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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
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CONVERSION OF PROPANE-PROPYLENE FRACTION INTO
AROMATIC HYDROCARBONS ON MODIFIED ZEOLITE CATALYSTS

Abstract. The process of transformation of propane-propylene fraction into aromatic hydrocarbons on zeolite-
containing catalysts modified Zn, La, Cr, Zr and P was discovered. The process was carried out in an installation in a
flow installation at atmospheric pressure with a temperature variation from 350 to 600°C and a volumetric feed rate
of 150-1020 h'. The catalysts were prepared by impregnation of aluminum hydroxide and zeolite ZSM-5 with
aqueous solutions of nitric acid salts of metals and phosphoric acid. The physical and chemical characteristics of the
developed catalysts are studied. The BET method established that the surface of the developed catalysts fluctuates
within 211.0-274.0 m? / g of the catalyst. Catalysts are predominantly mesoporous: pores with d = 2.0-3.0 nm
predominate.

It is shown that the developed modified zeolite-containing catalysts have high catalytic activity and selectivity
in the process of processing the propane-propylene fraction into aromatic hydrocarbons. The predominant products
formed during the processing of C2-C4 alkanes are toluene and benzene. It was found that the highest yield of
aromatic hydrocarbons is 52.8% (550°C, 150 h!) on the catalyst Zn-La-P-Cr-ZSM-ALOs with a conversion rate of
100.0%, selectivity for aromatic compounds - 52.8%.

Modified zeolite-containing catalysts have multifunctional properties. The composition of liquefied petroleum
gas processing products shows that the formation of aromatic hydrocarbons occurs in one stage as a result of
cracking, dehydrogenation, oligomerization, dehydrocyclization, alkylation reactions.

Keywords: zeolite-containing catalysts, propane-propylene fraction, aromatic hydrocarbons.

INTRODUCTION

Kazakhstan has large reserves of light hydrocarbon raw materials: gas condensate, natural and
petroleum gases, catalytic processing of which is very limited. Efficient processing of light hydrocarbon
raw materials to obtain important products of petrochemical synthesis remains one of the important
problems in petrochemistry. To date, light hydrocarbons are used as raw materials in only a small number
of technological processes.

Catalytic processing of light hydrocarbons into practically important products is one of the ways
aimed at their effective use. These products include olefins and aromatic hydrocarbons, important starting
products in the basic organic synthesis industry. On their basis, plastics, synthetic fibers, resins, rubbers
for various purposes, dyes, surfactants, pharmaceutical and agricultural products are obtained.

Currently, in the petrochemical and oil refining industry, zeolite-containing catalysts based on highly
silica zeolites of the pentasil family are widely used, having a unique micro porous structure and acid-base
properties, capable of converting light alkanes into valuable products of petrochemical synthesis. Zeolite-
containing catalysts can efficiently process low molecular weight alkanes into aromatic hydrocarbons. At
present, interest in high silica zeolites of pentasil type as catalysts for aromatization of low molecular
weight hydrocarbons has grown [1-21].

— 4 ——
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Experimental part

In this paper, the process of processing propane-propylene fractions on zeolite-containing catalysts
modified with zinc, phosphorus and metals of variable valence: Zn-La-ZSM-ALOs, Zn- La - P-ZSM-
AlLO; Zn-La- Zr -ZSM-AL,O3, Zn-Zr-ZSM-Al,03, Zn-La-P-Cr-ZSM-ALO;. The catalysts were prepared
by impregnation of a mixture of aluminum hydroxide and zeolite HZSM-5 with aqueous solutions of
metal salts followed by drying at 150°C and calcination at 550°C. The catalysts were tested in the process
of processing propane-propylene fractions in a flowing quartz reactor with a stationary catalyst bed at
varying reaction temperature in the range 350-600°C and atmospheric pressure, volume velocity 150-1020
h™'. The reaction products were analyzed on “Crystal-5000M” and “Agilent chromatographs”.

Results and discussion

When processing propane-propylene fraction on modified zeolite catalyst Zn- La-ZSM-AL,Os (table
1), aromatic hydrocarbons and gaseous products are formed. Benzene, toluene, ethylbenzene, xylenes and
Cs + . hydrocarbons are found in the liquid phase, and C1-C4 hydrocarbons are found in the gas phase.
With an increase in the process temperature from 400 to 650°C, the conversion rate increases from 1.4 to
100.0%. The yield of aromatic hydrocarbons in these conditions increases from 8.9 to 29.2 -28.9%. The
maximum selectivity is observed at 600°C and is 29.2%. The quantitative composition of the resulting
aromatic hydrocarbons depends significantly on the temperature of the process. Toluene yield in the range
of 400 - 650°C varies extremely, reaching a maximum value at 450°C, and is 46.9%. The yield of benzene
with increasing temperature increases from 4.1 (400°C) to 39.2% (650°C). The content of xylene in the
liquid catalyzate-1,6-7,2%. The yield of ethylbenzene and C5-C6 hydrocarbons decreases with an
increase in temperature in the range of 400-650°C from 24.8 to 4.8% and from 21.8 to 4.6 %, respectively.
With increasing temperature, cracking increases with the formation of C1-C2 hydrocarbons: the amount of
methane increases from 0.1 to 53.1%, ethane-from 1.0 to 44.2%.

Table 1 - Processing of propane-propylene fraction on catalyst Zn-La-ZSM-AL203

T, °C 400 450 500 550 600 650
Conversion, % 1,4 38,6 97,2 99,5 100 100
The yield of liquid phase, % 8,9 12,4 18,4 26,2 29,2 28,9
Select. ArC, C4% - 32,1 18,9 26,3 29,2 28,9
Liquid phase,%
Benzene 4,1 10,1 16,5 20,7 32,2 39,2
Toluene 31,8 46,9 44,5 32,1 37,2 32,6
Ethylbenzene 24,8 22,2 21,0 8,8 6,6 4.8
Xylene 7,2 6,6 6,6 2,8 2,2 1,6
Cs6 21,8 1,5 0,3 27,2 9,1 4,6
Cs+ 10,3 12,7 11,1 8,4 12,7 17,2

The process of processing propane-propylene fraction on the catalyst Zn-La-P-ZSM-Al,O; was
investigated. From the data presented in table 2, it can be seen that with an increase in temperature from
350 to 600°C, the conversion increases from 27.8 to 98.9%. With an increase in temperature from 350 to
550°C, the yield of aromatic hydrocarbons increases from 19.3 to 38.1%, but at a higher temperature
(600°C), there is a decrease in the yield of ArC to 27.1%. In the interval 350-600°C toluene yield is 27.4-
39.1%, and benzene-0.5-23.0%. The content of xylene in the liquid catalyzate - 1,6-4,3%. The yield of
ethylbenzene decreases with temperature increase in the range of 400-600°C from 22.9 to 5.9%. The yield
of Cs-Ce hydrocarbons decreases with increasing temperature in the range 350-550°C from 37.2 to 17.0%,
then increases to 32.0 (600°C). The maximum selectivity for ArC is observed at 500°C and is 54.0%. At
higher temperatures, the ArC selectivity is slightly lower-38.7-27.4%. With increasing temperature,
cracking with the formation of C;-C; hydrocarbons is observed.

In the process of processing the propane-propylene fraction on the catalyst Zn-La- Zr -ZSM-Al,O;
with an increase in temperature from 350 to 600°C, the conversion increases from 7.0 to 100.0%. With
an increase in temperature from 350 to 550°C, the yield of aromatic hydrocarbons increases from 4.6 to
28.8%, at 600°C there is a decrease in the yield of aromatic hydrocarbons to 23.2%. With increasing
temperature, the selectivity of the formation of target products decreases: the maximum selectivity for




News of the Academy of sciences of the Republic of Kazakhstan

ArC is observed at 350°C and is 65.7%. At higher temperatures, ArC selectivity is lower. Toluene and
ethylbenzene prevail in the liquid catalysate. Toluene yield grows from 14.4 to 43.9% in the range 350-
550°C, at 600°C toluene yield is slightly lower-40.9%. The yield of ethylbenzene monotonically
decreases from 24.0 to10, 6%. The amount of benzene in these conditions increases from 1.7 to 27.2%.
The content of xylene ranges from 3,1 to 7,9%. With increasing temperature, cracking with the formation
of Ci-C; hydrocarbons is observed (table 3).

Table 2 - Processing of propane-propylene fraction on catalyst Zn-La- P-ZSM-AL20O3

T, °C 350 400 450 500 550 600
Conversion, % 278 [36,7 586 |695 [985 [989
The yield of liquid phase, % 18,7 19,3 30,6 37,5 38,1 27,1
Select. ArC, % 18,8 52,6 52,2 54,0 38,7 27,4
Liquid phase, %
Benzene 2,6 39 9,2 14,7 23,0 19,1
Toluene 27,4 27,9 31,9 39,1 343 282
Ethylbenzene 229 16,2 15,9 17,5 9,4 5,9
Xylene 4.3 3,8 3,9 42 2,5 1,6
Cs-6 26,8 37,2 30,7 17,0 17,0 32,0
Cs+ 16,0 11,0 8,4 7,5 13,8 13,2

Table 3 - Effect of temperature on the process of processing propane-propylene fraction Zn-La-Zr-ZSM-A1>O;

T,°C 350 400 450 500 550 600
Conversion, % 7,0 52,2 63,8 92,3 100 100
The yield of liquid phase , % 4,6 10,5 23,0 26,9 28,2 232
Select. ArC, % 65,7 20,1 24,5 29,1 28,2 23,2
cocCTaB XKHUIKOH (a3, % mMac

Benzene 1,7 4,7 9,7 13,6 21,9 27,2
Toluene 14,4 35,0 40,3 423 439 40,9
Ethylbenzene 24,0 27,7 23,1 21,5 15,0 10,6
Xylene 3,9 7,9 6,6 6,3 4,7 3,1
Cs-6 15,8 3,1 7,2 3,1 0,2 1,4
Cs+ 40,2 21,6 13,1 13,2 14,3 16,8

The influence of the bulk feed rate on the activity and selectivity of the catalyst Zn-La-Zr-ZSM-Al,O;
in the processing of propane-propylene fraction was studied (table 4). At 550°C and volume feed rate of
150 h!' conversion is 100%, yield of aromatic hydrocarbons-37,9%. With an increase in the volume feed
rate of raw materials up to 825 h™' conversion does not change and is equal to 100%, but the output of the
liquid phase is reduced to 10.8%. The qualitative and quantitative composition of the liquid catalyzate
does not change much when the volumetric feed rate of the raw material changes. The yield of benzene is
in the range of 21.9 to 25.1%, of toluene, from 42.8 to 46.4%. The yield of ethylbenzene is in the range of
13,2 - 15,0%. The maximum selectivity of aromatic hydrocarbons formation reaches 37.9% at V=150 h™".

Table 4 - Effect of volumetric feed rate on the process
of processing propane-propylene fraction on the catalyst Zn-La-Zr-ZSM-ALO3

V, h'! 150 300 470 675 825
Conversion, % 100 100 97,9 100 100
The yield of liquid phase, % 37,9 28,2 19.4 11,3 10,8
Select. ArC, % 379 28,2 19,8 11,3 10,8
Liquid phase, %

Benzene 23,4 21,9 25,1 23,7 24,9
Toluene 432 439 42.8 44,9 46,4
Ethylbenzene 13,3 15,0 13,6 14,9 15,0
Xylene 4.0 4.7 42 4,7 4.6
Cs-6 2,4 0,2 1,3 0,9 0,2
Cs+ 13,7 14,3 13,0 10,9 8,9
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The stability of the modified zeolite-containing catalyst Zn-La-Zr-ZSM-AL,O; in the process of
processing gaseous hydrocarbons formed during catalytic cracking was studied. Studies were carried out
at 550°C and V=300h" (table 5). From the data presented in table 5, it can be seen that during 11 hours of
operation of the catalyst, the conversion does not change and is 100%. The yield of the liquid phase in the
first 5 hours of operation changes little-20.6-17.9%, then after 11 hours of operation, it decreases to
10,8%.

Under these conditions, the yield of benzene varies in the redistribution of 25.0 to 28.9%. The yield of
toluene is higher than benzene — 40.9 - of 44.4%. The yield of ethylbenzene-10.9-13.0%, xylene-3.4-6.0%.
Ci-C4 hydrocarbons were found in the gas phase.

Table 5 - Stability of the modified zeolite-containing catalyst Zn-La-Zr-ZSM-A1>03
in the process of processing propane-propylene fraction

Time, h 1 2 3 4 5 6 7 8 9 10 11
Conversion,% 100 100 100 100 | 100 | 100 | 100 | 100 | 100 | 100 100
The yield of liquid phase, % | 20,6 204 19,0 18,0 | 17,9 | 15,7 | 12,5 | 12,7 | 123 | 11,1 10,8
Select. ArC, C3% 64,2 55,0 44,1 354 | 88,6 | - - 35,8 | 26,2 | 64,5 54,8
Select. ArC, C4% 20,6 20,4 | 90,0 180 | 179 [ 157 [ 125 [ 127 [ 123 [ 11,1 | 108

Liquid phase, %
Benzene 26,3 27,7 28,7 28,9 | 26,7 | 259 | 269 | 24,0 | 250 | 259 | 264
Toluene 42,7 40,9 42,2 41,3 | 42,9 | 42,0 | 43,3 [ 43,2 | 404 | 444 | 442
Ethylbenzene 12,8 11,8 10,9 11,3 | 124 [ 12,1 | 12,3 | 13,0 | 11,6 | 11,1 12,3
Xylene 4,1 3.7 34 36 139 [47 [39 |60 [36 |43 3.9
Cs-6 1,4 0,6 1,7 0,8 0,9 24 2,0 3,0 8,0 1,0 1,8
Cs- 12,7 15,3 13,1 141 | 132 | 129 [ 11,6 | 108 [ 11,4 [ 123 [ 114

When processing the propane-propylene fraction on the catalyst Zn-Zr-ZSM-Al,Os, the conversion
rate increases from 6.3 to 100% with an increase in temperature from 400 to 600°C. From the data of table
6 it can be seen that the products of processing of propane-propylene fraction contain aromatic
hydrocarbons, mainly benzene, toluene, ethylbenzene and xylenes. The total yield of aromatic
hydrocarbons (ArC) increases from 8.8 (350°C) to 21.3% (600°C). Maximum ArC selectivity is 29.2% at
450°C. With an increase in temperature from 400 to 600°C, there is an increase in the content of benzene
from 1.0 to 33.3%. Toluene yield varies, increasing from 30.2% ( 350°C) to 44.3% (500°C) and
decreasing to 37.6% (600°C). The content of xylene is small-2,3-5,2%. Ethylbenzene yields vary from
30.3 (400°C) to 7.6% (600°C). Product composition the temperature in the gas phase indicates that as the
temperature increases, the cracking direction increases with the formation of methane and ethane.

Table 6 - Processing of propane-propylene fraction on catalyst Zn -Zr -ZSM-AL2O3

T, °C 350 400 450 500 550 600
Conversion, % - 6,3 68,8 95,5 100 100
The yield of liquid phase, % 8,8 10,8 20,1 21,8 20,6 21,3
Select. ArC, % - - 29,2 22,8 20,6 21,3
Liquid phase, %

Benzene 1,0 4.0 9,8 14,6 25,1 33,3
Toluene 36,2 31,2 41,7 443 434 37,6
Ethylbenzene 30,0 28,0 22,6 19,9 12,3 7,6
Xylene 2,8 5,2 3,6 2,3 3,8 2,5
Cs-6 8,0 9,6 3,6 3,5 1,4 0,6
Csg+ 22,0 22,0 18,7 15,4 14,0 18,4

Table 7 presents the results obtained during the processing of propane-propylene fraction on the
catalyst Zn-La-P-Cr-ZSM-AL,O3 (KTK -15).

When processing propane-propylene fraction on the catalyst Zn-La-P-Cr-ZSM-Al,O3 at a volumetric
rate of 350 h™! with a temperature increase from 400 to 600°C, an increase in the conversion rate from 85.2
% (450°C) to 100% at 600°C is observed (table 7). Under these conditions, the highest yield of aromatic
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hydrocarbons is 34.5% at 550°C. the Selectivity for aromatic hydrocarbons for C3 is maximum at 400°C
and is 64.3%, and for C4 is maximum at 450°C-38.6%.

With increasing temperature, there is an increase in the yield of benzene and toluene from 4.3%
(400°C) to 24.1% (550°C) and from 41.5% (400°C) to 44.1% (550°C), with a further increase in
temperature to 600°C, the yield of these products decreases to 12.3 and 18.2%, respectively.

As with most of the catalysts studied (tables 1-6), on Zn-La-P-Cr-ZSM-Al,O3 in the range 400 -
600°C toluene yield is higher than benzene.

Yields of ethylbenzene and xylenes with increasing temperature decrease from 29.5 and 4.5%
(400°C) to 4.1 and 1.0% (600°C), respectively. During processing of propane-propylene fraction on Zn-
La-P-Cr-ZSM-AL,O; cracking of alkanes with formation of methane and ethane is observed.

Table 7 - effect of temperature on the process of processing
propane-propylene fraction on the catalyst Zn-La-P-Cr-ZSM-AIO;

T, °C 400 450 500 550 600
Conversion, % 85,2 100 100 100
The yield of liquid phase, % 25,0 32,9 32,1 34,5 27,0
Select. ArC, % 38,6 32,1 345 27,0
Liquid phase, %
Benzene 43 9.4 19,8 24,1 12,3
Toluene 41,5 35,1 40,3 44,1 18,2
Ethylbenzene 29.5 16,9 13,3 12,3 4.1
Xylene 4.5 3,1 2,8 3,0 1,0
Cs-6 5,0 25,0 16,3 5,7 47,0
Cs+ 15,2 10,5 7,5 17,4

At a temperature of 550°C, the effect of the volumetric feed rate on the processing of propane-
propylene fraction on the catalyst Zn-La-P-Cr-ZSM-Al,O3 was studied (table 8). At 550°C and a volume
feed rate of 150h-1, the conversion of software is 100.0%, the output of ArC is 52.8% with selectivity-
52.8%. With an increase in the volumetric feed rate to 1020 h™' conversion is reduced to 52.4%, the yield
of aromatic hydrocarbons is reduced to 17.2%. Under these conditions, the yield of benzene varies from
30, 8 to 17.9%, toluene — from 40.5 to 47.4%, ethylbenzene - from 7.0 to 20.2%. The yield of xylene is in
the range of 1.8 to 3.0%.

Table 8 - effect of volumetric feed rate on the process
of processing propane-propylene fraction on the catalyst Zn-La-P-Cr-ZSM-ALO3

T, °C 150 300 470 675 825 1020
Conversion, % 100 100 100 65,7 90,4 52,4
The yield of liquid phase, % 52,8 34,5 20,4 21,2 20,5 17,2
Select. ArC, % 52,8 34,5 20,4 32,3 22,6 32,8

Liquid phase, %

Benzene 30,8 24,1 20,0 24,4 21,4 17,9
Toluene 40,5 44,1 46,0 42,5 43,4 474
Ethylbenzene 7,0 12,3 15,1 12,1 16,5 20,2
Xylene 1,9 3,0 2,4 1,8 1,8 2,2
Cs-6 3,9 5,7 8,8 12,4 5,5 6,0
Cs+ 15,9 7,7 6,8 11,4

The developed modified zeolite-containing catalysts have high catalytic activity and selectivity in the
process of processing the propane-propylene fraction into aromatic hydrocarbons. It was found that the
highest yield of aromatic hydrocarbons is 52.8% (550°C, 150 h™") on the catalyst Zn-La-P-Cr-ZSM-AI,O;
with a conversion rate of 100.0%, selectivity for aromatic compounds-52.8%.

Physical and chemical characteristics of the developed catalysts were studied using various methods
(EM, BET, TPD of ammonia). By the BET method it was established that the surface of the developed
catalysts fluctuates within 211,0-274,0 m*/g of cat. Catalysts are predominantly mesoporous: pores with d
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~ 2.0-3.0 nm predominate. The total pore volume of catalysts depends little on their composition and does
not exceed 0.13-0.21 ml/g of catalyst. According to electron microscopy data, there are active centers on
the surface of catalysts, which include metals - components of the active phase and Lewis and Bronsted
acid centers, the presence of which is mainly due to the presence of zeolite ZSM in the catalysts. The
active phase particles on the surface of the developed catalysts are highly dispersed. Metals of the active
phase are predominantly in the oxidized state, forming clusters on the surface-associates, dispersion,
structure and condition of which is determined by the nature of the catalyst components.

The composition of the products formed during the processing of propane-propylene fraction on the
developed modified zeolite-containing catalysts indicates that the synthesized catalysts have
multifunctional properties. On the developed modified zeolite-containing catalysts, several reactions
occur simultaneously and in parallel: cracking, dehydrogenation, isomerization, dehydrocyclization,
alkylation.

B.T. Tyktun!, A.M. Temupogsa?, F.T. Caiigings!, A. A. Omaposa®

! [1.B. CoxonbCKMMaTBIHIAFBDKaHAPMAH, KATAIIA3 JKOHE DIEKTPOXUMHS HHCTHTYTHI,
050010, Anmatel, Kazakcran, KonaeBk-ci 142;
2 Onp-DapabuaTeingarsl Kazak WITTHIK YHHBEPCUTETI

MMPOITAH-ITPOIINJIEH ®PAKIIUACBIHAH MOJU®UILIUPJIEHT'EH HEOJIUTTI
KATAJIN3ATOPJIIAPAA APOMATTBI KOMIPCYTEKTEP AJTY

Annotanusi. Zn, La, Cr Zr, xxone P Mogudumupnenren neonuri 6ap kaTtaiauzaropiapja MpolaH-IPOIHIeH
(pakuMsICEIH ©HJeN apoMaTThl KeMipcyTeKTep aiy mpoueci 3eprrenai. [Ipomecc arbIHABI KOHIBIPFBIIA aTMocde-
panbiK KbickiMaa 350 — 600°C TemnepaTypa/a xoHe IHKI3aTThl Gepy IiH KoneMIiK xbuamaprsl 150-1020 car'-ne
Kyprizingi. Karanmsaroprap amoMuHIA THAPOKCHIIH jkoHE ZSM-5 MEOMUTIH MeTaJapAbIH a30T KBIIKBUIIB! TY3/-
apBIHBIH XKoHE (Gochop KBIMIKBUIBIHBIH CYJarbl epiTIHAUICpIH CiHipy omiciMeH maitprHmanmel. Katammsatopiapabiy
(M3MKa-XUMHSUIBIK, ~ cHmarTaMaiapsl  3eprrenmi.bOT  omicimen karamuszatopiapaeiy Oeri 211,0-274,0 m%/r
MeJIepin/e 0OMaTHIHABIFE aHBIKTaN Bl KaTannsaropmap HeriziHeH Me30keyekTi:0ackiM keyekrep d = 2,0-3,0 HM.

Jaifprananran MOOUGUIUpPICHIeH KYpaMBIHAA IEONHTI 0ap KaTaTu3aTopiapAblH apoMaTThl KOMipCyTeKTepre
MPONaH-NPONHICH (QPaKIMICHIH OHJCY MPOICCIH/C KOFAphl KATATUTHKAIBIK OCICCHIUTIKKE KOHE CEIeKTUBTLTIKKE
ne exenpiri kepceringi. C,-C4 ankaHmapapl eHjey KesiHae mnaiina OonatelH 0acklM OHIMAEP TOJYOJ JKOHE OEH30J
Ooubin TabbuIaBl. MomuduppiieHren HeoauTTi Karanusaropaa Zn-La-ZSM-AlLOsnponas-niponuieH GppakusachiH
OHJICY Ke3iHze apoMatThl keMipcyTekrep (ApK)xoHe ra3 Topizzi eHiMaep naiaa 60abL.

Iponece Temmeparypaceabiy 400-1eH 650°C-Ka neitineckenne koHBepcus nopexeci 1,4-tren 100,0%-ra neitin
keTepinni. byn xarnmaiina apomarThl KeMipCyTeKTepIiH WIBIFBIMBI 8,9-maH 29,2-28,9%-ra neitin ecemi. ApK
GoitpiHma eH okorapel cenekTHBTUIIK 600°C-ta Oadikamagsl xoHe 29,2% Kypaiigsl. TysinreHapomarTsl
KeMipCyTeKTepIiH CaHABIK KypaMbl IPOIECTiH TeMuepaTypackiHa OaimaneicTel. 400-650°C apanbiFpIHAa TOTYOIABIH
IIBIFBIMBL  OKCTpeMalbasl Typae esrepeni, 450°C-ta eH JkorapFbl MoHTe JkeTeni xkoHe 46,9% Kypaiinsl
Temmeparypansly ecyiMeH Oen3oinelH mBFBIMBL 4,1 (400°C) 6Gacran 39,2% (650°C)geiiin aprampl. CyHbIK
KaTann3aTTarbl KCHIIONABIH Memmepi - 1,6-7,2%. Otunben3on meH Cs-CgkoMipCyTeTiHiH IIBIFBIMBI TEMIIEpaTypa
400-650°C apanbirpiaaa eckenae Tuicinme 24,8-neH 4,8%-ra neitin sxone 21,8-men 4,6%-ra neitin TeMeHIEH .
Zn-La-P-ZSM-A1,0O; xatanu3aTopbiHAa MNPOMAH-MPONWICH (PaKIUACHIH OHJIEY MPOIeci 3epTTeni. 2-KecTene
YCBIHBUIFAH JepekTepacH Temmeparypa 350-men 600°C-ka neifin ecyiMeH kouBepcus 27,8-men 98,9%-ra npeiiin
apTKaHbIH Kepyre Oonansl. TemneparypansiH 350-1eH 550°C-Ka neitiH apTybl Ke3iHe apoMaTThl KOMIPCYTEKTEPAiH
weiFeIMbL 19,3-Ten 38,1%-ra npeiltin eceni, Gipak >xorapsl Temneparypana (600°C) ApK mbirbiMbiabH 27,1%-Fa
neitin Temenzaeyi Oaiikananpl. 350-600°C apaybIFbIHIA TOTYOIABIH MIBIFEIMBI 27,4-39,1%, anm O€H30ABIH IIBIFBIMBI
0,5 - 23,0% xypaiiner. CyibIK KaTalu3aTTarkl KCHIOIIBIH Memiepi—1,6-4,3%-ke TeH. DTHUIOCH30JIIBIH IIBIFBIMEI
temneparypassi 400 - 600°C apajpFbiHIA apTkaHma 22.9-meH 5,9%-ra neitin  temenzgeinni. Cs-Ce
KeMipcyTekTepiHiH mbIFbIMbl 37,2-neH 17,0%-ra neiin 350- 550°C apanbiFblHAa TeMIepaTypaHbIH ©CKEH/E
TeMeHJeH 1 ne, coman keitin 32,0% (600°C) metiin apranel. ApK GofisiHma eH sxorapsl cenekTuBTUTiK S00°C ke3inmae
Gaiikanmanpl xoHe 54,0% Kypaiigsl. JXKorapsl Temmeparypanapna ApK OGoHbIHIA CENeKTUBTLNIK OipmamMa TeMeH—
38,7-27,4%.Zn-La-Zr-ZSM-Al,Os  kaTaju3aTopblHIa MPOMAH-NPONMWICH (GpPaKUUIChIH OHACY MpoleciHie
temneparypanbiy  350-nen  600°C-kaneitinecyimen  kouBepcuss  7,0-nen 100,0%-ra  neiiin  kerepineni.
TemneparypanbiH 350-nen 550°C-ka neiiiH apTybl Ke31HJe apoMaTThl KOMIPCYTEKTepAiH bIFbIMBI 4,6-1aH 28,2%-Fa
neiiin eceni, 600°C ke3iHie apoMaTThl KOMIPCYTEKTEPAIH IIBIFBIMBIHBIH 23,2% - ¥a JeliH TeMeHaeyi OaliKanaibl.
TeMneparypa jxorapbUIaraHia MakcaTThl OHIMAEPIIH TY3UIy CEJeKTHUBTLIIr Temennewni: ApK OoiibiHIIa eH
JKOFapbl centekTuBTUIIK 350°C ke3iHnme Oaiikananpl xoHe 65,7%-1b1 Kypaiabl.Korapel Temmepatypanapaa ApK
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OOMBIHIIA CETeKTUBTIIIK ToMeH. CyIBIK KaTaau3aTrTa TOIYoJI MEH STHI0eH301 06ackiM. ToXyonapIH MBFEIMEL 14,4 -
TeH 43,9% - ra gmeitin 350- 550°C apansireiHnaecerni, 600°C-taToxyonablH MBFEIMBI OiprmamateMeH - 40,9%.
DTUNOCH30IbIH MeJIIepi MOHOTOHIBI Typae 24,0-men 10,6% - ra neitin Temenaeiai. by xarmaiaa OeH30IIbIH
HIbIFBIMBI 1,7-1eH 27,2% - Fa netiin eceni. Kcumon memmepi — 3,1-7,9% apaibiFblHaa aybITKHIBL.

ApoMaTThl KOMIPCYTEKTEpPIiH €H >KOFapbl IbFbIMbI Zn-La-P-Cr-ZSM-Al,Oskatanu3aTopbiHaa OaiKabii
52,8%-ra (550°C, 150 car™') Ten Gombim KoHBepcus jpapexeci 100%-ra xereni. MoauduuupiieHren neonuri Gap
Karanuzaropiap ken (pyHKIHMOHAIAB KacueTTeprene. [Iponan nponmieH GpaKnusChlH OHICY OHIMICPIHIH KYpaMbl
apoMaTThl KOMIpCYTEKTEpAiH TY3UIyli KpPEKWHT, NCTUAPICY, OJMTOMEpH3alrsIay, JCTHAPOIMKIACY, AIKHIACY
PeaKIIsUIapbIHBIH KYPYl HOTHKeciHAe Oip caThiaa )KYPETiHiH KopceTei.

Tyiiin ce3aep: Katanu3aTop, HEOJTUT, IPOTIaH-TIPONIMICH (PPaKIUICH, apOMATTHI KOMIpCYyTEKTEp

B.T. Tyktun!, A.M. Temupora?, I'.T. Caiigunna?, A. A. Omaposa®

HCTUTYT TOIUIMBA, KaTanu3a u snekrpoxumun uM. [[.B. Cokoibckoro, ,
Muc 0 a, KaTajih3a M dJIEKTPO B. Coxonsckoro, 050010
Ammarsr, Kazaxcran, yn. Kynaesa 142;

’Ka3axCKuii HAlIMOHAILHBIH YHUBEPCHUTET UM.alb-Dapabu

HPEBPAILIIEHUE MPOIIAH - TIPOINMUJIEHOBOM ®PAKIIAU
B B APOMATHUYECKHUE YI'JIEBOJAOPO/bI
HA MOANO®OUINIUPOBAHHBIX HEOJIMTHBIX KATAIU3ATOPAX

AnnoTtanus. VccnemoBaH nporecc mpeBpameHns IporaH-TPOIMICHOBON (paKIMi B apOMaTHYECKHIE YTIIEBO-
JIOPOJIBI Ha LEOTUTCONEPKAIMUX KaTanm3aropax MomuduuupoBaHHbix Zn, La, Cr Zr, u P. IIpomecc mpoBommmm B
YCTAHOBKE B IIPOTOYHO YCTaHOBKE IIPU aTMOC(EPHOM JABICHHH IIPU BAPLHPOBAHMHA TEMIIEPATyphI oT 350 1o 600°C
U 00BEMHON CKOPOCTH mogadd ceipbs 150-1020 u'. KaranmsaTtopsl FOTOBUIM METOJOM IIPOIMMTKHM THAPOKCHIA
ATFOMHHUS U 1ieonuta ZSM-5 BOAHBIMH PacTBOPAaMH a30THOKHCIBIX COJIEH METauIOB U (ochHOPHON KHUCIOTHI.
W3ydeHs! GU3UKO-XUMUYECKHE XapaKTEPUCTHKH pa3paboTaHHBIX KaTtanu3atopoB. Meromom BOT ycraHoBneHo, 9TO
HOBEPXHOCTh Pa3pabOTaHHBIX KaTaau3aTopoB Kojebnercs B npegenax 211,0-274,0 m*r k-pa. KartamuszaTtopst
MPEUMYILECTBEHHO ME30NOPUCTHIE: IIpeobuanarot nopsl ¢ d = 2,0-3,0HM.

[TokazaHo, yto pa3paboTaHHbIE MOIU(PHIUPOBAHHBIE [IEOJIUTCOIEPIKAILNE KaTaM3aToOPbl 001aJal0T BBICOKOM
KaTaJIMTUYECKONH aKTHBHOCTBIO M CEJICSKTMBHOCTBIO B IPOLIECCE MEpepaboTKH MpPONAaH-NPONWICHOBON (pakuuu B
apoMaTHyeckue yrieonopoasl. [Ipeobnanarommu npoaykraMu, odpasyrommMcs npu nepepadorke Co-Cy4 ankaHos,
SIBJISIFOTCSI TOJTYOJI U OSH30JI.

[Ipu mepepaboTke MponaH-MPONMHICHOBON (paKIny Ha MOAN(DHUIIIPOBAHHOM LIEOJTUTHOM Katanu3zatope Zn- La-
ZSM-ALLO3; o0pasyroTcst apomMaTtHyeckue yrieBomoponsl (ApY) u ra3oo0pasHbie MPOAYKTHL B skuakor ¢asze
oOHapyXeHbl OCH30JI, TOIyOJI, ITHIOCH30I, Kertoibl U Cg-yTiIeBoopoabl, a B ra3oBoi ¢ase comepxkarcs Ci-Cy
yraeBogopozasl. C yBenmueHneM Temreparypsl mporecca ot 400 mo 650°C creneHb KOHBEpPCHH TOBBIIIaeTcs ot 1,4
10 100,0%. Berxon apoMaTHYecKuX yIIEBOAOPOAOB B ATHX YCIOBHX pacTeT oT 8,9 1o 29,2 -28,9%. MakcumanbHas
cenekTuBHOCTE 0 ApY Habmomaercsa npu 600°C u cocraBmsger 29,2%. KonnuecTBeHHBIN cOCTaB 00pa3yOLIIXCS
apoOMaTHYEeCKUX YIJIEBOJIOPOIOB CYIIECTBEHHO 3aBHCUT OT TEMIlepaTyphl Ipolecca. Beixoa Tonyona B MHTEpBaie
400- 650°C MeHsieTCsl SKCTPEMANIBHO, JOCTUTast MaKkcuMaibHoro 3HaueHus npu 450°C, u coctasisiet 46,9%. Boixon
OeH301a ¢ pocToM Temieparypsl Bo3pactaer ot 4,1 (400°C) mo 39,2% (650 °C). ConmepxaHue KCHIIONA B KHIKOM
katanmmzare - 1,6-7,2%. Breixox stunbensona u Cs-Cg yrieBosopoJOB CHIDKAETCSl C POCTOM TEMIIEpaTyphbl B
untepsaie 400- 650°C ot 24,8 10 4,8% wu ot 21,8 10 4,6 % COOTBETCTBEHHO

Hccnenosan nporecc nepepaboTKH MPOTaH-TIPOITMICHOBOH Gpakinuu Ha kartanmuzarope Zn-La-P-ZSM-AlL,O3 C
poctom temnepatypsl oT 350 1o 600°C korBepcust moBsimaercs ¢ 27,8 1o 98,9%. Ilpu yBenuueHnn TeMneparypsl
ot 350 mo 550 °C BBIXOZX apOMaTHYECKHX YIIeBOxopomoB pacteT oT 19,3 mo 38,1%, HO npu Gonee BBHICOKOH
temmepartype (600 °C ) HabmromaeTcs cHkeHUe Bbixomna ApY 10 27,1%. B unteppane 350 - 600°C BbIX0n ToMyoOna
coctasiser 27,4-39,1%, a 6enzomna - 0,5 - 23,0%. CoaepxaHue KCUIOia B )KUAKOM Katanmzare - 1,6-4,3%. Beixon
STHIIOEH30/Ia CHIDKaeTcss ¢ poctoM Temmeparypsl B uHTepBasie 400- 600°C ot 22,9 mo 5,9%. Brixox Cs-Cs
YIJIEBOJOPOJOB CHIDKAETCS C POCTOM Temmeparypbsl B uHTepBane 350- 550°C ot 37,2 mo 17,0%, 3atem
yBennuuBaercs 10 32,0 (600 °C ). MakcumanbHasi celleKTUBHOCTB 1o ApY HaOmronaercst npu 500°C u cocrapisier
54,0%. I1pu GoJsiee BBICOKMX TeMIIEpPaTypax CEICKTUBHOCTH M0 ApY Heckoibko Hinke — 38,7-27,4%.

B npouecce nepepaboTku mponaH-NMponuiaeHoBoOM ¢pakumu  Ha karanmzatope Zn-La- Zr -ZSM-ALO; ¢
yBenuueHueM Ttemmnepatypsl oT 350 no 600°C kouBepcust mnossimaercs ¢ 7,0 mo 100,0%. [Ipu noBblLIEeHUH
temnepatypsl oT 350 go 550°C BbIXOA apoMaTHYeCKHX YIJIEBOLOPOJOB pacteT oT 4,6 mo 28,8%, nmpu 600°C
HaOIIOMaeTCs CHIDKEHHE BBIXO/Ia apOMAaTHYECKUX YTIIEBOAOPOAOB 10 23, 2%. YCTaHOBIEHO, YTO HAMOOJIBIIUI
BBIXOJI aPOMATHYECKUX YTJIEBOJIOPONOB cocTaBiusier 52,8% (550°C, 150 4') ma karanmusarope Zn-La-P-Cr-ZSM-
ALLO; npu crenenn kouBepcuu 100,0%. MonmuduuupoBaHHBIE HEOIUTCOCPIKAIINE KaTaTH3aTOPbl 00IaqaroT
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noJau(yHKIHOHABHBIMU ~ cBoWicTBaMH. COCTaB MPOAYKTOB IepepabOTKU  IMPOMAaH-NPOIHUICHOBOH  (pakiuu
MOKA3bIBAET, YTO OOpa30BaHHE AapOMATHYECKUX YTIIEBOJAOPOIOB IPOMCXOOUT B OAHY CTaAUI0 B pe3yJbTare
MPOTEKAHUS PEAKIUI KPEKUHTA, IETHIPUPOBAHUS, OJTUTOMEPH3AIINH, ST UAPOIIUKIN3AINY, ATKAITUPOBAHUS

KaroueBble cjioBa: LeonuTCcoAepXKallUe KaTalU3aTOPbl MPOMNAaH-NPONMICHOBAas (pakuus apoMaTH4YecKue
YIJIEBOJIOPO/BI.
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