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Abstract. The relevance of the subject of this scientific research is determined
by the importance of the problem of using zeolites as catalysts of process of
the heavy hydrocarbons’ cracking and studying the prospects for modifying
heteropolyacids for the synthesis of long-chain a-olefins. The purpose of
this scientific research is to study the prospects for the implementation of
process of the heavy hydrocarbon cracking on Shankanai zeolite modified
with heteropolyacids for the synthesis of long-chain olefins. The basis of
the methodological approach in this research work is a combination of
methods for system analysis of heavy hydrocarbon cracking processes using
natural zeolites as catalysts for this process, with an analytical study of the
prospects for implementing this process when modifying natural zeolites
with heteropolyacids in order to synthesize a-olefins. In order to analyze
the products of a-olefins, the method of gas-liquid chromatography and
nuclear magnetic resonance spectrometry was used. The study is carried
out under the condition of using the heavy hydrocarbon cracking process of
natural zeolites of the Shankanai deposit as catalyst. The obtained results
testify to the high efficiency of the practical application of the Shankanai
deposit zeolites, upgraded with heteropolyacids when used as catalysts for
the cracking of heavy hydrocarbons. The results obtained in the course of
this scientific study, as well as conclusions formulated on their basis, are of
significant practical importance for developers of chemical processes for oil
cracking using natural zeolites modified with heteropolyacids as effective
catalysts of this process, as well as for employees of oil refineries, whose
professional duties include the quality control of the implementation of
this process
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INTRODUCTION

Heteropolyacids (HPA) are strong acids, much stronger
than sulfuric acid, as well as all known other inorganic
polyacids (Maity et al., 2021). Heteropolyacids, together
with some of their salts, are highly soluble in water and
other acid-containing organic solvents, such as ethers,
alcohols, ketones. They are relatively stable in neutral
and acidic aqueous solutions, while rapidly decompos-
ing in an alkaline environment. They are widely used as
catalysts in the alkylation and dealkation of phenol and
benzenes with alkenes; they have the ability to catalyze
the acetone condensation into mesityl oxide, as well as
the formation of ethers: simple and complex (Sels &
Kustoy, 2016).

To date, the industrial processing of various types
of hydrocarbon raw materials, as well as wet gases of
oil refining, provides a number of important substances
for the economy of any state (Kandiyoti et al., 2016). The
subsequent involvement of heavy hydrocarbons in oil
refining processes requires a qualitative modernization
of already existing schemes for processing oil products
and the development of new and more efficient tech-
nological solutions that allow processing oil products
on an industrial scale with obtaining a large amount of
light oil fractions of high quality (Maity et al., 2021). At
the same time, today there are practically no effective
methods for processing heavy oil, with the production
of a sufficient amount of light fractions. There are only
individual technological solutions that allow efficient
processing of oil residues that are formed during the
primary processing of light and medium grade oils. In-
dustrial processing of heavy oil with the use of currently
existing technologies implies the need for significantly
higher costs per one ton of processed raw materials
(McKeon et al., 2016). It should also be taken into account
that in order to improve the quality parameters of fuel
fractions, it is necessary to introduce expensive second-
ary catalytic processes, in particular, such as hydrotreating
and hydroforming (Sels & Kustov, 2016).

Issues related to various aspects of heavy oil re-
fining are not new, but they remain relevant. The main
negative impact of oil production and processing enter-
prises is on atmospheric air and water bodies. S. Yusup
and N.A. Rashidi (2021) believe that the main sources
of pollutants are the processes of sulfur extraction, re-
generation of cracking catalysts, heaters, rectification
columns, boilers, vessels for storing raw materials and
finished products, water and oil separators, flares for
burning a mixture of accompanying gases and air. Ac-
cording to J. Speight (2019), the industry annually emits
up to 1,650,000 tons of harmful substances (the main
share of emissions is liquid and gaseous substances).
G.P. Da Ponte Jr (2021) is convinced that the negative
impact on the environment is manifested in the follow-
ing aspects: extraction of land resources for the con-
struction of wells; land pollution; emissions of gaseous
substances into the atmosphere; extraction of highly
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mineralized associated waters with oil; emergency oil
spills with subsequent evaporation.

According to R. Kandiyoti et al. (2016), for now,
the bulk of the oil refining companies of the Republic of
Kazakhstan have not implemented high-quality technol-
ogies for the industrial processing of heavy oil, which
leads to their preliminary mixing with light and medium
oils during the implementation of this process. At the
same time, the processing of oil with a high degree of
viscosity causes significant difficulties, since the lack of
a clear technology for implementing this process stipu-
lates low profitability and difficulties in its implementa-
tion. This explains the need to find effective methods for
implementing oil cracking processes using the catalytic
elements, one of which is natural zeolites modified with
heteropolyacids (HPA) for the synthesis of long-chain
a-olefins. The technologies developed to date in differ-
ent countries of the world for processing heavy high-vis-
cosity oils into “synthetic” oil are mainly based on a com-
bination of classical methods for processing oil residues.
At the same time, T. McKeon et al. (2016) agree that the
specific characteristics and complex composition of
heavy hydrocarbon raw materials indicate that the clas-
sical recycling methods of light oils do not show proper
efficiency. The problem can be effectively and timely
solved by introducing the heavy hydrocarbon cracking
technique using the modified zeolites as a catalyst.

To date,a large number of scientific studies (Yusup
& Rashidi, 2021; Speight, 2019; Da Ponte Jr, 2021) have
been devoted to the search for non-standard methods
for solving the problem of ensuring the high quality of
oil distillation processes using catalysts, which only em-
phasizes the seriousness and relevance of the problem
under consideration. The main disadvantage of the con-
ducted scientific research devoted to the comprehensive
study of issues related to various aspects of the heavy
hydrocarbons’ cracking on natural zeolites is the insuffi-
cient knowledge of the problem of the implementation
of the zeolites preliminary modification with hetero-
polyacids in the context of synthesis of the long-chain
a-olefins. The task of this scientific research is to study
the prospects for implementation of heavy hydrocarbon
cracking processes on the Shankanai zeolite of modified
HPA for the synthesis of long-chain olefins, as well as to
obtain practical results that are important from the point
of view of optimizing heavy oil cracking processes using
natural zeolites as catalysts for this chemical process.

The aim of the article is to study the prospects
for implementation of heavy hydrocarbon cracking pro-
cesses on the Shankanai zeolite of modified HPA for the
synthesis of long-chain olefins.

MATERIALS AND METHODS

The study was carried out under the condition of using
the heavy hydrocarbon cracking process of natural zeo-
lites of the Shankanai deposit as catalyst. In this scientific
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study, nuclear magnetic resonance (NMR) and gas chro-
matography (GC) analyzes of al-olefins were imple-
mented in practice, as well as certification of modified
zeolite catalysts for cracking processes was carried out.
TEM analysis of zeolites modified with heteropolyacids
was made. The theoretical basis of this research work
consisits of a number of studies of authors dedicated to
the issues of cracking of heavy hydrocarbons on natural
zeolites used as catalysts for this process, as well as
the problems of modifying natural zeolites with het-
eropolyacids and the synthesis of long-chain a-olefins.

This scientific study was carried out in three main
stages. At the first stage of this research work, a theoretical
study of available publications dedicated to various prob-
lematic aspects of the cracking of heavy hydrocarbons
on zeolite modified with heteropolyacids for the synthe-
sis of long-chain a-olefins was made. On the basis of the
formed theoretical background of scientific research, at
this stage of scientific work, a systematic analysis of the
processes of cracking of heavy hydrocarbons was per-
formed using natural zeolites as catalysts for this process.

At the next stage, an analytical study of the
prospects for the implementation of this process was
carried out when modifying natural zeolites with het-
eropolyacids in order to synthesize a-olefins. The study
proceeded under the condition that natural zeolites of
the Shankanai deposit are used as a catalyst for the
cracking of heavy hydrocarbons. Factual information
was used regarding the characteristics of this kind of
zeolites and the current state of their development
processes, directly in the conditions of the Shankanai
deposit of the Republic of Kazakhstan. To study the hy-
drocarbon composition of the cracking reaction prod-
ucts, as well as the target fractions, 6890N chromato-
graph with a plasma ionization type detector was used.
Separation was carried out on HP-5 capillary column
with the following characteristics: length = 30 m, inner
diameter - 0.25 mm, film thickness in a nitrogen flow -
0.25 pm.The increase in temperature of the thermostat
was increased sequentially from 50 to 300°C, at a heating
intensity of 3° per minute.

To determine the composition of cracking gases,
the gas-liquid chromatography method was used using
Chromium-4 and Chromium-5 chromatographs (Czech
Republic). On the Chromium-4 chromatograph, chrom-
aton was used as a solid carrier, and squalane was used
as an immobile liquid reagent, in a volume of 15% of the
total mass of the solid carrier. The column of chromato-
graphs separates saturated hydrocarbons, which are the
components of source gas. For NMR analysis of a-olefin
products, it was used NMR spectrometer Bruker AVANCE
[1ITM 400 MHz (Germany) with a superconductivity magnet,
optimized for experiments on solid objects.

Also, at this stage of the research work, an ana-
lytical comparison of the main results obtained during
its conduction with those obtained by other scientists
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during parallel studies of the stated problem was
made. All this in combination provides an objective
and high-quality picture of the performed scientific re-
search. At the final stage of this research work, based
on the results obtained during it, the final conclusions
were formulated, acting as a logical presentation of
these results and summing up the entire range of scien-
tific studies that were carried out within the framework
of the stated theme. In general, the results obtained
in this research work and the conclusions formulated
on their basis can subsequently serve as a qualitative
methodological basis for further research in studying the
processes of catalytic cracking of heavy hydrocarbons
on natural zeolite that has passed the stage of modification
using HPA.

RESULTS

Natural zeolites of the Shankanai deposit are pure alumi-
nosilicate raw materials of multipurpose use.According to
the mineralogical classification, zeolites can be referred
to the highest class of zeolites of natural origin (Speight,
2019). Modification of natural zeolites with heteropolyac-
ids improves their adsorption properties,which is essential
for their subsequent use in hydrocarbon cracking processes
as catalysts. The main chemical formula of zeolites (1):

M,/N, xAL0,xxSi0,xyH,0 (1)

where: Al O, - alkali or alkaline earth metal; yH,O - the
degree of its oxidation.

Table 1 presents data regarding the content of
oxides and auxiliary natural elements in the zeolites of
the Shankanai deposit. Natural zeolites of the Shanka-
nai deposit, modified with heteropolyacids, are used as
an active component of the oil cracking process. The
catalytic effect of such zeolites is determined by many
components,among which it should be single out their
acidic properties that can be regulated, with a change in
the nature and concentration of exchange cations, the
molar ratio, Si0,/Al,0,, and also the main conditions of
heat treatment. Heteropolyacids are extremely strong
protonic acids, which are much stronger than all known
inorganic acids. The specific acid characteristics of het-
eropolyacids are of significant interest for acid catalysis
and the theory of acids and bases, since HPAs have a fairly
high oxidizing potential. These and a number of other
properties make it possible to use HPA in practice as se-
lective catalysts for oxidation and reduction processes.
Heteropolyacids have a wide variability in chemical
composition and physico-chemical characteristics, by
having a stable molecular structure (Da Ponte Jr, 2021).

In the course of experiment, the efficiency of the
action of zeolite catalysts modified with heteropolyacids
was estimated by the amount of light fractions formed
in the process of oil cracking at t=350°C. Figure 1 shows
gas chromatographic analysis of al-olefin products.
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Table 1. The content of oxides and auxiliary natural elements in the zeolites of the Shankanai

Element Concentration. % Content. atom. % Oxides. % Chemical formula
0 52.38 66.34 - -
Si 39.57 28.85 85.28 Sio,
Al 4.45 6.65 9.58 ALO,
Ca 1.18 0.56 1.62 Ca0
Fe 0.96 0.44 1.16 FeO
K 0.66 0.38 0.90 K,0
Na 0.45 0.33 0.54 Na,O
Mg 0.35 0.28 0.62 MgO
Total 100 - - -
0040 - Ok B
0.035 -
0.030 -
0.025 - 2853
0.020 -
0.015 -
0.010 - 1464 909
0005 - A 992
0 -

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800
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Figure 1. GC analysis data for a-olefin products

Table 2 presents the results of GC analysis of the  hydrocarbons on the natural zeolites of the Shankanai
composition of gaseous products of cracking of heavy  deposit that have not undergone the HPA modification.

Table 2. Results of GC analysis of the composition of gaseous products

of cracking of heavy hydrocarbons using unmodified zeolite

Element 1 2 3
Butadiene 0.09 0.02 0.04
Hydrogen 0.28 0.24 0.27
n-Butane 3.95 4.68 3.98
Methane 0.75 0.88 1.05
Propan 1.17 142 1.85
Propylene 5.86 6.65 7.62
Isobutane 0.87 1.01 1.16
Olefins C, 6.56 6.82 6.97
Ethan 0.55 0.58 0.66
Ethylene 0.79 0.95 1.12

As follows from the data presented in Table 2, the processes of alkylation and petrochemical synthesis
in the process of catalytic cracking, it is possible the of a-olefins. Table 3 presents the results of GC analysis
formation of a significant amount of C1-C17 hydrocar-  of the composition of gaseous products of cracking of
bons, in particular C17 olefins and propylene,as well as  heavy hydrocarbons on natural zeolites of the Shankanai
hydrogen. These elements are of significant interest for  deposit modified with HPA.
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Table 3. Results of GC analysis of the composition of gaseous products
of cracking of heavy hydrocarbons using a zeolite modified with HPA

Element 1 2 3
Butadiene 0.03 0.02 0.02
Hydrogen 0.12 0.11 0.1
n-Butane 3.81 4.55 3.62
Methane 0.73 0.82 1.06
Propan 1.06 1.22 145
Propylene 5.25 6.33 7.54
Isobutane 0.93 1.02 1.18
Olefins C4 6.57 6.99 6.94
Ethan 0.56 0.59 0.69
Ethylene 0.72 0.84 1.09

Figure 2 shows the main results of the validation of
modified zeolite catalysts of cracking, expressed as the

dependence of the conversion of heavy hydrocarbons into
light gasoline fractions on the type of cracking catalyst used.
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Figure 2. Dependence of the conversion value obtained in the process of heavy hydrocarbons’ cracking
of the type of catalyst used

Experimental data confirm the higher efficiency
of using HPA-modified zeolites as catalysts for the
cracking of heavy hydrocarbons, which is reflected in a
greater amount obtained as a result of C , long-chain
alpha-olefins. Thus, the cracking of heavy hydrocarbons
on the zeolite of the Shankanai deposit, modified with
HPA, ensures obtaining the target product - long-chain
C,, alpha-olefins. In the course of this scientific study,
it has been proven the high efficiency of using natural
zeolite when modified with heteropolyacids to convert
alkanes into long-chain olefins.

This means a proof of the practical feasibility of
modifying the natural zeolites of the Shankanai deposit
with heteropolyacids in order to enhance their catalytic
properties, as well as to reduce the total volume of
gaseous cracking products. The results of comparative
tests of modified and unmodified natural zeolites as
catalysts for cracking processes have shown that the
adsorption properties of zeolites modified with hetero-
polyacids increase significantly, which leads to a signif-
icant increase in the efficiency of their use as catalysts
for the cracking of heavy hydrocarbons (Mantas, 2019).
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Modification of natural zeolites with heteropolyacids
plays an important role in their practical application as
catalysts for oil cracking processes at modern oil refin-
eries. The practical use of heteropolyacids as modifying
elements increases the adsorption properties of natural
zeolites, and it has a positive effect on the efficiency of
their use as cracking catalysts.

This explains the possibility of obtaining long-
chain C, alpha-olefins, which are the target product of
the process at the output. In addition, the use of het-
eropolyacids as modifying elements for the conversion
of alkanes into long-chain olefins has a positive effect
on the nature of the process under consideration, since
it minimizes the likelihood of sharp jumps and prob-
lems with the subsequent use of secondary products
of oil refining. Thus, the cracking of heavy hydrocar-
bons on the Shankanai zeolite modified with HPA for
the synthesis of long-chain a-olefins contributes to
the production of a significant amount of long-chain
C,, alpha-olefins, which generally indicates the high
efficiency of this process. It should be noted that in
this context, the purity of the catalytic substance and




the high level of preparation of petroleum products
for the process of their processing are of great impor-
tance, since the contamination of the modified natu-
ral catalyst used significantly complicates the process
and negatively affects its final results. To date, there
is a significant potential of the Shankanai deposit as
a proven source of natural zeolites, which can be suc-
cessfully used as effective catalysts for the cracking
of heavy hydrocarbons, subject to the implementation
of their high-quality modification with HPA. This is of
great importance from the point of view of increasing
the efficiency of the development of the Kazakhstan oil
refining industry as a whole.

DISCUSSION

According to G. Mantas (2019), one of the critical prob-
lems of the oil refining industry is the irreversible loss
of hydrocarbons during oil processing. These emissions
enter the atmospheric air, water basin, or soil, polluting
them. That is why the problem of emissions is not only
a technical and economic one but also a global eco-
logical one. Research by J. Jarvis et al. (2018) showed
that among the causes of hydrocarbons entering res-
ervoirs, the discharge of oil-containing effluents and
the entry of oil products into groundwater are the most
significant. R. Wang et al. (2020) believe that heavy oil
products destroy microorganisms that participate in
the process of self-purification of water. As a result of
the decay of sediments contaminated with oil products,
harmful substances have released that poison the water.

J.Jarvis et al. (2018) assert that today, in the con-
text of a large-scale decrease in reserves, as well as in
the volume of oil production, including the so-called
“light” oil, the need to use new, non-standard methods
for refining hydrocarbon sources is becoming more
acute, primarily for bitumen and heavy oils. First of all,
it concerns the bitumen and heavy oils. The subsequent
increase in the production of heavy oils necessitates an
increase in the efficiency of options for their industrial
processing to obtain the maximum possible volume of
light oil products with qualitatively better character-
istics. According to R. Wang et al. (2020), the steadily
growing consumption of motor fuels in the econom-
ically developed countries of the world, encourages
leading oil companies to start developing new meth-
ods of oil production, as well as developing new oil and
bitumen deposits amid the general decline in the share
of light oil in the overall balance of oil production. In
recent years, the issues of improving the processing of
oil and bitumen have become increasingly important,
since the natural reserves of raw materials of this kind
are several times higher than the natural reserves of
medium and light oils. According to numerous expert
estimates, it is expected a steady increase in their share
in the total volume of hydrocarbon production, taking
into account the current balance of production and pro-
cessing of hydrocarbons.

Krebaeva et al.

The task of deepening the oil refining is one of
the most urgent tasks of chemical technology for build-
ing oil refining processes using catalysts. The processes
of catalytic cracking of oil, along with thermal, hydro-
cracking and visbreaking, are the main methods for
processing heavy oil residues. The high energy cost of
these processes and their material and capital intensity
do not allow timely and full implementation of these pro-
cesses at most enterprises of the modern oil refining in-
dustry. In particular, according to A. Hameed et al. (2021),
technologies for the industrial processing of vacuum
gas oil through catalytic cracking include two addition-
al stages (in addition to the main one) such as hydraulic
purification from sulfur compounds of the initial vacuum
gas oil,as well as the final products of its cracking. While
the hydrocracking process implies the need of practical
application of complex technology, it is combined with
a high hydrogen pressure. Catalytic cracking ensures
the production of high-quality products, and this tech-
nique is distinguished by the possibility of processing
oil and oil fractions in order to obtain high-quality final
products. At the same time, there is a real possibility of
combining this process with technological operations
of alkylation, adsorption purification. The main disad-
vantage of this technique is its relative high cost, which
predetermines the need to stop the spread of catalytic
cracking in many modern enterprises of the oil refining
industry. For medium power plants, this process may not
always justify itself and fully pay off.

An analysis of the currently existing technologies
for cracking of heavy oil residues indicates that catalytic
cracking requires significant financial costs and, in fact,
is a very expensive operation. S. Chattaraj et al. (2016)
think that the possibility of obtaining light oil prod-
ucts in sufficient quantities should be considered an
undoubted advantage of such technologies. The possi-
bility of practical use in the process of natural zeolites’
cracking as catalysts for this process contributes to a
significant reduction in its cost and increase in over-
all efficiency per unit time. Actual high rates of activity
of catalysts’ cracking when starting these processes in
industrial plants can be obtained through the purpose-
fully reducing its specific surface area and thorough de-
terioration of the active part. According to K.M. Zohdy
et al. (2021), catalytic cracking should be considered the
leader among all processes for improving the efficiency
of oil distillation processes in the modern oil refining
industry, since one fourth of the world's gasoline is pro-
duced through the use of this technology. In addition to
gasoline, cracking should also be considered a key pro-
ducer of diesel fuel and propane-propylene, butane-bu-
tylene fraction — the main feedstock for petrochemical
processes. The role of catalytic cracking in the devel-
opment of the economy, especially for countries that
are large exporters and producers of oil, is very signifi-
cant, since it has a significant impact on the depth and
thoroughness of oil refining. It also determines the final
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volume of oil and oil products consumption, including
per capita and for specific types of fuel, by exerting a
key influence on the growth rate of the actual gross
domestic product of the state (2021).

Zeolites of type X, Y and ZSM-5 (Zeolite Socony
Mobil-5) are widely used in the production of crack-
ing catalysts in the fluidized bed. Aluminum oxide and
amorphous aluminosilicates are most often used as the
catalyst matrix.A. Atmayudha et al. (2021) consider that
the active matrix makes the main contribution to the
overall performance of the catalyst, because the zeolite
pores can have a small size for the cracking of especial-
ly large molecules of heavy hydrocarbons with a boil-
ing point of more than 480°C. In addition, with an in-
crease in the level of activity of the catalytic substance,
various components are added to it that can activate
the combustion process (CO) and reduce the concentra-
tion of SOx and NOx. Various distillate fractions can be
used as feedstock components of the catalytic cracking
process, and during their conversion, it is observed a
catalyst coking and contamination with heavy metals (V
and Ni) and sulfur. For now, there is a continuing trend
towards an increase in the total weight of the fractional
composition of the feedstock that is involved in the cat-
alytic cracking process, which inevitably becomes one
of the reasons for the increase in the concentration in
the feedstock of polynuclear aromatics, as well as sulfur,
nitrogen and heavy metals. All this, in turn, leads to an
increase in the coking capacity of raw materials. Today,
the most urgent tasks should be considered the tasks of
gradually increasing the depth of the catalytic cracking
process and increasing its selectivity, as well as main-
taining the activity level of the selected catalyst for a
long time of operation (2018).

Nowadays, many countries of the world have
almost completely exhausted the possibilities for im-
proving oil refining processes in order to meet the real
needs for fuels of various types, which can only be real-
ized by increasing the volume of industrial oil production.
Various options for solving this problem are proposed,
one of which is a gradual transition to the use of cata-
lysts for cracking processes of natural origin. Zeolites
are one of these variants (2021). The practical use of
natural zeolites as cracking catalysts makes it possible
to achieve a high intensity and efficiency of this pro-
cess, with a significant reduction in energy and mate-
rial costs. The implementation of secondary catalytic
processes requires preliminary upgrading of the initial
feedstock. Dementalization and denasalizing should be
attributed to the category of refining processes, while
the thermal adsorption variety of these processes can
also be attributed to the indicated type. According to
A. Al-Qasim et al. (2020), in all these processes, partial
thermodestructive transformations can act as meth-
ods for refining the hydrocarbon residues, at the same
time there is a parallel and simultaneous adsorption
of the resins formed, asphaltenes and carboids, as well

Scientific Horizons, 2022, Vol. 25, No. 9

as organometallic, organosulfur and organonitrogen
compounds on the surface of the resulting adsorbing
substances.

The processing of heavy hydrocarbon residues is
carried out in various ways and methods, which should
be grouped for subsequent selection when developing
the proposed schemes for oil refineries. In this context,
the use of heavy hydrocarbon residues as the main
components of fuels significantly reduces the depth of
processing of hydrocarbon raw materials at oil refin-
eries. This necessitates a high-quality organization of
the processes of industrial processing of hydrocarbon
residues at oil refineries in order to increase the effi-
ciency of these enterprises and obtain high-quality oil
refining products. A. Al-Qasim et al. (2020) believe that
such processes are characterized by significant techno-
logical complexity and require a qualitatively new ap-
proach to their organization in order to obtain optimal
results, which can be expressed in the high quality of
the oil distillation products obtained as a result of oil
refining processes. Adding a certain amount of zeolite
to the processed oil helps to increase the volume of
output of light fractions, as well as coke and gas. When
conducting studies of the composition of gaseous prod-
ucts released during the implementation of oil cracking
processes, it is found that catalytic cracking products
contain a significantly larger number of lower olefins,
including propylene, butenes and pentenes, as well as a
smaller number of alkanes compared to the gas phase
that occurs in thermal cracking.

In addition, J.A. Curiale & J.B. Curtis (2016) are
convinced that a significantly higher content of isostruc-
tural alkanes (15.2%) and a significant amount of hydro-
gen (1.7%) can be detected in the gas formation products
that are released during oil cracking in the presence of
catalyst, which is clear evidence of the development of
dehydrogenation reactions and further redistribution of
hydrogen. At the same time, the oil straight-run gasoline
fraction immediately before the start of the catalytic
cracking process and the products’ gasoline fractions of
its thermal and catalytic cracking differ significantly in
the group concentration of hydrocarbons. The gasoline
fractions obtained contain a significantly larger amount
of n-alkanes and a significantly lower concentration of
nevtenes and alkenes. At the same time, the octane num-
bers of gasolines produced through the implementation
of catalytic and thermal cracking processes are signifi-
cantly higher than similar indicators of the straight-run
gasoline component of the original oil. The composi-
tion of the resulting gasolines also determines signifi-
cant differences in the technology of thermal and cat-
alytic cracking of oil. In this context, it should be noted
that gasoline obtained through the implementation
of thermal cracking processes contains more alkanes
of normal structure and less naphthenes and alkenes
than gasoline obtained as a result of catalytic crack-
ing. When catalytic cracking is implemented on natural




zeolites as catalysts for the process, the cracking itself
with dehydrogenation, isomerization and aromatization
is the key reactions for the conversion of hydrocarbons.
However, in the thermal cracking, disconnection of C-C
connection in combination with polycondensation is
observed.

CONCLUSIONS

To date, science offers various options for improving
the processes of industrial oil refining, one of which is
the use of zeolites upgraded with heteropolyacids as
catalysts for the cracking of heavy hydrocarbons. In
almost every case of launching an oil refining process
through catalytic cracking, the best option for upgrad-
ing zeolites in order to obtain a larger amount of light
oil fractions amid the synthesis of long-chain a-olefins
can be selected. It should also be noted that the gaso-
line fractions of catalytic cracking processes using the
Shankanai zeolites (Kazakhstan) modified with hetero-
polyacid include a large number of components with
a high-octane number, which significantly exceeds the
octane number of their analogues that were obtained
by thermal cracking.

Krebaeva et al.

The preparedness of the feedstock should be con-
sidered the most important aspect that directly affects
the results of the catalytic cracking process on modified
natural zeolites in order to avoid contamination of the
natural catalyst used for this process. Before starting the
cracking process, it is necessary to prepare the feedstock
in order to prevent poisoning of the natural zeolite acting
as a catalyst, which will adversely affect the results of the
synthesis of long-chain a-olefins. In addition, the cracking
of heavy hydrocarbons on the Shankanai zeolite, which
has undergone the HPA modernization, implies the need
for a careful selection of zeolites, taking into account their
actual characteristics, which can be significant in terms of
the actual results of this process, expressed in obtaining
a significant amount of light gasoline fractions. In general,
the results obtained in the course of this research work
showed the high practical efficiency of modifying the
natural zeolites of the Shankanai deposit with hetero-
polyacids when they are used as catalysts for the cracking
of heavy hydrocarbons. This indicates the significant pros-
pects for the subsequent mass use of zeolites modified
with HPA in processes of catalytic cracking of heavy
hydrocarbons for the synthesis of long-chain a-olefins.
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KpekKiHr Ba)XKUX ByrnieBogHIiB Ha LWLAHKaAHaMCbKOMYy LeoniTi MmoaudikosaHoro NMA
AN CUHTe3Yy OO0BroNaHUIoroBux a-onediHis

Nasar Kpebaesa?, Canaprani Konycnaes?, Icatait Hypni6aes?

1Ka3axcbKkuii HauioHanbHMI yHiBEpCUTET iMeHi anb-MPapabi
050040, npocn. anb-Mapabi, 71, M. AnmaTu, Pecnybnika KasaxcraH

2AKTHOGIHCbKMI perioHanbHUI AepkaBHUIA YHiBepcuTeTy iMeHi K. XXybaHoBa
030000, npocn. A. Mongarynosa, 34, M. Aktobe, Pecnybnika KasaxcraH

AHoTauif. AKTyanbHiCTb TEMW HAYKOBOTO AOCIAKEHHS BU3HAYaAETbCS BAX/IMBICTIO MPO61EMU BUKOPUCTAHHS LLEONITIB
SIKKaTani3aTtopiB NpoLecy KPeKiHry BaXXKUX BYrNeBOAHIBTa BUBYEHHAM NepcrneKkTMB MoAndiKyBaHHS reTepononikmcioTt
LN CUHTE3Y A0BroNaHLIroBux a-onediHie. MeTo HaykoBOi pobOTH € BUBYEHHS MepCnekT1B peanisalii npouecy
KPEKiHry BaXXKMX BYrNEBOAHIB Ha LUAHKAHANCbKOMY LLeoNiTi, MOAMbiKOBaHOMY reTepononikucaoTamu, AN CUHTE3Y
[oBronaHuroeux onediHie. OCHOBOK METOLOMONYHOro NiAXo4y B L HAayKOBO-AOCNIAHIM pOBOTi € MOEAHAHHS
METOAIB CMCTEMHOIO aHanisy NpoueciB KPeKiHry BaXKKMX BYINIEBOAHIB 3 BUKOPUCTAHHAM NPUPOAHMX LLEONITIB SK
KaTanizaTopiB LbOronpoLecy,3aHaniTMYHUMA0CNIAXKEHHSIM MePCNEKTUB peani3aLiiLboronpouecynpuMoandikyBaHHi
NPUPOLHUX LEEONITIB reTeponoNiKMCI0TaMM 3 METOK CUHTe3Y a-onediHiB. [N aHanisy NpoaykTiB CMHTE3Y a-onediHiB
BMKOPUCTAHO METOJ, ra3opifnHHOT XpomaTorpadii Ta 94epHO-MarHiTHO-pe30HaHCHOI cnekTpoMeTpii. [locnigxeHHs
NpoOBeLEHO 33 YMOBU BMKOPUCTAHHS B AKOCTI KaTanizaTopa MpoLuecy KpekiHry BaXXKMX BYrNEBOAHIB MPUPOAHUX
ueonitie LaHkaHancbkoro pogosuua. OTpMMaHi pesynsbtati CBigyYaTb NPO BMCOKY e(EeKTUBHICTb MPaKTUUYHOIO
3aCTOCYBaHHA LeoniTiB LLIaHKaHaWCbKOro poaoBMLLA, MOAEPHI30BAHUX FeTEPONONiKUCIOTaMM, NPU BUKOPUCTAHHI B
SKOCTI KaTanizaTopiB KpeKiHry BaXKKMX ByrneBoAHiB. OTpuUMaHi B Xo4i HAayKOBOIo AOCNIAXKEHHS pe3y/bTaTh, @ TaKoX
CcHOpMybOBaHi Ha iX OCHOBI BUCHOBKM MatOTb NPaKTUYHE 3HAYEHHS A/ PO3POOHMKIB XiMiYHMX NPOLECIB KPEKiHTY
HadTU 3 BUKOPUCTAHHAM MPUPOLHUX LLEONiTiB, MOAMGDIKOBaHMX reTepononikMcioTaMu, K ebekTUBHUX KaTani3aTopis
LibOro MpoLecy, a TaKoX AN NpaLiBHMKIB HadTonepepobHMX 3aBOAIB, 10 NpodeciiHMX 000B'A3KIB IKMX BXOAWTb KOHTPO/b
SKOCTI 3AiMCHEHHS AaHOro npoLiecy

KniouoBi cnoBa: retepononiknMcnoTu, katanisatop, 6eH3mMHoBa dpakLis, CMpOBMHA, BaXkKa HadTa
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