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The presented work aimed to synthesize and melt lithium- containing titanium oxides in the citric acid media, and
to determine the impact of the ratio of TiO, polymorphic modifications and citric acid amount on the particle size and
crystallite formation. New approaches for changing particle and crystallite size were performed based on the post-
synthetic melting treatment in the solid citric acid of the Li- containing TiO, powders. The X-ray powder diffraction
analysis detected the main TiO, polymorphs phases (anatase, rutile, TigO11, TizOs, Lio.o2sTiOz, and lithium titanium
oxide (2.7/1.3/4) in all samples prepared via orthotitanic acid alkaline hydrolysis and under the melting route in citric
acid media. There was a correlation between the ratio of citric acid in the melting mixture and crystallite size in ending
products. The maximum anatase crystallite size (10372 nm) was detected in the samples prepared in media with a
large surplus of citric acid. The total pore volume (Vi) Was calculated from the volume of nitrogen adsorbed
converted to liquid at a pressure close to P/Py = 1. All samples were found to involve two kinds of pores: micropores
with approx. 1+2 nm radius, and mesopores with approx. 1029 nm radius. The samples’ SEM analysis also detected
the size of the two kinds of particles in all samples. Increasing amounts of citric acid lead to increasing amounts of
particles with size < 100 nm in the presence of small amounts of large-scale (> 900 nm) particles. The maximum pore
and particle size were detected after melting treatment TiO, polymorphs in media with a large surplus of citric acid.
1t was proposed a scheme of crystallite formation in the presence of Magnéli phases and reductants from the thermal
decomposition of citric acid.

Keywords: titanium oxides, polymorphic modifications, orthotitanic acid alkaline hydrolysis, citric acid, melting
treatment, pore size, particle size

INTRODUCTION Another way to solve the kinetic problems of the
electrode materials is the use of nano-
architectured electrodes consisting of metal
oxides combined with metals as a current
collector or the use of porous TiO, thin films
[8, 9]. To optimize the device's performances, a
proper design of the electrodes is necessary to
balance the different charge storage mechanisms.
The nanoscopic network structure is composed of
a dense net of metalized mesopores that allow
both Me" and e to migrate. This network, with a
mesh size of about 10 nm, is superimposed by a
similar net on the microscale, formed by the
composite of the mesoporous particles and the
conductive admixture for realization of the
intercalation electrode. The power of this concept
is demonstrated by the synthesis of a mesoporous
TiO2 : RuO2 nanocomposite, which shows a
superior high-rate capability when used as the
anode material for lithium batteries [4, 9]. As

During the last decades, considerable
attention has been paid to electrochemical energy
storage devices with high energy and high power
densities, because of their opportunities to use in
powering electric vehicles and portable electronic
devices. Rechargeable lithium- and sodium-based
batteries are amongst the most promising
candidates in terms of energy density [1].
However, the achievement of high power density
is hindered by kinetic problems of the electrode
materials. For achieving a high rate capability of
such batteries, rapid ionic and electronic diffusion
is necessary. Many research works have focused
on enhancing mixed conduction by doping the
electrode materials with foreign atoms [2, 3] or by
admixing electronically conductive phases
(electronic wiring through carbon, conducting
polymers, Ag, heavy metal oxides, etc.) [4-7].
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result, nanostructuring the electrode materials is
one of the strategies to enable fast kinetics with
shorter diffusion distances for Li ions, improving
the charge transfer Kkinetics and material
accessibility  [10,11]. Mesoporous nano-
structured materials are particularly interesting
because of their high surface area, offering more
metal insertion channels, pores and pathways for
fast diffusion of metal ions [12]. The performance
of an electrode depends strongly on the
preparation process and its final homogeneity.
Microsized mesoporous sphere-like materials are
optimal for the electrode preparation due to high
packing density and the it ability to attain uniform
and compact layers. Above all, TiO; is a
promising material to be used in the intercalation
electrode, due to its high abundance, low toxicity
and cost, high discharge voltage plateaus and
structural stability during Li-ion insertion/extraction
[12-14]. Between some polymorph forms of TiO;
the polymorph anatase has been extensively
studied because of its ability to store a high
amount of lithium, with a theoretical capacity of
335 mAh g* [4]. However, the bulk form suffers
from solid-state diffusion limitation and low
electron conductivity in pure anatase. On other
hand different polymorphs of TiO.-based
nanostructured anode materials with large
surface-area-to-volume ratios to maintain stable
contact with the electrolyte, short Li* ion

STAGE 1

diffusion paths, facile strain relaxation upon
battery cycling and rise conductivity due to
percolation effects between polymorphs of TiO;
[15]. Such properties of TiO, completed the target
of the work. It was to detect the impact of the ratio
of TiO; polymorph modifications and citric acid
amount on the size and crystallite formation of
lithium-containing titanium oxides during the
melting route.

EXPERIMENTAL

Materials.

Preparation of series of Li*-doped TiO;
nanoparticles. TiO, samples (with size
90-230 nm) were synthesized using alkaline
hydrolysis of TiCl, by LiOH solutions. The
samples were dried at 150 °C for 10 h with further
thermal treatment at 350-470 °C in the air for 4,
26, 40, and 45 hours. The starting materials for
preparing TiO. polymorphs were the aqueous
solutions of titanium tetrachloride (98 % TiCly)
without further purification. The synthetic
method for the preparation of orthotitanic acid
(Ti(OH)4) and mixture of anatase and rutile is
illustrated in Fig. 1. The synthesis consists of two
stages: the first stage is hydrolysis of the water
solution of titanium tetrachloride with Li,SO4 and
LiOH; the second stage consists of drying and
thermal treatment to receive stable content of
anatase-rutile ratio.

stirring with high speed

3 mol/l
) TiCl,
98 %TiCl,

D —

Ice-water bath

STAGE 2

water solution

Li,SO,
‘ Cl SO

Washing with distilled water

| |Treating by LiOH

m— cHE

until pH 7

hydrolysis in the
range 293-368 K

24h thermal treatment

LiTiO;n HyO ) Li+anatase + rutile ) Li-+anatase + rutile

drying at 423 K

Fig. 1. Principle scheme of the lithium anatase-rutile mixture preparation via orthotitanic acid

Molten treatment by citric acid of the lithium
— anatase-rutile mixture. The molten route
anatase—rutile—citric acid was used to change the
nanoscopic network structure of powders. After
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the samples prepared according to the scheme of
synthesis (Fig. 1), they had been melt in solid
citric acid media(Table 1).
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Table 1. Conditions of the sample preparation

S Treatment Treatment time . Treatment time
Sample Citric acid . Treatment time for
No mass ratio temperature for for the first the first stage, °C for the second
' the first stage, °C stage, hours i stage, hours
1 1:0 - - - -
2 1:2 230 3 470 2
3 1:3 230 3 520 2
4 1:4 230 3 520 2

Characterization of materials. The structural
investigation and X-ray powder diffraction
analysis were performed on a (CuK, radiation
(14 0.15418 nm) and a Bragg 26 configuration.
The intensities of X-ray reflections were
measured in the range 26 = 10-80° with a step
width of 0.02, the X-ray beam probed a sample
area of ~50mm? The phase content and
crystallite size estimations were performed use
Match 3.0 software. Average crystallite size
calculated from selected peaks/lines: 932.4 A.
From the line broadening of the corresponding
X-ray diffraction peaks and using the Scherrer’s
formula, the crystallite size estimated by:

KA

= BCos® (1)
where L is the average crystallite size in nm, 1 is
the wavelength of the X-ray radiation

(0.154056 nm for copper lamp), K is a constant
usually taken as 0.9, g is the line width at half-
maximum height in radians, and 6 is the
diffracting angles [16]. The Scherrer constant
used in calculation of crystallite size was 0.94. A
fraction of rutile phase in each sample was
determined via the usually accepted quantitation
method. This method consisted of measuring the
relative XRD intensities of the anatase (101)
(d = 0.3520 nm) and rutile (110) (d = 0.3247 nm),
and then the fraction of rutile phase was
calculated using Spurr equation [17]:

1

FR = o siacon im0

)

where FR - the mass fraction of rutile in the
powder, I and Ir are X-ray integrated intensities
of the (101) reflection of anatase and (110)
reflection of rutile, respectively.

Specific surface areas and pore size
distributions for the synthesized samples were
calculated from nitrogen adsorption/desorption
curves (NOVA 2200e, Quantachrome, USA)
using the NovaWin2.0 software. Before
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measurements, the samples were vacuum-treated
overnight at 120 °C. The total surface area of the
materials Siwr Was calculated by the Brunauer-
Emmet-Teller method (BET). The total pore
volume (Viora) was calculated from the volume of
nitrogen adsorbed converted to liquid at a
pressure close to P/Po = 1. To acquire the volume
and radii of mesopores (Vmeso, Rmeso), Barrett-
Joyner-Halenda (BJH) were used. The average
pore radii (Rpore) Was determined from the total
pore volume (Vi) Of the materials and its
specific surface area (Sww) by equation
Rpore = 2Viotal/ Storal. The micropore volume (Vimicro)
was calculated by subtracting the value of Vieso
from Viorar. Pore radii distributions were obtained
from isotherms in terms of the density functional
theory (DFT).

The thermal behavior of the precursors was
examined by means of thermogravimetric (TG
and DTG) and differential thermal analysis
(DTA) using a Q-1500D derivatograph (MOM,
Hungary) at atmospheric pressure in air (heating
rate 10 °/min, probe mass ~ 0.1 g, temperature up
to 600 °C).

RESULTS AND DISCUSSION

The X-ray diffraction patterns in Fig. 2
illustrate the effect of acids concentration on the
phase formation. Theoretical and experimental
works show that the synthesis of the different
TiO, polymorphs strongly depends on the
precursor and the synthesis conditions e.g. ligand
concentration, acid or base media, temperature,
synthesis duration, etc. Due to structure
similarities, the different complexes led to a
certain TiO; structure. In summary, it could be
able to say, that the surface properties of TiO; are
changed or modified so that the intermediate
product’s total Gibbs free energy surface favors
the formation of a certain TiO polymorphs [18].
A high charge density at the surface can strongly
decrease the surface energy [19] and lead to
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metastable and/or unexpected TiO, phases.
Therefore, it is possible to synthesize very small
rutile crystals as well as larger anatase crystals,
which are thermodynamically unstable. For such
purpose, using the melting route with citric acid is
one of the routes that combine opportunities to
control the acidity and receiving of intermediates
by changing the TiO, - citric acid ratio.

The composition of the synthesized TiO, and
TiO2- HOC(CH2CO:H): with different acid ratios
have four TiO, polymorphs and two LixTiyO,
compounds with small amount of anatase and
rutile phases relatively TigO11 and TizOs phases in
all studied samples (Fig.2, Tables 2, 3).
LioozsTiO, has additional reflections as in the
materials, which could be indexed with the same
structure as the pristine anatase TiO- (Space group
14,/ amd, a=3.7919, ¢ =9.7979) albeit with
different lattice parameters (Table 3). The work
observed that electrochemical Li insertion should
lead to two two-phase regions: first the well-
established anatase/Li-titanate (a/p) coexistence,

and second the newly observed phase coexistence
between Li-titanate and the Li;TiO, phase (B/y)
[20]. Based on that it could be possible to assume
a similarity in lithium incorporation in anatase
phases during electrochemical processes and
lithium anatase-rutile mixture preparation via
orthotitanic acid alkaline hydrolysis. Such
similarity allows for the thermodynamic impact
of particle sizes of anatase, which takes part in
crystallite growth provided by the Gibbs free
energy (per mole inserted Li - ions) for mixing
two phases in a bulk material [20]. It doesn't give
opportunities for crystallite and particles growth.
On other hand in the TiOJ/lithium titanium oxide
(2.7/1.3/4) systems crystallite size increases from
40 to 105nm as a function of the annealing
temperature [21]. All these sizes are lower than
crystallite size detected in studied objects
(Table 4). The more promising polymorphs
impacted on crystallite size can be TigO1; and
Ti30s polymorphs (Table 2, Fig. 2).

Table 2. TiO; polymorphs in the samples fixed on XDR spectra

TiO2 polymorphs d[A]

Entry No.

Anatase 3.5142; 2.4305; 2.3781; 2.3324; 1.8921; 1.7471; 96-901-5930; 96-900-9087;
1.6997; 1.6663; 1.4933; 1.4807; 1.3389 96-720-6076; 96-500-0224;
96-900-8215; 96-900-8216;
96-900-8217
Rutile 3.2466; 2.4869; 2.2960; 2.1869; 2.0542; 1.6877; 96-900-9084; 96-900-7433;
1.6663; 1.6242; 1.4807; 1.4529; 1.3611; 1.3468  96-900-1682; 96-900-7532;
96-900-4142; 96-901-5663;
96-410-2356; 96-900-4143,;
96-900-4144; 96-900-4145
TigOn 3.5046; 3.4932; 3.4668; 3.4440; 3.3430; 3.2978; 96-152-1096
2.0511; 2.4991; 2.4824; 2.4819; 2.4798; 2.4368;
2.3742; 2.2993; 2.2978;
2.0632; 1.8923; 1.7466; 1.6910; 1.6833; 1.6622;
1.6280; 1.6204; 1.4803; 1.4506; 1.3577; 1.3368;
1.3027; 1.2635; 1.2698; 1.2506
Ti3Os 3.5420; 3.4480; 3.3345; 3.3295; 3.3029; 96-231-0726
3.1456; 2.8494; 2.8163; 2.6841; 2.6641; 2.6031;
2.4699; 2.4366; 2.4045; 2.3786;
2.3747; 2.3663; 2.3592; 2.3403; 2.3379
2.2118; 2.1952; 2.1657; 2.1360; 1.1519
1.4370; 1.4081; 1.3780; 1.3640; 1.3594; 1.3422;
1.2994
Lig.o2sTi O2 3.5216; 2.4302; 2.3743; 2.3348; 1.8959; 96-412-4519
1.6983; 1.6694; 1.4948; 1.4816; 1.3631;
1.3406; 1.2774; 1.2850; 1.2529; 1.1872;
1.1739; 1.1674; 1.1626; 1.0599; 1.0453;
1.0166
Lithium titanium oxide 2.3671; 2.0500; 1.4496; 1.1836; 96-101-0898

(2.7/1.3/4) 1.0250
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Table 3. The main Crystal systems of TiO, polymorphs detected in samples

TiO2 polymorphs Crystal system Space group Unit cell, A Calc. density, g/cm?

Anatase tetragonal 14,/ amd (141) a=23.78420 3.894
b =9.51460

Rutile tetragonal P4,/ mnm a=4.5922 4.233

b=2.9574

TigO11 monoclinic Cl/m1(12) a=9.94600 3.942
b =3.74400
¢ = 20.99400

Ti30s monoclinic Cl,/m1(12) a=9.75200 4.245
b = 3.80200
¢ =9.44200

Lioo2sTi O2 tetragonal 14,/ amd (141) a=23.79190 3.894
€ =9.79790

Fig. 2. X-ray diffraction patterns of the studied samples (the numeration is according to Table 1)
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TigOn and Ti30s phases have
‘nonstoichiometric’ structures e.g., TiOn-» and/or
TiO, and so-called Magnéli phases, which have
the formula TiznO24-1, Where n =4, ..., 10. There
is research where TisOs and TiO, (anatase) were
observed clearly without any signs of TiO; (rutile)
in XRD-diffractograms [22]. It was reported that
such  TisOs form of TiO,/TiO,-based
heterostructures could be formed at the
temperature of 400 °C, which is suitable for the
formation of TisOs with TiO, (anatase)-
intergrowths [23] at very different formation
conditions. When TiO; is used as the titanium
source, reductants like carbon, hydrogen, certain
active metals (e.g. Ti, Si, Mg, Al, or Ca), and
organic acids are used to remove oxygen and
prepare different titanium suboxides, even the
polymorphism of the same titanium suboxide.
Besides, titanium suboxide single crystals can be
grown in presence of oxygen in the reactor
atmosphere. On another hand TiznOz,-1 is Mixed-

valence compounds with two Ti** (3d* electronic
configuration) and (n=2) Ti* (3d°) ions. The
presence of both Ti** and Ti** ions provides
several possible configurations of cations in the
crystal, leading to various charge-ordered states
and promoting the formation of crystallites with
large sizes [22, 23].

According calculation the growth of
crystallite sizes of anatase in studied samples have
such tendency: pure anatase< pure rutile < sample 2
< sample 1< sample 3< sample 4. The tendency in
changing sizes of crystallites of the rutile is the
same one, but the sizes are much lower
(Tables 4, 5). With the exception of sample 3 all
samples have correlation with behavior of anatase
in presence of Magnéli phases. Rutile is the
thermodynamic stable phase, but for small
particle sizes anatase become the dominating
phases. Summary of results obtained from the
X-ray diffraction patterns and BET surface area
of all the samples are shown in Table 4.

Table 4. Crystallite size, average pore size and surface area of samples

Crystallite size”

Average pore size,

Surface area (m?g™")

Sample (nm) nm This work Literaturre
91.46 (R). . -
1 376.05 (A) 1.75; 30 8.51
83.04 (A) .
2 87.84 (R) 1.6; 28.3 5.54 -
89.79 (R). .
3 357.10 (A) 1.5;19.6 7.22 -
98.08 (R) .
4 10372 (A) 1.6; 28.4 6.33 -
Anatase 16.3 (A) 1.7 6.09 5.90 [27]
Rutile 42.7 (R) 55 3141 50

"Calculated from XRD data using Eq. (1). A denotes anatase and R denotes rutile

The reason for this is the Gibbs free energy Go
of the system consisting of a bulk Guuk and a
surface term Gsurface:

®3)

In nanoscaled materials, the system is more
dependent on the surface term while materials
with a bigger particle size are dominated by the
bulk term. Rutile has the lowest Gupuk value, but
anatase have lower Ggurface Values. Therefore, the
three polymorphs have a thermodynamic
crossover at a certain particle size leading to
stable anatase particles at small crystallite size
and stable rutile particles at bigger crystallite sizes

Go = Gpuix + Gsurface .
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[24]. Rutile is more stable than anatase for a
particle size >14 nm [23, 25]. In a later study,
they postulated that anatase is thermodynamically
stable at sizes 35 nm and the crystal structure
strongly depends on the synthesis method. It
seems that anatase to be more stable for small
nanoparticles. But the anatase crystallite sizes of
sample 4 can’t be classified as nanocrystalline
TiO, powders (Table 4). It could be possible to
explain based on a thermodynamic approach that
uses surface, edge, and vertex energies, calculated
from first principles, to make predictions about
the shapes and energetics of large crystallites,
using surface and edge energies in the presence of
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Magnéli phase titanium oxides [26]. The active
impact of the anatase phase in the formation of
surface properties of samples is confirmed by
close data of surface area in pure anatase [27] and
studied samples (Table 4). In all object with
equilibrium or lit bit larger amount of anatase
phase the size of crystallites of anatase is more
than crystallites of rutile phases (Table 4). It could
be connected with the Magnéli phase titanium
oxides properties. In  TinO2.1, an oxygen
deficiency in every n™ layer leads to shear planes

in the crystal structure. At the shear planes, the
two-dimensional chains of octahedra share a face
to accommodate the deficiency in oxygen with the
formation of large crystallites. The conditions of
such changes can be realized under the thermal
treatment of anatase or rutile phases in the
presence of reductants or pressure in the
temperature range of 20-400 °C [23]. The TizOs
is the main phase formed on the anatase surface,
and TigO1 is formed on rutile.

Table 5. Ratio of the Titanium polymorphs in the samples calculated from X-ray diffraction patterns

Ratio of the titanium polymorphs

Sample Lioo2sTiO2 :
Anatase : Rutile  Rutile: TiegO11  Anatase : TisOs Rutile : TisOs lithium titanium
oxide (2.7/1.3/4)
1 1:1 1:15 8:1 1:1 7:1
2 1.1:1 1:2 4:1 1:1.3 8:1
3 11:1 1:2 6.4:1 1:1.3 7:1
4 1:1.1 1:14 10:1 1:1 7:1
0.0% 4 ——
0,854
_%“ .64 4
E 8,69 4 4
= |
o et
.51 e 3
1 o,
0.0 4
[+ I. 4 l_ [ ] II}- 12
radius .nm

Fig. 3. Changes of pore size in the studied samples (the numeration is according Table 1)

The results of the XRD analysis are in good
agreement with pore sizes (Fig.3) and SEM
images (Fig. 4). All samples have two main pore
sizes: <2 nm (micropores) and 2 - from 10 to
29 nm (mezopores) (Table4, Fig.3). The
maximum pore size was detected in sample 4
(Fig. 3). The SEM analysis of the samples also
detected the two kinds of the particles size in the
samples after synthesis of the lithium — anatase -
rutile mixture preparation via orthotitanic acid
and after melting treatment in citric acid media
(Fig. 4). Increasing amount of citric acid lead to
increasing amount of particles with size < 100 nm
in the presence of small amount of large scale
particles. On the other hand, thermal treatment in
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a reducing environment produces a number of
defects in the TiO, crystal structure, including
oxygen vacancies (Vo). The increasing number of
V, alters the Ti and O ratio, resulting in the
formation of different suboxides (i.e., Magnéli
compounds). Magnéli phases usually form from
TiO; according to the following reaction [23]:
nTiO, + Vo — TinOon-1.

An increasing citric acid amount in a melting
mixture two times raises the number of reductants
(products of citric acid decomposition and CO,)
[28, 29] in 20 % with further polymerization of
these products in temperature range 210+490 °C
and formation of carbon structures at temperature
490-500 °C [30] (Figs. 5, 6).
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Such intermediates could take part of the
Magnéli phase formation:

n(TiOy)s + organic reductants (s) =
= TinOzn1+ H.O (g) + CO (g)

N(TiOz)s + CO(g) = TinOzn1 + CO2 (g).

This could explain the huge rise of crystallite
sizes in the case of citric acid's significant surplus
due to the formation of many reductants in
synthetic mixtures (Fig. 7).

Barw mn

i HER L1 AE my L] Temr

3

Wb B
1

HEF HHE HF

Fig. 4. SEM images of the samples: 1 — TiOz primary (the lithium anatase-rutile mixture preparation via orthotitanic
acid); 2 — TiO, + Citrate Acid 1 : 2; 3—TiO, + Citrate Acid 1 : 3; 4 — TiO; + Citrate Acid 1 : 4
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Fig.5. TG (1), DTG (2) and DTGA (3) data of the mixture 2 (Table 1)
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Fig.6. TG (1), DTG (2) and DTGA (3) data of the mixture 4 (Table 1)
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Fig. 7. Scheme of the reductant’s and Magnéli phases formation in presence of citric acid on TiO; surface

CONCLUSIONS

The lithium-containing titanium oxides were
synthesized using ortho-titanic acid alkaline
hydrolysis with further post-synthetical melting

ISSN 2079-1704. X®TI1. 2025. T. 16. Ne 1

47

treatment with solid citric acid. The composition
of the synthesized TiO, and TiO; -
HOC(CH2CO:H). with different acid ratios have
four TiO2 polymorphs and two LixTiyO;
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compounds with small amount of anatase and the size of the two kinds of particles in all
rutile phases relatively TigO11 and TizOs phases in samples. Increasing amounts of citric acid lead to
all  studied samples. Detected structures increasing amounts of particles with size
specialties of LioosTiO2 give us to assume <100 nm in the presence of small amounts of
similarity in lithium incorporation in anatase large-scale (> 900 nm) particles. Based on XDR
phases during electrochemical processes and analysis, TG, DTG, and TGA data the scheme of
lithium anatase-rutile mixture preparation via crystallite formation in the presence of Magnéli
orthotitanic acid alkaline hydrolysis and absence phases and the appearance of reductants during
of the thermodynamic opportunities for crystallite the thermal decomposition of citric acid was
and particles growth. It was detected a correlation proposed.
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Incmumym 3azanvuoi ma neopeaniynoi ximii imeni B.1. Bepnadcvrkozo Hayionansnoi akademii nayk Ykpainu
npocn. Axademixa Ilannadina, 32/34, Kuis, 03142, Vkpaina, katherinepersh@gmail.com
Hayionanvuuti mexniunuii ynigepcumem Yxpainu «Kuiscokuii norimexuiunuil incmumym imei leopa Cikopcvkoz2o»
npocn. bepecmeticoxuii, 37, Kuig, 03056, Ykpaina

s poboma cnpsamosana Ha cuHmes ma NAAGNEHHS NMIUGMICHUX OKCUOI8 MUMAHY 8 Cepedosuwyi TUMOHHOL
KUCTIOMU U U3HAYEHHSL BNIUSY CNIBBIOHOULeHHS NoAIMOp@HUX moouikayii TiO2 ma KiibKoCmi TUMOHHOL KUCIOMU HA
PO3MID 4ACMUHOK mMa YMEopenHs. kpucmanimie. Hosi nioxoou 0o 3minu po3mipy yacmuuok i Kpucmanimie Oyau
Peanizo8aHi Ha OCHOBL NOCMCUHMEMUYHO20 NAAGIEHHS 8 MEepOLil TUMOHHKIU Kuciomi nopowxie TiO», wo micmsamo Li.
Penmeenocmpyxmypnuii ananiz usisue ocnosHi norimopgui ¢pazu TiO2 (anamas, pymun, TigO11, TisOs, Lig s TIO2 ma
oxcumumanamy aimiro (2.7/11.3/4) y 6cix 3paskax, ompumaHux wisaxom IyHCHO20 SIOPONi3y Opmo-mumano8oi Kuciomu
ma niaenieHHsAM 6 cepedosuui TUMoHHOI Kucromu. Byna eusenena xopenayisi mMidc CniGIOHOWEHHAM JUMOHHOL
KUCIOmu 8 cymiwi O/sl NIAGNeHHs MA pPO3MIPOM KPUCMANIMIE y KiHyeeux npodykmax. Maxkcumanvrutl po3mip
Kkpucmanimie anama3zy (10372 um) eusenenuil y 3paskax, wjo OMpUMAaHi y cepedosumax i3 8eauKkum HAOTUUKOM
JUMOHHOI Kucromu. 3azanvruii 06’em nop (Vtotal) pospaxosyeascsa 3 06’emy azomy, nepemeopeHozo 6 piouHy npu
mucky, oausbkomy 0o P/Po= 1. Byno ecmanogneno, wo 6 ycix 3paskax Rpucymui 08a munu nop: MIKpOnopu 3
npubauznum padiycom 1+2 um ma mezonopu 3 npubauzno 1029 um. CEM ananiz 3paskie makoic ussue posmipu
080X MUNI8 YACMUHOK V 6CIX 3DA3KAX, WO NPU3E00Ums 00 30ibuienHs Kitbkocmi yacmunok 3 posmipom < 100 wm y
npucymnocmi Hegeaukux xinbkocmeti eenuxomacuwmabnux (> 900 wm) uacmunox. Makcumanvuuii posmip nop i
YACMUHOK usA6LeHO nicias 00pooku nonimopdie TiO2 naasnenusm y cepedosunyi 3 6eIUKUM HAOTUUUKOM TUMOHHOL
Kucnomu. 3anponoHosano cxemy ymeopeHHs. Kpucmanimis y npucymuocmi ¢paz Maeneni ma 8iOHOBHUKIE MePMIYHO20
PO3KIAOAHHS TUMOHHOI KUCTIOMU.

Knrouosi cnosa: oxcuou mumary, noaimop@ui moougixayii, ays’cHuil 2ioponiz opmo-mumanogoi KUciomu,
JIUMOHHA KUCTOMA, 06POOKA NIAGIEHHAM, PO3MIP NOP, POIMID YACMUHOK
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