WO 01121733 PCT/ 13S00/ 25731 REDUCI NG GASCLI NE SULFUR I N FLU D CATALYTI C
CRACKI NG BACKGROUND OF THE I NVENTION This invention relates to the
reduction of sulfur in gasoline and other petrol eum products produced by

t he cat al ywoerzirsicki ng process. In particular, the invemocrawsossstes to an
I nproved net hod whi ch enpl oys catal ytic conpositions for reducing product -
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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 |ighter products by
reactions taking place at elevated tenperature in the presence of a

catal yst, with the naj BRACKGRIOWUND OB FHE INMENTIONacki 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
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three chgrac e”%ﬁoc'a st eps 8{’ a l?ypi cal catalytic cracking process can be
identified as follows: a cracking step in which the hydrocarbons are

converted intg Iighter products, a stripping step to renove hydrocarbons WO
01/ 21733 PCTI greyacking is a petroleum refining process which is applied

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 place at elevated temperature in the presence
of a catalyst, with the majority of the conversion or cracking occurring in the
vapdr 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 hydrocarboné.

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




adsorbed on the catal yst and a regeneration step to bumoff coke fromthe
catal yst. The regenerated catalyst is then reused in the cracking step.
Catal yti c WQURITIY feedst ocks normal |y contain sul fur i nPOT&ISHEISA1Of
organi ¢ sul fur conmpounds such as nercaptans, sulfides and thiophenes. The
products of the cracking process correspondingly tend to contain sulfur

I mpurities even though about half of “#he sul fur is converted to hydr ogen
sul fide during the cracking process nainly by catal ytic deconposition of
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being applied to petroleum products, for example in the Reformmulated Gasoline

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

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

other sulfar 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 expensive 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, while
effective, this solution has the drawback that vatuable 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 blending pool without additional treatment.
Various catalytic materials have been developed for the removal of sulfur during




WO 01/ 21733 PCT/ US00/ 25731 -3 the FCC process cycle but, so far, nost
devel opnents have centered on the renoval of sulfur fromthe regenerator
stack gasWOOVA3Rkarly approach devel oped by Chevroh usRETAISNRFI3 conpounds
as additives to the inventory of cracking catalyst to adsorb sul fur oxides
in the FCC regenerator, the adsorbed, sulfur conpounds which entered the
process in the feed were rel eased as’~ hydrogen sul fide during the cracking
portion of the cycle and passed to the product recovery section of the

uni t whe ed rq | tqi | nprove FCC -
Process, ﬁcﬁ@ ar %ﬁdﬁ%%%“gﬁﬁ@vdéﬁggﬁmﬁﬁﬁhﬁégg@ -bb. The sulfur is
removed fenival 6fsulfur fiong thearsgéneratot itack gapesic Aatearly apptoaphoduct sul fur

| evel s are not g{“eat |y .affe%ed, if at all. .alternatjve techpol ogy for
t he renpdevelopeddy) Ghevrogy yming compounds as aditivesdo the inventereaf on the use

of magneg| wm al umn | AE, . L i ' | cat al yst
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addi ti veglifuf chitipouiidsowhich entehed theiocdss ity thedeed west releasedrasnot abl e
comrer ci al success. Exenplary Satents on _this type of sulfur renoval

addi t i vehydrogemsulfidesduringothe cerkingpation gfthe cyclromdpegseditorthe, 932 and

ot hers. Again, however.. praduct .sulfur.levels o] | educed. A
cat al yst¥« B%F%v%fecpﬂg oggﬁﬁ?fg’hc%fméﬁr%%&skF%WF{]ui d cracking
product Sali AdRHRECHRSFR FOUT Proeess) Hlydestidriisn Probessing, Novembes1991376, 608 and
5, 525, 210, using a‘cracking cat al’ést additive of an alum na supported Lew s

acid f opages 894660 he:sulfor isTemoved therstackgases from theregeneratory st em has not
achi eve signi ficant, commer.ci.al suc a3 eed for an effective
additive m&rgé]%ﬁ@ﬁfdwﬁﬁgeaﬂtg{ﬁaﬁgﬁ% lE;?Fﬁ‘qui d catal ytic cracking
products has therefore persisted. In Application Serial No. 091144, 607,
filed 31 August 1998, catalytic materials are described for use in the

catal ytic cr aAkaltenptivectechnolpgy for sheremoval of sulfur oxides from
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 cracking 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



capabl e of reducing the sulfur content of the liquid products of the
cracking WO 01/21733 PCT/ USQOQ 25731 -4 process. These sul fur reduction
catal ysts COMW¥3ZB in addition to a porous nolecul ar si®AEYEHFhent: a
metal in an oxidation state above zero within the interior of the pore
structure of the sieve. The nolecul ar sieve is in nost cases a zeolite and
It may be a zeolite having characteristics consistent wwth the |arge pore
zeolites such as zeolite beta or zeolite USY or with the internedi ate pore
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funct i onalgseparate! partislp ailditive estalyst, trse hiaterialodrd tedicomtinatith?Rith 540, bot h

filed Decenber 28, 1998, sulfur reduction catalysts simjJar_to_the ones

descri bed anactivg gatplysicicracking catalyst {uorgaiy adfaujasite such;as zgolite Xandr ¢ he
catalyst REYO ésfi)&igﬂf as zeolite USY and REUSY) to process hydrocarbon feedstocks

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

cracking 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.

lanthanum) and a cerium component, respectively.




in those applications also conprise at |east one rare earth netal conponent
(e.g. lanthanum and a cerium conponent; respectively. W 01/21733

PCT/ USCOMBFR1733- 5 SUMVARY OF THE | NVENTI ON An i'nprioved PCEAUSIO2STA cracki ng
process has now been devel oped which is capable of inproving the reductlon
in the sulfur content of the liquid products of the cracking process,

I ncl udi ng the gasoline and mddle distillate cracking fractions. The
present process enpl oys sul fur reductlon catalysts simlar to the ones
described in Applicatio NVENTIO -539 and 09/ 221, 540, each
of which is incorporate® ; _<);;g M hei entirety, in that the
cracki ng catal yst enployed in the present I nvention contalns a product
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by i ncr egfes desdriteddn .tq;}ilicﬂimﬁNai 099144,607, 09/221,539cid 09#221,540)ere is an
increase in the sulfur reduct ion activity of the cat al yst. The present

i nvent i osachwf whieh isjincerporate w@@tbym‘tfmqsupgh@rmsw mthatthe the form of a
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reducti
component within the interior of the pore structure of the sieve. The improve-
ment, according to the present invention includes a step of increasing the

average oxidation state of the metal component after 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, zeolite 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 cracking/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



system The sul fur reduction conponent can conprise a porous nol ecul ar
sieve which contains a netal in an oxidation state above zero within the
interior ofW@M&IWS 01/21733 - PCTIUSOQ 25731 -6 pore st rRQWUS0®H2981 t he

si eve. The sul fur reduction conponent can also conprise a netal in an
oXi dati on state above zero di spersed-ggyv\,here on the catal yst support
structure, including porous oxide supports. The nol ecul ar sieve, when
used, is in nost cases a zeolite and it nay be a zeolite having

chraract er '&E):H: Stfuctm@ TR §BVe. WHe sul fif rddESén BothforedPtad Aso éwﬁpﬁeéa zeolite

beta or z te USY or wth the internedi ate pore size zeolTtes such as
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mat erial has’sufficlent Crackl ng activity, 1t my he active
cat al yti c consistentwith thelayrtporogenditessuch apreolite beta or 2eglite USY ariedithas zeolite

or, alterpatively, it pay be used in additjon tog the active crackin
l%rrponent the intermedizte porg sizeizeokiss ﬂ&iﬂ&%ﬁ-&*&w@wwk@@aﬂ Sevesn one-
enbodi nmen '- o 0, ' | t he
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contact whélhasMCMM4IERay beusddisthe siese cothipaient oftheatalyst. Meglsaddi tion to
the treatment enployed in regenerating the cracking catalyst. Preferably,

t he addi t isueuas vamadism, izins, ireBrobel mangagsse andgallinm grrieffectivadif thens
sufficient to gubstanti al fepl L V. OXildi o) t of the
SUTLCT el BT RSk AR ke ol G3lhd B, MR ERIIRGHL O he
reduci ng GeRROGRAIVtE eracking RetalysPédthpinent GRRMEHY & fiapkiftdeich ia¥ Sedlite t he active
cracking catal yst, an oxidation device Is used to separate the GSR

addi tive f)om altesnativglyn dtmunebe useddniaddition to the active cracking component,

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.

In 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,



catal yst and to selectively oxidize the GSR additive, pri or to returning
both the )illghéfd GSR additive and the regener at ed cracki catalyst to
t he cat a|§7’?’& acking zone (e.g. the riser) of the FC® St““’zf\m 01/ 21733
PCT/ US00/ 25731 -7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n accordance with
the present invention, an inproved gqetalytic cracking process is provided-
for reducing the sulfur content of the liquid products produced froma
hydr ocarbon feed contai ni ng organosul fur conpounds. The present process

enpl oys a cat al yst DETAIEED DESORIRTIONIOF THEIINVENTIONponent  contai 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 dati on sthtmcotdanbnawnhtthé pmscqtonvmnuop,ramnnpmved]catdyuclcrulddge cat al yst
systemlntothe t1c,crac on Process art -fromthe
process é@%’? gedvem ﬁ&f\i'e ‘B‘F%é’ fh"llﬁﬂ}gaﬂ‘%’ as di scussed
bel ow, e *ﬁ’uh consi st ent
with a c nventi o nﬁqllg%sgéggﬂlegseu%ﬁus Iﬁﬁ%ﬂoﬁgﬁg% ?Is:)gh pr esent

i nvent i opresentiprecess employs @Catalyst hystgndnvnigﬁmﬂﬁnugdlmexonmpmppneht for
exanpl e, zeolite based catal ysts w asi te_cracki conponent as
descri beRORAmIngS DEFRT FomPpueRt 2% X\s@m ﬂsi)%nzm“gb yiic
Cracki ng AN | SBN
0-8247- 6%& vﬁé"? as 1n nussr’tser ous ot lsbglLr ces sg 8iégodleghbei gi,

Fl ui d Castate}dfthe fietal lcomgonéﬂtlpﬁontd(mn@dhémg’ﬂw catﬂystdylsmntmmthb995, | SBN

0- 88415-290- 1. Ge erally, in a conventional fluid catalytic cracking
process ?4@ V@BBcar bon feed containing the organosul fur conpounds
will be cracked to lighter products by contacting the feed in a cyclic

cat al yStFé&%geuslsat I on cracking

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 cracking 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:



process with a circulating fluidizable catal ytic cracking catal yst

I nventory consisting of particles having a size ranging fromabout 20 to
about 100 WOMBHE3 The significant steps in such a cycl FETHPMEER are: WO
01/ 21733 PCT/ USOQ 25731 (i) the feed is catalytically cracked in a

cdtal ytic cracking zone, normally a rigser cracking zone, operating at

catal ytic cracking conditions by contacting feed with a source of hot,
regener ated cracking catalyst (hereinafter referred to as an equilibrium
catal yst or "E-(Ppthe feddds pamBitieallyfrackdd inadatalytioodracking zeneg alsanallyr oduct s
end spent catalyst containing coke and strippabl e hydrocarbons; (ii)-the

ef f | uent iaﬁmmmm@mat%@mmkﬁ?@cqwmwwgcycl ones,
i nt ich ji t | '
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formliqui (ing proddcts inclbdinhg gasoline, (iv) the spent catalyst
i s stri ppeproducts ahd ypesnit titalysteontainingcokeard stippable liydrogatbonsir bons from t he

tal yst t i.ch th tr) d tal yst i | dat.i I ted t
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further qu%(i)‘%}{ee,kﬁﬁﬁ’gi‘é@ggﬁ#éﬁml&d&eﬂg&&mwi&m #°C process,

di scussed I nvention enploys a catal yst having a sul fur
reducti on gamprisimpthecpedtaiatilyst; a nmetal conponent in an oxidation state

greater than zer, nd includes a st for, increasing,the av e oxidation
state of the ndiibithe ¥apespbase i§Feme nrod 9%‘5 a?@’ﬂ@jéﬂéﬁ%?@&? and prior
to recyclipg.t iatddSside GHithRd T | t of the
present in g’ﬁ@%"nﬁ,hi%ﬁ&e@s%%%e?gr |Jne£r easl ntg@@hqéﬁ\}ieégggﬁggfd ation state of
the netal &g okiE]pri ses exposing at |least a portion of the catalyst
containing the sul fur reductign cponpgnent_ to, additional
(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 component 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; a



oxi dative treatnment by contacting the catalyst with an oxygen contai ni ng

gas. Th ﬁ&@gﬁg ons for the additional oxidative treatnent include an 02
parti al eﬂ e in the range of about 1 to 20 psi’s, p éqsﬂwlabout 8to
16 psia; a total system pressure of about 20 to 100 psia, preferably about
40 to 70 psia; a WO 01/21733 PCT/ US@Q/ 25731 -9 catal yst residence tinme of”
about 1 to 60 mnutes, preferable about 1 to 10 mnutes; and a tenperature
in the range from about 1100 to 1550F, preferably about 1200 to 1450F.

Pr ef er alatalyst besidemce itipnet of biont beo 68 punwutes,iprefarable abowsil toxii0dat i ve treat nent-
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hi ghest Jy Pool:tgq(@bep.ki ng Catal yst The present invention can enploy a
sul fur reduction conponent in the formof a separate particle additive

(GSR additive) which is added to the main cracking catalyst (E-Cat) in the
FCCU or, alternatiyely, be.a conponent of . the gracking catalyst to
provi de an iﬁMkﬁ%F@%‘dﬂﬁ% °§°‘f!ﬂﬂf§{'¢%£9§ldrépy’%?°g@§#§em The
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cr acki ng.epfaish.the oxidation atatedf the naetslctation to itahighestilevelcol i t e active cracking
conponent, which is conventionally zeolite Y in one of its forns such as
calcined rare-earth exchanged type Y zeolite (CREY), the preparation of

whi ch iBCQCratkingEaralysy. S. Patent No. 3,402,996, ultrastable type Y
zeolite (USY) as disclosed in U S. Patent No. 3,293,192, as well as
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cracking catalyst (E-Cat) in the FCCU or, alternatively, may be a component of

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 cracking

component, which is conventionally 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 available 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.



conbined with a matrix material such as silica or alumna as well as a clay
in order to provide the desired nechanical characteristics (attrition

resi stancewexa2j733as well as activity control for the vePgTaS00/2581ze0lite
conponent or conponents. The particle size of the cracking catalyst is
typically in the range of about 10 to_ 100 mcrons for effective
fiuidization. WO 01/21733 PCT/ US00123%81 - 1D Su fur Reduction System -

Si eve Conponent The sul fur reduction conponent will . preferably conprise a
por ous ular sj eye whi cgpt ai ns metal in an oxidation state above
zero Witﬁnﬁfﬁ*ﬁéﬁf?gﬁ{{maﬁ?@ﬁfwgeg ructure of the sieve. The nol ecul ar
sieve is in nost cases a zeolite and it may be a zeolite having
characteristic | + W - |t h as zeolite Y,
preferably zeo |?%%&%#ggﬁ%ﬁﬂPg?a‘eﬁ%f%&méeiﬁ%rrﬁ%di ate pore size
zeol i tes mvldvubd siEvhwhich\tortaihi @ nfetaliin an okidation biategbove @bry within The

nol ecul ar si eve, corralonent of the present sul fur reductign, catal ysts may,
as noted thednteriopef WﬁWﬁ@W‘%o“@@lmﬁémﬁﬁ%ﬂ@O& When used,
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Chen et alarpdfpére el kit dsieoliteE) proferdblyl B8stite USTop z8lite befTh- 1, for a

di scussion 0f  zeolite classifications by pore size according to the basic
schene sewithuithe internfedidte pore size zgblites such GafSMySiwitlsthe foomearxlass1981) ). The
smal | porg sSize zeolites such as zeolite A and erionite, besides having

i nsuf fici FR2E PTABS ty for use in the catalytic cracking process, wll
generally not be preferred because of their nolecul ar size exclusion
properties which will tend to exclude the conponents of the cracking feed
as wel | as manThemofesnlansisve compenent af theprescotisndfus rednetion gatalystsi ze of t he

si eve does not, however,, appe to be cri,t.lcal, sisnce, a hown
may, as noted above, be Q geo"i{te or'a non-zeolitic molecular sieve, ~When used,

zeolites may be selected from the large pore size zeolites 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 use in the
catalytic cracking process, will generally not 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, both 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 catalysts include zeolites Y in its various forms such as Y, REY,
CREY, USY, of which the last is prefetred, as well as other zeolites such as



bel ow, both nedium and | arge pore size zeolites have been found to be

effectiv ave the nesoporous crystalline nmateri al @ MCM 41.
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reduction catal ysts include zeoli t(_a?ly inits various fornms such as Y, REY,
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CREY, USY, of which the last is preferred, as well as other zeolites such
as WO 01/21733 PCT/US00/ 25731 11 zeolite L, zeolite beta, nordenite
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cr acki ngZeolitésunay belused with famework mstal elements othe® thancalinminmmysfed f or t he
crack- i ngam%? onent gﬁal SO, teﬁ_ advant age, be used as the.-sieve
c onponentXamye, porer, 70m, OF CHOMUPR: ¢ ye 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 rBrusesf zedlite (ISY ispartitadatlg desipable since this téisni shed cat al yst
shoul d bt(;pgcraﬁ)rp ugg zlljst thg héléw(r)e (t:rgcléng ?:%B%ﬂ%‘%‘%ﬁé 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 used 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
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Another class of crystalline support materials which may be used is the
group of mesoporous crystalline materials exemplified by the MCM-41 and
MCM-48 materials. 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, ALOs, SiO, ZrO,, TiO2, MgO and mixtures thereof, and
paracrystalline materials such as the transitional aluminas.

! 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 test is
described in U.S. Pat. No. 3,354,078; in the Joumnal of Catalysis, Vol. 4, p. 527 (1965); Vol. 6,
p. 278 (1966); and Vol. 61, p. 395 {1980). Alpha values reported in this specification are
measured at a constant temperature of 538°C.
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and conbl nat i ons base netal's with st rog%rh drogenation functionality

such ashydmge:prodmuqmdmwthemml@tlgpmg& wisblenum and
ni ckel - nol ybdepum not .d abl r the arre r on The preferred
base mafnﬂés °g' r@%&‘%i‘“‘&&ﬁ%@m Lfvﬁpgﬁp%{segs 9, 12 and 13

(I UPAC g hgenafibh Gihctidhaliy@é not desirableP Badt etilBand/ bbﬁbﬁﬁﬁoﬂé I1B) of the

Periodi c Table. Vanadium zinc, iron, cobalt, manganese and galliumare
effecti oﬁbmememhwaﬂh mn&hy@ogmhmﬁamneuym ms piskgbnent . Preferably,

the basg olirpbdaum,e nﬁkef/ﬁ‘mg(sjt r@ob\é\it lyﬁdenum 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 (JUPAC élassificaﬁon, previous-
ly Groups IIB, VB, VIIB and VIIIB)'of the Periodic Table. Vanadium, zinc,
iron, cobalt, manganese and gallium are effective with vanadium bemgthe

preferred metal component. Preferably, 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 component 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. '
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tion in FCC. The USY which has been found to give particularly good results is

a USY with low unit 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 this 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 5, more
typically from 0.05 to 3 weight percent of the entire catalyst. A second metal
may be added to the sulfur reduction component, e.g. cerium, which is present
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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 sieve
crystal, pelleted (without matrix but with added metal components) to the correct
size for FCC use. Normally, however, the metal-containing sievewillbe
matrixed in order to achieve adequate particle attrition resistance and to maintain
satisfactory fluidization. Conventional cracking catalyst matrix materials such
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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 may be used in their

conventional amounts.

The effect of the present GSR additives is to reduce the sulfur content of
the liquid cracking products, especially the light and heavy gasoline fractions
although reductions are also noted in the light cycle oil, making this more
suitable for use as a diesel or home heating oil blend component. The sulfur
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Cat al ys %,&q verfe hese ot her:
corrpone@ mayﬁge usegﬂ.lrn thelr Eggﬂventa?gr% arrgaﬁt%gzn&ﬁ ??g%-t of the
pr esent hgdrogeddulfideewhich cam be echoveretllin the hdrmal waytin the pfoducthe | i qui d

alt ﬁﬁl;lgwnewgﬂé’%c%ﬁe i BECY incbosamé way 35 the Jrdrbpe ST50¢ omiser tnlft” E. s more
T

sul fur Vigglly biEasdd i @ickin@ ol 6 DRAncRAsc loaR of iparogER AR 117 |

i s convehdyeiinpose additioasl souf gasiwated treatnems eetuirementscbutyeith thel fi de whi ch can

be recovered in the nornal vvay in the p uct recove section of the FCCU
in the significanyreductions ingaselings vetgmh@ﬁﬂqn@ﬁ%q){xtqh eased in the

crackin r.Qce I ncr eased Ioad of hydrogen sulfide may inpose
additiogﬂﬁsg aiﬁﬂgkﬁﬁer treatment requirenents but with the significant
reductions in gasoline sulfur achieved, these are not likely to be

considered limtative. In one enbodinent, the GSR addifive particles are
preferred tolmme@boﬁ%rmGWQ@EYeﬁmﬁkﬁéfe J@VERAC| e size than

(o . ndibhite Aefaifor o B i SaglBarife s b e SCulYuitile "ARAERY ©, TC0C,

a GSR aqdigcborfiplidtied by dsiig® hca%ﬁ&ﬂﬂﬂkﬂ(%gt hedvier clay)dof eGSR laddi-t he E- Cat,

f or exanpl e, a GSR additive havin S of about
tive than for the 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 pm 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 regenerator 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



100 pm and a cracking catal yst having an APS of about 70 m The heavier or
| arger particles of the GSR additives will allow themto have a relatively
| onger resiVWeAVA7I{ ne in the bottom of the regenerator WREEUSIHRIIIO?
partial pressure is higher. This |onger residence tine can help the
regenerator to bumthe coke off the GSR additives and to sel ectively expose
these additives to additional oxidatil treatnment than is typical for a
regenerated catalyst. Preferably, the particle density and/or si ze can be
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in a convepntlo s to provide a i onal oxidative treatnent

for the GSiempedenf ofithe GSRradditivepl e, 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 WD

?%Zgzggepgggne%@%eﬁ?@@sgtpﬁgﬁ%ggjep@& éa}ﬁ pr essur‘gé@i%? fci 2nt|y to

i ncrease tRGC meegeandmﬂodlﬁemoshavdeﬁbest&!edphaﬂonjmnmmaddlng he GSR
addi tive. In, yet, gnother enbodi nent, the prOfess equi pnent from a

convent i omdmtonwtspbew&ﬂlewm|ﬁqr&aa@ en iy reganerater stapdmpe | n

conj uncti For
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reduce catradifiériceftime evhilersubjectirgpthe oaal;&t usiddiﬂoml dridativé fredtment)i | e
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catal yti c regengiatédicatalyst before introducing the catalyst into the catalytic crackmg
zone.

A catalytic cracking process which is particularly well snited 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
FI1G.1 is 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, the separate oxidizing device 1 comprises a
oxidation zone 2 and a frecboard 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 required oxidation conditions {e.g., the catalyst
flux and residence time, the air flow rate and its partial pressure, etc.) the size of



zone. A catalytic cracking process which is particularly well suited for

enploy.. __ing. a_ catalyst system which includes a GSR addi .| according to
t he i npr ﬂ%l ocess of the present invention utili zest T@%@Q?éfe
oxidizing device, illustrated in acconpanying FIG 1. It should be noted

that the oxidizing device depicted.g9. FIG 1 is intended to be nerely
exenpl ary. Al though the use of such a device is a preferred enbodi nent,
the present invention can be practiced by any conven- tional fluidized

cat al yt i fevideard fiokn 4605 tb B08apbibecizelofithe makeregendrhtor,aver age
oxi dation state of the netal congponent of the catal ﬁtﬁ systemprior to
i nt r oducpreferably about 5 t020% ofithe:size of;the majyregeneatone I hﬂﬁ}t%w&ro FIG 1,

the separate | Qi Zi .deyi c ri é'l!;@m’: ﬁﬁﬂ nd a

freeboar’ﬂaﬁ)ﬁg{é’s"?@géﬂﬁ 5@@%3&@%%&%‘8 gg?a y?ttéz?hat fl ow
into this vessel through the inlet tube 4 (e.g., the residue carbon, the V
| evel etc.) and their required oxidation conditions (e. t he catal yst

flux and resiTherdeviceilrwor ﬁnﬂmfollbmgman@eraﬂumg@eww%ﬁic pressure, etc.)
the size of 01/ 21733 POII 3 - Vi C f,rom about 5
to 80% detalyd é%ﬁﬁe@%é’%ﬁsﬁ?‘kﬁﬁ?@ ﬁ?%ﬁ%@i}a%%&}/og&to 20% of
the siz sl ﬁﬁ%?ﬁm ' ovdntd e%ice o of the
devi ce ?dgér??\glg?%gfqgﬁn about 1 tdgegyog?gggﬁabl ywa%gl(}t 3 'Itloﬁ‘g#l The devi ce

1 wor ks the bottemfofithemaimyegenarator through thgeatalyst indetr4:CTheGBR/st bl end

cont ai ni ng. about, to 50% of GSR addi,tiyves referabl out, 0 to 30% of
addi t : vle"é’,%-‘weﬁll’#“gg’ﬂ%? ggsqmeéy%%}ﬁls%ﬁapﬁ &Wﬁﬁ{%lefﬁmu vice 1 from
the bot tgmg eﬁ-hﬁtgﬂgqea.emﬁfam,emcsnwﬁm@eaeewmhwm 4. The GSR

additives w1 hav arger-average particle size and/or have a higher
densi t y APS greatdrdhdih % pmpand the [E=Cat particles will have apABSHessthan P0e particles .

\Kplsl | Qi‘ﬁbp@gﬁlﬁrﬁ&&ﬁrﬁ%‘%’% ric max%ngantbréese%%{ed%itﬁé es wll have an
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 fluidized bed 2 in a
suspended and viable state, the superficial gas velocity (SGV) of the air flow
through the device generally exceeds the minimum flow rate required for
fluidization which is typically from about 0.2 fit/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 fi/s
(0.306 m/s). The high airflow will entrain most of the small E-Cat particles
(<90pm) 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 (>90pm). 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



pm Optionally, a GSR additive rich stream can be separated fromthe
regenerated FCC catal yst blend and only the GSR additive ] amw | |
be  introd®®WHRo the device 1. The preheated air enterrglrﬁﬁp@tszsgvi ce
through an air distributor plate S. In order to maintain the oxidization
zone fluidized bed 2 in a suspended gnd viable state, the superficial gas
velocity (SGV) of the air flow through the device generally exceeds the
mninmumflow rate required for fluidization which is typically from about
0.2 Ells (fegénkrdtéd tathlysOB thrbughsthé Qathly3t outlet juber®. €Tlee fink pf this ¢ataligstSGV shoul d

be maintained at not [ess than about 1.0 ft/ 0.306 ms). The high
ai r f1 ow wistreamnt will he frvthe rangerofabautsl fo @"/ggfa}gaﬂlq)q@otgg 90pn) back to the

regenerat or i di a ' UWHE . nwll be

cont i nual |f§8?ﬂ°ﬁi?é%%}§‘|9%'%ﬁ‘ﬁ‘%ﬁ’é&%ﬁ@?‘g"?ﬂ%egen@a% orx?bg h addition, the
high air nowrate will ensure that the partial pressure of oxygen in the
oxi dation zone 2 is high enough to bumall the coke off the catalyst and

provi de an oxi di zi ng environment EXAMBEEStely oxidize the netal on the
bi gger size additive particles (>90pm. The SGV shoul d preferably not

exceed about 10. t/s (3.0 , re prefergbly not nore.than about 5.0
ft/s (1.5 m's) &%&W%%X?@?&%‘&%#@E&W&ﬁ Tyst 7 will
f1 ow back %ﬁ@ f f\@gfp HARBHSh af e and mx with
the main stiogleé‘?ﬁg?g% e \Wfﬂ@%é /ea‘g%% %ﬁ -20 regenerated cat al yst
8 t hrough grbsenttiing) SThe scojie eftthe irvention ifmot i any why limitedbytthe yst  stream 7
wll be in the range of about 1 to 50% Qf the flux of,the main regenerated

catal yst soamplesset forthrhslow Fhesesxamplesdpclpde the prepara 85, EXAMPLES The

foll ow ng examnl e -0 | : sahldedstra- tion

and to des¢rfpe %@ﬁp{g%ﬁ@ﬂg%éﬁﬁgg r‘r’égéag@ﬁ?ﬁgﬁ?ﬁﬁﬁﬁngﬁ d:ﬂé t he

present t iviRadiliccontudmiag otolite @IS Y velfiir reductionadditive and evalmgtidnsoft ed by t he
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 NH;-form Beta with a silica-to-alumina ratio of 35. The NHy-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 1M 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 shurry 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 wit% 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.



exanpl es set forth bel ow These exanples include the preparation of a
vanadi um contajning zeolite h eta sul fur reduction addi ?éi(’@ é?_{%

pr epar at PG 33 vanadi um cont ai ni ng zeolite USY sulfu IR Pbn additive
and eval uations of the performance of the catal ysts as sul fur reduction
additives. Exanple 1 A V/IBeta/Siliogp Alum na-Cl ay catal yst, Catal yst A was
prepared using a comrercial NH4-form Beta with a silica-to-alumna ratio

of 35. The NH4-form Beta was cal ci ned under N2 at 900F (482C) for 3 hours,
t hen under afThe #ormeDéNalystoCatalyst Ay was tivewr stedno dpactivated, tosibdulate m Bet a.  The

VB! aqatsbist deasGvaRe i SrCCamh i SN eae s datyR 66 6y Shboned. dried. an
VOSO4 ag@ € . shed, dried, and
air cal g ned. T ' ' r Bet a was
t hen co%?wgﬂlﬁéwi@sr)?g a#@@%ﬁtlig&?%t?ﬁn%ﬂ y t#r%ngr.??%i gl_?grq%deous slurry
cont ai Nihadrstidthg SVl %steand and 50l % gas) The/CPSiprocessgonsistedyofmat ri x. The

slurry was thereafter spray dried to forma czit al.yst cqntainjng about 40
wt' % Vichenging thesgas|eyerytsn minates, in the followingsyelerNpnpropylenesandNg oo Kaol i n.

T i1 R 3V 8pt B, il S ol tetipratBh sYORUE snF b 3, "1
The for pavtlieatcamifif). Twbshniple batchen of deattivated tatalyst were edlitted: 0 si nul ate

catal yst "deactivation in an FCC unit, by subjecting the catalyst to Cyclic

Propyi eke fxst hatch goptairang the catalystiwhere the(elS @Eﬁﬂgedawl@M"(WlC) for 20

hours usi ng, 5Q. vol .% st eam,and 0 e Tk onsi st ed of

changi nS’ @ng%%é?éprﬁgﬁdﬁ%ﬁﬁéggixe%’tﬁf{tcwg g‘vﬁqr?galgg)’gflgéé , propyl ene

and N2 cpgdye) .with 8 propyledlehatgé (eadiagirbéuctivh).nThe egke'edménton cycl e of
an FCC t?;?it (f?/%#iacw??egfﬁwnyl). Two sanpl grbatchez of deactjvated catal yst
wer e colof et tending-teductionicatalyst wasdessdhan 0.§5wido CatHhephysigabre the CPS

cycle e r;]:ggpcclerh%st orf the calcined and steam deactivated catalysts are summarized in

Table 1 below.

Example 2

AV/U SYISilica-Cl"ay Catalyst, Catalyst B, was prepared using a low-
unit-cell-size USY, having an average Unit Cell Size (UCS) 0f 24.35 A anda
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 shurry in a similar manner to
Example 1. The resulting slurry was spray dried to form a catalyst containing
about 50 wi% USY crystals, 20 wt% silica and 30 wi% 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 wi% 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 fluidized bed steamer at
1420°F for 20 hours using 50 vol% steam and 50 vol% gas. Two sample batches



bum (endi ng- oxi dati on) and the second batch containing the catal yst where
the CPS cycle ended with a propyl ene charge (ending reduction). The coke
content oWQM&17383ndi ng-reduction" catal yst was |ess t haRCO/USWRF3Y 0 C. The
physical properties of the calcined and steam deactivated catal ysts are
summari zed in Table 1 bel ow. Exanple A V/IUSY/Silica-C ay Catal yst,

Catal yst B, was prepared using a | owr“4ihit-cell-size USY, having an average
Unit Cell Size (UCS) of 24.35 A and a bulk silica-to-alumna ratio of 5.4.

form by 1 o flegtivaed SiRysafire O8ffcalld, idigrsp baetf By ™ 1) | 011 L
Slur 'y viasycaeiied 408t v i Sxidatioh wad dR0Rbaidibah ceitaiaing50 W o USY
|

crystals, % si a and 30 wt % kaolin clay. The spray- dried catalyst

was anmoni catalgstotmengling-retuctiomnFhecake contant of theendingreductiqaicatalyst: hen
| ci ned i [ t 00 V, dj dded L RCIL DI t
ot conat | BAessthan 009 312k, 1he EhiRal Dottt tAFigBY 5B sl V0, (e
final “cat QoishvadExtifshakd A3 i Table/Fbeloms then air calcined. The
st contarned O

final cataly .52 wt'/o V. The catal yst was steam deacti vated
via CPS in a fluidized bed steaner at 1420F for 20 hours using 50 vol %

steam and 50 vol %_gas., Two_.sa ches WO,01121733 PCJ/,US00/ 25731 -22
of deacti vat ed (catal¥sty & %@%&’ﬁ@&ﬁ&@ﬁ%@*r‘éﬁ‘ %gﬂ‘%ﬁl nt ai ni ng st eam
deactivate al y ' ' ﬁ%“.’ ' 2 6mh Eﬂm} cont ai ni ng
cat al yst v‘lgla enc ngs‘rﬂé’éﬁﬁpgﬂm e g%{(ﬂelgggntentﬂgfﬁ e enlgiair‘\g- eduction
catal yst ddditivess Thegphysicdl properties of.thd EeCattaye listad ipTale dthelawof t he

cal cined and steam deactivated catal ysts are summari zed in Table 1 bel ow.
Catal ysts A and B were bl ended, res ebclt ilvel y, with a | ow netal
able

Physical Properties of Catalysts
Low Metal E-Cat V/Beta V/USY
as-received Catalyst Catalyst
Fresh Cat.
V, wt% <0.1 0.56 0.52
Na, wt% 0.21 0.08 0.10
Si0,, wt% 63.7 74.8 74.1
AL O, Wwt% 31.7 194 23.7
RE;O;, wt% 2.6 .1 <0.1
Ash, wt% 99.4 97.9 96.4
UCS, A N.A. N.A. 24.35
Surface area, m*/g 130 325 327
Steam Deactivated Cat.
Surface area, m’/g N.A. ~170 239
UCS, A NA, 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



equilibriumcatalyst (E-Cat), to evaluate their performance as sul fur
reduci ng w@gﬂh‘v ves. The physical properties of the E-Cat_are listed in
Tabl e | bel'OW. Table 1 Physical Properties of Catalysts HCOHSRASE! E- cat

Vf Beta V/USY as received Catalyst Catalyst Fresh V, wt%.40.1 0.56 0.52
Na, W% 0.21 0.08 0.10 Sb 2, W% 6347 74.8 74.1 A1203, wt'/o0o 31.7 19.4
23.7 RE203, wolo 2.6 <0.1 <0.1 Ash, wt'/0 99.4 97.9 96.4 UCS, A NA
N.A 24.35 Surface area, & g 180 325 327 Steam Deactivated Cat. Surface
area, € Bgchésii.c.; the@ndd-olilftion bdicand\the endthgt dudtichBitéh, Iverie two sanpl e,

batches of steamdeactivated V/Beta catalysts from Exanpl'e 1 were

eval uat ebleadedywithithe:E-Cat te form blendscentainings10 wifé additives, regpe4 121733
PCTI USCQ. 2573 - 23...bat che i,.e 4.1 he endin i dat i.on tch d the
endi ng%\ﬂ‘ﬁx‘t ih)‘ﬁ egglpgﬁlyq@i@ystmsgﬁag@vwgﬂwtxﬂggﬁe@{s (¢ T2 FRB Vends
cont ai ni g4d ‘M. additives, respec- tively. The equilibrium catalyst
used had very Tow netal levels (i.e. 120 ppmV and 60 ppm N ).

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 Oil
API Gravity . . 26.6
Aniline Point, °F | 182
CCR, wt% 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 293
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.



The additives were tested for gas oil cracking activity and selectivity
using an ASTM mi.croactivity test (ASTM procedure D 3907) .w cuum gas
oil (VGO MRWHB3cKk. The V&0 properties are shown in Tat})\f@g}"g"@é’yﬁw Tabl e
2 Properties of Vacuum Gas G| Feed Charge Stock Properties Vacuum Gas O |
APl Gavity 26.6 Aniline Point, OF 1f2 CCR wt%0.23 Sulfur, w%1.05

Ni trogen, ppm 600 Basic nitrogen, ppm 310 N, ppm0.32 V. ppmO0.68 Fe,
ppm 9.15 Cu, ppm 0.05 Na,izppm 2.93 Distillation JBP, OF 358 50 w'/4 OF

716 99. 5%, caFalbhd E-Ua¢1 6wiSaV/BRf (cRdiheFedictDs) andl ECatIOwtAV/Bet t he

catal yst with the sanple additives from Exanple 1, to establish a product

base | evel(endingioxidation))svas(tested ovepagangeirourasioody wryimgthe - 24 E- Cat
Cendi ng. odeTdhpfl e WEls Sanine § ook tpdBanse sErPSOE, Vg the

(527°C). Gasoline, LCO and HFO yiclds were determined using simulated

distillation data (SimDis, ASTM Method D2887) of syncrude samples. The

gasoline range product from each material balance was analyzed with a GC

(AED) to determine the gasoline S concentration. To reduce experimental errors

in S 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 interpolated to a constant conversion of
70wi% conversion of feed to the gasoline range product (i.e. product boiling
below 430°F (221°C)).



catalyst-to-oil ratio, while maintaining a constant tenperature of about
980F (527(():(#2 S?sol ine, LCO and HFO yi el ds were determ e % ?, si mul at ed
di stil | a4t a (StnDis, ASTM Met hod D2887) of syncru e % The
gasol i ne range product from each material bal ance was anal yzed with a GC
(AED) to determi ne the gasoline S camcentration. To reduce experinental '
errors in S concentration associated with fluctuations in the distillation
cut point of gasoline, the S species ranging fromthiophene to

C4-t hi ophenes in syncrude (excl udiable enzot hi ophene and hi gher boiling S.
species) were quantified and the sumdefined as "cut gasoline S."

Per f or mances ofafal\Rico@iacking Perfofifasce 6fV/BeerAdditive ICpalyst inher e the product

selectivity for each capgi ddiicEd PRViRb@tedts @ constant conversion of
70wt ' /o conversion of fee to t e gasoline range product (i. e. pr oduct
boi | i ng eeleow43—0H—224 4 83 24 7S PCUS0O 2973 'V Fohl e 3
Catal yti g Cracking Perfor o eﬁbﬂdlzed and
Reduced Envi ronnents Base [0 . & cdt al yst A
E- Cat Catalost = a¥abt.ia Mo 1 .'p}u a’lo T Product
Yi el ds OMA&PS‘PWY'WI%N 70 70 70 Cat/G 3.3 3. 43.23 2 e ield, w%
0. 05 +0. 6 CIFCZ¢as] W 74y L. & R0 Ia¢ T TolHg C3 Gas, W%
5 4 +0. 1| D0gersin, W%
[Cat/Oil 3.3 34 32 32
H, yield, wt% 0.05 +0.02 0.03 +0.06
1C1+Cz Gas, wt% 14 +0 14 +0
Total C3 Gas, wt% 54 +0.1 54 +0
Cy' yield, wt% 46 +0 4.5 +0
Total C4 Gas, wt% 10.7 +0.3 10.9 +0.1
Cylyield, wt% 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% 256 +0.2 25.7 +0
HFO, wt% 44 -0.2 43 +0
Coke, wt% 2.7 +0.03 2.6 +0.2
Cut Gasoline S, PPM 459 423 482 336
Reduction in Cut Base 7.8 Base 30.3
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 reducing
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.



g+yield, % 4.6 +0 4.5 +0 Total C4 Gas, W % 10.7 +0.3 10.9 +0. 1.
C4+yield, wt%5.4 +0.3 5.5 +0.2 |1C4 yield, % 4.6 +0 4.6 _-0.1

Cs+Gasol i n&OWM33 9.6 -0.3 49.5 -0.3 "LFQ, v40/6 25.6 +0.XTIBWSTY  Hrg
Ww%4.4 -0.2 4.3 +0 Coke, wt% 2.7 +0.03 2.6 +0.2 Cut Gasoline S, PPM 459
423 482 336 Reduction in Cut Base 7.4Base 30.3 Gasoline S % Reduction in
Gasol i ne Base 8.4 Base 30.8 S Feed Basis A review of Table 3 reveal s that
Catalyst Ais very effective in reducing gasoling S |evel. Wen 10 w % of
Catalyst A (4 wN o Beta zeolite adBkimpled was bl ended with the E-Cat, 8%
and 30% reduction in gasoline sulfur concentration was achi eved dependi ng
on the oxidati t Qﬂe%ﬂ d J hoetd § Al so, the
V/ Bet a cat al ys??e?h@msgg@?)en‘fag&ﬁgggra e?%gﬁgggyl?$a§%%s§§é e yields. T-i
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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/Oil 2.9 34 3.7
H; yield, wt% 0.03 +0 +0.10
Ci11+C, Gas, wt% LS +0 +0.2
Total C; Gas, wt% 56 +0 +0.9
Ca=yield, wt% 47 +0 +0.7
Total C4 Gas, wt% 113 -0.1 +0.6
Cimyield, wi% 58 30.2 +0.5
IC yield, wit% 4.7 03 +0.1
Cs+ Gasoline, wi% 49.0 +0.1 24
LFO, wt% 255 +0.2 0.1
HFO, wt% 45 -0.3 +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 63 508
Gasoline S, Feed Basis |




simlar conditions to Exanple 3. The performances of these catal ysts are
sumari z ' ble 4 below Table 4 Catal ytic Cracking ce of

V/ USY Ady?wzé;%at alyst in Oxidized and Reduced Envi ronﬁe@%&r'zggage + 25%
VI USY + 25% V/ USY E-Cat Catalyst B, (Catalyst B, Case endin reduction
endi ng- oxi dation) MAT Product Yi eLd'is-Conversi on, %70 70 70 Cat/Q1l 2.9
3.4 3.7 H2yield, wt%0.03 +0 +0.10 C1+C2 Gas, wt% 1.5 +0 +0.2 Total C3
Gas, wWo 5.6 +0 +0.9 C3=yield, % 4.7 +0 +0.7 Total C4 Gas, wWo 11.3
-0.1 +0.6 C4=yield, WM%5.8 +0.2 +0.5 1C4 yield, wto/% 4.7 -0.3 +0.1 Cs+
Gasol i ne, wt %ﬁénﬁnbﬂﬁblelrtvedlﬂhatﬂdtaiyﬁaﬁve@Eﬁ’eﬂivla iniedcing %40 4.5 -0. 3

' Cut s gmpliae el Qb 255 oG RRRLBIIA e WlISY ol o cacol | e S,
Feed Basad%mon) was blended thh the E-Cat, 6% and 48% reduction in gasoline sulfur

concentration was aclneved depending on the oxidation state of the GSR addi-

tive. The V/USY catalysts showed only moderate increases in H; and coke

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 01121733 PCT/ US00/ 25731 -27 review of Table 4 reveals that Catal yst B
Is very effective in reducing A the gasoline S |evel. Wen 25 wt % of
Cat al yst Bwd@/zarho \V/ USY zeolite addition) was bl ended wwarwseézs7H - Cat, 6%
and 48%reduction in gasoline sulfur concentration was achi eved dependi ng
on the oxidation state of the GSR addi- tive. The V/USY catal ysts showed
only noderate increases in H2 and cokdB - yields. A review of both Tables 3
and 4 reveals that the catalysts with 10% V/i_;
g

endi ng-oxiw’ are nmuch nore effective in 8 Jﬂmlﬂﬂm,mmwct ion than
t he ones € D¢ eduction (31%vs. 8% and 48%'vs’® 6% i'h Scut® gasoline

sul fur reduction). This indicates that the V works nmuch nore effectively

i n gasol i ne sul4 ur ' :Wﬂu' b See i A an-,? ' 'aﬁ)‘éa@hﬁ . In their
reduced form \}-‘con alggl&tﬁjﬁéa a ygémgfégf&eésé e %ggyl ve ftor &g%&sfm i ne sul fur
reducti On-cdﬂﬁiﬂh%%igﬁﬁsﬁﬁilddﬁ@hﬁ@ﬁkhepﬁeﬂckmiégeﬁmtﬁ 111111111i1

CLAIMS: ¢t a_ S In a _catal ytic cracking process for cracking a
hydr ocar bosragkingicatalyst; said icatglyist havieg a praduct silivs sednstion compopsitsence of a

hot regener L cr | NQ..C ySt ' i roduct sul fur
reducti on i@#ﬁ%‘ﬂﬁ%ﬁﬁl&%{o‘g 0%9%}%%@%&3%%%%%%@%%%%%& lon state
greater t Wwhich ¢ MTent whi ch conprises: increasing the average

oxi dation state of said metal component of said regenerated cracking
cat al yst duri ngnaeasingthaanenage pxidatien state of said metal 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 mixtures 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-5.

4.  The process of Claim 2, wherein said amorphous inorganic oxide
is selected from the group consisting of Al,O,, SiOs, ZrO,, TiO, MgO and
mixtures thereof.

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

vanadium or zinc.



2. The process of Claim1l, wherein said catalyst conprises a support

mat eri al d fromthe group consisting of alum na, _slLl. hosphat e,
zeolite, Vé(ﬁ(')lzﬁ;zsgol itic nmolecular sieve materials, nesopgét'héﬁ@ﬁygt al line
materials, paracrystalline materials, anorphous porous inorganic oxides of
an element of Goups 2, 4, 13 and-4¢.of the periodic table, and m xtures .
thereof, and said netal conponent conprises netals, conmpounds or conpl exes
of an element of Period 3, Goups 5 7, 8, 9, 12 and 13 of the periodic
table. 3. The. pr oGheprodesCofiChaird, 1, wherein saidgirddust shiforereduction ect ed from t he

roup consisting, of Y, REY, .USY,.REUSY, .Beta.and ZSMS. 4. Th rocess of
%Iai Ir?1 2, CORROnEN S%%ﬂ&tﬁfﬁ%éﬁﬁ%@éﬁb@?w@ asiagaglg{aggtpggug gmthe gr oup

brocess T B B g e ocs oo
zinc. WO 01/21733 PCT/ US00/ 25731 -29 6. The process of C ailmmnﬁ'ﬂ/!mﬁﬂmmll
¢ addi wive =

sai d product sul fur reducti .cohponent is A separate partix<cl
catal yst whi dh ha@&@‘%ﬁ'&ﬁg&% COMPESREeat er than the average

particle size of [ l | ankt! 0 taf]rgi [T 111 Ms
7. The process of algfr%ﬁ%,élbpg}@gtg?d co#péﬁ%*%fhrtg%g%dé{r‘g%%g oi?* t he

cr acki ngontichWithioxygen thrtaintith gds\to peadue wyeginerated catalyst mixttirepxygen

contai ning gas to produce_a regenerated c?qt]al yst mxture; separating from
the regenerated c&eparyting fomithe reggnerated.catalystanixayrg a conge yst stream

conpri si 3 S\ '@?’Yﬁ% | , : ated additive
cat al yst g‘fﬁ{t@grrpr |e§nng er g‘grﬁéﬁﬁ%ﬁ‘&eﬁ@é’ afafy 8l
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.

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
O, 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 1 to

60 minutes.



catal yst; exposing the concent Jﬂﬂﬂfmﬂ!ﬂuﬂ talyst streamto additional
oxi dative treatnent by conta MﬂWt aining gas to produce an
oxi di zed aWQMRYE3 catal yst streaf and*recyeling the oxPETVS 28I ti ve
catal yst streamto the catalytic cracking process. 8. The process of Caim
6, wherein said additive catal yst |s3<about 1 to about 50 wei ght percent of
the total catalyst inventory. 9. The process of CQaim1l, wherein the

aver age oxi datlon state of said netal conponent ,is increased by exposing
sai d sul fur Ct'?ﬁeﬁﬂ%@ﬁkﬁ"ﬂlaﬁ@9 aﬁ&ehmﬁa&ﬁﬁmwmw eat nent by

cont act W|th oxygen coht ai ni ng gas havi ng an artial pressure in the
range fr onreatnent iScarried uomidar condmvnsetcmnbmnmayl y hxidizethgemetdl about
1100F to 1550F and a residence tine in the range of about 1 to 60 m nutes.
11 iil | [compopenty fi|fj |i t WD 01/21733 CL h s * PCI/USOQ 25731 - 30-

10. The process of Claim9, wherein said additional oxidative treatnment is
carried out under conditions to substantially fully oxidize the netal
conponent. 11. 18 sAsystemffor oxidizitiganetgl valves ofiwmdegenerated gasalipener at ed

gasol i ne- suI fbr-redu R) addit.ive, conprising: (i) a closed
oxi dat i on Sulfwer %&ﬁ%@?“(ﬁ‘!}“@nc@%%%ﬁgcont aining streamwth a feed
st ream of regenerat ed cracki ng cat al yst and a regenerated GCSR additive
under fl ui di zed, bed ndj ti. and tur cient to oxidize
metal val ues f®¥nd 3 fO8¢ ?j’“ nﬁq@%ﬁ gex} ?\‘F 8 1 ui d |
commMuNi Calgredin \Witta f&ﬂ@tr@éh @f}égéﬂeﬁ&ﬂﬁ:riél&ng catalyst and a regenerated

GSR additive under fluidized bed conditions and at a temperature sufficient to

oxidize metal values found in said feed stream;

-1

(ii) 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



introducing said feed streamy (iii) an oxygen streamdistributor in fluid
conmmuni cgt | .th said oxidation zone and positioned L sai d
fluidi zeg‘h%‘g‘&l%t h contents of said oxygen-containing gﬁ@g@]ﬁg{%ﬁd (1v)

oxi di zi ded GSR additive outlet in fluid comunication with said oxidation
zone for w thdraw ng oxi di zi ded GSR3pdditive. 12. The Systemof Caim 11, -
further conprising a cracking catalyst outlet in fluid communication with
sai d oxidation zone for wthdrawing said regenerated cracking catalyst.

13. The saitbésalystregémeratorfor redyeling saidaegerieeatet] cratkingicatalyst to said =
comuni cation with a catal yst regenerator for introducing said feed stream
to the catlystirege®eraofl sai d cracking catalyst outlet is in fluid

comuni cation with WD 01/21733 PCTI US00/ 25731 -31 said catal yst

regenerator for recycling said regenerated cracking catalyst to said

cat al yst regemer The bystéd of Dleins VK tvelrereih saldoxnidizdd GSReadditive entlietoxi di zed GSR
additive outlet is i1n fluid communication with at al ytic cracking zone
of a fl Jbin fuideommpnication:with aicatalytis Sﬁﬁn%ﬁfﬂﬁﬁk‘f CGSR additive to

sai d cr 4kl 00e 4 Wioachpihid blitidea it Ak 'sdid chacking o,
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