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Abstract: Until now, the intensification of ion exchange processes (sorption, desorption, washing of ion ex-
changer) remains an urgent problem in obtaining commercial strippants. This paper presents the study of ultrasonic
(US) effects on the process of uranium sorption from pregnant solutions by ion-exchange resin at operating in-situ
leach recovery (“ISR”) uranium production. The study and evaluation of effectiveness of ultrasonic intensifying
the ion exchange processes was implemented at one of the mines of NAC Kazatomprom JSC. Ultrasonic pulses
periodically generated by emitters produced effects on the whole working space of the mass transfer apparatus.
Thus, the whole mass of reagents is kept in continuous motion, and the whole surface of the anion exchanger
grains is permanently purified during the ultrasonic device operation. The study findings showed that the ultrasonic
intensification of the sorption process allows:

— increasing the sorption rate by 6.4 times at uranium concentration in the pregnant solutions of 0.003 g/m3;

— increasing the sorption rate by 1.4 times at uranium concentration in the pregnant solutions of 0.014 g/m?;

— achieving weighted average increasing the sorption rate by 1.3 times through applying the ultrasonic treat-
ment;

— increasing full dynamic exchange capacity of the ion exchange resin for uranium in 1.13 times at keeping
mechanical strength of the ion exchanger grains.
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NHuTencupukanms copoumu ypaHa u3 NpoAyKTHBHBIX PACTBOPOB
HA HOHOOOMEHHYIO CMOJIY YJIbTPAa3BYKOM

Kononos A. B.}, [lyiice6aes b. 0.2

'Bocrouno-Kaszaxcranckuil rocyiapcTBeHHbIN Texaudeckuii ynusepeutet uM. JI. Cepuk6aesa, Ycrh-KamMeHOropek,
Pecniy6nmuka Kazaxcran
2AO «Bonkopreonorus», Anmatsl, Pecrry6mka Kazaxcran

AnHoTanus: o cerogHsmHero JHs HHTEHCU(DUKALHS POLIECCOB HOHHOTO 0OMeHa (CopO1usl, 1eCOpOLHsl, OTMBIBKA
WOHUTA) ObLIa HACYIITHOHM IIPOOJIEMOH MPH MOJIYICHUH TOBAPHBIX JTecopOaToB. B HacTosImmIel cTaThe MpeacTaBIeHbI
MaTepHajbl HCCIEI0BAHMS BIMAHUS HAT0XKEHHOTO YIbTpa3BykoBoro (Y3) Bo3aeicTBUS Ha poLecc copOLun ypaHa
13 IPOAYKTUBHBIX PACTBOPOB HA HOHOOOMEHHYIO CMOJTY J€HCTBYIOLIETO Py IHUKA MOJ3EMHOTO CKBR)KHUHHOT'O BBIIIE-
nauynBanus (IICB) npu mpou3BoJICTBE ypaHa METOJIOM TOJI3EMHOTO CKBXMHHOTO BBIIIeNadunBanus. [ uccnemo-
BaHUsI M OIICHKU 3(PPEKTHBHOCTH MHTEHCH(UKAIIUH ITPOIIECCOB HOHHOTO 0OMEHa HAIOXKEHHEM yIbTpa3ByKa B IIeXe
nepepadOoTKH NPOAYKTUBHBIX pacTBOpoB Ha oHoM u3 pyaHuKoB AO «HAK «Kazatomnpom» Obutn npoBeneHs! pa-
00THI IO UHTEHCH(HUKAIIUK TTpolecca COPOIMH ypaHa U3 MPOAYKTHBHBIX PACTBOPOB yIbTpa3zBykoM. [leproandeckn
cozllaBaeMble Y 3-M3ITydaTeNsIMi HMITYJIbChI BO3JICHCTBYIOT Ha Bech pabouuii BHyTpEHHUH 00beM MaccOOOMEHHOTO
anmapara. TakuMm oOpa3om, BCS Macca peareHTOB HaXOJHUTCSl B JBMIKEHUH, M BCSI TIOBEPXHOCTH 3€peH aHMOHHTA
HETPEPHIBHO OYMILAETCS B Iporiecce paboTel Y3-000pyaoBanus. B pesynpTare MpoBeIeHHOTO UCCIeI0BaHUs yaa-
JIOCh YCTaHOBUTH, YTO Y 3-MHTEHCU(HUKAIHS MpoIiecca COPOIIUH MO3BOIISET:
— TIpY COJIEpYKaHuy ypaHa B MaTounukax copormu 0,003 r/m® yBennuuts ckopocTs copbuuu B 6,4 pasa;
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— TIpY CoJIEpKaHuy ypaHa B MaTouHukax copormu 0,014 r/m® yennuunts ckopocTs copbuun B 1,4 pasa;

—3a CueT NpHUMEHEHHs Y3-BO3AEHCTBUS MOIYYUTh CPEIHEB3BEIICHHOE YBEIMYEHHE CKOPOCTH COpOLUHU
B 1,3 paza;

— YBEJIMYHTH MOJHYIO AHHAMHYECKYI0 0OMEHHYIO eMKOCTh HOHHTA 110 ypaHy B 1,13 pa3a u mpu 3TOM He yMEHb-
LIMTh BEJUYNHY MEXaHUIECKOH IPOUYHOCTH 3ePEH HOHUTA.

KiroueBble cjioBa: MOHHBIA 0OMEH, MHTCHCHU(HUKAINAS MPOIECCOB MAacCOOOMEHa, HOHUT, HOHOOOMEHHAs CMOJIa,
copOmwms, UMILIo3us, kaputanus, nuddysus, ¥Y3-konedaHus, IpOTyKTUBHBINA PACTBOP, YPaH.

Jast uutupoBanus: Kononor A. B., JlyiicebaeB b. O. MHTeHcHbuUKanus copOIyu ypaHa U3 IPOJAYKTUBHBIX pac-
TBOPOB Ha HMOHOOOMCHHYIO CMOJIy VIbTpa3ByKoM. [opuwie Hayku u mexnoroeuu. 2020;5(1):12-24.

DOI: 10.17073/2500-0632-2020-1-12-24.

Definitions used in the paper

Diffusion - the process of mutual penetra-
tion of molecules or atoms of substances between
the molecules or atoms of another substance, lead-
ing to spontaneous equalization of their concen-
trations throughout the whole occupied volume.

Intensification is the process and organiza-
tion of development of production in which the
most effective facilities are used, as well as ex-
pansion of the production and increasing its
productivity.

lonite is a solid insoluble substance capable
of exchanging its ions for ions from the solution
surrounding it. lonites are commonly synthetic or-
ganic resins, having acidic or alkaline groups. lo-
nites are subdivided into cation exchangers (ab-
sorbing cations), anion exchangers (absorbing
anions), and amphoteric ion exchangers with both
of these properties.

lon-exchange resin is a synthetic organic
ion exchanger, a high molecular weight synthetic
compound with three-dimensional gel and
macroporous structure, which contains acidic or
basic functional groups capable to ion-exchange
reactions.

Cavitation is the process of formation, in a
liquid, cavities (cavitation bubbles or caverns)
filled with steam, resulting from external physical
actions.

Sorption mother liquor is a pregnant solu-
tion after the sorption process.

Pregnant solution is a solution containing
useful component.

Sorption is the process of absorption of
various substances by a solid body (sorbent) from
the environment, regardless of the absorption
mechanism.

Ultrasonic transducer is a device that con-
verts electrical oscillation created by high-fre-
guency generator into vibrations.

Introduction

At present time uranium industry needs new
technical solutions for increasing quality of prod-
ucts and reducing cost. One of such solutions may
be the use of ultrasonic technologies in the pro-
duction of uranium by the method of in-situ leach
recovery (“ISR”).

The use of ultrasound technologies in vari-
ous industries and the national economy has been
known since the middle of the last century and has
become widespread in the republics of the USSR.
Relevance of ultrasound technologies has not de-
creased today — they are used in the oil industry,
food industry, medicine, etc.

Ultrasonic technologies in uranium industry
can be used in such processes as leaching, absorp-
tion, desorption, ion-exchange resin grain wash-
ing to remove impurities (phosphorus, iron, sili-
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con, etc.), extraction, re-extraction and deposi-
tion. Intensification of ion-exchange processes by
ultrasound is achieved due to decreasing thick-
ness of the diffusion layer. Turbulent flows, im-
plosion and cavitation, sound pressure, and some
other second-order effects arising in a liquid un-
der the action of ultrasonic vibrations change the
character of the diffusion boundary layer immedi-
ately adjacent to the ion exchanger grain surface,
the thickness of which limits the rate of ion-ex-
change processes, resulting finally in the intensi-
fication.

1. Effect of ultrasound on the process of
uranium sorption

This paper describes the study of ultrasound
effect on the process of uranium sorption on ion-
exchange resin from pregnant solutions at the op-
erating ISR mine.

One of the most effective methods of sorp-
tion process intensification is ion exchanger ultra-
sonic treatment. Second-order effects caused by
ultrasound of specified frequency and intensity,
first of all, implosion and cavitation, lead to more
complete opening of micropores in ion-exchange
resin grains and complete cleaning of their sur-
faces, which inevitably causes noticeable increas-
ing the resin sorption capacity. Ultrasound not
only acts on the ion-exchange resin surface layers,
but also changes their capillary structure, and also
increases the compensated molecular forces on
the overall surface, including the surfaces of the
walls of micro- and macro-capillaries.

Cavitation phenomena and the so-called ul-
trasonic wind, which causes intensive mixing of
liquids in macro- and especially micro-volumes,
leads to decrease in gradients in solutes concen-
trations on the boundary of solid and liquid
phases, which should reduce the time of sorbent
saturation with the extracted valuable components
from the solutions (uranium in this case).

Science and Technology

The rate of chemical reactions in heteroge-
neous systems depends on the rate of diffusion of
molecules to the phase boundaries, chemical in-
teraction, and the reaction product diffusion.

In most cases, the rate of chemical interac-
tion is quite high compared with the diffusion
rates; as a result, the rate of the entire reaction as
a whole, at sufficiently developed phase contact
surface is determined by the rate of diffusion of
the reactants and reaction products.

The main resistance to the mass transfer
process is offered by the diffusion layer located at
the phases boundary, due to the fact that the pro-
cess of mass transfer in it proceeds most slowly,
by molecular diffusion way. The thickness and
properties of the diffusion layer have strong effect
on the rate of the heterogeneous processes. Tur-
bulent flows caused by intensive stirring reduce
effective thickness of the layer offering resistance
to mass transfer. Increasing the stirring rate in-
creases the rate of the entire heterogeneous pro-
cess. When applying ultrasound, the process is
significantly accelerated. Implosion and cavita-
tion, acoustic pressure, sound wind cause intense
turbulent flows not only in the entire mass of the
treated solution, but also in close proximity to the
phase boundary, resulting in significant reducing
the boundary diffusion layer.

The studies on intensifying uranium sorp-
tion from pregnant solutions on ion-exchange
resin under the action of ultrasound with vibration
frequency of 22 kHz were conducted.
The findings showed that decreasing the bound-
ary diffusion layer thickness can accelerate the
process several times. The equilibrium state under
the ultrasonic treatment was reached 4-5 times
faster than under identical sorption conditions
without the ultrasound imposition. For testing in-
tegrity, all tests were carried out on two identical
SNK-640 ion-exchange columns with the same
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amounts of pregnant solutions and ion-exchange
resin; the solution was fed under control of elec-
tronic flowmeters. In this case, one column (with
ultrasound) was for primary test, and another
(without ultrasound), for control test.

Ultrasonic oscillation was generated in the
tank with the ion exchanger and the pregnant so-
lution using submerged metal ultrasonic vibrator.
With this method of the solution exposure to ul-
trasound, the solution, in addition, was slightly
heated. With increasing temperature, the time re-
quired for reaching equilibrium further decreased.
Due to the temperature rise, the time required for
reaching the equilibrium decreased by half on av-
erage, and, under exposure to ultrasound, by ad-
ditional 3 times. The greatest acceleration of the
ion-exchange process was achieved under the
conditions of the resin and solution exposure to
ultrasound at 40 °C.

2. Description of equipment used in the
tests

The core equipment used in the tests was
presented by two identical SNK-640 type ion-ex-
change units (columns) and the ultrasonic unit.

Each sorption column (Fig. 1) performs the
function of a tank with resin through which preg-
nant solution goes. Technical features of the col-
umn are given in Table 1.

Science and Technology

The ultrasonic unit (Fig. 2) is used as the main
equipment causing intensification of the sorption
process; its parameters are given in Table 2.

3. Experimental study of ultrasonic ac-
tion on uranium sorption

The experimental study of ultrasonic action
on uranium sorption process was carried out in
two SNK-640 sorption columns under compara-
ble conditions (Fig. 3).

In the experiments, ultrasonic action on ura-
nium sorption rate and total dynamic exchange
capacity of the ion exchanger in the process of
uranium sorption from pregnant solutions at the
operating ISR mine was investigated. The experi-
ments were carried out in two sorption columns of
the same type, one of which was equipped with an
ultrasonic unit. Pregnant solution was fed to both
columns simultaneously, at identical fed parame-
ters. The ultrasonic unit position on the column is
shown in Fig. 3. In the experiments, 0.297 m® of
ion exchanger taken from the process and sub-
jected to desorption, denitration, and tail washing
were loaded into each column.

Uranium concentration in the initial ion ex-
changer was 2.68 kg/m?®.

The amount of pregnant solutions fed into
the columns was regulated based on the readings
of preliminarily calibrated electronic flowmeters.

Technical characteristics of SNK-640 ion exchange column el
Parameter Value

IAssembled column dimensions, mm 1160x1160x3700

Column diameter, mm 640

Sorbent volume, m® 0.7

Sorbent layer height, m 2.2

Treated solution volume, m3/h 0.2-5.0

Linear rate of solution flow, m/h 0.6-16.0

Unloaded sorbent volume, dm?/h 75-225
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Fig. 1. SNK-640 ion exchange pressure column:
1 — body; 2 — lower cone; 3 — upper cone; 4 — solution divider; 5 — solution supply tap; 6 — saturated sorbent discharge tap;
7 —airlift; 8 — samplers; 9 — viewing windows; 10 — ion exchanger loading tap; 11 — ion exchanger receiving hopper; 12 — tip;
13 — drainage unit; 14 — sorption mother liquor outlet; 15 — support
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Table 2

Parameters of the ultrasonic unit

IMapamerp Value
Overall dimensions of the ultrasonic oscillatory system, mm 3215%x750
Ultrasonic Intensity, W/cm? >10
Power cable length, m 25
ac power supply, voltage, V 220+22
Peak demand, VA <3000
Power-control band, % 40-100
Continuous work time, hr 8
Electronic unit overall dimensions, mm 640x450%250
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Fig. 2. Immersion ultrasonic oscillatory system (unit):
1 — ultrasonic oscillatory system (a set of piezocrystals); 2 — working emitting tool; 3 — booster link; 4 — tight seal; 5 — flange of
the ultrasonic oscillatory system; 6 — body; 7 — fan
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Fig. 3. Installation of the ultrasonic unit on the SNK-640 ion exchange column

Table 3
Test 1 Results
. Flowmeter . . . Uranium
Process time, . Solution designation .
Column min readings concentration,
m3/h kg/m?®
Pregnant solution 0.048
No US (control test 120 2.4 - -
( ) Sorption mother liquor 0.002
. . Pregnant solution 0.048
With US (primary test 120 24 - -
G y test) Sorption mother liquor 0.001

At the initial stage of testing, the amount of

pregnant solution (PS) fed into the columns was
as follows:

—no US-unit — 2.4 m¥h;

—with US-unit — 2.4 m¥h.

The total sorption time at the initial stage
was 2 hours. The experiment findings are given in
Table 3.

The increased uranium concentration in the
sorption mother liquor in the column with no ul-
trasonic treatment as compared with the sorption

mother liquor in the column with the ultrasonic
treatment in the first 2 hours indicates very large
amount of pregnant solution fed for sorption. For
instance, the volumetric ratio of the PS to the ion
exchanger (Vps/Vie) was 8.08 per hour.

The next experiment was carried out
at decreased volume of PS feeding into the col-
umn with no ultrasonic treatment, equal
to 5.86 Vps/Vie per hour. The testing results are
given in Table 4.

Table 4
Test 2 Results
Flowmeter . . . Uranium
Process . Solution designation .
Test time. min readings concentration,
' m3/h kg/m3
Pregnant solution 0.050
No US (control test) 60 1.74 g - -
Sorption mother liquor 0.001
. . Pregnant solution 0.050
With US (primary test 60 2.40 - -
(b y test) Sorption mother liquor 0.001
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Table 5
The results of the experiment on determining full dynamic exchange capacity
at uranium sorption from pregnant solutions
Column without ultrasound (control test) Column with ultrasound (primary test)
Uranium Uranium con- Uranium Uranium Uranium
concentration centration in concentration concentration concentration
Vps/Vi-e - Vps/Vi-e Vps/Vi-e R Vps/Vi-e . Vps/Vi-e .
in pregnant pregnant so- in pregnant in pregnant in pregnant
solution, g/l lution, g/l solution, g/l solution, g/l solution, g/l
5.860 0.050 5.860 0.050 5.860 0.050 5.860 0.050 5.860 0.050
8.260 0.048 8.260 0.048 8.260 0.048 8.260 0.048 8.260 0.048
25.400 0.048 25.400 0.048 25.400 0.048 25.400 0.048 25.400 0.048
34.180 0.049 34.180 0.049 34.180 0.049 34.180 0.049 34.180 0.049
51.180 0.049 51.180 0.049 51.180 0.049 51.180 0.049 51.180 0.049
67.950 0.048 67.950 0.048 67.950 0.048 67.950 0.048 67.950 0.048
84.810 0.049 84.810 0.049 84.810 0.049 84.810 0.049 84.810 0.049
101.48 0.049 101.48 0.049 101.48 0.049 101.48 0.049 101.48 0.049
118.69 0.049 118.69 0.049 118.69 0.049 118.69 0.049 118.69 0.049
135.52 0.049 135.52 0.049 135.52 0.049 135.52 0.049 135.52 0.049
152.39 0.049 152.39 0.049 152.39 0.049 152.39 0.049 152.39 0.049
169.39 0.051 169.39 0.051 169.39 0.051 169.39 0.051 169.39 0.051
186.33 0.050 186.33 0.050 186.33 0.050 186.33 0.050 186.33 0.050
203.13 0.049 203.13 0.049 203.13 0.049 203.13 0.049 203.13 0.049
219.93 0.048 219.93 0.048 219.93 0.048 219.93 0.048 219.93 0.048
236.70 0.048 236.70 0.048 236.70 0.048 236.70 0.048 236.70 0.048
253.40 0.048 253.40 0.048 253.40 0.048 253.40 0.048 253.40 0.048
270.40 0.049 270.40 0.049 270.40 0.049 270.40 0.049 270.40 0.049
287.74 0.050 287.74 0.050 287.74 0.050 287.74 0.050 287.74 0.050
304.41 0.050 304.41 0.050 304.41 0.050 304.41 0.050 304.41 0.050
321.01 0.050 321.01 0.050 321.01 0.050 321.01 0.050 321.01 0.050
337.71 0.049 337.71 0.049 337.71 0.049 337.71 0.049 337.71 0.049
354.38 0.050 354.38 0.050 354.38 0.050 354.38 0.050 354.38 0.050
371.75 0.049 371.75 0.049 371.75 0.049 371.75 0.049 371.75 0.049
382.32 0.050 382.32 0.050 382.32 0.050 382.32 0.050 382.32 0.050
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Fig. 4. Graphs of uranium sorption by the ion exchanger with and without ultrasonic action
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The experiment findings indicate the opti-
mal volumetric ratio of the PS to the ion ex-
changer to be 5.86 Vps/Vie per hour for sorption
process with no ultrasonic treatment.

The sorption rates measured in the first ex-
periment in the column with and without ultra-
sonic treatment were taken as the basis for the
next experiment on measuring total dynamic ex-
change capacity (TDEC) of the resin with and
without ultrasonic treatment. The results of the
experiment on determining full dynamic ex-
change capacity of the anion exchanger in the pro-
cess of uranium sorption from pregnant solutions
with and without ultrasonic treatment are given in
Table 5.

Graphs of uranium sorption with and with-
out ultrasonic treatment under dynamic condi-
tions of the experiments are presented in Fig. 4.

The tests for investigation on intensifying
uranium sorption from pregnant solutions on the
anion-exchange resin by ultrasonic treatment
showed that the ultrasonic treatment results in:

—increasing the sorption rate by 6.4 times at
uranium concentration in the pregnant solutions
of 0.003 g/m3;

—increasing the sorption rate by 1.4 times at
uranium concentration in the pregnant solutions
of 0.014 g/m?;

—achieving weighted average increasing the
sorption rate by 1.3 times through applying the ul-
trasonic treatment;

—increasing the anion exchanger TDEC for
uranium by 1.13 times.

The total ultrasonic treatment time in the
experiments was 63.3 hours.

The experiment findings indicated the opti-
mal volumetric ratio of the PS to the anion ex-
changer to be 5.86 Vps/Vie per hour for sorption
process with no ultrasonic treatment.

4. Tests for investigation the effect of ul-
trasonic treatment on the anion exchanger me-
chanical strength

Tests of Ambersep 920U SOs anion-ex-
change resin (used in all the experiments) were
carried out in polymer tank having volume of 60 I,
into which 40| of the ion-exchange resin were
loaded. The passport specifications of the anion-
exchange resin are given in Table 6.

Table 6

Characteristics of the strongly basic macroporous anion exchange resin
of Ambersep 920U SO4 grade manufactured by Dow Chemical Company

Indicator

Value

Polymer matrix

Macroporous Crosslinked Polystyrene

Physical form

Non-transparent granules

lonic form when delivered

Sulfate (not less than 50%)

Functional group

7N+(CH3)2CH2CH20H

Full ion-exchange capacity

> 1.0 g-eq/l (CI-form)

Moisture Content

53-65 % (Cl~-form)

Commaodity weight 680-710 g/l
Harmonic mean diameter 0.845-1.050 mm
Uniformity factor <1.50

Content of small granules <0.710 mm Max 5.0 %

Content of large granules >1.180 mm Max 4.0 %

Maximum reversible swelling ClI- — SO2~ about 5 %

Mechanical strength >98 %

Manufacturer Rohm and Haas France S.A.S. (Dow Chemical Company)
Country France
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The ultrasonic unit and the hose for
supplying flowing technical water were installed
on the upper part of the tank (lid). The working
body (ultrasonic transducer) was placed coaxially
inside the cylindrical tank. Dimensions of the
working body of the transducer were as follows:
length, 480 mm; diameter, 50 mm. The tank
height and diameter were 640 mm and 360 mm,
respectively. The anion exchanger was located
between the transducer working body and the tank
walls. The distance from the containing walls to
the transducer working body was 335 mm.

This treatment mode is hard, since the
ultrasonic wave in the heterogeneous medium
(solution + anion exchanger) forms reflected
wave due to small distance between the

Science and Technology

transducer and the tank wall. The reflected waves
form zones of multiple increasing ultrasonic
action on the anion exchanger. Notice that this
effect will not take place in commercial-scale
sorption columns (and other flow-type ion-
exchange units). The zone of maximum ultrasonic
action for this type of transducers extends 550—
600 mm from the surface of the transducer. The
volumetric flow rate of water was 20 I/h. The
ultrasonic transducer operating mode was set as
follows: 6 hours of ultrasonic treatment and 25
minutes with no ultrasonic action. Total operating
time of the ultrasonic transducer in the experiment
was 148 hours at frequency of 22 kHz. General
arrangement of the ultrasonic assembly
installation is shown in Fig. 5.

Fig. 5. Installation for the study of hard ultrasound on the ion exchanger grain mechanical strength

For the experiment, samples of the fresh
(new) resin were taken and labeled No. 3 and
No. 4, respectively (Fig. 6). After the experiment,
resin samples that underwent ultrasonic treatment
were taken and labeled No. 1 and No. 2. Figure 6
shows that samples No. 3 and No. 4 present new
resin, and samples No. 1 and No. 2 are of darker
color with gray tint, indicating their previous use.

All the samples were sent to an independent
specialized laboratory for control tests.

The results of the samples testing for
determining mechanical strength of the ion
exchanger grains are as follows:

—sample No. 1. mechanical strength —
99.0%;

—sample No. 2: mechanical strength —
99.5%;

—sample No. 3: mechanical strength —
98.0%;

— sample No.
98.0%.

D

. mechanical strength —
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Fig. 6. Samples of the initial new ion exchanger (Nos. 3 and 4) in comparison with the samples
of the previously used ion exchanger (Nos. 1 and 2)

As can be seen from the obtained data,
ultrasonic treatment of the ion-exchange resin
grains even under specially produced hard
conditions not only did not decrease their
mechanical strength, but, on contrary, caused
their insignificant, but marked strengthening. This
strengthening was due to complete ultrasonic
cleaning of macroporous structure of the resin
grains, as well as restoration effect of the so-
called ultrasonic crosslinking of polystyrene
matrix filaments damaged in the course of the ion-
exchange resin use in the ISR uranium production
process.

Conclusion

The performed tests for investigation inten-
sifying uranium sorption from pregnant solutions

References

on the anion-exchange resin by ultrasonic treat-
ment showed marked potential of applying the ul-
trasonic treatment for intensification of other ion-
exchange processes in the ISR uranium produc-
tion process. It was also experimentally estab-
lished that the ultrasonic treatment doesn’t pro-
duce negative effect on mechanical strength of the
ion-exchange resin grains. A regeneration effect
was observed.

The experiments described in this paper
cover only the process of uranium sorption from
pregnant solutions. However, it can be expected
that the ultrasonic treatment is promising for other
ion-exchange processes used in the production of
uranium by the ISR method.

1. Agranat B. A. Ultrasonic Technology. Moscow: Metallurgiya Publ.; 1974. 503 p. (In Russ.).

2. Kazantsev V. F. Calculation of ultrasonic transducers for technological. Moscow: Mashinostroenie Publ.;
1980. (In Russ.).

3. Kardashov G. A., Mikhailov P.E. Heat and mass transfer acoustic processes and apparatuses. Moscow:
Mashinostroenie Publ.; 1976. (In Russ.).

4. Kolesnikov G. E., Karpenko L.A. Optimal design in the problems of chemical engineering. Moscow: MIHM
Publ.; 1983. (In Russ.).

5. Lamekin N. S. Dispergating mathematical model taking into account cavitation. Theoretical Foundations of
Chemical Technologies; 1987. Vol. 21. (In Russ.).

6. Margulis M. A. Sonochemical reactions and sonoluminescence. Moscow: Khimiya Publ.; 1986 (In Russ.).

7. Nikolaev V. N., Shevtsov B.S., Gogom T.A. Investigation of ultrasound action on the process of mixed
liquor separation. MISI Proceedings. Moscow: MISI Publ.; 1984. (In Russ.).

8. Promtov M. A. Equipment and apparatuses with pulsed energy actions on the substances to be treated.
Moscow: Mashinostroenie Publ.; 2004. (In Russ.).

9. Pugachev S. I. (ed.) Piezoceramic transducers. Methods of measurement and calculation of parameters:
Handbook. Leningrad: Sudostroenie Publ.; 1984. (In Russ.).

10. Rosenberg L. D. Sources of hard ultrasound. Focusing ultrasound emitters. Moscow: Nauka Publ., 1967. (In Russ.).

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS




ISSN 2500-0632 (ON-LINE)

MINING SCIENCE MISIS

A N D (RUSS'A) 2020'5(1 )1 2-24 National University of

GORNYE NAUKI | TEHNOLOGII Science and Technology

11. Tananaev I. G. Uranium: manual for graduate students. Moscow: Publishing House of NRNU "MIPhI
Publ."; 2011. (In Russ.).

12. Teumin 1. . Ultrasonic oscillatory systems. Moscow: GNTI of Machine-Building Literature Publ., 1959.
(In Russ.).

13. The standard operating procedure for processing ISR pregnant solutions to produce finished products in
the form of natural uranium oxides at ISR mine. 2015. (In Russ.).

14. Friedman V. M. Physico-chemical effect of ultrasound on heterogeneous processes of hydronic treatment
of materials. Application of ultrasound in chemical technology processes. Moscow; 1960. (In Russ.).

15. Tsygankov F. P., Senin V. N. Cyclic processes in chemical technology. Basics of non-waste production.
Khimiya Publ.; 1988. (In Russ.).

16. Datta Subhendu K., Shah Arvind H. Elastic Waves in Composite Media and Structures: With Applications
to Ultrasonic Nondestructive Evaluation. CRC Press LLC; 2019. 321 p.

17. David J., Cheeke N. Fundamentals and Applications of Ultrasonic Waves. CRC Press; 2002. 451 p.

18. Hirao M., Ogi H. Electromagnetic Acoustic Transducers: Noncontacting Ultrasonic Measurements using
EMATS. Springer Japan; 2017. 382 p.

19. Kundu T. Nonlinear Ultrasonic and Vibro-Acoustical Techniques for Nondestructive Evaluation. Springer
International Publishing; 2019. 759 p.

20. Seak T., Leong H., Manickam S., Gregory J. O. Martin, Wu Li, Muthupandian A. Ultrasonic Production of
Nano-emulsions for Bioactive Delivery in Drug and Food Applications. Springer International Publishing; 2018. 446 p.

21. Wayne W. Ultrasonic welding of lithium (Li") ion batteries. ASME Press; 2017. 268 p.

22. Wilbur L. Bunch. The effect of ultrasonic sound frequencies on the viscosity of Wyoming asphalt base
petroleum. Laramie, Wyoming; 1951. UMI Number: EP23601. 47 p.

bubanorpapuyeckuii cnmcox

1. Arpanar b. A. Yaempassyrxosas mexnonoeus. M.: Metamnyprusi; 1974, 503 c.

2. KazaameB B. ®. Pacuem ynompazeykogvix npeobpazosameneii 01 MEXHOIOSUYECKUX VCMAHOBOK.
M.: MammHocTpoenwe; 1980.

3. Kapnamor I'. A., Muxaiino Il. E. Tenromaccoobmennvie axycmuueckue npoyeccvl u annapamol.
M.: MammHocTpoenue; 1976.

4. Konecuukos I'. E., Kapnieako JI. A. Onmumansroe npoexmuposanue 6 3a0auax Xumuiecko20 MAauuHo-
cmpoenusi. M.: MUXM; 1983.

5. Jlamexun H. C. MaremaTiueckas MOJIeJ b AUCTIEPTUPOBAHUS C YUETOM KaBUTAIMH. 1eopemuuecKue 0CHO8bl
xumuyweckux mexuonozui, 1987. T. 21.

6. Maprynuc M. A. 3gykoxumuueckue peakyuu u conomomurecyenyus. M.: Xumus; 1986.

7. Hukomnaes B. H., llleBuos B. C., 'orom T. A. Hccredosanue srusnus yibmpaszeyka Ha npoyecc pasoeieHust
unoeoui cmecu. C6. Hayu. p. M.: MUCH; 1984.

8. IIpomtoB M. A. Mawunul u annapamsli ¢ UMRYIbCHBIMU IHEPLEMULECKUMU 6030eUCMEUAMU HA 00pabamubl-
saemvie geujecmsa. M.: Mammnoctpoenue; 2004.

9. IIre30kepamuyeckue npeodpazoBarenu. Memoodwv: usmepenusi u pacuema napamempog: CIPaBOYHUK.
[on pen. C. W. Ilyrauesa. JI.: Cynocrpoenue; 1984.

10. Pozenbepr JI. . HUcmounuxu mownoco ynvmpaszéyka. Doxycupyiowue usiyuamenu YibmpazeyKd.
M.: Hayka; 1967.

11. Tananaes U. I'. ¥pan: Yueb. nocobue ona 6y306. M.: U3n-so HUAY «MUDN»; 2011.

12. Teymun U. U. Yaempazeykoevie konebamenvuvie cucmemoi. M.: THTU mammuocTp. nuT.; 1959.

13. Texnonocuueckuii peenamenm na paboyuti npoyecc nepepadomxu pacmeopos N0O3EMHO20 BbIUENAYUBA-
HUSL C NOJyYeHUueM 20MOo8ot NpOOYKYUU 8 8ude OKCUo08 npupoonozo ypana na pyonuxe IHCB. 2015.

14. ®puaman B. M. Ou3nKO-XUMHYECKOE JEHCTBUE YIbTPa3ByKa HA F€TEPOreHHbBIE MPOLECCHl XKHUIKOCTHON
00paboTKN MaTepuaioB. [Ipumenenue yibmpazeyka 6 Xumuko-mexunoaiocudeckux npoyeccax. M.; 1960.

15. IlprankoB @. I1., Cenun B. H. [Juxiuueckue npoyeccol 6 xumuueckou mexuonocuu. OcHosbl 6e30mxo0-
Hbix npoussoocms. M.: Xumus; 1988.

16. Datta Subhendu K., Shah Arvind H. Elastic Waves in Composite Media and Structures: With Applications
to Ultrasonic Nondestructive Evaluation. CRC Press LLC; 2019. 321 p.

17. David J., Cheeke N. Fundamentals and Applications of Ultrasonic Waves. CRC Press; 2002. 451 p.

18. Hirao M., Ogi H. Electromagnetic Acoustic Transducers: Noncontacting Ultrasonic Measurements using
EMATSs. Springer Japan; 2017. 382 p.

19. Kundu T. Nonlinear Ultrasonic and Vibro-Acoustical Techniques for Nondestructive Evaluation. Springer
International Publishing; 2019. 759 p.

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS




ISSN 2500-0632 (ON-LINE)

MINING SCIENCE MISIS

A N D (RUSS'A) 2020:5(1 )1 2-24 National University of

GORNYE NAUKI | TEHNOLOGII Science and Technology

20. Seak T., Leong H., Manickam S., Gregory J. O. Martin, Wu Li, Muthupandian A. Ultrasonic Production of
Nano-emulsions for Bioactive Delivery in Drug and Food Applications. Springer International Publishing; 2018. 446 p.

21. Wayne W. Ultrasonic welding of lithium (Li") ion batteries. ASME Press; 2017. 268 p.

22. Wilbur L. Bunch. The effect of ultrasonic sound frequencies on the viscosity of Wyoming asphalt base
petroleum. Laramie, Wyoming; 1951. UMI Number: EP23601. 47 p.

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS




