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HYDROPROCESSING OF GASOLINE AND DIESEL FRACTIONS
ON MODIFIED ALUMO-NICKEL-MOLYBDENUM CATALYSTS

Abstract. The paper presents the results of the study of hydroprocessing of gasoline and diesel oil fractions on
alumina catalysts modified with variable valence metals, additives of phosphorus and lanthanum. The process of
hydroprocessing gasoline and diesel fractions was studied in a high-pressure flow installation with a fixed catalyst
bed at temperatures of 320-400°C, pressure 2.5-4.0 MPa and flow rate of the feedstock 1-3 h.

The results obtained in tests of catalysts in the process of hydroprocessinggasoline and diesel oil fractions show
that the greatest hydrodesulfurization activity is observed at a temperature of 380-400°C, a pressure of 4.0 MPa and a
flow rate of 1 hl. Under optimal conditions, during the processing of straight-run gasoline fraction, the highest
octane number is characteristic of the KGO-21 catalyst (NiO-MoOs3-La;03-P,0s-ZSM-Al>03): 91.8 (RM) and 72.4
(MM). The KGO-23 catalyst (NiO-MoOg3-La203-P,0s-BEA-Al,O3) has a high hydroabsorbing activity. After
hydroprocessing of straight-run gasoline and catalytic cracking gasoline, sulfur was not detected on this catalyst.
When hydroprocessing the diesel fraction of oil, the lowest pour point and cloud point of diesel fuel are achieved on
the KGO-21 catalyst: minus 58.9 ° C and minus 57.7 ° C, respectively. Diesel fuel produced on this catalyst contains
the least amount of residual sulfur compared with other catalysts.

By the method of temperature-programmed desorption of ammonia, it was found that the concentration of acid
sites on the KGO-21 catalyst is 31.3 « 10*mol NHsges / g cat. On the surface of the KGO-23 catalyst, two forms of
adsorbed ammonia were found with a Tges = 175 and 220 ° C (10.2 and 9.5 molNHsqes / ¢ Cat, respectively). The total
amount of NHsges = 19.7 » 10*molNHages / g cat. The KGO-21 catalyst has the highest concentration of acid sites,
which determines its high hydroisomerizing activity in the hydroprocessingof gasoline fractions.

Keywords: straight-run gasoline, diesel oil fraction, zeolite, catalyst, hydropurification.

Introduction

In connection with the involvement in the processing of high-sulfur oil and the deepening of its
processing, the requirements for hydroprocessing catalysts for petroleum fractions increased. Currently,
there is a tendency to tighten the requirements for the composition of motor fuels, the insufficiently high
quality of which is one of the causes of environmental pollution; therefore the focus of many refineries is
on increasing the depth of hydrodesulfurization. In this regard, for the production of high-quality motor
fuels at the present stage, catalytic processes of deep hydroprocessing of petroleum fractions are of great
importance [1-9]. In the world production of motor fuels, there is a constant trend of tightening their
environmental performance. According to international standards, a significant limitation of the content of
sulfur, benzene, aromatic and olefinic hydrocarbons in motor fuels is required. The effectiveness of
hydroprocessing processes is mainly determined by the properties of the catalysts used. EXisting
hydroprocessing catalysts do not satisfy the increased quality requirements for motor fuels. For carrying
out deep hydroprocessing of various fractions of oil, it is necessary to use new efficient catalysts and
technologies.

Global priorities for the development of the oil sector are the creation and introduction of new
catalytic technologies based on the use of catalysts that will improve the quality of oil refining. The
creation of new catalysts for the directed refining of oil and its fractions will now and in the near future
remain a relevant scientific and practical task. Industrial catalysts for hydroprocessing petroleum fractions
in Kazakhstan and the CIS countries do not always meet the increased requirements for the quality of
motor fuels. To improve the quality of motor fuels (gasoline, diesel fuel), cheaper production for the
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refineries of the Republic of Kazakhstan, the development of highly efficient multifunctional catalysts for
the processing of oil fractions is an urgent and priority task.

The development of new efficient catalysts for the hydroprocessing of motor fuels is necessary for the
creation of new technologies in this area. At the same time, much attention is paid to the development of a
hydroprocessing catalyst for a certain type of crude oil. In this regard, the creation of new highly efficient
catalysts for the hydroprocessing of gasoline and diesel oil fractions is very important [1-21].

This paper presents the results of the study of hydroprocessing of gasoline and diesel oil fractions on
new alumonickel, tungsten, molybdenum catalysts modified with additives of ZSM-5, BEA, phosphorus
and lanthanum zeolites.

Experimental part

New zeolite-containing alumina catalysts, modified by the introduction of metals with variable
valence and phosphorus, were developed and prepared. The catalysts were prepared by impregnating a
mixture of aluminum hydroxide with high silica zeolites HZSM-5, BEA, and water-soluble salts of nickel,
molybdenum, lanthanum, and phosphoric acid. After impregnation, samples of the catalysts were molded
and dried at 150°C for 5 hours, then calcined at 550 © C for 5 hours.

The activity of the synthesized catalysts was studied in the hydroprocessingof gasoline and diesel oil
fractions. The process was carried out in a flow-through installation with a stationary catalyst bed at
temperatures of 320-400°C, bulk flow rate of feedstock 1-3 hours™?, pressure 2.5-4.0 MPa.

Analysis of the sulfur content in the feedstock and products was carried out on the instrument
SPECTROSCAN. Determination of the pour point and cloud point was carried out on the device LAZ M2.

The physicochemical characteristics of the catalysts were studied using BET, electron microscopy
[22], and temperature-programmed desorption of ammonia [23].

Results and discussion

With enlarged laboratory tests of hydroprocessing of straight-run gasoline on the NiO-MoOs-La;0s-
P20s-Al;03-ZSM catalyst (KGO-21) at a temperature of 320°C, the content of isoalkanes increases from
36.8 to 44.3% compared to the initial (table 1). At a temperature of 400°C, the content of isoalkanes
decreases and is equal to 30.7%. With an increase in temperature in the range of 320-400°C, the amount of
aromatic hydrocarbons increases from 10.4 to 28.3%, the yield of naphthenic hydrocarbons increases from
20.3 to 30.3%. The amount of olefins in the catalyzate depends little on the process temperature and is
4.3-5.8%. The yield of the liquid phase with increasing temperature from 320 to 400°C decreases from
74.8 to 55.4%. The octane number of gasoline refined at 400°C is maximum and equal to 91.8 (RM) and
72.4 (MM). Under these conditions, the sulfur content in the resulting gasoline is reduced from 0.0092%
to 0.0028%.

Table 1 - Effect of temperature on the process of hydroprocessing straight-run gasoline on the catalyst KGO-21

Products,% Initialgasoline T,°C

320 350 380 400
Paraffins Cs-Cs 27,3 20,7 10,0 8,5 5,0
Iso-alkanes 36,8 443 32,4 32,6 30,7
Olefins 4.8 4,3 54 5,6 5,8
Aromatic hydrocarbons 9,2 10,4 18,7 24,8 28,3
Naphthenic hydrocarbons 21,9 20,3 334 28,5 30,3
The output of the liquid phase 74,8 65,7 59,0 55,4
The octane number by research method 78,9 84,3 89,8 90,0 91,8
The octane number bymotor method 60,9 70,4 69,2 71,8 72,4
Mass fraction of sulfur,% 0,0092 0,0036 0,0033 0,0030 0,0028

Note: V=2 h'1, P=4,0MPa

Studying the effect of pressure on the process of hydroprocessing straight-run gasoline on the KGO-
21 catalyst showed that with an increase in pressure in the range of 2.5-4.0 MPa, the maximum amount of
isoalkanes is observed at P = 2.5 MPa and is 34.9% (Table 2). With a further increase in pressure, their
amount decreases to 30.7% at 4.0MPa, while the concentration of naphthenic hydrocarbons increases from
22.9% to 30.3%. The concentration of aromatic and olefinic hydrocarbons depends little on pressure and
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varies between 27.3-29.7% and 4.6-5.8%, respectively. The yield of the liquid phase is 50.4-55.4%. The
octane number of gasoline refined at 4.0 MPa is 91.8 (RM) and 72.4 (MM). The sulfur content in
catalyzate is reduced from 0.0092% (initial gasoline) to 0.0028% at 4.0 MPa.

Table 2 - Effect of pressure on the process
of hydroprocessing straight-run gasoline on the catalyst KGO-21

Products,% Initial gasoline P, MPa

2,5 3,0 3,5 4,0
Paraffins Cs-Cs 27,3 7,9 6,0 4,0 5,0
Iso-alkanes 36,8 34,9 34,3 30,6 30,7
Olefins 4,8 4.6 53 5,0 5,8
Aromatic hydrocarbons 9,2 29,7 27,3 28,4 28,3
Naphthenic hydrocarbons 21,9 22,9 27,1 32,0 30,3
The output of the liquid phase 52,0 50,4 53,2 55,4
The octane number by research 789 89,6 883 88.9 91,8
method
The octane number by motor method 60,9 72,9 71,8 70,1 72,4
Mass fraction of sulfur,% 0,0092 0,0047 0,0035 0,0033 0,0028

Note: T=400°C, V=2 h'!

During the hydroprocessing of straight-run gasoline fraction on the KGO-21 catalyst, the increase in
the volumetric feed rate of the feedstock from 1.0 to 2.5 h does not change the content of isoalkanes in
the catalyst and is equal to 30.1 - 30.7% (Table 3). The amount of aromatic and naphthenic hydrocarbons
in the resulting product also varies little with the change in the volumetric feed rate. The yield of olefinic
hydrocarbons ranges from 4.9 to 5.8%. The octane number of the gasoline produced is increased
compared with the initial (78.9) to 90.9-91.8 (RM), the residual sulfur content is reduced compared with
the raw material from 0.0092 to 0.0036.

Table 3 - Effect of volumetric feed rate on the process
of hydroprocessing straight-run gasoline on the catalyst KGO-21

Products,% Initial gasoline V, ht |
1,0 15 2,0 3,0
Paraffins Cs-Cs 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
The output of the liquid phase - 50,1 48,0 55,4 43,0
The octane number by research 78,9 89,0 90,9 918 90,7
method
The octane number by research 60,6 713 707 724 721
method
Mass fraction of sulfur,% 0,0092 - 0,0019 0,0028 0,0036

Note: T=400°C, P=4,0MPa

The study of hydroprocessing of straight-run gasoline fraction on the KGO-21 catalyst showed that
the greatest hydrodesulfurizing activity was observed at a temperature of 380-400°C, a pressure of 4.0
MPa and a space velocity of 1 h,

In the process of hydroprocessing the diesel fraction of oil on the KGO-21 catalyst, the pour point of
the diesel fraction at 320°C decreased from minus 18.3 to minus 35.9°C. As the process temperature rises
to 400°C, the pour point decreases to minus 58.9°C. The cloud point under these conditions falls from
minus 11.3 to minus 57.7°C. The output of hydrofluorised diesel fuel is 90.0-100.0% (Table 4). The sulfur
content is reduced to 0.0536%.
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Table 4 - Effect of temperature on the process of hydro processing
of the diesel fraction of oil on the catalyst KGO-21

Process Sulfur content,% Pour point, °C Cloud point, °C Yield, %
temperature, °C

Initialdieselfraction | 0,560 -18,3 -11.3 -

320 0,367 -35,9 -30,7 100

350 0,251 -51,3 -51,0 92,5
380 0,135 -54,9 -48,1 91,0
400 0,0536 -58,9 -57,7 90,0
Note: V=2 h1, P=4,0 MPa

Studying the effect of the volumetric feed rate on the process of hydroprocessing the diesel fraction of
oil on the KGO-21 catalyst showed that with a decrease in the volumetric rate from 3.0 to 1.0 h', the
amount of sulfur in the catalyzate decreases from 0.1942% to 0.0536%. The greatest decrease in the
freezing and cloud point temperatures on this catalyst — down to minus 58.9°C and minus 57.7°C,
respectively — is observed at an optimal flow rate of the feedstock of 2.0 h™. A decrease in catalyst
activity with an increase in the feed rate of raw materials is due to a decrease in the contact time of
reactants with active sites of the catalyst.

When hydroprocessing a straight-run gasoline fraction on the NiO-MoOz3-La;03-P20s-BEA-Al;O3
(KGO-23) catalyst at 320°C, the content of isoalkanes increases from 35.8 to 40.8%. With further increase
in temperature to 400°C, their number reaches a maximum value of 44.6% (Table 5). The yield of the
liquid phase in the range of 320 - 400°C decreases with increasing temperature from 95.0 to 86.4%, which
is associated with an increase in hydrocracking. Under these conditions, the share of aromatic
hydrocarbons in the obtained catalyzate increases from 9.5 to 11.4%, the content of naphthenic
hydrocarbons decreases from 21.3% in the initial gasoline to 16.1% at 400°C. The concentration of
olefinic hydrocarbons in the resulting catalyzate ranges from 5.8 to 7.3%. The octane number of gasoline
hydroennobled in these conditions remains almost unchanged. The KGO-23 catalyst showed high
hydrodesulfurization activity: after hydroprocessingof straight-run gasoline, sulfur was not detected on it.

Table 5 - Effect of temperature on the process
of hydroprocessing straight-run gasoline on the catalyst KGO-23

Products,% Initial gasoline T,°C

320 350 380 400
Paraffins Cs-Cs 27,6 25,3 23,9 21,8 22,3
Iso-alkanes 35,8 40,8 36,1 39,0 446
Olefins 5,8 5,8 7,3 6,7 5,6
Aromatic hydrocarbons 9,5 9,5 8,8 12,1 114
Naphthenic hydrocarbons 21,3 18,6 23,9 20,4 16,1
The output of the liquid phase 95 93,6 88,6 86,4
Octane number by research method 80,2 80,0 82,9 78,2 80,8
Octane number by motor method 61,1 62,2 66,5 62,5 66,9
Mass fraction of sulfur, % 0,0050 - - - -

Note: V=2 h'l, P=4,0 MPa

The process of hydroprocessing of catalytic cracking gasoline on the KGO-23 catalyst was studied
(Table 6). Studies have shown that at 320-400°C, the amount of isoalkanes and aromatic hydrocarbons
increases from 25.8 to 41.8-48.6% compared to the initial and from 29.2 to 33.6-36.9%, respectively. The
content of naphthenic hydrocarbons varies between 7.0 and 9.0%. The octane number of the gasoline
produced at 400°C is 86.7 (RM) and 80.0 (MM). It should be noted that in catalytic cracking gasoline
hydrated on the KGO-23 catalyst, as in the case of straight-run gasoline, sulfur was not detected,
indicating a high hydrodesulfurization activity of this catalyst.
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Table 6 - Effect of temperature on the process of gasoline hydroprocessing
of catalytic cracking on the catalyst KGO-23

Products,% Initial gasoline T,°C

320 350 380 400
Paraffins Cs-Cs 5,6 9,8 10,1 14,5 8,4
Iso-alkanes 25,8 48,0 47,8 48,6 41,8
Olefins 31,5 4,8 3,9 4,3 4,9
Aromatic hydrocarbons 29,2 29,3 29,1 33,6 36,9
Naphthenic hydrocarbons 79 8,0 9,0 7,0 8,0
The output of the liquid phase 95 87,5 85 84,5
Octane number byresearch method 88,3 85,3 85,2 86,1 86,7
Octane number bymotor method 80,1 78,3 78,6 80,0 80,0
Mass fraction of sulfur,% - - - -
Note: V=2 h'l, P=4,0 MPa

With the consolidated testing of the KGO-23 catalyst in the process of one-stage hydroprocessing of
the diesel fraction of oil with sulfur content of 0.6400%, it was shown that with increasing process
temperature from 320 to 400°C, the pour point and cloud point of the diesel fraction after the
hydroprocessing on the catalyst change little. The output of hydroennobled diesel fuel is 94.5-98.0%. The
sulfur content after hydroprocessing the diesel fraction at 380-400°C on the catalyst KGO-23 is reduced to
0.1100%.

When hydroprocessing straight-run gasoline fraction of oil on the catalyst NiO-WOQOs3-La;O3-P20s-
ZSM-Al,03; (KGO-4) with increasing temperature from 320 to 400°C, the content of isoalkanes increases
from 26.3% (initial), reaching a maximum value of 41.9% at 380 ° C, slightly decreasing at 400°C (Table
7). Under these conditions, the yield of aromatic hydrocarbons increases to 20.2% (380°C). The amount of
olefins in the catalyzate is 4.4-5.0%. The octane number of refined gasoline obtained at 380°C is
maximally 84.3 (RM) and 69.9 (MM).

Table 7 - Effect of temperature on the process
of hydroprocessing of straight-run gasoline fraction on the catalyst KGO-4

Products,% Initial gasoline T, °C

320 350 380 400
ParaffinsCs-Cs 33,4 23,9 10,9 16,6 19,2
Iso-alkanes 26,3 38,9 40,3 41,9 39,8
Olefins 3,7 47 52 4,4 5,0
Aromatic hydrocarbons 5,6 8,6 19,1 20,2 11,6
Naphthenic hydrocarbons 31,0 23,9 24,5 16,9 24,4
The output of the liquid phase 63,5 60,0 47,0 50
Octane number by research method 77,7 82,2 81,8 84,3 81,0
Octane number by motor method 53,8 67,1 66,8 69,9 65,9
Sulfur content, % 0,0370 0,0239 0, 0230 0, 0227 0,0220

Note: V=2 h'l, P=4,0 MPa

The yield of liquid catalyzate is equal to 47.0-63.5%. The sulfur content in the catalyzate after
hydroprocessing decreased from 0.037 to 0.0220%.

The catalyst KGO-4 was also tested in the process of hydroprocessing the diesel oil fraction. The pour
point of the diesel fraction after its hydroprocessing on the KGO-4 catalyst at 400°C has decreased to
minus 38.8°C, whereas in the feedstock the pour point is equal to minus 18.3°C. The cloud point under
these conditions varies from minus 11.3 to minus 28.2°C. The output of hydroennobleddiesel fuel is 96.1-
100%. At the same time, the sulfur content decreases from 0.560% in the initial fraction to 0.1025%
(Table 8).

—— §4 ——
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Table 8 - Effect of temperature on the process of hydroprocessing of the diesel fraction of oil on the catalyst KGO-4

Experience temperature, °C Sulfur Pour point, °C Cloud point, °C Yield, %
content,%

The original diesel fraction 0,560 -18,3 -11,3 -
320 0,3295 -30,2 -21,9 100
350 0,2198 -35,1 -25,0 99,6
380 0,1826 -38,1 -27,2 98,5
400 0,1025 -38,8 -28,2 96,1
Note: V=2 h'l, P=4,0 MPa

Acid-basic characteristics of catalysts are essential for the processing of hydrocarbons. The acidic
characteristics of the catalysts were studied by the method of temperature — programmed desorption of
ammonia (Table 9).

Table 9 - Acid-basic characteristics of KGO catalysts

Catalyst Maximum peak temperature, °C Amount of desorption “NHages 10
ammonia bath, 10“mol/gcat mol/gcat
1 2 1 2
KGO-4 — 195 — 21,0 21,0
KGO-21 — 215 — 31,3 31,3
KGO-23 175 220 10,2 9,5 19,7

From the data presented in Table 9, it can be seen that on the surface of the catalysts NiO-WOs;-
Lazos-ons-ZSM-A|zo3 (KGO-4), NiO-MOOs-L&zOs-PzOs-ZSM-A|203 (KGO-Z].), NiO-MO()s-LazOg-
P,0s5-BEA-AI,O3 (KGO-23), there are strong acid sites with Tges equal to 195, 215, 220°C, respectively.
The amount of ammonia desorbed from the surface of NiO-WOs-La;03-P20s-ZSM-Al,O3(KGO-4) is 21.0
* 10*mol NHages/g cat. The concentration of acid sites on the NiO-MoQj3-La,03-P,0s-ZSM-Al,O; catalyst
is higher - 31.3 « 10*mol NHsgs/g cat. On the surface of the catalyst NiO-MoO3-La;03-P,Os-BEA-ZSM-
Al;03(KGO-23), two forms of adsorbed ammonia were found with a Td of 175 and 220°C. Their number
is close to 10.2 and 9.5 mol NHaqes/g cat, respectively. The total amount of NHages = 19.7 107*mol NHages/g
cat.

The analysis of the obtained results shows that under optimal conditions during the processing of
straight-run gasoline fraction, the highest octane number is characteristic for the catalyst KGO-21: 91.8
(RM) and 72.4 (MM), respectively. It should be noted that the KGO-21 catalyst has the highest
concentration of acid sites (31.3 ¢ 10“mol NHauws/g cat, Tges = 215°C), which determines its high
hydroisomerizing activity in the process of hydroprocessing gasoline fractions. The catalyst KGO-23 has a
high hydrodesulfurizing activity. After hydroprocessing of straight-run gasoline and catalytic cracking
gasoline, sulfur was not detected on this catalyst.

When hydroprocessing the diesel fraction of oil, the lowest pour point and cloud point of diesel fuel
are achieved on the KGO-21 catalyst: minus 58.9°C and minus 57.7°C, respectively. Diesel fuel produced
on this catalyst contains the least amount of residual sulfur compared with other catalysts.

The new modified zeolite-containing KGO catalysts developed for the gasoline and diesel fractions
hydroprocessing processes are hydrotreated, hydroisomerized and hydrocracked in one stage and allow to
obtain low-sulfur, high-octane gasoline and low-coagulation diesel fuel. When hydroprocessing on KGO
catalysts with dehydrating and hydrogenating abilities, n-alkanes on the metal centers of the catalyst start
to dehydrate, the olefin formed on the acid center turns into carbonium ion, which is easily isomerized
[24].

Source of research funding: The work was carried out according to the scientific and technical
program: Ne BR05236739 "Creating the basis for the production of oil and gas processing products based
on domestic technologies".
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B.T. Tykrun, JI.b. HlanoBanosa, A.3. Abunbmarxkanos, H.A. llammar
AK "J1.B. CokobCKHii aTBIHIAFEI )KaHAPMaid, KaTalu3 )KOHE JCKTPOXUMUS HHCTUTYTHI", AnmaTthl, Kasakctan

MOINOPUIINPJIEHI'EH AIIOMOHUKEJIBMOJIMBIEH KATAJIM3ATOPJIAPJIA BEH3UH
KOHE JM3EJIb ®PAKIUSIAPBIH TNAPOOHAEY

AnHoranus. JXyMmpicTa aypIcmansl BaJEHTTI METalAapMEH MOTU(PHIHpPICHTeH >XKoHEe (ochop MeH IaHTaH
KOCBUIFAaH AJIOMOOKCHATI KaTalu3aTopilapJa MYHaWABIH OCH3MH JKOHE Iu3eNb (PaKIMsUIAPBIHBIH THIAPOOHACY
HOTIDKENIepi KedTipinreH. beH3WH xkoHe am3enb (pakmisulapblH JKOFaphl KBICBIMIBI aFBIHABI KOHIBIPFBIIA
KaTaJu3aTOP/AbIH CTallMOHAPINbI KabathiHma Temmeparypa 320-400°C, xeickiMbl 2,5-4,0 MIla jxoHE MIMKI3aTTHIH
KeNeMJIK Oepily KbIIIaMABIFEL 1-3 car™ 6onranaa ruapoeH ey HpOoLEci JKYprisii.

MyHaiinplH OCH3UH JKOHE AM3ENbllI (PPaKUUUIAPBIH THIPOSHICY MPOIECIHAC KaTalu3aTOpJapasl ChIHAY
HOTHKeci OOMbIHINA eH KOFaphl THAPOKYKipTcizaeny 380-400° C Temneparypana, KbichiMbI 4,0 MPa koHe KeneMik
Oepinty KblIaaMabIFs 1 car™? Gonranna 6aiikanasl. Typa aiinanran 6eH3uH QpaKIMACHIH THIMII KaFaaiifa eHaeren e
OKTaH caHbl eH »orapbl kepcetkimi KI'O-21 karammsatopbia (NiO-MoOs-La;O3-P20s5-ZSM-Alx03): 91,8 (39)
wone 72,4 (MO) ton. KI'O-23 karammszatoper  (NiO-MoOs-La;03-P20s-BEA-AlO3)  eH  sxorapsl
THIPOKYKIPTCI3ACHAIPY aKTUBTUIITIH KopceTTi. OChl KaTaln3aTOPMEH Typa aljanFaH OCH3WH KOHE KaTaTUTHKAIBIK
KpeKHMHT OCH3WHIH THAPOOHICTEHHEH KeHiH KYKIpT Mynne OaiikamMmanbl. MyHaWIelH AM3ENBbAIK (DpaKIHsICHH
runpoeraererne KI'O-21 xaranm3aTtopbl eH TOMEH KaTy JKOHE JIalIaHy TeMIlepaTypachkiHa ue OONIbl: COHKEeciHIIe -
58,9°C xone -57,7°C. Ochr KaTaln3aTop/aH albIHFaH IU3ENbIIK OTHIH KYPaMbBIHIAFEl KAJFaH KYKIpT Meuepi 6acka
KaTaJn3aTOPJIAPMEH CaJIBICTRIPFaH/Ia €H a3 MOJIICPAl Kypasbl.

AMMMaKTBIH ~TeMIeparypaiblK-Oaraapiamainbl  gecopbuus omici  apkeuibl  KI['O-21  karanuzaropsiHzaa
KBIIIKBLUIIBIK ~OPTaJIBIKTAPBIHBIH  KOHIEeHTpauuschl 31,3-10% moms NHsje /r.karammsatop kypamsl. KI'O-23
KaTaJM3aTOPBIHBIH OCTIHAE aJcopONMsUIaHFaH aMMHAKTBIH €Ki Typi Tree 175 sxone 220°C teq (10,2 xoHe 9,5 Monb
NHjgee /r.KaTamusaTop coiikecinmie). JlecopOLUANAHFAH AMMHUAKTBIH JKUBIHTHIK Mejmepi 19,7-10% mMombNHjgec
/r.xaTanu3aTop TeH. KpIIKbULABIK OPTaJIBIKTHIH €H JKOFaprbl KoHIeHTparmscsl KI['O-21 kaTanuzaTtopbiHaa OailKabii
JKoHE OCH3MH (PPaKIUUIAPBIH THAPOOHICY MPOLIECTEPIH/IE )KOFAPHI THAPOU30MEPJICY aKTHBTUIITIH aHBIKTANIBI.

Tyiiin ce3nep: Typa aifanran OCH3MH, MYHAWIBIH IU3eTh (PaKIHSICHL, IICOHT, KATAITH3aTOP, THAPOTA3aIay

B.T. Tykrun, JI.b. lllanoBanosa, A.3. Abunibmarxanos, H.A. lllammar
AO "VHCTUTYT TONIMBa, KaTanu3a u atekTpoxumun uM. [|.B. Coxonsckoro", Anmarsl, Kazaxcran

TUJIPONEPEPABOTKA BEH3MHOBBIX U IU3EJbHBIX ®PAKIUI
HA MOANPUIINPOBAHHBIX ATIOMOHUKEJIBMOJINBIEHOBBIX KATAJIM3ATOPAX

AHHoTanus. B paboTe mpuBeIeHBI pe3yIbTaThl UCCIEI0BaHNUS THAPONEPepabOTKH OCH3MHOBBIX U TH3EIbHBIX
¢pakimii HepTH Ha AIIOMOOKCHIHBIX KaTalM3aTOpax, MOJU(PHUIMPOBAHHBIX METAIAMH C IEpeMEHHOU
BaJICHTHOCTBIO, to0aBkaMu (ocopa u nanTaHa. [Iporecc rugponepepaboTkn OCH3MHOBBIX M TU3EIbHBIX (HpaKIUid
n3y4yajy B IPOTOYHOHW YCTaHOBKE BBICOKOTO JABJIEHUS CO CTAI[MOHAPHBIM CJIOEM KaTajM3aTopa NpHU TeMIlepaTypax
320-400°C, napnenuu 2,5-4,0 MIla u 00beMHOMN CKOPOCTH HOJa4H ChIpha 1-3 ul,

PesynbraThl, mMosydeHHbIE NMPH HCIBITAHUSAX KaTalM3aTOPOB B IPOILECCE THIPONEPepadOTKH OCH3MHOBBIX H
JM3ebHBIX (ppaknnii HeTH, MOKa3bIBAIOT, YTO HANOOJIBIIAS THAPOOOECCEPHBAIOIIAsi AKTUBHOCTH HAOIIOAETCS TIPH
temneparype 380-400°C, naenenuu 4,0 MPa u o6bemHoOl ckopocTH nmojgaud 1y, B onTUManbHbBIX yCIOBHSAX HpU
nepepaboTke MPSIMOrOHHOW OEH3MHOBOW (pakuuu Hauboyiee BBICOKOE OKTAHOBOE YHCIO XapakTEpPHO JIJIst
katanuzaropa KI'O-21 (NiO-MoOs3-La;03-P205-ZSM-Al03): 91,8 (MM) u 72,4 (MM). Kartanuzarop KI'O-23 (NiO-
MoOs-La;03-P205-BEA-AILO3) obnamaer BBICOKOU ruIpoodeccepuBaronieit aKTHUBHOCTBIO. ITocne
rujporiepepaboTKu MPSIMOTOHHOTO OeH3MHA M OeH3MHA KaTATUTHYECKOro KPEeKHHIa Ha 9TOM KaTallk3aTtope cepa He
oOHapyxeHa. [Ipu ruaponepepaborke an3ensHON (pakiun HedTH HamnOojee HU3KUE TEMIIEPaTyphl 3aCTHIBAHUS U
MOMYTHEHUsSI AM3EIbHOIO TOIUIMBA JOCTUTHYTHI Ha KaTtamusatope KI'O-21: mumyc 58,9°C u mumyc 57,7°C
COOTBETCTBEHHO. J[M3eJIbHOE TOIUIMBO, MOJIydYaeMO€ Ha 3TOM KaTallM3aTope, COAEPKHT HaWMEHBIee KOJIHMYECTBO
OCTaTOYHOI Cephl 10 CPABHEHHUIO C APYTHMH KaTallM3aTOPaMHU.

MertooM TeMnepaTypHO-IPOrpaMMHPOBAHHOW AecopOIMKM aMMHaka YCTaHOBJIEHO, 4YTO KOHIIEHTPALUS
KHUCJIOTHBIX LEHTpoB Ha katanmsatope KI'O-21 cocrasnser 31,3-10% moms NHjuee /r kar-pa. Ha moBepxHocTH
karamuzatopa KI'O-23 oOHapykeHbI 1Be GOpMBI aIcCOPOMPOBAHHOTO aMMHUaKa C Tpec , paBHOH 175 1 220°C (10,2 u
9,5 mMoms NHsyee /r KaT-pa cooTBercTBenHO). CymMmapHOe kommdecTBO NHigee = 19,7-10* mMoms NHigee /1 kaT-pa.
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HawuGomnp1ieit KOHIEHTpauel KUCIOTHBIX HEHTPOB 00nanaet karanuzatop KI'O-21, 4to u onpenenseT ero BEICOKYIO
THJPON30MEPU3YIOLIYI0 aKTUBHOCTB B IpOLieccax T'uaAponepepaboTKi OCH3NHOBBIX (hPaKIUi.
KaioueBble ci10Ba: psIMOTOHHBIIM O€H3UH, An3enbHas Gpakiys HeTH, IIEOTUT, KaTaIu3aTop, THAPOOYNCTKA.
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