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STUDY OF THE EFFECT OF SOLUTION ACTIVATION ON THE DENSITY OF THE
PREGNANT SOLUTION AND ON THE CONTENT OF THE USEFUL COMPONENT

Abstract: this paper presents the results of a laboratory study of the influence of the activation of the
leaching solution on the density of the solution and the content of the useful component in the productive
solution during the development of uranium deposits by the method of in-situ leaching (ISL). Comparative
dependences of the density of the solution and the content of the useful component in the productive solution
were obtained during leaching of uranium without activation and with activation of the solution. When
conducting studies with non-activated and activated solutions for 5 minutes, and a reaction time of 5 minutes,
the density of the leaching solution is 1.32 m® / t and 1.34 m’ / t, respectively, and the content of the useful
component in the productive solution is 4.06 mg /1 and 4.48 mg / 1, respectively, i.e. with the same density of
the productive solution and the reaction time, the content of the useful component in the activated solution is
10% higher. With a reaction time of 10 minutes, the content of the useful component in the activated solution
is 19% higher. Activation of the solution from 5 minutes to 10 minutes leads to a decrease in the density of the
solution, while the content of the useful component in the productive solution increases. A further increase in

activation leads to an increase in the density and content of the useful component in the solution.
Key words: in-situ leaching (ISL), leaching solution, productive solution, solution activation, density,

content of useful component.

Introduction. In recent years, significant
amounts of funds have been invested in the
development of the uranium industry: over the past
15 years, the volume of investments has exceeded US
$ 3 billion. This led to a steady increase in production
volume: from 2004, the volume of uranium mining
increased more than 6 times.

To the mining group of JSC NAK
Kazatomprom includes 16 enterprises with full
andpartial ownership thatare developing 20
underground minesin-situ  leaching.  Uranium
deposits are located on the territories of South
Kazakhstan, Kyzylorda and Akmola regions [1-12].

Currently, all wuranium deposits in
Kazakhstan are mined by in-situ leaching.

In-situ leaching is a physicochemical process
of mining minerals (metals and their salts) by
washing them out of the rock with various solvents
pumped into the reservoir through wells.

The process starts with drilling wells,
explosives or hydraulic fracturing can also be used to
facilitate the penetration of the solution into the
reservoir. After that, a solvent (leaching agent) is

pumped into the well through a group of injection
wells, where it combines with the ore. The mixture
containing the dissolved ore is then pumped through
pumping holes to the surface where it is extracted.

Underground leaching is an alternative to
open pit and underground mining. Compared to them,
underground leaching does not require a large amount
of excavation or direct contact of workers with rocks
at their location. Effective even in poor deposits, as
well as for deep-seated ores.

Despite its advantage, there are a number of
disadvantages, the main of which are an increase in
the cost of production and a decrease in the content of
the useful component in the rock mass.

There are various ways to improve the
technology of underground borehole leaching and
increase the recovery of uranium content in the
productive solution [1,2,3,4]. But they are expensive
and technologically difficult to use. Therefore, the
purpose of this work is to study the influence of the
activation (cavitation) process of the leaching
solution on the density and content of the useful
component in the productive solution.
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One of the methods is the cavitation of the
leaching solution to increase the recovery of the
useful component from the massif.

Cavitation is the process of formation and
subsequent collapse of bubbles in a liquid flow,
accompanied by noise and hydraulic shocks, the
formation of cavities (cavitation bubbles, or voids) in
the liquid, which may contain rarefied vapor [5,6].
Cavitation occurs as a result of a local decrease in
pressure in a liquid, which can occur either with an
increase in its velocity (hydrodynamic cavitation), or
with the passage of a high-intensity acoustic wave
during a half-period of rarefaction (acoustic
cavitation); there are other reasons for the effect.
Moving with the flow to a region with a higher
pressure or during a half-period of compression, the
cavitation bubble collapses, while emitting a shock
wave. Basically, cavitation has the same mechanism
of action as a shock wave in air, which occurs when a
solid body overcomes a sound barrier.

In [7], we found that the use of the cavitation
effect leads to an increase in the content of the useful
component in the productive solution. However, in
the course of the conducted studies, it was found that
with an increase in the degree of cavitation, the
density of the leaching solution changes, which can
lead to a change in the gravity and, accordingly, the
process of precipitation of the productive solution.
This, in turn, can lead to a change in uranium
recovery.

Technological solutions have
density and viscosity in comparison with
groundwater [8]. In a medium uniform in
permeability, technological solutions will tend to
move mainly along the lower part of the aquifer. The
practice of underground leaching confirms the
sinking of heavier solutions into the lower part of the
aquifer. The higher the concentration of the solution,
and, consequently, its density, the higher the speed of
gravitational descent. The rate of gravitational
lowering of solutions in the absence of fluid
movement under the action of the difference in
pressure can be approximately determined from the
following expression [8]:

increased

_ Ky Ay
n, 7

2

v, (1)

Where, Ky, — filtration coefficient;
Ay — the difference between the densities of the
displacing and displaced fluid;

n, — effective porosity;
n — coefficient of anisotropy.

In permeable ore-bearing sands, VT is usually
about 1 cm/h. Studies show that when using a filter

limited by an ore interval, the lower part of the aquifer
(below the filter) is exposed to the reagent and, in
addition, losses of solutions, the richest in the useful
component, can occur in it.

Therefore, to study the effect of the cavitation
process on the change in the density of the solution
and the extraction of uranium, laboratory studies were
carried out.

Laboratory work technique. The main task
solved during laboratory = work: obtaining
comparative data on the activity and density of a
sulfuric acid solution during leaching of a model
substance, depending on the degree of treatment of
the solution with a cavitator.

The working unit for leaching research consists
of a LAUDAECOE - 4 thermostat, a thermostated
glass beaker and a BP 8000 EKROS mechanical
stirrer. The appearance of the leaching plant is shown
in Figure 1. Leaching experiments are carried out as
follows. The thermostat turns on and sets the required
temperature for work. The required amount of
sulfuric acid solution is poured into a thermostated
glass, dipped into a solution mixer and the timer is set
for the time required for the solution in the
thermostated glass to reach the temperature of the
thermostat.

Before the start of a series of leaching
experiments, preliminary experiments were carried
out, according to the results of which the volume of
the leaching solution was selected - 200 ml, L:S =2/1,
the leaching time was 60 minutes, the concentration
of sulfuric acid in the solution was 10 g/ 1.0One of the
main promising proposals for increasing the
turnaround time of wells is the use of increasing the
activity of the leaching solution by treating it with a
cavitator. A laboratory setup with a cavitator (Figure
2) consists of a closed loop, which includes a
centrifugal pump with an electric drive, a cavitator, a
pipeline, a drain valve tank [9].

)
Figure 1: Working installation for the study of
leaching on a mixer

The process of processing the leaching
electrolyte with a cavitator is carried out as follows.
A working sulfuric acid solution is poured into the
container and the electric pump motor is turned on.
The solution passes under pressure through the
cavitator and returns to the container. To determine
the pumping speed, control measurements were
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carried out, as a result of which it was determined that
the flow rate of the liquid was 1 liter in 3 seconds.

To obtain comparative data, laboratory studies
were carried out with both the initial solution and the
activated solution.

Results and its discussion. The results of the
study of changes in the density of the non-activated
solution and the content of the useful component in
the solution are presented in table 1 and in Figure 3.

Table 1. Change in density (A) and the content of reference metal in the original non-activated
leaching solution (C, g/1)

Reaction time, min
Parameters 5 10 20 30
A 1,323 1,398 1,468 1,542 Initial solution

Figure 2. Laboratory installation with a cavitator

As can be seen from the table, with an
increase in the reaction time with a solution without
activation (initial solution) from 5 minutes to 30
minutes, the density of the solution increases from
1.32m3/tto 1.54 m’ / t, i.e. increases by 17%, while
the content of the useful component in the productive
solution increases by 15%.

By processing the data in Table 1, graphs of
the change in density and the content of the reference
metal in the original leaching solution were obtained
(Figure 3).

The results of the study of changes in the
density of the solution and the content of the useful
component in the solution during its processing with
a cavitator for 3 to 20 minutes are presented in Table
2 and Figure 4.

Cgly A
4,84 A

4,72 1

436
4,24 4

4,12 4

0 0 5 10 15 20 25 30 t
Reaction time, min.
Figure 3. Graph of the change in density (A) and the
content of equivalent metal in the original leaching
solution (C, g/l) versus leaching time (reaction time)

Table 2. Time variation of the density (A) and the content of the useful component
in the leaching solution (C, g/) after treatment of the solution with a cavitator.

Reaction time, min
Parameters
5 10
Treatme;nt of the solution with a cavitator | Density (A) 1,42 1,492
for 3 minutes.
Metal content in the productive solution 4,48 4,51
(C, g/
Treatmg:nt of the solution with a cavitator | Density (A) 134 1,432
for 5 minutes.
Metal content in the productive solution 4.80 5,06
(C. gh
Treatment of the solution with a cavitator | Density (A)
. 1,4 1,463
for 10 minutes.
Metal content in the productive solution 4,80 5,09
(C. gh
Treatment of the solution with a cavitator | Density (A)
. 1,419 1,54
for 20 minutes.
Metal content in the productive solution 430 4,67
(C. gh

I8 ——
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By processing the data in Table 2, graphs of
the change in density (A) and the content of the
reference metal in the leaching solution (C, g/1) were
obtained with a reaction time of 5 minutes.

From the analysis of the table it follows that
when the solution is processed with a cavitator for 3
minutes, the density of the solution is 1.42 m*/t, with
an increase in the cavitation time to 5 minutes, it led
to a decrease in density to 1.34 m?’/t, and a further
increase in the cavitation time to 10 - 20 minutes has
already led to an increase in the density of the solution
to 1.42 m*/t. The content of the useful component in
the productive solution during cavitation for 3
minutes was 4.48 g/l, and at 5, 10 - 20 minutes, 4.8
g/l and 4.3 g/], respectively.

C.glp A
4,85 4-1,43 1

4,72 1+ 1,41 1

<>

o 5 10 5 20 t
Cavitator treatment time, min.

Figure 4. Graph of the change in density (A) and the

content of equivalent metal in the leaching solution

(C, g/l) versus the time of treatment with a cavitator
with a reaction time of 5 minutes.

C.gi A
5,12 4 1,54 4
54+ 1,52 -
4,88 +- 1,5 4
4,76 - 1,48
4,64 4 1,46 4
452 4+ 1.44

44 4+ 1,42

T T T T
0 5 10 15 20 t
Cavitator treatment time, min.

Figure 5: Graph of the change in density (A) and

the content of equivalent metal in the leaching
solution (C, g/l) versus the time of treatment with a
cavitator with a reaction time of 10 minutes.

Changes in the density of the productive solution
and the content of the useful component in the
productive solution at 10 minutes of reaction are
shown in Figure 5.

From the analysis of the table, it follows that
when the solution is processed with a cavitator for 3
minutes, the density of the solution is 1.49 m?/t, with
an increase in the cavitation time to 5 minutes, it led
to a decrease in density to 1.43 m’/t, and a further
increase in the cavitation time to 10 - 20 minutes has
already led to an increase in the density of the solution
to 1.54 m*/t. The content of the useful component in
the productive solution during cavitation for 3
minutes was 4.51 g/l, and at 5, 10 - 20 minutes,
respectively, 5.06 g/l and 4.67 g/I.

Conclusions. When conducting studies with an
inactivated solution and an activated solution for 5
minutes, and a reaction time of 5 minutes, the density
of the leaching solution is 1.32 m*/t and 1.34 m’/,
respectively, and the content of the useful component
in the productive solution is 4.06 mg/l and 4.48 mg/1,
respectively. Thus, with the same density of the
productive solution and the reaction time, the content
of the useful component in the activated solution is
10% higher. With a reaction time of 10 minutes, the
content of the useful component in the activated
solution is 19% higher. Activation of the solution
from 5 minutes to 10 minutes leads to a decrease in
the density of the solution, while the content of the
useful component in the productive solution
increases. A further increase in activation leads to an
increase in the density and content of the useful
component in the solution.
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EPITIHAIHI BEJICEHAIPYIIH OHIM/I EPITIHAIHIH ThI¥ bI3IbIF bIHA
KIOHE ITAUJAJBI KOMIIOHEHTTIH MOJILIEPIHE OCEPIH 3EPTTEY

AHHOTanus: OYJI )KYMBICTA IIaiiManay epiTiHAiCiHIH aKTUBTEHYIHIH epITIHIIHIH THIFBI3ABIFbIHA XKOHE
KepacThl YHFIMANKIK aiiManay (JK¥ 1) sxgiciMer ypaH keH OpbIHAaphIH OHACY Ke3iHe oHIM/II epiTiHiaeri
Mmaiganel KOMITOHEHTTIH KypamblHA OCEpiH 3epPTXaHANBIK 3EPTTEY HOTIIKEIEpl KENTIpiIreH. YpaHIsl
AKTUBTCHIPMEH OHE EpITIHAIHI OeJCEeHIIpe OTBIPBIN CUITLICY Ke3iHIE EPITIHII THIFBI3ABIFBIHBIH JKOHE
OHIM/II epITIHAIAer] Maliganbl KOMIOHSHTTIH KYPaMbIHBIH CAJIBICTHIPMANIBI TOYEIIUNIr allbIHLL. benceHai
eMec JKoHe OeJICeHIpIIreH epiTiHmiIepMeH 5 MUHYT OHE peakiusl YakbpITHl 5 MUHYT IlIiHIE 3epTTeyiep
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JKYPTi3TeH Ke3J1e maiimManay epiTiHAiCiHIH THIFBI3ABIFR THiCciHIIE 1,32 M>/T xome 1,34 MP/T KYpaupl, a1 eHIMIi
epiTiHmieri maiganpl KOMIIOHCHTTIH KypaMbl TuiciHme 4,06 Mr/m sxoHe 4,48 MT/I Kypalasl, SFHH ©HIMII
EPITIHIHIH THIFBI3ABIFEI MEH PEAKIMs YaKbITBIHBIH Oip7ei I1aMachl Ke31HIE aKTUBTCHIPUITCH epiTiHIiAer]
naiaanbpl KOMIIOHEHTTIH Kypambl 10%-Fa apThik 0onael. Peakiust yakpiTel — 10 MUHYT, O€ICeH I epiTiHIiAeT
naiansl KOMIIOHEHTTiH Memepi 19%-ra kemn. 5 mmHyTTaH 10 MHHYTKa NeiiH epiTiHAIHIH aKTHUBTEHYI
ePITIHIHIH THIFBI3IBIFBIHBIH TOMEHICYIHE OKEIIe i, aJl OHIM/II epITIHIIEeT] mai1aasl KOMIIOHEHTTIH MOJIepi
aprazpl. AKTUBTEHAIPYIIH OJaH opl apTybl EpITIHAIAETI Malijalibl KOMIIOHEHTTIH THIFBI3ABIFEI MEH
KYPaMBIHBIH JKOFapbUIaybIHA OKENE .

Tyiiin ce3mep: kepacThl YHFRIMANBIK Mmaitmanay (OKY¥1I), maiimanay epiTiHmici, eHIMIOI epiTiH/I,
epITIHAIHIH AKTUBTEHY1, THIFBI3IBIFEI, TAHT1aThI KOMIIOHEHTTIH KYPaMEI.

Xaiipysainaes H.B.Y", Annes C.B.% Aden E.X.!, Viicumbek A.!
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HNCCIEJOBAHUE BJIMSAHUA AKTUBALIUU PACTBOPA HA IIVIOTHOCTD
MHNPOAYKTUBHOI'O PACTBOPA 1 HA COAEPKAHHME ITOJIE3HOI'O KOMIIOHEHTA

AHHOTamUsA: B JaHHOW paboOTe MPUBEICHBI PE3yJIbTaThl JTAOOPATOPHBIX HCCIICIOBAHUN BIUSHUS
AKTUBAIUH BHIIIEIaYNBAIOIIETO PacTBOPA Ha IJIOTHOCTH PacTBOpa M CoJlepKaHHe MOJIe3HOT0 KOMIIOHEHTa B
MIPOYKTUBHOM PACTBOPE TPU OTPAOOTKE MECTOPOXIACHHUHN ypaHa METOJOM ITOJ3EMHOTO CKBaXKHHHOTO
BeinienayuBanusa (I[ICB). IlomyueHbsl cpaBHUTENBHBIE 3aBUCHMOCTH IUIOTHOCTH PAacTBOpA U COAEpKAHUE
MIOJIE3HOTO KOMIIOHEHTa B TPOJYKTUBHOM pAacTBOpPE IPH BHIIEIAYUBAHUKM ypaHa 0e3 aKTHBAallUd H C
akTuBamer pactBopa. Ilpm mpoBemeHWM ucclieOBaHWN C HEAKTUBUPOBAHHBIM H aKTHBHPOBAHHBIM
pacTBOpaMH B T€UEHHE 5 MUHYT M BPEMEHH PEaKklMd 5 MHHYT IJIOTHOCTH BBIIIEIAYMBAIONIETO PACTBOpA
cocTaByIsieT cOOTBeTCTBEHHO 1,32M°/T u 1,34 M¥/1, a conepkaHue MONE3HOTO KOMIOHEHTA B NPOLYKTHBHOM
pactBope — cootrBerctBeHHO 4,06 Mr/m u 4,48 wmr/m, T.e. TpU OJWHAKOBOW BEINHYMHE IUIOTHOCTH
MIPOYKTUBHOTO PAcTBOpPa M BPEMEHU PEAKIIUU COJACPKAHUE ITOJIE3HOTO KOMIIOHEHTAa B aKTHBHPOBAHHOM
pactBope Oousbmie Ha 10%. Ilpu Bpemenu peakiuu — 10 MUHYT, cofepKaHUE IMOJIE3HOTO KOMIIOHEHTA B
aKTUBMPOBAaHHOM pacTBope Oonbiue Ha 19%. AxTHBamus pacTBopa OT 5 MHHYT A0 10 MHUHYT IPUBOAUT K
CHIKCHHIO TIJIOTHOCTH PacTBOPA, TIPH ITOM COJIEpKaHHUE TIOJIC3HOTO KOMITOHEHTA B IPOAYKTHBHOM PacTBOPE
Bo3pacTaeT. JlanbHelIee MOBHIIICHHE AKTHBAIMHM MPUBOJUT K TOBBIIICHUIO TUIOTHOCTH U COJIECPKAHUIO
M0JIE3HOTO KOMIIOHEHTa B PacTBOpE.

KaroueBsble ciioBa: moa3eMHoe ckBaknHHOE BhimenadnBanue (IICB), BeimenadnBaromuii pacTBop,
TIPOTYKTUBHBIN PacTBOP, aKTUBAITHS PACTBOPA, INIOTHOCTD, COJIEP KAaHME ITOJIE3HOTO KOMIIOHEHTA.
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