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ABSTRACT

The purpose of this work is to investigate the possibility of removing silicon from ion
exchangers used in the production cycle, to determine the optimal concentration of
alkaline solutions for desilication, and to subsequently analyze the degradation of ion
exchangers (resins) employed in sulfuric-acid uranium extraction schemes.

The relevance of this study arises from the fact that in Kazakhstan, the process of
selective sorption of uranium ions by ion-exchange resins is widely used as the primary
method of uranium extraction. During sulphuric acid leaching of uranium ores, silicic
acid enters the solution, which has a negative effect on the processes. The transfer
of silicic acid into the solution and its participation in the sorption process lead to
the gradual accumulation of silicon in anion exchangers, where its maximum content
reaches 12-17%. The data was obtained as a result of monitoring ion exchange resins
from the technological process. Since silicon is not washed out of the resin during
further processing of the anion exchanger, its accumulation leads to a decrease in
the resin's uranium capacity and a loss of mechanical strength. The frequency of
regeneration of ion exchangers (ion exchange resins) in industrial conditions depends
on several factors: the type of ion exchanger, the composition of the initial solution,
the operating mode, and the quality requirements for the product obtained.

In this regard, the problem of an effective method for reducing the negative impact
of silicon in the processing of productive solutions appears to be important and

necessary for study.

1. Introduction

Sulfuric acid underground leaching of uranium
ores leads to the transfer of uranium and a number
of other elements from ore-bearing rocks into the
production solution, which causes contamination of
production solutions with ballast impurities. During
ion exchange uranium extraction, these impurities
behave differently and, based on their behavior
in the sorption process, can be divided into inert,
depressing, and poisoning impurities. In sulfuric
acid environments, the most significant poisoning
impurity is silicic acid or, according to [1], silica. The
source of silicon in productive solutions is soluble
alkali metal silicates, as well as uranium silicates.
When dissolved in water, silicate salts undergo
hydrolytic cleavage, forming the corresponding
silicic acids. In an equilibrium solution, there are
monomeric forms of silicic acids, of which o-silicic
acid Si(OH), constitutes a significantly larger part.

As a result of the hydrolysis of silicon compounds,
silicic acids are formed, which immediately
undergo a polycondensation reaction [2]. The rate
of polycondensation of silicic acids is minimal at
pH 2.0+3.0, with the reaction being accelerated
by hydrogen ions in the pH<2.0+3.0 range and by
hydroxyl ions at pH>2.0+3.0.

Despite the widespread use of ion exchange
uranium extraction technology at enterprises in
Kazakhstan, the issue of restoring the operational
properties of ion exchangers after their silicification
has not been sufficiently studied to date. In particular,
there is no systematic analysis of the relationship
between silicon concentration, structural changes
in the matrix, and functional groups of the resin,
as well as a comprehensive assessment of the
effectiveness of its regeneration processes. Also,
the mechanism of “silicification” of ion-exchange
resins itself is still unclear, with only some patterns
of this process having been established [3-6]. During
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uranium sorption, silica is in the form of monosilicic
acid, which penetrates the ionite grain by diffusion
as a non-electrolyte, but does not occupy the active
ion-exchange groups of the anionite [7]. Inside the
ionite grain, monosilicic acid polymerizes under
certain conditions, and the polymeric compounds
of silicic acid cannot leave the resin on their own
due to the large size of the polymer particles [8].
Conditions are created on the anionite when their
concentration exceeds their solubility, and the
resulting macromolecule of silicic acid gradually
grows and turns into a polymer particle with colloidal
properties. At an early stage, especially at low pH
values, chain and branched polymers are obtained.
The absorbed silicic acid in the anionite phase
condenses. This is a secondary reaction, the course
of which is facilitated by the high concentration of
silicic acid in the anionite phase. The transition of
silicon into productive solutions is caused by the
reactions of sulfuric acid with aluminosilicates,
chlorites, hydromicas, and the uranium-containing
mineral coffynite.

The scientific novelty of the work lies in the
comprehensive studies conducted on the behavior
of silicon-containing compounds in the structure of
strongly basic ion-exchange resins used in sulfuric
acid uranium leaching cycles.

A method for restoring the sorption capacity of
ion exchangers by desilication with alkaline solutions
was proposed and experimentally validated, with the
determination of the optimal reagent concentration
and treatment conditions.

Using IR Fourier spectroscopy (ATR method),
data were obtained on the restoration of active
functional groups and a decrease in the degree of
polycondensation of silicon-containing phases after
treatment.

The main practical goal of the work is to develop
and experimentally validate a method for removing
silicon from spent ion exchange resins at uranium
mining enterprises in order to restore their sorption
capacity and extend their service life in sorption-
desorption cycles. Solving this problem will increase
the efficiency of ion exchangers, reduce technological
losses of uranium, and lower the operating costs
of PSV enterprises by extending the service life of
sorbents.

Based onthe average annual sorbent consumption
rate per tonne of uranium (0.039 m3), the average
ionite loading for sorption of 92 tonnes, and the
average production capacity of the enterprise of
1,000 tonnes of uranium per year, the wear and
tear of ionite due to silicification is 10%. Then, at a

sorbent cost of about 2.5 min tenge per 1 m3, the
enterprise's losses due to silicon accumulation in the
resin will amount to at least 9.75 mIn tenge per year.

2. Experimental part

Method for obtaining initial sorbent samples used
in the production cycle and subjected to desilication.
Samples of macroporous ion exchangers were
selected for research at operating uranium mining
enterprises.

In the first stage, experiments were conducted
to determine the effect of alkali concentration on
the desilication of the sorbent in static mode. A
laboratory setup shown in Fig. 1 was used to perform
the desilication operation. This setup is standard for
conducting experimental work in agitation mode.

The experiments were conducted with a resin
load of 250 cm? at “W:T = 3.0”. Preliminarily, silicon
determination was carried out in desilication
crucibles at different W/T ratios and is shown in
Table 1. The results showed a preference for using
a W:T ratio of 3:1. The alkali solutions had the
following caustic soda concentrations (g/dm3): 5;
10; 20; 30; 40; 50; 60; 70; 80; 100. The results are
shown in Table 3. Preliminary monitoring of the
available literature showed that silicon was removed
from sorbents of various grades using alkaline
solutions with a mass concentration in this range.
It was necessary to find the optimal concentration
for resins used in the sorption-desorption cycle
of uranium production. At concentrations below
5 g/dm?, the desiliconisation process does not occur,
and at concentrations above 100 g/dm?, the sorbent
is destroyed.

(
\

Fig. 1. Installation for removing silicon from anion
exchangers in agitation mode: 1 — laboratory beaker; 2 —
stirrer; 3 — stand. Stirrer rotation speed: 25 rpm.

*The experiments were conducted at room temperature
(25-27 °C) without additional heating.
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The volume of the alkali solution was 750 cm3. The
mixing time was 2 h. Preliminarily, to determine the
duration of the desilication process, it was studied
at intervals of 0.5-3 h. The results showed that 2 h
of contact with the reagent is sufficient to obtain a
satisfactory result. The data are shown in Table 2.

Silicon was determined using spectrophotometric
and gravimetric analysis methods.

Figure 2 shows a graph of the dependence of the
effect of alkali concentration on the desilication of
anion exchange resin.

Samples of sorbents after desilication, together
with samples of sorbent before desilication and a
sample that did not participate in the technological
process, were sent for sample preparation. Sample
preparation was carried out as follows: the required
amount of wetresinwas pre-dried to a constant mass,
then the resulting precipitate, consisting of spherical
granules, was subjected to mechanical grinding to
obtain a finely dispersed powder, which was used
for further study by IR Fourier spectroscopy, one of
the variants of IR spectroscopy [9].

Table 1. SiO, content in the decarbonisation beds of sorbents from the technological process using an alkali solution

SiO, content in solution, g/dm3

Sample
W:T=1:1 W:T=2:1 W:T=3:1
1.07 2.12 4.13
2 6.42 12.84 22.12

Table 2. Results of analyses of anion exchangers and solutions for silicon content at different mixing times

Parameter Anionite 1
Initial SiO,

content in 4.07
ionite, %

Anionite 2 Anionite 3

16.51 9.63

Contac't time, 35 60 90 120 180 30
min

SiO, content

in ions after

desilication

process, %

0.05 0.03 H/o H/o H/o

SiO, content in
solution after
desilication,
g/dm?

6.14 6.21 6.28 5.87 6.04

467 3.48 2.42 0.61 0.66 1.52 0.07 0.04 0.05

428 4.65 542 6.42 6.26 6.18 7.06 7.13 7.27

60 90 120 180 30 60 90 120 180

0.03

7.31

Table 3. Results of resin desilication in agitation mode at various concentrations of caustic soda solution

Ne NaOH, g/dm3 Siiin resin, % Siin solution, g/dm?3 Mechanical strength, %
1 5 15.0 0.16 93
2 10 13.64 0.56 93
3 20 6.45 3.96 93
4 30 2.91 5.44 94
5 40 1.66 6.12 94
6 50 1.15 6.24 94
7 60 0.57 6.62 94
8 70 0.83 6.16 93
9 80 0.96 5.96 93
10 100 0.67 5.62 92
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Fig. 2. Effect of alkali concentration on the desilication of anion exchange resin.

2.1 Infrared Fourier spectroscopy.

The study of the most probable mechanism of
chemical degradation of strong base ion exchangers
was carried out using a Carry 660 Agilent (USA,
2013) IR Fourier spectrometer equipped with an
accessory for the attenuated total internal reflection
(ATR) method with a germanium (Ge) element. This
method of physicochemical analysis for studying the
chemical structure of ion exchange resins has the
following advantages:

— High informative value: IR Fourier spectroscopy
allows the identification of various functional groups
present in the structure of ion exchange resins, such
as carboxyl groups, hydroxyl groups, amino groups,
etc. This provides detailed information about the
structure of the resin and allows its properties to be
determined;

— Non-invasiveness: IR Fourier spectroscopy does
not affect the structure of the ion exchange resin,
which allows its chemical structure to be studied
without affecting its properties;

— High sensitivity: IR Fourier spectroscopy can
detect even small changes in the chemical structure
of ion exchange resin, such as changes in the
concentration of functional groups or changes in
their location;

— Can be used as a monitoring tool: IR Fourier
spectroscopy can be used as a monitoring tool
to control water purification processes and their
effectiveness. For example, it can be used to monitor
changes in the structure of ion exchange resins that
may occur during use and to determine whether
they need to be replaced.

Figure 3 shows the principle of operation of
the ATR (ATR) method in IR Fourier spectroscopy
when analyzing ion exchange resin before and after
desilication using a Ge crystal:

Left (before desilication): resin granules with
silicon deposits that distort the spectrum, enhancing
the Si-O-Si bands (1080-1090 cm™) and reducing the
intensity of the characteristic band of quaternary
ammonium groups (890 cm?).

Right (after desilication): purified granules, the
surface is more accessible for the penetration of the
evanescent wave. The Si-O-Si bands are weakened in
the spectrum, and the N*(CH,); band becomes more
pronounced.

The IR beam passes inside the Ge crystal, reflects
at its boundary with the sample, and forms an
evanescent wave, which penetrates to a depth of
0.5-2 um into the resin granules and interacts with
the molecules.

The resulting spectrum allows the detection
of residual silicon compounds and the degree of
preservation of functional groups.

Thus, the ATR method on a Ge crystal allows a
direct comparison of the chemical state of the resin
before and after desiliconization and confirms the
restoration of its sorption properties.

Sample Same
Before de-silicification After de-silicificiation

Evanescent
wave

Ge (Ge crystal) Ge (Ge crystal)

Fig. 3. Operating principle of the Agilent Carry 660
spectrometer.
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2.2 Samples of ion exchange resins

Four samples of ion exchange resins that had
been used in production were used in the studies,
including samples No. 1 and 2, which were ion
exchange resins prior to the desilication process,
and samples No. 3 and 4, which were samples after
purification from silicon compounds. A sample of a
new ion exchange resin that had not been used in
the uranium sorption process was also provided as
a reference sample (comparison sample) of a strong
base anion exchanger under the trade name Biolite
200U.

Figures 4 and 5 show photographs of the research
objects — ion exchange resins samples No. 1-4 and
Biolite 200U. The images show that the physical
condition of the resins did not change after the
sorbents were cleaned of silicon.

1

2

3. Results and discussion

The results of experiments to determine the
effect of alkali concentration on the desilication of
anionite showed the following:

Alkaline treatment of anionite with an alkali
concentration above 10-20 g/dm? leads to a sharp
decrease in the silicon content in the anionite, and at
an alkali concentration above 50 g/dm?3, the residual
silicon content in the anionite stabilizes and is less
than 1%.

The optimal alkali concentration is in the range
of 30 to 50 g/dm3. In this case, the residual silicon
content in the resin is 1 to 2.5%.

Based on the graph shown in Fig. 2, we can
identify a range between alkali concentrations of 10
and 60 g/dm? in which the mechanical strength of
the anionite exceeds the initial mechanical strength

Fig. 4. Samples of ion exchange resin from production, No. 1,2 — resins before desiliconization, No. 3,4 — resins after

purification from silicon compounds.

Fig. 5. Biolite 200U ion exchange resin.
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(93%) by 1%. Only at high alkali concentrations of
80 to 100 g/dm?3 is the mechanical strength lower
than the initial strength, at 92%. The mechanical
strength of ionites is determined by their ability to
resist abrasion and crushing and is one of the main
physical characteristics of sorbents.

The mechanical strength of resins depends on
two processes: the negative effect of alkali on the
one hand and the increase in mechanical strength
with a decrease in silicon content on the other. Fig.
2 shows three distinct areas. In the first area, where
the alkali concentration is low, as is the amount
of silicon removed, these processes are balanced.
In the second area, where the amount of silicon
removed is high (the degree of desilication is up to
90%) and the alkali concentration is not too high,
the second process prevails. In the area of high alkali
concentrations, mechanical strength decreases due
to the dominance of the first process.

Based on the data obtained, it can be noted that
alkali treatment of silicon-saturated resin in the
alkali concentration range up to 60 g/dm?® does not
have a negative effect on mechanical strength; more
precisely, the reduction in silicon content outweighs
the possible negative effect of alkali.

The sufficiently high degree of resin desilication
obtained in the experiments allows us to judge the
effectiveness of alkali treatment for restoring the
sorption properties of sorbents used in uranium
hydrometallurgy.

Further research was aimed at establishing
the degradation of sorbents after the desilication
operation. The identification of ion exchangers was
achieved by comparing the recorded spectra with
the spectra of a sample of the strongly basic ion
exchanger Biolite 200U (Fig. 5).

The functional groups of anion exchange resins
are moderately stable and are destroyed at high
temperatures [10-13]. When treated with cold
water, this degradation occurs very slowly. However,
when exposed to hot condensate or heated caustic
regenerant, anion exchangers lose their capacity.
This technical fact discusses various usage scenarios
and the behavior of anion exchange resins under
these conditions.

The samples of strongly basic ion exchangers
under investigation are polymeric materials used in
the process of uranium extraction from ore, water
treatment, etc. Synthetic anion exchangers (resins)
contain functional groups of a basic nature in their
macromolecules and are solid polymeric bases. Anion
exchangers dissociate in water into a low-mobility
macrocation (matrix) and mobile anions: RK;* | An".

Weakly basic anion exchangers contain primary,
secondary, tertiary, and quaternary amino groups,
while strongly basic anion exchangers contain
quaternary amino groups. Strongly basic anion
exchangers exchange counterions in alkaline,
neutral, and acidic environments, while weakly basic
anion exchangers exchange counterions only in
acidic environments. Strong base anion exchangers
have a higher anion exchange capacity than weak
base anion exchangers. They can effectively capture
anions such as chlorides, sulfates, nitrates, and
others from solutions. They are also more resistant
to acids and alkalis and can operate in high pH
conditions. Weakly basic anion exchangers, on
the other hand, have a lower anion exchange
capacity and lower alkali resistance than strongly
basic anion exchangers. They can only effectively
capture certain types of anions, such as carbonates
and bicarbonates, and can operate under low pH
conditions [14].

The mechanism of ionite degradation during
alkaline treatment is associated with the chemical
decomposition of their polymer matrix and/or
functional groups under the action of hydroxide ions
(OH"). The main mechanisms may be:

— elimination (Goffmann degradation). Under the
action of OH~, a B-proton is cleaved off with the
formation of an alkene and a tertiary amine. As a
result, the functional group is lost and the resin
loses its ability to undergo anion exchange. This is
particularly characteristic of strongly basic type |
anion exchangers (with -N*(CH,); groups);

— Hydrolysis of functional groups: Prolonged
exposure to alkali may result in:

R_N+(CH3)3OH_9 R_N(CH3)2+CH30H,

— the formation of weak bases, which reduces
exchange capacity.

Currently, the resin desilification process is
carried out by washing with an alkali solution
(sodium hydroxide) at different temperatures. The
main reaction of thermal decomposition is described
by the two-stage Hoffman reaction [15, 16].

The first stage of the reaction converts strongly
basic groups into weakly basic groups with the
formation of methanol as a by-product, and
the second stage of the reaction converts the
ammonium group into an alcohol that is not capable
of ion exchange and produces trimethylamine as a
by-product.

It should be noted that in the first stage of the
reaction, the resin loses its strongly basic centers
with the formation of a weakly basic group in the
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form of a tertiary amine, but the total capacity The most significant difference is noticeable in the
remains unchanged, while in the second stage of absorption range of 1750-750 cm™ (Fig. 7) [17]. The
the reaction, the entire exchange capacity (for this range of 1500-500 cm™ corresponds to the valence
particular functional group) is lost. vibrations of simple XY bonds: C-C, C-N, C-0, and

In practice, both reactions occur to approximately deformation vibrations of simple X—H bonds: C—H,
the same extent. The Hoffman reaction is catalyzed O—-H, N-H. This region is called the “fingerprint
by OH™ ions. When the resin is constantly in the salt region” because the position and intensity of the
form, where the counterion is CI5, SO, , etc., the absorption bands in this range are unique to each
decomposition is much weaker. The thermal stability specific organic compound. Samples of ionites 1 and
of strongly basic resins decreases in the following 2 containing silicon deposits differ significantly from
order for different ionic forms: samples obtained after the desilication process and

the original Biolite 200U resin. The broad peak at

CI”> HCO5™ > CO5™ > OH the absorption band 1610-1640 cm™, as well as the

Thermal degradation is one of the most common peaks at 1510 cm™® and 1455 cm?, belong to the C=C
problems with anion exchange resins because conjugated bonds of the aromatic ring. The broad
regeneration processes are usually carried out at absorption band in the 1480 cm™ region belongs to
temperatures ranging from 30 °C to 45 °C and, in the deformation vibrations of the C—C bonds of the
some cases, higher for limited periods of time, benzenerings,aswellastothe N*—CH; groups present
and because the resin spends a significant amount in the hydrochloride form. The absorption band
of time in the OH™ form during the desilification with a maximum in the wavelength range of 1080-
process. The presence of oxidants, metals, or other 1090 cm? belongs to the deformation vibrations
impurities in the contact water and regeneration of Si-O-Si, the double peak in the absorption range
solutions can accelerate the chemical destruction of 1300-1400 cm™? corresponds to —NO; nitrate
process and shorten the service life of the resins. Fig. groups and/or, possibly, —NO,  nitrite complexes.
6 shows the IR Fourier spectra obtained for samples Similar absorption bands are not observed in the IR
of strongly basic ion exchange resins. Fourier spectrum of pure Biolite 200U ionite, while

4000 3500 3000 2500 2000 1500 1000
I Sample 4
Coal
—7
Sample 2

=
I Sample 1
(— Biolte 200U ’
. Biolite 200U
bl
00 35:')) ;)IJ?. 25:32- Z)IZG ‘.E:DJ ‘.)r'.\J

Wavelength, cm™

Fig. 6. IR Fourier spectra of strongly basic ionites.
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Fig. 7. IR Fourier spectra of strong ion exchange resins, “fingerprint” region.

they are present in samples 3 and 4. Apparently, the
desilication processis notcomplete, and SiO, residues
are present in the spectrum of ion exchangers 3 and
4, but in smaller quantities compared to the initial
contaminated ion exchangers 1 and 2. The silicon
content in the samples was preliminarily determined
gravimetrically. The residual Si content in sample
3 after desilication was 1.65% (9.63% in the initial
sorbent before desilication). The residual Si content
in sample 4 after desilication was 2.9% (16.51% in
the initial sorbent before desilication).

The most characteristic absorption band for
strongly basic anion exchangers, belonging to the
guaternary amino group —N*(CH,);, appears in the
wavelength region of 890 cm™. The intensity of this
band is significantly affected by alkali treatment. The
Biolite 200U resin sample has the most pronounced
peak in this spectral region, while resin samples 1
(after desilication, sample 3) and 2 (after desilication,
sample 4) have less pronounced peaks in this region.
These results confirm the chemical destruction of
the strongly basic quaternary amino group. The
absorption band at 820-830 cm corresponds to the
vibrations of —CH,—NH, and/or —N—C deformation
vibrations in the —N(CH;), group.

4. Conclusion
The work achieved the following objectives: the

possibility of removing silicon from ion exchangers
used in the production cycle was assessed; the

optimal range of alkali solution concentrations for
desilication was determined; an analysis of the
degradation of resins used in sulfuric acid uranium
extraction schemes was conducted. Experiments
showed that treatment with NaOH solutions
significantly reduces silicon content (to ~1-2.5%
in the range of 30-50 g/dm3) while maintaining
or slightly reducing mechanical strength; ATR-
FTIR spectroscopy confirms a decrease in Si-O-Si
contributions and the fixation of resin functional
group markers, indicating a partial restoration of
sorption properties. The scientific novelty lies in
the comprehensive comparison of the degree of
desilication, mechanical strength, and spectral
signs of degradation, which allows us to justify
the boundaries of technologically feasible alkali
treatment modes. The practical significance lies in
the possibility of extending the service life of strongly
basic anion exchangers operated under conditions
of intense silicon contamination and increasing the
stability of sorption characteristics in subsequent
operating cycles. The limitations of the study are
related to the laboratory scale, static mode, and
range of resins; long-term stability during repeated
cycling and a technical and economic assessment
are required. Prospects include optimization of
temperature-time modes, study of the influence of
counterions, and development of regulations for
industrial implementation.

At present, there are a number of methods
for purifying resin and raw productive solutions
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from silicon. The main methods for purifying silica
are coagulation (including heterocoagulation:
joint precipitation of orthosilicic acid (OSA)
with hydroxides of multivalent metals, e.g. with
aluminium and iron (3+) hydroxides, OSA forms
aluminosilicic and ferrosilicic acids, respectively),
flocculation, baromembrane method, sorption, etc.
The most effective method is sequential coagulation
or flocculation of silica followed by ultrafiltration.
Currently, alkaline desilication and bifluoride
treatment of resin are considered the most optimal
methods for removing silicon from anionite. After
reviewing the available literature, the alkaline
method of desilication of sorbents was selected as
the most suitable in terms of technological feasibility.
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Pa3paboTKa TEXHONOrMM OUUCTKM MOHUTOB OT KPEeMHMUEeBbIX Npumecei B YCnoBuAX nepepaboTKu
NPOAYKTUBHbIX YPaHCOAEPIKaLLMX PacTBOPOB

M.K. Kbinbiwkanos, M.MM. Kon6aesa, T.5. Enemecos, A.K. O©mipfanu, X.C. KeHxeTtaes”

KasaxcTaHCKo-BpuTaHCKNUI TexHMYecKuii yHnusepcuTeT, ya. Tone-6u, 59, AamaTbl, KasaxctaH
AHHOTAUMUA

Lenbto HacTosAwel paboTbl ABAAETCA M3yYeHME BO3MOMKHOCTU YAa/NeHMA KPEMHMA C MOHUTOB, ObIBLUMX
B MPOW3BOACTBEHHOM UWK/Ae, ONpefeseHue ONTUMASbHON KOHLEHTPALMM LEeNOYHbIX PacTBOPOB AN
06eCKPEMHMBaHUA M NOCAEeAYIOWNA aHaNU3 Aerpagaumm MOHUTOB (CMOJ), MCMONb3YEMbIX B CEPHOKMCAOTHbIX
CXeMaXx MU3BJIeYEeHMUA ypaHa.

AKTyanbHOCTb paboTbl 06ycnoBieHa Tem, YTo B KaszaxcTaHe ceNleKTMBHaA copbuma MOHOB ypaHa MOHOOBMEHHO
CMO/I0M LUIMPOKO NPUMEHAETCA B Ka4YeCTBE OCHOBHOMO MeTo/a ero u3saedeHus. Mpu BbilenaynBaHnmM ypaHoBbIX Py,
CEePHOW KNCNOTOM B pacTBOP NOMaAaeT KpeMHMEBas KMCA0Ta, KOTOpPas OKa3blBaeT HEraTUBHOE BAMAHNE Ha NPOLLECChI.
Mepexos KPeMHMEBOW KUCAOTbI B PAacTBOP WM BOB/JEYEeHME ee B COPOLMOHHBIN Npouecc BeAeT K NOCTeNneHHOMY
HaAKOM/JIEHUIO KPEMHUA B aHWMOHWUTAX, NpesenbHOe CoAeprKaHne KoToporo gocturaet 12-17%. [aHHble NoiyyeHbl
B pe3y/ibTaTe€ MOHUTOPUHIa MOHOOBMEHHbIX CMOJ1 C TEXHOJIOTMYECKOro npouecca. MOCKobKy Npy AasbHenweln
nepepaboTke aHUOHWUTA KPEMHUIA U3 CMOJIbl HE BbIMbIBAETCA, €0 HaKOMNJAEHWe NPUBOAMUT K CHUNKEHUIO €MKOCTU
CMO/Ibl MO ypaHy M NoTepe MexaHMYecKoW NpPoYHocTU. YacToTa pereHepaumm MOHUTOB (MOHOOBMEHHbIX CMOA) B
NPOMbILLNEHHbIX YCNOBUAX 3aBUCUT OT HECKOJIbKMX GaKTOPOB — TUNA MOHKUTA, COCTaBa MCXOAHOr0 PacTBOPa, PEKMMA
3KcnayaTauumn 1 TpeboBaHMiA K KauecTBy NoJly4aemoro NpoAayKTa.

B cBA3M c 3TUM npobaema 3pPpeKTUBHOro cnocoba CHUMKEHUA HEraTUBHOTO BAMAHMUA KPEMHWUA B NpoLeccax
nepepaboTKM NPOAYKTMBHbLIX PACTBOPOB NPeACTaBAAETCA BaXKHOW MU HEOOXOAMMOM A5 U3yYeHUs.

Kniouesble cnosa: KpEMHMVI, Aerpagauna, BoCCtaHoOBAEHUE MOHOODOMEHHbIX CBOMCTB.

KypambiHpa ypaHbl 6ap eHimpai epiTiHAinepai eHaey KafgalbiHAa KPeMHUIA KocnanapbiHAaH MOHUTTepAI
Ta3apTy TEXHONOrMACbIH 33ipaey

M.K. KbinbiwkaHos, M.MM. Kon6aeea, T.b. Enemecos, A.K. O©mipranu, ¥.C. KeHxxetaes”

Kasak-bpuTaH TexHUKanbIK yHuBepcuteTi, Tene 6u K., 59, AamaTbl, KasakcTtaH
AHOATNA

ByN *KYMbICTbIH, MaKCaTbl-OHAIPICTIK UMKAAE BONFaH MOHUTTEPAEH KPEeMHWUIA( KeTipy MYMKIHAIriH 3epTTey,
KPeMHUICI3AEHY YWIiH CinTini epiTiHAiNepAaiH OHTaNAbl KOHUEHTPALMUACLIH aHbIKTAY ¥aHe ypaHAabl anyablH, KYKipT
KbILKbI/ZAbl CXeManapbiHAa KON4aHbINATbIH MOHUTTEPAIH, (lWanbipaapablH) gerpajaumacbiH KeliHHeH Tangay.

KyMbICTbIH, ©3eKTiniri KasakcraHaa ypaH MOHAAPbIH MOH anmacy LWanblpbiMeH CeNeKTUBTI copbumanay npoueci
VYPaH anyaplH, Herisri agici peTiHAe KeHiHeH Ko/iAaHblaTbiHAbIFbIHA OalfaHbICTbl. YpaH pyAanapblH KYKipT
KbILUKbIIbIMEH LUAK0 Ke3iHA4Ee CUMKAT KblIWKbIIbl epiTiHAire eHin, 6yn npouectepre Tepic acep etesi. KpemHui
KbILIKbI/IbIHbIH, €PITIHAire aybiCybl XaHe OHbl COPOUMANBIK NPOLLECKE TapTy aHUOHUTTEPAE KPeMHUIAIH, BipTiHaen
KUHaNyblHA 9Kenepni, OoHblH WeKTi menwepi 12-17% Ketepqi. [lepeKkrep TEXHONOTMAMbIK NPOLECTEH MOH asmacy
WaNbIpAapPbIHbIH, MOHUTOPUHTI HITUMKECIHAE ablHAbl. AHUOHUTTI OfaH 9pi eHAey Ke3iHAe WalblpAaH anblHFaH
KPEMHUIA KYbIIMANTbIHABIKTAH, OHbIH, *KMHAAYbl LWaNblpAblH, YPaH CblAbIMAbINbIFbIHbIH, TOMEHAEYiHE KaHe
WanblpAblH MeXaHMKaNbIK BepiKTiriHiH ofanyblHa aKenedi. OHEpPKacCinTiK XKafaanaa MoHUTTepain, (MoH anmacy
LWakblpaapbiHbIH) pereHepauma Xuiniri bipHewe dakTopiapra 6aliNaHbICTbl — MOHUT Typi, BacTanKbl epiTiHAiHIH,
KYPaMbl, }XYMbIC PEXMMIi }KaHe afiblHFaH BHIMHIH canacbliHa KOWbINATbIH TananTtap.

OcbifaH 6alnaHbICTbl BHIMA[ epiTiHainepai eHaey npouecTepiHAe KPeMHURAIH, Tepic acepiH TOMeHAeTYAiH,
TMiMAi agici maceneci 3epTTey YlWiH MaHbI3Abl KaHe KaxKeT 60/bIn KepiHea,.

TyiiiH ce3aep: KpeMHUit, aAerpagaums, copbeHTTepAi KannbiHa KenTipy.



