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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-ALO; with a conversion rate of
100.0%, selectivity for aromatic compounds - 52.8%.

Modified zeolite-containing catalysts have multifunctional propertics. 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.
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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].
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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-AlLOs, Zn- La - P-ZSM-
AlO; Zn-La- Zr -ZSM-A1,0s, Zn-Zr-ZSM-AL,0;, Zn-La-P-Cr-ZSM-AL,Os. 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 5350°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,O; (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-A1203

T, °C 400 450 500 550 600 650
Conversion, % 14 38.6 972 99.5 100 100
The yield of liquid phase, % 8.9 124 18.4 26,2 292 28.9
Select. ArC, C4% - 32,1 18,9 26,3 29,2 28.9
Liquid phase.%
Benzene 4.1 10,1 16,5 20,7 322 39,2
Toluene 31,8 46.9 44,5 32,1 372 32,6
Ethylbenzene 24.8 222 21,0 8.8 6.6 4.8
Xylene 7.2 6,6 6,6 2.8 22 1,6
Cs6 21.8 1,5 0.3 272 9,1 4,6
Cs+ 10,3 12,7 11,1 8.4 12,7 172

The process of processing propanc-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 vield 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-Cs hydrocarbons decreases with increasing temperature in the range 350-350°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,0;
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
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ArC is observed at 350°C and is 65.7%. At higher temperatures, ArC selectivity is lower. Toluene and
cthylbenzene prevail in the liquid catalysate. Toluene yield grows from 14.4 to 43.9% in the range 350-
550°C, at 600°C toluene vield 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 C,-C; hydrocarbons is observed (table 3).

Table 2 - Processing of propane-propylene fraction on catalyst Zn-La- P-ZSM-A1,Os3

T, °C 350 400 450 500 550 600
Conversion, % 278 36,7 58.6 69,5 98.5 98.9
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 38,7 274
Liquid phase, %
Benzene 2,6 3,9 9.2 14,7 23,0 19,1
Toluene 274 27,9 31,9 39,1 343 28,2
Ethylbenzene 22,9 16,2 159 17,5 94 5,9
Xylene 43 3.8 3.9 42 2.5 1,6
Cs-6 26,8 372 30,7 17,0 17,0 32,0
Cs+ 16,0 11,0 8.4 75 13,8 132

Table 3 - Effect of temperature on the process of processing propane-propylene fraction Zn-La-Zr-ZSM-ALO3

T,°C 350 400 450 500 550 600
Conversion, % 7.0 522 63,8 923 100 100
The yield of liquid phase , % 4.6 10,5 23,0 26,9 282 232
Select. ArC, % 65,7 20,1 24,5 29.1 282 232
COCTaB KUKOU (asbl, %o Mac

Benzene 1,7 4.7 9,7 13,6 21,9 272
Toluene 144 35,0 40,3 423 43,9 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
Cs6 15,8 3,1 72 3.1 0,2 14
Cs+ 40,2 21,6 13.1 132 14.3 16,8

The influence of the bulk feed rate on the activity and selectivity of the catalyst Zn-La-Zr-ZSM-Al,05
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-A1203

V., h'! 150 300 470 675 825
Conversion, % 100 100 97.9 100 100
The yield of liquid phase, % 37.9 282 194 11,3 10.8
Select. ArC, % 379 28,2 19.8 11,3 10,8
Liquid phase, %

Benzene 234 21,9 25.1 23,7 24.9
Toluene 432 43,9 42.8 44.9 464
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




ISSN 2224-5286 1. 2020

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 3, 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%.
C1-C4 hydrocarbons were found in the gas phase.

Table 5 - Stability of the modified zeolite-containing catalyst Zn-La-Zr-ZSM-Al: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 19,0 180 [ 179 | 157 [ 12,5 [ 12,7 [ 12,3 [ 11,1 10,8
Select. ArC, C3% 64,2 55,0 441 354 [ 88,6 | - - 358 | 262 [ 645 548
Select. ArC, C4% 20,6 204 90,0 18,0 | 17,9 1157 | 125 [ 12,7 1123 | 11,1 10,8

Liquid phase, %
Benzene 26,3 29,7 28,7 28,9 [26,7 1259 269 [240 [250 [259 |264
Toluene 42,7 40,9 422 41,3 [ 42,9 1420 | 433 [ 432 [404 | 444 | 442
FEthylbenzene 12,8 11,8 10,9 11,3 [ 124 120 | 12,3 [ 13,0 [ 116 [ 11,1 12,3
Xylene 4,1 3.7 3.4 3.6 39 [47 3.9 6.0 36 |43 3.9
Cs-s 1.4 0,6 1,7 0,8 0,9 124 [20 3,0 8.0 1,0 1,8
Cst 12,7 15,3 13.1 14,1 1132 1129 | 11,6 [ 108 | 114 | 123 114

When processing the propane-propylene fraction on the catalyst Zn-Zr-ZSM-ALOs, 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, cthylbenzene 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 -Z.SM-A1O3

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, % - - 292 22.8 20,6 213
Liquid phase, %

Benzene 1,0 4,0 9,8 14,6 25,1 33,3
Toluene 36,2 31,2 41,7 44,3 434 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 14 0,6
Cs+ 22,0 22,0 18,7 154 14,0 184

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

When processing propane-propylene fraction on the catalyst Zn-La-P-Cr-ZSM-AL,O; 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 1s 64.3%, and for C, 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-ALQO; 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-ALO; 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-ALOs

T, °C 400 450 500 550 600
Conversion, % 852 100 100 100
The yield of liquid phase, % 25,0 329 32.1 345 27,0
Select. ArC, % 38,6 32,1 34,5 27,0
Liquid phase, %
Benzene 4.3 9.4 19,8 24.1 12.3
Toluene 41,5 35,1 40,3 44,1 182
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 5,7 470
Cs+ 152 10,5 7.5 174

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,0; 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-AL> O3

T, °C 150 300 470 675 825 1020
Conversion, % 100 100 100 65,7 90.4 524
The yield of liquid phase, % 52.8 34.5 204 21,2 20,5 17.2
Select. ArC, % 52,8 345 204 323 22,6 32,8

Liquid phase, %

Benzene 308 24,1 20,0 244 214 17.9
Toluene 40,5 44,1 46,0 42.5 434 474
Ethylbenzene 7,0 12,3 15.1 12.1 16,5 20,2
Xylene 1,9 3.0 24 1.8 1.8 2.2
Cs-6 3.9 5,7 8.8 124 5,5 6,0
Cs+ 15,9 7.7 6.8 114

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-AL,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 simultancously and in parallel: cracking, dehydrogenation, isomerization, dehydrocyclization,
alkylation.

B.T. Tykrun!, A M. Temupora?, F.T. Caiininga!, A. A. Omapora’

! 1.B. COKOMBbCKUMATHIHAAFBDKARAPMAL, KATATH3 YKOHE SICKTPOXHMIESI HHCTHTYTHL,
050010, Anmatsr, Kazakcran, KonaeBk-ci 142;
2 Omp-DapabuaTeiHaars! Ka3ak YITTBIK VHHBEPCHTETI

MNPONAH-ITPONMWIEH ®PAKIIUACBIHAH MOJAUP®UIIUPJIEHTEH HEQOJIHUTTI
KATAJIN3ATOPJAPJA APOMATTHI KOMIPCYTEKTEP AJTY

Annoramus. Zn, La, Cr Zr, sxone P MmomupummpreHreH meonnTi 0ap KaTairu3aTopiapia MPONaH-MPOIIICH
(PpaKUMACHIH 6HIC apOMATThl KOMIPCYTEKTep ajy mpoueci 3eprrenai. IIpomecc arbiHABI KOHABIPFBIIA aTMoche-
panbik, KeickiMaa 350 — 600°C TeMIepaTypana sKoHe MIUKI3ATTH OepyAiH KOJICMIIK sKbLTIaMabEsl 150-1020 car'-ae
sKyprizizmi. Katamusaropnap axmroMHUHAN THAPOKCHIIH skoHE ZSM-5 NEONUTIH METATIAPABIH a30T KbIIIKBLITABI TY3-
apbIHBIH koHE (HOoC(Op KBIIKBLIBIHBIH CYJAaFbl CPITIHAITIEPIH CIHIPY oaiciMeH JaisrHAamasl. KaranmszaTopiapasiH
pusHKA-XUMETBIK  cHmaTTamMamapsl  seprrenai BAT  omicimen karaymmsaropmapaeiy Geti 211,0-274,0  m%/r
MeImuepiHae OOIaTHIHABFBI aHBIKTANIBL. KaTtammsaTopaap HeTi3iHeH Me30KeyeKTi:0aceM keyekrep d =~ 2,0-3,0 M.

JaierHaaFaH MOTH(OUIHPICHICH KYPAMBIHAA IICOTUTI 0ap KATATH3ATOPJIAPIBIH apOMATTBI KOMIPCYyTCKTEPTe
MPOTAH-TMPONIIICH (PPAKIMACHH 6HICY MPOLCCIHAC JKOFAPHI KATATHTHKAIBIK OCICCHILTIKKE KOHE CCICKTHBTLTIKKS
ne exenairi kepcerinai. C>-C4 ankaHmapasl eHACY Ke3iHAC makga OomaTelH 0ACBIM OHIMICP TONYOI KOHE OCH30I
60pim TabbIIaAbRl. Moau(uIUpIeHIeH NEOauTTI KatanmzaTopaa Zn-La-ZSM-AlLOs;nponaH-iponuicH (pakIusIChIH
OHICY KEe3iHAC apoMaTThl kKeMipcyTekTep (ApK)koHe ra3 Topi3mi eHiMacp manaa OOabL.

Ipouecc TemmeparypaceHbH 400-acH 650°C-Ka netiiHeckeHAe KOHBEpCH mopexeci 1,4-ten 100,0%-ra aciiin
ketepinai. byn karmaiima apomarTel KeMipCyTeKTEpAiH IMbEbIMBI 8,9-maH 29,2-28 9%-ra neiiin ecemi. ApK
OolibiHIIa €H >KOFaphl ceixekruBTUNK 600°C-ta Oaiikamazel »koHE 29,2% Kypadapl. Ty3iareHapoMarTs
KOMIPCYTEKTEP/IH CAaHABIK KypaMbl IPOLECTIH TeMIieparypachiHa OaimanbicTsl. 400-650°C apaibIFbIHIA TOIY OJIBIH
IIBIFBIMBI  3KCTpEMAnbAbl TypAc e3repeni, 450°C-ta eH IKOFaprbl MOHTE JKeredi »koHe 46,9% KypaHmsL
TemmeparypansiH, ecyiMeH OcH3omabiH mbEbMBL 4,1 (400°C) OGactam 39,2% (650°C)acitin apragpl. CyibIK
KATaJTH3aTTaFrbl KCHJIOMABIH Memmmepi - 1,6-7,2%. Otunden3on MeH Cs-CskoMipCyTCTiHIH MIBIFBIMBI TCMIICPATYPa
400-650°C apamsrrbiHOa eckeHae Tuicinme 24,8-ncH 4,8%-ra mehid sxoHe 21.8-mcH 4,6%-Fa meHiH TOMCHICHII
Zn-La-P-ZSM-AL,O3 karanm3aTopblHAA NPOMAH-MPOTHICH (DPAKUHACHIH OHICY MPOLCCI 3CPTTemi. 2-KeCTeae
YCHIHBLTFAH jAepekrepacH Temmeparypa 350-men 600°C-ka neitin ecyimeH komsepcus 27.8-acH 98,9%-ra nmetiin
apTKaHbIH Kepyre Oomaasl. TemneparypassiH 350-meH 550°C-Ka aeifiH apTybl Ke3iHIAEC apOMATThl KOMIPCYTEKTEPIiH
meEsMbl 19,3-Ten 38,1%-ra meliin eceni, Oipak skorapsl Temmeparypaga (600°C) ApK meremvbrasH 27,1%-Fa
JIeiin TeMeHaeyi Oatikanampl. 350-600°C apanbIFsIHAA TOIYOJIABIH IMBIFBIMBI 27,4-39,1%, am OCH30IABIH, IIBEFBIMBI
0,5 - 23,0% xypatinel. CyHbIK KaTamu3aTTaFbl KCHIONABIH Memuepi—1,6-4,3%-ke TeH. 3THIOCH30JIBIH IIBFBIMBI
temmepatypansiy 400 - 600°C  apanprsiHZa aptkasma  22.9-neH 5,9%-ra  gerin  temeHzeini. Cs-Cs
KOMIpCYTEKTepiHiH mbFbIMBL 37.2-neH 17,0%-ra aeiiin 350- 550°C apambIFbIHAAQ TEMIICPATYyPaHbIH ©CKEHIIC
TOMCHACH I e, comaH ket 32,0% (600°C) aeitin apraaer. ApK GoHbiHIIA ¢H skoFapbl ceaeKTHBTLMK 500°C ke3iHme
Gatikananel >xoHe 54,0% Kypaiiaer. XKorapsl Temmneparypanapaa ApK OoHbIHIIA CENEKTHBTLIIK OipmiamMa TeMEH—
38,7-27,4%.Zn-La-Zr-ZSM-Al;O; KaTatu3aTOpPBIHAA TNPONMAH-NIPOMIUICH (PAKIMACHIH ©HACY MPOLCCIHAC
temrepatypansiy,  350-neH 600°C-kanmeiiinecyimeH kouBepcusa 7,0-mer 100,0%-ra  neiliH  kerepinesi.
Temneparypaubie 350-1en 550°C-Kka AeiiH apTysl KE31HAC apOMATThl KOMIPCYTEKTEPAiH IIbFbIMBI 4,6-1aH 28,2%-Fa
JewiH eceni, 600°C ke3iHae apoMaTTsI KOMIPCYTEKTEPAIH MIBIFBIMBIHBIH 23,2% - ¥a AcHiH TOMEHIACYI OaHKanambl.
Temneparypa >KOFapbIIaFaHIa MAaKCATTBl  OHIMACPIIH TY3UIy CENeKTHBTLNri TemeHachmi: ApK OoiipmHIma cH
sKorapel cenektupTimik 350°C xesiHzme Oaifkamazsr »xkoHe 65,7%-mp1 Kypaiabl.Korapel temmepatypamapaa ApK
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OOMBIHIIA CCNCKTHBTLIIK ToMeH. CYHBIK KATAIM3AaTTa TOIYOI MCH 3THIIOCH301 0ackM. TonmyomapIH mbIFeIMEL 14,4 -
TeH 43,9% - ra geiin 350- 550°C apamsreiamaeceni, 600°C-TaTtoayonaslH OIBIFBIMBL OlpruamareMeH - 40,9%.
OTHIOCH30IOBIH MOIepi MOHOTOHABI Typae 24.0-men 10,6% - ra aciin TemeHacHal. by xarmaiiaa OCH30IABIH
meEFBIMEL 1,7-1¢H 27,2% - ¥a netiin eceai. Kcumon meamepi — 3,1-7,9% apanbIiFsiHAa ay BITKHIBL

ApoMaTTHl KOMIpCYTCKTCPHiH CH >KOFapbl MbEFBIMEI Zn-La-P-Cr-ZSM-ALOskatamm3aTopeiHIa OaHKaIbIT
52.8%-ra (550°C, 150 car') Ten Oomsin KoHBepcHs mapexkeci 100%-ra sxketeni. MoguUUHUpICHIeH LEOIHTI Gap
KaTanm3aTopiap kel (yHKIHOHAIIBI Kacuerteprene. [Ipoman mpomuieH (pakIusICsiH 6HICY OHIMACPIHIH Kypambl
apoMAaTThl KOMIPCYTCKTCPAIH TY3UIyl KPCKHHT, ICTHAPICY, OJHTOMCPH3ALMAIAY, ACTHIPOIHKIACY, AIKHIACY
PCAKINTAPBIHBIH KYPY1 HOTHKCCIHAC Oip caThIaA JKYPCTiHIH KOPCCTCI.

Tyiiin ce3aep: KaTaau3aTop, UCOHUT, MPOMAH-PONHICH (DPAKIHACHL, APOMATTHI KOMIPCYTCKTSP

B.T. Tyktunl, A.M. Temunposa?, I'.T. Caiianina®, A. A. Omapona’

"HMucTHTyT TOmMmHBA, Katammsa 1 3iekrpoxumun uM. J.B. Cokombckoro, 050010,
Ammarsr, Kazaxcran, yi. Kynaesa 142;
ZKa3axCKuii HAIIMOHANTBHBIN YHHBEPCHTET HM.ATb-Dapadu

MPEBPAIIIEHUE ITPOMAH - MPONMWJIEHOBOM ®PAKIIUA
B B APOMATHYECKHME YIJIEBOAOPO/AbI
HA MOANPUIINPOBAHHBIX IIEOJIMTHBIX KATAJTU3ATOPAX

Annotamust. Mccrenosas nporecc npespameHus! MPOaH-IPOIHICHOBOH (PPAKIMH B APOMATHICCKHUE YIIICBO-
JOPOIBI HA NCOMHMTCOACPKAMUX Karamm3aropax momu@muupoBaHueix Zn, La, Cr Zr, u P. IIpouecc nmpoBoamm B
YCTAHOBKE B IIPOTOMHON YCTAHOBKE MPH ATMOC(EPHOM JABIIEHHH TIPH BAPBUPOBAHKME TEMIIEPATY PhI 0T 350 1o 600°C
U OOBEMHOM CKOPOCTH MOAauM Chipbs 150-1020 ul. Karamm3aTopsl TOTOBHIIM METOAOM MPOMHTKA THAPOKCHIA
AMOMHHASL M neonauta ZSM-5 BOTHBIMH PACTBOPAMH A30THOKHCIBIX COJEH METAamIoB W (POCHOPHOH KHCIOTHI
HzyueHsl QU3HKO-XMMHUYECKUE XapaKTEPHCTHKY Pa3paboTaHHbIX Kartamm3aropos. Merogom BT ycraHoBieHO, uTO
HOBEPXHOCTh Pa3pabOTAHHBIX KATAIM3ATOPOB KOIcOmerca B mpemenax 211,0-274,0 m¥r k-pa. Karammsatopsr
MPESHMYIICCTBCHHO MC30MOPUCTHIC: TPeo0IanaroT mopsl ¢ d~ 2,0-3,00M.

[Noxa3zano, 4T0 pa3zpaboTaHHbIC MOAM(DUIIMPOBAHHBIC NEOIUTCOACPKAIINE KATAIN3aTOPhI 00/1a1al0T BBICOKOH
KaTaIUTHYECKOH aKTHBHOCTBEO M CEJICKTHBHOCTHIO B IPOIIECCE IEPEPAOOTKH IPOMAH-TPOIMICHOBON (pakunu B
apOMATHICCKHE YTICBOI0pOoabl. [IpeodmamarormmumMu mpoayKraMu, 00pasyromuMcs mpu nepepadorke Co-Cs amkaHoOB,
SIBJIAFOTCS TOJIYOT B OCH30IL

ITpu nepepaboTke MPOMaH-IIPONMHMICHOBOH (DpaKIUK Ha MOTU(PHITMPOBAHHOM IICOINTHOM KaTanm3arope Zn- La-
ZSM-ALO3; 00pa3yroTcs apoMaTHUYCCKHE YTIeBomopoabl (ApY) m ra3o00pasHeic MpoAyKTHL. B skuakoi ¢ase
0OHAPYKCHBI OCH30II, TOMYOJI, STHIOCH30J, KCHIOIH H Cg:-yTJICBOIOPOBI, a B Ta3oBoi (hase comepxkarca Ci-Cy
yrieBogopoasl. C yBeTHUCHHEM TeMmepaTy pel mpouecca ot 400 a0 650°C cTermeHs KOHBEPCHH MOBBIMIACTCA OT 1,4
10 100,0%. Berxoa apoMaTHUECKUX YITICBOJAOPOJAOB B 3THX YCIOBIAX pacTeT oT 8,9 10 29,2 -28,9%. MakcumanbsHas
CeNeKTHBHOCTE 1o ApY Habmomaercs mpu 600°C u cocrasmier 29,2%. KonmdecTBeHHBIH COCTaB 00pa3yOMMXCS
ApOMATHYECKUX YTICBOJOPOAOB CYHICCTBEHHO 3aBHCHT OT TEMIICPATyPhI IMPOIECca. BEIX0 TOJyona B HHTEPBAIC
400- 650°C MCHACTCS IKCTPSMANBHO, AOCTHTAS MAKCHMATHHOTO 3HAauUCHM mpu 450°C, u cocraBmiaet 46,9%. Brxoa
OcH301a ¢ pocToM TeMmepatyphl Bo3pactact ot 4,1 (400°C) mo 39,2% (650 °C). ComepikaHHE KCHIIOA B JKHIKOM
Karamm3are - 1,6-7,2%. Bsixox stmndenzona u Cs-Cs yIIeBOIOPOAOB CHHMKACTCS C POCTOM TEMIIEPATYPHI B
uaTepBae 400- 650°C ot 24,8 10 4,8% u ot 21,8 10 4,6 % COOTBETCTBCHHO

HccaeaoBaH mponece nepepaboTKH MPOMAH-NIPOMAICHOBOH (h)pakmuu Ha Katagmsarope Zn-La-P-ZSM-ALOs C
pocTtoMm Temneparypsl oT 350 xo 600°C koHBepcusl moBbImIacTcsa ¢ 27,8 1o 98,9%. Ilpu yBenuueHIH TEMIIEPaTy PbI
ot 350 mo 550 °C  BBIXOX apOMATHYECKHX YIIEBOAOpPOA0B pacrer oT 19,3 mo 38,1%, HO mpu Oonee BBHICOKOH
temmeparype (600 °C ) nabmomnaercs CHwkeHue Bhixoaa ApY 10 27,1%. B untepsane 350 - 600°C Bbxox ToMyONA
cocraBysaet 27,4-39,1%, a 6enzoma - 0,5 - 23,0%. ComeprkaHue KCHIIOIA B )KHAKOM Katamm3are - 1,6-4,3%. Brixon
STHIOCH30JIa CHIDKACTCA C POcToM Temreparypsl B mHTepBane 400- 600°C ot 22,9 a0 5,9%. Brixon Cs-Cs
VIJICBOJOPOAOB CHIDKACTCA C POCTOM TeMmeparypsl B mHTepBaie 350- 550°C or 37,2 mo 17,0%, 3arem
yeemmuuBactca 70 32,0 (600 °C ). MakcumaabHAsA CCICKTHBHOCTE Mo ApY Hadmomactcs npu S00°C u cocraBsieT
54,0%. Ilpu Go7ee BHICOKHX TEMIIEPATYPaxX CEJICKTHBHOCT MO ApY HECKONBKO HIXKE — 38,7-27.4%.

B mpomecce mepepaboTKM NpONMAH-MPOMIUICHOBOH — (pakmmu  Ha Karaxmzarope Zn-La- Zr -ZSM-ALOs ¢
YBEIMUMCHHEM TeMIepaTypsl oT 350 mo 600°C xomeepcua mosbmmactcsa ¢ 7,0 mo 100,0%. Ilpu noBBIICHUH
Temmeparypsl oT 350 1o 550°C BBIXOZ apOMATHHECKHMX YIIEBOAOpoxos pacrer ot 4,6 mo 28.8%, mpu 600°C
HAOMOAACTCS CHIDKCHHC BBIXOJA apOMATHYCCKHX YTICBOAOPOAOB 10 23, 2%. VYCTAHOBICHO, YTO HAMOOIBIIHI
BBIXO/] APOMATHYECKUX YTJIEBOAOPOIOB CocTamieT 52.8% (550°C, 150 u!) ma karaymsarope Zn-La-P-Cr-ZSM-
ALO; mpu cremern koueepcuu 100,0%. MomuHIHPOBAHHBIC LCOTMTCOACPKAIMUC KATAIM3ATOPHI 0OIATAOT
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nomm()y HKOHOHATBHEIMA ~ cBOMCTBaMH. (COCTaB TNPOAYKTOB TMepepabOTKH  MPONMAH-MPONMICHOBOH  (ppakumu
MOKa3bIBAaeT, 4TO OOpa30BaHHE APOMATHYECKHX YIJICBOAOPOAOB IPOHCXOAUT B OFHY CTagMIO B PE3yJbTare
MPOTEKAHMS PEAKIHMH KPEKHHTA, ICTUAPHPOBAHMIS, OJUTOMEPH3AINH, ACTHAPOIUKIN3AINH, ATKHIHPOBAHMS

KmoueBble c/10Ba: LECOJUTCOACPIKAINUE KATATH3ATOPHI MPONMAH-NPONUICHOBAA (paKkuus apOMaTHUCCKHE
YIJIEBOAOPOBL
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