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The paper presents structural, surface, thermodynamic and kinetic characteristics of tita-
nium dioxide samples obtained by means of alkaline hydrolysis of TiCl, by LiOH solutions
and further heat treatment. TiO, samples have the anatase structure with crystallite size of
7-10 nm. An increase in the heat treatment temperature from 150 °C to 470 °C leads to a de-
crease in the specific surface area from 404 to 80 m?/g and the total pore volume from 0.340
to 0.152 cm®/g. The influence of electrolyte composition and surface properties of TiO, on its
behavior in cells with lithium anode investigated by means of galvanostatic cycling and imped-

ance spectroscopy is discussed.

Key words: titanium dioxide, surface properties, electrolyte, solid electrolyte interface, qua-

si-equilibrium voltage

INTRODUCTION. Titanium dioxide TiO,
is a well-studied electrode material for lithi-
um-ion batteries. Among known TiO, struc-
tural modifications, titanium dioxide with ana-
tase structure is characterized by high specific
capacity and its stability during the long-term
cycling.

The process of lithium intercalation-dein-
tercalation in the structure of TiO, proceeds
in accordance with reaction 1, which corre-
sponds to the theoretical specific capacity of
335 mAh/g (forx = 1)

TiO, + xLi + xe— < Li TiO.. (1)

14

However, the experimentally obtained
specific capacity, as a rule, does not exceed
200 mAh/g and corresponds to ~0.6 moles of
lithium ions reversibly intercalating into the
structure of TiO,. Higher values of discharge
capacity are realized at higher temperatures [1]
or for TiO, nanoparticles of less than 7 nm [2].

There are also publications in the litera-
ture with comparatively higher values of spe-
cific capacity obtained by cycling of TiO, in
cells with lithium anode. Specific capacities of
276 mAh/g at the first cycle and 218 mAh/g
upon cycling with a coulombic efficiency
of 79 % were obtained by the authors [3] for
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electrodes consisting of mesoporous TiO,
spheres / graphene composite.

The influence of particle size, structural and
surface characteristics of TiO, on its specific
capacity and stability cycling are studied in de-
tail [4-12]. It has been noted that a decrease in
particle size and an increase in the specific sur-
face of TiO, improve its capacity and cycling
properties.

It is known that the discharge of TiO, with
the formation of Li, TiO, compound is thermo-
dynamically possible [13]. However, experi-
mental specific capacities close to theoretical
values are not achieved as a result of kinetic
difficulties caused by a decrease of diffusion
coefficient of lithium at x > 0.5.

The reason of the increase in the diffusion
coefficient is the formation of Li TiO, that
complicates the access of lithium cations to the
surface of TiO, particles. At the voltage value
of ~1.75V, the discharge proceeds in the con-
ditions of simultaneous presence of two phas-
es, namely TiO, phase and rhombic Li TiO,
formed as a result of intercalation of lithium.
An increase in the thickness of the Li TiO, lay-
er leads to a change in the kinetics of interca-
lation-deintercalation of lithium, changing the
nature of discharge-charge curves that turn
into a sloping curve with a relatively small pla-
teau at the voltage of ~ 1.45 V.

In accordance with the results given in Ref.
[14], the quasi-equilibrium voltage on the dis-
charge curve at the voltage region of ~ 1.75 V
depends on the size of TiO, particles, and their
increase from 15 nm to 300 nm leads to in-
creasing the quasi-equilibrium voltage from
1.802 V to 1.811 V. The authors explain this
effect by the difference in the surface energy of
the compounds formed upon discharge. The
surface energy of B-LiTiO, phase is larger in
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comparison with the a-Li TiO, phase, which
leads to a higher value of the quasi-equilibrium
voltage. It is also noted that the dependence of
the values of quasi-equilibrium voltage on the
particle size may arise from capillary effects
affecting the chemical potential of crystallites.
The particle size reduction contributes to in-
creasing the chemical potential of crystallite
and thereby reduces the quasi-equilibrium
voltage of TiO, vs. Li/Li* [14].

In addition to dimensional effects and struc-
tural properties of TiO,, specific and kinetic
characteristics of lithium intercalation-dein-
tercalation reaction also depend on the elec-
trolyte composition. This is due to the fact that
electrical conductivity and the range of elec-
trochemical stability potentials of electrolyte
determine the resistance at the phase bounda-
ry and in the porous structure of electrode. The
effect of electrolyte composition is manifested
especially at low voltage discharge. This is due
to processes of electrolyte decomposition and
solid electrolyte film formation showing up in
this voltage region.

The purpose of this work is to determine
the effect of annealing conditions of TiO, on its
physico-chemical parameters, thermodynamic
and kinetic characteristics in lithium cells with
different electrolyte composition.

EXPERIMENT AND DISCUSSION OF THE
RESULTS. TiO, samples were synthesized by
means of alkaline hydrolysis of TiCl, by LiOH
solutions. Precipitates obtained were washed
with distilled water until pH 7 was reached,
dried at 150 °C for 10 h in air, and subjected to
further thermal treatment at 350-470 °C with
total duration up to 46 h (350 °C - 4 h, 350 °C -
26h,350°C-40h,350°C-40h +470°C-6h).

The phase composition of the samples was
studied by means of X-ray diftraction (XRD) on
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a DRON 4-07 diffractometer (LOMO, Russia)
with Cu-Ka radiation. The crystallite size was
calculated by the Scherrer equation from the
broadening of the (101) peak. The morphology
and particle size were determined by scanning
electron microscopy (SEM) on a JEOL JSM
6700F microscope (Japan). The pore size and
porosity were found by the BET method on a
Micrometrics ASAP 2000 device (USA) using
N, adsorption-desorption isotherms at 77 K.
Electrochemical properties of the materi-
als in question were investigated in CR2016
coin cells with a lithium electrode. The work-
ing electrodes consisted of 85 % of TiO,, 10 %
of Timcal Super P carbon black and 5 % of a
poly(vinylidenedifluoride) binder (PVDE
Solef 6020, Solvay). A dry mixture of TiO, and
carbon black was gradually added to a solu-
tion of PVDF in N-methyl-pyrrolidone (99 %,
Aldrich) and stirred under the rotation speed
of ~2500 rpm. The resulting slurry was cast
onto the surface of 50 um thick aluminum foil
using a doctor blade. The cathode tape was
dried at 60 °C until complete removal of the
solvent and then rolled. Finally, cathodes cut
in the form of disks with the area of 2 cm? were
dried in vacuum at 120 °C for 6-7 h directly
before assembling the cells. The active material
load was = 5,5 mg/cm?. Celgard 2400 polypro-
pylene film was used as a separator.
Electrolytes were prepared using a mixture
of ethylene carbonate (EC, 98%, Aldrich) and
dimethyl carbonate (DMC, 99%, Aldrich)
taken in the volume ratio of 1:1. LiClO,
(Synbias, Ukraine) was additionally recrys-
tallized and dried in vacuum at 170 °C for
14 h. LiPF, (99.9%, Gelon) and LiN(CF,SO,).,
(LiTESI, 99%, Aldrich) were also dried in
vacuum before the preparation of solutions.
The lithium salt concentration in electrolyte

16

solution was 1 mol/L. All works on electrolyte
preparation and cell assembling were carried
out in dry glove boxes.

The electrical conductivity of the electro-
lytes was determined in the temperature range
of 15-50 °C and calculated on the basis of
impedance spectra (22000 impedancemeter,
Elins, Russia), obtained in the 100-1 kHz fre-
quency range in glass cells with plane-parallel
platinum electrodes.

Galvanostatic cycling was carried out at the
constant temperature of 25 + 1 °C on a Neware
Battery Testing System (China). Charge/dis-
charge investigations were performed in the
voltage ranges of 1.5-2.75 V and 1.0-2.75 V vs.
Li/Li* at different current densities, expressed
in C units (1 C =335 mA/g).

Physico-chemical characterization of TiO,
According to the XRD data (Fig. 1), all TiO,
samples have the anatase structure. In all cas-
es, no impurity peaks have been detected. The
sample dried at 150 °C is of low crystallinity, as
indicated by weak peaks in the respective XRD
pattern. Total crystallinity increases with in-
creasing temperature and duration of heating.
The crystallite sizes d |, calculated using the
width of the (101) reflections are presented in
Table 1. Their values change twice from 5 nm
for the dried sample to ~10 nm for the sample
treated at 470 °C.

As can be seen from the SEM micrographs
(Fig. 2), TiO, samples consist of highly aggre-
gated, irregularly shaped nanoparticles. The
size of the particles depends on the thermal
annealing conditions (temperature and dura-
tion) and varies in the range of ~40-80 nm.
The particle sizes exceed the crystallite sizes,
which means that each particle consists of up
to tencrystallites as the result of aggregation of
nanoscale crystallites upon heating.
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TiO, samples greatly depend on the treatment
conditions (Table 1). After drying at 150 °C,
the specific surface area is 404 m*/g and the
470-6  pore volume is 0.34 cm’/g. Heat treatment at
temperatures up to 470 °C leads to a decrease
in the specific surface area and the pore vol-
ume to 80 m?/g and 0.152 cm’/g, respectively.
At the same time, the pore size increases from
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Fig. 2 SEM micrographs of TiO, powders thermally treated at150 °C (a), 350 °C - 4h (b), 350 °C - 26h
(¢), 350 °C - 40h (d), 470 °C - 6h (e)
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Effect of electrolyte composition on electro-
chemical properties of TiO,. Electrochemical
investigations were made for TiO, samples
thermally treated at 350 °C and 470 °C. The
compositions of electrolytes and their specific
conductivities are presented in Table 2.

In the first discharge cycles, process of lith-
ium intercalation into the TiO, structure are
complicated by the electrolyte decomposition
and formation of a solid electrolyte interface
(SEI). The contribution of side (secondary)
reactions depends on the electrolyte composi-
tion, cycling voltage range, as well as the sur-
face and structural properties of the electrodes.
The quantitative contribution of the side pro-
cesses to the overall electrochemical process

can be determined based on the ratio of the
discharge and charge capacities of the first two
cycles. The results given in Table 3 demon-
strate how the electrolyte composition and the
conditions of thermal annealing of TiO, affect
the ratio of the discharge capacities of the first
(Q1) and second (Q2) cycles. The Q1/Q2 ratio
in the case of 1M LiClO, - EC:DMC electro-
lyte decreases with an increase in temperature
and time of annealing of TiO,. The maximum
value of Q1/Q2 is characteristic of the sam-
ple 350-4. At the same time, the Q1/Q2 ratios
obtained with the 1M LiPF, - EC:DMC and
IM LiTFSI - EC:DMC electrolytes are signifi-
cantly lower and practically independent of the
heat treatment conditions of TiO,.

Table 2
Composition and conductivity of electrolytes
Specific conductivity, mSm/cm
No Electrolyte composition
15°C 25°C 40 °C 50 °C

1 IM LiPF, — EC:DMC 9.8 12.1 15.4 17.5

2 IM LiCIO, - EC:DMC 7.7 9.4 12.0 13.6

3 IM LiTFSI — EC:DMC 7.5 9.2 11.7 13.5

Table 3.

Effect of electrolyte composition and thermal annealing conditions
on the specific capacity of the first and second cycle
Sample Electrolyte composition QIl, mAh/g Q2, mAh/g Q1/Q2
At cycling voltage range of 2.75-1.5V
350°C—4h IM LiClO, - EC:DMC 186 109 1.7
470°C—-6h IM LiCIO, - EC:DMC 163 144 1.13
350°C—-4h IM LiPF, — EC:DMC 172 163 1.05
350°C—-4h IM LiTFSI - EC:DMC 160 150 1.07
At cycling voltage range of 2.75-1.0 V

350°C—-4h IM LiCIO, - EC:DMC 290 206 1.41
350°C—-4h IM LiPF, — EC:DMC 266 224 1.19
470°C—-6h IM LiPF_— EC:DMC 246 219 1.12
18 ISSN 2708-129X. VKp. Xim. XypH., 2020
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The charge-discharge curves of the 10™ cycle
registered in different electrolytes are shown in
Fig. 3. The points on the curves correspond-
ing to quasi-equilibrium voltage obtained after
2 hours of relaxation, represent open circuit
voltage (OCV). The curves have three main
parts corresponding to different stages of lithi-
um intercalation [5, 8, 15, 16].

The first part of the discharge curve (before
a plateau at ~1.75 V) is associated with the for-
mation of SEI. It is assumed that in this voltage
range, there is no formation of new phases and
the x value in Li TiO, compound is less than
0.028 [14]. In accordance with our results, the
value of x does not exceed 0.03.

The plateau on the discharge curve at the
voltage of ~1.75 V corresponds to the forma-
tion of a Li TiO, compound (where x < 0.5)
with the theoretical specific capacity of
167.5 mAh/g. However, practically, the value
of x depends on the morphology and struc-
tural characteristics of TiO, particles and, as
a rule, does not exceed ~0.4 [14]. The authors
[14] suggest that the discharge in this volt-
age region is determined by the simultane-
ous presence of the initial TiO, phase and an
orthorhombic Li TiO, phase formed during
discharge. The process limiting the kinetics
of the discharge is associated with the limited
access of lithium ions to the surface of TiO,
as a result of formation of Li TiO, structure.
Therefore, a decrease in the particle size of
TiO, is considered as the main factor con-
tributing to an increase in the specific capac-
ity. That is, the smaller the particle sizes, the
higher the specific capacity of TiO.,. It is be-
lieved that when the Li TiO, layer thickness
is more than 3-4 nm, the discharge rate is sig-
nificantly inhibited and the specific capacity
decreases [14].

https://ucj.org.ua
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Fig. 3 Discharge-charge curves of the 10th
cycle for Li-TiO, cells with different electrolytes
at the current density of 40 mA/g (TiO, sample
350°C-4h)

The discharge in the 1.7-1.0 V voltage range
is associated with filling of remaining octahe-
dral sites and formation of the Li TiO, (x>0,5)
compound [17]. At the voltage below 1.7 V,
the discharge curve represents a sloping curve
without pronounced voltage plateau. The spe-
cific capacity value of TiO, in this region is
determined by both structural and surface fac-
tors (crystallite size and specific surface) and
the properties of the SEI formed. The first two
factors depend on the conditions of the syn-
thesis of TiO, and the third is determined not
only by the surface and structural properties of
TiO,, but also by the properties of the electro-
lyte [14, 18-21].
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Fig. 4. Cycling performance of 350-4 TiO, sam-
ple with the different electrolyte solutions in the
voltage ranges of 1.5-2.75 V (a) and 1.0-2.75 V (b)
and the effect of the discharge current density on
the specific capacity in the cycling voltage range of
1.5-2.75 V (c).

The hysteresis existing between the corre-
sponding charge and discharge curves slight-
ly depends on the electrolyte composition. In
all cases, when the concentration of lithium
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ions in Li TiO, increases from ~0.36 to ~0.6,
the magnitude of hysteresis also increases.
Depending on the electrolyte composition, the
difference in the values of quasi-equilibrium
voltage in the lithium concentration range of
0.03-0.36 is no more than 6 mV.

The 350-4 TiO, samples have higher sen-
sitivity to the LiClO,-containing electrolyte
manifesting a significant decrease of the spe-
cific capacity at the second cycle in comparison
with the first cycle, even at the relatively low
current density (40 mA/g), Table 3.

The decrease in capacity is due to a signifi-
cant increase in cell internal resistance, which
was determined by software for cycling, ac-
cording to the voltage drop when the discharge
current was turned on. So, on cycling in the
voltage range of 1.5-2.75V, the cell resistance
values at the first and second cycles for dif-
ferent samples changed from 178 to 293 Ohm
for 350-4 sample, from 150 to 216 Ohm for
350-26 sample, from 150 to 208 Ohm for
350-40 sample and from 95 to 131 Ohm for
470-6 sample. After approximately 5-6 cy-
cles, the cell resistance decreases up to 120-
140 Ohm and is very close for all the stud-
ied samples. As a result, the specific capacity
increases and remains stable during further
cycling. Similar results have been published
previously by two of us [12].

In more detail, the effect of the electrolyte
composition on the change of specific capacity
from the cycle number and current density is
shown in Fig. 4. In the cycling voltages range
0f1.5-2.75 V (Fig. 4a), the specific capacity re-
mains stable for all electrolyte compositions.
However, when the discharge voltage decreas-
es to 1.0 V, the specific capacity decreases no-
ticeably faster in the case of LiClO,-containing
electrolyte (Fig. 4b). The dependence of the
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specific capacity on the discharge current den-
sity is shown in Fig. 4c. The minimum capacity
loss with a change of current density from 40 to
400 mA/g is obtained in 1M LiPF, - EC:DMC
whose specific conductivity is the highest
(Table 2).

Quasi-equilibrium  voltage and  kinetic
characteristics of TiO,. Fig. 5 shows the dis-
charge-charge curves and the values of the

xin Li_\_TiO2 a

280.00 0.12 0.24 036 0.48 0.60 0.72

0 40

80 120 160 200 240
Q, mAh/g

quasi-equilibrium voltage obtained for 350-4
and 470-6 samples in different electrolytes.
These curves do not differ from those dis-
cussed previously (Fig. 2). However, the speci-
ficcapacity of 470-6 sample obtained on the
voltage plateau of 1.75 V is approximately 10%
higher than that of the sample 350-4, and the
difference in the values of quasi-equilibrium
voltages is not more than 6 mV.

x in Li TiO, b
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Fig. 5. Discharge-charge curves of 350-4 and 470-6 TiO, samples at the current density of 40 mA/g in
electrolytes (a) 1M LiPF, - EC:DMC and (b) 1M LiCIO, - EC:DMC. Points indicate quasi-equilibrium

voltage values.

Fig. 6 shows the dependences of specific ca-
pacity of TiO, on cycle number and discharge
current density obtained in 1M LiClO,-
EC:DMC electrolyte upon cycling in different
voltage ranges. The specific capacity during cy-
cling in the voltage range of 2.75-1.5 V is quite
stable for all TiO, samples. When the discharge
voltage decreases to 1.0 V, the specific capaci-
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ty of the 350-4 sample decreases more signifi-
cantly (Fig. 6 ¢).

When samples are cycled within a volt-
age range of 1-2.75 V at the current density of
40 mA/g, the specific capacity is practically in-
dependent of the conditions of thermal anneal-
ing of TiO, (Fig. 7a). However, at current den-
sity of 400 mA/g, the specific capacity of 350-4
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and 470-6 samples decreases by 50 and 25 %,
respectively. We suppose that this may be due
to the difference in the resistance of SEI, whose
properties affect the charge transfer resistance.
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Fig. 6. Dependences of specific capacity of dif-
ferent TiO, samples on the cycle number (a) and
discharge current density (b) during the cycling in
the voltage range of 1.5-2.75 V and (c) on the cycle
number during the cycling in the voltage range of

1.0-2.75 V. Electrolyte - 1M LiCIO, - EC:DMC

Impedance spectroscopy of Li-TiO, cells. In
order to determine a relationship between

22

the thermal annealing conditions of TiO, and
the resistance occurring in Li-TiO, cells, we
have analyzed the impedance spectra obtained
at the resistance occurring in Li-TiO, cells, we
have analyzed the impedance spectra obtained
at the various stages of discharge. To this end,
TiO, samples have been taken with maximum
and minimum specific surface area, 350-4 and
470-6, respectively. Fig. 8 shows the impedance
hodographs in the Nyquist coordinates ob-
tained at the various stages of discharge of Li-
TiO, cells with 1M LiPF, - EC:DMC electrolyte.
The impedance spectra for almost all discharge
stages consist of two incomplete semicircles at
high and medium frequencies and an almost
straight line at low-frequencies. The presence of
two semicircles in the high-frequency region in-
dicates the formation of inhomogeneous layers
with different conductivities or diffusion rates.
The radii of semicircles, which are responsible
for the resistance of the real and imaginary parts
of the impedance for samples 350-4 and 470-6
are significantly different.

The resistance R__is basically equal to the
sum of the resistances of the electrolyte layer,
separator and the interface between the po-
rous electrode and current collector. The R
value obtained for two samples do not differ
significantly and are practically constant over
the whole discharge process. The authors [22]
believe that the semicircle obtained in the
high-frequency region corresponds to a par-
allel combination of resistance and capacity
of the SEI and determine the migration rate of
lithium ions in its surface layer. Thus, it can be
assumed that the difference in the resistance of
the semicircles in the high-frequency region
may be ascribed to differences in the structure
of the SEI whose properties depend on the sur-
face properties of the samples.
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Fig. 8 Impedance spectra of Li-TiO, cells at the various stages of discharge with TiO, samples 3504
(a) and 470-6 (b). Electrolyte - 1M LiPF, - EC:DMC.

The dependence of the resistance of the ac-
tive part of impedance and OCV on the state
of discharge is shown in Fig. 9. The resistance
values were determined at the frequency of 0.1

https://ucj.org.ua

Hz. The greatest difference of the resistance
obtained for fully charged cells (Q,, = 0) and
in a case of 350-4 sample its value is about
5 times higher than for 470-6 sample, where-
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in the OCV values practically do not differ.
However, after discharge to the capacity of 40
mAh/g, the resistance of both cells decreases
and then does not change significantly within
the discharge plate of 1.75 V. The closest both
in character and resistance are the spectra ob-
tained after the formation of Li TiO, (x>0.5),
suggesting that the diffusion rate at the end of
the discharge is determined by the conductivi-
ty of Li TiO, phase.

120
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= 40 = ’
=
© 20t
N 1.2
O_
0 40 80 120 160 200 240
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Fig. 9. Dependences of the resistance of the ac-
tive part of impedance and OCV at different stages
of discharge

CONCLUSIONS. In this paper, results of the
investigation of structural, surface, thermody-
namic and kinetic characteristics of titanium
dioxide obtained by alkaline hydrolysis are
presented. According to XRD and SEM data,
TiO, samples have the anatase structure and
consist of highly aggregated, irregularly shaped
nanoparticles of 40-80 nm. The specific sur-
face area of the dried TiO, sample is 404 m*/g
and farther heat treatment at 350-470 °C with
different duration leads to a gradual decrease
in the specific surface area to 80 m*/g.

The thermodynamics and kinetics of lith-
ium intercalation-deintercalation process in
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TiO, have been studied in a wide range of
current densities at different cycling voltage
conditions. The specific capacity and its sta-
bility upon cycling at different current loads
depend on the electrolyte composition and
thermal annealing conditions of TiO, sam-
ples. It is shown that at low current densities,
the structural and surface properties almost
do not affect the specific capacity of TiO,.
The maximum specific capacity upon cycling
in the voltage range of 1.0-2.75 V and at the
current density of 40 mA/g obtained in 1M
LiPF, - EC:DMC electrolyte is ~ 210 mAh/g
for both 350-4 and 470-6 TiO, samples, while
the decrease in capacity after 100 cycles is ~
18%. The kinetics of the discharge process
at high current densities is limited by charge
transfer in the solid electrolyte interface,
whose resistance depends on the specific sur-
face area of TiO,. A decrease in the specific
surface of TiO, promotes the decrease in the
charge transfer resistance and results in the
increase in specific capacity. At the current
density of 400 mA/g, the specific capacities
of 145 mAh/g and 80 mAh/g are obtained
for TiO, samples with the specific surface of
80 m?/g (sample 470-6) and 175 m?*/g (sample
350-4), respectively.
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CTPYKTYPHI, NOBEPXHEBI
TA ENEKTPOXIMIMHI XAPAKTEPUCTUKK

Ti0, ANsi BAKOPUCTAHHSA B JITIA-IOHHUX
AKYMYNATOPAX

e
CTPYKTYPHbIE, NOBEPXHOCTHbIE

N ANEKTPOXUMWYECKWUE XAPAKTEPUCTUKK
Ti0, ANA NCNOJIb30BAHUSA B NNTUR-
NOHHbIX AKKYMYNIATOPAX
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Y po60Ti mofaHo pe3ynbTaTy JOCTiIKeHHS
CTPYKTYPHMUX, IIOBEPXHEBUX, TEPMOAVHAMIY-
HUX Ta KiHETMYHMX XapaKTEPUCTUK 3Pa3KiB
TiOKCUAY TUTaHY, OTPYMAHNX METOMIOM JIyK-
Horo rigponisy 3 posunsis TiCl, i LiOH i3 Ha-
CTYIIHUM TepMOOOPOO6IEHHSIM 3a PI3HUX YMOB.
[TokasaHo, o 3pasku TiO, MaloTh CTPYKTYpY
aHarasy 3 pos3MipamMmu KpucTamiriB 5-10 HM.
[TigBuIeHHA TeMIlepaTypyu TepMOOOpoOIIeH-
H4 31 150 °C go 470 °C npusBoauTh [0 3MEH-
mweHHA nuTomoi wiomi noepxui TiO, 3 404
no 80 M*/r Ta 3arampHOrO 06’°eMy mop 3 0,340
1o 0,152 cm?/t. MeTomaMy raibBaHOCTAaTUYHO-
ro UMK/IYyBaHHA Ta iMII€JaHCHOI CIIEKTPOCKO-
il JOCTiIPKEHO BIUIMB CKIafly €IeKTPOJITY
Ta TIOBEPXHEBMX BIACTUBOCTEN 3paskiB TiO,
Ha IXHI IMTOMIi, TEPMOAVHAMIYHI Ta KiHETNY-
Hi XapaKTEepUCTUKM B KOMIpKax 3 JIiTiEBUM
AHOZIOM.

Knrodosi cmoBa: miokcup TUTaHy, IMTOMA

IIOBEPXHA, €IEeKTPOJIT, TBEPHAOENIEKTPOIITHA
IIiBKQ, KBa3i-piBHOBaKHUII IIOTEHIiaJL.
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B pabote mpencTaBneHbl pe3ynbTaThl KC-
CTIelOBaHMA CTPYKTYPHBIX, IOBEPXHOCTHBIX,
TePMOAVHAMMYECKUX ¥ KUHETUYECKMUX Xa-
PaKTepUCTUK O0OpPa3LOB AMOKCHUJA TUTAHA,
HO/Ty4YeHHbIX METOJOM IeJIOYHOTO IMAPOIN3a
us pactBopos TiCl, u LiOH ¢ nocnenyromeit
TepMOOOPAOOTKOII HpU Pa3HBIX YCIOBMAX.
ITokasano, 4ro o6pasupr TiO, nmeT CTpyK-
Typy aHaTasa C pasMepaMu KpUCTA/UINTOB
5-10 uMm. [IoBbIlIeHNE TeMIIEpaTypPbl TEPMO-
o6paboTku co 150 °C pgo 470 °C mpuBoguT K
YMeHbILIEHNIO YAIeIbHO IOl TOBEpPXHO-
cru TiO, co 404 o 80 m*/r u ob61mero o6bema
nop ¢ 0,340 go 0,152 cm’/r. MeTozom rajbBa-
HOCTaTU4eCKOTO IIVKIMPOBAHNA 1 MIMIIeJaHC-
HOJ CIEeKTPOCKOINM MCC/IeJOBAaHO BIIMAHUE
CcoCTaBa 97EeKTPONAUTA M IIOBEPXHOCTHBIX
CBOJICTB 00pasIiioB TiO2 Ha WUX YJenbHbIE,
TepMOAMHAMIYECKIe ¥ KMHEeTHYecKye XapaK-
TEPUCTUKMA B YEIKaX C TUTUEBBIM aHOJIOM.

Knrouesblie cnoBa: [yOKCH/] TUTAHA, YA€/b-
Has IIOBEPXHOCTD, 3MEKTPOJIUT, TBEPHOINEKT-
pONUTHAsA IIJIEHKA, KBa3M-PaBHOBECHBIN IIO-
TeHIIMAJI.
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