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Introduction 
Aromatic hydrocarbons are the starting 
materials in the organic chemical industry, the 
most commonly used of which are benzene, 
toluene, and xylenes. At present, aromatic 
hydrocarbons are obtained in pyrolysis and 
reforming processes in the processing of liquid 
hydrocarbons of oil. At the same time, the 
depletion of oil raw materials requires the 
search for alternative sources of oil. Alternative 
sources are petroleum satellite gases, natural 
gas and broad fractions of light hydrocarbons 
[1-5]. 
High-silica zeolites are widely used as catalysts 
in the processing of low molecular weight 
hydrocarbons into aromatic hydrocarbons [6-

8]. Depending on the reaction conditions, it is 
possible to synthesize aliphatic C6-C10 
hydrocarbons of the gasoline fraction or 
aromatic hydrocarbons, mainly benzene, 
toluene, and xylenes (BTK). Chemical and 
thermal processing of zeolites used to increase 
the selectivity of aromatic hydrocarbons is 
effective. High-silica zeolites are modified with 
various metals to convert lower molecular 
weight hydrocarbons into aromatic 
hydrocarbons [8-14]. 
Metals Zn, Ga, Al, La, Sn, Mo, Co and Zr were 
used as modifying additives. As a result of the 
experiments, it was proved that the best 
modifying additives are Zn, Zr, Ga, and Mo. 
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In this work, the application of the catalyst containing (MoO3)x∙(ZnO)y∙(ZrO2)z/HSZ in the 
catalytic aromatization of the propane-butane fraction was investigated. The experiments 
were carried out in a flow catalytic device in the stationary phase of the catalyst (catalyst 
volume 6 cm3), at 450-600 ℃, at normal atmospheric pressure (P = 0.1 MPa), under the 
volumetric rate of propane-butane fraction 400-600 h-1. As a result of the experiment, the 
best modifying additives were found Zn, Zr, Ga, and Mo. The conversion of propane 
begins at 450 ℃ and reaches 100%; where the total conversion of propane reaches 600 
℃. Aromatic hydrocarbons are formed in sufficient quantities at 500 ℃ and a maximum 
value of 52.5% is reached at 600 ℃. The conversion of butane to aromatic hydrocarbons 
is easier than propane. At 550 ℃ the yield of aromatic hydrocarbons is 47% while the 
conversion of butane is 100%. 
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The purpose of this work is to study the effect 
of (MoO3)x∙(ZnO)y∙(ZrO2)z catalyst composition 
and activity on the selectivity and yield of 
liquid hydrocarbons from the propane-butane 
fraction. 

Materials And Methods 
In the work, HSZ obtained by hydrothermal 
method from Navbahor bentonite was used. 
The synthesis of HSZ consists of the following 
stages: preparation of aluminium nitrate or 
sulfate, organic template solutions, suspension, 
and aluminosilicate gel; hydrothermal 
crystallization of the zeolite and its filtration 
and washing from the core solution. 
Synthesis of zeolites was carried out in 100 cm3 
vessels in laboratory conditions. 
The mass fraction of sodium oxide in zeolites 
was determined by flame emission photometry 
on a PAJ-2 flame photometer. 
An important characteristic of zeolites is their 
statistical capacity, which is determined by the 
values of complete saturation of zeolite with 
water vapour and heptane. Before analysis, the 
zeolite sample was heated at 500-550 ℃ for 3 
hours [15-16]. 
The method of hydrothermal crystallization of 
alkaline alumino-silica gels is based on the 
synthesis of high-silica zeolites (HSZ). 
Hydrothermal crystallization of alumina-silica 
gels was carried out in the presence of various 
organic compounds (templates). High silica 
zeolites in a stainless steel autoclave at 175-
200 ℃ were synthesized according to the 
following methodology for 6 days. 
The initial reaction mixture was prepared by 
adding hexamethylenediamine and alcohol 
fraction to liquid glass (29% SiO2, 9%Na2O, 
62%H2O) as Al(NO3)3∙9H2O template and 
stirring rapidly. The pH value of the reaction 
mixture was controlled by adding 0,1 N HNO3 
solution to it. Kaolin brought from the Nurabad 
district was added to the resulting mixture. 
After the crystallization process was 
completed, the solid phase was separated from 
the solution using a Buchner funnel and dried 
at 120 ℃ for 12 hours and calcined at 500-550 
℃ for 8 hours to remove the template. 

For decationization of the obtained high-silica 
zeolite, 10 g of zeolite was treated with 100 g of 
25% ammonium chloride. The solution was 
kept in a water bath at 90-100 ℃ for 2 hours 
with constant stirring. Then the precipitate 
(𝑁𝐻4

+/zeolite) was filtered. Washed with 
distilled water, dried and calcined at 550-600 
℃ for 8 hours. Then, the decationized zeolite 
powder was pressed into tablets and cut into 
granules. Modified zeolite catalysts were 
prepared by absorbing certain salts or acids 
into zeolite [17-20] 
 
Results And Discussion 
In the process of catalytic aromatization of the 
propane-butane fraction, high-silicon zeolites 
have high catalytic activity, and in the presence 
of a 5.0% Mo/HSZ catalyst, it was found that 
the conversion of the propane-butane fraction 
and the yield of aromatic hydrocarbons 
increased. After that, the promoting properties 
of various metals on the molybdenum-based 
catalyst were investigated. As a result, the 
highest results were obtained when zirconium 
was added to the molybdenum-based catalyst. 
Bentonite catalyst containing 1.0% Zr and 5.0% 
Mo has high catalytic activity. Then, when we 
tried changing the amount of zirconium in the 
Mo-based catalyst from 0.25% to 2%, the best 
result was obtained when the amount of 
zirconium was 1.0%. To further increase the 
yield of the reaction, Zr and Zn metals were 
added to the selected catalyst. Adding zinc and 
gallium oxides to the Zr–Mo catalyst increased 
the catalytic activity of the catalysts. As a result 
of the research, an optimal catalyst with the 
following composition was selected: 5.0% 
Mo*1.0% Zr*1.0% Zn. 
Catalytic aromatization of the propane-butane 
fraction in the presence of a 
(MoO3)x∙(ZnO)y∙(ZrO2)z catalyst increases the 
amount of methane and ethane in the gas 
products with increasing temperature. The 
amount of propane and butane, on the 
contrary, decreases with increasing 
temperature[16-25]. 
The obtained results are presented in tables 1-
4. 
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Table 1. The influence of the amount of zirconium in the (MoO3)x∙(ZnO)y/HSZ catalyst on the 
main parameters of the aromatization process of compressed hydrocarbon gases at 600 ℃ 

Zr/Zn 
ratio, mol 

Amount of 
Zr, % mass 

Conversion, % Selectivity, % Yield, % 
ArU CH4 C10+ 

0 0 90.3 57.9 53.8 13.1 9.5 
0.05 0.45 83.5 56.7 49.6 15.5 5.9 
0.10 0.9 80.5 58.9 49.1 14.3 4.8 
0.15 1.35 81.8 55.1 46.6 15.8 4.4 
0.25 2.0 53.4 61.2 33.4 14.1 2.4 

 
Table 2. The influence of the amount of zirconium in the (MoO3)x∙(ZnO)y/HSZ catalyst on the 

gas composition during the aromatization of compressed hydrocarbon gases at 600 ℃ 

Zr/Zn 
ratio, mol 

Amount 
of Zr, % 
mass 

Composition of gas products 

H2 CH4 C2H6 C2H4 C3H8 C4 

0 0 53.6 23.8 15.6 2.4 5.8 1.4 
0.05 0.45 50.3 23.9 16.8 2.6 6.8 2.6 
0.10 0.9 49.8 23.9 14.9 3.3 6.8 3.9 
0.15 1.35 51.9 20.6 12.2 3.7 9.2 3.3 
0.25 2.0 39.5 21.1 12.6 4.2 20.4 3.1 

 
Table 3. The influence of gallium content in the (MoO3)x∙(ZnO)y/HSZ catalyst on the main 

parameters of the aromatization process of compressed hydrocarbon gases at 600 ℃ 
Ga/Zn 
ratio, mol 

Amount of 
Ga, % 
mass 

Conversion, % Selectivity, % Yield, % 
ArU CH4 C10+ 

0 0 89.8 57.9 52.8 12.9 11.5 
0.05 0.8 80.2 57.2 45.5 16.1 7.2 
0.10 1.6 79.3 57.4 45.4 12.9 3.4 
0.15 2.4 74.6 51.9 38.2 11.7 3.8 
0.25 4.0 64.8 62.2 38.9 11.2 3.4 

 
Table 4. The influence of gallium content in the (MoO3)x∙(ZnO)y/HSZ catalyst on the main 

parameters of the aromatization process of compressed hydrocarbon gases at 600 ℃ 

Ga/Zn 
ratio, mol 

Amount 
of Ga, % 
mass 

Composition of gas hydrocarbons 

H2 CH4 C2H6 C2H4 C3H8 C4 

0 0 53.4 25.8 16.0 2.4 6.3 2.2 
0.05 0.8 49.5 25.0 15.4 2.8 9.1 3.1 
0.10 1.6 55.4 21.1 14.2 3.0 9.7 3.9 
0.15 2.4 49.9 18.8 13.2 2.7 11.4 8.5 
0.25 4.0 50.2 18.9 15.1 2.1 11.0 5.8 

 
Modified zeolites show low catalytic activity in 
the conversion of propane to aromatic 
hydrocarbons. A large amount of methane and 
lower molecular alkenes are formed during the 
conversion of propane to aromatic 
hydrocarbons. 

An important issue in the conversion of 
propane and butane to aromatic hydrocarbons 
is to increase the yield of aromatic 
hydrocarbons and reduce the formation of 
methane and ethane. 
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In the (MoO3)x∙(ZnO)y∙(ZrO2)z catalyst, the 
conversion of propane starts at 450 ℃, and the 
conversion of propane increases as the 
temperature rises and reaches 100% when it 
reaches 600 ℃. Aromatic hydrocarbons are 
formed in sufficient quantity at 500 ℃ and 

reach a maximum value of 52.5% at 600 ℃. The 
conversion of butane to aromatic hydrocarbons 
is easier than that of propane, and the yield of 
aromatic hydrocarbons is 47% while the 
conversion of butane is 100% at 550 ℃. The 
obtained results are presented in Table 5. 

 
Table 5. The main parameters of the aromatization process of propane and butane on zeolite 

catalysts 
X-conversion, selectivities of formation of S1-hydrogen, S2-methane and ethane, S3-С3-С5-alkanes, S4-С2-

С4-alkenes and S5-aromatic hydrocarbons; A product of aromatic hydrocarbons 
Product T, ℃ X, % S1, % S2,% S3, % S4, % S5, % A, % 
Catalyst Zn-HSZ 

Propane 

400 8 0.6 24.9 65.6 6.2 2.7 0.2 
450 20 1.2 43.5 40.9 9.5 4.9 0.9 
500 40 2.3 65.1 12.3 12.9 7.4 3.0 
550 78 2.5 50.0 1.0 9.6 36.9 28.6 
600 94 3.2 51.5 0.1 8.7 36.5 34.4 

Bhutan 

400 76 0.1 4.5 91.6 2.4 1.4 1.0 
450 91 0.4 12.4 63.6 3.6 20.0 18.3 
500 96 1.2 26.9 39.6 6.5 25.8 24.8 
550 99 2.0 38.9 15.5 8.4 35.2 34.9 

Catalyst Zn-Zr-Mo-HSZ 

Propane 

400 11 4.8 27.9 47.0 5.8 14.5 1.6 
450 26 7.8 51.9 16.1 7.7 16.5 4.3 
500 68 4.6 34.6 1.9 4.6 54.3 36.6 
550 92 4.4 34.7 0.3 4.0 56.6 51.8 
600 100 4.4 37.6 0.1 5.4 52.5 52.5 

Bhutan 

400 75 0.9 6.3 77.1 2.0 13.7 10.3 
450 92 1.8 13.8 50.6 3.0 30.8 27.5 
500 98 2.9 24.1 28.7 4.4 39.9 39.1 
550 100 3.4 31.2 12.8 5.6 47.0 47.0 

 
Table 6 shows the composition of the gas products of the aromatization reaction of propane and 
butane on zeolite catalysts. 
 
Table 6. The composition of gas products of the aromatization reaction of propane and butane 

on high-silica zeolite catalysts (T = 550 ℃) 

Catalyst 
 

H2 CH4 C2H6 
Alkenes are 
C2-C4 

Alkanes C3-
C5 

Propane 
Zn-HSZ 2.7 36.2 18.0 10.4 32.7 
Zn-Zr-HSZ 8.1 45.3 20.9 7.6 18.1 
Bhutan 
Zn-HSZ 3.1 30.8 28.5 12.8 24.8 
Zn-Zr-HSZ 6.3 32.2 26.2 10.5 24.8 
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Figure 1. Composition and catalyst yield of liquid products of the aromatization reaction of 

propane and butane on zeolite catalysts (T=550 ℃) 
 
The composition of the liquid products of the 
aromatization reaction of propane and butanes 
on zeolite catalysts and the catalyst yield (T = 
550 ℃) are presented in Fig. 1. 
As can be seen from Figure 1 and Table 6, the 
main products in the catalytic conversion of 
propane and butane are C1-C5 gaseous alkanes, 
С2-С4 alkenes, and liquid aromatic 
hydrocarbons. The composition of the catalyst 
is a mixture of aromatic hydrocarbons 
(benzene, toluene and xylenes-BTK-fraction) 
and a small amount of alkylbenzenes, 
naphthalene and alkylnaphthalenes [16-22]. 
The gaseous products consist mainly of 
methane and ethane, as well as small amounts 
of hydrogen, C3-C5 alkanes and С2-С4 alkenes. 
As can be seen from the above, the BTK fraction 
is more formed as a result of the catalytic 
conversion of propane than butane. 
 
Conclusion 
Thus, the catalytic activity of various catalysts 
was studied for the reaction yield in the 
catalytic aromatization reaction of propane-
butane fractions. As a result of the experiments, 
it was proved that the best modifying additives 
are Zn, Zr, Ga, and Mo. Propane conversion 
starts at 450℃ and reaches 100% when it 
reaches 600 ℃. Aromatic hydrocarbons are 
formed in sufficient quantity at 500 ℃ and 
reach a maximum value of 52.5% at 600 ℃. 
Based on the obtained results, it was proved 
that the conversion of butane to aromatic 
hydrocarbons is easier than propane, and the 
yield of aromatic hydrocarbons is 47% with the 
conversion of butane at 100% at 550 ℃. 
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