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NAS RK 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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DEVELOPMENT OF SORPTION TECHNOLOGY
OF RARE-EARTH METALS RECOVERY
FROM URANIUM IN-SITU LEACHING SOLUTIONS

Abstract. Present article is dedicated to development of rare-earth metals recovery sorption technology from
in-situ leaching uranium solutions. Sampling of productive solutions were performed from different technological
blocks of one uranium deposit. Intermediate products of in-situ leaching technology were also sampled.

Bench-scale test works on rhenium, scandium and dysprosium dynamic sorption were realized.

Lab studies on sorption and elution of valuable components on Purolite A170, Ambersep 920, Am-p-2, AMR,
Lewatit TP260, TVEX D2EHPA, KU-2-8, Lewatit 108H ion-exchange resins were performed.

Obtained results of valuable components contents are only indirect proof of its occurrence and distribution on
uranium-bearings blocks. Leaching solutions already include certain amount of valuable components.

Uranium ISL process solution samplings resulted in confirming presence of accompanying valuable compo-
nents, from which feasible grade were shown by scandium and REM and in a less degree by rhenium.

It was proved that rhenium content in solutions strongly depends on RedOx potential and therefore on con-
ditions of uranium blocks processing (acidity, RedOx, impurities, etc.).

Executed chemical analysis of samples allows us to determine potential recovery sources of byproducts.

Key words: rhenium, scandium, dysprosium, rare-earth metals, in-situ leaching, byproduct, sorption, uranium.

Introduction. Natural ore sources of rare-earth metals (REM) at current and immediate outlook are
far from development and therefore, are needed arises of REM byproduction on current operating plants
and facilities of mineral processing and chemical enterprises. Widespread involvement of such sources
would allow increasing of resource-saving in large scale, wherethrough capital and operational expen-
ditures savings spent on exploration and mining and would also positively impact on environment. One
more advantage is very short term of startup in comparing with traditional mineral processing approaches
[1-8].

Among prospective sources of raw materials of REM the most interesting is process solutions of
uranium ores treatment - uranium in-situ leaching (ISL) solutions [9].

As normal, special features of uranium ISL solutions processing are REM low content and com-
plicated chemical composition. Therefore, many developed technologies of REM processing and recovery
appear to be non-feasible. As the first step of such solution treatment, sorption process seems to be the
most advantageous [10-17].

It is important to say that currently well-known technologies of REM recovery from highly mine-
ralized process solution do not meet overall requirements that claimed to modern resource-saving tech-
nologies [18-20]. Mentioned here facts actualize performing of research on searching and testing of
different sorbents with advanced characteristics for using at provided applications [21].

Goal of work is developing sorption technology of REM byproduction from uranium ISL solutions.
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Experimental. Commercial trademarks of ion exchange resins from different global leading
manufacturers were used in current test work. Potential of mentioned resins were reflected in reliable
publications [22, 23].

In case of rhenium recovery the following trademarks were tested: Ambersep 920U (The Dow
Chemical Company), A170 (Purolite), Am-p-2 u AMR (GP "Smoly").

In case of scandium recovery the following trademarks were tested: TVEX D2EHPA (GP "Smoly"),
Lewatit TP260 (LANXESS).

In case of REM recovery the following trademarks were tested: Lewatit 108H (LANXESS), KU-2-8
(00O "Smoly").

Methods. Before testing in dynamic conditions there were performed tests in static conditions.
Whereby ration liquid-solid (L:S) was 1000:1 (5 dm® of productive solution and 5 g of wet resin). Vessel
was stirring to prevent precipitation of resin particles during 48 hours, after which solution was sampled
and analyzed.

This allowed to concentrate in current article on testing in dynamic conditions. Sorption recovery in
dynamic conditions were performed in plexiglass columns 30 cm’® capacity with height to diameter ratio
4.8:1.

Solution was passed through compacted layer from bottom to the top, whereby specific feed load
composed 10 sp.vol./sp.vol./hour. Using controlled load sorption filtrate were fractionally sampled and
analyzed.

Experiments. Purolite A170, Ambersep A920 (from uranium process circuit, after uranium elution
step), AM-p-2 and AMR resins were chosen for research.

During testing of rhenium byproduction it was necessary to determine basic applicability and
feasibility of rhenium sorption to the resin rom the following sources: 1) barren solution (filtrate) of
uranium sorption; 2) eluted resin from uranium circuit.

Tests of rhenium sorption in dynamic conditions were performed on resins A170, Am-p-2, AMR.
Experiments duration were limited by resource at the testing moment, for which reason full dynamic
exchange capacity was not obtained in some cases. The following capacities were obtained:

a) A170 0.25 kg/m’ after passing 4800 sp.vol.;

b) Am-p-2 approx. 0.001 kg/m’ after passing 1342 sp.vol.;

¢) AMR 0.001 kg/m’ after passing 1438 sp.vol.

Perspective ion exchange resin A170 was determined;

As alternative option of production arrangement, rhenium recovery method from eluted resin of
uranium process circuit was considered. This approach is applicable at rhenium low concentrations in
productive solution and allows to simplify process equipment arrangement [24]. Rhenium content in
sample from uranium ISL plant was 0.0055 kg/m’ or approx. 0.016 kg/t;

Rhenium elution tests from A170 and A920 (from uranium circuit) resins were performed.
Parameters were closed to optimal conditions and achieved recoveries were:

a) A170 94% after passing 10 sp.vol.;

b) A920 95.31% after passing 16 sp.vol.

Results of rhenium sorption recovery in dynamic conditions are presented on figure 1.

Figure 2 shows results of scandium sorption recovery in dynamic conditions.

Obtained resins loading capacity are limited by available resources for performing experiments and
analysis. Nevertheless it was determined that under passed amount of solution the following loading
capacities were achieved:

a) TP260 0.024 kg/m’after passing 700 sp.vol.;

b) D2EHPA 0.211 kg/m’ after passing 2382 sp.vol.

Results and discussion. Uranium ISL process solution samplings resulted in confirming presence of
accompanying valuable components, from which feasible grade were shown by scandium and REM and in
a less degree by rhenium. However deep understanding of byproduction potential requires analysis of
archival core material and performing of leaching column tests, thus modelling uranium ISL conditions.

Analysis results of sampled products of productive solutions are brought together in table and shown
on figures 3-5.

— 78 ——
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Analysis of productive solutions from current operating wells of one of uranium ISL mine

Ne Technological block Rhenium, mg/dm® Scandium, mg/dm’ Dysprosium, mg/dm’
1 Block A mean - 0.120 0.436
2 Block B mean - 0.096 0.441
3 Block C mean 0.009 0.110 0.585
4 Block D mean - 0.084 0.309
5 Block E mean 0.007 0.119 0.972
6 Block F mean - 0.090 0.665
7 Block G mean 0.004 0.121 0.515
8 Block H mean - 0.083 0.494
9 Block I mean 0.013 0.214 0.534
10 Block J mean 0.021 0.284 0.649
11 Block K mean 0.023 0.217 0.734

Average mean 0.018 0.209 0.673

Table data analysis demonstrated the following:

— rhenium contents are fluctuated within 0.005-0.089 mg/dm’;

— scandium contents in productive solutions of uranium technological blocks are fluctuated within the
range from 0.051 mg/dm’ up to 0.459 mg/dm’;

— dysprosium content range as indicator of REM group of elements in productive solutions are
presented within values from 0.231 mg/dm” to 1.564 mg/dm’.
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Conclusion. It should be noted that obtained results of valuable components contents are only
indirect proof of its occurrence and distribution on uranium-bearings blocks. Leaching solutions already
include some amount of valuable components and these elements are not extracted (partly or completely)
on uranium sorption stages and again recycled to leaching operation.
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Also the following needs to be pointed out - thenium content in solutions strongly depends on RedOx
potential and therefore on uranium blocks processing conditions (acidity, RedOx, impurities, etc.).

Funding. The research was carried out within the framework of the project AP05133140 "Deve-
lopment and testing of resource-saving technologies for extraction of valuable byproducts during the
processing of uranium ores with a comprehensive assessment of its profitability and investment attrac-
tiveness” due to scientific projects financing under the of the Scientific Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.
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H. M. loko6aeB, M. K. Kypunos,
. C. KymaobaeBa, H. C. UBanoB, A. 3. AOHIbMar;kaHoB

AK "II. B. Coxonbckuil aTbIHIAFbI XKaHapMal, KaTalau3 KoHe MIEKTPOXUMUS HHCTUTYTHI", Anmartsl, Kazakctan

JKEP ACThI YPAH YHFBIMAJIAPBIH IIAVIMAJIAY EPITIHAIIEPIHEH CUPEK )KEP
METAJIZAPBIH AJTY YIHIH COPBHUAJIBIK TEXHOJIOT'UAHBI JAMBITY

AHHOTanusi. Makana ep acTbl YHFBIMAJIBIK IlaliManay o[iCiMEH d3ipJICHIeH YpaH KeHJIEPIHEH CHUpPEK Kep
MeTaJap/bl any YIIiH COPOLMSIIBIK TEXHOJIOTHSHBI JAaMbITYFa apHajfaH. bip ypaH KeH OpHBIHBIH TYPJi TEXHO-
JIOTUSUIBIK OJIOKTapbhlHAH OHAIPICTIK epiTiHaiiepai ipikrey xyprizingi. Conpaii-ak, ®epacTbl HIaiimManay TeXHOJO-
THSICBIHBIH apaliblK OHIMAEPI € TaHAaIbl.

Penwuii, ckaHaui skoHE TUCTIPO3USHBIH JMHAMHUKAIBIK COPOIHSCHI OOMBIHIIA 3ePTXAHABIK )KYMBIC JKYPIi3iIIi.

Purolite A170, Ambersep 920, AM-n-2, AMP, Lewatit TP260, TBOKC JI20TI'®K, KVY-2-8, Lewatit 108H unon
aJIMaCTBIPFBIII IIAWBIPIIAPBIHIA COPOIUS JKOHE 3ePTXAHAIBIK 3ePTTEYJIIep KYPri3uii.

BaranaHaTblH KOMIIOHEHTTEP/IH Ma3MYHBI AlbIHFaH KYHJBUIBIKTAD OJIAPJIBIH IMaiifia OOJIyBIHBIH >XOHE ypaH
KCHINIHIH OJIOKTapBhIH TapaTyAblH XaHamMa aoieni Oomeim TaObmiamel. CilTici3meHAipy epiTiHauiepae Oaraibl
KOMITOHEHTTEP/IiH Oerim 6ip caHbl 6ap.

Vpanapl Kep acThl IaiiManay TEXHOJOTHSUIBIK OHIMIEPIH ChIHAKTaH OTKi3y HOTHXKECIHIC CKaHIMHA, CHpPEK
Ke3JIECEeTiH MeTaap KoHe a3 JOpEeKeTl PeHHH Ma3MyHBI OHEPKOCINTIK KbI3BIFYIIBUIBIK TYABIPATHIH KYHIBI Oaraibl
KOMIIOHCHTTEPIIH 0OJIybI OCITIICHII.

EpiTiHainepaeri peHuii Ma3MyHbI HETI3iHEH KOpIIaFraH OpPTaHbIH KaiiTa KajllblHA KENTIpY OJieyeTiHe, jKOHe
THICIHIIIE, YpaH OJOKTapbIHBIH Tay-KeH pexxuMIepine (KbIIIKbUIIBIK, PEJOKC MOTSHIHANbI, KOCTauap, Tarbl 0acka)
0aiiIaHBICTHI €KSHIIT] TOJIEIICH I,

Kunanran yariiepAiH XUMUSUIBIK Tajiaaybl Oi3re OaiiaHbICTBI MaTepHangapiAbl YHbIMIACTBIPY YIIIH IIHKi-
3aTThIH BIKTUMaJ KO3/I€PiH aHbIKTayFa MYMKIHJIK Oepi.

Tyiiin ce3mep: peHui, CKaHANH, TUCTIPO3UHA, CHPEK JKEp MeTanjap, JKepacThUIbIK IIaiiManay, ijecre KoMIIo-
HEHT, copO1ys, ypaH.

H. M. Illoxo6aes, M. 7K. Kypunos,
A. C. Kymabaesa, H. C. UBanoB, A. 3. AOMIbMATKaHOB

AO "UncTHTyT TOIUIHMBA, KaTaim3a u >ekTpoxumun uM. [1. B. Cokonsckoro", Anmatsl, Kasaxcran

PA3PABOTKA COPBIIMOHHOM TEXHOJIOT YW U3BJIEYEHU A
PEJKO3EMEJIBHBIX METAJIJIOB U3 PACTBOPOB
HOJ3EMHOI'O CKBA’KMHHOI'O BBILIEJTAYUNBAHUS YPAHA

AnHotanus. Hacrosmiast cTaTes mocBsIeHa pa3pa0OTKe COPOIMOHHOW TEXHOJOTHH H3BJICYCHHUS PEIKO3e-
MEIIbHBIX METAJIOB U3 YPAHOBBIX Y[, pa3padaThiBAEMbIX CIIOCOOOM MOA3EMHOI0 CKBXMHHOTO BBIIICIAYABAHHUS.
Ot60p npod MPOAYKTUBHBIX PACTBOPOB MPOBOIMIICS M3 Pa3HBIX TEXHOJIOTHYECKHX OJIOKOB OJHOTO YPAaHOBOTO MeEC-
TOPOXKCHHUS. BbUIM Takke OTOOPaHBI MPOMENKYTOUHBIE MPOIYKThI TEXHOJOIMU MOA3EMHOr0 CKBAKUHHOTO BBIIIIE-
naunBanwus ([ICB).

PeannzoBanbl 1ab0opaTopHbie pabOThI O AUHAMUYECKON COPOLMU PEHHMsI, CKAHUS U JIUCTIPO3HSL.

[IpoBeneHb! 1a00paTOPHBIC UCCIIEAOBAHUS COPOLIMK U SITIOUPOBAHUS LIEHHBIX KOMIIOHEHTOB Ha HOHOOOMEHHBIX
cmomnax Purolite A170, Ambersep 920, AM-n-2, AMP, Lewatit TP260, TBOKC JI20I'®K, KVY-2-8, Lewatit 108H.
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[MoryueHHbIe 3HAYCHUS COACPIKAHUI IEHHBIX KOMIIOHCHTOB SIBIITIOTCS JIUIIb KOCBEHHBIM CBUICTEIIHCTBOM 00
WX TIOSBJICHUW W PacIpelleICHNH YPaHOBOPYIHBIX OJOKaxX. BrlmenaumBarommue pacTBOPHI YXKe COAEpIKaT OIpee-
JICHHOE KOJMYECTBO IIEHHBIX KOMIIOHEHTOB.

B pesyneraTe ompoboBaHms TexHOojormdeckux mnpoxykroB IICB ypana ObLIO yCTaHOBIEHO NPHCYTCTBHE
MO THBIX [IEHHBIX KOMIIOHEHTOB, W3 HUX IPOMBIIUICHHBIN HHTEPEC MPENCTABISAIOT cofepxanns ckanaus, P3M u B
MEHBbIIIEH CTETIeHH pPEeHHUs.

breuto J0Ka3aHO, 4YTO COACpIKaHUA PEHUA B paCTBOpax BO MHOI'OM 3aBUCAT OT OKHCIMUTEIIBHO-BOCCTAHOBU-
TEJILHOTO TIOTEHIIMaJa CpPelibl U, COOTBETCTBEHHO, PEXKMMOB OTPAOOTKHM ypaHOBBIX OJIOKOB (kuciotHOcTh, OBII,
MIPUMECH).

BrINMoTHEHHBI XUMAYECKHNA aHAM3 OTOOPAHHBIX MPOO MO3BOJIMII ONPEACTUTh MOTCHIMAIBHBIC MCTOYHUKU
ChIPbS JUISl OpTaHU3aLUU MOy THOM.

KuaioueBble cjioBa: peHMil, CKaHIUH, AUCIPO3UM, PEAKO3EMENIbHbIE METAJUIbl, MOJ3€MHOE BBILLEIAYUBAHUE,
MOy THEIA KOMIIOHEHT, COPOIIHSI, ypaH.
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