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The creation of oxide two-component systems based on TiO; rutile was studied. Influence of ultrasound
treatment (UST) of these mixtures on their properties was established. The mixtures treatment less influences on
the ratio of intensity of (110)/(101) reflexes of TiO, what testify any structural change of this oxide but in same
time little increase of its particles size was observed. The little increase of the dimension particles for second
oxide after UST for the studied mixtures excluding TiO2/MgO and TiO./ZnO was observed. The partial
transformation of MgO to Mg(OH); as result of TiO./MgO composition treatment was shown which accompanied
by decrease of MgO particles size. In the case of TiO./ZnO composition the partial destruction of ZnO was
observed. The increase of the pores radius after UST with the change of surface element ratio determined by EDX
method can testify that strong interaction between oxides takes place. This fact leads to an increase the band gap
for the mixture in comparison with initial TiO, with its average value between characteristic for TiO, and other
oxide in mixture. The study of photocatalytic properties of the samples in metronidazole (MN) oxidative
decomposition in water shows that for all compositions, excluding TiO»/ZnO where the activity is connected with
more active ZnO in this reaction but not TiO,, a decrease of initial rate constant Ky was observed. The reduction
of rate constant was connected with a decrease of TiO, content in the mixtures and introduced value of rate
constant determined to quantity of TiO, demonstrate its increase in comparison to individual TiO..This fact testify
the strong interaction in complexes systems between two oxides. Obtained result permits to realize the MN
photocatalytic degradation in water with an increase of the complexes catalyst content in reaction mixture what
leads to an increase both rate constant and degree of antibiotic transformation. It was established that UST
increased the stability of the samples in MN transformation and as result the conversion of MN has more value
than in initial mixtures. An increase of degradation degree after UST of the samples correlates with the growth of
medium pore radius in result of this treatment what can be connected with an increase of sample surface
accessible to UV irradiation. It was shown that obtained composites demonstrate better properties in MN
destruction in water in comparison with data known from the literature.

Keywords: complex oxide compositions, ultrasonic treatment, photocatalysis, metronidazole destruction

Introduction

Due to increase of the use of pharmaceuticals and drugs, the problem of effective wastewater
purification is becoming more and more urgent. Their pollutions in water are the main problem that must
be constantly solved. For the present time, several different types of emerging contaminants in water
systems are known as new environmental hazards those need to be neutralized by appropriate methods
[1-3]. One from such dangerous pollutants is metronidazole (2-methyl-5-nitroimidazole-1-ethanol, MN)
which has been widely used to treat infections caused by anaerobic bacteria, bacteroides and protozoa.
Since MN is non biodegradable and highly soluble in water, it can be accumulate in the aquatic
environment [4]. Elimination of MN from water system is an important issue considering its toxicity,
potential mutagenicity and carcinogenity [5, 6]. Decontamination of harmful substances in the water
environment by the method of photocatalysis is the most promising means at present [7-10]. Successful
use of this method is connected with availability and creation of highly efficient photocatalysts, which
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can be nanosized oxides of transition metals and systems based on them. From the point of view of
practical application, the well-known best photocatalysts based on ZnO and TiO, last is one of the most
widely studied semiconductors (n-type) due to its low cost, abundant resource, high photocatalytic
activity, chemically and mechanically stable under ultraviolet (UV) irradiation, is not a toxic substance,
and has industrial availability. Titanium dioxide can exist in eight crystalline polymorphs, of which only
three, i.e. rutile (tetragonal), anatase (tetragonal) and brookite (orthorhombic), are naturally occurring
[11]. In the most cases rutile phase as photocatalyst shows lower photocatalytic activity than anatase
phase [12-14], but also it was shown, that TiO> rutile demonstrates high photoactivity in such processes
as water splitting, destruction of dyes, various organic and pharmaceutical substances [13-16]. The
preparation of this oxide by various methods and introduction of different additions permits to increase
its catalytic performance.

Methods of synthesis of complexes catalysts on the TiO, base such as homogeneous co-
precipitation, pyrolysis of salt solutions, compatible hydrolysis of salts, hydrothermal method, etc., do
not always guarantee obtaining the final material with the necessary physicochemical and photocatalytic
characteristics. So perspective to obtain the photocatalysts with improved characteristics is connected
with alternative synthesis use [17, 18]. One of alternative method with influence on the properties of
synthesized photocatalysts can be ultrasonic treatment or sonochemistry (UST) [19-24]. With minimal
energy consumption, low emissions and intensification of the process, this synthesis method allows
obtaining composite nanomaterials with high catalytic activity in various reactions [25-27].

In this study was examined the influence of UST on the physical-chemical and photocatalytic
properties of semiconductor mixtures based on TiO> rutile with the addition of other oxide (ZnO, ZrO,
MgO, SnO2, Nb20s). Photocatalytic properties of the samples were determined in the photodestruction
of metronidazole.

Experiment

Equimolar mixtures of TiO2/Zn0O, TiO2/ZrO2, TiO2/MgO, TiO2/SnO2, TiO2/Nb2Os with a ratio of
1:1 were prepared from oxides TiOz (pfa), ZnO (p), ZrO2 (p), MgO (pfa), SnO2 (p), Nb20s (p). UST of
oxide mixture composites was carried out on an ultrasonic generator “Titan ultrasonic” (Made in
Ukraine) with a power of 80 W, a frequency of 20 kHz and a processed volume of 50 ml. For the
synthesis, 5 g of the mixture and 40 ml of water were taken. Time of treatment was 1 h, only in case of
TiO2/ZnO mixture it was 0.5 h. After UST, the samples were dried in an air atmosphere at 120 °C, 1 h.

Physical-chemical properties of the initial and obtained samples were investigated by the
following methods. Textural parameters, namely the specific surface area and sizes of pores were
determined in the course of low-temperature adsorption-desorption of nitrogen by using a Quantachrome
NOVA-2200e Gas Sorption Analyzer. Structural analysis was carried out by the method of powder
X-ray (XRD) on a DRON-3M diffractometer using CuKa radiation with a wavelength of 1.5418 A with
scanning in the range of 20 angles 15-90°. Calculation of the distances (d, nm) between the planes from
the obtained X-ray patterns of the samples was carried out according to the Wolf-Bragg formula:
d =nA/2sin0, the crystallite size (L, nm) was calculated using the X-ray line width method, which is
based on the Debye-Scherrer formula: L = kA/BcosO. The obtained diffractograms were analyzed by
using the JCPDS electronic database. The surface morphology of samples was investigated by scanning
electron microscopy (SEM) on a Tescan Vega 3 LMU electron microscope with two detectors SE
(“secondary electron” mode). Determination of the quantitative integral composition of the sample and
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distribution of elements on the surface was investigated using an Oxford Instruments Aztec energy
dispersive X-ray microanalyzer with a ONE X-MaxN20 detector.

The photocatalytic properties of the samples were investigated in the destruction of
metronidazole (AC “Lubnyfarm”, NUA/6538/01/01, code ATX J01XDO01) with its concentration in
water equal to 0.015 g/l under ultraviolet irradiation (UV irradiation) using Optima high-pressure
mercury lamp with a power of 125 W, which emits only in the UV part of the spectrum with A = 365 nm.
The study of photodegradation of the antibiotic was carried out under ambient conditions in a glass
beaker with a working solution of 300 ml and a weight of catalyst 0.15 g (concentration of catalyst was
equal 0.5¢9/l). To achieve equilibrium, the MN adsorption the solution was stirred without UV
irradiation during 1 h. The total duration of the photocatalytic destruction process was 5 h with constant
stirring. To determine the photocatalytic activity of the synthesized composites, the optical density (D)
of the solutions was measured over a certain time (each 1 h of the process) using a Shimadzu UV-2450
UV-Vis spectrometer in the wavelength range of 200-500 nm. From the obtained data the degradation
rate constant (Kq) was calculated for each studied catalyst samples from the curves of dependence of
In(D/Do) on time according to the formula: Kg = In(D/Do)/At. The degree of photocatalytic efficiency (G)
was determined according to the formula: G = (Co-C)/Cox100 = (Do-D)/Dox100, where Co is the initial
concentration of MN in the solution, C is the concentration of MN in the solution at a certain time, Do is
the initial absorbance of MN in the solution (when t =0 min) and D is the absorbance after certain time
of MN photodegradation at the corresponding Amax. Band gap energy values were determined using the
Kubelka-Munk phenomenological theory under the assumption of an indirect band gap. Using the
method of electron spectroscopy (ES), the band gap energy (Eg) was determined, which was calculated
from the absorption band using the formula: Eq = hc/Ao, where h is Planck’s constant (4.135-107%° eVs);
c is the speed of light (3-108 m/s); Ao is the wavelength corresponding to the value of the absorption
edge.

Results and discussion

The structural characteristics of the synthesized composites were analyzed by X-ray diffraction.
The diffractograms of initial mixtures (Fig. 1) show that the samples have a crystalline structure and
their main reflections correspond to the phases of oxides that included in their composition (TiO>
JCPDS 88-1175, ZrO, JCPDS 37- 1484, MgO JCPDS 45-946, SnO, JCPDS 41-1445, ZnO JCPDS 36-1451,
Nb2Os JCPDS 30-0873). On the diffractograms of all oxide mixtures, titanium dioxide has two main
reflections from (110) and (101) planes at 26 = 27.4° and 36.17°, which correspond to the rutile phase
[12, 16, 28]. It was established that UST of the initial mixtures leads to an increases their reflexes
intensity practically for all compositions excluding TiO2/MgO. In same time for all samples, the ratio
intensity of reflexes of TiO2 (110)/(101) planes less changed after UST and is equal to 2.0-2.1. The
exception is the TiO2/ZnO samples (Fig. 1 d) where the ratio intensity reflexes (110)/(101) for initial
mixture is equal to 0.42 which is connected with superposition of two reflexes of (101) plane at
20 =36.17 (TiO2) and 36.29° (ZnO). In result of UST, this ratio increases up to 0.66 which can be
connected with partial destruction of ZnO. Evidence in favor of ZnO destruction is two facts: i) the
intensity of (110) TiO: reflection after UST increases in 1.2 times but the intensity of (100) ZnO
(26 = 31.82°) decreases in 1.3 times, ii) all other individual reflexes of TiO. increase their intensity but
ZnO vise versa decreases. For the other compositions, UST leads to the intensity increase of the reflexes
for both oxides, not only TiO> but other introduced oxide (Fig. 1 a, b, c).
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The TiO2/MgO composition in a manner stands alone. For TiOg, therefore, as other cases, the
intensity of its reflexes increases after UST and the ratio of intensity (110)/(101) planes rests without
change (equal to 2.1). In same case the appearance of some new reflexes (Fig. 1 €) at 20 = 18.81, 38.17
and 50.98° which correspond to (001), (101), (102) planes of Mg(OH)2 [31] (JCPDS 84-2163) and a
decrease of MgO reflexes intensity can be observed. So, as result of water presence in UST, the partial
transformation of MgO to Mg(OH). proceeds.

The calculation of TiO> particles sizes shown in full correspondence with an intensity increase of
its reflexes for all studied samples some increase of the particles dimension (Table 1) after UST. Also
for the ZrO2, Nb2Os and SnO> can be observed a little increase of the particles dimensions after UST

(Table 1). In the case of ZnO and MgO in accordance with analysis presented above, a decrease of
particles size was observed.
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Fig. 1. Diffractograms of initial oxide mixtures and after UST

Analysis of nitrogen sorption-desorption isotherms shows that all composites are low porous, for
example, two compositions and initial TiO2 presented in Fig. 2 and UST less influence on the type of
isotherms. According to Brunauer’s classification, adsorption isotherms belong to type Ill, when the
energy released during the formation of a monolayer is little different from the energy of multilayer
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adsorption and the force of attraction between adsorbed molecules and the adsorbent surface is less than
the force of interaction between adsorbed molecules. By the type of hysteresis loops, it can be assumed
that the pores have a wedge-shaped shape with open ends.

Table 1. Some physical-chemical properties of the studied compositions

Sample ___ L% nm SSA, m?/g Vm, cm3/g Rm, nm
TiO; MeO ’ ’ '
TiO; (initial) 55 - 12.0 0.20 313
TiO2/ZrO; (initial) 52 33 7.0 0.05 13.8
TiO2/ZrO»-(UST) 56 34 7.5 0.09 23.4
Ti0,/ZnO (initial) 46 46 8.0 0.10 8.2
Ti0,/ZnO (UST) 49 41 6.0 0.06 12.3
Ti0,/SnO; (initial) 52 50 5.0 0.02 195
TiO2/Sn0O; (UST) 58 55 6.0 0.04 21.2
Ti0,/Nb,Os (initial) 48 50 105 0.15 138
TiO2/Nb,Os (UST) 53 55 15.0 0.28 19.7
TiO2/MgO (initial) 50 39 9.0 0.12 28.2
TiO/MgO (UST) 56 21 (9)** 15.0 0.28 33.7

* L — the average size of crystallites calculated according to Debye-Scherrer’s equation
** The average size of formed MgOH presented in parentheses
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Fig. 2. Nitrogen adsorption-desorption isotherms obtained at 20 °C for TiO, and some oxides
compositions
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The data presented in Table 1 show that the specific surface area (SSA) of the initial mixture is
less than in initial TiO2 what is connected with low values SSA of other oxides introduced in mixtures.
UST little influenced on SSA and its value is increased only in the case of TiO2/Nb2Os and TiO2/MgO
compositions. Analogous in the case of these compositions, the increase of total pores volume is
observed that can be connected with partial agglomeration and formation of secondary porous systems
[30-32].

The study of the composites by SEM method in full accordance with XRD data show the less
change in surface morphology of the samples and particles dimensions in result of UST (some
characteristic results presented in Fig. 3). In contrary the results of EDX analysis demonstrate the UST
influence on the elements ratio in surface layer of the samples (some results presented in Fig. 4 and full
data in Table 2). From the data presented in Table 2 can be observed that for initial mixtures determined
by EDX ratio of the elements less differs from calculated value at their preparation. Three variants of the
UST influence on the elements ratio in surface layer of the samples were observed (Table 2 and Fig. 4):
practically any influence of treatment on components ratio [TiO2/SnO2 and TiO2/Nb20s (EDX spectrum
for the last presented on Fig. 4 a)], a decreases of surface ratio as a result of treatment [TiO2/ZnO and
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TiO2/MgO (EDX spectrum for the last presented on Fig. 4 b)], an increase of the surface ratio as
treatment result (TiO2/ZrO,, EDX spectrum presented on Fig. 4 c).

C
Fig. 3. SEM micrographs of the samples TiO2/ZnO (a, b) and TiO2/Nb2Os (c, d). Initial mixtures (a, c),
samples after UST (b, d)
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Fig. 4. EDX analysis of the samples after UST: a — TiO2/Nb20s, b — TiO2/MgO, ¢ — TiO2/ZrO>

Table 2. Surface and photocatalytic properties of the studied compositions

Sample Vl\fe[?g)?’ﬂ:r rléa/(l)i Ey eV Kg 103 st Karioz)*™ 103, st | G*** %
TiO, (initial) - 3.00 0.12 0.12 56.0
Ti0,/ZrO; (initial) 0.54 (0.53) 3.8 0.06 0.15 55.8
TiO,/ZrO,~(UST) 0.63 3.19 0.09 0.23 76.8
Ti0,/ZnO (initial) 0.69 (0.73) 3.20 0.23 0.46 98.0
TiO2/ZnO (UST) 0.41 3.16 0.25 0.51 98.5
TiO,/SnO;, (initial) 0.40 (0.38) 3.20 0.05 0.14 77.1
TiO,/SnO, (UST) 0.42 3.20 0.05 0.14 80.4
Ti0,/Nb,Os (initial) 0.29 (0.25) 3.32 0.04 0.22 65.0
TiO2/Nb,Os (UST) 0.32 3.31 0.04 0.22 68.7
TiO,/MgO (initial) 1.87 (1,98) 3.04 0.07 0.11 84.0
Ti0,/MgO (UST) 0.76 3.04 0.08 0.12 89.7

* ratio of the elements according preparation is in parentheses
** rate constant determined on quantity of TiO; in the sample
*** degradation degree of MN after 5 h photocatalytic reaction

Hence, the results obtained by EDX analysis show that UST of oxide mixtures in the most cases
leads to migration of the elements from surface layer in the bulk of oxide without change their phase
composition (the formation of new phases don’t take place according XRD data). Analogous effect of
the elements migration was observed early [18, 25, 33-34] at UST and mechanochemical treatment of
the other oxides mixtures. It is necessary to note that the decrease of the titanium surface content as
result of treatment was observed in cases of TiO2/MgO and TiO2/ZnO oxides mixtures use. This fact can
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be explained by partial dissolving of MgO with formation (see XRD data) of Mg(OH). and for ZnO was
proposed its partial solution with formation of Zn(OH)., also, for example the formation of zinc
molybdates by UST and by hydrothermal method from ZnO/MoO3z mixture [33, 35]. In our case, the
formation of Zn(OH). compound was not determined that permits to proposed its little quantity which
cannot be detected by XRD method. These hydroxide compounds cover the surface of TiO: that
accompanied by the decrease of Ti/Me surface ratio and in the case of XRD fixed Mg(OH): this decline
is more senses than for ZnO (Table 2). In other cases, UST leads to the mixing of the oxides with any
effect on surface ratio of oxides or with little increase of TiO> surface content.

It is well known that band gap energy (Eg) is an important parameter of semiconductor materials
especially at their use as photocatalysts in different processes. The data presented in Table 2 demonstrate
that only in the case of TiO2/MgO composition, where TiO2 was mixing with photo catalytically inert
oxide (MgO) [36], the Eq value rests equal to rutile. In case of other mixtures, an increase of Eq was
observed. For TiO2/ZnO and TiO2/Nb2Os composites, Eg value is equal to second oxide but not TiO>
(Table 2). For TiO2/ZrO2 and TiO2/SnO2 mixtures, Eq exhibits the intermediate value between TiO; and
second oxide. The presented in Table 2 data demonstrate that UST less influences on Eg values. The last
fact can be connected with minor changes in dimension particles after UST. At same time, the first step
of the mixtures preparation connected with their mixing in agate mortar influences on the properties of
obtained compositions as result of strong contact between different oxides particles creation [36].

The observed values of E4 predicts that the prepared samples will exhibit low photocatalytic
activity in MN photodestruction under visible light irradiation and obtained data show that in reality
photodestruction rate constant (Kg) in best case (TiO2/ZnO) has value equal to 4-10°s? and
photodestruction degree (G) is 12 % after 5 h of reaction. As result, the photocatalytic activity of
synthesized samples in MN decomposition in water was determined at UV-light irradiation and all
obtained data are presented in Table 2. It can be seen that the rate constant and photo destruction degree
at UV- light irradiation have larger values than at Vis-irradiation for all samples.

In the other hand, an increase of rate constant value in comparison to individual TiO> was
observed in the case of the TiO2/ZnO compositions use. This fact can be connected with higher activity
of ZnO in MN photocatalytic degradation determined previously [37-39]. It was shown that this process
in the equal conditions in the presence of ZnO different modifications proceeds with rate constant
Kg =0.16-0.27-102 st and this value is in 1.6-3.4 times higher that obtained for TiO [37, 38]. UST has
less influence on the value of rate constant of MN photocatalytic degradation in the presence of the
synthesized samples: it some increase observed in case of TiO2/ZrOz, TiO2/ZnO and TiO2/MgO
compositions, this value is unchanged in case of TiO2/SnO and TiO2/Nb2Os composition.

In same time, it is necessary to note that preparation of the mixtures containing two oxides leads
to decrease of the photocatalytic active TiO. content in the samples. This fact demonstrates the data
EDX presented in Table 2. So, the quantity of active catalyst (TiO2) at use the same content of
composition (0.5 g/l) as catalyst in reaction mixture decreases. In this sense there is an exception,
TiO2/ZnO mixture where the more photoactive in this process oxide (ZnQO) [37, 38] was introduced in
composition. It is known [37, 38] that a decrease of TiO> quantity in reaction MN photocatalytic
degradation accompanied by a decrease of the value rate constant in 1.6-2.0 times. The realized in this
work investigation with decreases of TiO2 content from 0.5 up to 0.25 g/l shows the decrease of rate
constant from 0.12 up to 0.07-1072 s also. From this point of view, it was interesting to determine what
the dilution of photoactive oxide TiO, by introduction of second oxide (a decrease of TiO. quantity)
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influences on catalytic activity of the composition. The calculation of the value of rate constant refers to
quantity of TiO2 in the compositions (Kqrio2)) was realized and the obtained data presented in Table 2.

The presented in Table 2 results demonstrate that for the all compositions excluding TiO2/MgO the
values Kqrioz) are more than for individual TiO2. In case of the TiO2/MgO composition, Kqioz) is equal
the value obtained for TiO. what permits concludes that the photo catalytically inert oxide MgO [36] only
dilute active titania without other influence on its properties. For the other compositions including
TiO2/Zn0, an increase of Kqrioz) values in comparison to data of TiO is observed that can testify the
presence of strong interaction between two oxides. This conception confirmed by an increase of band gap
width in these compositions (Table 2) in contrary to TiO2/MgO. As result of the possibility of separation of
electrons and holes expands [36] which accompanied by an increase of Kqrioz). The system stands apart is
TiO2/ZnO where the growth of activity is connected with the presence of ZnO in composition (see above).
It is necessary to note that value rate constant of photocatalytic degradation of MN on TiO2/ZnO refers to
quantity of ZnO in mixture is equal to presented data for Kqioz) (0.46 and 0.50-107% s, respectively, for
initial and after UST mixtures). These data exceed the values of constant rate of MN degradation
characteristic for individual ZnO (see above). So, it can by testify that in this composition the influence of
one oxide on the other has place too.

The data presented in Table 2 demonstrate that for practically all two components catalysts the
degree of MN degradation has more value that for individual TiO2. This data show advantages of the use
these mixtures in the removal of MN from water as result of photocatalytic process. The best results were
obtained at utilization of TiO2/ZnO and TiO2/MgO compositions.

The obtained results let to make an assumption connected with quantity of the catalyst in reaction
mixture at MN photodegradation. Literature data [37, 38] show that an increase of the catalyst content up
to 1 g/l accompanied by decrease of rate constant of MN photocatalytic degradation. In used mixtures the
quantity of photoactive component in the most cases is near 50 % and it was interesting to study what an
increase of the catalyst contain will be influence of rate constant. It was used two compositions after UST:
TiO2/ZrO; and TiO2/ZnO. The obtained results show that in both cases the value of Kg increases: for the
first composition up to 0.17-10° s and for second — up to 0.38-103 s but the Kqcrioz) rests practically
without change — 0.22-1073 s* for first composition and decreases for second — 0.40-1073 s, In same time
the high degree of MN degradation (near 99 %) was obtained after shorter reaction time 3.5 and 2 h,
respectively, for TiO2/ZrO. and TiO2/ZnO UST compositions. Thus, obtained result shows the perspective
of the two components photocatalysts use and their UST.

The comparison of the photoactivity samples (Kq) in MN decomposition with their specific surface
area and total pores volume data shows any connection between these parameters. In the other hand, the
results presented on Fig. 5 a, demonstrate that rate constant of MN photodecomposition increases with
increase of medium pores diameter. Separately located samples of TiO2/ZnO compositions which activity
was determined as connected with the presence of ZnO but not TiO», as for other oxide compositions. In
same time it is necessary to note that for these TiO2/ZnO samples an increase of Kq with growth of pores
diameter observed, also. This correlation can be explained by an increase of sample surface area accessible
to UV irradiation with growth of pores diameter analogously to presented in [36]. In same time these data
shown positive effect of UST which leads to an increase of pores diameter (Table 1) and correspondingly
to an increase of the samples photocatalytic activity (Kq) in MN oxidative decomposition.

On the other hand, the data presented on Fig.5b shows that photocatalytic activity of the
samples (Kq) in the process of MN destruction is decreased with an increase of band gap energy values
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of the compositions. Analogous relations are traditional in the case of photocatalytic processes. In this
case, also, the sample of TiO2/ZnO compositions located separately for same reason described below.

The data connected with the obtained degree MN decomposition attract attention because they
demonstrate the positive effect of UST. In all cases this treatment permits to obtain the more value G
(Table 2) than for initial oxides mixtures. It can demonstrate more stability of the compositions after
treatment in the process of MN photodestruction and low influence of time reaction and change of MN
concentration on their photocatalytic activity.
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Fig. 5. The dependence of rate constant of MN decomposition in its photocatalytic removal in water
from average radius (Rm) of the oxides compositions (a) and determined band gap energy values for
these samples (b)

Conclusions

The creation of oxide two-component systems based on rutile TiO2 was studied. Influence of
ultrasound treatment of these mixtures on their properties was established. It was shown that
introduction of the second oxide accompanied by a decrease of the reflexes TiO> intensity as a result of
its content decreases in the mixtures. The treatment of the mixtures less influence on the ratio of
intensity of (110)/(101) reflexes of TiO2 what testify any structural change of this oxide but in same time
little increase of its particles size was observed. The partial increase of the dimension particles for
second oxide after UST for the studied mixtures excluding TiO2/MgO and TiO2/ZnO was observed also.
The partial transformation of MgO to Mg(OH)2 as result of TiO2/MgO composition treatment was
shown which accompanied by decreases of MgO particles size. In case of TiO2/ZnO composition
according XRD data as result of UST the partial destruction of ZnO was observed.

The changes in specific surface area and pores volume after preliminary processing in agate
mortar and as result of UST with an increase of medium pores radius after ultrasound treatment with the
change of surface element ratio determined by EDX method can testify that strong interaction between
oxides takes place. This fact leads to an increase the band gap for the mixture in comparison with initial
TiO with its average value between characteristic for TiO2 and other oxide in mixture.

The study of photocatalytic properties of the samples in MN oxidative decomposition in water
shows that for all compositions, excluding TiO2/ZnO where the activity is connected with more active
ZnO in this reaction but not TiO,, a decrease of initial rate constant Kq was observed. The rate constant
of MN photodegradation was connected with a decrease of TiO> content in the mixtures and introduced
value of rate constant determined to quantity of TiO. demonstrate its increase in comparison to
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individual TiO». This fact is a consequence of strong interaction in complexes systems between two
oxides. Obtained results permit to predict and realized the MN photocatalytic degradation in water with
an increase of the complexes catalyst content in reaction mixture what leads to an increase both rate
constant and degree of MN transformation. It was established that UST increased the stability of the
samples in MN transformation and as result the conversion of MN has more value than in initial
mixtures.

An increase of MN degradation degree after UST correlates with the growth of medium pore
radius in result of UST what can be connected with an increase of sample surface accessible to UV
irradiation. It was shown that obtained samples demonstrate better properties in MN destruction in water
in comparison with data known from the literature. So, the perspective of complex oxide compositions
creation on the base of one known photocatalyst and use of UST were shown.
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BuBYeHO CTBOpEHHS OKCHAHUX JBOKOMIIOHEHTHHX CHCTeM Ha OCHOBI pytuny TiO,. BcranoBneHo BIvB
ynbTpa3BykoBoi 06pobku (Y30) Ha BIacTUBOCTI MaHWX KOMMO3WTiB. [lokazano, mo maHa oO6poOKa cyMirnei Majo
BIUTMBA€E HA iXHI CTPYKTYpHI XapaKTEepUCTHKH, a came, Ha criBBigHOmeHHs inTeHcuBHOCTI (110)/(101) pedekcis
TiO», ane B TOM xe Yac CHOCTEpIiracThcsi HE3HAYHE 30UTBIICHHS PO3MIipy HOro YacTHHOK. [[yisi mpyroro okcumy
TaKOXX BiZOYBA€THCS HEBEIHMKE 3POCTAHHS PO3Mipy HOro 4actHHOK B pe3ynbrati Y30, BukimodeHusM € Ti0/MgO
ta TiO2/ZnO 3pasku. I[lokazano, mo B pe3ynbrari 00podkm TiOx/MgO cymimi BimOyBacThCS YaCTKOBE
neperBopeHHs MgO y Mg(OH),, sike cympoBOIKYeTbCS 3MEHIICHHSM po3Mmipy MgO uacTHHOK. Y BHUIAAKy
TiO2/ZnO cymii cioctepiraeTbesi YacTkoBe pyiiHyBanHs ZnO sk pe3ynbTat ¥Y30.

Beranosneno, mo Y30 cnpusie 30UTBIIEHAIO CEPEIHBOTO PAJiyCy TOp KOMIO3HUIlH OHOYACHO 31 3MiHOIO
MOBEPXHEBOTO CITIBBIIHOIICHHS €JICMEHTIB, BH3HaueHOro EJIA MeTomoMm, M0 MOXKE CBITYUTH TPO CHIIBHY
B3a€EMOJIII0 MK OKCHJIaMU B cyMmimni. Januii (hakT Beae A0 3pOCTaHHs 3HAYCHHS €Heprii MMpPUHHA 3a00pOHEHOT 30HH
(Eg) okcumnoi cuctemu y mopiBHsAHHI 3 BuximauM TiO,. [Ipm oMy, y OinbmmocTi BHUIAAKiB 3Ha4deHHs Eg Mae
CepeIHIO BETMYMHY MK IIOKa3HUKOM XapaKTePHUM JUTS TIOKCHIY THTaHY Ta iHIIOTO OKCHIY B 3pasKy.

HocmipkeHHss  QOTOKATAITHYHUX —BJIACTUBOCTEH 3pa3KiB B MPOLECi OKUCIIOBAJIBHOI  Jierpanartii
MeTpoHinazony (MH) y Bozi moka3yroTh, 0 IS BCiX KOMITO3UTIB CIIOCTEPIraeThCs 3HIKEHHS 3HAYeHb KOHCTAHTH
mBuakocti Ky, Buximouennsam € TiO2/ZnO cucrema, GOTOAKTHBHICT SKOI TOB’si3aHa 3 Oinbin akTUBHUM ZnO B
naHii peakuii, ae He 3 TiO». [lapinas 3HadeHs Kg MokHa mosicHUTH 3HIDKeHHSAM BMicTy TiO y cymimax i gaHuid
MOKa3HUK BH3HAYAETHCS KUTBKICTIO PYTWIIY B HUX, a BBelleHe 3HaueHHsS Kyrioz), ke BU3HaUeHe Juisi KibkocTi TiOx,
JEeMOHCTPYE 1i MiABUIIEHHS y OPiBHSAHHI 3 iHAMBiAYyanbHUM Ti0,. lanuit GpakT CBiAYMTH PO CUIIbHY B3a€EMOJIIO B
CKJIaaHuX cucteMax. OnepikaHuil pe3yspTaT (miaBuiieHe 3HaueHHs Kqrioz) A1 KOMIO3UTIB, y nopiBHsHHI 3 TiOy)
JI03BOJIMB peaizyBatu (oroaecTpykiito MH y BogHOMY cepefioBHIIli i3 OUIBIINM BMICTOM CKJIaTHOTO KaTaji3aropa
B peaKIIiifHii CyMilii, 110 Belle A0 3pPOCTaHHS 3HauYeHbh KOHCTAHTH IIBUAKOCTI Ta CTYNEHIO NECTPYKIIii aHTHOIOTHKY.
Bceranosneno, mo Y30 mertox miaBUIIMB cTaOLTbHICTH 3pa3kiB y mporueci nmeperBopenHs MH i, sik pesynbrart,
KOHBEPCIisi aHTHOIOTHKA Ma€ OB 3HAYSHHS, HIXK JIJIS1 BUX1THUX CyMiIlIeii.

[TixpuiienHs 3HaveHb crynento aerpanamnii MH mis Y30 3pa3kiB KOPEIHOETHCS 13 3pOCTAHHSAM CEPEIHBOTO
pamiycy Top B HHX, IO MOXe OYTH TIOB’si3aHO 13 30UIBIIEHHSM I1XHBOI IOBEpXHI, SKa JMAOCTYIHA JUIS
Y®-onpominenns. [lokazaHo, M0 ojep:kaHi KOMIO3UTH JIEMOHCTPYIOTh Kpallli BIAcTHUBOCTI B jaecTpykuii MH y
BOJIi y TOPIBHSIHHI 3 BIJIOMUMH 3pa3kaMH B JITEpaTypi.

Kntouoei cnosa. ckinajHi OKCHIHI KOMIIO3UTH, YJIBTPa3ByKoBa 00poOKa, QoTokaTami3, MECTPYKILis
METPOHIa301y
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