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ABSTRACT
Abstract: In present investigations, the sorption removal of Sr2+ and Y3+ ions from aqueous solutions
by TiO2 – La sorbent were research. The dependence of sorption process on the time of interaction,
solutions acidity, and initial concentrations of the Sr2+ and Y3+ ions was investigate. Four simplified
kinetic models: Lagergren’s pseudo- first and pseudo-second order kinetic models, Intra particle diffusion
and Elovich models tested to describe the adsorption process. Equilibrium isotherms data has been
analyzed using Langmuir and Freundlich isotherm models.
The kinetic data indicated, that adsorption of Sr2+ and Y3+ ions onto ТіО2 –La fitted well with the
pseudo-second order kinetic model. Applying of Elovich model to experimental data of sorption of Sr2+ and
Y3+ ions onto ТіО2 –La, shows that Yttrium is absorbe due to mechanism of chemisorption. Strontium is
absorbe via physical sorption or ion exchange mechanism. The maximum adsorption capasity of ТіО2 –La
was found to be 0,9 mmol·g-1 (79 mg g-1) for Sr2+ and 1,6 mmol·g-1 (134 mg·g-1) for Y3+

TITANIUM DIOXIDE AS A SORBENT
We use a TiO2 as a sorbent. TiO2 was synthesized in Vasyl Stefanyk Precarpatian national
university by original technique. The difference of the sample, that was used in our
research, from previously described in literature samples of TiO2 was that Lanthanum was
introduced in structure of titanium dioxide (anataze modification). It was supposed, that
Lanthanum in structure increase the selectivity of the sorbent to the Yttrium ions and
probably other rare earth elements.
Photos of Titanium Dioxide of Rutile modification described
in previous publication:
[I.F. Myroniuk, V.L. Chelyadyn “Obtaining methods of
Titanium Dioxide (Reviev)”. Physic and chemistry of solid
state, vol.11, N4, 2010, p. 815-831(in Ukrainian)]

[I.F. Myroniuk, V.L. Chelyadyn at all “Structure and
Morphology of TiO2 obtaining by Liquid-Phase TiCl4
hydrolysis”. Physic and chemistry of solid state, vol.12,
N2, 2011, p. 416-427 (in Ukrainian)]

Precarpation National University
named after Vasyl Stefanyk

TITANIUM DIOXIDE AS A SORBENT
Preliminary studies of the distribution coefficients (Kd) of Sr2+ ions from
aqueous solutions onto ТіО2 –La showed satisfactory values of Kd in
neutral medium, quite high value of Kd from the acidic medium and very
high Kd in alkali medium (see in table). Distribution coefficients of Sr2+
ions in alkali medium indicate the perspective of a study of sorption Sr2+
and Y3+ ions onto ТіО2 –La – sorbent

Photos of Titanium Dioxide of Rutile modification
Distribution coefficients of Sr2+ ions onto ТіО2 –La.

Acidity of
solution

рН=1

рН=4

рН=7

рН≥10

Rate of Sr2+
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STRONTIUM AND YTTRIUM
Investigation of the amount and migration of Strontium ions
in the environment is very important. Therefore, considerable
attention of scientists is devoted to sorption of Strontium ions
from aqueous solutions.
For example [Y. Takahatake, A. Shibata, K. Nomura, T. Sato. “Effect of
flowing water on Sr sorption change of hydrous sodium titanate”.
Minerals, 2017, 7, 247. doi:10.3390/min7120247]
Much less researched are devoted to sorption removal of Yttrium
ions – daughter radionuclide of Sr in β- - decay chain
β- decay chain with Ar = 92. Daughter isotope of 92Y –
formed after 92Sr decay.
).
The sorption and distribution coefficients were measured
using equations (1), (2):
А= (Сi-Сe)/m Ar [mmol·g-1]

(1)

K d = (Сi-Сe)/Сe) (V/m), [ml·g-1] (2)
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Сi- initial ion’s concentration, mg,
Сe - equilibrium concentration, mg; m – mass of sorbent,
g; V- solution’s volume, ml.

SORPTION KINETIC OF STRONTIUM AND YTTRIUM ONTO TITANIUM
DIOXIDE
Experimental data of
Kinetic of sorption
of Sr2+ (1) and Y3+ (2)
ions
onto ТіО2 –La
in neutral medium,
obtained in our
research

The dependence of the sorption process on time
interaction is often used in determining the time at
which the sorption equillibrium is established.
By this parameter we can make conclusions about the
mechanism of sorption, is it physical or chemisorption.
If the sorption process is chemisorption, the
experimental results may be described by the Elovich
model.

Four simplified kinetic models: Lagergren’s pseudo- first and pseudo-second order kinetic models,
Intra particle diffusion and Elovich models tested to describe the adsorption process.

Kinetic model
Elovich

Linear equation
At=1/β ln (αβ) +1/β ln t (1)

plot
At ƒ (ln t)

Intra- particle diffusion

At = k dif t ½ + C (2)

At ƒ (t ½)

Lagergren pseudo-first order
kinetic model

ln(Ae-At)= ln At – k1t (3)
At/t = k1 (Ae – At)

ln (Ae-At) ƒ(t)

Lagergren pseudo-second order
kinetic model

t/At = [1/k2Ae2] + t/Ae (4)
t/At = k2 (Ae-At)2

t/At ƒ(t)

APPLYING OF KINETICS MODELS TO EXPERIMENTAL DATA
Kinetic of
Strontium
experimental
And
theoretical
data

Kinetic of
Yttrium
Experimental
And theoretical
data

(a)
[I.S. Mclintock
‘The Elovich
Equation
in
chemisorption
kinetics.” Nature 216, 1204-1205,
23.12.1967.
doi:10.1038/2161204a0]

(b)
Using the Elovich model
to experimental data
of sorption of Sr2+ (а) and Y3+ (b)
ions onto ТіО2 –La.

[N.H.Turner
“Kinetic
of
Cemisorption: An examination of
the Elovich Equation”. Journal of
Catalysis. Vol.36, issue 3, March
1975, p. 262-265]

(a)

(b)
Using the Lagergren pseudo-second kinetic model to
experimental data of sorption of Sr2+ (а) and Y3+ (b) ions
onto ТіО2 –La.

APPLYING OF KINETICS MODELS TO EXPERIMENTAL DATA
LAGERGREN’S COEFFICIENTS
Applying of kinetics models to experimental data
of sorption of Sr2+ and Y3+ ions onto ТіО2 –La.
Kinetic
model

Y3+

R2

Sr2+

R2

Elovich

At=0,064 ln
t - 0,018

0,98

At =0,0278
ln t + 0,15

0,88

Difussion

At =0,019 √t
+ 0,09

0,94

At =0,0078
√t+0,19

0,79

log(Ae-At) =
-0,014 t +
1,25

0,95

log(Ae-At) =
-0,031 t +
1,1

0,95

t/At =0,035
t +0,64

0,996

t/At=0,04 t
+0,17

0,999

Pseudo first

Pseudo
second

[Yun-Shan Ho. “Citation review of Lagergren kinetic rade equation on
adsorption reactions”. Scientometrics, vol.59. 1, 2004, 171-177]

Lagergren coefficients k1 (a) and k2 (b) for sorption of Y3+
onto TiO2 –La.
Lagergren coefficients measured according to experimental data
of sorption of Yttrium and Strontium onto TiO2 – La.
Y3+

Sr2+

K1, min-1

K2, g mg-1min-1

K1, min-1

K2, g mg-1min-1

0,11±0,017

0,02±0,009

0,31±0,04

0,078±0,023

EQUILIBRIUM ISOTHERM DATA FOR SORPTION STRONTIUM AND
YTTRIUM IONS
Equilibrium isotherms data
has been analyzed using Langmuir
and Freundlich isotherm models.
The maximum adsorption capasity of ТіО2 –
La was found to be 0,9 mmol·g-1 (79 mg g-1) for Sr2+
and 1,6 mmol·g-1 (134 mg·g-1) for Y3+

(a)

(b)

Adsorption isoterm of Sr2+ (1) and Y3+ (2) ions onto ТіО2 –La in
Langmuir coordinate (а), according to Arthur Adamson [Arthur W.
Adamson Physical Chemistry of Surfaces. Third edition. «Мир», Москва, 1979, 568 с.] (b)
Freundlich coordinate.

Adsorption isoterm of Sr2+ (1) and
Y3+ (2) ions onto ТіО2 –La.

The adsorption of Sr2+ ions was well described by
Langmuir isoterm model. The adsorption of Y3+ ions - by
Freundlich isoterm model.

DEPENDENCE OF SORPTION OF STRONTIUM AND YTTRIUM IONS
ONTO TITANIUM DIOXIDE FROM SOLUTION ACIDITY

pH dependence of sorption of Sr2+ (1) and Y3+ (2) ions
onto ТіО2 –La. Initial concentration of ions 0,01 mol/l.
Initial concentration of
the element
mol·l-1

A, mmol·g-1
of Y3+ from
individual solution

A, mmol·g-1
of Sr2+ from individual
solution

The study of the dependence of Y3+ ions
sorption from pH requires special attention. As
mentioned, Ytttium exists in the form of a trivalent
cation in the range of pH = 1-9. Then, according to
literature data, they exists as Y(OH)[2+] (pH=9-10,5);
YO3H3s (pH ≥10,5). (Under conditions ⅀ Y 10-10;
298,15K; 105 Pa). According to another data in the
range of pH = 7,4-10,5 – Yttrium exists as Y(OH)[2+]
(рН=7,4-8,8); YO[+] (рН=8,8-9,7); HYO2 (aq)
(рН=9,7-10,5); YO2[-] (рН=10,5-13).

Experimental data of sorption of Sr2+
and Y3+ ions onto ТіО2 –La from the their mixture in
neutral medium.

0,01
Sr2+ + Y3+(0,01)

0,294
0,268
A, mmol· g-1 from their mixture 1,034

CONCLUSIONS
1. Sorptions of Sr2+ and Y3+ ions occurs by different mechanisms onto ТіО2 –La. The kinetic data
indicated, that adsorption of Sr2+ and Y3+ ions onto ТіО2 –La is well described with the pseudosecond order kinetic model. Applying of Elovich model to experimental data of sorption of Sr2+ and
Y3+ ions onto ТіО2 –La, shows that Yttrium is absorbe rathe due to mechanism of chemisorption
(precipitation or surface complexation). Strontium is absorbe via physical sorption or ion exchange
mechanism. The adsorption of Sr2+ ions is well describe by Langmuir isoterm model. The adsorption
of Y3+ ions - by Freundlich isoterm model. The maximum adsorption capasity of ТіО2 –La was found
to be 0,9 mmol·g-1 (79 mg g-1) for Sr2+ and 1,6 mmol·g-1 (134 mg·g-1) for Y3+
2. For effective separation of Sr2+ and Y3+ ions it should be used differences in their sorption at neutral
and alkali medium, and differences in their dependence of time interaction.
3. Sorbent ТіО2 –La can be used fo sorption of Sr2+ and Y3+ ions from individual solutions and also from
their mixture. In this case, these two elements will increase the sorption of each other.

