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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.

[0004] Catalytically cracked feedstocks normally contain organic sulfur
compounds, such as mercaptans, sulfides, thiophenes, benzothiophenes,
debenzothiophenes, and other sulfur-containing species. The products of the cracking

process correspondingly tend to contain sulfur impurities even though about half of
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[0007]  From an economic pointy of view, it would be desirable to achieve 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 has
been shown to reduce the level of product sulfur (See U.S. Patent 6,482,315). This
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[0011] U.S. 6,635,268 discloses 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 of at least 2. The compositions
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¢ Fadii of rare earth el ements
i nOlPlor at Bor pumposesof the present invention, the term “rare earth” is used herein

to designate a group of elements of Group IIIB of the Periodic Table having an atomic
number ranging from 57 to71. The term “heavy rare earth element” or “heavy rare
earth” is used herein interchangeably to designate a rare earth element having an
atomic number ranging from 63 to 71 and having an ionic radii of less than 0.95 A at
coordination number (CN) of 6. For purposes of this invention, the term “light rare
earth element” or “light rare earth” is used herein interchangeably to designate a rare

earth element having an atomic number ranging from 57 to 62.
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compositions which exhibit increased sulfur reduction in liquid products produced

during an FCC process while simultaneously with an increase in hydrocarbon
conversion.

[0022] It is also an advantage of the present invention to provide FCC processes
using compositions and processes in accordance with the present invention.

[0023] These and other aspects of the present invention are described in further

detail below.
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[0029] Catalyst compositions of the invention typically comprise a particulate
composition comprising particles of a catalytically cracking active zeolite component
in combination with zinc and at least one heavy rare-earth element, e.g. a rare-earth

element having an ionic radii of less than 0.95 A at CN equals 6. See Table 1 below:
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| NtHAt AR bl%‘acte?f%@d aNpoR: stkdctudd Er Erlﬁ&ilﬁﬁl’ orC:rnte]:medlﬁ‘Et;%re size

Cryst., 25, 925, 69 and Shannon, R D.

zeolite havmg a pore s1ze smaller than 0.7 nm but larger than about 0.56 nm. Suitable
large pore zeolites comprise crystalline alumino-silicate zeolites such as synthetic
faujasite, i.e. type Y zeolite, type X zeolite, and Zeolite Beta. Suitable medium pore
size zeolite include, but are not limited to, zeolites such as ZSM-5, ZSM-22, ZSM-23,
ZSM-35, ZSM-50, ZSM-57, MCM-22, MCM-49, MCM-56, all of which are well-
known in the arts. Other zeolites that may be used include those zeolites with
framework metal elements other than alumina, for example, boron, gallium, iron and
chromium.

[0031] In a preferred embodiment of the invention, the zeolite is a synthetic
faujasite zeolite such as type Y zeolite. It is also contemplated that the zeolite
component may comprise a mixture of zeolites such as a synthetic faujasite in

combination with at least one other type of zeolite, e.g. mordenite, Beta zeolites and

ZSM type zeolites.



Prewitt, C. T., Acta Cryst., 26, 1046, 1970.

Preferably, the zinc conponent and heavy rare earth
wosloegRBi4ar e exchanged into the zeolite conporpgitus2bdd/od1094
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i . ere {ejpredfrareahd gronp topmsistig 2Fabitn®, thmbicm/@férbiueén, Beteaum and
Sui t.abl e .medi.um pore size zeolite include, but are not

|i APFRES T ool ites such as ZSM5, ZSM 22, ZSM 23,

\%\,{S‘M(ﬁﬁ] Z3Me lfﬂléavyzﬁM afth Ma|h \Viind co&a&MehﬂQ,in Mglvhﬁ&tio&l'hdata(l)}fsts are
iC e we own in the arts. O her zeaqlites. that i
na§e‘lféﬁ{Xspéﬂ"‘fi‘ﬁtH%‘Bé’nt iRgreanis syt _F?IE%O“%&’[ Ruitablersalbingliudes halides,
metaboitR il tes, HithREs, hdbtdlesdntd Thd Ve TIPicOXA MR Bits A PRIVided as

gallium iron and chromum [0031] In a preferred

enBR AWM WiutoRe Ay &Hlli b underaosd dii pre iskillgd in the arts, the

SY Béft@htkdtioh 3ULAS hdFoRAY Ffe S LISk ¥PRe Yqie RS diSoldtion will
is also contenplated that the zeolite conponent may

colipvidsaending ypogrthe amovrgifizinesand(og heayy raressarthtrdemerit desired in
f aleaiiaf Gtdight CHAPIRR Aokl 1R confBRh NG RAE thd é’cﬁgous salt
of zeolite, e.g. nordenite, Beta zeolites and ZSM type
z et ltiqngis fromabpuic: Hetozabpyt 40t wieVozmedsiied ag dn@oddaroncentration of
CORBLA Shre efaftfml} moéﬁuﬁéus\/\galt(yofu%oﬁtfﬁ Htomga(ﬁoﬂ'{ O.O{?) % aBQlﬁ 35 wt %,
I nvention catal yst. refera y, the zeolite conprises
f r baredibo the ra® earth Weta) caslou tAs6Rillite Widerstobdh by one ehitlédim the arts,
cajal yst e I froma Q_wt .09t 0. abou
SOIh\%t o%}fi'@ﬁ\é I(%gﬁi: (];azﬁ?{llxg%%r%gﬂ%néss g g% %Eide% n. 1v1duaﬁy in’s paxlclte salt
solutions or simultaneously in a mixed salt solution.
[0035] The specific amount of zinc and heavy rare earth component used in the
catalyst of the invention will vary depending upon factors, including but not limited
to, the amount of zeolite present, the ion exchange capacity of the zeolite, and the
process of incorporating the zinc and heavy rare earth components into or onto the
catalyst.
[0036] In general, the aforementioned zinc and heavy rare earth components are
present in the invention catalyst as cations pre-exchanged into the zeolite prior to

incorporation of the zeolite in the catalyst. When pre-exchanged into the zeolite, the
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conprises zinc and at | east one heavy rare earth
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cat h t

gori i of r@aREREERP AL [d8Eab WP 8D UclcRUREN b9 T Ehmber of

1 aimﬂeé)le erypringedtily sites avithimtbt flbhmewedf aflthd zeotifee Fpr evaamle if one

[ nv%nésleon ar earth el enents havin

cav
i oni ¢ radiP? ?url? esléoltl%an B95R° PRAPEPaBRg Y eﬂ% fare earth
0. %ﬁﬂ,poﬁﬁnt &ilObé=fepefmitint aibihe aimeamy)fmb eh&ai, tafd eisemsrsd s

in ose se ed fromthe grou onS|st|n
B im o erE b cXRBHEtrt PR bieue HBPTHE i, 7ine ions
er kipicallytringeb Boin aboti€1096 thaboltHoet bk anblablk ¥kdhaBSeable sites and
thereof. Preferably, the rare earth elenents are

se|t%f'ciﬂ%’Yfr.aW%rH°ewglﬁ ol weisall% rangg fHrm @pprt 4% it wbpytn] 0% of
yt taQhiRibI B chahhEIbld N8 bRl B Xé1E €S thereof. [0034] The

eav(}/ rare earth and zinc cogponent s in the invention
catl8038st s lhlﬁtzémg@ﬁh/r ahe yzing gpil/de depyorrmgnedrio cgapprent may be
sal |t

careohRRON i, By bARNG, 38 bAFORIC Sulifh | SBR mpmupacrure or
Ty pmpngnqtt?d ette theahtalystfodowing e theise mrmwou sf the catalyst.
Z?lt[gt?@?ﬂ'e ?‘%ﬁ‘é@ﬁ&xn q]zg{%qgﬁetc%&gysp gOdl;l)pO%ltlﬁ Hh% nventut)n Eenerally
earadgee fremeatout 0115 tva %qu abeis 1§a1/tt %spie&trahm fani ébouaoy wt % to

de n d/ or heay
eagﬁ%uq e5|vgt %la%g IJ é%ta t'[ﬁlg afnionét oq':glg?vgl r§r§teartl¥ element present in
C O 0t Alyso nompassltgmrtﬁr thd mvbﬂi’t&mcw typ&mtly ad ﬂﬁﬁaxigfe of iffoen abbut 0.22

100035 B v oty et DR P ot o Eanh e ol
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ox*HBYStas wi | | be under st ood by one skilled in the
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si AEPPRAKRGOF y1qre mathiy magprialyy Suitehlepagix mpigigspptigpally present

SPefitfd catAPRUH thef indédton ARcludle ANkl RicaakiiBa-SRARAN Rides of
used in the catalyst of the invention will vary

de Faniony MG Fdn andy apigtuges theepfdiRrgfermbly. by matiy tnederta&ﬁ include
t hﬁluﬂ‘[ﬁ)&" rﬂhcgf sifi&Rhl %%apﬁxﬁﬁﬁlmtureg Werdd2n %Cgﬂﬁl&ematenal may be
capaci t y of the zeolite, and the process o

i nesensrimtheninventionzoatalysh il ah @mepnt off ep émabdut 98 mpote proferably
' ”56’011? bo (R0 14 g‘r?ou? h) QJty o,tO'f tlLeOQal% %st Icgm ﬁ)rnal(Eat:IlenE% composxtlons

af orenentloned Zl nC an heav e ea conponent s
ar ef the invention may also optionally compnse at least one binder material, usually

silica, alumina, silica-alumina and mixtures thereof. The binder material may be
present in the catalyst in an amount of up to about 50 wt %, preferably from about 1
to about 50 wt % of the catalyst composition.

[0041] Catalytic cracking catalysts in accordance with the present invention may
also optionally include clay. While kaolin is the preferred clay component, it is also
contemplated that other clays, such as pillard clays and/or modified kaolin (e.g.

metakaolin), may be optionally included in the invention catalyst. When used, the
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mat eri al may be .
slurry 1s spray dned using conventional spray drying techniques. During the spray

drying step, the slurry is converted to a particulate solid composition. The spray dried
catalyst particles typically have an average particle size on the order of about 40 to
about 150 microns.

[0046] Following spray drying, the catalyst particles are calcined at temperatures
ranging from about 150°C to about 700°C for a period of about 2 hours to about 10
minutes. Where the zinc and/or rare earth component has not been previously

incorporated into catalyst, or impregnated onto the catalyst, the preformed catalyst
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present in the catalyst in an anount of up to about 50
w % preferably fromabout 1 to about 50 wt % of the
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Ze%h&lﬁof&h'xL %sédhferaf) e TinFiORP %%‘hdfﬁ?n?{)py 'tﬁﬁ&l 'cgtaf)h@ cracking

aqueous slurry in a salt sol ution he aqueous
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T P RPN HE Pl bl il e B e Lol Blnd Bt e
(TCC) cracking process with appropriate adjustments in particle size to suit the
requirements of the process. Apart from the addition of the catalyst composition of
the invention to or as the catalyst inventory, the manner of operating the process will
remain unchanged. Thus, in combination with the catalyst compositions of the
invention, conventional FCC catalysts may be used, for example, zeolite based
catalysts with a faujasite cracking component as described in the seminal review by
Venuto and Habib, Fluid Catalytic Cracking with Zeolite Catalysts, Marcel Dekker,
New York 1979, ISBN 0-8247-6870-1 as well as in numerous other sources such as

Sadeghbeigi, Fluid Catalytic Cracking Handbook, Gulf Publ. Co. Houston, 1995,
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particle size of less than 20 microns within the

slurry. The slurry is thereafter m xed to obtain a
woepgeraous or substantially honbgeneous aque@aaiS2008/001094
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tenperatures rangi ng from about 1000C to about 3000C.
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i nvent i @m) ar the epgne catalybtyis wgpped, usadgrwith steam, to remove occluded
hydrocarbons from the catalyst, after which the stripped catalyst is
oxidatively regenerated in a catalyst regeneration zone to produce hot,
regenerated catalyst which is then recycled to the cracking zone for
cracking further quantities of feed.

[0051] Typical FCC processes are conducted at reaction temperatures of 480°C to
600°C with catalyst regeneration temperatures of 600°C to 800°C. As it is well
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sucFAcKng Seraedsh il lgvary Hirem cundtateamgit | dep@rdamsk ongsuch factors as  the

Ha .

0- £3}g€5§5529((g)5l%1e CI%{%PC aﬁ}at'ﬁ? E&{(@%& cat g’l @bc%lgs?ess%r e%fo utput.
a Divnisely, thesapaduny 0§¢a||talm usegl| withi rayage foom glodut ¢ @nefowbputd0 gm for
a ¥V&¥’H§Fﬁ& f&e&: %ﬁglfhtgfygt cﬁfthé Yn%eﬁt%%”}‘? %E us CF%fnt% ﬁ?ackr'é?lr)'%yplcal

m nas and/ or “Si ca-alu
sudlhdl@)sarkaolﬁetﬂsmwy Crhking z:etalyst e:ompysm@nsp Désthﬂtmwmtlon are

g)fl%rcul{gﬁg gl rr&)tr acprg na hggv\gle rg%;ar n% fgedis {?agss a%y gegflstocks
t h svlreaamegneamt thsn S%Qﬂf dt&] fea&iﬁ)ﬂs at meinpataalry bf grezitéxythan 53 8°C.

t cracking act
oL S0 Kl GaseRiyy X, Kbt EPREPRSRCOL fhd Yayshlep exhibit
cahxa:lrgami tstaléurc esduetioni oft cedckéy qbbﬁﬁlaﬁlbomdﬁ@ lifD\Warfticular gasoline
nmol ec I ar WF ht co nds under taI tic cracking
coRH whilg 8%‘5]"“ wWiKreappe e]FY@ é‘ EERYC Ve es§:lgnlﬁcant

i nV@iuVﬁ(ﬁlStlh @alia€ kilfg cah bbeaMyvdayiRCatRn MERISHARK Svith the
roducts by contact of the feedstock in a

to lighter
cyé’qu%“td‘é‘feﬁ 108 Iny 3 EASPSER Bhakauh ARTerfglapyooetle bajer gpsgusing a

Ci EGﬂﬂeﬂﬁdrﬁgcﬁ&l&iﬁéjéaﬁﬁWt Cat €S stHnY LdriveRIARCKIiRGhE @I‘éﬂj:rye%ltfonn of the
i nvent or(%ﬁcony sting of particles havin a size

r aﬁﬁ?]ﬁ@t bed gbare S@sqelime spifirireduction of 45% is readily achievable with

catalysts according to the invention, as shown by the Examples below. The extent of

sulfur reduction may depend on the original organic sulfur content of the cracking
feed, with the greatest reductions achieved with the higher sulfur feeds. Sulfur
reduction may be effective not only to improve product quality but also to increase
product yield in cases where the refinery cracked gasoline end point has been limited
by the sulfur content of the heavy gasoline fraction; by providing an effective and

economical way to reduce the sulfur content of the heavy gasoline fraction, the

13



150 mm The catal ytic cracking of these relatively
hi gh nol ecul ar wei ght hydrocarbon feedstocks result in

wolRgs/seduct i on of a hydrocarbon product of | @e&yus2008/001094
ol @eslingr et ipgitt . mah des egéridedl CRIMous BP ebd th NBsdTY G | dxpensive
F rocess a%ﬁ: §%% the feed is catalytlcally cracked
i n WORAEAnE VU acanienhgt FRrblerierranirgingry ¢coppmics.
Cr 0b54)9 P& urtheP ANuddrhtB ShePbreset Rlviiltoh 408 @ﬁé‘écﬂ/?ntﬁ es thereof, the
condj tions by contacting feed with a source o %t,
r ecfelRyiag etpepifia cfxamplesatrsl givent o The okampleanaref givererts specific

Conhhsuatidlis & e ngxg&g ?‘?‘.’é%%%b?@d%h?ﬁﬁ”‘;e T A hoyeyep,that the

contai ni ng coke rocarbons; (
ef fihygation isqotiimiterhiodbelspenific detpdy st fodith im drereabthyles.n one

or cv¢l ' .a_vapo ase,rich in cracked )
or JBSSE o R sed, Bednd o BRO Enc RIS, el 1 S otherwise
c atstalteds the f¢llawihg teles bayeahe defiaitionk s ihdioaedbelas. product

an ctignat,ed in the FCC nain colum and its o
O R T T Sh——
cr peddedge phdfiusésSpropylenecind irg@ siflulafithe REVIOX P8R SN ddition to
ca&&%%%t.ls stripped, usually with steam to renove _
oc g dgacivabion s edt, SRe Amerieas Ghepisal Sagiety Symmppsnm Series,
t heNos 534, PR mateBl y®k).i s oxi datively regenerated in a

cat al yst &ﬁ&gﬁeration zone to produce hot, regenerated

catl ¥/t issuseh hgrein mpan dbp Advanged Gatabyst hyalpatinn Test as
f OrdederiB6KinN0. ST PhieREK0 06186Y,0 121, §sid Mfefefi&TbeilXfdih incorporated by
Typi cal FCC processes are conducted at reaction

t efifieieB%ur es of 4800C to 6000C with catal yst

r egaU3g[ at QR b2 BRGT AN ifficad I‘EP&IQ Fal BeBQAGsy MSBET nlethod and
wel | known in the art, the catalyst regenera i'gn_ Zone
magheeipa jasalyss was pérfiaginebyoion womipiledoplesmacanatysis, stasiselizd to NIST
The,gpmposi tions of the invention nmay be used in FCC
processi ng of any typical hydrocarbon feedstock. As

wi |l be understood by one skilled in the arts, the

useful anmount of the invention catalyst conpositions

w Il vary depending on the specific FCC process.

Typically, the anmobunt of the invention catalyst
conpositions useful in an FCC process is at least 0.1

w % preferably fromabout 0.1 to about 100 wt % of

the cracking catal yst inventory. [0052] Cracking

catal yst conpositions of the invention may be added to

t he
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circulating FCC catal yst inventory while the cracking
process is underway or they may be present in the

wol 0ygnny at the start-up of the FCC operati @@r/gk3608/001094
catal yst conpositions may be added directly to the

Crg@ﬁﬁﬂﬁ“ﬁﬁpe or to the regeneration zone of the FCC
cr aratus, or at any other suitable point in
the FCC process. As will be understood by one skilled
in the arts, the amount ofEXAMEIYS1 used in the

cr ' Qcess, W | | fro nit to unit, dependin
o oS RERAFE et Rilor PERIAE rast et Was prepated. as
0 P €6 1dwsN 08200 Bgkinks @NE0LOI dri®adiEP 1and wde ﬁhie%dm@w&‘mgt of a mixed

Typi cally, the anount of catalyst used will range from

abé%rF egrty hlogde pRliomerning r2 7 of § My e pasdigoxidg gontaining

CatLaLd§i3wfcéd}el4%“P€6@i,l % N&%(bﬁ% Hﬁ&§m£@3 9%%F1@9Mnutes Then,
t ypi cal hydrocarbon eedsf oc Cracki ng cat al

corptds alpmmamgthlarhedrp{genitining 759@Ab9al an@lﬂf&é?g él@ﬁ@m@w basis)
for.Gr rg

{ osuT RaK RN OMETRER ARbETISE ARHE 1 Biffrss, The mixure
at was tnsﬁgisnm Drais ofill ¢o eslueg parhicle SBS@G@SprPSD(dﬁ&} in a Bowen spray

nt ageously, |t|ons 0 :
OSB3R B PGPS lFRRT R J SR DM, The physical
cr ankelnfied] pipetiisy of thel iaished dataDRE dre Gisled in V362 bélew.
product, while simultaneously increasing hydrocarbon
conversion. Significant reductions in gasoline sulfur
can be achi eved usi ng cat #@yAMPLER accordance with the
?sent inventiqn. In sqone cases up to about 70%

060, o {(3ialyse By A ceordancesyithy the PERSCAS YRR Was prepared as

cr altowRg 5a8Y 3t (1560 RS bad) TUME AL BlixedUSHINE5I ' a ZnCl,
preferred formof the catal yst described above.

Ga &Jptignecontaining 29-dueing apd b00g9da LaChaglwtipy cenitiniag 4874Lla:0;
Wi t&} LR M%@ AR T ghong afuthiflie cﬁlgx\f@'ﬂlto'l Rlbniafting :g’fmgds) and

t he Exanag | ow.” The extent of sulfur redu

depéHe (8¥d4eHa d@f basin glayorgaafidedgn theugboye ﬁltue'man@fmmefor about
Cr 86 Kiffes SR m¥hdrd whl il LYo nﬁfﬁ%&

with theeshl hen|F11 suFFﬁr fleéﬁﬂa Su fur é P%ﬁﬁhg}ég%d “pray
ef fiied invaeBﬁwcn smvhyy duyer. Rpﬁ snny ﬁn@dmtxclmbrctcylcmad f<a1 kshour at
to ke Gha¥ h

cr LGPEEC AR SROAEH S chniCe! ProBARERY e idna® g Bhpiat Yiseed
suTéhle 2belotvent of the heavy gasoline fraction; by
providing an effective and econom cal way to reduce

the sulfur content of the heavy gasoline fraction,
thegasoline end poi nt nayEbBUﬁrLﬁﬂﬁed W t hout the need

resort to ex ensi ve drotreating, with a
W&gﬁluenFaPQ% i é"“é’f‘?‘%‘&? VG ther PRRaTY RS AS , prepared as

[ ORBidIvs: TG4 8 1 EfahR(1500gUf dr@baid) be USYe S8 mitddwaitt 4593 ANdznCl,
t he advantages t hereof, the
solution containing 29.7% Zinc and 1305g of a CeCl; solution containing 10% Ce,O3
for 3 hours at 90C. Then, 2391g aluminum chlorhydrol (containing 550g Al,O3) and
3471g (2950g in dry basis) clay were added in the above slurry and mixed for about
10 minutes. The mixture was milled in a Drais mill to reduce particle size and spray

dried in a Bowen spray dryer. The spray-dried particles were calcined for 1 hour at
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foll owi ng specific exanples are given. The exanpl es
are given as specific illustrations of the clained

wo Jweiisean. 1t shoul d be understood, however, pdiats2bd3@01094
| NVEINDYRNThS phyical ikl E1RchitaD phdiRrtRP @€ itel HniglRld @atafyss e listed in
forth in the exanpl es. [OOSg] For purposes herein,
andyable 2 Bdowxanpl es bel ow, and unl ess ot herwi se
stated, the following terns have the definitions as
i ndi cated bel ow. [0056] "CPS" is used herein to
indicate a cyclic propyl enEXAMELE deacti vati on

pr re ' ses._propyl ene L.t .ul at e
RE %r oclglgsuél‘g'|£}nﬂalé|l d?‘{%%d%x?eowt% Hztﬂgtpgéasﬁ?tn{gﬁvg et{agglt ‘l%saf) %e %ed as
ef fledows: ( ST ghnras (1680g Ghéryibasik) GOGSE twas Byirpbwithi#s9g of a ZnCl,

Series, No. 634, P . 171- 1996) . . [0057] "ACE' is,

o e TP SPie REAR0T RLL A 00 LB e eha DIy ko abiah gafipine 1224 04:0
as fde3 aouladodd tThep, 2 RAGNImibEm cBlodfArdl Ichnta@ihg 550g Al,03) and
refer?g%e?égei_n herein incorpqrated by reference.

[ 0044 & i $ry dasigh day werejadded i g abayp afurrygad mixed for about

mMeaguhRdtelY THE mBElre Rl hRifled it DRENMIMAR réfRk YaitR1e@% and spray
perform b% i on coupl ed plasma anal ysi s, standardized
t

t o djedm & A saey dryep(libs spex Axpl particlpppsty) calciged) fos{ hour at

A i 0 W : i t : .
or cnoZ 3 TAPPERjeB rid oo PRkl DERR' b oiaiayst ae tsted in
of TaBl 2nsetowri xed with 674g of a mixed rare earth

chl oride solution containing 27% of a mxed rare earth

oxi de containing La2O3 73% CeQ2 14% Pr60n 3% NdJ203

5% and S8 5% for 10 mEXANEPLEfHen, 3348g al um num

hi d i ni 77Qq 485 413
B0 0 SR Ih P adbeuith S el B GUSURy 55 Hbgared as
m eltbwsor 5483 @uimsl A 500 g it &$ badik)eo NMIKY wwae miral with Ueek bfa ZnCl,

Drai.s mll. t . icl ' dr.i

% o T AL e S
Cﬁlfcxi mac.slurﬁ ar 90L. hTheh, afcmgﬁﬂﬁh?ﬁum’slgmg@hm? i((fbﬁhkatilﬁﬂgi 550g Al,0;) and
C a opertiLes of the fi.nlshe cat al ys ar.e .
| i 3&@% (%?Q%gw évé’a%@l W, WerR Aflrdn she me]sl\{léa&aaﬂy%edsfor about
I N 1866IAGEANTEe Wixtlire W6 nbllI&S B DERVANE o Bduse palicR#eaRd spray

as follows: 5487 granms (150Q0g in dry basis) of  USY was
mi HEgd i 8 BoRsn §PBY dryey:, &ho spray dried particles were calcined for 1 hour at

1100°F. The physical and chemical properties of the finished catalyst are listed in
Table 2 below.

EXAMPLE 6
[0064] Catalyst F in accordance with the present invention was prepared as
follows: 5487 grams (1500g in dry basis) of USY was mixed with 459g of a ZnCl,
solution containing 29.7% Zinc and 1570g of a YbCl; solution containing 10% Yb,0;
for 3 hours at 90C. Then, 2391g aluminum chlorhydrol (containing 550g Al,O3) and
3471g (2950g in dry basis) clay were added in the above slurry and mixed for about
10 minutes. The mixture was milled in a Drais mill to reduce particle size and spray

dried in a Bowen spray dryer. The spray dried particles were calcined for 1 hour at
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solution containing 29.7% Zinc and 1300g of a Lad 3
sol ution containing 10% La203 for 3 hours at 90C

wole$103239 | g al um num chl or hydrol (contai ni ngcan®3008/001094
Al 208)°Fanth8#llysiogl §@DEShi¢ah pespertlRast Me Bighed Waraystgi@dated in
irl{%f aﬁgve slurry and m xed for about 10 m nutes.
The! asd Wwas milled in a Drais mll to reduce
particle size and spray dried in a Bowen spray dryer.
The spray dried particles were calcined for 1 hour at
11000F. The physical and chem cal properties of the
finished catalyst are listed in Table 2 bel ow. EXAMPLE
3 [0061] Catalyst Cin accordance with the present
i nvention was prepared as follows: 5487 grams (150Qy
in dry basis) of USY was m xed with 459g of a ZnCd 2
sol ution containing 29.7% Zinc and 1305g of a Ced 3
sol ution containing 10% Ce203 for 3 hours at 9CC
Then, 239 I g al um num chl or hydrol (containing 5509
Al 233) and 347 1g (295Qg in dry basis) clay were added
in the above slurry and m xed for about 10 m nutes.
The m xture was mlled in a Drais mll to reduce
particle size and spray dried in a Bowen spray dryer
The spray-dried particles were calcined for 1 hour
at 11000F. The physical and chem cal properties of the
finished catalyst are listed in Table 2 bel ow. EXAVPLE
4 [0062] Catalyst D in accordance with the present
i nvention was prepared as follows: 5487 granms (15009
in dry basis) of USY was m xed with 459g of a ZnC 2
sol ution containing 29.7% Zi nc and 1445g of a GJd 3
sol uti on containing 10% GJ20 for 3 hours at 90C. Then
239 I g al um num chl or hydrol (containing 55030 Al (3)
and 347 | g (295Qg in dry basis) clay were added in
the above slurry and m xed for about 10 m nutes. The
mxture was mlled in a Drais mll to reduce particle
size and spray dried in a Bowen spray dryer. The spray
dried particles were calcined for 1 hour at 11000F.
The physical and chem cal properties of the finished
catalyst are listed in Table 2 bel ow. EXAMPLE 5 [0063]
Catal yst E in accordance with the present invention
was prepared as
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foll ows: 5487 grans (15009 in dry basis) of USY was
m xed with 459g of a ZnC 2 sol ution containing 29. 7%

Er203 for 3 hours at 90C. Then, 239 Ig al um num
chl orhydrol (containing 550g Al203) and 347 | g (295Qg
in dry basis) clay were added in the above slurry and
m xed for about 10 m nutes. The m xture was milled in
a Drais mll to reduce particle size and spray dried
in a Bowen spray dryer. The spray dried particles were
calcined for 1 hour at 11000F. The physical and
chem cak propegrties of the finished catalyst are
| i st ek Tarke TabPeM 2 IgeBos. EXANPLE 6-[ B084AR €at al yBIR R
i n accoNdance"wth S Re®presert i nven®i On"was prepar ed®
as follows: 5487 grans (15009 in dry basis) of USY was
m xed with 459g of a ZnCl 2 sol ution containing 29. 7%
Zinc and 1570g of a YbO 3 solution containing 10%
Yb233 for 3 hours at 90C. Then, 239 Ig al um num

chl or hy#reol ( tkng 55 Al 2C8) an 47 1 g 5
in dr &%i s)ﬁé@/;&\g% ad%d in t'he‘;ago%e@sl ur régﬁ%
m xed for about 10 m nutes. The m xture was mlled in
a Drais mll to reduce particle size and spray dried
in a Bowen spray dryer. The spray dried particles were
cal cined for 1 hour at11000F. The physical and

chexm cgg Properyies Qf-the finished gatalyst are

| eaa‘i@ TabRe? Z: ReE@vSTabl e 2 Prryslﬁc% SFRd Chefice =

%
24.31

64%

Pr @ertTes O Catal yst AB CD E F Base Zn-La Zn-Ce
Zn Zn-Er Zn-Yb lonic Radii CN*=6 1.05 1.01 0.94
0. 0.87 Chemical Analysis, % A1203 42.33 41.18 41.70
%’ 535.98 41.89 Na20 0.37 0.33 0.32 0.35 0.34 0.34
0] =B. IR} @B 2.63 2.98 REZGB 2.60 2. 602,58
5 op 0.4F 0.07 2ap@B K 73 2.56 0. 50 &.3220°04 0.9%F © &
CE& 0.32 0.03 2.01 0.41 0.03 0.02
p
= < .
- D —_ N -0 o
“omzs ZEEE5E ~532%  8zaf
<2 mM53582Y T YT QT v S
A foca~o Y &AT == g
g"&” o Lo 80 o
P g wEE € wEES
Iog £ S99 5 458
I % £ 0 e & 5‘22 g °§2§
2 < e [ [ag] =) < ®
S & 3<Z2VR308 &A% 2 3 EE ¥ $EE g
£t :  £4%2 £2%¢
Y
NE g §EF

wodois1388 1525g of an ErCl 3 sol ution contai ni pgrh@$%08/001094

2434 2434 2433 2432

243

Cell Size
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Gd238 2.06 Er2G3 2.4 Yb2O3 2. 36 Physicals Properties

D 212233ABDO0.740.76 0.75 0.76 0.70 0.74
woloh@fB2Ar ea, nR/ g 262 243 235 242 252 240 Ze@ldri2008/001094

Surface Area, nQ/g 214 194 g8eMPIE 207 194 I\/atrlx

Sur f 48 49 50 43 45 46 After CPS 1

deac!?‘?éé &%%&%1% e& Ao &b E apd § o deativatgd usigg Cﬁodeactwanon

163 pé&isdol ta?l@é)bf' aoﬁlepﬁ'u?ﬂce 55%!1 an]- ﬁﬂit gé’ll 402 aigcgrdde%gtﬁlaﬁgl% are also

Matrix Surface Area, 4 34 % Surtace

r aedisted oarkablm?2.6 5ok 5den wt?/t;hm%fﬁ@%@&%e@ebn isQiapgin@ 4roth 51% to

24. 3402 EXAMPLE .7 O 65]

Cai afycler igus Bindfltr . e I, sy udie o v fighy rare carth

CPS gdmpciLa\ﬁaﬂi ©n hpd dIIverslurfate M5G&ent'ﬂﬁe(53 Lhrnfciaﬁfl%)iwhﬂe the four

and e ter deactlvtlons so ljisteqd ..
Bt G5 bt B B/ ori e a8 i Sarte dis BB M higher

|s et Agka rétonion (80%®868% f or cat al yst B t hrough F.

The catjons, that belong to the Ii rare earth

gr o&‘i)o\%l%]_a AHLeT BRackXatomoRib Fix Sofabals dvers & e‘i‘%‘iéﬁﬁ orhesaperties of

and tfe/%d whd ireth REE sy fatidi@s TabRatbeRR.0Ng to the

heavy rare earth group, Gd, Y, Er and Yb had hi gher

surface area retention (60% 689 [0066] After

deactivation, all six catal ﬁaé)f\/\?ere tested on ACE.

The properties of the feedF‘Fﬁdﬂ’doﬂeﬁleShe ACE study are

listed in Table 3 below. Table 3 Feed Properties

Typi cal Feed A Range Typical = Feed A
Range

API Gravity @ 60°F 15-35 26.6
Aniline Point, F ' 182
Sulfur wt% 0.01-4 1.047
Total Nitrogen wt% 0.02-0.3 0.060
Basic Nitrogen wt% 0.008-0.1 0.0308
Conradson Carbon wt% 0-6 0.23
K Factor 11-12.5 11.59
Specific Gravity @ 60°F 0.8949
Refractive Index 1.5003

Average Molecular Weight
Aromatic Ring Carbons, Ca wt%
Paraffinic Carbons, Cp, wt%
Naphthenic, Cn, wt%

Distillation, Initial Boiling Point, °F

IBP 358
5 464
10 290-600 511
20 579
30 626
40 673
50 600-900 716
60 765
70 804
80 865
90 800-1200 937
95 1006
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APl Gavity @600F 15-35 26.6 Aniline Point, F 182

Sul fur wt% 0.01-4 1.047 Total N trogen w% 0.02-0.3
waR00§03Basi ¢ Nitrogen wt % 0. 008-0.1 0. 0308 Corrauss2008/001094

Carlthsprodudts Of he@razBed<fepdstlfur chftedidn thelghsBihe Spdailfur ceduction

G gy ..8949 Ref.racti | ndex 1.50 ver age
vor St af PGB BrsR ST APV b oo bt G Hures 1
Par3dfelawmi ¢ Car bons, Cp, wt % Naphthenic, Cn, wt%
Distillation, Initial Boiling Point, OF IBP 358 5 464
10 290-600 5 11 20 579 30 626 40 673 50 600-900 716 60
765 70 804 80 865 90 800- 1209834 95 1006The products
of the cracked feed, _sul fur_ content in the gasoline
and sul fur reducti on YigldgatCongtantfmversioner si on of
deaphiewmned catal ysts are sfipown in Table 4 and Figures
1- 3 bel ow.
Catalyst A B C D E F
Base Zn-La Zn-Ce Zn-Gd Zn-Er Zn-Yb

Cat-to-Oil Ratio 7.30 7.98 7.05 5.30 5.77 5.39
Hydrogen, wt% 0.04 0.22 0.25 0.19 0.25 0.30
Total C1's & C2's, wt% 1.70 1.69 1.74 1.74 1.80 1.83
Total C3's, wt% 6.72 6.26 6.36 6.31 6.16 6.31
Total C4's, wt% 12.86 12.13 12.28 12.05 11.76 12.03
C5+ Gasoline, wt% 48.72 48.20 47.95 48.93 48.88 48.23
LCO, wt% 22.41 22.58 22.49 22.57 22.73 22.85
Bottoms, wt% 4.59 4.42 4.51 4.43 4.27 4.15
Coke, wit% 2.96 4.49 4.41 3.78 4.15 4.30
Thiophene, ppm 38 35 33 30 26 27
Thiophenol, ppm 5 4 5 4 4 4
Tetrahydrothiophene, ppm 20 14 12 13 9 9
Methylthiophenol, ppm 7 6 6 5 4 3
C1-Thiophenes, ppm 90 78 77 70 61 64
C2-Thiophenes, ppm 124 99 98 88 75 77
C3-Thiophenes, ppm 58 53 48 48 39 42
C4-Thiophenes, ppm 57 47 46 54 36 41
Benzothiophene, ppm 212 202 213 181 164 186
Light Cut Gasoline Sulfur, ppm 273 225 221 202 171 178
Heavy Cut Gasoline Sulfur, ppm 116 100 95 102 75 83
Cut Gasoline Sulfur, ppm 388 326 315 305 247 261
% Sulfur Reduction

Light Cut Gasoline Suifur 17% 19% 26% 37% 35%
Heavy Cut Gasoline Sulfur 13% 18% 12% 35% 28%
Cut Gasoline Sulfur 16% 19% 22% 36% 33%

20



Tabl e 4 Yields at Constant Conversion Conversion 73
Catalyst A B CDE F Base Zn-La Zn-Ce Zn-Gd Zn- Er
wodeshyzgat -to-G 1 Ratio 7.30 7.98 7.05 5. 30 5.p&h/8%2003/001094
o[nm@qn 'Fﬁeo/gdﬁol(ﬁ{é QA2 céhcfradion Svdd . adBlyLd 3, @B\giheﬁ}%@O gas
S, wt%1.70 1.69 1.74 1.7
m SFREPTHAOHIPIGWED 88 afomif %miseorsﬁgtictqfoﬁiﬁg%ﬂ%l 6%3 AED) using

12.18&hnikdesl dmiidr ©¥&hdse- d&Seribbd 16 Ao QB alCouERERHVeBeterifftion of
48.72 48.20 47.95 48.93 48.88 48.23 LCO,_ w % 22. 41

22 . SygfupGompowngs B7FGH Gasplings By, AfR-Aoviudy afitls, EffesyofiiCagglyst Type

4. 3hd 4Cé‘t§1yﬂc 2CorfHitions % Sulfif %@m%ﬁtlcﬁr”‘l%oxﬂné]ll of - High 4Rés8lution
4.30 Thi ophene, 35 33 30 26 27 Thi opheno

ppm
5 &mmmwpgﬁﬁdk@umdﬁ%n@ rgsone @@ermxemal er@romnghe sulfur

h 4.3 n
00 T hOuBR" S aueP Rt oot i afnalBh REFEE o BRhune, che
1 1 s@BurT kpeojeh enasgipg pfpnn 5tai053en¢8 tod &34aﬁloﬁﬁene4mThyrmphie n@scluding
57 47 .46 54 nzoet hi aphene 12 202

pidpie 3ia ity belTFRCS BrTRS it (R B o was
2211eﬂﬁ)ﬁ21 db7ecilt th(ﬁldd&aWr”QﬂllmWhul;ﬁt& sﬁeﬂléSUﬁnglﬁgJﬁ‘bﬂahﬁlophene to

10Q0..95. 102 75 8 ol i ne Sul fur m 388 _326 315
308D Rirhge RS ArebEr T ﬁaﬁ@ﬁﬁulé@’o SRk SO rppecies ranging
Sulffot A3 hidphtne? G830 B4hidpténe as “heavy cut gasoline sulfur”. When

benzothiophene is included in the sulfur report, it is referred to as “total gasoline
sulfur”,

[0068] The percentage of cut gasoline sulfur reduction increased from the use of
light rare earth cations, e.g. rare earth cations having an ionic radii of greater than
0.95 A at CN equals 6, to heavy rare earth cations. In Figure 4, the percent cut
gasoline sulfur reduction was plotted against ionic radii of each element. A clear
trend of increasing sulfur reduction with a decrease of ionic radii was observed. It is
also apparent that the rate of the increase in sulfur reduction is much faster from the

use of Gd to Yb as compare to the use of Ce to Gd.
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Heavy Cut Gasoline Sul fur 13% 18% 12% 35% 28% Cut
Gasoline Sul fur 16% 19% 22% 36% 33% 0067] The gasol i ne
wosz'dbéc/fbﬁzzﬁoncem ration was analyzed by an Agi | ip@fuS§aR01094
as WHTClemat ogr aph with an atom ¢ em ssion detector
&2350A (sul fur GC- AED) using technlques simlar to

t hose described in Albro et al. "Qrant itative

Deter m Dﬁ&ét@l@tl@fzraauh% Uhtalp@Ndd Bigiazeblile, SR8 th BERaf®one rare
AED- A study of the Effect of gst Type and

Catarth Fleeleedmrnslaa G Rdisgf reéﬁther QP? At corrdination pusaher of 6.

of Hi gh Resol uti on Chromat ography. Vol. 16, January

1993 . To reduce experinmental errors in the sulfur

corfeent ri&eicealystod cleinad eherdin the zealide isatfwansite fype zeolite.
distillation cut point of gasoline, the sulfur species
rangi ng fromthi ophene to C4-thi ophene in syncrude

( exkl udiThg cigelystaf biaop B evhercimtie heqditeis aBbipe eplis:.

species) were quantified and the sum was defined as

"cut gasoline sulfur". Simlarly, sulfur species

rargi ng The eatatysi oftleine 1 twhetin th aphedt daaerttdf s¢lededfrom the

"I ht cut. gasol i ne .sul f andslfu rangi n
e S S s 4l i it R B O, o,

gasmmuﬁeyaubfuur luteduheihmﬁmmhee&rene is included in

the sul fur report, it isreferred to as "total

gasoline sulfur”. [0068] The percentage of cut

9 aSO' | NELE bAthlyst olf ediheh | W@re’xﬂ"‘@ré gaefd ofid 1@ dahB eléfiRnas an ionic
rare earthlgatlons . rare earth cations

ha\ﬁ‘qﬁ’g‘) fAgss ithemi0edOr aﬁchd'@q‘@apémbrrrﬁﬁ 0.95 A at CN
equals 6, to heavy rare earth cations. In Figure 4,
the percent cut gasoline sulfur reduction was plotted
ag& nst Theeatelystadirlping} wharekn e ernemt of zeoditepgesent ia mlep qatalyst
| NehRashB BolisUb bAHU5 WAL d Busdecr ease of i oni C
radii- was observed is al so ap arent that the rate
of the increase in sulfur reduction is nmuch faster
fr mth

67 ?hé&?ﬁalﬁ{t 0?91 %Pg g{ﬂg %ﬁﬁ%%?‘%@ﬁ?%ﬁﬁk Hﬁ%ﬁt thecétalyst
coﬁmgpsfrwgahou;té@lwa@ut@) wt’o afithegptalyslast one rare earth
el ement having an ionic radii of less than 0.95 A at a
coordi nati on nunber of 6. 2. The catalyst of claiml
whérei nThheatapnof tlein b whefeanjimis pteserityipthe f@al dftcetion.ionically
Thgxc%gltlal st oefzecl aim2 wherein the zeolite is a

% 2The cat al yst of claim 1l wherein the

rare earth eI errent is selected fromthe group

dy ;Ir 2;1[1'6%{; tﬂéﬂ*‘f urﬂrfﬁ%ung:, %rgg lﬁs%hglelmn{h%rparete%r ieijement is present in the

form of cations ionically exchanged into the zeolite.

10.  The catalyst of claim 1 wherein zinc is incorporated into the catalyst as a

component of the catalyst.

11.  The catalyst of claim 1 wherein zinc is impregnated onto the catalyst.
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thulium ytterbium lutetiumand m xtures thereof. 5.

The catal yst of claim4 wherein the at |east one rare
woeRng/fuselsement has an ionic radii of |ess thapdd/ ®2063/001094

at B2. codrigticatatysioof chuimtlewhedéin the rére editeelemtrmliymtorpbrated into the

ml wherein t nou of zeolite present in the
catca?lrﬁ%sttasr BHGEOTFY 8?;1%368{%[}'“5 to about 90 wt % of the

catalyst 7. The catalyst of claim®6 wherein the

nt %t zeoblte resent in the catalyst ranges from
abo 10'hesaalysiat vttw}aea?m thedarg gprth glementds imprggnated onto the
catatayst. of claim 1 wherein zinc is present in the
formof cations ionically exchanged into the zeolite.
9. The catalyst of claim1 or 8 wherein the rare earth

el enent 73 cRLRSEIC1akM lt"hﬁr&ﬁ’{fg' Hm?ﬁﬁt%%%&Q%rés?rﬂgI?ﬁllechtal st

exchanged into the zeolite t al cla

1 vireges fiemzAbaut 0.55 whibde pbouat & et Pnefohe chaealy;sat al yst as a
conponent of the catalyst. 11. The catalyst of claiml
wherein zinc is inpregnated onto the catalyst.12. The

c atlal ystThefatalysti qﬁcthim,ﬁ evlerdin the amoaitef darrhie eattk Blefient [Besent in

ed |n 0 t of the

cat al Pa%tlystt aélge %fng “&Ww‘g"?’ t%aiq“ﬁtzg W%%&feéﬂ?tc‘t‘ﬂ%str are
earth el enent is |npregnated onto the catal yst. 14.

cat st of erei n.the amount of zinc

Soot Thi ot o o 4 forthes Eouvisng mera A SRtionaly o inger:
about 15 wt % of the catal yst. 15. The catal yst of

|m1.ymrantheammntoftheraneemthelamm

§ent

pRYSt af Alayar 16 syhedn fthe; MaliBois sgeged \ffomydheg group

ab@ﬂﬁsxs%ﬁg\bf afinfiha, siRa, Gl la¥iihina, Ifkided BE u'Ql?s‘itﬁ:JnYrﬁéta@fand mixtures
cI urt her conpr|5|ng a matrix and optionally a

gof. 17. The catal yst of claim 16 wherein the
natrlx is selected fromthe group consisting of
alumna, silica, silica-alumna, oxides of transition
metl®l s ARel caelsl pEslaime & ghereiig ther hindemisabgleted frogi diemgroup

16 c¥hptiak B §1ﬁ@a ?ih@éj&lﬁnﬁn% a?lﬁllnﬁﬁtaﬁ&i iR e8! OUP

consi sting of l'itca, silica alumna, alumna and
m Xt ures thereof 19. The catalyst of claim1l wherein

thegcat gy %ﬁtaﬁlg’tnpf Llﬁﬁn H%Bér‘étne&e Q@t{ﬂﬁg c&gprise particles having an

average particle size in the range of about 40 to about 150 microns.

20. The catalyst of claim 15 wherein the particles have an average particle size in

the range of about 60 to about 120 um.
21. The catalyst of claim 1 wherein the catalyst further comprises clay.

22. A method of reducing the sulfur content of a catalytically cracked petroleum
fraction, said method comprises catalytically cracking a petroleum feed fraction
containing organosulfur compounds at elevated temperatures in the presence of a
cracking catalyst comprising zeolite, zinc and at least one rare earth element having

an ionic radii of less than 0.95 A at a coordination of 6.
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average particle size in the range of about 40 to

about 150 m crons. 20. The catal yst of claim15
wowoes/mize4t he particl es have an average parti clpeTaiIS2€08/001094

the range of about 60 to about 120 mm 21. The

catal yst [ [ al yst .further

corat ] s Qe Ty hinl 32Uk §F BT ¥ Rpiaehle OFf eqpe

content of a cat alytically cracked pet roI eum fraction,

saig nmethod conpr.ises_ catal ytjcall Ki n
petZ%oI edih f’éeghd)gf%lfg%{’? %%Wi‘farﬁ' ?1?‘??&1‘¥eo‘ ?ri ?‘F’@F’
corrpounds at el evated tenperatures in the presence of
racki S rising zeolite, Z|nc and at
Ie St oﬂgg H%Ffalzé’ade%f é%m&rzw’éﬂtm & FaRg eafil slgmment hagan fonig radii of
| eg&ss ithar. 9 Rt LeRbdiRatoAALMbAAIcON of 6.23. The net hod

of claim22 wherein the zeolite is a faujausite type
zeolite. 24. The nmethod of claim 23 wherein the

zeaki t e The nfthbdt HRGaike) h/fl@remztﬁe raI‘E CaiE LRGN AL Sk %Ecinfrom the

22 wherein the rare eart [enent has an i1onic ra
of SrawsconpigtingoOeurdpivm, gallpdiniugi, rierbivon dysproswumoholfiun2,Gerbium,

Th%ﬁhp?ﬂ%{%}"g?}? ﬁh@&d"%@&h%srlhérre‘ rare earth el enent

is seleé group consisting of europium
gal l olini um t er bi um dysprosi um hol m um erbi um

t hyki u r et,i um and m xt ures. .t hereof
Thgbrre??od s °§|°§:Tir% %5m§fél? CUY f"‘tsfpr%’b‘|‘f‘tﬂée°a‘al-‘/5t
pr emged from abdne Saanbduy 80 wt@ngas: datapRt. about 5 t o about

90 wt % of the catalyst. 28. The nethod of claim 27
wherein the anount of zeolite present in the catalyst

r anges Th@meﬁlbﬂ of clhfn DO valai tHEAmMue 6ff zebie peatmliX e catalyst
29. The net ein zinc is present in

théanﬁﬁsrfﬁ‘?‘ﬁia tlgémé’OUBWY%Pf/?‘@)?&tﬁ]é(ﬁ‘ged into the

zeolite. 30. The nethod of claim22 or 29 wherein the

a§§ earth elenment is present in the formof cations
'C

al T5e @edodngledloimild PRercieaing tis present iphthenformoef cations

of ionlcailyexohaNdRa ifb theZieblite] S i NCOrporated into the
catal yst as a conponent of the catalyst. 32. The

nmet hod of claim 22 wherein zinc is inpregnated onto

t hgg cat ﬂhé’&&thoéi 3f cldite2376t PP FnQbinGha b %hhvlé“é‘}ﬁ&{t é/xgst%nt in the

rare eart el enment is incor orated into e cata
as foameod safinme innicefly pﬁéla@mdamyshe zeolite.

31.  The method of claim 22 wherein zinc is incorporated into the catalyst as a

component of the catalyst.
32. The method of claim 22 wherein zinc is impregnated onto the catalyst.

33. The method of claim 22 wherein the rare earth element is incorporated into the

catalyst as a component of the catalyst.

34, The method of claim 22 wherein the rare earth element is impregnated onto

the catalyst.
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34. The nethod of claim 22 wherein the rare earth
el ement is inpregnated onto the catal yst.35. The

woBbdgAf claim 22 wherein the anount of zi NG RIBSEIRI001094
in the catal yst ranges from about 0.15 wt % to about

15 %311;' the catalyst. 36. The nethod of claim?22
whePei n g dnethad of claim 25 avbergins the gmaunk phaipp Preserida the catalyst

| N hARs GRIAILYSH0. T AROK S0 HBRI 8BRYS 0fdndatitlse Y0 t 0 about
22 wt % of the catalyst. 37. The nmethod of claim22

further conprising a matri x and optionally a binder.
38.36The tnn:%d%ff ci:alilﬁ"2§]w?h7erém ﬁ'fe.%'rr{buh{]c% tpg}arré Sarthelement present
sel ecte rom the group consisting of alum na, ST ca,

si |ih ghe-catalyst rapges drondaoutd.22 watistotabaut 28wttdh of thadatalyst.

m xtures thereof. 39. The nethod of claim 37 wherein

the binder is selected fromthe group consisting of

si 137ca, Tk hiethadal clainn2? fiathendongpriding afhatitixl AikSoptidA41BQS binder.
40. The nethod of claim 22 wherein the catal yst

conprise particles having an average particle size in

t ha8r ang@e GhethdD Ut cfbimt 37 3ARHIn 1RO nfik$d ¥NSeleddd frbRE the group
nmet hod of ¢l aim40_wherein the particles have an )

av EPRYYING é’?ﬂ“@f}”éa’ silicy slicarahumipg, xides pf gapsitiongpetals and mixtures
abardreck20 Mm  42. The net hod of claim 22 wherein the
method is a fluid catal ytic cracking process.

39.  The method of claim 37 wherein the binder is selected from the group

consisting of silica, silica alumina, alumina and mixtures thereof.

40.  The method of claim 22 wherein the catalyst comprise particles having an

average particle size in the range of about 40 to about 150 microns.

41]. The method of claim 40 wherein the particles have an average particle size in

the range of about 60 to about 120 pm.

42.  The method of claim 22 wherein the method is a fluid catalytic cracking

process.
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