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Abstract

Natural zeolites modified by REE (rare earth element) ions are promising to obtain efficient regenerative
stimulants and biologically active drugs. Rare earth elements are used upon treatment of tuberculosis, tu-
mours, skin diseases, and REE of cerium subgroup have anticoagulative action. Europium introduced into
the zeolite matrix exerts neuroprotective effects. It is considered reasonable to use potassium channel block-
ers with the aim of reducing ischemic brain damage. Lanthanum, cerium, praseodymium, and europium
ions in biological systems substitute calcium ions block their entrance into cells exerting inhibitory effects on
the development of calcium-induced cascade of pathologic reactions in cerebral ischemia [4]. Sorption tech-
nology allows increasing biological activity of natural zeolites that act as a prolonging carrier of REE ions.
Equilibrium and sorption kinetics of europium (III) ions from sulphate solutions by natural mordenite-
containing tuff were studied. The kinetic parameters of the sorption process were defined; adsorption iso-
therms of europium ions were constructed. It was determined that both external and internal diffusion
were the rate-limiting step; europium was completely extracted from diluted solutions (<0.0025 mol/L).
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INTRODUCTION

Natural zeolites are used as sorbents in chem-
ical technology, hydrometallurgy, industrial ecol-
ogy, agriculture, and medicine [1]. Natural zeo-
lites modified by REE (rare earth element) ions
are promising to obtain efficient regenerative
stimulants and biologically active drugs [1, 2].
Rare earth elements are used upon treatment
of tuberculosis, tumours, skin diseases, and REE
of cerium subgroup have anticoagulative action.
Europium introduced into the zeolite matrix ex-
erts neuroprotective effects [3, 4]. It is consid-
ered reasonable to use potassium channel block-
ers with the aim of reducing ischemic brain dam-
age. Lanthanum, cerium, praseodymium, and
europium ions in biological systems replace cal-

cium ions; block their entrance into cells exert-
ing inhibitory effects on the development of cal-
cium-induced cascade of pathologic reactions in
cerebral ischemia [4]. Sorption technology allows
increasing biological activity of natural zeolites
that act as a prolonging carrier of REE ions.

Sorbents based on natural zeolites are used
in various areas of molecular biology, medicine,
biochemistry, chemical technology, hydromet-
allurgy, industrial ecology, and agriculture. The
use of natural zeolites as sorbents to isolate, sep-
arate and purify biologically active substances,
immobilize ferments opens up great practical
opportunities [1�4].

The efficiency of ion-exchange systems is
largely defined by their kinetic properties [1, 4].
Natural zeolites modified with REE ions are
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promising to obtain efficient regenerative stim-
ulants and biologically active drugs [1, 3].

The insufficient knowledge about ion-ex-
change properties of natural zeolites in relation
to REE ions limits the possibility of their use.

Earlier [1, 4], sorption of lanthanum, ceri-
um, neodymium, samarium, praseodymium ions
by mordenite and clinoptilolite tuff was stud-
ied by us. However, the data on sorption of eu-
ropium ions by natural mordenite-containing
tuff required to assess the effect of the nature
of REE on equilibrium and sorption kinetics were
not found in literature. For this purpose, sorp-
tion of europium (III) ions from sulphate solu-
tions by mordenite-containing tuff was studied
by us depending on solution concentration, siz-
es of sorbent grains and the mass ratio of solid
and liquid phases.

EXPERIMENTAL

Tuff from the Mukhor-Talin perlite-zeolite
deposit of the following composition was used as
a sorbent (%): SiO2 70.96, MgO 0.18, Al2O3 11.97,
CaO 0.92, Na2O 2.38, K2O 5.22. A Si/Al ratio is
5.2. The zeolite content in the rock was deter-
mined by X-ray diffraction analysis using PCL-
2 [5] and amounted to 62�64 mass %. To deter-
mine the optimum conditions of modification of
zeolite with europium (III) ions their absorption
by mordenite-containing tuff was examined.

To study the kinetics and equilibrium of ad-
sorption of europium (III) ions mordenite-con-
taining tuff was crushed, a fraction of seeds with
a diameter of 0.25�0.5 and 1�2 mm was select-
ed, separated from dust, dried at room tem-
perature for 24 h and sample weight was se-
lected. Drying time (24 h) was selected using
triple check weighing in each 3 h of drying.

The equilibrium was studied under static con-
ditions in aqueous solutions of Eu2(SO4)3 by con-
stant mass method [6, 7]. The content of europi-
um (III) ions was analysed by the photometric
method with the use of arsenazo III distinguished
by high sensitivity and selectivity [8]. KFK-3
spectrophotometer was used for measurements.
The residual concentration of europium ions in
the exchange solution was defined by the opti-
cal density of europium complexes with arsena-
zo III at λ of 640 nm, 5 cm cuvette length. The

amount of absorbed europium was calculated by
the difference of europium (III) concentrations
in a solution before and after sorption from the
results of three parallel experiments, the rela-
tive determination error did not exceed 3 %.

The kinetics of absorption of europium ions
was studied by the limited volume method at
the ratios of solid (S) and liquid (L) phases of
1 : 10 and 1 : 50 from europium (III) sulphate
solutions with concentrations of 0.001�
0.003 mol/L while constant stirring. The con-
tact time of sorbent with solution was changed
from 5 min to 6 days. The effect of sorbent
grain size was studied for sorbent grains with
a diameter of 0.25�0.5, 1�2 mm.

Kinetic parameters were calculated from Q �
τ curves (Q is the amount of sorbed europium
(III) ions, mmol/g; τ is time, s) by the method
given in monography [9] for sorption on zeolites.
The rate constant of external diffusion mecha-
nism (R) is calculated by the equation
R = dQ/dτ(1/cK) (1)
where c is the concentration of ions in solution (mol/L);
K is the equilibrium distribution coefficient (mL/g).

With increase in contact time, the amount
of absorbed ions is defined by the exchange
rate inside a sorbent grain. Effective diffusion
coefficient (D) and the rate constant of inter-
nal diffusion process (B) characterizing the in-
ternal diffusion mechanism were calculated by
equations derived for spherical particles:
F = Qτ/Q∞ = (6/r)√Dr/π  (2)
B = π2D/r2  (3)
where F is the degree of absorption of europi-
um (III) ions; r is the average radius of sorbent
grains (cm).

TABLE 1

Kinetic parameters of sorption of europium (III) ions from
sulphate solutions by natural mordenite-containing tuff

Parameters Solution concentration, mol/L

0.001* 0.002** 0.003**

τ∞,  min 1569 1692 1623

dQ/dτ, 105 mmol/(g ⋅ s) 5.7 4.2 4.9

K, mL/g 47.7 39.8 55.6

R, 104 s�1 4.7 4.6 5.3

D, 108 cm2/s 4.8 3.7 3.6

B, 104 s�1 8.8 7.9 8.5

    * d = 0.25�0.5 mm, S/L = 1 : 50.

  ** d = 1�2 mm, S/L = 1 : 10.
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The received results are presented in Table 1.
The study on equilibrium of sorption of
praseodymium ions on mordenite-containing tuff
in a wide concentration range (10�5�10�2 mol/
L) allowed revealing changes in the initial and
final portions of equilibrium curves.

Figure 1 presents equilibrium curves of eu-
ropium (III) from europium sulphate solutions
on natural mordenite-containing tuff obtained
for different-sized grains (0.25�0.5 and 1�2 mm)
at mass ratios of solid and liquid phases S/L of
1 : 50 and 1 : 10.

Equilibrium curves have similar forms and
reflect certain regularity in the nature of the
interaction of europium ions with the zeolite
phase. The appearance of the extremum is ob-
served on the isotherms, which may be due to
the formation in solution of intermediates, to
which the sorbent exhibits increased selectivity
[8]. The state of aqueous solutions of europium
(III) is characterized by the processes of hydra-
tion, hydrolysis, polymerization and complexation.

Europium ions in neutral and acid aqueous
solutions are found as aqua complexes
[Eu(H2O)n]

3+ and hydroxy aqua complexes
[Eu(H2O)nOH]2+, where n = 5�8 [10, 11].

The formation of complexes with the com-
position [Eu(SO4)n]

3 � 2n was also registered in
europium sulphate solutions, where n = 1�3.
Cations [EuSO4]

+ [12], prevail at low concentra-
tions of sulphate ions (<0.03 mol/L), though
anion complexes can also be formed [13].

The process of absorption of europium (III)
ions is accompanied by a decrease in the pH

value of a solution by 0.5�0.8 units. With the
aim of clarifying the cause of the pH decrease
check experiments were carried out, where
mordenite-containing tuff was poured with dis-
tilled water. A decrease in the pH value by 0.6�
0.8 units was noted in the experiments during
the contact time of 28�32 h, regardless of ab-
sorption of europium ions resulting from the
exchange between Na+ and H+ ions that are
present in zeolites [9]. A decrease in the pH value
upon contact of mordenite-containing tuff with
distilled water is also possible due to hydrolysis
of aluminum (III), magnesium (II), and iron (III)
cations comprising zeolite by scheme
Mn+ + 2H2O → [MOH](n � 1)� + H3O

+  (4)
where Mn+ = Al3+, Mg2+, Fe3+.

A change in the pH value does not affect
absorption of europium (III) ions for 0.003 and
0.001 mol/L solutions of europium (III) sulphate
with pH 6.5 and 6.2, respectively.

Sorption of europium (III) aqua- and hy-
drocomplexes happens with the increase in so-
lution concentration to an extremum point, since
they have a higher ionic charge and increased
selectivity of zeolite toward them. The size of the
windows and cavities of studied zeolite is 5�7 Å,
which is much larger than that of aqua and hy-
droxocomplexes. The proposed mechanism of
exchange sorption by substitution of Na+, K+,
H+ by Eu3+ is confirmed by the data of [7].

The grain size and the mass ratio of solid
and liquid phases affect the position of the max-
imum on isotherms (see Fig. 1). The maximum

Fig. 1. Sorption isotherm of europium from europium
sulphate solutions (Q is the amount of sorbed europium
(III) ions, mol/g; Ce is the equilibrium concentration of
Eu(III) in solution, mol/L): 1 � d = 0.25�0.5 mm, S/L =
1 : 50; 2 � d = 1�2 mm, S/L = 1 : 10.

Fig. 2. Kinetic curves of sorption of europium (III) from
aqueous solutions of europium (III) sulphate by mordenite-
containing tuff (Q is the amount of sorbed of europium
(III) ions, mol/L; τ is sorption time, h): 1 � 0.001 mol/L,
d = 0.25�0.5 mm, S/L = 1 : 50; 2 � 0.003 mol/L, d =
1�2 mm, S/L = 1 : 10.
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of exchange capacity (EC) for the grains with
d = 0.25�0.5 mm and S/L = 1 : 50 (see Fig. 1,
curve 1) is shifted to the region of lower equi-
librium concentrations, and with increasing grain
size (d = 1�2 mm) and the ratio S/L = 1 : 10
the maximum of EC is found in the area of
higher concentrations (curve 2).

Thus, the maximum EC of 0.153 µmol/g on
fine tuff grains is reached upon lower reagent
consumption.

Kinetic curves of absorption of europium (III)
ions have similar forms (Fig. 2).

A linear dependence of the filling degree of
(F) zeolite on time τ (F � √ τ) (Fig. 3) confirms
high contribution of the intradiffusion mecha-
nism of sorption [7, 10].

From the data of Table 1 it follows that the
dependence of absorption rate of europium (III)
ions depends of the grain size of mordenite-con-
taining tuff and solution concentration. A de-
crease in sorbent grain size leads to surface in-
crease, which contributes to an increase in ad-
sorption rate dQ/dτ according to the mecha-
nism of external diffusion.

Upon an increase in the concentration of
europium (III) sulphate solutions, time to achieve
equilibrium condition (τ∞), is reduced, rate con-
stants of the processes of external (R) and in-
ternal (B) diffusion, and effective diffusion co-
efficient (D) increase. Constants R and B have
the same order, which is confirmed by a mixed

mechanism of sorption of europium (III) ions
by mordenite-containing tuff.

CONCLUSION

Sorption isotherms of europium (III) ions by
mordenite-containing tuff are characterized by
the presence of the maximum, which is related
to the complex nature of the interaction in the
system of europium sulphate solution and zeolite.
A change in selectivity of mordenite-containing
tuff in relation to europium (III) ions and a de-
crease in its sorption capacity are observed with
an increase in aqueous solution concentration.

Sorption rate of europium (III) ions on
mordenite-containing tuff depends on the grain
size, solution concentration, L/S ratio and is
controlled by mixed mechanism of sorption.
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