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(54) Title: CATALYSTS FOR OPTIMUM BOTTOMS CRACKING OF HEAVY FEEDS /

(57) Abstract

A catalytic cracking catalyst and catalytxc cracking process for crackmg the 650 °F+ portion in a heavy feed to lighter products. The
catalytic cracking catalyst contains a Y zeolite in a silica binder that is substantially free of catalytically active alumina. The silica binder

contains silica gel as a component.




as feeds to FCC units because such streans are | ower cost as conpared to
nor e conventional FCC feeds such as gas oils and vacuum gas oils.
However, these types of heavy feeds have not been consi dered desirable
because of thgireglasdh Conradson Carbon (con carbon) contep¢riiegabdaer
with high |evels of netals such as WD 98/ 03612
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iron, nickel and vanadi um Ni ckel and vanadiumlead to excessive "dry
gas" production during catalytic cracking. Vanad| um when deposited on
zeolite cat al yst sCAPALYST:S: FOR CHhd ¥ sites.
H gh con carbon feeds lead to excesﬁﬂﬂmrmtlon These factors
result in FCC unit operators having to wi thdraw excessive anmounts of
catalyst to maintain catalyst activity. This in turn |l eads to higher
costs fromf resmmm@mgeact | vat ed catal yst di sposal.
Because of thesé types of problens, operators limt the anount s of
resids present in the FCC feed to about 5 to 10 wt. %

Sone’ t echnol ogi es are avaiThitheentiontrelbley thhdcotalytiscrasyingtaf headuldrocarbore
metals and con carbon of resid feeds prior to cat crackin However their
efficiencies ar é‘eﬁbt M@‘F)PaﬁFCgF?YBInbCQVB{é‘Y@é@ﬁmS’F‘(f@‘?dé§’°d‘FréckFgrL?‘ deryegnditions

dipply. As ot eantigh maRimizE R B RIEM ot ippfics o EaiyE 04GRy

there are at 'e%Phtth\Q@e@@t\ny.SChOO' s of t hought in designing comerci al
S

resid FCC catalys The t approach stresses t he i nportance of
tailoring zeolite-to- rratrlx act|V|tyrat|o | ncreasing matri x activity
i ncreases bott orBACKYRIIIND OBl k1 i nt, undesired high coke and

dry gas nmake becone pr edoni nant The second approach stresses the

A'Thi rd approach i o descr FhRerCeRtE ek F@Shs B Fighf frogess B ' o
converting heavy hydrocarbon feeds to lighter products. Most FCC units include a
reactor and a regenerator in the fluid solids portion of the overall FCC process.
The movement of catalyst between the reactor and regenerator represents a cyclical
process. Heavy hydrocarbon feed is contacted with hot catalyst in the reactor to
produce lighter products. During the cracking process, carbonaceous deposits or
coke and other contaminants such as metals are deposited on the catalyst resulting
in at least a partial deactivation of the catalyst. The deactivated catalyst is
separated from the lighter products and sent to a regenerator. The coke deposits
are removed from catalyst pariicles by burning and the regenerated catalyst
recycled to the reactor. Heat from the burning coke is typically used to help

maintain the desired temperature in the reactor where additional cracking of feed

occurs.

There is a growing need to utilize resids or resid-containing streams
as feeds to FCC units because such streams are lower cost as compared to more
conventional FCC feeds such as gas oils and vacuum gas oils. However, these
types of heavy feeds have not been considered desirable because of their high

Conradson Carbon (con carbon) content together with high levels of metals such as



rare earth exchanged ultra stable Y zeolite catal yst (REUSY) is
incorporated in an alum na-free binder. If the matrix contains al um na,
it can be coated with an alum na-free layer or shell. The catalyst is

i ntended for_use with heavy, vanadi um containing feeds, and is stated
to avoi d t he¥BrBB¥%hs associated with vanadi um by cr eat | HgFTUSIFAI048 y st
surface in which materials which could act as vanadi um "si nks" are

el i mnated. The process conbi nes the cracki ng catal yst which consists of
zeolite coated with silicas or in a binder of silica with a getter additive

that has a  gsBamCiroRiitll hid {aTaduaR Rk AdEvhnb@unt 186d fF Sekisig @R al yst .
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It would be desirable to develop a FCC catal yst and FCC process whi ch
i s capabl e of RHAESEaN Pigratetodud destray Zrokity catalyicasites.aHighennrrasbasf feedsgh
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650[err]F (343[errJC) + portion in a heavy feed to ghter ucts while

provi di ng Thisrinwnerd leznds ¢o highectosw fromitesh batalystrhalestp asddéastivdted) t he
heavy feed with a catalytic cracking catal yst under catalytic cracking
condi ti ons whef&tplystdigpasak dbeeause of these dynesof prablemsy FCCoopepatorsdimitthe zeol i te
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Some technologies are available, notably hydrotreating, to reduce

the metals and con carbon of resid feeds prior to cat cracking. However, their
efficiencies are not very high and the technologies are very costly, generally
requiring high pressure equipment and a large hydrogen supply. As noted by A.A.
Avidan in Oil Gas J., 90(10), 59-67 (1992), there are at least two major schools of
thought in designing commercial resid FCC catalysts. The first approach stresses
the importance of tailoring zeolite-to-matrix activity ratio. Increasing matrix
activity increases bottoms conversion, but at some point, undesired high coke and
dry gas make become predominant. The second approach stresses the importance

of tailoring matrix alumina type and pore size distribution.

A third approach is described in U.S. patent 4,938,863 wherein a
rare earth exchanged ultra stable Y zeolite catalyst (REUSY) is incorporated in an
alumina-free binder. If the matrix contains alumina, it can be coated with an
alumina-free layer or shell. The catalyst is intended for use with heavy, vanadium-
containing feeds, and is stated to avoid the problems associated with vanadium by
creating a catalyst surface in which materials which could act as vanadium “sinks”
are eliminated. The process combines the cracking catalyst which consists of
zeolite coated with silicas or in a binder of silica with a getter additive that has a

greater affinity for vanadium than for the cracking catalyst.



I n angther enbodi nent .there is provided-a ECC catal yst for cracking t he
650[err]F (343[err]C) + portion in a heavy feed which conprises: a Y

zeolite in a silica binder that is substantially free of catalytically
active alum n@‘,gag%s&@l ch contains silica gel as a matriXx pefp§IALN4p Thi s
catal yst provides optinum coke, naphtha and Clerr] - dry gas
selectivities and is preferably a rare earth exchanged ultra-stable Y
zeolite.. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
is a plot of bottons activity vs. hydrothermally equilibrated zeolite
unit cell size for a REUSK waii@by @ésirable to dbkdlép b FODELIRtRARE GECPprotids

| NVENTI ON The FCC catal yst and process accordin o the
i nvention utili zdsckis capatﬁ@@f batd&hgftcc‘cfmdqutmgma sybsigniiaj @@OUYpiﬁ éfg\ghbl y an

ultra-stable Y zeglite, rably a rare-eart

ultra-stable Y 2odmg E’ﬂéﬁ“ﬂﬂsaw@llq P"&EJ)(‘ 0@1*@%@#2‘8&”% 18'coke a“‘FWBth‘/ 03612
PCT/ US97/ 12040 duction -4 - a silica
bi nder subst ant |p5ﬁ(f Plee of catal ytically active alumna. Wiile any Y
zeoltte may be used in the present catalysts it is preferred to utilize
ultra-stable Y p [ : IGN GF ISVENTIONXxchanged ultra-stable Y
zeolites due to thelr resistance to thernal degradati on and steam

treat nent.

This invention relates to a catalytic cracking process for cracking
the 650°F (343°C) + portion in a heavy feed to lighter products while providing
improved coke selectivity which comprises: contacting the heavy feed with a
catalytic cracking catalyst under catalytic cracking conditions wherein the catalytic
cracking catalyst comprises a Y zeolite in a silica binder that is substanially free of

catalytically active alumina and which contains silica gel as a matrix component.

In another embodiment there is provided a FCC catalyst for cracking
the 650°F (343°C) + portion in a heavy feed which comprises: a Y zeolite ina
silica binder that is substantially free of catalytically active alumina and which
contains silica gel as a matrix component. This catalyst provides optimum coke,
naphtha and C, - dry gas selectivities and is preferably a rare earth exchanged

ultra-stable Y zeolite..
B_RIEE_DESQRIEU_QN_QEIHE.DRAMNGS
Figure 1 is a plot of bottoms activity vs. hydrothermally equilibrated

zeolite unit cell size for a REUSY catalyst.

DETAILED DESCRIPTION OF THE INVENTION

The FCC catalyst and process according to the invention utilizes a
FCC catalyst containing a Y zeolite, preferably an ultra-stable Y zeolite, more

preferably a rare-earth exchanged ultra-stable Y zeolite and a silica gel dispersed in



Any crystalline alum nosilicate zcolite having catal ytic cracking

activity can be used in the practice of this invention. Such zeolite
materials are described in U S. Pat. Nos. 3,660,274 and 3, 944, 482, both
of which are i ncorporated herein by reference. Non-limting exanples of
such zeol i t %O KPR can be enployed in the practice of PETASITAIMAL | on,

I ncl udc both natural and synthetic zeolites. These zeolites include
zeolites of the structural types includeg. in the "Atlas of Zeolite
Structural Types" edited by W M Mier and D. H d son and published by

the Structur eagﬁ .bZer.d:?Elégg}nﬁliQ@g,k@éﬁ?@ﬂ&l&ﬁ%&réﬁ% ir:ltg ina. @%ﬁg%h?‘v' on in

1987 and al soinclu ereren are 't

fauj asites, npEsitenfiydenRdd & Beplbht @talystands Yrefeifddab uiliee iRl stiit §- t ype
zeol ites, and nost preferred’is zeolite Y. The termfaujasite-type, as

used therein, (U8XNgeolites arvmes-aoth dxcbanged adtta-stshie Yateolitesfdau jtatieire.
Zeolites typically have silica-to-alumna nole ratios

(Si g err]/Al [ &sistaycene thergpal degradationpad sipamireatmenitd uni f or m pore di aneters
fromabout 4 to 15 Angstrons. Zeolites as produced or found in nature

normal Iy contain an al kﬁhkgf@fﬁ‘li“ecﬁ‘%%i“cﬁ‘c%&mcﬂﬁ,@éﬁg?ﬁ{?‘ﬁm&%ﬁ?m assi um

and/ or an al kaline eart cati on, suc m an cal ci um

When used as activiel ematened ¢f e prdtfice of MiyintentionC SUBR RYlite miaterink apgual | y
necessary to decrease the alkali netal content of the crystalline

zeolite to | edescrivad imbdutPa Nas, 3960 374 hrd 2544,482d0tlt dfwhishart | wt. %
IR S ST SR i KT
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herein is giveynthaetidaateoRhede Z8051Es Sidlde zeolites of the structural types included

in the "Atlas of Zeolite Structural Types" edited by W. M. Meier and D. H. Olson

and published by the Structure Commission of the International Zeolite

Association in 1987 and also included herein by reference. Preferred are the

faujasites, more preferred are zeolites X and Y, which are faujasite-type zeolites,

and most preferred is zeolite Y. The term faujasite-type, as used therein, means

those zeolites isostructural to faujasite.

Zeolites typically have silica-to-alumina mole ratios (SiO,/Al,0,) of
at least about 3 and uniform pore diameters from about 4 10 15 Angstroms.
Zeolites as produced or found in nature normally contain an alkali metal cation,
such as sodium and/or potassium and/or an alkaline earth metal cation, such as
magnesium and/or calcium. When used as a hydrocarbon cracking catalyst
component, it is usually necessary to decrease the alkali metal content of the
crystalline zeolite to less than about 5 wt. %, preferably less than about 1 wt. %,
and more preferably less than about 0.5 wt. %. The alkali metal content reduction,
as is known in the art, may be conducted by exchange with one or more cations
selected from the Groups IB through VIII of the Periodic Table of Elements (the

Periodic Table of Elements referred to herein is given in Handbook of Chemis!r)'}
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ggblhi sEg_ed_ by the Chem cal Rubber Publishing Conpany, C evel and, Ohi o,

t ition, as well as with hydrogen cations or hyd
precursors, eWI)g)gfb‘)’%ﬁM+ capabl e of co%vergi on to a hydroggnigg@?gg.mm
Preferred cations include rare earths, calcium nagnesium hydrogen and
m xtures thereof. | on- exchange net hodssare well known in the art and are
descri bed, for exanple, in U S. Pat. No. 3,140,249; U S. Pat. No.

3,142,251 and Uggd PRAics, Pablished B3 1i25heniibal RubbepRiibiipingdfompanyh Cavelandy eby
I ncorporated by reference. The concentration of the hydr ogen cation in

Capaci 1y 0r e ph el CULar eo0l |16 and Lhe. Hghet of. GO YL Sal rar e
st ool ot N e T T A
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catal ysts are pyepaeNdRy, KoowY; 1ES.IFRENS ucl2a5 1 hagai SXRiaNgl N92A333, the
type zeolite with an aqueous solution of a salt such as an anmmoni umsalt.

The t 3ase£ _erctwclgfﬁs a?ahi_che(rf %rgb;ﬁpcmbmram refdrencec ik goneentaiore abigel y
repeated unti e desire kal i ta ontent is achieved. Thi
sequence of i onhydregemeation g the fi?’H °E‘g’§§f Wéﬁ? H’éﬁ’&"'lf‘ﬁi?ﬁm‘?"aﬁ e&’ﬁﬁi‘f&?‘?‘ i
AT et Cop oL 5L by i GPpAEAGAE W
is believed to 5’6@8%‘% 3r'¥§e uﬁﬂgg{ﬂg%?‘ﬁ pr ogeﬁt i res 04 'ﬁ@e reschti ng

zeolite. USY zegldHsesikiatecarths alndalitalihétals ae@ally piesent. Thewaritledioeidf Bed to
4 w.%and a silica-to-alumna nole ratio in the range of 3.5 to 7 or

greater. zeolite componenREdR Yangedtdnm kot Avietoal Ormisrenshpicferpbly from about
equi librated unit cell size bet ween 24.25 and 24.53 angstrons as
det er ni ned by X049 3dPIFe%cti on cal cul at ed by ASTM nethod D 3942. Rare
earths are incorporated into the ultrastable Y - zeolites by ion exchange.

The rare earths include cgfiimbld PeBRR2WAalysts are well known in the art and are
described in U.S. patent 3,402,996 and J. Phys. Chem., 1968, 22, 2594. USY

zeolite catalysts are prepared by known methods such as base-exchanging a Y-
type zeolite with an aqueous solution of a salt such as an ammonium salt. The
base-exchanged zeolite is then calcined. This cycle is successively repeated until
the desired alkali metal content is achieved. This sequence of ion exchange and
heat treatment and concurrent reduction in alkali metal content of the zeolite
results in unit cell shrinkage which is believed to account for the ultrastable
properties of the resulting zeolite. USY zeolites have an alkali metal content

between about 0.4 to 4 wt.% and a silica-to-alumina mole ratio in the range of 3.5

to 7 or greater.

REUSY zeolites have a hydrothermally equilibrated unit cell size
between 24.25 and 24.53 angstroms as determined by X-ray diffraction calculated
by ASTM method D 3942. Rare earths are incorporated into the ultrastable Y

zeolites by ion exchange. The rare earths include cerium, lanthanum,
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praseodym um neodym um promethium samarium europium gadolinium
terbium dysprosium holmum erbium yttrium thulium scandium |utecium
and m xt uMEx98{B@2eof . Preferred rare earths include | ant REBWSY7/120400 um and
neodym um The rare-earth oxides nmay range fromO to 10 wt.% preferable O
to 7w % based on the zeolite conponeng. of the catalyst. The preparation
of rare- earth exchanged ultrastable Y zeolites is described in Ol &
Gas Journal, My 27. . 198‘% .pages 52-.64. . . I.The zeolitic
conponent i s PRREAYEIUD. JEQYmum- Biorribiug), samariym, eurqpipng, padolinigi, \m¢ 1 x
materi al cont gi o gel I L ; ' .1 al o fr of
et ve.al uni oD FFasHR, haHu Lbin 3Rt il SEARbE, hlkciurh UG

anor phous  sirixtages thersof. i Rrafesrel rars eartlsd inblude thngaan®| cdtih afd ne,

col |l oi d-si zed particles_of non- porous anor phous silica in an aqueous

I~

nmedi um Si | i cReasymyurie Ttragesartaxidas sy rangs Bpo{hed OswotapreierableWaoe
substantial ly Lformpartiicle sizes rang f.r.om abqut 20.t0 1000
angstrons, pr g\l?e'g/r"a gsgd % tf’eoge?@& %‘H’g&‘}’?gﬁﬁtﬂgﬁﬂéa‘?@r mbﬂgcdggqaé?ﬂqnaqiﬁ?re-

uni forn as ug 4 ' ResdoliteR i I b | east
80% pr ef era;ﬁt;ﬁ]y&g%gl gg}[ﬁrgséé/t? (é)f th]eﬁcgégrjﬁsgﬁhgésdq H%g&a@%ﬁfr@f@%lﬁ’yg??g’ from
about 0. 5D t 01985, pagesdte64. D is the nean particle dianeter. Silica sols are
avai l able comercially, and are high purity silica sols containing

greater that 95%silica preferably greater than 99%silica and nore
preferably greater thanl@Rzesificicpmpgnentis incorporated into a binger prma s have a

o0 ol i A AR B AHERAAG ACh § oy (SARRE A PPt
free of active alumina. Silica gels and silica sols are different forms of amorphous
silica. A silica sol is a stable dispersion of fine, colloid-sized particles of non-
porous amorphous silica in an aqueous medium. Silica sols do not gel even upon
prolonged storage and have substantially uniform particle sizes ranging from about
20 to 1000 angstroms, preferably 40 to 200 angstroms. The term “substantially
uniform” as used herein with regspect to particle size means that at least 80%,
preferably at least 90% of the particles have a particle size from about 0.5D to
1.5D where D is the mean particle diameter. Silica sols are available

commercially, and are high purity silica sols containing greater that 95% silica,

preferably greater than 99% silica and more preferably greater than 99.5% silica.

Silica gels have a three-dimensional, continuous structure and are
classified as regular density, intermediate density and low density gels. These
types of silica gels are distinguished based on their particle size, pore volumes and
surface areas. Silica gels useful in the present invention have particles sizes in the
range 30-500 microns, preferably 40-150 microns, pore diameters in the range 100
to 500 Angstroms, preferably 150 to 300 Angstroms and surface areas of 100 to
700 m¥g, preferably 150 to 500 m?/g.



types. of silica gels are distinguished based on their particle size, pore
vol unmes and surface areas. Silica gels useful in the present invention
have particles sizes in the range 30-500 microns, preferably 40-150

m crons, porewdisgsdiers in the range 100 to 500 Angstrons, potekerasiy 150
to 300 Angstronms and surface areas of 100 to 700 merr]/g, preferably 150

to 500 nerr]/g. WO 98/ 03612 7
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The present catal yst conpgsitions include froml to 99 w. % zeolite,
based on the catal yst conﬁé%?‘teﬁ%,Cmﬁl’)’é'f@r"éﬂﬂswoﬁ"lcg’d&(fr%‘ 19999 Mo to 50

w. %silica gel sed on the catalyst compositi o r.efar o to 4
W0 Sand an- zeditbatesbon BF ARl Einad TR PlaitraRly 1B1f aBrRder o §140
conponents in tQgof ki s ki | berhal
shoul d be subst gﬁ'i/gﬁ“;b???gg%gf] o@ﬁ%%? :gézlgf}?oghﬂﬂggﬁti‘éf/agﬂgf Edmﬁ\g@/%fhaan
"“substantial |y hmeant ofsilicassol suffieient tbdimbthe icatalyst @mpinens i therfinishedl ess
than about 3 wt.% based on matrix materjal, of active alumna, preferably
less . than 1 vatalyst. Gherkinderromatuix majesiab shradbe sibatapially dtee pf gatalyieally
matrices containin .alymna wherein | grge nolecyl es are pre-cracked on
the active mat r PSEVEGIWBina BY {SHpsianiialydres” o5 DAt 20! fhedpaispeandieral iontaisac ke
on the zeolite. ' ° | LSl | in
other catal yti clt gofibbht % uto @ M ol rhdldr, AV Minff) oRERRENRLA

earth. than 1 wt.%. Cirrén® FOCEatalgsts hgveaatayticallg actialsatige@mtalaingn,
utilizing the catal yst ~of this invention, the tenperature enpl oyed
ranges from aboalunigopberdirlatsooplecules @e prercracked on the active matrix to form

intermediate products that are further cracked on the zeolite. The matrix
according to this invention may also contain other catalytically inert components

such as clays and diatomaceous earth.

In conducting the catalytic cracking operation, utilizing the catalyst
of this invention, the temperature employed ranges from about 750°F (399°C) to
about 1300°F (732°C), preferably from about 900°F (482 °C) to about 1050°F
(566°C), and the pressure employed is one ranging from about 0 psig to about 150
psig, preferably from about 0 psig to about 45 psig. Suitably, catalysi-to-oil ratios
in the cracking zone used to convert the feed to lower boiling products are not
more than about 30:1, and may range from about 20:1 to about 2:1, preferably
from about 4:1 to about 9:1. The catalytic cracking process may be carried out in
a fixed bed, moving bed, ebullated bed, slurry, transfer line (dispersed phase) or
fluidized bed operation. Suitable regeneration temperatures include a temperature
ranging from about 1100 to about 1500°F (593 to 816°C), and a pressure ranging
from about 0 to about 150 psig. The oxidizing agent used to contact the partially
deactivated (i.e., coked) catalyst will generally be an oxygen-containing gas such
as air, oxygen and mixtures thereof. The partially deactivated (coked) catalyst is

contacted with the oxidizing agent for a time sufficient to remove, by combustion,



about 1300[err]F (732[err]C), preferably from about 900[err]F (482C) to
about 1050[err]F (566[err]C), and the pressure enployed is one ranging
fromabout 0 psig to about 150 psig, preferably fromhabout E psig to
about 45 psi jtably, catalyst-to-oil ratios in the cracking zone
used to cgnv‘gPP%té?f egd to lower boiling products are not FCTHINE2M405n
about 30: 1, and may range from about 20:1 to about 2: 1, preferably
fromabout 4:1 to about 9:1. The catal yti8¢ cracking process nmay be carried

out in a fixed bed, moving bed, ebullated bed, slurry, transfer |ine
(di spersed phasdgasos portionfdfuhelézBshabeslisQRpost drﬂﬂhex@b’%i’&%’@h@rﬂfCQE@ B&hRLd RN
tenperatures include a tenperature rangi ng from about 1100 to about

1500[ err] F ( 598canyeti@fab nansr, knweh ia the adsur e rangi ng fromabout 0 to
about 150 psig. The oxidizing agent used to contact the partially

d [ d (i.e., Kk .catalyst wll I be an oxygen-cont ai ni ng
deact | vated (1.2 1 cok e bR, b e eSO 19
(coked) catal ysithé Breserbt(il‘?v@nﬁ% St I e Hbab ) Feed¥ k%%&gﬁgg,i}%v; or atime

sufficient to renove, by conbusti on,

PCT/ US97/ 1204 thydrocarbaiact@Biils domprising maéridlhboiliag Benacesusr dwigts),t and
t hereby regenerate the catalyst in a _conventional manner known'in the
art. heavy and redgged pasraleuny grusie pilb pelsalewn striesplierid distilidioncat al yti c

Ki f t,.I ti i ncl, h .feed ch as
o 1 heayyPotoms, GeisblERRPYARER stdIeh beomriaich. seabal Pibmepopheng anove
1050 F (5 . . 0l | etrol eum
Anospher i ¢ aivesy docarbon MRS A sand SHSAaRTHE AL BEd et FOFL 1 £ or.
pi tch, asphal tcoabliqueftiongirtesses, anteaiRiurdy theRHAr HaRe h&Sy JoREis ntigkd SaRd
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Since heavy feeds contain vanadium that can migrate to the zeolite

during catalyst regeneration and destroy the zeolite, the current catalyst, although

not required, may be combined with vanadium trap additives that are commercially

available to mitigate zeolite déstruction. The additives are preferred to be separate

particles but can also be feed-soluble additives or additives that are incorporated

into the catalyst particles during preparation such as BaTiO; , SrTiO; and rare

earth oxides.

If no vanadium additives are used, other methods to reduce
vanadium zeolite destruction can be employed. One such method is avoiding full
combustion of coke in the regenerator. Partial combustion leaves small amounts of
coke on the catalyst but limits vanadium mobility by maintaining vanadium in a

reduced oxidation state (see, e.g., US 4,377,470).

The present invention can also be combined with other processes
that remove nickel and vanadium from the FCC unit by chemical reaction or

magnetic separation. The DEMET process is an example in which depositied
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EXAMPLE 1

This example is directed to the preparation of various zeolite-
containing FCC catalysts with silica matrices. Four types of Y zeolites were used:
USY (Union Carbide LZY-82), chemically-dealuminated ultrastabe Y (Union
Carbide LZ-210), rare earth cyéchangcd USY (LZY-82) and calcined rare earth
exchanged Y (CREY, Davison). To prepare the rare earth exchanged USY, LZY-
82 zeolite was slurried at 50°C with a solution of lanthanum nitrate (96 g in 2 L),
stirred for 1 hr. and then decanted. The solids were again slurried with more
lanthanum nitrate solution, stil;red, filtered and then washed with water several
times. Following overnight drying in an oven at about 150°C, the zeolite was
calcined at about 540°C for 2 hr. Each of the above zeolites were incorporated into

a silica matrix by the general procedure below.

The zeolite was well mixed with LUDOX monodispersed silica sol
(Dupont, 99.8% silica) and silica gel in specific cases and added to a heated (65°C)
solution of 5% ammonium sulfate. The solution pH was adjusted to 6.5 using
ammonium hydroxide, stirred for about 0.5 hr. and filtered. The sequence war

repeated two more times. After the final filtering, the catalyst was washed with hot



detrinmental effects of these contam nants. The invention
Is further illustrated by the following non-limting exanpl es which al so
illustrate a preferred enbodi nent of the invention. EXAVPLE 1

Thi s exanpl ey} Li.ected to the preparation of various zeolite-
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This example illustrates the advantage of adding a silica gel to the
matrix of a catalyst made with USY and a high-purity silica binder. Using the
methods of Example 1, a series of catalyst were prepared with 25 wt% USY
zeolite in silica matrices with and without silica gel. Two silica gels were obtained
from PQ Corp. and consisted of 99.8%+ silica with small impurities of Na,O,
CaO, MgO and Al,O; (less than 300 ppm). The surface areas were 200 and 410
m?/ g, 92%+ of the particles were greater than 44 um and the average pore
diameters were about 200 and :250 ©. An additional catalyst was made using a
diatomaceous earth (IMSIL, Iilinois Mining Co.) which is a low surface area silica

(less than 1 mZ/g). The finished catalysts are described in Table 1.

Table 1
Equilibrated Equilibrated
Catalysts contain Surface Area Unit Cell Sodium
25% USY and : Catalyst m/g cat Size ® wi%
75% LUDOX Silica Sol 1 218 24.24 0.20
40% 200-Silica, 35% LUDOX 2 198 24.23 0.14
40% 200-Silica, 35% LUDOX 3 208 24.23 0.14
40% 410-Silica, 35% LUDOX 4 209 24.23 0.15
40% 410-Silica, 35% LUDOX 5 214 24.23 0.16
40% IMSIL, 35% LUDOX 6 159 24.25 0.13




water, dried in an oven overnight and cal cined at about 540[err]C for 3 hr.
Af ter cal cining, the catalyst was crushed if necessary and sieved

t hrough an 80 nesh (177 [err]m screen. The sieved material was
calcined at aWOBOMD[err]F for 1 hr. foll owed by steam RGIES$I7A2040 M at
760[err]C for 16 hr. Catalyst particles smaller than 44 [err] mwere
removed fromthe finished catalyst prior tjg_testing with a petrol eum
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Table 1 where X is the 650°F conversion and is defined as the 650°F+ molecules
converted to 650°F- products not including coke. Tables 2 (for VGO) and 3 (for
VGOf/resid blend) show that the addition of the silica gels significantly enhanced
the cracking of 650°F molecules. The 650°F activities were increased 25-40%
over Catalyst 1 which did not contain silica gel. The catalyst that contained the
diatomaceous earth silica component instead of a silica gel component showed
much poorer performance. It is an unexpected result that an inert material such
as silica gel can significantly enhance the cracking of large molecules in vacuum
gas oils and resid/vacuum gas oil blends. Additionally, Tables 2 and 3 show that

the catalysts with the silica gel components also gave the lowest amount of coke

per unit of activity.

Table 2

(Vacuum Gas Oil) % Increase over Coke/
Catalysts contain 650°F 650°F Base Catalyst 650°F
25% USY and: Catalyst Conversion Activity Activity Activity
75% LUDOX (Base Catalyst) | 61.3 1.58 - 0.82
40% 200-Silica, 35% LUDOX 2 66.3 1.97 +25% 0.69
40% 410-Silica, 35% LUDOX 4 68.8 221 +40% 0.6]
40% IMSIL, 35% LUDOX 6 527 1.1t 30% 1.07




Equi i brated Equi |l i brated Catal ysts contain

Surface Area Unit Cell Sodi um 25% USY and:

Cat al yst nerr]/g cat Size [err] wt % 75% LUDOX Silica Sol
1 wo 9812 24. 24 0. 20 40% 2{&7@9!7”% 35%
LUDOX 2 198 24. 23 0. 40%

200-Si l i ca, 35% LUDOX 3 208 24. 23 0.14
40% 410-Si | i ca, 35% LUDOX 4 -12- 209 24.23
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0. 16 409d.MSI L, 35%. UDOX Tabled 159 24. 25
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EXAMPLE 3

This example illustrates the benefits of a rare earth exchanged USY
zeolite. Seven catalysts were made with 25 wt% zeolite in a silica matrix made by
using the LUDOX silica sol as described in Example 1. The catalysts consisted of
USY zeolite (Catalysts 1 and 7), LZ-210 (Catalyst 8), REUSY (Catalysts 9 and 10)
and CREY (Catalysts 11 and 12). Two additional catalysts were made with 40%
REUSY (Catalyst 13) and 50% REUSY (Catalyst 14) zeolite in a silica matrix
made by using the LUDOX silica sol. The cracking tests were done in a fixed bed
microactivity unit at 950°F (510°C), a 2.75 catalyst-to-oil ratio and a weight hogrly
space velocity (WHSV) of 32.7 using a blend of 50% vacuum resid (1050°F+) .

with 50% vacuum gas oil.

The 650°F bottoms activity is plotted versus the hydrothermally
equilibrated unit cell size of the catalysts in Figure 1. For the catalysts with 25%
zeolite, Figure 1 clearly shows that the bottoms cracking activity is maximized for
the catalyst with the REUSY zeolite with an equilibrated unit cell size 0£24.32 d.
For higher percentages of REUSY zeolite, the bottoms cracking activity was
further increased. At the 50% zeolite level, the conversion to 650°F- products was
82.3% which is approaching the calculated maximum conversion for the feed,

88.3%. Similar results were obtained for a 650-1050°F vacuum gas oil. This



converted to 650[err] F- products not including coke. Tables 2 (for VG and
3 (for V& resid blend) show that the addition of the silica gels
significantly enhanced the cracking of 650[err]F nol ecul es. The

650[ err] F act{widgjosgia Wwere increased 25-40% over Cat al yst pdrvdyrako46li d
not contain silica gel. The catal yst that contained the di at omaceous
earth silica conponent instead of a silica_gel conponent showed much
poorer performance. It is an unexpected rdsult that an inert material such
as silica gel can significantly enhance the cracking of |arge nolecules in
vacuum gas examplastows thatithe REUSY gag sthich niteix tis. nddelive eomapangnt imalg es 2

and 3 show t hat . the catalysts . with the silic el conponent I
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Table 2

| ncr ease over ( V?%gggl’mcﬁ%l %‘%agll"%l?%are%ﬂtgifﬁeome increases further the amog%to(ffer r] ”
650[ err ] F BagoFatRAckdAl conbetldab6hboF- prodtrefé USY and:

Cat al yst Conver si on Activity Activity Activity 75% LUDOX
(Base Catal yst) 1 61.3 1.58 0. 82
40% 200- Si | i ca, EXcAMPILEA 2 66. 3 1.97 +25% 0. 69
40%410- Si | i ca, 35%.UDOX 4 68. 8 221 +40%

0.61 40% | 9 - . . . .
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25% zeolite components, the product selectivities were calculated based on data
obtained under constant conditions in the micro activity unit using the

resid/vacuum gas oil blend as the feedstock. The results are given in Table 4.

Table 4

Zeolite Equilibrated  SpecificH,  Specific Cy-gas  Specific Coke {Naphtha)/
(Silica Matrix)  Catalyst  UnitCell &  H/(X/100-X)*  C-A(X/100-X) Coke/(X/100-X)
{Coke+C,-gas)

usy 1 2424 2.61 1.09 3.77 401

LZ-210 8 24.25 1.87 1.04 3.61 4.00

REUSY 9 2431 0.82 0.63 2.44 4.56

CREY 11 24.43 2.69 2.10 8.55 242

* ¥ is the conversion to 650°F- products. Coke is not included as a 650°F- product.

Table 4 shows that the specific hydrogen, specific C,- gas and specific coke are the
lowest for the REUSY/silica catalyst. Also, the ratio of desired naphtha product to
undesired coke+ gas was the best for the REUSY catalyst. These results

demonstrate the REUSY all-silica matrix catalyst is the most effective.

EXAMPLE 5

This example illustrates the cracking activity of the silica binder
without any zeolite component as compared to other matrices that have added

alumina. Table 5 describes the three catalysts that were made by using the
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Table 3 (V& Resi d Bl end) %
I ncrease over Coke/ Cat al ysts contain 650 err] F
650[ err] F BYEQM®UPE yst  650[err]F 25% USY and: PCT/USST/E3840,) y st
Conver si on Activity Activity Activity 75% LUDOX (Base Catal yst)
1 62.5 1. 67 - -14- 4.7 40% 200-Silica, 35%
LUDOX 3 68. 9 2.22 +33% 3.8 40%
410-Silica, 35% : . 2. : 9 : 4.0
40% | MBI L. 35 OOELIE%S%‘ Exarrﬁ:l%l but no £&0litks 5v\§crc2 added? THe 1c'ra?§:£llcmg téﬁ@%i%eocgzne in
4.9 EXAtddbed microactivity unit at 950°F (SHDFCS) e 2arfplaelyst-horsilnratieand fe
benefits of a rare earth exchanged USY olite, Seven catal ysts wer e

made with 25 weightdwurlyspage \e@mtm(wlﬁ%ﬂ ef 3<2 ?rﬂaegﬁ;ﬁ VGO fgedsieck: hTaatuJﬁ)ox
| | 1, Th t d of
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10) and nd 12). Two additional catal ysts were nmade
w th 40% C%Eﬁ‘ég( 2@%?@@?%3? and 50% REUSY (Catal yst 14) zeolite in a

silica matrix made by using the LUDOX silica sol. The cracking tests
were done in aflxed bed m croacti vilhplefhit at 950[err]F (510[err]C), a
2.75 catal yst - il ight hourly
Catalyst 650°F 650°F
Catalyst Description Number Conversion Activity
100% LUDOX 15 3.9 0.04
50% Silica-Alumina, 50% LUDOX 16 48.7 0.95

50% Alumina, 50% LUDOX 17 70.0 23




space-velocity (WHSV) of 32.7 using a blend of 50% vacuunTHEisSd'"* IAS BEEN
(1050[ err] F+) w th 50% vacuum gas oil . ®LABp0err]
bottons activity is plotted versus the hydrothermally —"Eq'ur‘l“ﬂ“‘bra‘ted“"mmt
cell size of tWO9%/BIa3 ysts in Figure 1. For the catal ysts wi tPMCTAGSH7/12040
zeolite, Figure 1 clearly shows that the bottoms cracking activity is

maxi m zed for the catalyst with the REYZY zeolite with an equilibrated
unit cell size of 24.32 [err]. For higher percentages of REUSY zeoI ite
the bottons cr acb Wst ivity was further incr ease§ I!M'M[’!Ilﬁﬂm III ite
| evel , the conve %T 0 650[err]F- products was

approachi ng the cal cul ated maxi mum conversion for the feed, 88. 3%
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products. zeolite in a silica binder that is substantially free of catalytically active alumina and

which further contains silica gel as a component.
2. The process of claim 1 wherein the Y zeolite is an ultra-stable Y zeolite.

3. The process of claim 1 wherein the Y zeolite is a rare-earth exchanged

ultra-stable Y zeolite.

4. The process of claim 3 wherein the Y zeolite has a hydrothermally

equilibrated unit cell size between 24.25 and 24 .43 angstroms.

5. The process of claim 3:wherein the y zeolite contains lanthanum, cerium or

neodymium as rare earth.

6. The process of claim 1 wherein the silica gel has a particle size of from 30
to 500 microns, a pore diameter of from 100 to 500 angstroms and a surface area

of from 100 to 700 mzlg.

7. The process of claim 1 wherein the catalyst contains from 1 to 50 wt.% of

silica gel, based on catalyst composition.

8. The process of claim | wherein the binder contains less than about 3 wt.%,
. based on binder, of catalytically active alumina.
0. The process of claim 1 wherein the binder contains less than about 1 wt.%,

based on binder, of catalytically active alumina.
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Tabl e 4 Zeolite Eqw | i brated Specific H2 Specific
Cerr]-gas Specific Coke (Naphtha)/ - (‘Slllca Matrix) Catalyst Unit
Cell[err] H2/(X/100-X)* (err]/ (X 100-X) Coke/ ( X/ 100- X)
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650[ err] F- product. Tabl e 4 shows that the specific hydrogen,
specific C2- gas and specific coke are the | owest for the REUSY/silica
catalyst. Also, the ratio of desired naphtha product to undesi red

coke+ gas was the best for the REUSY catal yst. These results
denonstrate the REUSY all-silica matrix catalyst is the nost effective.
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This exanple illustrates the cracking activity of the silica binder
W thout any zeolite conponent as conpared to other matrices that have added
alum na. Table 5 describes the three catalysts that were made by using the
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nmet hods in Exanple | but no zeolites were added. The cracking tests were
done in a fixed bed microactivity Uﬂg;1at 950[err]F (510[err]C), a 2.75
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| nproved coke selectivity which conprises: contacting the heavy

catal yti c cr€@tiAIMScat al yst under catal ytic cracking conditions mhereln t he
catal ytic cracking catal yst conprises a Y zeolite in a silica binder that
is substantially free of catalytically active alum na and which further

contains siljca gel as a conponent, rein said silid el. has article
i 76 of from G0 {8 SORYAFERGNE Brdssrute ke t 63055 Hotonar sdgavy

angst 1 oms ang..3 SIS BER: Yrld SR IARs pAARd ?Jersk{e%gmy%vmcﬂhe

process of clarm erel n an u Y zeolite. 3.
The process gompligesn doﬂm{r@ ﬂhetﬂéﬁvy fePwith@ dﬁal?ué kAR EalsxChmdged
ultra-stable Y zeolite. he” process of claim3 wherein the Y
zeolite has aathmccnrmkmglcbydﬁms v Hereindtie aajﬂaiytmectfaclgnge:ataéymsemmwﬁ and
24. 43 ang

str ess of cl ai rel Y zeolite
contains | ant%nh%‘?éh'ﬁ? 1%%?1“9&1%? Fd EBEWH{%?%%“QJE? gﬁ%&??ﬁta foa y active

alumina and which further contains silica gel as a component, wherein said silica

gel has a particle size of from 30 to 500 microns, a pore diameter of from 100 to

500 angstroms and a surface area of from 100 to 700 m%/g.

2. The process of claim 1 wherein the Y zeolite is an ultra-stable Y zeolite.

3. The process of claim 1 wherein the Y zeolite is a rare-earth exchanged

ultra-stable Y zeolite.

4. The process of claim 3 wherein the Y zeolite has a hydrothermally
equilibrated unit cell size between 24.25 and 24.43 angstroms.

5. The process of claim 3 wherein the Y zeolite contains lanthanum, cerium

or neodymium as rare earth.

6. The process of claim 1 wherein the catalyst contains from 1 to 50 wt.% of

——

silica gel, based on catalyst composition.

7. The process of claim 1 wherein the binder contains less than about 3 wt.%

based on binder, of catalytically active alumina.

8. The process of claim 1 wherein the binder contains less than about 1 wt.%

based on binder, of catalytically active alumina.




6. The process of claiml wherein the catal yst contains from1l to 50 w. %

of silica gel, conposi tion. 7. The process of claim
1 wherein the bi mﬂ’”m @mmgs than about 3 w- % hased an i g of
catalytically actiive a . Thé "process: of &l at m'T Whefein the
bi nder contains | ess than about 1 wt.% based on binder, of catalytically

active al um na. - ;6- . 9.
ﬁegi‘tya'f Z_te'dlc i iﬁké&%féi?é%‘?a isuig"éaé%fw?% o l“xig %iﬁéfoéﬁ%ﬁérﬁﬁr%&i% avy °
Sl ca ger dbed ABaBsRERReY L penlid T a SR BMBNACE SIBLER AR BT,

f 30 t o | : d
rom 0 5&2?19’%1851 ﬁeu@e zﬂﬁn nél Wt?;% génﬁ{ﬂg%ll&ogélgs Q%n%@&h[lons and a

surface area 100 to 700
wherein said s111ca gel has a particle size of from 30 to 500 microns, a pore

diameter of from 100 to 500 angstroms and a surface area of from 100 to

700 m¥/g.
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