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the reductygp@{sssul fur in gasoline and other petroleum pgﬁj{ﬁgts roduced
by the catalytic cracking process. In particular, the inv W2 el ates to
an | rrproxﬁ:j nmet hod whi ch enpl oys catal ytic conpositions for reducing

pr oduct PUCENG EASORINESUL FERCKN ELUIDAC Aﬂﬂwey. CESS
which is applied comrercially on a very |arge scale, ‘especi Wme
United States where the majority of the refinery gasoline blending pool is
produced by catalytic cracking, wth alnost all of this comng fromthe
fluid catalytic cracking (FCC) process. In the catalytic cracking process,
heavy hydrocarbon fractions are converted into |I|ighter products by
reactions taking place , ture in the presence of a

catal yst, with the naj orey¥ SSRVIEEIINVEINTIONC ki ng occurring in the
vapor phase. The feedstock is converted into gasoline, distillate and ot her
liquid cracking products as well as |lighter gaseous cracking products of

four or less Thivinventiéwrelatesto thelredudtion dfulfitsn Basdiné mAthef S of ol efins

and partly of saturated hydrocarbons. During the“cracking reactions sone

heavy maPeRplsrm proguAts prodused by the catalytic eragkingiprocess. dmpatticular, thei s
d ' ' tal Vi d ti i desired. Aft |
of ocer i iaBh Ik 36 inhyePBe s ThEh Zinalo SutaliRy sompostioner at  on | s

acconpl ifd’tqddﬁbine?fﬁﬂmsﬁffﬁréd‘iﬁeﬁpke to restore the catalyst activity. The
three characteristic steps of a typical catalytic cracking process can be

identified as follows: a cracking step in which the hydrocarbons are
converted intq ljghter products stripping step to renove hydrocarbons 'b
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commercially on a very large scale, especially in the United States where the

majority of the refinery gasoline blending pool is produced by catalytic cracking,
with almost all of this coming from the fluid catalytic cracking (FCC) process.
In the catalytic cracking process, heavy hydrocarbon fractions are converted into
lighter products by reactions taking piacc at elevated temperature in the presence
of a catalyst, with the majority of the conversion or cracking occurring in the
vapor phase. The feedstock is converted into gasoline, distillate and other liquid
cracking products as well as lighter gaseous cracking products of four or less
carbon atoms per molecule. The gas partly consists of olefins and partly of
saturated hydrocarbons.

During the cracking reactions some heavy material, known as coke, is
deposited onto the catalyst. This reduces its catalytic activity and regeneration is
desired. After removal of occluded hydrocarbons from the spent cracking
catalyst, regeneration is accomplished by burning off the coke to restore the
catalyst activity. The three characteristic steps of a typical catalytic cracking
process can be identified as follows: a cracking step in which the hydrocarbons'

are converted into lighter products, a stripping step to remove hydrocarbons
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coke fromydey216@t al yst. The regenerated catalyst is then reused-in the :
cracking step. Catalytic cracking feedstocks normally contBGTHUSM26B in t he
formof organic sulfur conpounds such as nercaptans, sulfides and

t hi ophenes. The products of the craqlﬁi_ng process correspondingly tend to
contain sulfur inpurities even though about half of the sulfur is

converted to hydrogen sulfide during the cracking process, mainly by

oount - origIERRARACME cAfalfst o8 B reb PRI Len 3 bl B YIRS R titncod by ¢ he
feed, catcatalpst. tThearegentdtbted catlyst ¢Stieh reused M ehe b%ﬁg:{ggﬁt%her operating

conditions, a significant portion of the sulfur ge remains in the
product pool. Wth increasing environnmental regulation being applied to
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been dec PERE Nt t em,ssipns of..sul fur oxi des
and ot hgr su??ur corrpgun ssslﬁﬁ ?%@@@Wgﬁﬁﬂg‘%% %qeisor;n’g‘?r ocesses. _
One appr peaducksaef theeradking qmmstcbﬁ-e?ddvc\lhiﬂ_i%lyrtéﬁﬂ td\ontsin sufief by hydro-

treating,befqre cracking is initiate e highly effective, this

i
appr oac h!'BBWages sysnjhough abeuthalf of thesuifunis camyentegta hydrogen solfidehe
equi pren : ra- tional since hydrogen,consunption is high.
Anot her g%ﬂéri%ﬁ#rﬁggm%@gﬁ@qs m@ﬁ%\\% @ﬂy@%@/ﬁﬂmﬁ%ﬁq Rfacked products
by hydr othiestirie sulfré dinpotids® Al{duasia | td e drawback
that val uabl e pr(s)duct oc}t)ane mayﬁi)e Itgg?m\?kgké?ﬁ%idﬁld@?§hgl ol efins are
sat ur at eerackingpraducts anpinfluepcedby tie febdywatﬂ?sﬂ@pé,%d&ﬁ%%ir&é’éﬂée to achieve
sul fur renoval in,the crackjng process ifself since this-wuld effectively

desul f ur FORYEFian apd jogher apsrtingondftiqnsea significant portionipfthesulfiar wi t hout
additio . ri | Wrd | al s .have n devel oped for
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being applied to petroleum products, for example in the Reformulated Gasoline

(RFG) regulations, the allowable sulfur content of the products has generally

been decreased in response to concerns about the emissions of sulfur oxides and

other sulfur compounds into the air following combustion processes.

One approach has been to remove the sulfur from the FCC feed by hydro-
treating before cracking is initiated. While highly effective, this approach tends
to be expensivé in terms of the capital cost of the equipment as well as opera-
tionally since hydrogen consumption is high. Another approach has been to
remove the sulfur from the cracked products By hydrotreating. Again, whﬂe
eﬁ'ecﬁvé, this solution has the drawback that valuable product octane may be
lost when the high octane olefins are saturated.

From an economic point of view, it would be desirable to achieve sulfur
removal in the cracking process itself since this would effectively desulfurize the
major component of the gasoline blehdjng pool without additional treatment.
Various catalytic materials have been developed for the removal of sulfur during



PCT/ USO00/ 25731 the FCC process cycle but, so far, nost devel opnéh§ $ARaRHB:
centered gn the renoval of sulfur fronlthe regenerator stack gases. An
early appro@8H7Hevel oped by Chevron used al um na compound® TASONTRL i ves to
the inventory of cracking catalyst to adsorb sulfur oxides in the FCC
regenerator, the adsorbed sulfur congounds whi ch entered the process in
the feed were rel eased as hydrogen 3ulfide during the cracking portion of
the.cycle and passed to the product recovery section of the unit where

y ocar BB ?@Xﬁr%ss?sﬁéw SBREEF moBhde i R Rl Balan iy TS v
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not greatl fected, If at a An alternatlve t echnol ogy for the renoval
of sulf urdewlo@eé bymawaregmdmimnma campoidsias additivds contheinvesterpbf

nmagnesi um al.ym num spi nel s addi tives, tg.the circul ating, catal yst
i nventorfﬁqmgl%a%" agﬁﬁ@rs'-llf\'é sdnhe gC fth €dor the

comror o 3P bide R REn o f%%ﬁ%ﬁh@k%%ﬁﬁ%fﬁéﬁérﬁe # “Fonoval
addi ti ve hiydfdgedQuiside diftirdie 2P4tkir ?&%&Qﬁ'théc)%iz afd as§5d7t%q.h982 and

ot hers. Again, however, product su ur levels are not greatly reduced. A
cat al yst pmﬂilc(t rmvetyrses:tlen of thecuniiv whefe they fware remeved. | Sed Keishhajes d cr acki ng

duct bech U S Patents 5,376, 608 d
Ef‘ézéczi Méf««%sie QT BAers, Hy oeRbpy o se NN BER lor ¢ od Low s
aci d 9d%E'sﬁﬁiJPfsx%ﬁf3%8‘§o§H|tﬁé’ g&ha g&@a{ fégb graler! o has not

achi eved |gn| |cant comer cl al success. e nee r an e ect Ive

addltlvebﬁOprdde&mﬂﬂgle\teiuamlﬂdtgremdﬁféﬂﬂm d catal ytic cracking
products has therefore persiste In Application Serial No. 09/144, 607,
filed 31 August 1998, catalytic materials are described for use in the
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regenerator removal is based on the use of magnesium-aluminum spinels as

additives to the circulating catalyst inventory in the FCCU. Under the designa-
tion DESOX™ used for the additives in this process, the technology has
achieved a notable commercial success. Exemplary patents on this type of sulfur
removal additive include U.S. 4,963,520; 4,957,892; 4,957,718; 4,790,982 and
others. Again, however, product sulfur levels are not greatly reduced.

A catalyst additive for the reduction of sulfur levels in the liquid cracking
products is proposed by Wormsbecher and Kim in U.S, Patents 5,376,608 and
5,525,210, using a cracking catalyst additive of an alumina-supported Lewis acid
for the production of reduced-sulfur gasoline but this system has not achieved
significant commercial success. The need for an effective additive for reducing |
the sulfur content of liquid catalytic ﬁrackin g products has therefore persisted.

In Application Serial No. 09/144,607, filed 31 August 1998, catalytic
materials are described for use in the catalytic cracking process which are
capable of reducing the sulfur content of the liquid products of the cracking
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addition tovAUEaIBUs nol ecul ar sieve conponent, a netal i nP@ERUSKIEBEI ON
state above zero within the interior of the pore structure of the sieve.
The nol ecular sieve is in nost cases a , zeolite and it may be a zeolite
havi ng characteristics consistent wt It 4he | arge pore zeolites such as
zeolite beta or zeolite USY or with the internedi ate pore size zeolites

such as ZSM 5. -zeolitic | ecul gr sieves, such as. MAPO-5, MAPSO 5,. as
nel | as t riroRissyd B Gt rEdURROR RRtRSS CPINPEisEy B AN AROTOREy Do usod ac

t he sieve f o I iﬂvﬁ&l:ﬁla ' »3.ZC, 110N,
cobal t, antgelg&z; |§¥%V\?vgr°?aﬂh°ggn at%ié%'!a e ectlggﬁ%?é?%@%g}aﬁﬂl%% sul fur
in the gasaterive.of\thé porestagtureof thagietél e The aicléqdar didieds in YD chi&B8G as a
separate particle additjve catalyst, these materials are used in

combi nat i solite and Wmaycbe ¢ acelite iaying-characteristipsconsistent withahedargg a

fauj asi t h Lite Y REY Lally. lite, USY and REUS
o broces P dr et B PEeahit bete SrofiRAOS WirVichitg lsrmediale oy (FoO)
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sul fur reduction catalyst may itse e an active <cracking catalyst, for
i nst ance, MeAPE(:5)3s WEN as tlie¥mesopbrBid Crystalline matdrials syehssi MOMLi41 use the

sul fur reductj on cdatal yst in the formof an integrated cracking/sulfur
reduct i on 3yt BE Yaed a5 e sisvercomponsnbothecailysts ssnches vanadiumog i ve

: Ki t | ti st
Coget hor Gith oG ahd ol S FRARE RN b otfs T g relfEHAR 0f 1oy 7S
e. g. vanadijfiaz inthi Sl i drdliem! ' ARl dskl -ag N

Apgl i cation Selrﬂi/%:ecéralsos. déﬁgg‘i 539&aﬂrﬁ?m§9/ 2 1%5%61%%?% fil eddSE%eagearrber 28,

1998, sul separatgcharticloradditivel catalysts theise amaterials lare usedsin dembindtioh with

|ication . 09/.144, 607 .were descri be hgwever, the cat.al yst
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in the fluid catalytic cracking (FCC) unit to produce low-sulfur products. Since

the sieve component of the sulfur reduction catalyst may itself be an active
cfacking catalyst, for instance, zeolite Y, REY, USY, and REUSY, it is also
possible to use the sulfur reduction catalyst in the form of an integrated
cracking/sulfur reduction catalyst system, for example, comprising USY as the
active cracking component and the sieve component of the sulfur reduction
system together with added matrix material such as silica, clay and the metal,
e.g. vanadium, which provides the sulfur reduction functionality.

In Application Serial Nos. 09/221,539 and 09/221,540, both filed
December 28, 1998, sulfur reduction catalysts similar to the ones described in
Application No. 09/144,607 were described, however, the catalyst compositions
in those applications also comprise at least one rare earth metal component (e.g.

la'nthanum) and a cerium component, respectively.
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cracking process has now been devel oped which is -capable of inproving the
reduction iYWOPHA734I fur content of the liquid products of rd®UsSHAsSKi Ng
process, including the gasoline and niddle distillate cracking fractions.
The present process enploys sulfur reduction catalysts simlar to the ones
described in Application Nos. 09/144,60%; 09/221,539 and 09/ 221,540, each
of which is incorporated herein by reference in their entirety, in that the
cracki ng catal yst enployed_in the %r esent invention contains a product

sul fur reduci ng conmponent SEMMARYQFTHEINVENTINent in an oxi dati on
state greater than zero, with preference being given to vanadi um

Preferably, the syl fur educt,i on conponent will include a nolecul ar sieve
cont ai ni ng t he ‘ﬂ%t‘ﬁlpmﬁfiﬁ%%éfﬂﬁ crRokEgProgess hasaow beesy devislopsdrwhichisict ur e

f the si i - :0r ] he At i t]
Phel udes. < 0polE GEiBRbONE T RncaBA TS Bilnk Lol BF BROTwUBSMATRE,
conponent g kpdckifiepfiiesd, intluliag thegﬂsolitﬁ%ﬂ%ﬁkﬁéjdilsﬁllﬁl%% found that

by increasing the oxidation state ol the nmetal conponent, thefe is an
i ncrease ifactivass (heypresad prodess evpldysi suifupfeduction antalysty simitae tpthesent

gasol i ne. <eb destruaRim: r sy Senstl (2. 47 Bbiap ot il ﬁa/igﬂl,ah&eafcﬁ : C"ﬁ"f ]
convent | onaFt oL Wit it BEcRIGSl HordlR by releBled i heib clY. BMAI" | 1 enbory
whi ch is usackihg catalyst emplolyedzache peesentinwein sifc@ithink ¥robastedifan a

faujasite zeqlite, usually zeolite Y, REY,  USY and REUSY. Alternatively,
the cat al yeducinggompongnt ¢antiiping dmetal compegent nancoxidationystptecgreater sul f ur

reducti on St.,21S em Ty fur. r ti ONgC ent c conprise a
por ous rml@%t?%r}r(” &‘?M%%%P%%@egﬂg A‘fe#smé%‘ﬁg‘?igp‘i egﬁgﬁ&r gﬁﬁ state above
zero Wi t hiradidtidn cUnfpditint WilliR€lude a molecular sieve containing the metal

component within the interior of the pore structure of the sieve. The improve-
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ment, according to the present invention includes a step of increasing the
average oxidation state of the metal component afier the catalyst has been
regenerated. It has been found that by increasing the oxidation state of the metal

component, there is an increase in the sulfur reduction activity of the catalyst.

The present invention may employ sulfur reduction catalysts which are in
the form of a gasoline sulfur reduction (GSR) additive in combination with an
active cracking catalyst in the cracking unit, that is, in combination with the
conventional major component of the circulating cracking catalyst inventory
which is usually a matrixed, zéolite containing catalyst based on a faujasite
zeolite, usually zeolite Y, REY, USY and REUSY. Alternatively, the catalyst
may be in the form of an integrated crécldng/product sulfur reduction catalyst
system.

The sulfur reduction component can comprise a porous molecular sieve

which contains a metal in an oxidation state above zero within the interior of the
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sul fur resusdigmsconponent can also conprise a netal in %ﬁﬁﬂ&zgtion state
above zero di spersed anywhere on the catal yst support str 2573hel udi ng’
por ous oxide supports. The nol ecul ar sieve, when wused, is in nbost cases a
zeolite and it may be a zeolite havin§-characteristics consistent wi'th the
| arge pore zeolites such as zeolite beta or zeolite USY or wwth the
intermedi ate pore size zeolites such as ZSM5. Non-zeolitic nolecular .
si eves pounstartweithe sieve ATBOsBlfunrednetivn asmpbremteanpdsocemprissi al | i ne

as the sieve conmponent of the

terial h . 4 b
(r:r:t :Irlygt &ﬁél@%%%wnaéagaéﬁﬁﬂgﬁgﬁ%e sprrsed anywhese gathe cataliinese and
11 e . | &6 ' terjal, h fficient
O bkt g SBhdet SRECkunt? inclidibl Boro| SEAE Hurblo R THR BhleRtar Sievd, bk g
cat al yst ussdyiminanbstcasesmktolite ahd i may be a%t@ﬁt@ﬁaﬁﬁ? bhﬁ:@cte)@sgeg )

alternatively, it may be used in addition to the aclive cracking conponent,

whet her ¢nskidentwith she large porgselitgssuch es zgolite betafor ZeoliteIS&fbowithent , at

| east a r.1]on t he catal yst 1invent Lng the. product | fur

redﬁci ng&go cbwgﬁ{atq Borgf&%%%&'@# %%Eﬁgwpfwﬁél{u%‘%o 3 ﬁéfel{’eﬁnut h an

oxygen ¢ MY , ' Sl Lok t reat ment
yoen SRithasMBAPORs; MUATNOIS, ST the ddtofbits chdiBal Wkt

enpl oyed in regenerating the cfacking ca 3ddi ti onal
oxi dat i veachras @44 1i may benisedlaothe sieviecomporbnt of te Galysc Mahlst ©
substantially fully oxidize the netal conponent of the”sulfur reducing
conponeri¥chag vanading, zing, iton,eebalt, manganese andegallivmiare eftativeigIftheponent i s

in the . Fate additive to the active cracking catal yst, an
oxi dat i O%?Jc?ecalg‘ge ?@Q%?gg'a? gﬁ@bﬁﬂ% a‘@ﬁ@’agﬁpﬁ& usg ﬁi;a}?e regener at ed
cracki ng, ﬁ@ébﬁialsﬁi &adidh ' fehi g lVve. qRLior to
returni nc bot h the? oxi_dgz%?gsbﬁﬁfmﬁg?fﬁga%&%ggﬁ %sd&(?rhgé:ki ng

cat al ystY} or, alternativelyy it may be ased inmjadiditien (@ thy. active crackéng compbiientFCC uni t .,

whether or not it has any cracking activity itself.

In one embodiment, at least a portion of the catalyst inventory having the
product sulfur reducing component is exposed to oxidative treatment by contact
with an oxygen containing gas, which treatment is in addition to the treatment
employed in regenerating the cracking catalyst, Preferably, the additional
oxidative treatment is carried out under conditions sufficient to substantially
fully oxidize the metal component of the sulfur reducing component.

I another embodiment, in which the sulfur reducing component is in the
form of a separate GSR additive to the active cracking catalyst, an oxidation
device is used to separate the GSR additive from the regenerated cracking
catalyst and to selectively oxidize the GSR additive, prior to returning both the
oxidized GSR additive and the regenerated cracking catalyst to the catalytic
cracking zone (e.g. the riser) of the FCC unit.



-19 MAR 2004 6a According to an aspect of the present invention, in a
catal ytic cracking process for cracking a hydrocarbon feed cont gignua® 200
organosul fur conpounds in the presence of a hot regenerated cracking
catal yst, said process having a standpi pe and/or standpi pe cone |ocated
between a regenerator and a riser and &ai d catal yst having a product sul fur
reducti on conponent conprising a matrix of alumna or silica-alumna with
clay and containing a cracking conponent conprising a zeolite which

cont ai ns wi t hi Acfarding e air dspect op hegpresentiivrantien.dn peatalytic orapbing procesifpr i si ng
vanadi um ool QXL ARLLAM REALGSRER\FLanb (Rl cESEAing! iyl FRIGUERE o N Ch
conprises: 1 ncreasing the average o6xidation s areror Near B Rerar conponent
of said regenatcdtedkiog ankiystgsaidipabsss hatiyg s slahdpdpd ang/oregadEpatend cat al yst
to oxidative treatnment durin assage, of _the regenerated cafal yst through
L he. 5t and BER RRHeGH = SiesApp B LHRE Dbt Y TRRSE AGE RO a devi ce
connect edrddaclidifcobipRBsRichRpASingS b ARED FRANGATE or AEELAIHNEA With A8y &¥ot her
aspect of the present _invention, in a catalytic cracking process for
cracki ng SOHYEMEELHISHECOBPORG CANPIiTeE DEpliFoshirt contaiphyslindis interierhe
presence BulQbre SN B R BRI (AP an S| HiGPLAL ¥Rk DRELNT 2
product s ur reduction conponent comprising a nmatrix o um na or

si | i ca- al werone wiproverheny wandh coopnisest ni ng a cracki ng conponent conprising a
zeolite which contains within its interior pore structure a netal
conponent conprising vanadiumin an oxidation state greater than zero, the

i mprovenent WhingfeaSif@eiaS@8ge BigMicdi sBge & ISl cosiipohétt of @6UICT I Oon conmponent
which is a separate particle additive catalyst which has an average

P 1Ll as
particl e &epecryedsieeking pplysthy subiestingaegraetafed catabyst® oxgfative Beaimgeiki ng
catal yst; dﬁx‘?&gﬁ?‘é‘é EbPGeRYNe ki oGRS hRReF A asha)ﬁa ipB 2ty bA\E rfi‘lgf}le bye catalyst
by contact w't E%xyger? %%n%é%nfnaﬁgas tg pfb ucgma regeﬁ%r eg cat al yst
m xt ure; $OduwiR 12604 Bboupbpaleaice ngnrfertedida the sredEpertadpiparateyst mi xture a
concentrated cracki ng catal yst
According to an another aspect of the present invention, in a catalytic cracking

process for cracking a hydrocarbon feed containing organosulfur compounds in the

presence of a hot regenerated cracking catalyst, said catalyst having a product sulfur

reduction component comprising a matrix of alumina or silica-alumina with clay and

containing a cracking component comprising a zeolite which contains within its interior

pore structure a metal component comprising vanadium in an oxidation state greater than

zero, the improvement which comprises:

providing a product sulfur reduction component which is a separate particle
additive catalyst which has an average particle size greater than the average particle size

of the cracking catalyst;

regenerating both the cracking catalyst and the additive catalyst by contact with

oxygen containing gas to produce a regenerated catalyst mixture;




stream conprising the regenerated cracking catal yst and a concentrated
additive catalyst streamconprising the regenerated additive caﬂhﬁ%@ﬁ:WM
exposi ng the concentrated additive catalyst streamto additional oxidative
treatment by contact with oxygen containing gas to produce an oxidi zed
additive catalyst stream and recycliflg the oxidized additive catal yst
streamto the catalytic cracking process. 19 MAR 2004 WD 01/21733

/' U500125731 7 DETAI LED. DESCRI PTI ON OF THE | NVENTI ON I n accordance with the
present i nvent iSSPATtHIE fromp thevagpnemted) cptal st mpdeRiasgneepraied swcking patdlvsided f or
[ eauci ng. thgadibiibfisiliHeGlenhatddReack @b iRl AU AecrthRAYAGHYd LAME

hydr ocar bon feed contai ni ng organosul fur conpounds. €. present process
enpl oys a sremlcypprisipg themedeaviateg addisivg tatalysteduct i on conponent  cont ai ning a
nmetal component in an oxidation state greater than zero. The sul fur
reduction activity of the catalyst systemis increased by increasing the
oxi dation st ategpe¥ing the comiarateDiIRRRRhtaBlst OfcainQo bidifiG@dUckiagiviche cat al yst
systeminto the catalytic cracking,zone. FCC Process Apart fromthe

process cHERGRD! PR ORGP HRRESEH tORTAHBE Brsde Brdursianeeidiznl addiyedntalysissed
bel ow, thegegAngla of operating the process will generally be consistent
with a conventional FCC process. Thus in an enbodi nent of the present

i nvention, conventional FCC cracking catalysts nay be enpl oyed, for
exanpl e, zeoli W fh.a faujasite cracking.conponent as
doscribed tn 1 RSAFRePRIE BTN (il SRR S O P BERRRO
Cracking wth Zeolite Catal ysts, Marcel Dekker, New York 1979, | SBN
0-8247-6870-1 as well as in numerous other sources such as Sadeghbei gi,
Fluid Catal ytic Cracking Handbook Gulf Publ. Co. Houston, 1995, | SBN
0-88415-290-1. Cenerally, in a conventional fluid catalytic cracking
process the heavy




hydrocar bon feed containing the organosul fur conpounds wi |l be cracl&gw L
lighter pregwgisipy contacting the feed in a cyclic catalyst. rgplE/) ation
‘cracking process with a circulating fluidizable catal yti‘¢ cracki ng

catal yst inventory consisting of particles having a size ranging from
about 20 to about 100 m crons. The sighificant steps in such a cyclic
process are: WD 01/21733 8 9 MAR 2004 PCTIUSOO 25731 , (i) the feed is
catalytically cracked in a catalytic cracking zone, normally a riser
cracki ng zone, oper BETAILED GESCRIPTION QR THE DVVENTION by contacting
feed with a source of hot, regenerated cracking catalyst (hereinafter
referred to as an equilibriumcatalyst or "E-Cat") to produce an effl uent
conpri sing cr alnkegordance withsthe e sepeiitvention| apsimprowtdicatalytic ovackimg d
strippabl e hydrocarhqQns; (ii) .the effluent is discharged and separated,
nor mal | y PHOCETHdS @ro‘aaa?iforcryéwassl}e RHEY °&H¥F&E>8g ﬂ}&rlmg products, cr acked

product a 1L.gs, f.i ' Sk (111) the
vapor phgé}gdlﬁ%é&r)%lﬁ%vée &g@c%ﬁgggg?&g%@a%%gﬁg%%ﬁﬁ%nﬁ‘eﬁh&hﬁm n col um
and its osesditprestss efplesl digaialysOsysemnihhiiagiatutfug eéduttioncodiponent i ncl udi ng
gasoline, (iv), the spent catalyst is stripped, usually with steam to
rempove ocksmtaising sipetal camponentinam eidation statggreater than zerg. cBhe palfun ri pped
catal yst i g . oxidativel regeper at ed t.0.produce E-Cat .whi.ch i.5 Lhen

recycl ed TAUGHRR gnyaw; ofghe SRS Sysiem i3 increpsed Py fartessian the pudagen f ceq. 1 n
addi tion ' ﬁg&, ; '&feu%ig stas%ﬂé : resent

I nventi on%ﬁp@%éﬁg@%%gkn avﬂﬁéqg&gﬁ,f?% re uc?| 0 céﬁnb&éﬂg cont ai ni ng
a netal camlptioericking zonepxi dation state greater than zero and includes a
step for increasing the average oxidation state of the netal conponent
after the catalyst 1is regenerated, and prior to recycling the catalyst to
t he cr ackiC@ Procass

Apart from the process changes in accordance with the present invention,
as discussed below, the manner of operating the process will generally be
consistent with a conventional FCC process. Thus in an embodiment of the
present invention, conventional FCC cracking catalysts may be employed, for
example, zeolite based catalysts with a faujasite cracking component as .
described in the seminal review by Venuto and Habib, Fluid Catalytic Cracking
with Zeolite Catalysts, Marcel Dekker, New York 1979, ISBN 0-8247-6870-1 as
well as in numerous other sources such as Sadeghbeigi, Fluid Catalytic Cracking
Handbook, Gulf Publ. Co. Houston, 1995, ISBN 0-88415-290-1.

Generally, in a conventional fluid catalytic cracking process the heavy
hydrocarbon feed containing the organosulfur compounds will be cracked to
lighter products by contacting the feed in a cyclic catalyst recirculation cracking

| process with a circulating fluidizable catalytic craéking catalyst inventory
consisting of particles having a size ranging from about 20 to about 100 microns.

The significant steps in such a cyclic process are:



In an enbodi ment of the present invention, the step for increasing%MaR 200
aver age oxwdamipms state of the netal conponent conprises e¥8?/%%559’5§:{1 | east
a portion of the catalyst containing the sul fur reduction conponént to 2
additional oxidative treatnent by contacting the catal yst with an oxygen
contai ning gas. The conditions for th&-additional oxidative treatnment
I ncl ude an 02 partial pressure in the range of about | to 20 psia,
preferably about 8 to 16 psia; a total system pressure of about 20 to 100
psi a, pref erabli(i) theeed igoatalytwallysiracked in@ atalptis eackingzomeRnatatly
PCT/ US00/ 25731 cat al yst resi d&r]\ce titgf of a‘aggt 1 éiq 60, m nutes, preferable
about 1 t&TIT CHAC neq ARCTY YhcsTacking gondiigns by santasing 1100 t o

1550F, pr 0 f thescatgd yst will be

exposed tgée?dﬁ%i%osr?ﬁ%ﬁ%&\%ﬂ ?égg%%@gﬁﬁ%ggkéﬂﬁﬁnf'ﬁﬁge S%F‘a fient to
subst ant i ab by efyuilibyivax tatalyet bNCEWC:t?) toGHoRMEM efflienBeomptisigidifeieni dati on
state of the netal cation to its highest |evel. FCC Cracking Catalyst The

present i praguctsoandspenteathlyst containing cokedand strippatdehydmotarbonst he form of a
separate particle,additive addi ti,ve) whi,ch is_added to the nmain

cracki ng cat al ﬁgtthfﬁ- 13 fise g?&éﬂﬂé?ﬁﬂé‘iefleﬁl%qlﬁ’épﬂnerﬁymﬁg a conponent
of the c LA sGat QSFO{I- [ ' |« fur

reduct i on%?gﬁga f‘ba??gﬁ]}‘ he%%%ﬁ%gd%ﬁ%%ﬁ%ﬁa g‘#l%&géﬁ eyst which is
‘convent i ocempyisingdhe spent catabfstpct t he desired cracking reactions and the

production of | qwer boiling cracking products. is nornally based on a
faujasite zeol {iththecyaper phesedisiremyoved apprasivet andhfraetionated in/thetFGGal | v

zeolite Y_j f ] SUG calcined.rate-earth exghanged type Y
zeolite (Eﬂw&ﬁpﬁl&dﬁ%}éﬁgé@&#%& §§1|“EPPS tf’;aﬂ?w“b‘gﬁfciq'\’g@rg.ﬁ“ﬁét ent No.
3,402, 99%0“&@%&%@’ type Y zeolite (USY) as disclosed in U S. Patent

No. 3,293,192, as well as various partially exchanged

(iv) the spent catalyst is stripped, usually with steam, to remove occluded

hydrocarbons from the catalyst, after which the stripped catalyst is oxidatively
regenerated to produce E-Cat which is then recycled to the cracking zone for
cracking further quantities of feed.

In addition to the conventional FCC process, discussed above, the present
invention employs a catalyst having a sulfur reduction coxﬁponent containing a
metal component in an oxidation state greater than zero and includes a step for
increasing the average oxidation state of the metal component after the catalyst

is regenerated, and prior to recycling the catalyst to the cracking zone.

In an embodiment of the present invention, the step for increasing the
average oxidation state of the metal component comprises exposing at least a
portion of the catalyst containing the sulfur reduction component to additional
oxidative treatment by contacting the catalyst with an oxygen containing gas.
The conditions for the additional oxidative treatment include an O, partial
pressure in the range of about 1 to 20 psia, preferably about 8 to 16 psia; a total
system pressure of about 20 to 100 psia, preferably about 40 to 70 psia; é,



type Y zeolites as disclosed in U S. Patents Nos. 3,607,043 and 3, 67§ S3¢R 2000
Cracki ng c¥PAIPEBE such as these are widely available in | acpwsguantities
‘from various commercial suppliers. The active cracking conponent®is
routinely conmbined with a matrix material such as silica or alum na as

well as a clay in order to provide fHe desired mechani cal characteristics
(attrition resistance etc.) as well as activity control for the very

Catalyst G pFIGRRS e B SSIORSS Sunubf rBRApIC B £ i B (o "
ef f ecti veninhtesdhnda itéiﬁeerjanﬁe %ﬁl@ﬁﬁgﬁ fiokh Z%I?tal 10616 Y5964 gﬂ-@ferébl 0 Sul fur

Reduction System - Sieve Conponent e sul fur reduction ddnponent will

pr ef er ablapouto300 toel4505Fr ous nol ecul ar sieve which contains a netal in an
oxi dation state above zero within the interior of the pore structure of
the sieve. The nolecular sieve is in nbst cases a zeolite and it may be a
zeolite havin teri St I St 1t the, | e pore zeolites
such as zeol i &&g’?ﬂ)y’e[ﬁé F g%b&%}‘g‘@ﬁ%t%p%gﬁ %Moardai%‘?ﬂail Pé‘a%gtvﬁ%fagn%tt h the

i nt er mediyaier quvdetiiszRffeRh {oesilb%thﬁﬁaﬁ? FRMoRidizH the nidisl éﬁg@ﬂmg' ass  being
preferred The nol ecul ar sieve conponent of” the present su r reduction
cat al yst &e. nisg thaoxidation stite of thdmetal zeton teeitohighestdeveleol i ti ¢ nol ecul ar

si eve. Wien used, zeolites may be selected fromthe |arge pore size
zeolites or internedjate pore zeolites (see Shape Selective Catalysis in

| ndust ri §CGEHecking CofaysiChen et al, Marcel Dekker Inc., New York 1989,

| SBN 0-8247-7856-1, for a discussion of zeolite classifications by pore

si ze according,to the basi¢ schene set out by Frilette et al in J.
Catal ysi s 67, 199 BICSgnt \iVgRY9Y canrprIp ?F'ﬁﬁ'b"rfédgﬁ"i@ cqmapenend in thech as

Fhe. | cat SrahGE £lediie GartiE AAGRVETASHOAAdIEVE] WEICT: oAbl AR (000 0 of
their nofackingaatdyst¢EeRal)is drFOOUDer, ltematvelmay!be 4 6asipbfedteg! ude t he

conponent,s ] . . , .
the cracking catalyst to provide an integrated cracking/sulfur reduction catalyst

system. The cracking component of the catalyst which is conventionally present
to effect the desired cracking reactions and the production of lower boiling
cracking products, is normally based on a faujasite zeolite active craclciﬁg
component, which is coniventionally zeolite Y in one of its forms such as

_ calcined rare-earth exchanged type Y zeolite (CREY)), the preparation of which
is disclosed in U.S. Patent No. 3,402,996, ultrastable type Y zeolite (USY) as
disclosed in U.S. Patent No. 3,293,192, as well as various partially exchanged
type Y zeolites as disclosed in U.S. Patents Nos. 3,607,043 and 3,676,368.
Cracking catalysts such as these are widely aﬁai]able in large quantities from
various commercial suppliers. The active cracking component is routinely
combined with a matrix material such as silica or alumina as well as a clay in
order to provide the desired mechanical characteristics (attrition resistance etc.,)
as well as activity control for the very active zeolite component or components.
The particle size of the cracking catalyst is typically in the range of about 10 to
100 microns for effective fluidization. |



of the cracking feed as well as many conponents of the cracked prodyc MAR 200%
The * pore si'zmr2of33t he si eve does not, however, appear to bﬁcwsgd'fﬁ%! si.nce,
as shown below, both medium and | arge pore size zeolites have been found
to be effective, as have the nesoporous crystalline materials such as

MCM 41. Zeolites having properties cengi-stent with the existence of a'large
pore (12 carbon ring) structure which may be used to nmake the present

sul fur reduction catalysts include zeolites Y in its various forns such- as
Y, REY, Swfar, ReductiontSystemchSieve Coagiorient preferred, as well as ot her
zeolites such as WO 01/21733 MAR 2004 PCT/US00/ 25731 zeolite L, zeolite
beta, nordenite including de-alum nated nordenite, and zeolite ZSM 18.
General |y, thelThesyfunreductiincompanent sdll prefecsbly aomprise aghdppus por e

structure wth,a ring apening.of at |l.east 0.7 nmand {he nedium or

"t or reci pteeulsd sievE S dopfindes feral ihan oxidaionstaip aboveZeeavibin t han 0. 7
nm but | : |- I | . } ze zeqlites which
Ty be uony IeeAPEAE IR sSuptr BF B iVt TR EIIBNASISRIASS | Jou 25
ZSM 35, Z@ses5zeoltSldnd it mbibe 2%eoMidvhéing VRAdabRristits insidtémiwih the<nown

mat eri al ﬁ Zeolites may be used with framework netal elenents other than
al um numlazggpore zeelites sugdasozeolitelYl, preferably meolite USY cori zeolitebetawse of

zeolite s particularly desirghle since this zepolite is ypi cal |y used
25° he® actity e ARrcieed b fiei e tes ARz iMS, iR s frrmtsalah | <

t her ef or ¢e lefdrfed. 0 Use the sulfur reduction catalyst in the formof an

I ntegrated cracking/sulfur reduction catalyst system The USY zeolite used
for the crack ing conponent nmay al so, to advantage, be used as the sieve
conponent for separate particle addjtive catalyst as it will continue to
contribute to lPdnelesrldr sigve sempenent off the pressnts reductionscatglystsent in t he

ot 8, B el R SRS Al b,
shoul d bgedlitesnyhy sdected foth thefafge Pore R Rblites or intermediate pore
- zeolites (see Shape Selective Catalysis in Industrial Applications, Chen et al,
Marcel Dekker Inc., New York 1989, ISBN 0-8247-7856-1, for a discussion of
zeolite classifications by pore size according to the basic scheme set out by
Frilette et al in J. Catalysis 67, 218-222 (1981)). The small pore size zeolites
such as zeolite A and erionite, besides having insufficient stability for usé in the

catalytic cracking process, will generaﬂynot be preferred because of their
molecular size exclusion properties which will tend to exclude the components
of the cracking feed as well as many components of the cracked products. The
pore size of the sieve does not, however, appear to be critical since, as shown
below, bqth medium and large pore size zeolites have been found to be effective,
as have the mesoporous crystalline materials such as MCM-41.

Zeolites having properties consistent with the existence of >a large pore
(12 carbon ring) structure which may be used to make the present sulfur
reduction cata.lysts include zeolites Y in its various forms such as Y, REY,
CREY, USY, of which the last is preferred, as well as other zeolites such as



ably about 2.420 to 2.445 nm with the range of 2.435 to 2.440 nm b&iSndAR 200%
very .sui twblogz174dt er exposure to the repeated steam ng of ycles,..
further reductions in UCS will take place to a final val uiééﬂﬁSdéﬁ%sE e
normally within the range of about 2.420 to 2.430 nm In addition to the
zeol ites, other nolecul ar sieves may.hg.used although they may not be as
favorabl e since it appears that sone acidic activity (conven- tionally
nmeasured by the al pha value) is required for optinmm perfornance.

Exper i mengeslite &, aeoliditeed, endrdeiteinehaling decdummatodcResdiiteaid ke difte ( Si eve
w t hout netal cont en;ﬁ)gare sui table for adequate desul furization activity,
wi th al phZShb187 Generalhy thelargopare sixeTzaodivey @8 tharacterized biyra pdre r ange of

0.2 to 2,000 being, notnmal |l y.suitahle'. A pha | ues_.from, 0.2 to 300

r epr esent STHEUIROVHA 2 I1REQRFOGRE 8&?&?‘&?@?@&8@?@8@@%&?@%@3 when

usgd ZS aggiel dideeol it Bive S‘reztﬁ:%iﬁ At fad 875 By aﬁ@ @1 y provide
sui tabl e “support conponents aPgr t e magt%? conponent oi ?F} é)‘f ggﬁt sul fur

reduct i onabaat0a56/ans Suitshly aeediiun mat eive(zRulitesachith hayededshtiudat es and
titanosilicates) of _varying silica-alumna ratios, netalloalum nates (such

as ger manthesntasilzgolites suchas Z5Mndh3SM22e£SM23nZEMpBSsBEM-86, such as t he

o1 ut noprBSMIR7 MRS MENPSRRARS- 58 Al AiRh atg iy materiats °9" ! ©
si| i coal UpbdlRBhasyILR Bed (HBARSRIN RleIS M ments ot B A ASRARS RA o5

(SAPO), gal |l oger manates and conbi nations of these. Anot S of

crystalli pydzoronngaliwing ironyvbi eiromaymbe used is the group of mesoporous
crystalline materials exenplified by the MCM41 and MCM 48 nateri al s.

These nesoporous crystalline materials are described in U S. Patents Nos.

LS 0, e B AN e Y RSSO 70 1P
typically used as the active cracking component of the cracking catalyst and it is
therefore possible to use the sulfur reduction catalyst in the form of an integrated
cracking/sulfur reduction catalyst system. The USY zeolite used for the crack-
ing component may also, to advantage, be use& as the sieve component for a
separate particle additive catalyst as it will continue to contribute to the cracking
activity of the overall catalyst present in the unit. Stability is correlated with low -
unit cell size (UCS) with USY and, for optimum results, the UCS for the USY
zeolite in the finished catalyst should be from about 2.420 to 2.458 nm, prefer-
ably about 2.420 to 2.445 nm, with the range of 2.435 to 2.440 nm being very |
suitable. After exposure to the repeated steaming of the FCC cycles, further
reductions in UCS will take place to a final value which is normally within the

range of about 2.420 to 2.430 nm.

In addition to the zeolites, other molecular sieves may be used although
~ they may not be as favorable since it appears that some acidic activity (conven-
tionally measured by the alpha value) is required for optimum performance.
- Experimental data indicate that alpha values in excess of about 10 (sieve without
metal content) are suitable for adequate desulfurization activity, with alpha



such as anorphous refractory inorganic oxides of Goup 2, 4, 13 and 4.8 MAR 2004
el ement s, Wor &Ranpl e, A1203, Si@2, Zr®2, Ti @, MO and nipdnuses247her eof ,

and paracrystalline materials such as the transitional alumnas. ' The

al pha test is a convenient nethod of neasuring the overall acidity,

inclusive of both its internal and-eb&=ernal acidity, of a solid material
such as a nol ecul ar sieve. The test is described in U S. Pat. No.

3,354,078;, in the Journal of Catalysis, Vol. 4, p.,527 (1965); Vol. 6, p.
278 ( Loewiluesintivsangsat 0.3 1055804 bbgeyiormalisuiablaboAlRisoYalBts fram hi o

speci ficgti o e __neasure tand tyre of 538C .19 MAR 2004
PCT/ usooﬁ?s‘?g‘ﬁ'f?‘ﬁﬁ‘?gﬁe @ﬁg%@ﬁgg %iﬁg%%%@& #\%sﬁtm ‘%Hﬁ’gl WBER i n the
sul fur r | 13 onent of the <catalysts useful in the present
i nvention 1 nclude those netals disclosed in Application Serial Nos.
09/ 144, 607, 09/221,539 and 09/ 221, 540, each of which is incorporated
herein by reference. Although any netal, cation which exhihits sulfur
reduct i on actﬁmmplamne@ﬁpeﬂw: stevg matgdalswhich mayproyide sutsdles not exhi bit
e+ Ly f Qr_ excessive
; SiFdu

gioggi LIng%@%&g%q%igd@?fﬁ%ﬁeﬁh\éﬁb‘pﬁgﬁf@? T 0 ) Y2 ¢ hi s reason,
the nobl &tal%is%ﬁuéé‘@ﬂicﬂfés PhidH s iRednétanadilisstes ThditadsRRaRAF of St ong
hydrogenati on- dehydrogenation functionality are not desirable. Base netals

and conbvaryingsilica-afuniias catins, metallvalhminatesi(unl ds gogpnanivoaliminatés)nal i ty
such as ni I bdenu ni ckel -tungsten, .cobal t, no| ybdenum and

i ckel - DF{AREhesTRIS SlagibopassRietes el & e <fife sna BRreloRREE0 or  ed
base net A WoTal , 12 and 13
(1 opaC. o Rpipts KTEntR s Mttt aitcdrat gl ahimPph SIS (Me 2B | 18) of 1t he
Peri odi cEILAIP(O), métdidnfegrated silicoaluiniiaophesphatels, (MeARS e 2@dFIIABSO), um are
effective w th vanadi um bei loref erred nmetal conponent. Preferably,

ng the
the basesmadummp@osmgﬁﬁsﬁ?omal ogermanatesandeombinations wEtheseeri or of

the pore structure of the porous nol ecul ar sieve.

Another class of crystalline support materials which may be used is the
group of mesopbrous crystalline materials exemplified by the MCM-41 and
MCM-48 matérialé. These mesoporous crystalline materials are described in

. U.S. Patents Nos. 5,098,684; 5,102,643; and 5,198,203,

Amorphous and paracrystalline support materials are also contemplated,
such as amorphous refractory inorganic oxides of Group 2, 4, 13 and 14
elements, for example, Al;Os, SiO;, ZrO,, TiO,, MgO and mixtures thereof, and
paracrystalline materials such as the transitional aluminas. '

1 The alpha test is a convenient method of measuring the overall acidity, inclusive of
both its intemal and external acidity, of a solid material such as a molecular sieve, The testis

- described in U.S. Pat. No. 3,354,078; in the Journal of Catalysis, Vol. 4, p. 527 (1965); Vol. §,
p. 278 (1966); and Vol. 61, p. 395 (1980). Alpha values reported in this specification are
measured at a constant temperature of 538°C. .



It is believed that the |location of the vanadiuminside the pore st rllé%ﬁReZUD}'
of the si%w@e2rmabbilizes the vanadi um and prevents it from.ﬁggﬁ%ﬂg

vanadi ¢ acid species which can conbine deleteriously with the si'éve
conponent; in any event, the present zeolite-based sul fur reduction

catal ysts contai ning vanadi um as the-13mtal conponent have under gone

repeat ed cycling between reductive and oxidative/steam ng conditions
representative of the FCC cycle while retaining the characteristic zeolite
st ruct ur derahGomponentsa di fferent environnent for the metal. WO 01/21733
WO 01/21733 -14 MAR &A PCT/ US00/ 25731 Vanadiumis particularly suitable
for gasoline sulfur reduction when supported on zeolite USY. The yield
structure of {Ihe metalsyomsponent containgd e sulfut sesiuiction pamponentasfl the
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gasol | ne cRansl uieBrE AP EERL i Buih stediiblne maials fisklosed T3 and 04 gas.
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concer n isineorporstey hesdin byrefeservee AlthoughtarymbRe it EivheSe:1aHHRE €SSOr
USY has simlar yield structure to current
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molybdenum, nickel-tungsten, cobalt-molybdenum and nickel-molybdenum are

not desirable for the same reason. The preferred base metals are the metal

values of Period 3, Groups 5, 7, 8, 9, 12 and 13 (TUPAC classification, previous-

ly Groups IIB, VB, VIIB and VIIIB) of the Periodic Table. Vanadium, zinc, _

iron, cobalt, manganese and gallium are effective with vanadium being the

preferred metal component. Prefera_bly, the base metal, e.g. vanadium, will be

contained within the interior of the pore structure of the porous molecular sieve.

It is believed that the location of the vanadium inside the pore structure of the

sieve immobilizes the vanadium and prevents it from becoming vanadic acid

species which can combine deleteriously with the sieve component; in any event,

the present zeolite-based sulfur reduction catalysts containing vanadium as the

metal conii:onent have undergone repeated cycling between reductive and

oxidative/steaming conditions representative of the FCC cycle while retaining

the characteristic zeolite structure, indicating a different environment for the

metal,



sul fur reduction conponent nmay al so be favorable in terns of overal [%M‘P‘%rzw

reduct i on. W8/ ZAM8unt of metal in the sul fur reduction CONPpERRRboAT3
normally from 0.1 to 10 weight percent, typically 0.15 to 5 wei ght
percent; (as nmetal, relative to weight of sieve conponent) but anmounts
outside this range, for exanple, up td4-10 wei ght percent may still bée
found to give sone sul fur renoval effect. Wien the sieve is matrixed, the

F6 the ot al - wirBH Sy SutatiofaasolinnouAiidudton whast | cal
' heal s d f . , i call

Prom o, ocppoged dnieoll USYOTSE it datERre of B8 YOSV il eadbctionet ol - 1y

be added datalyitds d!ﬂaxﬂ}eﬂi!@fe'stﬁ%cwmrlﬁﬁ&i ze?clﬂelsh‘aﬁﬁ}e fﬁg‘&‘%@@@ﬁ s present

19 MAR 2004 WO 01/21733 -15 PCI/US00/ 25731 Wit Bt ure of the
ol ecul ardesRensEategasebine sulfenrednctipntheptandrto coaven lgadilindt622knd48, Wen

br of o r oo F/ER Thobhmieh ot Bieoniaged st - orn brelioiated yad rae. ¢ he si ove
e S A
gi e\ee mat er i al )z,ugh as zeolluin?gduzj &%im%t(@gﬁgﬁﬁﬁsg?%@T g‘lﬁ%st system )
and suchmeidle U baserimilanpietd stractpromecurrent FOC titalyses @iy acti ve
pr eanatisiitase Refid ey She vOOSK AU Fopsrninteutysdlead 0 b8 out vi th a
cont o1 | dhateasle gt ebalipseackitod UG AARIBRCE Y (25, 15 111
the acti @nstraintsi Theoaupdinenon & zevlite caabpqARItY the Auitd feprERARIRE S Whi ch
are pr esﬁ@Y, is 'théref%?y a%arﬁcular!y favorable combination for gasoline sulfur reduc-

tion in FCC. The USY which has been found to give particularly good results is

a USY with low u:;it cell size in the range from about 2.420 to 2.458 nm, prefer-

ably about 2.420 to 2.445 nm (following treatment) and a correspondingly low

alpha value. Combinations of base metals such as vanadium/zinc as the primary

sulfur reduction component may also be favorable in terms of overall sulfur

reduction.

The amount of metal in the sulfur reduction component is normally from

0.1 to 10 weight percent, typically 0.15 to 5 weight percent, (as metal, relative to
weight of sieve component) but amounts outside thls range, for example, up to
10 weight percent may still be found to give some sulfur removal effect. When
the sieve is matrixed, the amount of the primary sulfur reduction metal
component expressed relative to the total weight of the catalyst composition will,
for practical purposes of formulation, typically extend from 0.05 to S, more
typically from 0.05 to 3 weight percent of the entire catalyst. A second m_étal
may be added to the sulfur reduction component, e.g. cerium, which is present



Use of Separate Additive as Sul fur Reduction Conmponent Preferably, 18nMAR 2004

sul fur, red atalyst will be as a separate particle addi- tive (GSR
Vo ol FErushyl e

additive) to Catalyst inventory. Inits preferred form

USY as the sieve conmponent, the addition of the GSR additive to the total
catalyst inventory of the unit will nojsresult in significant reduction in
overall cracking because of the cracking activity of the USY zeolite. The
sanme is true when another active cracking material is used as the sieve
conponent . | [ bt 42 ﬁg'ntheform
of the pur‘g\{ﬁs]:ﬁgeee%gérjﬁlﬁs#a , o%&?i&oéﬁﬁ%?&%{bﬁbﬁ&%?@\ﬂﬁt% %%Ided nmet al
conponent PeriabNo@9/221,648t size for FCC use. Nornmlly, however, the

nmetal -containing sieve will be matrixed in order to achi eve adequate
particle attrition resistance and to maintain satisfactory fluidization.
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relative to the sieve w nor ma e from 20:80 to 80:20 by weight.
Convent i ocamponent of thg sulfahredyctien systeine preferdbliy zeolitd US YoBatafoli t i ve

permts the ratio of sulfur peductioon and, cragking atalyst conponents to
be opti nmi sERPLGIHHe “é&@ﬁb“ﬁ#ﬁ%ﬁ?rﬁewnf&&qnﬁw crac and the desired

degree of L Ury.zatd an. : 1 ' b . t cally used
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i nvent or y maleridleutiayzeolite ASN-3 ift6 antifigpatedi Bitalyist dyshan hhdBuelout 5 to 25

wei ght percent, e.g. 5 to 15 weight percent. About 10 percent represents a
norm for mystemgmzay beusefphwhen the: propertizsRfdbieisedond acBvmsiove maténa f or
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t he sul f uthat the requisite number of sites are left on the sieve to catalyze the cracking

reactions which may be desired from the active cracking component or any

secondary cracking components which are present, e.g. ZSM-5.

Use of Separate Additive as Sulfur Reduction Component

Preferably, the sulfur reduction catalyst will be as a separate particle addi-
tive (GSR additive) to the catalyst inventory. In its preferred form, with zeolite
USY as the sieve component, the addition of the GSR additive to the total
catalyst inventory of the unit will not result in significant reduction in overall
cracking because of the cracking activity of the USY zeolite. The same is true
when another active cracking material is used as the sieve component. When
used in this way, the composition may be used in the form of the pure sicve
crystal, pelleted (without matrix but with added metal components) to the correct

 size for FCC use. Normally, however, the metal-containing sieve will be
- matrixed in order to achieve adequate particle attrition resistance and to maintain
satisfactory fluidization. Conventional cracking catalyst matrix materials such




renoval additive. Exanples of such other materials include the oc_t&rgeMAR 2004
enhanc- i n@ Gaiailysts based on zeolite ZSM 5, CO conbust i girrafsespdrar s based
on a supported noble netal such as platinum stack gas desul furization .
addi tives such as DESOX[err] (magnesium al um num spinel), vanadi umtraps
and bottom crack- ing additives, suchH®as those described in Krishna, -
Sadeghbeigi, op cit. and Scherzer, Octane Enhancing Zeolitic FCC

Cat al ysts, Marcel Dekker, New York, 1990, |SBN 0-8247-8399-9. These ot her
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removal for extended periods of time although very high sulfur feeds may result

in loss of sulfur removal activity in shorter times.

Other catalytically active components may be present in the circulating
inventory of catalytic material in addition to the cracking catalyst and the sulfur
removal additive. Examples of such other materials include the octane enhanc-
ing catalysts based on zeolite ZSM-5, CO combustion promoters based on a
supported noble metal such as platinum, stack gas desulfurization additives such
as DESOX™ (magnesium aluminum spinel), vanadium traps and bottom crack-
ing additives, such as those described in Krishna, Sadeghbeigi, op cit. and
Scherzer, Octane Enhancing Zeolitic FCC Catalysts, Marcel Dekker, New York,
1990, ISBN 0-8247-8399-9. These other components majr be used in their

conventional amounts.

The effect of the present GSR additives is to reduce the sulfur content of -
the liquid cracldng products, especially the light and heavy gasoline fractions
although reductions are also noted in the light cycle oil, inaking this more
suitable for use as a diesel or home heating oil blend componeﬁt. The sulfur



100 pin and a cracking catal yst having an APS of about 70 pm Thel S &H0R 4P
LsrOr, | arger \98” icles of the GSR additives will allowthemto have a
relatively 3H6b793resi dence tinme in the bottom of the regerermEsRswier e
the 02 partial pressure is higher. This |onger residence tine can help the
regenerator to burn the coke off the R additives and to sel ectively
expose these additives to additional “0OXidative treatnent than is typical
for ‘a regenerated catalyst. Preferably, the particle density and/or size
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anot her diydesbetrqilid@ddidH &arbe Pdcovered | at various
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t r eat mentre¢avery hectieBRofld FGGd 9n the-samewaymk ¢he hydrogés salfidecoaesncan be

I ntroduced ipto %he regener at or st andpi_ge or the standpi pe withdrawl cone
to cont iiwagﬂyge 33¢4; indhe grac RIG8ESs: Videdrereasadhload afdiydragealsulfide or

oxygen c #&l@ [ US00% 2573 | so tﬁedadded to the
second s%hde a ﬁ%@%@%\%@ﬁ{é&‘ﬁ%‘ﬁgﬁgﬁf%&?&%ﬂ@w rtial

pr essur e sipnifi¢catiteeductions in BEsotideQulfir acMeval) th&¥iaddh! of the netal
conponent of the GSR addi tlgve. In yet anotﬁgr e‘nbodf]magl?ﬁgeprocess

equi pnentoRsidened lismitative. i onal FCC process can be nodified or new devices
added, in conjunction with adding additional air or oxygen.to the system
For exanple, the regenerator standpipe or standpipe cone can be nodified

to reduce cat gl ysd r il nce, i e, while

subj ecting the cat g{n?gtnﬁﬁ%ﬁa g@?%%?ﬁ%&i%ﬁ?&%#f@&@;eﬁf@ hq\rﬁ %not her
exanpl e, higher densifyyorta logdrawversye paeticle aiedhad tey B pafidee Thid'cagnd i r

or oxygegﬁcan be i ntroduced intg the catal yst cooler to continue to oxidize

the regBhafearaplishadusingapsrder bindst(rg heavies clay) for/the GSRaddbe
catal yti Gv&fiiKoPthe E-Cat or by using a GSR additive with a larger average particle

size (APS) than the E-Cat, for example, a GSR additive having an APS of about
100 um and a cracking catalyst having an APS of about 70 pm.

The heavier or larger particles of the GSR additives will allow them to
have a relatively longer residence time in the bottom of the regeherator where
the O partial pressure is higher. This longer residence time can help the
regenerator to burn the coke off the GSR additives and to selectively expose
these additives to additional oxidative treatment than is typical for a regenerated
catalyst. Preferably, the particle density and/or size can be optimized to increase
the residence time in the bottom of the regenerator to fully oxidize the metal
component of the additive, |

In another embodiment, additional air or oxygen can be introduced at
various points in a conventional FCC process to provide additional oxidative
treatment for the GSR additives. For example, the air or oxygen can be

introduced into the regenerator standpipe or the standpipe withdrawl cone to
continue to oxidize the GSR additive and E-Cat. Additional air or oxygen can



zone. A catalytic cracking process which is particularly well suiteliSfMAR 2004
enpl oy | yst system which includes a GSR additive according to

the i nprovgvo& %ﬁg%ess of the present invention utilizes a sEpHVORST1
oxidizing device, illustrated in acconpanying FIG 1. It should be noted
that the oxidizing device depicted in IG1is intended to be nerely’

exenpl ary. Al though the use of such a tVice is a preferred enbodi nent,

the present invention can be practiced by any conven- tional fluidized
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t he separgte OQI I'zing device 1 conprises a t1ron zone

f r eeboar dczmpenaatcﬂ‘&helﬁﬂmgddmvwe r egener at ed FCC catal ysts that flow
into this vessel through the inlet tube 4 (e.g., the residue carbon, the V
| evel etc.) and their required oxidation conditions (e.g., the catalyst

flux and resid ti wrate and its partial pre.ss e, etc.)
the size of 400K TLATaRRer Sobarah. e&oceiﬁe%w%%@% FEOREL | can
vary fronfe cess Canf irottifid®orchei? detickd'gd Eﬁgﬂéﬁcﬂi dBLf‘%?rab' y
about 5 to 20% of the size of the main regenerator el ght t I a-
meter rat adﬂmbnallmr deuxygenitoche system. fForrexainplé, the regefieratour stireipipe y about 3

to 7. The devi wor ks n the follow ng manner; the regenerated FCC
catal yst IBBﬁPaPﬁPﬁ'g ef?t%r satatyst fuxes oF instsaspcatalyrsibl y about

0 to 30% t Il to the

devi ce 1 rg{%i%ﬂgg hiﬂeb%ﬁﬂom oﬁk §ﬁ%?ﬁ%§5§ﬁ§?‘§?&}5@?ﬁ@%ﬁ ??‘Fgmfﬂpal yst

inlet 4. Hhwmodnr exassple) ﬂi@%at&!}l'dt cBalee can ba pliffedaf Wre geﬁéﬂafdr%na' ze and/ or

-have a hi gher density than tHe E-Cat parti cI es. Preferably, the GSR

addi ti ve 3ner pxygen ¢an be hnmluacd into the catalyst cooler to continue to oxidize the
regenerated catalyst before mtroducmg the catalyst into the catalytic cracking

zone,

A catalytic cracking process which is particularly well suited for employ-
ing a catalyst system which includes a GSR additive according to the improved
process of the present invention utilizes a separate oxidizing device, illustrated in
accompanying FIG.1. It should be noted that the oxidizing device depicted in

- FIG.1is intended to be merely exemplary, Although the use of such a device is
a preferred embodiment, the present invention can be practiced by any conven-
tional fluidized catalytic cracking unit which is capable of increasing the average
oxidation state of the metal component of the catalyst system prior to introduc-
tion into the catalytic cracking zone.

Referring now to FIG. 1, thé separate oxidizing device 1 comprises a
oxidation zone 2 and a freeboard zone 3. Depending on the regenerated FCC
catalysts that flow into this vessel through the inlet tube 4 (e.g., the residue
carbon, the V level etc.) and their requiréd oxidation conditions (e.g., the catalyst
flux and residence time, the air flow rate and its partial pressure, etc.) the size of



APS greater than 90 mand the E-Cat particles will have an APS Ie@sg Mﬁ‘gnm%ko
pm Opti oan:‘y, 173CSR additi've rich streamcan be separated fromthe

f egener at ed FOC Cat al yst bl end and only the GSR additive r PERUSPVEEH wi | |
be introduced into the device 1. The preheated air enters this device
through an air distributor plate S. Iyorder to maintain the oxidization
zone fluidized bed 2 in a suspended and viable state, the superficial gas
velocity (SGV) of the air flow through the device generally exceeds the
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the regendeteinatippftle devire 1can yaphirom akqutd toRQe prefersblitabantdoter?.wi | | be
continually utilized to burn the coke in the regenerator. In addition, the
high air flowrate will ensure that the partial pressure of oxygen in the
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stream7 will be in the range of about 1 to 50%of the Tlux of The main
r egener at @ndhe Ek@%ﬁpajﬁﬁbang@,feq@bbf,éhaﬁisﬁ additivelpatixlesfwilhsavesdm f | ux 8.

11 ust o APPoRrearet el d0ER B R RECH RERELES S Re BRAP Slrss B RO
inventi ony Opfonally, a GSR additive rich stream can be separated from the
regenerated FCC catalyst blend and only the GSR additive rich stream will be
introduced into the device 1. The preheated air enters this device through an air
distributor plate 5. In order to maintain the oxidization zone flnidized bed 2 ina

suspended and viable state, the superficial gas velocity (SGV) of the air flow
throuéh the device generally exceeds the minimum flow rate required for
fluidization which is typically from about 0.2 ft/s (0.61 m/s) to 0.5 fi/s (0.153
m/s). Preferably, a high SGV should be maintained at not less than about 1.0 ft/s
(0.306 m/s). The high airflow will entrain most of the small E-Cat particles
(<90um) back to the regenerator immediately through outlet 6. The un-used

~ oxygen will be continually utilized to burn the coke in the regenerator. In
addition, the high air flow rate will ensure that the partial pressure of oxygen in

- the oxidation zone 2 is high enough to burn all the coke off the catalyst and
provide an oxidizing environment to completely oxidize the metal on the bigger
size additive particles (>90um). The SGV should preferably not exceed about
10.0 ft/s (3.0 m/s), more preferably not more than about 5.0 ft/s (1.5 m/s). The
completely oxidized GSR additives rich catalyst 7 will flow back to the bottom
of the standpipe of the regenerator and mix with the main stream of the
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present tinme. The scope of the invention is not in any way Ilmted‘aﬁ‘y tR
exanpl es sedoffarish bel ow. These exanples include the prepa@Eige.945 a .
vanadi um contai ning zeolite Beta sul fur reduction additive, the preparation’
of a vanadi um containing zeolite USY sul fur reduction additive and
eval uations of the per formance of th20eatal ysts as sul fur reduction”
additives. Exanple 1 A V/Beta/Silica-Aunna-Cay catalyst, Catalyst A was
prepared using a conmercial NH4-formBeta with a silica-to-alumna ratio

of 35. Thegmnatedmatalmﬂahvmhdhecmmmndetmhe 9atTlN(ﬂ'm( ¢Bedy citalys8 hour s,

t hen under air_ at, OF, (5340 p uce, an HformBeta. The
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VOsSO4 aq I E%Hﬁ a&(ﬁj t ed, dried, and
air cal c#ﬁ%’é‘%ﬂl‘%& °Mﬁﬁ'g%§@f’ et a iégn al ﬁe@a@ gﬁ{‘a%“@%f?he V/ Bet a was
then conbined with a matrix in fluid formby preparing an aqueous slurry
containing the V/Beta crystals and a silica/alumna-gel/clay matrix. The
slurry was thereafter spray dri eBXAMPBES a catal yst containing about 40
wt% V/ Beta crystals, 25 w'/o silica, 5 w% alum na, and 30 wt % Kaol i n

clay. The spr dried, catal yst was cal cined_, at 1000F (534C) .for 3 hours.
The final cat aﬁxﬁ@ lewingexamaples bavebesmucayried gup i the purpsee of A
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subj ecti 'ibﬁesbﬁti‘uﬁﬁtai‘ﬁésﬁc 8 o)t inventisPRAGRIA arly maué Jthe N 2 f' ui di zed
bed steairer at 1420F (771C) for 20 hours usmg vol % team and 50 vol %

gas. The emﬁphsmeemwemt’ﬁntsefexampmgnobdeIdmmpammenwﬁaen m nut es, in

the foll ow cycle N2, pr,op nd N2 ., mxture, N2, and air
si mul at e"t’-?ﬁég %@Fée@ic%ﬂ additien the prepgration thaeam ng) .

cont ai ni 48 ﬁﬁﬁ%aﬁ%@%ﬂ@% I HERRIAR pFE oot 1751 DAL

the performance of the catalysts as sulfur reduction additives.

Example 1

A V/Beta/Silica-Alumina-Clay catalyst, Catalyst A, was prepared using a
commercial NHy-form Beta with a si]ica-td-alumina ratio of 35. The NH,;-form
Beta was calcined under N; at 900°F (482°C) for 3 hours, then under air at
1000°F (534°C) for 6 hours to produce an H-form Beta. The resulting H-form
Beta was ion-exchanged with V** by an exchange with a IM VOSO, aqueous
solution. The exchanged Beta was further washed, dried, and air calcined. The
resulting V/Beta contained 1.3 wt% V. The V/Beta was then combined with a
matrix in fluid form by preparing an aqueous slurry containing the V/Beta
crystals and a silica/alumina-gel/clay matrix. The slurry was thereafter spray
dried to form a catalyst containing about 40 wi% V[Beta crystals, 25 wt% silica,

‘5 wt% alumina, and 30 wt% Kaolin clay. The spray-dried catalyst was calcined
at 1000°F (534°C) for 3 hours. The final catalyst contained 0.56 wt% V.
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burn (endi ng-oxidation) and the second batch containing the catalySt where
the CPS ey ed with a propyl ene charge (endi ng-reduct}j he coke
content = of %tu %ﬁagndi ng-reduction” catal yst was | ess than %é@ﬁgwgﬁt The
physical properties of the calcined and steam deactivated catal ysts are
summarized in Table | below. Exarn~LejA V/USY/Silica-C ay Catalyst,

Catal yst B, was prepared using a low unit-cell-size USY, having an average
Unit Cell Size (UCS) of 24.35 A and a bulk silica-to-alumna ratio of 5.4.
The as recei verhd fomiedscatay&i Gﬁﬁblysltbﬂﬁ\ﬁasﬁbhbféﬁnﬁdééxdcﬁbﬁi’ﬁéd,”ﬁtéﬁnﬂdt@ fluid

a

formby forming a slurry inh a simlar manner to e 1. The resulting
sl urry wesatalystadeadtivationt m £rF @Coumitythyl spbjectingthe catalyst tobOyelico0 wt' /' * USY

tals, 20 wt' /0 sili d 30 wt.% kaol.in clay. Th - dried catal yst
o amorR iRy ieae SRR e (G tnh BHeH SeArRAEer 5t 1A TECH far dhen
S o ! - FEAo _
Cor eonadiGrS blind so Ve st 84 40\ 80%% BCOTOYPSTbASS RhnsilBHAE°D | (e
final catelayging the@as eseryiten tniWhids)inthe TbNGWingas cldI o, prdpyidieCddied, The

final catalyst containped 0.52 wt'/* V. The catal yst was steam deactivated
via CPS imixure, hodandairsesimulateghe soking/regemeratiorpeydhomof an FECgnis0 vol %

T/ Usoo shetin esy . TR sfRe etz DR Raced callvibvvees Calle8e 1ot bat ch

cont ai ni e Hr@RcH'Etthink &1@&wﬁt%%@?rggecgpsicwwm%m@aﬂ-the’ second

bat ch containing catalyst” via en I on” The coke content of the
endi ng- r énon (emling-akidation) and theseoht datch ddntainiifgEhe Titalysbwdiersthepr operti es
of the calcined and steam deactivated catalysts are summarized in Table 1
bel ow. C&BY g¥ele endedwith apropylsnerhamge (cadieciedyetign). Wihecake contanst al

equi | 1 BT IgHih & BLatiY S reddetiaR” batalfse W' 1HA Bah DS wRE'C OTHE RhgsigR SU! Fur

reduci ng
properties of the calcined and steam deactivated catalysts are summarized in
‘Table 1 below.
Example 2

A V/USY/Silica-Clay Catalyst, Catalyst B, was prepared using a low-
unit-cell-size USY, having an average Unit Cell Size (UCS) of 24.35A and a
bulk silica-to-alumina ratio of 5.4. The as received USY was combined with a
silica-sol/clay matrix in fluid form by forming a slurry in a similar manner to
Example 1. The resulting slurry was spray dried to form a catalyst containing
about 50 wt% USY crystals, 20 wt% silica and 30 wt% kaolin clay. The spray-
dried catalyst was ammonium-exchanged using ammonium sulfate to remove
Na' and then calcined in air at 1000°F. Vanadium was added by.incipient
wetness impregnation with a vanadyl oxalate solution to target 0.5 wt% V on the
final catalyst. The resulting V/USY catalyst was then air calcined. The final

| catalyst contained 0.52 wt% V. '

The catalyst was steam deactivated via CPS in a ﬂuidizéd bed steamer at
1420°F for 20 hours using 50 vol% steam and 50 vol% gas. Two sample batches
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additives. The physical properties of the E-Cat are listed in Table 1

bel ow. Talweoiz21kgysi cal Properties of Catal ysts Low ivetal ﬁ@éo %{gﬁgt a.
V/ USY as-recei vedCat al yst Catal yst Fresh Cat. V, V V/ 0<0. 10. 560. g ,

wt %9. 210. 080. 10 Si 02s wt/063.774.874.1 A12QB3, wWN 031.719.423.7 REA,

W %2. 6<0. 1<0.1 Ash, wt'/099.497.996. 420CS, AN A N. A 24.35 Surface area,

W 9180325327 Steam Deactivated Cat. Surface area, m/gN A -170239 UCS,

AN. A. N. A 24. 24 Exanple 3 The two sanpl e batches of steam deactivated V/ Beta

cat al yst sof deuttiviisd Eatalyst weee coliaatdiahe dirschagets Conthininp stegwct i on addi ti ves.
The sanple Wo MAR 'ice WO 01 -23 PCT/US00/ 25731 batches, i.e., the
endi ng- oxdenstivatedisatalyst aiaiending-oxtdatipnr and the iseconsbbatth comtaining| ended with
the E-Cat taq for.m bl.ends .containin 0 w/a itiyes, respec- tjvely. The
caui 1 br | SRR sBdEedariRm Bho Coee e of B endBiiredtotamenspinet

is less than 0.05 wt% C. The physical properties of the calcined and steam

deactivated catalysts are summarized in Table 1 below.

Catalysts A and B were blended, respectively, with a low metal
equilibrium catalyst (E-Caf), to evaluate their performance as sulfur reducing
additives. The physical properties of the E-Cat are listed in Table 1 below.

Table 1
Physical Properties of Catalysts
Low Metal E-Cat V/Beta V/USY
as-received Catalyst Catalyst
Fresh Cat,
v, wt% <01 | 036 0.52
Na, wt% 0.21 0.08 0.10
Si0,, wt% , 63.7 74.3 74.1
ALOs, wt% 317 19.4 23.7
RE,04, wt% 2.6 <0.1 <01
Ash, wt% 99.4 97.9 96.4
UCS, A NA. NA. 2435
Surface area, m*/g 180 325 327
| Steam Deactivated Cat.
Surface area, m*/g NA. . ~170 239
UCS, A N.A. N.A. 24.24
-~ Example 3

The two sample batches of steam-deactivated V/Beta catalysts from

Example 1 were evaluated as gasoline S reduction additives. The sample



and 60 ppm N ). The additives were tested for gas oil cracking acfliSMAR %lAd
selectivitygeysing an ASTM mcroactivity test (ASTM proceg,%é_ﬁg\%{%g 7) with
a vacuum gas oil (VG feed stock. The VGO properties ar Table 2
bel ow. Table 2 Properties of Vacuum Gas Q| Feed Charge Stock
PropertiesVacuum Gas Q| APl Gavity24 6 Aniline Point, OF182 CCR, w %).23
Sul fur, wt%..05 Nitrogen, ppnt00 Basic nitrogen, ppn810 N, ppn0.32 V,

ppnt). 68 Fe, ppnD.15 Cu, ppnD.05 Na, ppnR.93 Distillation |IBP, OF358 50

w' /o, Y%5HeFeh t r t esting the
cat al yst wﬁg't g sanp Hﬁﬁgagg?if?%gtcﬁ%t%ﬁgﬁﬁngiﬁ&ﬁuc?ﬁ etését?% lvlﬁ?sr% a product
base | evd:l!endéﬂdmth&llaEgGat t¢ form blmd@tbﬁthi‘tﬁﬁg-mm ad@iRves)Géspee<T/ USOO/ 25731

E- Cat al one E— Cat / 10m % V/ Bet a (endi ng-reduction). and E- Cat/ 10wt % VBet a
tively. The equilibrium catalyst used had very low metal'levels (i.e. 120 ppm V

and 60 ppm Ni).

The additives were tested for gas oil cracking activity and selectivity
using an ASTM microactivity test (ASTM procedure D-3907) with a vacuum
gas oil (VGO) feed stock. The VGO properties are shown in Table 2 below.

Table 2
Properties of Vacuum Gas Oil Feed
Charge Stock Properties Vacuum Gas Qil
API Gravity : 26.6
Aniline Point, °F . 182
[CCR, w% 0.23
Sulfur, wt% 1.05
Nitrogen, ppm 600
Basic nitrogen, ppm 310
Ni, ppm 0.32
V, ppm 0.68
Fe, ppm | 9.15
Cu, ppm 0.05
Na, ppm ) 2.93
- { Distillation

IBP, °F ] 358

50 wt%, °F 716
99.5%,°F - 1130

The E-Cat was tested alone, prior to testing the catalyst with the sample
additives from Example 1, to establish a product base level. Each catalyst (i.e.



(endi ng- oxi dati on was tested over a range of conversion by varyfih%Mf‘ eme
cat al yst -t O¥8®12178t i o, while maintaining a constant tenperat ureshsabout
980F (527C). Gasoline, LCO and HFO yi el ds were determ ned using sinmulated
distillation data (SinDis, ASTM Met hod_D2887) of syncrude sanples. The
gasol i ne range product from each mat er 24t bal ance was anal yzed with a 'GC
"(AED) to determ ne the gasoline S concentration. To reduce experinental

cut poi nt st gianer Fricat/ (%% Ut Godligmsneoniimd RiGuhanath v Beta
C4-t hi oph s | | oph d_ hi boi |'i S

speci co) oA R B AL BB ER LIRS i e s

Per f or MBNCRe04t bl futiowhile m oM EPEdrs Rt mfaRhie of WOFF agepe  product

selectivity for each pat'al yst was inferpolated tb a constant conversion of
70wt % conW@RETCh GisolinedLCO ambHFE: pieldsewerzrdptermiadd atingi simulgedduct

pCT/ USoo 28R ars (Sintbisc AR Mashod Hasich od syngrade samplest The Cat al yst
D Xt ZRSIRLaREO PR QUL R B Rlafiod Wil a8 BARCa 60 0% V/ Bet @
' (AED) to determine the gasoline S concentration. To reduce experimental errors

in § concentration associated with fluctuations in the distillation cut point of

gasoline, the S species ranging from thiophene to C4-thiophenes in syncrude

(excluding benzothiophene and higher boiling S species) were quantified and the

sum defined as “cut-gasoline S.”

| Performances of the catalysts are summarized in Table 3, where the
product selectivity for each catalyst was intexpolated to a constant conversion of
‘70wt% conversion of feed to the gasoline range product (i.e. product boiling.
below 430°F (221°C)). |



Caseendi ng-reducti onCaseendi n -oxi dati on MAT Product Yields Com‘!é?r é’ﬁ%#‘}“‘*

WO?O?O?%@%{? | 3.33..43.23.2 H2 yield, w9%).05+0.020.03+0.06 C1 C2 Gas,
Wt 9%4..4+01 33 3 @as, Wt 9B. 4+0.15.4+0 C4+ yield, w YRCEHSAVBIY Tot al
C4 Gas, w9%0.7+0.310.9+0.1 C4 yield, Wo05.4+0.35.5+0.2 |4 yield,

wt %l 6+04 6-0.1 Cs+Gaasoline, w %9. 6-9¢349.5-0.3 LFO wt %25. 6+0. 225. 7+0
HFO Wt %}, 4- 0. 24. 3+0 Coke, wt9%®.7+0.03%76+0.2 cut Gasoline S,
PPMA59423482336 Reduction in Cut Base7.8Base30.3 Gasoline S % % Reducti on
in Gasoline Base8.4Base30.8 S, Feed fggjesy A review of Table 3 reveal s that
Catalyst Ais very effective in reducing gasoline S |evel. Wen 10 wt~/0
of Catalyst A (4 % Be eol addi ti was end th the E-Cat, 8%
and 30%reductiOFI:WH(YT@)‘%@a %ﬁg@g rfg-r%e Ma‘u‘(ﬁa@“&mﬂ’é\/ed depend| ng

on the oxidation state of @ ugedgsmomanmaddu - tive. Also, the

V/Beta catalysts showed only noderate increases in H2 and coke vyields. WO
01/ 21733 Base + 10% V/Beta Base +10% V/Beta
E-Cat Catalyst A, E-Cat Catalyst A,
Case | ending-reduction Case | ending-oxidation

MAT Product Yields
Conversion, wt% 70 70 70 70
Cat/Oil 33 34 3.2 32
H, yield, wt% 0.05 +0.02 0.03 +0.06
Ci+C; Gas, wt% 1.4 +0 1.4 +0
Total C; Gas, wt% 5.4 +0.1 54 +0

C4 yield, wt% 4.6 +0 45 +0
Total C4 Gas, wt% 10.7 +0.3 109 +0.1

- Cq'yield, wi% 54 +0.3 55 +0.2

IC. yield, wt% 4.6 +0 46 0.1
Cs'Gasoline, wt% 49.6 -0.3 49.5 -0.3
LFO, wt% 25,6 +0.2 257 +0
HFO, wt% 4.4 0.2 43 +0
Coke, wt% 2.1 +0.03 2.6 +0.2
Cut Gasoline S, PPM 459 423 482 336
Reduction in Cut Base 7.8 Base 303
Gasoline S, %
% Reduction in Gasoline| Base 84 Base 30.8
S, Feed Basis

A review of Table 3 reveals that Catalyst A is very effective in reﬁucing
gasoline S level. When 10 wt% of Catalyst A (4 wt% Beta zeolite addition) was
blended with the E-Cat, 8% and 30% reduction in gasoline sulfur concentration
was achieved depending on the oxidation state of the gasoline S reduction addi- |
tive. Also, the V/Beta catalysts showed only moderate increases in H; and coke

yields.



-26 Exanple 4 99 MAR 2u' PC ' 300125 The two sanpl e batches of &8 MAR 200

st eam deamto wiad1esd V/ USY catal ysts from Exanple 2 were evaluatggdnas.
gasoline S reduction additives. The sanple batches were bl endedl with the

E-Cat to form bl ends containing 25 wt % of each batch, respectively. The
additives were tested with the VA0 fe2@l-and under simlar conditions to
Exanpl e 3. The perfornmances of these catalysts are sunmarized in Table 4
bel ow. Table 4 Catal ytic Cracking Performance of V/ USY Additive Catal yst- in

Oxi di zed and Reduced Environnents Example £59 V/ USY + 25% V/ USY E- Cat
Catal yst B, {Catal yst B, Caseendi ng-reductionendi ng-oxidation MAT Product

Yi ol ds Conver stama A9 RKERb b Bciabd PSP gtalyied Brofi? 010 10
Cl+C2 Gas, w9%.5+0+0. 2 Total C3 Gas, W\ 05.6+0+0.9 =yl el d, we/*4.7+0+0.7
Tot al C4 Ezasyple/wdre. e¥aluatedoascgasslipe 8l dductidn £&dditi®es). The sample

batches were blended with the E-Cat to form blends containing 25 wt% of each

batch, respectively. The additives were tested with the VGO feed and under

similar conditions to Example 3. The performances of these catalysts are

summarized in Table 4 below.

Table 4
- Catalytic Cracking Performance of V/USY Additive Catalyst in
Oxidized and Reduced Environments

Base +25% V/USY | +25% V/USY

E-Cat Catalyst B, (Catalyst B,

Case ending-reduction | ending-oxidation)
MAT Product Yields
Conversion, wt% 70 70 70
Cat/Qil 29 34 3.7
H; yield, wt% "0.03 10 | +0.10
Ci+C; Gas, wi% 15 +0 T +02
Total C; Gas, wt% 56 -+ +0.9

Csy=yield, wt% 4.7 +0 , +0,7

Total C, Gas, Wt% 113 0.1 +0.6
Ce=yield, wt% 58 +02 +0.5
IC, yield, wi% 4.7 0.3 +0,1
Cs+ Gasoline, wt% 49.0 +0.1 | -24
LFOQ, wt% 25.5 +0.2 ‘ ~0.1
HFO, wi% 4.5 - 03 +0.1
Coke, wt% 24 -0.1 +0.4
Cut Gasoline S, PPM 517 _ 484 : 267
Reduction in Cut Base 6.4 48.3
Gasoline S, % ‘ _
% Reduction in Base = | - 6.3 50.8
Gasoline S, Feed Basis | _




|CA yield, w9.7-0.3+0.1 Cs+ Gasoline, wt'/.49.0+0.1-2. 4 LFQ}S MAR 24

W 925, 5+0. goQuA175O W %t. 5-0. 3+0. 1 Coke, wt'/o02.4-0.. 1+0'4E§3{{ %ﬁgﬁllne S,
PPMBb17484267 Reduction in Cut Base6.448.3 Gasoline S, % % %'{
Base6. 350. 8 Gasoline S Feed Basis 19MAR 2004 WO 01/21733 PCT/ US00/ 25731

.27 A review of Table 4 reveals thatg@atalyst B is very effective in
redum ng the gasoline S level. Wen 25 wt % of Catalyst B (10 w % V/ USY
zeolite addition) was blended with the E-Cat, 6% and 48% reduction in
gasoline sulfur concentration was achi eved dependi ng on the oxidation

f th l
state of the GERReqRW of TAbIE 4 rdRealYVIHAPCHAVH B £ 9e Tabﬁvg e gﬁg&? ae

increases in H2 and coke ields. A review of bot reveal s

that the thetgasokineSéveh eraoﬁﬁaitat}wa\(/wsméwumlmlﬁetl on are nuch
nore effec ve i n ol.i : cti.on th n the ones endin -reductlon
(31% vs. amWasbispded wothi ehg{}f‘ égj and A8%trdbgtion injgasolian 1

indicates ol Ifur

reduct i on %%E%ﬂ%?@%‘#“ﬁ“ﬁ B SebaiBis of MBI s AR Gl adthe o 1y v

- cont ai nitingg. CEh@IWSBY cutdlyste sBowed oaly Modefite BRFUsES HyhddiEokd €duction.

,a MAR. Z
yields.

A review of both Tables 3 and 4 reveals that the catalysts with 10%
V/Beta and 25% V/USY ending-oxidation are much more effective in gasoline
sulfur reduction than the ones ending-reduction (31% vs. 8%, and 48% vs. 6% in
cut gasoline sulfur reduction). This indicates that the V works much more
effectively in gasoline sulfur reduction when it is in its oxidized state V¥*. In
their reduced form, V-containing catalysts are less effective for gasoline sulfur

reduction.



WD 01/21733 -28 CLAIMS: PCT/US00/25731 1. In a catalytic crackidhg M2
for crackiweasimsdrocarbon feed containing organosul fur cg @knds in the
presence of a hot regenerated cracking catalyst, said cat FEE “‘Wa?\??lng a
product sul fur reduction conponent containing a netal conmponent in an

oxi dation state greater than zero, theg. nprovenent which conprises:

I ncreasing the average oxidation state of said netal conponent of said
regener at ed cracking catal yst during said cracking process. 2. The process
of C ai m CLAMMSxi n said catal yst conprises a support material selected
fromthe group consisting of alumna, silica, phosphate, zeolite,
non-zeolitic nol ecul ar sieve materials, nmesoporous crystalline materials,

paracrystal | i nb mat bra edtalytieroraciting prauesofisr oracking aily desdaden fledan el enent
of Goups 2,.4, 13 and, 14 of the periodic table, and m xtures thereof and

sai d met afon Pr&ARo [ogpouRds an the presanseoda hot regenerateds of an

I t ' 3 a8, 9 112 a 13, 0f, the periodic table.

g. e'rl]'ﬁg p(r)%rggigébgﬁ mgke'ﬂ %@H%F ngngg] H}’Oégéﬁﬂgr F@@@PB(FPE’!%@FB% the group

consi sti nemdinig iE¢tal USlpodEhER afGiidafdl' st rdatef thallerh! figess of Claim
s Be o)

2, wherein said anorphous i norgani c oxide ecte he group
consi sti @Mﬂvmmﬁ@hmmmm Ti®2, MO and m xtures thereof. 5. The

process of Claim2,. rein said. metal conponent conprises vanadi um or
zinc. 19 MAR 266&#%@&%&%@2@5%#%@3&@4@@ component of said
regenerated cracking catalyst during said cracking process.

2. The process of Claim 1, wherein said catalyst comprises a support
material selected from the group consisting of alumina, silica, phosphate, zeolite,
non-zeolitic molecular sieve materials, mesoporous crystalline materials,
paracrystalline materials, amorphous porous inorganic oxides of an element of
Groups 2, 4, 13 and 14 of the periodic table, and mﬁdmes thereof, and said metal
component comprises metals, compounds or complexes of an element of Period
3, Groups 5, 7, 8, 9, 12 and 13 of the periodic table.

- 3.  The process of Claim 2, wherein said zeolite is selected from the
group consisting of Y, REY, USY, REUSY, Beta and ZSM-S.

4, The process of Claim 2, wherein said amorphous inorganic oxide
is selected from the group consisting of AL,O,, 8i0,, ZrO,, TiOz, MgO and
mixtures thereof, -

5. The process of Claim 2, wherein said metal component comprises
vanadium or zinc.




6. The process of Claim1l, wherein said product sulfur reductionﬂh%Mﬁ%%nt
Js a.separWO0e13M38i cl e additive catal yst which has:-an averpgguRaikts! €

size greater than the average particle size of the cracking catalyst.

The process of aim6, further conprising: regenerating both the cracking
catal yst and the additive catal yst by29sontact with oxygen containing gas
to produce a regenerated catal yst m xture; separating fromthe regenerated

catal yst m xture a concentrated cracking catal yst stream conprising the
regenerated crficki ndbepregess of Glaimal, whereinsaid peatiugtisilfinreduction yst st ream

conpri sing_th : nerat ed addi i we.. catal.yst:, .exposi ng the congcentrated
additive €3 ﬁ@éﬁq&%sﬁw&mﬁwﬁﬁw %%Jﬁ%ﬁ‘?%ﬂﬁ é%g}f?-;fﬁgc B tact with
oxygen Coggali 'a@&ﬂﬁtﬁ@m%%y\’;ﬁﬁa@ | Sl rsl d atal yst stream and
recycling thé oxidized addi t1ve cat as' ys‘?f%l?(réeam E%é%{ﬁgsgat al ytic cracking
process. 8. The process of Claim®6, wherein said additive catalyst is about

1 to about 50 wei %Bercent {_the total catalyst inventory, 9. The
process of O af'm 1, Fasess ofClaims, furhengampristifgist ate of said netal

conponent is incre . i kel sul.fur reducti,qn. co nent to

addi tional oxidati \a/% r%ﬁ?ﬁnéﬁgﬁo@g(?g% gﬂf‘@ﬁt @Eﬂﬁ‘&ﬁdaﬂﬁ%%ﬂaxg as havi ng
an 02 pagdotfit witlesgygch dontdiibhg PRG etk @
tenperature in the ﬁ#ﬁange of abg(’)glft3 g g%@%ﬁ%%%%ﬂﬁ?ﬁ%encb tinme in

the range of about separatingdrordthe regendratad drata9smisfin@la Sinéantraed

PCTI USOO' 25731 10, . The, process pof aim9, wherein,said additional
oxi dat i veTatkipg Fafatyst FEQQ,IBFPFE’&“H{&%GHEQ"%EEF{# ¢atalystandmtial 1y fully

oxi di ze tdyhcMidtd additive catalyst stream comprising the regenerated additive
catalyst;

exposing the concentrated additive catalyst stream to additional oxidative
treatment by contact with oxygen containing gas tb produce an oxidized additive
catalyst stream; and

recycling the oxidized additive catalyst stream to the catalytic cracking
process. -

8. The process of Claim 6, wherein said additive catalyst is about 1 to
about 50 weight percent of the total catalyst inventory.

9.  The process of Claim 1, wherein the average oxidation state of said
metal component is increased by exposing said sulfur reduction component to
additional oxidative treatment by contact with oxygen containing gas having an
0, partial pressure in the range from about 8 to 16 psia, at a temperature in the
range of about 1100°F to 1550°F and a residence time in the range of about 1to
60 minutes. |



13 MAR 204
conponent. 11. A system for oxidizing netal values of a regenerated
gasol i ne- ¥QI0fR173% educti on (GSR) additive, conprising: (i)perekaaesh -
oxi dation zone for contacting an oxygen-containing streamwth a feed
stream of regenerated cracking catalyst and a regenerated GSR additive
under fluidized bed conditions and at38-tenperature sufficient to oxidize
nmetal values found in said feed stream (ii) a feed inlet in fluid

comuni cation wth said oxi daé'cfn zone for introducing said feed stream
(iii) an oxygeld-st r ERePECSsS phulagm 9, wharemsaidadditionalioxidativet h saj d

of sai o EHHERF I coPARA blERty SenRihe 3T riR el ey PiciSegie ma | ve
out | et i nedrhpdfbpgonmuni cation with said oxidation zone for w thdraw ng

oxi di zi ded R additive. . 12. The Systemof Caim 11, further conprising a
cracking catalyst outlet in fluid communication with said oxidation zone

for w thdraw n& sid reg_ener, ted cracking catal yst. 13. The system of

Clai m 12, wherkhnAsgysiemderoxidizing metal valyesiof a regenarated gasokingd th a

cat al yst ]! | A LAg.5ald feed streamto the feed inlet
subfiEen it (RRY AUy Boli

and said crac NSl uid communi cation with 19 MAR 24
WO 01/ 21733 -31 PCT/US00/ 25731 said catal yst regenerator for recycling said

regener at ed crgacki : ' g{c?ﬁJF-M r > . 14. The system
of Claim 11, er e%lgg‘%@%%%éﬁz)ze%ﬂ(%ﬁcg [ |€tgn88?§ée}f5&}@%éfl uid
comuni catream with a faed atredry of cegenardtéd gracking catalgstidnd Hregehédawdd ¢ react or

for introduci ngi sai d oxi dized GSR additive to said cracklurg zone.
GSR additive under fluidized bed conditions and at a temperature sufficient to

oxidize metal values found in said feed stream;

%,

@ afeed inlet in fluid communication with said oxidation zone for
introducing said feed stream;

(iii) an oxygen stream distributor in fluid communication with said
oxidation zone and positioned to provide said fluidized bed with contents of said
oXygen-containing stream; and

(iv) an oxidizided GSR additive outlet in fluid communication with
-said oxidation zone for withdrawing oxidizided GSR additive.

12. The System of Claim 11, further comprising a cracking catalyst
outlet in fluid communication with said oxidation zone for withdrawing said

regenerated cracking catalyst.

13, The system of Claim 12, wherein said feed inlet is in fluid
communication with a catalyst regenerator for introducing said feed stream to

the feed inlet and said cracking catalyst outlet is in fluid communication with -
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15. I'n a catalytic cracking process for cracking a hydrocarbon fee‘!zlg MAR e

cont ai ni osul fur conmpounds in.the presence of a hot at ed
cr acKki ngr‘ggtogl?g@?, said process having a standpipe aﬁﬁ?—io'kvgj?ﬁﬁggﬁ%e cone

| ocat ed between a regenerator and a riser and said catal yst having a
produet sul fur reduction conmponent cgyprising a natrix -of alumna or
silica-alumna with clay and containing a cracking conponent conprising a
zeolite which contains within its interior pore structure a netal conponent

conpri si Sd cm&g%enkﬁt@%mﬁ?}ihg%aﬁ Rpendhrdiceickinbatalisoto §di¢

i mprovenen nprises: | easi ng the average oxidation state of said
met al coggtaleniegeheratird regenerated cracking catal yst by subjecting
regenerated catal yst to oxidative treatnment during passage of the
regenerated catal yst through the standpi pe and/ or standpi pe cone, or

during passage,through a dewm ce nnected t (PeT=Tolg ndpi pe
cone. 16. Thef‘frr 2@\‘%@35@ 8*9 z;?mgﬁ \%eg%@. #‘ggﬁﬁfgoﬁﬁ%d?@l@e?@%? ed from
the groug; e bdpthi&tioh, with ¥ catdiytic CicRing RakeafahidMdytid 7. The

pr ocessuigfmgﬂglar%al& eroei‘?; saicc? pr oduct sgl fur reduction conponent is a
separ at erepetor ifor imtmddcing saidomtidizgd (IGSRiadditiveso saidoracking zpae.ti cl e si ze
~greater than the average particle size of the cracking catalyst. 18. In a

o ganssu fur - dempathae TRy RA-HFE BRkA TR AR RA ARy caRen) U0

or ganosul fur npo ce “of enerat ed cracking

cat al yst ,orgabshlfug abmpyifilds athe peesencpoOa ot regatlefatrd aradringtdatatyst sagonent
conprising a matrix of alumna or silica-alumna with clay and containing
a cracki mgeeEshsIEHR slEdpmciaalapstandpirs song lagated ReWEeht HEREHPT HI% P i t s
interior ShIUSTAYEh A iRE] o dEQIPRRSRIuCEBABEhS IR dbApAding Mrhdtrian
oxi-dati onrgg{%tde gr eaa;NeSr t hlgg;\ @Igr o, the inpr overre%(% whi ch conprises: 19 MAR
2004 32 pfelundiang sliqraiduse vath daj andeduiginiege dorkyeheMPoRRICRTPESIBE depar at e
particle additive catalvst which. r Iofibif cSinpBsifE €at er than
the aver a@ghtﬁ ‘%{’cﬁog%érfsz 1%11%%1%%02?;%%%%@%&?%%@%%? egener. t?lnég both the
cracki ng vaaidhst anoddithe sadepicheethantabyht inyyrocamdnaehiohicomprisssy gen
containing gas to produce a regenerated catal yst m xture;
increasing the average oxidation state of said metal component of said
regenerated cracking catalyst by subj e.cting regenerated catalyst to oxidative treatment
during passage of the regenerated catalyst through the standpipe and/or standpipe cone,

or during passage througha device connected to the standpipe or standpipe cone.

16. The process of claim 15, wherein said zeolite is selected from the group

consisting of Y, REY, USY, REUSY, Beta and ZSM-5.

17.  The process of claim 15, wherein said product sulfur reduction component
is a separate particle additive catalyst which has ah average particle size greater than the

average particle size of the cracking catalyst.

18.  In a catalytic cracking process for cracking a hydrocarbon feed containing
organosulfur compounds in the presence of a hot regenerated cracking catalyst, said
catalyst having a product sutfur reduction component comprising a matrix of alumina or
silica-alumina with clay and containing a cracking component comprising a zeolite which
contains within its interior pore structure a metal component comprising vanadium in an

oxidation state greater than zero, the improvement which comprises:



separating fromthe regenerated catal yst m xture a concentrated cracking
catal yst stream conprising the regenerated cracking catal yst an? SMAR 204
concentrated additive catalyst stream conprising the regenerate 'agﬁlt|Ve
catal yst; exposing the concentrated additive catal yst streamto additional
oxi dative treatnent by contact with o3/gen containing gas to produce an
oxi di zed additive catalyst stream and recycling the oxidized additive

catal yst streamto the catalytic cracking process, 19. The process of claim
17, wherein saiPEPvalag ¢ prduetshpsredugtion gopgpenent which i gepas Pagticlht  per cent

of the totghis torHidhV) L : =11 : in the
taliticatahlystwHich }]?dgtggiaﬁer?gpﬁrﬂag siné g%gtélsthglfl the a@érg%%'éﬁu‘gg Q(E;g Dosi ng

average oxidation State o conponent IS Incr

sai d sul f @f theedaskirigoatalisiponent to additional oxidative treatnent by
contact with oxygen containing gas having an 02 partial pressure in the
range fromabout 8 to 16 psia, at a tenperature in the range of about 1100

F to 1550 F amehemerassd blelnde cedckihgicatalyReardangalditiveanliist by €orbfdt WatAUt es. 21.
The process of claim 20, wherein said additional oxidative treatnent is

carri ed oGFYEHRFOPREHERASIOROdtes isatestied watalyst PUXIEE: oxi di ze the met al
conmponent .

scparating from the regenerated catalyst mixture a concentrated cracking catalyst
stream comprising the regenerated cracking catalyst and a concentrated additive catalyst

stream comprising the regenerated additive catalyst;

exposing the concentrated additive catalyst stream to additional oxidative
treatment by contact with oxygen containing gas to produce an oxidized additive catalyst

stream; and
recycling the oxidized additive catalyst stream to the catalytic cracking process.

19.  The process of claim 17, wherein said additive catalyst is about 1 to about

50 weight percent of the total catalyst inventory.

20.  The process of claim 18, wherein the average oxidation state of said metal
component is increased by exposing said sulfur reduction component to additional
oxidative treatment by contact with oxygen containing gas having an O, partial pressure
in the range from about & to 16 psia, at a temperature in the range of about 1100° F to

1550° F and a residence time in the range of about 1 to 60 minutes.

21.  The process of claim 20, wherein said additional oxidative treatment is

carried out under conditions to substantially fully oxidize the metal component,




