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ABSTRACT

This research aimed to study the effect of remote interaction and mutual activation between
salt forms of AB-17-8(Cl’) and KU-2-8(Na*) ion exchange resins on the sorption of neodymium
ions. The concentration of neodymium ions was determined using a spectrophotometer based
on the interaction with the colored arsenazo (Ill) reagent. The degree of extraction of
neodymium ions during sorption and the degree of extraction of this metal during desorption
from the polymer matrix was calculated. The influence of the choice of sorption mode on the
efficiency of neodymium extraction is studied: dynamic (with mixing of the solution from which
the metal was extracted) and static (without mixing). Based on the obtained dynamics of
processes, it is established that when mixing the solution (the range of mixing speed is 40-80
rpm) the equilibrium between sorption and desorption of the metal is established after 6 hours
of interaction. Also, in the dynamic mode, the target metal was sorbed much better than in the
static mode, affecting the amount of metal ions obtained during desorption. It was found that
the maximum degree of neodymium ion sorption in the interpolymer system is observed at a
5:1 hydrogel ratio and 48 hours of remote interaction without mixing. It is 42.8 mg/| of the
residual concentration. In the dynamic mode, the maximum sorption is observed for the initial
cationite, with a residual concentration of 8.28 mg/l. When calculated per 1 mol of cationite,
the effect of mutual activation of hydrogels is visible, which is proved by the tendency to
increase the degree of neodymium sorption from the ratio of 6:0 (the initial cationite) to 1:5. A
significant increase in the sorption of neodymium ions is observed in various molar ratios of
ionites. These results indicate the appearance of ionized structures that form conformations
that provide optimal conditions for the sorption of neodymium ions from an aqueous solution
of its salt, which can serve practical purposes for its selective extraction from industrial
mixtures. The necessity of metal extraction by hydrogels in dynamic mode is established for
faster operation of industrial plants and more complete metal binding by polymer matrices.
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Introduction

wind turbines and hybrid cars, and electric motors
in conventional electric vehicles, in addition,

Rare earth metals (REM) are a strategic raw
material due to their unique properties. Kazakhstan
has significant reserves of rare-earth minerals [1].
Neodymium is a white plastic metal and its ion Nd3*
has a purple-pink color. Neodymium compounds
are chemically similar to compounds of lanthanum
and other rare earth elements [2]. Due to its close
ionic radius, it is difficult to selectively isolate
neodymium from a mixture with other rare-earth
metals, but modern production cannot do without
this metal. Small and powerful magnets are used in
computer speakers and hard drives, magnets for

permanent magnets based on neodymium iron and
boron are also used in sound system speakers. The
production of colored glass and fluorescent lighting,
laser rangefinders, and guidance systems in the
defence industry are also relevant areas, where this
metal is used [3].

Previous studies on intergel systems have
shown that the mutual activation of hydrogels
significantly affects the change in electrochemical,
volume-gravimetric, and sorption properties
concerning REM [[4], [5], [6], [7]]. This work aims to
find out the conditions for maximum sorption of
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neodymium ions from solution for its possible
subsequent selective extraction from industrial
mixtures.

Experimental part

Equipment. The mass of the sorbents was
determined by weighing on a Shimadzu TX423L
electronic analytical balance. The optical density of
neodymium nitrate solutions was determined using
a CPC-3 photocolorimeter.

Materials. The studies were performed in
solutions of 6-water neodymium nitrate (Nd**
concentration = 100 mg/l). Industrial ion
exchangers in the salt form were used: strong-base
AB-17-8(ClI) and strong-acid KU-2-8(Na*). To
conduct the study, these hydrogels were used to
make interpolymer systems with different molar
ratios of cationite and anionite.

Experiment. The experiments were performed
at room temperature. lon exchange resins KU2-8
(Na*) and AB-17-8 (CI') were used in the dried state
to study the sorption of neodymium ions. The
presence of moisture in KU-2-8 (Na*) was 17%, and
AB-17-8 (CI) was 32.34%. Studies of the
interpolymer system were performed in the
following order: each ion-exchange resin in dry
form was placed in separate polypropylene meshes,
in different molar ratios. Then polypropylene
meshes with ion-exchange resins KU2-8 and AB-17-
8 were placed in glasses with neodymium nitrate
solutions (200 ml each). The first experiment was
conducted in dynamic mode with active mixing of
the working solution (mixing speed range: 40-80
rom) with polypropylene meshes containing
hydrogels. To study the dynamics of metal sorption,
aliquots were selected after 1, 6, 24, and 48 hours
to determine the residual concentration of the
metal. Desorption was performed using nitric acid
(2%) for 72 hours. The same procedure was
performed in static mode (without active mixing).

Method of determination of neodymium ions.
The method for determining neodymium ions in
solution is based on the formation of a colored
complex compound of the organic analytical
reagent arsenazo Il with rare earth metal (REM)
ions [8].

Results and discussion

Today, a lot of research is aimed at finding new
ways to efficiently and selectively recover rare

earth metals from primary and secondary sources.
In the review work [9], the authors note that REMs
are the most important strategic resources and the
role of recycling for the production of these metals
has increased. Hydrometallurgical methods and
extraction are wused all over the world to
concentrate rare earth metals, but ion exchange
sorption processes are becoming increasingly
popular due to their simplicity and environmental
safety. The authors also provided an overview of
existing ion exchangers that have already been
successfully used to separate target metals from
impurities, emphasizing the cost-effectiveness of
sorption in modern production.

Study [10] presents a promising process for
extracting rare earth metals from silicate ores.
Autors provided direct leaching and acid baking
using sulfuric acid. The influence of sulfuric acid
concentration, leaching temperature and the
influence of solid to liquid ratios were studied. As a
result, leaching with sulfuric acid in the presence of
hydrogen peroxide made it possible to isolate 80-
90% of rare earth metals from silicate ore. This
study is important since few works are devoted to
the extraction of rare earth metals from this type of
raw material, while further development is
necessary related to the heat treatment of silicate
raw materials before leaching with acid.

In another article [11] a method was developed
for the recovery of rare earths from the green lamp
phosphor by dissolution in concentrated
methanesulphonic acid. Using this reagent, it was
possible to achieve high leaching efficiency: (74%
Th, 78% Ce and 95% La) in a relatively short time (1
h). The process itself was carried out under milder
conditions (low temperatures) in comparison with
existing methods. Further extraction procedures
are required for further separation of the obtained
rare earths.

Methods for using ionic liquids for isolating rare
earth elements and selectively separating them
from each other have been actively developed
recently. For example, article [12] describes the
separation of lanthanum, samarium, and
neodymium ions from cobalt and nickel ions using
an ionic liquid trihexyl(tetradecyl)phosphonium
nitrate. According to the authors' conclusions, using
an ionic liquid it is possible to separate rare earth
metals from cobalt and nickel up to 99%. In
addition, the ionic liquid itself can be regenerated
using distilled water. The authors also provided a
theoretical basis for the extraction mechanism. This
technology will have a major impact on the




Complex Use of Mineral Resources. 2026; 336(1):30-38

ISSN-L 2616-6445, ISSN 2224-5243

recycling of samarium-cobalt magnets and nickel
metal hydride (NiMH) batteries.

The effectiveness of various factors on the
extraction of both individual ions and mixtures of
rare earth metals was studied in [13]. Researchers
used ionic trihexyltetradecylphosphonium  3-
hydroxy-2-naphthoate, and water solutions of La,
Ce, Nd, Ho and Lu. By changing the extraction
conditions, it was found that the best extraction
was observed at pH 2.5. An increase in temperature
from 20 to 30 degrees also had a positive effect on
the efficiency of extraction, while the process of
establishing equilibrium occurred quickly (6 hours).
According to the authors, during desorption (0.5 M
nitric acid), satisfactory results were observed for
lanthanum and lutetium. Further improvements to
such methods are needed, especially to increase
desorption rates and selectivity.

Sorption is a promising process in the isolation
of rare earths due to its simplicity, economic
feasibility and environmental tolerance. For
example, article [14] describes the sorption of
lanthanum ions using oxidized and non-oxidized
multi-walled carbon nanotubes. According to the
data obtained, both sorbing materials are suitable
for industrial use for the production of lanthanum.
Various factors, such as solution pH, temperature
and stirring speed, influenced the time to establish
equilibrium and the amount of target metal
recovery. Desorption can be carried out with
sulfuric acid.

The most affordable and simple sorbents are
industrial ion exchangers. Thanks to the huge
variety of ion exchangers on the market, it is
possible to select such systems and conditions (pH,
temperature, ionic strength, movement speed, etc.)
that will be most effective for maximum sorption of
target metals, and in some cases, their selective
separation from each other. A lot of work has been
done in this area [[15], [16], [17], [18]].

In research [19], cationites with various
functional groups were compared, as well as
bifunctional cationites in REM sorption. Acidic mine
waters acted as a secondary source of rare earth
metals. At the same time, it was necessary to
separate the target metals from the transition
metals, in particular from the excess of iron. As a
result, the authors found that cationites with a
sulfogroup extract REM more selectively, especially
at low pH values. At the same time, bifunctional
resins (sulfonic and phosphonic functional groups)

showed better results than monofunctional
aminophosphonic resins.

Sparsely cross-linked polyelectrolytes were
used in this study. Polymer networks of hydrogels
have a three-dimensional structure, the structure
of which is partly determined by the degree of
crosslinking with special compounds. As a result of
crosslinking between linear chains, covalent bonds
are formed and the material becomes elastic, which
is quite important in the technical practice of metal
extraction, it becomes insoluble in water. KU-2-8
and AB-17-8 are representatives of strongly acidic
and strongly basic polyelectrolytes (PE). These PE
elements are dissociated in an aqueous medium, as
a result of which charges of the same name are
formed on the polymer matrix and repel each
other. In this regard, the polymer changes its
conformation and swells due to the unfolding of
the chain [20]. The change in the conformation and
swelling of PE occurs up to certain limits and
depends on many factors (the degree and constant
of dissociation of PE, ionic strength of the solution,
temperature, pH of the medium). It is also possible
to assume that the restriction of further changes in
the polymer matrix is a cloud of counterions that
have a screening effect. Therefore, when these
stabilizing ions are removed, the conformation of
the material can be further changed. Such a
procedure is possible based on the" remote
interaction effect", which consists of the effect of
two hydrogels of different nature placed in a
common water environment on each other, and
separated to exclude their direct interaction.

Based on this phenomenon, it is possible to
influence the conformational properties of two
hydrogels by changing their molar ratios in the
aqueous medium where the target ions are located
that need to be sorbed. The objectives of this paper
are: to find out how conformational changes based
on the "long-range effect" affect the sorption
efficiency of neodymium ions; to find out the
features of sorption of this ion in static and
dynamic modes. The results obtained in studies of
the pH, electrical conductivity, and degree of
swelling of samples in in the works mentioned
earlier, can be used as evidence of changes in the
properties of polyelectrolytes during mutual
activation. The results obtained can be explained by
the formation of uncompensated charges at the
interstitial links of individual hydrogels as a result of
their mutual activation. Such changes increase the
potential of PE in the sorption of REM ions. Thus, it
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was confirmed in [21] that the remote interaction
of polymers in the intergel system KU 2-8 cationite
and AB-17 anionite provides mutual activation of
these macromolecules with subsequent transition
to a strongly ionized state. The maximum sorption
of yttrium ions was observed at molar ratios of
KU2-8:AB-17-8=3:3 in comparison with individual
sorbents. In another study [22], electrochemical
properties of polyacrylic acid and
polyethyleneimine were studied by conductometry
and pH metry to predict the possibility of mutual
activation of polyacrylic acid and
polyethyleneimine. When pH is measured after 24
hours, the acidity index has the lowest values,
indicating a high content of H* ions in the aqueous
medium. Accordingly, the specific electrical
conductivity reached its maximum value at the
ratio of 3:3 (gPAK: gPEl), which coincides with the
result of the pH measurement. The obtained data
indicate  that significant changes in the
electrochemical and conformational properties of
the initial macromolecules occur in this
interpolymer system.

Tables 1 and 2 show the results of sorption of
neodymium ions from its solution with a
concentration of 100 mg/l. The residual
concentration was determined every 1, 6, 24, and
48 hours after the start of sorption. According to
numerical data, there is a clear difference in the
rate of metal sorption depending on the choice of
the mode (static or dynamic). The best indicator of
neodymium sorption in both modes is observed at
the ratio of cationite and anionite 5:1 (Fig. 1, 2).
This may mean that it is precisely at this molar ratio
that the PE conformation acquires the optimal
structure for neodymium sorption.

Table 1 - Dependence of neodymium sorption on time in
static mode (residual concentration) Cinit. = 100 mg/I.

Ratios of KU2- 1h. | 6h. | 24h. [ 48h
8(Na*): AB-17-

8(cl)

6:0 80.96 | 83.4 | 69.57 | 56.96
5:1 79.75 | 77.75 | 58.95 | 42.8
4:2 81.96 | 82.18 | 73.66 | 62.71
3:3 81.29 | 84.17 | 75.87 | 67.9
2:4 82.18 | 81.74 | 76.989 | 68.79
1:5 82.73 | 83.95 | 78.09 | 73.55
0:6 82.29 | 87.71 | 84.16 | 83.62

Table 2 - Dependence of neodymium sorption overtime
in dynamic mode (residual concentration) Cinit. = 100
mg/I.

The ratios of 1h 6h 24 h 48 h
KU2-8(Na*):

AB-17-8(CI')

6:0 45.896 | 8.727 8.727 8.28
5:1 42,79 | 12.157 | 12.046 | 11.825
4:2 65.9 30.96 29.74 27.86
3:3 52.42 38.15 38.6 38.04
2:4 74.325 | 47.334 | 50.98 47.99
1:5 82.06 | 71.227 | 69.789 | 75.76
0:6 84.72 84.39 86.05 | 84.059

In the dynamic mode of neodymium sorption,
the equilibrium is established after 6 hours, and the
metal concentration in the solution practically does
not change. In static mode, the concentration
gradually decreases during the entire 48 hours of
the process, while the completeness of extraction
does not reach the same values as with mixing.

Sorption of Nd3+ ions by the interpolymer system:

C wmr/n
90 KU-2-8(Na*):AV-17-8(CI"), C;, (Nd*)=100 mg/I
*
.\‘ 7"4
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Figure 1-Residual concentration after static
neodymium ion sorption

Sorption of Nd3+ ions by the interpolymer system:

C mg/l KU-2-8(Na*):AV-17-8(Cl), C,yy (Nd®) = 100 mg/l
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80 *—6h.
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Figure 2 -Residual concentration after dynamic
neodymium ion sorption
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Figures 3 and 4 show the results of desorption
of the target ion. In this case, the maximum
tendency in the polymer ratio of 5:1 is also clearly
traced, which confirms the increased sorption from
the solution in this molar ratio. In this case, the
amount of desorption also depends on the mode of
conducting. When mixing, the desorption rate is
higher. One possible explanation is the following
assumption: KU-2-8, which is mainly desorbed, is a
strongly acidic cationite. When desorbed with nitric
acid, the equilibrium should shift towards the
formation of a weaker acid, but KU-2-8 is also a
relatively strong electrolyte, so the equilibrium will
occur more slowly. Consequently, in the static
mode, the small amount of metal ion extraction is
explained by the kinetic factor, i.e. slower
protodesorption from the polymer matrix. After 72
hours. The maximum amount of desorption during
stirring is 42.46 mg/l, and without stirring-10.28
mg/Il. The second more obvious factor is the greater
sorption of the target ion during mixing, which
means that more metal can be obtained during
desorption.

C mg/| Desorption of neodymium ions from interpolymer. systems:
104 - KU-2-8(Na*):AV-17-8(CI"), no desorption was observed from AV-17-8(Cl")
| —
10,24 /
10,0 4
9,8
9,6
9,44
9,2 \
90+— ; ; ; : —ratio
6:0 5:1 4:2 33 2:4 15

Figure 3 - Static desorption of neodymium ions
from KU-2-8 (Na*)

Desorption of neodymium ions from interpolymer. systems:

C Mg/l y.2-8(Na"):AV-17-8(CI), no desorption was observed from AV-L7-8(Cl)
45 -
40 - /
35 /
30 \
-
25 - —a_
~_
204
15 4
10 T T T T T T ratlo
6:0 5:1 4:2 33 2:4 15

Figure 4 - Dynamic desorption of neodymium ions
from KU-2-8 (Na*)

The degree of extraction (sorption) of
neodymium ions was calculated by the formula:

n= init. resid. % 100%,
Cinit.

where Cint is the initial concentration of
neodymium ions in solution, mg/l; Cresia. is the
residual concentration of neodymium ions in
solution, mg/I.

Figure 5 shows graphs of the degree of sorption
in various modes. Under static conditions, the
maximum degree of desorption is observed in the
ratio of hydrogels of 5:1, while in dynamics the
ratio of 6:0 (only KU-2-8 (Na*) cationite prevails.
This is based on the assumption that only cationite
is sorbed, therefore, a larger amount of it leads to
greater extraction. But comparing the ratios of 6:0
and 5:1, it can be seen that their numerical values
are not very different. Despite the lower amount of
cationite, high neodymium sorption is also
observed due to the mutual activation of hydrogels
in the 5:1 ratio. Mutual activation and thus the
effect on the swelling and conformation of PE on
each other is also proved by the view of the graph
itself. In the absence of the long-range effect, the
degree of extraction with a gradual decrease in
cationite would decrease monotonically and
represent a straight line (not ideal, since the effect
of "polyelectrolyte swelling" will affect).

degree of extrac. % Degree of extraction of Nd3+ ions by the interpolymer system:

100 KU-2-8(Na*):AV-17-8(CI") static and dynamic mode, 48 hours of sorption
904
- —=— dynamic
] —e— static
70 N
N
~
60 RN
A SN
50 N
40+ e \
30 e\
20 LN
Na
10 .
ratio

6:0 5:1 4:2 3:3 2:4 15 0:6

Figure 5 - The degree of neodymium ion extraction
under various conditions

Another important indicator for the industrial
practice of REM extraction is the ability to
effectively desorb these metals from sorbent
matrices. For this purpose, the indicator of the
degree of neodymium desorption from the polymer
matrix KU-2-8(Na+) was calculated in this

— 34 ——
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study*(assuming that the main amount of
neodymium is absorbed by cationite since the
presence of metal was not detected by the method
during desorption from AB-17-8(Cl) with nitric
acid). This value was calculated using the following
formula:

Cdesor.

w = *100%

sorb.

where w is the degree of desorption, Cgesor is
the concentration of desorbed metal, and Csor iS
the concentration of absorbed metal. Cen was
calculated by subtracting the residual ion
concentration (determined on a
spectrophotometer) from the initial ion
concentration.

Figure 6 shows the graph and dependences of
the degree of desorption on the molar ratios of
cationite and anionite. Desorption was performed
for 72 hours with or without stirring. In the 5:1 ratio
with constant mixing, a peak is also observed, and
high values of the degree of extraction during
desorption from the polymer matrix in the ratios of
3:3, 2:4, and 1:5. It can be numerically explained by
the small amount of sorption and relatively good
desorption. For example, in the ratio 6:0, low
desorption is numerically explained by good
sorption and retention of metal in the polymer
structure.

deg. of desor. from  The degree of desorption of Nd3+ ions from the polymer matrix KU-2-8(Na*)

?oal;fris:rsu/ for AV-17-8(CI") no desorption was observed
Q

55 - »
50 4 /[P static
o —8— dynamic

40 4 ~— .

¢ . e
354 //

g
30
254
LN
~

20 4 L
15 T T T T T T ratlo

6:0 5:1 4:2 33 2:4 15

Figure 6 - Degree of neodymium desorption from
cationite in different modes

Since different molar ratios of cationite and
anionite were used in the experiment, it is
necessary to recalculate by 1 mol of the polymer in
order to see the real picture of the degree of
sorption. The need for such a recalculation is clear

from simple logic - if the absorption of a metal ion
occurs mainly due to cationite, then a larger
amount of it will lead to better results. Therefore,
with active mixing in Figure 2, the graph clearly
shows that the lowest residual concentration falls
on the ratio of 6:0, i.e. individual KU-2-8 (Na*). The
highest residual concentration in the dynamic
regime is observed in the ratio 1:5, but this does
not directly mean "worse" sorption, but only shows
that with a gradual decrease in cationite, the
residual concentration increases. When converted
to 1 mol, a completely different picture appears.
Figures 7, and 8 show an inverse trend of increasing
the sorption degree from 6:0 to 1:5 in both modes.
This fact confirms that due to the mutual activation
of hydrogels, their ionization increases, which
contributes to better metal binding. Otherwise,
when converted to 1 mol, the sorption degree
values at 6:0 and 1:5 would have to coincide or at
least be close in values.

The degree of desorption per 1 mol of sorbent of Nd3+ ions

deg. of desor. % ' A - .
with the assumption that only the cation exchanger sorbs (dynamic mode)

per 1 mol
30 4 —=—1h.
/: —e—6h.

» / —A—24h.

25 y % , v 48h

20 //

—¥
15 .
N
ELh B .
5 T T T T T T ratio
6:0 5:1 4:2 33 2:4 15

Figure 7-Degree of desorption from cationite in terms of
1 mol (dynamic mode)

deg. of desor. % The degree of desorption per 1 mol of sorbent of Nd3+ ions
per 1 mol with the assumption that only the cation exchanger sorbs (static mode)
3

—=—1h.
v [—*—6h.
254 —4— 24 h.
—v— 48 h.

20

154

10

0 T T T T T T ratio
6:0 51 4:2 3:3 2:4 15

Figure 8-Degree of desorption from cationite in terms of
1 mol (static mode)
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Conclusions

The results obtained reveal several important
points. First, the mutual activation of hydrogels
(cationite and anionite) generally results in more
efficient sorption of neodymium ions compared to
individual samples. This fact is especially clearly
visible when converting sorbents to 1 mol, which
eliminates the difference in sorption values due to
different mass ratios of cationite. This is due to an
increase in the ionization of the cationite, and
consequently, its conformational changes, which
contributes to the energetically and sterically more
profitable binding of metal ions from the solution
of its salt. At the same time, the maximum degree
of recovery was observed at the ratio KU-2-8 (Na*):
AB-17-8(Cl') 5:1 in static mode, and at 6:0 in

dynamic mode. The second important fact is the
need to extract rare-earth metals in a dynamic
mode since in comparison with static, equilibrium
occurs faster, and at the same time, numerically
high sorption of the target metal is observed.
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OHepKACINTIK MIOHAaAMACTbIPFbIWTAPADbIH, TY3 Popmanapbl HerisiHaeri
MHTEPNOIMMEP/IK XyhNeNepMmeH HeEOAUM MOHAAPDbIH any epeKwenikrepi

Oxkymagunos T. K., Ka6:xkanenos K. P.

9.6. bBekmypoe ameIHOGFbI XUMUSA FblnbiMOapsel uHcmumymsi AK, Aamamel, KazakcmaH

TYWIHAEME

Makana kengi: 27 mayceim 2024
CapanTtamagaH eTTi: 12 KbipKyliek 2024
Kabbinganapl: 13 kapawa 2024

nanengeHeai.

eTeTiH

Byn 3eptrey AB-17-8(Cl) »koHe KY-2-8(Na*) MOH anmacTbipfblll LWaibipAapbliHbiH, Heoaum
MOHZApPbIHbIH, cCOPOUMACbIHA KALIbIKTbIKTAH ©3apa apeKeTTecy MeH e3apa benceHaipyaiH, acepiH
3epTTeyre 6afblTTasfaH.
peareHTiMeH opeKeTTecy HerisiHae cnekTpopoTomeTpmeH aHbiKTangbl. Copbumsa KesiHae
HEeoAMM MOHAAPbIHLIH BeniHy AspeKeci KaHe NnoAnmep maTpuuacbiHaH gecopbumn KesiHge ocbl
MeTangplH, anblHy agapexeci ecentengi. Copbuua pexuMmiH TaHAAyablH HeoaumAai any
TMiMAiniriHe acepi 3epTTenai: AMHaAMUKaNbIK (MeTann anblHFaH epiTiHAIHI apanacTbipa OTbipbIn)
JKOHEe CTaTMKanblK (apanacTblpycbi3). ANblHFaH NpouecTepAiH, AMHAMUKacbiHa CyeHe OTblpbin,
epiTiHAiIHI apanacTbipy KesiHAe (apanactbipy blAAAaMAbIFbIHbIH, AManas3oHbl 40-80 aliH. MWH.)
MeTangplH, copbumack
opeKeTTecyeH KeWiH opHaTbinagbl. CoHAaw-aK, AMHAMUKabIK peXumae MaKcaTTbl meTann
CTAaTUKaNbIK PEXMMMEH CanbiCTbipFaHAa a/14eKaiga Kakcbl copbuuanaHapl, 6yn gecopbuus
Ke3iHAe anblHFaH MeTaNn MOHAAPbIHbIH, CaHblHa acep eTTi. UHTepnonumep xyneciHaeri Heoaum
MOHOAPbIHbIH, MaKcMmangbl copbuma asperkeci rugporenbaepdid 5:1 koHe 48 cafaTTbliK
apanacTblpyCbi3 KALUbIKTbIKTaH SpeKeTTecy KaTbiHacbiHAA 6aiikanaTbiHbl XaHe 42,8 Mr/n Kangpik,
KOHLLeHTpauMACbIHAA 6onaTbiHbl aHbIKTaNAbl. AUHAaMUKaNbIK pexkumae 6acTankbl KAaTUOHWUT YLLiH
MaKcumangpl copbumna baikanagpl, Kanablk KOHUeHTpaumaAcbl 8,28 mr/n. 1 mMoab KaTMOHWUTKe
ecenTereHge rmaporenbaepaiH ©3apa akTMBTEHYIHIH acepi aliKblH KepiHeai, byn HeoguMHIH, 6:0
(bacTtankbl KaTMOHMT) 1:5 KaTblHAacblHAH COPOUMA ADPEXKECIHIH, XKOFapblnay TeHAEeHUUACbIMEH
NoHutTepaiH,
copbuMACbIHbIH, aiTapabikTail ecyi 6alikanagbl. Bbyn HaTuKenep OHbIH  Ty3blHbIH,  CyAbl
epiTiHAICIHEH HeoAMM WOHAAPbIHbIH, COPOLMACHI YIWIH OHTaWAbl KaFaainapapl KamTamachl3
KoHbOpMaLuuanapabl
KepceTesj, byn OHbIH 6HEPKICINTIK KOocnanapaaH CeNekTUBTI any YWiH NPaKTUKaAbIK MaKcaTTapFa
KbI3MeT eTe anafbl. OHEePKaciNTiK KOHAbIPFbINAPAbIH, KbIAAM KYMbIC iCTeyi aHe meTanabl
noaumepnai maTpuuanapmeH TOAblK 6alinaHbICTbIPy YWiH MeTanabl AMHAMUKANbIK pexumae
rmgporenbaepMeH any KaxKeTTiNiri aHbIKTanapl.

HeoguMm WOHAAPbIHbIH, KOHUEHTpauuacel 6oanfaH apceHaso (lII)

MeH pgecopbumaAcbl apacblHAafbl Tene-TEHAIK 6 cafaTTblK ©3apa

QpTVp/'Ii MOJIb  KaTblHaCTapblHOa HeoAMM  MOHAAPbIHbIH

KYPaWTbiH  MOHAANFaH  KypbiabiMAapaplH, naiga 6onfaHbiH

TyliiH ce30ep: NHTEPNOAUMEPIK Kyile, HEOAMM UOHAAPLI, ©3apa akTueTeHy, AB-17-8(Cl-) »kaHe
KY-2-8(Na*) MoH anMacTbIpFbiluTapbl, KAWBIKTBIKTAH ©3apa apeKeTTecy.
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Oco6eHHOCTU U3BNeYEeHMA UOHOB HEOAMMA UHTEPNOIMMEPHBIMU CUCTEMAMM Ha
OCHOBe €0/1eBbIX POPM NPOMbILLIEHHBIX MIOHUTOB

DO:xymaaunos T.K., Kabxxanenos K.P.

AO MlHcmumym xumu4eckux Hayk um. A.b. bekmypoea, Anmamel, KazaxcmaH

AHHOTAUMA

[aHHoe wuccneposaHve 6biN0  HanpaBNAeHO Ha  UM3yYeHWe BAUAHWA  AWUCTAHLMOHHOIO
B3aMMOAENCTBMA U B3aUMHOMN aKTMBALMM MeXAy CONeBbiIMU GOpMaMM MOHOOBMEHHbIX CMOA
AB-17-8(ClI') n KY-2-8(Na*) Ha copbuuio MOHOB HeoauMMa. KOHUEHTpauus WMOHOB Heoauma
onpeaenanacb C NOMOLLbIO CNeKTPOPOTOMETPa Ha OCHOBE B3aMMOAEMCTBMA C OKPALLEHHbIM
peareHTom apceHaso (Il1). Bblin paccunTaHbl CTENEHb M3BAEYEHUA MOHOB HEOAMMA NpW copbunmn
M CTeneHb M3B/AEYEHUA 3TOro MeTanna npu gecopbumm M3 maTpuupl MOAUMEPOB. M3yyeHo
BAMAHME BbIGOPa pexnma copbumm Ha 3GPEeKTUBHOCTb M3BNEYEHUA HEOAMMA: AMHAMUYECKOTO
(c nepemewuBaHvem pacTBOpa M3 KOTOPOro W3BAEKancA MeTann) M cratudeckoro (6es
nepemewunBanua). Mcxoga M3 NONyYeHHOW [AMHAMWMKM MNPOLLECCOB YCTAHOBAEHO, YTO Mpwu

Moctynuna: 27 utoHa 2024 nepemelvBaHnM pactBopa (AMano3oH CcKopocTM nepemewwmnsanns 40-80 06. B MUH.)
PeueHsupoBaHue: 12 ceHmabpsa 2024 paBHOBecve Mexay copbuvein u pgecopbumeit meTanna ycraHaBAMBaeTcs nocne 6 4acos
MpuHAaTa B Nevatb: 13 Hoabps 2024 B3aMMOAencTBusA. TakKe Npu AUHAMUYECKOM PEXMME LieNeBoi MeTaia copbrpoBanca HaMHOro

NydWe MO CPaBHEHUIO CO CTAaTMYECKUM PEXMMOM, YTO MOB/AMANO U Ha KOMMYECTBO MOHOB
MeTanNa MNoNyYeHHOro Npu Aecopbumun. YCTaHOBEHO, YTO MAKCMMAbHAasA CTeneHb copbuum
MOHOB HEOAMMA Y MHTEPNOSIMMEPHOW cucTeMbl HabntogaeTcs NpU COOTHOLEHUAX ruaporenen
5:1 1 48 4acoB AUCTAHLMOHHOIO B3aMMOAENCTBMA 6e3 nepemeLumBaHus, u coctasnset 42,8 mr/n
OCTaTOYHOM KOHLEHTpaLuu. B AMHaMUYECKOM peXMMe MaKkcumasbHas copbumsa Habatogaercs
AN UCXOAHOrO KaTMOHMTA, OCTaTovHas KoHueHTpauua 8,28 mr/a. Mpu paccuete Ha 1 monb
KaTUOHWUTA OTYETINBO BUAEH 3 DEKT B3aMMHOWM aKTUBaLMW TMApOrenei, KOTopbl AoKa3blBaeTcs
TeHAeHUMEeW yBenYeHWs cTeneHn copbumm HeoaMma OT COOTHoweHua 6:0 (McxomHbIn
KaTMOHUT) K 1:5. B pas/inyHbIX MOJIbHbIX COOTHOLIEHUAX MOHUTOB Hab/l04aeTCcA 3HAUUTEbHbIN
pocT copbumMn MOHOB HeoAMMa. [aHHble pe3ynbTaTbl YKasblBalOT Ha BO3HWKHOBEHUWE
MOHM30BaHHbIX CTPYKTYpP, bopmupyrowmx KoHGopmaLmm, KoTopble obecneunsatoT onTMMabHble
ycnosusa ans copbuMm MOHOB HEOAMMA M3 BOAHOMO PAcTBOPA €ro COJIM, YTO MOMKET CAYKUTb
NPaKTUYECKUM LLeNIAM ero CesIeKTMBHOMO U3BIEYEHNA U3 NPOMBILLIEHHbIX CMecel. YCTaHOoBNEHa
HeobXOAMMOCTb M3BNEYEHUA METanNa TUAPOreNaMU B AMHAMUYECKOM pexume ans Gonee
6bICTpOV  PaboTbl NPOMbILLIEHHBIX YCTAHOBOK M 6osee NONHOTO CBA3bIBAHUA MeTanna
NOAUMEPHBIMWU MATPULLAMU.

Kntoveebie cn08a: WHTEPNONMMEPHAA CUCTEMA, WOHbI HEOAMMA, B3aUMHAA aKTMBaLMA,
MoHoobmeHHUKN AB-17-8(Cl-) n KY-2-8(Na*), AUCTaHUMOHHOE B3auMoaencTBme.
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