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Abstract. Constantly increasing demand for rare-earth elements contributes to the involvement in the production of ore
processing waste, the content of not extracted REE in which is quite large. One of the types of such waste is man-made
mineral formations from the processing of phosphate uranium ores, which serve as raw materials for the production of REE
concentrate at SARECO LLP.

The technology for producing a concentrate includes the following redistribution: opening of raw materials cleaning of
productive solutions from impurities; obtaining a concentrate on rare earth elements. One of the main disadvantages of this
technology is the coprecipitation of almost 30% REE with ferrous cake when cleaning the most productive solution from
impurities. To extract the rare earth elements ferrous cake is leached with sulphuric acid. The article studies the process of
sorption from both model solutions that are similar in composition to the productive leaching of ferrous cake and directly from
the productive ones, with the aim of further combining the resulting eluates with solutions supplied to precipitate REE..
Considerable attention has been paid to disrupt by ammonium salts.
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KYKIPT KbIIIKBULJABI EPITIHAIVIEPAEH, CHUPEK KE3JAECETIH 3SJEMEHTTEPAI COPBLHUAMEH
KOHIEHTPJIEY

Tyiiingeme.Cupex Ke3JeCeTiH AIEMEHTTEP CYPaHBICHIHBIH KYHHECH-KYHTE OCyl, KEeH KaJJIBIKTapblH KaiTa eHJey eHJipiciHe
MYMKIiHIIK Oepeni, nemek Geninberen CKD ynecrepi aHarypiibiM sxorapbl. OcbiHIAl KanablKTap sy OipiHe, GochatTel ypan
KEHJICPIH KalTa eHJereH e naiaa 0onaTelH TeXHOTeHII MUHEpababl Ty3itiMaep (TMT), sFHu  OacTankpl IIKKI3aT peTiHae
«SARECO» TOO —b1 CKD KOHLIEHTpATBIH a1y )KaTabl.

KoHieHTpaT aiyaplH TEXHOIOTUACHI, Keecifiel: 0acTanKel IUKI3aTTh ally; 6HIM/II epiTiIHAUIepl KipMeIep/ieH Ta3aay;,
CHUPEKKE3JIECETIH  AJIEMEHTTEP/iH  KOHIICHTPAIMACHIH  any OeniMIepiHeH Typaabl.bysl  TEXHONOrWSIHBIH — Heri3ri
KeMIIUTiKTepiHiy 0ipi, KipMenepaeH eHiMAI epiTiHAiHI Ta3apTKaH Ke3zxe TeMipii kekmen Oipre 30 % Oipre merineni. Cupek
KE3JIECeTiH 3JIEMEHTTEp I KalTanaH Oerin aiFaH jKaraaiiia, TeMipii KeKTI KYKIPT KbIIIKbUIBIMEH IlaiManaiiasl. Makanana,
CKD KOHIIEHTpAThIH TYHIBIPYFa KOHENTETIH, 9pi apblKapai epiTiHaiMeH Oipre 3mroarTap/pl aly MakcaThIHIA, TeMIpii KeKTi
aiMararaHarel OHIMHIH KypaMblHa JKaKbIH MOJIENIb1 epITiHIIMEH JKOHE TiKeJIel eHIMHIH COpOLMSIIBIK YPici 3epTTEIiHIi.
JecopOuusiia, aMMOHHMH Ty31apbliHa aca KOHI OeiHiIl.

Tyiiinai ce3mep: CHUPEKKE3IECETiH AJIEMEHTTEp, TexHoreHnl muHepannpl Tty3imiMaep (TMT), Temipmi kek, copOuwus,
JecopoLus.
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KOHIEHTPUPOBAHUE PEJKO3EMEJIBHBIX DJJEMEHTOB COPBIMEW W3 CEPHOKHMCJIBIX
PACTBOPOB

AnHoTanus. ITOoCTOSHHO YBENMMUMBAIOUIMHCA CIOPOC HA PEAKO3EMENbHBIE JJIEMEHTHl CHOCOOCTBYET BOBJICUCHHIO B
MIPOM3BOJICTBO OTXOJ/IOB MEPEPadOTKU Py, COJAEpKAHUE HE M3BICYCHHBIX P3D B KOTOPBIX JOCTATOYHO Beiauko. OIHUM U3
BHJIOB TaKWX OTXOIOB SIBISIIOTCS TEXHOT'CHHBIE MUHEpANbHBbIE 00pa3oBaHMs OT mepepaboTku (ocdaTHBIX YpaHOBBIX DY,
KOTOPBIE CITY’KAT UCXOJIHBIM ChIpbeM JUis TiomyueHus kKoHieHTpata P33 na TOO «SARECO».

TexHoNOrMsT  TONY4YEHWs]  KOHIIEHTpaTa  BKIIOYAeT  CIEAYIONIME  TIepPeHeibl:  BCKPHITHE  HCXOIAHOTO  CHIPBS;
OYHCTKANPOAYKTUBHBIX PAacTBOPOB OT TIpHMeceHd; MONydeHHEe KOHIIEHTpaTa PEeIKO3eMETbHBIX dJeMeHTOoB. OIHUM U3
OCHOBHBIX HEJOCTATKOB JIAHHOW TEXHOJOTMH fABJseTcs coocakaeHuenodtd 30% P3D c xene3sucTsiM KEKOM IPH OYHCTKE
MIPOAYKTHBHOTO pacTBOpa OT mpuMecei. [I1sl TOM3BIICUSHHUS PEIKO3EMEbHBIX AJIEMEHTOB KEIe3UCTHIKEK BHIIENAUUBAIOT

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://creativecommons.org/licenses/by-nc-nd/3.0/

P Crossref
ISSN 2616-6445 (Online), ISSN 2224-5243 (Print)

Kompleksnoelspol’zovanieMineral’nogoSyr’a. No3.2019 (5-9)

HEJIOCTAaTKOB JAHHOM TEXHOJOTMM SBIISIETCS COOCAXJIECHHUEIIOUTH 30% P39 ¢ xeme3ucTelM KEKOM Inpru  O4YUCTKE
NIPOAYKTUBHOI'O paCcTBOpa OT HpI/IMQCGﬁ. ﬂﬂﬂ JAOU3BJICYCHU PEAKO3CMEIIbHBIX 2JICMCHTOB JKEJIE3UCTHIMKEK BBIIIETAUUBAIOT

CepHOfI Kucioron. B craTee H3YUCH IIPOLCCC COp6III/II/I KaK U3 MOJCJIbHBIX PACTBOPOB, OJIM3KHUX 110 COCTaBy NPOAYKTUBHBIM OT
BBIIICTIAYMBAHUA JKCJIC3UCTOIO0 KCKATaK MW HCIIOCPEACTBCHHO U3 IMPOAYKTHUBHBLIX, C IICIbIO JNabHEHIIero O6’beZ[I/IHeHI/I$[
NOJy4aCeMBbIX 2JIFOATOB C paCTBOpaMH, MOCTYyHNAIOIIUMHU Ha OCAXXACHHUC KOHIICHTpATa P30. VeneHo 3HaUMTENbHOE BHUMaHUE

JIecopOLnH COJIIMU aMMOHUSI.

KaroueBnle ci0Ba: penko3eMeNbHBIC 3JIEMEHTHI, TEXHOTEHHBIC MHHepaibHble oOpazoBaHus (TMO), kene3ucCTHIIKeK,

copOrs, necoporws.

Introduction. In connection with the recently
increased demand for rare-earth elements, one of the
urgent problems is the expansion of the list of raw
materials that can be used as feedstock. The
question of the use of waste production of rare and
rare earth elements containing fairly high
concentrations of unrefined REEs is being
considered. One type of such waste is man-made
mineral formations (TMF) from the processing of
phosphate uranium ores, the content of which is the
amount of REE is 5.0%.

Currently, REE concentrate is obtained from
this raw material at SARECO LLP [1]. In the
process of cleaning productive solutions obtained by
leaching the raw material, ferrous cake is formed,
with which a significant amount (up to 30%) of
rare-earth elements co-precipitates. Ferrous cake is
leached twice with sulphuric acid to further extract
REE. The consequence of combining the obtained
solutions with the productive one after purification
from impurities is an increase in the cost of oxalic
acid for precipitating REE concentrate. When
combining these solutions with the original
producers - the material flows entering the filtering
increase, which complicates the already problematic
filtering unit. In this regard, we have studied the
method of pre-concentration of rare-earth elements
by sorption from solutions of leaching of ferrous
cake.

Research methodology.The model solutions
with La concentration - 0.75 g/dm?® (solution No. 1),
model with concentration, mg/dm*® were used as
initial solutions: La - 98.2; Y - 89.6; Dy —58.0; Fe**
- 101.4 (solution No. 2) And leaching yielding
ferrous cake of the following composition, mg/dm?:
La - 98.2; Ce - 103.1; Dy -58.0; Er - 27.2; Eu —
3.9; Gd - 65.4; Ho - 13.1; Lu, 5.1; Nd, 132.1; PR —
41.3; Sm - 34.6; Tb - 9.9; Tm -4.7; Y - 89.6; YDb -
26.6; Y REE - 712.8; Fe*" - 4.01 g/dm®. When the
ferric iron is reduced to the divalent state, according to
the method [2], its concentration in the productive
solution decreases and amounts to Fe** - 101.4 mg/dm®,

Sorption of lanthanum from model solutions was
carried out in a static mode with the ratio S: L = 1: 500for
8 hours, and productive in dynamic conditions in a
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25 cm?® column at a speed of 50 cm®/ hour. In the
course of the research, Sorbents KU-2-8n, C-100
“Purolite”, Lewatit S1567, MTC-1600 “Purolite”
were used.Rare-earth elements from the resin phase
were eluted with ammonium sulphate and
ammonium nitrate solutions in a static mode at an S:
L ratio = 1: 50.

Methods of analysis.The quantitative content of
rare-earth elements was determined on an atomic
emission spectrometer with an inductively coupled
plasma Optima 8300DV.

The results of researches.At the first stage,
experiments were carried out on the sorption
extraction of lanthanum (solution No. 1) From the
model solution in order to select an ion exchange for
subsequent studies.The results are shown in Figure
1, from which it can be seen that REE is more
actively used from ion exchangers used, for
example, lanthanum, absorbs KU-2-
8nsulfocationexchange. In  subsequent studies,
sulfonic cation exchange KU-2-8n was used for the
sorption of REE.
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Figure 1-Lanthanum sorption from model solutions

From literary sources and our own experience it
is known that ferric ions are the most negatively
affected by the process of sorption of rare earth
elements. Earlier, we studied the behaviour of iron
and its influence on the sorption of REE in binary
systems Ln** - Fe** [3] with the same concentration
of components. Considering that ferric iron is the
main impurity in productive solutions from leaching
of ferrous cake, we investigated its effect on the



REE sorption from the model solution (solution No.
2), in which the concentration of rare-earth elements
correlates with the concentration in the productive
ones. The content of ferric iron, as indicated above,
in the model solution is equal to its residual
concentration in the productive solution after
reduction to the bivalent state. The rare-earth
elements in the model solution are represented by
lanthanum, dysprosium and yttrium. Lanthanum and
dysprosium were selected as typical representatives
of the subgroups of light and heavy REE, and
yttrium, as a specific representative of rare-earth
metals, having no f-orbits.Sorption was carried out
in static conditions, according to the method
indicated above. Kinetic sorption curves are
presented in Figure 2.
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Figure 2- Sorption of rare-earth elements and iron from
model solutions

As follows from the figure, the degree of
sorption of rare earth elements gradually increases
with time and decreases in the series Y — La — Dy.
This dependence is associated with the magnitude of
the ionic radius of rare-earth elements and their
concentration. Iron during the first hour of the
process is actively sorbed by the cationite, during
the next two hours the speed of the process
decreases sharply and remains almost constant.
Thus, during the sorption of rare-earth elements in
the presence of iron, the latter is actively sorbed at
the beginning of the process, then the rate of
sorption of rare-earth elements, which displace iron,
increases.

The process of ion exchange is
characteristic not only for sorption, but also
desorption. In the literature, there is information
about the desorption of rare earth elements by acids,
salts, compounds, forming complexes with REE [4-
7]. Previously, we studied the desorption process
with sulphuric acid; it was shown that elution of
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rare-earth elements proceeds quite effectively with
sulphuric acid with a concentration of 200 g/dm?®.
However, ammonium salts are of particular interest
as eluates. In the literature, this issue gives
considerable attention. For example, there is an
ambiguous opinion regarding the use of ammonium
sulphate. Inliterature [8], data on the study of the
possibility of using (NH.) 2SO4 for desorption of
lanthanides are given. It has been established that
extraction of REE from the phase of cation
exchanger KU-2-8n with a solution containing 30
wt. % (NH.) 2SO, under dynamic conditions, is
very effective. The degree of desorption of the sum
of REEs in the described experiments reaches
87.1%. Other authors [9] indicate the difficulty of
elution of REE with ammonium sulphate. The
difficulties are due to the characteristic feature of
the sulphates of rare-earth elements to form
metastable supersaturated solutions. Equilibrium in
such systems can occur for a long time and is
described by the following equation:

2Ln**+3S04”Lnz (SO4) 5>Ln (SO4) 2 +LNSO4*

The concentration shift of other ions in the
solution certainly affects the equilibrium shift. For
example, the presence of NH." ions lowers the
solubility of the resulting REE sulphates. In the
resulting eluates, the source authors ofreferences|9,
12] observed the formation of precipitates of the
composition Lnz (SOs) 3 ¢ 8H:O. At a high
concentration of eluent, crystallization began
already in the layer of cationexchange, which made
the desorption process difficult.
At this stage, we investigated the possibility of
desorption of rare-earth elements by ammonium
salts - sulphate and nitrate.To study the desorption
process, the KU-2-8N ion exchange was pre-
saturated with lanthanum from model solution No.
1. The content of lanthanum in the resin was 0.0027
Mol/g.

Further, a series of experiments on the
desorption of lanthanum with ammonium sulphate
solutions of different concentrations (g/dm?: 100,
200, 250, 300, 400) was carried out. Elution was
carried out in a static mode, with a ratio of S: L =
1:50, room temperature and contact time of 120
minutes.

The obtained solutions after desorption were
very unstable. The formation of fine crystalline
precipitation was  observed.An  unequivocal
conclusion was made about the unacceptability of
using ammonium sulphate as eluent of rare-earth
elements. Ammonium nitrate desorption was studied
under conditions similar to ammonium sulphate.

7
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Figure 3 shows the dependence of the degree of
elution of lanthanum on the concentration of
ammonium nitrate.
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Figure 3 - Dependence of changes in the degree of elution
of lanthanum on the concentration of ammonium nitrate

From the figure it follows that the value of the
degree of elution of lanthanum increases sharply
with an eluent concentration of 300 g/dm® and then
varies slightly, desorption with ammonium nitrate is
advisable to keep the solution with a concentration
of 300 g/dm?.Further, in the course of research, the
dependence of the degree of elution of REE, using
lanthanum, as an example, from the cationexchange
KU-2-8-n solution of ammonium nitrate with a
concentration of 300 g/dm® on the phase contact
time was studied. The results are presented in Figure 4.

o 20 40 60 80 100 120

Contact time, min

Figure 4 — Change in the degree of elution of lanthanum
from the phase of cation exchanger KU-2-8-n in time

Thus, from the conducted studies and the
obtained results, it follows that the REE sulfonic
cationexchange KU-2-8n absorbs most effectively
from the tested ion exchangers. It is advisable to
conduct the elution from the sulfocationite phase
with a solution of ammonium nitrate with a
concentration of 300 g/dm?. The sorption rate of
individual REEs depends on both their ionic radius
and concentration.

8

Conclusion. In order to determine the
prospects of sorption concentration of rare-earth
elements from solutions from leaching of
ferrous cake, in the first stage, the ion exchange
was chosen for REE sorption. The study of the
sorption of lanthanum ionites KU-2-8n, C-100

"Purolite”,  LewatitS 1567, MTC-1600
"Purolite”  found that the lanthanum
suffocationexchange KU-2-8n was more

efficiently absorbed among the studied. The
study of sorption from a model solution, in
which the content of individual REE and iron
correlates with the productive one, showed a
decrease in the degree of sorption in the series
Y-La-Dy, which is associated with the ionic
radius of rare-earth elements and their
concentration. The iron present in the solution
is actively sorbed at the beginning of the
process (it can give figures from and to), then
the rate of sorption of REE, which displace
iron, increases.

2018 — 2020 Financing of the scientific researches is
upon program "Development and implementation of
innovative technologies that enhance the extraction of
non-ferrous, noble, rare, rare-earth metals and solving
industrial problems of industrial enterprises of the
Republic of Kazakhstan"; the topic is "Improving the way
of TMF development and the rare-earth elements
concentration".
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