB is a mixture of monobutyl esters of C4Hs-
0-(C3He0)nH polypropylene glycols.

Flotanol C7 is an alkylpolyglycol based foaming
agent. These foaming agents for sulfide ores were
developed with optimal selectivity and are effective
with ores containing nonferrous metals, platinum
group minerals and precious metals.

B-TETA has four amino groups with four butyl
radicals in its composition and is well soluble in
water. It adsorbs on the surface of the bubbles, and
changes their negative charges into positive ones,
thus intensifying the flotation process.

MIBCwith the molecular formula
(CH3)2,CHCH,CHOCH; is slightly soluble in water and
can dissolve in most organic solvents.

Senfroth foaming agents consist of varying
amounts of alcohol, polyethylene glycol and
ethylene glycol. Senfroth 580 contains 37-50%
alcohol, 38-51% glycol ether, >9% glycol with
density of 0.903-0.96.

Such concept as water-air micro
dispersionstability was introduced - it is time spent
for destruction of emulsion. A flotation agent
solution of 500 dm3® is passed through the
generator and water-air microemulsion is obtained
for this purpose (Figure 5a). Then a stirrerand a
stopwatch are turned on, and time spent for
microemulsion destruction to a certain state is
recorded (Figure 5b). The time taken tp break
indicates the stability of the water-air micro
dispersion.

.

Figure 5 - View of water-air micro dispersion before (a)
and after (b) destruction

Table 1 shows the dependence of water-air
micro dispersion stability and size on the foaming
agent type and concentration at the optimal speed
of the generator of 6000 rpm.

The results of Table 1 show that:

- The optimal concentration for butyl aeroflot is
0.5 g/l, at which the particle size varies 43-58 um (t
20-40 °C), the bubble stability is 80 sec;

- The optimal concentration for T-92 is 5 g/, at

which the particle size varies 41-43 um (t 20-40°C),
the bubble stability is 70-80 sec;

- The optimal concentration for OPSB is 5 g/l
and more, at which the particle size varies 81-83
pum (t 20-40°C), the bubble stability is 60 sec;

- The optimal concentration for flotanol C-7 is 5
g/l, at which the particle size varies from 55 to 75
pum (t 20-40 °C), the bubble stability is 65-70 sec;

- The optimal concentration for B-TETA is 50 g/I,
at which the particle size varies from 53-59 um (t
20-40°C), the stability of the bubbles is 70-75 sec;

- Senfroth 580 foaming agent gives
microbubbles with a stability of 60-65 seconds, the
particle size from 73-85 um (t 20-40°C)at a
concentration of 5 g/l and more.
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Table 1 - Dependence of -air micro dispersion stability and water size on the foaming agenttype and concentration at

the optimal speed of the generator of 6000 rpm

Temperat Bubble size and bubble life at different concentrations (g/L)
ure, °C 0,05 0,5 5,0 50
Bubblestabilit | Particlesi |Bubblestability,| Particlesi |Bubblestability,| Particle |Bubblestability,Particlesiz
y, sec ze. um sec ze. um sec size,um sec e, um
BTF
20 55 90 80 42 70 65 70 65
30 45 100 80 43 65 73 70 69
40 40 110 80 41 65 76 70 67
50 35 120 70 65 65 75 70 66
60 35 123 70 68 65 72 65 73
70 30 142 60 81 60 83 65 75
80 25 150 50 85 50 93 55 86
T-92
20 35 123 60 80 80 42 35 128
30 35 121 60 83 75 53 35 125
40 30 145 60 81 70 58 35 126
50 30 141 60 84 65 73 35 124
60 30 140 60 82 60 82 30 142
70 30 144 55 88 55 87 20 159
80 30 145 55 89 50 96 20 162
OPSB
20 30 143 55 85 60 81 60 83
30 30 141 55 87 60 83 55 88
40 30 144 55 89 60 83 55 89
50 30 143 55 86 55 89 50 87
60 30 142 55 87 55 87 45 103
70 30 141 50 98 55 88 45 105
80 30 140 50 97 55 86 40 113
c-7
20 30 143 40 112 70 55 75 55
30 30 142 40 116 70 57 75 54
40 25 153 40 114 65 75 70 58
50 25 156 40 113 65 74 70 59
60 25 151 30 145 60 82 65 72
70 25 154 30 147 55 88 65 71
80 25 152 30 143 55 87 65 71
B- TETA
20 20 180 50 91 60 83 75 53
30 20 185 50 94 55 89 75 54
40 20 188 50 93 55 88 70 59
50 20 181 50 93 50 95 70 60
60 20 189 45 103 50 94 70 59
70 20 187 40 117 45 105 65 73
80 20 185 35 125 45 104 60 81
SENFROTH 580
20 65 73 65 74
30 60 85 65 73
40 60 84 60 86
50 55 89 60 84
60 55 90 60 85
70 55 89 55 87
80 50 97 45 62
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MIBC at a concentration of 50 g/l produces
unstable microbubbles which quickly disintegrate
within 10 seconds.

The flotation agents can be arranged in the
following lineunder theor ability to create water-air
micro dispersion: MIBC -> SENFROTH 580-> B-
TETA->OPSB-> Flotanol C-7->T-92->Butyl Aeroflot.

Attempts in the area of bubble formationare
made to create more microbubbles. Reduction of
the bubblesize increases the flotationefficiency. The
asymmetric structure of foaming agent molecules
and their low solubility in water contribute to their
concentration on the interface L-G (or L-T), where
they are oriented so that their hydrophilic group is
directed to water, while the hydrophobic one
(hydrocarbon radical) is directed to less polar phase
(air, oil). Having a low surface tension, foaming
agents reduce the surface tension of water and
form a hydrate layer around the air bubble. It
dramatically increases the stability of the air
bubbles enabling to retain their original
dispersibility [[22], [23], [24]]. The arrangement of
the polar groups in the moleculeis essential for the
surface activity of the substance. Foaming agent
molecules adsorb more actively the more
asymmetric the arrangement of hydrophilic and
hydrophobic groups in the molecule is; the limiting
location of the polar group is the end of the
hydrocarbon radical. Bubbles should be elastic and
elastic, i.e., deformable in addition to coalescence
stability. Elasticity depends on the length of the
hydrocarbon radicall middle homologues of the
series of single-atom alcoholshaveespecially high
elasticity.

Thus, the factors effecting the water-air micro
dispersion properties are the temperature of the

pulp, the speed of the generator, the concentration
of foaming agent solution [19], as well as the L:G
ratioregulated by the dosing pumps of the
generator, as well as the foaming agenttype.

Conclusions

The effect of L:G phase ratio on the properties
of water-air micro dispersion was studied. It was
found that the optimum liquid-gas ratio is 1:1, the
optimum capacity of the generator is 6-7.2 I/h, with
the average size of the water-air micro dispersion is
33-41 um for BTF solution, 103-107 um - for C-7
solution, 90-93 um - for B-TETA solution.

The type of foaming agent used in flotation
effects the size and stability of microbubbles. It is
established that the flotation agents can be
arranged in the followinglinewith respect to ability
to create micro dispersion: MIBC->Senfroth
580->B-TETA->OPSB->Flotanol C-7->T-92-BTF.
The best results are shown by BTF that creates a
micro dispersion of 43-58 um size (t 20-40 °C) and
stability of 80 sec.at concentration of 0.5 g/dm?3.
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Cy-ayanbl MUKpOAUCNEPCUAHDbIH, KacueTTepiHe acep eteTiH paKTopnapAbl aHbIKTay

Typbic6ekos A.K., Tycinb6aes H.K., CemywkuHa /1.B., Hap6ekosa C.M., Myxameginosa A.M.

Cambaes YHusepcumemi, «Memasnnypaua x#aHe KeH balieimy uHcmumymei» AK, Aamamel, KazakcmaH

TYWIHAEME
Makanaga

CyMbIK-ra3

dasacbiHblH,  KaTblHacbl »aHe KebIKTeHAIprill peareHTiHiH,  Typi

KOBIKTEHAIPriW epiTiHAIAEH aNblHFAH Cy-aya MUKPOAMCMEPCUACHIHbIH, OpTalla MesiepiHe acepi
6oibIHWa 3epTxaHanblK 3epTTeynepaiH HaTuxkenepi 6epinreH. MukpokenipwikTepaid, menwepi
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0N1apabl OHAIPY YIWiH KONAAAHbINATbIH KeBIKTeHAIpril peareHTiHiH Typi MEH KOHLEHTpaLMACbIHA
6ainaHbIcTbl daoTauma TMimainiriHe aiTapabikTalt acep eteai. Cy-aya MUKPOANUCNEPCUACHIH any

YWiH reHepatop KongaHbingbl. Cyiblk-ra3 dasanapbliHblH, 3PTYPAi  KaTblHAacbiHAA XKaHe
Makana kengi: 27 kaimap 2022

CapantamagaH eTTi: 24 aknaH 2022
Kabbinganapl: 11 Haypeiz 2022

reHepaTopAblH, IPTYPAi OHIMAiNIriHae Ccy-ayaibl MUKPOAMUCMEPCUACBIH any napameTpaepiH
aHbIKay JKyMbICTapbl Kyprisingi. 3epTrey obbekTinepi peTiHge KoHueHTpaumsackl 0,5 r/pm3
KYPanTbIH Keneci KebikTeHAiprilw peareHTTepi naganaHbingbl: HaTpuit 6yTnn aspodnotbl (BTO),
¢dnotaHon C-7, 6ytuntpmatuneHteTpamuu (B-TETA). Cylibik-ra3 ¢dasanapbliHblH, OHTaWAbI
KaTblHacbl 1:1, reHepaTopablH, OHTaMAbI eHiMAiniri 6-7,2 am3/car Kypaiapl, an BT epiTiHaiciHeH
ANIbIHFAH Cy-aya MMKPOAMCNEPCUACBIHbIH, opTawa menwepi 33-41 mkm, C-7 epiTiHgiciHeH - 103-
107 mkm, B-TETA epiTiHgiciHeH - 90-93 mKM Kypaiabl. dnotaumaga KonAaHbIATbIH
KOBIKTEHAIprilW peareHTiHiH, Typi MWKPOKeNipLWiKTepAiH Menwepi MeH TypaKTblibifblHA acep
eTesi. Mukpoaucnepcua xacay KabinetiHe Kapalt GnoTauMANbIK peareHTTepAi Keneci Katapfa
opHanactbipyfa 6onagpli: MIBK - Senfroth 580 - B-TETA - OPSB - ¢notaHon S-7 - T-92 -
BTF. EH, »Kakcbl HaTuxkenepai BT® peareHti Kepcetti, on 0,5 r/am® KoHUEHTpauuAacbiHAA
MUKpobenweKkTepaiH, menwepi 43-58 mkm (t 20—-40 °C) aHe TypaKTbiabiFbl 80 CeK KypaiTbiH
MUKpOAMCNEePCUA eHAeNA].

TyiiiH ce3pep: dnotauma, KOMBUHUPAEHTEH MUKpodnoTaumsa, GNOTaUMANbIK peareHT, cy-aya
MUKPOANCNIEPCUACHI, MUKPOKONIpLLiKTep.
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Typbic6ekos A.K., Tycyn6aes H.K., CemywkuHa /1.B., Hap6ekosa C.M., Myxamegunosa A.M.

Satbayev University, AO «MHcmumym memasnnypauu u obozaujeHus», Aamamel, Kazaxcmax

AHHOTALUMA

B cTaTbe npeacTaBneHbl pe3ynbTaTbl SA6OPATOPHbIX MCCNEA0BAHMI MO WM3YYEHUIO BAUAHUA
COOTHOWeHNA a3 KuAKoe-ras U BMAA NeHoobpas3oBaTeENs Ha CPeaHIol KPYMHOCTb BOAO-
BO34YWHOW MWMKPOAMCNEPCUM, MONYY4EeHHOW M3 pacTtBopa neHoobpasosatens. Pasmep
MMKPOMY3bIPbKOB CYLLECTBEHHO BAMAET Ha 3OdEKTUBHOCTL GAOTaLMKM, 3aBMCUT OT BUAA WU
KOHLEHTPALMW BCMEHMBATENA, UCMNOAb3YEMOro AN UX NPOW3BOACTBA. A NonydYeHUs BOAO-
BO34YLWHOW MMKPOAMCNEepCUn MUCMnosib3oBanu reHepatop. lposegeHbl paboTbl No oTpaboTke
napameTpoB MNOJyYeHMs BOAOBO3AYLIHON MMKPOAMCNEPCMM MNPU PasHOM COOTHOLWEHUWU a3
JKMAKOCTb-Ta3 U PasHoI NMPOU3BOAMUTENBHOCTU reHepaTopa. B KayecTBe 06bEKTOB UCCNE0BaAHMIA
MCNOo/Ib30BaHbl  BCreHusaTenn: 6ytunosblin  aspodnotr Hatpua (BTP), dnoraHon C-7,

Mocmynuna: 27 aHeapsa 2022 6ytuntpuatunenterpamud  (B6-TITA) npu  KoHueHTpauumn 0,5 r/amd. YcraHoBneHo, uTo
PeyeH3uposaHue: 24 pespana 2022 ONTMManbHOe  COOTHOWeHWe a3  XKMAKOCTb—ra3  coctasnadeTr  1:1,  onTMmanbHaa
lMpuHama e neyams: 11 mapma 2022 NPOV3BOAMUTE/ILHOCTb reHepaTopa 6-7,2 Am3/4, NpU 3TOM CPeaHAs KPYNHOCTb BOAOBO3AYLIHON

Mukpoaucnepcum coctasnset 33-41 mkm ana pactsopa bT®, 103-107 mkm - ana pactsopa C-7,
90-93 MKM - ana pacteopa B-TITA. Bug BCneHMBaTeNsa, UCNOAb3yeMOro npu ¢aotaumm, savaet
Ha pa3mep W YCTOMYMBOCTb MMKPOMY3bIPbKOB. YCTaHOBNEHO, YTO MO CNOCOBHOCTM cO3aaBaTb
MUKpoamcnepcuto GaoTopeareHTbl MOXKHO PAcMoNoXuUTb B creaytowmii pag: MUBK-> Senfroth
580> B-T3TA->OMNCB~> dnotaHon C-7->T-92->BTd. Hannydwme pesynbTatbl Nokasbisaet 6T,
KOTOPbIN Npu KoHueHTpaummn 0,5 r/am® co3aaer MUKPOOAMCNEPCUIO KPYMHOCTbIO 43-58 MKMm (t
20-40 °C) u ycToiumsocTbio 80 cek.
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