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Abstract

The main source of potassium fertilizers is sylvinite ores consisting primarily of halite (NaCl), silicate and
clay-carbonate slurries (clay-salt slurries). Processing of natural potash ores is mainly carried out by the
flotation method, which separates KCI, NaCl, and clay-salt slurry. The research is aimed at revealing the effect
of sonochemical pretreatment of the depressor reagents, CMC and starch, on dynamic viscosity, aggregate size,
electrokinetic potential of these reagent solutions and sylvin flotation performance. It has been established
that sonochemical treatment of depressor solutions decreases the size of aggregates of starch molecules by
more than 133 times and that of aggregates of CMC molecules from 6 to 4 nm. It has been revealed that
sonochemical treatment of anionic CMC solution shifts the electrokinetic potential towards the area of
negative values with an increase in acoustic power, while sonochemical treatment of any acoustic power has
no effect on the zeta potential of nonionic starch. It has been found that the sonochemical treatment lowers
the dynamic viscosity of CMC and starch solutions: the viscosity of CMC solution at a maximum acoustic
power of 420 W decreases by 44 % and the viscosity of starch solution at the same acoustic (ultrasonic) power
decreases by 70 %. Furthermore, sonochemical pretreatment of sylvin flotation depressors contributes to an
increase in KCI recovery and a decrease in the slurry content in the flotation concentrate. The possibility of
reducing the consumption of ultrasonic treated depressor is also demonstrated. It is expedient to test the
obtained findings in pilot-plant conditions.
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AHHOTaUuA

OCHOBHOI MCTOYHUK KJIMITHBIX YIOOPEHMIT — CUJIbBUHUTOBBIE PYIbI, COCTOSIIME B TOM YMC/IEe U3 TaJIUTa
(NaCl), cMaMKaTHBIX ¥ TIMHUCTO-KapOOHATHBIX IIIAMOB (IJIMHMCTO-COJMIEBBIX IUTaMOB). OboralieHne mpu-
POIHBIX KAJIMIHBIX DY/, [JITAaBHBIM 06pPa30M OCYILIECTBIISIETCS (PIOTAllMOHHBIM METOLOM, ITPY KOTOPOM ITPOIC-
xogut pasnaenenye KCl, NaCl 1 muHMUCTO-COeBBIX IIJIAMOB.

VccnenoBaHye HApPaB/eHO Ha BbISIBJIEHVE BIUSHMS MTPeABAPUTETbHON COHOXMMMYECKO 06paboTKu pea-
reHTOB-IenpeccopoB — KMII n kpaxmasia — Ha IMHAMUYeCKYI0 BSI3KOCTb, pa3Mep arperaTos, JeKTPOKUHEeTH -
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YeCKMii MOTeHI[MaI pACTBOPOB 3TUX PeareHTOB U Ha 3((EKTUBHOCTD CUIIbBMHOBOI (uioTaIM. YCTaHOBJIEHO,
YTO COHOXMMMYECKast 00paboTKa pacTBOPOB JEMPeCccOPOB YMeHbIIIaeT pa3Mep arperaToB MOJIEKY/I Kpaxmasa
6onee uem B 133 pasa, arperatoB mojieKyn KMILI - ¢ 6 10 4 HM. BbISIBJIeHO, UTO COHOXMMMUYECKOEe BO3/Ie/iCTBIE
Ha pactBop aHnoHHoro KMII ¢ yBenuyeHreM aKyCTMUECKOI MOIITHOCTY CMelaeT 3eKTPOKMHEeTUYeCKUit To-
TEHIMAJ B 00J1aCTh OTPULIATEIbHBIX 3HAYEHWIA, TP STOM COHOXMMUUECKas 06paboTKa JII060ii aKyCTUUeCKOA
MOII[HOCTH He B/MSIeT Ha A3eTa-TOoTeHIIal HeMOHOTeHHOTO KpaxMasia. YCTaHOBJIEHO, UTO COHOXMMMYeCKast
00paboTKa MOHMKAET AMHAMMYECKYIO BSI3KOCTb pacTBopoB KMII 1 Kpaxmasa: BSI3KOCTb pactBopa KMILI mipu
MaKCUMMaabHOM akycTuueckoi MmoiHocTu 420 Bt cHmbkaeTcs Ha 44 %, BSI3KOCTb pacTBOpa Kpaxmasia Ipu Toi
K€ aKyCTMUeCKOl MOLTHOCTM yibTpasByka — Ha 70 %. Kpome Toro, mpeaBapuTesnbHas COHOXUMUYECKast 06-
paboTKa [IerpeccopoB CUIbBUMHOBON (ioTamuy crocobeTByeT yBenmuennio ussineueHus KCl v cHYDKeHUIO
cofiepskaHus IIAMOB BO (PIOTAIIMOHHOM KOHIleHTpare. Takke MOKa3aHa BO3MOXXHOCTh CHVKEHMSI PaCXo-
Ja 00paboTaHHOTO Y/IbTPA3BYKOM jelpeccopa. IloiyueHHbIe pe3y/lbTaThl 1ie1ecoo6pa3sHo arpobMpoBaTh

B OIIBITHO-ITPOMBINJIEHHBIX YCIOBUAX.
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Introduction

Potassium, along with phosphorus and nitro-
gen, is the most important component of mineral
fertilizers, which enhances the yield of agricultural
plants [1-4]. The main source of potash fertilizer is
sylvinite ore, which consist of halite (NaCl), silicate
and clay-carbonate slurries (clay-salt slurries; herein-
after — CSS) [4, 5]. Beneficiation of natural potash ores
is mainly carried out by the flotation method, which
separates KCIl, NaCl, and CSS [6-8].

Russia hosts one of the world's largest sylvinite
ore deposits, the Verkhnekamskoe potassium-mag-
nesium salt deposit, which is rich in valuable sylvi-
nite [9, 10]. To date, however, some of the best sylvi-
nite ore lodes (layers) have already been mined-out
at the deposit, and therefore the layers with lower
content of sylvinite and with a higher content of CSS
are increasingly being used. This leads to the dete-
rioration of the ore processing performance [11, 12].
At the same time, the clay-salt minerals (CaSO,,
MgCO,, CaSO,-0,5H,0, Fe,0,, CaMg(CO,),, F-, MgCl,),
which have a greater cation exchange capacity to the
salts of primary aliphatic amines used as sylvin flota-
tion collecting agents, produce the greatest adverse
impact on the KCl flotation [6, 11, 13, 14]. Competing
adsorption of amines on CSS prevents their adsorp-
tion on the crystals of potassium chloride that leads
to the deterioration or termination of the flotation
process [12, 15].

To reduce the CSS content in the ore, mechan-
ical or flotation deslurrying of potassium ores is
used prior to the sylvin flotation [12]. However, such
methods are incapable of removing CSS complete-
ly. Even tenths of percent of clay-salt impurities

remaining in the ore decrease the recovery of po-
tassium chloride to the flotation concentrate and
also require additional consumption of collecting
agents (aliphatic amines) [16, 17]. In this regard, at
the stage of sylvin flotation prior to entering col-
lecting agents into the process, ore pulp is condi-
tioned by depressors, which are adsorbed on the
surface of CSS, change the nature of the interphase
molecular interactions, thus increasing the selec-
tivity of flotation. As a result, recovery of KC1 in-
creases, content of CSS in the flotation concentrate
decreases, with reducing consumption of collecting
agents [8, 11,12, 18, 19].

A large number of depressing agents (depres-
sors) for flotation of potassium ores is known, of
which organic agents should be noted: carboxy-
methylcellulose (CMC), modified urea-formalde-
hyde resins, modified starch, guar gum, epoxy res-
in, etc.[11, 12, 18]. These chemical compounds have
proven to be effective CSS depressors. However, or-
ganic depressor molecules (e.g., CMC and starch) in
solutions tend to form associates and supramolec-
ular structures, the formation of which is promot-
ed by increasing the agent concentration. Besides,
ionogenic polymers, in particular CMC, are also
characterized by the globulization of molecules and
an increased intramolecular interaction [20-22]. As
the concentration of organic depressor solutions in-
creases, the viscosity of the solution increases and
simultaneously the depressor properties deterio-
rate [21]. Therefore, commercial operations seek to
use dilute solutions of depressors (e.g., CMC < 2 %),
which can increase the depressing effect of the
agents and reduce their specific consumption. How-

299



MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJ1I0NMA
2022;7(4):298-309

ever, the use of dilute depressor solutions leads to
an additional introduction of water into the pro-
cess, which causes losses of potassium chloride due
to dissolution and accumulation of excessive alkali
liquors.

Sonochemical pretreatment of highly concen-
trated organic depressor solutions is a promising
way of solving the aforementioned problems [23].
Under the effect of ultrasonic cavitation, various
physicochemical properties of colloidal system, such
as viscosity, size of depressor molecules aggregates,
electrokinetic potential, the adsorption value of de-
pressor molecules on clay-salt impurities change,
which, in turn, can increase the performance of flo-
tation of potash ores [24, 25]. In the literary sources,
there is practically no information concerning the
effect of ultrasonic pretreatment of depressors on
both the physicochemical properties of a depressor
and on the flotation performance of a sylvinite ore.

The purpose of this study is to establish the effect
of sonochemical pretreatment of depressors (CMC
and starch) on the physicochemical properties of the
depressor solutions, as well as on the performance of
sylvinite flotation.

1. Research Materials and Methods

1.1. Flotation depressor (depressing agent)

Two types of organic depressors, carboxyme-
thyl cellulose (degree of polymerization of 750-850)
and soluble starch amylodextrin (C.P.) (hereinafter —
starch) were used to study the effect of sonochemical
treatment on a depressor in sylvin flotation. For the
tests, 4 % aqueous solution of CMC and 4 % aqueous
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solution of starch were prepared at the solution tem-
peratures of 30 °C.

In the process of sylvinite ore flotation benefi-
ciation the depressor was added to the pulp before
adding the emulsion of collector and frothing agent
at the stage of sylvinite flotation. At the same time the
specific consumption of CMC was 400 g/t ore, that of
starch, 160 g/t ore [11].

1.2. Sonochemical treatment
of depressor solution

Sonochemical treatment of the depressor
solution was carried out using the ultrasonic unit
shown in Fig. 1. As a source of ultrasonic vibrations,
UZTA-0,8/22-OMU (series “Wave”) ultrasonic
generator with piezoelectric oscillating system
with developed radiating surface (made of titanium
alloy) in the metal case and with forced air cooling
was used.

The installation has a nominal operating fre-
quency of 22 +1.65 kHz and the intensity of radiation
not less than 3.5 W/cm?. Electronic generator with
timer and power regulator (40-100 %). At an ultra-
sonic impact at 100 % power, the total power con-
sumption is 1600 VA, the active power input is 650 W,
providing acting acoustic power of about 420 W. The
depressor solution temperature was maintained by
thermostat 3. A depressor solution in an amount of
500 ml was placed into reactor 4, then treated by ul-
trasound at different levels of acoustic power (from
168 to 420 W in increments of 84) and exposure du-
ration of 150 s. For comparison, control tests without
sonochemical treatment under identical conditions
were performed.

B |
S —
S ==

Fig. 1. Schematic representation of laboratory installation for sonochemical treatment of depressing agent:
1 - radiating element; 2 — ultrasonic generator; 3 — thermostat; 4 — reactor with a jacket; 5 - tripod
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1.3. Measurement of aggregate size
and zeta potential of depressor solution

The aggregate size and zeta potential of CMC
and starch depressors were measured by a Zetasizer
Nano ZS laser instrument using the dynamic light
scattering method with non-invasive backscattering
technique. The viscosity values used to measure the
aggregate size and zeta potential were taken equal to
the reference values of water viscosity at a given tem-
perature. The refractive index of the CMC solution is
1.515; that of the starch solution is 1.340.

Ten measurements of aggregate size in a sample
volume were taken sequentially by the instrument,
and then the results were averaged. There were three
parallel measurements per sample.

1.4. Measurement of viscosity-temperature properties
of the depressor solution

The dynamic viscosity of the ultrasonically trea-
ted and untreated depressor solutions was determined
with an SV-10 AND vibro-viscosimeter. The technique
for determining viscosity is based on changing the
resonance frequency of oscillations in a liquid of dif-
ferent viscosity at a given known value of the solu-
tion density. The initial density of 4 % CMC solution
at 30°C was 1.02 kg/m3; that of 4 % starch solution at
30°C was 1.01 kg/m>.

The solution temperature was measured by the
vibro-viscosimeter's temperature sensors directly
during the viscosity measurements. The temperature
of the depressor solutions was changed using a labo-
ratory thermostat.

The limit of tolerable relative error of the visco-
meter is £3 %, the repeatability of viscosity measure-
ment results, not more than 1 % (standard deviation).

1.5. Flotation tests

Dry sylvinite ore from flotation plant BKPRU-3
and sylvinite flotation feed (deslurried sylvinite ore)
originating from flotation plant SKRU-3 of PJSC “Ural-
kali” of various chemical compositions (see Table 1)
were used as raw materials for flotation production of
potassium chloride in the tests.

Potassium chloride of “C.P.” grade and sodium
chloride of “C.P.” grade were used for the prepara-
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tion of saturated solutions used in the sylvin flotation
study. The saturated solution was used only once.

Granulated primary amines (distilled) of C,,-C,,
fraction and triethylene glycol C6H1404 were used
as a collector and frothing agent for sylvin flotation,
respectively. To prepare the amine hydrochloride
solution, solid stearylamine (pre-milled) with a con-
centration of 0.8 wt. % was added to distilled water
and chemically pure (C.P.) hydrochloric acid in the
amount 15 % higher than necessary to neutralize the
stearylamine. The resulting solution was stirred and
thermostatted at 70°C for 90 min. Then the agent
temperature was reduced to working temperature
of 60°C. Then the frothing agent was added to the
amine hydrochloride solution in the amount of 30 %
by weight of the dry collector.

The flotation tests were carried out using a “FML
3/240 FL” laboratory flotation machine. Dry initial ore
was mixed with mother liquor at a L/S phase ratio of
2.5. The resulting pulp (ore suspension) under stirring
was firstly added with an ultrasound treated or un-
treated depressor at a given consumption of the agent,
then conditioned for 3 minutes, and then added with
the “collector-frother” composition at a consumption
of 65 g/t of ore, and then conditioned again for 1 mi-
nute. The laboratory flotation machine’s cell was filled
with ready ore suspension in the volume of 500 ml (the
ore mass of 194 g, the mother liquor volume of 400 ml).
The flotation machine was switched on with the im-
peller rotation velocity of 29 RPS and the air flow rate
of 100 I/h. The duration of the flotation process was
6 min (three flotation cycles were performed per sam-
ple, the results of which were averaged). The collec-
ted froth product and flotation tail were filtered with
a vacuum filter, then dried to constant weight. After
drying, gravimetric analysis of the obtained products
and tails was carried out and the content of potassium
chloride in the flotation concentrate and the flotation
tails was determined using a PFA 378 flame photome-
ter. The analysis for the content of CSS in the flotation
concentrate was carried out using an EDX-8100P “Shi-
madzu” energy dispersive X-ray fluorescence spec-
trometer with helium sparging. Such elements as Ca,
Si, Al, Mg, S, and Fe were referred to CSS.

Table 1

Chemical composition of sylvinite ore originating from BKPRU-3 flotation plant
and sylvin flotation feed from SKRU-3 flotation plant of PJSC “Uralkali”

Weight percent of components, %
Flotation plant Fraction
NacCl KCl Insol. res.* MgCl, CaSO,
BKPRU-3 66.65 26.59 4.59 0.27 1.9 (=0.900 + 0.315) mm
SKRU-3 70.30 27.10 0.46 0.13 2.01 (-0.900 + 0.315) mm

*Insol. res. — insoluble residue.
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2. Findings Discussion

2.1. Influence of sonochemical treatment
of depressor on aggregate size

The results of the investigation of the effect
of sonochemical treatment modes of depressor
solutions on the size of aggregates (differential
curves of the volume distribution of aggregates
of CMC and starch molecules by size) are shown
in Figs. 2 and 3.

40
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As can be seen from Fig. 2, with increasing po-
wer of sonochemical influence the size of aggre-
gates of molecules decreases: from 6 nm (without
ultrasound treatment) to 4 nm (at acoustic power of
ultrasound of 420 W). In concentrated solutions of
CMC (above 1 %) exposed to ultrasound, breaking of
bonds of macromolecules, which become loose and
possess more expanded form, happens [26-28].

As can be seen from the analysis of the differential
curves describing the volume distribution of starch
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Fig. 2. Differential curves of volume distribution of aggregates of molecules in ultrasound-treated
and non-treated CMC solution at duration of ultrasound exposure of 150 s:
1 (red) — without ultrasonic treatment; 2 (green) — 168 W; 3 (gray) — 252 W; 4 (turquoise) — 336 W; 5 (blue) - 420 W

30

20

10

Volume distribution, %

0.1 1

P ‘ngj&\j

I

1000 10000

Size, nm

Fig. 3. Differential curves of volume distribution of aggregates of molecules in ultrasound-treated and non-treated starch
solution at duration of ultrasound exposure of 150 s:
1 (red) — without ultrasonic treatment; 2 (green) — 168 W; 3 (blue) — 252 W; 4 (gray) — 336 W; 5 (turquoise) — 420 W
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molecules aggregates, presented in Fig. 3, large starch
aggregates without sonochemical treatment had dif-
ferent sizes: about 50, 900, and 8000 nm. Aggregates
around 8000 nm in size were observed to dominate, as
indicated by the volume distribution curve (curve I).
With gradual increasing the acoustic power of ultra-
sonic treatment, the distribution curves of starch ag-
gregates shifted toward decreasing the aggregate size,
and the height of the volume distribution peaks also
decreased. At the same time, after ultrasonic treat-
ment, the peak of aggregate distribution in the area of
8000 nm disappeared. At acoustic power of 420 W the
maximum decreasing the aggregate size to 60 nm with
volume distribution of 20 % and 600 nm with volume
distribution less than 10 % is observed. Thus, after ex-
posure to ultrasound at maximum power, the size of
starch aggregates decreased by more than 133 times:
from 8000 nm to 60 nm.

2.2. Effect of ultrasonic treatment of depressor

on the change in electrokinetic potential

The results of the studies of the effect of sono-
chemical treatment of depressors solutions on ze-
ta-potential are shown in Fig. 4.

As can be seen from Fig. 4 (curve 1), the values
of zeta potential of the CMC solution gradually shifts
to the area of negative values with increasing sono-
chemical treatment power. In this case, the maximum
negative zeta potential value of -35.85+1.79 mV is
observed at an ultrasonic power of 420 W. It should
be noted that CMC belongs to the group of ionogen-
ic anionic depressors, having carboxyl group in its
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composition, which imparts to this agent a negative
value of electrokinetic potential. As noted above (see
section 2.1), ultrasound breaks the internal bonds of
the CMC supramolecular structures that leads to for-
ming expanded forms and growing anionic structures,
which shift the zeta potential to the area of negative
values [20, 24]. Since sonochemical treatment of CMC
solution reduces zeta potential of this depressor solu-
tion, the sorption of CMC aggregates on the surface of
positively charged slurry particles, such as hematite,
should increase, due to which the hydrophilicity of
these particles may increase.

Analysis of Fig. 4 (curve 2) shows that sonochemi-
cal treatment at any acoustic power insignificantly
affects the zeta potential of starch aggregates. At the
same time, the electrokinetic potential at all acoustic
powers of sonochemical treatment is close to 0. The
peculiarities revealed are explained by the fact that
starch belongs to the group of non-ionogenic orga-
nic depressors that do not carry a charge [29, 30]. The
fixation of this depressor on the surface of silicate
slurry minerals, such as quartz, occurs through the
formation of hydrogen bonds, where a large number
of polar groups of each depressor molecule is in-
volved, thus achieving a strong bond of the depres-
sor with the mineral [31, 32]. It is possible that under
the influence of ultrasound on the starch solution
the starch aggregates, as in the case of CMC, become
loose, thereby increasing the number of active polar
groups, which are more firmly bound to the surface
of the slurry minerals and lead to an increase in its
hydrophilicity.

0 168 252 336 420
0 ] | | | J
‘-------------------------’.-.....-.-.‘-------.--...-..---.--.-‘
2
> -10 7
Eﬁ
=
§ 20 -
o
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-30 7 1
-40 -

Acoustic power of sonochemical treatment, W

Fig. 4. Effect of ultrasonic treatment of depressor on the change in electrokinetic potential:
1 - CMC solution; 2 - starch solution
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2.3. Influence of sonochemical treatment
on viscosity-temperature properties
of depressor

The effect of ultrasonic treatment of CMC and
starch solutions on the change in dynamic viscosity
and temperature is shown in Table 2.

The analysis of Table 2 shows that with increas-
ing acoustic power of the agents sonochemical treat-
ment, the dynamic viscosity of the solutions decreas-
es, while their temperature increases. The maximum
decrease in the dynamic viscosity and increase in the
temperature of CMC solution are observed at son-
ochemical treatment acoustic power of 420 W, and
these parameters reach 5.05+0.05 mPa-s and 38 °C,
respectively; the ultrasonic treatment of starch solu-
tion at the same acoustic power decreases the vis-
cosity to 2.66+0.03 mPa-s, while the temperature of
the solution increases to 41 °C. Sonochemical treat-
ment had the greatest effect on the starch solution,
in which the dynamic viscosity decreased by 3.3 times
when the maximum acoustic power of ultrasound was
applied.

At the same time, as shown in Table 2, increasing
the temperature of the agent solutions without using
sonochemical treatment insignificantly decreased
the dynamic viscosity of the solutions, indicating
that the greatest contribution to the change in vis-
cosity was made by ultrasonic treatment. It should
be taken into account that sonochemical treatment
generates and subsequently collapses gas bubbles
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in the liquid, which locally increases pressure and
temperature [21, 33, 34]. This local change in tempe-
rature raises the temperature of the entire solution
and the change in pressure causes the colloidal solu-
tion aggregates to disperse, causing the viscosity
of the medium to decrease.

2.4. Effect of sonochemical depressor treatiment

on the clay-salt slurry content in concentrate

and KCI recovery

In the tests on flotation separation of sylvinite
components, the effect of sonochemical pretreat-
ment of depressing agents (CMC and starch) on the
recovery of KCl and the content of clay-salt slurry
in the concentrate was studied. In these studies, we
used sylvinite ore originating from BKPRU-3 flota-
tion plant with a high content of insoluble residue
(the initial composition of the ore is presented in
Table 1). The results are shown in Table 3.

It is clear from Table 3 that the application of
the non-treated ultrasound CMC solution reduces
the content of clay-salt slurry in the concentrate to
22.84%0.46 wt. % and increases the potassium chlo-
ride recovery by 1.44 % as compared to the test re-
sults where no depressor was used. Applying sono-
chemical treatment of CMC solution at an acoustic
power of 168-252 W further increases KCl recovery
and reduces the content of clay-salt slurry in the flo-
tation concentrate (tests 3—4). At the same time the
best results (increase of KCI recovery and decrease

Table 2

Effect of ultrasonic treatment and increasing temperature of CMC
and starch solutions on dynamic viscosity

A . Solution . . Solution . .
coustic power, temperature Solution dynamic temperature Solution dynamic
Depressor W p o > viscosity, mPa-s p o ’ viscosity, mPa-s
t C C
ype
with ultrasonic treatment without ultrasonic treatment
0 30 9.01+0.09 30 9.01£0.09
168 32 7.27+0.07 32 8.74+0.09
CMC 252 35 5.70+0.06 35 8.44+0.08
336 37 5.18%0.05 37 8.24%0.08
420 38 5.05+0.05 38 8.14+0.08
0 30 8.87+0.09 30 8.87+0.09
168 32 4.18+0.04 32 8.27+0.08
Starch 252 35 3.33+0.03 35 8.07+0.08
336 38 2.92+0.03 38 7.78%0.08
41 2.66%0.03 41 7.49+0.07
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of the slurry content) are observed at acoustic power
of ultrasound of 252 W. However, further increase in
the acoustic power of sonochemical treatment up to
336-420 W (tests 5-6) reduces the performance of
the ultrasonic treated depressor. Similar regularities
are observed when using ultrasound-treated starch
(tests 8—11). The optimum acoustic power at which
the maximum KCI recovery and the minimum slur-
ry content in the flotation concentrate are observed
is 252 W.

The positive effect of sonochemical pretreatment
of depressors on the flotation performance is prima-
rily due to the effect of ultrasonic cavitation, which
contributes to the dispersion of large aggregates of
CMC and starch (see sections 2.1 and 2.2), thereby
increasing the number of active polar groups, which
probably are more firmly bound with the surface of
slurry particles and lead to an increase in their hy-
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drophilicity, thereby improving the sylvin flotation
performance.

Decreasing sylvin recovery and increasing
the content of slurry in the concentrate when
using high-power ultrasound-treated depressors
are most likely connected with the processes of
degradation and oxidation of organic macromo-
lecules of CMC and starch, which thus lose their
activity [35-37].

2.5. Applying sonochemical pretreatment to reduce
depressor consumption

In order to confirm the possibility of reducing
sylvin flotation depressor consumption, laboratory
flotation tests were carried out, the results of which
are provided in Table 4. Starch was chosen as the
depressor since it is more efficient than KMC in in-
creasing KCl recovery (see section 2.4). The depres-

Table 3

The effect of depressor sonochemical pretreatment on clay-salt content
in flotation concentrate and KCl recovery

Test q Content of clay-salt slurry in o
No. Depressor Acoustic power, W concentrate, mass % KCl recovery, %
1 | Without depressor|  'Vithout sonochemical 25.70%0.51 23.07£0.05
treatment
2 Without sonochemical 22.84+0.46 24.51%0.32
treatment
3 168 21.85%£0.44 25.36%1.11
4 (CMC 252 9.57+0.19 29.68+2.25
5 336 11.41£0.23 28.16+0.23
6 420 17.98+0.36 25.26%1.01
7 Without sonochemical 12.98+0.26 26.63+1.24
treatment
8 168 9.14£0.18 28.86+1.27
g |Starch 252 7.02+0.14 30.29+0.05
10 336 26.19+0.52 20.76+0.86
11 31.85%£0.64 19.79+2.08
Table 4
Effect of ultrasound-treated depressor consumption on KCI recovery
at acoustic ultrasound power of 252 W and exposure time of 150 s
Depressor
consumption, 160* 160 150 140 130 120 110 100
g/t ore
‘I,/iCI TECOVELY, | 55.72+0.25 | 62.05+2.02 | 60.31+0.14 | 59.82+0.99 | 59.32+1.69 57.92%3.78 | 54.84+0.68 | 52.02+0.23

* The use of ultrasonically-untreated depressor solution.
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sor consumption was reduced from 160 to 100 g/t
ore in increments of 10 and only starch solution
was sonochemically treated. The critical consump-
tion of the depressor was considered to be the va-
lue after which the sylvin recovery was decreased
by the next value as compared with the use of ul-
trasonically-untreated depressor (marked “160*”).
In these studies we used sylvin flotation feed of
SKRU-3 flotation plant with low insoluble residue
content, the composition of which is shown above
in Table 1.

The analysis of data of Table 4 reveals that
sonochemical pretreatment of the starch solu-
tion with consumption of 160 g/t ore increases the
recovery of potassium chloride in comparison with
the ultrasonically-untreated depressor (160%).
Decreasing the consumption of the ultrasoni-
cally treated depressor to 120 g/t ore reduces the
recovery of KCI, while it remains higher by 2.2 % as
compared to the KCI recovery in the test, in which
the depressor was not treated with ultrasound.
Further reduction of the depressor consumption to
110-100 g/t decreases the KCIl recovery below the
critical level (160*) by a few percent.

Thus, the use of sonochemical depressor pre-
treatment not only increases KCI recovery in the
sylvin flotation process, but also reduces depressor
consumption. The obtained results should be tested
under industrial conditions.
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Conclusion

The effect of sonochemical pretreatment of de-
pressor reagents, CMC and starch, on dynamic viscos-
ity, molecule aggregate size, electrokinetic potential
of these agents solutions and sylvin flotation perfor-
mance has been studied. It was found that the sono-
chemical treatment of depressor solutions decreases
the size of CMC molecule aggregates from 6 to 4 nm
and that of aggregates of starch molecules from 8000
to 60—600 nm. It was found that sonochemical treat-
ment of anionic CMC solution shifts the zeta potential
to the negative area with increasing acoustic power of
ultrasound, but has no effect on the electrokinetic po-
tential of nonionic starch solution. It was also found
that sonochemical pretreatment of CMC and starch
solutions reduces the dynamic viscosity of the agents
solutions. It was revealed that sonochemical pretreat-
ment of depressors at acoustic power of 168 and 252 W
increases the recovery of KCl and reduces the content
of slurry in the flotation concentrate. In addition, the
possibility of reducing the consumption of the ultra-
sonicaly treated depressor was demonstrated. Thus,
sonochemical pretreatment of depressors improves
the sylvinite flotation performance due to dispersion
of the agent molecules aggregates and changes in
physical and chemical properties of the depressors.
This can be used in the process of flotation benefici-
ation of sylvinite ores on commercial scale after per-
forming pilot-plant tests.
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