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Abstract. The effect of the composition of regenerating solutions on the removal of silicon-
containing and related impurities from anion exchange resins used for sorption extraction of uranium from
productive solutions of in-situ leaching was investigated. The objects were technological solutions and
regenerated resins from the Akdala and South Inkai deposits. The elemental composition was determined
by atomic emission and X-ray fluorescence methods, and the phase composition of solid residues was
determined by X-ray phase analysis. Screening of the NaOH-Na:SOs, H.SO.~NH:HF. and HNOs—
NHsHF. systems showed silicon removal at 90.2-97.9; 93.3-95.0 and 95.7-97.5%, respectively. The
HNOs-NH+HF. system, despite its effectiveness, is excluded due to the high affinity of nitrate ions for the
resin; NaOH-Na.SO. and H.SO.~NHJHF. were then studied. Increasing the concentrations of NaOH and
Na.SOa to 75 and 100 g/l increased silicon removal to 97.5-98.7% but could reduce the strength of the
resin. A solution of 25 g/l of NaOH + 25 g/l of Na.SO. removed 93.1% of Si, retained strength of 76.5%,
increased hydrodynamic index by 30% and uranium capacity from 10.75 to 13.89 g/I; a solution of 150 g/l
H.SO. + 150 g/l NHsHF: increased the capacity to 16.69 g/l. The choice of regenerating solution should
consider not only the removal of silicon, but also the degree of purification, strength, hydrodynamic and
sorption properties of the resin.
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1. Introduction

In-situ recovery (ISR) is one of the principal methods used for the
development of sandstone-hosted infiltration-type uranium deposits. The process
involves mobilization of uranium directly within the ore-bearing horizon,
followed by pumping of the uranium-bearing pregnant leach solution to the
surface for subsequent recovery and concentration. Modern ISR flowsheets
commonly employ ion-exchange sorption on strongly basic anion-exchange resins
for uranium recovery from sulfate-bearing pregnant leach solutions. The
continuing importance of ISR in uranium production has stimulated research
aimed at improving both leaching performance and downstream processing of
uranium-bearing solutions [1,7].

The efficiency of uranium sorption depends not only on the uranium
concentration in the pregnant leach solution but also on the physicochemical state,
functional groups, porosity, and mass-transfer characteristics of the ion-exchange
material. Commercial anion-exchange resins can efficiently recover U(VI) from
multicomponent sulfate solutions, while their sorption behavior is strongly
influenced by solution composition and operating conditions [2,3]. The
importance of resin chemistry is further demonstrated by studies of functionalized
ion-exchange materials, in which the nature and arrangement of functional groups
determine uranium affinity, selectivity, and adsorption mechanism [8].

Recent developments in uranium separation have also focused on alternative
functional sorbents with enhanced affinity and selectivity toward U(VI).
Amidoxime-based composite sorbents, polyamine-functionalized silica materials,
metal-organic frameworks (MOFs), covalent-organic frameworks (COFs), and
other functionalized porous materials have demonstrated high uranium uptake
from complex agueous media [10,13 - 15]. These studies indicate that both the
chemical accessibility of active sites and the internal structure of the sorbent are
critical factors governing uranium uptake. Nevertheless, for industrial ISR
operations, conventional strongly basic anion-exchange resins remain particularly
important because of their technological maturity, mechanical properties, and
compatibility with continuous sorption—desorption circuits.

During long-term industrial operation, anion-exchange resins repeatedly
undergo sorption, washing, desorption, and regeneration cycles. At the same time,
non-target mineral and colloidal components present in pregnant leach solutions
may accumulate on the bead surface and within the porous polymer matrix. Such
deposits can progressively block accessible ion-exchange sites, alter mass
transfer, and reduce uranium uptake. Deactivation of ion-exchange materials by
inorganic and other contaminants has therefore been identified as an important
factor affecting the long-term efficiency of uranium recovery [4]. Recent studies
of strongly basic anion-exchange resins used in uranium hydrometallurgy have
also shown that inorganic deposits, including Fe-containing contaminants, can be
removed by appropriately selected chemical regeneration systems [9].

Among the inorganic impurities, silicon-containing compounds are of
technological importance. Depending on concentration, solution acidity, ionic
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composition, and residence time, silicic acid can undergo condensation and
polymerization, forming progressively less soluble polysilicic species. In strongly
basic anion-exchange resins, sorbed silicic acid may polymerize within the resin
phase. Low-polymerized forms can be comparatively readily desorbed using
alkaline solutions such as NaOH, whereas more extensively polymerized species
are considerably more difficult to remove [5, 6].

The accumulation of silicon-containing species within the resin may reduce
the accessible pore volume and hinder intraparticle mass transfer. Consequently,
silicon removal should be considered not only as chemical purification of the ion
exchanger but also as a means of restoring the accessibility of functional groups
and the kinetic performance of the sorbent. This interpretation is consistent with
broader studies of uranium sorption materials showing that pore accessibility,
functional-group chemistry, and competing ions collectively determine uranium
uptake from complex aqueous solutions [13 - 15].

2. Experimental part

2.1. Methods and tests

The study examined technological solutions and anion-exchange resins used
to process uranium-bearing productive solutions from the Akdala and South Inkai
deposits.

Productive, leaching, circulating, wash, and sorption mother solutions, as
well as commercial desorbates, were analyzed.

Elemental composition was determined spectrometrically. Solid residues and
suspended particles were analyzed by X-ray diffraction on a D8 Advance
(Bruker) diffractometer with Cu radiation at 40 kV and 40 mA; diffractograms
were processed in EVA, with phase identification using the PDF-2 database.

Elemental content in resin samples before and after regeneration was
measured by X-ray fluorescence using an Olympus Vanta C analyzer.

Resin mechanical strength was determined with a Vibratory Ball Mill
according to ST NAC 20-2017.

2.2. Rationale for the choice of silicon as the main controlled pollutant

In the productive solutions of the Akdala and South Inkai deposits, the
concentration of silicon was 79.68 and 85.48 mg/l, respectively. Along with Si, Fe
and Al were characterized by significant concentrations.

X-ray phase analysis of dry residues of productive solutions showed the
presence of silicon dioxide and aluminosilicate phases. Thus, silicon was in the
technological system not only in a dissolved form, but also as part of dispersed
mineral formations.

The most important circumstance was the accumulation of Si directly in the
exploited resin. In the original reclaimed resins, the silicon content was 11.391%
for Akdala and 13.062% for South Inkai, significantly exceeding the content of
other controlled impurities.

This was the basis for using the degree of Si removal as the main indicator of
the efficiency of chemical regeneration.
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2.3. Selection of regenerative solutions
Three chemical systems were selected for the initial screening:

15 g/l NaOH + 25 g/l Na.SO. (1)
150 g/l H2SO. + 80 g/l NH4HF: (2)
285 g/l HNO:s + 80 g/l NHsHF 3)

The alkaline system was chosen because NaOH converts silicon compounds
into soluble forms, while Na.SO4 provides the required ionic medium.
Acid-fluoride systems were selected based on the possibility of chemical
destruction of stable silicon-containing deposits when interacting with a fluorine-
containing component.
At the laboratory stage, the ratio of solid to liquid phases was T:F = 1:25.
Regeneration was carried out with continuous stirring for at least 180 minutes.
The efficiency of the process was evaluated by changing the content of Si,
Ca, Fe and Re in the resin.
For subsequent enlarged laboratory experiments, alkaline solutions were
studied:
25 g/l NaOH + 25 g/l Na.SO. (5)
75 g/l NaOH + 100 g/l Na.SO4 (6)

and acid-fluoride solution:
150 g/l H2SO. + 150 g/l NH4HF- @)

In enlarged laboratory static experiments, the volume of resin was 3 liters,
T:F = 1.5, the total volume of the regenerating solution was 15 liters, the duration
of treatment was 180 minutes at room temperature.

3. Results and discussion

3.1. Composition of anion exchange resin contamination

The study of process solutions showed that the most significant non-target
components were Fe, Al and Si. For Akdala, the content of Fe, Al and Si in the
productive solution was 571.71, respectively; 356.16 and 79.68 mg/l, and for
South Inkai - 1287.19; 836.09 and 85.48 mg/I.

Particular attention was given to the behavior of silicon. In the Akdala
samples, its concentration decreased from 79.68 mg/l in the productive solution to
71.93 mg/l in the sorption mother liquor, indicating partial retention of silicon-
containing compounds in the resin phase.

The presence of Si in commercial desorbates - 68.00 mg/l for Akdala and
53.13 mg/l for South Inkai - additionally indicated the accumulation of silicon-
containing compounds in the resin during the technological cycle with subsequent
partial removal during desorption.
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X-ray phase analysis confirmed the complex nature of the silicon-containing
component of productive solutions. SiO. and aluminosilicate phases were
identified in the dry residues. After the solution passed through the sorption
system, the content of several silicon-containing phases in the dry residue of the
mother cell decreased, and free SiO. was not detected.

The combination of the results of elemental and phase analysis allows us to
consider the accumulation of silicon as one of the factors in the deterioration of
the anion exchange resin.

3.2. Initial selection of a chemical system for regeneration

The results of the initial comparative test of the three systems are presented
in Table 1.

Table 1 — Efficiency of regenerating solutions in removing the main impurities from anion exchange
resins

Regenerative Deposit Rem_oval of | Removal of | Removal of | Removal of
System Si, % Ca, % Fe, % Re, %

NaOH + Na:SO4 Akdala 90.2 49.0 27.0 23.0
NaOH + Na:SO4 South Inkai 97.9 20.0 —* —=*

H.SO. + NHiHF, Akdala 93.3 54.0 —* 17.4
H.SO4 + NH4HF> South Inkai 95.0 100 100 23.3
HNOs + NH:HF; Akdala 95.7 100 100 100
HNOs + NH:HF; South Inkai 97.5 100 62.5 88.5

Note — The removal efficiency was not calculated because the measured content of the element after
treatment exceeded that in the initial regenerated resin.

All three systems provided a high degree of silicon removal - at least 90%.

An alkaline solution of NaOH - Na.SO. removed 90.2% Si from Akdala
resin and 97.9% from South Inkai resin. This indicates the possibility of effective
destruction or dissolution of a significant part of silicon-containing contaminants
in an alkaline environment.

The H.SO. - NH«HF: solution provided removal of 93.3 and 95.0% Si,
respectively. For the South Inkai resin, complete removal of the detectable
compounds Ca and Fe was observed at the same time.

The maximum cumulative degree of impurity removal at the laboratory stage
was provided by the HNOs - NHsHF- solution. For Akdala, the removal of Si was
95.7%, and Ca, Fe and Re were 100%. For South Inkai, 97.5% Si, 100% Ca,
62.5% Fe, and 88.5% Re were removed. If only the chemical efficiency of
treatment is evaluated, the HNOs - NH4HF> system could be considered as the
most effective. However, when choosing a regenerant, it is necessary to consider
the subsequent state of the anion exchange resin. Nitrate ions are characterized by
a high affinity for strongly basic anion exchange functional groups, because of
which their subsequent displacement from the resin by sulfate solutions can
complicate the technological cycle.

Therefore, the HNOs - NH.HF. system was not selected for further
optimization, despite the high degree of impurity removal.

188



KA3AKCTAHHBIH XUMUA )KYPHAJIBbI XUMHYECKHUH XYPHAJI KA3AXCTAHA

According to the results of the first stage, two systems were left for enlarged
laboratory research:

NaOH - Na.SO. and H.SO. - NH«HF> (8)

This approach is fundamentally important; the chemically most aggressive
reagent is not necessarily the technologically optimal regenerant.

3.3. Effect of NaOH and Na:SO. concentration on regeneration efficiency

The next step was to optimize the alkaline system. The main results are
shown in Table 2.

Table 2 — Effect of the composition of the alkaline regenerating solution on the purification and
mechanical strength of the resin

Solution Resin Removal Removal of Removal Mechanical
composition, g/l of Si, % Fe, % of Zn, % strength, %
25 NaOH + 25
Na.SOs Akdala 93.1 89.6 69.4 76.5
75 NaOH + 100 Akdala 975 Almost 90.2 60
Na:SO. complete
75 NaOH + 100 .
NSOs South Inkai 98.7 50.0 91.7
75 NaOH + 100
Na.SOs, Akdala 97.1 93.8 - 52

Dynamic Mode

In the initial experimental materials for this experiment, two different values
of mechanical strength are given - 82 and 63%.

At concentrations of 25 g/L NaOH and 25 g/L Na.SO., the Si removal
efficiency from the Akdala resin was 93.1%. At the same time, 89.6% of Fe and
69.4% of Zn were removed. The mechanical strength after treatment was 76.5%,
remaining close to that of the initial regenerated resin.

Increasing the concentrations to 75 g/L. NaOH and 100 g/L Na.SO. increased
Si removal to 97.5% for the Akdala resin. Thus, for the Akdala resin, increasing
the regenerant concentration resulted in an additional 4.4 percentage points of Si
removal compared with the 25 g/L NaOH + 25 g/L Na.SOs solution. A high Si
removal efficiency of 98.7% was also obtained for the South Inkai resin using 75
g/L NaOH + 100 g/L Na.SO.; however, a direct concentration-dependent
comparison could not be made because the South Inkai resin was not tested with
the 25 g/L NaOH + 25 g/L Na.SO. solution under the same scaled-up laboratory
conditions.

For the Akdala resin, the higher Si removal achieved with the more
concentrated alkaline solution was accompanied by a decrease in mechanical
strength. After static treatment, the mechanical strength decreased from 76.5% to
60%. This effect became more pronounced during the 36-h dynamic experiment:
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although 97.1% of Si and 93.8% of Fe were removed, the mechanical strength
decreased to 52%.

These results demonstrate that increasing Si removal alone cannot be
considered sufficient for selecting regeneration conditions. The removal
efficiency should be evaluated together with preservation of the mechanical
integrity of the resin. For the Akdala resin, increasing Si removal from 93.1% to
97.5% was accompanied by a decrease in mechanical strength from 76.5% to
60%, while prolonged dynamic treatment resulted in a further decrease to 52%.
Therefore, 25 g/L NaOH + 25 g/L Na.SO. provided a more balanced combination
of Si removal efficiency and mechanical strength for the Akdala resin.

3.4. Efficiency of the H-SO., - NH.HF: System

When using 150 g/L of H.SO4 + 150 g/L of NH.HF-, the Si removal rate was
89.0% for Akdala resin and 86.9% for South Inkai.

Table 3 — Results of treatment with a solution of 150 g/l H.SO. + 150 g/l NHsHF:

Indicator Akdala South Inkai
Removal of Si, % 89.0 86.9
Removal of Fe, % 16.6 86.0
Removal of Zn, % 27.6 24.5
Removal of Ca, % 49 50.0

Mechanical strength, % 61.0 81.0

In terms of the degree of siliconization, this composition was inferior to
optimized alkaline solutions. At the same time, its effect significantly depended
on the origin of the resin.

For Akdala, an increase in NH.«HF. concentration was accompanied by a
decrease in mechanical strength of up to 61%. For South Inkai, a value of 81%
was recorded after treatment, meaning the result did not indicate a similar
degradation of the material.

The difference in the behavior of the two industrial designs indicates that the
effectiveness of a regenerant is determined not only by its chemical composition.
The history of operation, the degree and nature of the resin contamination and,
probably, the condition of its polymer matrix are significant.

Therefore, a universal choice of a reagent only by the Si removal index
seems to be insufficiently substantiated.

3.5. Effect of regeneration on hydrodynamic characteristics

If the removal of silicon-containing deposits does free up the pore space of
the resin, this should be manifested not only by a decrease in the Si content, but
also by a change in the passage of the liquid through the sorbent bed.

Experimental verification confirmed this assumption.
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Table 4 — Change in the hydrodynamic index after chemical regeneration

Sample Volume flow, m¥h Relative change, %
Akdala's Original Resin 0.180 -
Akdala, 150H.SO4 + 150NHsHF> 0.219 +21.67
South Inkai, 150H.SO4 + 150NHsHF, 0.223 +17.40
Akdala, 25NaOH + 25Na.SO0. 0.234 +30.00
Akdala, 75NaOH + 100Na.SO4 0.225 +24.99

The maximum effect was obtained for the formulation of 25 g/l NaOH + 25
g/l Na2SOs4: the hydrodynamic index increased by 30%.

For the more concentrated alkaline solution, the improvement was 24.99%
despite the higher degree of Si removal.

Thus, the higher Si removal efficiency achieved with the more concentrated
alkaline solution did not result in a corresponding improvement in the
hydrodynamic characteristics of the resin.

H.SO. - NH:HF: treatment also improved fluid flow, with an increase of
21.67% for Akdala and 17.40% for South Inkai.

Consequently, chemical regeneration does change the state of the ion
exchange resin layer and improve its hydrodynamic properties.

3.6. Restoration of the uranium sorption tank

A key criterion for evaluating the practical effectiveness of regeneration is
the ability of the treated resin to recover uranium during subsequent sorption.

To evaluate this parameter, comparative sorption experiments were
performed using the initial regenerated Akdala resin and resin samples treated
with the two selected regenerating solutions.

Table 5 — Effect of regeneration on the uranium sorption capacity of the Akdala resin

Change relative to

Resin Condition U content after sorption, g/l the original resin, %
Initial regenerated resin 10.75 -
After treatment with 25 g/L NaOH +
25 g/L Na:SOs 13.89 29
After treatment with 150 g/L H.SO. 16.69 +55

+ 150 g/L NH.HF>

After treatment with the alkaline regenerating solution, the uranium sorption
capacity increased from 10.75 to 13.89 g/L, corresponding to an increase of
approximately 29%. Treatment with the H.SO. - NH4HF: solution resulted in a
greater increase in uranium sorption capacity, reaching 16.69 g/L, approximately
55% higher than that of the initial regenerated resin.

These results demonstrate that chemical regeneration not only removes
accumulated impurities but also improves the subsequent uranium sorption
performance of the resin.

The solution containing 25 g/L NaOH + 25 g/L Na.SO. provided the most
balanced combination of properties for the Akdala resin: 93.1% Si removal, a
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mechanical strength of 76.5%, a 30% improvement in hydrodynamic
performance, and a 29% increase in uranium sorption capacity.

Treatment with 150 g/L H.SO. + 150 g/L NHiHF- resulted in the greatest
increase in uranium sorption capacity, reaching 16.69 g/L, approximately 55%
above that of the initial regenerated Akdala resin. However, the mechanical
strength of the resin decreased to 61%.

Thus, the preferred regeneration conditions depend on the selected
performance criterion. The acid—fluoride system provided the greatest restoration
of uranium sorption capacity for the Akdala resin, whereas the moderately
concentrated alkaline solution provided a more balanced combination of Si
removal, mechanical strength, hydrodynamic performance, and uranium sorption
capacity.

3.7. Comprehensive assessment and selection of the regenerating solution

Comparison of the results allows us to distinguish three consecutive levels of
reagent selection.

At the first level, HNOs - NHsHF. demonstrated the maximum removal of a
number of impurities, but the technological features of the interaction of nitrate
ions with the anion exchange resin limit the feasibility of its further use.

At the second level, an increase in the concentrations of NaOH and Na.SO.
made it possible to obtain the maximum degree of Si removal - up to 98.7%.
However, for Akdala's resin, the increase in chemical action was accompanied by
a significant decrease in mechanical strength.

At the third level, a set of operational characteristics was taken into account.
This is where the formulation of 25 g/L NaOH + 25 g/L Na.SOa4 showed the most
balanced result.

Thus, it is advisable to formulate the criterion for selecting a regenerating
solution not as the achievement of the maximum degree of Si removal, but as the
achievement of a sufficient degree of silicon desilica with a minimum negative
impact on the structure of the sorbent and the simultaneous restoration of its
hydrodynamic and sorption characteristics.

From this point of view, for Akdala resin, the most rational of the studied
alkaline formulations is 25 g/l of NaOH + 25 g/l of Na:SO..

The H.SO.4 - NH:HF. acid-fluoride system is also of practical interest,
especially given the pronounced reduction of uranium capacity. However, the
need to control its impact on mechanical strength requires further optimization of
NHsHF. concentration and processing time.

4. Conclusion

Chemical regeneration of anion-exchange resins from the Akdala and South
Inkai uranium deposits was evaluated with respect to silicon removal and
recovery of resin performance. Silicon contents in the regenerated industrial
resins reached 11.4% for Akdala and 13.1% for South Inkai. The tested
regenerants provided Si removal efficiencies of 90.2 - 97.9% for NaOH-Na:SOs,
93.3 - 95.0% for H.SO. - NH4HF2, and 95.7 - 97.5% for HNOs - NH4HF-. Despite
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its high Si removal efficiency, the HNO; - NH«HF. system was excluded from
further optimization because nitrate ions have a high affinity for strongly basic
anion-exchange resins, which may complicate their subsequent displacement
during operation in sulfate-based uranium recovery circuits.

For the Akdala resin, 25 g/L NaOH + 25 g/L Na.SO. provided the most
balanced regeneration performance, achieving 93.1% Si removal while
maintaining a mechanical strength of 76.5%, improving hydrodynamic
performance by 30%, and increasing the uranium sorption capacity from 10.75 to
13.89 g/L. Increasing the concentrations to 75 g/L NaOH + 100 g/L Na.SO.
enhanced Si removal to 97.5%, but reduced the mechanical strength to 60% and,
after prolonged dynamic treatment, to 52%; therefore, the more concentrated
alkaline system is not recommended for prolonged treatment of the Akdala resin.

For the South Inkai resin, both alkaline and acid-fluoride regeneration
showed high Si removal efficiency. The NaOH - Na.SO. system provided up to
98.7% Si removal, whereas H.SO. - NH4HF- achieved 95.0% Si removal at the
laboratory screening stage and simultaneously provided efficient removal of Fe
and Ca. Thus, both systems can be considered for South Inkai resin, with the final
selection depending on the required degree of impurity removal and preservation
of resin mechanical properties.

Overall, the results demonstrate that regenerant selection should not be based
solely on maximum Si removal. Resin mechanical strength, hydrodynamic
behavior, and recovery of uranium sorption capacity should also be considered
when selecting regeneration conditions for industrial application.
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YPAH DKCTPAKIMSACHI KE3IHAE KPEMHHMIII KETIPYTE KOHE AHHOH AJIMACY
IIAMBIPBIH KAJITMBIHA KEJTIPYTE APHAJIFAH EPITIHJIIHIH PETEHEPALIMSIIBIK
KYPAMBI

M.K. Koivuuxanos', I'.K. Manowviéaes®, P.X. Illapunoé®, B.T. Anmaiibaes’, JLK. Bexéaeea®,
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2 Manaiizua Kenanman yuusepcumemi, bauox, Manaiizus

Tyiiinaeme. YHFbIMaNBIK JKepacThl MIaiiManay omiCiMEeH albIHATHIH ypaHKYpaMIbl 6HIMII epiTiHinepai
eHJey Ke3iHAe KOJJAHBUIATBIH AHHOHAIMACTBHIPFBIN IMAHBIPIapAbl KPEMHHUKYpaMIbl XKOHE inecie
KOClanapJaH Ta3apTyFa pereHepauusulaylibl epiTIHIUIEp KYpaMbBIHBIH ocepi 3epTrenii. 3eprrey
HbICaHAApbl peTiHge Akpana koHe OHTycTik IHKail KeH OpbIHAApbHAA —IaiiaJaHbUIATHIH
TEXHOJIOTHSUIBIK ~ €PITIHALIEp MEH pereHepalisUIaHFaH aHWOHAIMACTBIPFBIN INAafbIpIap —aIbIHIBL
YarinepaiH 37eMEHTTIK KypaMbl aTOMJBIK-ODMUCCHSUIIBIK YXKOHE PEHTIEeH(IYOPECHCHTTIK OMiCTepMEH, ail
KaTThl KAJIBIKTApbIH (ha3asiblk Kypambl peHTreH(paszanbik Tangay oaiciMer anbikTanasl. NaOH - Na:SOs,
H2SO4 - NHsHF: xxone HNOs - NHsHF: Herisingeri perenepanusiiaymmsl xyienepai ChIHay HOTIKECIHIE
KpeMHuiii sxor0 gapexeci tuicinme 90,2 - 97,9; 93,3 - 95,0 xone 95,7 - 97,5% xypaas. HNOs - NHsHF:
JKyHeci  KpEeMHHUIAI  JKOIOJBIH ~ JKOFaphl  THIMIUIINH ~ KOPCETKEHIMEH,  HHUTPaT-WOHIAPBIHBIH
AQHMOHAJIMACTBIPFBII MIABIPFa JKOFapbl COPOLMSIIBIK Oeiimainirine GaiaHbICTBI KEHIHT1 3epTTeyIepaeH
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anbiabin tactanabl. Oxan opi NaOH - Na.SOs xone H2SO4 - NH4HF: sxylienepinin THIMIUTITT 3epTTeini.
NaOH xoHe Na.SOs KoHIeHTparusuIapblH THicinme 75 sxoHe 100 r/i-re neifiH apTTBIPY KpeMHHIIIH
JKOMBLTY opeskecin 97,5 - 98,7%-ra eitin )KOFapbLIATTHI, alaii/ia MabIPABIH MEXaHUKAIIBIK OCPIKTITIHIH
teMeneyiHe okenai. Kypambiaaa 25 r/1 NaOH xone 25 r/n Na:SOa 6ap epitinai kpemuuidaia 93,1%-biH
JKOIOZIBI KAMTaMachI3 €TTi, Oy peTTe IalbIpAblH MEXaHUKaJIbIK OepikTiri 76,5% neHreiinae cakTajbll,
THIPOAMHAMUKAIIBIK cUnaTTamanapbl 30%-ra yxakcap/pl, all ypaH OOHBIHIIA COPOLMSIIBIK ChIABIMIBUIBIFBI
10,75-ten 13,89 r/n-re meitin aptrel. 150 r/m H2SO4 xone 150 r/m NH4HF: epitingiciMen eHaereHHeH
KeHIH MIalbBIpJbIH ypaH OOWMbBIHIIA COPOLMSIBIK CHIMBIMIBUIBIFBI 16,69 T/n-re JediH >KOFapbuUIajibl.
AJBIHFAH HOTWDKENIep pereHepauusIaylibl epiTiHAiHI TaHIayJa KPeMHMIII KO0 JopekeciMeH Karap
IafBIP/IBIH MEXaHUKAJIBIK OCpIKTITiH, THUAPOJMHAMHKAIBIK CHIIATTAMAJApbIH JKOHE ypaH OOWBIHIIA
COPOIMSIIBIK KACHETTEPIiHIH KaJIbIHA KeNyiH KeIICH Il TYP/e eCKepy KaXKETTIriH KOPCETTi.
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PETEHEPUPYIOUIAMA COCTAB PACTBOPA [IIs1 VJIAJEHUS KPEMHUSA W©
BOCCTAHOBJIEHUSI AHUOHHO-OBMEHHO CMOJIbI TP SKCTPAKIIAU YPAHA

M.K. Koivuuxanos', I.K. Manowviéaes®, P.X. Illapunoe®, B.T. Anmaii6aes', /I.K. Bexéaesa',
A.K. JKanabaes', A.X. FOcygy?

! Kasaxcmancko-Bpumancxuii mexnuueckuii ynusepcumem, Aamamst, Kazaxcman
2 Manaiizutickuii ynusepcumem Kenanmana, bBauox, Manauzus

Pesiome.  lccnenoBaHo — BIMSHHE — COCTaBa  PEreHEPUPYIONIMX  PAacTBOPOB  Ha  yJajleHHe
KPEMHHUIICOJCPKAIUX U CONMYTCTBYIOIIMX IpPUMece W3 aHHOHOOOMEHHBIX CMOJ, HCIIONB3yEMbIX IS
COpPOLIMOHHON 9KCTPaKIMU ypaHa U3 TPOXYKIHMOHHBIX pPACTBOPOB CKBXHMHHOTO IOJ3EMHOTO
BhlIeaunBaHusl. OOBEKTaMH HCCIISIOBAaHUS ObUIM TEXHOJIOTHMYECKHE PAcTBOPHI M PEreHepHpOBAHHbIC
cMoibl ¢ MecTopoxkaeHud Axnana u FOxHbi MHkail. DIeMeHTHBI COCTaB OINpEAETsiIM aTOMHO-
9MHUCCHOHHBIM M PEHTIeHO(IyOPECHEHTHBIM MeToiaMu, a (ha30BbIH COCTaB TBEPIBIX OCTATKOB —
pentreHogaszoBbiM ananu3oM. Ilpu ucnbeitanuu cucreM NaOH-Na.SOs, H.SO+~NHs:HF: u HNOs—
NHsHF: 6bu10 ycTaHOBIEHO, YTO CTENCHD yaaieHus: kpemuus cocrasisier 90,2-97,9; 93,3-95,0 u 95,7—
97,5% cootBerctBerHo. Cuctema HNOs—NHsHF2, Hecmotps Ha cBOO 3()(eKTUBHOCTD, ObLIa HCKITIOUCHA
M3-32 BBICOKOTO CPOJCTBA HUTPAT-MOHOB K cMoje. 3areM Obuim m3ydeHsl cuctemMbl NaOH-Na.SOs u
H2SO+—NHsHF.. TloBbimenne konnentpaimu NaOH u Na:SOs4 g0 75 u 100 1/71 yBEnTUUYMIIO CTETCHb
yaaneHus kpeMHust 10 97,5-98,7%, HO MOTJIO CHU3UTH MPOYHOCTH CMOJIBL. PacTBOp ¢ KOHIEHTpanuen 25
r/n NaOH + 25 t/m Na.SO. ymamun 93,1% Si, coxpaHUI HOpPOYHOCTh Ha YpOBHE 76,5%, MOBBICHI
ruapoauHamudeckuii mHaexkc Ha 30% wm émkocth mo ypany ¢ 10,75 nmo 13,89 r/m; pactBop ¢
konuenrparueir 150 r/n H.SOs + 150 r/m NHsHF: nosbicun émkocts g0 16,69 r/n. Ilpu BbiGOpe
pEreHepHpYIOLIEro pacTBoOpa CleIyeT YUYUThIBATh HE TOJBKO CTEHCHb yJalICHHs] KPEMHUsI, HO U CTEICHb
OYMCTKHU, IPOYHOCTh, TUAPOJUHAMHYECKHE U COPOLIMOHHBIE CBONCTBA CMOJIBI.
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