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Introduction shows the important of this scientific direction. “Co with half-life of 5.3 years is one of the few
anthropogenic, gamma-emitting radionuclides, that can be detected in aquatic environments affected by liquid effluent
discharged from nuclear facilities. The need for control of the content of Co in the environment, determines the search for
new adsorption materials with high adsorption capacity and chemical, thermal, and radiation resistance.

The aim of present work is to investigate the adsorption of Co?" and ®*Co by mesoporous TiO; from aqueous solutions.

Experimental techniques describes the adsorption studies in detail. The mesoporous TiO, with the initial pore size ratio
(Simeso/S = 58 %; Vieso/V = 64 %) was selected as adsorbent. Synthesis of adsorbents was carried out by the method of liquid
phase hydrolysis of aqua complex of TiCly,

The dependence of adsorption value on agitation time, solutions acidity, and equilibrium concentration of Co*" was
investigated in butch mode. The presence of cobalt on the surface of mesoporous TiO; was confirmed using XRF-analysis.
The initial and residual concentration of cobalt was controlled by complexonometric titration with xylenol orange as
indicator.

Four simplified kinetic models: pseudo-first order and pseudo-second order equations, firstly applied by Lagergren,
intraparticle diffusion and Elovich (Roginsky-Zeldovich) kinetic models were applied to experimental data. Langmuir and
Dubinin-Radushkevich adsorption theory applied for experimental equilibrium data of adsorption of cobalt cations by
mesoporous TiO.. The adsorption energy was measured using Dubinin-Radushkevich equation.

The results obtained have shown that the experimental data on the adsorption kinetics of Co®* by mesoporous TiO; fit
well by Lagergren pseudo-second kinetic model. Applying of Elovich kinetic model gives also high correlation’s coefficients,
close to unit (R* > 0.9).

The equilibrium adsorption data are well approximated by Langmuir adsorption theory. Maximal adsorption value
obtained experimentally (49+4 mg/g) is in good agreement with calculated by Langmuir adsorption theory (63.81 mg/g).

The adsorption energy calculated using Dubinin-Radushkevich equation is 8.104+0.361 kJ/mol, which correspond to
physical adsorption mechanism. However, for each values of Polanyi’s potential (¢) (which correspond to certain
equilibrium concentration C,, mg/L) adsorption energy is different. It smooth decreases with increasing concentration of
adsorbate in the solution. Although the experimental results are well describing by the Langmuir model, the adsorption
energy of Co’" ions by mesoporous TiO> depends on the degree of surface filling, which means that the adsorption centers
of this sample are not independent. At the low equilibrium concentration of Co®* (38 mg/L), the adsorption energy is much
higher than the corresponding value for adsorption by the physical mechanism. To our opinion, that is why applying of
Elovich kinetic model to experimental dada gives high R°.

The adsorption of Co®* by mesoporous TiO; strongly depends on solutions acidity.

To simulate conditions close to real, the adsorption of ®Co by mesoporous TiO; was investigated. The percentage of
%Co, adsorbed onto TiO; is more than 90 %.

The main conclusion is that mesoporous TiO> could be useful as an adsorbent for water purification from Co®" and in
decontaminating of radioactive waste containing *’Co.
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INTRODUCTION materials of the internal structure of the reactor
core [1]. In river environment, it can be measured
up to 20 km down-stream of NPP. Although
cobalt is an essential trace element, it is toxic
when concentration levels are too high.
Biosorbents, zeolites, modified zeolites [2],
Fe3Os4 nanoparticles, and Fe;O4 modified by

%Co with half-life of 5.3 years is one of the
few anthropogenic, gamma-emitting radio-
nuclides, that can be detected in aquatic
environments affected by liquid effluent
discharged from nuclear facilities. “°Co forms by
slow neutron capture in *Co, and exist in the
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mercaptobutyric acid (Fe;Os-MBA), meso-2,3-
dimercaptosuccimic acid (FesO,—DMSA) or
ethylendiaminetetraacetic acid (Fe;Os—EDTA);
metal-organic  framework-based  adsorbents
(MOF), nano-silica or ailuminum silicate are
proposed for adsorption removal of Co*" [3-8].
These adsorbents have certain limitations. Most
of adsorbents have low adsorption capacities and
selectivity. Their surface needs to be modified by
chemical treatment [2]. Modified iron oxide
nanoparticles are offered to be used for removal
of Tl, Cd, Co, Cu, Ag, Pb [3], but among listed
metals, cobalt adsorption is the worst. In addition,
iron oxides limitation includes poor regeneration,
which increases the cost of nanomaterials [3]. The
need in the control of the content of ®*Co in the
environment determines the search for new
adsorption materials with high adsorption
capacity, high recovery, and chemical, thermal,
and radiation resistance.

TiO, is known as efficient adsorbent toward
bivalent heavy metal cations Ba*", Pb*", Hg**, and
radionuclides such as strontium [9-12]. Among
all the TiO, synthesis methods, method of liquid
phase hydrolysis of aqua complex of TiCl4 [9-14]
occupies an important place. Features of TiO;
synthesis allows to change its surface to obtain the
required properties. Mesoporous TiO> has a high
chemical stability, and saves its adsorption
properties even after 10 cycles of regeneration
[11]. It is resistant to acidic and alkali medium, it
has developed surface area, and is nontoxic. Also,
mesoporous TiO, has a high thermal stability
[11, 12] and thus, its radiation stability can be
predicted.

In the present investigations, we use a new
mesoporous TiO, synthesized by reaction of
liquid-phase hydrolysis of aqua complex of TiCls
for the adsorption of Co** and ®’Co from aqueous
solutions.

EXPERIMENTAL TECHNIQUES.
SYNTHESIS OF MESOPOROUS TiO;

Synthesis of adsorbents was carried out by the
method of liquid phase hydrolysis of TiCls aqua
complex Conditions of mesoporous TiO;
synthesis are described in detail in publications
[11-14]. The guidance of mesoporous TiO;
synthesis, which was used in present
investigations, is given in publications [11, 12].
This sample relates to mesoporous materials by
porous size distribution. However, on its surface
there are a considerable number of pores with
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diameters less than 2 nm [12] classified as micro
pores by IUPAC. Modification of the TiO;
surface by arsenate or carbonate groups increases
the volume/surface area of mesoporous TiO,, and
increases the adsorption capacity of samples
toward the heave metal cations with large ionic
radius, such as Sr** [11, 12]. Mean while, the
volume of micro pore remains unchanged or weak
decreases after modification [12]. It has been
suggested that the initial pore size ratio of the
unmodified sample (Smeso/S = 58  %;
Vineso/ V=64 % [12]) may be promising for the
adsorption of Co?'with relatively small ionic
radius. Therefore, TiO, synthesized without the
addition of modifying reagents was selected as
adsorbent.

Mesoporous TiO, was synthesized in anataze
modification with cell parameters: a = 3.78 A;
c=9.5 A, and crystallite size 4.7 nm. The specific
surface area, pore volume, pore size distribution
were estimated from N, adsorption/desorption
isotherms using a BET-surface area analyzer
(Quantachrome Autosorb Nova 2200¢) at 77 K.
The total surface area of this sample is 239.4 m* g,
and surface area of micropores is 100.5 m*g™;
that of mesopores is 138.9 m*g'. Pore radii
calculated using DFT method are 1 to 2.5 nm. The
point of zero charge of mesoporous TiO»
pHp.e =5/35[11, 12].

ANALYSIS OF Co**AND ®Co

The dependence of adsorption value from
agitation time, solutions acidity and equilibrium
concentration of Co®* were investigated in butch
mode with liquid : solid phase ratio equal to 100
(mags = 0.05 g, Vsot = 5 ml). The investigations of
adsorption value dependence on agitation time
and initial concentration of Co®" were provided in
neutral medium in the concentration ranges of
38-5497 mg/L. The effect of solution acidity on
adsorption processes was investigated using
certain amount of HNO; or NH4OH and was
controlled by a pH meter “Bilorus’ 2003”. The
initial and residual concentration of Co®" was
determined wusing direct complexonometric
titration with xylenol orange [15].

The adsorption value and separation factor
were measured by equations (1) and (2):

[(Co—Ce)V]
Ap = % (1)
where C, (mg/L) and C. (mg/L) initial and
residual concentration of cations respectively;
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V (L) — volume of solution, m (g) — mass of
adsorbent; 4. — adsorption value (mg/g);
R, = 1/(1 + K, C,) 2)
where K1 — constant of Langmuir equation [16].

For quality control of the adsorption
experiments, replicate assays at least two times
were carried out in different days under the same
experimental conditions. The kinetic study of
each experiment started with the addition of the
mesoporous TiO; to the solution with dissolved
cobalt compound. The solution was filtered after
5, 10, 20 etc. minute, then immediately analyzed
for Co*".

Four simplified kinetic models: pseudo-first
order and pseudo-second order equations, firstly
applied by Lagergren [16, 17], intraparticle
diffusion and FElovich (Roginsky-Zeldovich)
kinetic models were applied to experimental data.

Langmuir and  Dubinin-Radushkevich
adsorption theory were applied to experimental
equilibrium data. For describing isotherms of
adsorption, equations were used, named
Langmuir equation (3), or a linear form (4):

AxKCe
€ 1+KC, 3)
where A, — maximal adsorption value, which
corresponds of filling the whole adsorption
centers (mg/g); K — Langmuir equation constant
(L/mg); C. — equilibrium concentration (mg/L).
Linear form of Langmuir equation (4) is often
used for measuring values of 4. and K

_=_><_
A, AwK  Co

4)

The adsorption energy was measured using
Dubinin-Radushkevich equations (5) and (6)
[16-19].

A = Apmax X exp(—ﬁfz) =

1 2

= Ao ¥ [—/3 x (RT In(1+ C—e) )] 5)
where 4. — adsorption value, mmol-g' under
corresponding adsorptive concentration C. mol-L";
Amax — maximal adsorption value, mmol-g';
p — constant (mol*J?); & — Polanyi’s potential
(Jmol™); R — universal gas constant, J-mol -K,
T — temperature (K).
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The constant £ is related to adsorption energy
by equation (6)

1

E = T.
(2B)2

(6)

When the linear approximation was applied,
the value of R* was calculated using Microsoft
Office Excel or Origin Pro 8. In nonlinear
approximation, the equation (7) was used to
calculate R? according to literature [16]:

_ Z(Qe,epr_Qe,calc)z
Z(Qe,exp_Qe,mean)z

R? =

(7

Aexp (mg/g) is the amount of adsorbate uptake
at equilibrium, Aca (mg/g) is the amount of
adsorbate uptake achieved from the model using
the ‘Solver add-in’, and Amean (Mg/g) is the mean
of the Acxp values [16].

To simulate conditions close to real, the
radioactive isotopes of ®®Co were obtained using
reaction: *Co (n,y) — “Co.

For this purpose, 20 g of CoCl, was
positioned near neutron source. Pu (o) Be
compound was used as a source of neutrons
(¢ = 1.3:10° n/cm®s; E, = 1-10 MeV). The
highest cross section for interaction between **Co
and neutron, according to [19] is for neutrons with
energies 100 eV. So, the neutrons from Pu (o) Be
sources were slowed down by paraffin to the
ranges of energies 100 eV — 1 MeV. The thickness
of paraffin was calculated using Fermi age
equation. The exposure time of the compound was
at least 90 days [19]. The sample activity was
detected by a scintillate spectrometer with Nal
(TD) crystal [1].

The adsorption conditions of ®Co by
mesoporous TiO, were the same as for stable
Co*": solution acidity was neutral, duration of
interaction was at least 60 min, initial
concentration of (*’Co)CoCl, was 0.005 M; only
the mass of the adsorbent was doubled (m = 0.1 g)
for the convenience of gamma-spectrometry and
XRF analysis.

The decontamination factor (DF) was
calculated by the following equation (8):

DF (%) = % x 100 )

where (4;) and (4y) are the initial and final
activities in (Bg/mL) of the radioactive solutions.
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XRF ANALYSIS

The elemental chemical composition of the
samples were done by XRF-analysis. The analysis
was provided in the scan mode using an S2Ranger
©2010 Bruker AXS GmbH under next
conditions: voltage 50 kV; tube current 1000 pA;
pressure 1000 mBar; filter 250 mm Cu. The peaks
of cobalt were observed with the energy 6.93 keV.
The quantity of Co*" on sorbent surface is 0.146 %
which equal to 1.46 mg of Co*" per 1 g of
adsorbent for initial concentration of Co*"

RESULTS AND DISCUSSIONS.
KINETICS OF ADSORPTION OF Co*" BY
MESOPOROUS TiO,

Contact time between adsorbent and solution
of corresponding metal has an important role in
understanding of adsorption processes. Kinetics
of adsorption of Co®* by mesoporous TiO; is
shown in Fig. 1.

Adsorption of Co®" from aqueous solution
strongly depends on the time of interaction.
Application of kinetic models to the results of
adsorption of Co*" by mesoporous TiO; is shown
in Fig. 2 (a—d).
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Fig. 2. Results of linear approximation of experimental data of adsorption of Co?' by mesoporous TiOx:
(a) Lagergren kinetic model based on pseudo-first order equation; (b) Lagergren kinetic model based on
pseudo-second order equation; (¢) diffusion kinetic model; (¢) Elovich kinetic model. The kinetic models are
widely used for mathematically describing the intrinsic kinetic adsorption constant
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Table 1. Kinetic adsorption constant of Co?" onto mesoporous TiO»

Kinetic model Constant of applying model R?
Lagergren’s pseudo-first-order Ki=0.0237 min™! 0.8949
Lagergren’s pseudo-second-order K> =0.0428 g/mg'min™! 0.9982
Difussion model Kipa = 0.560 mg g ™! min®* 07878
(intraparticle diffusion) (calc. Amax = 16.99 mg/g) )
Elovich ke =1.8 mg'g 'min * 0.9404

(calc. Amax = 14.4 mg/g)

The equilibrium of Co*" adsorption was
achieved after 60 minutes of interaction between
TiO; and solution of Co**. The Lagergren’s pseudo-
second order kinetic model provided better
correlation than other kinetic models. As well
known, a pseudo-second order reaction is a third
order reaction in nature in which one of the reagents
is in excess (in our case adsorbent). According to
[11, 12], adsorption of bivalent cations by
mesoporous TiO; occurs by interaction with surface
{=Ti-OH} groups. High correlation coefficient of
the pseudo-second order equation means that
bivalent Co®" can interact with two {=Ti-OH}
groups. We suppose the physical mechanism of
adsorption of Co®* by mesoporous TiO; as the main
mechanism, but the first step of this process may be
surface complexation between Co®* and 2[=Ti—-OH]
groups:

Co*"+2[=Ti-OH] — 2[=Ti-O ] Co*".

That is why applying of Elovich kinetic
model to present experimental data gives also
high R? value (R> = 0.94).

INVESTIGATION OF EQUILIBRIUM
ADSORPTION OF Co**
BY MESOPOROUS TiO;

Adsorption under equilibrium conditions
provides fundamental data about the adsorption
process. The parameters of equilibrium equations
often give some insight into the sorption
mechanism, the surface properties, and the
capacity of the sorbent [16]. Adsorption
equilibrium studies were provided in batch
experiments and neutral conditions. Results are
shown in Fig. 3.

Curve of isotherm adsorption of Co®" by
mesoporous TiO; has a form close to Langmuir
isotherm. According to Langmuir, adsorption is
limited to one molecular layer, and locates on
adsorption centers, which are independent on

450

each other. Adsorption centers is bonding with
one molecule of adsorptive [16].

In coordinates of Co/4f(C.) Langmuir isotherm
has a linear form, slope and intercept of which
correspond to parameters of Langmuir equation, and
the square of linear approximation coefficient (R)
indicates the degree of reliability of the calculated
results. However, the Tran ef al. [16] recommend
applying a nonlinear approximation, which gives
the values of the parameters of the Langmuir
equation as close as possible to the true ones. Other
authors [20-23] confirmed that the use of nonlinear
approximation of experimental data of equilibrium
adsorption gives values that are reliable relevant for
modelling the isotherms of adsorption.

In present investigations linear and nonlinear
approximation of Langmuir isotherm were
applied. Nonlinear approximation is carried out
using “Solver add in” option in Microsoft Office
Excel [16].

Results are shown in Fig. 4, and in Table 2.

The experimental data of Co*" adsorption by
mesoporous TiO, are adequately described by
Langmuir model. Value of Amax (mg/g) calculated
using nonlinear approximation is closer to the
experimental value of Co*" adsorption by
mesoporous TiO, (Table 2) than the same
parameter calculated using linear approximation.
R was measured using parameter of Langmuir
equation  K;  calculated by  nonlinear
approximation (0.00086 L/mg). Obtained value of
separation factor is less than unit (R < 1, see
Table 2), so adsorption of Co®" onto mesoporous
TiO; is favorable [16].

The Dubinin-Radushkevich equation (7)
generally applies well to adsorption system
involving only Van der Waals forces [16-19].
According to Dubinin-Radushkevich theory,
adsorption process is nonlocal, polymolecular, and
based on the postulate that the mechanism in
micropores is pore filling rather than layer-by-layer
surface coverage [17].
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Adsorption isotherm of Co®" by mesoporous
TiO, in Dubinin-Radushkevich coordinates
(In Af(€?)) is shown in Fig. 7.

The constant 3, which can be determine from
dependence A.f(e?), allows us to calculate the
adsorption energy value by equation (8).
Arithmetic mean of adsorption energy of Co*" by
mesoporous TiO; in concentration ranges of
CoCl, 0.001-0.1 mol/L (or 38-5497 mg/L) is
8.104+0.361 kJ/mol. However, for each value of
Polanyi’s potential (¢) (which corresponds to

50

certain equilibrium concentration C., mg/L)
adsorption energy is different. It smooth
decreases with increasing of adsorbate
concentration in the solution. Although the
experimental results are well described by the
Langmuir model, the adsorption energy of Co?"
ions by mesoporous TiO, depends on the degree
of surface filling, what means that, according to
Adamson [24], the adsorption centers of this
sample are not independent.
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Fig. 3. Isotherm of adsorption of Co?" by mesoporous TiO (pH=7; S:L=100)
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Fig. 4. Langmuir isotherm of adsorption of Co?" by mesoporous TiO»; (@) linear approximation; (b) nonlinear

approximation using “Solver add in” option

Table 2. Parameters of Langmuir equation of adsorption of Co*" by mesoporous TiO, and factor Rp

Maximal adsorption

Langmuir isotherm value K, R?
L/mg
Amax, mg/g
Linear fitting 16.67 0.0185 0.9891
Nonlinear fitting 63.8148 0.00086 0.9990
. 49+4.478 _
Experimental data (£9.05 %) Ry =0.968-0.174
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Fig. 5. Dubinin-Radushkevich isotherm of adsorption of Co?* cations by mesoporous TiO,

Table 3. The energy of adsorption of Co?* by mesoporous TiO», calculated using equation (8) and as £ = 1/-2slope, [16]

Arithmetic mean of E, E, kJ/mol
Ce, mg/L. £, kd/mol kJ/mol E = 1/-2slope [16]
38 25 8.104 8.22
75 9.26
123 7.86
210 6.06
417 4.78
1394 1.69
2506 2.08

In the case of physical adsorption of heavy
metal by inorganic adsorbents, the value of
adsorption energy is equal to £ < 8 kJ'mol '[16]. At
the low equilibrium concentration C. of Co**
(38 mg/L), the adsorption energy is much higher
than the corresponding value for adsorption by the
physical mechanism (see Table 3).

The mesoporous TiO, shows a high affinity to
cobalt cations at low concentrations of cobalt in
solution, which determines a high
decontamination factor for ®*Co and could be
useful for purification of aqueous solutions from
cobalt waste with high accuracy.

Table 4. Parameter of Dubinin-Radushkevich equation and average of adsorption energy of Co?* by mesoporous TiO»

Adsorption

. Ea S
capacity mog-ﬁ kJ-n:orl R
Amax, mg/g
90.017 0.00765 8'34:70561 0.9337
. 0

DEPENDENCE OF ADSORPTION OF Co**
BY MESOPOROUS TiO; ON pH

Co" exists in the form of [Co*'] in the range
of pH = 1-7 [25-29]. When solutions acidity is
increasing (pH = 9-13) [Co?"] transforms into
[HCo? ], CoOas, CoO4q, Co(OH)2aq. Dependence
of adsorption of Co*" cations by mesoporous TiO»
on pH was investigated in the range of pH = 1-7.
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The point of zero charge of mesoporous TiO;
pHpzc =5.35. Near this value of pH the adsorption of
Co®" begins and increases with increasing pH from
2.82 (pH=4)t0 20.5 mg/g (pH = 7) (see in Table 5,
and Fig. 6).

These patterns of dependence of adsorption
Co®" on pH are in good agreement with those
shown in literature [27, 29].
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The unmodified TiO, is favorable for (25 mg/g) [1]; synthetic aluminum silicate
adsorption cations with small ionic radius, like modified by magnesia (9 mg/g) [27]; Zr-ATMP
Co*". We can compare with other adsorbents: 0.91 meq/g ~ 54 mg/g [6].

chitosan (7.65 mg/g) [9]; cellulose/HO;Sbs

161 »

Fig. 6. Effect of pH on adsorption of Co** by mesoporous TiO». The initial concentration is 0.01M CoCl,

Table 5. Dependence of adsorption of Co?*cations by mesoporous TiO, on pH. Initial concentration is 0.01 M CoCl,

pH 1 3 4 5 6 7
A, mg/g 0 0 2.82 8.44 16.3 205

Table 6. Comparative studies of adsorption affinity of mesoporous TiO; toward Co?" and Sr?* cations

Ton radius, A [26]

element Atomic radius, By Shanon
A By Holdshmidt By Poling (for coordination
number 6)
Co* 1.25 0.82 0.72 0.78
A, mg/g 29.5 (0.5 mmol/g) present work
Ci=0.01M CoCl,
Sr2* 2.15 1.10 1.13 1.32
A, mg/g 25.69 (0.292 mmol/g) data from [12]
C=0.01M SrCl,
ADSORPTION OF “Co mesoporous TiO; could be useful as an adsorbent

for water purification from Co®" and in
decontaminating of radioactive waste containing
60C

0.

Adsorption of ®Co by mesoporous TiO, was
investigated in batch mode under and neutral pH

from low-level radioactivity solution with
dissolved “°Co compound. **Co emits two y-lines CONCLUSIONS
with energy 1.17 and 1.33 MeV [19]. The activity Adsorption of Co*” by mesoporous TiO» was
of aqueous radioactive solutions of “°Co was investigated in the batch mode. The influence of
determined by a gamma-counter using a Nal-(TI) agitation time, equilibrium concentration and
scintillation  spectrometer [1, 19, 27-29]. solutions acidity were determined. The elemental
Arithmetic mean and deviation of arithmetic chemical composition of the samples were done
mean were calculated using source [30]. by XRF analysis.

Decontamination factor measured using The experimental data of adsorption kinetic
equation (8) is equal to 98 %. Investigated of Co*™ by mesoporous TiO, fitting well by

ISSN 2079-1704. CPTS 2019. V. 10. N 4 453
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Lagergren pseudo-second kinetic model. The
equilibrium adsorption data well approximation
by Langmuir adsorption theory. Maximal
adsorption value, obtained experimentally
(49+4 mg/g), is in good agreement with that

energy of Co®" ions by mesoporous TiO» depends
on the degree of surface filling.

Investigated mesoporous TiO, could be
useful as adsorbent for water purification from
Co*" and in decontaminating of radioactive waste

containing *Co.
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calculated by Langmuir adsorption theory
(63.81 mg/g).

Adsorption energy calculated using Dubinin-
Radushkevich equation decreases with increasing
of adsorbate concentration in the solution.
Although the experimental results are well
described by the Langmuir model, the adsorption
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YV ecmyni 0o danoi pobomu po3kpumo axmyanbiicms nodibnozo nanpamxy oocrioxcens. °Co iz nepiodom
Hanigpo3nady 5.3 poku € OOHUM i3 YUCIA AHMPONOLEHHUX DAOIOHYKIIOI8, 2AMMA-8UNPOMIHIOBAUI8, AKI MOXNCYMb
Oiaznocmyseamucs 'y piokux 6ioxooax sdepuux ycmanoeok. Heobxionicme xommpomio emicmy °Co y doexinni
00YMOBII0E NOULYK HOBUX AOCOPOYIUHUX MAMePIaié 3 8UCOKOI a0COPOYIlIHOIO0 EMHICMIO, XIMIYHOIO, MEPMIUHOW Ma
Paodiayitinoio cmituKicmio.

Mema oanoi pobomu — docrioumu adcopbyiio Co’* i °°Co i3 600nux posuunie mezonopucmum TiO..

Memoouka excnepumenmy OemaibHO ORUCYE AOCOPOYIHI Oocnioxcenus. Ak aocopbewm 0ye eubpanuil
mezonopucmuii TiO; i3 cnig8iOHOUWEHHAM MIKPO- § ME30NOP Speso/S = 58 %6, Vineso/'V = 64 %. Cunmes docniodcernozo
aocopbenma 30ilCHI08ABCA 30 MEMOOUKOI0 PIOKOA3HO20 2i0pONI3Y MUMAH08020 akeakomniekca. Ak npexypcop 6ye
subpanut mempaxnopuo mumany TiCly. 3anescnicmv aocopoyii tionie rkobanrbmy 6i0 mpueanocmi 83aemooil
aocopbama 3 nogepxHerd adcopbeHma, KUCIOMHOCMI PO3YUHY, DIBHOBACHOI KOHYeHmpayii tioHie Kobanbmy 6Oyna
docnioxcena y cmamuynux ymoseax. Ilpucymuicms xobanvmy na nosepxti meszonopucmozo TiO; Oyna dosedena
MemoO0oM peHmeeHo-payopecyeHmHol cneKmpoCcKonii.

Toyamxogy ma pi6HOBAICHY KOHYEHMPAYilo UOHI8 KOOAIbMY SUHAUAU MEMOOOM KOMNIEKCOHOMEMPUUHO2O0
mumpyeamtsi. Ik inOukamop euKopucmosy8au KCUIEeHOA08UU HOMAPAHYOBUIL.

Yomupu nanubinow nowupeni Kinemuuni mooeni: Jlacepepena nceedo-nepuiozo ma nces00-0py2o20 NOpsoKy,
BHYMPIUHbOUACTMUNKOBOI Oughy3ii ma modenv Enosuua 6ynau 3acmocosani 00 eKCnepumMenmanbHux pe3yibmamis
docnioxcerd Kinemuxu aocopoyii uonis kobanemy mezonopumcum TiO>. [lo pisnosasichux izomepm adcopoyii 6ynu
s3acmocogari meopii Jlenemiopa i /[y6inina-Paoywxesuua. Byno pospaxosano euepeiio aocopoyii 3 GUKOPUCIAHHAM
pisHanns J]yoinina-Padywikesuua.

OOepoicani pesynibmamu HOKA3YIOMb, WO eKCHEPUMEHMANbHL 3ANeHCHOCME GeIUNUHU adcopoyii 6i0 uacy
83a€MO00ii 00bpe anpoKCUMYIOMbCs KiHemuuHow Mmoolennio Jlacepepena ncesdo-opy202o nopsoky. 3acmocy8anwus
modeni Enosuua (modeni xemocopbyii) maxoaic oae sucoxuti koepiyicnm ninitinozo nabnuscenns (R2 > 0.9).

Pesynemamu pisnogasichoi adcopbyii moxcyme Oymu onucaui meopieio Jlewemwopa 3 6UCOKUM cmyneHem
docmosipnocmi. Excnepumenmanvhi 3HaueHHs MaxcumanvHoi adcopoyii iionie kobanemy mesonopucmum TiO;
(49+4 m2/2) dobpe y3200xcytombest i3 pospaxosanumu 3a meopieto Jlenemiopa (63.81 me/2). Enepeis adcopbuyii,
pospaxosana 3a pieusnusm Jyoinina-Padywxesuua cmanogums 8.104+0.361 k/]oic/mons, wo eionogioae gizuunomy
Mexanizmosi aocopbyii. OOHaK, Osi KOJCHO20 OKpeMo 631mo2o nomenyiany llonaui (axomy eionogidae nesHa
pisHosadicna konyenmpayis adcopbamy, me/n) enepeia adcopbyii pisua. Ii eenuuuna nnagno smenuyemvca npu
spocmanni pienosasicnoi xonyenmpayii Co’* y posuuni. Lle ceiouums npo 3anexcuimv emepzii adcopbyii tionis
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kobanvmy mezonopucmum TiO; 6i0 cmyneHs 3anosHeHHs nosepxHi. 3 Ybo2o hakmy ModiCcHa 3pOOUMU BUCHOBOK, U0
aocopoyiini yenmpu 0ocioxcernoco mezonopucmozo TiO; He € He3anedHCHi.

Ipu Hu3bKUX 3HAYEHHSIX PIBHOBANCHOI KOHYeHmpayii kamioHie kobaremy (38 me/n) eeruuuna enepeii adcopoyii
eUWa, HIJNC Maxka, wo eionosioac mexanizmosi gizuunoi aocopbyii. Ha nauty oymky, ye moodice 6ymu npuyunor
BUCOKUX KOeQDiyicHmie NIHIIH020 HAONUNICEHHS NPU 3aCmocy8anii mooeni Enosuua 0o 0anux excnepumenmanbHux
pesynomamis. Adcopbyia Co® mezonopucmum TiO; 3anexcumo 6i0 KUCLOMHOCMT POFUUHY.

LIo6 3modemioeamu ymosu excnepumenmy, O6ausbki 0o peanvhux, 6Oyao odocuioaceno adcopbyito *°Co
mesonopucmum TiO;. Tlokasano, wo Ooocnidxcenuii adcopbenm sunyuae nouad 90% paodionyxnioy. Mesonopucmuil
TiO; ¢ nepcnexmusnum mamepianom 0s 2muboKoi ouucmxy 600Hux posuunie 6id Co’" i desaxmusayii padioaxmueHux
8i0x00is, axi micmams Co.

Knrouosi cnoea: aocopbyis, oiokcud mumary, Kobaiem, padioakmugHi i0xoou

Ancop6uus karuonos Co?* u paguoakrusnoro **Co mesonopucroim TiO;
A.B. BacuaneBa, U.®. Muponiok, U.H. MuknTun

Vorceopoockuii nayuonanvuwiii ynusepcumem
. Ynusepcumemckasi, 14, Yoiczcopoo, 88000, Yrpauna, h.v.vasylyeva@hotmail.com
Ipukapnamckuil HayuonaibHwiil ynueepcumem um. B. Cmepanuxa
ya. T. lllesuenxo, 57, Heano-@pankoeck, 76000, Yrpauna, myrif555@gmail.com

Bcmynaenue k pabome packpwleaem akmyaibHOCmb 0anno20 xanpaerenus uccredosanuil. *°Co ¢ nepuodom
noaypacnada 5.3 200a s611emcs OOHUM U3 AHMPONOSEHHBIX PAOUOHYKIUOO8, 2aAMMA-IMUMMEPOS, KOMOopble
OUGLHOCIUPYIOMCSL 6 JHCUOKUX 0OMX00ax A0epHbix yemarnosok. Heobxooumocms konmpons *°Co e oxpyocaioweii cpede
onpedensiem NOUCK HOBbIX AOCOPOEHMO8, KOMOpble GIA0CIOMm GblCOKOU COPOYUOHHOU EMKOCMbIO, XUMUYECKO,
mepMuyecKoll U paouayuoHHoU CHOUKOCMBIO.

Llenv dannoii pabomut — uccredosams aocopoyuio Co>* u °Co uz soouvix pacmeopos mezonopucmuim TiO;.

Memoouka sxcnepumenma 0emanbHO ONUCHIBAem adcopoOyUOHHble Ucciedosanus. B kauecmee adcopbenma Ovin
sviopan mezonopucmolti TiO; ¢ coomnoutenuem MUKpo- u Me30n0p Smeso/S = 58 %, Vieso/V = 64 %. Cunmes
UCCIE008AHHO20 AOCOPOEHMA OCYUECTNIISLIU NO MEMOOUKE HCUOKODAZHO20 2UOPOIU3A MUMAHOBO20 AKEAKOMNILEKCA.
B xauecmse npexypcopa 6vin evibpan mempaxnopuo mumana TiCly 3asucumocms adcopbyuu uonoe xobarema om
8peMenU  83aUMOOeUCmEUs. aocopoama ¢ NOBEPXHOCMbIO A0COPOEHmA, KUCIOMHOCU PACmEopd, pPAGHOBECHOU
KOHYEeHmMpayuu UoHo8 Kobaibma Oblia ucciedosana 8 cmamudeckux yciosusx. Ilpucymcemeue adcopoupoeannozo
Co’* na nosepxnocmu mesonopucmozo TiO> noomeepoicoero MemoOoM peHmaeHo-yopecyeHmHol CReKmpoCKonu.
Hauanvuyo u pasnosecnyio kxonyenmpayuio uoHo8 Ko6aibma Onpeoeisii MemoooM KOMNAECKCOHOMEMPULECKO20
mumpoeanusi. B kauecmee unouxamopa Ol UCNOIb3068AH KCUNCHOAO0BbIU OPAHIICEBBIIL.

Yemvipe Haubonee uzsecmuvle Kunemuyeckue mooenu. Jlazepepena nceedo-nepeozo u ncegdo-emopo2o nopsioka,
MoOdenb oughyzuu sHympov uacmuy adcopbenma (modenv Bebbepa-Moppuca) u modenv xemocopoyuu Enosuua 6viiu
UCNONB308AHbL OIS AHAIU3A IKCNEPUMEHMATLHBIX OAHHbIX KUHEMUKU a0COpOYUU UOHO8 KODAIbIMA ME30NOPUCIbIM
TiOs. /s onucanus pasHOBeCHbIX U30mMepM adcopoyuu ObLiu UCNOIb308AHbL meopuu adcopoyuu Jlduemopa u
Jlybununa-Padywkesuua.

Tonyuennvie pe3yibmamul c6UOEMENbCMBYIONT O MOM, YO IKCHEPUMEHMATbHbLE 3A8UCUMOCTIU KOIPDUYUuenmos
adcopbyuy om 8pemeHuU 3auUmMoOetiCmaUs XOopouwo annpoKCUMUpYIOmcs KUHemu4eckol mooenvio Jlazepepena ncesdo-
6mopo2o nopsioxa. Mcnonvzosanue mooenu xemocopoyuu Enosuua maxdice oaem bicoKUtl Koaguyuenm xoppensyuu
(R°>0.9).

Pesynomamer pagnosecnoii adcopoyuu mozym Ovims onucanvl meopueli JIoHeMIOpa ¢ GblCOKOU CMeneHvlo
docmogeprnocmu. IKCHEPUMEHMANbHbIE 3HAYEHUS MAKCUMATbHOU adcopoyuu uonog kobarsma mezonopucmoim TiO,
(49+4 me/2) XOpowio CO2RACYIOMCS € GEIUYUHAMU, MEOPEeMmUYecKy OnpedeleHnbiMu no meopuu Jlsnemopa
(63.81 me/e). Ouepeusa  adcopbyuu, onpedereHnas no  ypasHenuro  Jyoununa-Padywikeeuua, paeua
8.104+0.361 xl[c/mons, umo coomeemcmeyem ¢husuueckomy mexanusmy aocopoyuu. OOnako, 011 KaHc0020
omoenvHo 635mo20 nomenyuaia Ionsanu (komopomy coomeemcmayem Onpedeienids paeHO8eCHdAsl KOHYEHMPAayus
adcopbama, me/n) snepeusi aocopbyuu pasnas. Ee snauenue nnagno ymenvuiaemes npu 603pacmanuil pagHo8ecHol
xonyenmpayuu Co’* 6 pacmeope. Dmo ceéudemenscmeyem o 3a6UCUMOCIIU dHepaul a0copoyuy UoH08 Kobanbma
mezonopucmoim TiO2 om cmenenu 3anoIHeHUst NOBEPXHOCMU, d 3HAYUM U O MOM, YMO aA0COPOYUOHHbIE YEHMPbL
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0aHH020 00pasya He AGIAIOMCS HE3ABUCUMBIMU. TIpu HUBKUX 3HAUEHUSX PABHOBECHOU KOHYEHMPAyuu KAMuoHO8
xobanvma 6 pacmeope (38 me/n), 3Hauenue snepeun a0copoyUU 8blue, Hexcelu MaAKosoe O PUULECKOl a0copoyuu.
Omo, no naulemy MHeHUI0, U eCMb NPUUUHA BbICOKUX KOIDDUYUEHNO08 KOppensyuu npu annpoKCcuMayuu Mooenvio
xemocopbyuu Enoeuva nonyuennvix pesyivmamos. Aocopoyus Co’* mezonopucmoim TiO> cunvno 3aeucum om
KUCTOMHOCMU PACMBOPA.

Umobvl cMOOLIUPOEams VCI06UA IKCNepuMenma, bauskue K peaivhvim, oOviia uccredosana adcopbyus *’Co
mesonopucmoim  TiO> Ilokazano, umo uccredogannvlii. adcopbenm uszgnekaem 6oavwe 90 % paduonyknuoa.
Mesonopucmoui TiO; — nepchexmuenbvlii mamepuan Oas owucmKku 600nblx pacmeopoé om Co’" u dezaxmusayuu
paduoaxmuensix omxo0os, cooepaicawux °Co.

Knroueewie cnosa: aocopbyus, 08yoKuce mumawda, Kooauism, paouoaKxmusHsle 0mxoosl
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