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In order to create alternative vanadium oxide-supported catalysts for the process of non-

oxidative propane dehydrogenation to propylene, we studied the effect of the increased

content of vanadium oxide in the V2O5–ZrO2–SiO2 composition on its structure and

catalytic properties. Zirconium silicate hydrogel in the form of finished spherical granules

with the SiO2 content of more than 50% was prepared by direct sol-gel synthesis from

zirconium oxychloride and sodium metasilicate using the droplet coagulation technology.

Catalysts were fabricated by impregnation of hydrogel with an aqueous solution of vanadyl

sulfate salt, hydrothermal treatment and calcination in air. By using scanning electron

microscopy, X-ray diffraction analysis and low-temperature nitrogen adsorption/desorption

method, we showed that amorphous samples with a developed mesoporous structure (with

the pore diameter of ~6 nm and the specific surface area of ~300 m2 g–1) were formed

when the content of the supporting V2O5 on zirconium silicate was 10, 20, 25, and 30

wt.%. In the course of temperature increase in the propane dehydrogenation reaction, the

catalyst samples crystallized in the reaction mixture propane–inert gas with the formation

of tetragonal zirconia. When the content of V2O5 was 25% or 30%, additional phases of

reduced vanadium oxides and traces of the zirconium vanadate phase were formed. After

the reaction, the specific surface area of the catalysts decreased significantly and the

average pore size of the samples with 25% and 30% V2O5 increased to ~30 nm. The

propylene yield reproducibly observed on the samples with 25% and 30% V2O5 was lower

than that on the samples with 10% V2O5; however, it remained quite high, which was

probably due to the expanded diameter of the pores and the appearance of additional

ZrV2O7 sites that are active with respect to the dehydrogenation of light alkane.
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Introduction

Vanadium oxides-supported alternative catalysts
are currently considered as the most promising for
dehydrogenation of light alkanes and, in particular,
propane dehydrogenation (DHP) to propylene,
which is the large-tonnage intermediate product of
the chemical industry, and serves as the main raw
material for the production of polypropylene,
propylene oxide and acrylonitrile, polyurethane foam
and many other products [1,2]. The need for pure
propylene significantly exceeds its production
volumes by traditional methods of thermal and
catalytic cracking of petroleum distillation products.
Therefore, the DHP processes are being developed

quickly, which is facilitated by the production of
cheap shale gas containing significant amounts of
propane [3,4]. The main manufacturing technologies
of the dehydrogenation of light olefins and DHP
processes are based on two following catalytic
systems: Cr2O3/Al2O3 and Pt–Sn/Al2O3. It has been
reported [4] that these catalysts at the operating
temperature of >6000C and atmospheric pressure
showed propane conversion of ~50% and ~40%,
respectively; the propylene selectivity being ~90%
and its yield being ~45% and 36% in the processes
denominated Catofin and Oleflex, respectively.
However, periodic oxidative regeneration of catalysts
leads to a decrease in their activity and structural



118

A.V. Redkina, N.V. Kravchenko, N.D. Konovalova, V.V. Strelko

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2021, No. 2, pp. 117-125

stability due to the particle agglomeration (sintering);
therefore, the catalysts must be replaced after 1–3
years of operation [3]. In addition, it was stressed
that a high cost of Pt as well as serious pollution
issues associated with Cr restrict a further
development of the DHP processes, and many studies
are aimed at developing new catalysts for propane
dehydrogenation to overcome these shortcomings
[1,2].

It has been shown [5,6] that catalysts with
vanadium oxide groups on porous silicate systems
can operate for a long time in the stream in all DHP
cycles as compared with industrial catalysts. In
addition, they can be completely reduced by oxidative
regeneration. Zirconia promoted by metals, which
increases the number of anionic vacancies causing
activation of propane, is also considered as an
alternative type of catalyst capable of replacing spent
DHP catalysts [7,8]. Zirconia is also considered the
best catalytic supports, since it is chemically stable,
has weak amphoteric properties and interacts well
with transition metals, contributing to their finely
dispersion on surface and inhibiting sintering.
However, the support obtained by hydrolysis of
ZrOCl2 can change its surface area from 360 m2 g–1

to 20 m2 g–1 and morphology from microporous to
mesoporous and macroporous ones when the
temperature changes from 110 to 6500C [9]. This is
explained by the diffusion of oxide particles, their
growth and agglomeration, causing a change in the
phase modification of ZrO2 from amorphous to
metastable tetragonal (t-ZrO2) and monoclinic (m-
ZrO2) [9]. It is possible to reduce the diffusion of
ZrO2 particles and stabilize their state by creating a
mixed ZrO2–SiO2 oxide. The amorphous silica matrix
does not allow ZrO2 particles to grow to a critical
size of the monoclinic phase and binary oxide remains
amorphous up to a calcination temperature of 8000C
at the SiO2 content of more than 50 wt.% [10]. A
layer of the active component dispersed on the ZrO2

surface can also separate support particles from each
other and suppress their surface diffusion. It was
shown [11] that if the Zr(OH)4 colloidal particles
are coated with a solution of the active component
before calcining, the resulting ZrO2 catalysts will often
have a large surface area, which gradually increases,
reaches a maximum (when the content of the active
component grows achieving the most dispersed state),
and then slowly decreases with increasing loads.

Earlier [12], we showed that the use of 10 wt.%
supporting vanadium oxide on the hydrogel of
spherically granular zirconium silicate and
hydrothermal treatment of the samples before
calcination resulted in a more than doubling of the

specific surface area of the V2O5–ZrO2–SiO2 catalyst
as compared with the deposition of the same amount
of V2Î5 on the xerogel of the support. The volume
and pore diameter of catalyst were also increased
and the structure was changed from micro-
mesoporous to uniformly mesoporous. This led to a
significant increase in the propylene yield in DHP
reaction, which exceeded the values obtained on
industrial catalysts.

The goal of this work was to study the effect of
the increased content of vanadium oxide in the
compound of the spherically granulated
V2O5–ZrO2–SiO2 composition on its structure and
catalytic properties in order to develop vanadium
oxide-supported alternative catalysts for the process
of non-oxidative dehydrogenation of propane to
propylene.

Materials and methods

To prepare nanostructured zirconium silicate,
a previously developed method for its direct one-
step sol-gel synthesis was used from available cheap
salts of elements [12]. The method was supplemented
with the use of coagulation in a drop, which allows
obtaining ready-made and durable spherical granules
of Zr–Si hydrogel. A solution of zirconium
oxychloride was added to an excess of an aqueous
solution of potassium carbonate to form metastable
complex zirconium carbonate according to the
following equation:

K2CO3+ZrOCl2K2[ZrO(CO3)2].

Its solution and the solution of water glass
(sodium metasilicate) with the concentrations
necessary to create the ratio of Zr/Si=0.6 were fed
to a flow-mixing reactor where the mixed sol of
zirconium oxyhydrate and silicic acid was formed as
shown by the following equation:

K2[ZrO(CO3)2]+Na2SiO3ZrO2SiO2nH2O.

The sol stream was directed to a column filled
with two layers of liquids. The top layer was
undecane, and the bottom was running tap water.
During the passage of the undecane layer (1.0–
1.5 m), the sol stream was break into separate droplets
and it was turned into strong spherical granules of
Zr–Si hydrogel for 3–5 seconds. They were
transferred with water and first fell onto a sieve and
then into a container, where they were washed with
distilled water from alkalis, salts and traces of
undecane, treated with a solution of NH4OH and
washed again with water until neutral value. Weighed
portions of Zr–Si-silicate hydrogels without external
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moisture were poured in terms of moisture capacity
by VOSO4 solutions with the concentrations necessary
for applying 10, 20, 25, and 30 wt.% V2O5. The
samples were left for two days for flowing of diffusion
process of the vanadium salt into the hydrogel
spheres, then the excess water was drained, and the
NH4OH solution was poured into them to precipitate
vanadium hydroxide in the pores of the support.
Then, the samples were subjected to hydrothermal
treatment in steel autoclaves at 2500C for 5 hours,
after which they were dried at 1300C and calcined in
air at 4500C during 5 hours with a gradual increase
in temperature.

Analysis of the microstructure and elemental
composition of the samples was carried out by
scanning electron microscopy (SEM) using a JEOL
JSM 7001F scanning electron microscope with an
Oxford Instruments microanalyzer system.

Nitrogen adsorption isotherms of the samples
were obtained according to the standard procedure
after vacuum treatment at 1500C on an ASAP 2405N
Micromeritics instrument. The pore size distribution
was calculated by the theory of density functional
(DFT).

X-ray diffraction patterns of the studied samples
were recorded on a DRON-4-07 diffractometer in
the CuK radiation with a Ni filter in the reflected
beam with Bragg-Brentano geometry.

The DHP reaction was carried out in a flowing
quartz reactor 30 cm long and 0.7 cm in diameter,

using samples of the catalyst (0.85 g) with a volume
of 1 cm3 placed in the middle of the reactor. The
flow rate of the working mixture containing 7 vol.%
propane in argon was 18 mL min–1 and the contact
time with the catalyst was 3.5 s. After holding samples
in the reaction mixture for at least an hour at 250–
3000C, the temperature of the reactor was increased
by 250C every 0.5 h to achieve 6500C. Propane and
the products of reaction, propylene, methane, ethane
and ethylene, contained in v mL, were analyzed on
a chromatographic column filled with silica gel using
a flame ionization detector. The propane conversion
was calculated as Õ(Ñ3Í8)%=100 (v inÑ3Í8–
–vouÑ3Í8)/v

inÑ3Í8. When calculating the selectivities
(Si) of the formation of the reaction products in
order to maintain the material balance with respect
to carbon, the volumes of emitted gases (vi) were
multiplied by the coefficients of their volume change
in relation to propane (i) which were equal to 1/3,
2/3, 2/3 and 1 for CH4, C2H4, C2H6 and C3H6,
respectively. Then, we have: Si%=100ivi/Sivi.
The propylene yield was determined as
Y(C3H6)%=X(C3H8)S(C3H6)/100.

Results and discussion

Tables 1 and 2 and Fig. 1 show the results of
measuring the surface topography and structural
parameters of the prepared catalysts.

SEM images (Table 1) show that spherical
granules are well defined and have a size of 200–
700 m, the amount of zirconium dioxide in the

Table  1

SEM images and distribution of elements in the surface layer of granules of V2O5–ZrO2–SiO2 catalyst

Element Wt.% At.% Compound, % Formula Ratio 
Si K 22.26 20.88 47.62 SiO2 
V K 5.63 2.91 10.06 V2O5 
Zr L 31.33 9.05 42.32 ZrO2  

10% V2O5–ZrO2–SiO2 O 40.78 67.16   

Zr/Si=0.43 
Si/Zr=2.31 
V/Si=0.14 

Element Wt.% At.% Compound, % Formula Ratio 
Si K 19.84 18.63 42.66 SiO2 
V K 11.41 5.77 20.37 V2O5 
Zr L 27.37 7.87 36.97 ZrO2  

20% V2O5–ZrO2–SiO2 O 41.28 67.72   

Zr/Si=0.42 
Si/Zr=2.37 
V/Si=0.31 

Element Wt.% At.% Compound,% Formula Ratio 
Si K 18.82 17.54 40.25 SiO2 
V K 14.26 7.32 25.25 V2O5 
Zr L 25.54 7.32 34.5 ZrO2  

25% V2O5–ZrO2–SiO2 O 41.38 67.8  SiO2 

Zr/Si=0.42 
Si/Zr=2.4 
V/Si=0.42 

Element Wt.% At.% Compound, % Formula Ratio 
Si K 17.41 16.23 37.25 SiO2 
V K 17.32 8.9 30.71 V2O5 
Zr L 23.72 6.8 32.04 ZrO2  

30% V2O5–ZrO2–SiO2 O 41.55 68.06  SiO2 

Zr/Si=0.42 
Si/Zr=2.38 
V/Si=0.52 
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support structure is lower than it was in the
synthesized sol, and the real Zr/Si ratio is about
0.42–0.43. Isotherms of N2 adsorption/desorption
of the samples under consideration belong to the IV
type isotherms, which are typical of developed
mesoporous systems (Fig. 1,a). An increase in the
amount of V2O5 reduces the surface size and pore
volume of the obtained catalysts; however, within
the range of 20–30% V2O5 this leads to a small
increase in these values (Table 2) and contributes to
more ordered size distribution of the pores (Fig. 1,b).
This may confirm the stabilizing effect of active phase
on the structure of the ZrO2-based catalyst.

Catalytic tests (Fig. 2) show that an increase in
the content of supporting V2O5 in Zr–Si hydrogel
above 10 wt.% leads to a decrease in the yield of the
formation of propylene on the prepared catalysts,
but it remains quite high and almost independent of
the concentration of V2O5 in the range of 20–
30 wt.%. The selectivity of the propylene formation
is high and almost independent of the content of
V2O5, the selectivity being decreased from 100% to
~90% with increasing the reaction temperature
(Fig. 2,b).

After using the V2O5–ZrO2–SiO2 catalysts with
different content of V2O5, we observed a sharp change
in the shape of the isotherms (Fig. 3), a decrease in
the pore volume and an abrupt decrease in their
specific surface area (Table 3). However, wider
mesopores with diameters of ~160 and ~260 Å appear
together with mesopores having diameters of 60–
90 Å. Thus, the average mesopore diameter of the
samples containing 30% V2O5 exceeds 300 Å.

Supporting vanadium oxides were previously
studied and they showed the highst efficiency in the
exothermic process of oxidative dehydrogenation of
propane (ODHP) [13]. However, they exhibited low
selectivity and yield towards propylene due to their
further oxidation. Cavani et al. [13] showed that an
increase in the yield of propylene can be achieved
both in ODHP and in DHP by changing the porous
structure of the catalysts and their chemical nature,
which can initiate the additional passage 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
the catalysts can be more selective than in a
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Sample 
Specific surface 

area, SBET, m2 g–1 
Total pore volume, 

V, сm3 g–1 
Diameter pores, 

DDFT, Å 
Average pore 
diameter, Å 

10% V2O5–ZrO2–SiO2 303.7 0.483 70.32 63.66 
20% V2O5–ZrO2–SiO2 237.1 0.339 58.80 49.70 
25% V2O5–ZrO2–SiO2 253.3 0.346 58.80 54.62 
30% V2O5–ZrO2–SiO2 267.9 0.391 60.80 58.44 

 

Table  2

Initial structural parameters of catalysts after hydrothermal treatment, drying and calcinations

Fig. 1. Isotherms of low-temperature adsorption/desorption of nitrogen (a) and the pore size distribution (b) of freshly prepared

V2O5–ZrO2–SiO2 catalysts with different content of V2O5 (wt. %): 1 – 10%, 2 – 20%, 3 – 25%, 4 – 30%
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completely heterogeneous process [13]. For example,
Liu et al. [2] explained the onset of the DHP reaction
on VOx/Al2O3 by the formation of propyl radicals
associated with vanadium. Based on this, it can be
assumed that a sufficiently high yield of propylene
on V2O5–ZrO2–SiO2 catalysts with a high content

of vanadium, a low specific surface area, but a large
mesopore diameter are associated with an increase
in the contribution of high-temperature radical
homogeneous reactions to the generic
dehydrogenation process.

The temperature of 4500C for calcination of
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Fig. 3. Isotherms of low-temperature N2 adsorption/desorption (a) and pore size distribution (b) for the V2O5–ZrO2–SiO2

catalysts after their using in DHP reaction. The content of V2O5 (wt.%): 1 – 10, 2 – 20, 3 – 25 and 4 – 30
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Specific surface 

area, SBET, m2 g–1 
Total pore volume, 

V, сm3 g–1 
Diameter pores, 

DDFT, Å 
Average pore 
diameter, Å 

10% V2O5–ZrO2–SiO2 140.2 0.314 81.44 89.44 
20% V2O5–ZrO2–SiO2 54.9 0.226 63.16 164.50 
25% V2O5–ZrO2–SiO2 35.8 0.213 70.32 273.80 
30% V2O5–ZrO2–SiO2 30.8 0.232 90.98 309.60 

 

Table  3

Structural parameters of catalysts after their use in the reaction of propane dehydrogenation

Fig. 2. The dependences of the yield (a) and selectivity (b) of the propylene formation on the temperature of reaction occurring

on the V2O5–ZrO2–SiO2 catalysts with different content of V2O5
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Fig. 5. X-ray diffraction patterns of V2O5–ZrO2–SiO2 catalysts after their use in the DHP reaction.

The content of V2O5 (wt.%): 1 – 10, 2 – 20, 3 – 25 and 4 – 30

Fig. 4. X-ray diffraction patterns of the 25% V2O5–ZrO2–SiO2 (1 and 2) and 30% V2O5–ZrO2–SiO2

 (3 and 4) catalysts after their calcination in air at the temperature of 4500Ñ (1 and 3) and 6500Ñ (2 and 4)

the samples before the reaction was chosen because
preliminary calcination of the catalyst at a relatively
low temperature can significantly increase the size
of its surface and its resistance to subsequent high
firing temperatures [11]. This temperature is sufficient
for the formation of the V2O5 phase and crystallization
of amorphous ZrO2 can begin at 4500C [14], which
is caused by the dissolution of vanadium in zirconium
dioxide. Verification of this assumption showed that
the prepared catalysts with 10–25% V2O5 that were
calcinated in air at the temperature of 450 to 6500C
remained amorphous. The sample of 30%
V2O5–ZrO2–SiO2 crystallized at 6500C in air mainly
with the formation of the ZrV2O7 and V2O5 phases
having a very low specific surface area (1 and 3 m2 g–1,
respectively) (Fig. 4).

The XRD analysis of the catalysts preliminarily
calcinated in air at 4500C was also performed their

use in the DHP reaction. The results showed the
presence of the tetragonal phase of zirconium oxide
t-ZrO2 in the samples, the intensity of the reflections
of which increases with increasing vanadium content
(Fig. 5). At the V2O5 content of 25%, the reflections
from the monoclinic phase m-ZrO2 and reduced
vanadium oxides are observed; at the V2O5 content
of 30%, the additional reflexes from the zirconium
vanadate phase (ZrV2O7) appeared.

It is known [15] that a catalyst prepared by
simple mixing of separately prepared ZrV2O7 and
-Al2O3 phases exhibits high selectivity and activity
in the process of non-oxidative dehydrogenation of
light alkane, isobutene, on ZrV2O7 active sites. It
can be assumed that the additional moderate
formation of such active sites on the investigated
V2O5–ZrO2–SiO2 catalysts with a high content of
vanadium oxide in the reaction mixture of propane–

, degree

, degree
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inert gas can provide an increase in the degree of
propane conversion and, accordingly, maintain a high
propylene yield, despite a significant decrease in the
specific surface area of the catalysts.

After using in the DHP reaction, the catalysts
were regenerated by slow cooling in a stream of
compressed air in an inertial reactor furnace from
6500C to room temperature. This treatment returned
the original color and external structure of the
catalysts; and the catalysts almost completely restored
their catalytic activity. Consecutive carrying out five
cycles of operation on the 30% V2O5–ZrO2–SiO2

catalyst in the used reaction mixture and the
subsequent regeneration described above resulted in
a decrease in the propylene yield from ~65% (Fig. 2)
to ~55%. These values of Y(C3H6) are higher than
those given in ref. [4] for industrial catalysts.

Conclusions

The effects of an increased amount of vanadium
(10, 20, 25 and 30% of V2O5) introduced into a
spherically granulated zirconium silicate hydrogel on
the structure and activity of the obtained catalysts in
the propane dehydrogenation reaction were studied.
It was shown that catalysts is amorphous after their
preparation and calcination in air, their specific
surface area was ~300 m2 g–1. The catalysts
crystallized and showed a developed and close
mesoporous structure with an average pore diameter
and mesopore of ~6 nm in the reaction mixture
(propane–inert gas) at increasing reaction
temperature. The specific surface area of the catalysts
was significantly reduced and the average pore size
of the samples with 25% and 30% of V2O5 was
increased to ~30 nm. The propylene yield
reproducibly observed on these samples was lower
than in the case of 10% V2O5–ZrO2–SiO2; however,
it remained quite high, which was possibly due to
the expanded diameter of their pores and the
appearance of additional ZrV2O7 sites that were active
towards the dehydrogenation of light alkane.
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ÄÅÃ²ÄÐÓÂÀÍÍß ÏÐÎÏÀÍÓ

À.Â. Ðåäüê³íà, Ì.Â. Êðàâ÷åíêî, Í.Ä. Êîíîâàëîâà,

Â.Â. Ñòðåëêî

Ç ìåòîþ ñòâîðåííÿ àëüòåðíàòèâíèõ íàíåñåíèõ îêñèä-
íîâàíàä³ºâèõ êàòàë³çàòîð³â äëÿ ïðîöåñó íåîêèñëþâàëüíîãî
äåã³äðóâàííÿ ïðîïàíó â ïðîï³ëåí, ïðîâåäåíî âèâ÷åííÿ âïëèâó
ï³äâèùåíîãî âì³ñòó îêñèäó âàíàä³þ â ñêëàä³ V2O5–ZrO2–SiO2

êîìïîçèö³¿ íà ¿¿ ñòðóêòóðó òà êàòàë³òè÷í³ âëàñòèâîñò³. Ã³äðî-
ãåëü öèðêîí³é ñèë³êàòó, ó âèãëÿä³ ãîòîâèõ ñôåðè÷íèõ ãðà-
íóë, ç âì³ñòîì SiO2>50%, îòðèìóâàëè ìåòîäîì ïðÿìîãî çîëü-
ãåëü ñèíòåçó ç öèðêîí³é îêñèõëîðèäó ³ íàòð³é ìåòàñèë³êàòó ç
âèêîðèñòàííÿì òåõíîëîã³¿ êîàãóëÿö³¿ â êðàïë³. Êàòàë³çàòîðè
ãîòóâàëè ìåòîäîì ïðîñî÷åííÿ ã³äðîãåëþ âîäíèì ðîç÷èíîì
ñîë³ âàíàä³é ñóëüôàòó, ã³äðîòåðìàëüíèì îáðîáëåííÿì ³ ïðî-
æàðþâàííÿì íà ïîâ³òð³. Ìåòîäàìè ñêàíóâàëüíî¿ åëåêòðîí-
íî¿ ì³êðîñêîï³¿, ðåíòãåí³âñüêîãî ôàçîâîãî àíàë³çó òà íèçü-
êîòåìïåðàòóðíî¿ àäñîðáö³¿/äåñîðáö³¿ àçîòó áóëî ïîêàçàíî, ùî
ïðè íàíåñåíí³ 10, 20, 25 ³ 30 ìàñ.% V2O5 íà öèðêîí³é ñèë³êàò
óòâîðþþòüñÿ àìîðôí³ çðàçêè ç ðîçâèíåíîþ ìåçîïîðóâàòîþ
ñòðóêòóðîþ, ç ä³àìåòðîì ïîð ~6 íì ³ âåëè÷èíîþ ïèòîìî¿
ïîâåðõí³ ~300 ì2/ã. Ó ïðîöåñ³ ï³äâèùåííÿ òåìïåðàòóðè ðå-
àêö³¿ äåã³äðóâàííÿ ïðîïàíó â ðåàêö³éí³é ñóì³ø³ ïðîïàí-³íåð-
òíèé ãàç çðàçêè êàòàë³çàòîð³â êðèñòàë³çóâàëèñÿ ç óòâîðåí-
íÿì òåòðàãîíàëüíîãî öèðêîí³é ä³îêñèäó, à ïðè âì³ñò³ 25 ³
30% V2O5 – ç äîäàòêîâèì ôîðìóâàííÿì ôàç â³äíîâëåíîãî
âàíàä³é îêñèäó ³ ñë³ä³â ôàçè öèðêîí³é âàíàäàòó. Ï³ñëÿ ïðî-
ò³êàííÿ ðåàêö³¿ ïèòîìà ïîâåðõíÿ êàòàë³çàòîð³â ³ñòîòíî çíè-
çèëàñÿ, à ñåðåäí³é ðîçì³ð ïîð çðàçê³â ç 25 ³ 30% V2O5 çá³ëüøèâ-
ñÿ äî ~30 íì. Âèõ³ä ïðîï³ëåíó, â³äòâîðåíî îäåðæóâàíèé íà
öèõ çðàçêàõ, áóâ íèæ÷èé, í³æ íà 10% V2O5–ZrO2–SiO2, àëå
â³í çàëèøàâñÿ äîñèòü âèñîêèì, ùî ìîæëèâî ïîâ’ÿçàíî c ðîç-
øèðåíèì ä³àìåòðîì ¿õ ïîð ³ ç âèíèêíåííÿì äîäàòêîâèõ
öåíòð³â ZrV2O7, àêòèâíèõ â äåã³äðóâàíí³ ëåãêèõ àëêàí³â.

Êëþ÷îâ³ ñëîâà: äåã³äðóâàííÿ ïðîïàíó, îêñèä âàíàä³þ,
öèðêîí³é ñèë³êàò, çîëü-ãåëü ñèíòåç, êàòàë³ç.
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A.V. Redkina *, N.V. Kravchenko, N.D. Konovalova, V.V. Strelko

Institute for Sorption and Problems of Endoecology, National
Academy of Sciences of Ukraine, Kyiv, Ukraine

* e-mail: antonina.redkina@ukr.net

In order to create alternative vanadium oxide-supported
catalysts for the process of non-oxidative propane dehydrogenation
to propylene, we studied the effect of the increased content of
vanadium oxide in the V2O5–ZrO2–SiO2 composition on its
structure and catalytic properties. Zirconium silicate hydrogel in
the form of finished spherical granules with the SiO2 content of
more than 50% was prepared by direct sol-gel synthesis from
zirconium oxychloride and sodium metasilicate using the droplet
coagulation technology. Catalysts were fabricated by impregnation
of hydrogel with an aqueous solution of vanadyl sulfate salt,
hydrothermal treatment and calcination in air. By using scanning
electron microscopy, X-ray diffraction analysis and low-
temperature nitrogen adsorption/desorption method, we showed
that amorphous samples with a developed mesoporous structure
(with the pore diameter of ~6 nm and the specific surface area of
~300 m2 g–1) were formed when the content of the supporting
V2O5 on zirconium silicate was 10, 20, 25, and 30 wt.%. In the
course of temperature increase in the propane dehydrogenation
reaction, the catalyst samples crystallized in the reaction mixture
propane–inert gas with the formation of tetragonal zirconia. When
the content of V2O5 was 25% or 30%, additional phases of reduced
vanadium oxides and traces of the zirconium vanadate phase
were formed. After the reaction, the specific surface area of the
catalysts decreased significantly and the average pore size of the
samples with 25% and 30% V2O5 increased to ~30 nm. The
propylene yield reproducibly observed on the samples with 25%
and 30% V2O5 was lower than that on the samples with 10%
V2O5; however, it remained quite high, which was probably due
to the expanded diameter of the pores and the appearance of
additional ZrV2O7 sites that are active with respect to the
dehydrogenation of light alkane.

Keywords: propane dehydrogenation; vanadium oxide;
zirconium silicate; sol-gel synthesis; catalysis.
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