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ABSTRACT

Composite catalysts for the oxidative dehydrogenation of ethylbenzene to styrene were
synthesized based on zirconium, magnesium and aluminum oxide. Under the reaction conditions
of WHSV=0.5h", EB : air = 1:6 or EB : CO = 1:5, 480°C, in the presence of O, the conversion
of EB and selectivity of St on 1%Zr02,2.0%MgO/Al>03 +5% P>0s catalyst reaches 62 and 90%,
and in the presence of COy, these indicators reach 54 and 94%, respectively. The inclusion of
copper in the synthesized catalysts increases their activity and selectivity. The conversion of EB
in the presence of CO; over 1%Zr0O,,2.0%MgO/Al;03+5%P205+1% CuO under reaction
conditions of WHSV =1h-1, GHSV =500h", 500°C is 62% and St selectivity is 96%. The
inclusion of copper in the composition of the synthesized catalysts allows the conjugation of the
dehydrogenation of EB to St with the steam conversion of carbon monoxide. The conjugation of
these reactions increases the conversion of EB to St. In this case, under the reaction conditions of
500°C, WHSV=0.5h"t, GSHV = 500h?, the conversion of EB is 65%, the St selectivity is 92 %
on 1.0%Zr02,2.0%MgO/Al>03+5%P.0s+1%CuO catalyst. It was determined that the conjugation
of the dehydrogenation of EB to St with the steam conversion of carbon monoxide allows to
create a simultaneous and environmentally harmless process of obtaining styrene and hydrogen.
Keywords: ethylbenzene, oxidative dehydrogenation, styrene, steam conversion, carbon dioxide,
carbon monoxide, conjugated reactions, environmentally friendly production.

Introduction

Catalytic transformations of hydrocarbons are usually accompanied by side reactions leading
to the formation of undesirable products. The elimination of the such shortcomings associated
with catalytic processes is an urgent problem in chemistry. Innovative solutions to such problems
can be the involvement of the resulting undesirable by-products of industrial processes in
conjugated reactions of their disposal, without affecting the main process.

At the moment, there are some industrial processes that have such shortcomings and they need
to be renewed. One of the largest industrial processes in need of renewal is the production of
styrene. Styrene is an important monomer for the synthesis of polymeric materials based on it,
the production of which is steadily increasing. The main industrial process for the production of
St is direct, energy-intensive dehydrogenation of EB. Since this process is a high-temperature,
equilibrium-limited process, in order to lower the partial pressure of EB as much as possible, it is
diluted with steam heated to 700-800°C [1-4]. Steam dilution of EB has several advantages.
Steam itself does not participate in the dehydrogenation reaction and acts as a diluent, shifting the
equilibrium towards the conversion of ethylbenzene, providing part of the heat needed for
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dehydrogenation, which is an endothermic reaction, reducing carbon deposits through the steam
reforming reaction - preventing deactivation due to coke formation, by controlling the valence
state of iron, i.e. limiting it to FesO4 under reaction conditions, it protects the catalyst from
reduction to the metallic state - from overreduction and, therefore, from deactivation. However,
the process of dehydrogenation of ethylbenzene with the presence of water vapor has important
shortcomings. Thus, the dehydrogenation of EB to styrene is limited by equilibrium and is a
highly endothermic reaction (AH0298K = 28.1 kcal/mol or AH0873K = 125 kC/mol) [5-8]. Due
to the endothermic nature of the reaction and the use of excess superheated water vapor, the
industrial process consumes a lot of energy. Reducing the cost of production of St is possible by
transferring the process from direct dehydrogenation of EB to oxidative one using CO> as an
oxidizing agent [9-11]. In this case, the formation of St will be accompanied by an equivalent
consumption of “specially prepared” CO> and the formation of an appropriate amount of carbon
monoxide requiring utilization [12-14]. The noted drawbacks can be eliminated by involving the
byproducts in conjugated reactions in a single reaction space. In the case of the oxidative
conversion of EB to St with the participation of CO2, such a cojyugaed reaction can be the
additional oxidation of carbon monoxide to dioxide by steam reforming. Carrying out such
reactions is possible with the participation of composite catalytic systems, the components of
which can be known catalysts of the main reaction and known catalysts of conjugaed reaction.

The development of such processes with the participation of composite catalytic systems is
very promising, but practically insufficiently studied and requires systematic research.
Establishing the foundations for the use of the noted conjugated reactions for the implementation
of such large-scale productions as the production of St is important not only for simplifying and
intensifying these processes or eliminating their negative impact on the environment, but also for
eliminating similar shortcomings in other industries.

The purpose of this work is to study the conjugation of dehydrogenation of ethylbenzene to
styrene with steam conversion of carbon monoxide.

The experimental part

To study the conjugation of oxidative dehydrogenation of ethylbenzene to styrene with steam
conversion of carbon monoxide, catalysts based on zirconium, magnesium, aluminum and copper
oxide were synthesized.

MgO/Al;Oz, ZrO2/Al203 and ZrO,,MgO/Al,O3 catalysts were prepared by impregnation of
the corresponding metal salt solution in water into y-Al2Os, dried at 120-150°C, calcined at 550°C
and subsequent thermal calcining. ZrO2,MgO/Al,Os catalysts were prepared by two methods:
sequential and co-impregnation methods.

A part of prepared ZrO2,MgO/Al,O3 catalyst samples was treated with orthophosphoric acid.
For this purpose, after keeping them in orthophosphate acid solution for 24 hours, the water phase
was evaporated, the obtained extrudates were dried at 80-120 and 300°C for 3 hours and calcined
at 500-600°C. The amount of phosphorus in the samples is 5% (based on P2Os).

Taking some of the synthesized 1.0%Zr0O,,2.0%MgO/Al,O3 sample, the ZrO2MgO
/Al>03+P>05+CuQ catalysts were prepared on its basis. The ZrO»MgO/Al,Oz sample is
impregnated with copper 2-nitrate solution of a certain concentration and is treated with
ammonium carbonate, dried, washed, filtered through filter paper and kept in orthophosphoric
acid for 24 hours. It is then evaporated. The obtained mass is dried at 80-120 and 300°C for three
hours and calcined at 500-600°C. In the finished sample, the amount of copper (according to
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CuO) is 1 wt.%, and that of phosphorus is 5 wt.% (according to P20s).

The experiments were performed in a flow-type catalytic unit equipped with a quartz reactor
with a stationary catalyst bed.

The reaction products were analyzed by gas chromatography.

Conversion, yield and selectivity were calculated based on the initial amount of the
components in the reactant and remaining in the catalysate.

Results and their discussion

Oxidative dehydrogenation of ethylbenzene to St on MgO/Al203, ZrO2/Al203 and
Zr0O2,MgO/Al203 catalysts.

For comparison, the activity of the synthesized catalysts in the oxidative dehydrogenation of
ethylbenzene to styrene in the presence of atmospheric oxygen was first studied. The results of
these studies are given below.

The primary aluminum oxide used in the preparation of catalysts is y-Al.O3 with a specific
surface area of 200 m?/g. Experiments show that this oxide is not very active in the oxidative
dehydrogenation of EB. The activity of the catalysts for the oxidative dehydrogenation of
ethylbenzene to styrene increases due to the effect of Mg, Zr (basic) oxides.

Impregnation of up to 2% MgO on alumina practically does not affect its activity, increasing
the amount of MgO from 2% to 4% leads to EB conversion of 61.2 and selectivity to styrene to
90% . A further increase in the amount of MgO leads to a decrease in both activity and selectivity.

In case of impregnation of ZrO2 on aluminum oxide, with the increase of ZrO> content from
0.4% to 2.0%, the activity of the samples increases up to 63.5% (ZrO content is 1.3%) and then
decreases. The selectivity of the conversion of ethylbenzene to styrene also increases
monotonically from 86.3% to 91.5% with increasing ZrO> content from 0.4% to 1.3% and then
decreases.

It is of interest to study the activity of the catalysts synthesized by joint impregnation of MgO
and ZrOz on y-Al203 in the oxidative dehydrogenation of EB to St. The results of the oxidative
dehydrogenation of EB to styrene in the presence of oxygen on MgO/Al.O3 catalysts modified
with 0.4% ZrO> show that the introduction of ZrO; into the catalyst under conditions standard for
aluminomagnesium catalysts (500°C, table 1) changes their catalytic properties. This change is
not unequivocal.

Table 1. Conversion of EB to styrene over ZrO;,MgO/Al,Os catalysts WSHV=0.5 h'; T = 500°C;
EB:air = 1.6 (mol/mol)

MgO, | ZrO,, | Conversion, | Styield, | ZrO, | MgO, Conversion, St yield,
% % % mol% % % % mol%
4.0 0.0 61.2 50.4 1.3 0.0 63.5 58.1
2.0 0.4 63.0 52.1 0.4 2.0 55.7 50.1
4.0 0.4 60.5 49.3 0.7 2.0 60.2 54.8
6.0 0.4 59.5 48.5 1.0 2.0 63.5 58.4
8.0 0.4 57.4 42.3 1.3 2.0 60.2 51.2
10 0.4 404 32.9 2.0 2.0 53.6 44.5

Comparing the catalytic properties of ZrO,, MgO/Al>O3 catalysts with MgO/Al.Qs, it can be
seen that the activity of ZrO,, MgO/Al.0O3 samples depends only on the amount of MgO. When
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the amount of MgO in Al;Os is increased to 2.0%, the introduction of ZrO; allows both the
increase of the activity of the sample and the increase of the yield of St. A further increase in the
amount of MgO decreases the activity of the catalyst. If we compare the conversion of EB and the
yield of St at 500°C, we can see that a small change in the activity of the sample (57.5% instead of
63.0%) has little effect on the selectivity of St formation (84 % and 82.6%).

Incorporation of 0.4 % ZrO; into MgO/Al>O3 samples with large amounts of MgO led to a
sharper decrease in activity than into samples with small amounts of MgO. To clarify this fact, the
effect of MgO inclusion in the ZrO2/Al0s sample on the activity of this sample in the oxidation
of EB to St was investigated (table 1).

It can be seen from table 1 that the inclusion of MgO in ZrO2/Al.O3 samples does not have an
unambiguous effect on the oxidative dehydrogenation of EB to St. In contrast to the ZrO2/Al,O3
samples, whose activities increase as the content of ZrO> increases up to 1.3%, the addition of
2.0% MgO leads to an increase in the activity of the ZrO2/Al,03 samples with only up to 1.0%
ZrO,. In samples with ZrO; content above 1%, addition of 2.0% MgO results in decreased
activity.

Modification of ZrO,/Al>03 samples with MgO, as well as of MgO/Al>O3 samples with ZrOo,
allows lowering the reaction temperature to 475-480°C. At this time, the target product selectivity
increases to 94% (1.0% ZrOz, 2.0% MgO /Al203).

Thus, the study of the effect of the sequence of inclusion of activating ZrO, and MgO
components shows that the sequence of inclusion of these components does not significantly
affect the catalytic properties of ZrO2, MgO/AI2Oz samples in the conversion of EB to St. The
activity of these samples is probably limited by the total amount of activating components and the
ratio of their amounts to each other.

A characteristic feature of the formation of St is the development of the activity of the catalyst
during the course of the reaction, which ends in about 1 hour. Another feature of the primary
catalyst is that it is not stable in the studied reaction. As can be seen from fig. la, the catalyst
reaches the maximum yield of St and loses its activity after operating at this yield for some time
(~1 h).

The effect of orthophosphoric acid modification on the activity of 1.0% ZrOg,
2.0%MgO/Al>03 catalyst was studied and the results are shown in figure 1 b. It was found that the
maximum activity of the sample in the conversion of EB (63.5%) and the maximum vyield of St
(58.4%) (at 500°C) did not change even after treatment with orthophosphoric acid. It can be seen
from the figure that the modifition with orthophosphoric acid does not eliminate the effect of the
development of the activity of the sample, but only slightly accelerates this process (the initial
yield of styrene is 52% instead of 44% at 15 minutes). The possible importance of the
modification with orthophosphoric acid is the increase in the stability of the catalyst. The results
depicted in figure 1 b show that the activity of the orthophosphoric acid-modified sample does not
decrease even after 5 h of working over the development period, and the yield of St is
distinguished by its high selectivity achieved after the visible development of the catalyst activity
(2 h) (Fig.1b).
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Figure 1. Dependence of the activity of 1.0%Zr02,2.0%MgO /Al;03 (a) and 1.0%
Zr0,,2.0%MgO/Al>03 + 5%P,0s (b) catalysts in the oxidative dehydrogenation of EB to St from
reaction time. WHSV = 0.5 h%, 480°C, EB : air = 1 : 6 (mole ratio).

Oxidative dehydrogenation of EB to St in the presence of CO2 over
1%Zr02,2.0%MgO/Al2O3 catalysts.

The results of the study of the conversion of EB to styrene on zirconium-magnesium-
aluminum oxide catalysts in the presence of CO2 showed that the conversion of EB to St on these
catalysts significantly depends on the ratio of CO :EB (mol/mol). By increasing this ratio to 4-5
on 1.0%MgO, 2.0%ZrO/Al,O3z, the conversion of EB increases to 53-54%, and the selectivity St
reaches 94%. On the 1.0%Zr02, 2.0%MgO/Al>03+5%P:0s catalyst within the ratio of EB : CO:
= 1 : 5 (mol/mol), the conversion of EB increases 2.5 times compared to conventional
dehydrogenation, and the yielf of St reaches 46%. A further increase in the EB : CO; ratio from 5
to 10 does not significantly affect the conversion of EB and the yield of St. Modification with
orthophosphoric acid does not significantly affect the conversion and selectivity (conversion
decreases by 3-4%, and selectivity decreases by 2%) (figure 2), and also increases the stability of
the catalyst, as in the case of conversion in the presence of oxygen.
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Figure 2. Conversion of EB to styrene in the presence of CO2 over zirconium-magnesium-
alumina catalysts. T=500°C; WHSV=1h", GHSV=500h"; CO2:EB=4:1 mol /mol. T =2 h.

|- 1.0%Zr0,,2.0%MgO/Al>03; 11-1.0% Zr0,,2.0%MgO/Al>03 + 5.0% P20s;

111-1.0%Mg0,2.0%ZrO2/Al203 + 5.0% P20s +1%CuO
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Promotion of 1.0%Zr02,2.0%MgO/Al,Oz catalyst treated with orthophosphoric acid with
copper oxide leads to a further increase in the conversion of EB, already at the ratio of CO> : EB
= 4 (mol/mol), the activity of the catalyst in the conversion of EB reaches 64% , but at this time
the selectivity for St decreases slightly to 91% (figure 2).

Thus, under the influence of CO on all three catalysts, the dehydrogenation of EB and the
yield of St are increased compared to conventional dehydrogenation.

Catalytic activity of ZrO2, MgO/Al20s catalysts in steam conversion of carbon monoxide.

To conjugate the dehydrogenation of ethylbenzene to styrene with steam conversion of carbon
monoxide, the catalyst must have the ability to carry out steam conversion. Therefore, in the
following experiments, the steam conversion of carbon monoxide on the synthesized catalysts was
studied. The study of the conversion of CO on the 1.0%Zr0,,2.0% MgO/Al,Oz catalyst shows
that this compound does not undergo conversion. However, upon contact with CO, the catalyst
turns black. Such a change in the color of the catalyst (turning from white to black) indicates that
it is coking. The deposition of coke on the catalyst indicates that the Bouduar reaction is taking
place on it:

2CO - C+CO2 (1)

This reaction takes place in the active centers of the studied catalyst, and the coke formed
surrounds such centers and deactivates the sample, preventing the further course of the reaction.
Carrying out a similar process with a mixture of CO:H»0, when the ratio of the components of the
mixture is changed from 1 to 2.5, shows that at 400 to 500°C steam conversion of carbon
monoxide i.e. reaction (2) not gone:

CO+H0 — CO2+H, (2

However, in addition, under these conditions, coking of the catalyst is observed, which can be
explained by the departure of the Bouduar reaction. However, raising the temperature to 600°C
allows reaction (2) to proceed over the 1.0%Zr0O2,2.0%MgO/Al.O3 catalyst. The conversion of
CO reaches 20% with the selective formation of Ho.

Modification of 1.0%Zr0,,2.0%MgO/Al>O3 catalyst with orthophosphoric acid and copper
significantly affects its activity. Thus, the comparison of the conversion of CO:H20 mixture on
1.0%Zr0», 2.0%MgO/Al203 and 1.0%ZrO>, 2.0%MgO/Al>03+5%P205+1%CuO catalysts shows
that the results differ. If the conversion of CO over 1.0%Zr0O»,2.0%MgO/Al>03+5%P>05+1%CuO
catalyst at 500°C does not differ from the conversion over 1.0%Zr02,2.0%MgO /Al,O3, the
introduction of H,O molecules into the reaction at 500°C, activates reaction (2) on
1.0%Zr0O2,2.0%MgO/Al,03 +5%P20s+1% CuO (table 2).

Table 2. Effect of water vapor on carbon monoxide conversion on 1.0%Zr02,2.0%MgO/Al>O3 +
5%P,0s +1%CuO catalyst. T = 500°C; GHSV = 500h™*

H,0:CO, mol | Conversion of CO,% T*,min Yield of Hz, mol | (CO2+Hp) selectivity, %
0 trace - - -
0.25 11 15 0.029 26
0.5 18 40 0.07 38
1.0 37 55 0.17 48
2.0 43 20 0.4 93
25 43 120 0.41 96

* stable working time of the catalyst
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Depending on the composition of the H.O:CO mixture, the conversion of CO can be raised
above 40%, and as the ratio of H2O : CO increases, the stability of the catalyst also increases
(table 2).

The study of the conversion of the H>O:CO mixture by additionally replacing carbon
monoxide with synthesis gas (CO:Hx = 1:2) shows that hydrogen, a direct conversion product of
carbon monoxide, does not affect the process, that is, it does not slow down the reaction (Fig. 3).
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Figure 3. The effect of hydrogen on the conversion of carbon monoxide with water vapor. T =
500°C; GHSV = 500h™. 1,2- CO conversion, 3,4 selectivity. 1 and 3-CO + H;0; 2 and 4-(CO +
H2) +H2 O).

Conjugation of conversion of EB to St with steam conversion of carbon monoxide on
Zr02,MgO/Al203 catalysts.

The results of the study of the conjugation of conversion of EB to St with the steam
conversion of carbon monoxide on 1.0%Zr0O2,2.0%MgO/Al.Oz catalysts showed that carbon
monoxide itself does not affect the conversion of EB. However, it should be noted that coking
deactivates the catalyst due to the Bouduar reaction. Conjugating the conversion of EB with the
steam conversion of carbon monoxide increases the conversion of EB and the yield of St.
Analysis of starting materials and reaction products shows that the conversion of carbon
monoxide is very small, up to 8%. This, in turn, shows that the studied reactions are somewhat
dependent on each other. The increase in EB conversion and selectivity to St in the presence of
H20:CO mixture is undoubtedly due to the shift of the reaction towards the production of
products, which leads to the idea of effective removal of the formed hydrogen from the reaction
zone. Taking into account the low oxidizing capacity of CO, it can be assumed that either CO>, a
product of steam conversion of carbon monoxide, or its intense hydridation to methane is the
basis of the interaction (combination) of reactions. However, it was shown above that hydrogen
does not affect the conversion of carbon monoxide with water vapor. Therefore, the effect of the
matching process on the conversion of EB to St is negligible. Treatment of
1.0%Zr02,2.0%MgO/Al>O3 sample with orthophosphoric acid and promotion with CuO leads to
increase of EB conversion and selectivity to St in the presence of H20:CO mixture. As can be
seen from figure 5, as the conversion of carbon monoxide increases in this catalyst, the
conversion of EB and the selectivity to St also increase. At the same time, it should be noted that
treatment of the 1.0%Zr02,2.0%MgO/Al,O3 sample with orthophosphoric acid reduces the
development time of the catalyst activity. If we take into account that the development of activity
of catalysts of the dehydrogelation process is explained by the formation of CP on the surface of
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the catalysts, then the effect of phosphoric acid can be limited only by accelerating the
accumulation of CP, the formation of which occurs with the participation of acid centers.
Therefore, the increase of the activity of the catalyst in the target reaction is not only due to the
accumulation of disproportionation products of carbon monoxide, which is facilitated (activated)
due to the modification of the catalyst with CP, but most probably due to the activation of the
conversion of carbon monoxide with water vapor of CuO. Common to both cases is the
accumulation of CO. Thus, CO., the product of the conversion reaction of carbon monoxide
with water vapor, is a possible source of the observed change in the conversion of EB to St.
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Conversion and selectivity,

0 1 T T 1
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Figure 4. Conversion of EB to styrene in the presence of H,0 : CO. T=500°C; WHSVes=0.5 h?,
GHSVH20:co = 500 ht, H,0:CO = 2.5.

1-1.0%Zr02,2.0%MgO/Al20s3;

I1 - 1.0%Zr02,2.0%MgO/Al>03+5% P,0s;

1 - 1.0%Zr0,,2.0%MgO/Al,03 + 1%CuO.

These results show that the oxidative dehydrogenation of ethylbenzene to styrene in the
presence of CO> can be conjugated with steam reforming of the resulting carbon monoxide. Thus,
the CO generated during the process can be converted into the oxidizing agent -CO- in the process
itself and thus environmentally friendly St can be obtained.

Oxidative conversion of ethylbenzene is naturally accompanied by the formation and
accumulation of oxidative condensation products (OCP), resulting in the development of low
activity catalyst activity. It is believed that in the initial unstable stage of the process, St is formed
in Lewis acid centers, then OCP is formed in the presence of these centers and oxygen. OCP is
responsible for the oxidative dehydrogenation of EB. Accumulation of OCP until a monolayer is
formed is the beginning of steady-state operation of the catalyst. A possible reason for the
catalytic activity of OCP may be the geometric compatibility between EB and the centers located
on the surface of OCP. As a result, there is a high concentration of carbon-oxygen centers
responsible for the formation of St on the surface. Furthermore, the oxygen contained in the
surface oxygenated groups is believed to be active enough to participate in the oxidative
dehydrogenation of EB to St. Such a scheme does not involve EB forming any intermediate with
oxygen. Therefore, the condensation products (CP) formed before the formation of OCP in
oxidative conversion are the same as the CP formed during the direct dehydrogenation of EB.
From this point of view, it can be assumed that similar forms of OCP are formed from the
interaction of CO> with the previously formed CP as a result of the usual dehydrogenation of EB.

e

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 115

= |




Thus, the following scheme of the formation of active centers in CP with the participation of
O2 and COz in the conversion of EB to St can be proposed:

2000 +02—-20=0 (%)
a0+ CO—[0...CO-0] [0...CO... (o] (6)

where [Jol] are carbon defects in CP; [O...CO-0] [O...CO... [Jo] shows the interaction of
CO2 with carbon centers (defects) in CP and its dissociation into oxygen atom and CO.

Thus, the results of the studies showed that an innovative process for the production of styrene
can be implemented, which is environmentally friendly and allows significant savings in capital
investments through the use of atmospheric oxygen, carbon dioxide and conjugating the
dehydrogenation of ethylbenzene into styrene with steam conversion of carbon monoxide.
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STIROLUN INNOVATIV ISTEHSAL PROSESI

M.T. Mommoadova!, S.i.Abasov?, D.B. Tagyevd, A.A. lIsgandarova?, Y.S. Isayeva®,
A.A.Imanova®
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Xiilasa. Etilbenzolun stirola oksidlosdirici dehidrogenlogmasi ligiin sirkonium, magnezium va
aliiminium oksidlori asasinda kompozisiya torkibli katalizatorlar sintez edilmisdir. WH SVv=0.5h%,
EB : hava = 1:6 vo ya EB : CO; = 1:5 (mol/mol), 480°C reaksiya soraitindo, 1%ZrO3,2
%MgO/Al203 +5% P20s katalizatoru tizorinde Oz-nin istiraki ilo EB-nin ¢evrilmasi vo St goro
secicilik, miivafiq olaraq, 62 va 90%-2, CO2-nin istiraki ilo isa bu gostaricilor 54 vo 94%-5 ¢atir.
Sintez edilon katalizatorlara misin daxil edilmasi onlarin aktivliyini vo segiciliyini artirir. WHSV
=1ht, GHSV =500h", 500°C reaksiya soraitindo 1%Zr0O2,2.%MgO/Al,03+5%P,05+1%Cu0
tizarinda CO2 —nin istiraki ilo EB-nin g¢evrilmasi 62% va St gora segicilik 96% togkil edir. Sintez
edilmis katalizatorlarin torkibino misin daxil edilmasi dom gazinin buxar konversiyasi ilo EB-nin
St-a dehidrogenlogsmosinin qosulmasina imkan verir. Bu reaksiyalarin qosulmasi EB-nin St-a
cevrilmosini artiir. Bu halda 500°C, WHSV=0,5h", GSHV=500h" reaksiya soraitindo
1%Zr02,2.%MgO/Al,03+5%P205+1%CuO iizorindo EB-nin ¢evrilmoasi 65%, St gora segicilik
92% taskil edir. Miioyyan edilmisdir ki, EB-nin St-o dehidrogenlosmasinin dom gazinin buxar
konversiyasi ilo qosulmasi stirol vo hidrogenin eyni vaxtda va ekoloji cohatdon zarorsiz alinmasi
prosesini yaratmaga imkan verir.

Acgar sozlar: etilbenzol, oksidlogdirici dehidrogenlosmo, stirol, buxar konversiyasi, karbon
dioksid, karbon monooksid, qosulmus reaksiyalar, ekoloji tomiz istehsal
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WHHOBAIIMOHHBIN MMPOLIECC MMTPOU3BOJACTBA CTUPOJIA
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PE3IOME

CHHTE3MpOBaHBl  KOMIIO3MIIMOHHBIC  KATAJIM3aTOPbl  OKHUCIUTEIBLHOTO  JETUIPHPOBAHUS
stmiben3ona (236) B ctupon (CT) HA OCHOBE OKCHAOB LIMPKOHMS, Maruus U amomMuHus. Ha
karamazarope 1%Zr02,2 %MgO/Al;03+5% P20s B ycnosusx peakumn WHSV=0,54, DB:Bo31yx
= 1:6 mmu 35:CO2 = 1:5 (Momns/Momb), 480°C, B mpucyTcTBun O2 KoHBepcHs Db 1 celeKTHBHOCT
no Ctr mocturaer 62 u 90 %, a B npucyrctBun COz 3Tu mokazarenu aocturatoT 54 u 94 %,
COOTBETCTBEHHO. BkiloyeHne Meau B CHHTE3MPOBAaHHBIC KaTallM3aTOPbl MOBBIIIAET UX
aKTUBHOCTh M cenekTuBHOCTh.  KowBepcus Db B mpucyrctBum  CO2  Ha
1%2Zr02,2%MgO/Al,03+5%P,05+1%CuO B ycnousx peakiuun WHSV=1u? GHSV=500u.,
500°C cocraBaser 62%, a ceiektuBHOCTE 10 C1-96%. BriaroueHne MeaW B COCTaB
CHUHTE3UPOBAHHBIX KaTalIU3aTOPOB IO3BOJISIET COMpsArath mnpouecc aeruapupoBanus Ob B CT ¢
MapoBOM KOHBepcue MoOHOOKcuaa yriepoaa. CompsokeHHE S3THX peakiuil  yBEJIUYUBAET
kouBepcuio Db B Ct. [Ipu atom Ha katanuszarope 1,0%Zr02,2%MgO/Al,03+ 5%P205+1%CuO B
yenoBusax peakrmu 500°C, WHSV=0,5a!, GSHV=500u? komBepcus Db cocraBmser 65%,
cenekTuBHOCTh Mo CtT - 92. %. YcraHoBieHo, 4to comnpsbkeHue neruapupoBanus Ob B Ct ¢
MapoBOM KOHBEpPCHEW MOHOOKCHJAa YIJIepoa TMO3BOJSET CO3/JaTh JKOJOTUYECKU O€3BpPEIHBIN
MPOLIEeCC MOTYYEHHUS CTUPOIIa i BOJOPO/IA.

KaroueBnble ciioBa: 3TI/IJ'I66H30J'I, OKHCJIUTCIIBHOC ACTUAPUPOBAHUC, CTUPOJI, IIapOBasA KOHBCPCHUI,
AUOKCHUA YIJICpOoJa, MOHOOOKCHUA YIJIEpOJd, COIPSKCHHBIC PCAKIKWH, SKOJIOITMYCCKHU YHCTOC
IMPOU3BOJACTBO.
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