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Abstract

Purpose is to increase uranium content in a PR solution while developing a technique varying oxidation-reduction potential
of a leach solution with its oxygenation and identify changes in the oxygenation depending upon sulfuric acid concentration
as well as transportation distance of the solution.

Methods. A laboratory facility, involving solution tank, pump, Venturi tube, tank to install oxygen analyzer, and a dump
tank, has been manufactured under the lab conditions to determine a leach solution oxygenation taking into consideration its
delivery rate, sulfuric acid concentration, and temporal preservation of the concentration. Solution flow velocity; the deli-
vered solution volume; sulfuric acid concentration; and distance from oxygenation point to a seam changed and varied
during the study. Oxygenation was measured with the help of AZ 8403 oximeter; 1T-1101 device was used to measure pH
value as well as oxidation-reduction potential (ORP).

Findings. A technique for a leach solution oxygenation and results of laboratory tests to identify influence of a sulfuric acid
as well as transportation distance of a solution on oxygen concentration in the solution have been represented. It has been
determined that Venturi tube helps oxygenize a leach solution; in this context, maximum oxygen concentration is achieved
if a flow velocity is optimum one. It has been specified that a solution oxygenating depends upon a sulfuric acid concentra-
tion decreasing moderately with the increasing distance of the solution transportation.

Originality. Following new dependencies have been determined: oxygen concentration in a solution upon a flow velocity and
solution volume; and oxygen concentration in a solution upon distance from concentration place and sulfuric acid concentration.

Practical implications. A leach solution oxygenation results in the increased oxidation-reduction potential and in the
increased content of a useful component in the pregnant solution respectively. The proposed technique is notable for its low
capital spending. Moreover, it is integrated easily into the available system being absolutely environmentally friendly.
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1. Introduction saying that issue of extraction of rare earth elements from

Recently, nuclear energetics, ranking No. 4 in the world technogenic deposits will be faced [6], [7].

power balance after coal-fired power industry (40%), gas
industry (21%), and hydraulic power industry (more than
16%), has become the most important factor influencing the
situation of the global uranium market and its development
tendencies [1]. Taking into consideration the global population
growth and large-scale industry development, increase in en-
ergy demand becomes more rapid relative to earlier forecasts.
In this context, experts expect that new energy sources will not
be involved industrially and at competitive prices before 2030.
Lack of fossil power resources becomes more and more acute
problem. In the near future, relatively cheap and available
reserves of crude oil, gas, and coal will be mined, extracted,
and produced from the Earth’s interior [2]-[5]. It goes without
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Accelerating progress of nuclear energetics, becoming
more and more essential component of energy generation, is
a feature of scientific and technological revolution [8]-[10].
Such a giant development scale of nuclear energetics needs
its provision by natural uranium. Hence, demand for uranium
will increase. The demand can be satisfied at the expense of
the traditional industrial ore extraction (i.e. in-situ mining
and open pit mining), involvement of mainly hydrogenous
genesis deposits, represented by base or lean ore, as well as
deposits occurring under the complicated mining and hydro-
geological conditions [11], [12]. Until recently, deposits of
group two with uraniferous base or lean ore, were not devel-
oped using traditional methods on the technical and econom-
ic considerations [13], [14]. The crucial economic problem
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has been largely resolved. Recent decade has been marked by
the major efforts to develop and implement industrially ge-
otechnological uranium mining called as a method of in-situ
borehole leaching [15]-[18].

Prime cost of mining with the use of in-situ borehole
leaching (ISBL) through wells is 2.5 to 3 times lower than
in-situ mining. Hence, the method remains the most promis-
ing one. In terms of ISBL, uranium behaviour depends heavi-
ly upon mineral composition of the deposit as well as upon
its type and age. For instance, black compounds and oxidized
minerals resolve best; nasturan, uraninite, and pitchblende
resolve worse. Furthermore, U* minerals (i.e. uraninite,
nasturan, and coffinite) resolve efficiently if only oxidizers,
favouring increase of oxidation-reduction potential in the
seam, are available [19], [20].

Analysis of scientific sources has helped conclude that the
uranium leaching by means of sulfurous solutions depends
heavily upon ORP of leach solutions which value is identified
with the help of Fe(l11)-Fe(Il) concentration ratio. It is common
knowledge that ferric ions are applied for a sulfurous solution
to leach uranium ore. The increased share of ferric ions favours
intensification of oxidation-reduction potential in turn enhanc-
ing a process of in-situ borehole leaching and reducing a unit
rate of sulfur for leaching and overacidification. Consequently,
selection of optimum ORP as well as optimum oxidizer to force
it up may be quite important measure [15], [21].

Oxidation-reduction reactions, taking place in a seam,
generally define efficiency of a leaching technique; a rate of
metal recovery into a solution; specific consumption of
chemicals; power consumption; as well as technical and
economic performance, and environmental production fac-
tors on the whole.

Nevertheless, tetravalent uranium is slightly soluble both
in acidic medium and alkaline medium. To achieve economi-
cally acceptable uranium leaching from ore, it is quite im-
portant to oxidize it up to hexavalent state being of higher
solvability [21]-[24][23]. As a rule, trivalent iron compounds
are applied for the purpose. Such factors as pH, redox condi-
tions, and solvent concentrations in a leaching solution in-
fluences uranium leaching from an ore layer [21].

Authors of paper [22] used ferric salt as an oxidizer. Ex-
periments, carried out in a sulfuric leaching regime with
addition of ferric iron, show 30-35% decrease in sulfuric acid
consumption. When Fe(l1l) content increased up to 2 g/l,
intensity of uranium transition into a solution achieved its
maximum; leaching period reduced drastically; and L:S val-
ue for a design recovery factor decreased. However, it has
been identify that if L:S ratio exceeds1.5-2.0 then availability
of Fe(lll) within the standard solutions cannot influence a
rate of uranium transition into the solution.

Oxidization of a leaching solution is one of ways to
increase oxidation degree. Practices of in-situ borehole lea-
ching support the idea that uranium mining efficiency is
interconnected with mass of atmospheric oxygen dissolved in
the delivered (standard) solutions. In turn, amount of the
dissolved air is determined by means of hydraulic pressure
values formed when injection and drainage (discharge,
pumping) production wells are interacting [25]-[27].

The method history considered a process of the com-
pressed air injection into a seam as well as early oxygenation
of standard solutions [22]. For instance, air was pumping
under 2-4 kg/cm? pressure into experimental block 3 of in-
situ leaching site 10 of Uchkuduk deposit until 0.1 kg/t oxy-
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genation of productive formation which corresponded to pore
volume value [23]. After 30 days of operation of production
wells, uranium content in pregnant solutions achieved its
maximum (i.e. 35 mg/l); in this context, HCO3 content was
270 mg/l. By comparison, uranium content in pregnant solu-
tion achieved maximally 10 mg/lI within blocks of sulfuric
leaching regime. In this context, air was supplied through
injection wells. The air was ejected with the help of a perfo-
rated pipe run to a bottom hole. The experiments have helped
understand that minimum degree of air saturation, influencing
intensity of uranium transition to a solution, starts from
0.1 kg/t of ore mass. Moreover, oxygenation of a leaching
solution in the field is a very difficult technological operation.

Mainly, three operation schedules of air supply were tested:

— compressed air delivery and expulsion of formation wa-
ter of a productive level beyond the experimental site;

— build up pressure of the supply air to increase saturation
degree of the standard solutions;

—air delivery through purposely designed dispersant pre-
venting from formation of the dispersed insoluble air bubbles
within underground water resulting in colmation of steam
space of the ore seam.

It is well known that different factors, inclusive of tem-
perature, pressure and others, influence solution oxygenation.
For instance, 0 up to 70°C temperature rise of a solution
factors into 14.6 mg/lI down to 2.9 mg/I decrease in a solution
oxygenation. However, under the conditions of in-situ well
leaching, drop of a solution temperature ends in the de-
creased uranium extraction.

In addition, changes in 90, 60, and 30 m water pressures
factors into 12, 25, and 100 mg/l of water dissolved in pro-
cess media. In terms of pH = 3.4, uranium concentrations
within the solutions achieved 7, 20, and 50 mg/I respectively.

Analysis of different techniques intensifying leaching has
shown that they accelerate the process and increase several
times useful mineral extraction [28], [29]. Nevertheless, they are
not versatile and depend upon conditions of specific deposits.
The abovementioned methods involve certain material inputs.
Moreover, there is no available research identifying influence of
sulfuric acid in a solution and oxygen saturation maintaining in
the long term. Solution oxygenation using Venturi tube is pro-
posed to avoid the disadvantages; increase uranium extraction;
and reduce the time for a deposit mining [30], [31].

Hence, the research purpose is to increase uranium con-
tent in a pregnant solution while developing a technique
varying oxidation-reduction potential of a leach solution with
its oxygenation and identifying changes in the oxygenation
depending upon sulfuric acid concentration as well as trans-
portation distance of the solution.

Hence, the research problems are to:

— develop a technique to oxygenate a solution;

—carry out laboratory tests to determine effect of a flow
velocity and the delivered solution on the oxygenation degree;

—identify dependencies of oxygen concentration
upon distance of saturation point as well as upon sulfuric
acid concentration.

2. Methods

Idea of the technique, using Venturi pipe to oxygenate a
solution, is as follows (Fig. 1). Venturi pipe is a short pipe of
a special structure with a diameter narrowing or reducing in
its central part, and air inlet.
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Figure 1. Venturi pipe

When a solution is passing through the narrowing, flow
acceleration takes place with simultaneous air inflow. Ac-
cording to Bernoulli’s principle, volume of fluid of leach
solution, passing through a pipe with a larger diameter, will
pass through a narrow part per unit time as well. However,
proceeding from Bernoulli’s principle, conditional provision
of similar fluid amount in two points will accelerate the fluid
rate in a narrow share of the pipe. The higher the fluid rate is,
the lower static pressure is.

Fluid rate-static pressure ratio is in direct proportion, i.e.
while accelerating fluid flow and reducing a pipe diameter,
one may decrease pressure down to a value, in terms of
which air inflow is provided within the narrowed pipe share.
In such a case, active air-solution intermixing takes place
favouring efficient oxygen transition from air to the solution.
As Figure 1 demonstrates, initially either fluid or leaching
solution passes through large pipe diameter. Then, within a
narrowing area, the fluid passes from a laminar flow to a
turbulent one where chaotic, extremely spasmodic motion of
the fluid takes place. The motion is followed by active lateral
mixing as well as velocity and pressure pulsations. In turn,
the abovementioned results in gas fragmentation right within
the moving fluid. After that, the gas saturated solution re-
turns to the larger diameter area. Within the space, the flow
decelerates and the solution comes back to a laminar flow
state. In this context, static pressure increases proportionally.
Practices show that pressure influences heavily gas solubility
in water. Air oxygen solubility increases along with pressure
build up. Pressure influences slightly solubility of liquids and
solids. While stating the data, one may confirm that the
method makes it possible to oxidize cost effectively a stand-
ard solution, and avoid potential gas colmation.

To identify oxygenation of a leach solution taking into
consideration its delivery rate, sulfur acid concentration, and
saturation preservation with time, laboratory environment
was used to manufacture a lab device consisting of a tank for
solution, pump, Venturi pipe, container to install oxygen
analyzer, and discharge vessel.

Plastic 50 I tank is connected to a 60 cm flexible hose. To
provide the required fluid flow velocity, horizontal pump is
installed. At high speed, provided by the pump, the liquid
passes through Venturi pipe. The solution, saturated by air
oxygen, is discharged into a vessel to identify concentrations
of the oxygen, dissolved in liquid. The vessel to measure
oxygen in liquid consists of a hermetic cover on one side,
and electrode on the opposite side. The tank is designed in
such a way that a bored hole is within the hermetic cover to
fill the collector with air-water mixture; an electrode, meas-
uring the dissolved oxygen, is at the bottom.

During the tests, solution velocity was changed to
1.8 m/sec; volume of the delivered solution increased from 60
up to 110 I/h; sulfuric acid concentration was changed from
1.0 up to 23.0 g/l; and distance from saturation place to a seam
saturation varied from 0 m down to 80 m (being 800 meters to
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scale). Oxygen saturation was measure using AZ 8403 oxyme-
ter; 1T-1101 device was applied to identify pH and ORP val-
ues. First, it was required to determine influence of the flow
velocity and volume of the delivered solution on the oxygena-
tion degree. After maximum saturation was defined, the re-
search was carried out to identify effect of sulfuric acid con-
centration and the solution transportation distance on the
changes taking place in the solution oxygenation.

3. Results and discussion

Five laboratory tests were done to identify influence of
flow velocity and volume of the delivered solution on the
oxygenation procedure. Table 1 demonstrates results of the
tests determining influence of a flow velocity and volume of
the delivered solution on the oxygenation degree.

Table 1. Influence of a flow velocity and volume of the delivered
solution on the oxygenation degree

Flow velocity  Solution volume  Oxygen concentration
(V), m/sec (Qp), I/h (9), mg/l
4.03
0.30 60.0 6.30
0.65 110.0 7.80
1.00 97.0 8.20
1.80 97.0 8.50

As Table 1 explains, oxygen concentration in the initial so-
lution is 4.03mg/l; when velocity of a solution flow is
0.3 m/sec, oxygen concentration achieves 6.3 mg/l. Further
acceleration of the solution flow (i.e. from 0.3 up to 1.8 m/sec)
results in the increased oxygen concentration from 6.5 up to
8.5 mg/l. Hence, degree of the solution oxygenation is more
than double to compare with initial solution. It should be
mentioned that a flow acceleration up to 0.7 m/sec initiates
sharp increase of oxygen concentration in a solution; further
flow acceleration up to 1.8 m/sec demonstrates minor chang-
es in oxygen concentration. In this context, maximum oxy-
gen concentration in a solution is achieved when 97 I/h solu-
tion volume is passing through a pipeline. By contrast, con-
tinued increase in the solution volume up to 110 I/h forces
7.8 I/h decrease in oxygen concentration. Hence, one can con-
clude that changes in a pipeline diameter bring about maxi-
mum velocity of a solution flow as well as such solution vol-
ume providing maximum oxygenation of a leaching solution.

The experiments have shown that Venturi pipe use to ox-
ygenate solution is quite efficient procedure. Moreover, it is
less labour-intensive process since traditionally aeration (i.e.
oxygenation) is performed involving such expensive facili-
ties as compressor; oxygenator, using pure oxygen; hydrogen
peroxide etc. Idea of a compressor is a forcible air injection
into a liquid with the help of submerged pipes. However,
maximum air oxygenation in a solution will be comparable
with the proposed technique. In addition, compressor cannot
be efficient if it is required to oxygenate large liquid volume.
Oxygenator with pure oxygen may achieve high water oxygena-
tion achieving 50 mg/l. Nevertheless, industrial operation of
oxygenator is very complex and expensive process. From the
viewpoint of oxygenation, use of hydrogen peroxide in a
leaching solution demonstrates good results; although, the
chemical solution is cost-intensive to be applied industrially.

Figure 2 shows dependencies of oxygen concentration in
a solution upon the velocity of solution flow and solution
volume. The dependencies result from processing of data of
laboratory experiments.
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Figure 2. Dependencies of oxygen concentration in a solution
upon solution flow and solution volume

After optimum velocity of a solution flow was deter-
mined, further experiments were carried out at such a flow
rate which provided maximum oxygenation, i.e. 0.7 m/sec. In
this context, sulfur acid concentration varied from 1.0 up to
23.0 g/l. Distance from oxygenation place also changed to
80 m. Totally, five laboratory tests were carried out.

Table 2 demonstrates results of the laboratory experi-
ments concerning determination of dependencies of a solu-
tion oxygenation upon sulfuric acid concentration as well as
changes in oxygen concentration upon distance.
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Figure 3. Dependencies of oxygen concentration upon the
distance from oxygenation place and upon the sulfuric
acid concentration

General tendency of oxygen concentration in a solution is
observed depending upon increase in a distance from saturation
place. For instance, if oxygen concentration is 9.45 mg/l within
saturation place and concentration of a sulfur acid is 13 g/l then
it becomes 9.20 mg/l at 80 m distance, i.e. it decreases by 2.6%.

Table 3. Changes in a solution oxygenation and ORP value
depending upon time

Sampling period,

Solution

No. inut i 0 ORP, mV
Table 2. Changes in oxygen concentration depending upon sulfu- - minutes oxXygenauion, mg
ric acid concentration 1 Before saturaFlon 6.30 332
_ _ _ 2 After saturation 10.45
Distance from Sulfuric acid Oxygen 3 6 10.00
No. saturation place  concentration, concentration in 4 9 9.08
to a seam, m g/l a solution, mg/l 5 11 9.96 334
1 0 1.0 9.28 6 15 9.03
2 0 13.0 9.45 7 25 9.86
3 0 23.0 9.39 8 30 9.77 337
4 20 1.0 9.11 9 40 9.68
5 20 13.0 9.30 10 50 9.54
6 20 23.0 9.52 1 65 9.50 339
7 40 1.0 9.05 12 After saturation 67 10.36
8 40 13.0 9.26 13 99 9.92
9 40 23.0 9.30 14 128 9.38 343
10 80 1.0 3.08 15 After saturation 131 10.03
A 10 20 7 1ot 125 a0
12 23. .24 :
80 3.0 o 18 221 7.36
19 251 7.20 340

As the Table explains, if a leaching solution is oxygenated
and sulfuric acid concentration varies from 1.0 to 23.0 g/l
within the oxygenating place then oxygen concentration in-
creases from 9.28 to 9.39 mg/I. Up to 40 m distancing from the
oxygenation place as well as 1.0 to 23.0 g/l changing in sulfu-
ric acid concentration results in the 9.05-9.30 mg/I increase of
oxygen concentration in the solution. Further distancing from
oxygenation place (i.e. up to 80 m) as well as changing in
sulfuric acid concentration from 1.0 to 23.0 g/l initiates minor
oxygen concentration change, i.e. from 8.98 up to 9.24 mg/I.

Figure 3 shows dependencies of oxygen concentration
upon oxygenation place and sulfuric acid concentration re-
sulting from processing of data represented in Table 2.

As Table 3 explains, increase of the sulfuric acid concen-
tration in a solution is followed by increase in the solution
oxygenation. For instance, 1.0 to 23.0 g/l strengthening of a
sulfuric acid and 20 m distancing from oxygenation place
result in the increased saturation degree (i.e. from 9.11 to
9.52 mg/l). Similar increase takes place in terms of varying
distances from a place of a solution oxygenation.
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After the optimum flow velocity determination, the re-
search was carried out in terms of such its velocity providing
maximum oxygenation, i.e. 0.7 m/sec. In the process of the
laboratory experiments to identify a solution oxygenation as
well as its influence on ORP value, sampling period was
251 minutes at appropriate intervals. In this context, sulfur
acid concentration was 10 g/I. Table 3 demonstrates results
of the laboratory tests defining a period of solution oxygena-
tion as well as changes in ORP value depending upon oxy-
gen concentration.

As Table 3 explains, sulfur acid concentration is 6.3 mg/I
in an initial solution; it increases by 66% (i.e. up to
10.45 mg/l) right after the solution was oxygenized with the
help of Venturi pipe. Over time, original oxygen concentra-
tion decreases gradually and after 65 minutes it decreases
down to 9.5%. In this context, ORP value increases from 332
up to 339 mV. Maximum ORP value (i.e. 343 mV) was
achieved after 128 minutes of a solution oxygenation. Then,
the value remained at 340 mV level.
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Figure 4 shows dependencies of changes in a solution
oxygenation as well as in ORP value upon time resulting
from processing of data represented in Table 3.

1.5 348

_ 105 345

>

=

£ 93 342

S >

5 339E

& 9.2 o

o (@]

S 9.0 336

E]

o

» 8.9 333
5.5 30

. 3
0 20 40 60 80 100 120 140 160 100 200 220 240 260
Sampling period, min

Figure 4. Changes in a solution oxygenation as well as in ORP
value depending upon time

As Figure 4 explains, maximum OPR value cannot be
observed right after oxygen concentration increase in the solu-
tion. The process takes some time. For instance, under the lab
conditions, maximum increase was achieved after 120 minutes.

4, Conclusions

The research has identified that use of Venturi pipe helps
oxygenize a leach solution. In this context, maximum oxygen
concentration in the solution is achieved in terms of optimum
flow velocity for different pipeline diameters.

Oxygenation degree of a solution depends upon a flow ve-
locity as well as upon a volume of the delivered leaching solu-
tion. Moreover, each pipeline diameter has optimum velocity
and the delivered solution volume providing its maximum
oxygenizing degree. The oxygenizing solution degree depends
upon sulfuric acid concentration. The degree experiences its
increase along with concentration degree of a sulfuric acid.

Increase in transportation distance of a leaching solution
from saturation place results in minor decrease of oxygen
concentration in the solution. Increase of oxygen concentration
in a leach solution results in the increased OPR of the solution.

To compare with a compressor station, the proposed
technique to oxygenize a leach solution using Venturi pipe
involves no extra material and labour inputs. When Venturi
pipe is equipped with a back valve then a leach solution
discharge is avoided if a leaching process stops.

The research, concerning a leach solution oxygenation,
has been carried out since it is necessary to intensify metal
leaching in ore. Theoretically, oxygen-ferrous iron interac-
tion transits the latter into a ferric form. In addition, if any
reagent is available in a solution then it becomes more ag-
gressive which can be used to obtain higher metal content in
a pregnant solution.
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HocigaxeHHs 3MiHM HaCHYeHHS KHCHEM BHJIYTOBYI0YOI'0 PO34YHHY
NPH CBePJIOBHHHOMY BHI00YTKY YPAHOBHX Py

E. AGeH, b. Tokrapymnu, H. Xaiipymiaes, M. €my3ax

Mera. [ligBumieHHS BMICTY ypaHy Y MPOAYKTHBHOMY PO3UMHI IIIXOM PO3POOKH TEXHOJIOTI 3MIHA OKHCIIOBAJIHLHO-BITHOBHOTO MTOTEH-
Liaxy BHIIYTOBYIOUOTO PO3YMHY 3 HACHUCHHSM HOTO KUCHEM i BCTAaHOBJICHHS 3MIHM HACHUYCHHS BiJl KOHIIEHTpAIii Cip4aHOi KHCIOTH 1 Biac-
TaHi TPaHCIIOPTYBAHHS PO3YHHY.

Metoauxa. J{jis1 BCTAHOBJICHHSI HACHYEHHS BUTyTOBYIOUOTO PO3UHHY KHCHEM 3 ypaxXyBaHHSM MIBHIKOCTI HOTO Mojadi, KOHIEHTpALlii CipyaHoi Ku-
CJIOTH Ta 30€pEKEHHsT HACHUEHOCTI 3 YacoM Y JJabOpaTOpHIX YMOBax Oyiia BUTOTOBJICHA JIAOOpaTOpHa YCTaHOBKA, IO CKIIAAETHCS 3 EMHOCTI U1 PO3-
YHHY, Hacoca, TpyOku BeHTypi, eMHOCTI JUI1 yCTaHOBKH KHCHEMipa Ta 3J7MBHOI eMHOCTi. [Ipy npoBezeHH] TOCiiDKeHb 3MIHIOBAIHCS 1 BapiFOBaIICS
IIBUJIKICTH TTOTOKY PO3YHHY, 00’ €M PO3YHMHY, IO MOAETHCS, KOHIIEHTPALlis CipyaHOi KUCIIOTH 1 BiICTaHI Bil MiCIls HACHYeHHsI JI0 Iu1acTa. Hacuuenicts
KHCHIO BHMIPIOBJIY 32 JIOTIOMOT'0I0 OKcHMeTpy Mapku AZ 8403, Bemranan pH 1 okucmoBaibsHO-BiqHOBHOTO noteHmiany (OBIT) — mpumamom 1T-1101.

PesyabraTn. HaBeieHO TEXHOJOTiIIOHACHYECHHS BHJIYTOBYIOUOTO PO3YMHY KHCHEM Ta Pe3yJbTaTH J1abOpaTOPHUX IOCIIPKEHb 100
BCTaHOBJICHHS BIUIMBY KOHIICHTpAIIil Cip4aHOi KUCIIOTH 1 BiZICTaHI TPAHCHIOPTYBAaHHS PO3YMHY Ha KOHIIEHTPAIIO KHCHIO y po3uuHi. BeTaHo-
BJICHO, L0 3 BUKOPUCTAHHAM TPpyOKHM BeHTYypi MOXKHAa HACUTUTH BHJIyTOBYIOUHMI PO3YMH KHCHEM, IPU L[bOMY MaKCHMaJbHa KOHLEHTPALis
KHCHIO y PO3YHHI JOCATAETHCS IPH ONTHUMANbHIN IIBUAKOCTI TIOTOKY. BCTAHOBJIEHO, 11I0 HACHYEHHS PO3YHHY KUCHEM 3aJISKHUTh BiJl KOHICH-
Tpalii cipuaHOi KUCIOTH 1 AEIIO 3HWKYETHCS 31 301IBIIEHHSM BiJICTaHI TPAHCIIOPTYBAHHS PO3UUHY .

HaykoBa HoBM3HA. BCTaHOBJIEHO HOBI 3aJIEKHOCTI KOHIIEHTPAL] KMCHIO y PO3YHHI BiJl IIBUKOCTI MOTOKY Ta 00’€My PO3UMHY; KOHIIE-
HTpaIlii KHCHIO y PO3YHHI BiJl BIZICTaHI Bil MiCIII HACHYCHHS 1 KOHIICHTPAIIi1 CipYyaHOT KHCIIOTH.

IMpakTHuna 3HaYAMicTh. HacH4YeHHsT BUIIyrOBYIOUOTO PO3YHMHY KHCHEM IPH3BOAUTH 10 30UIBIICHHS OKHCIIIOBAIBHO-BITHOBHOTO MOTeE-
HI[iaJy PO3YMHY 1, BIAMOBIAHO, MO MiJBHIICHHSA BMICTy KOPHCHOTO KOMIIOHEHTAa Y MPOAYKTHBHOMY PO3UHHi. 3ampornoHOBaHA TEXHOJOTis
BiZIPI3HAETHCSA HU3HKUMH KaIliTAIbHUMH BUTPATaMH, JIETKO iHTETPYETHCS B ICHYIOUY CHCTEMY Ta €KOJIOTi9HO aOCOIIOTHO Oe3MeYHa.

Knrouosi cnosa: nacuuenns, Kucemv, c6epOI0GUHA, CIPUAHA KUCIOMA, 8ULY208YIOUULL | NPOOYKMUBHUT POZUUH, WUBUOKICTIb HOMOKY

HccnenoBanne u3MeHeHHs1 HACBIIEHUSI KCJI0POJAOM BbILIEJIAYHBAIOLIET0 PACTBOPA
NPH CKBAKUHHOM 100bIYe YPAHOBBIX Py

3. Aben, b. Tokrapyer, H. Xaiipymiaes, M. Eny3ax

Heab. [ToBbiieHHe CoAep)KaHUs ypaHa B MPOJYKTHBHOM pAacTBOPE MyTeM pa3paldOTKH TEXHOJOTHMH HW3MEHEHHS OKHCIMTENBHO-
BOCCTaHOBHUTEJIHHOI'O IMOTEHIIMANA BBIIIEIAUNBAIOLIEr0 PACTBOPA C HACBILIEHUEM €0 KHCIOPOJOM U YCTAaHOBJICHHUE U3MEHEHUS HACBIICHUS
OT KOHIEHTPAIMH CEPHOM KUCIOTHI U PACCTOSIHUS TPAHCIIOPTHPOBAHHUS PACTBOPA.

MeTtoauka. J[7s1 ycTaHOBIEHHS HACBILIEHUS BBIIIEIAYHBAIOIIEI0 pacTBOPa KUCIOPOIOM C YU€TOM CKOPOCTH €ro M0Aa4u, KOHIIEHTPaluu
CepHON KHCIIOTHI M COXpPAHEHHs HACHIIICHHOCTH CO BPEMEHEM B JIa0OpaTOPHBIX YCIOBHAX ObLTa W3rOTOBJICHA J1a0OpAaTOpHAs YCTaHOBKA,
COCTOSIMIAs U3 eMKOCTH JJIsl pacTBOpa, Hacoca, TpyOKku BeHTypH, eMKOCTH [T yCTAaHOBKH KHCIOPOJOMEpa U CIMBHOM eMKkocTH. [Tpu mpoBe-
JICHWW WCCIIEOBaHNI M3MEHSUIMCh U BapbUPOBAIMCH CKOPOCTH MOTOKA PAacTBOpa, 0OBEM II0JaBaEMOTO PACTBOpPa, KOHIECHTPALHUS CEPHON
KHCJIOTBI M PACCTOSHHS OT MECTa HACHIIIEHHUS JI0 IUIacTa. HackeHHOCTh KHUCIOpOoia H3MEPSIIN ¢ TIOMOIIBI0 okcuMmerpa Mapku AZ 8403,
BenMunHB pH 1 OKHCIHUTENBHO-BOCCTaHOBUTENBbHOTO TIoTeHIHa a (OBIT) — mpubopom MT-1101.

Pe3yabTaThl. [IpuBeicHB TEXHONOTUSI HACKIIICHHS BBILIEIAYUBAIONIEI0 PACTBOPA KUCIOPOIOM U Pe3yIbTaThl Ja00paTOPHBIX UCCICIOBaHUN
10 YCTaHOBJICHUIO BIMSHUS KOHIIEHTPALMH CEPHOM KUCIIOTHI M PACCTOSHUS TPAHCIOPTUPOBAHUS pacTBOpa Ha KOHIIEHTPALIMIO KHCIOPOJa B pac-
TBOpE. YCTaHOBJICHO, YTO C HCIOJIB30BaHUEM TPYOKM BEHTypH MOXHO HACBHITUTH BBIIIEIAUYMBAIOIINN PACTBOP KHMCIOPOIOM, NMPU ITOM MAaKCH-
MaJTbHas! KOHLEHTPAIKS KHCIOPOa B PACTBOPE IOCTUTACTCS TIPU ONTUMAITBHON CKOPOCTH IMOTOKA. Y CTaHOBIICHO, YTO HACKHIIIEHHUE PAacTBOPa KUC-
JIOPOIOM 3aBHCHT OT KOHIICHTPAIIMU CEPHOM KHCIIOTHI 1 HE3HAYUTENFHO CHIDKAETCS C YBEIIMICHUEM PACCTOSHHIS TPAHCTIOPTHPOBAHHUS PacTBOpA.

Hayunasi HoBU3HA. Y CTaHOBJIEHBI HOBBIC 3aBHCUMOCTH KOHIIEHTPALIUH KHCIOPOJIa B PACTBOPE OT CKOPOCTH MOTOKA B 00bheMa pacTBOpa;
KOHIIEHTPAIIMU KHCJIOPO/Ia B PACTBOPE OT PACCTOSIHUS OT MECTa HACHIIICHHS ¥ KOHIICHTP AN CEPHOI KACIIOTHI.

IIpakTHuyeckass 3HAYMMOCTb. HachblllieHne BBINIENAUUBAIOIIET0 PACTBOPA KUCIOPOAOM MPUBOIUT K YBEIHMUYCHUIO OKUCIUTEIBHO-
BOCCTAHOBUTEJIPHOTO MOTEHILHAJa pacTBOpa M, COOTBETCTBEHHO, K IOBBIIIEHHUIO COJECP)KAaHHS IOJIE3HOIO KOMIIOHEHTa B IPOJYKTHBHOM
pactBope. [Ipeanaraemast TEXHOJIOTHS OTIIMYACTCA HU3KUMU KallUTAIBHBIMU 3aTPaTaMu, JIETKO HHTETPUPYETCS B CYLIECTBYIOUIYIO CUCTEMY U
9KOJIOTHYECKH a0COMIOTHO Oe30macHa.

Knruesvie cnosa: nacviwyerue, KUCI0poO, CKEANCUHA, CEPHASL KUCTOMA, BbIYENAUUBAIOWULL U NPOOYKMUBHDLIL PACMEOP, CKOPOCHb HOMOKA
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