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Abstract. A spherically granular, amorphous, mesoporous
catalyst was obtained by supporting V,0s on synthesized
by direct sol-gel method of ZrO,-SiO, hydrogel and was
identified by SEM, XRD and N, adsorption / desorption.
It is shown that its hydrothermal and alcohol treatment
increases the specific surface, volume and width of pores
and leads to an increase in the yield of propylene in the
reaction of propane dehydrogenation and decreases the
temperature of reaching its high values.
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1. Introduction

At present, the supported vanadium oxides are
ones of the most promising alternative catalysts for
dehydrogenation of propane (DHP) to propylene, which
is a large-tonnage semi-product of the chemical industry
and serves as the main raw material for producing
polypropylene, propylene oxide, acrylonitrile, polyurethane
foam and many other products."® The need for pure
propylene significantly exceeds its production volumes
by traditional methods of thermal and catalytic cracking
of petroleum distillation products; therefore, the target
DHP is developing at a faster pace, which is also
facilitated by the production of cheap shale gas
containing significant amounts of propane.*® The main
commercial technologies of DHP are based on two
catalytic systems: Cr,03/Al,O5; and Pt-Sn/Al,O3, but
their periodic oxidative regeneration leads to a decrease
in activity and structural stability due to particle
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agglomeration (sintering) and they must be replaced
after 1-3 years of operation.>® In addition, it is noted that
the high cost of Pt, as well as serious pollution issues
caused by Cr, restrict further development of the DHP
industry, and to overcome these shortcomings, many
scientific and industrial studies are aimed at the
development of new catalysts for DHP.*?

It was shown’ that a catalyst with VO, groups
supported on a mesoporous ordered silicate system of the
MCM-41 type, in comparison with industrial catalysts,
works for a longer time in the stream in all DHP cycles
and can be completely reduced by oxidative regeneration.
An increase in the acidity of MCM-41 by introducing Ti
ions into its structure led to an increase in the selectivity
of the formation and yield of propylene and to achieve a
performance close to Pt-Sn/Al,O3.2 Herewith, it was
noted that the maximum catalytic characteristic achieved
on VO, /Ti-MCM-41 depends on both the acidity of the
sample surface and its pore volume.’

The supported vanadium oxide was widely studied
and showed the greatest efficiency in the exothermic
process of oxidative dehydrogenation of propane ODHP,*
but herewith, the lower selectivity and yield of propylene
due to its further oxidation were obtained. Cavani et al.*
noted that both with ODHP and with DHP, an increase
in the yield of propylene can be achieved by increasing
the surface area of the catalysts and changing their
porous structure and chemical nature, which can initiate
the additional passing of high-temperature radical
homogeneous reactions. The formation of free radicals in
such reactions can occur on the active sites of the surface
of the catalysts (heterogeneous onset of homogeneous
reactions) and they can be more selective than a
completely heterogeneous process. For example, Liu et
al.' explain the beginning of the DHP reaction on
VO,/Al,O3 by the formation of propyl radicals associated
with vanadium.


https://doi.org/10.23939/chcht16.02.259
mailto:antonina.redkina@ukr.net

260

Recently, zirconia promoted by metal oxides is
also considered as an alternative type of catalyst capable
of replacing spent catalysts of non-oxidative DHP. It has
been shown that the active sites in such systems are
structural anionic oxygen vacancies near coordination-
unsaturated Zr atoms, which cause propane activation."* ™

Previously,"* we studied the properties of spherically
granulated micro-mesoporous zirconium silicate (Zr-Si)
xerogels as supports of vanadium oxide in the DHP
reaction. It was shown that on V,0s/Zr-Si, at a shorter
contact time of the reaction mixture, a higher propylene
yield was obtained than on V,0s/Ti-MCM-41, which has
a structure with regular hexagonal packing of cylindrical
mesopores with the same diameters. But with a longer
contact time, at the temperatures above 823 K, the
propylene yield on V,0s/ Zr-Si became lower. It was
concluded that the system of tortuous micro-mesopores
of the Zr-Si xerogel can impede the development of the
DHP reaction by a heterogeneous-homogeneous mechanism.

In this work, the task was to increase the specific
surface area of the vanadium-zirconium-silicate catalyst
and to change its porous structure, as well as to determine
the influence of these parameters on the proceeding of
the propane dehydrogenation reaction to propylene.

2. Experimental

Spherically granular highly dispersed porous
Zr0,-SiO, oxide was obtained by methods, described in
detail previously*. We used the direct sol-gel synthesis
and the droplet coagulation of the zirconium silicate
hydrogel, using the aqueous solutions of the accessible
salts, with concentrations necessary for the obtaining the
ZrISi = 0.6 in the synthesed sol, according to the
following reactions:

2K,CO3 + ZrOCl, — Kg[ZfO(COg)Z] (1)
Kz[ZfO(COg)z] + Na,SiO; — Zr0,-Si0,-nH,0 (2)

Solutions of the carbonate complex of zirconium
and sodium metasilicate were fed into a flow reactor,
where a mixed sol of zirconium oxyhydrate and silicic
acid was formed, which droplet entered the column, passed
through a layer of water-immiscible liquid (undecane)
and turned into strong Zr-Si hydrogel spheres. They
were washed with distilled water and transferred to the
active H-form by treatment with a HCI solution. After
drying at 403 K and calcination at 823 K, hard spherical
granules of the Zr-Si xerogel with a diameter of 200-
700 um were obtained.

Antonina Redkina, Nadezhda Konovalova, Nikolay Kravchenko, Volodymyr Strelko

The preparation of Zr-Si catalysts with 10 wt%
supported V,Os is described in detail by Redkina and co-
workers."**> The Zr-Si xerogel was impregnated with a
solution of ammonium metavanadate salt (NH,VOs3) in
oxalic acid (H,C,0,4) with pH < 2, in which the resulting
vanadium oxalate complex exchanges ligands with the
functional groups of the support to form covalently
bound vanadium oxide.® Since compounds containing
tetravalent V show a high degree of vanadium incorporation
into the porous silicate matrix,"” vanadium oxide was
supported on Zr-Si hydrogel by diffusion of a 10 %
aqueous solution of VOSQ, salt into the pores of the gel
spheres, followed by precipitation of vanadium hydroxide
with NH4OH and washing with water to pH = 7. A portion
of the hydrogel was then subjected to hydrothermal
treatment (HTT) in steel autoclaves at 523 K for 5 h.
After HTT, a portion of the catalyst was further decanted
with alcohol for 12 h. After application of vanadium
oxide and various processing, all samples were dried at
403 K and calcined for 4 h in air at 823 K. The catalyst
supported on xerogel was designated as V,0s/Zr-Si, and
the samples on Zr-Si hydrogels were designated as
V205'Zr'Si.

Isotherms of low temperature nitrogen adsorption
were measured according to the standard procedure on
an ASAP 2405 N Micromeritics instrument, after vacuum
treatment at 473 K. The distribution pores from the
radius sizes were calculated using the DFT density
functional theory.

An analysis of the microstructure and elemental
composition of the obtained catalysts was determined by
a scanning electron microscopy (SEM) using a JEOL
JSM 7001F scanning electron microscope with an Oxford
Instruments microanalyzer system.

X-ray diffraction patterns were recorded on a
DRON-4-07 diffractometer using Cu Ka radiation from
the anode line with a Ni filter in the reflected beam with
Bragg-Brentano geometry.

The DHP reaction was carried out in a flow quartz
reactor of 30 cm long and 0.7 cm in diameter; 0.85 g of
the catalyst (volume 1 cm®) was placed in the middle of
the reactor. The flow rate of the mixture containing
7 vol % of propane in argon, was maintained as 18 mL/min
and its contact time with the catalyst was 3.5s. After
holding the samples in the reaction mixture for at least a
one hour at 523-573 K, the temperature of the reactor
was increased by 25 K every 30 minutes to 923-948 K.
Propane and the products of its dehydrogenation reaction —
propylene (C3Hg), methane, ethane, and ethylene (C,Hy)
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were analyzed on a chromatographic column filled with
silica gel using a flame ionization detector. The catalytic
parameters were determined as the degree of propane
conversion X(CsHg), product selectivity S(CsHe), S(CxHy)
and propylene yield Y(CsHe).

3. Results and Discussion

It is known that zirconium dioxide is one of the
best supports for catalytically active metal oxides,® since it
is chemically stable, inactive in oxidative reactions, has
weak amphoteric properties and interacts well with
transition metals, contributing to their highly dispersed
surface location and inhibiting them sintering. However,
the possible relatively large ZrO, surface (~300 m%g),
obtained by drying amorphous Zr(OH),," significantly
decreases during its further calcination in air at high
temperatures. This is due to the growth and agglomeration
of crystallites by the mechanism of surface diffusion and
leads to a change in the modifications of the formed
crystalline ZrO, phase. It was shown? that the
thermostability of ZrO, can be improved by preliminary
dispersing a monolayer of the active component on its
surface, which, separating the crystallites of the support
from each other, prevents their growth to critical sizes.
In this case, a much larger surface area of the catalyst is
obtained after the impregnation of zirconia hydrogel
with solutions of salts of active elements than when its
xerogel is impregnated.?® It stabilizes the state of ZrO,
and the synthesis of its mixed oxide with SiO,. This
allows not only to create a support with a developed

surface and porous structure, but also with a greater
strength of acid sites active in the dehydrogenation of
hydrocarbons.?

An additional way for regulation of the porous
structure of zirconium silicates is to conduct HTT of
their hydrogels, which helps to strengthen the bonding of
elements in their polymer skeleton and to obtain xerogels
with a larger specific surface and pores volume after
calcination.”” And also, replacing intermicellar water in
hydrogels with alcohol or another organic liquid with a
low surface tension, which reduces the capillary compressive
strength of the gel skeleton during drying, leads to an
increase in the volume and pore diameter of the obtained
samples.?

From the results shown in Fig. 1a, it can be seen
that the type of nitrogen adsorption/desorption isotherms
in the obtained hydrogel and xerogel of zirconium silicate
and catalysts with supported vanadium oxide does not
change and refers to type IV isotherms with H, hysteresis
loops.* The desorption branch in isotherms has a rather
large horizontal part, characteristic of corpuscular systems,
the pores of which are of an indefinite nature with narrow
“throats” and various wider cavities. This is also confirmed
by the distribution of pores by radius sizes, characteristic
for micro-mesoporous systems (Fig. 1b). The pore volume
of the samples decreases both upon calcination and upon
deposition of vanadium oxide, especially when applied
to Zr-Si xerogel (Fig. 1a). The change in pore size
distribution (Fig. 1b) in every case occurs in the
direction of increasing pores with a large radius.
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Fig. 1. Isotherms of low-temperature nitrogen adsorption (a) and the nature of the pore size distribution of radiuses (b, c)
for the 0.6Zr-Si hydrogel, dried at 403 K (1); xerogel obtained by further calcination at 823 K (2); samples of catalysts with V
introduced in structure of the hydrogel — V,05-Zr-Si (3), and with V supported on the surface of xerogel — V,0s/Zr-Si (4)



262
c
= 500 -
o |
— 400
300 2
200 - "‘*’1‘""”'" Gl
100 A 1
O L T T T T T T T T T T
10 20 30 40 50 60
20,degree

Fig. 2. X-ray diffraction patterns of Zr-Si support (1);
V,0s/Zr-Si catalyst (2) and V,0s-Zr-Si catalyst (3)

X-ray phase analysis carried out in the range of
reflection angles 26 = 10-70° for the synthesized supports
and catalysts, which are calcined in air at 823 K (Fig. 2),
showed the presence of only an amorphous halo on the
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diffraction patterns of all samples. The absence of phase
reflections of vanadium oxides may indicate their highly
dispersed state on the surface of supports. The phase
reflections of metastable tetragonal zirconium dioxide
t-ZrO, usually appear already at 673 K upon calcination
of the dried hydrogel ZrO,* and at 773 K in the diffraction
pattern of a 10 % VO,/ZrO, sample.?® The absence of
t-ZrO, reflections in our case is consistent with the
data presented by del Monte,?” who showed that the
amorphous matrix, with SiO, content of >50 % in the
binary ZrO,-SiO, oxide, contributes to the preservation
of the amorphous state of ZrO, to a calcination
temperature 1073 K of the mixed oxide.

Table 1 shows examples of SEM micrographs and
elemental analysis of the surface layer of vanadium
oxide catalysts obtained by diffusion of an agueous
solution of the VOSO, salt into a matrix of spheres Zr-Si
hydrogel — V,0s-Zr-Si and by applying of vanadium
oxide by impregnation of the NH,VO; salt oxalate
solution of the calcined Zr-Si xerogel — V,Os/Zr-Si.

Table 1. Topography of surface and distribution of elements in the granules surface layer of V,0s-Zr-Si

and V,0s/Zr-Si catalysts

Element | % by weight | Atomic % | Compounds, % | Formula | Ratio of elements
SiK 21.58 20.45 46.16 SiO,
. V K 5.57 291 9.95 V,0s Zr/Si =0.47
V20s-21-Si ZrL 32.49 9.48 4389 210, Si/zr = 2.16
@] 40.36 67.15 V/Si =0.14
Total 100 100 100
SiK 22.26 20.88 47.62 SiO,
V K 5.63 291 10.06 V,05 Zr/Si=0.43
V,05/Zr-Si ZrL 31.33 9.05 42.32 ZrO, Si/Zr=2.31
@] 40.78 67.16 V/Si =0.14
Total 100 100 100

It is seen that the amount of ZrO, in the prepared,
samples is less than that in the synthesis sol; therefore,
the real Zr/Si ratio in them is ~0.43-0.47 and the SiO,
content in the mixed oxide is higher than ZrO,. The
average amount of supported vanadium oxide in both
catalysts is approximately 10 wt % V,0s. Moreover,
analyses at many points on the surface of V,0s-Zr-Si
granules show a V,0s content varying in the range of
9.5-11 wt %. Similar analyses of thesample V,0s/Zr-Si
show a wider distribution of V,05 — from 7 to 12 wt %.
This is consistent with the data obtained by Zhao and co-
workers®, who showed that the deposition of the active
phase on the support hydrogel contributes to a more
isolated and uniform arrangement of the active sites of

the catalysts. The average Si/Zr ratio in both samples is
2.16-2.31, close to 2, which, according to the Tanabe
rule, approximately corresponds to the maximum Brainsted
acidity of mixed ZrO,-SiO, oxides and so the Hammett
acidity function can be HO > -8.2.%

The HTT of the 10 % V,0s-Zr-Si sample before
calcining (Fig. 3) changes the shape of the hysteresis
loop on the isotherm — the horizontal part on the
desorption branch becomes shorter, indicating that the
difference between the diameters of the “throats” and
“cavities” in the porous structure of the catalyst decreases
and the type of the hysteresis loop H2 transforms into
H1, which is typical for systems with a developed
mesoporous structure.?* Micropores disappear, the radius
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of the mesopores increases and their size distribution
becomes close to uniform. Decantation of the sample
with ethanol after HTT leads to a narrowing of the
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shape of the hysteresis loop on the isotherm, indicating
an additional equalization in size of increasing pore
radius.
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Fig. 3. Isotherms of low-temperature nitrogen adsorption/ desorption (a) and the nature of the pore size distribution
of radiuses (b) for 10 % V,0s-Zr-Si catalysts obtained by depositing vanadium oxide on Zr-Si hydrogel (1), subjected
to preliminary hydrothermal treatment before calcination (2) and further decantation with alcohol (3)

Table 2. Textural parameters of zirconium silicates and vanadium oxides catalysts

Sequential Specific surface | Total pore volume | Diameter mesopore Average pore
Sample . oy 3 .
processing area Sger', m/g Vs, cm’/g Dper, M diameter, nm
Zr-Si D 389.3 0.255 2.50 2.62
Zr-Si D,C 292.2 0.203 4.89 2.79
10 % V,05 / Zr-Si D,C 152.6 0.109 4.89 2.87
10 % V,05-Zr-Si D,C 234.0 0.170 5.09 2.90
10 % V,05-Zr-Si HTT,D,C 303.7 0.483 7.03 6.37
10 % V,05-Zr-Si HTT, DE, D, C 358.1 0.706 8.14 7.88

Notes: D is drying, C is calcination, HTT is hydrothermal treatment, DE is decantation with ethanol.

Table 2 shows the results of the calculation of the
texture parameters from the desorption branches of the
isotherms of nitrogen adsorption/desorption for the
synthesized zirconium silicates and vanadium oxide
catalysts after their various sequential processing,
indicated in the footnotes of the table. It can be seen that
the catalyst obtained by impregnating the Zr-Si hydrogel
with a solution of vanadyl sulfate salt has a larger pore
volume and its specific surface area on 80 m?/g higher
than that the sample formed by the interaction of the
oxalate complex of ammonium metavanadate with OH
groups of the Zr-Si xerogel. After HTT, the specific
surface area of the catalyst increases by another 70 m%/g,
the pore volume grows by almost 3 times, the diameter
of mesopores raises to 7 nm. When decanting with

ethanol, the volume increases by 1.5 times, additionally
by 50 m?/g, the specific surface grows and the diameter
of the mesopores becomes more than 8 nm.

The change in the porous structure of oxide
vanadium-zirconium silicates carried out during synthesis
and subsequent treatments has a significant effect on
their catalytic characteristics in DHP, shown in Fig. 4,
depending on the temperature of the reaction.

The transition from a catalyst with V,05 supported on
a Zr-Si xerogel to that applied on a Zr-Si hydrogel and
subjected to further hydrothermal and alcohol processing
is accompanied by an increase in their specific surface
area, pore volume and diameter, and an increase in their
spatial order when the micro-mesoporous structure is
converted to uniformly mesoporous. As can be seen
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(Fig. 4 a), such changes in the structure of the samples
lead to an increase in the degree of propane conversion
during DHP, especially at reaction temperatures above
773 K, when conditions are created for initiating
homogeneous or heterogeneous/homogeneous radical

a)
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reactions, the importance of their contribution to the
general process of DHP, pointed out by Cavani et al.'
Wherein, the highest values of X(CsHg) are achieved on
the catalyst with the highest specific surface area and
pore volume (Fig. 4a, Table 2).
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Fig. 4. Change in the degree of conversion of propane (a), the selectivity of propylene formation and propylene yield (b),
with an increase in the temperature of the propane dehydrogenation reaction on the catalysts containing 10% V,0s on Zr-Si
oxides, obtained by applying vanadium oxide on Zr-Si xerogel (1), on a hydrogel (2), subjected to preliminary hydrothermal

treatment (3) and further decantation with alcohol (4). The reaction mixture is 7% CsHg in argon. Contact time is 3.5 s

The selectivity of propylene formation in all
samples (Fig. 4b) is almost the same and close to 100 %
up to a reaction temperature of 773 K. Then it decreases
to levels of ~90 % and 80 % with increasing temperature
to 923 K and 948K, respectively, and slightly lower on
the catalyst supported on Zr-Si — xerogel. Since X(C3Hg)
grows over the entire temperature range of DHP, with
the high selectivity for propylene obtained, its yield also
increases up to 873 K (Fig. 4b, curve 4) on the most active
catalyst and up to 923 K on other samples (curves 1-3). At a
higher reaction temperature, Y(C3;Hg) does not increase,
that may be due to the formation of coke, the deposition
of it on the surface of samples and the blocking by it of
the active catalytic sites.

Sokolov et al.”**° state that during DHP process
on the VOX, supported on Al-Si acid oxide, the propylene
yield increases with an increase in the amount of
deposited carbon on a fresh support. It was concluded
that coke creates sites of carbon phase on the Al-Si
surface, which are involved in the conversion of
propane. The total number of active sites of the catalyst
increases and, as a result, the conversion of propane
increases. Therefore, in spite of the gradual partial blocking
by coke of the more active VO, sites and the drop in

S(C3Hg), the propylene yield remains high and almost
constant when working in the reaction mixture for a long
time. The presence and duration of activation by the
carbon phase, according to Sokolov et al.,® should
depend on the acid properties of the support and its
available free surface. Similar processes are likely to
occur with increasing temperature of the DHP reaction
on the studied catalysts.

Since the amount of supported active sites of
vanadium oxide on the studied catalysts is approximately
equal, a large support area remains unoccupied by VO,
sites on a sample with a larger specific surface and it can
participate in the formation of additional catalytically
active sites of the carbon phases. Such an increase in the
total number of active sites on a 10 % V,0s5-Zr-Si
catalyst with a larger surface area and pore volume will
further increase the degree of propane conversion
achieved on it during the DHP process. But this can also
contribute to greater coke deposition, which blocks the
more active catalytic sites of vanadium oxide. Therefore,
it is likely, that with an increase in the DHP temperature
the growth of Y(C3;Hg) on such a catalyst stops at a
temperature lower by 50 K to compare with other
samples (Fig. 4b).
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Sokolov et al.?**° showed that the excellent
ability of the catalysts to restore their initial activity after
2 h of oxidative regeneration is observed at 823 K.* %
In our work, the regeneration of catalysts after DHP was
carried out by their slow cooling in an air stream in an
inertial reactor furnace from 923-948 K to room
temperature. This treatment restored the initial color and
structure of the catalysts and almost completely returned
their catalytic activity.

It was shown,* that amorphous, homogeneous,
containing 1 wt % Cr, Zr-Si xerogels, synthesized by
thermal decomposition of thermolytic molecular precursors
of alklocomplexes of elements, are much more active in
DHP than xerogels based on aluminosilicate. Their use
can significantly reduce the reaction temperature to
obtain a high yield of propylene. In a reaction mixture
containing 2 vol % of C3Hg, at 723 K, on the Cr/Si/Zr/O
catalyst, the value X(Cs;Hg) >35% was achieved at
S(C3Hs) ~95 %, which is noted as one of the best values
of these parameters reported in literature at such a low
reaction temperature.®

A change in the structure obtained in this work of
Zr-Si samples with supported of vanadium oxide also
leads to a decrease in the temperature at which high
Y(CsHg) values are obtained, but at more than 773 K
(Fig. 4b). HTT of the catalyst hydrogel and subsequent
decantation with ethanol successively decrease by ~50 K
the temperature, at which approximately the same yields
of propylene are obtained. As a result, on the final
catalyst in the reaction mixture containing 7 vol% of
C3Hg, at 873 K the propylene yield reaches above 76 %
at S(CsHg) » 96 % and X(CsHg) » 80 %, and these values
of the catalytic parameters are higher than those
published for industrial samples. It has been reported™
that in the process of DHP, at the same operating
temperature of above 873 K and atmospheric pressure,
the Cr,05/Al,03 and Pt-Sn/Al,O5 catalysts show propane
conversion of ~50 % and ~40 %, respectively; propylene
selectivity is ~90 % and its yield is 45 and 36 %. Facing
the manufacturability of the process for producing the
investigated V,0s-Zr-Si catalyst, the relative cheapness
of its composition, easiness of regeneration, and
structural stability, it can be assumed, that in the future it
can serve as a replacement for the depleted industrial
catalysts of DHP processes.

4. Conclusions

Thus, the conducted research shows that at supporting
the vanadium oxide on the spherically granulated zirconium
silicate hydrogel, the obtained by direct sol-gel synthesis
from the accessible salts of elements, a micro-mesoporous

catalyst is formed with a larger specific surface area and
with a more uniform layer of the active component than
when it is supported on Zr-Si xerogel. HTT of vanadium-
zirconium silicate hydrogel and additional decantation with
alcohol changes the catalyst structure to a developed
mesoporous one, increases its surface area, volume and
pore width. This helps to reduce the temperature of the
DHP reaction on the V,05-ZrO,-SiO, catalyst, at which a
high yield of propylene is achieved, and allows to obtain
large values of its yield, in comparison with industrial
Cr,0O3/AlL,0; and Pt-Sn/Al,O; catalysts. This may also
indicate that the role of the magnitude and acidity of the
surface, volume, and pore structure are just as important for
this gas-phase catalytic reaction as the nature and state of
the active sites of the catalyst.
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BILIUB MOPYBATOI CTPYKTYPH V,05-Zr0,-SiO,
KATAJIIBATOPA HA PEAKIIIIO JETTAPYBAHHS
MIPOIAHY

Anomauia. Cihepuuno epanynvosanuil, amopghHuil, me3o-
nopyeamuii kamanizamop ompumano Havecenusim V,Os Ha
CUHME308AHUL NPAMUM 301b-2€lb CHOCOOOM 2iopoeens ZrO,)-
SiO, ma idenmudgpivosanuit memooamu CEM, P@A ma aocop-
oyiiloecopoyii N,. Iloxazano, wo tioeo 2iopomepmanvie i
cnupmoge 00poONeHHs. NIOBUWYE NUMOMY NOBEPXHIO, 00'em i
WUpUHy nop i npueooums 00 30iIbUEHHs 8UX00Y NPONILeH)y 8
peaxyii 0e2iOpy6anHs NPONAHY MA 3HUNCEHHS MeMNepamypu
OO0CS2HEHH S 11020 GUCOKUX 3HAUECHD.

Kntwowuosi cnosa: oeziopysanns nponawy, nponiiex,
OKCUO 8aHAOII0, YUPKOHIU CUTIKaAMU.
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