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[0003] Catalytically cracked feedstocks mnormally 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 by catalytic decomposition of non-thiophenic sulfur compounds. See,
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[0006] From an economic point of view, it would be desirable to achieve
thiophenic sulfur removal in the cracking process itself since this would effectively
desulfurize the major components of the gasoline blending pool without additional
treatment. Various catalytic materials have been developed for the removal of sulfur
during the FCC process cycle. For example, an FCC catalyst impregnated with

vanadium has been shown to reduce the level of product sulfur (See U.S. Patent
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reduction in the cracking process, it is generally believed that use of greater than

about 10 weight percent of the described additives in the catalyst composition does
not provide a benefit (e.g. high sulfur removal while retaining the selectivity of other
products) proportional to the level of the additive. In view of the fact that an FCCU
can only contain a fixed amount of fluidized particulates, the inclusion of additives,
such as the alumina-supported Lewis Acid additives of Wormsbecher and Kim,
causes a reduction in the amount of the base cracking catalyst contained in the FCCU
and thus, a proportional reduction in the conversion of heavy feedstock to desired

products.
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stability of such catalysts, the sulfur reduction activity of a catalyst, e.g., Zn
exchanged RE-USY catalysts, can be substantially reduced after hydrothermal
deactivation, which has a redox cycle built in. A FCC catalyst constantly goes
through alternative reduction and oxidation cycles under hydrothermal conditions in a
FCC process and therefore avoiding these cycles is not usually possible. These
shortcomings have limited the use of these types of catalysts.
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only reducing specific species of sulfur compounds, and it would be desirable to find
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sul fur reduction acCtivity that does not substantially
reduction performance of the invention (Catalyst 1C of Example 1) versus a base

equilibrium catalyst (E-cat 1D) and other catalysts (Catalyst 1A & 1B) using
deactivation Protocol 2 described later below (CPS 1450°F (788°C) ending on
oxidation). ,
[0017] FIG. 3 illustrates hydrocarbon conversion‘(wt%) and cut gasoline sulfur
reduction performance of the invention (Catalyst 1C of Example 1) versus a base

equilibrium catalyst (E-cat 1D) and other catalysts (Catalyst 1A & 1B) using
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versus a base equilibrium catalyst (E-cat 1D) and other catalysts (Catalyst 4A & 4B).

[0024] FIG. 10 illustrates the hydrocarbon conversion (wt%) and LCO sulfur
reduction performance of the invention (Catalyst 4C and 4D of Example 4) versus a

base equilibrium catalyst (E-cat 1D) and other catalysts (Catalyst 4A & 4B).

SUMMARY OF THE INVENTION

[0025] The present invention is an improved cracking catalyst composition

comprising zeolite, yttrium, and at least one element selected from the group
consisting of zinc, magnesium, and manganese, wherein the yttrium and the element
are present as cations. The catalyst composition preferably comprises zinc as the

aforementioned element in amounts of about 0.1% to about 14%. The catalyst also
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SRR e e e R S SRS
leabr A6 telmnﬁboséleclék%fro'lfhehet gioah yehsisdipopf efrel attlgiesium, and
ight yttrium

ut 0.1% about 12% by wei
meR e BB BRI P Aa S aSPRA G BPScent | n the
[0029TTPOSTiht iidRnfisn BathtOfsnirRad a hew Elulie@mRkCharaRtoredtk® in
the zeolite. The zeolite is preferably zeollte Y. The

whichy anbydserathen fegdl t Jomprisivat epnosuli  ecppqynds igy catalyigsly

cr a'bl@é'cﬁ tf ﬁ%ﬂta ﬁx’éﬁb@@ %? dco}{taéﬁ 91 bt@clhi® caaRpLoNeteultd8  cracking
nposition is icularly suited for use in a

prqcm \ﬂlffze alr@&%t@gﬂqleza@feawaﬁg: preéngsatafyscmyentory consisting
of é&ﬁ@l@gﬁe{\‘l ertn?%;{igeﬁioﬁ @9&9 '26‘%@ %]lﬁ)up fod RRrdd V& 19ﬂg )

nprise articles avi ng an avera
catpla(tlcalb'l @a@ﬁll’@ethenfeﬁh én raawg%ytm‘ cragioug ZQIEP p@er@tbxgu@t gaQrdytic

cragklﬁg Q&T‘dmo%@ ‘iiy cH.IEtEQFnr ”'\Pfcjﬂmé gouﬁl&[ %*d%e?&!% eg Qlfa{r?gigl cL@él st
to afoslucem gvacldes zé1Er efﬂum\mmpmsfmngicrafked epdiesticts gandl fspers whtalyst
containing coke and strippable hydrocarbons; (ii) discharging and separating the
effluent mixture into a cracked product rich vapor phase and a solids rich phase
comprising spent catalyst; (iii) removing the vapor phase as a product and
fractionating the vapor to form liquid cracking products including gasoline, (iv)
stripping the solids rich spent catalyst phase to remove occluded hydrocarbons from
the catalyst, (v) transporting stripped catalyst from the stripper to a catalyst
regenerator; (vi) regenerating stripped catalyst by contact with oxygen containing gas
to produce regenerated catalyst; and (vii) recycling the regenerated catalyst to the

cracking zone to contact further quantities of heavy hydrocarbon feed, the

improvement which comprises reducing the sulfur content of a the gasoline portion of



content of a catalytically cracked petroleumfraction,
whi ch conprises catalytically cracking a petrol eum
wo e@d/od92a€t i on cont ai ni ng or ganosul fur conMpounPGT/HSE2006/006795
el evated tenperature in the presence of a cracking
catal yst conprising zeolite, yttrium and at |east one
el.enent selected fromthe oup, consi sting of z ,
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cat aI phase to renpve occl uded hydrocarbons from
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regenerating strip catal yst by contact with yg:en

betzispn dhniFhE Gastor @n‘g sl qeher rué@% RErkg @MerelétFQq/ﬂoce
reg@ﬂérh’[&) W eﬁéﬁﬁ!& |9 tdr e‘ffuﬁgerﬁg fod eQlo ytﬁé 1ﬁé&sﬁ'}h describe

Ccrac zone to cont act urt antities eavy
thmyldteuela rﬂmcaﬁaéﬁ@s typinallyi hape ewecase mtartmhu sizss Bohp ra‘ng@ gf about
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cracki ng pr catalytical
pam:imlaﬂj' sngtabheforfu:sedn Feacit isomvasioned thaathe domporpEmatanbe use
sen product sul fur reduction.catal yst
in o | taq%tlc rydgoézsarbgré anversmn processe whaeﬁe dl‘% b 8?5(1:_\%@{3 ?% ﬁreoduce

lovebLﬂfmptodaah ected fromthe group consisting of zinc,
magnesi um and nmanganese, wherein the yttrium and
el ement are present as cations. DETAILED DESCRI PTI ON
Zebdte THE | NVENTI ON

[0029] The zeolite suitable for preparing this invention can be any zeolite having
catalytic activity in a hydrocarbon conversion process. The zeolite should be one
capable of being exchanged with yttrium and other cations required to make the
invention. Generally, the zeolites can be large pore size zeolites that are characterized
by a pore structure with an opening of at least 0.7 nm and medium or intermediate

pore size zeolites having a pore size smaller than 0.7 nm but larger than about 0.56



[0028] The present invention is preferably in a form

capabl e of being maintained within a FCC unit. FCC
wea10alyes typically contain zeolite, which i sPer/iB10e6/006795

porous powdery material conposed of the oxides of

silicon and alum num The zeolites are typically

i ncor por ated into matrix and/or binder and
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is envisioned that the composition can e usé
RBY hEREERYa IREWSCY IWHFQSC ard Brixtaish vesrenfo rSodes@Q inineore

de'teEI H)e?to@eas rﬂm BxdhBndb 98 YGitd Q‘gaﬁigl.lf(af'& 8Pef8 Cle zeoltltﬁlog

Zeol it 29 The Zzeolite sui preparing
this HW‘@ﬁtlﬁ)rbmab alﬁo beblarded xahimalecubrasieng soclt & JARQ amtALPOtay

dl%abog?m_@opgrﬁgrh £anygrsion process. The zeolite

one capable”of being exchanged with yttrium
[08Hd ot $terdacdiYi-tyns Zb(ﬂq‘u iisr e«ﬂnﬂnercniﬂk eprodveed by emystadiization of

A | it ore
sof T alo P OupE M T BP Tie BYP% BOvE Tt Do by
deglutninaginn op/hmhngcmﬁseatthé eﬁ&bn/ﬁ)lu%m’ui’ﬂ afghiGaeiid! Mfothe parent
lite Vi n ore
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cortabtinOthe £t aPherds St GufisticVidWhtZo: atMIPH 8o MEM S8 &likieOfin
V\t,h §1 are known materi al s.
Surface Science and Catalysis, supra.

[0032] The rare earth exchanged zeolites used in the invention are prepared by ion

exchange, during which sodium atoms present in the zeolite structure are replaced
with other cations, usually as mixtures of rare-earth metal salts such as those salts of
cerium, lanthanum, neodyminum, naturally occurring rare-earths and mixtures thereof
to provide REY and REUSY grades, respectively. These zeolites may be further
treated by calcinations to provide the aforementioned CREY and CREUSY types of
material. MgUSY, ZnUSY and MnUSY zeolites can be formed by using the metal



O her zeolites that nmay be used al so include those

zeolites with framework netal elements other than
w@bwaiooneeg for exanple, boron, gallium iron, BEF/O8I006006795

[0030] Suitable |large pore zeolites conprise

crystalli ne aI um no-silicate zeolites such as

Si t. i .e., ol Y zeolite, type X
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cal ci nat treatment. | n enbodi nents

chem cal
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earth exchanged Zeolites used 1n the 1 nvention ar

alupyiraintarrs s e celkeshge, Theumitrg!lwiie of 2 pedtroas equiditsum
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ot her cations, usually as m xtures o rare-eart
from 428 ta d&R84s t hose salts of cerium I|anthanum

neodym num naturally occurring rare-earths and

m xtures thereof to provide REY and REUSY grades,

Yirningrs pledt Elespety(Zn, e swd 60| i t es may be further
[0035] Yttrium can be present in the composition in amounts ranging from about

0.1% to about 12% by weight of the composition. The element selected from the
group consisting of zinc, magnesium and manganese can be present in the
composition in amounts ranging from about 0.1% to about 14% by weight
composition.

[0036] The specific amount of yttrium and the aforementioned element for a
particular embodiment depends on a number of factors, including, but not limited 1o,

the amount of zeolite present, the ion exchange capacity of the selected zeolite and,
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treated by cal cinations to provide the aforenentioned

CREY and CREUSY types of material. MUSY, ZnUSY and
wOoREYWIWee! i tes can be formed by using the net BCBHE1086/006795

of My, Zn or M or mxtures thereof in the sane manner

as descri bed above with respect to the formati on of

.REUSY except_that salts of magnesium  zinc or
witkeiiigperteie dhg aforzaientigned legignie Whiche lgmang iseglestrd nBerxasale;
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TE ARk i R B PR PR APl A RBGHTED e
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0 S B eight STt it vk et Ret 1 IS G e
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sufRr &bd). FbP@RpldhBe URirtm&Ribhed bR eMBdddeyRiun® e ehdnt Be
al so decreases as it is sgbjegted to the environnent
gF

presenitipampets phgdrrst 2hont Ded er/an ok édalegiaist pirfaampiane Mose

tyi @MDY Ahc Qh e FSurl il BnBYR &L Bstlbon 1Ldig0€ gﬂéﬁ?,%agnesium in
structure. Thus, as the zeolite in the FCC inventory

amoynty Rt Ipast 2beuiridlBr le/8l / manganese & #aeunds pher deastesbout

1 340" Seirlurh S ARAUNS F9 hast IS 1R ¢ SALD EARioh and
corréspondi hgly decreases due to shrinkage caused y
surfare areammpaswied.abspettivghy, by ErfsarfdrER surface aed msthoddbgies.

uni.t | .size. of e . equiyl i briumY
(00585, Db 'epff AR BRSO ShOR bl T resept e
catiohs 3Qdhangmidomwtle obkehdbleyerkiingronibe 2@:tlico 1B4d,3 BAtion of
Yrtrium and El enent n and 035] Yttriu
thel it TG e O S B n BN e itrantit i g
instamoen tbQuitivh. dfibidrclademtst ard 2%adly pued ghis selfd kdletion with the
omposition. The elenment. sel ected fromthe grou .
me AR b egrtsh SOAGT TGS PO S G G S dmpgston
copld @8 amthid farrhh&lowever, when making catalysts designed for FCC processes,
it is generally desirable to minimize the amount of yttrium and/or the element in this

form to minimize their side effects in FCC processes.

Optional Components

[0039] The catalyst can also comprise additional components, including, but not
limited to, matrix and/or binders. Suitable matrix materials include, but are not
limited to, active matrices such as alumina, silica, porous alumina-silica, and kaolin

clay. Alumina is preferred for some embodiments of the invention, and may form all
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conmposition in anounts ranging fromabout 0.1%to
about 14% by wei ght conposition. [0036] The specific

w@pwaae19e¢ yttrium and the af orenmenti oned el enRCE/US2906/606795

particul ar enmbodi rent depends on a nunber of factors,
including, but not Iimted to, the anmount of zeolite
pres&{%511 the ion exchange capacity of the selected

Or R} Ay paRpaselt fdhe gatalyptor Byrertivenéids meant the
meAAERs actityCih @nesran ahcﬁ’oﬁ@xlaaﬁﬁfgydrg&?b&%qml t‘?plcélfFCC
zinc is selected as the aforementioned el enent);
PIf8¢Stint of zinc is generally in the range of O. 1 to
oahmut 4% RYbiINREGNudNRBEE AR A E TG
[lg?]gener al | yll n heur angee ertx Cd}gmgrl&tbglglg out g%}%and
zepHis InfArpaticles Smﬁgéné@ée blsd@bmghld@ bt are netonitedt@4lumina
so@ ;Vlﬁ{:‘a Wﬁluh%s,%ﬁh gﬁl%??iuﬁ)ﬁﬁh' te has a specific ion
exchange’ capacity, one chooses a particul ar anmount
of yttrium the maxi num anount of the aforenentioned
Pr?%&%&'i Iﬁve‘?zﬁ%ﬁndem on the particul ar amount chosen
um e vice versa is true if one chose a
[0t | cMemlod:alfmupltef)mngt the abereneintiuoe) et edre intnecdstarily
. € [ ttrlumand zinc, the catalyst
hr?{g%ﬁg’g%‘gotl@‘g :% eé% %&ﬁeso 5% to about 5% by wei ght

yttri ufh aroh alvharigela S¥ectadl @biigt firsObyojoneicBitige ZHiftiCyttrium
[ 0037] The gm'gunt of th for erren{lFlr oned el enent and
yttrium caRdaff eFFHATT Y efrr?ﬁ’a§ oups capsiRggel jzinc,

amount s mmmfsﬁﬂn [ ﬁn@fﬁhﬁﬁgaﬂ@e sdtdakigen Mt RFpopdting 2kl Mst
surface ar eq@ t he af orenenti oned el enment

and yttri Gff ‘é%?% ﬁteblétopﬂ“és‘%@nq] rFORPELANESs mshtioped |caist

about | x| Gh&fdeh/aBtafkt heeRbmeat al yst surface area.
Mor e tégl cally, zinc can be found in anpbunts of at

| east @bo&ombiningtherzopligs, yrpum.ang ikesafoementionss glemenigrith
at | east abgd amb@oﬁalgécﬁﬁ%neﬁ?@m%uélg AR i%nﬁfthe

at | east about 3XI O /2, yttriumin anoun
of at Iea§‘F51r§66%I{*IYS7LXI O 4 gr/m2. The weight and surface

area gy NRAufAtfng Sﬂ:%ﬁfe'c\éﬁ (%ﬂé yca agPt afd, Blc:'&%ventlonal

surface area net hodo gener aI
yttri um afdnpdiee.af cﬁvrm@ izovlgel Ceﬂab'mecrm(rgl)smgrtbe peadise atd

as cati Onﬁﬂﬁozﬁp @&gﬁ&eﬁﬁt aeﬁt%%e& 3& ife} eal%C{) %e&ﬁ? aﬁegg{xg] ghe

on the ne ortion
el enent cﬁumdd b@alfmmactlcﬂas tp(mfIE@ich:ingb h@ irchtdalyytgitim and the

TR PRI LAEAP OB, St TR
and up toxmplmsanEﬂdmﬁngah&eyt trium and/ or el ement
pr eser&) | Breparmg a (?nSVICIEtIOHal catalyst as mentioned in (3), except
impregnate the catalyst particle, e.g., via incipient wetness, with
yttrium and the aforementioned element.
(5) A combination of two or more of the above, e.g., manufacturing a
zeolite first by ion exchanging yttrium on the zeolite and then when
combining the ion exchanged zeolite with the optional components,

one also includes a salt of the aforementioned element selected from

the group consisting of zinc, magnesium, and manganese.
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could be in this form However, when making catal ysts
desi gned for FCC processes, it is generally desirable

WO 00ai09iord ze t he anount of yttrium and/ or the BCEDBI006/006795
inthis formto mnimze their side effects in FCC
processes. Optional Conponents [0039] The catal yst can
al so conprise additional conponents, including, but
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geh@'gf\*}b/egcﬁlfeo st Gk Pand R dl én‘?en? 9%{1]1t lﬁ' ﬂ?és@lgt a‘i: bk t?attlohglof%b ut lt%

con manner, Zeol 116 catal
to e #0%i ng t he zeollte and optlonal conponents

[0612{3’5"]]t i Oﬁ%ge 8Ptrhle ioSﬁOnam%ptons{?s ﬁlllg)rje %glltﬂ, ek SIOGI%G of the rare earth

is also generally a salt, with the counter anion being one of those mentioned above
with respect to yttrium and the aforementioned element. Rare earth can be
incorporated into the composition by any of the above-mentioned methods for
' incorporating yttrium and/or the element. For typical embodiments containing rare
earth, the rare earth is introduced as pre-exchanged cation on the zeolite before matrix
and other components in the invention are combined with the zeolite. When
employing this modified method of making the catalyst. The starting zeolite can be a
zeolite such as REY, REUSY, and CREY.
[0046] In the instance that matrix and binder are included, these materials are
added to the mixture as dispersions, solids, and/or solutions. A suitable clay matrix
comprises kaolin. Suitable materials for binders include inorganic oxides, such as
alumina, silica, silica alumina, aluminum phosphate, as well as other metal-based

phosphates known in the art. Suitable dispersible sols include alumina sols and silica
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formed catal yst particles to ion exchange to include

yttriumand the aforenentioned el ement fromthe group
w@oemwsigoeang of zinc, nmagnesi um and manganese. PCHEYS2006/006795

Preparing a conventional catalyst as nentioned in (3),

except inpregnate the catalyst particle, e.g., via

| Nci pi ent wet th t riumand the forement oned
solf GRBRET thegy™ LB AN TN GFe Ta° BPPait & BIPOpRE alumin:
usBiRQ¥eng 8oi and pRALTIAGE :ialxlitblﬂl sidic® 64 irlcRidé LL8dx@YolioRAl silica

exchangi n%%ttrl um on the zeoli tg and t hen when

availably HPWgWileCragh Sekenafife CCHEY PIEE & these Hpmies feom

bIRRIPRRERLS; e LNSluRiReh ERGHRS, @resdﬂéattedorfy nB8ducing solutions
af or enent i onéd el enent selected fromthe g}goup

of dbmBinden sgesirsors inéo theapiners pashihe inslerrisngemésmed oparpbeing
spyé?%?lem i :ﬁ)mefg:e?tcgllcﬁﬁ%cﬁr spray drying is one

ocess that can be used in any of the above-descri bed
[0%7ﬂ hodWith gesbent e (4h of thatafirgmentiomest methedsp bre methedef making

£ TR S5 AT 2E8) ol YD LI sty
alipeing polagnddhere waihir(g:)almaratcjilﬁlhgéle hesulting pamcal\ams adee calcmed

pofiaf Pl e  ASuRG DRy SR ol nd doium
antl m*memenmﬁs& ettmenderAleonviesiy, tinalatalysndy triade by s[eﬁﬁeﬂaﬁ]ally
he source, of triumin a t he above t. hods
imfeead] ot s Pabiinsrts s e i pted gRtEn e Rt
imptgnithgn@e datamst @@i’tlbl@s Wlmrytttm\rﬂ]&hd:rd@tﬂassqi@htl}aSubjectmg the
chl ari des om des, and iodides. Y

t
yt@awuawgﬁg@atei G a-sm%m B TR A e SeTpEs ey rom
thé YiduploBsiSBd! GeSnc, ThnSQsth GRd Hharoheesy !t tThe LH@S‘st' fnp#sshatiby

aqueous based and yttrjium can be present at
SO%% eofcpnitatignsdependsipg ihe ncipisniyeiiess Bowsssiused, §uiia ggpargl,

th@é&lfcé{tﬁhb@ of PrrfRNEChe tafb@en@éﬁ%ﬁé&lge@elﬁéiﬁ B dnataliRhigh&@din
15% and up to about 75% of exchange sites present on

that|9é theesplutipes used tasdicdsty) gechangetthe ltepuﬁqlfé@ﬂﬁltﬁlﬁs the Giyauy
and NGern @Y 1S o@tf eiéﬁgngéde&ﬁatzeélﬂk ekt g&l ngzqﬁérﬁﬁﬁe(g 9&&% using

consistin Zl NC, gnesi um an anese 1s al so
cogyeentierzll ion- %clsmg@ cowntlcmSh dhdedéwhe areb@mmt agelite S\ i#f situe this

ARG, 6L B B8 S0 LI, 05 1 e o
opbarsé dTlzndayt iherasblearesdre then trbdedinesestic aatle‘(amqldenpa’ramesm;
for?r]: th%?zgofotte I}r(;/gr to impregnation and/or ion exchange.

[0048] In general, the present catalyst is used as a catalytic component of the
circulating inventory of catalyst in a catalytic cracking process, which is typically the
fluid catalytic cracking (FCC) process. For convenience, the invention will be
described with reference to the FCC process although the present catalyst could be
used in a moving bed type (TCC) cracking process with appropriate adjustments in
particle size to suit the requirements of the process. Apart from the addition of the
present catalyst to the catalyst inventory and some possible changes in the product

recovery section, discussed below, the manner of operating a FCC process will not be

substantially different.
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to about 40% [0045] If one of the optional conponents

is rare earth, the source of the rare earth is also
w@ewenglokyy a salt, with the counter ani on bei nBCDI8E2006/006795

those nentioned above with respect to yttriumand the

af orenenti oned el enent. Rare earth can be i ncorporat ed

i nto position by any_of th ve nent i oned
(oo T By B fhrs T RERE Grvking Brogsee in
witioh at YAl ¢ alydiebdrbel HRat son@iih@ R &gaﬂoaﬁlﬁ;re@frﬁﬂa,undsh@m be
rarg earth is introduced as pre-exchanged cation on
craqfed @ GEMEPIRdT &Y ﬁa@tawf&m fegfl Hip 2 Y6Wp E#@lstresirrutagien

hAMMENELERs i £endiinnd Midithbid@tda! & %/Ma t t
Crenp%%ggl ngstﬁl S nIDdl fi gd rln;t hod of?EQJ m%n he (b:lsétlgve)l}sotry

coppigtingtof paitiglgs havdng 2 dzerangipg framzaé@mtuwéo gl 1 @5 migEyns. The

é:ﬁ%@}qt st@ﬁ‘sdmccﬁg¥ycl[ [% S 'aﬁ]:hgze?he' RE4 A€ almﬁy ggaté; %ﬁf na

and bi nder are fncl e material s  are
catahysicraracking @onrs nolinably rasnsgtm;ackml Zons operatiigat catalytit mnlgng

coﬁ‘gl? ghst %FL&?&BR% fé‘%tv(llm(a %&Fge{j Eéfs 1?02 ollrég(%ekaq]ed éS g&dgmsg ca%al&% to

ers ani ¢
praducalao rekthent snnhprrsa),g sadked arodhietsrambspeat cmalysﬂ Rontaining coke

h te,,as we ates . .
anfd SEFRARE Byar ot of e HMEh P B hap Dt sBRERR b Sy in
onal atmara cmbn&s,aineb 5|vhpcﬁ>a$1@de3ndmgvugadkéu bReu@rand al%lhtiahble

ar e are eptizing alu
it PRI Pa iR Sertt D e yibar PUesB iy temv il of pipgiet and
freabsatddnia |tk BCE ugkax eélhmﬁglga Qs @Qdogﬁieg isGR o@midsablf&n{ n@ml
rtain I naers,

R Gace & .- Con
CryeigeO g £ i G178 Siessperd cgialy sl MG usuly with
stdal, @ RIMAE Qeludddehy@F RBLBE BY¥m!th EQMVG] feer SRicH e NEigpld

the binder's precursors into the m xer, and the binder

cafalyst [fepidetiyahe seaprsmen & Prgdussrhey rescpergted r‘félfﬁb(ﬁt Whiek fiscthen
r ec?fcgé@Q§ $l?edcra<§'<1r% zon€ FhiCly Eaédgoﬁrth&r%%}tlew&f I?ee'a e SIH %:é pre&nt

of the aforenentioned nethods, one

ProgeRs: ity SuHuar sonjesh of By ceentipe ipsdion o fﬂs@thwq/prﬁqﬂ@g BIIOQFQ’fss is
eff%f:tn?c%pll)rjoﬁ&t ¥ lcﬁ@? %n Hi.%Pehaccgdtﬁ% e R04s @% gglr rlﬁ’%éﬁl the ?g[ gtic

hen "washi ng a cinin resul rticu
crapﬂi@gclaltbfr n@elerparotf md @germoe betngrissdibf eqtr@dﬁct sulfur "rpdystion

caJ[a . e@ﬁ@&{teﬁ t é)? g}% r#é/%%hocr‘l%{’a‘? rb%e?{ w‘ﬁqg n%{ rmf lﬂ&lu%{' gastolme

orenentl o ernatively,
ramdselfmy betedpoapdicaliCO sulfur.ehG@tsulfgr isactha pzfmdzthaafly significant

B T T e
is, hobseguen ihysusuthptestith digtilldiens do not result in as clean a cut, that is,
the gasoline fraction will frequently also contain LCO fraction. Therefore, employing
a sulfur reduction catalyst in the FCC unit capable of reducing LCO sulfur is
advantageous when one desires to reduce sulfur present in a range of species,
particularly LCO sulfur carried over into the gasoline fraction from the distillation
tower.

[0050] Because of the concern for excessive coke and hydrogen make during the
cracking process, it is preferable that the form of zinc and yttrium for incorporation

into the catalyst does not exhibit dehydrogenation activity to a marked degree.
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yttriuminpregnated catal yst wwth a bath containing at

| east one el enent selected fromthe group consisting
wW@R00gi09O26 magnesi um and nmanganese. The post PCT/US2006/006795

i mpregnation solution concentrations depends on the

i nci pi ent wetness process used, but in general, the

concentration of yttrium and the aforenentloned
[0(¥,5|1bnerﬁth¢rsca@9éﬁ@ﬁlé)f BSAIVe] GoFPenga may (PELPresent Methe Sirghlatng
1n\}éﬁ%%5f?c££l rlaxm%aar%ntta %eza@émﬁgeéatalﬁsltto@rtmatmoéﬁtla/n

riu [ ement is post exch ange onto zeolite
andler prRy b@HDICIrl@Idthldh@”@ inyrotien wdiem ghecimmension id heing added to a

Fd&o P‘H? XE%( anﬁ?sh&osrﬂl {)thgpﬁla ehglg %g;%dé’nﬁ@ 8&51%[)(9{%1?1911);2 g;ﬂél&sttée

i's af orenentione
ba&xlcnapbolite @SM-& QO cembtion peimetkesibaspdioch alypppgechmble metal

The a Cro eres are.th t
T T T L Rt ol
aludfiih@h slbmelb ARG trhe) battdni mackmg’lacélnmharsgﬂt as[tﬁ@é&}eschlhed
. genera resent c i s.uysed C a. ti
in g‘%ﬁ%&?’re%degﬁ’e FreOk il S?%&ef nv%‘#?‘}?r 5“ Cl@%?éﬁo)}é
Caal$std’aMékde FDEIRIRE KN.NY 119P@ASBH, 0- mmm.@ py pli66 al78 yand bf-her

fluid catal ytic crackln

FCC
gagaling éhl.ﬁe;rrre@wtl% ErodpghR S oa% tw% dBgsabed glc%sbgate% G-p33,169.
THe& &ﬁ&%@ﬁp@&nﬁshﬁay%@@s&f ReRsSconl dfiesd Ambigs.pr esent

cat al yst coul e used in a noving bed ty é ?R
(0624 cki Hiy st 85 S iresennptlpns 40 &t (st NBHE SOt of the
llqﬁgir &r’a&#x logetd, Qs iaily ttllibehglﬁ%lﬂ heARNERoltle frdt@oRy ﬂ%&%he

the a t|on t he present catalyst to t
redugtiohsyase ahsw@tm! mttle Sl cgelﬁ@llpmglsmg) fhis @RECrgEDIE Fprivugeas a

dlé)s][:f)&l'h%'tnerl{‘aegﬂyge&g%%?d:Edn%bneﬁjt' S\ﬁi‘ﬂ}ﬁﬁlg?mﬁgb&w’d e P/'ﬁﬂﬁﬁfar

operatin rocess w |l be subst an
thetiry, flets é)nht:v[e@ Ct97he Bnifuefrbngaoqurw thewserafitlercatadyss isi qowweé o
a fl.uid cat
infhptpbETpil b g BT BRI NRET ol be M el
way inl th® pracinacrkemnycsebucglrmfethe pC6Huinttbe bamecway ag thedfydragen

dinacyclic ca aI circulatio r. '
sulsi b iopS, et MR, P RhE GOk o oS! BRSHR 10ad of
hy@f@ék isfigide adagl itPbse adetivhalr youc gasgwated ngatméntpaqmtemees but
a_size rangi ng from aho

u

wilk e grk e BRT Peit MEeURe fohre e REc b Pty be
contiBered limiththe. feed i s catalytlcally cracked in a

catal ytic cracking, zaone,, nor 1y a riser cra
10980, * st M AEN O BRCT T SR Y B aRP R GReREype of
th€ PRs@ft (chfd st Sipthoide tdased upOb la66utT0UBAsed bﬁgtﬁﬂeﬁcaivﬁyl testing

ciacki ng cat al yst to produce an effl uent q?ﬁi'nﬁ Igs
relefisg ke dt%ﬁ r BRiGictase disHes BernVenioapl sfaciips AN hy afc 6R tant
conversion, using the preferred form of the catalyst described above. Gasoline sulfur
reduction of 30% is readily achievable with many of the additives according to the
invention, as shown by the Examples below. The extent of sulfur reduction may
depend on the original organic sulfur content of the cracking feed and the FCC
process conditions.
[0054] Sulfur reduction may be effective not only to improve product quality but

also to increase product yield in cases where the refinery cracked gasoline end point
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and strippabl e hydrocarbons; (ii) the effluent is
di scharged and separated, normally in one or nore
W@ Wboy®se i nto a vapor phase rich in cracked penusone6/006795
and a solids rich phase conprising the spent catalyst;
(iii) t he vapor phase is renoved as product and
actjanated in.the FCC |n colu and its_assocj.ated
hag bEEE B s SR AR G118 MR eckerT e GG s proviing an

effeé’tﬁzlstaiidn@oﬂ@ﬁ@bll wey td ketucd BR SRRPtoBLRbYSE HeBvy gasoline
strip usually wwth steam to renove occl uded

fragiogp dg%\ ERsnhiae fqné rRYUH e, tbg | §pdgndedy piigpuiniieciiped Ha resort to

expdnkive m@@roﬁ‘r@étﬁ‘llgy SthiaScad é]q@x{t' MEdrab1E SHERSN al’Eﬁi‘fEﬂf @conomics
produce nerated catal yst which is th

W@e?lcife@et\@rlpiifegmpam fRyivatives Wigh @i@a@iﬁfaﬁgrw or teﬁ@wal by
.hy%ﬁ@atting Qiﬁdé?f iés@egeveile Joh&iRILSe n%ls@r@é% | qUI gh%ul%lé{%ije%{

content of qaso ine portion of the cracki ng
hywpﬁﬁﬁéwﬁﬂsﬁ@ﬂ%m1@@iively brought to |ower and nore

[O@ertml ﬁllb\? gla%iy%}sf e%%grc@( ng i?eukc{)%i%eﬁ%% {1:41:% éaso dne

cking 1 n t ce o t he nti1on
sulfiy radlgntloni wdtlitisesd. fE(Dr oactipts, icanlydatgatofise sulfireredattiah \is tthe

AL s bR Bl ot SIS Wlol e Bl Tl e

feadstbélu;rare s/pmaiﬂy Espapbnstuel aat ltyusdiagna favomble deSisdmeic baesfit to
C eSS.a

t h FCC itor l.ts i
o B SR8 SR PLRGERS s Foy S AR
opérht&idn SﬂxﬁﬂWrﬂiréftin hip&thaﬂﬂﬂrod@at@r@t By%tﬂei/m'g@ jage poAA oF the

a ractio frequently
feqairs% S‘égﬁ %“I“ﬁ“‘l Sy ﬁa%&ﬂﬁ tiiﬁ a?néii@r ‘?éi?ﬁ‘i%% r epetated
JesS Bbviettly, HReetS inim Zafeadciab 1os fidie olE S sitiation: ARPREEmAing

redUCing LCO sul fur is advantageous when one desires

hydrgsaerpicmisions (otaee dase fom olelip saingiéiongmdgpjaigag hydrogen

com@fbti6t | BHid WolERss lHNeLhrfaG&EMlb SO indpBdi Qo tHRGefRP Ol | Ne
fraction fromthe distillation tower. [0050] Because

(00561 t helhe Sereening desprindion dsRIPVidet oKk @eali"iwoﬁ?y@ﬁ%]@ﬁatmi@éd is
notdtH e REndlEd &4 I%Kin@ %eﬁﬁ%ﬁéﬁ while ki iRV&HiEH A b%eii B@{%gbéae

formof zinc and y riumfor |ncorporat|on Into
withaeterepse tipeferigd mbrdiments of eraferradgesthedsor ingndeystead thet

theBw ORI Wciﬁﬁ&% ch qigédl]qerghhﬁé &sai)?’ Hés%ﬁ]gt&ﬁ ﬁi‘&it ¥iiration

conponents may be present e circu I'ng i nventory
ratiefr than ayordd of rimitatipml Iiwithaumrc,i although tthe nmeam:du hegs been

des%ﬁf)@d %%élﬁ?\{’lg} m\l\itgilhc@;‘cﬁ gvgfi’ug:\[}]léaﬁ?t?{i)cg&rie nf%gthgc?s R§ larlfliggc?]mentts
theR@&ntinn tis ncExatmniedSo ot lisueh tothegrartivataer diacilssed theteitd @s tiee

GGl n o Lo bR mEbed SR SR BRuEF PalbEre R e 1P
appended claims. Those skilled in the relevant art, having the benefit of the teachings
of this specification, may effect numerous modifications to the invention as described
herein, and changes may be made without departing from the scope and spirit of the
invention as defined by the appended claims.

[0057] For the purposes herein, and/or the Examples below, and unless otherwise

stated, the terms below have the definitions indicated.
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such as platinum stack gas desul furization additives

such as DESOX(r) (magnesi um al um num spinel), vanadi um
WO e@p®919p®©t t om cr acki ng additives, such as thoBE&I/US2006/006795

descri bed in Krishna, Sadeghbeigi, op cit and

Scherzer, "COctane Enhancing Zeolitic FCC Catal ysts”

OBy Mo B0 SO SRRy

buspndﬂrtabemga@ddesECCbled in U S Patent 6,635, 169.

[T e e e e L

cata@fsﬂ’l iy ske irﬁerfjt@ryrcﬁ"dmmelaﬁ@cﬁ]lj’sﬁ UOmpqlimﬁcmnh anfFa@ anit oaed
racki n ucts, .especi.a t i and heav '
hacjé %qdﬁgteg%étﬁedﬂ@“bﬁlg ﬁBUﬁ’H“%‘étd% glf %0 @5 are al so %ot ed
[ooco]t he“diinghted CHqlilEbrivind”, remk tn guidhmc]my Eatslyitt thktl isfieen
as a, diesel] or hone heatin bl end, conmponent,
Stﬁwnt Hetied Hethsolabuping By Siamiptepa g?‘&h‘Pr&F‘“ Crasking cajafysi gf an
Fdxel | ewesuchnaordth® p%sewe forQrRMRg shulitBedisiforRin &G steam

cat al é’st is converted to inorganic formand rel eased

fresh chip ﬁfog@qh a5y} 500 Je(%l@ﬁobéﬁOWé o ddeVEr @dl 1 fond hours
Wlﬂp 5 eferbftshegmp rsﬁxgh' %e&&gﬁ%\{rﬁﬁm ?8%515/8 %CQJUVL% t ﬁqy
ne way as e hydrogen su e”conventi ona
beheveéas éd substanhelbctha@mm gs qbatarf@wqufﬁ dum getelysisiod B"(Eiédmt
t
on%g 1t%¥§j{e9§1%? a%{é%cyesq?q 5@%1&' tfr;'ég%lglﬁ?n%dcga #CQﬂ?h tsggr .
0&61@ ni f TERATtis lamnthmtdews/amcm gasdhuienehisiu hsfas rprepyltene aedl air to

sitR e Bk, modeht IR G OORR shETHe ettt Dy e

Amaﬂ’bab €hamivaby@ietPFyhpesiuns Serleh, Nd@3prrage nl1-sst@y®t s,

t o, ,.about 70% based cr oact j.vi t
0D R BTG T VB 1B ety BT H TR A B af
soffuaCHlig aatsaliyst alurdinat@OMaisabdlite eaMVIes GonOdtted Us IUSY -fype by
preferred formof the catalyst described above,

deadyarinating »syhich ingreaset theosfl aéla%w@ ermig ragiwa%fhﬁhév%mné

stiMdhid Y@é’bﬁte‘)ﬁru&t{]& a5k jufd iNBRn RCLBTUI) diddnd BRindR¥eNt i on,
as _shown by the Exanpl es bel ow. The extent of sulfur

[0P&Huct Tliﬁwrafﬁa‘iﬁﬁééBEh BrCHANgeR gedditssgiserhin e guantionse pigpared

byCBRERManSd, dubg %Whﬁ‘ﬁks'oﬁﬁﬂ £ aRchit8ds r@§e‘ﬂ? ﬁlsﬁe zeolite
condi t1 ons. (5 Sul fur reduction my fective

stijetureomt yeplaged with @ﬂ@r patioas asuady b mwtumatof sﬁrgeartlbmetal salts

Y
sul:ﬁ‘&sf &%%algsg ég‘é@ﬁ%m éh@h%%t ﬁo%gﬁ@ %Ft%ra‘il?%d@flﬁég&e}leanhs
ang wﬂufmures dlomeod hd profide REYrm]d\R,EL@é@gl‘adwereﬁpeamqlwn

[O%zﬁ vi d’i"}ﬂﬁgsu?ﬂce area was measured by N, BET method and chemical analysw

was performed by ion coupled plasma analysis, standardized to NIST standards.
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effective and econom cal way to reduce the sul fur

content of the heavy gasoline fraction, the gasoline
wepdopoiond nmay be extended wit hout the need t oPCEES006/006795

to expensive hydrotreating, with a consequent

favorabl e effect on refinery econom cs. Renoval of the

various thiophene derivatives which are refractory to

renoval by hydrotreating under | ess severe conditions
Défmztaimof,dldﬁ:bm@tbine i f subsequent hydrotreatnent is

055], The fol |l ow ng advant ages can al so
reg‘g}éﬁ?@’éé" éﬁﬁ% i ng gasoline sul fur reduction
S/ﬁ;@ﬁlrt oo surfrce eeamh€e. catal ytic gasoline sul fur
ction in the FCCY can allow the refiner to process
Ghée swifgoepeq é?éd’sége@ n ththedites Ui eelsty ok hee 20
A;{gy@.bﬁgal ly | ess expensive and t hus have a favorable
econonmi ¢ benefit to the refiner. Gasoline sulfur
M4 gelersitg suiface 1 ien BoTE Bam ths Belryodi mesordrysibngreeer tive 20
Apebms i on of downstream naphtha hydrotreaters. By
achieving a large portion of the required sul fur
AlrSgieet ioghenoge peréclelige POBIgronshe napht ha hydr ot r eat er
UERRDS PR BYSH LiERGsHENE €1 Y, Lhereby m nim zing
octane loss fromo I'n saturation and m nim zi ng
PfFquf@gémp@mme&hmn Cctane loss fromolefin
ing hydrogen consunption. This
Gﬁﬂ#’@w§£f@\%m§ gg\‘foz?rébl e econonmi c inpact to the
LG@trefemrio gh056Ye Dlieppionibgbinrg: dedng ippbi @n iesropge of bl
ok 1 Base of explanation and is not to be
szgoéé()t rued%':\sgl imting the invention. Wile the
i nvention has been described with reference to
E)E%lgdilféi; d enbodi nents or preferred nethods, it is
e od that the words which have been used herein

[0866@ WoCatsiyaf despod ghinon1 308 ohlal d4§%§§)l &TREthhﬁfﬁh tghagp

t at Furth | t
R N Rt 4B S8 e e rioiph FOHE: ht Fioe

foPBY firfitds AThei] 1768 L 08 g offBt ch?%s;s)%ﬂﬂnﬁm QE’I‘OFGB?Br%i ald®91¢
(Z%&gentlonls not intended to be limted he

(i esig) eleY sserdded é the ahever viery Avkmidedoestoshde
min@tedl Th8 tfi@ Vs millERtih oadﬁra?snl%l}‘%el%d&%aﬁa l? Fi‘% L Ql%rﬁy

the scope of the appended cl ai ns e s
dried | &otven spray Waxer- ng‘h@ A2 eried partides were celoinet |f¢rg]sh@fr at

1TOHES(5SPRG] FrinG bl ! cat
P P Ay A Phk s R Hop B R PHE (IR L
arpbstechoieTablt hout departing fromthe scope and spirit of
[06({‘7? Catalyst 1B: 3663 grams (1200g on a dry basis) of RE-USY with 8.2%
RE;03, 0.15% Na,O was mixed with 486g of a ZnCl, solution containing 29.6% Zinc

and 667g of a RECIs solution containing 19.6% rare earth for 10 minutes. Then,

1565g (360g on a dry basis) aluminum chlorohydrol and 2447g (2080g on a dry basis)
clay were added in the above shurry and mixed for about 10 minutes. The mixture
was milled in a Drais mill to reduce particle size and spray dried in a Bowen spray

dryer. The spray dried particles were calcined for 1 hour at 1100°F (593°C). The
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i nvention as defined by the appended cl ainms. [0057]

For the purposes herein, and/or the Exanpl es bel ow,
wa@paevoess ot herwi se stated, the terns bel ow PEIES1006€006795

definitions indicated.[0058] "Fresh"” fluid cracking

catal yst is catalyst conposition, as manufactured but

J t i t E i .
PR PICPRTIRR ARG e I B Tl Mo b oo tsed on

Tabddt Bl yst”, or "regenerated catalyst” is the inventory

circul ati cat al vst 0Si L.i in an F upi
oS | R MO GERARD G oDkt nily tab SFRe-usy
wi;mjzlv/pnbm En onfs%%m@omf }x[a@(&jiﬁtﬁ]%%%bﬂﬂ IZﬁCE(ilolution c%ntaining
1.1 bri ''refe to ul crackjng cata t _that
2%% Zd%%ﬁﬂtﬁ?@éant% giize%ﬂﬂthnﬁﬁ'étamgﬁowa /@ryyﬂtuayér A0 mapgges.
T}.aoﬂbm'g l(38pEionm ey Basle) ABmERInREN StohRirolaRd Emga(zékt% onUcdly
a

aboratory procedure for attaining sinmulated
bagigu ey prsréiasided ip ghe ploys, Syres pndcmigr yier abayitdf maigutes 0 JhE

m%ﬁ%} i it ahﬂ‘dfssmiﬁgto 34400 arficld %iz@gad Py dHd _hﬁ)b!:'B%wen

one atmosphere of steam Such treatment sinulates
speaxt dilsrs t Thgespedyi driediperticldsaweré salgietd fov dchaup abl 00°F (593°C).
u ntiall n . as at. of egui i brium.
TR PR b e B RS0, B ey A Sl et on
Tableat.e within the environs of a FCCU. [0061] "CPS" is

OB AR oAbl SIS EBL . S5 IR A

AfnbfcaatGemidcag Soeee Symabddinn Sefiésetlo. §33ePafdTEN HIB3(1996) using

Cheni cal _Soci e nPQsi Series, No. 634, Page
thq PLotgepl (11‘838?5 3{’f‘g%vfsz]qn SRR AT Heyeagyt Leapd 18 igee also
de@&VARH Gisiak laym ¢ RAUCES] ddayti @iy s bakd o @i dtedd] @f inSWEICRIAd SO,
silicate and sodium alum nate. This, zeolite can be
WaSOWE R dbE PRIITSR- tY7ise 1B yuigeRtt GRY ignifisAnt effget gh SOz on the
catalistseases the silicon/alum numatonic ratio of the
parent standard Y zeolite structure. Dealum nation is
achifeeteepl By SPe ARS8 Hakdnding on@lyedin. The rare earth
( RE)Pr&)écnggngélgS %29(% t §8°l&§e%dfng (gnhexi!i %%n{%elilgﬁec? rlehour at
prepare y Ton exchange, “duri Ag i"ch sodi tm and
anmoni um at oMs0TH €E83RC) M alrhgfie? TP 1185 Fr U880 erdlirfz on
replaced with other cations, usually as m xtures of
rare-earth nSfUptio®) ts such as those salts of cerium

| antph@hars. NepgnELNET M@l Hghidh 1@0SNidahg rare-earths
and m xtures thereof to provide REY and REUSY grades,

r espegoéoldl yCPIIBOGEH] (7BREC)s endim en ardimtiom svitheats §0e dn e
N BET net hod an chem cal anal ysis
oxidation cycle.
[0070] The surface area and unit cell size after deactivations under the above
protocols are also listed on Table 1. It is seen that the Catalyst 1B had poor surface
area retention compared to the catalyst 1A and catalyst 1C in the first protocol (46%
vs. 56 and 57%) and it had even worse surface area retention (26% vs. 42 and 45%) in

protocol 3.
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was performed by ion coupled plasm anal ysi s,

standardi zed to NI ST standards. Definitions of
WRRiwseyi92d | ons [ 0065] RE refers to rare eart h. PCIUS2006/006795

refers to total surface area in mJg. ZSA refers to

surface area in nk2/g fromthe zeolite or m croporosity

| ess than 20 Angstrons. MSA refers to surface area in

m/gfromthe matrix or nmesoporosity greater than 20

Angstronms. APS refers t f particle size in
—m—e—#e%&—UGS—r—ei—e%—s—&—e—%ﬁégﬁ—&_Le In_Angstrons
PPM refers to parts per ﬁf'lafyfton. GSR refers to
_ Al b o '-, ‘ A . .-. ,:é,;';' 7‘:""‘-.
ort ;2 'iscgll have a boiling point in the ragge of
about 22BCY8 about 372820EXAVPLE2Y [0066] CALI yst

U A S Ci

LA 4203MgfalE (13509 on ¥y bas?%‘%f of RE-USY-With
8. 2% REXRI» ¥i#506 Na20 was!fi xed wheh 547g of &4End 2
sol uti on*¢eMt? ni ng 29. 6% zinc for 10 mi nutes. 2PRen,

1761g (485G a dry basi &P3al uni ndaf chl or ohydFéB and
299&3 é25429 on a dry basis% clay were added in the
abovIriape Arey (g} -FA xed f orR5%About 16@64i nutes. THSS
reslite SorfoggAred (ni’igd- 794 a D&% s mi || 229 reduce paegticle
datex Smdace preay(ndig) €dSAn a Bowen spragy dryer. Thy spray
dried particles were calcined for 1 hour at 11000F
(593 0C). The physical and chemrretadol pigPBotoic&ia! of the
finished feash catal yst aneslistedipn Table 1. (}9067]
Cat al st Rdté&utioB %3 grans (i200y on gwlry basi s) sph

RE- USY wi t2848. 2% RE2C3, 0.146% Na2Oggas m xed wiiph 4869
of a ZnCl M$ol uti on contaiari ng 29. 6% Zi nc and 6879 of
a REGitTedShzat-ivars @pnt ai niag219. 6% mare earth farzl0

m nutes. Then, 1565g (360g on a dry basis) al um num
chl or ohydrol and 2447g (2080g on a @®fgteddf$Si S) cl ay
wer e addedsAn the above shogry andgoi xed for apggt 10

M nut esSA RientionXt ur e 42% 26% 45%
ZSA 86 44 9]
MSA 23 25 25
uCs 2434 24.48 24.44
Protocol 4
SA 131 165
SA Retention 51% 64%
ZSA 110 140
MSA 22 25
UCS 24.31 24,46

[0071] After each deactivation, Micro-Activity Tests (MAT) were conducted
thereon according to ASTM D3907 against an equilibrium zeolite-containing catalysts
(E-cat 1D), having a unit cell size of 24.304, total surface area of 174 m?%/g, zeolite
surface area of 134 m?/g, and matrix surface area of 40 m%g. The E-cat 1D

composition has a Na,O of 0.27%, RE,05 of 2.58%, Y03 of 0.005%, and ZnO of

' Surface area was not measured for the products deactivated according to Protocol 2 based on an

assumption that the surface area for those products would not be materially different from those
products deactivated according to Protocol 1.
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was mlled in a Drais mll to reduce particle size and
spray dried in a Bowen spray dryer. The spray dried

w@aoosiogioes were cal cined for 1 hour at 11000F ¥GRBSDE)/006795

Thephysi cal and chem cal properties of the finished
fresh catalyst are also listed on Table 1. [0068]

0. @@%almtpré&n els e feemsed%@;’e mmuc( 134 96 @ Bolthl 2 o
basi s) SoNaOvvas M xec
Tefle B bﬂlswg Qﬂluran ZﬁtlTalﬂe g@rqytde@m r@@ﬁpﬁwdmgfoa@m% prppecties

: solution containing 15. 7% yttrium

fﬁggln rﬁl%fﬁczfs‘?g hen, 1565g (360g on a dry basis)

al um num chl or ohydrol and 2447g (2080Cg on a dry basis)
clay were added in the slurry and m xed for
abmyn 10 minutes. The f/ggﬁgi\nq ¥n [led 'in a Drais
mll to reduce particle size and-Eypiegl dri2dfeehAa
Bowen _spray dryer. The spray dri dRangarticles were
calcined for 1 hour at 11000F (593C). The physical and
chetPlc@tavity @p@l°Fi(B®Cof the fini shEd3fresh caxéad yst are
| i sheithhoPoiiaBf e 1. [0069] All three catal yis2g83re)e
deatulfuvat®d in a reactor such as G.¢at descrilifped i n
AneFatda¥itrGeaniteal Soci ety Synpos0.0mo03eri es, oNeo 634,
PadeasicMNitrdgéh wi996) usi ng t he prooosemls 1- 4p.b3ost ed

bel ©miradsen aaithos Wwe¥, the catal yst lgdsand 1C vere al so
deakFhstat ed using a nodi fied CPSidgasti vati enspr ot ocol
( prsyeeigiolGraityl @ 60FF glac@po SO was used in theygododati on
cycles to rule out any significant effect of SO2 on

t hergrakbadeymli®&: Protocol 1. CPS 14500F (788Q).5®pdi ng on -

r edAdrdRMolBEddropaibht2. CPS 14500F (788 0C) ending on
oXi A@kiaQeR! &bdecdwhgur at 14500F (788C) in air

aftpgrafﬁl?gda e ;@%C) endi ng on reduction) Protocol

3 ¥a th OF (816C) with 100% st eam Pr ot ocol

S@%@{Qﬁnﬁgﬁﬁoﬂg‘épgwmgcgn reducti on V\/lthout SQ2

|n 1epe oxidation cycle ] The surfac and
uni4 cell size after deactlvatl ons under t %
&

protocols are also |listed on Tab It i t hat
thgggat al yst 1B had poor surf aceéﬁ) 600 ?7;?304)

30 626 (330)

40 ' 673 (356)

50 600-900 716 (380)

60 765 (407)

70 804 (429)

80 ‘ 865 (463)

90 : 800-1200 937 (503)

95 1006 (541)
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area retention conpared to the catalyst I A and

catalyst 1Cin the first protocol (46%vs. 56 and 57%
w@nwei919p@d even worse surface area retenti on ¥QBUS2086/006795

42 and 45% in protocol 3. TABLE 1 Catal yst Catalyst A

Catalyst IB Catalyst 1C Fresh Catal ysts Na20, w % 0. 26

0.20 0.18 Al 203, WM % 38.94 37.06 37.75 RE2C3, wt % 2. 16

6.22 2.48 Y23, wt% - - 2.08 ZnO, wt % 4.03 4.19 4.03

fac /
IO Py SAclIRE a2, Rl Sne B0 R bR

redurfiby )esultm/szom(sg% for Pravpcst dresinvarsign gsipg Getgtysis dpactigated
pef B1ER 1575 Sy PR eRR e BRI P10 57 24 47
[0878]43 Preoproduss <ﬁ” tBAcricﬂ@d 6 d 1 bfuSeorRat emths @asolipenrb sl fur
reélxc(g]‘%)%gépl%%at%% /9 convers1on o% deactl%?uolx{%?otgélol% e héth miTdbke 6
and Figure 4.

[0074] The gasoline sulfur concentration reported above was analyzed by an
Agilient 6890 gas chromatograph with an atomic emission detector G2350A (sulfur
GC-AED) using techniques similar to those described in Albro et al., “Quantitative
Determination of Sulfur Compounds in FCC Gasolines By AED-A study of the Effect
of Catalyst Type and Catalytic Conditions on Sulfur Distribution”, Journal of High

Resolution Chromatography, Vol. 16, January 1993. To reduce experimental errors in

the sulfur concentration associated with fluctuations in distillation cut point of
gasoline, the sulfur species ranging from thiophene to C4-thiophene in syncrude
(excluding benzothiophene and higher boiling S species) were quantified and the sum
was defined as “cut gasoline sulfur”. Similarly, sulfur species ranging from thiophene
to C2-thiophene was defined as “light cut gasoline sulfur” and sulfur species ranging
from C3-thiophene to C4-thiophene as “heavy cut gasoline sulfur”.  When
benzothiophene is included in the sulfur report, it is referred to as “total gasoline
sulfur”.

[0075] The negative values reported in the SULFUR REDUCTION section of
Table 3 and 6 were interpolated from data, such as shown in Figures 1 to 4. The
negative values in theory indicate that sulfur content increased by the amount shown
and at a conversion rate of 70%. 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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SA 131 165 SA Retention 51% 64% ZSA 110 140 MSA 22 25
UCS 24.3 1 24,46 [0071] After each deactivati on,
wok@ro9ded i vity Tests (MAT) were conducted theP@DOS2006/006795
according to ASTM D3907 agai nst an equilibrium
zeolite-containing catalysts (E-cat I1D), having a unit
cell size of 24.30A, total surface area of 174 n2/g,
zeolite surface area of 134 nR/g, and matrix surface
area of 40 n2/g. t ition has a Na20
of 0.27% RE2C3- o'l?-AB gc/g (yzl%e’%mg%%% and ZnO of 1
covddigce area wag not neasured for the product s
deactivated ageQhgli Ng t@uPis0Ccol ReBased 0N Afyst1C
assunption that the surface area for those products
cautdonot be materially different fromthose products
Réieacti vat ed aceerdi ng to #rot ocol 1.33802% The 2.94
chkerddi@scafent(Res)f eed used in the MAT study are
Hldr&ted in col uomo 2 of Tabbd.s 2 bel ow.02Col umm 1 af27Tabl e
T cpraavi des a range of val uss for cerit4ai n propertides
TdHgme i n typi cabt FCC f eedsos TABLE 2 sioTypi cal 2#eed A
Tétacge APl Graviityy @ 600F 10360C) 15- 3%026. 6 Ani ld.q1e
GReinet , OF 182 (B8 0C) Sulséwr wt % 0. @164 1. 047 Total
L& trogen wt % 02532- 0. 3 0. @800 Basi ¢ Net.gsogen wt %w4.04
B8oRO8- 0. 1 0. 03034 Conr adsongiCar bon ws4g0-6 0. 23 343
chactor 11-12.5414.59 Specific G avity7@ 600F ( 166)
0. 8949 Refractive Index 1.5003
SULFUR COMPONENTS, ppm S, GASOLINE BASIS

Thiophene 43 40 33 30
Methyl Thiophenes 92 92 66 51
TetrahydroThiophe

ne 22 16 13 12
C2-Thiophenes 106 108 74 59
Thiophenol 36 30 23 22
C3-Thiophenes 35 46 23 14
Methyl Thiophenol 73 63 39 32
C4-Thiophenes 56 55 28 18
BenzoThiophene 342 317 297 251
Light Cut Sulfur 264 257 187 153
Heavy Cut Sulfur 91 102 51 33
Cut Gasoline Sulfur 356 360 240 189
Total Sulfur 700 680 541 443
LCO Sulfur - (LCO

Basis) 20284 19541 17561 15808

SULFUR REDUCTIONS, %

Light Cut Sulfur 2.5 29.2 42.0
Heavy Cut Sulfur -12.1 441 63.5
Cut Gasoline Sulfur -1.4 32.5 46.9
Total Sulfur 2.8 22.7 36.6
LCO Sulfur - (LCO Basis) 3.7 13.4 22.1
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Aver age Mol ecul ar Wei ght Aromatic Ring Carbons, Ca w %

Paraf fm c Carbons, Cp, W % Naphthenic, Cn, wt%
woe@biodt192d i on, Initial Boiling Point, OF (C) |BPI/BSB06/006795

(181) 5 464 (240) 10 290-600 5 11 (266) 20 579 (304)

?0 626 (330) 40 673 (356) 50 600-900 716 (380) 60 765

407) 70 804 (429),80 865 (463) 90 _800-1200 937 (503

95 1006 (541)rooiJ2$B%aE ‘E(ﬁ’m@%ogfﬁt he cracked geed?
csiefstyn content i n7bhe gasoline and sul fur reduction

results at 70% GBaye or REOLACPL 3)cHARNGRS! @i 119

ant ol vt

catarysts—oaeacttrvateo—per—protocors—1t=-3 are Snown 1N
Tables 3-5 and Figures 1-3. [0073] The products of the
CataiystkeOilRetd, sulF4ir conteni8d n the gadoline arddd

Gahdikd Prdaely ChheR wesyl ts at 70% conversi on of

i vation prot | 4 are own in le 6 a
P&lgl%%érne 4. [0074] 61)‘?;82 gasol i(fi?qsul fur a—’gjpcentra{bi(']l:;;-n
TeepdiPed above wa&*@nal yzed %ﬁ/ an Agi E‘lgnt 6890 Yas
Tohat @Hat ogr aph wi th%%an at omi &3%mi ssi on>dkt ect or XE¥350A
Tosutdsur GC- AED) usiseg t-echnilgues sinilide to thoged
ngé‘géi bed in Al brgeet al., jg@uantitatjqeg Deterggpation

u

[ fur Co [ i

e Effect o?p%;pgﬁz s? -Fr%ezs‘??]gl ICQSZI ﬁ%/qgéEgoﬁd?%'?%%sOf
Bofomul f ur Di stri bbfd on",  Jouthal of Hgh 5.74
Coke 3.73 4.49 6.54 7.11
SULFUR COMPONENTS, ppm S, GASOLINE BASIS
Thiophene 38 32 26 23
MethylThiophenes 86 75 48 41
TetrahydroThiophene 16 11 7 6
C2-Thiophenes 87 76 35 29
Thiophenol 30 27 20 19
C3-Thiophenes 21 16 7 4
MethylThiophenol 58 52 24 20
C4-Thiophenes 25 24 1 0
BenzoThiophene 350 325 ©292 263
Light Cut Sulfur 230 195 117 101
Heavy Cut Sulfur 47 40 10 5
Cut Gasoline Sulfur 278 236 129 107
Total Sulfur 635 563 426 374
700°F (371°) LCO,
LCO Basis 7924 7286 6158 5652
SULFUR REDUCTIONS, %
Light Cut Sulfur 15.1 49.0 56.2
Heavy Cut Sulfur 14.2 78.0 88.7
Cut Gasoline Sulfur 15.3 53.6 61.4
Total Sulfur ’ 11.4 32.9 41.0
700°F (371°C) LCO, LCO Basis 8.0 223 28.7
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Resol uti on Chromat ography, Vol. 16, January 1993. To

reduce experinental errors in the sulfur concentration
wasmweoimeed with fluctuations in distillation BCL/URI0EI006795

of gasoline, the sulfur species ranging fromthi ophene

to CA-thiophene in syncrude (excluding benzot hi ophene

and hi gher boili S | re gquantified and the
m@ﬁéﬁqtﬁ@u fur" Simlarly

Convegsibif ur speci es fangi ng fromthi ophene to C2-thi ophene
was defined ag.cadipght G4lay@880! i Neagylehr " angguldier
Speci €s rangi ng from C3-thi ophene to CA-thiophene as
"heavy cut gasoline sulfur". Wen benzothi ophene is

Catalysh O|HREP i n t he*%ul fur regdrt, it i YMeferred td4s

Crack¢ddtraductg@ondni (we%3ul fur”. [0075] The negative val ues

Hydrbg@ported in t heosULFUR RERWCTI ON segby on of Tablgs3

Totc3Pgh 6 were interpol ated frgmdata, sygh as shown .in

TtaFI gures 1to 4. 9The _negat4| ve val ues 0 theory in |2cate

13t sul fur cort®®nt incrédéed by t h&¥4nount showrf?and

Totalg¥¥s a conversi od0¥at e of T0% Howevel487it is not 961

Gasoldel i eved t hat ud37s data wefd ects a &qgnificant 3944

Lcol ncrease in subfyr, if ipgdged it refjsgcts an actyg

BottoC €ase i n sul fggr at al I7.] ABLE 3 (Protocol 1) £.30

E3nversi on 70 EXRat 1D Cdt lyst 1A &4 alyst 1B *

CokeCat al yst 1C Cat’#lyst to G4 Ratio 3997 4.01 3.489.94
Cracked Products Content (wm% Hydrogen 0.10 0.18 0.21

SULBUREONMPONENTS ot 5, T aboLivdbeakit7 1. 54 Total C3's 5.51

Thiome@® - 10 4.74 Jotal C4s .25 10.50,,9. 90 8.87

Soline 47.39 48.92 47.60 47.77 LCO 25.34 24.90°23. 94
Methylhhigphengint t oms 4544 4. 81 5°48 5.13 Cdke 4.1 8 3.8% 5. 17

TetrallydoTi§ophene 20 8 5 4

C2-Thiophenes 97 50 105 43
Thiophenol 32 20 42 12
C3-Thiophenes 31 16 70 13
MethylThiophenol 61 46 59 19
C4-Thiophenes 33 16 85 1

BenzoThiophene 291 269 367 248
Light Cut Sulfur 235 133 222 114
Heavy Cut Sulfur 64 35 156 17
Cut Gasoline Sulfur 300 170 376 133
Total Sulfur 597 442 705 383

SULFUR REDUCTIONS, %

Light Cut Sulfur 43.3 51.8
Heavy Cut Sulfur 45.7 72.5
Cut Gasoline Sulfur 43.4 55.8
Total Sulfur 25.9 35.8
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SULFUR COMPONENTS, ppm S, GASOLI NE BASI S Thi ophene 43
40 33 30 Met hyl Thi ophenes 92 92 66 51
waedocaipes oThi ophe ne 22 16 13 12 C2- Thi opheneRCT/082000@6795
74 59 Thi ophenol 36 30 23 22 C3-Thi ophenes 35 46 23 14
Met hyl Thi ophenol 73 63 39 32 C4- Thi ophenes 56 55 28 18
BenzoThi ophene 342 317 297 251 Light Cut Sul fur 264
257 187 153 Heav¥ABLIG® (Brotoeohdy 5 1 33 cut
Gasol i ne Sul fur 356 360 240 189 Total Sul fur 700 680
o thﬁl 443—+CO—Sutfur gi\t% O Basis) 20284 19541 17561
ié’éﬁ% SULFUR REDUCT] G % Li ghtCag,gst1§u| fur 2.5,29% 7
42~ u ||cav Cot—Sutfur—12— 1447 1 63. 5 Cut— Gasol 1 ne

lliatl 4 32.5 46.9,,Total Sulfur;g2. 8 22.7 36.6,

?
)53 7 13.4 22. 1TABLE 4 (Prot ocol
gedc?dﬁ‘l}‘é‘;{%?’gﬁ(ﬁ?‘g"gﬂz ID Catal yst,J,A Catal §/st | Bas
TYESEA| yst 1C Catal yst Eo Ol Ratio ;32447 3.80 3. 4613096

TotCl1 0

TO§C§3§%<ed Product s Coni ent (w % 5o sos
Total C4s 11.89 11.34 9.52
Gasoline 45.85 47.82 46.32
LCO 24.06 24.65 24.18
Bottoms 4.71 4.94 5.15
Coke 3.99 3.88 6.65

SULFUR COMPONENTS, ppm S, GASOLINE BASIS

Thiophene 33 39 27
MethylThiophenes 85 86 39
TetrahydroThiophene - 17 18 4
C2-Thiophenes 97 92 19
Thiophenol 27 34 13
C3-Thiophenes 32 23 3
MethylThiophenol 56 65 14
C4-Thiophenes 30 34 0
BenzoThiophene 301 351 326
Light Cut Sulfur 232 241 90
Heavy Cut Sulfur 62 58 3
Cut Gasoline Sulfur 299 302 93
Total Sulfur 609 665 420

SULFUR CONVERSIONS, %

Light Cut Sulfur -3.7 61.4
Heavy Cut Suifur 6.1 95.0
Cut Gasoline Sulfur -0.8 69.0
Total Sulfur -9.3 31.0
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Hydrogen 0.08 0.29 0.34 0.45 Totd +C2 1.36 1.38 1.62
1.84 Total C3's 5.97 5.53 5.41 5.30 Total C4s 12.40
wa 1006091026 12 10. 54 Gasol i ne 45.65 46. 49 44. 24 BGI/8S200€0006795
24.32 24.61 23.09 22.93 Bottons 4.78 5.18 5.90 5.74
Cezgas. 73 4.49 6.54 7.11 SULFUR COVPONENTS, ppm S,
I NE BASI S Thi ophene 38 32 26, 23 Met hyl Thi ophenes
[0056] 75 Ersmz‘helreslﬂétﬁﬁh%g%llpwmlCﬁﬁh%ﬁ‘é‘c?ée‘il 7 )é P

C2- Thi OPRENGSRe Szulﬁlﬁ %@u&%nﬂ&b@\m’&n@f #He Thtad@ht 194 were
C3- Thi op enes 2 4 Met hyl Thi ophenol 58 52 24 20

C4- Thi optiemetcaily aﬁchtqd oy Beetration ppisple 350 325 292 263
Li ght ngﬁ%lﬁga u%q‘gduégﬁ &tljcg%gm%et\}'a\(alﬁf'tlBsdv'érfe Ll'l‘hpt%Zed

40 10 & i ae 36 129 107 Tot al
Sul fur 68%r ﬁ@&awmt BAZHWGIF dyegtpppot Bdiace e BEpstien inghe

7286 6158 5 SULF R ght Cut Sul fur
1505 a0 BrokRdm. I8 3‘\‘/1y IR Phepithet 90¢ (% 3
c. Gasolme sulfur reduction activities of the Catalyst 1C is preferred

among the three catalyst for all four deactivation protocols.

EXAMPLE 2.

[0077] 5000g Na-Y zeolite was exchanged with ammonium sulfate to lower the
Na,O content to ~4%. Then, 4.62% yttrium was exchanged on the washed Na-Y
zeolite by slurrying one part of the zeolite and 10 parts of YCl; solution that contains
0.051 part of yttrium at pH 5 for 20 minutes followed by filtering and rinsing with 30
parts of deionized water. The exchange zeolite was dried overnight at 120°C
followed by calcination of 2 hours at 1150°F (621°C). The calcined zeolite was
exchanged again with ammonium sulfate to lower the Na,O content to ~0.69%.

[0078] A starting base catalyst was made by mixing 3767 grams (1500g on a dry
basis) of the yttrium exchanged zeolite above with 400g deionized water, 2391g
.(550g on a dry basis) aluminum chlorohydrol and 3471g (2950g on a dry basis) clay
for about 10 minutes. The mixture was milled in a Drais mill to reduce particle size
and spray dried in a Bowen spray dryer. The finished catalysts were calcined and
exchanged using ammonium sulfate to lower the Na,O content. The physical and
chemical properties of the starting base catalyst are listed on Table 7.

[0079] Five catalysts were made by incipient wetness impregnation of ZnCl, and
YCl; solutions using the starting base catalyst above.

Catalyst 2A: 100g of the starting base catalyst were impregnated to a Zn
level of 1.84% followed by a calcination of 1 hour at
1100°F (593°C).

Catalyst 2B:  100g of the starting base catalyst were impregnated to a Zn
level of 2.90% followed by a calcination of 1 hour at
1100°F (593°C).
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Cut Gasoline Sulfur 15.3 53.6 61.4 Total Sulfur 11.4
32.9 41.0 7000F (371 00 LCO, LCO Basis 8.0 22.3
WQ@20080%8BE 5 (Protocol 3) Conversion 65 E-cat PQI/US2006/006795
Catalyst 1A Catalyst IB Catalyst 1C Catalyst to QO
Ratio 2.94 3.28 10.71 3.47 Cracked Products Content
(W% drogen 0.06 0.37 Q.97 0.53 Tot C +C2 1, 18
1.32 SadysiZG7 H9eof theptasting bpse gatalystavasa mprggnaiegigp Zn
C4s 10.34 10. 02ic)d o8 3. ByPIGRARoAD. 9146 FifrifhR follve Dy62
39.44 LCO 28. 18 26.76 30.57 25,46 Bottons 5.85 7.19
9.88 8.30 Coke ®dwptinneBl ot 1WIF QP HIR COVPONENTS,
ppm S, NE: Thi :
ot hy I BohRnew g3 srel WARGGRE RS phortated o 27,
5 4 C2- Thi ophenkel®f 25774 @8l agiditiphil nuitrign follpwed bya

To 0. Thi ophence 3 EA 52 sl PRARER. 201 260 367

248 LiGirtlysORE: SU00gwf tR238arliB8b&R 2athly4t were ityprégrate@uib faugn

64 35 156 17 level of 2.46% and additional 3.9% yttrium followed by a
calcination of 1 hour at 1100°F (593°C).

[0080] All five catalysts were deactivated according to CPS1450°F (788°C). The

physical and chemical properties of the five catalysts after the deactivation and the

fresh starting base catalysts are listed on Table 7.
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Cut Gasoline Sul fur 300 170 376 133 Tot al

Sul fur 597

442 705 383 SULFUR REDUCTI ONS, % Light Cut Sul fur 43.3
wG2s891¥@vy Cut Sul fur 45.7 72.5 Cut Gasol i nePEIU8§2906/006795
43.4 55.8 Total Sulfur 25.9 35.8TABLE 6 (Protocol 4)
Conversion 70 E-cat ID Catalyst | A Catalyst 1C
Catml yst to O Rdti 0o 3.33 3.87 2.40 Cracked Products
Confent (gt % Hydr ogen 0.1Q 020 0.33 Tot A +C2 1.44
1.pE 1.302THtAl C3IBBTE § 24 4.85 Total Cis 11.89
11| §4 9752 GdSoline 45.85 27.82 46.32 LCO 24.06 24.65
24{ W8 Bottons 4.71 4.94 5.15 Coke 3.99 3.88 6.65
SULFUR COVPONENTS, | ppm S, GASilI NE BASI S Thi ophene 33
39| 27 Met hyl Thi ophlenes 85 86 39 TetrahydroThi ophene 17
18| 4! C2- Thi ophenes| 97 92 19 Thi ophenol 27 34 13
C3t . i ophenes 32 23 3 Met hyl Thi ophenol 56 65 14
E 2292 |gf5eF
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CA- Thi ophenes 30 34 0 BenzoThi ophene 301 35 1 326
Li ght Cut Sul fur 232 241 90 Heavy Cut Sul fur 62 58 3
w@6ed | ne Sul fur 299 302 93 Total Sul fur 6POI/68806/006795
420 SULFUR CONVERSI ONS, % Light Cut Sul fur -3.7 61.4
Heavy Cut Sulfur 6.1 95.0 Cut Gasoline Sulfur -0.8
69.0 Total Sulfur -9.3 31.0[0076] Fromthe results,
[oosipe fiplslsewmi gt darunﬁte:eﬁcsmlmniai;ed withGaghst lqading affyitrium

redyction activities Y
whil i e it b eny FHE ARG R uaElfugd cots
werdR§ed e sl Eglaﬁnsf ﬂﬂ&@ﬁlhﬂfbléﬁ@tlmlubmuresatd&sﬂ e Tat progets
I B were inproved over the ¢

of ths GoRe ket A T LTl FISHT AL 50 SRR Ygtms o4 ©

com%'glctrpa[re HSEYGLTHR YVAEG.FMde¥eck. ¢. Gasoline sul fur

reduction activities of t he t al CIS re
[0083hon gt aheut the same ytHy) dpading 2 i %ﬁl e P G%IYF

less %Eﬁ’% 08104 W&nﬁhgn 2007 €htaBRODY (3% WszeDhidue gmﬁne
ange amoni um sul fate to | ower th

sulfurontl@mpn)t of\mbwt thpasme 4n dagangs theigjHaliBgeasg @E XH@@H froim
~1.1 é ée OV\BZSWd(gN%HXt 8 Q/L ' 5((}% 1F?1¥)rcfvle§1 Elﬁt)@aﬁ‘(gm‘é nQ1fReHu@on then

YO solution that contains
~41% B5HYpant fuaﬁerym«;rpasgmfattrupm font of.1%00 Fi ¢t disl 196 enigRes

dlterd ng d r| t f
cut \%éﬁo pe syhlur e% 1a(l)ﬁ’ge ze rtl‘ﬁér ﬁgg%d@gﬁgot\g/esr g?)é%t%bgﬁg ©
decrb2RQasdliab blﬂﬁ&dednytxcmadctmt}atl on of 2 hours at 115Q0F
(621C). The cal cined zeolite was exchanged again wth
amoni um sul fate to | ower the Na20 content to -0.69%
[0078] A starting base catal yst was made by ni xi ng
3767 grans (15009 on a dry
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basis) of the yttrium exchanged zeolite above with

40Qg dei oni zed water, 239 Ig (550g on a dry basis)
w@bapaiosneee chl or ohydrol and 3471g (2950 on a drgT/Ds®0E&)06795
clay for about 10 minutes. The m xture was mlled in a
Drais mll to reduce particle size and spray dried in
a Bowen spray dryer. The finished catal ysts were
cal ci ned and exchanged usi ng ammoni um sul fate to | ower
the Na20 content. The physical and chem cal properties
of the starting base catalyst are listed on Table 7.
[0879] Five catalysts were made by incipient wetness
I npr egnat nog ©fe Zn@ & @nd YO 3 sol utions ysi 1,1g<rt‘,heo
st@ltichg bases catalysts above. ¥ Catallyst™y AR RGEy™ 6F St he
st@rting base catal yst were inpregnated to a Zn | evel
of 1.84%followed by a calcination of 1 hour at HOOOF
(598C). Catalyst 2B: 100g of the starting base
cajal yst \Qec[)e‘\imnm egnat ed to a Zn level of 2.90%
fofl owed By<ascakrlnaton of 4 -hour aty KMEE & = 5 &
(5530).Cat al yst 2C TCDg of the starting base catal yst
weTle i npregnated to a Zn level of 2.73% and additi onal
0.91% yttriumfoll owed by a calcination of 1 hour at
11Q0OF (5930C). Catalyst 2D 10Oy of the starting base
cag@al yst weseoi ganated to a Zn | evel of, & Z7%.and
adgl t ionak E.%&r’;gytﬁtiifum f of I'ofed By & C%Ei’c%n%t?r Shsof
1 $lour at 11000F (593C). Catalyst 2E: |1 OO0y of the
starting base catalyst were inpregnated to a Zn | evel
of 2.46% and additional 3.9%yttriumfoll owed by a
caflci nation of 1 hour at 11000F (593 0C). [0080] All

fi%le cataly§t® Wer € deacti vated acgondi Rgat 8 €RSo o

TABLE 8§

: <+ o N = o O e AW
14B00F (788T)Y °TReSphysi cal and chemi cal” prB8periied of
thel five catalysts after the deactivation and the
fresh starting base catal ysts are |isted on Tabl e
7.4/ABLE 7 Catal yst Starting Base Catal yst Catal yst 2A
Cajjal yst 2B,Catakyst_2C Catal yst 2D Catal yst, 2F Na20,

~ — O e
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Al 208, Wt % 42.57 41.85 41.25 40.75 40.57 38.85 Y208,

W% 1.51 1.45 1.45 2.67 3.9 6.5 ZnO, wt% O 2.29 3.61
W@20068914%6 3. 06 Fresh CPS 14500F (788 0C) SA (n@¢TuS@BR006795

165 165 171 170 156 SA Retention (% 65% 65% 68% 67%

62% ZSA (n2/g) 181 114 114 125 121 112 MBA (n2/g) 7 1

515 1 46 49 44 UCS (A) 24.29 24.29 24.37 24.41 24.44

a

O 0081]

It

is seen that the unit cell size

i ncreased with higher |oading of yttriumwhile surface

area retention ranges from62%to 68%
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SULFUR REDUCTIONS, %
Light Cut Sulfur
Cut Gasoline Sulfur

Heavy Cut Sulfur
Total Sulfur

nercial £

W € Uf]

a

JI2 R TAB

700°F (371°C) LCO, (LCO basis)

AU five

catal ysts were tested in a MAT agai nst the
qui l i brium catalyst ID. The products of
feed, sulfur content in the gasoline and
tion results at 70% conversion are |isted
FIG 5 and FIG 6. [0082] At about the

| oadi ng and | ower Zn |oading, Catalyst 2A
ve in sulfur reduction than that of

33% vs. 41% cut gasoline sul fur

At about the sane Zn loading, the initia
ttriumfrom-1.14%to -2.1% (Catal yst 2B
pves cut gasoline sulfur reduction from

A further increase of yttriumfrom-2.1%
not enhance cut gasoline sul fur

nd a further yttriumloading to 5.12%

ocr ease gasol i ne sul fur reduction

LE 8 Conversion 70 E-cat |ID Catal yst 2A
Cat al yst 2C Catal yst 2D Catal yst 2F

Ol Ratio 3.97 3.03 3.02 2.45 2.50 2.48
cts Content (wt% Hydrogen 0.10 0.22 0.22
19
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Tot C1+C2 1.33 1.36 1.32 1.50 1.53 1.36 Total C3's

5.50 4.84 4.68 4.76 4.67 4.47 Total C4s 11.23 9.30
w@:28/081926. 8. 55 8.16 Gasoline 47.40 48.77 48. 7TBCHBSB86/006795

48.34 49.57 LCO 25.42 24.71 24.50 24.88 25.01 25.33

Bottonms 4.32 4.41 4.61 4.42 4.36 4.08 Coke 4.18 4.92

45 6.21 5.76 SULFUR COVPONENTS, ppm S, GASCOLI NE
Ei%&ﬁ§i¥ﬁiophene 36 25 23 20 20 23 Met hyl Thi ophenes 81

[0663] 49 Thée sdkeAdariled b@@%@fag@@i‘nqﬂ@ EREmpIé Pwis ﬁnﬁgéhated with
C2- Thi ophenes 67 4 8 38 34 34 35 Thi ophenol 27 20 22

L2380 yttyiyng uging ¥ihlpipheioado meipiept wetmess fgllavped by calcinations of 1
h ddpigo I i =d

o e g e 48 56, 1D sd PAIGTIRS 7B

addigpnat cptalySd, were QDrdsalyi Ficiplent Itiied8 1dpre5080n 13 70al13 320

. i cut Sul fur 202 140 122 103 102 113 Heavy
“S‘c]}g%éﬂ 8’?5%2 3 1 29 14 15 34 Cut Gasoline Sul fur 255

171 182atdl§8 3B17 11083 ofl ogtallystShA fware 6ﬂ1ﬁreg§a1eq438 a3t 163/él7 of
ITAOLE 5 (Son o S FYTL R Sy G g
45.0 72.9 71.2 8H3X)ut Gasoline Sulfur 33.0 40.5 53.8
53i 9 4(}dta§ysl-9&?| 1 gI ]:J E:ata ?/éts&g %{le%e ?n%iyr%gt?a%éddfto?)%'.z?n level of
3.16% followed by a calcination of 1 hour at 1100°F

(593°C).
Catalyst 3D: 110g of catalyst 3A were impregnated to a Zn level of
3.97% followed by a calcination of 1 hour at 1100°F

(593°C).
[0084] All four catalysts were deactivated 16 hours at 1420°F (771°C) with 100%
steam. The physical and chemical properties of the four catalysts after the

deactivation are listed in Table 9.

[0085] All four catalysts were tested in a MAT against the commercial
equilibrium catalyst 1D. The products of the cracked feed, sulfur content in the
gasoline and sulfur reduction results at 75% conversion are listed in Table 10, FIG. 7
and FIG. 8. It is seen that without zinc, Catalyst 3A had almost no activity for
reducing gasoline sulfur. The increase in Zn loading from 2.39% to 3.97% improves

the cut gasoline sulfur reduction.
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700F (371 0C) LCO (LCO basis) 16.5 15.0 26.3 25.5

26.8 QJ U) EXAMPLE 3. [0083] The sane starting base
w@2108l09926 i N t he Exanple 2 was i npregnated w tPC/UEBP6/006795

yttriumusing YO 3 solution to incipient wetness

foll owed by cal cinations of 1 hour at 11000F (593 0C).

The finished catal yst is nanmed Catal yst 3A. Three

addi tional catalysts were made by incipient wetness

i mpregnation of Cat al fABjﬁEugl ng Znd 2 sol ution.
Catal yst 3B: HOg of cat A were inpregnated to a

_ atCat9Q0F ( 3oadyst 3Bat Aatalyst3B 1 1Cafakyst 3Gt o] GatnlysydD

WeLe, whrr egnat edsto a Znoligvel of 3.016% f ol | owdd2by a
63l Q'?J/"i on of glydhour aty1dP00F (598Q; Catal ygi 438D
}%)Pé &at al ys A were Pﬁgregnat ed tgﬁ a Zn Ie¥? of
X8I | owed k?y a cal ci'hati on of f our at 1 8OF
(593, 0. [0088193AI1 four98atal ysts3whre deact W3t ed
16 hours at 14200F 16 Hahrat) 1420 (71000180 BaSteanihe
p Xsdnoga agd cheg cal pr q@g:rti esdof 1t65eb|four c?tsgl y']sts
er e deactiyation ar i ste iqo able 9. [,6985
éAfngg J& 12 i

cat al S were téSted in a VAT agai nst_ I he
Mpémcehl equi 44 bri um catial yst 1D Fhe product & of
tes gnagked f exd36 sul fur 2édnt ent i n24.3% gasol i Ré-4and
sul fur reduction results at 75% conversion are |listed

T Tabte 10, FI'G 7 and FITG 8. It 1S seen that

wi t hout zinc, Catalyst 3A had al nost no activity for
reduci ng gasoline sulfur. The increase in Zn | oading
from2.39%to 3.97% i nproves the cut gasoline sul fur
reduction. TABLE 9 Catal yst Catal yst 3A Catal yst 3B
Catal yst 3C Catal yst 3D
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Na20O, wt % 0.13 0.13 0.17 0.12 Al2C3, WM % 42.73 41.69

41.11 41.47 Y28, Wt % 3.07 2.81 2.85 2.77 ZnO, w %
wO2®8/021998 3.94 4.95 16 Hours at 14200F ( 771C)rPAD082006/006795

Steam SA (n2/g) 173 165 166 159 ZSA (nR/g) 128 122 107

121 MBA (nR/g) 44 43 59 38 UCS (nR/g) 24.36 24.4 24.39

24. 4TABLE 10 Conversion 75 E-cat |ID Catal yst 3A

Catal yst 3B Catal yst 3C Catal yst 3D Catalyst to Q|

Ratio 4.23 3.22 3.19 2.98 3.39 Cracked Products

Content (wt% ) Hydrogen 0.1 1 0.13 0.37 0.38 0.47 Tot
Cl+C2 1.58 2.27 2.07 2.04 1.97 Total C3's 6.52 6.09

r
5.66{5.62 5.50 Total C4s 13.64 12.3 1 11.51 11.21
]1.@3 Gasoline 48.77 48.05 46.66 47.36 46.80 LCO 21.56
20. 8 20. 4% 2068 L& 93 Bottame 3.59 3.31, % 453,39 ¢ &
3. 4G| Coke 4 52-5Z4A&7°87 7.45 8. 37 SULFUR COMPONENTS; 2
ppmoS, GASOLI NE BASI'S Thi ophene 18 23 11 17 12
hﬁthnghiophenes 54 52 26 32 25 TetrahydroThi ophene 4
110 0 C2-Thi ophenes 55 52 28 27 24 Thi ophenol 21 18
17 1y 12
b7 00 0+ O LR o o o &
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S
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C3- Thi ophenes 28 23 9 7 8 Met hyl Thi ophenol 43 3 1 2 1
19 14 CA-Thi ophenes 47 30 14 10 6 BenzoThi ophene 413
w@36Bdip26303 287 Light Cut Sul fur 132 134 67 8PCBHBS2006/006795
Heavy Cut Sul fur 75 53 23 17 15 Cut Gasoline Sul fur
207 188 92 98 79 Total Sulfur 620 590 456 410 376 LCO,
(LCO Basis ') 23285 20185 17923 15494 15132TABLE 1 0O
(cont.) SULFUR CONVERSI ONS, % Light Cut Sul fur
--11..88 4499..00 3399..00 5522..11 Heavy Cut Sul fur
2288. .77 6688..88 7777..99 8800..55 Cut Gasoline
Sul fur 99..22 5555..55 5522..77 6622..00 Total Sulfur
4.8 26.4 33.8/39.4 LCO, (LCO Basis) 13.3 23.0 33.5
35/0 SFERARPLE 4. [0086] Four catal ysts were
manpuf act ured as bel ow. [0087] Catal yst 4A. 7520 grans
2400g on a dry basis) of RE-USY with 8.2% RE2(B - 1%
Na20 was Jrixed with 973g of a Znd 2 sol ution
ongak il 1y 29| 6% Zi nc for 10 minutes. Then, 313Qy
720g on a dry basis) al um num chl orohydrol and 5318g
4520y on a dfy basis) clay were added in the above
3 uery w@ndom ked for about 10 m nutes. The m xture was
ri|Fed ™ & Drais mill to reduce particle size and
pray dried ip a Bowen spray dryer. The spray dried
vanticl es vverré calcined for 40 mnutes at 7500F (399QC)
Aind=f @ld owéd by an anmoni um sul fate exchange to | ower
Na| O.“The physical and chemical properties of the
i mi shed catalyst are listed on Table 11. [0088]
Catf al yst 4B. 5641 grans (1800g on a dry basis) of the
ame RE-USY with 8.2% RE203, -1% Na20 was m xed with
'30g of a ZnCl 2 sol ution containing 29.6%

TABLE 10(cont) . _ _ .. __ . _ . _

SULFUR CONVERSIONS, %
Light Cut Sulfur
Cut Gasoline Sulfur

Total Sulfur
LCO, (LCO Basis)

Heavy Cut Sulfur
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Zinc and 389g REC 3 solution containing 23%rare earth

for 10 m nutes. Then, 2348g (540g on a dry basis)
w@bapaiosneee chl or ohydrol and 38659 (32859 on a drgT/Ds®NE&)06795

clay were added in the above slurry and m xed for

about 10 minutes. The m xture was mlled in a Drais

o reduce particle size and spray dried in a
E)gﬂo%ﬁ‘ ‘bray dryer. The spray dried particles were

[0088] ci Fedr éa@dlys‘ﬂé)wéflb ?mh@féctaﬁeﬁ@m&u.w?%) and g ol | gwed
an ni ym ate exchange to lower Na O  The
Wgh/si é%ﬁ%ﬁé%ﬂ gams (24098 o0 e drydrasishef REAVEheth 8.2%
RE5@I, aJ]S‘KSNa;{G fad inPlel %1&%7@%%&”@ Zhty, Joﬂ%%lcoﬁ% YL 60/4‘h§mc

(l.nvention) 4700 grans on a dry basis
ford Qringges. UEenyd 13Ae 2@%%@0@%%3@%@@ ks xeldngist I8g

4 (45@@% &n (afdr% bgé']@ FaySRHLLOL 7R %d% g%r&ga{lﬁ%on;é#] for %ﬁgut 10

sol’uti"on cont ai ni ng rrum
m“i‘Ht‘?ﬁut Bie mipiern wap9sifigd (16 Qyais mmu tol rrgdubasam)cieadmnandmmay

drl%l:pglr a(g’é ﬁkag%ﬂee ﬁé‘%ﬁé}z? ?p%rta %vr%ge)r( ée/a dctg?es rf%%{%@ x}luiﬁ

at P00 CThed faillotvad dyveasanmddivn stilfate eﬁt’hahge 1 lokvet NaZO
Bowen spra

d i cl
L SRR B P e B LR iR PO 2
[0088]nUt Eatabist FHGGE1 gﬁ&l@@ 808 EII; ggbl %Th §loPihe aanflﬁﬁnmd With
ower e ySI Cca and
525 bar A RSB a8t Eh 2 8l ehidd: Gy orages 29.6%
Zink iasid E&Dgﬂ(EdT@Eﬂl@tmhhon{an@%@B‘VQ@F@éaYtﬁtfoA@ min{ifdY, eﬁﬁénoﬂézts S
a

basi s) the Yttrium U

8 156
(548 0n a e s amﬁw Shigrojpudrobang i§65g (33858 g0y day basis) clay
werld@ldasd #elle 'E'B@eaﬂ'ﬁjr f%@m&@@f@r aelutd %lﬁ%ﬂt%enﬁ]ﬂ@urg% Q%

Zinc and 758 olution containin Yoyttrium
milfedin g @rajs il redwmﬂl%%@al@@gg dged in dBpwhasprey dryer.
i s

DTRG0 R A kg DR

by am@mmqmmn suifate ssxchdnge v XowereNuygis r‘iﬁhlel gysical andDelgensical

pro@rl!lés otf%erf?rﬁéﬁgg cﬁgi%tl.fxﬁel 15t roa?‘ g{édléspr ay .dr ied in a

spra ryer d particles were
[00894] ci ﬁaeuyﬁtoarc 4Dwﬂntmmb egomgraﬂlwoﬂ)og IACHrvandisf of thowesle

n t xchange I

RE- La?wéﬁ i cgrg% %’ ﬁaﬁ o‘ﬁ@r‘?%@% il &2% ‘?fll\;naégﬁ@ci“’lu“on
contmittiigd 99.6%alincl arﬂt ’EZQgOYTCII adolugion LonfaR@HI1D 440 vkQUM for 10

ét al W g eam d ctlvat ed 16 hours at 14200F
mingis 1 G T (SPBE Lok DoRiG ALUPUE M a i ndr 21
(27382l dn & UBEhRLs) bl vJe@éJédd@@E@{hx%b&eaﬂ&@i atdRiixed for about 10
minutes. The mixture was milled in a Drais mill to reduce particle size and spray
dried in a Bowen spray dryer. The spray dried particles were calcined for 40 minutes
at 750°F (399°C) and followed by an ammonium sulfate exchange to lower Na,O.
The physical and chemical properties of the finished catalyst are listed on Table 11.
[0090] Catalyst 4D. (Invention). 1806 grams (1560g on a dry basis) of the
Yttrium-USY described in Example 3 was mixed with 2660g of deionized H,0 and
632g ZnCl, solution containing 29.6% Zinc and 758g YCls solution containing 9.44%
yttrium for 10 minutes. Then, 2035g (468g on a dry basis) aluminum chlorohydrol
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deactivation are listed in Table 11. TABLE 11 Catal yst

Cat al yst 4A Catal yst 4B Catal yst 4C Catal yst 4D Na20
wO2@6/001928 0.18 0.2 Al 2G3 40. 37 38. 84 38. 95 38r@IURMACIB6795

2.35 3.81 2.53 - Y2 - - 1.74 3.61 ZnO 4.43 4 3.83

3.77 SA 275 282 294 271 ZSA 222 243 258 239 MSA 53 39

36 32 16 Hours at 1420F (771C), 100% Steam SA 187 182
and ﬁgﬁg@%}%%ﬁ@mhmﬁl&%xﬁQ%eﬁd%tﬁ’ﬁ%ozsdum&nd@ﬁxwm

[ 1.49 48 4. . 4 .

sbofidBpiet. T Sadie g UHe" Surr B luily Sfcpafet 3ie apd
sprag hicic€ &t alBoses spRRtdRyeni Mhe pray deedipytities warei @ldgmedeboahd y
_ better_ than that o%o zinc and rare. eartl After
minefgs ek TIPS (N Chind PUAYSL 81 GRmorig v PiscPBrPeR o opir
Na,89 aTdeaS%h}Is{&%l SRBRGAER propatich iobFlieUfhiSiRidaday:a¥st [k listée on

products of the cracked feed, sulfur content in the
Tablgaldol i ne and sul fur reduction results at 75%

nvesx si i.sted. i , b 0.

O L A e e
100% stiedirh ONElhe Bafaee eadat indawdt yeit sizeirof shi dowseehtalyses after the

asol i ne sul f eduction activity of Zn catal yst
dea%tVFP?fmfFi“ te?lrﬂlt:wr;ab:lﬁaFlléeffective than rare earth. The cut

gasoline sul fur reducf A®Y Fs1131% for the Catal yst 4A,

37% for the Catal yst 4B, 56% for Catal yst 4C, _and 71%

I@Qhaly R Cabalayii 44D. CihBsE4B2 Conavlysuon 75 Catalyst 4D

NaO 0.20 0.18 0.18 0.2
AL O3 40.37 38.84 38.95 . 3877
Re;03 2.35 3.81 2.53 -
Y203 - - 1.74 3.61
ZnO 4.43 4 3.83 3.77
SA 275 282 294 271
ZSA 222 243 258 239
MSA 33 39 36 32
16 Hours at 1420°F (771°C), 100% Steam
SA 187 182 206 212
SA Retention 68% 65% 70% 78%
ZSA 143 131 157 164
MSA 44 51 49 48
UCS 24.36 24.41 24.43 24.45

[0092] It is seen that the surface area retention of the catalysts containing zinc and
yttrium is generally better than that of zinc and rare earth. After deactivation, all four
catalysts were tested in a MAT against the commercial equilibrium catalyst 1D. The
products of the cracked feed, sulfur content in the gasoline and sulfur reduction results
at 75% conversion are listed in Table 12, FIG. 9 and FIG. 10.

[0093] The results clearly show that while both additional rare earth and yttrium

enhanced the gasoline sulfur reduction activity of Zn catalyst yttrium is much more
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E-cat ID Catal yst 4A Catal yst 4B Catal yst 4C Catal yst

4D Catalyst to Ol Ratio 4.32 3.51 3.04 2.38 2.62
woR@sogees 0. 12 0.26 0.26 0.30 0.40 Totd +C2 1.PCFT/LISBA6/006795

1.76 1.97 2.26 Total C3's 6.62 5.90 5.54 5.44 5.28

Total C4s 13.91 12.14 11.38 10 58 10. 34 Gasoline 48. 66

48 54 48..94 49.30 46.50 LCO 2 20. 62 0 21
effesivesthamgare Garth. 3Tagcus egwline %6 %@*C%Ofwg %i%efso& “i??cfﬁg’éit
4. B79pf0f thelCRal 3 4B b IRor TR Fot thebafllsNED BASI S

CRMRENI bad
‘Thi ophene 33" 25 22 18 14 Met hyl Thi ophenes 74 49 42 3 1
20 TetrahydroThi ophene 11 7 7 6 2 C2-Thi ophenes 47 34

29 22 13 Thi opheno
8 1 1 Methyl Thi ophen

?Aﬁl@i

19 12 C3-Thi ophenes 15 9
6 24 12 CA-Thi ophenes 18

Conv&sjlfm

= r AL L O = '

O 4 12 2 272 Basis 2 2

Cata‘isgéé’é‘ 189 31%072 12%56‘9 s FU § %ﬁ YOF Bé%
PRTALYST '
Tot CT+ 1.67 1.81 1.76 1.97 2.26
Total C3's 6.62 5.90 5.54 5.44 5.28
Total C4s 13.91 12.14 11.38 10.58 10.34
Gasoline 48.66 48.54 48.94 49.30 46.50
LCO 21.76 20.62 20.80 21.22 20.35
Bottoms 3.59 3.65 3.50 3.40 3.48
Coke 4.37 5.81 6.45 7.11 9.39
SULFUR COMPONENTS, ppm S GASOLINE BASIS
Thiophene 33 25 22 18 14
MethylThiophenes 74 49 42 31 - 20
TetrahydroThiophene 11 7 7 6 2
C2-Thiophenes 47 34 29 22 13
Thiophenol 23 19 21 19 12
C3-Thiophenes [&] 9 8§ 1 1
MethyiThiophenol 47 34 36 24 12
C4-Thiophenes 18 11 14 7 1
BenzoThiophene 355 311 286 254 214
Light Cut Sulfur 165 115 101 78 53
Heavy Cut Sulfur 33 20 23 9 3
Cut Gasoline Sulfur 198 137 124 87 57
Total Sulfur 552 450 412 342 272
LCO, ppm S (wt)
LCO Basis 21202 18226 17189 15072 12589
SULFUR REDUCTIONS, % OF BASE CATALYST
Light Cut Sulfur 30.3 38.9 52.9 67.8
Heavy Cut Sulfur 39.3 324 73.8 89.7
Cut Gasoline Sulfur 31.2 373 56.1 713
Total Sulfur 18.4 25.3 38.0 50.7
LCO, ppm S (wt) LCO Basis 14.0 18.9 28.9 40.6
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Li ght Cut Sul fur 30.3 38.9 52.9 67.8 Heavy Cut Sul fur
39.3 32.4 73.8 89.7 Cut Gasoline Sulfur 3 1.2 37.3

w®2008/0712268 Total Sul fur 18.4 25.3 38.0 50.7 LOZT/pRIon&006795

(wt) LCO Basis 14.0 18.9 28.9 40.6Wat is clained is:
catal yst conposition conprising zeolite, yttrium

1. ,
Wh%\HﬁléﬁP“eldé%st one el ement selected fromthe group

N

10.

11.

t
. A ohERRYSk ORISR COB I

consi sting of zinc, magnesi um and nmanganese, wherein
the yttrium and the el enen resent, ag cations. 2.
B i dhiesst o papfg
abaidfecfdd 1irdR BB Ostbupl 48Ashyinpvedfghihc, Ofagiesiugl ene Mangdesd)
catal yst according to claim2 wherein the elenent is
zi nieheren th yétgivgy apg thodeapang g §Tasent@F SRS where in the
el ement i s nmagnesi um mnanganese, or conbi nation
thereof. 5. A catalyst conposition according to claim
1 chreptalyst penpdsiion agcording tasteim 11coppmipingeabght 0. tt0 RbeiFh
6. Ao I.tion according to claim1l
con@ré):g#%aég %ﬁ?@%&%b about 5% by wei ght zinc and
about 0.5 to about 5% by weight yttrium 7. A catalyst
conpaqsi i 1.0 dj Al conpri si ng
r ap‘g C%tgb%tha.gccgaﬁgﬁocg@ gﬁ %@P&E@ﬁ}%@ o%?r{]#%a&z%cé ording to
claim3 further conprising rare earth. 9. A catal yst

conposi.tion according,.to ¢laiml further conprj.si
I a%hﬁ%ﬂys C%Clpf’rgf“gofo % X u?e‘é’i“:tl ereor. Ql%gg&&f%g{a%f%&m,
C onpaxsahése oracmbingiidhghéreofc| ai m 3 furt her conpri si ng

| ant hana, ceria, or mxtures thereof. 11. A catal yst
conposition according to claim1l wherein the zeolite

. i 5 Eeqldyise compaditiof deadrainy 36 cROANIOSIHpridthgaaboor 0lil ng about

cl ai m11l wherein the zeolite Y is a nenber sel ected
f r obA”% RE WGHESLY I ®Bhsi sting of rare earth Y zeolite,
ultrastable Y zeolite, and calcined rare earth Y
zeolite, 13. A catalyst conposition accordi ng to clal
1 cOmpRivsi SRgIPeRtiPHALAIING tagﬁtnﬂ ¢ |cg@prising about 1.5 to about 5%

by weight zinc and about 0.5 to about 5% by weight yttrium.
A catalyst composition according to claim 1 further comprising rare earth.
A catalyst composition according to claim 3 further comprising rare earth.

A catalyst composition according to claim 1 further comprising lanthana,

ceria, or mixtures thereof.

A catalyst composition according to claim 3 further comprising lanthana,

ceria, or mixtures thereof.

A catalyst composition according to claim 1 wherein the zeolite is zeolite Y.
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14. A catal yst conposition according to claim 13
wherein the average particle size of the conposition

WO 2000/0919D€ range of about 20 to about 100 m crPCEUSDB6/006795

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

A catal yst conposition according to claim14 further
conprising matrjx and optionally binder. 16. A .
cataPHa S eARRISIIC Gicuding e rimt bt eharem the &0 YsiSny
cl ayenfiRfl saddcitl fichn thefaroud CoRbinESIf re@ RIS vt 2calte 21O AHINT
to_claim3 wherein the zinc is present as a cation
exchérlsdansiralsined sars g3l ¥ écolt®. * A cat al yst conposi ti on
according to claim5 wherein the yttriumis present as
a cation exchanged onto the zeolite. 19. A catalyst

c ofperdalyst epmpesitndicergdingtodlamn @nyisisingifiyidizeblesarieleand
yttrium are present as cations exchanged onto the
zeolite. 20. A catal yst conposition according to claim

.19 Acentgdyst somppsitioniadéordibg o gaimt §3cWlessein theverage partidly size

CompasIch AN AGCLN Otk oLl BA0 MLIB BidiR
ui di zabte particl'es fAave an ‘average particle size in
the range of about 20 to about 100 mi crons. 22. A

cat,al yst .conposj.tion accordin o.claim?2 1. further
CofnPEHGOMRDRYS! Berdug: Pl i RO ragine AdeiE and
cabaliymtly maposi ti on according to claim22 conprising
clay and al um na.24. A nethod of reducing the sulfur
content of a catalytically cracked petrol eumfraction,

WhiAC AP Bsh SR RioRat & Jihg @adldiv 1arcaektisgg dapeid Al
feed fraction containing organosul fur conpounds at
el evated tenperature in the presence of a cracking

Cat/sahafﬁpstve@mgbiiﬁém&cmmﬁitb @laind 13t Whereh tRdnats prést aone
el enent sel ected from_the group consisting of zinc,

na§rdd exphangeiof g 4Fdde, wherein the yttrium and the
el ement are present as cations. 25. A nethod according

to claim24 wherein the catal yst conprises about 0.1
t 0 Aaprsalyst cawpesjtionedcetiding fto elaian & vehgreit the yErium ippreR as

acgqagﬁgkﬁglg giinirdcyherein the catal yst conprises
about .1Ctogé£out 128§@y wei ght yttrium 27. A nethod

according to claim 24 wherein the catal yst conprises
ab%%até‘lyé c&%position according to claim 6 wherein the zinc and yttrium are

present as cations exchanged onto the zeolite.
A catalyst composition according to claim 19 comprising fluidizable particles.

A catalyst composition according to claim 20 wherein the fluidizable particles

have an average particle size in the range of about 20 to about 100 microns.

A catalyst composition according to claim 21 further comprising matrix and

optionally binder.

A catalyst composition according to claim 22 comprising clay and alumina.
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about 5% by wei ght zinc and about 0.5 to about 5% by
wei ght yttrium 28. A nethod according to claim24
wob@se9192¢ he catal yst further conprises rare eBCT/0S2089006795
A method according to claim25 wherein the catal yst
furgd £t
24. o A (ol R EE AP aTCh oF cp R e Pl
| arftabtorg, wluehr |camposes reeiebyiealy eeriepf. pamleum fase Hstion
accordi n [
zeé’f’?tfié1 r% °r§3§’ & umc%ﬁ%o gsc%oe rd Lﬁa&f g aﬂyr%tm %g?cgl%g
t ha c:atl&hg&htaly@npomlsrsslgaz@éitﬂ |yttte1uM, talndtau lsash ame rghepent
selecte t he roup. cons stin rare_ear
ZeGFIHES it s EapPecy S Y B el et B afif Plfighese
eanitereln ﬂﬁ@zltthtxﬁa. and e elemeat 4rk predem at edtighd.c cr acki ng
process in which a hydrocarbon feed conprising
organosul fur conpounds is catalytically cracked to
25.1 1 GhRfhdArRedtaing th¥laio DY adierdimtha camblsi congiised atwiit 0.1 to
recircul ati on crackin ocess with a circul ating
f | (bamtA4ht Beweightafihe king catalyst inventory
consi sting of particles having a si ze ranglng from
about 20 to about 100 m crons, rising
26. c atAmethadacryrding de kiaig 2¢ W@lefeéféﬂlelcﬁ abv%a%na:rrwi %bout 0.1to
cr 0 ng at catal ytic cracking
co%%??ﬁ%ﬁéeg%e% tahklng feed with a source of
regener at ed cracklng catal yst to produce a cracking
zon i t
27 Ao R TRl 29 @%S%E?%%%%%F?"ﬁﬁiﬂzb}?ﬁﬂéép
( i igbouti 86 hpmgishtzianahdsbpetrlat foragoutiden e Weightittrivinkt ur e
into a cracked product rich vapor phase and a solids
rich phase conprising spent catalyst; (iii) renoving
28.t heA wanbod ploasingais canimr@dulbdreianit fatagst ifonzr icngptisee rare
vapor to formliquid cracking products including
gas ne, (iv) stripping the solids rich spent
cat al yst phase to renove occluded hydr ocar bons from

SO CRERRE R DA

regey@rati ng stri pped catalyst by contact with oxygen
contai ning gas to produce regenerated catal yst; and
(vii) recycling the regenerated catalyst to the

30.CT agKinB@od OREortiRg CONdIARL 28 UWkddgh the catalyst further comprises

lanthana, ceria, or mixtures thereof.
31. A method according to claim 24 wherein the catalyst comprises zeolite Y.

32. A method according to claim 27 wherein the catalyst comprises a zeolite Y
that is a member selected from the group consisting of rare earth Y zeolite,

ultrastable Y zeolite, and calcined rare earth Y zeolite.

33.  In a fluid catalytic cracking process in which a hydrocarbon feed comprising
organosulfur compounds is catalytically cracked to lighter products by contact .

in a cyclic catalyst recirculation cracking process with a circulating fluidizable
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quantities of hydrocarbon feed, the inprovenent which
conprises reducing the sulfur content of a the

w@ameldres portion of the liquid cracking produp€BUS1996/006795

34.

35.

36.

37.

catalytically cracking the feed fraction at el evated
tenperature i.n t resence of .a.progduct. sul.fur .
et A A bl T g S A
andahEas froanebsk e0entabsel eat ederbiis) Rbinpesigg: o) catalytically
consi sting of zinc, nesi um and naggﬁnese wher ej n

{ 4
t herarking; tenfesd dn @)@ CEHCKINg 1Z0R% Rperatine abcpightic caagking

netdaaditiofiy ShnBotitofed Rithh SSurvdh i reienelattd cRicRidg @htalyst to
sul fur reductjon cat alga/st conpri ses about Q.1 to, about

14%reducet Grackiag yene sEluent GInpINE ERek AP @pdisrea

wheLgiiyit ChRaRiRAUKE 24! sﬁﬁﬁpaﬁl@qgﬂffdc%oﬁﬁt(ﬁi ¥i¥kharging and
conprises about” 0.1 to about 12% by weight yttrrum
36. separptingibel cEbedmaixige ing & CepkadIsOdyst Fish MaroR &hise gad at

| , i : :
su ogﬁs ﬁ&l&ﬂfagé &)[ﬂ'lé)?lgl%lg Lyt c4 DGemAARE the Jva%)rtp‘ﬂaéégg Yt

.r e «
5% by wei ght zin about .Bftq about 5% by "wei ght
yt tprpduet aigi7fractionpting dee vaperde demyliquad eragliing grRdudieineluding

t he u al £ ur J
corssnBEh el o SHHEHE hAAhNE badiid Rifove opcluded
34 wderceibang frempthe cattyss UVS transpeding tsirgiped ab@lygts from the
further compri,.ses rare earth. 39.. A t hod.accordi
{0 SRRSO e e oY b aeirine el Prrosare Sy conder
catwitly Séxybetf tcbghinthgnpis € Sprbd@t h@paieraty icatalyst; and (vii)
m Xt ur es tgereof. {9. A}ne%hg% acqordin %o cua%q;gg
whePISHIE 8° Brestieitd SarpETr ' BRuTETONe cattafQ entact turther
g 8%‘*‘% o?fq@kih f&@b%ﬁq fekd, thléxfimptdwexgeﬁcwmem icblﬁpl}i@s cbdicing
erein the product sul fur reducti on cat.al yst
corfBF FWBE cqnigiilt pilae Basplipgpoftion ot far bR waring Byt by
t eca @l RieRIIE BrasHiRd 1B GeclffraAdiPat @I BB ¥enRAnirk @1 the presence
ultrastable Y zeolite, and calcined rare earth Y

zeotfi & Brodugt suffuredprsign sa@bEUN AR comeTisss reaE et g
thee it QRIS TEmStt sEidbted BOMGEE BRBuS 8ERIMAS of Hhd, Medanesium, and
conprises matrix and optionally binder. 453.. nmet hod
ac cioprfiapgse whestintheygounised elepettee pressatiexcadonst ur
reducti on catal yst conprises clay and al um na.

A method according to claim 33 wherein the product sulfur reduction catalyst

comprises about 0.1 to about 14% by weight zinc.

A method according to claim 33 wherein the product sulfur reduction catalyst

comprises about 0.1 to about 12% by weight yttrium.
A method according to claim 33 wherein the product sulfur reduction catalyst
comprises about 1.5 to about 5% by weight zinc and about 0.5 to about 5% by

weight yttrium.

A method according to claim 33 wherein the product sulfur reduction catalyst

further comprises rare earth.
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38. A method according to claim 34 wherein the product sulfur reduction catalyst

further comprises rare earth.

39. A method according to claim 33 wherein the product suifur reduction catalyst

further comprises lanthana, ceria, or mixtures thereof.

40. A method according to claim 33 wherein the product sulfur reduction catalyst

comprises zeolite Y.
41. A method according to claim 36 wherein the product sulfur reduction catalyst
comprises a zeolite Y that is a member selected from the group consisting of

rare earth Y zeolite, ultrastable Y zeolite, and calcined rare earth Y zeolite.

42, A method according to claim 33 wherein the product sulfur reduction catalyst

further comprises matrix and optionally binder.

43. A method according to claim 39 wherein the product sulfur reduction catalyst

comprises clay and alumina.
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