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Abstract Sorption characteristics of ion exchange resins

00197, 00598, D72 regarding rare earth metals (REM) during

extraction from barren solution of uranium sorption in dynamic

conditions were investigated. It was identified that D72 resin

capacity on analyzed REM was 2.46 mg�cm-3 after passing

220 BV (bed volume) of initial solution with 95 % recovery of

element of REM with the lowest affinity. Researches on REM

desorption in dynamic conditions from investigated ion

exchange resins by solution of 1.7 mol�L-1 HNO3 and

8.0 mol�L-1 NH4NO3 with 0.2 mol�L-1 HNO3 passing were

carried out. It was identified that using desorption solution

based on ammonium nitrate allows to achieve acceptable

recovery degree of REM from the resin. The possibility of

organization of a circulating desorption solution system

increases the perspectives of nitrate ammonium solution usage.

Keywords Uranium in situ leaching; Sorption; Co-

recovery; Rare earth metals

1 Introduction

Rare earth metals (REM) are a group of 17 chemical elements,

also known as technological metals because of their widespread

use in a lot of high-tech products manufacture (computers,

mobile phones, flat panels, wind turbines, etc.) [1]. Considering

the high urgency of researches for alternative sources of rare

metals and innovative technologies for its recovery [2], the

possibility of REM recovery from in situ leaching (ISL) process

solutions of uranium was studied. This kind of raw material is

promising because of the absence of minerals leaching costs,

due to the organization of an associated extraction with the

uranium, the comprehensive utilization of mineral raw material

and the significant amount of process solution.

Ion exchange and solvent extraction are the most effi-

cient methods for the extraction of REM which owns sig-

nificant similarities of chemical properties. Considering the

extremely low concentrations of REM in the process

solutions of uranium, the most promising method of

extraction is the ion exchange [3].

A large number of works are already devoted to REM

sorption researches. Li and co-workers studied the recovery

of heavy REM from hydrochloric acid solution by using

impregnated resins, which contains Cyanex 272 and

1-hexyl-4-ethyloctyl-isopropylphosphonic acid (HEOPPA)

[4, 5]. It is indicated that the degree of REM sorption on

resins strongly depends on pH and the degree of sorption is

characterized by the following order of importance:

Lu(III)[Yb(III)[Tm(III)[Er(III)[Y(III)[Ho(III).

Alexandratos et al. [6–8] synthesized a bifunctional

phosphinic acid resin by the reaction of Friedel–Crafts

based on polystyrene-divinylbenzene with the use of AlCl3
as catalyst. The synthetic bifunctional phosphinic acid resin

is considered as an efficient sorbent of uranium and

actinides from different acid medium [9–11]. Nagaphani

et al. [12] researched the recovery of the group of heavy

REM on phosphonic acid resin with polystyrene–divinyl-

benzene matrix Tulsion CH-96 and phosphonic acid resins

with cross-linked polyacrylic matrix T-PAR. In the initial

solution containing 25 mg�dm-3 of each REM and 4 mol

phosphoric acid, the degree of heavy REM extraction,

N. M. Shokobayev*, C. Bouffier

Department of Uranium and Associated Elements, LLP Institute

of High Technologies, Almaty 050012, Kazakhstan

e-mail: n.shokobayev@iht.kz

T. S. Dauletbakov

Department of Nonferrous Metals Metallurgy, Kazakh National

Technical University Named After K.I. Satpayev,

Almaty 050013, Kazakhstan

123

Rare Met. (2015) 34(3):195–201 RARE METALS
DOI 10.1007/s12598-014-0237-z www.editorialmanager.com/rmet

www.editorialmanager.com/rmet


which depends on phosphoric acid concentration and the

ratio of the phases, was studied. The americium and REM

separation and recovery from nitric acid solution on poly-

meric fibrous sorbents, modified by ferro- and ferricya-

nides, were carried out by Myasoedova et al. [13]. There

are researches of sorbents based on monofunctional deri-

vaties of polystyrene phosphonic acid with ionogenic

groups of polystyrenealkylphosphonic acids (I) and

monoesters of polystyrenephophonic acids (II) [14].

The results of the researches about the Am, Cm, Cf, Eu,

Bk, and Pu behaviors during the sorption on TVEX,

impregnated by different extractants, in order to identify

the most promising recovery of the mentioned elements

from nitric acid solutions, are known [15].

Experiments on REM recovery from sea waters, which

contains 1 9 10-9 mol�dm-3 of REM isotopes, by amor-

phous iron oxyhydroxide FeOOH, were occurred [16]. An

important affinity between the REM and the iron oxide surface

was established, and besides a higher level of sorption was

observed for lightweight subgroup of REM than for heavy

subgroup of REM. Turanov et al. [17] searched for REM and

scandium recovery from HClO4 on phosphorylmethyl-sub-

stituted butylphenylphosphinates. Despite the microconcen-

trations of extracted components (concentration of each

element in the initial solution around 2 9 10-5 mol�dm-3),

the possibility of REM and scandium enrichment from HClO4

solutions by complexing sorbent, synthetized by non-covalent

immobilization of the studied compounds on macroporous

polymer matrix, was established. Marhol et al. [18] showed

that some ion exchangers, which contain phosphorus in

functional groups, can be used for efficient separation of

scandium (iron, indium, or gallium) from the lanthanides and

from the divalent ions. The order of selectivity was estab-

lished: Sc[Fe[In[Ga[AI[La[Pb[Cu[Co[Ca.

Researches on REM sorption and desorption on the

macroporous ion exchanger D152 with the functional

group –COOH were occurred; the optimal pH for sorption

was established around 6.70, and desorption was satisfied

with the use of 0.5 mol�dm-3 of HCl [19]. Melnyk et al.

[20] conducted a study for the evaluation of the sorption

capacities of mesoporous silica with a phosphonic acid

functional group during the neodymium and dysprosium

recovery (concentrations around 2.5 g�dm-3).

Tian et al. [21] published results of researches on REM

recovery from the leach liquor of the Chinese weathered crusts.

The solutions contained REM (*2 g�dm-3) and a significant

amount of impurities: (NH4)2SO4 (*2,000 mg�dm-3),

Al3? (*1,000 mg�dm-3), Fe3? (*100 mg�dm-3), Ca2?

(*1,000 mg�dm-3). The different methods of pregnant solution

processing, including solvent extraction (phosphorus-containing

extractants), sorption (cation exchange resin 00197 and

vermiculite), and membrane extraction (emulsion liquid mem-

brane, supported liquid membrane, electrostatic pseudo liquid

membrane) were studied. El-Dessouky et al. [22] investigated the

sorption of praseodymium(III) from nitrate medium, using

TVEX-PHOR. Within the works, the strong acid resin D72 con-

taining a functional group (–SO3H) was studied. It demonstrated

the high chemical and physical stability in the conditions of

experimental temperatures and a wide working range of pH. D72

has a high exchange capacity, its regeneration is simple and its use

for REM recovery in the conditions of low concentrations is

possible due to its low cost. Xiong et al. [23] studied the sorption of

praseodymium on the macroporous strong acid resin D72. During

the sorption from solutions containing 0.286 g�dm-3 of praseo-

dymium, the optimalpH was established at3.0, and the durationof

the reaction to obtain the balance was established around 50 h.

Desorption was occurred using the solutions of HCl and NaCl in

different concentrations, and managed to achieve a recovery of

99.9 %.

Experiments of erbium sorption studies (III) on macro-

porous low acid resins D113-III with functional group

(–COOH) were occurred [24]. Sorption from solutions with

a concentration of erbium at 0.16 g�dm-3 showed that the

optimal pH was 6.04.

Thus, different sorbents could be used for the recovery of

REM from diluted and complex composition solutions,

besides the efficiency of its usage in each particular case

depends on number of factors—sorption capacity, degree and

complexity of regeneration, mechanical strength, and cost.

2 Experimental

2.1 Reagent and materials

The ion exchange resins 00197, 00598, and D72

(description and basic properties are presented in Table 1)

Table 1 Characteristics of ion exchange resins

Ionite Functional

groups

Structure Total

exchange

capacity/

(mol�dm-3)

Degree

of cross-

linking/%

00197 Gel C1.90 8

00598 Gel – 8

D72 Macroporous C1.40 11
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were friendly provided by the company Anhui Sanxing

Resin Technology Co., Ltd., China.

The initial solution was barren solution after uranium

sorption from one of the enterprises of JSC National Atomic

Company (NAC) ‘‘Kazatomprom.’’ The composition of the

solution is shown in Table 2 (analyzed components).

All other used chemical substances were of analytical

grade. During the realization of the experiments distilled

water was used.

2.2 Instrumentation

The inductively coupled plasma mass spectrometry method

(ICP MS, Agilent 7500CX) was used for the measurements

of REM contents in the solutions and in the sorbents. The

weight measurements were realized on laboratory analyti-

cal balances Mettler Toledo ML54. The multimeter MM40

crison instruments were used for the pH measurements in

solutions.

2.3 Sorbent preparation

Ion exchange resins were subjected to conditioning before

use. In the separating funnels, sorbents were treated in

series by 2 mol�L-1 HCl until complete removal of iron, by

water and 5 % NaOH for elimination of organic residue of

synthesis. Besides, ionites were prepared to work condi-

tions by holding during 24 h in appropriate medium and by

distilled water washing until pH 3.0–3.5.

2.4 Experiments on sorption and desorption

For studying the sorption and desorption processes in

dynamic conditions, the pre-soaked ionite, transformed

into the desired ionic form, was placed in columns

(20 mm 9 300 mm) made of Plexiglas, and the studied

solution was passed through a packed bed resin until the

complete REM saturation. The input of solution was

realized by peristaltic pump insuring a constant flow rate of

2.36 cm3�cm-2�min-1 during sorption and a constant flow

rate of 0.23 cm3�cm-2�min-1 during desorption. The elu-

ates were fractionally sampled for analysis. Two variants of

desorption were realized: using the solution of 1.7 mol�L-1

HNO3 and the solution of 8.0 mol�L-1 NH4NO3 with

addition of 0.2 mol�L-1 HNO3. All the experiments were

occurred in the room conditions of temperature (25±1) �C.

The sorption capacity (Q) and the degree of desorption

(E) were evaluated by the following equations:

Q ¼ C0 � Ceð ÞV
m

ð1Þ

E ¼ C0 � Ce

C0

� 100 % ð2Þ

where Q is the sorption capacity, mg�g-1; E is the degree of

desorption; C0 and Ce are the concentrations of element in

initial and equilibrium conditions, mg�cm-3; m is the weight

of wet resin, g; V is the total volume of solution, cm3.

3 Results and discussion

3.1 Sorption in dynamic conditions

The breakthrough curves of sorption demonstrate the cor-

relation between the changes of the target component

contents in the filtrate and the volume of solution which

passes through the sorbent layer. Besides, the relationship

between the target element concentration in the eluate (Ce)

and in the input solution (C0) was used as a function of

time or of volume of passed solution. The calculation of the

integral under the breakthrough curve allows to find the

quantity of sorbed target element. The total number of

sorbed element can be calculated in experimental condi-

tions by the equation:

Q ¼
ZVe

0

C0 � Ce

m
dVe ð3Þ

where Ve is the volume of solution, which was passed

through column, cm3.

Sorption of REM from process solutions of uranium ISL

was realized in dynamic condition on the ionites 00197,

00598, D72. The analysis of Figs. 1, 2, and 3 allow

highlighting that the sorbent D72 owns the highest capacity

for REM among the studied ionites.

The observed differences of degree of elements recovery

can be explained by the ionic radius. The ion exchange

resins, in general, have a high level of selectivity for the

ions with a high valence or charge. Among the ions with

Table 2 Composition of

analyzed components in initial

solution

Elements Concentration/

(mg�dm-3)

Fe 410.00

Y 4.10

La 2.80

Ce 4.50

Nd 5.90

Sm 0.50

Eu 0.15

Gd 0.75

Dy 0.95

Total 19.65
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the same charge, a greater affinity for ions of high atomic

number is observed. A down trend of the affinity is

observed for the identically charged ions with the

increasing size dimensions of the hydrated ions, which is in

a good agreement with a known source [25]: La3?[Ce3?

Pr3?[Nd3?[Sm3?[Eu3?[Gd3?[Tb3?[Dy3?[Y3?[Ho3?

[Er3?[Tu3?[Yb3?[Lu3?[Sc3?.

Thereby, during the realization of sorption on three

resins until a level of 95 % recovery of the REM element

owning the lowest affinity, the following contents will be

attained in the ionites (Table 3).

Presented results show a preference of using ion

exchange resin with macroporous structure and high degree

of crosslinking. D72 allows to achieve capacity on the

amount of analyzed REM 2.46 mg�cm-3 after passing 220

bed volumes of initial solution with providing 95 %

recovery of an element of REM with the lowest affinity.

3.2 Desorption in dynamic conditions

The evaluation of the sorbent efficiency is based on its

sorption and desorption characteristics. Desorption solution

should provide a high level of target components recovery

to the liquid phase and the possibility of recycling. The last

is indispensable condition from ecological and economical

points of view. Previous realized studies showed that the

use of 2 mol�L-1 H2SO4, 1 mol�L-1 NaCl, and 1 mol�L-1

NH4NO3, during the REM desorption from saturated sul-

fonic solutions, is not effective [26].

REM desorption was studied on three sorbents 00197,

00598, and D72, using a solution of 1.7 mol�L-1 HNO3

and 8.0 mol�L-1 NH4NO3 with an addition of 0.2 mol�L-1

HNO3. The corresponding results are shown in Figs. 4, 5,

6, 7, 8, and 9, respectively.

Breakthrough curves show that pikes obtained at using

8.0 mol�L-1 NH4NO3 with 0.2 mol�L-1 HNO3 exceed that

using 1.7 mol�L-1 HNO3
- on height and width.

In Table 4, the REM recovery rate during desorption of

ionites 00197, 00598, and D72 is shown.

Fig. 1 Breakthrough curves of REM sorption on 00197 resin

(volume of resin, 100 cm3; rate of liquid, 2.36 cm3�cm-2�min-1;

barren solution of uranium sorption, T = 298 K)

Fig. 2 Breakthrough curves of REM sorption on 00598 resin

(volume of resin, 100 cm3; rate of liquid, 2.36 cm3�cm-2�min-1;

barren solution of uranium sorption, T = 298 K)

Fig. 3 Breakthrough curves of REM sorption on D72 resin (volume

of resin, 100 cm3; rate of liquid, 2.36 cm3�cm-2�min-1; barren

solution of uranium sorption, T = 298 K)

Table 3 Capacity of resins for studied components

Elements Capacity/(mg�cm-3)

00197 00598 D72

Fe 7.6670 6.2332 5.5760

Y 0.1691 0.1379 0.3049

La 0.2284 0.1271 0.4642

Ce 0.2555 0.2128 0.7415

Nd 0.2827 0.2502 0.8102

Gd 0.0300 0.0257 0.0752

Dy 0.0293 0.0257 0.0688

Total 0.9950 0.7794 2.4648
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Fig. 4 Breakthrough curves of REM desorption from 00197 resin

(volume of resin 100 cm3, liquid rate 0.23 cm3�cm-2�min-1, solution

1.7 mol�L-1 HNO3, T = 298 K)

Fig. 5 Breakthrough curves of REM desorption from 00598 resin

(volume of resin 100 cm3, liquid rate 0.23 cm3�cm-2�min-1, solution

1.7 mol�L-1 HNO3, T = 298 K)

Fig. 6 Breakthrough curves of REM desorption from D72 resin

(volume of resin 100 cm3, liquid rate 0.23 cm3�cm-2�min-1, solution

1.7 mol�L-1 HNO3, T = 298 K)

Fig. 7 Breakthrough curves of REM desorption from 00197 resin

(volume of resin 100 cm3, liquid rate 0.23 cm3�cm-2�min-1, solution

8.0 mol�L-1 NH4NO3 ? 0.2 mol�L-1 HNO3, T = 298 K)

Fig. 8 Breakthrough curves of REM desorption from 00598 resin

(volume of resin 100 cm3, liquid rate 0.23 cm3�cm-2�min-1, solution

8.0 mol�L-1 NH4NO3 ? 0.2 mol�L-1 HNO3, T = 298 K)

Fig. 9 Breakthrough curves of REM desorption from D72 resin

(volume of resin 100 cm3, liquid rate 0.23 cm3�cm-2�min-1, solution

8.0 mol�L-1 NH4NO3 ? 0.2 mol�L-1 HNO3, T = 298 K)
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The realized experiments show that the use of desorp-

tion solutions based on ammonium nitrate is more efficient

than the use of desorption solution of nitric acid. The

possibility of organization of a circulating desorption

solution system increases the perspectives of nitrate

ammonium solution use.

4 Conclusion

The results of these works can serve as a basis for orga-

nizing the REM co-recovery at uranium ISL enterprises,

which requires the presence of a defined framework during

the realization of the sorption from the barren solutions

after uranium sorption, i.e., the impossibility to modify the

pH and the salt content in initial solutions. Despite the

indicated factors and the complex salt composition of the

initial raw materials, the use of the ionite D72, which

provides high technical performances during the sorption

and desorption operations, is established.

The obtained results allow us to consider optimistically

the possibility of organization of REM co-recovery from

the ISL process solutions of uranium by using recycled

desorption solution, which was prepared on the basis of

ammonium nitrate.
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