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FOR FLUI D CATALYTI C CRACKI NG PROCESS FI ELD OP THE | NVENTI ON [0001] Th

present invention is directed to an inproved catal yst conposition Zf 1CT; 2905
fluid catwloyiesszmwacki ng processes. The present catal yst cmmms‘mzhmnal S
capable of reducing sulfur conpounds normally found as part of the gasoline
fraction streans of such processes. The present invention is further

di rect ed tGRSQRINBSPDEE] REPUGTAON CGRTALYIT TOR rEACRP ffTHROEES SRARFEY BRXFSE he

subj ect catal yst conposition and provides product streans of |ight and

heavy gasoline fractions with substantially |ower sulfur- containing
conpounds. BACKGROUND OF THE | NVENTI ON [0002] Catalytic cracking is a

pet r ol eumpref DNOLITHPE INTEINMONCh is applied comercially on a very large
scale. A [arge anbunt of the refinery gasoline blending pool in the United

States is uced [ In the

process, I[.@;@;j hydrg?:leaér1 D}énglé&tl a]l%gjl]%%{éjgé%ﬁ@eﬂrggcc“:%&ft E‘fp%iﬁlﬁ))%loducts by

react i ons ubefkl ngﬂ@ﬂdamenﬁtc @hakirgy rdcdssem eTIRt pre@ait cdnalphecoﬁrpmﬁmes ofpadle

catal yst, vvlth the majority taki pl ace in the vapor_ phase. The feedstock
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cat al yti c cambeici orgckin® persssoaigir isee she subfcacdtalng cs)t@psitmnwhd(phovmdme heavy

hydrocarbo eed streami s co verted_jnto |lighter roduc a stripping step
rermv@f%{%bﬁﬁ%adn% &S’&é‘ﬂcb y gpisioe Hechy SaW’étS‘ h& loweysylfyr-

regenerat 'cQﬁ'mﬁ%ﬁ“«pc& Sootlsn of f coke formations fromthe catalyst naterial.

The regenerate cata yst 1s then recirculated and reused in the cracking

step. [0003] Catalytic cracking feedstocks normally contain organic sul fur

corrpoundsBAs&E EUEE’ "%Ms and thiophenes as well as other

sul fur contara Ty ctes ts of the cracking process

cor r espongagugly tendcatalyu@@fat:ml@1§A1bétwlemﬂp@ﬁmhggﬁoceysesmﬁenw@phabout hal f of
the sul fur conpounds are converted to hydrogen Sulfide duri n t he cracking

process, Aeinfleyciplly eatagveyy lacgedselonpolerge anowtt of Herrefipgry pregline ending
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di stri but tgnprotessyhday hiydrdch®on feedkionks fe @dhvdreediisto lighter products by
reactions taking place at elevated temperatures in the presence of a catalyst, with the
majority taking place i the vapor phase. The feedstock is thereby converted into
gasoline, distillates and other liquid fraction product streams as well as lighter gaseous
cracking products having four or less carbon atoms per molecule. The three
characteristic steps of a catalytic cracking process comprises: a cracking step in which
the heavy hydrocarbon feed stream is converted into lighter products, a stripping step to
remove adsorbed hydrocarbons from the catalyst material, and a regeneration step to
burn off coke formations from the catalyst material. The regenerated catalyst is then
recirculated and reused in the cracking step.
[0003] Catalytic cracking feedstocks normally contain organic sulfur
compounds, such as mercaptans, sulfides and thiophenes as well as other sulfur
containing species. The products of the cracking process correspondingly tend to
contain sulfur impurities even though about half of the sulfur compounds are converted
to hydrogen sulfide during the cracking process, mainly by catalytic decomposition of

non-thiophenic sulfur compounds. The thiophenic compounds have been found to be



dependent on a nunber of factors including feed, catalyst type, additives
present, conversion and other operating conditions, but, in any event a

certain prao rtlon of the sulfur tends to enter the |ight GAdEITi 2669
fractioﬁgoéﬁ 8%%@ses over into the product pool. Althougﬁ{ﬁL?§§féﬁ

feedstock normally contains a variety of sulfur born contam nants, one of
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subst it ut enes and I1ts derivatives, suc

met hyl t hidephieieet oﬁtahmhmjm opfrerves inpludjgl fedd, mphéymetyﬁeehdmy&rméﬂanophene
benzot hi ophene and the Iike in the heayy and I'ight gasoline fraction product
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t hus, becone concentrated hese” “product strea h™ i ncreasi ng
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in the Reformulated Ga oI| ations, there has, been nunerous
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the sul fur from't FCC fee rotreating before racklng is initiated.
VWhi | e hi gtﬁtbylﬂﬁéﬁtﬂney@hy]{tlhmphapppmpsﬂﬁumﬂmds tetlrdlytoieotdaxqumm ve in ternms of the

capi tal ost of the e wel | . oper at. IL si nce hydrogen
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has the drawback that valuabl e product” octane nmay be l'ost when the high
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poi nt of _vi be desirabl.e to ar hi e L ophe sulf renoval
P e e Pty it erEfn  ARgniobrl (e fion PELEIART BFS (RIS AL ot he
maj or co eyt forQkak ?!% Base Refembl 2618 11RO PRFGA w@mtloﬁgldh&lemﬁbeen

treat nen Var | ous cat al ytic material s have been devel oped for the renoval

of sul f unUMETRSHGCERE Paedwedbe sfus wentent Gighe preampisecspagialothosat al yst

i npr egnat ﬂﬁ kel nmetal has been shown to reduce the

| evel of Elgrr%l\%ll¥I c]tIé 1?119@194“? Hgo‘i\%jgstad et al., Effect of N ckel and Vanadi um
on Sul fugaeadiuct i orOgd apfpceadapk baen to réqmpbeﬂfésﬁa’tlﬁflxba{tlléFC@feedab 192 (2000)
pages 299-305). This reference al so showed . that a sulfur reduction additive

based onh¥drofRstingbrlatsrapdanaisinitinied Whils bighinadfacsve, tisappropgpsndp
02/ 083308, ECJ;épLéﬁgh%é 1P3RsEHCE Raf,pcgk@ééﬁ%é%&qsmb& Ee1PLO 93t§n wever,

when m xed wth a nmetal inpreg a t he ef ect o he sul fur
r educt i osinegibydriogen vasumyphiobiit kigh. Another approach has been to remove the sulfur

from the cracked products by hydrotreating. Again, while effective, this solution has
the drawback that valuable product octane may be lost when the high octane olefinic
components become saturated.

[0005] From the economic point of view, it would be desirable to achieve
thiophenic sulfur removal in the cracking process itself since this would effectively
desulfurize the major components of the gasoline blending pool without additional
treatment. Various catalytic materials have been developed for the removal of sulfur
during the FCC process cycle. For example, an FCC catalyst impregnated with
vanadium and nickel metal has been shown to reduce the level of product sulfur ( See
Myrstad et al., Effect of Nickel and Vanadium on Sulfur Reduction of FCC Naptha,
Applied Catalyst A: General 192 (2000) pages 299-305). This reference also showed

that a sulfur reduction additive based on a zinc impregnated alumina is effective to



[ 0006] O her devel opnents for reducing product sul fur have centered on the
renmoval of sulfur fromthe regenerator stack gases. An early approapthT2w5
devel oped by Chevron used al um na conpounds as additives to the inventory
of cracki Mjo®awdI3Y&t to adsorb sulfur oxides in the FCC r eBEREPX1H03S t he
adsor bed sul fur conpounds which entered the process in the feed were

rel eased as hydrogen sulfide during the cracking portion of the cycle and

passed to fHECHPHENET SWaEBVEES PsedtictonHeveeReavipn mixgh ik & melal were renpved
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stack gaspH0e] the raperdevelbpmenpfodiedcifgpfaduct @ifel Bavare@nteotd gi gat | y

affected, if at all. [QOO?! An alternative technol ogy for_ the renpval of
sul fur oxi HaR0WR) ghPulfug Geome hgresenstaeustpksrases SAhe PB4 ch develepwt by
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i nventory ?hy{pﬁg%ﬂgﬁﬁa C@@%ﬁgﬁé%@eeﬁﬁ %M% |1§éélﬁ&ogioﬁt§}%rag}ngaé’td§ap{)§T(t)q‘ sul fur
renoval addisortyedfurncidedn e FCPaigentratdosthe 4d6Rd5A0Hr cdnBdihd8 Miick, 957, 718;
4,790,982 an others. Again, however, sulfur content in liquid products,
such as gaSBpieAdhe prosesidh thriaed Wyreareleastdens DydoussBrude drapg the @arkaRgition to
reduce sul . Il QLA i t d by

vor mbecherasd ks T UL P B Py e e BB Ee T R R

t eachi ngs wee liemooep Seatiadshing et hie idddintes Frepxovey FEET BoeasseHydtvearboaf er ence

proposes the addition of | anount addi tive.conposed of ~an al um na-
supported TEGFE 4 MVP@E’?:IO%&nP?&?ﬁéé'%'o%?’th@ungféi Fﬁrﬁﬁmc‘,’ii‘gg‘l?i“h@eé% lyst.
Al though  LhisSHRLEfMEmBARr! PR datarLARSSIs Ale fQLLdNG aSfdbfed! irpdction in the
cracking process, it is genherally believed that uSe of greater than about

10 wei ght [990Zknt of Anrdteriesive tashuologp dortthe esmaval ofwiliur omidpe Giorri on does not
provi de a benef itt gte.lg. hi %rk]b sucifU{1 rem)galEL whi | e 1) etainin 1t he selectivity
of ot her plreealﬂFé?gf 6? ﬁ?sf’f’ ArCq Y Hi5e"SF QUSRI E YA T PE™ T H view of the
fact that guifiéesl ccinnlaying ebfadishindehioneth MePaTtuef Hiemiplimarhdey ticul at es,
the inclusion of additives, such as the alum na-supported Lew s acid
addi ti ves @sclosing tupbpeef salhity ey alegdgses ancledssBi gﬁemrN%é,%&ni}@t of the
base crackij . [ [ e a.pr. r4ii onal
Ceduct | on TOUVRL et T oA iy Ca el ter, shiftPeofe U RAEY O or
2005 WO 00838 00udREE/phlsdine 10ABRot[ 1048 affecteddul d be desirable to have a

S Capabl AOUPSE] gni { ALY SPEBOTHRG 1@ HEUPLTBIT Ko oR FOBRGREENd  herr

derivati vesohtQehhd Bh RAYiHRE BYYWEARHLRS nB Gk ;BB SWPIik s 5,376,608 and
5,525,210, which teachings are incorporated ﬁl their entirety by reference. The
reference proposes the addition of low amounts of an additive composed of an alumina-
supported Lewis acid to conventional zeolite containing cracking catalyst. Although
this system has the advantages of causing sulfur reduction in the cracking process, it 1s
generally believed that use of greater than about 10 weight percent of the described
additives in their composition does not provide a benefit (e.g. high sulfur removal while
retaining the selectivity of other products) proprtional to the level of the additive. In
view of the fact that an FCCU can only contain a fixed amount of fluidized particulates,
the inclusion of additives, such as the alumina-supported Lewis acid additives of
Wormsbecher and Kim, causes a reduction in. the amount of the base cracking catalyst
contained in the FCCU and , thus, a proportional reduction in the conversion of heavy

feedstock to desired products.



substantially retaining conversion of feedstock to desired product. [0010]
It would further be desirable to have a catalyst suitable for use fn

005
processes the catal yst is capable of performng t i.on of the
| evel s 8?/0\%?4?% Bﬁene and its derivatives as part of the f%ﬁé?‘?%?@&? t he
process conducted in an FCCU. [0011] It would still further be desirable to
have a c st sui 0 talyst is
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capabl e stantrally re duci ng Rere an

deri vat i F€S [@6cd3ses whdreinhe tavaBiki ©rapaie ngﬁﬁGmﬁI;Q@:@ﬁ&ng\/ﬂid levelsibst antial |y
mai ntai ning the overall cracking activity and product selectivities. BRIEF
DESCRI PTiheowheresigyd thRadenvaes diop) hghtpngd dgavy giglive fpgiqngevhilegr aphi ¢
represen fr n catal yst of the

pr esent %L%%/%ﬁ g}; %A%ﬁ?{ée%?%ts%?n@%%céwﬁl %d(gsgl%tgﬁ) 6d19’fr[ oduct with a conparison
to a conipwadj al si i wankdtrth@ealebizdblsto J@&laocmuslpdt duiuablé/\fm use u(*f@@e &

Co. -Conn) and a catal éSt corrEole on qf the present invention. ure 1

gr aphi calP§essey wheres 8 2PARI7 SR PH TP heds AYEIog; er‘ih‘b;fe"?]é@ st ock
versus t ReSH 9, al ysts.

Fi gure 2%"?3‘6%%‘5‘? ?9894 H}ste ?agtémoﬁ fonfﬂé&}ug%?é% .CPEO% Eﬂgu%%éﬁvg?{sll on of feed
stock veFrGOWE.t he the conversion of cut gasoline sulfur content. SUMVARY OF
THE | NVENTI [ 001 sent invention is directed tq_inproved catal yst
conposi t[p% and I'}j@qﬂﬁggz%lé% b SesERine hayite caflyst Suitihds fudse & r educed
sul fur (Re@ prodeBleRRIERER tﬁélelatﬁlg&rmﬁmeea SuBgh ﬁ&% lfeﬁa&ﬁgh d1Bvdid ght and
heavy gaso |ne ractions of t processes. he cat a yst
conposi tthmphend anicis pcmmS anpanefi the fenchibbs of tlmdﬁ(}ia;sﬁntessewrhl\kal of sul fur
in the |ight aﬂ,heav | i ne raciorps.r.etr@bde % an. FCCU. [0014]
Speci f i CHPFFILRIHEME ?19?—5‘?{? GHRCFRESFTIELY HC‘F*’GE“E‘O’\’[UQF yst

conposi tion conposed of Levm' s acid-containing alumna and Y-type zeolite
containing catalyst to orOVIde a co -05|t|on havi ng a ki netic conversion
acti vi t \BRESE DBSORIFE2Q THEDRAANINGSPCT/ US02/ 10035 defl ned herein bel ow,

of at for Si_mu m crac C corrp05| tion of
t he pre?gﬁp’fnvent %ﬁ’i‘rﬁE H%@ﬁ%ﬁw}%ﬂg e’ﬁ—%gﬁ l\ﬁéﬁﬁ? GRCEFY5] The
present gulfue Bntemt dfs:actﬂyse@r ¢ preseabin@bitidn WRIP aRithiaks 4 ligh oatfaﬂe usef ul

product with a comparison 10 a commercial silica-sol FCC catalyst (Orion sold by W.

R. Grace & Co.-Conn) and a catalyst composition of the present invention. Figure 1
graphically illustrates the relationship of the conversion of feed stock versus the total
gasoline sulfur content for each of the two catalysts. Figure 2 graphically illustrates the
relationship of the conversion of feed stock versus the the conversion of cut gasoline

sulfur content.

SUMMARY OF THE INVENTION

[0013] The present invention is directed to improved catalyst compositions, and
FCC processes using the same, which provides a reduced sulfur (e.g., thiophenes and
derivatives thereof) content in light and heavy gasoljne fractions of the FCC processes.
Further, the catalyst compositions of the present invention exhibit increased removal of
sulfur in the light and heavy gasoline fractions retrieved from an FCCU.

[0014] Specifically, the present invention 1s directed to a FCC catalyst
composition composed of Lewis acid-containing alumina and Y-type zeolite

containing catalyst to provide a composition having a kinetic conversion activity, as



in fluid catalytic cracking (FCC) processes. The present catal yst
conposition can be wused as the inventory of catalytic materi al cgn't@(xﬂnﬁ] in
an FCCU wi t hout changing the node of operating the process. [0016] e
conposi t i YiEE0XAH0 se a Y-type silica-alumna zeolite catalReIHUSRAMFdsi ti on
in conbination with the Lew s-acid containing alumna material, as fully
descri bed reiin below. Th ewi s-acid caontainipng.alumnpa material nust be
present i‘Jr}%éiFd = b%vﬁwm%f "’(jh?asbzrfgéﬁtsmb‘?h”?‘iil%q“l‘ggréllm(?é%céﬁ]%‘fat@&ﬂposi tion and
the result Osﬁﬁmsﬂggf)lggentﬂﬁﬁegﬁglil_rrul ated equilibriumactivity of from at

| east about 2. The present 1nvention further conprises an inproved FCC
process wherein a sul fur containing hydrocarbon feedstock is contacted with

t he prese it ' . [0017] Fluid cracking

cat al ysts%@%ﬁé@é%éﬁﬁ@gt@r Mosed of the oxides of

si licon angopduni numpd Pre6af idleRtibH il ARERS 19 LASH sl SHRM D rTRYa AleS e RE
present in small amounts. Under FCCU reactor conditions carbocation

react i ons indluit catglytic aunskingdFECl parcesies.e The phgetit oatabfst patpadigumeanytdr ocar bons
feedstock introduced into. the reactor. \Wen.aera ith gas, the catalytic
povedery  mitsE Pamegtveataty S5 b G S ReH coplied Rt P rap i SengERATe |1 ke o
l'i qui d. T%&jepcggb?,@fgtm RES Plokssst he catal yst to have enhanced contact with

t he hydrocarbon eeds?ock and to be circul ated between the reactor and the
ot her uni t{8014] t he olke admpositewessmbesea Y-iypesitica-atwnina zelite satalyhe t er m
"fluid" has _been adopted. by the.industry to describe this teri [ 0018]
“Froshe fraPpogHaRes i paeks SR B EEHRAr e aRaH b bl Al L e

and sol d. defrik@herdmfibeloivor THET it e6AgkinahLGAa i SEridlSni N e prasagt ory of
circulating catalyst conposition in an FCC unit once it has reached a

st eady st a at zpstHOrveiplt pesepit povadpiel GitalyHi comporition eng tle regilipgt at ed

Equi li bri - ref. £] yi s ~ih n t reat ed
o the | alborRPERch iat 8 siniliPa CLARELDE, R UPhok eS0T R0 R | °T' Oy
2005 WO 0243830 GurfieT /cofspPibdsQi3mprted. FCD eravasswhabir asudfuy cpnamgdtir e f or
attaining sinulated equilibriumis to steam fresh catalyst at 1500F (816C)
for 4 hourddipsarionderdSickds pErded s thspreseah Stofetatal g LOMPOSPB M # ocedur e
is called (cyclic propyl ene stean) deactivation which use propylene and
air to sinulate the REDOX process in addition to the steam ng deactivation
ef fect (S¢e01ateri carFlTemadatg Sodyss weSymms o unpdSeddrg spatddmls §8dposPage

the oxides of silicon and aluminum. In certain instances other elements may also be

present in small amounts. Under FCCU reactor conditions carbocation reactions occur
to cause molecular size reduction of petroleum hydrocarbons feedstock introduced into
the reactor. When aerated with gas, the catalytic powdery material attains a fluzd-like
state that allows it to behave like a liquid. This property permits the catalyst to have
enhanced contact with the hydrocarbon feedstock and to be circulated between the
reactor and the other units of the overall process (e.g., regenerator). Hence, the term

"fluid" has been adopted by the industry to describe this material.

[0018] "Fresh" fluid cracking catalyst is catalyst composition, as manufactured
and sold. | |
[0019] "Equilibrium" fluid cracking catalyst is the inventory of circulating

catalyst composition in an FCC unit once it has reached a steady state within the
environment of the FCCU.
[0020] “Simulated Equilibrium” refers to fluid cracking catalyst that has been

steam treated in the laboratory to simulate an equilibrium cracking catalyst of an



171-183 (1996). [0021) As fresh catalyst equilibrates within an FCCU, it is
exposed to various conditions, such as the deposition of feedstockt10CT 005

contam nants and severe regeneration operating conditions. Thus,
equi | i br WWeHYE8339% st s may contain high levels of metal coRERBSAHHOSS
exhi bit sonmewhat |ower activity, have | ower alum numatomcontent in the

zeolite f k an ave different .physical .properties, than fresh

catal yst PRI norn SRR oror oo £t B A i h PR Eh e e L fone

equi | i bri geicatalyst 150@ME € C) rQILASIR WAL RABAuhSPheeS fistea. t Andihesh
catalyst to control the quality (e.g., its activity and netal content) of

t he ci r cudeactivajionairatsdre isvabed GFP§ (csrhis Trepylene'stepmh)l depetivanosariztly sse' |
"spent catal yst" hat taken fr CC uni.t); .and "regener.ated catal yst"”
(cat al ystpmpé%g? H’éé fhee P]B‘@liﬂ%P&%ﬁ@?ﬁ?ﬁce%ﬁar‘iid%“a%ﬁ}?% AYdéval ent for
pur poses @actitMifon! dHRISeL Mumedid8 4 enkic NS dcter £ OB ShRABRes aNb | 4540 pggacki ng

catalyst at a sinulated equilibrium state is as neasured by the percentage
conver si oh/ 1618he@%9).hydr ocar bon feedstock (i.e. the percentage of product

formed fr unit qf [feedstock werein product.-i-s. coke and, forned materi al
havi ng a@?i‘j‘ ng pc%ﬁtiwégci‘fﬁg'f@‘ﬁ@gfabﬁ% a%#: G@edt_]ﬁfxli%dﬁﬂﬁfﬁrwlﬁshe
per cent age @R sticARs e dc?@siﬂ@ﬁBYfefeﬁ%% e6ttam ARG RE%kr8 BERerakigR22]
"Kinetic conversion activity" refers to kinetic conversion neasured in

accor danceperatingcooddons.e Thig, lsquEhnnm etdyss oay contagshigh ASEM G1Betpl at a

catalyst to, oil weight. rati f 4 with.a typical gas.oil feed _such as
Goscr bed TS i ol sB lostr el il e e B S meg T o+ um
zeolite aatabyat fhdworE in@Ri diffbrdns phytdalBrdpertd@ MRarOfesh QOEYstY @ SUS
activity basis. The refiner nust bal ance the cost of introduction of new

cat al yst nmehepsraijehrefisprsawvithdiawsyaell ameuntind the eqnsldhrivgn camlsebprede

fvd ‘ It N ', . b, e
Conver of QPR Rt ERGC £ 0 fdsp il d Ehufd MO & 4 KiRRYS
pr ef er abliyetaf cdmen) 2f the cBcwlatifg ghalyst inkierye rThei terrha’eghtmivundasstvod by

those skilled in this art that Onlﬁé | ow amounts of the additive can be
present asPEHEatadst ¢ (that taken dros 28 FE Capghinindfregenerted catylyals dpatalyply, 1 1 OCT
2005 WO402/ , - ' ; rall :
acti vity OF AhE e I b T ok G oyt Lo ran o TSR s PREaBELS'
provi de dfi02tjononm cKlieyic ebivarsiemo! prilmeksizckiBe eatidtyiss inasietlatd equikdhintmves
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formed material having a boiling point of up to 430°F (221°C)) divided by 100 minus
the percentage conversion of the heavy feedstock, as defined above.
[0022] “Kinetic conversion activity” refers to kinetic conversion measured in
accordance in accordance with ASTM microactivity test (ASTM-5154) at a catalyst to
oil weight ratio of 4 with a typical gas oil feed, such as described in Table 1 herein
below.
[0023] The replacement of equilibrinm zeolite catalyst by fresh catalyst is
normally done on a cost versus activity basis. The rcﬁner must balance the cost of
introduction of new catalyst to the inventory with respect to the production of desired
hydrocarbon product fractions. It is desired to maintain the kinetic conversion activity
of such equilibrium catalysts at a value of at least 2, preferably of from 2 to 3 or higher.

However, it has been understood by those skilled in this art that only low amounts of

the additive can be present as the additive dilutes the amount of catalyst present and,



which is fully described herein bel ow The present conposition exhibits high
Kinetic conversion activity while causing substantial reduction of
t hi ophene and its derivatives present in the FCCU feedstock. Thus tlhie0CT 2005

present cg\;&l) /&530%0rrpositi on provides a means of producing S02/10035
environmental Ty attractive product in an economically attractive nmanner.
[ 0024] The zeolite conponent of the present cracking catal yst conposition is

Y-type zeqhid Bauss4lg Redti¥n oM eraitld®Vicy MHS ¥ quiifriniteYtal R mpbi{oand
REUSY types of zeolites. [0025] FCC conpositions rely on zeoli Fes as its

primary sdabelewohakdgsgei ¢o poreangicorrraicily ¢ifizienNprogeds (pee Knishnaegtral)' zeol i t e"
refers to a.l.arge mner oup of crystallin teri.al s. However, the
bresent | gl arrepRa G arris atmad TR BreenbPr{Tiedtd; Suaiiif o

(fauj asi t%@hp%%"(ﬁ‘d&k‘l@ﬁl Yagpe £litd dontainih Q2 @lystRbicAt] & ohibifar AR ¥
occurring material but, dug to its scarcity and the need to control its
conposi t i dgast ittour §0vemighilpeyceobo i hewishacid oonteingigaluminataddisive, eaThof
crystalline.stryctural units of faujasite are tetrahedra .nmpde up of one

o1 1T con angisibrinygBatttt el i on e BRsRiTamPRr O srab b B ciEn ar oms.
Tet r ahedr @A R §bn bEgWBRWRTe 8afsahesibaadthdtedublid e oPthidpRaRsa ithetpaana prisns
to formfaujasite. Each repeating unit of faujasite is a "unit cell" (UC).

The j unct gresentbpttheBR Clhisedsiodh ctiranhe preseoh exalysteompesitiongprovides vundi ng and

defining each openi.n are_oxyqgen o) t the, vertices of either the
11 ca or TRRO PR ar R SrRr A R it ok Hir B aBe Rl OB Speni ng
of the unipfangg&l ! and these openings are of about 7 to 9 A [0027] Standard

Y-type zeolite is commercially produced by crystallization of sodium
silicate &Mf¥4dodi umBleuaepHigte@mpPPHEE of dlast present srckias oSt ¢@EPeHIQWSY- t ype by

parent | stanE A, sl & AAPUEY A0 KRR R P RE A TR A8 B0 by st eam

cal ci nati QEURY Iypesoliesdlted. treatnent. WO 02/083300 | 10 C T 2005
PCT/ US02/ 10035 [ 02%1 . Both Standard Y gn USY types of zeolites can be
treated bi0028h excHiigeomBOYEYNISIER AHFECLEaRY s REBREY et KIEtn ot her

o o B B MEERID! e SNBSS

t o provi deryBEYirendatRESY Hgrawe she prespie atvenadly spetizaBy redeslonttbs Yrtypesbe

Further e e P A nt Bl QYT CREY and CREUSY. types of
[0026] Faujasite is a naturally occurring material but, due to its scarcity and the
need to control its composition, it is normally obtained by commercial synthesis. The
crystalline structural units of faujasite are tetrahedra, made up of one silicon and four
oxygen atoms and one aluminum atom and four oxygen atoms. Tetrahedra form
truncated octahedra that unite by means of hexagonal prisms to form faujasite. Each
repeating unit of faujasite is a "unit cell” (UC). The junctures between the octohedran
and hexagonal prisms, surrounding and defining each opening, are oxygen atoms at the
vertices of either the silica or alumina tetrahedra. Thus, twelve oxygen atoms define
each opening of the unit cell and these openings are of about 7 to 9 A
[0027] Standard Y-type zeolite is commercially produced by crystallization of
sodium silicate and sodium aluminate. This zeolite can be converted to USY-type by
dealumination, which increases the silicon/aluminum atomic ratio of the parent
standard Y zeolite structure. Dealumination can be achieved by steam calcination or by

chemical treatiment.



material. Alternately, MUSY, ZnUSY and MaUSY nmay be used. These zeolites
can be formed by using the netal oxide of My, Zn or Mh or m xt ug?? trgﬁdseof
intile same manner as described above with respect to the formati rq usy
except t YO 02/838si um oxi de, zinc oxide or manganese oxi d@GIEUNAHFn | i eu
of the rare earth nmetal oxide used to form REUSY [0029] The preferred

it SY, . , USY Y, CREUSY .. wi t h .t he th d
being. mostO0RYr er r oc CHIERED o PS8 B O e St teabe €l Byer had | -
U.S. Pat egkshaded 98 repdie (thiSY0dind 2488s S88nt ¢l Oilier 3a801s, Q4R 1ANG miRifd o368

(REY and REUSY), which teachings are incorporated herein in their entirety
by ref er emare.eafib@3a4ls Bich asverivge ldnthime, pe@S)ninhmzeybially aseniriyg rawasur ed by

x-ray anal ysjs nder the pr.ocedur. S 2. The Y-type zeglite found
et 1 et pbBiret Mer P R RSO B e pr it BER B vt “un
cell size, 0188 nla§aetfurtterdAied BIcIcEaBBA Yo o9l LRIBY 2ha GUEBOR 19 Jror e
preferably from24.30 to 24. 38A. Although both the zeolite, per se, and

t he, matr matefala Alleoagelps Meking BaiY yed MpdHtainay bgosed. sThessazeokbmslcal uni na,
the ratio, of, Si Al203 .of the, .cat st shoul d not be .confused with that of
the zool | BB fOREPAFS R rIPH orie A e 2o 37 S P evBa erS IR B SHRsl s o, (1
only meagin@sr ddestiibedodbolB SuithCreyicfld thd riaabh bEUSING@pethat herein. [ 0031]
There is nornmally a direct relationship between the relative anmounts of

si licon anthgatsimnrxagca ZBWOXide eHoangaokdetaxiderns usddendienefhe iars eartli meigd| | .
This rel ati %{%shi(g LS E#gégdescri bed in Zeolite Ml ecul ar Sieves,

St r uct ur aP*Eehf f(}t}mg (1974) by D. W Breck at Page 911, which

t eachi ng [@oag)pcor porgieaieReeaizBolitBs Al USYIRER! REDS Y, Ke{EY ang €RBbgY Uni t cel |

size of fresh Y-zeolite is about 24.6 to 243A. This value decreases as the
f auj asi t ewish helbjre cedh grages heing mast predwred. dihepirpargO ghessrzgobies due t o

renmoval of, the |.ar jze ! [ t Ly St ructure. Thus,
re The ¢ dejaey & RS Hb 0 UGS O A3 RREEY B @ GG AT ot om ¢
rati o i ncBEIHEHSI(REY WA REIUBI3300ich tdachiies 2R0BcorPerblddH2£h0QIeiodroléry3: 1 to

about 30:1. The unit cell size correspondi ngly decreases due to shrinkage
caused bybymefer@apval of al umi num atonms fromthe cell structure. [0032] It

has e O SRSt LRt A 1
gasol i ne uhdaahé¢ prosedure ol HdM A2 e §he Natype ansigatfownialdcjulat tie presknwhi | e

mai nt ai ni Qa?ta.gfistg cbomposition has an equilibrium catalyst unit cell size of at least 24.254,
preferably from 24.30 to 24.50A and more preferably from 24.30 to 24.38A. Although
both the zeolite, per se, and the matrix of a fluid cracking catalyst contains both silica
and alumina, the ratio of SiO2/Al;O3 of the catalyst should not be confused with that of
the zeolite. When an equilibrium catalyst is subjected to x-ray analysis, it only
measures the UCS of the crystalline zeolite contained therein.

[0031] There is normally a direct relationship beiween the relative amounts of
silicon and aluminum atoms in the zeolite and the size of its unit cell. This relationship
is fully described in Zeolite Molecular Sieves, Structural Chemistry and Use (1974) by
D. W. Breck at Page 911, which teaching is incorporated herein in its entirety by
reference. The unit cell size of fresh Y-zeolite is about 24.6 to 24.7 A. This value
decreases as the faujasite is subjected to the environment of the FCC regenerator due to
removal of the large size aluminum atoms from the crystal structure. Thus, as the

faujasite in the FCC inventory 1s used, its framework SvVAl atomic ratio increases from



conversion activity of hydrocarbon feedstock in a fluid catal yst cracking
process. The present catalyst conposition is conposed of a Y-type ze &ﬂ)te
contai ning catalyst having an equilibriumKkinetic conversion acti \Mt@ 005+
| east abowto 82/090ef erably fromabout 3 to about 6, after deguiSoyasison to
achieve sinulated equilibrium The nost preferred Y- type zeolite used
herein has an activity of fromabout 3.5 to 5.5. The present catal yst
conposi ti oount 34 tpabontr¥sl.t Hee wsiecedisize domwsmuduigly dwntasehdurtoahunkagza as a

maj or conponent of the resultant conposition. 033] As stated above, the
Tt vty oRoreow e Syt SR A b m R Ry B RE et 1 besub oot
conposi ti qposst have ms kédieblisd GMKELHBR @flipositdon FHindbprebORsiveaoyt 3.

Such activity is measured on a sinulated equilibriumY-type zeolite
cont ai ni ngs capabbkoingueag asyeyal of thaaphiese andcéicphywic detivativeadronndieggenimest eam

treatnent .at .1500F .(815 C) for a 4 hour ri od under .one .at phere of

st eam SUéFﬁcflPB%%% elpq'egfﬁ)eﬁg]ém501“6%"?18?%}{5{)%%%%1 Imdlﬁﬂ’lublﬂg gggﬁdeacti vat ed
t 0 subst arbhddk¥ntREvEREEL RS EBedRRk iRh TR cRANE dridldirheadal Yed of an
FCC unit once it has reached a steady state within the environs of an FCCU.
The si mul arednecpiblystrompesician ad gospased osed -lype agpliFOCutainthgtdatalysahming  of
product forned..having. a.boiling poi.nt o o, 430F 2 1 s deter,mned.
The act i vipy i el uppefomarbel iy of bl S ot Reg i B G one
f eedst ock ,ghut dlafre Geddiditinde deliyvel GRuMdiie iR ivRer TRALRGEpeRR¥ENsi on. This
can be observed by reviewing the Breck equation to determne the active
sites of dyreazesllyesusedBeesak hapemiastsity phlsomebawi Dashp . ofhetpaeseacqatalestsi t es of

t al t to i d i -ent eqlite. bei ng: Acti ites=
R 8ol b SR e PO S B o BB, 3 L,

cl ass of @aﬁ@bhalhtsoﬂth@§es@1t@t@@ﬁmaidnes of alum na and natural or synthetic
faujasite. One can achieve the desired activity of the Y-type zeolite
required R&EIn by havsagdabeYs Eieastivinplie Yotypezegite\paatainibgneqmpoTeRt t he

rel event ongnt : ] LELan, - [ - e
zeolites %?([aﬂs%e%%% ft ?5185%‘?‘@% 5@%?\8?;[2%?& g%%%s@g,&&su h&%\éieﬁ% al\égﬁags/ " about
50, pref eiSabh ycatity Rasdas@i@d and simuletepreqiidibabinyY aypd gadite Gmtaiginght per cent
Y-type zeolite containing conponent.. Angther method of providing a Y-type
zeol i te i ArackBecatdyysthaf ngEArEry hhbasnAergophe s dtr ey a5 Hil %t(fgkﬁ

equi i bri EN6E Q@oﬂgpé&%d L\HdEb’oﬁe'%xdﬁ)bsﬁHel-é bfzs'télﬂn.zﬂ?él{[ tﬁ@cm%h oFigEl @1 ns

sufficient “"exchanged” rare earth netial ions. Wen e Y-type zeolite
cont ai ns catabteangthriaketvhichiindeactivited tasnbenattidly g chmadegice as thaeal 4th net al

[ be f. 0t baut , ferably f 5 24; and
or ot er bl oA saad e BRC bl Gkt adeashfh spa o iE vl e on

environs of an FCCU. The simulated equilibrium catalyst is used in an FCCU and the

amount of product formed having a boiling point of up to 430°F (220°C) is determined.
The activity of a catalyst material is the percentage conversion of the feedstock of the
FCCU divided by 100 minus the percentage conversion.  This can be observed by
reviewing the Breck equation to determine the active sites of a catalyst. Breck defines
the relationship of the active sites of a catalyst to its UCS and its content of zeolite as
being:

Active sites= (UCS-24.19)115 x %zeolite in catalyst

[0034] . Zeolite FCC catalysts are a class of matenials that are composites of
alumina and natural or synthetic faujasite. One can achieve the desired activity of the
Y-type zeolite required herein by having sufficient amount of a Y-type zeolite in the

relevent component of the subject composition, such as having Y-type zeolites present



the zeolite. Thus, when using a Y-type catal yst containing exchanged rare
earth ions wthin its structure (e.g. REY or REUSY type zeolrtes) 2'0@
of replacenment of catalyst is normally |ower than when using non- rare eart

i on containing USY or other Y- type zeolite catalyst. The greater the
nunber of exchanged raze earth ions within the zeolite, the greater the UCS

of the r&%b&&%&d@%ﬁgm@aﬁ@wgb %Jfr%gbliyrah@as@@d Ak ofe Pletel A ST MUl at ed

equilibrium Y-type zeolite, as reduired present cata Vot conposi ti on.
Convent i sasi65 Astght peacerbY Amy seoliteRopigining componeat-nARShEr meiodod zeolite in an

al um na/ Gl,3)ino kB kypé zediBO Fake c\émtr,amevae&} Mn%h nEsth@deiarirea Smidig T equired

activity can be acconpl i shed I ncreasing the amount of zeolite contained

Wit hin t eRlzhrivm Grackmg 3ty 150’1%1’&5%}%%908? copiaing gfficigntiexgheagedc onposi t i on

and/ or i Rfd Qe intes] idie. wmaﬁa@qttgpes;reaaeeéna&%e@m&aaxmnent Preferred
catal ysts are fhose fornmed from zeolite wwth an alumna sol in the absence

of ot her 2BRUY pexangrdrate SARTomErRians pay be fom A to phewd phprderably o s i nst ance,

the zeo$idzs aarm&}ypmfefaﬂymﬁbtqormﬁgm\pécahwawaembxwemsedt@ its converting
into antglumna %/36 xrn eolite. vvrth ert co onent suitabl e of

f orm ng Fz%ﬂ’ﬁ‘?nrﬁ ¥fe gel therefrom
Such catwitysts st&ftdnﬂ(c@REUaiREUSYSype&bblitﬁbkl&rh@bﬁteﬁlaﬁW@ffo”TEd by the

Ro. 057 E34503 PRy A AR SE O R E s ey o s oY SEBYE 1 11 i cs
entiretyYoype ea‘ohteeemabst D‘@@@Gitcr‘ﬂmxmbesﬁmkcuiﬁgédcabam&abnmmmmet i on further
COMDY ! Se5pfi, & feblife vEIPAS dubly Aok U sEl SRLUALA S, 1T 12

parti cul %0e. e an npone “the catal yst
mat ri. x (simultawéreq\dbmm Beweheqlm,nsmmm pmp)ut mdmmmen particles used

oser | pecrtab Aol el RIS Sl R MBI 005%) 1 as

unexpect@%ﬁly been found that the present invention provides a FCC catal yst

CONpOSi tpgdx)t hat §aPsd RUME Bardifi®s otler ritus it @Rt cRlvelabBipiaRd heavy gasoline
fractions, norrrally attributable to, thiophenes and its derivatives while.

retaini rl§°’Fﬁ5§}$ theasprpat izgtlitegontaped pitin Seadumingy 2ol comgonsnbefibs s (as shown by
i ts hi ghpraehi cdialys: coaipbsition andlbod iREreBhg Shecdhiraeillsibé ase 23l been previ ously

suggested by Wor er et al upr has, been conventionally believed
that usiRGPRRGH pﬁ%ﬂ#@%g&&bwwﬁmndmmmmﬂmass

the absence of other active muatrix components or of clay materials. In this instance, the

zeolite can by mixed with preformed alumina sol prior to its converting into an alumina
gel or by mixing zeolite with cither component suitable of forming al alumina sol prior
to formation of the so] and the gel therefrom. Such catalysts and other catalysts
suitable herein can be formed by the processes deseribed in concurrently filled U.S.
patent a;iplication Serial No. 09/833,603, the teachings of which are incorporated
herein in its entirety by reference.

[0036] The };resent FCC catalyst composition further comprises an additive
composed of a Lewis-acid contdining alumina particulate. This additive may be an
integral component of the catalyst matrix (further described herein below) or may be
separate particles used in combination with equilibrium FCC catalyst having Y-type

zeolite described above.

-10-



conventional zeolite catal ysts causes a lowering of the activity of the
resul tant catalyst to below acceptable limts. It has now been fouqd] [?[:]'faﬁl}%
hi gh concentrations of the additive described bel ow, when conbi ned 'w

hi gh acti wpy288330é at ed equi li brium Y- type zeolite catal yspst/usesombanti al |y
reduces the presence of sulfur conpounds in gasoline fractions of an FCC
process while substantially maintaining the high activity of the base

catal yst. [@333] The Ieasivgexrcttdiobreai fanmdythal hapreseitseimoopeavidds an al unmi na

matri x hayj 1 .Lewi s _acj.d compound as.,a rt thereof. The Lewis acid can
be a compolin SR cRpaTte MBEF Bt Pp Gttt ponR Sl e @dlipg, i
Pb, Bi, B, fAttidRXedruilRarALZEBIE t8khicihedbs MXid8e s atiney wliie reldiginpedier r ed
Lewi s aci ds are conpounds havi ng a nmetal selected fromzZn, Ti, Co, Me or Fe
or m xt ur esonveesiene! thadredstoeletedesry peodustsi(as shasindyhist MED petiviki WAui a i s the

I IAQ : f ly.h | ' bs iall h
ol o ot MpoBObRRIRRb AR TR b R RO el S Mo B Bl b ¥ * "

substrat e, itk Bber@hveR@RAlY Beltdved hATREREhatlednMitdoBadd@Weswalki d conpound.
The substrate is conposed of alumina particulates having a particle size of

from 1 to edvgutiasdzeqlipraalyply crusimdouerng aifhe activyy ahtimieshityh caidhSace area
ff bout 30 400 nR/.g, ) /g. Th
part ol oo S0l abcbtidle PR, LBRERSHARN 10 PocRaqud e BP0 O | 05

aci d net al addipifd Gatlived iiieoxkersedmbiihen®ith Wiihcdetieppsainatkd equidibatin Y0 to 20
wei ght percent of a soluble Lewis-acid netal salt sgg{h as zinc nitrate,
chloride, LBgReelite catalygst Hesiepially eucesdbeiPiesencs Bt SYAECOMPRER Hini na t o

i nci pi ent bor€ of aldiv dtstank At I8 MalTe.
06401 et FRnre srcton ol B R 2P BE L B B Pt o
(e.g., 100ofthe bafp@atdlydt! owed by cal ci ni ng at tenperatures ranging from 200

to 850C t[@ éggove tE,F gni oni ¢ cor_riponen of the Lew iﬁgld metal salt. The
resul tant P83P5-  aci dDEHRYEI a5 heP M me AP 1$CQPROSEd PR R MAERGINAIE | t s zer o
val ance stghgnof 1 8%isRIPdordpokm@Pad a2dA%ner¥s. GQ{eQEe?z@QQciE’%A YW 2oHpBdnd oKi de or

m xtures thereof. The surface area of the alum na shou be as high as

possi bl e. Thgtal stiheted bninsNaivd Znep gl Cédapbmdig. Thoth, BibB, 4 excludinged

t hr oughout e, alumna.to as hi a degree.as.possible. The nmet hodol ogy of
et pront aebieelot PRl BRafl S R s SU LA PERNak forapt il PRS2

st abi | i zatinen] edledibficnrZmae, @d,evdo of Ft be miutsgitiedfa ok plefdreblwiat Ievhignt hana
or baria, by known nethods, such as incipient- inpregnation _using an aqueous
sol ution of1d BWEA AhWRICHrZM 18 hehiH RS TRIOR CPJé}P%“’é]éf‘lﬁrml 4 greferably herein Zn is

substantially the sole metal.

[0039] The additive is composed of an alumina particulate substrate, which has
been reacted/impregnated with a ILewis-acid compound. The substrate is composed of
alumina particulates having a particle size of from 1 to about 150, typically from about
15 to 100 pm and high surface area of from about 30 to 400 m%/g, preferably from
about 150 to 400 m¥/g. The particles of alumina are contacted with a solution of a salt
of the Lewis acid metal. Typically, aqueous solutions, which contain from about 10 to
20 weight percent of a soluble Lewis-acid metal salt, such as zinc nitrate, chloride,
sulfate, and the like, are used to impregnate the alumina to incipient wetness, 1.€.,
substantially fill the substrate pore volume.

[0040] The impregnated alumina is then dried under moderate temperatures
(e.g., 100°to 150°C) followed by calcining at temperatures ranging from 200 to 850°C
to remove the anionic component of the Lewis-acid metal salt. The resultant Lewis-

acid containing alumina is in the form of metal in its zero valance state or as metal
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foll owed by drying and cal ci ning, can further enhance high distribution of
the Lewis- acid netal containing alumna. The incipient wetness i re[?ma%mlpn
of lanthanum or barium can be done sinultaneously with or sequentially to
t he i npreYRP08HBOBf the rare earth metal component. [0041PCHAES2E(83S acid
containing alumna particulate additive contains from about 1 to about 50

wei ght percent referably . froomabout 10 .to 40 wei ght,.percent. of Lew s-acid
nmet al (ex?ff@%ggﬁ&) lr?rsetﬁlgfe%tf)‘x? e§‘“§188 afeﬁeOfBléﬁ Qﬁwaﬁaﬁd% a(sgyélf trdi ng the

smal | per seg3ibageTRAs, th BeRardchi fMetadtsmponthe wheRWd @ftibeREAhNSEhGRAROSI ti on

of the present invention contains greater than 50 wei ght percent of this

addi ti ve. alpopgaplo aHaEgh adlegreadp qossie ailhe ngthwldalaghHf avdent/E@e®eys he used to
forma conmonent of . the. i d.cracki cat st RLT ) e adm xed with
the T i o PaREog LebitEs Sl bRt 0% 681 lotleeIB) L e b AETRHER ' T

Lew s- aci flugoit garfitAlteaitiiliiehane @R bEQA Py ke whiéhaeds, bedsds iadpwht-50 to about
75 wei ght percent of the conposition based on total catalyst conposition,

wi th fromEBegratips widhgt apepeeyriutin ¢idaphater pelnthangmfridmasseath $d wei ght
percent bgin St erred. .| en und. t.hat. th -gvat ed cont ent
of the Le%11 g“ﬁ?i%@( (%:r kga‘l&;ﬁil C%%%*érrﬁqﬁgu@gﬂ ieflgle\gl}ac?qu he(ﬁgtﬁltggﬁm\}mgt EE S er acki ng

cat al yst adid thefdl@anednin iabinhitin THeaadiplegt detneds ipregiativh @€ Rndh-gaiadry St
conposi tion whi ch causes substantial renoval of thiophenes and its
deri vat i vieasiugg caiebe dopg sigiuiiapeadslyrwiith eosnaaentialy teiitecimpasanation of Hiesidra ne

fractions,, %] ss while retaining high activity of the system
[0043] | tedﬁ%slﬂ%tggn géﬁ%ﬁt hat sinulated equilibriumcatal yst conpositions of

the pres@idl] nvent iTthe eavieadd kbmeining domuer Rirgculae hiditivy cofitaft ffoeast about
2, with from2 to 4.5 bejng readily_achieved and in nost cases has an
activity 30Ut dpaboytoywegnt peregngraroferablysirampbon Gtostd yeishbperaed o[ 0044]
The crackj fgisq il @:@?&9@&5' aPbxiHECarR" L&k ' lally
useful i ntilglﬁvlgﬁlﬂrboénal( CC pr oéclggt él eém\/\ﬂg}ng tﬁ?/grg%%%%%nh%dggéglta ((j)l‘(?:l gﬁgr e
cracked ismal fertei@a ST oPOOSeAND 102488 3BDO reRATInUSORIyE008Bpd sitvesr ofitbe ecul ar

wei ght conpounds in the absence of added. hydrogen.. Typical FCC processes
ent ai | cré?éfﬁ“ﬁé‘w&nHQHFBE%(f}ﬁeaFeééB%“tg(gﬂ’e}gﬁyaerﬁgrﬁ(f’l{iﬂﬁéd%%e'i n the presence
of crackigpgzrat al y Sthe palié £i€ SontdR@He 10Aa GRS 08 b6 WhSERHRRhlyy passed to
a regenerator  where they are regenerated by exposure to an oxidi zi ng

at nosphereompiinent efdwdhad erckipa ceiabisemapeortiserdmikedwith teifldekadkang he
1 20K1 19 2805 Sk P, i AT U IR I SRR bl R 2
can comprise from at least about 50 to about 75 weight percent of the composition
based on total catalyst composition, with from 55 to 75 weight percent being preferred
and from 55 to 60 weight percent being most preferred. It has been found that the
elevated content of the Lewis acid containing alumina additive, when used with the
cracking catalyst with high equilibriuin cracking activity, provides a catalyst
composition which causes substantial removal of thiophenes and its derivatives as well
as other sulfur containing materials from gasoline fractions of an FCC process while
retaining high activity of the system.
[0643] It has been found that simulated equilibrium catalyst compositions of the
present invention have a kinetic conversion activity of at least about 2, with from 2 to
4.5 being readily achieved and in most cases has an activity of from 2 to 4, with from 2
to 3.3 being easily provided.
[0044] The cracking catalyst composition of the present invention is especially

useful in conventional FCC processes where hydrocarbon feedstocks are cracked into
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cracking zone and the regenerator during the overall cracking process.

Typi cal FCC processes involve cracking tenperatures of about 450 to ﬁg%?
wi,th catal yst regeneration tenperature of about 600 to 850C. [0045] ¥ 2005
cat al yst peotozekmsomy he added to the circul ati ng cat al yst p@BUsR10835
inventory while the cracking process is underway or they may be present in
the inventory at the start-up of the FCC operation. The catal yst particles
may be addesver dialentliryweiphtt dvenpomnadkinribe alarce afaddbdhydrgeserbpiah F&6he of t he
cracki ng apparatus or at.. any other s%jaﬁblgﬁgpiqt,.lf desired, the cracking
catal yst of OFFECT BN ETGHDiy WIEOGERE CFRIEEHDE AT BE 20t i SEREFEGe ki ng
catal ysts gRelRE civatyd FAAVRAT TRAR|paARMHsthd/ Q 1@y PiRe PR 4 Gk RSaHCh as SOx
reduction additives,” netals passivation additions, etc. As with any

cracki ng cwehereybey areifegeanmied byéxpoaniglly gn oxidizdng aintdsphege.adhe regepmraicess wil |

vary by FCC it feedsto ratjn andi ti ons d desjred.output as is
val T KhowPaifct i Gt s PR he S ORE b D e A S A
standard tgghahgUBSihicRbEker, DPMVBIhY dialandepdriieles ieREuliedbehas thhe
presently required zeolite with clay and, ~ optionally, active matrix

mat eri al . @aeideg zore atdethe selitocratmdivting theavsrhlemmadking protessndapicknf©Ca uni f orm

aqueous dispersion followed by dryin opt+.onalby. .cal ci ni ng. Such
rocedur e BFEStH SepBe s Fipa taPiphPe A30p 0B @' ib TRl S 56 745,
4, 458, 023 regobriiddto@imperadat omabAa 60836 850°P0e t eachi ngs of these references
are incorporated herein in their entirety by reference. [0047] Cracking

catal yst J8P#%kl es offhe pealyseraiieles mor Rt pdtediayhherebipesailist Parliglei ous
conponent . LAY : fo Yoty i t.e .containing

] mat eri al (%%Yémgle}g‘gfri%%eﬁg y %ﬂgﬁ%ﬂ%@%ﬁ%gﬁ%ﬁﬁ t%%}éh%gfa ?ég&%fgo iufee conpri ses
at | east ahoeitory4Q theightuppeEitkeRCCafpetaion f Thgastalyst mongieneay bé Iddedexanpl e
materi al cgntains about . 75% zeolite) weight percent of the particulate. In
addi ti on, UFEH¥AAENG Hackng 298rsto the sdeneration aons, fftas SI3FY0g PRRATABH PRNS
relatively,,; i [ Ll ‘ng & e

b5/ 663500 TGy 8 Bhint, FdSIElnd Gadline | %@ﬁ%ﬂrtg%#végﬁ%@ggp%& 9.,
silica solis combalamonrvatisoths) crackiag camtysinand/sufvithcoevdntivoalgiddeivent egrity to
t he conponent .such as

pr ef er abl y* i?‘%‘?‘;ﬁgﬁﬁﬁeré%‘lﬂ&}glégra%@ﬁP‘%%gtﬁénta?l*ﬁéir‘tfvefH@eﬁsﬁﬁéiﬁﬁiogg@gh?é‘?” PBarticles
may i ncl udgs wahi@yerakipU@tdRdt! th¥ 1R TRATRRtadys( Bscd in tid ¢1tlARg poktdsGalland
porous alumna-silica). The particle size of the Y-type zeoFl t e contai ni ng
conponent VerRbhy #Geunit, ferastiséuepergingsoagivgns aphdesited ORPUE & pstchiknoMn t o be
readily usgddn a fluidized state.

[0046] The catalyst particles can be formed by standard techniques, which

normally include the steps of mixing the presently required zeolite with clay and,

optionally, active matrix material. Binder is then added and the components are formed

into a uniform aqueous dispersion followed by drying and, optionally, calcining. Such

procedures are disclosed in U.S. Patents 3,957,689; 4,126,579 4,226,743; 4,458,023

and Canadian Patent 967,136. The teachings of these references are incorporated

herein in their entirety by reference.

[0047] Cracking catalyst particles of the present invention may be composed of

various components. The catalyst should be composed of Y-type zeolite containing

material(s), described herein above, wherein the Y-type zeolite comprises at least about

40 weight percent of the faugasite component (The example material contains about

75% zeolite) weight percent of the particulate. In addition, the cracking catalyst

particulate preferably also contains relatively inactive matrix material (e.g., clays) in



The al um na descri bed above, may formall or part of the active-matrix
conponent of the present cracking catalyst. Alternately, the acti v 68T Qi
conponent may be absent fromor conposed of other conventional

acti ve- ma¥0i03/083getht s when the Lewis acid containing al um RETARESP2HEH3S
introduced into the present catal yst conposition as separate particul ate

material. Alternately, .all of the conponents incorporated into each single
particle %90“5266%%?‘%%5 p&Feeht %‘ffﬁgmg?f (P8 SUCA S Op APFHRP SRS h VAW f er ent

functi Onssufﬁ!:ilclllﬂfo difeipdrii, ¢ o &fmﬁoggnt§§§ abystuermashhi ehcishoy ¢ have an

average particle size ranging from to 100 mcrons, preferabl'y from50 to

75 mi cr onshouSAShprparatily 8ltat2f wemphigrer@int.i Sudhdretleorakimghidtalystepaftiaiésd

properties reqyired throughout the various FCC process units. [0048] The
exact ano®AY ”g‘hl“ieu‘faflﬁf"séf)'gﬁﬁéﬁméx CYPRUERIS §&-&n AUHENY 2L ‘WB pOfIP%xsl[:ti ons

produced Qﬁmﬁﬁnggﬁ%i Nl paktidGe RIQGESR: P! ”éggli&%hﬂx%%iﬁg'cgi;ﬁgoﬁélﬂtsg%‘iéd gt the

B
feed that I's subjected to FCC processi ng. wever, sent cat al yst
conposi t i Bommboui ew® abome 406 nutroabtepannndt wewireedlygaedlin ndhifidiaedt stolas at hi gh

conver Si rates from.t he FCC process ich h a substantial reduction of
From aboutte SevuA AESGHERY HRes e dpiopl SUBSE £ B B maatHs R R 6
t hi Ophenethéfibgesbﬁtscrgﬁﬁhg’ Bhth RS Aﬁ&hﬁﬁél}ﬂ?ﬂege%{iw 1ﬂ£&%@¢d&ﬁp6ﬂ?ﬁt Hﬁbf%'a‘b!’en@f the

sul fur content of the gasoline cuts. soline cuts from FCC processes
nor mal | y fhemeraotppddnel ghémeonvanigimabaaiivemaatrind 3962 AMER the hewysneidal , t he
sul fur content. of .t he whole of ECC gasoline cut j ver 100 ppm by wei ght
and usual TYPCBVER BTG Murogee nare PreotgalBet Homppsiine B BRee
greater than.dfematéha. Huldradte RO MR ihd SondnBhts WYRrpdiARA iRRRRY sileght and,
in sone cases, in the order of 4000 to 5000 ppm by wei ght. Renoval of the

sul fur  gumtieleonbatemprsdseefdilerdsadf ipdindoalmal ic el wike diffes¢ mduntionFCC

cat al yst sition of. .the present i.nvention. [0Q049] The F rocess is
condutt e T SERAERIFSRG RRATR E P Chon By Ee ek AR b rog St i o5 r ange
f rom abouiangi@@ fican ZOQC10 iticiogestefeadbl oflo AGOUDLIASNGicedns] SucPphrtle WO

02/ 083300 PCT/US02/1003. 5 tenperatures, of from about 500 to 850C. The

parti cul apategipl s alepegyhidi the dluidypropeyties reapised Sy opshome thsg arioBaFeEl, t he

pr oduct SérB?& ofesired and other conditions well known to- refiners. The
FCC cat al‘ys ?Iﬁ €., inventory) is circulated through the unit in a

cont i nuoy®o4&inner bEhaverset aatoahydi mifor emkpougds earhined iade gaegkmeer ati on whil e

Fequi red TEESPRT Boded GRS RRL R BREES JEPERE B DA SHHGF Szt hc

coated addij ineisd86eEiedqE FCC processing. However, the present FCC catalyst
composition provides a means of obtaining desired gasoline fractions at high
conversion rates from the FCC process which has a substantial reduction of from about
30% cut gasolime sulfur of substituted and unsubstituted thiophene and its derivatives
which normally make-up the majority of the sulfur content of the gasoline cuts.
Gasoline cuts from FCC processes normally have a boiling point ranging up to
430°F(220°C). In general, the sulfur content of the whole of FCC gasoline cut is over
100 ppm by weight and usually over 500 ppm by weight. When the end point of the
cut is greater than 200°C, the sulfur content is often over 1000 ppm by weight and, in
some cases, in the order of 4000 to 5000 ppm by weight. Removal of the sulfur
contaminants is beneficially accomplished when using the FCC catalyst compaosition of
the present invention.
[0049] The FCC process 1s conducted in conventional FCC units wherein the

reaction temperatures range from about 400° to 700°C with regeneration occurring at
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above. [0050] Normally, the nobst conveni ent manner of using the Y-type
zeolite and the Lew s-type acid containing alumna particul ate nat eﬁi1m@ 5055
to introduce theminto the FCCU as separate particles. Wen used in't

manner, t{ey &@siooPr oportions of the conponents of the subliEgisBabakyst
conposition with respect to the particular feedstock being subject to FCC

process can be readily achieved. The Y-type zeolite containing conponent

normal |y itemporaposed fofm hboun 300° tco8 HOC. pAeé pardibhrsfwidindepend on8ke and nor e

preferably from60 to 80 wei ght gelgﬁcient of a Y-type zeolite with the

r enai nder PEBH]SP}Dsﬁeﬁ‘gft% <¢%§afﬁf> TR PRSuerstiEass daged pRGOENeE CPRYIEERR ai ni ng

al um na pagdyi reandk e (e - 8L ' er cent
el 165k @ BAinds, ?ﬁ@FC'Cnca@Fg%gg ., &fvelﬂf)ﬁz%sg(fnyc%um%ﬂ% "é{t}oﬁ‘ﬁ{ SRR

of the two particulate naterials. |'ter WO~ conmponent s
‘requi red henebminsms henoentritweeh taalype omikiag asuction endegenerb e vatlal yst

conposition to provide |ight |liquid product having a reduced sulfur
content. THIRaEgE He CRERRE @ﬁ«ﬂ;wtw?@q i e atiEl T RrespHa yeaird7go Bikd
‘cal ci ni ngyde .ty & geéi%l@ﬁ‘d%to%’ thOa RERYd %ggane&mb e@-ﬂ?@ hagliee BALbey! at e

conposite product h ng the proper portions of the two conponents
therein. &pew.fically the particles can contain from20 to 40 wei ght

ercent o -type zeolite, at |east 50 weight percent, of Lewis acid
(I?o_nt ai ni.ngmgolm' %2 %fnﬂll}@ t;h_gr’?&?ﬁtla‘él?ve(l_é@?]bma*“?%rﬂffgmﬁéﬁ%&t%iZ te b‘é‘fcent)
bei ng conpsedyRityaNadidessamits QXheie Hirfidesite nl 2023 ishH nftddvet H@}n e agove

met hods of introducing the present catalyst conposition to the FCCU the
cat al yst tenfioSUtdseapahioiadidiesy eVher asedrin thismab0erwdiegixact prepertings of thehe

Gont ent - oFOVBOYE SR LB S R O AD AFRER O ORI HA BOIFEORET 5.
[0053] TheeimisBhiedd ® AT pRGUGESNILR rEiEyHHdvORY ThAIVL BBE 26D EbHEmALher

conventional materials, such as, for exanple, octane enhancing catal ysts, CO
conmbust i opCPPeRr aprnalbols compossdafiki o1y 28 te ABtmesrabh fromeS() k@0 ad wevened

o 2605 w03 Belne e POEER #Bsh (oo IRk S L SR e esent
i nvent i oncomptsiag ahendrgatis beidanmhadxy Thbydwacaibemtiiaty 4onimi firtigdes are

or ganosul fur conpounds into Iighter products such as gasaqline which has a
subst ant i BIGS§ALIB HFOEHLS HSIRHCT AL Y HEHRAL PFIGFIL O HiceRte RS2 dRHEIAy achi eved

V-type or UISIG RavoRiELns MELED S fhur Rt HatuteAYE dd gyt o
mat eri al providet an inTengatpd ECEsmtandt abhposicon acpriongletlizht igwd prodwect bydhg @

catal yst reduced sulfur content. This may be accomplished by simultaneously spray drying and
calcining the two components to provide a combined single particulate composite
product having the proper proportions of the two components therein. Specifically the
particles can contain from 20 to 40 weight percent of a Y-type zeolite, at least 50
weight percent of Lewis acid containing alumina and the remainder (e.g. from 10 to 30
weight percent) being composed of an inorganic oxide binder.

[0052] In either of the above methods of introducing the present catalyst
composition to the FCCU the catalyst composition should have greater than 50 weight
percent of the Lewis-acid containing component in the composition based on the
combined content of Y-type zeolite and Lewis-acid containing alumina components.
[0053] The materials introduced in the FCCU may further comprise other
conventional materials, such as, for example, octane enhancing catalysts, CO

combustion promoters, bottoms cracking promoters and the like as deemed appropriate

and in the amounts well known to those skilled in this art.
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reci rcuI ation cracking process with circulating fluid catal ytic cracking
catalyst inventory of the present invention. The catalyst normally cefsh@pss
of particles having a size of fromabout 20 to about 100 microns. As stated
above t hWG0eHi3sGcant steps of the process are those convEQTIUSARLIFS known
conprising: a) introducing the heavy hydrocarbon feedstock into a catalytic
cracking zone. There the feedstock is contacted wth a source of hot,

equi | i br Wﬂﬁ"c],at al ysthefC f:kféoi;ﬁ*se%% PEREBIIVERHATLS PESIQLEASTR IUAEAYY pr oduct S
as well i &jﬁﬁ: iR [bons;

the eff %1?1)? E‘\ﬁ? 12[?&?%81?%1#0 a%]is&s?]rglela (ﬁ{r}qsaﬁ{rlr%r]\lﬁgtr%ptjo dgggaggl?epand renove -
sol i ds ( gpsyiline uzlalthlh\ﬂstx)sulismmmﬂh&admagm)ﬁmphm efddoselfitr.cohlemt apor phase

effluent is transferred to fractionation ¢colums to separate the various
i ght pr 88HEYY AHEeYRA W@C%@&PP%P%%F% whighee1d158 A0 npliss Gradkings strl pped,
usually BhERELEAT. (iR & AIRYERARTH U NI EBLRONS i B rgh wila d
cat al yst. € So are then oxi t| vely regenerated to Uce h
regener ateteredtoalbpst. Wh pilocess en@ilsicowdcting ﬂlbéea:da]halqybh@cﬂa@@kl ng zone in

proportion to maintain the equilibriumconditions. [0055] The effect of the
present ESSERIASIONCERGERE PIOGRSSAHE Prevkadug thad satadpie Cl%#@ ¢adalyy reduce the

sul fur o

dor vat | oy o R Pl 0 e OB ey bR e e B e e

havi ng asiaeiof ifrogn apauitr0 tofaboyp 100 naibows. A30HFated alici\(&@)me gphdAicamcstépsafitan FCCU.

The degree of reduction readg)l}{ achi eved is $St al 'i’t& 15 wei ght
percent BIRFEHDIE LERIFRPRNSALIPRAQY KpQINR FOmBHIE: &8 of

or gano- .SHk b RRRRPORRLG, i %d@z@ma&e@mg zeﬁ@dvﬁére t&%@aﬂ@& Wchhacte

conventi onal at et has" no Lews acid containing alumna of a |ow
anount s efithLesdiscacf hlotacqiﬁhivrlum cigalystofupe presetaioléritwndo pedducy effateat yst ot her
than that of the ite. The sulfur is .genera nv dto

| nor gani Bradgrin el FREat SRk ShytPaat Hok A S Sdneabei bR be
readily pRR@AELMASEH B rBRbVER is tIFBBA & n@a%nhﬁtocs‘éPMr%[H drfdN8mok e EOI.FCQQS?«!I@C esses.
The increased | oad of increased hydrogen sulfide recovery is not deened

cri ti cal catelys@dompiihe sioy pheserclfiuent. alhowepor phaseBumtle 08nMOTe21083300

/ K duced. s f
cont ont _ FFaREahR o0k eRER AT LI T Bre B e b AR S D e

are gi vethefspeni &dtmstr;atstrippecpurs@agem@ Blemandrediicde dtelude®BNdrotabbAs a
limtation on the clains Fg@pended hereto, All parts and percentages are by
wei ght ufiPestbesohd caradust hbr sxhdeate thopgmdapiely egenerisd angeicsthaunber s

recited l'e%e}xa%téﬁr&%ﬁ%t wii&f isfrjeﬁlﬁ]ie'dote X catalytic cracking zone in proportion to

majntain the equilibrium conditions.

[0055] The effect of the present catalyst composition and process using the
same is to reduce the sulfur content, especially those associated with thiophene and its
derivatives of the light products (e.g. those of the gasoline fraction having a boiling
point of up to about 430°F or 220°C) obtained from an FCCU. The degree of reduction
readily achieved is at least about 15 weight percent and more commonly of at least
about 30 weight percent of organo-sulfur components when compared to product
obtained with conventional FCC that either has no Lewis acid containing alumina of a
low amounts of Lewis acid and/or is based upon a zeolite cracking catalyst other than
that of the Y-type zeolite. The sulfur is generally converted to inorganic form and
released as hydrogen sulfide. This material can be readily recovered in normal
manners as is conventional for FCC processes. The increascd load ol increcased

hydrogen sulfide recovery is not deemed critical nor economically detrimental when
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clainms, such as that representing a particular set of properties, units of
‘measure, conditions physical states or percentages, is intended to 410CT 200
literally incorporate expressly herein by reference or otherw se, any
nunber f aiMo exgpsssobhi n such range, including any subset of pouniseesceosst hi n
any range so recited. Exanple 1. [0058] 18416 grans of REUSY zeolite
cont ai ni ng 25% noi sture, 9.01% RE203, 4.02% Na20 and having 822 nR-/g
surface akakangvaiso soupideraebnthe igproved redusked walfarcongantllightdydragertion19048 gr ai ns
of al um num chl| ()Irohé/(gr ol. The m xture was passed through a wet mlIl to
reduce t h8"BAFYICISi ze and spray dried. The spray dried product was
cal ci ned ﬁmcﬁxchan@m ISP mBERRD NS BrtifudiQNeE Btu Bsdvadiy manfent . The
finished catalyst had 0.46 cc/g H2O PV, 6.91% RE2C3, 0.53% NaZO, 468 nR/g
‘zeolite sorhewd tabea lakithto8 onthg glaimag appendad fieaele. adbmirlspdmetcghougas ory
simul ated CRS deactivation (350 Ni , 5500 ppm V/ 1450F), the catal ysts
_retained iPFSbyn‘Wl_ %_gg%]ﬁstoég%rﬂlﬁsfeé%(glcgtgg’]a, 60 n2/g matrix surface area and had
an ASTM n@ysg@ct i Vi tBar®kr, 4By rdn@k o nkinBesirecieany efeSprostnagiceifichio®br 3) -
Exanpl e 2. [0059] 6665 grans pf’ REUSY (descri bed above) was added to 3
liters of Clagnemsuch 793t HPETENtBE sparisHmset if Piophsigs.oinitaplmsasugyr ans of a
concentrated,.rare .earth _ chloride.sal uti.qn nt.ai_nk ng 28% RE203. The
mxture weo ISR DR e bt o M SR SR Bibens
catal yst Hesint® ffeieflceadithtiof WRNA|0nWwhibdt fANME W ithia sl rhdded idcdigvegy t he Na20
content. The finished catalyst had 0.33 cc/g H2O PV, 10.49% RE203, 0.46%
Na20, 496SHBtipiZzanherewihBanyngn@isonerigedmtri x surface area. Upon CPS
deactivation (3500 ppm Ni, 5500 ppm V/ 1450F), the catal ysts retai ned 186
nlg 1 1 0 L 1 2005 WO 02/ 083300 PCT/ US02/ 10035 zeolite surface area, 52
m2/g matrix surface area and had a EBsdlbRilcro activity of 81 (or a kinetic
conversion activity of 4.3). Exanple 3 [0060] In this exanple, the high
activity Y-té e zeolite containing catalyst prepared accordi ng/ to the
pr oceedur K05B] Exanpllé416 M@Stﬂfmgﬁﬁf\mlﬁeﬁoméwnsg A% anoigsres Jitling al umi na
(ZnQ al um : T : I ' ] : cted by
| mpr eqnat RBACk: AN HQ T SRYREREY R} Spr U RRu D AT TR LIRS o BT O
por e vol usel midfed with g9048hiraths os alamdommehivreldyo i VEie rabhee baohaiste accor di ng
to the proceedure ) ) ) ) )

through a wet mill to reduce the particle size and spray dried. The spray dried product

was calcined and exchanged with ammonium sulfate to lower the Na,0 content. The

finished catalyst had 0.46 cc/g H,O PV, 6.91% RE,Os, 0.53% Nay0, 468 m?/ g zeolite

surface area and 93 m2/g matrix surface area. Upon laboratory simulated CPS

deactivation (3500 ppm Ni, 5500 ppm V/1450F), the catalysts retained 175 m2/g

zeolite surface area, 60 m2/g matrix surface area and had an ASTM microactivity of 75

(or a kinetic conversion activity of 3).
Example 2.

[0059] 6665 grams of REUSY (described above) was added to 3 liters of water,
7143 grams of aluminum chlorohydrol and 905 grams of a concentrated rare earth
chloride solution, containing 28% RE,Os. The mixture was passed through a wet mill
and spray dried. The finished catalyst was calcined and exchanged with ammonium
sulfate to lower the Na,O content. The finished catalyst had 0.33 cc/g H,O PV, 10.49%
RE>0s, 0.46% Nay0, 496 m2/g zeolite area and 61 m2/g matrix surface area. Upon
CPS deactivation (3500 ppm Ni, 5500 ppm V/1450F ), the catalysts retained 186 m2/g
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described in U S. Patent 5,376,608 in quantities to produce about 75 kg of
product. [0062] Blends containing 25% of the Y-type zeolite catal ygt; @L! 2005
Example 1 and 75% of the ZnO Al um na descri bed above were fornmed. All

bl ends wWs@02/4883t | vat ed by CPS protocol at 788C (1450F). PGEUS2MAIH ed
deactivation protocol included 1000 ppm of nickel and 1500 ppm of vanadi um
The catal ysts were tested in a Gace Davison Crculating R ser (DCR) pil ot
pl ant wi E¢PlEe §HEGS Arep.e@dn/EHBAFE SWIfRee argioind hagipar ENL BeTe HaIVta I8 s

obt ai ”ed@6§H&1§?&®e@61?9&1H§'o@QSa} comercial catalyst (Oion), whichis a
ai

Si -sol / con ni ng cat The feedstock properties as well as the
present catalyst properties are shown in Tables 1 and 2 below [0063] The
gasol i ne range product from each material bal ance was analyzed wth a

sul fur GC (AED) to deternine the ga@®fMe3sul fur concentration. To reduce
experinmental ‘errors in the sulfur concentration associated with fluctuations
in distillation cut point of gasoline, the sulfur species ranging from

t hi ophenf)(60] C4- t Hinahiseremplenths higdr actieity &xolpedieolite kemanibg cphigee and hi gher
boiling S species) were quantitated and the sum was defined as

"cut - gasmpﬁ@dswomtc’déﬁfm%ﬁ%ﬁeﬁ%xq%vle Ingpserfed withe Levistapid r eport, it

i's referg@tggwgi?huégﬁgg ﬁﬁ’&xhﬁ{?r suI fur”. [0064] The DCR results are shown

in Table agal n ref erence cat al yst Orion, the 75:25

bl end of [0D6AN umi né[‘l&rpioba@he mmamjigyznwmmng wasdoallysed by showed about 20%
cut and total %asol |ﬂe sul f (zuctl on. e bI end aj so showed bhetter

gasol i nel"SUESRAING 1A ugRg & StlS‘B’F BW@CE&FR%P JbH %ﬁ%‘nl{ﬁg‘%‘r@r BEi XA t han

the refepence Q@ﬁ;yhxﬁco@%l% ‘?\%éblg\@ %ﬁg@iﬁ%ﬁﬁg@@?%@%@g& lTable 1

Feed Pr opertl pi cal PI Sul fur, w%
0. 01- 4 Od&0f8bedrimt ElS. Matand &7 H,60P in @ueﬁhﬁii@s ® 1&069(3: atBasTTkof progant. ppm
0. 008 Q'[ )@%319336 éa ssc%rlllta%?‘urag 954, c\>l¥t the ¥ 1ype zeohte ccltaggtccgi xa:anlplcéL % a?ldll' >9
Speci fic ity O.
75% of the ZnO/Alumina described above were formed. All the blends were
deactivated by CPS protocol at 788°C (1450°F). The simulated deactivation protocol
mcluded 1000 ppm of nickel and 1500 ppm of vanadium. The catalysts were tested in a
Grace Davison Circulating Riser (DCR) pilot plant with a gas oil feed. The results
were compared to the results obtained by the same method using a commercial catalyst
(Orion), which is a Si-sol/ REUSY containing catalyst. The feedstock properties as
well as the present catalyst properties are shown in Tables 1 and 2 below.
[0063] The gasoline range product from each material balance was analyzed
with a sulfur GC (AED) to determine the gasoline sulfur concentration. To reduce
experimental errors in the sulfur concentration associated with fluctuations in
distillation cut point of gasoline, the sulfur species ranging from thiophene to Cs-
thiophenes in syncrude (excluding benzothiophene and higher boiling S species) were
quantitated and the sum was defined as "cut-gasoline S." When benzothiophene is
mcluded in the sulfur report, it is refered to as “total gasoline sulfur’.
[0064] The DCR results are shown in Table 3 below. Compared against
reference catalyst Orion , the 75:25 blend of Zn/Alumina and high activity cracking
catalyst , showed about 20% cut and total gasoline sulfur reduction. The blend also

showed better gasoline selectivity, better bottoms conversion and higher activity than

the reference catalyst.
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Refractive Index 1.5072 Average Ml ecul ar Wi ght 342 Paraffinic Carbons_Cp,
Wt.%54.8 Naphthenic Ring Carbons Cn, wt.% 24.3 Aronatic Ring Carboh$ 0€&,2005
Initial Boiling Point,C 166 Distillation, 5%C 264

W.%20.9 Distillation,

Distillation, 9% C 145- 315 297
Bi”%ff%%#’%ti on, 40% C 377

30% C 356 V¥
Distillation, 60% C 418

Distillation, 90% C 430-650 510 Distillation,

Distillation, 20% C 330 q)
Distillation, 50% C 315-

S

Distillation, 70% C 438 Distillation, 80% C 468

95% C 550 Distillation, End

Point,C 657 1 1 0 C T 2005 WO 02/083300 PCT/ US02/ 10035 Table 2 PROPERTI ES
Ori onExanpl e 1ZnQ Al um na CHEM CALTaANALYSI S TV @ 1750wt %4.2. 817.51. 9

A1203wt %28. 239. 988. 9 5102wt %64.¢4
Na20wt %9. 500. 400. 09 ZnOwm %©. 010.

API

Aniline Point,°C
Sultur, wit%

Total Nitrogen, ppm
Basic Nitrogen, ppm

Conradson Carbon, wt.%

K Factor
Specific Gravity
Refractive Index

Average Molecular Weight
Paraffinic Carbons Cp, wt.%
Naphthenic Ring Carbons Cn, wt.%
Aromatic Ring Carbons Ca, wt.%
Distillation, Initial Boiling Point,°C

Distillation, 5%,°C
Distillation, 10%,°C
Distillation, 20%,°C
Distiliation, 30%,°C
Distillation, 40%,°C
Distillation, 50%,°C
Distillation, 60%,°C
Distillation, 70%,°C
Distillation, 80%,°C
Distillation, 90%,°C
Distillation, 95%,°C

Distillation, End Point,°C
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W8, 189.820. 01

SHiT G

si cal T)%igﬁer ties
15-35
0.01-4
0.02-0.3
0.008-0.1

0-6
11-12.5

145-315
315-485

430-650

Used

23.7
80
0.509
0.093
0.0336
0.41
11.59
0.912
1.5072
342
54.8
243
20.8
166
264
297
330
356
377
397
418
438
468
510
550
657



Surface Areanf/ g26258681 (Thernal, 3/1000F) ZSAnR2/g2215000 MSAnR/ g418681

Unit Cell SizeA24.67 After Sinmulated Deactivation by CPS 1000/1500 bdOGT 2005
Ni /V Surface Areant/gl5532570 ZSAnR/ 91402643 NMSAnR/ 9156167 Unit Cel |

Si ze24. 3¥WN024083300. ABDO. 77070--- MA ASRrR2/ g Conversi onwt * / BEBYSE/ ¥ ogen

wt %9. 180. 390. 36 Coke wt %2.910.24.2 | 1 O C T 2005 WO 02/ 083300

PCT/ US02/ 10035 Table 3 Testing Results from Davison G rcul ati ng Ri ser

Cat al yst NanmeCommerci al Catal yst 25% Exanple 2 (Orion)75% ZnQ Al um na Ri ser
Tenmp970970 Catal yst Tenpl3001300 Pressure2525 Conversion72 Activity9.617.96
H2 Yield wt%).060.24 O + C2's wt%.121.99 Total C3 wt %. 835. 07

Table 2
PROPERTIES
Orion Example 1 ZnO/Alumina
CHEMICAL
ANALYSIS
TV @ 1750 wt% 12.8 17.5 1.9
Al203 wt% 28.2 39.9 88.9
Sio2 wt% 64.7 50.3
Re203 wi% 3.18 9.82 0.01
Na20 wi% 0.50 0.40 0.09
Zn0 wi% . 0.01 0.01 11.94
Physical Properties
(Thermal, 3/1000°F)
Surface Area m2/g 262 586 81
ZSA m2/g 221 500 0
MSA m2/g 41 86 81
Unit Cell Size A 24.67
After Simulated
Deactivation by CPS
1000/1500 ppm Ni/V
Surface Area m2/g 155 325 70
ZSA m2/g 140 264 3
MSA m2/g 15 61 67
Unit Cell Size 24.34 24.37- -
ABD 0.77 0.70
MA ASR m2/g
Conversion wt% 68 82 28
Hydrogen wt% 0.18 0.39 0.36
Coke wt% 2.9 10.2 4.2
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Total C4 wt 9%10.439. 67 Gasoline wt %8. 9150.19 LCO w %48: 8420. 25 Bottons

Wt 99. 167. 75 Coke wt %4. 474. 62 H25 Yi el d0. 180. 23 mer capt ans18. 9014. 06 110CT 2005
Thi ophenes17. 3713. 84 net hyl t hi ophenes39. 8133. 86 t et rahydr ot hi ophene5. 500. 00
C2-t hi ophengs#dszaen3. 42 Thi ophenol 4. 993. 71 C3-t hi ophenesl4. gaigsdbd 0035

met hyl t hi ophenol 7. 856. 74 CA4-t hi ophenes4. 415. 55 benzot hi ophene76. 9961. 68

| i ght cut sul furl105.2081.11 heavy cut sul furl1l8.6818. 03 cut gasoline

sul fur123.8899. 14 total sul fur 200.87160.82 Reduction |ight cut sulfur23%
heavy cut sul fur4% cut gasoline squur%OW total sulfur20% 1 1 OCT 2005 What
i-s claimed is: 1. An eq 'I%bri m er cki By° atq# sH onposi ti on capabl e of
bei ng nai ntai ned within éﬁ'PPJ#a“@PE%%? VeRfar! Haﬁﬂ$ 'tfded in cracking
hydr ocar bon feedstock containing organic sulfur containing conpounds,
conprising a) Y-type zeolite having kinetic conversion activity of at |east
dbout 3, said YGaygest Naoei t CoomestineGatalyshi n an i not5jafxempid @e matri x; b)
Lewi s aci d containing alum na confiOsipn¢, sai d conposii% Zb&/Agninagr eat er

t han

Riser Temp 970 970
Catalyst Temp 1300 1300
Pressure 25 25
Conversion 72
Activity 9.61 7.96
H2 Yield wt% 0.06 0.24
C1+C2's wi% 2.12 1.99
Total C3 wit% 5.83 5.07
Total C4 wi% 10.43 9.67
Gasoline wt% 48.91 50.19
LCO wt% 18.84 20.25
Bottomns wit% 9.16 7.75
Coke wt% 4.47 4.62
H2S Yield 0.18 0.23
mercaptans 18.90 14.06
Thiophenes 17.37 13.84
methylthiophenes 39.81 33.86
tetrahydrothiophene 5.50 0.00
C2-thiophenes 42.53 33.42
Thiophenol 4.99 3.71
C3-thiophenes 14.27 12.48
methyithiophenol 7.85 6.74
C4-thiophenes 4.41 5.55
benzothiophene 76.99 61.68
light cut sulfur 105.20 81.11
heavy cut sulfur 18.68 18.03
cut gasoline sulfur 123.88 99.14
total sulfur 200.87 160.82
Reduction
light cut sulfur 23%
heavy cut suifur 4%
cut gasoline sulfur 20%
total sulfur 20%
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about 50 wei ght percent of the conposition, said conposition having a
kinetic conversion activity of at |east about 2. 2. The conposition of
claiml wherein the Y-type zeolite is selected fromY, USY, REY, REluﬁ(’T 2005
CREY, CREUSY, . MjUSY, .ZnUSY or NMUSY zeolite and m xtures thereof. 3. %
conposi t i ohhadfs AmeEdisi wherein the Y-type zeolite is selected from USY, REY,
REUSY, CREY and CREUSY zeolite. 4. The conposition of claim3 wherein the
Y-type zeol iAnecaiibrigmesackingcahyst sprmposition canable ofbeing maiHansdwithipg cel |
st ruct ur e flugl cragkingceainbst it wyed i creskinghybregaeor iferdstaek eandainige oganic cel | si ze
of the equulfirspntamingzeoipotedsi epmeprisingast 24.25 A 6. The conposition of claim
3 wherein the average unit cell size of the equilibrium zeolite is at |east
24.25 A 7. Ih&-ypepaditd haymgHinaticabnvebsiothastigityiof dideaseabloint & shidsY-me aver age
unit cell size zedlité caminabwittin 34 idrganicdkide natri§, The conposition of claim6
wherein the zeolite has an average unit cell size of from about 24.3 to
24.5 A 9. The IeoigrEd doneinifg alamiiaompudiel @idicdnipsitebéing i genéathas
rare-earth at oaboudsd Rieipht P&cent 80ihic teémp&itions tdidicdrhisRitiohhavihpe kaeeiposi ti on of
cl ai m 6 wher ei godRsigeRtiviFoltAagi dbsutrAr e-earth atoms within the zeolite
cell structure. 11. The conposition of claim1 wherein conponent a) is
conposed of Rt cbhipsitiopbreRlidNtwhdegh GRE-ok z8onYe IsKBRCEE Fohl €, USE; REVE
conpositi i : st 50

R, ] QRIVSERURT RS br BhUSY B apd et

wei ght perce e conposition o alm 4 wherein
conponent i.s _composed of at J|ea ) el . Rer f Ysitype zeolite.
14. The cq%ﬁfg"; L (gggagg‘gﬁ"}\ﬁﬁféﬁg}eﬁp%goaé%%sggl)e&?@hg%n%%gé%ﬁyof at | east
50 wei ght pnd,CREUS X 2¢0]1§1 it e. 15. The conposition of claim6

wherein conmponent a).i s cor ed of at | east 50 wei.ght ercent. .of a Y-type
zeol ite. -22hgcempo ‘@ﬁﬁﬁmg.ww n (s o@e eralfie Bqnt‘lig%ﬁafﬁ %r\%wé?@i‘?flscorrponent

a) is conpythiythggeclite plLstuchiEe- wei ght percent of a Y-type zeolite.

5. The composition of claim 1 wherein the average unit cell size of the equilibrium
zeolite is at least 24.25 A.

6. The composition of claim 3 wherein the average unit cell size of the equilibrium
zeolite is at least 24.25 A.

7. The composition of claim 5 wherein the zeolite has an average unit cell size of from
about 24.3 to 24.5 A.

8. The composition of claim 6 wherein the zeolite has an average unit cell size of from
about 24.3t0 24.5 A,

9. The composition of claim 5 wherein the zeolite contains rare-earth atoms within the
zeolite cell structure.

10. The composition of claim 6 wherein the zeolite contains rare-earth atoms within the
zeolite cell structure.

11. The composition of claim 1 wherein component a) is composed of at least 50 weight
percent of a Y-type zeolite.

12. The composition of claim 3 wherein component a) is composed of at least 50 weight
percent of a Y-type zeolite.

13. The composition of claim 4 wherein component a) is composed of at least 50 weight
percent of a Y-type zeolite.

14. The composition of claim 5 wherein component a) is composed of at least 50 weight
percent of a Y-type zeolite.

15. The composition of claim 6 wherein component a) is composed of at least 50 weight
percent of a Y-type zeolite.
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17. The conposition of claim9 wherein conponent a) is conposed of at | east
50 wei ght percent of a Y-type zeolite. 18. The conposition of cl aiqn? @'&T %UOS
3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16 or 17 wherein the 'Lewn's
aci d cont ajni ' - I3sddt ¥aAlL£Hge state
R il D e i
Sn, Hg, T?, E) Bi (excluding Ale 03), My, M or Ga or m xtures

thereof. 1 he conposi tipn af .claim 17 erein the lew lhd cantai ni ng
al uni na co%)gﬁ Rymp loﬁé’g9%"Frgt“é}1erell?ncﬁn?%°n\§%raéls I Og\tg% e3&§p W§ég%§n oxi de
sel ected fPOHf We? YA WSsi sting of zn, Ti, Co, Mo or Fe or mixtures

t hereof. 20 he conposition of claim1 erei h ] cid netal of
al umina co Jﬁéﬁ?mbﬁmloeﬁffﬁ}%f@gsz’%ni g]f -7'5\?:1\@» Y Fr%olér ﬁ(lﬁlswt)i 1@9& 17 wherein
the Lew s WBsreintes Liwispcid sopipiningalygying gom%ﬂr}a?ﬁ%a fs 2 pstal s ze i on of
clai m 20 wH#EE er # anxide sglerisd figrsthe eoup consisting pLRIL 61, £k, £ B Sag8.and a
surface ar €aPbfBif Boi @ecluding &b Q9. Vg, Mpor Grremixdwisy dictdodn of cl ai m 18
wherein conmponent b) is a Lewis acid containing alumna further containing

| ant hana ol9.0he cempositiinafglags 17 demof the LewiFhaecidooniaodig dlemingfconipanant 1 wher ei n
t he conposb)thasa netahr itszeso paerice slatesoras apoxide sedectedrfomm #6 graup4Onsiginglif per cent
of said Y-ZIwa Qe diFeas npiaturesahereafnponent a); greater than 50 wei ght
percent of said conponent b); and from 10 to 30 wei ght percent of an

i nor gani ¢ 20iMhdesmpssatidh oFdlatin Y7 twheeeiz®e ILew o m@alufaimiiha tompodgst Hyhan 50

wei ght per g@prisef zd2onponent b). 25. The conposition of claim1 wherein the
conposition conprises a mxture of particles of conponent a) conprising
from 20 t 0) DGpueh R sitRATeRIm AT vherbid B EewRALidBet@Ng bhBAMAP) 50 10 wei ght
per cent Ofalhxlﬁ?{uﬂf‘”' c oxide matrix; wth particles of conponent b). 26. The
conposition of claim24 wherein the particles of conponent a) conprises from

60 to 80 wﬁgg S AEEERIh 2b1an Y0 HBE 2 BOkihna AL AR BEONSHleP] gEESS T or

catal ytic I, N rQGa contains  organic sul fur
conpounds é)#pﬁn%igﬁgac&% aé)(c%t%riorrflgﬁ?ti‘? 4§Sgét/%'l ytic cracking reactor of a fluid
catal yst c ing unit an jnveptory.of fluid.cracki ng catalyst conposition,
orovi ng LHeThEP P‘%f‘t&’t’i‘cf’r}q‘g JR & steitsnotpone £ 5 LG add PRI IBNg or
t ransf er r i Hgmfaderther sontgipigrianthang or hargor mixtupes dhareafar or s of said unit to
remove contam nants before returning sane to. the reactor, renoving a
portion of 24 A&e porprasitionprlagml trierein e campositiongompriseipastifies GIMPRSINEr esh
cat al yst cEepaaite #oyeight paresnt efesasnY dypgizeolie puparsefLompenens a); graatey Eenory, t he
50 weight percent of said component b); and from 10 to 30 weight percent of an inorganic
binder: said said Y-type zeolite being present in less than 50 weight percent of
Component b).

25. The composition of claim 1 wherein the composition comprises a mixture of particles
of component a) comprising from 20 to 90 weight percent of a Y-type zeolite and from 80
to 10 weight percent of inorganic oxide matrix; with particles of component b).

26. The composition of claim 24 wherein the particles of component a) comprises from
60 to 80 weight percent of a Y-type zeolite.

27. An improved process for catalytic cracking of hydrocarbon feedstock which contains
organic sulfur compounds comprising contacting in a catalytic cracking reactor of a fluid
catalyst cracking unit an inventory of fluid cracking catalyst composition, removing the
liquid and gaseous product streams from said reactor, transferring a portion of the
inventory to regenerators of said unit to remove contaminants before returning same to
the reactor, removing a portion of the inventory from the unit while replacing same with
fresh catalyst composition to provide an equilibrium state of said inventory, the
improvement comprising having the inventory of fluid cracking catalyst composition in
the unit composed of the composition of claim 1, 2 or 3; and recovering a liquid product
having a boiling point of up to about 220° C., said liquid product having a sulfur content
that is at least 15 weight percent lower than attained by a composition composed of an
FCC zeolite catalyst having an equilibrium activity of less than 3 or a Lewis-acid
containing alumina in less than 50 weight percent or both.
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i nprovenent conprising having the inventory of fluid cracking catalys% T
conpasition in the unit conposed of the conposition of claiml1, 2 ot QP &Nﬁ
recovering a liquid product having a boiling point of up to about 220 C.,
sai d |iquigh RHOUSosHKIoRYIan § U, F3Uk, £8M,8N0, 101 DAtI2I £3 8k, 15286117159, W8 ght
percent | 0yieh) 18 gl 3 MéithnDmBof DS bleb @it 533 8679l pdildhm 601 1 L

cat al yst mﬁgF&ﬁF%HKEHUI Ibriumactivity o ess than 3 or "a Lew s-acid
containing alumna 1h |l ess than 50 wei ght percent or both. 1 1 0 6 1 2005

28. The co ition of clai 2, 3. 4 7..8,..9. .10, 1 2. 13, 14,
15, 1o 170 4 bsglhs Shqfing s Mudurefysonigonon By gidve oy ibResd 1 A, coent | n
from 55 t o078 Meﬁ?pfﬁg?'&ent of the conposition. 29. The process of claim
27 wherein conmponent b) of the conposition is present in from 55 to 75

wei ght percent.
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