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The research objective is to study the effect of the water-air emulsion size of the foaming agent solution on the
flotation ability of non-ferrous metal minerals. An air-water emulsion of a foaming agent solution was obtained in a
water-air microemulsion generator. It has been established that the supply of microbubbles to the monomineral
flotation process makes it possible to increase the yield of minerals with different dispersion ability and accelerate

the flotation process by 10 - 15 %.
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INTRODUCTION

The overwhelming majority of ores processed at
present in Kazakhstan are distinguished by the close in-
tergrowth of very thin, up to colloidal, mineral inclu-
sions. All the ore has to be finely ground since the min-
eral grains containing useful components are so small to
open and release them into free particles applicable to
be separated from the host rock. A significant part of the
currently mined ores requires much deeper grinding up
to 30 - 40 um to open monomineral grains, while the
optimal grain size for flotation beneficiation is ~ 70 pum.
Itresults in the loss with microdispersions (superslimes)
of a significant part of the opened monomineral grains
containing enriched metals.

The low efficiency of micron-sized particles flota-
tion extraction from ores is one of the important reasons
for the large losses of valuable components in concen-
tration plants. The use of combined microflotation with
the water-air microdispersion production that will ena-
ble additional extraction of microdispersed valuable ore
minerals, optimize the flotation process and obtain
higher technological parameters, is one of the solutions
to this problem.

In some works [1-4], options for increasing the ef-
ficiency of processing fine-dispersed ores using con-
centration methods and different reagent modes are
considered.

In the middle of the last century, researchers [5-11]
have shown that the most effective method to benefi-
catemicroparticles is flotation by aeration with gases
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released from their aqueous solution. The use of com-
bined microflotation, where both micro- and macro-
bubbles are involved in the flotation process, can be one
of these problem solutions.

It is theoretically shown [12-13] that the solution to
the flotation problem for particles with a size less than
25 pm can be achieved only by using air bubbles that
size does not exceed 50 um, in the flotation process.
The air bubbles used in the process are formed outside
the treated pulp in the form of a concentrated water-air
microemulsion performing the fundamental difference
between this method and conventional flotation.

The research aimed to use combined microflotation
[14-18] thatenables to additional extract the finely-dis-
persed minerals lost with flotation tailings and obtain
concentrates with a high extraction of the useful com-
ponent, are relevant and economically feasible.

This work purpose is to study the effect of the water-
air microdispersionnature on the flotation ability of
non-ferrous metals sulfide minerals. The water-air mi-
crodispersion of the foaming agent solution is obtained
in the generator and the obtained microdispersion con-
tains 66 - 70 % of gas in the form of microbubbles.

MATERIALS AND METHODS

Objects of the research are the foaming agents: oxal
T-92, dialkyldithiophosphate BTF-163. The analysis of
the foaming agent solutions surface tension with vari-
ous concentrations (solution pH is 8,5 - 9) was per-
formed with a KRUSS tensiometer, K20 Easy Dyne
series (Table 1).

The results show that the smallest surface tension
has solutions at a concentration of 2,5 mg/cm?® for T-92,
5,0 mg/cm? for BTF-163.
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Table 1 Surface tension of the starting reagents

Name Concentration/ t/°C o/ mN/m

mg/cm?

Water - 22,0 72,6
T-92 0,25 22,3 60,2
T-92 0,5 21,7 551
T-92 2,5 21,6 48,4

BTF-163 0,5 22,1 46,1
BTF-163 2,5 22,2 45,2
BTF-163 5,0 21,9 42,4
Sample of the mineral (5 g)
v
Vacuumin,
Regulators (H:50,, NaOH) 3 |
Agitation 2 min
Collector |
Agitation 1.5 min
Foaming agent ~—_, ;
Agitation 0,5 min
Flotation
Foam product Chamber product

Figure 1 Monomineral flotation flow diagram

Then these solutions are passed through a water-air
microemulsion generator. It forms a water-air microe-
mulsion. The microbubbles’ size and the amount de-
pend on the foaming agent concentration. The obtained
water-air microemulsions were investigated on a Photo-
cor Compact particle size analyzer.

The water-air microemulsion effect on the mono-
minerals (chalcopyrite, galena, sphalerite, pyrite) flota-
tion ability has been studied. The minerals were ground
in a porcelain mortar; the weight was 5 grams. Flotation
was performed in a laboratory FL type (Russia) flota-
tion machine with a volume of 50 cm?. The impeller
rotation speed was 1100 revolutions per minute. The
minerals were mixed with water, evacuated; then rea-
gents were supplied and processed in agitation and aer-
ation modes (Figure 1).

Sodium butyl xanthate (consumption 5 mg/dm?) was
used as a collector. Foaming agent consumption is 15
mg/dm3.

Monomineral flotation was performed at different
dispersion ability of chalcopyrite, galena, sphalerite,
and pyrite minerals: - 0,074 + 0,044 mm; - 0,044 +
0,020 mm; - 0,020 + 0 mm. Foaming agents were sup-
plied in the form of solutions (basic mode) and the form
of a water-air microemulsion.

RESULTS AND DISCUSSION

The optimal dimensions of the water-air microemul-
sion were obtained at concentrations of 2,5 mg/cm? for
T-92, 5,0 mg/cm? for BTF-163 (Figures 2, 3).
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Figure 2 Distribution of microbubble particles (T-92, 5 mg/cm?3)
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Figure 3 Distribution of microbubble particles (BTF-163, 2,5
mg/cm?)

Optimal distributions were obtained at concentra-
tions of T-92 5,0 mg/cm?, BTF-163 2,5 mg/cm?.The av-
erage particle size of microbubbles is 27 pm, the con-
tent (fraction) of these particles is 63,5 % for T-92 solu-
tion with a concentration of 2,5 mg/cm? (Figure 2). The
average particle size of microbubbles is 22 um, the con-
tent (fraction) of these particles is 87,6 % for a BTF-163
solution with a concentration of 2,5 mg/cm? (Figure 3).

Monomineral flotation results versus time are shown
in Figures 4-7.

In Figures 1-3 corresponds to the size of minerals
1) - 0,074 + 0,044 mm; 2) - 0,044 + 0,020 mm;
3) - 0,020 + 0 mm in the basic mode, “1/;2/;3"corre-
sponds to the size of minerals using microemulsion.

The research results showed that the mineral yield
increases from 78 to 83 % during flotation of chalcopy-
rite with a dispersion ability of - 0,074 + 0,044 mm with
the microbubbles additional use; the mineral yield in-
creases from 62 to 80 % with a dispersion ability of -
0,044 + 0,020 mm; the mineral yield increases from 22
to 50 % with a dispersion ability of - 0,020 + 0 mm.

The mineral yield increases from 84 to 87 % during
flotation of galena with a dispersion ability of - 0,074 +
0,044 mm with the microbubbles additional use; the
mineral yield increases from 76 to 85 % with a disper-
sion ability of - 0,044 + 0,020 mm; the mineral yield
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Note: 1 - size - 0,074 + 0,044 mm;

2 - size - 0,044 + 0,020 mm;

3 -size- 0,020 + 0 mm

1/ - size - 0,074 + 0,044 mm using microemulsion;
2/ - size - 0,044 + 0,020 mm using microemulsion;
3/ - size - 0,020 + 0 mm using microemulsion

Figure 4 Flotation time dependence of the chalcopyrite

flotation ability
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Figure 5 Flotation time dependence of the galena flotation
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Figure 6 Flotation time dependence of the pyrite flotation

ability
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Figure 7 Flotation time dependence of the sphalerite
flotation ability

increases from 29 to 58 % with a dispersion ability of -
0,020 + 0 mm.

The mineral yield increases from 71 to 75 % during
flotation of pyrite with a dispersion ability of - 0,074 +
0,044 mm with the microbubbles additional use; the
mineral yield increases from 65 to 67 % with a disper-
sion ability of - 0,044 + 0,020 mm; the mineral yield
increases from 16 to 47 % with a dispersion ability of -
0,020 + 0 mm.

The mineral yield increases from 75 to 79 % during
flotation of sphalerite with a dispersion ability of - 0,074
+ 0,044 mm with the microbubbles additional use; the
mineral yield increases from 66 to 77 % with a disper-
sion ability of - 0,044 + 0,020 mm; the mineral yield
increases from 18 to 39 % with a dispersion ability of -
0,020 + 0 mm.

Thus, the presented results show that the supply of a
foaming agent in the form of microbubbles to the mono-
mineral flotation process can increase the yield of min-
erals with a various dispersion ability and accelerate the
flotation process by10 - 15 %.
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