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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. The article investigates sorption methods for uranium extraction using
ion-exchange resins, with a focus on the influence of chloride ions in productive
solutions. The relevance of the study stems from the negative impact of elevated
chloride content on resin capacity and uranium recovery efficiency. Analytical
methods were applied to both solutions and ion-exchange resins, and experiments
were conducted on uranium sorption using anion and cation exchangers under
varying acidity conditions. The key hypothesis is that increasing chloride ion
concentration significantly reduces the sorption capacity of the resins. The results
confirm that when chloride content exceeds 3 g/L, uranium recovery efficiency
decreases substantially, making the use of certain anion exchangers economically
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unfeasible. In exogenous ore-forming processes, geochemical barriers play an
important role-these are zones in the Earth’s crust where the intensity of chemical
element migration sharply decreases over a short distance, leading to their
accumulation. This definition of a barrier is given by A.I. Perelman, the founder of
the theory of geochemical barriers. Nearly all exogenous ore deposits are formed at
some type of geochemical barrier. In particular, uranium mineralization can form
at evaporative, neutralization, sorption, and most commonly-at redox barriers,
which are typically divided into two subtypes: gley and hydrogen sulfide barriers.
The obtained data can be used to optimize uranium extraction technologies, which
is important for improving the efficiency of hydrometallurgical processes and
reducing processing costs. It is recommended to continue research on the influence
of other anions and environmental conditions to develop more effective uranium
sorption methods.
Key words: desorption, ion exchange, resin, depressant, chloride, ion, sorbent
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AnHHoOTanus. Makaiaja XJI0pH/]] HOHJIAPbIHBIH OHIM/I1 epiTiHALIeperi ocepine
Hazap ayziapa OThIPHIIT, HOH aJIMACTBIPFbIII IIAWBIPIIAP bl KOJIIaHA OTHIPBII, YPaHIbI

212



ISSN 2224-5278 4.2025

QIyIBIH COPOIMSUIBIK OMIiCTEpl 3epTTENTeH. 3epTTEYMiH ©3€KTiNir XJIOPHITIH
YKOFapbUIAybIHBIH IIAWBIPABIH CHIMBIMIBIIBIFBIHA J)KOHE YpaH/Ibl KAIIbIHA KEATIpY
TUIMJIUTITIHE Kepl 9CepIiHEH TYBIHIAW/Ibl. AHAIMTUKAIBIK OICTEp epiTiHaLIepre
Jie, MOH aJMacTBIPFBINI INadbIpiapFa J1a KOJJAHBULABI, Op TYPl KBIIKBULIBIK
KarJalibIHa aHMOH MEH KaTHOH aJIMAaCTBIPFBIIITAP/ABI KOJIAAaHa OTBIPBII, YPAH/IbI
copbumsnay OOHWBIHINIA ToXipubOenep »xyprisinmi. Herisri rumortesa — xyopup
MOH/IAPBIHBIH KOHIECHTPALMSCHIHBIH JKOFapbUIaybl MaWBIPIapIBbIH COPOLUSITBIK
KaOlleTiH airapibikTaii TeMeHaereni. Hotmxkenep xmopunrig Memmepi 3 r/Jl-
JICH acKaH/a ypaHjbl KaJIIbIHA KEITIPY THUIMIUIIrT alTapibIKTall TOMEHIACUTIHIH
pacraiiibl, OyJ1 KeiOip aHUOH aIMaCTBIPFBIIITAPIbI Al anaHy/ bl SKOHOMHKAIIBIK
TYPFBIIAH MYMKIH €MeC eTeli. OK30TeHMIK KeH TYy3Uly TIpolecTepiniae
TeOXUMUSIIBIK Ke/leprijiep MaHbI3IbI pell aTkapaiasl — Oyl JKep KbIpTHICHIHIAFBI
XUMUSIIBIK 2JIEMEHTTEPIiH MUTPALMSICBIHBIH KapPKBIHIBUTBIFBI KBICKA KalTBIKTBIKTA
KYPT TOMEHJEI, OJaplblH >XKMHATyblHa OKeJleTiH aiiMakrap. Keneprinin Oy
AHBIKTAMAChlH T€OXMUMMSUIBIK KEACPTiiep TEOPHWSCHIHBIH HETI3iH KajaylIbl
AWM. TlepenbmaH eHTi3TeH. DK30T€HIIK KEH OPBIHAAPBIHBIH OapibIFbl JEpIiK
TCOXUMUSUTBIK TOCKAYBUIBIH KaHmall ma Oip TypiHzme Ty3ijmemi. ATam aiTKaHna,
YpaHHBIH MUHepajiaHybl OymaHy, OedTapanTaHablpy, copOIms koHe KebiHece
TOTBIFY-TOTHIKCBHI3[ITAaHY KeepriiepiHie maina OolMybl MYMKIiH, ojlap SJETTe €Ki
Kimi Typre OexiHeai: TIeH *oHE KYKIPTCYyTeK Keleprijiepi. AJNbIHFaH MAJIiMETTep
ypaHIlbl ally TEXHOJOTHSUIAPBIH OHTANIAHIBIPY VIIIH MaliJaJaHbUTybl MYMKIH,
OWI THUAPOMETAJUTYPTHUSUIBIK TMPOIECTePIiH THIMIUILIH apTTBIPy JKOHE OHJEY
MIBIFBRIHIAPBIH a3aUTY YITiH MaHBI3ABL. YpaHIBl COPOIUIAyABIH HEFYPIIBIM THIMII
o/icTepiH JKacay yIIiH Oacka aHHOHIap/IbIH JKOHE KOpIIaFaH OpTa yKaFaaiaapbiHbIH
acepi Typalibl 3epTTeyAepIi KaTFACThIPY YCHIHBITAIbI.
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AnHoTanusi. B crareke uccieqytoTcsi COpOLHOHHBIE METOABI HM3BJICUCHHS
YpaHa C UCIIOJIB30BaHUEM I/IOHOOGMGHHI)IX CMOJI, C aKIICHTOM Ha BJIMAHUEC XJIOPUI-
HOHOB B IIPOLYKTUBHBIX pacTBOpax. AKTyaJIbHOCTb HCCIIEIOBaHHUs 00yCIOBJIEHA
HETAaTHBHBIM BO3/CHCTBHEM TOBBILIICHHOTO COACPKAHHSA XJIOPUAOB Ha EMKOCTh
cMoll M A(QQPEKTHBHOCTh W3BJICUEHHs ypaHa. [IpUMeHEeHBI MEeTOAbl aHalu3a
pacTBOPOB M HOHOOOMEHHBIX CMOJI, @ TaKKe HPOBEICHbI HKCIIEPUMEHTHI IO
copOuM ypaHa aHMOHWUTAMHM M KAaTHOHUTAMHM NPU Pa3IUYHBIX KHCIOTHOCTSX.
KnroueBass rumore3a 3akitodaeTcs B TOM, 4YTO YBEIMYEHHE KOHIIEHTpAIMU
XJIOPUI-MOHOB 3HAYMTEJILHO CHUXKAET COPOLMOHHYIO EMKOCTh cMOJ. Pesynbrars
MOATBEPKAAIOT, YTO HPU COACPIKAHUM XJIOPUAOB BbIME 3 T/ 3QPEKTUBHOCTH
W3BJICUCHUS ypaHa CYIIECTBEHHO IMaJaeT, YTo JeJaeT MCIOIb30BaHHE HEKOTOPHBIX
AHMOHWMTOB SKOHOMHYECKH HelenecooOpa3HbM. B 3K30reHHBIX Mporeccax
pynooOpa3oBaHusl BaKHYIO POJIb HTPAIOT F€OXUMHYECKHE Oapbepbl — T€ y4acTKU
3eMHOW KOpBI, IJIe¢ Ha KOPOTKOM DPAacCTOSIHUU TPOUCXOAUT PE3KOe yMEHbBIIICHHE
WHTEHCUBHOCTH MHUIPAllMd XMMHYECKHUX 3JIEMEHTOB M, KaK CIEICTBHE, HX
koHUeHTpauus. Takoe onpenenenue 6aprepa naet A.M. Ilepensman — ocHOBaTeNb
Y4YEeHHS O TEeOXMMHUYeCKHX Oapbepax. lIpakTHdecku Bce 3K30TE€HHBIE PYIHBIE
MECTOPOXKAEHUsI CPOPMUPOBAHBI HA TOM HJIM MHOM I'€OXMMHUYECKOM Oapnepe. B
YaCTHOCTH, ypaHOBast MUHEPaIU3aIHsI MOXXET (POPMHUPOBATHCS HA HBAIIOPALIIOHHOM
(ucriapuTeNnbHOM), HEHTpaM3allMOHHOM, COPOIIMOHHOM H, Haumboliee YacTo —
BOCCTAHOBHUTEIBLHOM Oapbepe (Wim pemokc—Oaphepe), KOTOPBIA IMPHUHSTO ICITHUThH
Ha JiBa O/IBHUJA — TJIEEBBIN U cepoBOAOPOIHbIN. [lomyueHHbIe JaHHBIE MOTYT OBITH
HUCIIOJIB30BAHBI I OIITUMHU3allN TEXHOJOTUM N3BJICUCHUS YpaHa, 4TO Ba*XHO IJIsd
NoBbILEHUA 3(P(YEKTUBHOCTH TMIPOMETAILIYPIrHUSCKUX IPOLECCOB M CHIKEHHUS
3aTpar Ha nepepaboTKy. PexomenmyeTcs MpOJOIKUTH MCCIEIOBAaHUS BIMSHUS
JPYTHX aHUOHOB U YCIIOBUH cpefibl Ut pa3paboTku Oomnee 3phekTHBHBIX METOIOB
copOumu ypaHa.

KiroueBblie ciioBa: necopOuusi, HOHOOOMEH, cMOJIa, IEPECCAHT, XJIOPHUL, HOH,
copOeHT

Introduction. Sorption methods for uranium and associated component
extraction are based onion-exchange processes using ion-exchange resins (Kassenov,
2016:6). Ionites are solid, practically insoluble artificial (or natural) materials in
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aqueous solutions of acids, alkalis, and organic media, enabling the extraction of
metals from solutions in cationic or anionic forms (Adamaev, 2015:4). The process
of sorption-based extraction and concentration of valuable components consists of
two stages: Saturation of the sorbent, Desorption of valuable components from it.
At the first stage, the productive solution interacts with the sorbent, and valuable
components are selectively absorbed by the ionite. Once equilibrium capacity for
one or more metals is reached, the sorbent undergoes the desorption stage, during
which it contacts a solution whose ions replace the metal ions from the ionite. After
desorption, the sorbent is returned to the sorption stage (Mussin, 2023:9).

The concentrated solution, in the form of a commercial desorbate, is then sent
for further processing. The volume of the desorbed solution containing valuable
components is significantly smaller than the initial volume subjected to sorption,
which facilitates further concentration (Matayev, 2024:10). The sorption exchange
process follows the law of mass action. The primary requirements for effective
sorption include selectivity towards the extracted metals (Petrov, 2021:15),
maximum resin capacity, and good kinetic parameters for both sorption and
regeneration. The efficiency of the sorption process is evaluated based on the
sorption capacity of the resin, the degree of metal extraction from productive
solutions (PS), the number of sorption stages, the single-time ionite loading, the
duration of solution contact with the ionite, and desorption conditions. These
parameters are interrelated, reflecting the fundamental physicochemical principles
of sorption and depending on the process design (Eshonova, 2023:5; Petukhov,
2015:14). At several uranium deposits, a trend has been observed that reduces metal
sorption efficiency-an increased concentration of chlorides in productive uranium
solutions (Abdeli, 2018:1; Abdeli, 2024:2).

It is well known that chloride ions are strong depressants for uranium sorption
by strongly basic anionites (Figure 1). As seen in Figure 1, at a chloride ion
concentration of 0.6 N (21.3 g/L), uranium is practically not sorbed (Maslov,
2007:9).
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Figure 1. Dependence of the Sorption Capacity of a Strongly Basic Anionite for Uranium on the
Concentration of Depressing lons
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At the same time, the main properties of the solutions remain unchanged and are
returned to the cycle. In leaching technology, the conditions for the further processing of
solutions are considered, including residual acidity, total salt content, and the presence of
depressing components during sorption. For uranium extraction from solutions, anionites
are primarily used. Impurities in productive solutions behave differently (Rakishev,
2020:17). Cations of alkali and alkaline earth metals, as well as copper, iron, cobalt,
and manganese ions, are practically not sorbed. Meanwhile, sulfate, nitrate, chloride,
fluoride, and phosphate ions are well sorbed and act as depressants. Additionally, some
anions can accumulate on anionites and "poison" them, as their affinity or the resin is
extremely strong (Rakishev, 2014:16; Khayitov, 2025:7).

The sorption of uranium from the productive solution obtained from the leaching
of waste at the Northern Mining Department of Navoi Mining and Metallurgical
Company (Sharafutdinov, 2014:18 Khayitov, 2025:8) (NMMC) using VO-020
anionite is presented in Table 1. The sorption process was conducted under static
conditions, with a resin-to-solution volume ratio of 1:1000 over 24 hours.

As shown in Table 1, regardless of the solution’s pH, uranium is practically not
sorbed, while the capacity of the saturated resin for chloride ions approaches the
theoretically possible value (3 mEq/g or 106 mg/g).

Additionally, the possibility of increasing the sorption capacity of the anionite
by diluting the initial productive solution with water was studied (Abdeli, 2021:3).

Table 1. Dependence of the Static Exchange Capacity of the Resin on the pH of the Solution
Initial solution concentration: Chloride ions: 15,000 mg/L, Metal: 50 mg/L

Concentration in the solution, mg/L Content in the
saturated resin, mg/g

Before sorption After sorption

pH Me Cl Me Cl Me Cl

1,8 50,0 15000 [48,5 13900 0,71 102,1

5,0 50,0 15000 |50,0 14000 0,24 101,2

7,7 50,0 15000 |49,0 14000 0,73 101,2

The studies were conducted both under static and dynamic conditions using
laboratory columns. The results are presented in Table 2.

Table 2. The dependence of resin capacity on the dilution of the productive solution
Concentration in the initial solution: chloride ions 11,700 mg/L, metal — 20 mg/L

Dilution, pH Concentration | Concentration | Static exchange | Dynamic exchange
solution: water Cl, g/L Me, mg/L capacity, mg/g | capacity, mg/g
Initial solution 1,7 11,7 20,0 1,4 1,4

1:1 2,1 5,9 10,0 2,7 2,98

1:2 2,3 3,9 6,7 2,7 2,98

1:3 2,4 2,9 5,0 2,7 2,98

1:4 2,9 2,3 4,0 2,7 2,98
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As seen from the results in Table 2, diluting the initial productive solution by
half leads to an approximately twofold increase in the resin’s capacity for uranium.
Further dilution does not affect the resin’s capacity. However, the obtained resin
capacity values remain low.

The sorption of uranium from productive solutions was also studied using
cationites: Strongly acidic sulfonic cationite KU-2, Weakly acidic carboxyl
cationite D-5201.

The results are presented in Tables 3, 4, and 5.

Table 3. Results of uranium sorption by cation exchangers
Chloride ion concentration 15,000 mg/L

pH of the | Cation exchanger D-5201 Cation exchanger KU-2

solution [Me] in the solution, mg/L | Cation exchanger |[Me] in the|Cation exchanger
capacity, mg/g solution, mg/L. | capacity, mg/g

1,6 35,0 0,0 35,0 0,15

6,3 7,0 13,0 7,0 0,18

Table 4. Dependence of cation exchanger KU-2 capacity on the dilution of the productive solution
Concentration in the initial solution: chloride ions 15,000 mg/L, metal — 35 mg/L

Dilution, pH Concentration |Concentration | Static exchange capacity,
solution: water Cl, mg/L Me, mg/L mg/g
Initial solution |3,2 15 000 35,0 0,36
1:1 7,8 7 500 17,5 0,72
1:2 8,4 5000 11,7 0,02

As seen from the results in Tables 3, 4, and 5, cationite KU-2 is unsuitable
for uranium sorption from productive solutions due to its low capacity. Cationite
D-5201 provides a satisfactory uranium capacity when sorption is conducted in
pH-neutral media (pH = 6.3).

Table 5. Dependence of cation exchanger KU-2 capacity on the pH of the productive solution
Concentration in the initial solution: chloride ions 15,000 mg/L, metal — 35 mg/L

pH 1,6 3,2 5,4 6,6

Capacity, mg/g | 0,15 0,36 2,24 0,14

Studies were conducted on uranium leaching from tailings using technical
water (Rakishev, 2020:17). In the water sample taken from quarry No. 8, the
concentrations of elements were as follows, mg/L: Me — 2.0; ClI- — 1775; HCOs™ —
195; Si—1.8; P—1.1. For the leaching experiments and subsequent metal sorption
using the anion exchanger BD-706, a sample of off-balance ore from tailing pile
No. 10 was used, with a metal content of 0.024%, and a sample of off-balance ore
from the roadside stockpile with a metal content of 0.110%.

The results of metal leaching and subsequent sorption by the anion exchanger are
presented in Table 6.
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Table 6. Results of metal leaching and subsequent sorption by the anion exchanger
Metal sorption at chloride concentration Cl- 1775 mg/L

Off-balance ore Concentration | Leaching and sorption results
sample ?efaljﬁisno“ f(/)i Final pH |[Me] in solid | [Me] in the Anion exchanger
g g tailings, % | solution, mg/L | capacity, mg/g

Roadside stockpile, |30,0 0,9 0,010 780 55,2
[Me]=0.110% 15,0 1,6 0,012 620 99,3

8,0 3,0 0,095 34 91,9
Tailing pile No. 10, |30,0 1,0 0,0036 88 9,0
[Me]=0.024% 15,0 1,4 0,0039 67 18,2

8,0 3,0 0,0100 40 22,5

As seen from the results in Table 6, leaching of off-balance ores using water
from Pit No. 8 with a chloride concentration of 1,775 mg/L, followed by uranium
sorption with the anionite BO-020, provides positive results both in terms of the
residual uranium content in the leaching tailings and the saturation of the resin
(Matayev, 2024:10).

Materials and methods of research. The relevance of this study lies in the fact
that during the development of some uranium deposits, where ores contain a high
concentration of chlorine minerals, productive solutions are formed with chloride
ion concentrations exceeding 1.0 g/L (Omarbekov, 2020:11). This significantly
affects the capacity of ion-exchange resins. Detailed studies on the impact of
chloride ion concentration on the sorption capacity of resins have not been
conducted, especially regarding bicarbonate solutions. The objective of this study
was to investigate the effect of chloride ion concentration in productive solutions of
various acidities on uranium sorption efficiency using both anionites and cationites.
State of the Problem.To date, studies on the influence of chloride ion concentration
have been conducted only for AMP and AM anionites, and only in acidic media.
Research on the use of modern anionites and cationites for uranium extraction
from chloride-rich solutions has not been carried out. Additionally, no data exist
on uranium sorption from bicarbonate solutions with high chloride concentrations.

The research methods include: Analysis of scientific and technical literature,
analytical methods for solution and ion-exchange resin composition,experimental
studies on uranium sorption using various modern anionites and cationites.The
effectiveness of uranium sorption is determined by the degree of uranium extraction,
purification, and concentration-which are the main objectives of sorption. The
primary requirement for the process is: Maximum resin capacity, selectivity, good
kinetic parameters for sorption and regeneration of uranium. Sometimes, increasing
selectivity results in deterioration of kinetic parameters or reduced desorption
efficiency. From a technological perspective, it is more beneficial to use a less
selective ionite with better kinetic characteristics for ion exchange and desorption.
The minimum key parameters that a technologist should consider include: Sorption
capacity, number of sorption stages, single-time ionite loading,duration of solution
or pulp contact with the ionite, desorption conditions. These parameters are
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interrelated and reflect the fundamental physicochemical laws of sorption statics
and kinetics, as well as depending on the technological process design.

Key Stages in the Development of Sorption Technology for Uranium Extraction:

1. Selection of the ionite type, based on the physicochemical properties of the
liquid phase and the general principles of ion exchange statics and kinetics;

2. Qualitative and quantitative assessment of various physicochemical factors
affecting sorption and desorption kinetics (e.g., temperature, pH, impurity
concentration) (Sanakulov, 2024:18; Sharafutdinov, 2024:19);

3. Determination of optimal parameters for sorption, desorption, and preceding
stages of hydrometallurgical processing, influencing sorption efficiency.

The composition and properties of the liquid phase (initial solution) play a
crucial role in both sorption and desorption processes (Wang, 2019:20).

Results.

Typically, the liquid phase contains: Macro-impurities: SO+*~, HSO4~, CO5*",
HCOs, Ca?*", Mg*, Fe*', Fe*", NOs~, AI*", etc. Micro-impurities: Mo®', As, Cu,
Ni, Co, P, F, Ti, Th, rare earth elements (REEs), and other naturally occurring
radioactive elements. Therefore, another important requirement for ionites is
minimal exchange constants for micro-impurities. The improvement of existing
technologies to address depressing agents during uranium chemical concentrate
production is highly relevant (Oryngozhin, 2021:12; Oryngozhin, 2022:13). For
uranium deposits such as Meilisay, Kukhnur, Yogdu, and Northern Kanimekh, in-
situ leaching (ISL) presents several challenges, including:low uranium extraction
kinetics due to the dominance of U(IV) over U(VI), high reducing capacity of
rocks, requiring increased oxidant consumption, complex mineral composition,
complicating processing and increasing costs. Depressing impurities include anion
species that strongly sorb onto anionites, competing with uranium ions. These
include:Sulfate (SO4>") and bisulfate (HSO4") ions, Nitrate (NOs™), chloride (CI),
fluoride (F"), and phosphate (PO+*") ions. Sulfate ions, in particular, exhibit strong
depressive effects, accumulating in recirculating sulfuric acid solutions during
underground and surface processing cycles. Their presence depends on the ore
composition, forming soluble sulfate salts of alkali metals, magnesium, aluminum,
divalent iron, manganese, and other impurities.

Discussion

Studies on the effects of depressing anions in productive solutions revealed the
following impacts on uranium sorption:

1. Increasing CI~ concentration from 0.5 g/L to 5.0 g/L significantly reduces
sorption capacity.

2. Phosphorus ion concentrations above 1.2 g/L reduce the equilibrium uranium
content on resin from 50.5 mg/g to 35 mg/g. When phosphorus concentration is
0.1-0.12 g/L, simultaneous sorption of uranium and phosphorus occurs.

3. Accumulation of SiO+* up to 2.8 g/L decreases resin sorption capacity by 30%.

4. Nitrate concentrations of 0.8 g/L and above result in uranium breakthrough in
sorption mother liquors, reducing sorption efficiency.
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5. Increasing sulfate ion concentration from 10 to 40 g/L reduces ionite capacity
from 37.0 to 17.0 kg/t.

Thus, increasing depressing ion concentrations above 0.1 N for nitrate ions, 0.2
N for chloride ions, and 0.4 N for phosphate ions leads to a 10-80% decrease in
uranium sorption capacity.

Conclusions.

Scientific analysis indicates that during uranium extraction with anionites, the
primary depressing impurity is chloride ions (Cl7). At chloride concentrations of
3 g/L, nearly all anionites exhibit extremely low uranium sorption, making their
industrial application economically unviable.

Therefore, this study focuses on the influence of chloride ion concentration in
underground leaching solutions of various acidities on uranium sorption efficiency
using anionites and cationites. The research aims to identify the optimal ion-
exchange resin brands for uranium sorption (Saidova, 2024:10).
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