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Molybdenum is one of the most important uranium-related metals. In the ores of many
deposits, the molybdenum content is comparable to the uranium content. The processing of
complex uranium-molybdenum ores is based on the methods of acid and soda autoclave leaching,
in which uranium and molybdenum pass into solution. At the present time, the associated
extraction of molybdenum by the sorption method has been developed and introduced. In this
case, the capacity of ion exchangers with respect to uranium and molybdenum substantially
depends on the salt composition of the medium.

The aim of this work is to study the sorption of molybdenum from a carbonate leach solution
on BD-301G-I anion exchange resin in the presence of the most common anionic impurities in
industrial solutions. Studies of the sorption capacity of anion exchange resin with respect to
molybdenum were carried out under static conditions with stirring of the solution with the
sorbent during eight hours. Sorption of molybdenum was carried out from carbonate solutions
with the corresponding given concentrations of impurity components. According to the results
of studies, it was found that, according to the strength of the depressing effect, the considered
anions arranged in the following row: 5,0,> > NO, > CI"> SO > > HCO, >CO,>>PO,*.

The results of this study can be used to further study the sorption of molybdenum from real
industrial solutions of carbonate leaching.
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MonunbaeH ypaHHbIH eH MaHbI3abl inecne meTangapabiH, 6ipi 6onbin Tabbinaabl. KentereH
KEH OpPbIHAAPbIHbIH, PyAanapbiHAa MOAMBAEH Menwepi ypaH KypambiMeH CanbiCTbipblaagbl.
YpaH-MonnbaeHHIH Kypaeni KeHAepiH eHAey ypaH MeH MoaubAeHHiH epiTiHaire eTeTiH
KbILKbINADBIK }KaHE CoAa aBTOKNABTbI CinTiney agiciHe HerisgenreH. Kasipri yakbiTta monnbaeHai
copbumanbIK aaicneH inecne any asipsaeHin, eHrisingi. byn kafganaa MOH aIMacTbIPFbILITAPAbIH,
ypaH MeH MonbAeHre KaTbICTbl CblbIMAbINbIFbI OPTaHbIH, TY3 KypamMbiHa 6aiiaHbiCTbl 601aabl.

Byn KYMbICTbIH MaKcaTbl €H, Ken TapanfaH aHWOHAbIK KocrmanapgblH KaTbiCybiIMeH
BD-301G-I KywTi Heri3geri aHMOHUTTE KapboHaTTLI CiNTici3aeHAipy epiTiHgiciHeH mMoAnBAEHHIH,
copbumacbiH 3epTTey  6onbin Tabblnagbl. AHMOHUTTIH MONMBAEHTE KaTbICTbl COPOLUANBIK
CbIVibIMAbINbIFbIH 3€PTTEY Ceri3 cafaTt apasblfblHAA COpPOBEHTNEH epiTiHAHI apanacTbipy KesiHae
CTaTUKaNbIK Kafgannapaa kyprisingi. MonnbaeH copbumacbl KapboHaTTbl epiTiHAiNepaeH
KOCManbl KOMMOHEHTTEPAiH TUICTi bepinreH KOHULEHTPaLMANAPbIMEH XKY3ere acbipblagbl. 3epTTey
HaTUKenepi 6oMbIHILA, AENPECcCUANbIK dCepAiH, KywWwiHe CaliKec KapacTblpblAFaH aHWOHAAPAbI
Kesieci opHanay KaTapbl aHblKTanapl: S,0,> > NO, > CI'>S0,>> HCO,” > CO,*>PO,*.

Ocbl  3epTTeyaiH HaTMKenepiH KapboHATTbl CIATINEHAIPYAIH  HaAKTbl  ©HAIPICTIK
epiTiHAiNepiHeH MoNnBAEeHHIH copbLuMACbIH 0AaH api 3epTTey yWiH KongaHyFa 6onaabl.

TyiiHgi cespep: monnbaeH; KapboHaTTbI epiTiHAI; copbLmMs; COPOUMANDIK CbIMbIMAbBINLIK;
aHMOHABI Kocnanap.
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MonnbaeH aBnaeTca oAHUM M3 Haubosee BaXKHbIX COMYTCTBYIOWMX ypaHy meTannos. B
pyAax MHOTUX MeCTOPOXKAEHWUI cofepaHue MonubaeHa CPaBHUMO C COAEPNKaHWEM ypaHa.
B ocHoBe nepepaboTKM KOMMAEKCHbIX YPaH-MOANBAEHOBbLIX PyA NexaT MeToAbl KMCAOTHOro
MU COA0BOTO aBTOK/ABHOMO BbILWLENAYMBAHUA, MPU KOTOPOM ypaH U MONUBAEH NepexolsT B
pacTBop. B HacToswee Bpems pa3paboTaHO M BHeAPEHO MOMyTHOE M3B/AevYeHUe monnbaeHa
COpPBUMOHHBIM MeToAOoM. MpU 3TOM eMKOCTb MOHUTOB MO OTHOLWEHUIO K ypaHy U moanbaeHy
CYLLeCTBEHHO 3aBMCUT OT CONEBOTO COCTaBa cpesbl.

Lenbto HacToswel paboTbl ABnseTca usyyeHue copbumm monnbaeHa us KapboHaTHoro
pacTBopa BbllenauynsBaHusa Ha aHmoHuTe BD-301G-1 B npucyTcTBUM Hanbonee pacnpocTpaHeHHbIX
B NPOMbILWNEHHbIX PAacTBOPax aHWOHHbIX Npumeceit. UccnepnoBaHna copbLMOHHON eMKOCTH
aHMOHWUTA MO OTHOLIEHUIO KMONNBAEHY NTPOBEAEHbI BCTaTUYECKUXYCOBUAX NPUNEPEMELIMBAHUN
pactBopa ¢ copbeHTom B TeuyeHue Bocbmu 4. Copbuma monubaeHa ocyuiecTBasnach w3
KapbOHATHbIX PAacTBOPOB C COOTBETCTBYIOLWMMM 33[aHHBIMU KOHLEHTPALMAMU NPUMECHBIX
KOMMOHEeHTOB. o pe3y/nbTaTam UCCNeA0BaHUIN YCTAHOBAEHO, YTO MO CU/e AenpeccupyioLero
AeNCTBNA PacCMOTPEHHble aHMOHbI Pacno/oraoTcA B creayowmii paa: $,0,> > NO, > Cl >S50, > >
HCO,” >CO,*>PO,*.

PesynbTaTbl AAHHOTO MCCNeAOBaHUA MOTYT ObiTb WMCMO/Mb30BaHbl NpU AanbHelllem
nsyyeHun copbuumn monubaeHa U3 peanbHbIX MPOMbILIEHHbIX PAcTBOPOB KapboHATHOro
BbllLEeIaYNBaHMA.

KnioueBble cnoBa: monnbaeH; KapboHaTHbIN pacTBop; copbumn; copbUMOHHAA eMKOCTb;
aHWOHHbIE MPUMECH.
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1. Introduction

The Republic of Kazakhstan is one of the world leaders in
uranium mining, and and more than 10% of its world reserves
located in its territory. In the process of uraniumore leaching,
molybdenum, rhenium, scandium, vanadium, selenium, rare-
earth elements and other elements also pass into the
solution [1]. Nowadays, not enough attention is paid to the
extraction of useful associated components. Improving the
complexity of the use of raw materials remains an important
problem in the uranium industry [2].

Great interest is given to the complex processing of
molybdenum-containing uranium ores [4, 5]. The solution to
this problem is largely determined by the development of
hydrometallurgical processes of joint leaching and extraction of
both components from the solutions.

Production of uranium from ores with a low content is
carried out by the hydrometallurgical method using sulfuric
acid or carbonate-bicarbonate solutions. Uranium is extracted
from productive solutions mainly by the sorption method using
various synthetic ion-exchange resins [6-8]. The main methods
which are used to isolate molybdenum solutions also include
ion exchange, solvent extraction, membrane separation and
precipitation [9-12]. The fast kinetics of metabolism and the
effective desorption of soda-chloride solutions make the
sorption method of extracting molybdenum from carbonate
media very attractive.

It is known that carbonate leaching is characterized by a
fairly high selectivity relatively to the main components, but,
nevertheless, in solutions obtained by extracting uranium and
molybdenum from ore, the total salt content often reaches
50 g/I. The most common anionic impurities include carbonate
and bicarbonate ions, sulfates, products of incomplete oxidation
of sulfides — thiosulfates and polythionates, phosphates,

arsenates, organic substances, etc. [13,14]. In industrial
solutions, nitrate and chlorine ions also may be present, which
are introduced into the process during the regeneration of the
sorbent and as a result of the circulation of process water.

The high content of impurity anions in the solution leads
to a decrease in the sorption capacity of ion exchangers for
valuable components and an increase in the required number
of sorption stages. From the foregoing, it follows that studying
the effect of the content of various anions on the process of
sorption extraction of molybdenum from leaching solutions is

an urgent problem.

2. Experiment

In the present work, we studied the sorption of
molybdenum from model leaching solutions with different
contents carbonate and bicarbonate ions and other anions,
which were considered as impurities. To prepare model
solutions containing various anions, the corresponding sodium
salts and ammonium molybdate were used. The concentrations
of the main components and impurities were chosen taking into
account their possible ratio in industrial solutions.

The promising macroporous anion exchange resin BD-
301G-I (made in China) was taken as a sorbent. The anion
exchange resin was converted into the chlorine-ion form by
treating it with a 2 N sodium chloride solution, which is acidified
to pH 1.5 with hydrochloric acid, after which the sorbent was
washed with distilled water to a neutral medium and dried in air.

The study of sorption of molybdenum was carried out
under static conditions with stirring of the solution. The duration
of contact of the sorbent with the solution in all experiments
was eight hours, which ensured the achievement of almost
complete sorption equilibrium. The ratio of the sorbent sample
in grams to the volume of solution in milliliters was 1:1000.
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At the end of the process, the sorbent was separated from
the solution by filtration through a filter paper. Sorbent and
filtrate (solution) were analyzed for the content of molybdenum
by induction-coupled plasma with mass separation (ICP MS).

The sorption capacity of ion exchanger A (mg/g) was
calculated by the formula:

A=(C,-C

ini

equi\).v/m’

where, Cot — initial concentration of molybdenum in
solution, mg/I; Cequ“—equilibrium concentration of molybdenum
in solution, mg/l; V — volume of test solution, [;
sorbent, g.

M — mass of

3. Results and Discussion

One of the most important factors determining the most
favorable conditions for the sorption extraction of molybdenum
from alkaline solutions is the concentration of carbonate and
bicarbonate ions. The sorption capacity of BD-301G-| anion
exchange resin was studied according to molybdenum
depending on the concentration of these ions in solution.
Sorption was carried out from solutions with a molybdenum
content of 0,4 g/l, carbonate and bicarbonate ions from 1
to 50 g/I.

The experimental data (Tables 1 and 2) show that the
studied dependence is complex, especially for sorption from
bicarbonate media.

The presence of a carbonate ion, even in small amounts,
inhibits the sorption of molybdenum to a large extent. So, with
an increase in the concentration of carbonate ions from 1 to
10 g/l, the sorption capacity of the anion exchange resin is
almost halved. An increase in the concentration of bicarbonate
ion to 5 g/l has a relatively small effect on the absorption of
molybdenum by anion exchange resin, then their depressive
effect increases sharply. With an increase in the concentration
of the bicarbonate ion from 5 to 25 g/I, the anion exchange rate
decreases by 70%, and at 50 g/I the sorption of molybdenum is
almost completely suppressed.

Thus, comparing the inhibitory effect of CO,> and HCO,’
ions on the sorption of molybdenum in the technologically most
widespread concentration range from 5 to 50 g/, it should be
noted that both ions significantly suppress the sorption of
molybdenum. In addition, at an ion concentration of less than
25 g/l, the carbonate ion has a slightly more inhibitory effect,
and at an ion concentration of more than 25 g/I, the depressant
effect is more pronounced for bicarbonate ions.

Obviously, in the case of processing carbonate solutions
for effective sorption of molybdenum by anion exchangers, the
concentration of carbonate and bicarbonate ions should not
exceed 10 g/I.

To study the effect of other anions on the sorption of
molybdenum, we used a model solution containing 1 g/I of
molybdenum and 25 g/| of carbonate ion.

Sulfate ion is, as a rule, an unavoidable impurity in

Table 1 — Effect of carbonate ion concentration on sorption of
molybdenum

The concentration of carbonate ion, g/| A, mg/g
0,0 126,4
1,0 120,0
2,6 101,6
51 85,6
10,4 61,6
15,0 56,8
25,2 47,2
50,0 32,8

Table 2 — The effect of the concentration of bicarbonate ion on
the sorption of molybdenum

The concentration of bicarbonate ion, g/l A, mg/g
0,0 126,4
1,3 100,0
3,7 98,9
5,2 78,0
10,3 56,8
15,0 42,4
25,3 23,2
49,1 8,8

solutions from carbonate leaching of uranium-molybdenum
ores. Its main sources are sulfides, which are oxidized during
leaching to sulfates, as well as insoluble sulfates, which can
undergo an exchange decomposition process with soda ash.

Table 3 presents data illustrating the effect of the sulfate
ion on the sorption of molybdenum by BD-301G-I anion
exchange resin.

Table 3 — The effect of the concentration of sulfate ion on the
sorption of molybdenum

The concentration of sulfate ion, g/I A, mg/g
0,0 73,0
1,0 67,5
2,0 61,5
5,0 51,4
10,0 39,0
15,0 30,0
25,0 21,0
50,0 18,8
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As follows from the above data, a sharp drop in capacity
by more than 50% is observed with an increase in the
concentration of sulfate ion from 1 to 15 g/I. An increase in the
concentration of sulfate ion in solution to 50 g/l leads to a
decrease in the sorption capacity of anion exchange resin by
molybdenum by almost 4 times.

Further, the effect of thiosulfate ion on the sorption
capacity of BD-301G-I anion exchange resin for molybdenum
was studied. Thiosulfate ion can be formed during carbonate
leaching as a product of the incomplete oxidation of sulfide
minerals:

2MesS, + 50,+ 6 Na,CO,+ 5H,0 - 2Na,S0, + 2Me(OH), +
Na,$,0, + 6NaHCO,

As can be seen from the data given in Table 4, the presence
of thiosulfate ions in the solution to 1 g/l reduces the capacity
of anion exchange resin for molybdenum by 2 times, and a
furtherincrease in concentration to 10-15 g/l almost completely
suppresses the sorption ability of the studied anion exchange
resin.

Among the most important technological impurities, we
also considered phosphate ion. Table 5 shows data illustrating
the effect of the phosphate ion on the sorption capacity of BD-
301G-I on molybdenum.

Phosphate ion, as follows from the data presented, to a
much lesser extent than thiosulfate ion, depresses the sorption

Table 4 — Effect of the concentration of thiosulfate ion on the
sorption of molybdenum

The concentration of thiosulfate ion, g/| A, mg/g
0,0 73,00
0,6 42,8
1,0 37,2
5,0 14,3
10,0 7,1
15,0 4,6

Table 5 — Effect of the concentration of phosphate ion on the
sorption of molybdenum

The concentration of phosphate ion, g/| A, mg/g
0,0 73,0
0,5 72,2
0,7 70,0
0,9 68,0
1,2 67,6
2,3 65,2
4,3 64,0
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Figure 1 —The effect of impurities on the sorption capacity of
anion exchange resin BD-301G-| on molybdenum: 1 - CO,?, 2
-HCO, 3-50,%, 4-ClI,5-NO,,6-5,0.7

Table 6 — The effect of the concentration of chlorine and nitrate
ions on the sorption of molybdenum

The concentration A, The concentration of A,

of chlorine ion, g/l  mg/g nitrate ion, g/I mg/g
0,0 73,0 0,0 73,0
1,0 47,9 1,0 35,4
3,0 30,7 3,0 17,2
5,0 22,4 5,0 13,5
10,0 10,8 10,0 4,6
15,0 4,95 15,0 3,2
20,0 3,3 20,0 1,7

of molybdenum and can cause difficulties only at high
concentrations.

The possibility of the presence of chlorine and nitrate ions
in carbonate solutions is associated with the use of the sodium
salts of these ions as regenerating solutions.

Table 6 shows data showing the effect of chlorine and
nitrate ions on the sorption of molybdenum by BD-301G-I anion
exchange resin.

Asfollowsfromthe data presented, even ataconcentration
of chlorine ion of 3-5 g/l, the sorption capacity of the ion
exchanger for molybdenum drops 2-3 times. Nitrate ion has an
even more pronounced depressant effect. In figure 1 it is given
the dependence showing the change in the relative sorption
capacity A/Ain percent of the anion exchange resin BD-301G-|
in molybdenum on the concentration of the considered
impurities. Sorption capacity of BD-301G-1 anion exchange resin
for molybdenum in a solution of ammonium molybdate that
does not contain other anions is taken as A . This graph allows
you to get a visual picture of the effect of various anions on the
sorption of molybdate ions from carbonate solutions.
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4. Conclusion

Summarizing the data on the effect of depressing
impurities on the sorption of molybdenum from carbonate
media, it should be noted that of all the ions examined, the
products of incomplete sulfur oxidation, thiosulfate ions, which
are present even in small amounts in the solution, lead to the
sharpest decrease in the sorption capacity of the studied anion
exchange resin.

The accumulation in the system due to the circulation of
circulating solutions of such impurities as chlorine and nitrate
ions, the content of which in the amount of 5 g/ reduces the
capacity of molybdenum by 3.5-6 times, can lead to great
complications in the process of sorption processing.

In the sorption extraction of molybdenum, the sulfate ion
can also have a significant effect on the sorption properties of
ion exchangers. The concentration of carbon and bicarbonate
ions in the solution should not exceed 10-15 g/I.

As follows from the above data, in accordance with their
inhibitory effect on the sorption of molybdenum, the considered
impuritiescan be located in the following order:
$,0,>>NO, > Cl">S0,>>HCO,” >C0,”>P0O*.

References (GOST)

Thus, for the successful implementation of the sorption
extraction of molybdenum from carbonate solutions, it. should
contain the smallest possible amount of highly depressive
impurities such as sulfate ion and products of incomplete
oxidation of sulfur. Therefore, when processing raw materials
containing a sufficient amount of sulfide minerals (up to 1-1.5%),
it is necessary to introduce the operation of sulfide flotation.

To prevent a significant accumulation of chlorine (nitrate)
ions in the ion exchanger system, after regeneration, it should
be washed with carbonate solutions as best as possible.

To confirm the obtained data, further studies should be
carried out on the sorption of molybdenum from solutions
containing all these anions under dynamic conditions. This will
make it possible to bring the conditions of experience as close
as possible to production processes.
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