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STRENGTH AND CRACKING PROPERTIES
OF HLaY-CONTAINING COMPOSITE CATALYST
ON AI-PILLARED MONTMORILLONITE IN CaNa-FORM

Absract. It was shown that additives of montmorillonite in the Na form contribute to a significant increase in
the crushing strength of cracking catalyst granules while preserving their activity in gasoline yield. Comparison of
the results of vacuum gasoil cracking on catalysts of the same composition, but with and without NaMM binder,
showed that the introduction of NaMM increases the strength of the CaNaHMM-based catalyst and does not
significantly affect the gasoline yield.

Catalysts based on MM in CaNa and Na-forms showed similar activity in the release of gasoline from vacuum
gasoil, regardless of the composition of the exchange cations. It was found that due to the stages of activation and
pillaring, Na is completely removed from the finished catalyst. Pillarization and introduction of zeolite provide an
increase in specific surface area and total pore volume. Catalysts have a high number of acid sites. The maximum
yield of gasoline equal to 44.8% and light gas oil 14.6% was obtained with Al (2.5) CaNaHMM+HLaY+NaMM with
the addition of a binder and crushing strength of 60-70 N / sm2.
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Introduction. One of the promising directions for optimizing the composition of cracking catalysts is
the use of layered aluminosilicates and their modified forms as a component of the matrix of cracking
catalysts [1,2]. In cracking catalysts developed in Russia, Tagan montmorillonite (natural bentonite) is
used as a matrix component, which has binding properties, increasing strength and increasing the bulk
density of the catalyst. New highly efficient zeolite-containing vacuum gasoil (VG) cracking catalysts
with the production of gasoline were developed using columnar aluminum montmorillonites, which are
characterized by an increase in the number of mesopores and an increase in thermal stability. However,
the strength of such catalysts does not always meet the requirements of their operation in apparatuses with
a moving and fluidized bed in the processes of cracking of crude oil.

The purpose of the work is the synthesis of HLaY zeolite-containing catalysts deposited on aluminum
pillared montmorillonite in CaNa- form and to reveal the effect of a binder on the activity of catalysts in
the cracking of vacuum gasoil and its acid properties.

Experimental part. To prepare cracking catalysts, montmorillonite in CaNa form was used from the
Zapadnyi quarry, 12 horizons, containing the following alkaline cations: Na+> 35 mg / equiv,
Ca +>28 mg / equiv, Mg + = 24 mg / equiv, K +— 4,0 mg/equiv. As a raw material for cracking,
VG from LLP Pavlodar Oil Chemistry Refinery, trade mark B, type 2 was used with a density of
907.7 kg / m3, with a boiling end of 5100C, kinematic viscosity at 500C equal to 27.05 mm2/ s, sulfur
content of 1.5 mass%, pour point 300C and coking ability of 0.14 wt.%. Montmorillonite activated with a
H2S0O4 solution and pillared Al, as well as the synthesis of zeolite Y modified with lanthanum, were
carried out by known methods.

The elemental composition of the catalysts was determined by X-ray fluorescence spectroscopy
(INCA - Energy 450 at SEM JSM6610LV, JOEL, Japan). The textural characteristics of the catalysts were
determined from isotherms of low-temperature adsorption and desorption of nitrogen on an Accusorb
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instrument (BET method). The crush strength of the catalyst granules was determined by the compression
method (“Prochnomer of catalysts” PK-21-015). The acidity of the catalysts was determined by the
thermal desorption of ammonia. The catalytic activity of the samples was determined on a laboratory
flow-through installation, corresponding to the standard, with a fixed catalyst layer with a volume of 40 ml
in the temperature range 480-5500C. When the catalysate was distilled, a fraction of gasoline Th.b.- 2050C
and light gas oil fraction 205-3500C were taken. Cracking products were analyzed by GLC with a flame
ionization detector and a capillary column 100 m long; temperature 2500C; carrier gas - helium (Chromos
GC-1000).

Results and discussion. The influence of the exchange form of MM on the activity of the cracking
catalyst while maintaining its composition and method of preparation was studied using MM in a
CaNa form (a new batch of MM from horizon 12). From table 1 it is seen that the gasoline yield on this
catalyst ranges from 44.8-43.6% at cracking temperatures of 480 and 5000C, which almost completely
coincides with the gasoline yields on catalysts of the same composition (42.0-39.5%), but based on
NaHMM when cracking two different lots of VG, varying in composition.

Table 1- Material balance of VG cracking on Al (2,5) CaNaHMM + ELaY + NaMM catalyst at various temperatures.
The strength of this catalyst is 60-70N/sm2

VG raw materials The yield of products, mass..%
Cracking temperature 4800C 5000C
Gas 28,3 28,9
Gasoline (s.b.-2050Q 44,8 43,6
Light gas oil (205-3500C) 14,6 135
Heavy gas oil (> 3500C) 73 84
Coke 2,9 33
Losses 2,1 2,3
Product Amount 100 100

Based on the results obtained, it can be concluded that two samples of catalysts of the same
composition, but using Al-pillared MM in two different exchange forms, showed similar activity in
gasoline yield. In connection with the foregoing, it was of interest to compare the elemental composition,
textural and acid properties of the studied catalysts using activated and pillared Tagan MM in various
exchange forms in the composition of the finished catalyst. The results of elemental analysis showed, that
thanks to the stages of activation and pillaration, Na is completely removed from the initial MM regardless
of the exchange form. With the introduction of ~aY , the elemental composition and porous structure of
two MM-based catalysts in different exchange forms is practically the same.

A comparison of the acidic properties of optimal catalysts based on montmorillonites of various
horizons is given in table 2, from which it can be seen that the total content of acid centers (a.c.), and also
in particular the relative and absolute amount of strong a.c. of the NaHMM-based catalyst is 1.7 times
superior to the catalyst supported on activated MM in CaNa form.

Table 2 - Acidic properties of optimal cracking catalysts

Acid centers

Sample Content Weak Medi o
ac eal edium rong -
<2000C 200-300" >3000C Total acidity
% 4352 36,48 20 100
Al(2,5)CaNaHMM+HLaY
Mkmol NH3'¢ 161,64 135,50 7428 371,43
% 363 301 336 100
Al(2,5)NaHMM+HLaY
Mkmol NHZ¢ 1396 1154 1292 3845
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From the results obtained, it is seen that the introduction of NaMM as a binder into the zeolite-
containing cracking catalyst significantly increases the crush strength of the granules while maintaining
the activity of the catalyst in terms of the yield of gasoline during VG cracking. It was shown that zeolite-
containing catalysts based on MM pillared with aluminum in the Na and CaNa forms are characterized by
a close elemental composition, texture and acid properties, which leads to their close activity in VG
cracking with the formation of gasoline. The maximum yield of gasoline equal to 44.8% and light gas oil
14.6% was obtained on Al(2,5)CaNaHMM +HLaY+ NaMM with the addition of a binder and crushing
strength is 60-70 N/ sm2.

Acknowledgements. This work was supported by the Science Committee of the Ministry of
Education and Science ofthe Republic of Kazakhstan (PTF BR05236739 and Grant AR 05132133, 2018-
2020).
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«[. B. COKONbCKWUIA aTbIHAArbI XXaHapMali, KaTaius
XKIHE INeKTPOXUMUSA MHCTUTYThI» AK|, AnmMaTbl, KasakcTaH

CaNa- AYbICIMA/Ibl ®OPMACbIHAAT bl ATKOMWHWNMEH MUNNANNPAEHIEH
HLaY-"YPAMAObl KOMMNO3NTT1 KATAJTM3ATOPAbIL|,
KPEKMHIT1K )XOHE BEP1KT1K LACUETTEP1

AHHoTauusA. Na dopmMackiHarbl MOHTMOPWUAMOHUT KocMa peTiide KPeKWHr KaTanusaTtop TYMipLuikTepiuy
CbIHY KYLULL apTTbipyra efsyip bIKnaa eTeTLl, COHbIMeH KaTtap, ofapAblH 6eH3VH LWbITbIMbIHAArbl 6e/1CeH LW MH
apTTblpaTbiHbl MpcemMTe” Bl KpeKMHMHLLY H3TvKenepi Gipaeii Kypamgarbl KaTanmsatopnapgbl canbiCTblpraHia
NaMM 6aiinaHbICTbIprbicbi3 x3He NaMM eHn3y KataivsatopnapgblH 6epwinn  apTTblpaTbIHAbITbIH XK3HE
6EH3MHHLL WbITbIMbIHA aliTap/bIKTal 3cep eTNeTiHIH KepceTTi.

CaNa >aHe Na-topmanapgarbl MM HerisiHAeri kKatanmsaTopnap KaTWOHAApAbIH KypaMblHa KapamacTaH,
Xorapbl TemnepaTtypasbl ra3gapgaH 6eH3nH LWbirapyja ykcac 6enceHginik ~ p ce 1. benceHaipy XaHe nunnanupney
Ke3eHaepiHe 6ainnaHbicTbl Na faliiblH KaTanvm3aTopgaH ToMbIrbIMEH LbIrapbinarbiHAbINbI aHbiKTangbl. Munnanvpney
XK3HE LEeONUTTI eHM3y 6eTK KabaTTblH >KauiMbl KeNemiH >K3He KeyeKTepfLl, >Kannbl KefemiH apTTbipyabl
KamTamacbl3 eTeflr ¥CbIHblI/IraH KaTa/m3aTopnap KbIWKbYIAbIH OpTa/iblK CaHbIHbIH KenTiriMeH epekLueneHei:
Al(2,5)CaNaHMM+NaMM-katanusatopbiHfa 6alinaHbICTbIPrbIWTbI KOCKaHAa 6epikTiri 60-70H/cM2, 6eH3MHHIH eH
)orapb! LWbIrbIMbl 44,8% >K3HE XXeL /1 rasoisb WhirbiMbl 14,6% Kypagbl.

TywH ce3gep: KaTIMTUKa/IbIK KPEKUHT, 6aiiNaHbICTbIPrbill, MOHTMOPWUAIOHNT, 6ePXNK, XXaHap Maii, LeonuT,
BaKyyMfbl rasoiib.
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AO VHCTUTYT TOMNNNBA, KaTannsa n 3/IEKTPOXUMNN
um. 1. B.Cokonbckoro, Anmathbl, KasaxctaH

MPOYHOCTHBIE 1 KPEKUPYIOULVME CBOVWCTBA
HLaY-COAEPXALWEINO KOMIMO3NTHOIO KATA/TM3ATOPA
HA Al- TMINAPUPOBAHHOM MOHTMOPUNIJTIOHNTE B CaNa-®OPME

AHHOTaums. MNokasaHo, 4YTO f06aBKU MOHTMOpUIoHMTa B Na-hopme cnoco6CTBYOT CYLL,ECTBEHHOMY POCTY
NPOYHOCTU rpaHys KaTa/im3aToOpoB KPeKWHra Ha pasjaBinBaHue npu 0gHOBPEMEHHOM COXPaHEHUM UX aKTUBHOCTU
no BbIxody 6eH3nHa. CpaBHeHMe pe3ynbTaToOB KpekuHra BIT Ha KaTanusaTopax OAMHAKOBOrO COCTaBa, HO CO
cessytowuMm NaMM u 6e3 Hero, nokasano, 4Tto BBeaeHe NaMM noBbIWaeT MPOYHOCTbL KaTaim3aropa Ha O0CHOBe
CaNaHMM u He oKa3bIBaeT CYLLECTBEHHOI0 BANSAHUA Ha BbIX0[ 6eH3MHa.
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Karanusatopbl Ha ocHoBe MM B CaNa u Na -hopmax nposBuan 6/1M3Ky0 akTUBHOCTb MO BbIX04y 6eH3uHa 13
BI" He3aBMCUMO OT cocTaBa 06MeHHbIX KaTMOHOB. HaifeHo, 4To 6narofaps CTagMam akTusauvmm U NanaprvpoBaHuns
Na nosiHOCTLIO yAanaeTcsa U3 roToBoro Katanusatopa. MunnapvposBaHve 1 BBeAeHWe LeonuTa obecnevymsaroT poct
yOeNbHON MOBepxXHOCTM W o6wero ob6bema nop. KatanusaTopbl OT/IMYAKTCA BbICOKMM  KO/IMYECTBOM
KUC/IOTHbIX LEHTPOB. MaKcMMasibHbIA BbIX04 6eH3nHa, paBHblA 44,8% un nerkoro rasonnsa 14,6% nosnyyeH Ha
Al(2,5)CaNaHMM+HLaY+NaMM c fo6aBKoi1 CBA3YHOLLEro 1 NPOYHOCTLIO Ha pasgasnvBaHue 60-70 H/cm2.

KnioueBble cnoBa: KaTa/IMTUYECKUA KPEKWHT, CBA3YHOLWAas, MOHTMOPUMIOHUT, NPOYHOCTb, GEH3WH, LeonwuT,
BaKyYMHbIi rasoib.
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