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ABSTRACT

Purpose. Increasing the valuable component content in a pregnant solution due to the activation of leaching solution
with cavitation treatment in case of the borehole in-situ leaching (ISL).

Methods. To obtain the cavitation effect, a laboratory cavitation plant has been produced. Studies on the sulphuric
acid solution activation by means of cavitation were conducted using solutions with 10 g/l of acid content. Studies of
changing the sulphuric acid solution activity during treatment with a cavitator were conducted for 3 minutes
(24 passes through the cavitator), 5 minutes (40 passes), 10 minutes (80 passes) and 20 minutes (160 passes). The
content in the solution of the valuable component was analysed using a KFK-3-“ZOMS” photoelectric photometer.

Findings. The laboratory studies have been performed to set the influence of the cavitation process on the leaching
solution activity at various degrees of activation and time of reaction. The studies have established that in order to
activate the leaching solution, it is proposed to carry out cavitation treatment of sulphuric acid before to additionally
fortify the mother solution, which helps to increase its activity. The solution activation leads to an increase in the
valuable component content from 18 to 26% in the pregnant solution and its activity is maintained for a long time
(up to 30 days).

Originality. New dependences have been obtained reflecting the nature of changing the valuable component content

in the pregnant solution on the reaction time and the degree of solution activation.

Practical implications. The proposed activation method leads to an increase in the valuable component content in
the pregnant solution compared to the basic technology, therewith, the activity is maintained for a long time. The
proposed technology is characterized by low capital costs, is easily integrated into the existing system and is abso-
lutely environmentally friendly.
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1. INTRODUCTION Suyarko, Niemets, & Matveyev, 2018; Anisimov,

Currently, the poor deposits of hydrogen genesis,
occurring in permeable sand-clay deposits of the depressed
zones in the earth’s crust are mainly the raw material base
for enterprises mining uranium by underground leaching
(Sukhodolov, 2010), and the poor and off-balance ores are
the raw material base for mining gold by heap leaching
(Karaganov & Uzhkenova, 2002). Until recently, these
deposits, containing reserves of uranium and gold, have
not been involved in industrial development by traditional
mining methods for technical and economic reasons. This
important task, which is of great economic importance, by
now has been largely solved (Menshov et al.,, 2016;
Medunié, Mondol, Radenovi¢, & Nazir, 2018; Sukhov,

Symonenko, Cherniaiev, & Shustov, 2018). Especially in
the last decade, great work has been done on the
development and industrial implementation  of
geotechnological mining of uranium, called the method of
underground leaching (UL) (Kalabin, 1981; Arens, 1986;
Armstrong & Jeuken, 2009; Catchpole & Robins, 2015),
and gold by the method of heap leaching (Kashuba &
Leskov, 2014) with reclamation of the mined-out space
(Kalybekov, Sandibekov, Rysbekov, & Zhakypbek, 2019).

Underground leaching of uranium is carried out by
selective its dissolution with chemical reagents from ores
at the place of their occurrence and subsequent extraction
from uranium-containing solutions. Despite all the
advantages, when using a borehole in-situ leaching of
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uranium, there is still a number of unresolved problems,
one of which is to prolong the interrepair cycle of
production wells performance, as well as to increase the
ratio of uranium recovery (Zabel’skiy, 1981; Golik &
Kultyshev, 2011; Yusupov, Elzhanov, Aliev, &
Dzhakupov, 2017; Shcherbakov, Tymchenko, Buhrym,
& Klymenko, 2019).

Heap leaching is used to obtain valuable components
(primarily metals) by dissolving prepared (crushed off-
balance ores and dumps of poor ores or the dressing plant
tailings) and specially stacked mineral raw materials,
with their subsequent allocation (Ye, Ding, Li, Song, &
Li, 2013; Petersen, 2016; Hoummady et al., 2017). This
process application makes it possible to involve into
production the poor and off-balance ores, overburden
rocks of quarries and mature tailings of dressing plants
(Barchenkov, 2016; Sekisov, Rubtsov, & Lavrov, 2016).
However, despite all the advantages, a significant
drawback of this leaching method is the low recovery
ratio, the duration of the leaching process and the
dependence on climatic conditions.

Therefore, the purpose of the work is to increase the
valuable component content in the pregnant solution by
activating the leaching solution in borehole in-situ
leaching. To increase the efficiency, it is proposed to
leach by the activated solution with cavitation before it is
supplied to the ore massif (Knepp, Deyli, & Khemmit,
1974; Lauterborn, 1980).

Cavitation is the process of vapour generation and
subsequent collapse of vapour bubbles with simultaneous
vapour condensation in the fluid stream, accompanied by
noise and hydraulic shocks, the formation of cavities in
the fluid (cavitation bubbles, or caverns) filled with va-
pour of the very fluid in which it occurs. Cavitation oc-
curs as a result of a local pressure decrease in the liquid,
which can occur either with an increase in its velocity
(hydrodynamic cavitation) or with the passage of a high-
intensity acoustic wave during the rarefaction half-period
(acoustic cavitation). There are other reasons for the
effect to occur. Being moved with the stream to an area
with a higher pressure or during a compression half-
period, the cavitation bubble collapses, emitting at the
same time a shock wave (Kubota, Kato, & Yamaguchi,
1992; Vogel, Busch, & Parlitz, 1996; Prentice, Cuschieri,
Dholakia, Prausnitz, & Campbell, 2005).

The leading role in the formation of bubbles in cavi-
tation is played by gases evolving inside the resulting
bubbles. These gases are always contained in the fluid,
and with a local decrease in pressure, they begin to be
intensively evolved inside these bubbles. It should also
be taken into account that gases dissolved in the fluid
contain more oxygen as a percentage wise than in air.
Therefore, the gases in bubbles during cavitation are
chemically more aggressive than atmospheric air — as a
result, they induce oxidizing (tendency to react) of many
usually inert materials. Collapsing the cavitation bubbles
leads to the fact that the energy of the surrounding fluid is
concentrated in very small volumes (Miller, 2007; Ceccio,
2010; Rooze, Rebrov, Schouten, & Keurentjes, 2013).

The degree of treatment of the solution by cavitator is
assessed either according to changing the density before
and after cavitator, or increasing the temperature of the
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solution. The technology does not require significant
capital and operating costs, moreover, there is an ability
to integrate into existing infrastructure. To achieve this
goal, it is necessary: study the cavitation effect, conduct
laboratory studies on the influence of activated leaching
solution on increasing the degree of extraction during
underground leaching; statistically process and analyse
the research results.

Treatment of various types of materials using cavita-
tors always has a positive effect. Application of cavita-
tion is described in an extremely wide range: obtaining
emulsions, destroying and removing contaminants, ob-
taining inorganic and organic compounds, activating the
fuel, the latest torpedo designs, etc. But, with such a wide
range of the cavitation effect application, there are no
single methods for assessing the effectiveness of this
phenomenon. The proposed mathematical expressions
give a non-dimensional coefficient, which in no way
reflects a change in the treated material properties. In
fact, in each individual case, the effectiveness of cavita-
tion is assessed according to changing the final results.

One of the changing parameters during treatment of a
liquid with cavitator is an increase in the temperature of
the solution to be treated. It is obvious that the tempera-
ture increase is a proxy indicator of the energy transmit-
ted by the cavitator to the electrolyte (Koshkolda,
Pimenov, Atakulov, 1988; Wadsworth, Zhu, Thompson,
& Pereira, 2000; Tan, Deng, & Li, 2016).

2. METHODS

Based on the specific task set in this work, the main
characteristic for its implementation is the activity of the
leaching solution in the interaction with ore and rock
materials. Therefore, the main indicator during laborato-
ry research is the change in the solution activity using
various methods of its treatment.

The studies on the sulphuric acid solution activation
by means of cavitation described above have been made
on solutions with an acid content of 10 g/l. However,
given the large volume of leachable solution supplied
under industrial conditions, which requires significant
energy costs for its mechanical activation, we have stud-
ied the possibility of activating the concentrated sul-
phuric acid used to fortify the mother solution. Then, the
experiments were conducted using the solution prepared
with the activated acid. Treated solutions were tested for
leaching of conventional metal. In the experiments, the
operating time of the cavitating plant was increased and
adjusted to 30 minutes. Hereunder, the research results
are presented of changing the sulphuric acid solution
activity during treatment with a cavitator for 3 minutes
(24 passes through the cavitator), 5 minutes (40 passes),
10 minutes (80 passes) and 20 minutes (160 passes).

The solution of acid and water was mixed by turning
on the pump for 15 seconds, which corresponds to ap-
proximately twofold passing the entire volume of liquid
in the plant through the cavitator. The solution mixed in
this way was taken as the initial one and an initial study
of the leaching intensity was conducted on it. Then, the
solution in the plant was exposed to treating for a certain
time, after which the samples were immediately taken for
the leaching experiment, and the main volume was
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poured into a separate container and samples were sub-
sequently taken after a certain time for repeated studies
with the same solution.

As the main indicator of the cavitator action efficien-
cy, not the absolute value of content of the conventional
metal in the leaching solution was used, but a change in
activity on a percentage base relative to the initial electro-
lyte. Based on the analysis of the data obtained when
studying the influence of temperature on the activity of
the solution, the time was chosen for sampling in leaching
for 5, 10, 20 and 30 minutes. Five minutes of leaching
time was accepted as the main indicator.

To obtain the cavitation effect, a cavitation plant has
been produced (Fig. 1). The laboratory plant consists of a
closed loop circuit, which includes a centrifugal type pump
(P) with an electric motor drive, a flow-through cavitator
(R), a pipeline, a container (V), a discharge cock (K).

Figure 1. Laboratory cavitation plant

The plant was poured with 1.5 litres of acid, and it
was treated for 5 minutes after that. Then, a solution with
a content of 10 g/l was prepared from activated acid.
Thereafter, its activity was tested when leaching. The
results were compared with the same experiment, but
without prior activating the acid.

One of the aqueous solutions (electrolytes) characte-
ristics is viscosity. To obtain comparative data on the
relative viscosity, the VU GOST 1532-81 viscometer
was used with built-in preheating. The viscosity was
measured by the time of the solution flowing out of the
viscometer with the registration of a stop-watch timer.

The valuable component content in the solution was
analysed using a KFK-3-“ZOMS” photoelectric photo-
meter. Initially, according to the instructions for using
the photometer, the working light frequency in the de-
vice, equal to 800.2 nm, was determined based on the
CuSOs solution. Then, using the solutions of convention-
al metal with a concentration of 1, 3, 5 and 10 g/l, the
device was calibrated. Then, it became possible, when
leaching, to use the ratio coefficient C/4 = 3.03 for cur-
rent calculations of the conventional metal content in
solutions. Experimentally using a thermometer, it was
determined that to achieve the temperature of the exper-
iment, the preliminary mixing time is in the range of
7 — 10 minutes. After that, a sample weight of a conven-
tional metal was placed into the solution, and after a
certain time the solution sample was taken for analysis.
To purify the sample solution from the particles of the
conventional metal contained in it, the sample was fil-
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tered and placed into the photometer cuvette. A photome-
ter with a preliminary set light frequency was turned on
and held for at least 30 minutes before measuring the
optical density of the solution. Before to start a series of
experiments on leaching, preliminary experiments have
been made, according to the results of which a solution
volume for leaching of 150 ml, a stirrer rotation velocity
of 45 rpm and time of leaching were selected. By calcu-
lations, it was determined that at a concentration of 10 g/1
of sulphuric acid in the solution, a sample weight of the
conventional metal may be 1.2 g.

3. RESULTS AND DISCUSSION

The results of measuring the conventional metal con-
tent in the solutions after leaching revealed that the acid
activity after cavitation treatment has increased by 14%.
Therefore, there is no need in industrial conditions to per-
form the mechanical activation of the entire leaching solu-
tion, it is enough to treat with fortifying concentrated
sulphuric acid. This dramatically reduces the energy
costs. The research results of changing the leaching solu-
tion activity during treatment with a cavitator for
3 minutes are presented in Table 1 and in Figure 2.

Table 1. Changing the optical density (A) over time and the
conventional metal content in the leaching solution
(C) after treatment of the electrolyte with a cavitator
for 3 minutes

Reaction time, min Type and time

Parame- .
of the solution
ters 5 10 20 30 mature
A 1.365 1.431 1.521 1.553 Initial
C, g/l 4.08 433 4.61 4.70 solution
A 1.508 1.534 1.591 1.61 After
C, g/l 4.78 5.80 5.18 5.23 treatment
A 1.420 1.492 1.530 1.596 2 hours after
C, gl 448 4.51 5.08 5.22 treatment
A 1.417 1.502 1.564 1.616 24 hours after
C, g/l 4.29 4.55 4.74 4.90 treatment
A 1.445 1.532 1.669 1.669 30 days after
C, g/l 4.45 4.76 5.06 5.1 treatment
C, g/l
—a— ] ——2 ——3 —>—4 5
5.6
5.4
5.2
5.0 =
4.8
4.6
4.4
4.2
4.0
5 10 15 20 25 ¢, min

Figure 2. Changing the content of conventional metal in the
leaching solution depending on the time of reaction
and the solution mature over time after treatment
with a cavitator for 3 minutes: 1 — initial state of the
solution (before treatment); 2 — after treatment;
3 —2 hours after treatment; 4 —24 hours after
treatment; 5 — 30 days after treatment
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From the analysis of Table 1, it follows that the
treatment held of the solution has led to a primary in-
crease in leaching for 5 minutes by 17%. There was not
an expected significant decrease in the solution activity
after holding it over time. The curves presented in Fi-
gure 2 show that the greatest changes in the conventional
metal content in the solution are observed at a time of
leaching for 5 minutes, and then this differential decree-
ses. In the course of the solution treatment with a cavita-
tor, there was some evolution of sulphur dioxide (odour).

The data on the solution activity after treatment with
a cavitator for 5 minutes is presented in Table 2 and in
Figure 3.

Table 2. Changing the optical density (A) over time and the
conventional metal content in the leaching solution
(C) after treatment of the electrolyte with a cavitator
for 5 minutes

Reaction time, min Type and time

Parame- .
ters 5 10 20 30 of the solution
mature
A 1.323 1398 1468  1.542 Initial
C gl 406 423 4.45 4.67 solution
A 1.403  1.475 5.23 5.70 After
C, g/l 49 5.10 4.90 5.09 treatment
A 1.340 1432 1531 1.587 2 hours after
Cgl 4380 5.06 5.34 5.16 treatment
A 1.380 1456  1.529  1.611 24 hours after
C, g/l 4.78 4.91 5.10 4.95 treatment
A 1412 1482  1.580 1.609 30 days after
C,g/l 4381 5.01 5.15 5.42 treatment
C,gl/l
—-—] ——2 —A—3 —>—4 5 *
5.6
5.4
5.2
5.0
4.8
L]
4.6
[]
4.4
4.2
4.0
0 5 10 15 20 25 t, min

Figure 3. Changing the content of conventional metal in the
leaching solution depending on the time of reaction
and the solution mature over time after treatment
with a cavitator for 5 minutes: 1 — initial state of the
solution (before treatment); 2 — after treatment;
3 —2 hours after treatment; 4 — 24 hours after
treatment; 5 — 30 days after treatment

During treatment, the evolution of sulphur dioxide
was observed. The data presented in Table I show that
initially the activity of the solution within 5 minutes of
leaching increased by 20.5%, and after 10 minutes — by
21%. In general, it can be considered that the primary
activity remains constant immediately after treatment of
the electrolyte with a cavitator and for 30 days.

The data on the properties of the leaching sulphuric
acid solution after treatment in a cavitation plant for
10 minutes are shown in Table 3 and Figure 4.
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Table 3. Changing the optical density (A) over time and the
conventional metal content in the leaching solution
(C) after treatment of the electrolyte with a cavitator
for 10 minutes

Reaction time, min Type and time

Parame- .
of the solution
ters 5 10 20 30 mature
A 1.348 1428 1540 1.581 Initial
C, g/l 4.11 4.36 4.61 4.68 solution
A 1.388 1485 1.575 1.590 After
C, g/l 5.14 5.17 5.29 5.36 treatment
A 1.40 1463 1579 1.630 2 hours after
C, g/l 4.8 5.09 5.23 5.40 treatment
A 1.409 1.430 1.500 1.538 24 hours after
C, g/l 4.62 4.78 5.09 5.23 treatment
A 1.491  1.548 1.615 1.636 30 days after
C,g/l 485 5.15 5.45 5.42 treatment
C, g/l
—-—] ——2 —A—3 —>—4 5
5.6
5.4
5.2
/
5.0
4.8
4.6
4.4
42
4.0
5 10 15 20 25 ¢, min

Figure 4. Changing the content of conventional metal in the
leaching solution depending on the time of reaction
and the solution mature over time after treatment
with a cavitator for 10 minutes: 1— initial state of
the solution (before treatment); 2 — after treatment;
3 —2 hours after treatment; 4 —24 hours after
treatment; 5 — 30 days after treatment

An increase in the time of the solution treatment up
to 10 minutes has led to an increase in the activity by
25% for 5 minutes of the leaching reaction. In the
course of the solution treatment, there was a noticeable
evolution of sulphur dioxide. This is caused by a slight
evaporation of sulphuric acid. Within 2 hours, the solu-
tion activity has decreased to 8.0% and remained in this
state for a long time.

The experiments conducted on the use of cavitation to
activate the leaching solution have confirmed an increase
in the sulphuric acid activity after treatment in a cavitation
plant. However, the depth of the boreholes of uranium
deposits in the south of the Republic of Kazakhstan reach-
es 700 m and deeper, where the aqueous solution pressure
at this depth is 70 atmospheres or 7 MPa, and the for-
mation water temperature in the deposits reaches 35°C.

At the same time, after leaching, the pregnant solution
goes through a sorption process, and the sorbent goes
through a desorption process. Therefore, further research
should be carried out to establish the influence of the solu-
tion activation on the processes of sorption and desorption.

Moreover, according to the research results, it can be
seen that the leaching solution activity increases at the
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initial moment, then it noticeably decreases within
24 hours of mature, and an increase is observed after
1 month. In this regard, in the future there is a need to
conduct a research to set the changes in the rheological
properties of the leaching solution over time, as well as
the influence of growing pressure and temperature on the
solution activity after its treatment with a cavitator.

4. CONCLUSIONS

The studies have established that the leaching solu-
tion activation leads to an increase in the sulphuric acid
activity after treatment in a cavitation plant.

In order to activate the leaching solution, it is pro-
posed to carry out cavitation treatment of an acid before
to additionally fortify the mother solution. Thus, the
volume of the treated solution and the cost of manufac-
turing and operating the cavitator are reduced.

The solution activation leads to an increase in the
valuable component content from 18 to 26% in the preg-
nant solution and its activity is maintained for a long
time (up to 30 days).

The proposed technology is characterized by low cap-
ital costs, is easily integrated into the existing system and
is absolutely environmentally friendly.

The technology of a leaching solution activation in
borehole in-situ leaching of uranium or in heap leaching
of non-ferrous and precious metals will increase the ratio
of recovery efficiency.

To implement this technology in a production envi-
ronment, an activator should be manufactured consist-
ing of an engine and a generator unit. The parameters of
a plant will depend on the volume of solution supplied
for leaching.
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JOCJIIDKEHHSA 3MIHU AKTUBHOCTI BWIYTI'OBYIOUOI'O

PO3YHNHY HICJISI OBPOBKHU KABITATOPOM

E. AbeHn, XK. Mapken6aes, H. Xaiipynnaes, C. Mup3axmetoB, X. AGeH

Mera. [linBuIIeHHS BMICTY KOPUCHOTO KOMIIOHEHTY B IPOLYKTHBHOMY PO3YHHI 332 PaXyHOK aKTHBALil BUIyTOBYIO-
YOT0 PO34MHY KaBiTAI[IHHOIO 0OPOOKOIO TIPH MTiI3EMHOMY CBEPUIOBUHHOMY BHJIYTOBYBaHHI.

Metoauka. [lnst orpuManHs eexTy KaBitalii Oyya BUrOTOBJIEHA JJabopaTopHa KaBiTalliiiHa ycraHoBKa. JlociipkeH-
HS 3 aKTHUBAIlli CIPYaHOKHCIOTHOTO PO3YHMHY KaBITAIli€l0 MPOBEACHI Ha po3urHax 3 BMicToM kuciotu 10 r/m. [ocmi-
JDKEHHSI 3MiHH aKTHBHOCTI CIpYaHOKHCIIOTHOTO PO3YMHY IpH 0OpoOLi KaBiTaTOpPOM NPOBOJMIM HPOTITOM 3 XBHIMH
(24 mpoxoau yepes kairarop), 5 xBwiuH (40 npoxoxis), 10 xsuwmH (80 mpoxoais) 1 20 xBwmH (160 mpoxoxis). AHai3
BMICTy KOPHCHOTO KOMIIOHEHTay B PO3YHHI BENM 3 BUKOPHUCTAaHHSM (poroenektpuuHoro ¢poromerpa KOK-3-“30MC”.

PesysabTaTn. BukoHaHi 1abopaTopHi JOCTIKEHHS 31 BCTAHOBJICHHS BIUTHUBY IPOIIECY KaBiTallii Ha aKTUBHICTH BU-
JYTOBYIOYOTO PO3YHMHY IPH PI3HOMY CTYIEHI aKTHBaIlii Ta dacy peakmii. JJocimiKeHHIMI BCTAaHOBIICHO, IO IS aKTH-
Ballii BUIIyTOBYIOYOTO PO3YMHY HPOIIOHYETHCS IMPOBOIANTH KaBiTaliiHY 00pOOKY cipyaHOi KHCIOTH Hepea JO3MIITHeH-
HSIM MaTOYHOTO PO3YMHY, IO CIPUATHME I JBHILIEHHIO 11 aKTHBHOCTI. AKTHBALis PO3YHHY NPU3BOINUTH 10 30UIBIICHHS
BMICTY KOPHCHOTO KOMIIOHEHTY B MPOAYKTHBHOMY po3unHi BiJ 18 10 26% 1 ii akTHBHICTH 30€piraeThesi MPOTITrOM TPH-
Basioro 4acy (1o 30 aHiB).

HaykoBa HoBu3Ha. OTprMaHO HOBI 3QJIC)KHOCTI, 1110 BiJIOOPaKaIOTh XapaKTep 3MiHU BMICTY KOPUCHOTO KOMITOHEH-
Ty B IPOAYKTHBHOMY PO3UMHI BiJl 4acy peakilii Ta CTYIEeHs aKTUBaLlii pO3UHHY.

[pakTHyHa 3HAYMMIicTh. 3aTIPONIOHOBAHMH CIIOCIO aKTHBAMLii TPU3BOIUTH J0 301IBIICHHS BMICTY KOPHCHOTO KOM-
MIOHEHTY B IPOIAYKTHBHOMY PO3UYHHI y HOPIBHSHHI 3 0a30BOI0 TEXHOJIOTIEIO, IIPU [[LOMY aKTHBHICTH 30€piraeTbesi mpo-
TSITOM TPHUBAJIOTO Yacy. 3allpOIIOHOBAaHA TEXHOJIOTIS BIJPI3HAETHCS HU3bKUMH KaliTaIbHUMU BHTPATaMH, JIETKO IHTET-
PY€ETBCS B iCHYIOUY CHCTEMY i €KOJIOTI9HO abCOMOTHO Oe3revHa.

Knrwowuoei cnosa: xasimayis, akmuseHicmy, cipuana KUCIOMA, BULY208VIOYUL PO3UUH, NPOOYKMUBHUU PO3UUH,
VYMOBHUL Meman

HNCCIIEJOBAHUE U3MEHEHUS AKTUBHOCTH BBIIIEJJAYNBAIOLIEI'O
PACTBOPA NOCJIE OBPABOTKHN KABUTATOPOM

9. AbGeH, XK. Mapken6aes, H. Xaiipymiaes, C. Mup3axmeros, X. AOGeH

Heas. [loBbimerne comep kaHus MOJIE3HOTO KOMIIOHEHTA B MIPOAYKTUBHOM PAacTBOPE 3a CUET aKTHUBAIMK BBIIIEIIA-
YHBAIOIIET0 PACTBOPA KaBUTAIIMOHHON 00Pa0OTKOM MPH MTOI36MHOM CKB2)KHHHOM BBIIIEIa4HBAHHH.

Metoauka. /{ns nonyuenus sddexra kaBuTauuu Obula M3rOTOBIECHA JIaOOpATOpHAsh KAaBUTAI[MOHHAS YCTaHOBKA.
HccnenoBanus Mo akTHBALMK CEPHOKHUCIOTHOTO PAacTBOpa KaBHUTAI[MEHW MPOBEAEHBI Ha PAcTBOpax C Cojepika-HHEM
kucnotsl 10 r/i. MccnenoBaHusi M3MEHEHUS! aKTMBHOCTH CEPHOKHCIIOTHOTO pacTBOpa MpH 00pabdOTKe KaBUTATOPOM
OpOBOIWIM B TedeHue 3 MuUHYT (24 mpoxoaa yepe3 kaBuratop), S MuuyT (40 nmpoxozmos), 10 munyT (80 mpoxomoB) u
20 muHyT (160 IPOX0/0B). AHAIN3 COAEPKAHMUS TIOJIE3HOTO KOMIIOHEHTa B PacTBOPE BEJIM C MCIOJIB30BaHUEM (hOTO-
anekTpuyaeckoro poromerpa KOK-3-“30MC”.
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Pe3ysabTaThl. BeINOHEHBI JTaO0OPATOPHBIC MCCIICAOBAHUS [0 YCTAHOBJICHUIO BIIMSHUS MPOIECCa KAaBUTALMU Ha aK-
THBHOCTH BBIIIEIAUMBAIOINIETO PACTBOPA NPU PA3IUYHON CTENEHM aKTUBAIMM M BpeMEHM peakuuu. VccienoBaHUSIMU
YCTaHOBJICHO, YTO JJIs aKTHBALIMH BBHIIICIAYMBAIOIIEIO PACTBOPA MPEIAaraeTCs MPOBOANTH KABUTAIIMOHHYIO 00pabOTKyY
CEPHOI KUCIIOTHI TIEpe/T TOYKPEILICHHEM MaTOYHOTO PacTBOPA, YTO CIIOCOOCTBYET MOBHIMICHHUIO €€ aKTUBHOCTH. AKTHU-
BallMsl pacTBOpPA MPUBOJUT K YBEIUUYECHUIO COAEPMAHUs MOJIE3HOT0 KOMIIOHEHTa B MPOJIyKTUBHOM pacTBope oT 18 1o
26% u ee aKTUBHOCTh COXPAHSACTCS JUTUTENbHOE BpeMs (1o 30 mHei).

Hayunasi HoBU3HA. [loy4eHBI HOBBIE 3aBHCHMOCTH, OTPAXKAOIINE XapaKTep N3MEHEHUs COICpPKAHUS TOJIE3HOTO
KOMIIOHEHTa B IIPOyKTHBHOM PAacTBOPE OT BPEMEHH PEaKIU U CTETICHN aKTUBAIIH PacTBOpPa.

IpakTHyeckasi 3HAYUMOCTb. [IpeTOKeHHBIN CIIOCO0 aKTHUBAMU MPHUBOAUT K YBEIWYCHUIO COMCPXKAHUS IOJE3-
HOTO KOMITOHEHTa B IIPOILYKTHBHOM PAacTBOpPE IO CPAaBHEHHIO ¢ 0Aa30BOI TEXHOJOTHEH, IPU ITOM aKTHBHOCTH COXPaHSI-
eTcs IMTeNbHOe BpeMs. Ipennaraemas TEXHOJIOTHS OTIMYAETCS HU3KUMHU KalTUTAJIBHBIMH 3aTpaTaMu, JIETKO HHTETPH-
pYeTcsl B CYIIECTBYIOIIYIO CHCTEMY M SKOJIOTHYECKH aOCOTIOTHO Oe30rmacHa.

Knrouegvle cnosa: kagumayus, akmu@HOCMb, CEPHAS KUCIOMA, GbLYENAYUBAIOWUL PACMBODP, NPOOYKMUBHDIL
pacmeop, YCi06Hbll MEMAll
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