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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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HYDROPROCESSING OF PETROLEUM FRACTIONS
OVER MODIFIED ALUMINIUM OXIDE CATALYSTS

Abstract. The hydro processing of gasoline and diesel oil fractions over aluminum-nickel-molybdenum
catalysts modified by additives HY, ZSM-5, phosphorus and rare earth elements were studied. At the hydro
processing of straight-run gasoline over NiO-MoOs- Ce,03-P,0s—ZSM(30%)-A103 the content of isoalkanes
increases in comparison with the initial from 26.3 to 35.7- 38.3% at 320-400°C. The octane number of refined
gasoline at 400°C is 83.7 (RON) and 69.7 (MON). The sulfur content decreases from 0.037% (initial gasoline) to
0.0022%.

At hydro processing of straight-run gasoline over NiO-Mo0O;-La,03-P,05-ZSM-ALO3 in the range of 320-
400 °C the content of isoalkanes is 30.7- 44.3%. The octane number of refined gasoline at 400°C is maximum and is
equal to 91.8 (RON) and 72.4 (MON). Under these conditions the sulfur content decreases from 0.0092% to
0.0028%.

The optimal conditions for the hydro processing of straight-run gasoline were revealed: T=400°C, V=2 h,
P = 4.0MPa. The catalyst NiO-Mo003-La,03-P,05-ZSM-HY-Al,0Os has the highest hydro desulfurizing activity, the
residual sulfur content at 400°C is 0.0012%.

The catalyst NiO-Mo0O3-La,03-P,05-ZSM-AL,O3 has the highest hydro desulfurizing activity. At hydro
processing of straight-run diesel fraction on this catalyst under optimal conditions the sulfur content decreases from
0.6400 % to 0.0740 % and during hydro processing of a straight-run diesel fraction with a higher sulfur content
0.8042% - up to 0.053%, which, apparently, is associated with the presence in the feedstock of various types of
organosulfur compounds. The lowest pour point and cloud point under optimal conditions reaches minus 39.6°C and
minus 30.5°C respectively.

Thus, developed modified zeolite-containing catalysts for the hydro processing of gasoline and diesel fractions
carry out hydro processing, hydro isomerization and hydrogenation in one stage. The developed catalysts make
possible to obtain high-octane low-sulfur gasoline and low-solidification low-sulfur diesel fuel.

Key words: catalyst, straight-run gasoline, diesel oil fraction, zeolite, hydro processing.

Introduction. Currently, most petrochemical processes are carried out using catalysts. Further
intensification of production depends on the creation of new, more active and selective catalysts. The
development of new generations of catalysts for the processing of hydrocarbon raw materials is necessary
for the creation of new efficient technologies in this area.

To obtain high-quality motor fuels from sulfurous, paraffinic oils, catalytic hydro processing
processes are used: hydro processing, hydro isomerization and hydrogenation. As a result of hydro
processing, sulfur, nitrogen compounds, unsaturated hydrocarbons are removed, thermal stability is
increased, the corrosiveness of fuels is reduced, the formation of deposits during storage is reduced, and
the color and smell of motor fuel are improved. Currently, there is a tendency to tighten requirements for
the composition of motor fuels, the insufficiently high quality of which is one of the causes of
environmental pollution, therefore, the main attention of many oil refineries is focused on increasing the
depth of hydro desulfurization. In this regard, for the production of high-quality motor fuels at the present
stage, the catalytic processes of deep hydro processing of oil fractions are of great importance [1-10].
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Recently, in connection with the involvement of high-sulfur oil in the refining and the deepening of
its refining, the requirements for the catalysts for the hydro processing of gasoline and diesel fractions of
oil have increased. In the global production of motor fuels, there is a constant tendency to tighten their
environmental characteristics. To increase the volume of production of petroleum products, expand their
range and improve quality, changes in the existing technology of oil refining using highly efficient
catalysts are required. In this regard, the creation of new highly efficient catalysts for the hydro processing
of low-octane gasolines and diesel fractions is very important [11 - 21].

In this paper presents the results of hydro processing of gasoline and diesel oil fractions over
new aluminum-nickel-molybdenum catalysts, modified with additives ZSM-5, HY, phosphorus and rare
earth elements (REE).

Experimental part. New modified zeolite-containing alumina catalysts modified by the introduction
of metals with variable valence and phosphorus were developed and prepared: NiO-MoO3-Ce,03-P2Os—
ZSM(20%)—A1203, NiO-MOO3—C€203-PzOs—ZSM(30%)—AIQO3, NiO—MOO3—L3203—P205—ZSM—HY-A1203
and NiO-Mo0O;-La;03-P,05-ZSM-AL,Os. The catalysts were prepared by impregnating a mixture of
aluminum hydroxide with zeolites ZSM-5, HY and aqueous soluble salts of nickel, molybdenum,
tungsten, cerium, lanthanum and phosphoric acid. After impregnation, the catalyst samples were molded
and dried at 150°C for 5 hours, then calcined at 550°C for 5 hours. Using the synthesized modified
zeolite-containing catalysts, a study of the hydro processing of gasoline and diesel oil fractions was carried
out. The process was carried out in a high-pressure flow-through installation with a fixed catalyst layer at
varying of temperature 320-400°C, pressure of 2.5-4.0MPa and space velocity 1.0-3.0 h™'.

The hydrocarbon composition of the reaction products was analyzed on chromatographs «Chromatek-
Cristally. The analysis of sulfur content in the feedstock and products was carried out in LLP «OilSert
International» (Almaty). Determination of the pour point and cloud point were carried out on a «LAZ M2»
device.

Results and discussion. On synthesized new modified zeolite-containing alumina catalysts the study
of the hydro processing of straight-run gasoline and diesel fractions of oil was carried out.

At hydro processing of straight-run gasoline over NiO-MoO3-Ce;03-P205-ZSM(20%)-Al,0sas the
temperature increases to 350°C isoalkane content increases from 26.3 to 32.8 % (table 1). The content of
naphthenic hydrocarbons in the catalysis ranges from 22.5 to 31.8 %, olefins - 3.3-4.0 %. The yield of the
liquid phase with an increase in temperature from 320 to 400 °C varies from 92.5 to 70.0%. The octane
number of gasoline refined at 400 °C is 85.6 (RON). Under these conditions the sulfur content in the final
product decreases from 0.037% (initial gasoline) to 0.0120 at 350 °C and up to 0.0102% at up to 400 °C.

Table 1 - Influence of temperature on the conversion of gasoline
over NiO-MoO3-Ce203-P205-ZSM(20%)-Al203at V=2 h ! | P = 4.0 MPa

Products, % T,°C

Initial 320 350 380 400
Paraffins Cs -Cs 334 31.2 25.9 252 25.7
Iso-alkanes 26.3 26.1 32.8 31.9 22.1
Olefins 3.7 3.6 4.0 3.4 3.3
Aromatic hydrocarbons 5.6 7.3 11.8 17.0 19.3
Naphthenic hydrocarbons 31.0 31.8 25.5 22.5 29.6
Yield of liquid phase,% - 92.5 80.0 70.0 70.0
Sulfur content,% 0.0375 0.0230 0.0120 0.0110 0.0102
Octane number(RON) 77.7 82.2 79.2 82.0 85.6
Octane number (MON) 53.8 60.9 62.5 66.1 63.9

Table 2 shows the results obtained in the hydro processing of the gasoline fraction on the NiO-MoOs-
Ce,0;-P,05-ZSM(30%)-Al,0;. At hydro processing of straight-run gasoline at 320°C isoalkane content
increases from 26.3 to 38.3%. As the temperature increases to 400°C isoalkane content decreases to
35.7 %. At varying the temperature in the range 320-400°C the yield of aromatic hydrocarbons varies from
12.6 to 19.6 % and naphthenic hydrocarbons decreases from 26.5 to 21.8 %. The amount of olefins ranges
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from 3.7 to 4.2 %. The yield of the liquid phase with an increase in temperature from 320 to 400°C varies
from 70.0 to 50.0%. The octane number of gasoline at 400 °C is 83.7 (RON) and 69.7 (MON). The sulfur
content in the final product decreases from 0.037% (initial gasoline) to 0.0022%.

Table 2 - Influence of temperature on the conversion of gasoline
on NiO-Mo03-Ce203-P205-ZSM(30%)-Al203 at V=2 h "', P = 4.0 MPa

Products , % T,°C

Initial 320 350 380 400
Paraffins Cs-Cs 334 18.9 19.6 19.2 19.1
Iso-alkanes 26.3 38.3 37.8 36.7 35,7
Olefins 3.7 3.7 4.2 3.7 3.9
Aromatic hydrocarbons 5.6 12.6 12.6 18.1 19.5
Naphthenic hydrocarbons 31.0 26.5 25.8 22.3 21.8
Yield of liquid phase,% 70.0 65.0 57.5 50.0
Sulfur content,% 0.037 0.0125 0.0110 0.0091 0.0022
Octane number (RON) 77.7 79.6 81.5 82.7 83.7
Octane number (MON) 53.8 64.8 65.8 67.4 69.7

At hydro processing of straight-run gasoline at catalyst NiO-MoO;3-La;03-P20s-ZSM-HY-ALO; at
320°C the content of isoalkanes increases as compared with the feedstock from 32.6 to
41.9%. However, with increasing temperature from 320 to 400°C contents of isoalkanes and naphthenic
hydrocarbons reduced from 41.9 to 34.2% and from 26.3 to 22.3% respectively. The amount of aromatic
hydrocarbons increases from 7.3 to 20.9 %, the content of olefins in the catalyzate is 3.6-3.9 %. Yield of
the liquid phase as the temperature increases from 320 to 400°C is changed from 85.0 to 55.0%.The
octane number of refined gasoline increases with temperature in the range of 320-400°C: from 81.9 to
87.0 (RON) and from 63.2 to 68.9 (MON), while the sulfur content decreased from 0.0375 to 0.0012%.

At hydro processing of straight-run gasoline over NiO-MoQO;-La;03-P,0s5-ZSM-ALOsz at  320°C
isoalkane content increased from initial of 36.8 to 44.3% (table 3). When the temperature rises to 400°C is
reduced and isoalkanes content equal to 30.7 %. When the temperature rises in the range 320-400°C the
yield of aromatic hydrocarbons varies from 10.4 to 28.3 %, naphthenic hydrocarbons is increased from
20.3 to 30.3 %. The amount of olefins depends little on the process temperature and is 4.3 - 5.8 %. The
yield of the liquid phase with an increase in temperature from 320 to 400°C decreases from 74.8 to
55.4%. The octane number of gasoline at 400°C is maximum and is equal to 91.8 (RON)and
72.4 (MON). Under these conditions the sulfur content decreases from 0.0092% to 0.0028%.

Table 3 - Influence of temperature on the process of hydro processing
of straight-run gasoline on the catalyst NiO-MoO3-La203-P20s5-ZSM-AL:O3at V=2 h !, P = 4.0 MPa

Products , % T,°C

Initial 320 350 380 400
Paraffins Cs-C ¢ 27.3 20.7 10.0 8.5 5.0
Iso-alkanes 36.8 44.3 32.4 32.6 30.7
Olefins 4.8 4,3 5.4 5.6 5.8
Aromatic hydrocarbons 9.2 10.4 18.7 24.8 28.3
Naphthenic hydrocarbons 21.9 20.3 33.4 28.5 30.3
Yield of liquid phase 74.8 65.7 59.0 55.4
Octane number (RON) 78.9 84.3 89.8 90.0 91.8
Octane number (MON) 60.9 70.4 69.2 71.8 72.4
Mass fraction of sulfur,% 0.0092 0.0036 0.0033 0.0030 0.0028

The study of the effect of pressure on the process of hydro processing of straight-run gasoline over
NiO-Mo00s3-La;03-P,05-ZSM-Al,03 showed that with an increase in pressure in the range of 2.5-4.0 MPa
the maximum amount of isoalkanes observed at P=2.5 MPa and equal to 34.9% (table 4). With a further
increase in pressure, their yield decreases to 30.7% at 4MPa, while the concentration of naphthenic
hydrocarbons increases from 22.9 to 30.3%. The concentration of aromatic and olefinic hydrocarbons
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depends little on pressure and ranges from 27.3-29.7% and 4.6-5.8% respectively. The octane number
of gasoline refined at 4.0 MPais 91.8 (RON) and 72.4 (MON). The sulfur content decreases from
0.0092% (initial gasoline) to 0.0028% at 4.0 MPa.

Table 4 - Influence of pressure on the process of hydro processing of straight-run gasoline
on the catalyst NiO-Mo00O3-La203-P205-ZSM-ALO3 at 400°C and 2 h'!

Products , % P, MPa

Initial 2.5 3.0 3.5 4.0
Paraffins Cs-C 6 27.3 7.9 6.0 4.0 5.0
Iso-alkanes 36.8 34.9 343 30.6 30.7
Olefins 4.8 4.6 5.3 5.0 5.8
Aromatic hydrocarbons 9.2 29.7 27.3 28.4 28.3
Naphthenic hydro carb. 21.9 22.9 27.1 32.0 30.3
Liquid phase yield 52.0 50.4 53.2 554
Octane number (RON) 78.9 89.6 88.3 88.9 91.8
Octane number (MON) 60.9 72.9 71.8 70.1 72.4
Mass fraction of sulfur,% 0.0092 0.0047 0.0035 0.0033 0.0028

At hydro processing of straight-run gasoline fraction to the catalyst NiO-MoO3-La;03-P,0s-ZSM-
ALO; when changing the space velocity from 1.0 to 3,0 h "'contents isoalkanes in catalyzate equals 30.1 -
30.7% (table 5). The amount of aromatic and naphthenic hydrocarbons in the resulting product also
changes little with a change in the volumetric feed rate. The yield of olefinic hydrocarbons ranges from
4.9 to 5.8%. The octane number of the resulting gasoline increases compared to the original (78.9) to 90.9-
91.8 (RON), the residual sulfur content decreases compared to the feedstock from 0.0092 to 0.0036.

Table 5 - Influence of the volumetric velocity of raw material
on the process of hydro processing of straight-run gasoline
on the catalyst NiO-MoO3-La203-P205-ZSM-AL203 at 400°C and 4.0 MPa

Products , % V,h'!
Initial 1.0 1.5 2.0 3.0

Paraffins C5-C 28.0 5.0 4.9 5.0 4.1
Iso-alkanes 35.5 30.6 30.2 30.7 30.1
Olefins 4.8 4.9 5.4 5.8 5.2
Aromatic hydrocarbons 8.1 31.6 30.6 28.3 29.7
Naphthenic hydrocarbons 23.6 27.8 28.9 30.3 30.8
Liquid phase yield 50.1 48.0 55.4 43.0
Octane number (RON) 78.9 89.0 90.9 91.8 90.7
Octane number (MON) 60.6 71.3 70,7 72.4 72.1
Mass fraction of sulfur,% 0.0092 - 0.0019 0.0028 0.0036

Analysis of the obtained results shows that under optimal conditions during the processing of straight-
run gasoline fraction, the highest octane number is characteristic of the catalyst NiO-MoQO;3-La,03-P,0:s-
ZSM-AL0;: 91.8 (RON). The catalyst NiO-MoQs3-La,03-P,0s-ZSM-HY-Al,0O3 has the highest hydro
desulfurizing activity, the residual sulfur content at 400 °C is 0.0012%.

Thus, modified zeolite-containing catalysts for the hydro processing of gasoline fractions have been
developed and synthesized, which carry out hydro processing, hydro isomerization and hydrogenation in
one stage. The developed catalysts make it possible to obtain high-octane low-sulfur gasoline.

Tests of the catalyst NiO-Mo0O3-Ce03-P.0s—ZSM(30%)-Al,03 were carried outin the process of
hydro processing of the diesel fraction of o0il % (table 6). The pour point of the diesel fraction after hydro
processing at 320°C and 4.0 MPa decreased from minus 18.3 to minus 35.9°C. By increasing the
temperature to 400°C, pour point is reduced to minus 58.9 °C. The cloud point in these conditions falls
from minus 11.3 to minus 30.7 - 57.7 °C. Yield of hydro finished diesel fuel is 90.0 -100.0 %. The sulfur
content is reduced in comparison with the original diesel fraction from 0.560 0 % to 0.0536%.
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Table 6 — Hydro processing of the diesel fraction over NiO-Mo003-Ce203-P205—ZSM(30%)-A1203A1203

The main parameters of the process Sulfur content,% Pour point, °C Cloud point, °C Yield, %
Initial diesel fraction 0.560 0 -18.3 -11.3
Process temperature, °C 320 - -35.9 -30.7 100
350 - -51.3 -51.0 92.5
380 - -54.9 -48.1 91.0
400 0.0536 -58.9 -57.7 90.0

During hydro processing of straight-run diesel fraction on the catalyst NiO-MoOs-La;03-P,0s-ZSM-
AlLO; with a sulfur content of 0.6400%, the pour point decreases from minus 13.6 to minus 39.6 °C, the
cloud point temperature under these conditions varies from minus 12.4 to minus 30.5 °C. The yield of
hydro finished diesel fuel is 92.0-97.5%. Under optimal conditions (400 °C, 2 h~', 4.0 MPa) the sulfur
content decreases from 0.6400% in the initial fraction to 0.0740 (table 7). During the hydro processing of
the diesel fraction of oil with a higher sulfur content (0.8042%) on the catalyst NiO-MoO3-La;03-P,0s-
ZSM-AL,Os in the range 320-400 °C, the sulfur content decreases from 0.8042% in the original fraction to
0.0530% at 400°C.

Table 7- Hydro processing of straight-run diesel oil fraction on the NiO-Mo00O3-La203-P205-ZSM-ALO3

Process temperature, °C Cloud point, °C Pour point, °C Yield, % Mass fraction of sulfur,%
Initial diesel fraction -12.4 -13.6 0.6400
320 -24.1 -31.2 97.5 0.1900
350 -30.5 -35.4 95.8 0.1200
380 -33.0 -33.5 94.5 0.0760
400 -30.5 -39.6 92.0 0.0740

It should be noted that with the weighting of the fractional composition of the processed raw materials
the proportion of hard-to-remove sulfur compounds increases. As a result, the higher activity of catalysts
in the hydro desulfurization of the gasoline fraction compared to the diesel fraction is due to the
predominance of mercaptans, disulfides of the gasoline fraction of oil, while in the diesel fraction sulfur is
mainly found in the form of sulfides, thiophenes and benzothiophenes. In connection with the tightening
of the permissible sulfur content in diesel fuel, the main attention of many oil refineries is focused on
increasing the depth of hydro desulfurization. To obtain low-sulfur, environmentally friendly diesel fuel,
technologies and catalysts for deep hydro desulfurizationare being developed to remove sulfur atoms
contained in complex hydrocarbon molecules. When switching to the Euro-5 standard for sulfur content
from 50 to 10 ppm, processing of low-reactive polyalkyldibenzothiophene is required [22-24].

Table 8 shows the results obtained in the study of the effect of pressure on the process of hydro
processing of diesel oil fraction on the catalyst NiO-Mo0Os-La,03-P,0s-ZSM-Al,Os. With an increase in
pressure from 3.0 to 4.0 MPa, the pour point changes from minus 30.2 to minus 38.2°C, the cloud point -
from minus 29.1 to minus 37.9°C, the sulfur content decreases compared to initial from 0.6400 to
0.0530%. With increasing pressure the yield of the target product practically does not change.

Table 8 - Influence of pressure on the process of hydro processing
of a diesel fraction of oil on the catalyst NiO-MoOs-La203-P20s5-ZSM-Al>03

Pressure, MPa Cloud point, °C Pour point, °C Yield, % Mass fraction of sulfur,%
Initial diesel fraction -12.4 -13.6 0.6400
3.0 -29.1 -30.2 95.0 0.1300
3.5 -28.3 -28.9 97.5 0.0980
4.0 -37.9 -38.2 94.2 0.0530

By increasing the space velocity of from 1.0 to 3.0 h ' at hydro processing of diesel fraction over
catalyst NiO-Mo00Oj3-La,03-P,05-ZSM-AL, O3 the cloud point decreases from minus 39.3 °C to minus
28.4 °C, a pour point also decreases from minus 39.6 °C to minus 28.7 °C. The yield of hydro finished fuel
ranges from 94.2 to 97.1%. With a decrease in the space velocity of the feedstock, a decrease in the
amount of residual sulfur is observed (table 9).
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Table 9 - Influence of the space velocity on the process of hydro processing of the diesel fraction
of oil on the catalyst NiO-M003-La203-P205-ZSM-AL203

Space velocity, h ! Cloud point, °C Pour point, °C Yield, % Mass fraction of sulfur,%
Initial diesel fraction -12.4 -13.6 0.6400
1.0 -39.3 -39.6 97.1 0.0510
2.0 -37.9 -38.2 94.2 0.0530
3.0 -28.4 -28.7 95.2 0.1200

Comparison of results shows that the catalyst NiO-MoQ;-La;03-P,05-ZSM-Al,O; has the highest
hydro desulfurizing activity. When a straight-run diesel fraction is hydro processed on this catalyst under
optimal conditions (400°C, 2 h™', 4.0 MPa) the sulfur content decreases from 0.640% to 0.074%.When a
straight-run diesel fraction with a higher sulfur content 0.8042% is hydro processed - up to 0.053%, which
is due to the presence of various types of organosulfur compounds in the feedstock. The lowest pour point
and cloud point under optimal conditions is observed during hydro processing of diesel fractions over
NiO-Mo0;-La,03-P,05-ZSM-Al,0; and reaches minus 39.6°C and minus 30.5°C respectively

Earlier, we found that when processing gasoline and diesel fractions on polyfunctional catalysts with
dehydrogenating, hydrogenating and acidic capabilities, the n- alkane dehydrates first on the metal centers
of the catalyst, the formed olefin on the acid center turns into a carbonium ion, which is
easily isomerized [25, 26].

The results obtained when testing catalysts in the process of hydro processing of diesel oil fractions
show that the greatest decrease in the pour point and cloud point occurs at a temperature of 380 -
400 °C. During the hydro processing of diesel and gasoline fractions, the lowest residual sulfur content is
observed at a temperature of 400 °C. The studied catalysts make it possible to obtain winter grades of
diesel fuels with a low sulfur content.

Thus, in the study of the process of hydro processing of straight-run gasoline and diesel fractions on
modified alumina catalysts NiO-MoO;- Ce,03-P,0s—ZSM (20,0%)-Al,03,NiO-M003-Ce,03-P,0s—ZSM
(30,0%) —A1203, NiO—M003—La203—P205—ZSM—HY—A1203 andNiO—MoO3—La203—P205—ZSM—Ale3, it
was found that the developed and synthesized catalysts have polyfunctional properties and in one stage
they carry out hydro processing, hydro isomerization to obtain low-sulfur low-solidifying diesel fuel and
low-sulfur high-octane gasoline.

Source of research funding: The work was carried out according to the scientific and technical
program: NeBR 05236739 "Creation of the foundations for the production of oil and gas processing
products based on domestic technologies".

B.T. TykTun, JI.b. lllanoBanosa, K.O. Eaeycin, A.3. Adonabmar:kanos, A.7K. Kybamesa

«J1.B. Cokonbckuit aTbIHAAFE JKaHapMaii, KaTamu3
JKoHE deKkTpoxuMust HHCTUTYTE AK, Anmartel, Kazakcran

MOIANPUIAPIEHTEH ATIOMOOKCHATI KATAJIM3ATOPJIAPJIA
MYHAU ®PAKIUAJIAPBIH THAPOOHIAEY

Annotanusi. ZSM-5, docdop xone CXKD kocnamapsiMeH MojuduKalMsiIaHFaH aTOMOHHKEIMOIUOAEeH
MoubUKAIMsIIaHFAH KaTalu3aTopiapblHIa OCH3UH/L JKOHE JM3EIbAI MyHail (QpakKiUsuIapblH THAPOOHICY MPOLECi
seprrenmi. 320-400°C temmeparypana, 3,0-4,0 MIla KbIchIMAa XKOHE IIHKIi3aTTHI OEpPYHiH KOIIEM >KbUIIAMIBIFBI
1-3 car’! kesiHme KaTanu3aTOPABIH CTALMOHAPIBIK Ka0aThl 0ap >KOFAaphl KBICHIMABI arbIHOBI KOHIBIPFBIIA Typa
aiimanrad OCH3MH MEH MYHaWIBIH TU3ENb/II PpaKIUsUIapbIH THAPOOHCY IPOLECTEPi KapaCTHIPBLUIIBI.

NiO-Mo0O;-Ce,03-P,05-ZSM(20%)-Al,03 katanuzaTtopslHAa Typa aifanraH OCH3WHAI THUAPOOHILY Ke3iHae
temneparypanbiy, 320-nan 400 °C-ka neiiin ecyi apkpuibl CyHBIK (asaHbiH WBFbIMBL 92,5-Ten 70,0%-Fa meiin
osrepei. 400°C-ta xaKcapTblIFaH OCH3MHHIH OKTaH caHbl 85,6 (3.0.) Kypaiinsl. COHFBI OHIMIETI KYKIPT Memuepi
0,037%-nan (6acranksl 6ensun) xone 400°C-ka, 0,0102%-ra neifin ToMeHaEH .

NiO-Mo0;-Ce,03-P,05—ZSM(30%)-Al,Oskatann3zaTtopsigaa Typa aiganFaH OeH3WHAI TUAPOeHJAEY Ke3iHae
320-400°C Temneparypana U30alKaHAAPALIH KypaMbl OacTanksl 26,3-ten 35,7-38,3%-ra neiiin aprangsl. Temmepa-
Typanbiy 320-nan 400°C-ka neifin ecyi Gapeichinga cyibiK (hazanbil meFBMEL 70,0-1eH 50,0%-Fa neiin esrepesi.
400°C »kaKcapTbUIFaH OeH3HMHHIH OKTaH caHbl 83,7 (3.0.) xoHe 69,7 (M.O.) kypaiiasl. Ochl xaFnaiinapaa GeH3uH
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(pakuusIChIH THAPOOHJIEY Ke3iHAe COHFbI eHimueri Kykipt memmepi 0,037%-nan (6acrankel Oensun) 0,0022%-ra
JIeiH TOMEHAEHII.

NiO-Mo00s-Lay0;-P,05-ZSM-HY-ALO; karanmsartopslHga Typa aiijanrad OeH3uHAlI ruapoenzeyae 320°C
TEMIIEpaTypaja aJblHFaH KaTaJlu3aTTarbl HW30aJIKaHIapAblH Menmepi 6aCTaHKI)I IJ_II/lKi3aTHeH CaJIbICTBIpFraHia
32,6-nan 41,9%-ra neitin ecemi. 400°C kesinme wu30anKaHAApABIH Kypambl 34,2%-Fa Aelin TeMeHmeimi.
Temneparypanb 320-man 400°C-xa gaeifin ecyi HerisziHme cyibIK (a3aHblH IIBIFYEL 85,0-meH 55,0%-Fa meiin
esrepeni. TasapTbuiran GeH3WHHIH OKTaHIBIK caHbl 320-400°C apanbiFbiHa apTajbl: 3epTTEY 9/ici GOMHbIHIIA
81,9-nan 87,0-re neiiin xoHe MOTOp omici OoiibHma 63,2-meH 68,9-Fa neifiH, KykiprTiH Kypambel 0,0375-TeH
0,0012%-ra neiiiH TOMEHIE/I].

NiO-Mo0Os-La;03-P,05-ZSM-AL,O; kaTanu3aTopblHIa Typa aijganraH OeH3WHOI TuapoeHaey kesinge 320-
400°C wnrepBanbiHaa uzoankan memmepi 30,7-44,3% kypainel. Temneparypansin 400°C-ka mefiin ecyi apKbLbI
M30aJIKaH Moymepi ToMeHaehm xone 30,7%-ra Ten Gomamel. Temmeparypanbie 320-man 400°C-xa neitin ocyi
apKBUIBI CYWBIK (pa3aHbIH MBFBIMEL 74,8-1€H 55,4% -Fa neitin azasnsl. 400°C GeH3MHHIH OKTaH CaHbI MAKCHMAJIIBI
91,8 (3.9.) xone 72,4 (M.O.). by xarnaiina ansinrad Oex3ungeri kykipt memnurepi 0,0092%-nan 0,0028%-ra neitin
TOMEHICH/TI.

NiO-Mo0s3-La;03-P,05-ZSM-AL,O3 katanu3aropsl HeriziHAe Typa aijanraH O€H3MHII THAPOOHJEY NpoLeciHe
HIKMKi3aT Oepy/IiH KBICBIMBI MEH KOJEMIIIK KbUIIaMIBIFBIHBIH dcepi 3eprreiiai. Typa aiinanran OCH3UH (QpPaKIUSICHIH
TUIPOSHJICY YIIIH KeJeCi OHTAWMIBI XKaFaaiiap aHBIKTAJIbL: 400°C,V=2 car’', P=4,0 MIla. Ex JKOFapbl OKTAaHJBIK
ca NiO-MoOs-La;03-P,05-ZSM-A1,O3 katanu3atopbiHa TOH eKeHMIr aHbIKTanabel: 91,8(3.9.). NiO-Mo0Os3-La,0s-
P,05-ZSM-HY-Al,O; KaTanu3aTophl KOFapsl THAPOAECYIb(GypusanusIsl Oencenai 6ombim keemi, 400°C kykipTTig
kanabelK Memmiepi 0,0012% xypaiasr.

NiO—MOO3—LazO3—P205-ZSM—A1203 JKOHE NiO—MOO3—C€203-P205—ZSM(30%)-A1203 KaTtajim3aTopJIapblH
KYKIPTTIH 9pTYpIi Meuuiepi 6ap MyHaibIH qu3esbai (pakuusuiapblH THIPOOHEY IPOLECIHAE ChIHAY KYMBICTaphl
KYPri3imi.

Hotmxesnepai canbicThipy KyMbICTapbl kepcerkeHaeii, NiO-MoOs-La,03-P,0s-ZSM-A1,03; karanu3atopbl eH
JKOFapbl THApoaecyIbpypusalusisl oenacenmi. OHraiinel sxarmaiinapaa (400 °C, 2 car’!, 4,0 MIla) ochl karanu-
3aropia Typa aijairaH au3eib (GPaKIUAChIH THIPOOHICY Ke3inae Kykipt memepi 0,6400%-man 0,0740%-ra neiiin
TOMEH/ICH I, aJl KYKIpT MOJIIIepi KOFaphl Typa aijanraH au3eib (QpakiuschiH ruapoenaey kesinme 0,8042%-man
0,053%-ra nmeitin TeMeHneH i, mamacsl, Oy 6acTanKpl MIMKI3aTTa KYKIPTTI OpraHUKaJIBIK KOCBUIBICTap/bIH alyaH
TypiepiHe OaiaHbICTBI OONMybl MYMKiH. OHTAWIBI KaFmaiiapia KaTy >KOHE JalIaHyIblH €H TOMEHI1 TeMIiepa-
typacel NiO-Mo00O3-La;03-P,05-ZSM-AL,O; kaTanu3aTopblHIa au3eib (QpakIsUIapbIHBIH —THAPOXKAK-CapFaHbI
Galikamamsl JkoHe colikecinme munyc 39,6°C xome munyc 30,5°C xereni.

Ocpuraiiima 0ip yakpITTa THAPOTAa3apTy, THAPOU3OMEPHU3AIHS JKOHE THAPOM30MEpIIEY KYPri3eTiH OCH3MH MEH
IU3eNb (paKkuusUIapblH THAPOOHICHTIH MOTUGUIMPIICH LEONUTTI KaTalu3aTopiaphl >kacanabl. JlaeHmamraH
KaTalu3aTopiiap JKOFapbl OKTaH[bl, a3 KYKIPTTI OSH3MH KOHE TOMEH TeMIlepaTypaja KaTaThlH a3 KYKIpTTi Au3enb
OTBIHBIH aJIyFa MyMKIHJIK Oepeti.

Tyiiin ce3nep: kaTanu3aTop, Typa ailianran OSH3HMH, TU3eIbII MyHal (paKIUsICH, [EONUT, THAPOOHILY.

B.T. TykTun, JL.b. lllanoBanosa, K.O. Eneycun, A.3. Adbuiabmar:kanon, A.JK. KyGamesa
AQO "HHcruTyT TomnBa, Katanusa u anekrpoxumuu uM. JI.B. Cokonbckoro", Anmatel, Kazaxcran

TUJIPOITEPEPABOTKA HE®TSIHBIX ®PAKIIUI
HA MOANO®UIINPOBAHHBIX ATIOMOOKCH/IHBIX KATAJIN3ATOPAX

AnHoTanusi. M3yden mpouecc ruapornepepaboTku OEH3MHOBOM W JIu3enbHBIX (pakuuii HedTH Ha
MOAN(PUIMPOBAHHBIX  ATFOMOHHMKEIBMOIMOCHOBBIX KaTaau3aTopax, MOIU(PHUIIMPOBAHHBIX Io00aBkamMu ZSM-5,
dbocdopa u P33. HcciaenoBanue MpoIECCOB THAPOINEPEPadOTKHA MPSIMOIOHHOTO OCH3WHA M JU3EIbHOHN (pakuuit
He()TH TPOBOJAMIOCH B MPOTOYHOW YCTaHOBKE BBICOKOTO JABJICHUSI CO CTAllMOHAPHBIM CJOEM KaTajau3aropa Ipu
temneparypax 320-400°C, naBnenuu 3,0-4,0 MIla 1 06beMHOMN CKOPOCTH NOJauM ChIpbs 1-3u”.

[Ipu runponepepadoTke NpsiMoroHHoro OeHznHa Ha karanuzatope NiO-MoOs-Ce;03-P205-ZSM(20%)-Al,03
BBIXOJ *KUIKOH (asel ¢ poctoM Temmeparypsl ot 320 g0 400 °C mensercs ot 92,5 no 70,0%. OxraHoBOE 4HMCIO
obnaropoxennoro mpu 400°C Gensuna cocrasnser 85,6 (M.M.), comepxaHue cepbl B KOHEYHOM MPOJIYKTE
camkaercs ¢ 0,037% (ucxomnsiit 6ensun) o 0,0102% npu 400°C.

ITpu rugpomnepepadoTke mpssMoroHHoro 6ensnHa Ha Katanmzarope NiO-MoOs3-Cey03-P20s—ZSM(30%)-A1,03
npu Temrieparype 320-400°C comepkaHre H30aTKAaHOB IOBBIIIAETCS 10 CPABHEHUIO C UCXOAHBIM OT 26,3 mo 35,7—
38,3%. Brxon xmakoii ¢assl ¢ poctom Temmepatypsl oT 320 mo 400°C mensercs ot 70,0 no 50,0%. OxranoBoe
upcio obnaroposxkennoro npu 400°C Gensuna cocrasnser 83,7 (M.M.) u 69,7 (M.M.). IIpu rugponepepaboTke
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OCH3MHOBOW (PpaKINK B STHX YCIOBHAX COJIEpKAHUE CEPhl B KOHEYHOM Mpoaykre cHmxkaercs ¢ 0,037% (ucxomHbrit
6ensun) 1o 0,0022%.

[Tpu ruaponepepaboTKe NPSIMOroHHOro OeH3uHa Ha KaTanu3aTope NiO-MoOs-La,03-P,0s-ZSM-HY -Al,O3 npu
temrepatype 320°C coaepxaHue H30aJKaHOB B TOJy4aeMOM KaTajlu3aTe pacTeT MO CPaBHEHHIO C HMCXOJHBIM
ceipbeM oT 32,6 o 41,9%. Ilpu 400°C coneprkaHne H30aJIKaHOB CHIDKaercst 10 34,2%. Bwixon >xunkoi ¢asbl ¢
poctoM Temneparypsl ¢ 320 go 400 °C mensercs ot 85,0 1o 55,0%. OKTaHOBOE YKCIIO 0GJIATOPOKEHHOTO OEH3MHA
yBenuuuBaercs B uHTepBaie 320—400°C: no uccienoBatenbckoMy mMetony ot 81,9 no 87,0 u MoTopHOMY METOY OT
63,2 1o 68,9, npu 3T0M coaepxkaeHue cepbl cHuzuiaoch 0,0375 o 0,0012%.

IIpu ruppomepepaboTke mpsMOroHHOTO OeH3mHa Ha Karanmmzarope NiO-MoOs-Lay03-P>0s-ZSM-ALOs B
unrepBane 320-400°C conepxkanne m3oankaHoB cocrasisier 30,7-44,3%. Ilpu pocte temmepatypsr 10 400°C
coJIepyKaHNe M30aIKaHOB TMOHMXKaeTcs n paBHO 30,7%. Brixox >xuakoit ¢asel ¢ poctoM TemmepaTypsl oT 320 mo
400°C ymenbrmaercs ot 74,8 mo 55,4%. OkranoBoe uucio obmaropoxennoro npu 400°C GeHsnHa MaKCUMAIBHO U
pasHo 91,8 (M.M.) m 72,4 (M.M.). B 3TuX yclOBHSX cOAep)KaHHE CEphl B IMOIy4aeMOM OEH3WHE CHIKAETCS C
0,0092% mo 0,0028 %.

W3ydyeHo BimsiHME JaBJICHUsT M OOBEMHOW CKOPOCTH TII0/Iaud CBIPbS Ha IPOLIECC THAPONEpepadoTKU
NpsSIMOTOHHOTO OeH3MHa Ha npuMepe Karanu3aTopa NiO-MoOs3-La,03-P,05-ZSM-ALOs.

BhISBIIEHBI ONTHMANBHBIE YCIOBHS THAPOIEPEPAGOTKY MPSIMOTOHHON GensunoBoM ¢pakuun: 400°C, V=2 ul,
P=4,0MIIa. YcraHnoBneHo, yTo Hambojee BbICOKOe OkTaHOBoe umcio 91,8 (M.M) xapakTepHO U KaTaim3aTropa
NiO-Mo0Os-La;03-P,05-ZSM-A1,0;.  Kartamuzatop NiO-Mo0Os-La,03-P,05-ZSM-HY-ALO; obmagaer Hamboiee
BBICOKOM THIPOOGECCEPUBAIOIIEH aKTHBHOCTEIO, OCTaTO4HOE coneprkanue cepbl pu 400°C cocrasmser 0,0012%.

IIpoBenenbl wucmblTaHus Kartaam3atopoB NiO-MoOs-La,03-P20s-ZSM-ALOs u  NiO-MoO;-Ce03-P,0s—
ZSM(30%)-Al,03 B mporiecce TuaponepepadOTKH AN3ENbHBIX (DPaKIUid HEPTH C Pa3IUIHBIM COICP)KAaHUEM CEpBbI.
CpaBHEHHE TIOJyYEHHBIX pE3yJIbTATOB IOKAa3bIBAET, YTO HAaMOOJbIIEH T'HaPOoOOeccepruBalolleil aKTHBHOCTBIO
obmamaer karanuzarop NiO-MoOs;-Lay03-P20s5-ZSM-ALLO;. Ilpu rumporepepaObOTKe MPSAMOTOHHON AM3EIBHON
(pakIuK Ha STOM KaTaIn3aTope B ONTHMAIBHEIX yenosusax (400°C, 2 ul, 4,0 MIla) comepikaHne CEpBI CHIKAETCS C
0,6400% mo 0,0740%, a mnpu rumponepepadOTKe MNPSIMOrOHHON JU3CIbHOW (pakiuu ¢ 0o0jice BBICOKUM
conepxanueM cepbl 0,8042% — nmo 0,053%, uyTO, MO-BUAMMOMY, CBS3aHO C NPHCYTCTBHEM B HCXOJHOM ChIpbE
pa3iIMuHBIX BUIOB CEPOOPraHMYECKHX coenuHeHnid. Hanbonee Hu3Kkas Temieparypa 3aCTHIBAHUS M IOMYTHEHHUS B
ONTUMAIIEHBIX YCJIOBUAX HAONIOMACTCS MPH TUAPOOOIAropakMBaHUM JU3CIHHBIX (Qpakiuil Ha kaTtamu3atope NiO-
Mo03-Lay0;-P,05-ZSM-AL O3 u gocturaer munyc 39,6°C u munyc 30,5°C cooTBeTcTBEHHO.

Takum 00pa3om, pa3paOOTaHbl M CHHTE3MPOBAHBI MOJU(UIMPOBAHHBIE IIEOJUTCOJCPIKAIINE KaTaIH3aTOPhI
ruaporepepadoTk OEH3WHOBBIX WM JAM3EIBbHBIX (pakiuii, KOTOpbIE B OJHY CTAaIdI0 IMPOBOASAT THAPOOUYHUCTKY,
THUIPOU3OMEPHU3AIHNI0 M THApUpoBaHue. Pa3paboTaHHBIE KAaTaNIM3aTOPHI MO3BOJIIOT IMONYyYaTh BBICOKOOKTAHOBBIN
MAaJIOCEPHUCTHIA OCH3WH M HU3K03aCTHIBAIOIIEE MAIOCEPHUCTOE TU3EITHHOE TOTLIHBO.

KaroueBble ciioBa: KaTanu3atop, NPSMOTOHHbBIA O€H3MH, Au3enbHas ¢pakius HedTH, LEONUT, THIpOIIe-
pepaboTka.
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