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SELECTION OF A BINDER
FOR A ZEOLITE-CONTAINING CRACKING CATALYST
ON AL- PILLARED TAGAN MONTMORILLONITE

Abstract. It was shown that the strength of Al(2.5) NaHMM + HLaY + NaMM catalysts increases significantly
with the introduction of NaMM. The optimal amount of NaMM additive is 10 mass%. With an increase in the
calcination temperature of this catalyst, an increase in strength is observed, which reaches a maximum value
(223.4 N/sm2 at 6000C. A further increase in the amount of introduced NaMM to 15 and 20 wt.% reduces the
strength of the catalysts at all studied calcination temperatures. On Al (2.5) NaHMM + HLaY + NaMM catalyst, a
large amount (42.5%) of gaseous hydrocarbons is formed at 500° C, which decreases with an increase in cracking
temperature to 5500 C. The gasoline yield at 5000C is 42.0%, light gas oil 5.5%. With an increase in cracking
temperature, the yield of gasoline decreases to 39.5%, and light gas oil increases to 15.8%. Under these conditions, a
decrease in the yield of gaseous hydrocarbons to 28.8% is observed.

Comparison of the results of VG cracking on catalysts with and without NaMM binder showed that the
introduction of NaMM does not significantly affect the yield of gasoline.
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Introduction. The matrixes of modern zeolite-containing cracking catalysts are multicomponent
systems that should provide a number of requirements for the catalysts during their operation: high
activity, optimal porous structure and specific surface area, thermal stability, abrasion resistance [1,2]. The
high heat capacity of montmorillonite (MM) promotes heat removal from the zeolite component at the
regeneration stage, which leads to increased thermal stability of the catalyst [3]. Obviously, the strength
characteristics of the catalysts are determined by their composition and texture properties - porosity,
specific surface area, size of primary particles. However, in the literature there are very few works devoted
to the study of the relationship of strength with the physicochemical properties of catalytic systems.

The purpose of the work is to develop new effective additives to increase the mechanical strength of
cracking catalysts based on natural clays and zeolites for processing vacuum gas oils in the fuel direction
and to identify the relationship of strength with the characteristics ofthe developed cracking catalysts.

Experimental part. 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 H2SO4 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
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
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in the temperature range 480-5500C. When the catalyzate 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. It was shown earlier that the use of montmorillonite in the Na-form as a
matrix and a binder of zeolite-containing catalysts leads to an increase in their crushing strength. In this
regard, in order to increase the strength of cracking catalysts, various amounts of the initial MM in the Na
form were introduced into the zeolite-containing catalysts based on pillared MM as an additive. From
figure, where the effect of NaM M additives on the strength of Al (2.5) NaHMM + HLaY is clearly shown,
it is seen that the introduction of 10% NaMM increases the strength of the catalyst by 1.9-2.3 times at
Tcdc = 550-6500C compared to the strength ofthe catalyst without NaM M.

Calcination temperature, 0C

Effect of calcination temperature on the strength of Al (2.5) NaHMM + HLaY catalysts with the addition of 10%NaMM

For the cracking tests, catalysts calcined at the optimum temperature and sufficiently strong were
taken. So, Al (2.5) NaHMM + HLaY + 10% NaMM catalyst was calcined at 600° C, while the strength of
the catalyst increased to 223.4 N/sm2 and VG was cracked at temperatures of 500 and 5500 ° C with
determination of material balance and chromatographic analysis of the resulting gasoline fractions. The
gasoline yield at 5000 C is 42.0%, light gas oil 5.5%. With an increase in cracking temperature, the yield
ofgasoline decreases to 39.5%, and light gas oil increases to 15.8%. Under these conditions, a decrease in
the yield of gaseous hydrocarbons to 28.8% is observed.

Material balance of VG cracking on Al (2,5) NaHMM + HLaY + 10% NaMM catalyst at various cracking temperatures

VG raw materials The yield of products, wt.%
Cracking temperature 5000C 5500C
Gas 42,5 28,8
Gasoline (""-2057) 42,0 39,5
Light gas oil (205-3500C) 55 158
Heavy gas oil (> 3500C) 58 8,6
Coke 2,9 45
L osses 13 2,8
Product Amount 100 100
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H. A. 3akapuHa, A. K. Akypnekosa, H. A. KopHayxoa, 0. JanenxaHy/bl

«[l. B. COKOMbCKUIA aTbIHAArbl XXaHapMaii, Katasin3
XKIHE ANEKTPOXUMUSA UHCTUTYTbI» A, ANMaTbl, Ka3akcTaH

ANMIOMUHWUWMEH NMUNNAANPAEHIEH TATAH MOHTMOPUANOHUT
HEM31HAE KPEKVHTTLW, LEO/TUTMNPAM bl KATATU3ATOPJ/TAPbIHA
BAWMAHbBICTbIPIbILL TAUOAY

AHHOTauma. Makanaga Al(2,5) NaHMM + HLaY + NaMM kaTtanmsatopnapbliHbiH 6epikTiri NaMM
eHrisreHfe efayip apraTtbiHbl KepceTinreH. NaMM KocnacbiHbIL OHTainbl Menwepi 10 macca% Kypaiigbl. Ocbl
KaTann3aTopAblH Kbi3fbIpy TemnepaTypacbIHbIL, Xorapblnaybl HeridiHae 6epik 6ona TYcegi, 01 MakcMMasifbl M3Hre
(223,4 H/cm2) 6000C >xeteni. EHrisinreH NaMM menwepwiw, ogaH spl apTybl 15 Xa3He 20 canm.% 3epTTenreH
Xorapbl TemnepaTtypagarbl KaTanu3aTopnapiblH 6epikTiriH kemitegi. Al (2.5) NaHMM + HLaY + NaMM
KaTanusaTopbliHga 500° C TemnepaTypaja ras Tapi3gi kemipcyTekTep Ken menwepge (42,5%) TY3inedi, 0N KPeKUHr
TemnepaTypacbiHbiH 5500 C feliiH xorapbinaybl HerisiHae TeMeHgeligi. 5000C TemnepaTypaga 6eH3VHHIH LWbIrbIMbI
42,0%, xewn ras 55% kypaigbl. KpekMHr TemnepaTypacbiHbIH XOorapbiiaybl apKblibl 6eH3H WbIrbiMbl 39,5%
[eWH TemeHaelai, an xewn rasoiinb 15,8%-ra geilin aptagbl. Byn xargaiiga ras 1api3gi KemipcyTekTep LWbIrbIMbI
28,8% pAellH TeMeHAelTiHI 6aikangbl.

KaTtanusatopnapgarbl Bl KpeKUHr H3TuxenepiH NaMM 6aiinaHbICTbIPrbILLIMNEH YXX3HE OHCbI3 Ca/bICTbIpraHia
NaMM eHn3y 6eH3MHHIH TYCYyiHe aiiTap/ibIKTaii 3cep eTNenTLILL KEPCETTiI.

TYWiH cesnep: KaTaMNTUKabIK KPEKWMHT, MOHTMOPWMOHWT, 6eplUTWK, XaHap Maii, LeonuT, BaKyymfbl
rasoiinb (BIN).

H. A. 3akapuHa, A. K. AkypnekoBa, H. A. KopHayxoBa, O. [lanenxaHynsl

AO VNHCTUTYT TONNNBA, KaTa/ins3a 1 3/IEKTPOXUMUK
um. [. B. Cokonbckoro, Anmathbl, KasaxctaH

MOABOP CBA3YIOLWENO AN LLEO/IUTCOAEPXKALLEIO
KATAIU3ATOPA KPEKUHTA HA Al- MUIJIAPUPOBAHHOM
TATAHCKOM MOHTMOPU/TTOHNTE

AHHOTauuaA. [lokasaHo, 4to npo4yHocTb Al(2.5)NaHMM+HLaY+NaMM-kaTtanvM3aTopoB CYLLECTBEHHO
nosbillaetca ¢ BBegeHneM NaMM. OntumanbHoe KonuyecTBo fobaBku NaMM coctaBnser 10 mac.%. C
NoOBbILLEHNEM TEMMEPATYPbl MPOKA/IKU 3TOr0 KaTanmsaTopa Hab/o4aeTca pocT MPOYHOCTM, KoTopas focTuraeT
MaKCMMa/ibHOro 3Ha4deHus (223,4 H/cm2) npu 6000C. danbHenwnii pocT Konudectsa BBogMMoro NaMM go 15 um
20 Bec.% CHWXKaeT TMPOYHOCTb KaTa/M3aTopoB Mpu BCEX W3Y4YeHHbIX TemnepaTypax npokaiku. Ha
Al(2.5)NaHMM+HLaY+NaMM kaTtanusatope o6pa3syeTca 60/bllioe  KonuyecTBO (42,5%) rasoobpasHbix
yrnesogopogos npu 5000C, KOTOpoe yMeHbLUaeTCA ¢ POCTOM TeMnepaTypbl KpekuHra go 5500C. Bbixof 6eH3nHa
npu 5000C cocTtaBnset 42,0%, nerkoro rasonnsa 55%. C pocTom TemnepaTypbl KpeKMHra BbIXO4 6eH3nHa
CHmxaeTcs [0 39,5%, nerkoro rasoiinsa pacteT go 15,8%. B 3Tux ycnoBusix HabnwfaeTcs YMeHblUEHWe BbIXoAa
rasoobpasHbIX yrieso4opoAos o 28,8%.

CpaBHeHMVe pe3ynbTaToB KpekuHra Bl Ha kKaTanusaTopax co cBaAsywowmm NaMM n 6e3 Hero, nokasasn, 4Tto
BBefeHMe NaMM He 0Ka3blBaeT CyLLECTBEHHOMO B/IUAIHWA Ha BbIX0[ 6eH3nHa.
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KnioueBble C/oBa: KaTa/MTUYECKUA KPEKUHT, MOHTMOPW/IIOHUT, MPOYHOCTb, GEH3UH, LEeoNuT, BaKyyMHbI
rasoiine (BIN).
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