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B cmambe paccmompeno enuanue yibmpazeéyKoeoii 00padomKku paziuuHoi aKycmuue-
CKOll MOWHOCMU NEHOOOPA3YIOWUX KOMRO3UUUIL (hromopeazenmos (pacmeop CONAHOKUCTI020
amuHa, pacmeop CoIAHOKUCI020 AMUHA ¢ 0obaesnenuem noauImunenenuxkons 200M u pacmeop
COJIAHOKUCTI020 AMUHA C 000a8/1eHUEeM MPUIMUTLCHZIUKOIIA) HA C8OIICMEA 08YX(hA3HbIX NeH: ne-
HooOpa3zosanue, KpAMHOCHb HeH, 6T1AHCHOCHb, YCHOUYUEOCHb U CPEOHAS CKOPOCMb PA3PYULIEHUA
HeH; a makdice Ha U3MEHEHUA NOBEPXHOCHIHO20 HAMANCEHUA U Pasmepa PiaoKya cooupamens
HEeHOoO0OPaA3YIOWUX KOMROZUYUAX PEAzeHmO08. YCmanoea1eno, Ymo yibmpa3eyKoean aKmueayus
REeHOoO0OPA3YIOUUX KOMRO3UYUIL peazeHm o6 nPU aKycmuueckoii mowinocmu 420 Bm yeenuuusaem
Kpamnocms neH u nenooopazoeanue na 10,3 u 12,1% coomeemcmeenno, npu 3mom neHvl cma-
Hoeamcsa donee «cyxumu» Ha 15,2% (6 cnyuae pacmeopa conanokucinozo amuna), 15,6% (6 ciyuae
pacmeopa conaHOKUCI020 AamMuna ¢ 0obaenenuem nonumuienzaukonn 200M) u 13,3% (e caiyuae
DPaAcmeopa coNAHOKUCA020 AMURA ¢ 00DasieHuem mpuimunen2nuxkons). Kpome mozo, nabnwoa-
emca nogvluienue CaduIbHOCMU NEHHO20 C/10A NPU yEeaudeHUuU aKyCmuU4ecKoi MOujHoCmu
Ybmpa3zeyKoeoi 0opabomku 00 maxcumanwvhoiui (420 Bm) na 63,1% (6 cayuae pacmeopa conano-
KUC1020 AMURA), YMO CEUOCHETbCHIEYEH 0 803MONCHOCHIU Pe2YTUPOBAHUA YCHOIYUBOCHIU U OPY-
2UX XApaKmepucmuK newnvl (neHoodpazoeanue, KPAMHOCHb U 61AHCHOCHb HEHbl) C HOMOUIBIO
akycmuyeckozo memooa. bnazooapa ynempazeyxoeomy oucnepzupoeanuio, ¢aoxyast cooupa-
mens (Pacmeop CoNAHOKUCI020 AMUHA) 00/1ee IPheKmusno pacnpedenaomcsa no ecemy 00vemy
IMYILCUU, 6 M.U. HA ROGEPXHOCMU NEHOOOpa3ylouiell KOMRO3UUUU PeazeHmos. YcmaHnoeneHo,
Ymo yabmpa3eyK U3MeHAEm GblUleYyKA3aHHble XaPAKMEPUCIUKU NEeHbl 34 CYen CHUMNCEHUA no-
86EPXHOCHHO20 HAMANCEHUA NEHOOOPAYIOUUX KOMROZUWLLIL DeazeHmM 08 U YMEeHbUIeHUA pazmepa
MUYyen1 pacmeopa CoNAHOKUCI020 AMUHA.
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The article considers the effect of foam-forming compositions of flotation reagents (hydro-
chloric amine solution, hydrochloric amine solution with addition of polyethylene glycol 200M and
hydrochloric amine solution with addition of triethylene glycol) ultrasonic treatment on the prop-
erties of two-phase foams. It was determined that ultrasonic activation of reagent compositions
increases a foam specific volume and foam capacity by 10.3 and 12.1%, respectively, while the
foams become drier by 15.2% (in the case of the hydrochloric amine solution), 15.6% (in the case
of the hydrochloric amine solution with addition of polyethylene glycol 200M) and 13.3% (in the
case of the hydrochloric amine solution with addition of triethylene glycol). In addition, there is an
increase in the foam layer stability with an increase in the ultrasonic treatment power by 63.1% (in
the case of the hydrochloric amine solution), which indicates the ability to control the stability and
other characteristics of the foam using the acoustic method. Due to ultrasonic dispersion, amine
floccules are more efficiently distributed over the entire volume of the emulsion, including the sur-
face of the liquid. It was found that ultrasound changes the above foam characteristics by reducing
the surface tension of foam-forming compositions and decreasing collector micelles.

Key words: foam, foam-forming composition, ultrasound, collector, frother, foam stability, foam capacity,
foam specific volume, foam density, surface tension
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INTRODUCTION

Froth flotation is the main technology used in
potash enrichment plants to separate valuable minerals
from waste rock based on surface wettability differ-
ences due to the addition of collectors [1-3]. In this pro-
cess, an important role is played by frothers that can
disperse the collector micellar structures, for example,
during cationic flotation of water-soluble minerals, and
also contribute to the formation of small air bubbles in
the pulp volume, which are necessary for the attach-
ment of hydrophobic mineral particles, and to the for-
mation of the stable foam layer on the surface of the
pulp [4-8].

The process of mineral flotation is difficult to
research because the solid, liquid, and gaseous phases
take part in the interaction. The properties of these
phases and the results of their interaction under certain
conditions determine the final indicators of flotation:
the quantity and quality of the foam concentrate in the
flotation machine [9, 10].

The foam's stability affects the intensity of par-
ticles shedding, however, the foam, when removed
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from the flotation machine cell, should be easily de-
stroyed and not cause technological complications in
the subsequent stages of enrichment [11-15]. The foam
destruction is caused by the outflow of the interfilm
fluid from the Plateau-Gibbs channels separating the
bubble's air shells, which is called syneresis [16, 17].
Diffusion transfer of gas also occurs in the foam due to
the pressure difference in different size bubbles, since
bubbles in the foam have different dispersity [6, 18].
This process contributes to the increase or decrease in
the air bubbles size, changing the particle size distribu-
tion of the foam. Air bubbles formed in the flotation
pulp volume actively coalesce when colliding with
each other since any thermodynamic system tends to a
minimum of internal energy, which is facilitated by the
liquid outflow from the foam and gas diffusion [19-21].
The foam stability depends on the strength of their film
frame: foams with liquid films are generally unstable
[14, 22]. The quantitative characteristic of any foam is
foam specific volume (the ratio of the foam volume to
the liquid volume forming the sides of the bubbles),
which affects the particle shedding, and foam density
[23-25].
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The recovery efficiency and the quality of the
flotation product depend on the foam properties. In
some conditions, the results of flotation do not meet
industrial requirements due to such factors as low foam
stability, low foam specific volume, low dispersion of
air bubbles in the pulp volume.

To improve the specified characteristics of
foam systems, there are the following methods: chem-
ical (using combinations of various reagents: collectors
and frothers) [7, 20, 26, 27], mechanical [18, 28] and
physical (thermal, acoustic, etc.) [29-32] methods for
controlling the processes of foam formation and foam
destruction.

A promising method for increasing flotation
efficiency is the use of ultrasound. Due to ultrasonic
treatment, in particular cavitation, many physicochem-
ical properties of flotation systems, including foam
characteristics, can be changed [32-34].

However, when researching foams, significant
difficulties arise due to the complexity of their experi-
mental study, the variety of foams properties, as well
as the phase state of foams, in connection with which
this article investigates the properties of two-phase
foams, which gives a general understanding of the pro-
cesses occurring after ultrasonic treatment of flotation
emulsions, and the possibility of modeling the pro-
cesses occurring in the flotation foam layer.

It should be noted that the research of the effect
of ultrasound on the change in the foam characteristics
is of both theoretical and practical interest since the re-
sults of the studies can be used in the technology of
potash ores and other minerals flotation enrichment.
There are few studies on this topic. For example, the
papers [35, 36] show the effect of ultrasonic treatment
of a hydrochloric amine solution used as the collector
in potash flotation on the foam capacity and assessment
of foam stability, while, as noted by the authors, in the
future, the effect of ultrasonic treatment on the “collec-
tor-frother” composition should be researched, since it
is the composition that is used in the flotation enrich-
ment of many minerals. In addition, the articles do not
indicate the reasons for the change in the characteris-
tics of foams after ultrasonic treatment of the collector.

The purpose of this article is to research the ef-
fect of ultrasonic treatment of foam-forming composi-
tions of flotation reagents («collector-frother» compo-
sition) on such basic foam characteristics as foam ca-
pacity, foam specific volume, foam density, and foam
stability, also to determine the causes for the change in
the listed foam characteristics after ultrasonic treat-
ment of flotation emulsions.
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MATERIALS AND METHODS

Foam-forming compositions

Three different emulsions were used to study
the effect of ultrasonic activation on the foam-forming
composition: 1 — hydrochloric amine solution (HCA),
which is used as the collector in, for example, potash
flotation; 2 — emulsion of the HCA with the addition of
polyethylene glycol 200M (HCA-PEG); 3 — emulsion
of the HCA with the addition of triethylene glycol
(HCA-TEG). PEG and TEG are used as flotation froth-
ers in sylvite flotation [7].

To prepare the first solution (HCA), primary,
distilled and granular amines of the C17-C20 fraction
were used as amines. HCA was prepared according to
the following technique: solid distilled amine (previ-
ously ground in a mortar) is added to distilled water,
the concentration of amine in the solution is 0.8 wt. %,
and chemically pure hydrochloric acid in an amount
15% higher than necessary for the neutralization of the
amine. The prepared solution, with stirring, is placed
in a thermostat with a set temperature of 70 °C for 90 min.
Next, the temperature of the solution is reduced to a
working temperature of 60 °C.

The second (HCA-PEG) and third (HCA-
TEG) emulsions are prepared similarly to the method
described above, with the difference that after lowering
the HCA temperature to 60 °C, to add with stirring
PEG or TEG 30% by mass of dry amine, respectively.

Ultrasound treatment of foam-forming compositions

Ultrasonic activation of the foam-forming
composition was carried out using the laboratory ultra-
sonic installation, shown in Fig. 1. As a source of ul-
trasonic vibrations, an ultrasonic generator with a pie-
zoelectric oscillatory system with a developed radiat-
ing surface made of titanium alloy in a metal case with
forced air cooling, model UZTA-0.8/22-OMU (series
"Volna") from the "Tsentr ul'trazvukovykh tekhnologiy"
(Russia) was used.
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Fig. 1. The laboratory setup for ultrasonic treatment of foam-
forming composition: 1 — US-generator; 2 — US radiating surface;
3 - mechanical stirrer; 4 - thermostat; 5 — jacketed reactor
Puc. 1. Ycranoska mst ¥Y3-00paboTku eHOOOpa3yroeii KoMIo3u-
mun: 1 — Y3- reneparop; 2 — ¥Y3- uzinydaronas IOBEpXHOCTB; 3 - Me-
XaHWYEeCKasl MeIlaJIKa; 4 - TepMOCTaT; 5 - peakTop ¢ pyOarkoi

The laboratory installation has a nominal oper-

ating frequency of 22+1.65 kHz and radiation intensity
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of at least 3.5 W/cm?. Electronic generator with timer
and power regulator from 40 to 100%. At 100% power
ultrasonication, the total power is 1600 VA, the active
power is 650 W, and the acoustic power of 420 W is
introduced into the medium. By changing the power
setting, the total, active and acoustic power changes.
The changes are proportional.

The operating temperature of an emulsion was
maintained using the thermostat (4). A foam-forming
composition in a volume of 500 ml was placed in the
reactor (2) and it was ultrasonicated at various modes
of acoustic power (from 168 to 420 W in steps of 84)
and treatment duration of 150 s. Control experiments
without ultrasonic treatment were carried out under
identical conditions.

Measurement of amine floccules

The particle size of the amine was measured
using a Zetasizer Nano ZS nanoparticle detection sys-
tem from Malvern Panalytical (Netherlands, Great
Britain). The analysis is carried out according to the
method of dynamic light scattering using non-invasive
backscattering technology.

To determine the amine floccules size, 1.5-1.7 ml
of the activated or non-activated by ultrasonic treat-
ment emulsion was sampled. The sample was placed in
a special clean cuvette (disposable polystyrene cuvette
DTS0012) installed in the device cell and heated to
a working temperature of 60 °C. The water viscosity
values used to measure the collector particle size
were taken as reference values at a given tempera-
ture. The refractive index of foam-forming composi-
tions was 1.4407.

10 consecutive measurements of one sample
were made on the device, after which the values were
averaged.

Measurement of foam-forming composition
surface tension

The surface tension of emulsions activated and
non-activated by ultrasound was measured using the
Wilhelmy plate method on a Kruss K100C-MK2 ten-
siometer (Germany).

Surface tension (o, mN/m) is calculated from
the measured force (F, mN), wetted surface length (L,
m) and contact angle (6). The standard plate is made of
platinum (6 = 0°). Surface tension (c) was calculated
using formula (1):

F
0= L-Cos® (1)

Assessment of foam capacity, foam stability,
and foam density of foam-forming compositions

Assessment of foam capacity, foam stability,
and foam density of activated and non-activated by ul-
trasonic treatment of the emulsion were carried out us-
ing a Kruss DFA100 foam analyzer (Germany).
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A sample of 50 ml was taken from the emul-
sion activated and non-activated by ultrasound with a
syringe and injected into the glass measuring column
of the foam analyzer. Using an air flow meter, the re-
quired amount of gas supply was set (0.3 I/min), air
was passed through the emulsion for 10 s. The duration
of each measurement was 360 s.

During the analyzer operation, the following
indicators were measured:

e Foam capacity (mL/mL) is the ratio of the
foam volume to the passed gas volume, which charac-
terizes foaming based on gas binding.

e Foamdensity (mL/mL) is the ratio of the liquid
part in the foam to the foam volume when the foaming
process ends, which characterizes the moisture content
in the foam.

e Foam specific volume (mL/mL) is the ratio of
the foam volume to the liquid volume in the foam when
the foaming process ends, describing the foaming
properties of the liquid.

o Assessment of the degree of foam destruction
(assessment of foam stability) by the modified Ross-
Miles method ISO 696 (RMI) [37], according to which
the remaining foam volume is measured after 30 (RMI 30),
180 (RMI 180), and 300 (RMI 300) s.

In addition to the indicators listed above, the
average foam destruction rate (va,) was calculated us-
ing formula (2):

Vay = Vmax3(1)§;\/ll300’ @)
where va, — the average foam destruction rate (mL/s),
V max — maximum foam volume (mL), RMI 300 — foam
volume after 300 s measurement (mL), 300 — time
elapsed since the start of the measurement (s).

RESULTS AND DISCUSSIONS

Assessment of foamability and foam density of
the foam-forming compositions

The foamability of the foam-forming compo-
sitions was assessted by foam capacity and foam spe-
cific volume, foam density — by the moisture content
in a foam. The results of these characteristics research
are shown in Table 1.

From the analysis of the Table 1 (Foam capac-
ity), it can be seen that the addition of PEG or TEG to
the HCA increases foam capacity from 1.57 to 1.66 and
1.70 mL/mL, respectively, compared with the HCA
without frothers and ultrasonic treatment. Ultrasonic
treatment of all emulsion types increases foam capacity
almost linearly with increasing acoustic power up to a
maximum of 420 W. In this case, most of the foam is
formed using the HCA-TEG emulsion. It is important
to note that the ultrasonic treatment of the HCA with
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the power of 252-420 W is able to increase foam ca-
pacity to 1.70, 1.73, and 1.76 mL/mL, respectively,
which is numerically equal to or exceeds the foam ca-
pacity of HCA with TEG or PEG additives and without
ultrasonic treatment.

Table 1
Effect of ultrasonic treatment of foam-forming compo-
sitions on foam characteristics
Tabnuya 1. Bausinue y1bTpa3ByKoBOi 00padoTKH me-
HOOOPA3YIOIIUX KOMIIO3MIMIA HA XapaKTePUCTUKHU

IEHbI
fFoar_n- Acoustic | Foam ca- Foam Foam
orming - specific .
power, pacity, density,
compo- W mUmL | YOMME |
sition mL/mL
0 1.57 3.10 0.33
168 1.69 3.24 0.31
HCA 252 1.70 3.26 0.30
336 1.73 3.31 0.29
420 1.76 3.42 0.28
0 1.66 3.20 0.32
168 1.71 3.30 0.30
HPCEé' 252 176 3.40 0.29
336 1.77 3.50 0.28
420 1.78 3.53 0.27
0 1.70 3.27 0.30
168 1.72 3.37 0.29
ﬂCEé 252 175 3.60 0.28
336 1.78 3.65 0.27
420 1.82 3.70 0.26

The analysis of Table 1 (Foam specific volume
and Foam density) indicates that with the use of ultra-
sound treatment of emulsions and a gradual increase in
ultrasound power, the ratio of the foam volume to the
liquid part in the foam (foam specific volume) in-
creases, while the content of moisture in foam is re-
duced, that is, the foam becomes more “dry”. Most
foam specific volume is observed in the HCA-TEG,
and the same composition has the least wet foam both
with and without ultrasonic treatment. "Dry-type"
foams are effective when high-quality concentrates are
required, however, in this case, the yield of a product
may decrease [38].

Foam stability assessment of foam-forming
compositions

Fig. 2 and Table 2 show the experimentally ob-
tained dependences of the foam destruction degree
(foam stability) by the modified Ross-Miles method
(1SO 696) and the average foam destruction rate from
ultrasound treatment of foam-forming compositions.

From the analysis of the curves in Fig. 2, it can
be seen that with the use of ultrasonic treatment of all
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foam-forming compositions, the foam stability in-
creases - the remaining foam volume after a certain
time period is more than without ultrasound activation.
At the same time, with an increase in the ultrasonic
power from 168 to 420 W, the foam stability increases
in all foam-forming compositions.
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Fig. 2. Assessment of foam stability (remaining foam volume — V) by
the modified Ross-Miles method (1ISO 696) using ultrasound activation
of foam-forming compositions: a— HCA; b — HCA-PEG; ¢ — HCA-
TEG.1-0W,;2-168W;3-252 W, 4—-336 W;5-420 W
Puc. 2. BnusiHue ynbTpa3ByKoBOil 00pabOTKH MEHO0Opasyommx
KOMIIO3HULIMH Ha M3MEHEHNE YCTOMUUBOCTH MeH (OCTaBIIUICS
00bEM neHsl - V) MetonoMm Pocc-Maiinca (ISO 696): a — pactop
COJITHOKHUCIIOTO aMHHa; b — pacTBOP COJITHOKHCIIOrO aMHHa C JI0-
6asnerne 191" 200M; ¢ — pacTBOp COITHOKUCIIOTO aMHHA C JI0-
OapnenueM TpudTmwieHrHKois. 1 — 0 Bt; 2 — 168 Br; 3 — 252 Br;
4 — 336 Br; 5—-420 Br
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Table 2
Effect of ultrasonic treatment of foam-forming compo-
sitions on average foam destruction rates
Tabnuya 2. Baiusiaue yJabTpa3ByKoBoi 00padoTKu me-
HOO0pa3ylIMX KOMIO3ULMIA HA CPETHIOI0 CKOPOCTh

A3PYLHICHUA IMECHbI
Foam-forming | Acoustic power, Average foam
L destruction rates,
composition W mL/s
0 0.137
168 0.115
HCA 252 0.108
336 0.105
420 0.084
0 0.117
168 0.115
HCA-PEG 252 0.110
336 0.106
420 0.097
0 0.116
168 0.116
HCA-TEG 252 0.116
336 0.114
420 0.104

As can be seen from Table 2, with an increase
in the power of the ultrasonic treatment of foam-form-
ing compositions, the average rate of foam destruction
decreases. At the same time, the average rates of foam
destruction of the HCA-TEG and HCA-PEG decrease
smoothly with an increase in the ultrasonic treatment
power, while the HCA has the greatest depends on the
average rate of foam destruction from ultrasonic treat-
ment, which is associated with a more stable foam
(Fig. 2a) in comparison with HCA-PEG (Fig. 2b) and
HCA-TEG (Fig. 2c) foams.

However, for a successful flotation process,
foam with optimal stability is required: low-stability
foam does not provide a high recovery of a floated
product, and high-stability foam can cause techno-
logical complications at subsequent stages of the
process (for example, reduced filtration efficiency
and loss of flotation concentrate during thickening).
Therefore, enrichment plants strive to obtain foams
that would not collapse before being removed from
the flotation cell, but would quickly distract in a flo-
tation machine chutes.

The main role in the foam stability is played by
the strength of the film frame, which depends on the
moisture content in the foam (liquid films are unstable)
and the foam specific volume. These foam characteris-
tics, in turn, depend on the surface tension of a foam-
forming composition. As shown above (Table 1), when
foam-forming compositions are treated to ultrasound,
the foam specific volume increases, while the moisture
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content of the foam decreases, while the foam stability
increases (Fig. 2 and Table 2).

The change in surface tension from ultrasonic
treatment of foam-forming compositions is shown be-
low, and the phenomenon of this change is explained.

Change in surface tension of foam-forming
compositions and collector floccules size

The change in surface tension and amine floc-
cule size of foam-forming compositions from the ultra-
sonic treatment is considered in Fig. 3 and Table 3, re-
spectively.

o, Mo‘m

26.5 !
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25.0 3
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24.0
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230 + T

0 34 168 252 336 420
Acoustic power, W

Fig. 3. Effect of ultrasonic treatment of foam-forming compositions on
change in surface tension: 1 — HCA; 2— HCA-PEG; 3— HCA-TEG
Puc. 3. Bimsaue ynpTpa3BykoBOit 00pabOTKH TEHOOOPA3yIOMNX

KOMIIO3HIMI Ha N3MEHEHHE IOBEPXHOCTHOTO HATsHKEHHS: 1 — pac-

TBOP COJITHOKHUCIIOTO aMHHA; 2 — PACTBOP COJSIHOKHCIIOTO aMHHA C

no6asnenuem [13I" 200M; 3 — pacTBOp COJITHOKUCIIOTO aMUHA C

Z[O6aBJ'IeHI/IeM TPUITUIICHI JTUKOJIA

As can be seen from Fig. 3, with an increase in
the power of ultrasonic treatment of foam-forming
compositions, the surface tension at the liquid-gas
phase boundary decreases. At the same time, the ultra-
sound treatment on the HCA with a power of 420 W
reduced the surface tension by 10%. The maximum de-
crease in surface tension is observed upon ultrasonic
activation of HCA-TEG with a power of 420 W, which
is 23.51 mN/m.

It is known [33, 34] that ultrasonic treatment
of colloidal solutions and flotation emulsions can
disperse surfactant floccules, which in turn leads to
a decrease in size and an increase in the number of
floccules. Table 1 shows the results of the analysis
of the amine floccules size in various foam-forming
compositions.

With an increase in the power of ultrasonic
treatment on foam-forming compositions, a decrease in
the amine floccules size is observed due to the cavita-
tion effect. The smallest sizes are observed at the max-
imum power of ultrasonic treatment of foam-forming
compositions containing TEG or PEG. This is ex-
plained by the fact that frothers, along with ultrasonic
cavitation, can disperse amine floccules [7, 39].
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It should be noted that due to ultrasonic disper-
sion, amine floccules are more efficiently distributed
over the entire volume of the emulsion, incl. the sur-
face of the liquid. In combination with frothers, the
concentration of surfactants at the interface liquid-gas
will increase, as a result of which the surface tension
will decrease (Fig. 4), which is confirmed by the data
in Fig. 3, and the research [20], which studied the effect
of concentrations of flotation reagents (collectors and
frothers) on changes in surface tension.

Table 3
Effect of ultrasonic treatment of foam-forming compo-
sitions on the amine floccules size
Tabnuya 3. Baiusiaue yJabTpa3ByKoBoi 00padoTKu Ie-
HO00pa3yIIMX KOMIIO3UIMIT HA pa3Mep (JIOKYJT aMHHA

Foam-forming | Acoustic power of ul- Amine
composition trasound treatment, W fl_occules
size, nm
0 10.5+1.6

168 5.8+0.9

HCA [34] 252 5.2+0.9
336 4.3+0.6

420 4.1+£0.5

0 7.5+1.3

168 6.0+£0.3

HCA-PEG 252 5.2+0.1
336 4.9+0.8

420 3.4+0.8

0 7.0£1.0

168 6.6+0.3

HCA-TEG 252 5.8+0.4
336 4.1£0.2

420 3.5£0.1

before ultrasound

Fig. 4. Location of collector and frother molecules in the surface
layer: 1 — collector; 2 — frother
Puc. 4. Pacnionosxenue Moiiekys coOuparesst U BCIIEHUBATeNs B
MMOBEPXHOCTHOM cltoe: 1 — cobmpareins; 2 — BCIIEHUBATENb
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ash ore using ultrasound treatment. Miner. Eng. 2021. V. 171.
P. 107092. DOI: 10.1016/j.mineng.2021.107092.

2. Huang Z., Cheng C., Zhong H., Li L., Guo Z. Flotation of
sylvite from potash ore by using the Gemini surfactant as a
novel flotation collector. Miner. Eng. 2019. V. 132. P. 22-26.
DOI: 10.1016/j.mineng.2018.11.055.

3. LiE, Liang H.,Du Z, Li D., Cheng F. Adsorption process of
Octadecylamine Hydrochloride on KCI crystal surface in vari-
ous salt saturated solutions: Kinetics, isotherm model and ther-
modynamics properties. J. Mol. Lig. 2016. V. 221. P. 949-953.
DOI: 10.1016/j.mollig.2016.06.050.
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Concentrating on the surface of the phases lig-
uid-gas, ultrasonic-activated foam-forming composi-
tions more effectively reduce the surface tension of wa-
ter and form a hydrate layer around the air bubble,
which in turn reduces the coalescence of air bubbles,
allowing them to maintain their original dispersion,
also increase the foam stability and foaming properties.

CONCLUSION

Determined that ultrasonic activation of foam-
forming compositions increases foam capacity and
foam specific volume. In addition, the foam becomes
less wet.

It was found that with the increase in the ultra-
sonic treatment power of foam-forming compositions,
the foam stability increases, and the average foam de-
struction rate decreases.

It has been proven that with the use of ultrasonic
treatment of foam-forming compositions, the surface
tension decreases, which is associated with the cavita-
tion dispersion of amine floccules, which are more effi-
ciently distributed on the surface of the emulsion.
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