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[0003] Catalytically cracked feedstocks normally contain organic sulfur
compounds, such as mercaptans, sulfides, thiophenes, benzothiophenes,
dibenzothiophenes, and 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
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th1lopn6®cg Ratfed rathdval VanBelickidking 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
reference also discloses a sulfur reduction additive based on a zinc-impregnated alumina.

[0006] Other developments for reducing product sulfur have centered on the

removal of sulfur from the regenerator stack gases. An early approach developed by
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[0009] U.S. 6,635,168 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. This product was developed in part to

address disadvantages associated with the aforementioned Lewis Acid components.

Indeed, the compositions described in U.S. 6,635,168 provide a reduced sulfur (e.g.,
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[0014] FIG. 4 compares the hydrocarbon conversion and cut gasoline sulfur
reduction performance of the invention (Sample 2A of Example 2)) versus catalyst
compositions having silica content of 2% by weight or greater.

[0015] FIG. 5 the hydrocarbon conversion and cut gasoline sulfur reduction of a
catalyst composition having a relatively high amount of sodium originating from a
zeolite-containing catalyst. The catalyst illustrated in this Figure illustrates a catalyst
described in U. S. Patent 6,635,168.
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below. The catalyst composition as a whole preferably contains no more than 0.15%
Na;O, and more preferably no more than 0.1% Na,O. The present invention therefore
provides for a method of reducing the amount of sulfur in gasoline from an FCC unit and
therefore the invention further comprises an improved FCC process wherein a sulfur-
containing hydrocarbon feedstock is contacted with the present FCC catalyst composition
in an FCCU, and the hydrocarbon product therefrom has a sulfur content of at least 15%
less than that produced when using a catalyst composition that does not contain the Lewis

Acid component of this invention.
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and/or rare-earth exchanged derivatives thereof. Zeolites that are particularly suited
include calcined, rare-earth exchanged type Y zeolite (CREY), the preparation of which
is disclosed in U.S. Pat. No. 3,402,996, ultra stable type Y zeolite (USY) as disclosed in
U.S. Pat. No. 3,293,192, as well as various partially exchanged type Y zeolites as
disclosed in U.S. Pat. Nos. 3,607,043 and 3,676,368. The zeolite of this invention may
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Y zeolite structure. Deal umination can be achieved b

y
theseafaim thelsainpapansar o3 dpseribpdbewd withrrespegetnt the[@tm@}on of USY

The..rare, earth exchan ed zeolites .use
ex«feﬁ)\?/g}?? F%ﬁ g rnéaggl)lFSlBaf 2 b(g/r man(gﬁmes)%cﬁg%% 111'?1 1] ofi;]he r%e—eaﬁth metal
sals gsbdupfanPREUBKeSsent in the zeolite structure are

(}2&5” aced wth other cations, usually as m xtures

e- ear {ThenBIost seferrad strofitess atren 35V .s RE% SEUDG, |QREY and
C}iﬁﬁ‘é‘?%&lp{% ?hereg#é@? geqltlpélﬁl%gﬂ E%g(al‘rrl ng rare-earths

and m X and REUSY grades,
[00273pect i Ve Yunit Tdedissizez @Dk iptefbrrehftedie Yieotiteeis abowteddes] th 4.7 A.
I t t d Y and CREUSY
Thgf%n%]i ls%zgﬁ C%pj%z'eoh v p{]z%\{llqeagured Ey xargy analyslle under ?he procedure
of ASTM D3942. There is normally a direct relationship between 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.
Although both the zeolite, per se, and the matrix of a fluid cracking catalyst usually
contain both silica and alumina, the SiO,/Al,0; ratio of the catalyst matrix 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.



and MhUSY zeolites can be fornmed by using the netal
salts of My, Zn or Mh or m xtures thereof in the sane
woraiwseeosas descri bed above with respect to thePCT/US2005/008890
formati on of USY except that salts of magnesium zinc
or manganese is used in lieu of the rare-earth netal
It us to form REUSY. 026] The nost preferred
003801 i 1 oo herunit zo¥ , sizgevaluget gyeolitipdvo degreaseRpUYs wbdwted to the

envh{}ﬁmélﬁro? tRAFER rggéffgﬁﬁo drl@a ?E%}HL% 46+ Lee%%l ﬁe large

uni t size of a preferre 'S ab
5126241u'ﬁnmnm2a101718 AromTthe erpsthl swhdtusi z& h(lsUCﬁ) thaf Zoditd ik ethe FCC

inv GRS P ebois e SEXh Y o, Merepass: ol shordshitp sbout
30:PetReinit h:%ll%%@'ébﬁf@sp@ﬂ&lﬁ?lﬁd&freas@é Pﬁc‘: @4 sﬁﬁﬂ(a@e%ﬂ@ém by the

atons in the zeolite and size of I1ts unit —ce
remPralsofr dhminuon stoinps frem thaldell stmstrs. bdte ivnitZetll siteof a preferred

equereﬁfnUIYareogFe:\éﬁigg e%%é%{&%&,lpre%g@k%(g%g%% 24 g(}gugnd more

prefefibDf POLMIUSD thouaigih . in its entirety by reference.
Al t hough both the zeolite, per se, and the matri x of a

[0029]ui d c r%ﬁ@ktq{g) efithig ipgentips canlby in paricles.wiick halsbet pmucles that

oo S HEH I SRR B0 BRGNS at it o

Pardi&led bdrﬁamfﬁ@&ﬁe &Bolﬁeu‘)ahlbérﬂoblﬁéct B atan@ardi tschnidiieS CHBRAt Bormally
x-ray analysis, it only nmeasures the UCS o the

mclé@fg/ﬁ\eaﬂtqns 96 1ixB1g the zeolie aviheelay ped. cipkionally, mlve matrix: material,
Bm&é}%‘d%%%ﬁé”d E&g (hg%?ﬁtt%/ QcQ%% %)a 1{: %a%élal IH(? bi‘lllllaeliI %r% %orr:ned into a

Si'ze value o ecreases as
uniforhjagated dispetdien f(ﬂmWeddfy‘rq}'rhy diyihd and:Gﬁétlbﬁgl%ﬂ Q&Eﬁrﬁfng Such

proGR RIS A AR Sk PHGHS D106 OB AI0.ATS A0 14D, 88,023 and

Can%ﬁlaﬁ IT%teﬁE 92‘” L rThI‘: henchldes JrNERLQknt S M8 qﬂcobrféérfstteg herein in

f ramewor atomc ratio 1ncreases from
thelr @niabtwby réeretice. THeolitaicbniaalihg pamelef;,oar ¢.e 3poympdizeglitg-containing

es due o.shyinkage caused, Q
partiTGin SRt A DI FB TS HE R COmptiet df leastrafiout A oveigy percent
zeoﬁ’dezv%tlﬂheareﬁfaﬁ{cﬁf h@@aﬂy%‘ﬁ h@cfv‘e%’cﬁx%ﬁl Blﬁ@er' SWﬁEn 3% highly
22A, preferably ffom Z4. . 50A,
actlm eﬁt@lym@bylpbmbnmszmm @s thps@ dei@ﬁbed [)666)\2 9.]‘6 @eubd tz&ol@ta)cmftalmng

partbcéésts qo@ﬁ)\élglr})tlgl g:l]easgq,qa@ug é?yéarrgfl%@tb ¥ %tﬁ,f:ér_sé% more preferab ly at least

65 veaF@bpfema@dahfwar@ prageasIe o 13 1usies ¢ He@ekaiyat éﬂ?ﬁl%sﬁﬁﬁ“ |
Particles containing the zeolite can be forned

[003)] st andwitable ective-tnatsx matargls inaldesebutyare inpe liodied ttche alumina,
silicZ&E%?l\S/ g&fou aiﬂn‘ﬁga %ﬁl%azeﬂé tager\/\@é %aﬁlcﬁym%] %f P tzegl gﬂtaining
catalyst comp051t10n should be from about 20 to about 150 microns, preferablsy from 60
to 90 microns, to permit it to be readily used in a fluidized state required in FC C process
units. Alumina is preferred for some embodiments of the invention, and may form all or
part of the active-matrix component of the catalyst.

[0031] Suitable binders include, but are not limited to, alumina sols, silica sols,

aluminas, and silica aluminas.



Bi nder is then added and the zeolite, active matrix
materi al and binder are fornmed into a uniform aqueous
waele@pesesedn fol |l owed by spray drying and, optiPCEUE2005/008890

cal cining. Such procedures are disclosed in U S.
Patents 3,957, 689; 4,126,579; 4,226,743; 4,45 8,023

Oﬁgﬂ e‘gl an Patent 967, 136 The t eachi_ngs of these
[ er encelS aftdet ntaligor We e dodiWne ronteR of nibier calabyst doynposition
coRYaiRiBh MELRBRte ARIALdvHS ACRNE GhPtinesk MBhidi e @?@%%ggwmght or less. In

Y-typeé zeolite-containing particles, tha
pastigularb sedifugr wilhingigiate, ot the conpsitoe antdisiagtzealituto 4@ Lewis

LB, BeREhG P, B B ST Et St e 0 e

coREitions, €@l anyRkatGRMASIédndNSved BRBn@ RS o@% | R4 Examples
bel ow are desired, zeolite-containing particles

beé@mhmmarﬁ@eaéy deergase iatsolfur Be@uctmqieeﬁoabmyceaas thergsodiddy migrates

r,ef er.abl t | eas ercent
oJBEF P ARA SiePont Rocwf St JerHToh (BRESaN T agium in th
zeOBHERAEI dnly WptiohAl AB4tix It haklets, @€ tiel &s AR Athudteif@hl 3b&ium in the
|nclude but are not I|mtedto alumna, silica and

sd%qnwﬁnﬁat sili ca The average parti cI e size of

83,0 R A s o
zeblite3s mirelativedy 1dvo 1qver il sodiuim, teqe, k;ﬁ‘efémﬁy 0.3%4S @ﬂD binless, but this is

fluidized state eq ired in FCC process units
NOAFSERITS: §-8- 5@9@9]@[ the dieviseidenmaneites Vel loesodium lovels, a

l:
B SN S e bR Db 0 Lo
AGii doniponei ndeéios asriohgldte thé Ubtahbmchmg daitalydt ebripsition after the

BT ARTENETTECR TN T .
ofABis $hRhB6h SRuld &dntaih A6 nSRE RN CPANENO. 9 hdshRes 3{ bt sodium

conposition containing the zeolite and Lew s Acl
cag onigtaie fioms the redlitogo @hQD@WbyAMé |cgtmpolrmnts! ﬁsmbylaﬁfectmg the Lewis

AT sbdaThe SRRV b e dottofiifon WIFEGHTBen:  wnen

[00% coNpaEdlitedadingtthe atorememiontd Bvelsict sBIRAsekh Eeopﬂés&ed for
condi ti ons, e.g., tenper ature and st eam over ext end

expapleo &% Weshing feem ihammenivp) ewlfatdedtsnins Wbiohcsodivencly fhe zeohte is

B g QT Ty L

wateioetinode pedids ﬁﬂfa‘t& ealathat adsuld fisedihg fok:HarIgBe Other ammonium
zeollte and_any_optional matrix and binders, as well
salig 1aye be risehtn ghe §|?$9 hagiggi hath-i nlhihexchaags canched separate from the

exEﬁdH%Qr}ﬁ%: e ERAB3d0NE FEN HBbeolited ¥vh§‘n ang)io%érggb L e tBfth exchanged

zeolite or the conmponent con
zeolites.

[0035] It is also preferred to prepare catalysts having relatively high kinetic
conversion activity. FCC catalysts rely on zeolites as their primary source of kinetic
conversion activity. It is preferable for the catalysts of this invention to have a kinetic
conversion activity value (at equilibrium catalyst stage) of at least about 2, preferably of

from 2 to 3 or higher, and more preferably about 3 to about 6.



zeolite has a relatively low | evel of sodium e.g.

preferably 0.3% Na20 or less, but this is not
WO egpaiossels e.g., especially if the Lewis Acid PORPS20e51008890

has very | ow sodiumlevels, a smaller anmount of the

zeolite is included in the catal yst conposition

relative to the Lewis Acid conponent, and/or as |ong

as the total cracking catalyst conposition after the

lite n2d .

[003@]0 o nleeeﬁcggfgc? d?%zc\?ga vy"%?géryﬂéé ?éé giaaljtﬁéﬁ (%sl}%'l}lhg B2efk equation,
WhllCh\(Celm be usedsthgudidate dnt minmben of active sitbaim DedidhyMacd@pokition. More

spedEEIRE dhe Briclicearains TRl i BHICox Hering et BB 3 Fglite is
propS&iokHWb the z%@hfé sﬁhﬂlﬁe%ll%% (Re) §§ fapiWsveness of the

composition to reduce sulfur. [0034] Zeolites having
t he #aA@ia@ﬁetns Isqmepbrtienad ncs(lHES%dP)lriﬁcm%kzeolpp dip eatalorst

r ex ni um s
10035 16 ™ PR fn REEE h Bert B el BYHE S ERE apount of a
zeolitel b @BTOREHIN @a@dlyﬁn&)mpmﬁloﬁxchﬁ@gﬁé}alz ané idefivity drh@e catalyst
further washed in _ water to renove sodi um sul fate sal t
compipsitionds inereased b inprsasing tenageountrof @poletmm rtheiepmpagditien. The
a e cha be ..
oY oF G B  Wik LG et Pasel et ARG §F By Frotie-

contdmangpaxitﬂcteedmrbe@emleyl ng rare earth exchanged
zeol i tes, g035 is also preferred to prepare

[0038]; o ystAngher W@thOQ| i rrowidingns Giehiky adivecedullbbriwn sainbyst is by

utilBfde Wolite thiEon ?ﬁ#«sa Mﬁ&@ntre%lcﬂ %@d 420" lehlttl’? {)1'?39 }lﬁrepanng such
primary source I netic Version a Vi

zeohteeﬁmledalig déseribed ebaat é]hygir&ate:rfthet hirabdrrof eﬂthamged car&-@seh ions

witathe Geale BT IR UPS L thegbaienbieoyfionth diwstops the acivity

o S5CTita. SR G200 BTGl bt S B oson

Whin ¢hecatalystt i fY-type atealitg stontaning rare-cbeth quetalt idhsethe amount of

t he eck .equati o hca e used.t
excligR 28 < TRAIET™ B B Epiel & HE0E 1Y, bRl Jom 5 0 18, and
moreOFTBRedbly Bdm HRb Q2 \%@Hﬂ ﬁér@éﬁlt |a)é’ra1teb€artﬁr(§%ﬁge AYEL b9 Bhe zeolite.
i ndi cates that the nunber of active sites on a zeolite

Thuss forpexapwle, ivolteal usieg fiheype eevlitee that @t exdehgedsivith {HoSCR% by

fictive s i.ona .
wei gl daPL G sutALACAUE BelsBE cdrip BRES e8P Biyshflom s qogpprise at
leasa@bo@vis, ?f&erdlﬁ?lalt %bsﬁ@iolut/ B$,Van@YoNBighYOactivE fch@ly@Rtat least about
anpunt o zeolite in the overall catalyst
50%@%&@@1’5?%““ n general, the activity of the catal yst
osi t I NG ' ' of .
[005@2."3' fe Tfﬁﬂt h/gellé g%g%ﬁf#{}%’y c#zﬂgsrt%%ﬁ\!aﬂ"gné Q)?Ch%ﬂgéﬂqltare-earth ions
within its structure (e.g. REY- or REUSY-type zeolites), the rate of replacement of

catalyst is normally lower than when using non-rare-earth ion containing USY or other

Y-type zeolite catalyst.

-10 -



anmount of zeolite in the conposition can be increased

usi ng the anmount of the zeolite- containing particles
waele®snddsesl earlier. [0038] Another nethod of prOWUSINE008890

a highly active equilibriumcatalyst is by wutilizing

zeolite that contains sufficient exchanged rare-earth

nmetal ions. Preparing such zeolites is already

descri bed above. The greater the nunber of exchanged
[Ogﬂcoge- earty ippeferredV &hibdtliinber 2FOkie Envdnfi@nOiead eradki®s catalyst

of the resultant zeolite and, therefore, the

coggnasifionyconyfisingen ¥ty arcdite kaying 0.BY4, and gewsl inoeg praferably 0.10%,

j j i t] o
o AL R0 8 BUGSRRL SELANALcGRIRARI R BBl g i
cot®tBloni afivity tih eharmpg bf Gom sbain3yRdaioat 6:0gak tdefifelt Rter below.
ions may be from2 to about 18, preferably from5 to
Whgn using copgniopilarereasiing qaahyss FLE additiss gl haplgep aiplerstood by
thse Elﬁfl@d eanhi0 L ke, {}Bfaﬁ)‘%&’ aH{Bu{lﬂaeont%Q'ddhﬁive AU gie%rg. This
exanpl e, when using Y-type zeolites that are exchange
undetsteandbuis Bedyn findinghthar pase additivé compodiadmsydibe itheeamount of
tal yst. conpositi odws of this invention cgn [

C%{ Yy A £ co%r 1 Se,
cragking galetysh petrent #1d Jhus epites 2 srduckens of dho gvend, ackivify of the
equilibriind NéciaRs | ¥Ralat 3bpbatidt hedelbowrRM desiBE® BY provide an

h I 0039] Thus type

wei ght zeolite. | , when using a Y-typ
economioply efheicnti pionessdSeh Kripbua ehiabs ddditimes dngroved FIIGh Process,

it rycture (e..qg. .REY- or REUSY-type olites), ,the .. .
suptiph Sty pombififl iitveBionipae srec o it el thelfer kinetic
conRaRiohhfivits v len@iisind lsBbftaitial rd RBt &P BE BlibpHbe WRY iRl derivatives

other Y-type zeolite catalyst. -10 WO 2005/ 090523
PrEsETt Wsihe gegigtock. 00h09 tha nseseficeatalyist sapdsitienprayides a means

he,lavention is racking catalyst conmposktion ..
of el Wy gl Bl 1 bt SORORAGIY Moty manner
preferably 0.10% by weight Na20O or | ess, and further

the catal yst conposition preferably having a kinetic

conversion activity in the range of fromabout 3.0 to

about 5.0, as defined |ater below. Wen using

conventional non-cracking catalyst FCC additives, it

has been understood by those skilled in this art that

only I ow amounts of the additive can be present. This

understanding is based on finding that past additive

conpositions dilute the anount of cracking catalyst
present and, thus, causes a reduction of the overal
activity of the equilibriumcracking catalyst

conposition to below that desired to provide an

econonmically efficient process (See Krishna et al.

Addi ti ves I nproved FCC Process,

-11 -



supra.) Catalysts conprising the invention however can
exhibit relatively higher kinetic conversion activity
woniosesatisi ng substanti al reduction of thi ophe@EUS2A5/008890
its derivatives present in the FCCU feedstock. Thus
the present catalyst conposition provides a means of
&oduc{:ﬂl,agman environnental ly attractive product in an
Pyt racti ve manner. -11 WO 2005/ 090523
[OB@I]I USZOO‘ghQQ_%%}QQ Aclr(?‘e’?ﬁpﬁ‘féng O@Qﬁ@ﬁ%ﬂﬁ% Q%élﬁ?f?é?ereferred to as
Lewi s Aci d conponent o e I nvention, hérelna
Lewisehcid Gbotrmoaent (bpwias béci Hewispad@at sd, 2) congroiunt &oﬁtalmng Lewis

ol e AROU S0 g e e
de‘ﬁ}ieé Eérref'fl ése%ys &S o %lécﬁoplﬁﬁé 5@ dnieL Al Ebr@%n@c{wﬁth another

nol ecul e or el’ectrophilic ion that can conbi
malegtlger 10rnbY éunling acovabent [bynd withitwg ekectronsfrentthdsednd molecule

oD S5 S5 ERSe  Cel Giss o s

LAV da coinpshénti B 1@ ferhsle If@f thisSWéntidal Ho&%p%mhe Lebvis Acid
is preferable for t is invention, however, that the

copginenireqraprises ﬁﬁ@ﬁ@hsek@tﬂd;fmr@ dlee @mﬁmcans@@gwﬂ%d Ciy 8m Ag, Cd,

0 | t | ng, ,Of ,
gﬁ gfgo'i"lgg% %ic’ BAI %/ln Gﬁ/ﬁhd @X%ea tl}ﬁrgq%}%glgre{rh@\e é%e%al is present
asWtiﬁdS)ﬁdél dshecameh @k ié i 256 Retal 38lcabe S¥ied MorSpréfefidd TRWis Acid
or isinits zero netal valence state. Mre preferred

COIRRANENIANRY COTBB%B@ﬁ dayiag aractalowelrsteddiom dkg grgua copgisiing of Zn, Ti,
?:%C Fednd %19 etﬁglrleJ pE\?e%anbl%t r@i%ra%ﬁe % 1*5 Ac?c"i) boMBOnent (b)
ur es er a IS a

ahd m x er eof ven
inlweliich ZAcis dhe onjoenesttl ihkihe ccnmp@mtenc m&mosispréfe%blhﬁjwhérem Zn is the
tal .in the conponent and nost preferably wherein Zn
Oﬁmmtaﬁépreéﬁﬂténﬁ%‘%l nedt ent in conponent (b). [00421

[0b82f S ACi HeRMARENL P&n&ﬁ?n b? o PRI th Clgzirg&ﬂatrehft‘ﬂathﬁﬁs been

been reacted/inpregnate a Lew s
rea@mtfunp@gmted aiithi o §etvesni sidAmi abmpBund abhimmr[gahewxsuAaﬂesSultable
e particle size corr to that

P%ﬂ-ﬁ%ﬁfn fl%%igz;na Wﬁtlclg ap&cyysp@gﬁia@ g?aé gg corévegtlona? cracking
cafteflfl’éi1 c%?r%tsn@)gs tepg a%iﬂﬂ al;o%@ 201t Rib6 & 150 ft{fﬁ&ﬁl?ig‘b’ﬁl Qﬁu% @0 to 90

90" m crons, hl g surface area of from
mirgonsyand hlgbr%tffecgbuey of fiom altswtiB0 16800 13/ pferably. fran ehout 150

[ eg articul ate .t ke this.inventio
o oo P FrBRRb B Ab Gt Rearan i BYSobaite gffctes are
conbiRtddemits aAsiution Wik GHlt bPthelTltings ABMEMhichITor thid MRERRIN ¥ typically
a Lews Acid nmetal. Typically, aqueous sol utions,

a WBvihAgidnngiah flypiealpagueas sobitigs, Weucg [eonisisy et abstt 40 to 20
w%’ %*113}?%1‘ %r%t%\glgl spg%é«?Lg&fsaAm& %Lettal sgft’, ucﬁl%s Zz{nrgcmtrat% c%tloride, sulfate,
and the like, are used to impregnate the substrate to incipient wetness, i.e., substantially
fill the substrate pore volume. The particles are typically made of matrix, e.g., inorganic
oxide matrix described earlier for making separate particles of the zeolite component of
this invention. It is especially preferred that when using one or more of the
aforementioned Lewis Acid metals, the metal(s) is (are) present in conjunction with
alumina, and in particular, it is preferred that the metal(s) is (are) supported on alumina.

U.S. Patents 5,376,608 and 5,525,210 describe processes that are suitable for making

-12-



and the like, are used to inpregnate the substrate to

i nci pi ent wetness, i.e., substantially fill the
wa@asoeEee pore volune. The particles are typiPR@El/Dg2005/008890

made of matrix, e.g., inorganic oxide matrix

descri bed earlier for maki ng separate particles of the

zeol ite conponent this invention. I s especjall

LﬁWg‘i‘ ApioknmTpgRatssh Sta%tpfn éﬁf@ﬁ D aisgidine mﬁemo?ated hereth in their
eRfiREENERieRRd Lewis Acid netals, the netal(s) is

(aré) “present in conjunction mnth alum na, and in

[0E3] i cul arThei Lewss proad ezongmnetdtatart ldsonbe aprepared sby apemy drying

.supported on a ents 5,376,608 and

R 1B55¢ S5He B DR otet paiic R EP o ROty b aBhERgR chlorohydrol,

aﬂ@E'L@ws Abtd Wi m/cgﬁ%%%nﬁ%éﬂ%)rgﬁg/ R8BMs td-BMrSa particulate,
Acid inpregnated substrates hése two patents being

eignebrpioeatarprirenelewisiddidei r  entirety by reference.

3] The Le onent .can a par
L) oy " b AR GRS SRS i bF o B BT BREe of Lewis
A&ﬂi &d n@he(bg 28€ UESINE €a) a6 s€parat@ bbby, GA v d6dE }lorganic oxide
ewis Acid salt under conventional ray drying
CRg ORI PSS el cdbrapeiolsdaond @ukt smbdiments where

epoa[}}af@ eaPﬁtgnl‘g\%@néo‘gbl%cle ﬁp 414‘1]atr can 'n?a?ﬁ %?paﬁ élp ﬁ{c}fs od” (a) and

Ion eapsca ure 8

sqrarpe particléhdf dyd Tel nhe béae)ccaﬁpﬁﬁlﬁdlﬂ@t Simultaneously spray drying
%grtl cgl ates, in which case inorganic oxide matrix

tie ang depie deit Witk mairixite Proyides campined singl partipglyte composite
n
p@o!agla( gavrl)lé I't]he F%ngl ﬁl%B }%]?()rf ?zlaen&‘z&o n@ggon(eggg tgérg{n Aﬁernatlvely, a
padictiat ﬁfrnpxﬁsn(lgla)euad besiapacgnnedpeith b ohetal saft eglmloye'ﬂf‘ﬂoScreate (b).
may be a hed by sipul taneously spray drying
@%@fq‘f&oeefgﬁ%r bl ARSRIAR 1P BRPICReHaRER S BapPovi de a
[(asPi ned sinRgleipactd &ii‘lllﬁ%ntc&m%'ﬂeQH R R aI'LaeW@ Acid metal
the proper proportions of the two conponents therein
ca&icinemwhamgcdl an, tha zeplie tprriou kaathe zeaolitp folesngngcc(rac)ratrdnnﬂoeacuve matrix

b BHETER bt L yoRn At gt TP a0l icis sRrpeRt S awvis Acid

nf®edl " Eation @04kl aﬁi&@nﬂ%\ﬁffﬁneﬁ@' 1 GRFEROREIMLIC AR sBeur Reduction
the formof a Lews Acid netal 'cation exchanged on

PIQPQIT)@@ db itheoyaralb catatyst m;an@@ﬂqft én b@m@ cases,dhp emeunidof the Lewis

Q.acti v and n
P o Obb P Peo a8 R ol o o i S gramples
offEﬁcﬂlﬂ eriiBddiments mr@ﬂleaﬁ@téﬁienﬁuﬁéd Zlh[@SIY aIn@ MAWSN zeolites wherein the
sui t abl e gasoline sul fur reduction erties to the

agouRiAfiZncen Mnyrationsrpsbaniced diereanys wlsasas ot 3&eky wejght.

nt of [ 0 D Qid
[();Qgg ite | Sltl Ia%t?n gﬁ% tsa ?\giu?e g@&r{) Rmﬁxig h@B&ggat? b?xto Q%artlculate to
farwao@hpsnent (b), the impregnated partlculate is drled under moderate temperatures

(e.g., 100° to 150°C). Once dried, the Lewis Acid component, regardless of the method
used to form it, is usually calcined at temperatures ranging from 200 to 850°C to remove
any anionic component of the Lewis Acid metal salt, e.g., present in an impregnation
solution. The metal of the resultant Lewis Acid-containing component is present as an
oxide, as a cation, is in its zero valance state, or is present as a mixture of the foregoing.

The surface area of the particulate should be as high as possible, so as to provide means
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of such enbodi ments are the aforenentioned ZnUSY and

MUSY zeolites wherein the anmount of Zn or M cations
wexowbangesl thereon is at | east about 3% by wei BEIL/US2005/008890

[0046] In enbodi nents where Lewis Acid is inpregnated

onto a particulate to formconponent (b), the

i npregnated_particulate is dried under noderate

tor divpiiig theebewpsergid thigughost thsomyticulrie enalrik dd, asthigh a degree as
PSS, A5 AR oAU bSO A i,

[00dfbi ng f TosnROfiohal &RE tha abwening és a @upbRMieis Acid component for
t of .the Lewis Acid t al [t, e.qg.,.present )
ofSTRER ol s heilons o detel sali B PO i
edsERHI AR algﬁl‘i‘ﬁas. A et AN Nhe XM %@&-c&rﬁﬁiﬂf@sgﬂﬁponem that
as an” oxide, as a cation, I1s Inits zero valancCe
cattaine, Lawis ilcipmesdthe Aswis Atidicontinifig ¢dmepdnenegaitdigs from about 1

toT %Bﬁgé {w%f :c%élgggrg ];{e%er}el?lgg’{ot&ggﬁ;légag tdc’ Q(g %Jle‘%tbger%gnt%if %gwis Acid,
wWARBOW RGP IE I &S/ A4 G93/RASS l@cois terféis@st?rH&t@l b Iﬁa,rl-]e%\g" the balance

Aci d throughout the particulate hatrix to as

bejag magrixaéexclyding the emalt ipercrntpgodfrargsartf metals). pi ent

(R0 ) ¢ TP EHERL LA B Aol o e i, more than about
0.3% dsabukLMBENAKD oot TREYHan bR accdriblshb AW R BhbRY ngqua‘ivis Acid

i
in such a case it is preferable that the Lew s ACi .
crapgiede nhavieg sthe t apreepréaie i lavaly off NabQni déor example, aluminas are

cc&%?l%%%&i&%ﬂ%&g%ﬁ&ﬁ%@@ ﬁmp'gr%h%tsgj%] 5§a . gsio'ﬂg{}\ﬁgfgo%? %vr}]lterein the Na,O

caadrl of divsahlinfigacemies iéw a9 0002 s(ShscdBatalegyt 1 to
about 50 wei ght percent, preferably fromabout 10 to

[094%1ei ght Whsicamaluging gapre hesiNpO ¢amienh higher thap dhe leyekrequired
el et PN ssed. a oxl d .

SR P! Tl Nl o BIREAETRe o) 6t e, i

armpmooim s éatobathar br eatitiianrehadam)dissoD@4BE phn of ematodium sulfate in

1 B oF e VRRABLAGG b BP0 URinaTh tae dptipeand st for
1PGHRMRS | Shedihyy @mheaéaragd L& S A 50 Q&@ﬁp@&&é@z@@w B9, If the
o] exanpl e, S

the appropriate levels Na2O. For al um na
NarQ conpentratian ialabyvathairtqiited 1¢vet,oepdat theppeseides, againamtidshe Na,O
.;a ol ,and Al cqa, ,wherein the Na20O content of those
15 efﬂw’gge%%%ﬁs@s | ow as 0.002% ( Sasol catal og).

[0080F9] Whar Amsfhtdd iAamSRYHERi] hﬁﬁrm%nﬂq@nﬁxﬁﬁ%ab%t is also

than the level required for this invention, the
pretoneidatte aningnizeathe rendupiver silicoythelaishipragpnt engand/ami migrates to the
I: |fate baths. In particular, .one can. :
AP0 Do 5 By BB ABL ooR0rs Wi v et
arfiepRid A acthe@lyett idbelidied i o RRQilRAMthat@onRb WTtdiRadt ith@e Lewis

solution and stir for . ) ) i
Acid component can affect the invention’s overall sulfur reduction properties. When

making the component containing zeolite (a), it is preferable to select matrix and binder
materials that have relatively low amounts of silica, for example, no more than 5% silica,
as measured using ICP. Nevertheless, one can prepare the catalyst composition of this
invention with a matrix comprising clay in which SiO; is relatively bound or otherwise in

a form that does not migrate in large amounts to the Lewis Acid component.
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10 mnutes. The slurry is filtered and rinsed with 30
parts of deionized water. If the Na2O0 concentration
WO g00al0e0523 t he required | evel, repeat the procePCF/ES2005/008890
again until the Na20 is below the required |evel.
[0050] As illustrated in nore detail later belowin
the Exanmples, it is als referable to mnimze the
AGHEGREN R §,dlse B0t Repcted tit SSen P R deoHe K aeady gffects the
LR Adi8 WS AShdieppapent in order to attain optimal
sul fur reduction. Wthout being held to any
[0081} i cul aPntheoappredi thei lsevhie|Acddreohttinatg ¢dmmpmyntsiahicomprise from
that cones in co t wth the Lew s | d conmponent . .
srelfouRAB AR BHES P2t ABtd SoUSetlpEioea PLibe FaaEReBosition. For
erRbQRMehiseSE thABRentBRKEREphidEs ¢ QRO AR cSRNLRLdeulates that are
zeolite (a), it is preferable to select matrix and
sephratke rirommatzeplitatcontating hpartcylatesit ithee| oatalysy eeropesitionofpreferably

silica, for, e le. .no_nore than 5% sili.ca, S 0
oS 98 207 R gt PP RRE b R0 RiRtekat P a0 fogbout 75%
weighBpatsdnt (RAR Alcid @intinehi Ehe firdY eMthlydcompdRitRn A8 bé hdded to the

rising clay in which Si02 is relatively bound or

cO 2 . .
FEHelhagi pasti¢les having ppmaverage paéislensize iangingtfeom abpur2geto about 150

1S.t0: Lew ' . .
B s ih a0k FLBLEE R A hpeioh Stalth] pocagin g sracking
proodss exiflevdre byt aC unit) Zecdsteslg ipetating @ohditiéns and desired output as is

Si nificanﬁly ffects the, Lewis Acid sites of the )
welh g@?l‘fmé?l? e[%gli?r t&?é@"‘ﬂﬂ’@ﬁa&‘é dmoppeof] v in the FCC feedstock will

L = o . . ;

Y e e P IR IRe e SROLATR o B 1oy ave Bp At added
[0082]al yst b hypoel tdonditiokgrthe endsd donmemient afiarbe of using the catalyst
colﬂgﬁ/q%&aﬂogf gg{s? ]r,plé({seﬁn lf§ \é\n%;lgég lg:e? n:ﬁaeloﬁlten %nd the Lewis-type acid-
ch®Rhing LopRhaht i RPHRAFECOUlsakEtate! BB GEL aWRh used in thli‘? manner,

conposition preferably conprises from30 to 75 wel ght
thpexedmirppertidnsrof theproahmmaits yof dhocdatalgst ¢compistion Willdaespect to the

wei ght rcent .Lewi.s ACi onponent .. The..fi nal
pot o PR GRr Miied B FCRRe sy herecibvioned

[0p83]t i c| esChaWsPBord ﬁﬁlﬁs_&ﬁ@hi@ﬁ{\fehﬁ&@r_réx F@rtHe R6inpHse doRMntional
about 20 to about 150 mcrons. As with any cracking

adglifivesy such ash foragrginile. ofctangteahguning eafelybta, €Recasmtastiompromoters,

ce ]| I CC.unit, edst oc oper.aLing, ...
bRERE PRl aiher Ao ot 1l RElfs RRSHA Hgitions ana
thallike akdeerhéd §p1$r6%¢1€zﬁé i in the @nftBtsnvelPkndsitl folhodeskilfRE in this art.
FCC feedstock will also tyc%:gcal ly be a factor in

Thfetontionsli mgditives aapupimmly 2dded iov dhe | apannesitions whieanthe  catalyst
o8 on KRR URUPL R oFARAL LTSyt R v g

thefsambipartiole,ehe ioptiona atlditivas cadbe blehfiel #ithlthé ntewpated berticles, or
inh%‘c’i”ef -i}lylggtrlaxc Iagcied to the spray drier feed that forms the integrated catalyst

composition.

[0054] Additional materials that can also be included in the composition of this
invention are additional gasoline sulfur reduction additives. Such additives that are
suitable for this invention include the vanadium-containing component described in U.S.
Patent 6,482,315, the contents of which are incorporated herein by reference. Briefly, a

separate particulated additive comprising a support, preferably a non-molecular sieve
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cont ai ni ng conponent into the FCCU as separate

particles. Wien used in this manner, the exact
w@e@postsedons of the conponents of the catal ystPCT/US2005/008890

conposition with respect to the particular feedstock

bei ng subject to FCC process can be readily achieved.

005 Cat al yst co ions of this invention may
Sukn?ltthjéird P&ﬁﬁf{% bleRdcdowin theaisntiopde Turgher wnlaaglce gy gasoline
su%?rﬂahﬁotloﬁcf)ﬂig)t tRENGN BN oA YSAS deg&b%%"iﬂuﬁm 08482315, this

pronot ers tons cracking pronoters ., reducti
addttthnel \aéél,tlvmmcalljpasmnmtﬁrm abddt 2i tonsboan@0 weightl péreent more

tn?l%a Lo FER PR 1) Sl pefennl sl PeTrto ot Fod g abou 7

S HPhetcfl faedall(Badel naOBEPRSIght S’thﬂt\:%) t PRest %H@llt130§§ oA be prepared
co osition contains a physical blend of (a) and (b).

b ing az}m@h@rn(tb)tharseppm‘t mga masger suficienhts a@mgeabout adsorptlon or

t It b
o BetiofE ypi R et en 2ot R e AR b desribed in
U.B061482,398) ¥ chiefts Jreatlch Hatindodsrbtel ereidhe@fatRe.
catal yst composition, [0054] Additional materials

0033k can éﬁsl@dwetedn@arh@redhfr wraqkmgc e#pbysi composition lef ghe present

e N L T —

feddpvauiks icontairing U@Gnic%lﬁdﬁﬁﬁﬂpdiﬁ?d@ ait @hdked dnt6 doPENAHlecular weight
descri | bed in U'S, Patent 6,482,315, the contents of
CORpROURdS SECh A% S%S@Bflatleah%@semw ofyadded bydineen. ‘Brniesl F-C processes

oBSDBEEE, 1 KA oRUIA e SARAP B UBRRL) o i e

pré&@ﬁbﬂ&i‘OﬂﬁﬂdO@ﬁB]ﬁﬁg catglpsir partielod tv apraduognliqed del gaseous product
bl end with the invention to further enhance_the
SUgAWsy | e P P?tquagwe?.rsmo&do@@[ theeatalyst pagicles are subsequently

patddeny 'aotré eftPatfP 3Gk Apkkrb rih(%" articPos e @%élere{t&t%a/t exposure to an

addi ti ona additive typical cont alns from abo
oxgboing 2naspheriet topeement comarmnarttypdenal tegemvated Buticdes are then

mr{:gf)ag%é%ck\/\% htcgﬁcﬁ rné:é 2(&1@1 g{%"f ?LHg‘seéﬁlyf oo Slgf%rackmg In this

maMHedtn iberROEi 3l cd@lyst Eﬁ‘ﬁ%ﬁs Mtéuﬂéf@@b&ﬁ/@erpﬁle RERRAL&Fhge and the
by addi ng vanadiumto the support in a manner

regayferatey age dttrmgrthﬁqubkbmacmgwmesmn or absorption of

OUSHF: 1Al F O O I Byl e moce o

opeitingnhés af@frem&htﬂhe@ bfockSC THeQaal v Fﬁh%kb e added directly to the
ier, the crackin

ref erence. i ndi cat ed ear

craf,clfﬂ%g stage, é‘bh“ﬁd%@ﬂ%ﬁloéfﬂ@%@f Bheceraleing ppiaestty eratiagy other suitable

ngljcl:eglr:%céﬂﬁ/&sﬁirﬁ%ls gd@é%f%i%g ?ﬁ ?1#]6 & ?&ﬁ%fn ufs? g\gﬁ%{e inventory
W}nm’rﬂmmddqﬁg Praxess iseldldem/ay bty rﬁmj' Be lpk@ént\/\lﬁl tgBtinventory at the
start-up of the FCC operation. As an example, the compositions of this invention can
added to a FCCU when replacing existing equilibrium catalyst inventory with fresh
catalyst. The replacement of equilibrium zeolite catalyst by fresh catalyst is normally
done on a cost versus activity basis. The refiner usually balances the cost of introducing
new catalyst to the inventory with respect to the production of desired hydrocarbon
product fractions. Under FCCU reactor conditions carbocation reactions occur to cause

molecular size reduction of petroleum hydrocarbons feedstock introduced into the
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compounds, such as gasoline, in the absence of added

hydr ogen. Typical FCC processes entail cracking a
whyasoeEehon feedstock in a cracking reactor oPCT/ESIHIDO08890

stage in the presence of fluid cracking catalyst

particles to produce liquid and gaseous product

t . JIh roduct streans are re ed and the i
reI YRR T PURES SABIDTUSEAIEH 19 Toatbe Boposed to various
co%&i@i%ﬁ@,r flc®l aStRe edéfiaﬁ!ﬁgnté‘@f&a&bbﬁ'c%ataﬁﬁﬁaﬂﬁgﬁngdj{é;@& €flring that

y exposure to an ~oxidizing atnosphere to r
reaadion zmil rsaviere TEgenaratyenepeatto prditicise sThas geduildbrium catalysts may

cofght Mg 1Ryt ApHBh b RAN: TP oG adiyis, have lower

alurma £6dh ebnteat Al the tzeBld tamh&Pork SiniHaGd |d?ﬂ"&@nt§ﬂy¥‘l%§lnproperties
the cracking stage and the regenerator stage during

tharh dregly eqatalysic r alek inpemadr opesatson, [ GfiBels Witbdiamy emau?mnomn of the
: = i th i ng t d
ol P A Oa A e Hath B EPEBEEER SIE ARGl t conro e

quakfyt (e €& Bovibeaatgetl dofitesd) lof thecirAiBating’ @8y Adnventory. When
stage, to the regeneration stage of the crackin

k
usighe prefertsd embogiment ofcthissimvertinneat thisi wege cnhénegFCC process, the
| e b rcul.at.-n .
opGfid T palFhhuiE iR S PENBHEE fob Bl Withhis RO detriment to
thpaaivityofitlse inadatorpyyed bchibeyhighst sutfupfeisetidn inthé Besoline produced
ipventory at the start-up of the FCC operation. As an
byéﬁ%ﬁﬁF@FO?ﬁﬁ-conpositions of this invention can added
a E ; Lo T S ' _
O et or v i o Bene PSS EAdl SO b U FalBhaFoC units
wheggin | thd réagtionewhipemtuas ahnpst from Slvoms H002t@l7P8TC iveith regeneration
nor.mal | done on cost ve s activity basis. The
oo fiFRat BTy el BHBeolhad dertbrti heduiis s Wibepend on
the pétAdIMeh fEEAHH& baME ey, ﬁﬂ'etgﬂodl&% @ﬁ'&{n# eifd& and other conditions
producti on of desired hydrocarbon product fractions.
wellndewiFoaiefimeec t The EORMKatdlpsiqi.caityves@aty)os ciredeted chough the unit
o QCEUr.. t o._cause Itecul ariafi ze reducti oq. of aﬁft rol eum Hil
in 1 GPUIAPH s cRHERT (AP, BEnE 5otiRe aid geqgpeiation while
mARRA05 LuRGH HS2A0540A8RIRactbeact Of . As fresh
catal yst equilibrates within an FCCU, it is exposed to
[0038%1i ous Tdemaifestorfsthe quesenhsatelyst deppesitioroandprocess of using the
edst o ' S u duri that .react.jon.
salg RSO TSR SRR SoRisRE ML e 1 Sing il tiophene
sulestitited bt unisubAinaty,stenzothjophens) taad théit dbrilaweb $f @e light products

metal contam nants, exhibit sonewhat | ower acti vi t(}/o,
(e-Baliesq RibF gaspling Fasticathgringsnbailing peint pup knatone430°F or 220°C)

; ) ; arti than .
RIS 001l L PSR g i
frastiwisl pradoekd bgfconhentioagh FCIbpiosessCddpahdsstn filicosnlfureontent of the

regenerators and _replace jt with fresh catalyst to
fe At §| SU%)?F&)’[CC? to FC%pprocessfng. asoline 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 50 ppm by weight and usually over 300 ppm by
weight. When the end point of the cut is greater than 200°C, the sulfur content can be
over 1000 ppm by weight. Removal of the sulfur contaminants is beneficially
accomplished when using the FCC catalyst composition of the present invention. The

degree of reduction readily achieved depends on the amount of Lewis Acid component in
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quality (e.g., its activity and netal content) of the

circulating catalyst inventory. Wien using the
w@e@beresesl enbodi ment of this invention at thiBCEUSZHE5/008890

of the FCC process, the operator can add nmuch nore

sul fur reduction conponent w thout significant

detrjnment to,  ,the activity, of thelnventorg yet ) )
t %eﬁatv\?%cqmwéﬁw%um FopRRfiasdiaving ameunys ebpbowt 10% Lewis Acid,
tihe r 7
o S e R BEE P TR Byt Vo PO RS to produc
obltmnd:dsw1th/f¢eneerrtlcmb.bFC€acalalyn11 thet e natlevas Acidigentdining component.

In, bouiqng%og}rtggntg,? ] 89 %glg gta%?eggbgpc %v%ﬁggt %grc%}lt As shown in
r
O L A8 < ISR e
abown®(% iLemss Ased torponent tmore edrimenly. achimye BOEduztoal qfsaat least about
nvent rculated th he unit

(] ugh
40clsiep aiesh R ideon et fotoBonki | BE itk o skl Gered 10
inG4ganit TEAN 8h@ kéloskedtts h§drogBh BEIANL] Mhis MeteBAldanl B febdNly recovered
catalyst in the reactor. [:0058] The effect of the
in ﬁh@@"@ﬁtlerc%ﬁ & MVCQBW%@I Y m@eq@mcé@g indreapeiligad hE increased
a% \%\A«,gct%&g t:%éeef rsﬁg ? al’ nor e&glge%fcgllly %e{rlmen?al when
taldﬁ§ ullnw chtiﬁﬁératlbﬁnﬂ@t apRRed e reduioed tsutfur hkdny light €Bydrocarbon
of the light products_ (e.g. those of the gasoline
Produsts f%me& av gy sefwoievgtignoesrfermgncq, gescyb @bﬁvm@dras& on tests
coﬁ&?c@d 1n2a§5n%{613§rg gﬁﬂggﬁ% ﬁg ﬁggluump} g?éé’%é% a?%gﬂ rﬂ% - aCatmples below.
[0g59duced The EQQYpriceanal theGiteseno ¢erstide peodires rgaidm@e that has a
ulfu content of the _feed that is subjected tq FCC

31 FRSUCEh SHIOHE L OEAPBHI e Rlc S8 Soretliva Flieved via
coﬁ@é&ﬁioﬂalk}ﬁb&éﬁﬂlgmhﬁ‘ bed1R8 QétQE/s P%xﬁcge\%\’i’xhqg?héc%gggécﬁlapachleved with

general ,” the sul fur content
pr@aaddrtwes thet haye aekutivelp }pgimsbdaumelegrbls ariddeeslydiid Fxauples below

shijpdn et gt Fuetion RECLN Ph AR BERHEN ehbbérighied over longer
peiB80 oP RO Yeogiaddt 1o %%fﬁ‘?})’é@ coﬁfpotsﬂi%n§ Wal/ Hle Fé?aﬁh%g RH Fevels of

i s beneficially acconplished when usingthe
sodizimg Ieggstgrmtmptbgn 101250 byfweighs spdioae nACQOInd'leglyl, the. caiﬁih}est composition

T P T T
strBahs, USREER @R88Rtodt bengidded! (WS b réi)@ﬂﬁg’?ahg/l &R ofie aforementloned

corrp05|t| ons havi ng anmounts of about 10% Lewi s Acid
catalyst gempesitiens. 4p) edding tegomposiiondpdhe Fﬂ@wveucgmyst inventory, (c)

intp@cfu%g%t th@"]ﬁ()e (f ‘{jlf ! Pea ?&41 of Hlt @8% Xi" amounts sufficient to

conv 1onal as no ew's
cofwdrtl hydmb@bbn I”fgedstlmkoﬁﬁéﬁng the reaction zone, and (d) routing the catalyst

inventory to the FCCU’s regeneration stage to remove hydrocarbon deposits from the

inventory, e.g., coke. The solids in step (d) are then oxidatively regenerated to produce
hot, regenerated catalyst which is returned to the catalytic cracking zone in proportion to
maintain the equilibrium conditions.

[0060] For the purposes herein, and/or the Examples below, and unless otherwise

stated, the terms below have the definitions indicated.
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In other enbodi nents, sulfur reduction can be at | east

20 wei ght percent. As shown in the Exanples |ater
whedosmgoserbodi nents containing a Lewi s Acid copP@DOS2005/008890

conprising about 50% Lewi s Acid conmponent nore

comonl y achieve a reduction of at |east about 40

I.ght perc of o ano-sul fur, conponents. The sul fur
l‘%ﬂ gener al FF‘?F nygocatplyel i§ £ataly s siompesiione pe ssayfactured

an@Soldydr ogen sul fi de This material can be readily
recovered in the manner as is conventional for FCC
(0§62 c essesEquilibriuncr Suide cbrddkay ahtalystrisatied 1n\1ey1td>|r32) g€h circulating

ca’élyygﬁ éﬂﬁ@é?ﬁ@x grB%/qn: ,Sbfg oi.lllncljt\e,\ﬁg(%d 1tf ézlpat Iﬁ%ﬁ#@f{] @ steady state within the
en¢ROFhERTAhOPCAIE 'PIRAIPHEEmM éa%j&kﬁed' ﬁ_éﬂtfdéfalﬁ?n&ﬁﬁttaken from an

I i ght hydrocarbon products forned he sul
FC‘rCedlmi),l and regeheratrsineatal ek cicatabyst éﬁtwug the tegemulatoom unit) shall be
d (i égcl[uctedinaDavison Crculating R ser unit,
ef”@? PEHEEE Y ater in the Exanpl es bel ow. [0059] The

[0063F pr ocessmolhtel BqUIREERAY fefYend ifRind @f&ﬁﬂffgeéatﬂ%toﬂhhﬂ fas been
that has a substantially reduced anount o

stegrgfagnsedinf the laboratenytto shranlatoamequilibrwhiceacking/¢agalyst of an FCCU.

0 n t.h. zeol i atal ysts,
O R LR T iy Gy RSRRL R M B Ba e SRR T gam s
cataf}&t ah8508°F €8 15°Cy @dryt llilb@ﬂs §1dei bR hev®bBerel0TheReh. Bhiéh treatment
npl es_bel ow  show that the sul fur reduction

Slra%lﬁ‘iewmlxﬁ dearéivatinrethet on sebvianiallidhetsamgeas beepef an equilibrium
ca‘éagﬂgﬁ{ a E%rﬁrﬁ §ncgf1t ﬁe{sqﬁa 1?&\;&22}3&8%1 %ﬁwﬁﬁ env1ro S Sﬁ]a FCCU.

nposi |ons avingre eve
Amﬂg:r deggréwttion proesdute ?s%dauemmt(cml Piopy e ostéhn{»gﬂe;actwauon
of this invention provides

WG U ReNRee G AR 4t g s e b1 gisors foadditin togks steaming
deé@%ﬁ@@ eff@étr(géér%ném%{ Qi‘ n§1@8 §B°cﬁé% fu'nf‘ %?rlésa)No 634, Page

preparing any one of orenent cata
17¢d8p @92 ons, (b) add| ng t he conp03|t| on to the FCCU s

al yst . nv ntor intr, ng, t he |nven ry )
OFH 5 Y he KRR Siverhe) gt SEaohih et At a simulated
eq@%ﬁuﬁﬂ At i B m&ONLE a&c&nﬁfg% Aot Iﬁe%ia%ho&%f té%f‘(@STN}IgS 154). In
the reaction zone, and (d) routing the cata

pattwubmlmsynmuneﬁ &t Ectulyst foegbweight ratio oftiayith acbyplexmgaeoﬂ feed by

drocar bon deposi.ts fromth
eéce gae Fonversion 8£B?aa§f }ergéo‘fﬁ%%?{l %ﬁﬁ?sg%% é & ‘@e%etcentage of product
foedefienhal eslt bo feeaadticwhelih préREE REERKahICRIRLY Slaterial having a
which is returned to the catalé/l;l c cracking zone in

bopingmeintias wpite 430nki @2 BCn) dhad 190G minus the peicenteges conversion of
%Qﬁﬁf&dfg& gg) G ?ﬁ?&ehl rein, and/or the Exanples
(0]

ess erw se st ated, the terns bel ow
[0065Ye t he leeffoﬂb\t/ing&s(aﬂn@ﬂes?aﬂeegiven 1§ NOsEZADR/ H3P8s28 only and are

nof r%génﬁg (e) 2/11(1)191%%?)8 on the claims appended hereto. All parts and percentages are
by weight unless otherwise indicated.

[0066] Further, any range of numbers recited in the present specification or
claims, such as that representing a particular set of properties, units of measure,
conditions physical states or percentages, is intended to literally incorporate expressly
herein by reference or otherwise, any number falling within such range, including any

subset of numbers within any range so recited.
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[0061] "Fresh"™ fluid cracking catalyst is catalyst

conposition, as manufactured and sold. [0062]
wO Bigaiodasks i unt' fl uid cracking catal yst i s the PCWESL005/§08890

of circulating catalyst conposition in an FCC unit

once it has reached a steady state within the

envi ronnent of the FCCU. "Equilibriumcatalyst",

"spent catalyst" (that taken froman FCC unit); and

“regenerated catalyst" (cgi $¢1! eaving the

regeneration unit) shall d equival ent. [0063]

Effecinof Soditinfopu Performamée ofdi.ews A dd{Based Gasaliké Salfur Reduction

catal yst that has been s m.treated in the

| aboratory to sinulate an‘&éaéﬁ%ri um cr acki ng

al yst NN . g cRIUAHEN 010

O T R arul b0 St TEghf OIS SOmpoB 8020 01%) was
mattyl pgtregiatind ARE n{tBt6Jlution od alHowrSa,inglemimiigase and followed by

at nosphere of steam Such treatnment sinulates
OVE%@BW%?HC’O@E‘@P@%%%OBW #/29°G-s substantially the same

t hat ui kabri t;al Ny |t e
[O?t?s]has rgilc (ledqg'sltlgé(??/lsg%nf?% 1\%\“ |ﬁh{f’ﬁ%ng1ﬁ%gi ‘&giﬁso'%aNa"‘C%
digselved in ArTgtdeeionidedivhiey atd follprated oven diyirgpdddechl&ing 2 hours at
cyclic propyl ene stean) deactivation which uses

65ér pyl ene and air to sinulate the REDOX process in

ition t ' tAl is t

086 can EREA IS ETPTBan R NAL 1B ERLRA hiFIEIGE NexCO,
difBalyed il 38 7g8dofize&depter poDA]oWed v ven dryimpearsl @afcining 2 hours at

ctivity" of a fluid cracking catalyst at a simnulated
65@(§Ii libriumstate is as neasured according to ASTM

Y@ oact i m ) i cyl L 1e800m w:
[Oér?e(gsur ed Ag!tl tt%e Elgté %Isy‘ﬁﬁ%\ﬂggé% V‘v’\?erlgg ki a%téld(; Ho}?‘guis v%tttllﬁ)g F with
100Ypsteamh. gas oil feed by the percentage conversion of

vy hydrocarbon feedstock (i .e. _t per cent age, of )
0Bt T AT onas et b iBE IR GG peq Rhemical analysis
R R Ehed DyCk @oapdd PR da Ry 8L, | findari) iskd
Wpoﬁt o? ug to XSQF (Pyga[ZSlC)) d?v%’d%%n by %é(gig)to?nNrI]%)g SH%lggrdS' The
regydis o€ Hhedlpse sunples siedistedfin TableehbgloWeedst ock, as
defined in Table 14. [0065] The foll ow ng exanples are
given for illustrative purposes only and are not

meant to be a limtation paBhE 1cl ai s appended
hereto. Al parts and percentages ar by wei ght

r A"~ ~1 —

| otherwse Tndjgated 00661 —fgrther;——Tany rat
S%Mﬁ%ﬁb X L L of

ers recjted inthe priesent specificatfion or
Naj@i(¥by weight) as t hato.glepr esenting @.pgarticuliar set 0ah

. ts of neasurel, conditions physical
Z§9&(%§>’Wﬁl‘359r centage®6 is intended 96 literdily 108

ShIFEE R A X P eSS 103 98 100
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herein by reference or otherw se, any nunber falling

W thin such range, including any subset of nunbers
wowakiosnsany range so recited. -19 WO 2005/ 0905P3r1/US2005/008890

PCT/ US2005/ 008890 Exanple 1 Effect of Sodi um on

Performance of Lewi s Acid-Based Gasoline Sul fur

Reduction Additives. [0067] Sanple 1A: A | ow Na20

Lewi s Acid conponent (Na20-0.01% was nade by

hAr egnat
[ngﬂjm o bllgg%segllrl] E}&ft 'ﬁ} ?iiage %l?llé;ltdh(? p2% rc@}’][larﬁgv ilar for the three
samplesi Howev2r, hmmzﬁhoﬁﬁﬂﬁncﬂe@MﬁOﬁMI% dehe k4éaplef1A to 0.16%

| [ d h
of e SauleqlE o (L RO Lo FEBelc ke o (e oI mBge analyzed by
py%xgﬁn%flz( %t%‘?ﬁsll%'ﬁ%c? ﬁisglbngg'trg GreiRQMSadh F 1%§Q Cfd %tﬁ% E&h that with the

e 1A was 1 npre
in@ﬁM@oM@ﬂﬁoncdmsa@Inyﬁﬂ strong Lé’glsdpeakc(rl b2aunvdverthameak Lewis

Agdoe ey R dabredih I i b gy & ™

[ogrscti vat £l HreB Gdhipiat Wér'éolggnd@dt Qlthlg}p Oéqﬁf‘h%ﬁmn [z&ﬁ&é-—l:ontammg

The surface area was neasured met hod and

Ca@ﬂﬁ@m (Eedt) dibhiaty 6% lexels apd af thred%@yvﬂyo ifefsi@ UMAT) psteas wanducted

S to .NI Th r es

g8 Hopip@as BT B0y sl Sh T ) Cgpigh 25ttt aving o
unftABl Eizk @QWBbEarldAth& Ecﬂtt@onﬁs!@gi@oﬁ by swluﬁm&nt@}t QﬁOQﬁ@ The feed

0.32 2ZnO (% by wei ght 6 10.8 Surface Area (m
proRpytissome ghosegipted @@ 2‘0951@@9523 P/ edogs ofdasomcked feed,

0@

sucfglgcg ?dst tl% Jfr}% @gﬁﬂﬁe aﬂ&%ulﬂ}erﬁ&wﬁﬁﬁ‘?&ﬁ{sgaﬁgp é)s&%]yéjgwlég\%arr? shown in
Tdblee2 DEI3® andiigize 2i ncr eased from 0. 01% of the sanple I A

to 0.16%
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of the sanple

I B and 0. 32

% of the sanple 1C. The

three sanples were anal yzed by pyridine-IR analysis.

wab@shsspectra are illustrated in Figure 1.

that with the

strong Lew s peak (1625cm 1) vs.

peak (1619cm1
0. 43.
equi libriumze

[0073] All

i ncreasi ng
rati o decr

)

olite-conta

| PCT/BSHOEH008890
of Na20 concentration, the

the weak Lewis Acid
eased from 1.26, 0.63 and

three sanples were bl ended with an

i

catal yst (Ecat) 1D at

15% | evel and a M cro-Act ests ( MAT) vver_e

LUII‘LIIUL::fu* l II Iui:.)u g?(llt‘]:bn_’ZIﬂ %}aéaﬂy@jI WAl wdzkill ’! cé?j :[| (:Latalyst IC
Catalystdo QHl” E%“’SO and 2% Ecdt cotfBsi tijon hasl’a sodi um 3.12

content of O. 27% The feed propertigs are those
CRANCHER For—FegdAtnTable— 14 —Thepreducts—ot—ihe

Ked feed, | sul fur contlent in the |gasoline and

PR@EM(U reductijon results dt 70% conversion are shown
CONTENE (WA o)l ow and Figiyre 2 -21 WD 2005/ 090523
Hydpogemus2005/ 008890 OTBBLE 4 Eca®.02D Cdt al yH04 A 0.06
TotCdtt@Ryst 1B Cdtal ydt621C (Catal 88 to (G| Raid o 2|87 1.56
Totd . 3. 17 3.127 CRAGKED PRODUG % CONTENT 5(9M. %9 5.89
Totat\gsogen 0. 05 0. 09191@6 U.JU6 11q CIHCZ 11Pge1.5¢ 1. 97 79
Gasghimt  TOUaL OIS - FFop T2 5 805989 [Tor s befS 1T 194768
LCGL 05 H1700 128 ahRso e g e [ e hbe g 4l oa 24.45
Bottpmso “ggULkeL;' dg mé}sﬁ@ 82 |2_sdf5easall NE 4R 4.73
CokeONTENT (PPM._|Thi ogi¥ne 49 32 %8642 2.82 2.69
GASOLINE SULFUR
CONTENT (PPM)
Thiophene 49 32 35 42
Methyl Thiophenes 118 60 79 105
TetrahydroThiophene 21 1 4 13
C2-Thiophenes 125 54 79 112
Thiophenol 32 43 30 28
C3-Thiophenes 65 35 49 62
Methyl Thiophenol 84 104 81 81
C4-Thiophenes 90 81 84 89
BenzoThiophene 353 331 349 347
Light Cut Sulfur 317 147 199 276
Heavy Cut Sulfur 155 117 133 150
Cut Gasoline Sulfur 474 265 333 427
Total Sulfur 843 605 697 786
SULFUR REDUCTION, %
Light Cut Sulfur 54 37 13
Heavy Cut Sulfur 24 14 3
Cut Gasoline Sulfur 44 30 10
Total Sulfur 28 17 7
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Met hyl Thi ophenes 118 60 79 105 TetrahydroThi ophene 21
1 4 13 C2-Thi ophenes 125 54 79 112 Thi ophenol 32 43
W@ R0028905¢8- Thi ophenes 65 35 49 62 Met hyl Thi opPernuk20821008890
104 81 81 CA4-Thiophenes 90 81 84 89 BenzoThi ophene
353 331 349 347 Light Cut Sulfur 317 147 199 276
Heavy Cut Sul fur 155 117 133 150 Cut Gasoline Sul fur
474 265 333 427 Total Sulfur 843 605 697 786 SULFUR
OB 7 Zarng kol sl et pal afely7 P kn Kbiliont 6890 gas
chBuhdtograpB with 7an -a@ivenAeG&i CRESRE GCIIWSASAUTHOCBBHNED) using

R e RS- SehL CBRES s anpyzed o
Sulfi EDhiPouled AT Gt B{ AHD-W sty MR FUSENSE Catalyst Type and

t echni qéjes simlar to those described in Albro et al.,

Catgytaet | Ganditians Degrer itk | Bistabutiosll) f Jeur@dnpefinddighn Resolution

C@%a@?&%g&%g% i EHD@E%% g;@f rgh&%u%p%ﬁ%en%fl ecr:f?lotrs{fl |i1¥ %ltw sulfur

cobteiiratibhl tabdBiatedJ @il Aattusionkiis @iﬁﬁﬁ@élﬂ&ﬁt?ﬂ)im of gasoline, the sulfur
Chr omat ogr aphy, . Vol . 16, January 1993. To reduce

SPesipreTangingt fem dhiophaneite, @ﬁbiommmin_ sysemide kexchiding benzothiophene
ang?h? a'r%%ﬁﬂlg\”\g %ﬁeecflésstj%té?&daggﬁed anij{h%:]%l!‘nln%% rge(zr;friﬁ%éjc{ ad oéuqtgasoline

solin eéciés ra

sulftio {ﬂiﬁ)ﬁllerl%csu@ﬂlr Eﬂbg@ﬁ i’eﬁaﬁﬁlgl fgorﬁlyllﬁﬁphﬁgxe td @zqhmiihe@e was defined as
«.0enzot hi gpheng,  an i gher .boiling speci es) were )
haﬁfawt pralthe gHHUR e SHNRecienBGE i etthioghspt fne4-thiophene

S . i i ) i . () 1
s b TR, YL SR AU 0 s o,
is rpdisrodd toeasS'tdtdligatolaedulfwl’f ur  speci es ranging from
[Oﬁ%]t hi Ophﬁ{]eec&togaso i_ntehslquBrh?ergi%ction decreased from 44% to 30% and 10%
when Na,O in the Lewis Acid component increased from 0.01% to 0.16% and 0.32%.

Example 2
Effect of SiO; on Performance of Gasoline Sulfur Reduction Additive.

[0076] Sample 2A: A low Na Lewis Acid component (Na~0.01%) was made by

impregnating zinc nitrate solution on a low NayO alumina base and followed by oven

drying and calcining 2 hours at 650°C. The alumina base is essentially free of SiO, i.e.,

less than 0.4% by weight.

[0077] Sample 2B: 40g of Sample 2A was impregnated with 2.89g Si(OC,H;5)4
dissolved in ethanol and followed by oven drying and calcining 2 hours at 650°C.

[0078] Sample 2C: 40g of Sample 2A was impregnated with 5.79g Si(OC,Hs)4
dissolved in ethanol and followed by oven drying and calcining 2 hours at 650°C.

[0079] Sample 2D: 40g of Sample 2A was impregnated with 11.57g Si(OC,;Hs)4
dissolved in ethanol and followed by oven drying and calcining 2 hours at 650°C.

[0080] All four samples above were deactivated 4 hours at 1500°F with 100%
steam.
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as "heavy cut gasoline sulfur". Wen benzot hi ophene is

included in the sulfur report, it is referred to as
wO r@saosgasol i ne sul fur”. [0075] The cut gasol PEEUS2005/008890

sul fur reduction decreased from44%to 30% and 10%

when Na20 in the Lewis Acid conponent i ncreased from

01%to 16% and 2% nple 2 Effect of Si02 on

lﬂﬂgﬂrf or na“ﬁlaf‘ep%xswcéé@ag Cglsn@al RIPDRE8Y OF (b TagrgsanmRes are listed in
Taﬂ@@gg%“Sanple 2A: A low Na Lewis Acid conponent

Na-0.01 % was nade by inpregnating zinc nitrate
solutlon on a | ow Na20 al um na base and fol | owed by
oven drying and calcining 2 hours at 650C. The
alum na base is essentially free of Si02, i.e., |less
than 0.4% by wei ght. [O00fAhgPaiw! e 2B: 40g of Sanple
2A was inpregnated with 2.89g S (0OC2H5)4 dissolved in
et hanol and followed by oven drying and cal cining 2
Soupke at 650C. [ 0078]| SaBpl e 2C. 421 of | Sap@l e |2A waB
No @gnated with 5. 799 9).00C2Hb) 40.0di ssplveel 11 0.01

S%U}%% b9MRfe%h¢tm7m By qyen dryl ng and| calgining 2

f\IIIF(" Caml o ') Na-of Saml e 2A \vl_\vas

P (Z’énm‘ priZ W ft\ 11 HIH(> R)JTY)dL q:nl]\}r’ in 11.0
SYTEBCA drea /8ol | owed bv d%en dfvi n87 and| caB8i nilng 289
hours at 650C. [0080] Al four sanples above were
deactivated 4 hours at 1500F with 100% steam -23 WO
2005/ 090523 PCT/ US2005/ 008890 [0081] The physical and

[00g3]em cal 1t Ry eRarthitase @ﬁrﬁd@%ﬁeﬁyrarﬁaﬂm%n&h@s érle %ﬁlﬁﬂiar' f3r the four
Tabl e 3 bel ow. TABLE 3 Sanple '2A 2B 2C 2D (%

sampley1 Howaveo tha S(Dzocxmte@t mrms%iﬁyom mpoeigifatin @ample22A4 t(82% of the

sl o8 stnpl 4% W ded b P, B0, WA wl diyed by

pyridife-Boah&Ndis ae B Bpdeah akdrplbhed i@ Wigurs BPIEK seen that with the
Hovvever the Si02 content increased from aboyt 0%in
increggng 8 f 8101 gonmeptEAtionn the strong Lewis peak (1625cm™) vs. the weak Lewis

Acid peak (1619c¢m™) ratio decreased from 1.79, 0.93, 0.66 and 0.35.

[0083] All four samples were blended with the equilibrium zeolite-containing

catalyst 1D at 15% level and tested in MLAT against the equilibrium catalyst 1D only
using the same feed as the Example 1. "The components of the cracked feed, sulfur
content in the gasoline and sulfur reduction results at 65% conversion are shown in Table

4 below and Figure 4.
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sanmpl e 2B, 4% of sanple 2C, and 8% of sanple 2D. The
four sanples were analyzed by pyridine-IR analysis.

wab@shRsspectra are plotted in Figure 3.
i ncreasing of Si02 concentration,
strong Lew s peak (1625cm ) vs.
rati o decreased from1.79, 0.93, 0.66
four sanples were bl ended with

catal yst 1D at 15%

that with the

peak (1619cm 1)

and 0.35. [0083] All

the equilibrium zeolite-$Rafa i Ng

It

the weak Lew s

t he
Aci d

i SPGBER/005/008890

level and tested in MAT against the equilibrium

catal yst 1D only__usi ng|Eda¢ 1BEaintlys@A Gataly st BiSealpst@ CiCatalyst 2D
Catalyst to Qil Riti@ conponents of the Tithcked3iged,| sBRéur| cagbent 3.31

in the gasoline and sul fur reduction fesults at 65%
CRACKEDPRODECDCGNEENTQWT.%4) Tabl el 4 bel oW and Fi gure 4.
Hydrogen -24 WO 2005/ 090523 PCT7 S‘@?@Lpb 00ggP0 [ TAPLE 4 EHC@_()6J.L) 0.07
Tot C1+C2 Catat ST ZA Caralyst 2B Gaarysty 4 Catal yst 2D 5y 106
Total C3s 0 o oREPUCT—CONTRNT Lo, 15 #9260 5 SWop St 424 1~ 436
Lotal Gy 67— Fot—C+E2 1S 25 S0da 1 o598 ap Seboy T 8.07
Gasoline eos 4 08 405 4 214 238857 "HTH b A7005cTg 457 | 46.80
LCO___ g9 g 96 8.97 Gasoline2i8lgg #8543 k7 2806 g 2848 g 28.43
Bottoms | ~y 23 29 28 54 23 80 2138 BE 23 43858 Bof t o985 B2 K5kg 5.62
Coke 5 48 5 51 5 62 Coke 2 9@2.¥ 12 33.4% 3/0738701| 3.07 3.01
| GASQLINE SULFUR CONTENT| (PPM| Thi ophene 33 23|25 26 29
GASOLINKESULHUR CONEENE (BBMA1 54 62 [70  Tetr ahydr oTh| ophene
Thiophene 22 1 6 11 14 C2-Thio hen83132 4@371 91 131 26 29
MethylThioplenephenol 12 18 12 13 [1385C3- Thidophenes &4 24 34247 70
Tetrahydro Phophene 22 1 6 11 14
C2-Thiophenes 132 40 71 91 101
Thiophenol 12 18 12 13 13
C3-Thiophenes 54 24 37 47 48
MethylThiophenol 38 48 37 38 41
C4-Thiophenes 43 38 34 43 44
BenzoThiophene 251 239 246 229 258
Light Cut Sulfur 275 107 158 192 216
Heavy Cut Sulfur 97 63 71 89 92
Cut Gasoline Sulfur 374 170 230 285 310
Total Sulfur 635 423 488 530 580
SULFUR REDUCTION, %
Light Cut Sulfur 61 43 30 21
Heavy Cut Sulfur 35 26 7 5
Cut Gasoline Sulfur 54 38 24 17
Total Sulfur 33 23 17 9
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Met hyl Thi ophenol 38 48 37 38 41 C4-Thi ophenes 43 38
34 43 44 BenzoThi ophene 251 239 246 229 258 Light
w@i0sBuistur 275 107 158 192 216 Heavy Cut Sul PCr/US2008@8890
71 89 92 Cut Gasoline Sul fur 374 170 230 285 310
Total Sul fur 635 423 488 530 580 SULFUR REDUCTI ON, %
Light Cut Sulfur 61 43 30 21 Heavy Cut Sulfur 35 26 7
5 Cut Gasoline Sulfur 54 38 24 17 Total Sulfur 33 23
9 -2 oy T
O ol e LT et A et aced o Babat 4 2P, and
1738 9ehe B4, ammteasdd Foowh 6% ©i D%, Hcaeh8%yl afthauphO¥ad seeA%hat Na,O
f40/ and 8% althou i t..l.s seen that Na20 affects
a@ﬁﬁsfsﬂ f%l‘rh@&(’fﬁdﬁo @3 Ran Si02. Exanple 3 Effect of
Na and Si 02 Transferred From FCC Catal yst In a FCC
Unit. [0085] A 50 parts batch of highly active
zeol i te-contai ni ng cat al yExampleld e 3A was prepared by

g:}lglﬂg ?55& par;tégé ler.aS Egaréi on ﬁégg r}a! b@él SEEﬁ Unit.

[om%t S on &ij0i gatsbditH BALRAS wti@fzeaﬁélés}{taﬁﬁ@g ichigly?$ample 3A
Na20 and 8. 5% RE203- US\QDﬁ and 66.38 parts of H20. The
wagiprenared huadding Pe§ narts 412 apms on fluminagbasisy of elupdna ¢hdnehydrol

P8 839 SRURIQT iy D SBIANAEH FERLIRS B o

Cl ne

and 68l 396 IR0 IS ENinde6 6381 partsToH )@ s Teelmiata) wad miled id a Drais mill
Na20 content, of 0.69%_ .[0086] The highly active
to yedyce pattichntizs Anheprandeed; s dhagpray grie pradagis vascelgined and then

wa%?é?i&{;}ggtanﬁﬁnﬁ@ﬁvﬁ%é%%r solaio%%%gm%@gzé%av arpd WERAS otﬁaﬁw had a

using a ratory simula deactiva
NapOabateat ofIP@P%cycl i ¢ propyl ene steam ng) w thout

100 St s RieBBndiomeai Coaingaslggr 38 A e Lewis Acid
component 2A above were steamed deactivated separately at 1470°F using a laboratory
simulated deactivation protocol CPS (cyclic propylene steaming) without metals. A
50:50 blend of catalyst 3A and component 2A was tested in a Davison Circulating Riser
(DCR) pilot plant against a base catalyst 3B commercially available from W.R. Grace &
Co.-Conn. The operation and description of the DCR has been published in the following
papers: G. W. Young, G. D. Weatherbee, and S. W. Davey, “Simulating Commercial
FCCU Yields With The Davison Circulating Riser (DCR) Pilot Plant Unit,” National
Petroleum Refiners Association (NPRA) Paper AMS88-52; G. W. Young, “Realistic
Assessment of FCC Catalyst Performance in the Laboratory,” in Fluid Catalytic
Cracking: Science and Technology, J. S. Magee and M. M. Mitchell, Jr. Eds. Studies in
Surface Science and Catalysis Volume 76, p. 257, Elsevier Science Publishers B.V.,
Amsterdam 1993, ISBN 0-444-89037-8.

[0087] The feed properties are those of Feed B listed in Table 14. The physical
and chemical properties of the fresh and steamed catalyst 3A and component 2A, as well

as the base catalyst 3B are listed in Table 5.
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(DCR) pilot plant against a base catal yst 3B
comercially available fromWR Gace & Co.-Conn.
wab@sopesent i on and description of the DCR has PEENS2005/008890
published in the followng papers: G W Young, G D
Weat herbee, and S. W Davey, "Sinulating Conmerci al
FCCU Yields Wth The Davi ion I%rcul ating R ser (DCR)
Pilot Plant Unit," NationdABIdefrol eum Refiners
Asdociation ( NPRA) Paper AMB8-52; G W~ Young,
"Rgalistic Assessnent] @italyst3 nipénen€2AQr CrfalSt BB
thg Laboratory,™ in Fluid Catalyffirc Cracking: Science
andAL&siwitd ogy, J. S. |Magd@.3and M MS88Ml t chel |, 537
Edg. Studies in Surface Sciencel and Catal ysis Vol une
76,512 W87, El sevier $cied®d Published§ B. V|, 381
Angt erdam 1993, | SBN (- 444-89037-8. [0087] The feed
pradpeaQsiv¥& are those of EO4 B 1li st e®.Qln Tapl e 243 The

physi cal —~and chem cal| properties of the fresh an
st GM‘_"QM_)L&I_&A_&A_;@:@;J;&M 200055 yell] i@dq he
(ﬁatg}yst 3B are ||i n Tablelg -26 |\WO

89 DT/ LIS2NNE TARI E
J T o1 O U U

TOIL L == mmy =

Q
Catlobysh 1#E Kg Mot 88.4 55.7 S O2 Wt %49.8

NCZUO YW 70 U U1l Z. 53 aZC ‘\Nt n//U 0 UI U. UL
0. 29urfdO Mba W70 11.0 4 CP953470H No Metals $urf ags

Ar e TRy —200 87 VBA TR g—57 76
Unilzs Leh¥/g Si ze 24.33 [[0088)ppThe Na20 contenf in gewi s
Aci[d conponent ZA 1S (.02% whiljle the NaZO [cCOontent in
them%g?@e-cont aining catslyst BAis 0.69% The7¢MNa20
corftent for the blend| (50:50) of 3A and 2C|was 0. 36%
ThdUsit Gl Sies conduct ed c¥h33 nudusly for 7 days to

| ook for the deactivation of the Lewis Acid conponent.
Each day, a sanple was taken

ted 0
nega VO _Carvmonant. 2 A
y U O A2 AT ’JUIIUIII. [=1AA)

NPT
ANO®
Dw g D
OO O —

[0088] The Na,O content in Lewis Acid component 2A is 0.02%, while the Na,O
content in the zeolite-containing catalyst 3A is 0.69%. The NayO content for the blend
(50:50) of 3A and 2C was 0.36%. The study was conducted continuously for 7 days to
look for the deactivation of the Lewis Acid component. Each day, a sample was taken
and analyzed for yields and gasoline sulfur concentration. The components of the
cracked feed, sulfur content in the gasoline and sulfur reduction results at 69%

conversion are listed in Table 6 below and shown in Figure 5.
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and anal yzed for yields and gasoline sulfur

concentration. The conponents of the cracked feed,
waioseosednt ent in the gasoline and sul fur redPCTt/U82005/008890

results at 69% conversion are listed in Table 6 bel ow

and shown in Figure 5. -27 W 2005/ 090523

PCT/ US2005/ 008890 TABLE ﬁ,@ |lys Day | Day 2 Day 3

Day 4 Day 5 Day 6 Day 7 CKED PRODUCTS

CONTENT (W% [ 3 4 &

8 51 8 81 HQZ &H% D AR PRI, 8%8 Day 7
C". OG-05 + \,L st 18918517+ 1+FH9 1. G( 638
PRODL §3 Total C3 (wt % 4.187 4.149 4. 42 4.4[)456437

. 6  Totlal C4 (W% 9./19 8./42 8.5%5 8.6[f 8.93{8.69
CONFENT KW T%)dal i ne lwt % 50 34 49 52 30 13 50_46 %0 22
Adgitys 51.20 51. 685 11CB .M % 842038289, 939.95. p68.93. 31B.51 | 8.81
H23igdé va% 41 23. §10323. 430 Bo.18ns 0vit3% 60.99 B. 0868, @06 | 0.05
CIr+@2'siwifd 7.59 71.899 |7.1%85 |[Coke \wW%02.5266. P31.83 7% 13644 1.63
Total 3 wi%hl 2. 98 4.897 | Wy Vi gud [041p §. 2960 T¥39. W36 | 436

Tl Rk 0 15 9159 Jﬂiu‘i&.“?ﬁq”?'ﬂ‘? SONTENE b PP 55 | 8.6
GasgligoWey 5 2+ 1 13p 34 [0 57180 17 Sipag M0 NG T e 301 51.04
LGOI ot i dotdbPRd 2930 229047258l £2396 E@3. i 234172345
BoflomeshiChol 7 4 6.9 7 80 6 808- Ai6dphehdd 35758 59-59| 7.55
Cog et 34 34 2.52 423 | 375 | 3.44 | 3.35 3.11 1298 | 3.07
H2S Yield 0.15 019 [0.19] 020 | 0.19 | 0.19 | 0.18 | 0.19
GASOLINE
SULFUR
CONTENT (PPM)

Thiophenes 21 15 16 16 17 18 17 18
Methylthiophenes 52 37 38 40 42 41 43 44
Tetrahydrothiophene 7 0 1 2 3 3 4 4
C2-thiophenes 67 40 42 47 48 52 54 59
Thiophenol 7 8 9 8 7 5 6 6
C3-thiophenes 35 25 29 29 28 34 34 34
Methylthiophenol 30 31 34 33 29 25 27 26
C4-thiophenes 37 30 34 33 29 31 34 31
Benzothiophene 65 66 66 68 67 62 63 64
Light Cut Sulfur 146 92 97 105 109 114 118 | 125
Heavy Cut Sulfur 72 55 63 62 57 64 68 65
Cut Gasoline Sulfur 218 147 161 167 167 179 187 | 190
Total Sulfur 283 213 226 | 235 233 241 250 | 255

% SULFUR
REDUCTION
Light Cut Sulfur 37% | 34% | 28% | 25% | 22% | 19% | 15%
Heavy Cut Sulfur 24% | 12% | 14% | 20% 10% | 5% | 10%
Cut Gasoline Sulfur 32% | 26% | 24% | 24% 18% | 14% | 13%
Total Sulfur 25% | 20% | 17% | 18% | 15% | 12% | 10%
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Met hyl t hi ophenol 30 31 34 33 29 25 27 26
C4-t hi ophenes 37 30 34 33 29 31 34 31 Benzot hi ophene
WG 2006809683 68 67 62 63 64 Light Cut Sul fur 146PC@RUS2005/008890
105 109 114 118 125 Heavy Cut Sulfur 72 55 63 62 57
64 68 65 Cut Gasoline Sulfur 218 147 161 167 167 179
[00§?€i7 190 . Total ,Sul fur 283 21311%{216 235 233 241

SULFUR' BESSBRCRREIe ot giiipling fulfanradyptiopyspriorhat (3% fysdgy 1 and
end8d7-9§?.> 199345 % dds‘zaw X%ﬁ‘i‘&tt R bAddr caddt Yorhi el Yo 2034 k0KOMe Tewis
10% Cut Gasoline Sulfur 32% 26% 24% 24% 18% 14% 13%
Acid oomporBunt fnas desty 20d6 Wit the TodbS9ell@adis ¢ - 28 WO

05/ 090523 PCT/ 2005/ 00889 th
1006101y Dians (i Ty, § Sl ST SIS b GlporipRoa fpach day.

For Gét¥h leadiloht SRR tHP [RMWisd A% d @bmPsient m%ﬂsﬂw tz*é@ht@ﬁ:%ﬁtalmng
case This reSult indicates that the Lewi s

eveare \separafed di saak/éleatd&nnaw@onhleasa’d @aydce@ftal densﬂy of the

cracgcg (?attélxgc angqgg(it]em(s ﬁm gct tr@p%nélgcc ﬂ}(l&ea@eparr}%gp Vi ctﬁmé{ucted using
teclﬁlﬁiu’éh yhhilfagae disoRséEW Pallitr @t 60 DSHIC0LaBAsANE]. BBEpp. 217-
eolite-containing catalyst 3A were separated by

235s(1r?|877} | &k Bepqsleim tef @il} dﬂwddC@ngweCéqc&mgd %@@’!Ofpféfmt Eetalyst
tral ¥t c
e B HLD, L2 K AS bk SISl ATBOEN 8 oy
WadHigen,db <t gﬁeld)9bM3F(39m$r ‘Bie elemicAnrbperties af thﬁlc%talyst blends
Vol . 35, pp. 217- 235 (1987), and Beyerlein et al
and peppegteca gy ACiearRPRgty PREcROlisTontaining: eiafyy are listed in
Cccelli, ML., Ed. ACS Synposium Series 452,
Tab@??iﬂggn Cheni cal Soci ety: Washington, D.C, pp.
109- 143 (1991). The chem cal properties of the
catal yst blends and separated Lewi s Acid conponents
and zeolite-containing catalyst are listed in Table 7
bel ow. -29
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OONOV-NNCGC-OSri .1 NOC 40NCCSNO 0 12) u
wWODR0962090523 PCT/ US2005/ 008890 [0091] It i BCHESIV05/008890
that in the 7th day about 0.09% Na20 and about 2.4%

Si02 were transferred to the Lewis Acid conponent
fromthe zeol ite catal yst. Pyri di ne-1 R spectra of the

(008, e PR IREH Bre i o BP0 B b Baithit ot 245 s were
tréd@ﬂifreﬂ&lé\ﬂt}&: E@w@ AedkorfissceeHed the Mltehﬁteﬁyétst’yﬂ@tﬁe-ql% r$pectra of

the seventh day. These results are in agreenent wt
thed 20is A¢idcopperieniscare mottadeinsigpugro. leiduween gt the ratio of strong

L&Vlgp crla §lﬁp‘fs 'tlheetiyleEIF z,%% Qﬁgcg Bgaingmﬁ-r‘aéﬁ({l I%o&?tﬁ%rs% day to the

se@@itﬁ'dﬁ?t SThésatradutts tard th hSRORAENt Wik ARYOPAII! Sid3adredetiM@She sulfur
prepared by addi ng 13043 parts (3000 parts on alum na

regediog)preperties ofi thafvertiasy asipeva in the Exgwoles geands- (9000

parts on silica alum na basis), of RE-USY zeolite (4%

Na20 and 8. 5% RE203) slurry. The mxture was mlled in

a Drais mll to reduce paExapipte 4$i ze and spray dried.

The spray dried product s calcined, and then washed

usi ng anmoni tEdrbow; NaOhAnd Fighly Activefatalystss.  The
Cy%mgg cat al yst has a Na20 content of O 75% Cat al yst

3] A 10000 parts batch was prepared by adding

[0!!%70 par As1 2006 @@rtp detch veas prepaned by abding 51)3041? patttsu(ﬁOﬁO rparts on

chl orohydral .to, 228 7 art SI|I
oI5t ) ﬁgﬂlgsunstl %@%@ﬁrehgg e Qspyrs, 3 silce alumina
ba¥isWIITRE-URS Poxitd (496 NasO Bid 8.6% RE‘ZO?;) slurry. The mixture was milled in

a Drais mill to reduce particle size and spray dried. The spray dried product was calcined

and then washed using ammonium sulfate solution to remove soda. The washed catalyst

has a Na,O content of 0.75%.

Catalyst 4B

[0093] A 10000 parts batch was prepared by adding 10870 parts (2500 parts on
alumina basis) of aluminum chlorohydrol to 22894 parts (7500 parts on silica alumina
basis) of RE-USY (1% Na,O on RE-USY) zeolite slurry. The mixture was milled in a
Drais mill to reduce particle size and spray dried. The spray dried products were then
calcined and then washed using ammonium sulfate solution to remove soda. The washed

catalyst has a Na,O content of 0.19%.

Catalyst 4C
[0094] The catalyst 4B above was dried at 200°C over night and then washed
again using ammonium sulfate solution to remove soda. The final product has a Na,O

content of 0.04%.
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Drais mll to reduce particle size and spray dried.

The spray dried products were then calcined and then
wor@heehsesi ng ammoni um sul fate sol ution to renPUBEUSHOH008890

The washed catalyst has a Na20 content of 0.19%

Catal yst 4C [0094] The catal yst 4B above vvas dried at

over : [ .
P e sanain Sioh s ot pffer AU nb 208 oBHTRR' fEised on
Tablel@2eloweont ent of 0.04% -31 WO 2005/ 090523

PCT/ US2005/ 008890 [ 00951 The physical and chemni cal
properties of the three catalysts are listed on Table
8 bel ow. TABLE 8 Catal yst 4A Catal yst 4B Catal yst 4C
A1203 wt % 40.3 40.9 39.2 Re203 vvt % 6.54 6.14 5.56
Na20wt%075019004 Sm 251309182

SLvF ana Ay [l =AY 7’7 A2 EE 7

VBA_m-Lg 78 90 Cp,qalrysp@ & 7(23{1 §4gq 4 &atyst ¢
[ Wibe ee cat aI yst 4BBends \ere dde by ndl vi Al | y
bl BexRaiit% he zedl it e- 66¥nt ai nilng cétldl yst s| 4A, 4BSand
4(Nafowa%mM th Lew s AOLZD (Zn) |cont &9 ng cpnpone®b4 4D
(psepar’wd accordi ng t @ 3tet hods desgrgded earlieri.gnd
the anal'ysis of which 1S desqribed below jn Table 9)

§

I\

JO(I)

ISTEECL SN & t‘2225?i‘i.afﬁ?s‘meé?i‘f’iaﬁ’gbﬁ‘?..c
scZ Arﬂlé%ntent —t-he 4‘J'fzﬂ:".ds coht 5‘62 rg—4A—A4B; B 3hd
A BE 6506 d 17% Zhd 0. 04% redbectiviely. 48

silHRItGeda8ize depdr at i oXs6%ere donduddY forl al | HE4
bl ends after steani ng to separate out the 4D
conmponent fromthe zeolite-containing catalysts. The
physi cal and chem cal properties of each conponent,

0@961Are Ib: a%feenmmﬂt bIeRIsSveRMBAdS PR amalvidually Blendih R zeolite-
apl e

containing catalysts 4A, 4B and 4C above with Lewis Acid (Zn) containing component

4D (prepared according to methods described earlier and the analysis of which is
described below in Table 9) at a ratio of 85:15. The three catalyst blends were then
steamed 24 hours at 1420°F using 100% steam. The sodium content of the blends
containing 4A, 4B, and 4C were 0.65%, 0.17%, and 0.04%, respectively. Sink/float
separations were conducted for all the blends after steaming to separate out the 4D
component from the zeolite-containing catalysts. The physical and chemical properties
of each component, as well as component 4D steamed separately, are listed on Table 9

below.
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bel ow. -32 WD 2005/ 090523 PCT/ US2005/ 008890 TABLE 9
Base Case Separated Lewis Acid Conponents Conponent
waoshensed 4C/ Si nk Bl end 4B/ Si nk Bl end 4A/ Si nk PC%/B8520R5/008890

15.6 15.0 16.1 Si02 0.52 6.56 6.74 6.67 Na20 0.07

0.04 0.10 0.21 A1203 81.16 83.23 83.92 84.40 ZnO

9.54 6.23 5.79 5.98 Separated Catal yst Conponents

Bl end 4C/ Fl oat Bl end 4B/ Fl oat Bl end 4A/ Fl oat A1203

40. 22 41.48 39.99 Na20 0.7ABLES8 0.68 Re203 5.79

6-05 19  7Zn0-0-65-0.85 0.82 SA 311 255 207 ZSA 252

201 154Basglasey b4 53 [ odeparatebLewis Agid Components;

t her e/Genponent 4BD Blend A Sinker BlendotBiSinknt| 4DBlendhA/Sink
%eSihkt e 4C whi | e| aboutl5:60. 03%Na20 aldd) - 0. 159MNa20 16.1
transferred to the conponent | 4D fromthe
SO9T [ e- conbal Ni Ng 4Beaged 4A | Tespegfj vely. | AT TTggE
1\?aeél e C@[ﬂl yS[ 5 I T @rtﬁﬂ err e aDOLU 1(5) b"Vo Sr02t0o (}2]16

Ahitg SRS o A AN < ) f,“iLt \”ﬁ%@?i'ﬂ;! R IR

T 1T VI G TG T gt LA

Zél:Qlil bri 19:54pmn yst 6!‘23frnm Fynr‘q;ﬁ-zg1 The Pr ndlﬁn?&

of the cracked fned sulfur content in_the lgasoline

and sul fur redugtion resuSepamted/CMakysh Cemsporents e
shown| i n Tabl e 1D Blaeld4CAfehti N Blegd4d8/HoatThe Bléhd 4A/Float

Agepl ne sul fur [educidpons rapge Truoagl8% of the BHend
A% of The bl end $Bg and | 0% of [fie bIrgnd 4A g3

resutrts T cat (37{9lldl the— uvgc(;)s Na 2Ot clllbl %19

+al e /ID aind

T™

Q

d;k%
‘%‘E‘
2wa:na

al-n roacaor

it I,-\.-. Ao o o
Z:ng:u,: } ;nbg::?' \):'D y—of 0?6.5.9 Lew s ,ZC!O"'S cont ai ni-ng 82
SA 311 255 207
ZSA 252 201 154
MSA 59 54 53
[0097] The results suggest that there were no NayO transferred to component 4D

from zeolite 4C while about ~0.03%Na;0 and ~0.15%Na,O transferred to the component
4D from the zeolite-containing 4B and 4A, respectively. All three zeolite catalysts
transferred about 6.6% SiO;, to the component 4D. All three catalyst compositions were
tested in a Micro-Activity Test (MAT) against the equilibrium catalyst 1D from
Example 1. The Products of the cracked feed, sulfur content in the gasoline and sulfur
reduction results at 77% conversion are shown in Table 10 below and in Figure 7. The
cut gasoline sulfur reductions range from 18% of the blend 4C, 14% of the blend 4B, and
0% of the blend 4A. These results indicate that the lower Na,O transfer from the catalyst
4B and 4C help to preserve sulfur reduction activity of the Lewis Acid containing

additive.
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addi ti ve.

-33 WD 2005/ 090523 PCT/ US2005/ 008890 TABLE

10 Ecat 1D Blend 4A Blend 4B Blend 4C Catalyst to Q|
WORAM050932659 4. 63 3.76 3.31 CRACKED PRODUCT COMTENH2005/008890
(WF.% Hydrogen 0.04 0.16 0.18 0.16 Tot Cl+C2 2.09

2.35 2.40 2.25
C4s 11.44 12.18

Tot al
12.30 11.

i ne

52.42 51.76

C3's 5.81 6.21 6.28 5.98 Total

I
49.75 50.38 LCO 19.76 20%@9 19.47 Bottons 3.01

3.31 3 33 3 06 oke 4 71 4 58 5 53 5 73 GASA | NF

SULFUR CONTENT(PPM EcptiBpheneB8d4a 41 Blend#Bh TTHlend 4C
Catelysfdo 88l Ridtior8 71  TeZ.6@hydr pThibfhenel 19 B69 10 3.31

C2- Thi ophenes 75|86 65 60 Thi ophenol {39 33 37 40
CRACKEDHROPY(ZB| 36 22 18 Meth TThio fhenol 86 73[77
CONTEMT TWRphenes 47 52 46 47 BenzoThj ophene 321|401
Hydgeetb8 Al K TBehzoThpgshenes 6% 69 65 64 (higght (Ut ¢ 16
TRt 229 226 1¥0 184 g Heavy L 3pUl TIUT 75 498 ©B[ 07 595
Total C3's 5.81 6.21 6.28 5.98
Total C4s 11.44 12.18 12.30 11.80
Gasoline 52.42 51.76 49.75 50.38
LCO 19.76 20.14 19.19 19.47
Bottoms 3.01 3.31 3.33 3.06
Coke 4.71 4.58 5.53 5.73
GASOLINE SULFUR
CONTENT(PPM)
Thiophene 46 40 41 41
Methyl Thiophenes 86 91 78 71
TetrahydroThiophene 19 11 9 10
C2-Thiophenes 75 86 65 60
Thiophenol 39 33 37 40
C3-Thiophenes 28 36 22 18
MethylThiophenol 86 73 77 84
C4-Thiophenes 47 52 46 47
BenzoThiophene 321 401 398 368
AlkylBenzoThiophenes 69 69 65 64
Light Cut Sulfur 229 228 195 184
Heavy Cut Sulfur 77 88 68 67
Cut Gasoline Sulfur 307 316 265 252
SULFUR REDUCTION, wt. %
Light Cut Sulfur 0 15 20
Heavy Cut Sulfur -14 i1 13
Cut Gasoline Sulfur -3 14 18

The negative values reported in the SULFUR REDUCTION section of Table 10 were

interpolated from data appearing in Figure 7. The negative values in theory indicate that

sulfur content increased by the amount shown and at a conversion rate of 77%. However,

it is not believed that this data reflects a significant increase in sulfur, if indeed it reflects

an actual increase in sulfur at all.
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Cut Gasoline Sul fur 307 316 265 252 SULFUR REDUCTI ON,
w. %Light Cut Sulfur 0 15 20 Heavy Cut Sul fur -14
w(@20038905¢3t Gasol ine Sul fur -3 14 18 The negaPCTES2005/008890
val ues reported in the SULFUR REDUCTI ON secti on of
Table 10 were interpolated fromdata appearing in
Figure 7. The negative values in_theory indicate that
sul fur content increased B¥amMdeS punt shown and at a
conversion r % ZEhR v P el i eved
that this da?g%@ ﬁéglt{%za SI gﬁ??ﬁalcﬂéﬁg b?lrt]dg?getgs%&e in
[0898]f ur, i A RiHEBY, idontapfihgdess thmn adcwtlal Nayit aeds&si RE,0;, was

| f t all. -34 05/,090523 P 2005/ 008890,
expbiai] 9o P oA, ENDRR 14 81\Eoh anH e ARed paringA, areater
thdrP AR o RIEJO.URY 1e G040 D ivitg, N8RS than 1 wt % Na20 and

8% RE203, was exchanged twice with rare earth
[08M]or i de The ghtalysh waS\prepaoed by blbeding 900Qignads Gdryabasis) of RE-

an Wt .9 03 and l.ess than, 0. % @) 99]..
USY FRlfe R T o B BT AR GO0RO dRie Hl.  The
redftEgSIufty Wis miRY iaePDidiemil tahd HdOsppdy @ifeddinU"BBWER spray dryer.
chl orohydrol solution (23%solids). The resulting

The| spray e parfiries wvermcacimpdifos 2nhaurs ainld 00RB nThpregyltige icatalyst had

' B n yer Th a hed..partid cl.es
a \E/\I/Ee}?ageca ci%figg?%?gé %o%l?gs%a?mi%o%f. gg\'?e‘%’gsad’ldt %r%azo content of
0.2pvehyst had a surface area of 559 nR/g, a RE203

content of 13.9 wt% and a Na20 content of ~0.24 wt %

Vanadi um Cont ai niN@aCdumes GHaaung FGmave 20 spray dri ed

03 par ki | Z] . s .

OB e doboctii ) YR8 AROEBREIaP Byl B ptizing p poyedopochmite
AlgOPelatry miith Hohdmilliey is prithya Mrgisngilt bed thdnl gday diyung yhe milled

The resulting spray dried alumna was calcined for 1
sty Thie TN e éﬁ?‘i\?l‘m&?ﬁ“ agts Kalswsd s | ﬁlﬁm digtf'eq The spray
dritli 10,3 VAR kgt it ' LT, i
AU, VS8 § S0 oY OB i
wasaliied adt] 0920 @nd Then cabsindd fong laohds &t 5A0°Gad’ha resiirfgparielitive had a

su%?eefaaéx’?% og é%?r%?ﬂ? ’a&rfaan%@alildzci%l{gqgggg ggtwt‘%f, suElfa%eZ cc%tggt 0f 11.42% and a
Na,O content of 0.03 wt%.

[0101] The high activity zeolite-containing catalyst SA and the Lewis Acid
component 2A above were steamed separately by employing the CPS protocol at 1450°F
without metals. A 25:70:5 blend of 5A, 2A, and 5B was tested in a DCR unit against
catalyst 3B above. The feed properties are those listed for Feed C in Table 14. The
physical and chemical properties of the fresh and steamed 5A, 2A, and 5C as well as 3B
are listed in Table 11.
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Na20 content of 0.03 wt%

[0101] The high activity

zeolite-containing catal yst 5A and the Lewis Acid
w@oeoposses 2A above were steaned separately byPCT/US2005/008890

enpl oyi ng the CPS protocol at 1450F w thout netals. A
25:70:5 blend of 5A, 2A, and 5B was tested in a DCR
unit against catalyst 3B_above. The feed properties
are those listed for Feedﬁiﬁ%bl e 14. The physi cal
and_chem Cal _Pr OPRAIGE: SH | Cptah3E S8 RChGAGR 27 Additive 5B
4/—\ dTIU Db ada> Wil dS> Ob gl T© Ilblcu III Al
WO—2005/-096523—PEH-US2005+-008899—TFABLE11 Gat a! yst ':’\
Surf B Conponent-2A Additi :393 urfacdtArealmys 92
ZSAm08303 94 92 ZEA MA92g 492 12723 0 /@ 67 176 O
MSAm’dp Unit Cell|Sizeé7A 2462 24768 ---| - CP® 1450F No 92
Unit\BdlhSize A1203 wt % 36.23.@4. 8|86. 128583 Si 02 W% 51. 4 -
41.5 0.2 0.2 ReP03 wm% 13/86 2.37 0.01 0.03 Na20|wm %
CPIa2P 50 PR PV 03 SOF W% 0. 02 0. IT [0. 0T IT. 42 [ZnO
Algd"[vﬁ’" 0400110767 %. 3}4 \' W[%S;}_g- —553 88ljlldbh 853
SIO % calt _Size alog 1 %3 Hdigo1 LR P Y
RexQ@uWt%ant in the | bwi qﬁ,&d_d (nrmmgtzz\'?t 2A i s ()O(fﬂ% whill e 0.03
Na @ pye% Na20 content i n02he zeol it &-28nt ailni ng 0¥k al yst  0.03
SO54% s 0.24% The| st udP2was | condldtled clonti @udusl y |f or11.42
ZnObwtdays to | ook for t@ed4deacti vapioan of {the Leeyrs Acid 0.04
V wgojrponent . Each - - - 553
Surface Area 387 186 75
ZSA mg/g 338 100 1
MSA mg°/g 49 86 74
Unit Cell Size A 24.48 2433 —-
[0102] The Na20 content in the Lewis Acid component 2A is 0.02% while the

Na20 content in the zeolite-containing catalyst SA is 0.24%. The study was conducted

continuously for 5 days to look for the deactivation of the Lewis Acid component. Each

day, a product was taken and analyzed for yields and gasoline sulfur concentration. The

Products of the cracked feed, sulfur content in the gasoline and sulfur reduction results at

78% conversion are listed in Table 12 below and shown in Figure 8.
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day,
gasol i ne sul fur
w@ee@sked2f eed, su

sul fur

concentrati on.

| fur cont

reduction results at
in Table 12 bel ow and shown in Figure 8.

ent

The

a product was taken and anal yzed for yields and
Products of the
i n the gasol i ne BEMUS2005/008890
78% conversion are |listed
-36 WO

2005/ 090523 PCT/ US2005/ 008890 - TABLE 12 Catal yst 3B

Day 1 Day 2 Day 3 Day 4 CKED Product CONTENT
i o oo oo A CATSEl DL Doy 4Dy ST B A [ ay'S
% %%%?;.40 2.26 2.22 Tptal C3 wt % 6. 30 5.97
CGN OVEYol 78 Total C4 w1179 1059 10 82
tity10. 86 10. 73 630l ilnedWtos 53888 50812 51,983 | 9.44
31, BRIbRI%2 52. 62 00D wt (% 0.A4435| 16.364 |16.280 |1602% 0.20
I®L 9€254A06 Bot|t onB.08t % (4. 8515. 1623910 .48 |5. 0664.(94.22
Tt O wass- 07 7. 81 380 6. 86,96. 5D §.926 | HAB Vi e5840.118 73
Total G4 whve - 2 1 2A1,79.° | F939.T N3 087 1-10.00 N 1986, |,10.73
T ol s A A B Rl X
T ort oo % 4 8| 5.0 | 8hels 0% 1706
Botemept%s  Thiloph®hal 8 05360 b 610C3- Pridophends 26494
Cpkewty® 10 27  (Met 4P ThilopAdhol | 26.10 Q .8 0 6.50 | 6.26
H,S Yield 0.10 0.15 0.18 0.20 0.19 0.18
GASOLINE
SULFUR
CONTENT (PPM)
Mercaptans 39 9 3 2 11 14
Thiophene 21 12 11 11 11 14
Methyl Thiophenes 43 26 25 23 24 24
TetrahydroThiophene 3 0 0 0 0 0
C2-Thiophenes 56 29 33 35 32 25
Thiophenol 8 0 0 0 0 0
C3-Thiophenes 26 15 12 12 10 27
MethylThiophenol 20 0 0 0 0 0
C4-Thiophenes 31 3 4 0 0 0
BenzoThiophene 64 47 50 47 44 46
Light Cut Sulfur 127 67 69 69 67 64
Heavy Cut Sulfur 57 18 16 12 10 27
Cut Gasoline Sulfur 184 85 86 81 76 91
(thru 428°F)
Total Sulfur (thru 248 132 135 128 121 137
430°F)
% SULFUR
REDUCTION
Light Cut Sulfur 47% 45% 46% 48% 50%
Heavy Cut Sulfur 69% 71% 79% 83% 53%
Cut Gasoline Sulfur 54% 53% 56% 58% 51%
(thru 428°F)
Total Sulfur (thru 47% 45% 48% 51% 45%
430°F)
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C4- Thi ophenes 31 3 4 0 0 O BenzoThi ophene 64 47 50 47

44 46 Light Cut Sulfur 127 67 69 69 67 64 Heavy Cut
w@iobae0say 18 16 12 10 27 Cut Gasol i ne Sul f urpdBUSBB5/008890

86 81 76 91 (thru 428F) Total Sulfur (thru 248 132

135 128 121 137 430F) % SULFUR REDUCTI ON Light Cut

Sul fur 47% 45% 46% 48% 50% Heavy Cut Sul fur 69% 71%

79% 83% 53% Cut Gasoline Sul fur 54% 53% 56% 58% 51%

R 5306 9B B8 sub b LR A 03 Oy o470 fom

thd & slep and ladedt tye ac atouty 4 6k iimehes 61 fday. rAablittd46h cat gz{sbhde sulfur

about .54%from th t, day_and ended up at, a
rodiptify ArviRoves Folamgd | ot ot oot ERRTARRS of PR e Example 3,
ongeﬂiéﬁi 5o Ac dsMhﬁer\Iﬁﬁrercﬁfcﬁbﬂ Gfhs ?ét‘étﬁ%d Af jgsfof opg%agon. This
per nly 0

ation. npared to the Exanple 3, 0
resulitindjeated thata sldtive nmpmd'amanb nf thasulfet @idnettbredctieity by ~40%.

f t Thi d ted.th .
O3, 7ve RIS R wimef Goblist SOPEQUS iomEles Pyt iyeach day.
Fop)éacl{]f%(@alysf QAAfk, By Logist Uﬁ:lé tc@ﬁ‘bfnon(é’n.tS@?‘lI dndC ﬁ{ealzéb?itte -containing

sanpl e was al so taken out in each day. For each
caf@bismcysporgahm averg sppatatad] by Aikdlaps seranaginm. JFheaehgniiead properties

AT BYR e RS Cob T SRS HnR gl 7ol components are
listed @R FabledS belhv.t 1ies %ok taptsh 1 ARy ABSWLPBLNB0 da8Wbsut 0.4%
Aci d conponents and zeolite conponents are listed in

SiQapyare 1Banséred, tq tthe LesdsnAcithtcomponerd Gom dhy apcking catalyst.
C"gﬁ’%}i&e"v'\\%gﬁé 1 IQQ%HE)VG i 41fﬁ st Q%r t‘ﬁ@lreewérr %Bé&ted Q—/%}j I\}atzo and about

hecac

1.4%0 s achntfor td‘lﬂleEhea\ﬁpAemB adhmve. Thesd h-;euﬁi hgaiﬁyndlé‘aé ¢hat lower

re ahout 0.07% Na20 and about
aV\S and S? 2 transfer from tl%e catal yst SX helped to preserve sulfur reduction activity

of the Lewis Acid containing additive.
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1.4%silica transfer to the Lewis Acid additive. These
results again indicate that | ower Na20O and Si 02

wao e@smdwse3 from t he catal yst 5A hel ped to preseP@EUS2005/008890
sul fur reduction activity of the Lewws Acid
contai ning additive. -38 WO 2005/ 090523
PCT/ US2005/ 008890 TABLE 13 1 Day 2 Days 3 Days 4 Days
5 Days Separated Lewis Acid Conponents Sink Sink Sink

Sink Sink 74.5% 73.7% 747 RBLES19% 75. 2% A1203 W %

85 4 86.3 80.9 85 4 79 7 % %90.80.6071012
Na20 wt % 0. 04 (. 04l Bayp4 (. dBays05 3Deysw %9DD8Ys 9./86 Days
CSéprarated 1,ewiy Acidompbfentd €3 M /g 77 (572 [1 0] 29
o o ooe t o] VoSl TO] TR TE T8ink? | ~PHAAKT PT Sink
D4 5% 26.3% 25.5%3578% 2418920 AL odd- N s 37730%; ¢ 752%
38 3 38 1 39 7 Si02 w9% 507 50/0 48 6 49.3 471
RAROS Wifhs 13. 63 12834 13|208613. 70 18094 |Na®S.4ut %l 0. 79.7
0SigQ %16 0.17]0. 14.8 S04 |wt 960. 02 0.004 0.,01 0.001 0.021.2
MNs(6&%6930 900 860.04030| Zn®iwt % 0028 0.[28 W0B2 (. 26.05
Ozdld wiBur face Areaopr/-/Q 3086344 38560364 34060 ZSA nR.75
g / 316 296 324 320 299 |VBA m 7 |49 48 4 44 50

Surface Area m*/g 77 75 74 77 76
ZSA m’/g 4 2 2 7 1
MSA m*/g 73 73 72 70 75
Separated Catalyst Components

Float Float Float Float Float
24.5% 26.3% 25.5% 25.0% 24.8%

ALO; Wt% 37.8 37.9 38.3 38.1 39.7
SiO, wt% 50.7 50.0 48.6 49.3 47.1
Re,03 wt% 13.63 12.43 13.20 13.72 13.24
Na,O wt% 0.22 0.20 0.16 0.17 0.14
SO, wt% 0.02 0.01 0.01 0.01 0.02
V ppm 650 930 900 860 1030
ZnO wt% 0.28 0.28 0.32 0.26 0.44
Surface Area m”/g 365 344 371 364 349
ZSA m’/g 316 296 324 320 299
MSA m/g 49 48 47 44 50
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-39 WD 2005/ 090523 PCT/ US2005/ 008890 TABLE 14

Typi cal Feed A Feed B Feed C Range APl Gavity 60F
wWaA200389@83 6 23.7 25.5 Aniline Point, F 182 17BCT/882005/008890

Sul fur wt% 0.01-4 1.047 0.509 0.369 Total Nitrogen

wt % 0.02-0.3 0.060 0.093 0.12 Basic N trogen wt%

0.008-0.1 0.0308 0.0336 0.05 Conradson Carbon wt % 0-6

0.23 0.41 0.68 K Factor YABLEH 11 59 11.59 11.94

Specific Gravity 60F 0.8949 0.912 0.9012 Refractive

I ndex 1.5003 1.5072 1.50ZBpicaver adleedvl ecul aFeeddd ght Feed C

342 406 Aromatic Ri ng CaRbges,} Ca wt % 20[ 9 18.9

Paraffinic Carbons, C p| WM%54.8 63.6 Naphthenic,
Amramyv;géw 1.4 LDistilhaisikon, Tpgklal Borlsng | 955

U0 Foz o 5706571691 30620073 70— hiboza 19

Subliwhes £n gon.000 716/ 7091dhs 6h0%ks 785 9589 75| 0369
TolhNitoenantle a0 ace ara| 998-040 ach04bo0 baz 08 10ka 0.12
Basic Nitrogen wt% 0.008-0.1 0.0308 0.0336 0.05
Conradson Carbon wt% 0-6 0.23 0.41 0.68
K Factor 11-12.5 11.59 11.59 11.94
Specific Gravity @ 60°F 0.8§949 0.912 0.9012
Refractive Index 1.5003 1.5072 1.5026
Average Molecular Weight 342 406
Aromatic Ring Carbons, Ca wt% 20.9 18.9
Paraffinic Carbons, Cp, wt% 54.8 63.6
Naphthenic, Cn, wt% 24.3 17.4
Distillation, Initial Boiling Point, °F
IBP 358 331 307
5 464 507 513
10 290-600 511 566 607
20 579 627 691
30 626 673 740
40 673 711 782
50 600-900 716 747 818
60 765 785 859
70 804 821 904
80 865 874 959
90 800-1200 937 948 1034
95 1006 1022 1103
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95 1006 1022 1103 -40 WD 2005/090523
PCT/ US2005/ 008890 What Is Clained: 1. A cracking
W@ 210840906523 conposi ti on capabl e of bei ng mai nt ai PENUS2005/008890
within a fluid cracking catalyst unit used in
cracki ng hydrocarbon feedstock containing organic

ulfur- containing conpounds, the cracking catalyst
wﬁ%ﬂ%@ﬂtﬂ%n conprising (a) zeolite ; and (b) Lew s
Aci d- cont ai ni ng conmponent wherein the cracking catal yst

conposition further conprises 0.20 percent by weight
1. Na2 @\ ooradkasgs .caf@lysT Imemrposiﬁ)ms icalbabﬂ‘e of Weiy mdintahredeivithin a fluid
e co osi tion | Ses ercent ht Na20
?ﬁ?m}ge%?é v& unffyised b‘ﬂ%&glflvg B}ﬁdfafar ?%Hatoa%%aw Reherganic sulfur-
Na20 or
coﬁfeﬁgﬁs?ﬁ’@ b&rhq_éhn‘ag gfﬁn% glgl@ltéln% ﬁé'lto y&%ﬁ%&hgﬂ cor\“@h@fﬁ
zeol(at e (ZQ))lltf}ompm ses 0.5 percent by weight Na20 or
| es sition of Claiml1 where t he
zeols(m e (Iéf")v‘”ﬁon%‘ﬁ[‘J 8§8§ta’6‘n§ pg?leg?ﬂengyher%l%l gﬂl NgBekige  catalyst
| es confposifid fEPHER @8R 020 Iﬁ@hﬂb%w\é@ﬁf N‘a%()tolﬂ fess.

zeolite (a) conprises 0.1 percent by “weight Na20 or
| ess. 7. The conposition of Caim1 wherein the Lew s

Aci er
2y WG o TRRE T el GBI bR SR oroent by
we@ﬁmzﬁ) drh&szeolite is a Y-type zeolite selected from

the group consisting of HY, USY, REY, REUSY, CREY,

CREUSY, MUSY, ZnUSY, MUSY-type zeolites and

> pory M3 B0 BlBRus i) st e e ion gogmarisgs 0.10 percant by

wam@l&rl‘@z@ driesszeolite is a Y-type zeolite selected from
the group consisting of USY, REY, REUSY, CREY, CREUSY
and m xtures thereof. 10. The conposition of Claim2

4. WhergleNedoifostRn bf Bldit P whelehP$he? 5¥1id 8)SELAHLES d.5 PBrcent by
weight NayO or less.

5. The composition of Claim 1 wherein the zeolite (a) comprises 0.3 percent by

weight NayO or less.

6. The composition of Claim 1 wherein the zeolite (a) comprises 0.1 percent by

weight Na,O or less.

7. The composition of Claim 1 wherein the Lewis Acid-containing component (b)

comprises 0.1 percent by weight Na,O or less.
8. The composition of Claim 1 wherein the zeolite is a Y-type zeolite selected from

the group consisting of HY, USY, REY, REUSY, CREY, CREUSY, MgUSY, ZnUSY,
MnUSY-type zeolites and mixtures thereof.
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the group consisting of USY, REY, REUSY, CREY, CREUSY

and m xtures thereof. 11. The conposition of Caimi4
wob@se90523 he zeolite is a Y-type zeolite sel ecP@U$2005008890

the group consisting of USY, REY, REUSY, CREY, CREUSY

and m xtures thereof. 12. The conposition of Claimb5

V\herelnthe zeolite is a_Y-type zeolite_selected from

9.1 he Bredppmosiionof Glymok W@@‘?m yeolgeissy Y -treyeoltgwselpeted from
RS AR R aley o RO RSP T frcor
from about 24.25 to 24.50A. 14. The conposition of

wher ej n te. has an_. average unit,_cel
Ogi zéﬂ]tﬁ‘fcon?ﬂoéﬁﬂoékﬁ’é Eﬁmﬂ?%’lh o) e‘FAthESS a%{%@ng SRplis FF& tpd from
thé(3 | ofth RbMi&ind TR RIPe RIEWS S, AREY CRE A Y hﬁ@m‘ﬁ&ﬁ@?@ﬁ&‘éof

conprises al um na. 16. The corrp05| tion of Caim
1, wherein the Lew s ACI d- cont ai ni ng conponent (b)

Ht h?@{%ﬁl@%ﬁ@ﬁ&? i zBmO th:re%&e ze@ﬁg?ég lY E@le %(F::ﬁtalet [ec{n d from
oup lcondtitin g%f USY, Yy, KBUSYACREXL @Rﬁngﬁ@fhﬁxtures thereof

erein said at |east one netal is present as an
oxide, as a cation or is inits zero val ence state.
17

1257 SRR oL Sife N hetBEE o GFee Bl sgiocted from

thd &0 bbﬁmﬂfr@tﬂ' UDNREY, I RUSY, CREYTCRECSY M mb@urd@@hereof.
nmxtures thereof, wherein said netal is present as an

oxi de, asacatlon or isinits zero valence state.

-42 0 8 : :
5,52 40 SO0 0B0SH FTL ROTAPRRIR ud B s o
frofe abbut @43ita2ag0Aconponent (b) further conprises Zn.

19. The conposition of Caim2, wherein the Lew s
Aci d-cont ai ni ng conponent (b) conprises alum na and

14at m@s%nﬂi&%ﬂﬁtcﬁl Clﬁ%?%}%gelgrt%oﬁ?e Bs o%ﬁaxfe%{k%' ‘%ﬁﬂ rcl\lﬁll size of
fhﬁmahnmzﬁﬁnbanéb&thereof wherein said at |east one
nmetal is present as an oxi de, as a cation or isinits
zero val ence state. 20. The conposition of Caim2
15whe "Ifﬂerbotn%sftﬁ)‘ﬁ" of (ﬁﬁing 1 GPRr&h thé Qem@ﬂ%’czﬁﬂhg cbﬁiacfi‘lent (b)
nmetal selected fromthe group consisting of Zn,
comprisednlummaand m xtures thereof, wherein said met aI
is present as an oxide, as a cation or isinits zero
val ence

16.  The composition of Claim 1, wherein the Lewis Acid-containing cormponent (b)

comprises alumina and at least one metal selected from the group consisting of Ni, Cu,
Zn, Ag, Cd, In, Sn, Hg, Ti, Pb, Bi, B, Mn, Ga and mixtures thereof, wherein said at least

one metal is present as an oxide, as a cation or is in its zero valence state.

17.  The composition of Claim 1 wherein the Lewis Acid-containing cormponent (b)
has a metal selected from the group consisting of Zn, Ti, Co, Mo, Fe and mixtures
thereof, wherein said metal is present as an oxide, as a cation or is in its zero valence

state.
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state. 21. The conposition of Caim2 wherein the
nmetal of the Lewis Acid-containing conponent (Db)
w@ovpodEses Zn. 22. The conposition of C ai m 7, PQUTES®0$008890
the Lewi s Aci d-containing conponent (b) conprises
alum na and at | east one netal selected fromthe group
consisting of Ni, Cu, = 7Zn, Ag, Cd, In, Sn, Hg, Ti, Pb, .
18. gj ,Thg, compositign a{dClainktler adhersin the metplhel Bien-a¥s dcd-containing
' esent as an oxide, as a cation
comggﬁ%(?)gmﬁ?g%?@%fsgsa ence state. 23. The conposition
of Caim15 wherein the alum na has a particle size of
from20 tq 15 nd surface_area of from 30 to 400
19. nﬁﬁa Sposiie LSRG B PUIFTEM BEck e o5 GlehBRRIRG omponent Cb)
com?ﬁ?és' A18mirR) ank Ui UBRT o@ﬂ&blnsce_léc%&ﬁfr%ﬁ{ 8- gréum codfiting of Ni, Cu,
onposition of Claim1l1 wherein the conposition
Zn, Agnpdi ke Snaklg) Bia®b, BoBpyMnyGiagint]l mixwirss theiedf, cdrerain saidgt least
conponent b%. 26., The c mglosi.tj on of Cllai m fﬁ wherein
one LRHCE AR @%H?’éfﬁﬁ?&o STPOHE 2L BY RS S ewni s
Acid netal cation exchanged on zeolite (a). -43 WD
2005/ 090523 PCT/ US2005/ 008890 27. The conposition of
20. d dihe) conypiosition roftGleine dnpdisicin dre Lowisr Asidscohtaiming bompoment (b)

to Qut 7 i ght percent .of ca nent (b 28. The .
has oY euf? JH il oREERREbaRing RE Ao e My T and nixtures
ther€TTM/hefeds s38 rhdal/B piekaBlas Ades:E88tasof camiPanignh ifshlero valence
29. The conposition of Caim27 wherein zeolite (a) is
statgy Y-type zeolite having a sodium content of 0.3% by
wei ght Na2O or | ess, .and the conposition has a kinetic
conversion activity of at |east about 2. 30. The
21. c@hpasinipositionf of CCHim 2 <whietdine rthe angnl of e ilRowig aid-containing
oxide matrix (c). 31. The conposition of C aim 30
comppagd (B qoppris sition conprises a blend of |east
two separate particles, one particle conprising
zeolite (a) and inorganic oxide matrix (c) and the
22. ofThercopmositioh @f ddain 7 s aberkimwihe ewd - Acdicantainiige component (b)
canponent (b).. 32. The caonpositi of _Cl aim 31 wherei.n.,
compHeRs it s QRIS R RO by Ereuhssiosag of Ni, Cu
Zn, AlgUCUNR, @H,ng,t Ti, 885Bi, BN eviE 53l and h &R it fRMWiSeiA SRt least
consisting of Ni, Cu, "Zn, Ag, Cd, In, Sn, Hg, Ti, Pb,
one Biefal B piebegnt Gaarmoxddesiax b gragiontdrés wots zenh walence stdé.d at
| east

23.  The composition of Claim 15 wherein the alumina has a particle size of from 20

to 150p and a surface area of from 30 to 400 m%/g.
24.  The composition of Claim 15 wwherein the zeolite (a) further contains rare earth.

25. The composition of Claim 1 ~wherein the composition comprises at least 3% by

weight Lewis Acid-containing compoxent (b).

26.  The composition of Claim 25 wherein the Lewis Acid-containing component (b)

is a Lewis Acid metal cation exchanged on zeolite (a).
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one netal is present as an oxide, as a cation or is in
its zero val ence state. 33. The conposition accordi ng
W@ 200Sogises 32 wherein the conpositi on conpri sesPCOUSE06/008890
by wei ght Na20O or |ess. 34. The conposition according
to Gl aim 32 wherein the zeolite (a) conprises 0.3% by
t Na20 or |ess. . . The conpositjon according t
270 a| ey?mméﬂ@pr?ftq{@%ém@r% ithe Wﬁoaxtwpr?@mp@é?ﬁp%%mbout 3 t0
Talg; v sy 20 or less. 36. The
abgonpégl?ﬁgﬁﬂé%%%?%nﬁ%hﬁo ‘aim 34 wherein the
conposition conprises 0.15% by wei ght Na20 or | ess.
-44 2005/ .0.905 3 PCT/ 2005/.008890 ., 37. The
28¢ onpldsi Gome AR WikEsR i %@H%ﬂlﬂe.cam@aﬁ?sa%%ﬁonai weight
Imggﬁp gmggh byonprlses alum na and Zn, wherein said
Zn 1s present as an oxide or is in its zero val ence
st ate. 38. The conposition of Caim 31 wherein the

25 onepeatibtosdiong CIE CoRBBE oI & e vl fving o

sollingh eONBRASHE 03%% 'b@rsw@igﬁi &L D CorClREY @hd ithd cofﬁ%bélﬁbﬁ Ya®fa kinetic
at | east about 2. 40. The conposition of Claim1

comﬁrﬂh@act@atymfaéﬂqa@tabantalju um 41. The conposition of
Caim31 further conprising vanadium 42. The
conposition of Claim32 further conprising vanadi um

3043. THeeoaRIRGSh bF CMhidf1 fkBeMohpMitizg@ndrdanid Oxide SfiAGe §c)
particle size of the conposition is in the range o

20 to 150 microns. 44. The conposition of Caiml

IV\’h € r"ﬁ*le t c%n‘lﬂ%glt@}{ %&‘?ﬂ%gpﬁo%@%ﬁx fib %8m8£ sitg(;he%‘iﬁlggsgg %1) bgegl'a of least

i's e range 0O m Crons:
Wprsep‘zesta Hagticlesabad particlewoatpiising z2bliteyay acldnb@anic oxide matrix (c)
f eeds ock ich c¢ant |ns or.gani c, sul fur conpounds
and SETPeS RAGHILD RYEBEIRG Powisaic CARHIME OMPORFHEOY eact or
of a fl UI d catal yst cracking unit an inventory of
fluid cracking catal yst conposition, renoving the
32l quild contpogitive el Clpindllisthestin drnibevis Awideomhinmgabomponent (b)
transf rang rtion of the inventqgry to - .
copBatic BPHReTRY Bidiist eial soRehdom B e asnsising of Ni, Cu
7D @0 C‘ﬁ, LW AN, Pb, Bi, B, Mn, Ga and mixtures thereof, wherein said at least

one metal is present as an oxide, as a cation or is in its zero valence state.

33.  The composition according to Claim 32 wherein the composition comprises

0.15% by weight Na,O or less.

34.  The composition according to Claim 32 wherein the zeolite (a) comprises 0.3%

by weight NayO or less.

35.  The composition according to Claim 32 wherein the Lewis Acid-containing

component comprises 0.10% by weight NayO or less.

36.  The composition according to Claim 34 wherein the composition comprises
0.15% by weight Na,O or less.
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same to the reactor, renoving a portion of the
inventory fromthe unit while replacing sane with

WO e@shoosat al yst conposition to provide an equi PCDUE2005/008890
state of said inventory, the inprovenment conprising
(1) adding to the inventory of fluid cracking catal yst
conposition in the unit a fresh cracking catal yst
conmposition conprising (a) zeolite, and -45 WO

37. Zo.qgfeoc?o 1tﬁ)gép§¥£&559%\?ﬁn KRdis éﬁf'ds-contiinin component (b)
Aci d-contal ni ng conponent, erein the crac |n§

compeibas| ahwmhinaany @i, tvhemid waid Feis preseapas seoxlle20 ipRY iCerdro valence
by wei ght Na2O or |ess, and (2) recovering a liquid

statgyr oduct  having a boiling point of up to about 220C,
said liquid product having a sulfur content that is
at least 15 weight percent |ower than that attained by

38. a diwposipositioncdifleised] ofherdih ¢heseomepasicibn thas adtiatticstonversion
.wﬁtqpul Le%%f Qcid-containing conponent (b). 46. An

actYI¥ M AL e@SIROUESs according to C ai m 45 wherein the
fresh cracking catal yst conposition conprises a
catal yst according to any one of clainms 2 47. An

39. i nghewethposition s CeiwwoBdiwhgrdin thy edmposiion des iarkineticdconversion
L gui roduct,has a sulfur content that is at |east

acmﬂjfyf%%pagrl%éﬁﬁjbopf)g\m than that attained by a conposition
conposed of the sanme zeolite catal yst without Lew s
Aci d- cont ai ni ng_conmponent (b). 48. A method of

40. r edbeicagpesitipn pf Clrigdsiyrtherecomprigingaensrgdivit.om a napht ha
stream generated by a fluidized catalytic cracking
(FCCO unit having a reaction stage and a regeneration

41. st dle cpipositisn of Okt Hodha @bMIptiSing Fanhdmpr epari ng a
cracki ng catal yst conposition conprising zeolite and
Lew s Aci d-contai ni ng conponent wherein the cracking
cat : i f N, | 0 percent

. p RS hpoRARAE 22 i ShnEARREViRaRED) Vet
conposition to a catalyst inventory of the FCC wunit;

(c). introducin e catal yst conposition to.th ..
4.y eﬁf iceﬂipgﬁlaa%%sﬁftlwel Whes 1y e PReR REEHELS Szl s eqfpposition
is inttRe %%g?fgo Ry spedrhpn feed entering the reaction

stage of the FCC unit into hydrocarbon products
having a sul fur content of at |east 15% 1| ess than that

44. g;&glléﬁcggap\éﬁ%gn 'of Clim°1 gvﬁér%'i?( %}}e a"v%r'é@é’ %'5&4182 S},\zﬁetol%(%llilet composition

is in the range of 60 to 90 microns.

45.  An improved process for catalytic cracking of hssdrocarbon feedstock which
contains organic sulfur compounds comprising contacting ixa 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 xeactor, 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 frrom the unit while replacing
same with fresh catalyst composition to provide an equilibrium state of said inventory,
the improvement comprising (1) adding to the inventorsy of fluid cracking catalyst

composition in the unit a fresh cracking catalyst compositiorn comprising (2) zeolite, and
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Aci d- cont ai ni ng conponent; and (d) recycling the
catal yst inventory from(c) to the regeneration stage
wW@Rooskhe0sECC unit to renove coke from the cat al BGI/US2005/008890
inventory. -46 WO 2005/090523 PCT/ US2005/ 008890 49. A
met hod according to Cl aim 48 wherein the cracki ng
0sSi tion selected fro

(b)tc]ﬁge\%léyst nﬁgl}rggt qur&ogpntgﬁilerﬂn th@&rao g c,g@ ysh ﬁgimposmon further
cofﬁbi‘igéér 630 &t ¥y wiBR! RiJO %‘?'lgssm:éh@l@) §eo@'§7@§§g"5 l?cﬁuda‘ﬂroduct

oxide, as ‘a cation or is Inits zero valence stat
ha®idg asbaiknhpoinhotop th ayput 32@Caisard48uivh prodiset hatvelgmsldfur content

thod cor | to Cla 48 wherein th
th o Fteng 5 R RGN DO Ho0beC sl Ry 2 SR i dpgaposed of
thd RindPRIiRLathl st %ﬂfhbﬁg;e%i& Abiéﬁéon@eﬁﬂiﬁ@%b&b@ﬁbxﬁ gpabl e of
being maintained wwthin a fluid cracking catal yst

uni t used in cracklng hydr ocar bon feedstock, the

46t N9 d rog&? gll‘c{c]:g%s acgordC attgldlémé %g webég r%lge fr(tﬁw} %raBklng catalyst

Sel ec e conprisin

compbg’fibn t&agikes cata®BtaccOilings®l BOtone gf alahﬁws
Aci d- cont ai ni ng conmponent conprising about 0.1
percent Na20 or |less, and (c) conbining said zeolite

7angfnI ﬁl‘ﬂrév r&eﬁ?%@c@fdnﬁ &4 M‘%ﬁéreinnsauf)ﬁ%ﬁ@?{]dg?@ﬁlas a sulfur

crent O produce cat a ySt conposli Tl
conenpthasBat ddaet20%. pferoeet loeet thay theti agiainelid?@ armpeiidn composed

3. The net hod, of aim 52 rein. the catalys
of 2P © ﬁa&v&wghou@ew& A8 lgd‘t?BFaﬂ@%% C@nn@eaéibaem by
wei ght Na2O or |ess. 54. The nethod of Caim52
wherein the catal yst conposition produced in (c)
48c odpmeatesl ©f 1@dpeng ewtfubyin wesglie NagDating | fesrs. a SHphifihestream

S BRReEL B e bR LT ol o
reg¥RbRAEN Sthg&hRIcBsDthe WK dnipiRinkeo! i te sel ected in (a)
conprises 0.1 percent by weight” Na2O or |ess.
(a) preparing a cracking catalyst composition comprising zeolite and
Lewis Acid-containing component wherein the cracking catalyst
composition further comprises 0.20 percent by weight Na,O or
less;
(b) adding the catalyst composition to a catalyst inventory of the FCC
unit;
(©) introducing the catalyst composition to the reaction stage of the
FCC unit in amounts sufficient to convert hydrocarbon feed
entering the reaction stage of the FCC unit into hydrocarbon
products having a sulfur content of at least 15% less than that
produced when using a catalyst composition without said Lewis
Acid-containing component; and
(@ recycling the catalyst inventory from (c) to the regeneration stage

of the FCC unit to remove coke from the catalyst inventory.
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-47 WD 2005/ 090523 PCT/ US2005/ 008890 57. The net hod

of Claimb52 wherein the zeolite selected in (a) is a
wOr2aoppe0523 eol ite selected fromthe group consPGL/USIPODO08890

HY, USY, REY, REUSY, CREY, CR _-USY, MUSY, ZzZnUSY,

MUSY-type zeolites and m xtures thereof. 58. The

nmet hod of Claim52 wherein the zeolite selected in (a) .
49. i s Ap methgd acoordige  toeClayp) 4% veirein ghe tHrekgID Galyst composition
i.Sti Y. ‘g / Yo AN .
com BN PP orcktion e gro I LG RS v T COMRTRe  and mitures
ther¢dfe wherlin said aadtalct eoesent §sadn dside, A 4 pporzoeBlinties zero valence
sel ected fromthe group consisting of USY, REY, REUSY,
StalecREY, CREUSY and mixtures thereof. 60. The method of
Cl aim54 wherein the zeolite selected in (a) is a
Y-type z eolite selected fromthe group consisting of
50. USY mihwd argeindivig tCRRYN 4ORBuSindhaimetal ist4ir.es t her eof .
61. The nethod of C aim55 wherein the zeolite
selected in (a) is a Y-type z:eolite selected from
51. thes Gfe@itll &eo@lif! foClalh 48SVheréllYhe REWRYAcigRlipokREYSYmprises
and m xtures thereof. 62. The nmethod of C aim 56
alunfier ein the zeolite selected in (a) is a Y-type
z:eolite selected fromthe group consisting of USY,
REY, REUSY, CREY, CREUSY and m xtures thereof. 63.
52. The\ methbdbfdr obkiQ} armeldiy catehyet @mpositien dapatilsof being maintained within

. g ) b ) .
» FL AL 8 SOOIEEh ERLFLEH bl Ph SOTRY' s e
catalygiigemptidsimgg ¢ f Ni, Cu, Zn, Ag, Cd, In, Sn, Hg, Ti,

Pb,, Bi, B, M, Ga.and m xtures reof .. wher.ei ajd
@ psrteatiE n ERuR foo st fpul QS iRy HEREERN380%:
cation Qgssis inits zero valence state. 64. The net hod
of G aimb52 wherein the Lew s_Aci d-contai ni ng

cobonenelegtingea tlevis jArid-spntaiging remporenhSPRIPIISEE o gbe
fromth i.stl f zn, Ti, Co, Mo, F e and
- 48 WD ?o%é%@’é@%ﬁﬁaefﬁgﬂ 05/ 008890 i xt ur es

t hée)eof ,comlbatigg maid acolitgeindl Leveis X eddeohtambngatonpdrakent ias

a cation or is infjt.s zero val ence s}ate. ..
proportions sufficient to produce a catalyst composition that

comprises about 0.2 percent by weight Na,O or less.

53. The method of Claim 52 wherein the catalyst composition produced in (c)

comprises 0.15 percent by weight NaO or less.

54.  The method of Claim 52 wherein the catalyst composition produced in (c)

comprises 0.10 percent by weight Na,O or less.

55.  The method of Claim 52 wherein the zeolite selected in (a) comprises 0.3 percent

by weight NayO or less.

56.  The method of Claim 52 wherein the zeolite selected in (a) comprises 0.1 percent

by weight Na,O or less.
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65. The nethod of C aim 54, wherein the Lew s

Aci d- cont ai ni ng conponent selected in (b) conprises
wa@bwssE2zand at | east one netal sel ected from PEEUOHMSS90

consisting of Ni, Cu, Zn, Ag, Cd, In, Sn, Hg, Ti, Pb,

Bi, B, Mh, Ga and m xtures thereof, wherein said at

| east one netal is present as an oxide, as a cation or

isinits zero valence state. 66. The nethod of C aim

57. 54 MRSHLELBA to@?’bléﬁwﬁ Wkt Qﬁ’é"%@dlﬁ% &efthTPrP Nt a Y-t%pe zeolite
selected 1n ( conprises a netal selected’fromthe
selegted ufiporn aths | grbum gondistifig, ofTHY,COSYMRE FeRERS Y, nCRENWT €SREUSY,

Ml SE, ERORY oM PR llEs fhd winBe BBk o, 67 The

met hod of Cl aim52, wherein the catal yst conposition

produced in (c) conprises at |east about 3% by wei ght
58. of Thewhethad iofi-(Jaint &2 nihegeic dpoendite selettetiret®)iim a Yiype zeolite

selegiEd 05 {E: Gore SonTsianr Vi Ve KT, REDSYS I EREY, CRRUGY and

mix€i#éd Reregn €xchange reaction with the zeoilte. 69. The
nmet hod of Claim 52 wherein the catal yst conposition
produced in (c) conprises fromabout 3 to about 75

wei-ght [ f i - i o OfRan .
9. qer HisuBHE SR i o b it AT R REDB R A brtppe zeotice
selette@ fahathgsgrotp rgeasistingf WOAUREY | REUS)Y, CREN iGREUSY and

.to 75 wejight percent of Lewi s Acid-containing
mixpEesBeeAt sel ected in (b). 71. The nethod of O aim 67
wherein zeolite selected in (a) is a Y-type zeolite

having a sodium content of 0.3% by wei ght Na20 or
60. | eskhe matiod o€ (aita b4 stheecanmlas z¢dlivn sgeaedideth) isa Yaype zeolite

selegtgé ﬁorlﬁi trlllgt igrcc:)uf): ocrc])\rllseirst%;go r(])f at%{()’ iRtEyY,OfRE%ISSJ, e&%]tEY? b(?l%éU%Y and

mixtures thereof.

61.  The method of Claim 55 wherein the zeolite selected in (a) is a Y-type zeolite
selected from the group consisting of USY, REY, REUSY, CREY, CREUSY and

mixtures thereof,

62.  The method of Claim 56 wherein the zeolite selected in (a) is a Y-type zeolite
selected from the group consisting of USY, REY, REUSY, CREY, CREUSY and

mixtures thereof.

63.  The method of Claim 52, wherein the Lewis Acid-containing component sekected
in (b) comprises alumina and at least one metal selected from the group consisting ©f Ni,
Cu, Zn, Ag, Cd, In, Sn, Hg, Ti, Pb, Bi, B, Mn, Ga and mixtures thereof, wherein s aid at

least one metal is present as an oxide, as a cation or is in its zero valence state.

64.  The method of Claim 52 wherein the Lewis Acid-containing component selected

in (b) comprises a metal selected from the group consisting of Zn, Ti, Co, Mo, F e and
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mixtures thereof, wherein said metal is present as an oxide, as a cation or is in its zero

valence state.

65.  The method of Claim 54, wherein the Lewis Acid-containing component selected
in (b) comprises alumina and at least one metal selected from the group consisting of Ni,
Cu, Zn, Ag, Cd, In, Sn, Hg, Ti, Pb, Bi, B, Mn, Ga and mixtures thereof, wherein said at

least one metal is present as an oxide, as a cation or is in its zero valence state.

66.  The method of Claim 54 wherein the Lewis Acid-containing component selected
in (b) comprises a metal selected from the group consisting of Zn, Ti, Co, Mo, Fe and
mixtures thereof, wherein said metal is present as an oxide, as a cation or is in its zero

valence state.

67.  The method of Claim 52, wherein the catalyst composition produced in (c)

comprises at least about 3% by weight of Lewis Acid-containing component selected in

(b).

68.  The method of Claim 67 wherein the Lewis Acid-containing component is a metal

cation produced during an exchange reaction with the zeoilte.

69.  The method of Claim 52 wherein the catalyst composition produced in (c)
comprises from about 3 to about 75 weight percent of Lewis Acid-containing component

selected in (b).

70.  The method of Claim 52 wherein the catalyst composition produced in (c)

comprises 30 to 75 weight percent of Lewis Acid-containing component selected in (b).
71.  The method of Claim 67 wherein zeolite selected in (a) is a Y-type zeolite having

a sodium content of 0.3% by weight Na,O or less, and the catalyst composition produced

in (c) has a kinetic conversion activity of at least about 2.
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