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[0004] This application is also related to Application Serial No. 09/399,637, filed
September 9, 1999.

[0005] This application also relates to Application Serial No. 09/649,627, filed
August 28, 2000. '

BACKGROUND OF THE INVENTION
[0006] Catalytic cracking 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,
hydrocarbon feedstocks containing heavy hydrocarbon fractions are cracked in a FCC reactor
or unit to form lighter products. Cracking is accomplished by reactions taking place 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 thereby 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.

[0007] During the cracking reactions some heavy material, known as coke, is

deposited onto the catalyst. This reduces its catalytic activity and regeneration is desired.
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and Vanadbefaredtadtihg l4rinitiated. While highly effective, this approach tends to be expensive in
terms of the capital cost of the equipment as well as operationally 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
valuable product octane may be lost when the high octane olefins are saturated.
[0010] From the 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 the FCC process cycle. For
example, a FCC catalyst impregnated with vanadium and nickel metal has been shown to
reduce the level of product ( See Mystrad et al, Effect of Nickel and Vanadium on Sulfur
Reduction of FCC Naphtha, Applied Catalyst A: General 192(2000) pages 299-305). This
reference also showed that a sulfur reduction additive based on a zinc impregnated alumina is
effective to reduce product sulfur in FCC products. However, when mixed with a metal

impregnated catalyst, the effect of the additive to reduce sulfur was inhibited.
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significant ial success. [0014] In Application Serial No.
09/ 144, 60$reatllYF§m%ﬁgust 31, 1998, catalytic materials are described for
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reduct i onPioduets y&s @ropoged by Ziebarth et al. in U. S. Patent g) ,036,847, using composlljtlons
containing a titania component, and 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.
[0014] In Application Serial No. 09/144,607, filed August 31, 1998, catalytic materials
are described for use in the catalytic cracking process, which are capable of reducing the
content of the liquid products of the cracking process. These sulfur reduction catalysts
comprise, in addition to a porous molecular sieve component, a metal in an oxidation state
above zero within the interior of the pore structure of the sieve. The molecular sieve is in
most cases a zeolite and it may be a zeolite having characteristics consistent with the large
pore zeolites such as zeolite beta or zeolite USY or with the intermediate pore size zeolites
such as ZSM-5. Non-zeolitic molecular sieves such as MeAPO-5, MeAPSO-5, as well as the
mesoporous crystalline materials such as MCM-41 may be used as the sieve component of
the catalyst. Metals such as vanadium, zinc, iron, cobalt, and gallium were found to be
effective for the reduction of sulfur in the gasoline, with vanadium being the preferred metal.

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



conprise, in addition to a porous nol ecul ar sieve conponent, a netal in an
oxi dation state above zero within the interior of the pore structure of

t he si evewOThooaso8 ecul ar sieve is in nost cases a zeol i t @Canusor/e32nmy be a
zeolite having characteristics consistent with the large pore zeolites
such as zeolite beta or zeolite USY or with the internediate pore size

zeol i tes 03uels weightPeéréent, Naname@its tp fo TOWEIGH Frcdhit MERSSIALER doe MAPRIRr

MeAPSO-5, as wel| as the mesoporous crystalline materials such as MCM 41
may be us&dneiel efectsihaaliup radopiéon cogponeenaydhed seperatapartigle addidye erspart of
vanadi um _zi j . gal i r o) t ffective for
the reducf I|7I gﬁg%?{eé 3%%1?1%%%?1[@%383‘%?%%#% L}g mw%ﬁﬁ\lll Iéergf;ag%usﬁ? %gtl% R 6SItCLeeaéf)1F%V erred

metal . Thatalgsmtiese obiciial et ic oombinetidn with bh actbwel datal yticadiatkirigataghdi t i ve
catalyst is normally from3 WO 03/006578_ PCT/ USQ2/ 23243 0.2 to 5 wei ght
percent, KMRMaHpafeyasis speh azepicghandREYe aipepiel s as replitgdUB § agfl REWE RO

sul fur r I i ] F?¥ a separate
particle gg)g}ét%ihﬁ?c&cﬁ%ggﬁ%&%&ﬁ%&a"t%?gg‘r{g%t'etg'i}{:r agglpdr?g sla ur rgtg'duct ion

cat al yst. [M#16h usehh ApplicatiopSeddl Ngsa®/221,83 %atdi A9/ ,540abeth fiddd, Dédeather 28,

Catal yor 1090 sHEF g pRiraDR utdatly de Se drtibun Bpiteion Na JE0HAR0Y as
lite U S : O i it
zeol i te UQ¥randcRRdSNdwitrr, BE eﬁgﬁgtoé%éﬁ)bgﬁa%%&ph$&%§rl&%%ﬁs Al %ﬁﬁ?f&t uni

to produce | ow sul fur products. plication Seria
09/ 221, 53%asirmeaarezanh B! comphndnt (egl |B8bamiporand 8, cerit@38mpsudnt,uespeetivaly.i on

catalyst simlar taq.the e descrjb i icati No. 09/ 144 607 e
descri bed,%lhﬁmglétrof%ﬂi‘%@e‘%gf Aryen 182@%%‘1%@2%&??{“ ‘fﬁ%ggs gﬁ’;ﬂrl?l%lgf frBWsO'%l}I@%
conpri se aleight pedEntOh@ ah@fulitsQP'th N 0 Wit peREMONGBudRs@d td gint Banyislifigand a
cerium conponen respectively. The anbunt of the nmetal conponent in the

t
sul fur rem‘iabﬁff%‘?é{ alysts is normally fromO0.2 to 5 weight percent, but

amounts u 10 ' . 3 t ' 0 noval
rrect. [ U8 " T APhiBEOE B A PoRUONEE A SEuBhis MXEREH) ey 60
199?, ?n Fmtphgdv?;hckmgtmmékfor wcﬁlcingmm:t qilfoe eGIﬁeﬂtijltI:Ieeld}lﬁd agcltoilﬁ@p@d}l&g,r
content o e liqujd, cracking products, . especially cracked gasg]ine,
produced esmsRaHy GRGkSH GonieatBett Bt asR R S egmiBpgsAHELY s
descri bedCOIIB&;@%%&&ériﬁéap'ﬂ%}r@cefg@érﬁ;&m% a §e}f§1§r§>cf§‘y5't@fﬁ' HA9in® oSl fbeab GRMCE 1 ON
conmponent contai ning porous catal yst and a netal “conponent 1 n an oxi dation
st at e gr eatmponenhegntzping. pofdus cgtalstiandraegeaet conpaeni mianyxofativhstaegredtgrst
systemi s, ncrea asin

conponent 1Y & o }%cfgilff“ii)%%rg? ) a\“g]‘”%?}e\]; tﬁg\éetrﬁﬁ'g%%'gé%ﬁg%cggasg& B ﬁcg;sglgt e
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catalyst regeneration.

[0017] Application Serial No. 09/649,627, filed August 28, 2000, is a continuation in
part of Application Serial No. 09/399,637 and discloses improved sulfur reduction additives
for use in a catalytic cracking process for reduction of sulfur content. The sulfur reduction
additive comprises a non-molecular sieve support material (preferably an inorganic oxide
support such as Al, O3, Si0O,, and mixtures thereof) containing a high concentration of
vanadium. The amount of vanadium contained in the sulfur reduction additive catalyst is
normally from about 2.0 to about 20 weight percent, typically from about 3 to about 10
weight percent (mmetal based on the total weight of the additive).

[0018] Despite recent sulfur reduction technologies, there continues to exist a need for
effective ways to reduce the sulfur content of gasoline and other liquid cracking products.

The present invention was developed in response to this need.
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cracking process, which provides |iquid products having inproved sulfur
r educt i onwhen compared to the sulfur reduction activity typical in conventional catalyst cracking

processes.
[0022] It is also an advantage of the present invention to provide a catalytic cracking
process which allows for the rapid dispersion of vanadium over the entire cracking catalyst
inventory, thereby enhancing the removal of sulfur components from cracked hydrocarbon
products.
[0023] An additional advantage of the present invention is to provide a catalytic
cracking process having improved product sulfur reduction without the need for the addition
of sulfur reduction additives, including zeolite/vanadium additives as disclosed in related
Application Serial Nos. 09/144,607; 09/221,539; 09/221,540; 09/399,637 and 09/649,627.
1 [0024] Another advantage of the present invention is to provide catalytic cracking
compositions in situ during a catalytic cracking process which compositions are capable of
improving the reduction in the sulfur content of liquid cracking products in the presence of
metal contaminants, e.g. nickel and iron.
[0025] Other objects and advantages will become apparent from the detailed

description and the appended claims.
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[0030] The term “conversion rate” is used herein to indicate the rate at which a
hydrocarbon feedstock is converted to lower molecular weight, lower boiling hydrocarbon
products.
[0031] The term “catalyst activity” is used herein to indicate the quantity of cracked
product formed per unit time per unit volume of reactor.
[0032] In accordance with the present invention, a conventional FCC process is
modified to provide a high concentration of vanadium (expressed as elemental vanadium)
directly onto the equilibrium catalyst inventory to reduce the sulfur content of cracked liquid
products. The process involves charging a hydrocarbon feedstock, containing at least one
organo-sulfur compound as an impurity, into a FCC unit operating under catalytic cracking
conditions to contact the equilibrium catalyst inventory contained in the unit. During the
FCC process, fresh FCC catalyst in added and equilibrium catalyst is withdrawn to create a
steady state condition within the FCC reactor unit. Once a steady state environment is
reached within the FCC unit, the hydrocarbon feedstock is treated to add at least one
vanadium compound to feedstock. The vanadium treated feedstock is charged into the FCC
unit operating under steady state condition to contact the equilibrium catalyst inventory and

selectively provide a high content of vanadium, expressed as elemental vanadium, on the

equilibrium catalyst. The vanadium-treated catalyst is thereafter re-circulated throughout the



having a constant catal yst activity at a constant rate of feed of a
feedst ock having a defined conposition to obtain a constant conversion
rate of pwoddooes78 [ 0030] The term "conversion rate" i s us@dThEOERI43 O
indicate the rate at which a hydrocarbon feedstock is converted to | ower
nol ecul ar wei ght, |ower boiling hydrocarbon products. [0031] The term

" cat al yst FeCtinitiih ¥ contfud€fbabredrPieBede@atioddir6@ketol BeuUBO Ul f cohtest ACked
product formed per unit tinme per unit volume of reactor. [0032] In
accor danc@'avlﬁeﬂquvﬁ@rﬁdll%%ﬁ%mon%éﬂmﬁﬁ#@}llaéll%]éir%@éﬂ??@‘éh%ﬁso‘lﬂ&‘}rﬁfﬁ@@%ss i's

ol oment al (93RGa! ungre AP A FOREATRORS S Rin EIPE AT SRR Ry,

el ement al *'vamadi u I T’ect Frumcat

reduce t haiitablefodtalygenteRingafitcracdeest. [Fogvortleniene tiet invention witl beelsscribad ol ves
chargi ng a_  hydrocarbon feedstock, containing at |east qne q&ga o-sul fur
conpound ¥ih seferepsrieithy FCCrecess pthoughithe rspepbpiongss sAMdbeisedining eldgr acki ng
condi tion L brd s L DY t aj.ned in the
it oo g e Rel LB ET Bl Rl e R ek PR SR BT 1 br
cat al yst feguinérhérds afvhe processeAlpert dronstheadyitioh af thecanalitmaompiotind/sntd the FCC

t if. t ead t at [ t, i hed within the F
it 1 noR KBt Bl B ook PR DF EBTEE Poba BPCHE FORETY RO (LM

conpound { Qo MRk of peratAR A podst 6 RGhdiLEAHAS. I Bk N@m&HidnRLIRCE he

FCC unit operating undef steady state condition to contact the equilibrium
cat al yst catalgsis ory bamsed, $@lexemplee kgolite based eatal ybts ghithoolatjasite ehckiagadi um

expressed as el enent al ..vanadi um .on the . equil.ibri atal. . . Irhe

Vanad um YRR Raearipen o Decrarglroan b VEhedr B T T e & wo
03/ 00657 8CReckirdSNH 262e3C afalists UNiakcel DeRkd: ONEW 'YURK $97E ASBNANEZ4T968 TR  lods ON
process to reduce the sulfur content of cracked |iquid products fractions,

i n parti cweles it mymeroyscpthersoyregusishion Sadechbeigh dduid [(uBlc Frackimgiangboek,
cracki ng BLASRSP d?)f H%H%oﬁ ri\é%'tlisgﬁ m§4p§2§@?duct ed using any suitable
catal yti c cracki'ng uni't Gr ‘reactor. For  conveni ence, the invention will be
descri bed[0034] h r ebateenize thedlid eatbi§tic praokiag prarkisiawglicl the heawslgnritoqrtoness

appr opr | altB e R FSPTHBHD P aEIOEv OO Wi o € O 0Es A
and some. Pase H e R e S A e o
bel ow, t heecirewlaton ahckipepmtessgvittheciprubamgdlumirable eatalyiic orackiag gadlystThus,
conventi OPn%lentlc:)rc;ICE:onsisting of particles having a size ranging from about 20 to about 100 microns.
The significant steps in the cyclic process are:

[0035] (i) the hydrocarbon-containing feedstock or feed is charged into a catalytic
cracking unit, normally containing one or more risers, operating at catalytic cracking
conditions by contacting the feedstock with a source of hot, regenerated cracking catalyst to
produce an effluent comprising cracked products and spent catalyst containing coke and
strippable hydrocarbons;

[0036] (i) the effluent is discharged and separated, normally in one or more cyclones,
into a vapor phase rich in cracked product and a solids rich phase comprising the spent

catalyst;

[0037] (iii) the vapor phase is removed as product and fractionated in the FCC main
column and its associated side columns to form liquid cracking products including gasoline;
[0038] (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



catal ysts may be used, for exanple, zeolite based catalysts with a
faujasite cracking conponent as described in the sem nal review by Venuto
and Habi bwomBumes7€at al ytic Cracking with Zeolite Catal ystesT/usar/eeu3 Dekker,
New York 1979, |SBN 0-8247-6870-1 as well as in nunmerous other sources
such as Sadeghbeigi, Fluid Catal ytic Cracki ng Handbook, Gulf Publ. Co.
Houst on, 3R388ce HopBbreRBHLEt 2P0 whicH 1304 re€rielrtalthe/cratiieg Fonsifor @atlahyti c
cracki ng process in which the heavy hydrocarbon feedstock containing the
or ganosul futhecaippstiendy 1§d-1 be cracked to lighter products takes place in
a_catal Yt jya ack! RORLSAG M LlliliniesSAAGH FEL drtor rERHR BekqtitbAugY cl | ©
catal yst *recirculatiron Cratki g process w a circulatihg fﬂw di zabl e
cat al yti ccaiflgetks exgposéed @lwisibus candéivnes snch anthesiepositicaf offfegdsicck esnthamnanty a
size rangi ng_from about 20 tqg about 100 m craqns. T@g significant stepsin
the cycl i 8ndsihgsewse weenergtymas|opgyajiop ﬁ%“q%Wo%nélPﬁc?ﬂy RPES GRS MR EoRBik or

feed is Cfrﬁgﬁq‘?\%lg SHfet@ c%ﬁ{aﬂliﬂatlaﬁitﬁ indtARE b oY Bidited A VAR i Ym CABER A B6n.ONE OF

nore rise operating at catalytic cracking condi'tions by contacting the
f eedst ockInmdrmahosmaticnefafFCO tnit,rfecsb wetabised addealoddilygt dwtsamgsgatethat produce

an effluent .conprisi .cracked prqducts.and spent catal yst, containing coke
and stri B%B]Prgaﬂﬁﬁ“]&gtdf Borsra rgd@%? p’(‘)lvf‘fes?ﬁggsg"fnﬁ FH‘(?H’?‘ ‘ﬁca{i‘?yé@wa{? &4 and
separ at edp, Q8 FRbsYant Elatéap;a VIR VEhiElY £ R8s a condtaft GorNVeRYI dfifésandi ch in
cracked product and a solids rich phase conprising the spent catalyst;

[ 0037] (i belgctivity of dgrmned praakvietsi s renoved as product and fractionated in the

FCC mai n mm d its, assoc]ated. side |l ums. to for I GLLL| i:ng
products pﬁ@hﬂdl ngﬁ&ﬁs?ﬂsfeﬁg,y State(ﬁ?\?ﬁtlof] ic\(/)?&?1 1ésr’rglpeean Ouclzlg?g%}félg& %ugn g%@?%ﬁgd
usual Iy WHelFcst @aiis do@sth@ Dy, 8hoaabuded frefty citglganbdsbtofthoRCChaitdat@lay st
after which the stripped catalyst is oxidatively regenerated

: (. VO
03/ 006578 REMaysbof Epdigiunpeie evifdhawn Egeyibe apiblue theamyaint SEEHITEE pen
oo%e] S ttaly A0S AE K AfhRn AL OiauhBSIhRDstab hEon BUAPELHR R rab 8E T

[ 0039] As rate in a unit or reactor, the
equi | i bri wiichcafeadyysk hasingxplzfiaed tanpaexditiais addeddd theoumst is hakhroastanth &his
deposi ti o? of feedstock. cqntam nants_ . and the sever rq&enerarﬂ' on o{
oper at i on%e8/5an Of shaacterized bYAdirnqeh Pf BEAPELLEs pYf aSrﬁ})ﬁ ENY R g Vevel s

of metal eANtAFPRRLS), tdiGliNUATwRYE), RRtald édtdn@Bvi B), RRARbA Barboh, 3K lctaand

ren and boiling point and molecular weight distributions.
[0041] Typically, during the cracking reaction in the FCC unit, the sulfur in the feed
becomes distributed in the liquid and gaseous fractions of the cracked products. These
products include H,S gasoline, light cycle oil (LCO), heavy cycle oil (HCO), coke and
unconverted feed. Under steady state conditions, the amount of sulfur (on a wt % basis)
generated in these products is constant. Unexpectedly, however, it has been found that the
addition of vanadium from a secondary source to the feed being charged into a FCC unit
operating under a steady state environment selectively increases the concentration of
vanadium on the equilibrium catalyst circulating inventory to effectively reduce the sulfur
content of the cracked products. The amount of sulfur in the liquid products, especially the

gasoline fractions, is lowered as a result of the increased vanadium on the equilibrium

catalyst, even in the presence of metal contaminants such as nickel and iron.

[0042] Accordingly, the process in accordance with the present invention generally
comprises
[0043] (i) providing a substantially liquid heavy hydrocarbon feed stream comprising at

least one organosulfur compound as an impurity;



In normal operation of a FCC unit, fresh catalyst is added daily at the
sane rate that equilibriumcatalyst is withdrawn. This provides a constant
anount ofwoaBabesss i nventory having a constant catal yst &Cmiusny/g3243hi ch
mai ntai ns a constant conversion of feed and selectivity of desired
products. [0040] Thus, at steady state operation conditions, the amunt of
equi i bri yppeat al yel) dhbrgidd e Ridrobitbbn f2d GRBRE 86 a FC(BreabBLuMOMtiff fresh
catal yst added to the FéC unit“is equal to the amount of equilibrium

cat al yst windérdhagahrticf qrenkingeonditions phd bavikga einplatingahvestary [of bn equilibemal yst

| ost due tot%&kritkpq. Al so, during steady state operation of a FCC unit,
the rate St 2 WhfEHPECedst ock havi ng a defined conposition is added to the
unit is hgbe4sgonst &kl renldViny a p&rEEn 6 theRGuitBALRAChRNYE & chibrPfibttheFCof
properties such as APl gravity, specific gravity,  total sulfur (W 9%,
total nit FeAFEN UniitwWinde reptpeing 81l eamevedieqpikibriom catadirst Hyysntaryc with digsh eatalsgittor |
and boili 0] i i.stributions. [0041] Typically,
during thgge(??ea%:% an%rkgaetgg \?Ig)ﬁhl%rﬁt \\f{\/ﬁtelg’l%ftgﬂﬁl?ﬁ t, the sulfur in the feed
becones di[8e46]but edivi coritdveing itlpLtydireoachgaB&DyIRainrwich htdesst ohe Vdadumacked
products. These _products inglude H2S gasoline, light cycle oijl (LCO,
heavy cyclc@mppryng m@a,m%lak@lfﬁﬁent t0heaFRPe Fhecne@igtion pienadghipor opdhe

condi ti ons,,. 41 0 i : j

product o g ARRuB TR Bl e B R B0 e ERRD ppr USRS B FnblRRE
addi t i on ohknadmadnitiplly presena irseconitie cytalystineentdry; ade f eed bei ng charged into
a FCC unit erati under steady state.environnent, sel ectivel

i ncr eases 10 concéﬁ%ﬁ??%@?”@h‘gﬂfﬂ‘ﬁ?‘&w& grag, oflifﬁ?qe%’iﬁa@a‘i"gt? é@t

ci rcul at i RguildKERt Qtayst tvehibBeinl (e Fr Crestis N dsiddy st#08RIttonto t he
cracked products. The anmpunt ‘of sulfur in the |iquid products, especially

t he gasolpremice patackimgsong sifluonieoaprismgaracksdiprodoéts hingng acedigedsilitanadi um
on the eq%i Iti‘Q{i um catalyst, even in the presence of netal contam nants
such as niCR&and iron. [ 0042] Accordingly, the process in accordance with
t he preserjoo48)vent VaRadigheoaipondsaeefil i5@8 ptddét Hlventidn B1ag \He@h Garadium

substantially_ liquid heavy hydrocarbon feed stream conprising_ at |east one
or ganosul fCORfaERHeATRRPURY “é‘#Pli PRSI the: trapspqrt sl dspesitien VsRliyms speries[tp044]

(i1) charg é;&aélﬂﬁ g&&@&&%ﬁ80%1{1ft?cdcrﬁél{hgﬁﬁeddmo%s.aNE%n'ii‘fxggE%mﬁi@é bt oRghat i ng

under cat a%l trc C% ckrng conditions an aving a circu I'ng 1 nventory of
an equi | i bahadivm compounds are ammonium ortho-, pyro- or meta vanadates, vanadium oxides (e.g.

.

V,0s), vanadic acids, organometallic vanadium complexes (e.g. vanadyl naphenate),
vanadium sulfate, vanadium nitrate, vanadyl nitrate, vanadium halides and oxyhalides (e.g.
vanadium chlorides and oxychlorides) and mixtures thereof. Preferably, the vanadium
compound is selected from the group consisting of vanadium oxalate, vanadium sulfate,
vanadium naphthenate, vanadium halides, and mixtures thereof.

[0049] In a preferred embodiment, the vanadium compound/s are blended into the feed
as a solution prior to injection of the feed into the reactor. Suitable vanadium solutions
include those solutions wherein the desired vanadium compound/s are dissolved in water or a
non-aqueous solvent, e.g. a suitable organic solvent such as pentane, toluene and the like. In
a preferred embodiment, a non-aqueous vanadium napthenate solution is used.

[0050] The amount of the vanadium solution added to the feed stream will typically be
relatively small. Consequently, the vanadium solution can be added to the feedstock using
any commercially available pump. For practical application, the delivery of the vanadium
solution may be continuous or intermittent.

[0051] As shown in the Figure, in a typical FCC process in accordance with the

invention, a vanadium solution 2 is added directly into the feedstock 1 to be charged into the



catal yst conposition; [0045] (iii) renmoving a portion of the equilibrium
catal yst inventory fromthe FCC reactor unit while replacing all renoved
equi | i briwmosaoalg st i nventory with fresh catalyst to crearasay/sendy
state environnent within the unit; [0046] (iv) contacting the hydrocarbon
feed streamw th at |east one vanadium conpound in an amount sufficient to
i ncrease tike reamnaranitrdab ipeovidd a vardiinucoritaining hydrocidon éepdi3. | Trei vanadiamal yst

i nventory by .aboyt 100.to .ahout 20, Q0O0. | ati to th 1t of
o bR heycraeen r Y 0 00 PR ek G e ks ARRRSAT] ()
contact | ”%ﬂiﬁﬁri%ﬁ'&é@lyklﬁw&% 2Rl egexﬁmém BR8P ateShi BTt Tht BfTuent

equi |l ibri catal yst “inventory in the FCC reactor unit under steady state
condi t i onfomcthe psodusxora is sgrrkitedyinton erackdd preduct stosapr  shd g spandcitelysipr oduct s

having a reduced sul fur . confent.  [0048] Vanaditlm co nds_ usef.ul, in.the
o esent i FGH P GraSS G R THRAT N R RN NG SEOnBOtNa SHHRaE perhbs
the transpefrtulaid ifl @RAFAki@hndfthiongh Y aoRekiEr TR6 edRAerbf thé BRaIgEACKI NY
catal yst under catalytic cracking conditions. Non-l1inting exanpl es of

sui t abl e [008Rhdi unTeoerpdingieatalys usethimrthe praekking processyaf dhe iwventisnavillaioraakies
vanadi um pxj de e.q.. V2 vanadi g.aci d I i.C.. i
oo o 5% bG8 o 5 Hjasitt2ie APAAShSGRE Gtnon i ARRIS BplcE NI Bl v

vanadyl nid ¢t & its\fematiudimdéddifebragd sarthxadethhngda SypeY geolity (CCRBY YRhe hl or i des
and oxychl orides) and m xtures thereof. Preferab v?nadi um conpound

I th
i s sel ect BigpriagaR phwhishduds@eiediin U s absmt b@né&%ﬁ%%&q@%@,evﬁ%é{oﬁeﬁme
I fate. . : . . . .
C00a0] 1 n(US ST URIOGEH DA Telony NBIEIYIVETS LG vAN el SR phdipE e
t he feed Yamotitesak distloseddnilb$. RatentnNes t3,@7,@5 mi8,6763d8i1 Mhe atthe arakatgr .

Sui t abl e vanadi um sol utﬁons .include thaose so) utions erein the desi.éegd
g

vanadi um EFRPORFREISOUnelapbipgrvith 4 mpliis maggrialsuch 45 alimiag sorde) 1 SRV

a sui t abl g:Q{9R8 medRhieNthatUtlisAS RRALGNRsistaabdaD s adRel] b etlvityRont&l fof
preferred enbodi nent, a non-aqueous vanadi um napt henate sol uti on is used.

[ 0050] Ththearpuattiveizeolite compargintion woipsnents. Atelpaititle sidee theeutackingeatalystiis

typically _be .relativel I 'l..Conseqrpen the..vanadi um sol uti on can be
added to P Caﬁlééla&eofé‘%g%%ﬁﬁgo 1%\919”%8%7%? gffjg%?v)? fgl\}cg?%%lr e punp. For
practical [@Bgl i cat Thdfecldiekd @bdfiEinthOtatilitc vatdds PivcesV ik Qivefionh Belude

continuous or intermttent. [0051] As shown in the Figure, in a typical FCC
process i Aligeorrgahgentiafly fiqwiddydrocarbon feed containing sulfur as a contaminant.” The

feedstocks include those which are conventionally utilized in catalytic cracking processes to

produce gasoline and light distillate fractions from heavier hydrocarbon feedstocks. The
feedstocks generally have an initial boiling point above about 400°F (204°C) and include
fluids such as gas oils, fuel oils, cycle oils, slurry oils, topped crudes, shale oils, oils from tar
sands, oils from coal, mixtures of two or more of these, and the like. By “topped crude™ is
meant those oils which are obtained as the bottoms of a crude oil fractionator. If desired, all
or a portion of the feedstock can constitute an oil from which a portion of the metal content
previously has been removed, e.g., by hydrotreating or solvent extraction.

[0054] Optionally, the feedstock utilized in this process may contain as impurities one
or more of the metals nickel, vanadium and iron at the following typical ranges: nickel at a
level of about 0.02 to about 100 ppm; vanadium at a level of about 0.02 to 500 ppm; and iron
at a level of 0.02 to 500 ppm. In a preferred embodiment, the feedstock contains vanadium as
an impurity.

[0055] In accordance with the process of the invention, the vanadium compound is
added to the feed during operation of the FCC unit under steady state conditions. The amount

of vanadium compound added to the feed will vary depending upon such factors as the nature
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invention, a vanadiumsolution 2 is added directly into the feedstock 1 to
be charged into the 9 WD 03/006578 PCT/ US02/ 23243 riser reactor unit 4 to
provi de awoanadisasn cont ai ni ng hydrocarbon feed 3. The vanadirarso2/zam ai ni ng
hydrocarbon feed 3 is thereafter introduced in the riser reactor 4
containing a equilibriumcatalyst inventory and operating under a steady
state envi I b er 4 A ted into
2 or acked sotearo [Edring iElhg oo bidd ab Bl B B dea dcBeBRBE T 10
and stri ppabd@nhydnesad hoakled Thhe it acak 3uffRienstor i@adhdesthé batceaditivn of
recirculated_in the cracking unit through a regenerator 7 tq regenerate the
cat al yst . Vqnadimy imasondheequilingiuay cafplystinvrageyy by abae 10 de rRboH 281088@%1, of the
inventio g I jrasi It I cki ng
corrponen??ryfk%bég%i{ﬁgg%\tloeﬁﬁpgna I z’eng?slft? }egf%%m?%bgﬁgogggﬁﬁgﬂ? ggongﬁlghch as
cal ci ned rhtize ¢atltchinenohaihgeaditypieiti¥lly podseritdn OORENE catahyat inverpay. at i on of

which is disclosed.in U S. Patept . 3,402,996, .ultrastable type Y zeolite
(Usv) s 036 osedliaporeaiafian Shianunaoibs cqesbrida aS: Ryoyary ger St
partial l ﬁt@&ﬂ?%ﬂ@i@i@né Y&e d%t&l%ﬁleﬁtb%sth@%lﬁ!\ﬁﬁé &ﬁﬁﬁoﬁ:” U.S. Patents Nos.
3,607,043 and 3,676,368. The activé cracking conponent is routinely
conbined with a matrix material such as alumna in order to provide the
desi red nechani cal characteristics tri.ti,on resistance etc.) as well as
activity control for p@ﬁe(Mgkmﬁacdﬁ&igiﬁgféﬁéfﬁgiﬂﬁﬁgﬂﬁﬁ&ﬂéconponents. The
particle size of the cracking cat al y$tatilgst AddgicodRdte/(T/R) t he range of 10 to
120 mcrons for effective fluidization. [0053] The feedstocks useful in the
catal ytic cracking process of this invention include a liquid or
substanti @'057] I quid J&Ya@}ﬁﬁcﬁé&ajg 51564 6P HeahTtinBEn ?\sél%oh&ﬁct@&ir@coﬁggﬁtmlnam '

The feedstocks include those ich are conventio l'y utilized In
cat al yt i cFCE aedciorginis sthessethe ractipn tohpeetgasatges doanabolut 400 °Ciostiiol °Caind

fractions from heavier drocar po edst s The.. feedst acks neral |y
nave an | FETAFBOFP PR Ro e ADO0E 00 fod S0 OR (o0HEs S s PR SE R s
such as gascl@hg dnd fedBher@idnSon€ s a1 Bk ufiderslodd by 110 dkflledtaPia@ dare hotl@sicashal e
oils, oils fromtar sands, oils fromcoal, m Xxtures of two or nore of

t hese, an@hdidepend weon wyeral paspoeictsy tngh as fhe feerbsinek wdedothe orthlysiwand heaesalts

obt ai ned %%T%Qe bottons of a crude oil fractionator. If desired, all or a
portion o t'He feedstock can constitute an oil fromwhich a portion of the
met al conf088] pr eVhendffkyoihAs imyfened Sivosse df the.ifiventiby ity dedice eiad sulfyr or

sol vent extractiaon. . [ Cépti onal ly, eedstock utilized_ in this

0054]. . th .
process neRpteBAf i ‘Ifﬁ‘lé%l? RIPgucty ﬁépe_ceﬁlleyff%? telgreasqlioe fractons alihergh |
vanadi um gadddnQrédisd e Rl thORLMTyEMRIIC Alakin@MAESrodfits Kt HitaBle for use asa

diesel or home heating oil blend component. Gasoline sulfur reduction of 25% or more is

readily achievable using the process according to the present invention, as shown by the
Examples below. The sulfur removed by the use of the process is converted to the inorganic
form and released as hydrogen sulfide which can be recovered in the normal way in the
product recovery section of the FCC unit. The increased load of hydrogen sulfide may
impose additional sour gas/water treatment requirements but with the significant reductions
in gasoline sulfur achieved, these are not likely to be considered limitative.

[0059] To further illustrate the present invention and the advantages thereof, the
following specific examples are given. The examples are given as specific illustrations of the
claim invention. It should be understood, however, that the invention is not limited to the
specific details set forth in the examples.

[0060] All parts and percentages in the examples as well as the remainder of the

specification are by weight unless otherwise specified.
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| evel of about 0.02 to about 100 ppm vanadiumat a |evel of about 0.02 to
500 ppm and iron at a level of 0.02 to 500 ppm In a preferred

enbodi nenwp oBlessfeedst ock contai ns vanadi um as an i npuri PEI/USODRY3 | n
accordance with the process of the invention, the vanadi um conmpound is
added to the feed during operation of the FCC unit under steady state
condi ti on@%il']he amyier, A r#RB3GhEIHEIRILAH ﬁa@@g&iﬁ&ﬁbﬁ%r E1RBsk, WidH asvBALY
dependi ng" upon such factors as the nature 10 WO 03/006578 PCT/ US02/ 23243
of the fergssavkgmsputiculiteccofarapengessunitd gfgneaguredcanditionhephysisell taesdsi r ed.

Ceneral ly, the vanadi um,compound is added to . the feed at a ratg sufficient
Co et exbsstaaeetan AU AL BRaP R P S s et P Phefes

cat al yst i\fgﬂrﬁﬁﬁl%r)falhﬂg ARAH sudR Ganle, iabIQding 28y G ePPMumtRieiBRiabhy rafpeyd 300
to about 5000 ppm nost preferably about 508 to about 2000 ppm relative
to the amsaied.of vanadiuminitially present in or on the catalyst

i nventory. [0056] The concentration of vanadiumon the equilibrium catalyst
inventory under state steady conditions can be determ ned by the foll ow ng
equation: ppnV on ecat = ppmV in feEXAMPEESl rate (Tons/Day) Catal yst
Addition Rate (T/D) [0057] The catal ytic cracking process of the invention
is conducted in conventional FCC reactor units wherein the reaction
tenperature ranges from about 400 C t]%(a}%‘geg and regeneration tenperatures
from about 500 C to 850 C are utilized. nditions within the cracking and
regeneration zone, as wi(Chtalydc BinelensdéroafdVimadivne Asked fod@tedy ti san, are not

critical depe upon sever.al paraneters,. su as the feed sto ed,
t he catal L@EQ] and Eﬁ‘“epﬁ%@%‘sﬁ P? \é’e IREDEIPR 3 2s [e5treldn %ﬁéﬁ[gavé?l?%ﬁ’lrc‘ﬂ?tmﬂ]ﬁégef Qﬁ?gf/ed
process of, haI VRN lf’fclnI g%stﬂﬁiél%@lﬁ“uf RS, UL gascAnfe8d t)vifhfabb{i:tel b4 Ganed

cracki ng products, especially the |light gasoline fractions although

r educt i onsf sulfar &t Hod wois @skd as thaeask ifepidt by dbasl mppertiesedkt Blepwihim 1E‘ﬁ’ocl)ﬁliﬂct S nore
suitable for use as a diesel or hone heating oil blend conmponent. Gasoline
sul fur reduction of 25%or nore is readily achievable using the process
according to the present invention, as shown by the Exanples bel ow The
sul fur renoved by the use of the process is converted to the inorganic
form and rel eased as hydrogen sul fide which can be recovered in the nornal
way in the product recovery section of the FCC unit. The increased | oad of
hydrogen sul fide may
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i npose additional sour gas/water treatnent requirenents but with the
significant reductions in gasoline sulfur achieved, these are not |ikely

to be conwpdaied7s i mtative. [0059] To further illustratePChasprenent
invention and the advantages thereof, the follow ng specific exanples are
given. The exanples are given as specific illustrations of the claim

invention. It should be understood, howeygpleihat the invention is not
limted to the specific details set forth in the exanples. [0060] All
parts and percentages in the exanpl deedPropsiticsas t he remai nder of the
specification are by wei ght unl esHemtyhéaonmuseGapedi fi ed. 11 WO 03/ 006578
PCT/ US02/ 23243 [0061] Further, any range of nunbers recited in the
speci fi capppRhityclp@d @B, such as that representing asparticular set of
properti egy. &Wg? spre, conditions, physical stpbgs3or percentages,
IS intendgﬁﬂﬁggﬁhhefa 'y incorporate expressly hereijpgby reference or

ot herwi se,” "any nuhber falling within such range, including any subset of
nunber s Wiﬁt@ifn apy range so recited. EXAMPLES Exanp 4k (Catal ytic

Eval uat i oi*'of’ \ ﬁ%diungAdded to Feed) [0062] The proc %§ of the invention
was test eao‘i‘f‘hNtth@eBa\YT-ﬁ on circulation riser (DCR) f glt alytic

perfor nanBéSWertr%PileW-l% sul fur reduction. A gas oil @é§ w th about 1.04
wt% of sulfur in feed was used as the base feed. The feed properties are
shown i n Tahiadsch CarBonvi®8/ 006578 PCT/ US02/ 23243 TabP&11 Feed Properties
Heavy Vacuum Gas Ol APl Gavity @0 F 25.3 Specific Gavity @0 F 0.9023
Ani line Peiijgpm F 178 Sul fur, wt.%1.041 Total N trogen, w.%O0.07

V, ppm 0.4
Fe, ppm 3.7
Na, ppm 0
Cu, ppm 0
K Factor 11.67
Refractive Index 1.501736
Average Molecular Weight 348
% Paraffinic Ring Carbons, C, 59.8
% Naphthenic Ring Carbons, C, 21.1
% Aromatic Ring Carbons, C, 19
Simulated Distillation, vol.%, °F

IBP 309

5 462
10 525
20 601
30 653
40 703
50 748
60 792
70 835
80 885
90 941
95 981
FBP 1063
Percent Recovery 100
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Basic Nitrogen, wt.%0.0308 Conradson Carbon, wt.%0.21 N, ppmO0.2 YV,
ppm 0.4 Fe, ppm 3.7 Na, ppmO Cu, ppmO K Factor 11.67 Refractive |ndex
1. 501736 wAwaneges Mol ecul ar Wei ght 348 % Paraffinic R ng @amrhsa%?232€p 59. 8

% Napht henic Ring Carbons, C' 21.1 % Aromatic R ng Carbons, Ca 19
Sinulated Distillation, vol.% F IBP 309 5 462 10 525 20 601 30 653 40

703 50 78863160 79250 #@m33Pa vﬁﬁdﬁﬁén%&@h&aﬂe sofRioA&dntamBly AH6B3 wees 6ent
Recovery 100 13 WO 037006578 PCT/ US02/ 23243 0063] 2.50 grans of a

vanadi um veapdinhevas Werdsd irithol)00 graras of the feedeo dthe Zesittingyfpgd contained about
25ppm of vanadium as analyzed by ICP and a vanadium to nickel ratio of 125.

[0064)] A commercial FCC catalyst was used for the study. The catalyst was steamed

deactivated for 4 hours at 1500°F in 100% steam. The catalyst properties are shown in

Table 2.
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vanadi um was bl ended with 3000 granms of the feed. The resulting feed

cont ai ned about 25ppm of vanadi um as anal yzed by ICP and a vanadiumto

ni ckel rawD®30665125. [ 0064] A commercial FCC catal yst was Pa3dibot/o43 he
study. The catal yst was steaned deactivated for 4 hours at 1500F in 100%
steam The catal yst properties are shown in Table 2. 14 WO 03/006578

PCT/ US02/ 23243 Table 2 Catal yst Properties Chem cal Anal yses (Fresh)
A1203 57.4 wt. % Si02 37.9 wt. % RE203 2.05 wt. % Na20 0.30 wt. % SO4
1.18 wt. % Ti02 0.99 wt. % Fe203 0.6Habe2 % P205 0.14 wt. % CaO 0.09
w. % MO 0.05 wt. % Physical Properties (3 hrs./1000F) BET Surface Area
259 nR/g Zeolite Area 147 n2/g Mityst Propartitd2 n2/g Unit Cell Size 24.56
(A) Steam Deactivation (4 hr/1500F / 100% stean) BET Surface Area 141 n2/g

Zeol i te Apgamfal ARAgsesVRickhx Area 76 n2/g Unit Cell Size 24.36 (A) [0065]
The cat al ¥$jo,and feed cogbyhations were tesfed for cracking activity and

SiO, 37.9 wt. %
RE,O3 2.05 wit. %
Na,O 0.30 wt. %
SO4 1.18 wt. %
TiO, 0.99 wt. %
Fe, O3 0.64 wt. %
P;0s 0.14 wt. %
CaO 0.09 wt. %
MgO 0.05 wt. %
Physical Properties (3 hrs./1000°F)

BET Surface Area 259 m*/g
Zeolite Area 147 m*/g
Matrix Area 112 m’/g
Unit Cell Size 24.56 (A)
Steam Deactivation (4 hr/1500°F / 100% steam)

BET Surface Area 141 m*/g
Zeolite Area 65 m’/g
Matrix Area 76 m*/g
Unit Cell Size 24.36 (A)
[0065] The catalyst and feed combinations were tested for cracking activity and

selectivity as well as gasoline sulfur effect in the DCR. The liquid product from each run was
analyzed for sulfur using a gas chromatograph with an Atomic Emission Detector (GC-
AED). Analysis of the liquid products with the GC-AED allowed each of the sulfur species
in the gasoline region to be quantified. For purposes of this example, the cut gasoline will be
defined as Cs to Cy, hydrocarbons that have a boiling point up to 430° F. The sulfur species
included in the cut of gasoline range include thiophene, tetrahydrothiophene, C;-Cs alkylated
thiophenes and a variety of aliphatic sulfur species. Benzothiophene is not included in the cut
gasoline range.

[0066] The DCR data for the catalysts is shown in Table 3 below.
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selectivity as well as gasoline sulfur effect in the DCR The liquid
product fromeach run was analyzed for sulfur using a gas chromat ograph
with an AvormBoodns ssi on Detector (GC- AED). Anal ysis of tIr€TIiSqueat4pr oduct s
with the GC-AED al |l owed each of the sulfur species in the gasoline region
to be quantified. For purposes of this exanple, the cut gasoline wll be
defined as C5 to Cl2 hydrocarbons thattfjaye a boiling point up to 430 F.
The sul fur species incl Ud}ﬁ@e& Brtg &d&ed@kf Og@%ﬁﬂgesdmpge i ncl ude

t hi ophene, tetrahydrothi ophene, Cl-C5 alkylated thiophenes and a variety
of aliphatjc sulfur speC| es. Benzot hi ophen S not | uded in cut
gasol i ne 8 6] The DCR datéi for th?dgat al ystgﬁgs shown 1|t2§8TabI e 3
bel ow. 15 WO 03/ 006578 PCT/ US02/ 43 Table 3 Effe f Fee ed V on
Gasol i ne SUPMELHONIAZ um ppm O %ié‘%?n 12%649Conver§£§g %76 36 76. 49
74. 68 76.8metiCasyi c Conv 3.36 3.2802 95 3.325 ¢/ O Rat¥® 8. 10 8331 g8.73
8.54 H2 &iGeRatiowt % 0. 02 0.03 0. 0810. 06 C B3+ C2's ,WB61.65 1869 1.70
1.70 Totld) Y&k, wmt% 5. 67 5.66 5.2708242 Tot&l03C4 wt % 00652 10. 70.0640. 06

10. 50 Gaspl Coe,with % 54. 22 53. 24 5B519 53.41.69LCO, wt %/08. 21 18130 19. 52
18. 81 Bortens, ,wwgo 4. 74 5.00 5.896%4.87 Cok@s W % 4.5274.66 4.9324.74 Cut
Gasol i ne ﬁgﬂf ,thcpm 610 500 3931412 PercegplyiGasolingod Reduc'qog() 18 0%
35.5% 32. 4 flﬁ@ Wotve to 0 ppnV kQG67] Theskiyst col lgg'qgshows

cat al yst the addition of ;yapadi um t@ s the feggs,The ne hr ee
colums s o the oduct yields a 34gasolln Bulfur a§8 he vang%b

accunul at cat al yst at abg t1 360 pp 773 ppn‘hgind 12504%m The

dat a 66
Cut Gasoline Sulfur, ppm 610 500 393 412
Percent Gasoline S Reduction 18.0% 35.5% 32.4%
Relative to 0 ppmV
[0067] The first column shows the FCC catalyst without the addition of vanadium to

the feed. The next three columns show the product yields and gasoline sulfur as the
vanadium accumulated on the catalyst at about 360 ppm, 773 ppm, and 1250 ppm. The data
shows that the added vanadium decreased cut gasoline range sulfur content from 18 to 35%
as compared to the base FCC catalyst. The H2 increased modestly as the vanadium increased

but the effect on coke was small.

Example 2
(Catalytic Evaluation of Vanadium Added to Feed)
[0068] This example shows the effect of feed vanadium gasoline in the DCR. A
commercial equilibrium FCC catalyst and a commercial FCC gas oil feed with about 0.05
wt% of S was used. The equilibrium catalyst contained 24 ppm Ni and 110 ppm V. The

catalyst properties are shown in Table 4 below.
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shows that the added vanadi um decreased cut gasoline range sul fur content
from18 to 35% as conpared to the base FCC catal yst. The H2 increased
nodest | y Wo oshassvanadi um i ncreased but the effect on cokeCrasozeail .
Example 2 (Catal ytic Eval uation of Vanadi um Added to Feed) [0068] This
exanpl e shows the effect of feed vanadiumgasoline in the DCR A

commercial equilibriumFCC catalyst and a commercial FCC gas oil feed with
about 0.05 wW%of S was used. The equp]ybji um catal yst contained 24 ppm N
and 110 ppm V. The catalyst properties are shown in Table 4 below. 16 WO
03/ 006578 PCT/ US02/ 23243 Table 4 Egg%lj?r Oe\?ﬁésti es Chem cal Anal yses Si02
64.87 wt. % A1203 31.6 w. % RE20 : % Na20 0.29 wt. % S04 0.13
w. % Fe 0.5.th %) Tio2 1.1 w. % MO 0.052 wt. % P205 0.271 wt. % CaO
0. 086 wt.c, 1 V 110 ppm Physical Analyses (3hrs. / 1000 F ) BET
Surface A¥ifa 181 n2/g Zeolite Area 18%8hp/ gWtWatrix Area 44 n2/g The feed
properti e8b&e shown in Table 5 bel ow3l.6 wt. %

RE,O5 2.69 wt. %
Na,O 029 wt. %
SOy 0.13 wt.%
Fe 0.5 wt. %
TiO, 1.1 wt. %
MgO 0.052 wt. %
P,05 0271 wt. %
CaO 0.086 wt. %
Ni 54 ppm
\Y% 110 ppm
Physical Analyses (3hrs. / 1000 °F)

BET Surface Area 181 m?/g
Zeolite Area 137 m?/g
Matrix Area 44 m*/g

The feed properties are shown in Table 5 below.
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17 WO 03/006578 PCT/ US02/ 23243 Table 5 Feed Properties APl Gavity @0 F
22.3 Specific Gavity @0 F 0.92 Aniline Point, F 157 Sulfur, wt.%0.055
Total Nitwogampesat . % 0.2 Basic Nitrogen, w.% 0.056 Conradgmsaz/exibon,
w.%0.05 N, ppmO V, ppmO0.1 Fe, ppmO Na, ppm0.6 Cu, ppm 0 K Factor
11.36 Refractive Index 1.50846 Average Ml ecul ar Wi ght 324 Paraffinic

Ri ng Carbons, Cp 46.4 Naphthenic Ring Carbons, C' 34.2 Aromatic Ring
Carbons, Ca 19.4 Sinulated Distillathgpeyo!l.% F IBP 264 433 490 577
635 685 728 771

Feed Properties
API Gravity @60 °F 22.3
Specific Gravity @60 °F 0.92
Aniline Point, °F 157
Sulfur, wt.% 0.055
Total Nitrogen, wt.% 0.2
Basic Nitrogen, wt.% 0.056
Conradson Carbon, wt.% 0.05
Ni, ppm 0
V, ppm 0.1
Fe, ppm 0
Na, ppm 0.6
Cu, ppm 0
K Factor 11.36
Refractive Index 1.50846
Average Molecular Weight 324
% Paraffinic Ring Carbons, C, 46.4
% Naphthenic Ring Carbons, C, 34.2
% Aromatic Ring Carbons, C, 19.4
Simulated Distillation, vol.%, °F
IBP 264
433
490
577
635
685
728
771
814
860
926
988
FBP 1415
Percent Recovery 100
[0069] The DCR was operated with a riser temperature of 970°F and a regenerator

temperature of 1300°F. All the liquid products were analyzed by GC-AED for gasoline
sulfur levels. The DCR data for the catalysts is shown in Table 6 below.
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814 860 926 988 FBP 1415 Percent Recovery 100 [0069] The DCR was
operated with a riser tenperature of 970F and a regenerator tenperature of
1300F. Alwotohmodsrgui d products were anal yzed by GC- AED f orCgasor/2are3 sul fur
| evel s. The DCR data for the catalysts is shown in Table 6 below. 18 WO
03/ 006578 PCT/ US02/ 23243 Table 6 DCR Study w th Vadani um Added to Feed
970 F Riser Tenperature Columm A Columm B E-Cat E-Cat V Feed Added Tot al
Vin System ppm 110 640 V on ECAT Only, ppm 110 110 Conversion 68
Activity 6.18 6.88 H2 Yield wt%0.03 0.06 Cl1+C2'sw% 1.86 1.87 Total C3
Ww%5.06 4.97 C3 Wm%0.69 0.77 C3= Edlel637 4.19 Total C4 wt % 9.42 9.01
0, 0, 0, 0,
IC4 W% 3.05 3.08 nCAwt /OBC?{Studywﬂh-{]Ot al Achd/o ]‘%:ees 5.34 Gasoline wt%

49.13 49.03 danium
970 °F Riser Temperature
Column A Column B
E-Cat E-Cat V Feed
Added
Total V in System, ppm 110 640
V on ECAT Only, ppm 110 110
Conversion 68
Activity 6.18 6.88
H, Yield wt% 0.03 0.06
Ci+ Cy's wt% 1.86 1.87
Total Cs wt% 5.06 4.97
Cs wt% 0.69 0.77
Cs=wt% 4.37 4.19
Total C4 wt% 9.42 9.01
1Cy wt% 3.05 3.08
nCywt% 0.55 0.58
Total C4= wt% 5.82 5.34
Gasoline wt% 49.13 49.03
LCO wt% 24.90 24.90
Bottoms wt% 6.91 6.84
Coke wt% 2.33 2.85
ppm S Gasoline
Mercaptans 9 7
Thiophene 6 5
MethylThiophenes 21 18
TetrahydroThiophene 2 1
C,-Thiophenes 17 13

Thiophenol 2 0
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LCO wt % 24.90 24.90 Bottons wt % 6.91 6.84 Coke W% 2.33 2.85 ppmS

Gasol ine Mercaptans 9 7 Thiophene 6 5 Methyl Thi ophenes 21 18

Tet r ahydrwOhBomisese 2 1 C2- Thi ophenes 17 13 Thi ophenol 2CO/USLY23MD

03/ 006578 PCT/ US02/ 23243 Tabl e 6 continued C3- Thi ophenes 7 2

Met hyl Thi ophenol 7 0 C4=Thi ophenes 7 QO BenzoThi ophene 11 10 ppm S

Gasol i ne Light Cut Sulfur 45 38 Heahlgocontimued yr 14 2 Cut Gasoline Sul fur
60 41 Total Sulfur 71 50 Thiophenols 9 0 Total Sulfur + Thi ophenols 80

51 % Gas@)-Thiepl®rReducti on Light Cut Sul fur716% Heavy Qut Sul fur 85% Cut
Gasol i ne MulhylThi@dmolTot al Sul fur 29% Thi ophenol s 100%0 Total Sul fur +

Thi ophenot sTki6fhenes 7 0
BenzoThiophene 11 10
ppm S Gasoline
Light Cut Sulfur 45 38
Heavy Cut Sulfur 14 2
Cut Gasoline Sulfur 60 41
Total Sulfur 71 50
Thiophenols 9 0
Total Sulfur + Thiophenols 80 51
% Gasoline S Reduction
Light Cut Sulfur 16%
Heavy Cut Sulfur 85%
Cut Gasoline Sulfur 32%
Total Sulfur 29%
Thiophenols 100%
Total Sulfur + Thiophenols 36%
[0070] The product selectivity was interpolated to a constant conversion of 68 wt%.

The first set of yield data was obtained on the base feed and base catalyst without the feed
vanadium. At the end of the first set of yield data, the DCR was operated with the same feed,
but added 39 grams of vanadium naphthenate solution into 3000 grams of feed. The newly
made feed contained about 390 ppm vanadium. Since nickel was below the detection limit,
the ratio of vanadium and nickel was not calculated. The DCR continuously operated for 3
hours and the vanadium level on the catalyst was about 750 ppm.

[0071] The Ecat data with vanadium added to the feed (Column B) showed about 32%
reduction in cut gasoline sulfur as compared to the base Ecat (Column A).

[0072] Reasonable variations and modifications, which will be apparent to those skilled

in the art, can be made in this invention without departing from the spirit and scope thereof.
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[ 0070] The product selectivity was interpolated to a constant conversion of
68 W% The first set of yield data was obtai ned on the base feed and base
cat al yst wotohowts7g¢ he feed vanadium At the end of the fipst/user2343 yield
data, the DCR was operated with the sane feed, but added 39 grans of
vanadi um napht henate solution into 3000 grans of feed. The newly nmade feed
cont ai nedwahioistclad@ed gpm vanadi um Si nce ni ckel was bel ow the detection
limt, the ratio of vanadi um and ni ckel was not cal cul ated. The DCR
continuously operated for 3 hours and the vanadium | evel on the catalyst

was abo Ut 750 p %ce%o utl%%lécyffth'é AtpARh @b &aéﬁ?{%‘oﬂﬂ&t?ﬂgﬁda fifld Egl@ll(gjt%ed

(CqunnB sho uctlonln cut I'tne sul fur as conpared

to the bacsreackliiu@(tFC(Cqurumss Aq)wh{cﬁ@mawnga]mmdimefthcommlmorgmd)sulﬁlr
nodi fi cati ons, ariigilqeto those skilled in.the_ art, can be

et

made in tNPOIRIEISCRE walthh hBroAReRPY Rentagiih peyeliffatiihe t her eof .
20 WO 03/ Igg%feﬁlo%gﬁ ﬁl%g’@s‘gf%llthvéy@fculaﬁng R0 1d Sitaliic &a&ﬁﬁ’é:&]gﬁhﬁ}fum
reduci ng the sul content of cracking products froma fluid catal ytic
cracki ng ¢aRQGY np/teotpeysshcp pmoabﬁsc:hlrxprlbmgvy hydr ocar bon feed conpri sing

or ganosul fur onpounds.. i s ca ally cra i roduct.s b
contact in a c@)cl i Cpr&yizf‘dg}%w %ﬂ%‘?ll'yg ‘ﬁl @Vﬁ S%Q(lsﬁ'g@gwlpﬁngng a

ci rcul atlleggtbhyb@ag@@nﬁrgﬁﬁgdm{dla@ af iBplEitgg equi | i br| um catalyst inventory,
the process conprising: (i) providing a substantially liquid heavy,

hydrocar bon fe@d stinsadvargiheibyritegachon feedstrears iato arigntssator it epsiplingnd as
an i npuri {ye, éatél}/t ”}ad?% ' ”cﬂuélgktanﬂygﬁ@%%ngo L eed o%%lr\’?&g}r?,s&téﬁ ﬁuf: TBsum, |

reactor unit opera &Ky conprising

a circul agtateﬂ@tbﬂmpﬁglmsm of an equi | i brium cat aI yst conposition; (iii)
removing a portion of the equi.li br| um cataly i nventory fromthe FCC

reactor unit G| eCRONIMEE I?fg“uamp tﬂlﬁéqlélibﬁlﬂlm@?‘iaw Elé(PI&PstFOIF Hedife G rgactor
removed fﬁlﬁmﬁllifre#ﬁ\'cﬁg’%y(% Egagﬁnurﬁ%&@ity¥§l§1 r§% r@ﬁ%@ec?fréﬂl nsxgﬁh ?reslbon

envi ronnment wt tor uni ontacting t rocar
feed strecaamalyﬂtttdncmatelamdycmeewmammamn\mdrmdwECmecmmuanpunt suffl cient to

i ncrease the concentrati.on of, vana or on_the equilibrium catal yst
i nventory by abbut GERctige gf?ollﬁdr%g?%g] e;ﬁ’gﬂﬁea?lewlé]% f‘f_jgaS?Bnet Y?é‘aﬁlﬁﬁh‘?ﬂmﬂﬂung
vanadi um jnigRiabdcdht YufREREDBLndrBase theddnbdifraGigh 8f VifadivRY BNrdnMthe equilibrium

catalyst inventory by about 100 to about 20,000 ppm, relative to the amount of vanadium

initially present in or on the catalyst inventory;

V) contacting the equilibrium catalyst inventory in the FCC reactor unit with the
vanadium containing hydrocarbon feed stream under a steady state environment to produce a
cracking zone effluent comprising cracked products, including gasoline, having a reduced

sulfur content .

2. The process of claim 1 further comprising simultaneously producing a spent catalyst

containing coke and strippable hydrocarbons in step (iii).

3. The process of claim 2 further comprising
@) discharging and separating the effluent mixture into a cracked
product rich vapor phase and a solid rich phase comprising spent catalyst; and
(i)  removing the vapor phase as a product and fractionating the vapor to form

liquid cracking products, including gasoline, having a reduced sulfur content.
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(v) contacting the equilibriumcatalyst inventory in the FCC reactor unit
with the vanadi um containing hydrocarbon feed stream under a steady state
envi r onmewD Boogsroduce a cracki ng zone effluent conpri si mgTarsarkeds
products, including gasoline, having a reduced sulfur content . 2. The
process of claim1 further conprising sinultaneously producing a spent

cat al yst 4.contHienprogess okelammdl witerdip gradb htd ey dnocaradoms compaindps felécied. fr@n The

process of claim?2 further conprising (i) dischargin nd separating the
ef f I uent f&?ﬁ@&?éopﬁft@g@? AYRYH %ﬁlhBa&? " OF &tay éat%@g%a@ﬁaa%ﬁg&m d rich
phase conpiici hadReRids CatbRlonsdtallid Dehaivm coBpRYeN Yardddftmy SRfe, RAARIG aS a
product and fractionating the vapor to form  |liquid cracking products,

i ncl udi ngsuifaepyamadijunhseiiatey vanadauu bdiles and oryhebdgsemd miRtureadhe8¢H06578

PCT/ US02/ 23243 4. The process of claim 1l wherein said at | east one vanadi um
conpound is selected from the group consisting of anmmoni um ortho-, pyro-

or nmeta vanadapiRsprobitd bAEIREN ¥ IREHIH Fid ks Bne VARAHINE c@fbslid iPscdeviankdal | i c
vanadi um conpl exes, vanadi um sul fate, vanadyl sulfate, vanadiumnitrate,
vanadi um thagraipsonsistinggfhanedien cxpldtenyanadives sulfiss, eenadisn napldhgnetscess of
claim4 wherein.sai,d at .l eas e _vanadi um conpound is selected from the
group con\éaingfll ghaillfje%gﬂ%glmgtr#%% ) fg, vanadi um sul fate, vanadi um

napht henate, vanadi um halides, and m xtures thereof. 6. The process of
claiml1 wherein the hydrocarbon feed streamis contacted with the vanadium

conpound $-n anlhkewraeess efielpine il evherein thehydrosabop feedetisamris FatactRd with thenadi um
Ihor On\{a%&?iuﬁ{c%%lg&o'&gd %?L@%lrx&]ﬁrft%fﬁ%i%ﬂ{‘{o 0 8ade A& LN PAR og%ﬂadhﬁh bve to
t he anpunt 'of vanadium initially present In or on the cracking catalyst.
7. The practhssrackinglcaiabgs6byhlerue 300 tdebohty &I 0dqanh oelafieeid the ammeumt iof vamdivact ed
with the . vla?ﬂadi um c_orrpounlgl in_an anqunt sufficient to increase the
concent r at Y SresgRHA QT OMths et NG AEY cr acki ng catal yst by about 500 to
about 2000 ppm relative to the anmount of vanadium initially present in or
on the cracking catalyst. 8. The process of claim1 wherein the cracking
cat al yst ConprTlxegrogess af gleim Orvéhesgin the hyduicathen feed stisempis oerdastedowitle Fhei m 8
wherein t\t}a%aclli{anrng(% oredsi ze zeol i tﬁ. conpr.i ses a fauA asite. .o
pound n an amount sufficient to incréase the concentration of vanadium in or
on the cracking catalyst by about 500 to about 2000 ppm, relative to the amount of vanadium

initially present in or on the cracking catalyst.

8. The process of claim 1 wherein the cracking catalyst comprises a large pore size
zeolite.
9. The process of claim 8 wherein the large pore size zeolite comprises a faujasite.

10.  The process of claim 1 wherein the hydrocarbon feed further comprises vanadium as

an impurity.

11.  The process of claim 10 wherein the hydrocarbon feed further comprises nickel as an

impurity.

12.  Animproved process for catalytic cracking of a hydrocarbon feedstock which
contains at least one organic sulfur compounds comprising contacting in a fluid catalytic
cracking (FCC) reactor an inventory of fluid catalytic cracking equilibrium catalyst,

removing a portion of the catalyst inventory while replacing the same amount of fresh
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10. The process of claim1 wherein the hydrocarbon feed further conprises

vanadiumas an inpurity. 11. The process of claim 10 wherein the

hydr ocar bwo oBeedt7d urt her conpri ses nickel as an inpurityPCIAISOZe32itdrpr oved

process for catalytic cracking of a hydrocarbon feedstock which contains

at | east one organic sul fur conpounds conprising contacting in a fluid

catal yti ¢ Qb ackiidsitifittd ploS e eQiead stalR @R rBhdeiwittlit it 1@ &layol,an&r acki ng

equi librium catalyst, rehoving a portion of the catalyst inventory while

r epl aci ngimprevesnend campuisingof fresh 22 WO 03/ 006578 PCT/ US02/ 23243 cat al yst

conposition to,provid St state envirpnment within.the FCC reactor,

the inprovenef coﬁf&‘fi‘cglinﬁégeaﬁ%ro w‘fci/w&fg?ﬂ@aﬁf&? 8%%31%5% Corapopnd iR AN o

| east one,MaiadhHviGOIPRLRsd Re @BnceafiRibM of ShddiGheRbr b®tHergigiBEEmIMAd

concentration of vanadiumin or on the equilibriumfluid crackin gat al yst
@eﬁmlﬁo f

i nvent or y ciagking eatelystoovensorthyiabomol (900 appiri 207080 Bpimy eelatéverth gh

vanadiuminitially.present.in or ca t inventory; (ii) contacting
t he equi l W?}}aﬁ{}‘m H’éttlag{yfg?se\l}\} {nhortoﬁletﬁg%a&égsltﬁrﬁ\}e?%&n ’ai ni ng hydrocarbon feed in
a FCC reactor df)it uadssting thé @adybrinataleawiitomarahadiomRoodinde ydescacionng
zone effluent conprising .cracked products,, including _gasoline, having a
reduced sdfeflif a EGftispgtor uniBundepa sispdedials epyirmaniiaPiRAEGed Gagkie #i6cess

further Cg@gtscgﬁqggﬁafg%?gékga BRbREE R -;nﬁgéaolﬁl%,r%@g&gw@n@edssmﬂndéonqn@h

spent cat 0 renove occlu rocar romthe catalyst,
(ii1) transporting stripped catalyst fromthe stripper to a catalyst

regener at o ; jii) regenerating str ed catal yst by contact.w th oxygen
cont ai ni n85'gas&L‘%Pmﬁ?%dﬁfg‘lmég‘@ﬁ%fl&ttt TOSRSANYSET Calﬁaxﬁqs\}gle? ﬁtfﬂﬁ_ %e
regener at ed cagyl ySEtrigBin%hﬁe SIS e R SpdiP LdtallySt HASH RGEmbYE bQided AYdALALLES Of
heavy hydrocarbon feed. 23

from the catalyst,
(iiy  transporting stripped catalyst from the stripper to a catalyst regenerator;
(ifi)  regenerating stripped catalyst by contact with oxygen containing gas to
produce regenerated catalyst; and
(iv)  recycling the regenerated catalyst to the cracking unit to contact further

quantities of heavy hydrocarbon feed.
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