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ABSTRACT

The article gives a review of the literature on the main groups of catalysts for the
hydrogenation of hydrocarbons. The review describes the most actively studied
hydrogenation catalysts in recent years, among which metal-modified catalysts
on various supports occupy leading positions. Hydrogenation catalysts such as
nickel catalysts on different carriers, nickel-chromium catalyst, catalysts on the
basis of noble metals, including palladium, platinum, rhodium and ruthenium and
methods of their preparation, structure, catalytic activity and the mechanism of
action in processes of hydrogenation of unsaturated and aromatic compounds are
considered. The use of different catalysts for the production of environmentally
friendly motor fuels is considered. Specified features of the properties of catalysts
are indicated depending on the method of preparation and composition. It is
shown that the chemical technology and organic synthesis needs in competitive
a product with smaller prime cost from local raw materials, the technology of
creation of new, effective, ecologically acceptable catalysts for the account by
need of the solution of a problem of receiving ecologically pure gasoline, without
causing harm to the environmental environment is also demanded on the basis of
the analysis of the existing catalysts of hydrogenation of unsaturated and aromatic
hydrocarbons. Tasks are set for the researcher to create new approaches to solving
existing economic and environmental problems associated with high energy costs
and environmental pollution.

Keywords: catalysts, nanochemistry, hydrogenation, hy-drocarbons, oil refining.

Introduction

Hydrogenation of hydrocarbons by C-C bond is one
of the most important processes in organic synthesis,
in the processing of petroleum products and in the
production of environmentally friendly motor fuels
that meet international standards. The process of
hydrogenation of aromatic hydrocarbons is one of the
main methods for the synthesis of cyclohexane, methyl
cyclohexane and other alkyl naphthenes, besides this,
hydrogenation of aromatic hydrocarbons can be used to
dearomatize motor fuels. It is the practical importance
of these processes. Interest for this process is constant-
ly increasing due to the tightening of legislative
requirements for the quality and composition of motor
fuels. Metal-supported catalysts are used in this process

Currently, there are a number of different cata-
lysts that are used as catalysts for the selective
hydrogenation of hydrocarbons. These catalysts have
properties such as increasing the surface of the active
component, preventing sintering and saving expensive
metal. Catalysts on the basis of nanoparticles of metals
of platinum group - platinum, palladium, ruthenium

*0OmeemcmeeHHblll asmop
E-mail: aizat_ 9_3@mail.ru (A.N. Aitugan).

and rhodium are widely used in the processes of
hydrogenation of hydrocarbons [1]. One of the main
disadvantages of systems on the basis of metal particles
is their sintering and aggregation leading to the gradual
deactivation of the catalyst. To prevent agglomeration
and sintering of active phase is deposited on various
non-organic substrates - AL 0O, SiO,, C, BaS0,, CaCO, [2].
There are also used copper, cobalt, nickel supported
on various carriers for hydrogenation process except

platinum group metals.
Nickel catalysts on different carriers

The deposited nickel catalysts are the most widely
used for hydrogenation process, followed by catalysts on
the basis of the noble metals. Nickel catalysts are capable
of catalyzing the process of hydrogenation of olefins,
cyclens and other unsaturated hydrocarbons and their
derivatives. Hydrogenation of acetylenic compounds on
iron catalysts proceeds, as a rule, selectively with the
formation of compounds with a double bond. Selectivity
of Co catalyst is lower, than iron catalyst. The hydro-
genation of acetylene and their derivatives proceeds

© 2019 UHCcTUTYT IpO6GJIEM TOPEHHS.
HszpatenbcTBo «Kasak yHUBepcUTETI»
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easily on the nickel catalyst, but the selectivity is small.

The method of preparation of Ni catalysts includes
the stages of impregnation, drying, dehydration,
activation, restoration and passivation.

The following processes are used to prepare the
precipitated and impregnating nickel catalysts:

1. Impregnation of the carrier (Al,O; [3], SiO; [4], C
and zeolites) with a salt solution, for example, nickel
nitrate. After this, the catalyst is dried and pierced at a
high temperature.

2. Mixing of precipitates active hydroxide Ni(OH),
with a hydrogel carrier. Mixing continues 20-30 h.
followed by extrusion, drying and piercing.

3. Applying sediment to another. For example,
nickel hydroxide is precipitated by ammonia from a
nickel nitrate solution in the presence of a suspension
of hydrated aluminum oxide. The precipitate is filtered,
rinsed thoroughly, dried and pierced at 500 °C for 2
hours in air.

4. Co-precipitation. The boiling solution of sodium
silicate is slowly added to the solution of nickel salt. The
precipitate is filtered, washed, dried and pierced.

It has been shown [5] that the adsorption and
catalytic properties of nickel catalysts on the same
carrier largely depend on the preparation method and
on the reduction temperature. At high temperatures,
the reduction leads to very active, but poison-sensitive
catalysts; at low temperatures, it gives a less active
and more stable contact. Catalysts with varying degree
of reduction of nickel are obtained if temperature is
changes and this affects to their activity. The efficiency
of nickel catalysts on kieselguhr drops when obtaining a
nickel catalyst from the original salts acetate> oxalate>
nitrate. Upon receipt of nickel adsorption catalysts on
synthetic aluminosilicate, their activity depends on
the pH of the nickel salt solution. in the hydrogenation
reaction.

Initially, metal catalysts were wused in the
hydrogenation of aromatic hydrocarbons: nickel, cobalt,
copper, platinum and palladium, obtained by reduction
of the corresponding oxides with hydrogen. Currently,
among the catalysts for the hydrogenation of aromatic
compounds, in particular aromatic hydrocarbons,
Raney nickel, Adams platinum oxide, nickel, cobalt
and platinum on various supports - activated carbon,
aluminum oxide, silica gel, etc. - are best known.

Hydrogenation of benzene on nickel catalysts is
carried out at low and middle pressure (to 3 MPas). So,
Transformation of benzene into cyclohexane is reached
atatemperature of 150-200 °C the almost complete, and
in such conditions by-products are not formed. How-
ever in view of high sensitivity of nickel catalysts to
impurity of sulfur, keeping of the last in initial benzene
should not exceed ten thousand shares of percent;
besides, express for contact purification of benzene is
provided. Nickel catalysts on carriers are most often
used: alumina, chromium oxide, etc.

Nickel nanoparticles supported on nanoferrite have
been used as a catalyst for the hydrogenation of alkynes
and ketones [6]. Hydrogenation was carried out in an
autoclave at 10-15 atm H, and at room temperature for
48 hours or using isopropanol as a hydrogen donor at
100 °C with microwave radiation for 45 minutes.

Hydrogenation of various alkynes on nickel
nanoparticles supported on nanomagnetite (Fe;04)
showed [6] that changing the solvent to dichloromethane
leads to a change in the direction of the reaction: under
the same conditions of hydrogenation, olefins are
formed with yield 70-80 % in 48 hours.

Nickel-chromium catalyst

The nickel-chromium catalyst is also widely used for
the hydrogenation of aromatic hydrocarbons (benzene)
in the range of pressures of 2-6 MPa at 120-250 °C and
the volumetric rate of benzene 0.5-2 hours. The catalyst
is black shiny tablets (4x4 mm) with a bulk density of
1.1-1.3 g / ml and consists of metallic nickel or nickel
black (at least 48 %) applied to chrome oxide (27 %).
According to the author [7], the content of cyclohexane
in hydrogenation under the above conditions is 99.9 %.
The degree of conversion of benzene to cyclohexane
varies depending on the height of the catalyst bed and
on the duration of the hydrogenation.

Nickel catalysts are highly sensitive to the action
of sulfur compounds. The withdrawal is associated
with strong, irreducible adsorption of the latter, i.e.
with the blocking of the active surface, at elevated
temperatures and with the formation of chemical
compounds. Hydrogen sulfide and sulfur containing
organic compounds which are part of the original gas
mixture, interacting with nickel, form nickel sulfide. In
this case, the catalyst gradually loses activity. In most
cases catalysts, repelled by sulfur compounds, do not
regain their activity even when they switch to working
with purified gas.

The amount of the poison suppressing a catalytic
activity depends on dispersion of the fissile metal phase,
and also on the content of metal in the catalyst. Than the
surface of metal is more, especially nickel the chrome
catalyst is steady. Therefore the precipitated catalyst
containing about 50% of Ni is more resistant to effect of
contact poisons, than nickel contacts on carriers.

Ability nickel the chrome catalyst to absorb sulfur
give an opportunity to use it for thin purification of raw
materials in conditions when hydrogenation of benzene
proceeds in small degree (at 100-150 °C, atmospheric
pressure and larger rates of volume flow). Endurance of
the catalyst of hydrogenation consists about two years
after cleaning of a feed stock.

That catalyst has rather low thermal resistance, its
most admissible overheat 325-350 °C. Because the
majority of heat is allocated in «front» catalyst beds,
the catalyst is partially diluted with inert material for
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decrease of its activity and prevention of overheat.
Also the compounding thermostable nickel - aluminum
and Ni-Al-Cr catalysts steady is offered at elevated
temperatures.

Noble Metal Catalysts

Nickel-containing catalysts are cheaper than
catalysts on the basis of noble metals (Pt, Pd, Ru, Rh,
etc.). However, in a number of industrial hydrogenation
processes, preference is given to the latter. This is due
to their high catalytic activity, allowing the use of lower
temperatures and pressures. The lifespan of such cata-
lysts is often calculated in years. Pd-. Pt- Ru- and Rh-
catalysts on carriers and bimetal system have particular
interest. The use of special carriers made it possible
to reduce the content of noble metals to 0.01-0.005 %
and thereby reduce the cost of the catalyst, retaining its
quality [8].

The use of modern physicochemical research
methods makes it possible to study the mechanism of
action of these catalysts, to optimize their compositions
using different carriers and modifiers, to develop ways
to control the dispersity of metal on the surface of the
carrier. Some catalysts on the basis of noble metals
are resistant to degradation by S- and N-containing
compounds [9].

The main metals used in the hydrogenation of alkines
are the metals of the platinum group, i.e. palladium,
platinum, rhodium, ruthenium, iridium, nickel.
Comparison of the catalytic activity and selectivity with
respect to the olefin of various metals deposited on the
Al,0; substrate was carried out in [10] on the example
of selective hydrogenation of acetylene at 50-150 °C and
pressure of H, 1-5 atm. The selectivity of this process is
determined by two factors: the rate of hydrogenation
of acetylene to ethylene or to the final alkane (kinetic
factor) and competitive adsorption of acetylene and
ethylene (thermodynamic factor). It was found that
the selectivity of catalysts for ethylene decreased in the
series: Pd >> Rh> Pt> Ru >>Ir.

In [11] studies, the effects of both metal and
substrate on the selectivity of catalysts in the
hydrogenation of alkyne at room temperature were
studied simultaneously. It was found that the use of Pd
nanoparticles (1 %) deposited on a SiO, substrate, as
opposed to an Al,0; substrate, at a substrate: H,= 1: 1
ratio made it possible to obtain 100% of the expected
product (100 % selectivity), while in the case of Pt
nanoparticles (1 %), a backward dependence was
observed. This can be explained by the different acidity
of the substrate, and also by the effect of the particle
size of the metals. High selectivity was demonstrated
by samples with larger particles: 9 nm (Pd) and 7.8
nm (Pt), in contrast to particles of a smaller size (4.3
nm (Pd) and 3 nm (Pt), the use of which only led to a
selectivity of 50 %. At this excess of hydrogen sharply

reduced the catalyst selectivity (up to 50 % propene).
The catalyst’s selectivity of 0.52 % Pt / SiO, increased
with an increase in the substrate: H, ratio to 2.5: 1 while
reducing the conversion to 20% [12]. The optimal ratio
of substrates: H, was 1:1 in hydrogenation reaction at
high temperatures (up to 150 °C).

Hydrogenation proceeds faster if the substrate
contains a terminal triple bond, however, the catalyst
manifests in this case, as a rule, less selectivity [13].
Hydrogenation of interior alkines usually results in the
predominant formation of cis-alkenes, which is associ-
ated with the synadsorption of the substrate and the
successive addition of two adsorbed hydrogen atoms
under the axis of the triple bond.

Palladium nanoparticles applied to organophilic
montmorillonite by means of cation exchange in the
interlayer space showed less activity and selectivity
than Pd;;Ge,s. The optimal size of nanoparticles was 3.0
nm.

The presence of a benzene ring conjugated with a
triple C=C bond significantly impedes the process of
selective hydrogenation of aromatic alkynes.

Catalysts based on palladium

Palladium catalysts using the traditional method of
water impregnation and impregnation in supercritical
CO, (SC-CO,) were synthesized to hydrogenation
acetylene to ethane-ethylene fraction (EEF). It is
established that the catalysts obtained in the SC - CO,
environment have a higher selectivity for ethylene
as compared with the catalysts obtained by water
impregnation. The selectivity for ethylene with acetylene
conversion equal to 100 % decreases with an increasing
palladium content in the composition of the catalyst at
the same time [14].

It was tested the influence both metal and support
on the selectivity of catalyst for hydrogenation of
alkynes at room temperature [11]. It was revealed
that use of nanoparticles of Pd (1%) applied on SiO,
support at a ratio substrate: H, = 1:1 in contrast with
Al,05-support allowed to receive 100 % the expected
product (selectivity of 100 %), in that time as in a case
of nanoparticles of Pt (1 %) the return dependence was
observed. It can be explained with various acidity of
substrate,also influence of the size of particles of metals.
The high selectivity was shown by exemplars with
larger par-ticles: 9 nanometers (Pd) and 7.8 nanometers
(Pt), in difference from particles of the smaller size
(4.3 nanometers (Pd) and 3 nanometers (Pt) which
use resulted 50 % only in selectivity. Thus the excess
of hydrogen sharply reduced selectivity of the catalyst
(to 50 % propena). So, the selectivity of the catalyst of
0.52 % of Pt/Si0O, increased with increase in a ratio sub-
strate: H, to 2.5:1 at simultaneous decrease of conversion
up to 20 % [12]. Optimum ratio substrate was 1:1 H, at
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reaction of hydrogenation at high temperatures (to 150
°C).

The palladium nanoparticles applied on organophilic
montmorillonite by means of cationic exchange
in interlayer space space showed smaller activity
and selectivity, than Pd;;Ge,;. The optimum size of
nanoparticles was 3.0 nanometers.

Pd catalyst as a rule shows high selectivity on
the relation to aromatic alkenes. So, for example, the
modified Lindlara catalyst (Pd/CaCO;/PEG/hinolin)
selectively hydrogenates 1.2-bifenilatsetilen to cis-
stilbena with an atmospheric pressure and at room
temperature to the current of one hour, it should be
noted that the selectivity didn’t fall lower than 90 %
even at fivefold use of the catalyst [15].

Hydrogenation of cyclohexene and styrene was
studied also in the presence of palladium nanoparticles
by the sizes of 2-8 nanometers applied on nano-
dimensional flakes of montmorillonite. Hydrogen at
ambient temperature and atmospheric pressure is used
for process [16]. Aluminum hydroxide used as a sub-
strate for nanoparticles of palladium [16].

The selectivity of reaction of hydrogenation of
propyne at 1 atm pressure and 25 2C temperature on
the nanoparticles of palladium applied on particles
of the poly(acrylic acid) was studied in work [17].
Nanoparticles with a size of several nanometers are
obtained by restoring palladium acetate with sodium
borohydride or lithium aluminum hydride. Conversion
of propyne is reached 55-83 % at selectivity of
hydrogenation in a propylene to 92 % in experiments.

The selection hydrogenation of acetylene in ethylene
on bimetallic particles from Pd core and a silver cover is
studied in work [18].

The palladium nanoparticles applied on polystyrene-
polyethylene glycol copolymer catalyze not only
hydrogenation of alkenes, but also the recovery
dehalogenation of halogenarenes [18]. Derivatives of
styrene, indene and cinnamic acid were taken as the
alkenes, which was used as substrates in hydrogenation
reaction derivants of styrene,indene and cinnamylicacid.
Process proceeded in an aqueous medium when hashing
reactionary weight at 25 °C and atmospheric pressure of
hydrogen with-in 24 hours, exits of alkylbenzene made
97-99 %. Hydrodehalogenation of derivants of benzene
chloride, naphthalene chloride and chlorpyridine was
carried out with using am-monium formiate in a water
isopropanole at 25 °C within 2 hours. Exits of products
of dehalogenation made 85-99 %.

In work [19] the possibility of hydrogenation
of acetylene and ethylene in ethane is shown by at
a catalysis the silver and palladium nanoparticles
applied on aluminum foil. Decrease in catalytic activity
at increase in a share of atoms of silver in particles is
revealed that is followed by increase in selectivity of
hydrogenation of acetylene in ethylene.

Catalysts on a basis of noble metals are more active

and get poisoned with sulphurous connections less.
The platinum and palladium applied on Al,0O; easily are
deactivated at concentration of sulfur less than 1*10* %,
however them ustoichivost to cepe grows when using
such acid carriers as zeolites [14]

Platinum catalysts for hydrogenation process

In the hydrogenation of aromatic acetylenes,
catalysts on palladium, platinum, ruthenium and nickel
are used.

Hydrogenation of benzene proceeds under the
same conditions on platinum catalysts, as on nickel
(temperature 150-250 °C, pressure to 3 MPas, a molar
ratio gas: benzene = 8:1), and is reached the almost
complete conversion at selectivity, the close to 100 %.

Platinum catalysts receive ionic exchange or
impregnation of the carrier of solution of salt of Pt(NH3)
4Cl; the last contacts the acid center of zeolite =Al-0O-.
Further the important stage of formation of centers 2
(=Al-0-)....Pt, which is formed at an incideration on
air with the subsequent reduction of hydrogens. Thus
platinum is included into structure of clusters like
m(=Al-0-H) ... Ptn. Clusters are in close contact with
the strong acid centers that does possible transition
of electrons from noble metal and leads to formation
electron-deficient particles of metal (Pt§) defining
special properties of the catalyst.

The platinum catalyst containing 0.3 % of Pt for
aluminiumis prepared by impregnation of granules of the
carrier (3x3 mm) an aqueous solution of chloroplatinic
acid with followed by drying and calcination; surface of
the carrier 120 of m/g, m?/g platinum 0.25. Bulk weight
of the catalyst is about 1 g/ml. The catalyst shouldn’t
contain chlorine and fluorine which promote reactions
of an isomerization [20].

Hydrogenation of benzene was studied on
nanoparticles of platinum of various form. The
dependence of selectivity of reaction on a form of
particles is found: there are obtained only cyclohexane
on cubic particles, while on platinum cuboctahedra a
mixture of cyclohexane and cyclohexene was formed
[21]. It is found that activation energy of formation
of cyclohexane in first case made 10.9 + 0.4 kcal/
mol, and at formation the mixture of cyclohexane and
cyclohexene in the second case - 8.3 + 0.2 and 12.2 +
0.4 kcal/mol respectively. Exhaustive hydrogenation
of aromatic hydrocarbons at atmospheric pressure of
hydrogen and 60°C is carried out with use as the cat-
alyst of nanothreads of platinum.

The advantages of platinum catalysts are necessary
to carry them a little smaller sensitivity to sulfur
compounds and a possibility of reactivation of the
catalyst, than at nickel. The disadvantages are sensitivity
to presence of moisture at raw materials that causes the
necessity carefully to drain benzene.
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Poisoning of platinum catalysts with compounds of
sulfur is reversibly, unlike nickel contacts. Compounds
of sulfur are hydrogenated to a hydrogen sulfide which
interacts with platinum on reaction:

Bimetallic catalysts on carriers have a great interest
during creation sulfur resistant hydrogenation catalysts
on the basis of noble metals great interest. For example,
it is known [21] that the combination of Pt and Pd
applied on zeolite rises sulfur stability and an optimum
ratio of Pt: Pd=1. Zeolite like Y with high relation of Si/
Al, an also mordenity, borosilikaty, Y-and -tseolita are
used as a carrier.

Nanosized ruthenium catalysts

Examples of the selection hydrogenation of benzene
to cyclohexane are known. For example, the colloid
ruthenium catalyst (4 nm) applied on a silica gel at
40-60 atm and 140 °C catalyzes this reaction, and the
selectivity on cyclohexane was from 80-90 % at small
extents of conversion up to 40-50 % at 80-90 % of
conversion of benzene [22].

Nanoparticles of ruthenium dioxide of 2-3
nanometers in size received by restitution of RuCl;
sodium borohydride in ionic liquid [23] were used for
hydrogenation of olefins and arenes. Hydrogenation
was carried out in a two-phase system an alkene
(arene) ionicliquid at 75 ¢C and 4 atm of H,, conversion
of hexene-1, cyclohexanee, 2,3-dimethyl-2-butene
reached 99%, benzene, toluene and a p-xylol 64-97 %.
Resultants of reaction were the corresponding alkanes
and cycloalkanes.

The ruthenium nanoparticles applied on methylated
cyclodextrins showed high catalytic activity at
hydrogenation of olefins and aromatic hydrocarbons
[23].

The ruthenium nanoparticles immobilized on SBA-
15 silica gel in the presence of the ionic liquid prepared
from 1,1,3,3 tetramethyl guanidines and lactic acid, also
catalyze the quantitative hydrogenation of benzene
in cyclohexane at 20 2C and atmospheric pressure
of hydrogen [24]. The effectiveness of catalysis of
hydrogenation of arenes with using of the stabilized
colloidal solutions of nanoparticles of ruthenium is
shown [24].

Ru-Pd-catalyst prepared by impregnation of the
carrier salts of both metals have high activity. Na them
hydrogenation of benzene was studied [25].

Catalysts based on rhodium

Comparison of catalytic activity of the nanoparticles
of platinum, rhodium, palladium and gold applied on

carbon nanotubes in reaction of hydrogenation of
aromatic hydrocarbons at atmospheric pressure of
hydrogen is studied in work [26].

Really unique catalytic  properties  show
nanoparticles of ruthenium, rhodium and iridium in
reactions of hydrogenation of aromatic hydrocarbons.
For example, the nanoparticles of iridium and rhodium
of 2-4 nanometers in size applied on nanofibres of
aluminum oxide allow hydrogenate benzene and an
anisole in cyclohexane and methoxycyclohexane with
the quantitative exit at ambient temperature and
atmospheric pressure of hydrogen.

Influence of the stabilizing agents on catalytic
activity of nanoparticles of rhodium at hydrogenation
of cyclohexane showed that the major factor is the
nature of interaction of the stabilizer with a surface of a
particle [27]. The worst result was shown by application
of a 1-oktadekaltiol (covalent binding); the intermedi-
ate activity was shown by the particles stabilized by
poly(vinyl alcohol) (chemosorption); the best result is
shown at application a tetraoctylammonium bromide
(electrostatic interaction with the surface atoms). Thus,
it is necessary to use the stabilizers of nanoparticles
showing as much as possible weak chemical interaction
with material of particles of the catalyst to increase in
catalytic activity.

The study the impact of natural carrier as part of
carbon catalysts to catalytic selectivity in the process
of benzene hydrogenation are investigated [28]. It was
described that the active and selective 1 % Rh zeolite
catalyst for the hydrogenation process of benzene.
0.5% Rh-promoted clay-containing zeolite exhibits
catalytic activity in the hydrogenation of benzene in
the temperature range 280-350 °C, and also has high
selectivity to output cyclohexane and DMB [29].

Less expensive materials also were used for
hydrogenation ofbenzene in cyclohexane. In a particular,
it is shown that the amorphous nanoparticles of Ni-
Co-W-B received by restitution bord hydride of mix of
salts of a cobalt, nickel and a tungstate of sodium [30]
catalyze liquid-phase hydrogenation of benzene in the
ethanol environment at 40 atm of H, and 100 °C in the
steel autoclave when hashing.

Despite the existence of a wide range of known
catalysts, chemical technology and organic synthesis
are constantly in need of new, more efficient and
environmentally acceptable catalysts. There are needed
new approaches to solve the existing economic and
environmental problems associated with high energy
costs and environmental pollution in the development
and improvement of industrial processes of basic and
fine organic synthesis, as well as in petrochemistry, new
approaches are needed to solve the existing economic
and environmental problems associated with high
energy costs and environmental pollution.

The creation of catalysts modified with metals is an
effective way to change the properties of natural zeolite
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to change its activity and selectivity in refining processes.
Given the high cost of the developed catalysts, the
Kazakhstan market needs a competitive product with
lower costs from local raw materials. The technology
to create new, efficient, environmentally acceptable
catalysts is also in demand due to the need to solve the
problem of obtaining environmentally friendly gasoline
without harming the environment.

Conclusion

The review describes the most actively studied
hydrogenation catalysts in recent years, among which
metal-modified catalysts on various supports occupy
leading positions.

Currently, the search of hydrogenation catalysts,
deprived of deficiencies of sulphidised systems and
having a low cost, is focused on nickel systems. Nickel
catalysts are prone to rapid coking at elevated tempera-
tures, but carrying out the process at low temperatures
(150-250 °C) will lead to the dissolution of the nickel
phase in the oil refining products, since oxidized nickel
on the catalyst surface is not able to regenerate by
itself at such temperatures. The researchers are faced
with the task, on the one hand, of modifying the nickel
catalyst with various components in order to decrease
temperature of reduction of the nickel-containing
phase to the temperature of the target reaction. On the
other hand, it is required to stabilize the active nickel-
containing component on the carrier with special
approaches to the preparation of the catalyst and/or the
including of stabilizing additives to improve the thermal
stability of the catalyst. The main approach to achieve
these requirements is to modify the nickel systems
with the elements Cu, Mo, La, Co, Fe, B, P. At the same
time, the researchers focus on the use of stable catalyst
carriers or complete failure from them.
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KaTtasiusaTtopsl
yrjieBoJ0poJoB

AJId M[poneccoB TIUAPHUPOBAHUA

A.H. Aiityran?, C.K. Tanup6epreHoBa'?,
E. Tuney6epau'?, E.K Ourap6aes’?, 3.A. MancypoB'?

'Kasaxckuii HaroHa/JbHbIH YHHMBEPCHUTET HMeHH
Anb-®apabu, Anmatel, Kazaxcran
MHCcTUTYT npo6JieM ropenusi, Aaimatsl, Kazaxctan

AHHOTALUA

B cTraTbe mpuBOAUTCA 0630p JIMTEPATypbl MO OCHOB-
HBbIM TpyNIlaM KaTaJu3aTOpOB JJid TUJPUPOBAHUA
yTJeBOL0PO/I0B. B 0630pe paccMoTpeHbI HauboIEe AK-
THUBHO HM3y4YaeMble B IMOC/JIieJHHEe I'oJibl KaTaJu3aTOPbI
TUAPUPOBAHUA, K YUCIY KOTOPBIX OTHOCATCA MeTaJl-
JIN4eCKHue MOﬂH(l)HL[HpOBaHHbIe KaTaJIn3aTOpbl Ha
pa3HbIX HOCUTe/AX. PaccMOTpeHbl KaTaJM3aTOPbl I'M-
JIpUpOBaHUs TaKHe, KaK HUKeJleBble KaTaJIu3aTophl Ha
pa3HbIX HOCUTEJISAX, HUKeJb-XpOMOBBIM KaTa/iusaTop,
KaTa/M3aToOpbl Ha OCHOBE 06JIarOPOJHBIX METaJIJIOB,
B TOM YMCJe Manajui, maaTUHA, POAUN U PYTEHUH U
METOAbl WX NPUTrOTOBJIEHUS, CTPYKTYypa, KaTaJUTHU-
Yyeckasi aKTUBHOCTb U MeXaHU3M JelCcTBUs B IpolLec-
Cax TUJPUPOBAHUA HenpeesbHbIX U apOMaTUYECKUX
coefilMHeHUU. PaccmaTpuBaeTcd HCIOJIb30BaHUe pas-
HbIX KaTaJIM3aTOPOB [AJid IIOJIy4eHHEe 3KOJIOTUYEeCKHX
YUCTBIX MOTOPHBIX TOIIJIUB. YKa3zaHbl 0COGEHHOCTH
CBOMCTB KaTaJM3aTOPOB B 3aBHUCHUMOCTH OT croco6a
IPUTOTOBJIEHUS M cocTaBa. Ha ocHoBe aHa/iM3a cy-
I[eCTBYIOIMX KaTaJlu3aTOPOB TMAPHUPOBAHUSA HeIpe-
JleJIbHBIX U apOMaTH4YeCKUX YIJ1eBOA0POL0B IOKa3aHO
YTO XMMHUYECKasi TEXHOJIOTUS U OpraHUYeCcKUd CUHTEe3
HYX/aeTcsl B KOHKYPEHTOCIOCOOHBIM IPOAYKTE C
MeHbLIEH ce6eCTOMMOCTBIO U3 MECTHOTO ChIpbS, TaK XKe
BOCTpeGOBaHA TEXHOJIOTHS CO3/aHUsl HOBBIX, 3ddek-
THUBHBIX, 3KOJIOTHYECKH NPHEeMJIEMbIX KAaTa/JIWU3aTOPOB
3a cYeT He0OXOAMMOCThIO pellleHUs IPOo6JIeMBbI ITOJTyYe-
HUSA 3KOJIOTUYECKH YUCTOro GeH3uHa, 6e3 HaHeCeHUs
BpeJia OKpy:xarlei cpeze. [loctaBieHsl 3afa4u nepej
uccijaeanoBartesieM HeO6XOﬂI/IMOCTI/I HOBBIX IMOAXOA0B K
pelleHHI0 CYIIeCTBYIOLINX 3KOHOMHUYECKHX U 3KOJIO-
IrMYecKUX Npo6JsieM, CBS3aHHBIX C OOJIBLIMMH 3Hep-
reTUYeCKMMH 3aTpaTaM{ U 3arpsi3sHEHUEM OKpY:Kalo-
el cpefbl.

Kalouesvle csn08a: KaTaan3aToOpbl, HAaHOXUMHsS, T'H-
JIpMpOBaHUe, yI1eBOL0PO/bl, HepTenepepaboTKa.

KemMipcyTekTepai ruapsey mnpounecciHe apHa/IFaH
KaTaJi3aTopJiap

A.H. Aiityran', C.K. Tanup6eprenosa'?, E. Tiney6epai'?,
E.K Ourap6aeB'?, 3.A. MaHcypoB'?

19s1-Papabu ateiHgarbl Kasak YJTTbIK YHUBEPCUTETI,
Anmartsl, KazaxcTaH
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“Kany Ilpo6semanapbl MHcTuTyThl, AnMaTthl, Kazax-
CTaH

AHHOTALUA

Makasiafga KeMipcyTeKTepAi rujpJeyre apHajJfaH Ka-
TaJIU3aTOPJIAPAbIH, HeTri3ri TonTapbl OOWBIHINIA 9/1e0H-
eTTik moJsy KesTipisreH. COHFBI KblL1apaa 6GesceH/i
3epTTe/IreH THUJpJiey KaTajJu3aTopJsapblH, aTam au-
TKaHZa op TYpJi KOHZBIPFBIIITAPFA OTBIPFBI3bLIFaH
MoAUPULIMPJIEHTEeH MeTalJl KaTaJlu3aTopJ/iaphbl LIO0JY-
Jla KapacTbIpbLIFaH. Op TYpJi KOHZbIPFbILUTAPFA OThI-
PFBI3BLIFAH HUKeJIb KaTaJu3aTopJapbl, HUKEJIb-XpPOM
KaTaJI3aToPhl, acblJl MeTa/UIAp Heri3iHJeri KaTaau-
3aTopJiap, COHbIH iWiHAe Nasajui, MJaTHHA, POJAUH,
PYTEHUN CHUAKTBl TUJpPJIEY KaTaJu3aTopJiapbl >XKoHeE
oJlapAbl AaWbIHAAY KOJAAPbl, KYPblJIbIMbl, KaTaJUTU-
KaJ/IbIK, aKTUBTLJIII K9He KaHbIKNaFaH »XoHe apoMar-
Tbl KOMIPCYTEKTepPAi TUAPJIEY YPAICIHIETI 9peKeT eTy
MeXaHU3Mi IIoJyJa KeJTipireH. JKOJOTUAJBIK Ta3a

MOTOp OTBIHJAPBIH aJlyFa apHa/IfaH ap TypJii KaTa-
JIU3aTOpJap/blH MNakJasaHybl KapacTblpbliFaH. Ka-
Ta/JIM3aTOpP KAaCUeTTepiHiH OHbl JaWblHJAAY 9Aici MeH
KypaMblHa ToyeJainiri kepcetiireH. KoJsjaHblCTaFbl
KaHbIKIaFaH XK9He apoMaTTbl KeMipcyTeKTepAi rujp-
Jley KaTa/Ju3aTopJapblH TajlJay HeridiHje XMUMUAJDIK,
TEXHOJIOTUA MeH OpraHUKaJblK CUHTe3 KopluaFaH Op-
Tara 3USHBIH TUTi36€HTiH, 3KOJOTUAJIBIK Ta3a 6€H3UH-
Ji any KaKeTTijliriHe 6aiaHbICTHI aHa, 3G PeKTUBTI
>KoHE 3KOJIOTUAJIBIK TYPFbIAA TUIMAI KaTaJU3aToOp Ka-
call IIbIFAPY TEXHOJIOTUSACHI MeH Oacekere KabiseTTi,
©3IH/iK KYHbl TOMEH KepPTi/JiKTi I1Ki3aTTaH KacalfaH
OHIMIe MYKTaXX eKeH/iri KkepceTijreH. 3epTreyui aj-
JbIHA YJIKEH 3Heprud WbIFbIHAaPbIMEH K9He KOopILIaFaH
OpTaHbIH JJACTaHYbIMEH 6aNJIaHbICThI Ka3ipri 9KOHOMU-
KaJIbIK, YK9HEe 3KOJIOTHUSJIBIK MPo6/eMaiap/ibl MEeNy/IiH
»KaHa TACUIepiH »kacay MiHAETi KOUbLJIFaH.

Tytlin ce3dep: xaTaau3aTopsap, HAHOXUMHUSA, TUAPJIEY,
KeMipCyTeKTep, MYHall eH/Jley.



