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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.

KasakcmaH Pecnybrnukacbl YnmmbiK abliibiM akademusicbl «KP ¥FA Xabapnapbl. Xumusi
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DEVELOPMENT OF EFFECTIVE CATALYSTS FOR PROCESSING
C3;-Cs HYDROCARBONS

Abstract. The aim of the article is to study the effect of preparation and activation methods of a modified
zeolite-containing catalyst on the activity and stability of catalytic properties displayed by it during the
conversion of Cs-Cs hydrocarbons. During the experiment, the industrial cracking catalyst OMNIKAT, which
is a zeolite in the sodium form, was used as the initial one. Zinc, gallium, and REE (rare earth elements)
were sequentially applied to decationized samples of this catalyst by ion exchange, impregnation, and dry
mechanical mixing, and the effect of these methods on the catalytic properties of the zeolite-containing
catalyst was observed. As a result of a comparative analysis of the regularities of aromatization of Cs-Ca
hydrocarbons, it was found that the mechanical mixing method is the most preferable, since it provides the
best process performance.

In order to improve the activity and stability of the catalysts, thermocouple and thermal activations were
carried out during the preparation process. Further, differences were revealed for the thermocouple and
thermal activation of the modified catalyst and their effect on the activity and selectivity of the zinc-gallium-
zeolite-containing catalyst with respect to ArH (aromatic hydrocarbons) in the process of conversion of C3-Cs
hydrocarbons. The choice of these particular operations was dictated by the fact that preliminary thermal
and thermal vapor treatment of the catalyst practically does not require significant capital expenditures, i.e.,
economically most acceptable.

Regularities of reaction-regeneration cycles were established. Thus, the optimal technological parameters
for the regeneration of catalytic compositions are: temperature - 600°C, atmospheric pressure, oxidizer - air
feed rate - 2 h”', which lead to the restoration of the activity and selectivity of the spent catalyst to the fresh
level. Studies of the of oxidative regeneration process a zinc-gallium-zeolite-containing catalyst have shown
that while maintaining a clearly regulated regeneration regime, the activity of the latter is restored.

The main task of the research was the development of effective catalysts for the conversion of Cs-
Cs hydrocarbons. Therefore, in the first place, we compared the conversion rates and selectivity for ArH.
The proposed catalyst is characterized by good operational properties (high activity and long service life),
providing 59.2% by weight of the target product yield at 98.8% conversion of Cs-Cs hydrocarbons.

Key words: refinery g ases, Cs-Cs h ydrocarbons, zeolite-containing ¢ atalyst, m odifiers, reaction-
regeneration cycles.

Introduction. The steady increase in the Materials and methods. Studies aimed at the

consumption of fuels motor and the associated
deepening of oil refining requires the steady
development of secondary, destructive processes,
which are accompanied by a significant release of
by-product — refinery gases. Basically, they are
represented saturated and unsaturated hydrocarbons
of the Cs-Cs fraction mixture. The total yield of
these hydrocarbons at oil refineries (refineries) is on
average 4-8% of the mass of the volume of processed
oil [1-4].

According to statistics, in the balance of
production and consumption of hydrocarbon gases
for chemical synthesis, about 30% of the total amount
of obtained gaseous hydrocarbon raw materials is
used, while the rest is spent on non-chemical needs

[5].

selection of highly active catalytic systems for
processing refinery gases into a concentrate of
aromatic  hydrocarbons  (ArH) or gasoline
components are carried out in many countries of the
world [6,7]. In the works of Academician Kh.
M. Minachev, at the end of the last century, the
possibility of the use of synthetic zeolites as
catalysts for the processing of hydrocarbon
components of natural, associated and oil refinery
gases, as well as gas condensate into high-octane
motor fuel and ArH [8]. The totality of data in the
field of zeolite catalysis for the subsequent period
made it possible to fully confirm these predictions
[9-12].

In connection with the tendency to gradually
replace obsolete catalysts with more efficient ones,

g7the idea arose of studying the possibility of using

the industrial zeolite-containing cracking catalyst
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OMNIKAT in the process of converting Cs-Cs
hydrocarbons.

As a result of earlier studies, it was established
that it is promising to carry out the process of
conversion of Cs-Cs hydrocarbons in the presence
of a modified zeolite-containing system based on the
industrial OMNIKAT catalyst. In works [13-15], the
data obtained as a result of the screening of potential
promoters (Zn, Ga, Cd, REE oxides) of the conversion
of Cs-Cs hydrocarbons are given, according to
which the greatest positive effect takes place upon
modification of a zeolite-containing catalyst with
zine, gallium and REE oxides in the form of an
industrial concentrate (IG), which confirms the well-
known tendency [16,17].

The aim of this study is to study the effect of the
method of preparation and activation of a modified
zeolite-containing catalyst on the activity and
stability of catalytic properties exhibited by it during
the conversion of C3-C4 hydrocarbons.

Experimental part. The Cs-Cs hydrocarbon
fraction taken for the study had the following
composition (wt.%): Ethane - 2%; ethylene - 3%;
propane - 7%; propylene - 25%; butane - 3%; iso-
butane - 23%; butylene’s - 32%.

During the experiment, an industrial cracking
catalyst OMNIKAT was used as a starting catalyst,
which is a zeolite in the sodium form, on decationized
samples of which zinc, gallium and REE are
successively applied by the method of ion exchange,
impregnation by water absorption of dry mechanical
mixing (in a ball vibrating mill for 1h). The samples
contained 20% (wt.) Of the binder - aluminum oxide.

Before the experiments, the catalysts were
activated in a stream of air at the reaction temperature
for 2-3 hours.

The process is carried out on a flow-through unit
at atmospheric pressure in the temperature range of
450-600°C and a volumetric feed rate of 180 h™'.

The gaseous and liquid phases analyze by gas
chromatography.

Results and discussion. Zeolite
multicomponent catalyst 1% Znz + - 3% Gas—3%
IG-H-OMNIKAT was synthesized in three ways:
by ion exchange, impregnation and dry mechanical
mixing.

Since the main task of the research was the
development of effective catalysts for the conversion
of Cs-Ca hydrocarbons, first of all, the indicators of
conversion and selectivity for ArH were compared.
Comparison of the data showed (Table 1) that
when modifying additives were introduced into
the zeolite by the ion exchange method and by
the impregnation method, in the first5 hours of
operation, the raw material conversion and catalyst
selectivity with respect to the target products are
characterized by similar values. An increase in the
duration of the experiment to 15 h leads to a decrease
in aromatization, an increase in cracking activity, and
a rapid deactivation of the catalyst (an increase in the
yield of gaseous products and coke).

It also follows from the data in the table that
the dynamics of SP (seal products) accumulation,
regardless of the method of introducing modifiers,
has a similar character: an increasing in the inter-
regeneration run leads to an increasing in the
degree of coking of the samples. At the same time,
it is important to note that samples obtained by
mechanical mixing have the least tendency to coke
formation. At the same time, two sharp jumps are
observed associated with insignificant formation of
carbon deposits on the catalyst surface (at the initial
stages up to 2 h) and intense (duration of operation
more than 10 h), probably associated with the gradual
accumulation of surface and intracanal coke deposits
on active centers of zeolite.

Table 1
Influence of the modifier input method on process indicators
conversion of hydrocarbons Cs-Ca
Duration of the | Conversion, | Selectivity | Liquid catalyst composition, % wt. Coke yield,
experiment, h | % wt for ArH, % wt.
Yo Wt. AlH benzene |toluene | X xylenes
Ion exchange method
93,8 40,5 1,6 47,1 40,0 11,3 0,8

5 94,0 44,7 0,8 49,3 38,2 11,7 0,9
10 92,6 384 0,7 42,8 32,0 14,5 1,6
15 86,1 38,1 1,1 34,7 36,8 27,4 2,1

Impregnation method
1 94,0 42,1 4,5 25,1 42,6 18,1 1,2
5 94,0 44.8 3,9 29,7 46,2 15,8 1,3
10 92,8 41,6 2,1 36,5 47,1 13,0 1,5
15 90,4 40,8 4,0 34,4 48,7 16,7 2,0
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Dry mechanical mixing method
97,5 53,3 0,2 25,5 43,6 26,4 0,4
5 98,5 53,5 0,3 28,6 42,9 24,6 0,7
10 98,0 53,2 0,4 29,2 40,7 28,0 1,2
15 95,6 50,2 0,2 31,4 39,4 25,2 1,6

Catalyst: 1% Znz + + 3% Gas + 3% REE-H-OMNIKAT; W = 180 h-1; T = 550°C)

As a result of a comparative analysis of the
regularities of aromatization of Cs-Cas hydrocarbons,
it was found that the method of mechanical mixing
is the most preferable, since it provides the best
process indicators (the yield of ArH and selectivity
is higher than on samples prepared by traditional
methods). And the close values of the conversion
of Cs-Cs+ hydrocarbons, the yield of ArH, and the
selectivity for catalysts prepared by the impregnation
and mixing method, presumably indicate that both
methods lead to the formation of active centers close
in nature in the structure of the zeolite, which carry
out aromatization hydrocarbons Cs-Cs. However,
higher performance in the case of mechanical mixing
is probably associated with the conditions of catalyst
synthesis in a vibration mill, which promotes greater
dispersion of components, breakdown of silicates
into micro blocks, and the formation of micro strains
and point defects. It is possible that the conditions for
the mechanical activation of the zeolite-containing
catalyst generally contribute to the accumulation
of energy, which makes it possible to reduce the
activation energy of the subsequent chemical
transformation of Cs-Cs hydrocarbons and improve
the steric conditions for the process [18].

In addition, to the data in Table 1, it can be seen
that the modification of the zeolite by dry mechanical
mixing allows to obtain more stable catalytic systems,
and the selectivity of ArH formation, corresponding
to more than 50%, retains it throughout the entire
period of the process.

It is also known from the literature that in order
to improve the activity and stability of catalysts, the
latter are often subjected to additional operations
during preparation, in particular, heat treatment in
various media: freon, halogen-containing gases,
hydrogen, steam, etc. [18].

Proceeding from this, it is of considerable
interest to study the effect of preliminary thermal
and thermocouple treatment on the activity and
selectivity of a zinc-gallium-zeolite-containing
catalyst with respect to ArH in the process of the
conversion of Cs-Cs hydrocarbons (Fig. 1). The
choice of these particular operations was dictated by
the fact that preliminary thermal and thermal vapor
treatment of the catalyst practically does not require
significant capital expenditures, i.e., economically
most acceptable.

The data presented in Fig. 1 indicate that the
preliminary thermocouple treatment of the modified
zeolite-containing catalyst did not increase its
activity. According to our hypothesis, the decrease in
the activity of the catalyst in this case is associated
with the adsorption of water on the active sites of the
zeolite, which proceeds simultaneously through two
mechanisms: coordination and dissociation of water
molecules.

o
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®
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o

Conversion, yield of reaction products, %
(2]
o

S}

N

— thermal activation

D— thermocouple activation

Fig. 1. Influence of the activation method on the
conversion of Cs-Cs hydrocarbons (1), selectivity
with respect to ArH (2), yield of coke (3), ArH (4),
hydrogen (5), methane (6), C2(7), and Cs + (8). (1Zn-
3Ga-3IG-H-OMNIKAT; T = 550°C)

The subsequent adsorption of raw materials leads
to the formation of complex surface complexes that
form a diffusion front for the penetration of molecules
into the pores and leading to structural changes in
the catalyst. These changes can lead to disturbances
in the contacts "zinc-gallium-REE" and "acidic"
centers responsible for the aromatizing activity of the
catalyst. Where as the high-temperature calcination
of the catalyst was accompanied by an increase in its
activity.

However, it should be noted that thermal
activation depended in a complex way on the
calcination temperature (Fig.2). For example, if the
thermal activation of the catalyst at 500 and 600°C
did not lead to a significant change in its catalytic
properties, then an increase in temperature to 700°C
was accompanied by an increase in the yield of ArH
by 1.1 wt.%. At a calcination temperature of 700°C,
the maximum degree of conversion of the raw
material (98.8%) and selectivity with respect to ArH
(58.4%) were also observed. A further increase in the
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calcination temperature to 800°C was accompanied
by a decrease in conversion by 16 wt.%, and
aromatizing activity by 8.5 wt.%. The activity of
the catalyst when the catalyst is calcined at 900°C
differs even more sharply from the initial sample:
the conversion decreased by half, and the yield and
selectivity for ArH decreased to 7.2 and 16.1 wt.%,
respectively. The decrease in the activity of the
calcined catalyst at temperatures above 700°C is
possibly due to local overheating and destruction of
the zeolite lattice under the influence of temperature.

At the same time, when choosing the conditions
for heat treatment, one should take into account the
effect of the duration of calcination. Thus, a 3-hour
treatment at temperatures up to 700°C had a positive
effect on the activity of the catalyst, however, an
increase in the time of exposure to temperature led to
a decrease in the yield of ArH.
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Fig. 2. Influence of temperature and duration of
treatment of 1Zn-3Ga-31G-H-OMNIKAT catalyst
on indicators of the process of conversion of
hydrocarbons Cs-Ca

The data obtained on the duration of the
temperature treatment indicates that the optimal
duration of the calcination of zeolites is 2 hours.
Probably, it is this processing mode that contributes
to the formation of the optimal ratio of active sites of
various types due to dihydroxylation of the catalyst
surface.

Figure 3 shows histograms showing the results
of the duration effect of the process on the catalytic
activity and stability of the modified zinc-gallium-
zeolite-containing catalyst during the conversion of
hydrocarbons Cs-Ca. As can be seen from the data
presented, the synthesized zeolite-containing catalyst
provides a high yield of a catalyst that is stable in
terms of the component composition over a long
period of operation (Fig. 3, a).
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Fig. 3. Influence of the duration of the process
on the distribution (a) and the composition of the
gaseous (b) and liquid (c) phase

Since one of the main criteria associated with the
possibility of introducing active catalysts into industry
is the stability of their operation, several series of
experiments were carried out for the regeneration
properties of the modified zeolite-containing catalyst

(Fig. 4).

initial

regeneration 1

regeneration 2

Conversion, PBF %

DB 0

regeneration 3

Regeneration temperature, °C

Fig. 4. Dependence of PBF conversion on the
regeneration temperature
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The study of the reproducibility of the activity of
the studied catalysts was based on a comprehensive
analysis of the regeneration cycles of samples taken
from the system after 10 hours of operation. Specific
air consumption was 200 volumes per 1 volume of
catalyst in 1 hour. Oxidative regeneration was carried
out in a flow of dry air at temperatures of 500-700°C.

The data on the catalyst regeneration
characteristics presented in Figs. 4 and 5 indicate
that, in the course of 2 regeneration cycles at 600°C,
the active centers of the zeolite-containing catalyst
restore activity close to the initial one, which makes
it possible to extend the overall service life of the
catalysts. However, regeneration at 500 and 700°C
is accompanied by a decrease in the activity of the
zeolite-containing catalyst (conversion of Cs-Ca
hydrocarbons) immediately after the Ist cycle by
more than 15%, and at 500°C by 6 wt.%.

Thus, the temperature regime of regeneration at
the level of 600°C is optimal from the point of view
of the possibility of restoring the catalyst activity.
Probably, this temperature regime contributes to the
complete burn-out of coke without changes in the
crystal structure of the zeolite-containing catalyst.

A decrease in the aromatizing activity of
the catalyst with an increase in the number of
regenerative cycles over 2 is obviously due to the
fact that with an increase in the duration of operation,
the coke formed on the surface is characterized by
a high degree of polycondensation (Fig.5). In such
conditions, to completely remove it, it is necessary
to use a higher temperature (> 600°C) and a longer
duration of regeneration

Process indicators, %

“Reaction-regeneration” cycles

[ - conversion 7— ArHyield

Fig. 5. Dependence of PBF conversion and ArH

An increase in temperature, as well as the time
of the process, leads to the transition of the oxidation
process to the external diffusion region, which is
determined by the rate of oxygen diffusion from
the bulk to the surface of the granules. Under these
conditions, the process of SP burnout occurs against
the background of an abrupt increase in temperature
and surface sintering, and the segregation of active
centers.

Long-term (more than 3 cycles) further operation
leads to a decrease in the total catalytic activity,
probably associated with irreversible surface
changes, which is in good agreement with the data
available in the literature [19, 20].

Conclusion.

As aresult of the studies carried out, it was found
that the introduction of 1% zinc, 3% gallium and 3%
rare earth elements (REE) as modifying additives
in the composition of a zeolite-containing cracking
catalyst using mechanochemical technology and
subsequent high-temperature treatment, makes
it possible to obtain highly active and a selective
catalyst for the conversion of Cs-Cas hydrocarbons to
ArH.

The proposed catalyst is characterized by good
operational properties (high activity and long service
life), providing 59.2% by weight of the target product
yield at 98.8% conversion of Cs-Cs hydrocarbons.

The regularities of the reaction-regeneration
cycles have been established. Thus, the optimal
technological parameters for the regeneration of
catalytic compositions are: temperature - 600°C,
atmospheric pressure, oxidizer - air feed rate - 2
h'!, which lead to the restoration of the activity and
selectivity indicators of the spent catalyst to the fresh
level. Studies of the process of oxidative regeneration
of a zinc-gallium-zeolite-containing catalyst have
established that while maintaining a clearly regulated
regeneration regime, the activity of the latter is
restored.

yield on the number of reaction-regenerative cycles

C.P. Pacyaos*, I.P. Mycradaesa
O3ipOaii’kaH MEMIIEKETTIK MyHal *oHe OHEpKacil yHuBepcuTeTi, baky, O3ipOaiikan
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KOMIPCYTEKTEPII C:-Cs KAHTA OHJAEYAIH )KOFAPBI TUIM/II
KATAJIU3ATOPJIAPBIH 3EPTTEY KOHE O3IPJIEY

AHHOTanus. MakaJaHblH MakcaTbl KYpaMbIHIa ©3TePTIIreH KypaMbIHIa LEOIUT Oap Karaau3aTop.bl
naiibIHaay KoHe icke Kocy apmictepiniH Cs-Cs KOMipcyTeKTepiH TYPJCHIIpY MPOLECiHAe KaTaJIuTHKAJIBIK
KAacHUeTTepAiH OeNCeHIUIrT MEeH TYpPaKThUIBIFBIHA dCepiH 3epTTey Oombil TalObuianel. Toxipube KesiHIe
Harpuii Typinzeri ueonut 6omnbin TadbutaTeidi OMNIK AT eHaipicTiK KpEeKHHT KaTalan3aTophbl KOIIAaHBUIIBI.
Mpipbiw, rayumid xoHe P332 ocbl karanu3aTtopablH IEKOHUPIICHIeH YATiIepiHe HOH aMacy, CiHIIpY JKoHe
KYpFaK MEXaHUKAJbIK apajiacThlpy apKbUIbl JOMEKTI TYpHe CHIi3UIIl kKoHe Oyl omicTephiH KypaMmbIHIa
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LEONTUT Oap KaTaau3aTopAblH KaTAIUTUKAIBIK KacueTTepiHne oacepi Oaikanasl. Kemipcyrekrepai Cs-Ca xomr
I/IiCTCHI[ipy 3aH/IBUTBIKTAPEIH  CAJIBICTHIPMAIIBI TaJIay HOTIKCCIH/IC MEXaHMKAJBIK apajiacTepy SMICi eH
KOJTaWJIBl €KeHIIT1 aHBIKTaN/IbI, OUTKEH] OJ MMPOIECTIH €H KaKChl OHIMIUTITIH KaMTaMachl3 eTe/li.

Karanusaropinapzbit OeJICeHINT MEH TYPAKTBUIBIFbIH XKaKCapTy MAaKCaTbIHAA JAHbIHABIK MPOLECIHAC
TepMonapa JKoHE JKbUTy aKTHBallUsUIaphl JKYprizinmi. byman opi MomuduKaiusiaHFaH KaTalu3aTOp/IbIH
TEPMOIIApachl MEH TEPMUSUIBIK AKTHBTCHYI JXOHE ONApAblH KypamblHIA MBIPBII-TAIHHA-Le0anT Gap
KaTaJIM3aToP/IbIH KeMlpcyTeKTepm Cs-Cs xoHBepcwsiiay Tporecinieri ApY-fa KaTbICThl O€ICeHILTITi
MEH CEICKTHBTLIINHE dCepi YIUIH albIPMAIIbUIBIKTAp aHBIKTALAbL OCbl HAKTbI onepanusIapabl TaHAay
KaTaJIn3aToOP/Ibl AJIJIBIH aJ1a TEPMO JK9HE TepMO-0ybIMEH OHJIEY 1C )KY31H/Ie alTapIIBIKTal KYpAeIi IIBIFBIHIaP/IbI
KOKET CTHEeUTIHIIrIMEH, SFHU SKOHOMHUKAJBIK JKaFbIHAH €H KOJIAWIbl OOJBIN TaObLIATHIHIBIFBIMECH
TYCIHIIPUII.

Peaknus-perenepanyst IUKINAPBIHBIH —3aHABUIBIKTAPBl  aHBIKTANAEL.  OchlIaiiia, KaTaJdUTHKAIBIK
KOMIIO3HITMSUTAPABIH PEreHEePallUsACHIHBIH OHTAMIBI TEXHOJIOTHSIIBIK TMapaMmeTpiepi: temmeparypa 600°C,
aTMOoC(epaTbIK KbICHIM, TOTHIKTBIPFBINI-ayaHbIH OepiuTy KBIIIAMIBIFEI -2caraT, OyJ1 OeICeHIUTIKTI KaJIbIHa
KEJITIpyre JKOHE KYMCAJIFaH KaTalu3aTop/bIH KaHa JIeHIeire IeiiiH CeJIeKTUBTLIIHE eKeneI[i Kypambiana
MbIPbILI-FaJUIMH-LEONHUT Oap KaTalU3aTOPABIH TOTEIFY PErCHEPALIHSICE IIPOLICCIHE JKYPIi3UIreH 3eprreyiep
HAKThI PETeHEPALIMs PEKUMIH CAKTail OTBIPBII, COHFBICBIHBIH GEIICCH/IUIITT KaJIlbIHA KEJICTIHIH KOPCETTI.

3eprreyain Herisri MiHAeTi kemipcyTekTepai Cs-Cs KOHBepcHsIayAblH THIMJI KaTajlu3aTopiapbiH
kacay Oosabl. COHIBIKTAH, CH alibIMeH, 013 ApY YILIH TYPJICHAIPY MEH TaHAaMaJbUIBIKTBI CAJIbICTBIPIBIK.
¥ CIHBUIFAH KaTaJIM3aTOP JKAKChI Mai/jallaHy KaCUETTEPIMCH CUITATTaIa/Ibl (JKOFaphbl GENCCHAUTIK XKOHE Y3aK
KbI3MeT eTy Mep3imi), kemipeytekrepai Cs-Ca 98,8% koHBepeusiiay Ke3iH1e ©HIMHIH MAKCaTThl LIbIFbIMBIHBIH
59,2% -bIH KaMTaMachl3 €TEl.

Tyiiin ce3mep: TazapTkeimn razgap, Cs-Cs kemipcyTekTep, KypambIHAa [EOTUT Oap Karaau3arop,
MoauduKaTopiap, peakusIIbIK-pereHepaIisUIbIK [THKIIap.
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A3zepbaiiKaHCKHH TOCYTapCTBEHHBIH YHUBEPCUTET HE(TH U MPOMBIIINIEHHOCTH, baky, A3zepOaiimkan
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PA3PABOTKA D®®EKTUBHBIX KATAJIM3ATOPOB MTEPEPABOTKH
YIIEBOJOPOIOB Cs-Ca.

AnHoTanmsa. llenpio cTatebu SBISIETCA M3y4YSHHWE BIUSHHUS METOIOB TPUTOTOBICHUS W aKTHBAIlUU
MO (UITUPOBAHHOTO IIEOTUTCOIEPIKAIIETO KaTallu3aropa Ha MPOsIBIISIEMYIO UM aKTHBHOCTb M CTaOMIIBHOCTh
KaTaIUTUIECKUX CBOWCTB B IpoIlecce MpeBparieHns yreBoaoponos Cs-Ca. [Ipu npoBeneHun skcriepuMeHTa
B KadecTBE MCXOIHOTO OBUI WCIOIB30BaH TIPOMBIIIICHHBIH Katanmu3atop kpekumara OMHUKAT,
MPEACTABIIAIONMI co00i IieonuT B HaTpueBoit ¢Gopme. Ha nexkarnoHMpOBaHHBIE 0O0pa3llbl JaHHOTO
KaTanu3aropa MOoCle0BaTeIbHO HAaHOCHIN IHMHK, Tauid u P30 meromamu MOHHOTO 0OMEHa, MPOTHUTKH
¥ METOZOM CYXOTO MEXaHHYECKOTO CMEIICHHS W HaONIONaii BIHUSHME ITHX METOAOB Ha KaTaTUTHYECKHE
CBOICTBa LIEOJUTCOAEPIKAIIETO KaTrajau3aropa. B pesynbrare CpaBHUTEIHHOTO aHAJIM3a 3aKOHOMEPHOCTEH
apomaru3anuy yrieBogopoaoB Ci-Cs OBIJIO yCTAHOBIIEHO, YTO METO MEXaHHMYECKOTO CMEIICHHS SIBISETCS
HanboJiee MPeANOYTUTENLHBIM, TaK KaK OH 00eCTIeYrBaeT HAMITYUIIIUe [TOKa3aTel mpoliecca.

C menpio yIydlieHWs aKTHBHOCTH W CTAOMJIBHOCTH KaTalHW3aTOPOB B IPOLIECCE MPUTOTOBIICHUS
MPOBOJMIINCH TEPMOTAPOBBIE W TEePMHUYECKHWE akTHBanuu. Jlamee OBITM BBISBICHBI Pa3iu4ds IS
TEPMONapOBON U TEPMUUECKON aKTUBAIIMH MOAN(DUIIMPOBAHHOTO KaTaIn3aTopa 1 UX BIUSHIE Ha aKTUBHOCTh
1 CEJIEKTMBHOCTh LMHKIAIIUMHLEOIUTCOACPKALEr0 KaTanu3aropa no ApY B mpouecce IpeBpalleHus
yrieBoopoaoB Cs-Ca. BBIOOp KOHKPETHO 3THX OMNepanuii ObII MPOAWKTOBAH TEM, YTO NpeIBapHTEIbHAS
TEPMO- U TEpMOMapooOpaboTKa Karaju3aropa MPAKTHYECKH He TPeOyoT 3HAYUTEIbHBIX KaHTaIbHBIX
3aTpar, T.c. SJKOHOMUYECKH HanboJjiee PUEeMIIEMBI.

boun ycTaHOBIEHBI 3aKOHOMEPHOCTH PEaKIIMOHHO-PETEHEPAIMOHHBIX ITUKJIOB. Tak, ONTUMaIbHBIMU
TEXHOJIOTHYECKUMHU MTapaMeTpaMH i pereHepaluy KaTaTuTHUeCKUX KOMITO3UIU ABJISIOTCS: TeMIIepaTypa
— 600°C, armocdepHOe JaBIeHHE, CKOPOCTh MOJa49y OKUCIUTENIS — BO3AyXa — 2 !, KOTOpBIEe MPHUBOMIAT K
BOCCTAHOBJICHHIO TOKa3aTeJeld aKTUBHOCTH M CEJEKTHBHOCTH OTpabOTAaHHOIO KaTalu3aropa 10 YPOBHS
cBexkero. McciaenoBanusMu mponecca OKHUCIUTEIbHOM pereHepaluy LMUHKAIMHLIEOIUTCOAEPIKALLIETO
KaTajau3aropa ObUIO yCTAHOBIJIEHO, YTO IIPU COXPAHEHUHU YETKO PEIIaMEHTHPOBAHHOTO PEKUMa PEereHepauu
AKTUBHOCTD TMOCJIETHETO BOCCTAHABIMBAETCS.

OcHOBHOH 3a1a4eli MPOBeNEHHBIX UCCIIEOBAHMI sBIsIach pa3padoTka 3PpEeKTUBHBIX KaTall3aTopOB
npeBpatieHus yneBoopoaos Cs-Ca. [ToaToMy B epByIo ouepe/ib CONOCTABIISINCH OKA3aTeNIN KOHBEPCUH
u cenexktuBHOCTH 10 ApY. Ilpeanaraemplii KaTanu3aTop XapakTepU3yeTcs XOPOLIMMHU SKCIUTyaTallHOHHBIMU
CBOMCTBaMH (BBICOKOW aKTUBHOCTBIO M HPOJOJDKUTEIBHBIM CPOKOM CIy)KOBbI), obecrieunBast 59,2% macc
BBIXOJI II€JIeBON TPOayKIwH mpu 98,8% koHBepcuu yrieBomoponoB Cs-Ca.

KawueBbie cioBa: Hedre3aBojgckue raspl, yrieBogopoabl Cs-Ca, eonuTcoepKaiimii KaTamu3arop,
MO (DUKATOPBI, peaKIMOHHO-PEreHEPAIIMOHHBIC TTHKITBL.
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