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INVESTIGATIONOF CONCENTRATION METHOD
OF SCANDIUM-CONTAINING SOLUTIONS

Abstract. In current times, enterprises in Kazakhstan that extract uranium by in-situ leaching (ISL) method do
not simultaneously recover valuable components. Cardinal problems in this area are the issues of reserves estimation
and the availability of effective technology that allows for cost-effective operations. The peculiarities of processing
solutions of ISL uranium should also include extremely low contents of valuable components and a complex
chemical composition. To solve some of these problems, the authors are working on the development and
optimization of technological solutions.

This article presents studies results of further concentration and purification of scandium strippants of the first
operations of scandium sorption from uranium sorption filtrates of the ISL cycle. Concentration effect of sodium
carbonate on the kinetics and desorption efficiency of scandium from the resin was studied using the example of SE-
DEHPA resin under static conditions. Solution's pH influence on second stage operation of sorption on SE-DEHPA
resin under static conditions is recognized, and the possibility of subsequent carbonate desorption of scandium was
investigated.

As a result of the laboratory studies, a basic technological scheme of scandium associated extraction was
developed within the framework of the ISL uranium cycle and the main technological parameters and modes were
determined that formed the basis of the basic technical and economic assessment.
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Introduction.Scandium is a rare element and a very expensive metal due to the complex
metallurgical processes of its extraction, purification and reduction. General application of scandium oxide
is solid oxide fuel cells production. Scandium consumption in light sources production, in nuclear energy,
medicine, in the production of refractory materials, phosphors is promising. However, the active use of
scandium unique properties is currently constrained by the high cost of its production [1-3].

Due to its low content, scandium is typically recovered as a by-product in the processing of aluminum
and rare metal materials. Currently, hydrometallurgical processes, which are mainly associated with
leaching, liquid extraction and precipitation, are usually used to extract scandium. One of the major
scandium sources is uranium ores, during the processing of which using sulfuric or nitric acid scandium is
extracted together with uranium and transferred to leaching solutions. The next time uranium is cleaned,
the scandium is separated. When processing uranium-containing leaching solutions, extraction and
sorption methods are most often used to extract scandium [4-13].

Separation and purification of scandium is carried out using acidic, alkaline, neutral and chelating
extractants. A promising area of extraction chemistry is the use of binary extractants, characterized by
high separation and distribution coefficients, a high extraction rate, as well as ease of re-extraction and
reagent consumption reduction.Among extractants, the most selective with respect to scandium is di-2-
ethylhexylphosphoric acid (DEHPA) [14-22].
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The aim of this work is to develop a highly efficient, economically acceptable technology for
scandium associated extraction from uranium sorption filtrates.

Experimental procedure

Consumables.In our previous investigations, we determined the effectiveness of a binary extractant
prepared on the basis of di-(2-ethylhexyl) phosphoric acid (DEHPA) for scandium extraction from
uranium sorption filtrates and established the main approaches to desorption. This article discusses the
technological issues of further concentration and purification of scandium strippants of the first and
second sorption operations.

Table 1 presents the characteristics of DEHPA sorbent used in the work, which underwent
preliminary thorough conditioning.

Tablel — Characteristics of the used sorbent DEHPA

Tonite Functional group Matrix Granules size in the air-dry state,
mm

macroporous, cross-
SE- DEHPA C16H35PO, linked polystyrene 0.63+2.50

Scandium sorption in static conditions. Taking into account the extremely low concentrations of the
target components, it is advisable to use a large solution: sorbent phase ratio (L:S) for studies under static
conditions.Static sorption was made in a container with a volume of 5 dm’ using a mixing device with a
ratio of L:S 1000:1 (5 dm®:5 g).Experiment duration was 24 hours. Samples for analysis were taken at
certain time intervals without interrupting the experiment. The change in system volume as a result of
sampling did not exceed 5%.

The values of the static exchange capacity of the ion exchanger was calculated by the formula:

_Co G v
SEC =222, (1)

whereCpandC), — initial and equilibrium concentrations of the adsorbed component, mg/dm’ or mmol/dm’;
V — volume of solution, dm’; m — weight of resin, g.

Scandium sorption I from a model solution Research of the first stage of scandium sorption was
carried out on a model solution simulating real solutions composition of the “Irkol” mine.

The composition of model solution with a volume of 60 dm’ and a scandium concentration of 0.15
mg/dm’*:

- 4.602 mg of scandium oxide Sc,0; with a purity of 99.9%;

- an aqueous solution of sulfuric acid (60%) of "chemical pure" grade 94.6.

Scandium oxide dissolution was done in a hot sulfuric acid solution at a temperature of 80°C for 0.5
hours.

The process of scandium sorption on DEHPA resin in a static mode was conducted research on a
laboratory shaker LOIP LS110 at a rotation speed of 190 rpm at room temperature.

Scandiumsorptionllfromstrippant stage I. Kinetic studies of second stage process of sorption at
different pH were carried out in a model solution with a concentration of scandium of 15.81 mg / dm3
simulating stage [ strippant.Solution preparation included the dissolution of a selected sample of scandium
oxide (99.9%) weighing 0.0153g in 1 cm’ of concentrated sulfuric acid, followed by dilution of the
solution to 1 dm’. The resulting solution was divided into 5 equal portions of 200 cm’, which underwent a
pH adjustment to the desired value.Solution pH was adjusted to the acidic side with sulfuric acid and
alkaline - with sodium carbonate.At sodium carbonate concentration of 200 g/dm’, the pH was 10.73,
while the resin formed large pieces with a diameter of 0.5-1.0 cm, which subsequently stuck together into
ong large agglomerate.
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Studies were carried out at pH values of solutions 1,3,5,10,13.

The process of scandium secondary sorption from the strippant of stage I on resins in the static mode
was taken on a laboratory shaker LOIP LS110 at a rotation speed of 190 rpm at room temperature.

Scandium desorption from saturated DEHPA resin under static conditions. The processes of primary
and secondary desorption of scandium were carried out under static conditions using various
concentrations of Na,CO; sodium carbonate desorbing solution: 100, 150, 200 and 250 g/dm3.

In desorption study, the ratio L:S=50:1 (250 cm’:5 g) was used with a duration of 12 hours.The
change in system volume as a result of sampling also did not exceed 5%.

The element content in the resin was calculated based on the material balance taking into account
clement concentration in the initial solution.

The scandium content in liquid and solid samples was analyzed using plasma atomic emission
spectroscopy (Optima 8300 DV, PerkinElmer, LLC).

Resultsanddiscussion

As a result of scandium sorption I from model solutions on DEHPA resin, saturation was established
(table2).

Table2 — Results of scandium sorption under static
conditions from model solutions on DEHPA resin

Numberofresin'saliquot Initial Sc concentration, Final Sc concentration, Estimated Sc concentration on resin,
mg/dm’ mg/dm’ kg/m?
1 0.12 0.0015 0.118
2 0.12 0.0012 0.119
3 0.12 0.0015 0.118
4 0.12 0.00095 0.119

Scandium I was desorbed from saturated DEHPA resin using a sodium carbonate Na,CO; stripping
solution of various concentrations: 100, 150, 200 and 250 g/dm’ (table3, figure 1).
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Figure 1 — Scandium desorption I kinetic curves at various concentrations of Na,COs.
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Table3 — Researc findings of the kinetics of scandium desorption I at various concentrations of a desorbing agent

Initial Sc content in DEHPA resin, kg/m®
; 0.118 0.119 0.118 0.119
Duration - —— - 3
Scandium concentration in solution, mg/dm
100 g/dm*Na,CO; 150 g/dm*Na,CO, 200 g/dm*Na,CO; 250 g/dm*Na,CO;
1 hour 0.53 0.41 0.34 0.24
2 hours 0.68 0.60 047 0.32
4 hours 0.91 0.70 0.60 0.46
6 hours 0.87 0.77 0.63 0.51
12 hours 0.99 0.87 0.69 0.67
Extraction, % 33.56% 29.24% 23.39% 22.52%

It is seen from table 3, the obtained degree of scandium extraction determined in the static mode, is
low and is at the level of 30%, which is probably due to the significant affinity of scandium to the resin
and laboratory scale of the tests. The most optimal concentration of a stripping solution providing this
extraction degree is 100 g/dm’of Na,CO;.

During the second stage of scandium sorption from the strippant of stage I, pH influence of the
solution on the kinetic sorption properties of the DEHPA resin was determined. The composition and
preparing method of model solutions are described above. The results of testing the operation of scandium
sorption II are shown in table 4 and in figure 2.

Table 4 — The results of scandium sorption II kinetics studies with DEHPA resin at various pH solutions

; Scandium concentration in solution, mg/dm®
Duration
pH 1 pH 3 pHS pH 10 pH 13
1 hour 0.012 0.0012 0.66 7.94 942
D hours 0.020 0.0022 0.95 7.79 8.69
U hours 0.0072 0.0053 0.79 6.46 10.54
6 hours 0.0037 0.0014 0.56 7.01 10.15
12 hours <0.00003 <0.00003 0.054 8.01 10.03
D4 hours 0.00048 <0.00003 0.0011 7.76 10.05
[Extraction, % 100.00% 100.00% 99.99% 50.92% 36.43%
Sc content in resin,
kg/m* 0.474 0.474 0.468 0.400 0.377
D2EHPA
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Figure 2 — Kinetic curves of scandium sorption II with DEHPA resin at various pH of the solution
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As can be seen from table 4, when the pH of the solution is 5, there is a decrease in the sorption
properties of the DEHPA resin and with a further increase in the pH of the solution, the capacity of the
resin decreases significantly (up to 70% of the capacity in an acidic environment), which is due to the type
of ion-exchange groups.

Studies results confirm the feasibility of carrying out the first operation of solutions desorption using
100 g/dm’ Na,COs, since in the future, a minimum amount of deoxidizing agent will be required to bring
the pH of stage I strippants to 2-3. This solution will allow for efficient sorption extraction in the second
stage with the lowest operating cost.

DEHPA resin obtained as a result of scandium sorption II was desorbed in a static mode using 100
g/dm’ Na,CO;. The results of testing scandium desorption operation I are shown in table 5 and figure 3.

Table 5 - Results of kinetics studies of scandium desorption II at 100 g/dm® Na,CO4

Duration Scandium concentration in solution, mg/dm’
Resin from pH 1 Resin frompH 3 Resin frompH 5 Resin frompH 10 Resin frompH 13
The initial content
of Sc in the resin, 0.474 0.474 0.468 0.400 0.377
kg/m?

1 hour 0.65 1.20 2.03 0.18 0.11
D hours 1.24 1.47 1.85 0.25 0.11
4 hours 1.90 2.33 2.73 0.30 0.098
6 hours 2.50 2.54 241 0.35 0.076
12 hours 342 3.09 2.58 0.39 0.1
24 hours 4.99 3.39 3.80 0.42 0.13
[FExtraction, % 35.66% 25.93% 29.30% 3.89% 1.30%
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Figure 3 — Kinetic curves of scandium desorption II from DEHPA resin saturated at various pH

As in the case of desorption I, the obtained degree of scandium extraction, determined in static mode,
is at the level of 30%, which can be gave a reason by laboratory test scope.It is noteworthy that scandium
practically did not desorb from a resin saturated at an alkaline pH.

Derived strippants can be further processed by oxalic acid precipitation. The advantage of this method
is scandium precipitation, while calcium (the main impurity element) during oxalic acid deposition
remains in solution, which ultimately allows for a cleaner product.
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As a result of laboratory studies, a conceptual technological schema was developed for the associated
extraction of scandium from uranium sorption filtrates. The main technological parameters and modes,
which formed the basis of the base technical and economic assessment, were determined. Indicators given
in this assessment are preliminary and cannot be applied directly for project purposes. However, these
results will allow giving a sense of feasibility of continuing work in this area.

Considering that the initial and remaining reserves of scandium in the contaminated uranium ore are
unknown, at this stage we can assume that scandium equilibrium concentration in solution is 0.22 g/m’ It
makes sense to make an assumption about the feasibility of processing 250 m’/h of mother liquids for
uranium sorption, which is convenient both in hardware design and in terms of minimizing financial risks
at an acceptable level of profitability.

The scandium extraction technology is based on sorption I on an impregnated sorbent of the brand
SE-DEHPA, carbonate desorption I, neutralization and subsequent sorption II on SE (SE-solid extractant).
Desorption 11 is carried out by sodium carbonate and subsequently scandium oxalate is produced by oxalic
deposition in an acidic medium (figure 4).
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Figure4 — Process flow sheet of scandium extraction from uranium sorption filtrates
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The scandium-containing solution (uranium sorption filtrate) is passed through PSC-3m type pressure
sorption column filled with SE resin, before the scandium breaks through in the sorption filtrates with a
flow of 250 m’/h.

2 m’ of scandium-saturated resin is discharged from the column every 24 hours.Sc content in the
reloaded resin is 590 g/m’ Desorption is carried out using sodium carbonate solution with a concentration
of 100 g/dm’ by passing 8 specific volumes of the solution through 2 m® of resin in the corresponding
column.An extraction degree of 40% sorbed scandium to obtain 16 m’ of strippant with an average content
of 29.7 g/m’.

The resin is returned to the primary sorption operation. Strippant before subsequent sorption II is
deoxidized with sulfuric acid concentrated solution.The conditioned solution is collected in a collection
tank and then, with a flow of 0.25 m’/h, is sent to the sorption of stage II, also carried out on SE in the
corresponding column.640 specific volumes (16 m’) of the stage solution are passed through 0.025 m’ of
the processed resin for 64 hours, after which the scandium content in the resin reaches 18.6 kg/m’.

At the end of sorption, desorption is carried out in the same column by passing a desorbing solution of
100 g/dm’ Na,COs.Solution's 8 beats are flowed through 0.025 m’ of resin with the extraction of at least
50% of the adsorbed scandium.As a result, 0.2 m’ of solution is formed with an average concentration of
1.13 kg/m’ The resulting strippant is adjusted in pH to a value of 2+3 with a solution of ammonia and
oxalic acid dihydrate is added.Precipitated sediments are filtered on a nutsche-filter and calcined at a
temperature of 900°C to obtain draft quality scandium oxide.

Thus, the productivity of the section will be about 0.214 kg of scandium in 24 hours, or 71.47 kg of
scandium per year, which in terms of scandium oxide will be 109.35 kg.

The specified parameters are indicative and require confirmation during conducting semi-industrial
tests on real solutions.

Conclusion

Based on the analysis of the obtained experimental data, sorption and desorption processes optimal
operating parameters were determined with the simultaneous extraction of scandium from uranium
sorption filtrates, which formed the basis of the developed conceptual technological scheme for scandium
extraction.A preliminary technical and economic estimate of the process indicates the feasibility of further
research on the associated extraction of scandium from real uranium sorption filtrates.

Funding. The research was carried out within the framework of the project AP05133140
"Development 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
attractiveness” 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.C. Uranop, H.M. Illoxo0aer, I.E.Anenn0aen,A.3. AGmabmarkano, A.E, Hypraznna

AK "J1.B. CoroIbCKHHATHIHAAFRDKAHAPMAH, KATAIH3 YKOHE 3JICKTPOXUMIA HHCTHTYTHI", AJIMATBL
KazakcranPecmyOmukacsr

CKAHJUI BAP EPITIHALTEPAIH IIOFBIPJIAHABIPY OICIH 3EPTTEY

Annortamust. Kaszipri yakeirta Kazakcranmarsl ;KepacThUIBIK YHFBIMAIBIK MIAHMalay SAICIMCH YPaH 6HIIpEeTiH
kacinoperaap (K¥II) 6ip yakeirTa OaiyIaHBICTBI KOMIIOHEHTTEPAl INBFAPYAbI JKy3ere ackipMaiasl. Koprapas
Oaranay »OHC PECHTAOCIBIIK OPCKETTCP Il JKYPri3yre MyMKIHIIK OCPETiH THIMAI TEXHOJOTHA OYJ1 CalamaFsl HETIi3ri
Mocenenepi Ooxbim TabbImampl. Ypaeael JK¥II TeXHONTOTHSUIBIK EPITIHAUICPIHIH EpeKIICTIKTEpiHE Maiaab
KYPaMJACTBIH 6TC TOMCH MOJIIIEPI JKOHE KYPACH XHMISIBIK Kypambl Kipyl kepek. Ocbl MocenenepaiH KeHOipiH
HICITy VIIiH aBTOPIAP TEXHOJOTHSUIBIK MEIIIMACPAL 931piey KIHE OHTAMIAHABIPY OOMBIHINA )KYMBIC 5KAaCaIbl.

Bbyn makamama JK¥II mmKkmHIE ypaH COpPOLMSIIBIK (DHIBTPATTAPHIHAH CKAHAMH COPOLMSCHIHBIH AJFAIIKBI
OTICPAIIAIAPBIHBIH CKAHAMH JecopOaTTapbIH 9pi KapaH IMOFBIPIAHIBIPY JKOHE Ta3apTy 3EPTTICYJICPIHIH HOTIKEICPl
kexripiaren. CraTWKamelk SKaFgadinapaa HAaTtpuii KapOOHATHI KOHUCHTPALMSCHIHBIH KHHECTHKAFA JCEPl >KOHE
18
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IMAWBIPAAH CKAHAHHTIH AcCOpOUMACHHBH THiMALmri K3-J20T DK  maibIpbiHEIH MBICATBIH KOITAHA OTBIPHIT
seprrenni.  CopOUmMSHBIH CKIHINI CATHICHIHBIH >KYMBICBIHA CTATHKANBIK Xarganga KO-/200'®K maitsipeiga
epitinginiH pH ocep €Tyl KapacTHIPHUTABI KOHC NC CKAHAWIIIH KCHIHTI KapOOHATTHI ACCOPOIHUACHT MYMKIHIITI
3ePTTEIaL

3eprxaHanblk 3eprreyiaepain Hotwkecinae JKYII ypan muKITiHIH afCBIHAA CKAHTUHIIH 1ICCTIC OHAIPICiHIH
HCTI3TI TCXHOJOTHSIBIK CHI30AChl JKACAJIABl JKOHC HCTI3TI TEXHHKAJBIK-)KOHOMHKAJBIK OaFamayabslH HCTi31iH
KYpaHTBIH 0aCThI TCXHOIOTHSLIBIK MAPAMETPIIC) MCH PCIKIUMICD AHBIKTAJIBL.

Tyiiin ce3aep: ckanaui, COPOLHA, ICCOPOLIS, SKCTPAKIHS, Ay IOPSIKEC], aIMaCy CHIMBIMIBLIBIFEL, CY3iHIL
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H.C. Upanoe, H.M. lloko0aes, U.E. Aneanbaes, A.3. Aounsmar:kano, A.E. Hypraznna
AO "HuCcTHTYT TOIDHBA, KaTanu3a u anekrpoxumun uM. J[.B. Cokoxbckoro”, Amvarsl, Kazaxcran
HCCJEJTOBAHUE CIOCOBA KOHIIEHTPHPOBAHUA CKAHAAVCOJAEPXKAIIIUX PACTBOPOB

Annoramus. B Hacrosmee Bpemsa mpeanpuatua B Kasaxcrawe, moOBIBAIOINHE YPaH METOAOM MOA3CMHOTO
ckBXHHHOTO BbimenaunsaHust (IICB), He OCYINECTBISIFOT NONMYTHOEC W3BICUCHUEC LEHHBIX KOMIIOHCHTOB.
OCHOBHBIMH MPOOJIEMAMH JAHHOTO HAMPABJICHHUS SABJLIIOTCS BOIPOCH MOJACUETA 3aMACOB M HAmmIue 3P(CKTHBHOM
TEXHOJIOTHH, TO3BOJLTIONICH BECTH PEHTAOCIBHYIO JCiITeIbHOCTh. K ocobeHHOCTIM mepepadboTku pacteopos I[1CB
ypaHa CICAyET TakKe OTHECTH KpalHE HH3KHE COACPYKAHHSA LICHHBIX KOMIIOHCHTOB M CIIOKHBIH XHMHYCCKHH COCTAB.
Jas pemmeHms HEKOTOPBIX W3 3THX MNPOOJEM aBTOpaMH BeAyTCad padoThl MO pa3paboTKE M ONTHMH3ALNH
TEXHOJIOTHYCCKUX PEIICHUH.

B pmaHHOH CcTaThe MPEACTABICHBI PE3YJIbTAThl UCCICAOBAHHM JANBHCHINET0 KOHLCHTPHUPOBAHUS M OYHCTKH
CKAaHAMCBBIX IECOPOaTOB MEPBOM omeparmid copOmmu CkaHmusd w3 (DibTpatoB copOmmu ypana numkima [1CB. B
CTAaTHYICCKUX YCIOBHAX HA mpumepe cMoiabsl TBOKC-20T OK m3yucHO BIUAHHC KOHICHTPAIWUH KapOOHATA HATPHSI
HA KHHCTHKY M 3()()CKTUBHOCTH ACCOPOLMH CKAHIUA W3 CMONBL. PaccMoTpeHo BimsHME pH pacTBOpa Ha ONCPAIIHIO
Broporo stama copOummu Ha cMmone TBOKC-/R2OT®PK B cTaTHUCCKUX YCIOBHAX H HCCICAOBAHA BO3MOKHOCTH
TMOCTICAYFOIICH KapOOHATHOM ACCOPOIIMH CKAHTHA.

B pesyaprate TpPOBEACHHBIX  TAOOPATOPHBIX HCCICAOBaHWIT Obima pa3paboTaHa MPHHIUIHAIBHAS
TEXHOJIOTHYECKAs CXEMa MOy THOTO W3BICUCHHS CKaHAWA B pamkax mukiaa [ICB ypana m ompeneicHbl OCHOBHBIC
TEXHOJIOTHICCKHC TTAPAMCTPHI H PESIKHUMBI, KOTOPBIC JICTIH B OCHOBY 0a30BOH TCXHHUKO-YKOHOMHYCCKOH OI[CHKH.

KmoueBnie cioBa: CKaHmui, copOmma, ACCOPOLMA, IKCTPAKIHA, CTCICHb H3BICUCHHSA, OOMCHHAS CMKOCTB,

(umbTpar.
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