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Abstract

This paper presents the results ofa study of experiments on the sorption characteristics
of phosphorus-containing ion exchangers Purolite MTS9580 (functional group
— derivatives of phosphonic acid) and Lewatit TP260 (functional group —
aminomethylphosphonic acid) on scandium. Using the method of low-temperature
nitrogen adsorption, structural characteristics of selected ion exchangers Purolite
MTS9580 and Lewatit TP260 respectively were measured. The specific surface of
Purolite MTS9580 and Lewatit TP260 ion exchangers was measured as 5.1 and
4.5 m?/g, respectively. The obtained values indicate the presence of a macroporous
structure in the ion exchangers. Experiments were carried out on the sorption of
scandium and critical impurities in a static mode and dynamic mode while varying
the acidity of the initial mother liquor of the sorption of uranium. Comparison of
scandium sorption from pre-acidified uranium sorption mother liquor with Lewatit
TP260 and Purolite MTS9580 ion exchangers showed an advantage for MTS9580
resin. The MTS9580 resin had an exchange capacity of 200 mg Sc/dm* versus
59.7 mg Sc/dm? for TP260. The dynamic exchange capacity of Purolite MTS9580
is much lower in relation to harmful impurities as Al, Fe, Ca, etc.

1. Introduction

tion waste [6], ilmenite chlorination waste, tung-
sten processing residues [7] and red mud [8, 9].

Scandium is a precious and rare metal due to
the high cost of scandium and the complex metal-
lurgical processes of its isolation and purification.
Scandium is used in high-strength aluminum al-
loys, solid oxide fuel cells, electronics and in laser
technology and magnets [1, 2, 3]. A mixture con-
taining scandium oxide in combination with an Al-
CoCrFeNi alloy was investigated, which led to the
discovery of a promising nanodiamond composite
[4]. Due to its low content in mineral ores, scandi-
um is usually isolated from various sources, such as
uranium production solutions [5], as a by-product
from tailings processing, titanium pigment produc-

*Corresponding author. E-mail: umitka.89@mail.ru

© 2020 Eurasian Chemico-Technological Journal.

Among sources rich in rare-earth elements, the
intermediate products of processing of uranium
ores — solutions of underground leaching of ura-
nium are very promising for scandium supply.
The peculiarities of processing solutions of un-
derground leaching of uranium include, as a rule,
a low rare earth elements content and a complex
chemical composition. In this regard, many tech-
nologies developed by industry for concentrating
and extracting REEs are unsuitable and inefficient.
Sorption extraction of REEs seems most appropri-
ate at the stage of primary concentration.

The complexity of the scandium recovery pro-
cess technology depends on various types and
amounts of impurities, such as Al, Fe, and Ca.
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Numerous researchers [10, 11, 12] have studied
the extraction of scandium from uranium produc-
tion. It is known that phosphorus-containing ion
exchangers are the most effective sorbents for the
concentration of scandium from solutions of com-
plex multicomponent composition [13].

The purpose of this work was to extract scan-
dium from return circulating solutions of under-
ground leaching of uranium ores and to study the
kinetic characteristics of phosphorus-containing
ion exchangers for scandium.

2. Experimental part

A search was made for phosphorus-containing
ion exchangers to extract scandium from uranium
leach solutions. Two types of ion exchange resins
were investigated in scandium sorption experi-
ments:

1. Lewatit TP260, functional group — amino-
methylphosphonic acid, with a particle size of
0.47-0.81 mm;

2. Purolite MTS9580, functional group — deriv-
atives of phosphonic acid, with a particle size of
0.52-0.60 mm;

To determine the structural characteristics of
the Purolite MTS9580 and Lewatit TP260 ion
exchangers, nitrogen adsorption isotherms were
measured at 77 K using a Sorbi MS instrument
(META, Novosibirsk, Russia). Before measuring
isotherms using a Sorbi Prep instrument, samples
were degassed at 105 °C in a nitrogen stream. The
specific surface area of the samples was calculated
using the BET equation. The distribution of pore
volumes by their diameters was calculated by the
BJH method.

To establish the sorption characteristics of the
MTS9580, experiments were carried out on the
sorption of scandium and impurities in static and
dynamic modes with a change in the acidity of the
initial mother liquor of sorption of uranium. Sorp-
tion was carried out at room temperature (20 °C).

The chemical composition of the mother liquor
of sorption of uranium for experiments is shown in
Table 1.

Preparation of ion exchangers for testing was
carried out in accordance with State standard (State
standard 10896-78. lon-exchange resins. Preparation
of specimens for test, 1980-01-01).

For test experiments on sorption under static
conditions, a volume ratio of phases Vuion/Viesin
of 1000: 1 was used. The duration of the contact
was 24 h. Sampling for analysis in an amount of 10
ml is carried out at intervals: after 1, 2, 4, 6, 8, 12,
16, 20, 24 h.

At the end of sorption, solid and liquid samples
were analyzed for scandium, rare-earth metals and
impurities using an inductively coupled plasma
mass spectrometer model ICAP-Qc from Thermo
Fisher Scientific, Maltham, MA, USA. The rela-
tive standard error of the method for determining
scandium, REE and uranium is 0.66%, 0.67%, and
0.1%.

The equilibrium static exchange capacity of the
dry ion exchanger according to Sc (per element)
was determined by the difference in the Sc concen-
trations in the initial mother liquor and the solution
after sorption and was calculated by the Eq. 1:

sge={G=G)F

resin

g/g (1)

where, C, — concentration of Sc in the initial solu-
tion, g/dm?®;, C, — concentration of Sc in solution
after sorption, g/dm?; V; — volume of the solution
taken for testing, dm?; m,.;, — mass of a sample of
dry ion exchanger in H" form, g.

To study the sorption process under dynam-
ic conditions, a pre-swollen ion exchanger was
placed in Plexiglas (V — 30 cm?®) columns and the
test solution was passed through the fixed volume
of the ion exchanger until it was completely satu-
rated with a valuable component. The solution was
supplied “from the bottom up” using a peristaltic
pump with a constant flow rate of 0.3 dm?/h for
sorption. In this case, 10 Vg uion/ Vresin peT hour.

In the calculation, the ratio of the concentration
of the target element in the mother liquor (C,) to
the concentration in the incoming solution (C)
was used as a function of the duration or volume

Table 1
The chemical composition of the initial mother liquor of sorption of uranium

Elements Sc U pH H,SO,

Ce

Nb Y Fe* Fe** Al Th

Content, mg/dm®*  0.34 1.9 2 n.a.

3.82

6.25 1.66 40 140 160  0.084
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of the missed solution. The integral area under the
output curve allows you to find the number of ad-
sorbed target element. The total amount of sorbed
element, Q (DEC) was calculated by the Eq. 2:

_ 2 (Cy*V —=C,.*V )*1000

0 7 ,mg / dm’ 2

where, C, — initial concentration, mg/dm’; C, —
concentration of the element in solution passing
through the column, mg/dm? V ., — volume of the
resin in the column, 30 ml; V — volume of solution
passing through the column, cm®.

3. Results and discussion

The specific surface of Purolite MTS9580 and
Lewatit TP260 ion exchangers was measured as
5.1 and 4.5 m?%g, respectively. The distribution of
pore volumes by their diameters is given in Fig. 1.

The values obtained indicate the presence of a
macroporous structure in ion exchangers. The pro-
portion of large pores (diameter 50-90 nm) is the
same for both resins, but the fraction of small pores
in Purolite MTS9580 (20—40 nm) is slightly high-
er compared to Lewatit TP260 (10—20 nm), which
suggests the best kinetic characteristics of Purolite
MTS9580 with respect to metal cations.

It should be noted that ion-exchange resins swell
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Fig. 1. Pore diameter distribution for Purolite MTS9580
(a) and Lewatit TP260 (b) ion exchangers.
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Fig. 2. Scandium state diagram in sulfate solutions
depending on the concentration of sulfate ions and the
pH of the solution at 25 °C [15].

upon contact with aqueous solutions, as a result of
which the pore sizes of ion exchangers in a swollen
state can radically differ from the pores of ion ex-
changers in dry form, due to this circumstance, the
data presented are only comparative.

One of the known methods for enlarging the ex-
change capacity of weakly acid cation exchangers
for the target component is to increase the acidity
of the initial sorption solution. Based on thermo-
dynamic calculations performed in [14], the pre-
vailing form of Sc(III) in acid sulfate solutions is
Sc(S0O,)" (Fig. 2) and cation exchange is considered
as the main mechanism of interaction of this ion
with the functional groups of the studied sorbent.

To establish the sorption characteristics of
MTS9580 ion exchanger, experiments were carried
out on the sorption of scandium and impurities in
a static mode with varying the acidity of the initial
mother liquor of sorption of uranium. The kinetic
sorption curve of scandium is presented in Fig. 3.
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Fig. 3. Kinetic curves of scandium sorption on MTS9580
ion exchanger from mother solutions of uranium sorption
with different acidity at 20 °C.
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Table

2

Comparative data on the static exchange capacity (SEC) of TP260 and MTS9580
for scandium and impurities (calculated by the equation

Element SEC, mg/g
Mother Mother Mother Mother Mother Mother Mother Mother
liquor liquor liquor liquor liquor liquor liquor liquor
solution solution, solution, solution, solution solution, solution, solution,
(init.), H,SO, - H,SO, — H,SO, — (init.), H,SO, — H,SO, — H,SO, -
pH-2 5 g/dm’ 10 g/dm®* 15 g/dm’ pH-2 5 g/dm? 10 g/dm®* 15 g/dm?
TP 260 MTS9580
Sc 0.118 0.154 0.211 0.223 0.144 0.185 0.285 0.384
Ce 1.481 1.419 1.066 1.052 0.032 0.020 0.011 0.009
Dy 0.090 0.090 0.075 0.070 0.013 0.011 0.006 0.004
Er 0.035 0.041 0.029 0.026 0.006 0.004 0.003 -
Eu 0.035 0.035 0.030 0.029 0.002 0.001 0.00079 0.00059
Gd 0.148 0.149 0.120 0.114 0.023 0.023 0.014 0.013
La 0.464 0.398 0.277 0.273 - - - -
Nd 0.643 0.615 0.495 0.482 0.005 - - -
Fe 7.746 6.616 5.773 5.314 6.915 7.891 5.601 5.705
Th 0.167 0.277 0.237 0.248 0.098 0.137 0.097 0.130
U 0.497 0.423 0.249 0.402 0.366 0.443 0.532 0.581
Al 1.067 0.978 0.710 0.613 0.093 0.073 0.047 0.039
Ca 0.893 0.432 0.425 0.358 0.410 0.343 0.531 0.429

Figure 3 shows the advantage of sorption of
scandium by the MTS9580 ion exchanger, provid-
ed that the sorption mother liquor of uranium is
pre-acidified with sulfuric acid to 15 g/dm?®.

Table 2 shows comparative data on the static
exchange capacity of TP260 and MTS9580 ion ex-
changers obtained by sorption of scandium from
the mother liquor of sorption of uranium of various
acidity (5 g/dm?, 10 g /dm?, 15 g/dm?). Scandium
recovery increases with decreasing pH, i.e., as the
dissociation of ion-exchange groups is suppressed
(the dissociation constants of phosphonic acid at
the first and second steps are 1.8 and 6.7, respec-
tively, the dissociation pH at 2 steps is 2.6 [15])
and with an increase in the fraction of sorbed ions
due to complexation with the functional group of
the ion exchanger. Data on TP260 resin was stud-
ied in [16].

From the datain Table 2, it can be seen that, com-
pared to the TP260 ion exchanger, the MTS9580
ion exchanger has a clear advantage: when sorb-
ing from a solution with an acid different from the
acidity of the initial mother liquor, a higher scandi-
um capacity is achieved, which gradually increas-
es with increasing sulfuric acid concentration in

the uranium sorption mother liquor. The exchange
capacity of the MTS9580 ion exchangers for ra-
re-earth metals and harmful impurities is gradually
decreasing.

The data obtained determine the choice of resin
MTS9580 for further experiments on the sorption
of scandium in the dynamic mode from the mother
liquor of sorption of uranium with acidification up
to 15 g/dm?.

Figures 4-8 show the output sorption curves of
scandium and impurities on MTS9580 resin.
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Fig. 4. The output sorption curves of scandium on the
ion exchanger MTS9580 at 20 °C.
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Fig. 5. The output sorption curves of iron on the ion
exchanger MTS9580 at 20 °C.
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Fig. 6. The output sorption curves of aluminum on the
ion exchanger MTS9580 at 20 °C.
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Fig. 7. The output sorption curves of neodymium on the
ion exchanger MTS9580 at 20 °C.
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Fig. 8. The output sorption curves of thorium on the ion
exchanger MTS9580 at 20 °C.

Analysis of the graphs presented in Figs. 5-8
suggests that the sorption of impurities and ra-
re-earth metals under dynamic conditions ceases
after passing the first 100—150 bed volumes (Figs.
5, 6 — 150 bed volumes, Figs. 7, 8 — 100 bed vol-
umes) of the solution, while scandium sorption
continues even after passing 800 specific volumes
of acidified mother liquor of sorption of uranium.
This indicates the high selectivity of the MTS9580
ion exchanger for scandium. To completely satu-
rate the MTS9580 with scandium, it is necessary to
pass 1200 bed volumes of the solution. The sorp-
tion data of scandium from acidified (to 15 g/dm’
H,S0O,) mother liquor sorption of uranium using
ion exchangers TP260 and MTS9580 are summa-
rized in Table 3.

The dynamic exchange capacity of MTS9580
for scandium is more than 3 times higher than that
of TP260, and the DEC values for rare-earth met-
als and harmful impurities in MTS9580 are much
lower. These results indicate a higher selectivity of
MTS9580 for scandium compared to TP260.

Table 3
Dynamic exchange capacities (DEC) of ion
exchangers TP260 and MTS9580 for scandium and
impurities (calculated by the Eq. 2)

Element DEC, mg/dm®
TP-260 MTS9580
Sc 59.7 200
Dy 19.2 4.46
Ce 357 53.7
Nd 136 21.1
La 124 20.3
Y 66.8 19.2
Al 308 80.2
Fe 2868 1254
Th 112 36.6
Ca 342 168

4. Conclusion

Comparison of the sorption indices of scandium
from pre-acidified H,SO, to 15 g/dm? of sorption
uranium mother liquor on Lewatit TP260 and Puro-
lite MTS9580 ion exchangers showed the advan-
tage of using the latter: a higher dynamic exchange
capacity of 200 mg/dm?® was achieved compared to
59.7 mg/dm? for TP260, and DOE in relation to
harmful impurities for this sorbent is much lower.
Based on the studies, the Purolite MTS9580 ion

Eurasian Chemico-Technological Journal 22 (2020) 135-140
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exchanger can be recommended as a selective ad-
sorbent for the isolation of scandium from sorption
of uranium mother liquor.
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