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OF THE I NVENTION This invention relates to the reduction of sulfur in
gasol i ne and ot her petrol eum products produced by a catal ytic cracking
process. The invention provides a catalytic conposition for red?ﬁ%@ﬁzm‘
product sul fur and a process for reducing product sulfur using [
conposition. 10 CROSS- REFERENCE TO RELATED APPLI CATIONS This application is
a continuation in part to Application Serial No. 09/399,637, filed

Sept enber 20, 1999. This application is related to Application Serial No.
09/ 144,607, filed August 31, 1998. 15 This application is also related to
Application Serial Nos. 09/221,539 and 09/221,540, both filed Decenber 28,
1998. BACKGROUND OF THE I NVENTION Catal ytic cracking is a petrol eum

refining p ' [ | gamﬁg' ehmAr CHACKIN@e scal e.
A majori ty&mwge$¢%§']ﬁg§?c}ﬁéyeégﬁgﬂ Ing pool 1n the United States is
produced by this process, with alnost all being produced using the fluid
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l'iquid cPacKl ng cts as we as “lighter 'gaseous cracking products of
four or legmipa dsmpadivosiqerdurbigqratect sTler ads pragess foraedusing prodest ol ef i ns
and partly of saturated hydrocarbons. During the cracking reactions sone
heavy natseHizpsing HYSACRPOYBYE is 30 deposited onto the catal yst. This

reduces the activity _@@@EﬁWE REOSTEDPAPPLICATIONS red. After
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therefore be distinguished: a cracking step in which the hydrocarbons are
convened fllnd SeptegheE 0t ducts, a stripping step to renove hydrocar bons

adsorbed on t hp, calaf¥slond0etiAed ROAPEB oA Serial No. 09/144,607, filed Avgust
31, 1998.
15 This application is also related to Application Serial Nos. 09/221,539 and
09/221,540, both filed December 28, 1998.

" BACKGROUND OF THE INVENTION

Catalytic cracking is a pewoleum refining process which is applied
20 commercially on a very large scale. A majority of the refinery gasoline blending pool
in the United States is produced by this process, with almost all being produced using
the fluid catalytic cracking (FCC) process. In the catalytic cracking process heavy
hyrdrocarbon 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
25 or cracking occurring in the vapor phase. The feedstock is thereby converted into
gasolinc,. distillate and other liquid cracking products as well as lighter gascous
cracking products of four or Jess carbon atoms per molecule. The gas partly consists

of olefins and partly of satrated hydrocarbons.
During the cracking reactions some heavy material, known as coke, is
30  deposited onto the catalyst. This reduces the activity of the catalyst and regeneration is

desired. Afier semoval of occluded hydrocarbons from the spent cracking catalyst,



step to burn off coke fromthe catalyst. The regenerated catalyst is then
reused in the 5 cracking step. Catal ytic cracking feedstocks normally
contain sulfur in the formof organic sulfur conpounds such as mnercaptans,
sul fides and thi ophenes. The products of the cracking process ’BFARﬁW%
correspondingly tend to contain sulfur inpurities even though abou al f
of the sulfur is convened to hydrogen_sulfide duri-ng the cracking process,
mainly io by catalytic deconposition &f non-t hi opheni ¢ sul fur conpounds.
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of the prRekiagStépas general |y been decreased in response to concerns about
the em ssions of sulfur oxides and other sulfur conpounds into the air
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sulfur compounds into the air following combustion processes.
One approach has been to remove 'the sulfur from thbe FCC feed by
20  hydrotreating 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 operationally
since hydrogen consumption is high. Another approach has been to remove thc sulfor
from the cracked products by hydrotreating. Again, while effective, this solution bas
the drawback that valuable product octane may be Jost when the high octane olefins
25 an: saturated.
From the economic point of view, jt would be desirable to achieve sulfur
removal in the cracking process jtself since this would effectively desulfurize the
major component of the gasoline blending pool without addjtional treatment. Various
catalytic materials have been developed for the removal of sulfur during the FCC
30  process cycle, but, so far most developments have ceniered on the removal of sulfur

from the regenerator stack gases. An early approach developed by Chevron vsed



5 renoved. See Krishna et a], Additives Inprove FCC Process, Hydrocarbon
Processi ng, Novenber 1991, pages 59-66. The sulfur is renoved fromthe
stack gases fromthe regenerator but product sulfur |evels are fﬁ)hmgmgtly
affected, if at all. An alternative technology for the renoval ur
oxi des fromregenerator stack gases is based on the use of magnesi um

al um nium spinels as additives to the 10 circulating catalyst inventory in
the FCCU. Under the designation DESOXTmused for the additjves ip this
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cat al yst 5525,210, 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. |
20 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 liguid products of the cracking process. These sulfur
reduction catalysts comprise, in addition 10 a porous molecular sieve component, 8
metal in an oxidation state. above zero within the interior of the pore structure of the
25 sieve. The molecular sieve is in most cases a zeolite and it may be a zeolite having
characteristics consistent with the large pore 2¢eolites 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 mesoporons
crys&alliné materials such as MCM-41 may be used as the sieve component of the
30  catalyst. Metals such as vanadiom, zinc, iron, cobalt, and gallium were found to be

effective for the reduction of sulfur in the gasoline, with vanadium being the preferred



S Wien used as a separate particle additive catal yst, these materials are
used in conbination with an active catal ytic cracking catalyst (normally a
faujasite such as zeolite Y and REY, especially as zeolite USY ﬂ:}%ﬂ%@?ﬂ
to process hydrocarbon feedstocks in the FCC unit to produce I(l I
products. In Application Serial Nos. 09/221,539 and 09/221, 540, both filed
Decenber 10 28, 1998, sul fur reductidon catalyst simlar to the one
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The sul I)yordutr:tg,d c%%&i% gr%%@fﬂhhﬁ@%r&ﬁ)c@d Wﬁ?&:ﬁcaxbon feed containing
organosulfur compounds is described. The process employs a catalyst system having

20 a sulfur reduction cornponent containing porous catalyst and a metal component in an
oxjdation state greater than zero, The sulfur reduction activity of the catalyst system .
is increased by increasing average oxidation state of the metal component by an
oxidation step following conventional catalyst regencration. The catalyst is normally
a molecular sieve such as zeolite Y, REY, USY, RESUY; Beta or ZSM-5. Non-.

25 zeolitic molecular sieves such as MeAPO-5, MeAPSO-5, as well as the mesoporous
crystalline materials sucﬁ as MCM-4]1 and MCM-48 may also be used as the sieve
component of the catalyst. Amorphous and paracrystalline materjals such as
amorphous refractory inorganic oxides of Group 2, 4, 13 and 14 of the periodic table,
for example, Al03, SiO3, ZrOs, TiO2, MgO and mixtures thereof, and paracrystalline

30  materials such as transitional aluminas, are also contemplated as qseful support

components for the metal component of the sulfur reduction catalysts. The metal



particle additive or part of an integrated cracking/sulfur reduction
catalyst. A system for increasing the oxidation state of the netal
conponent of a gasoline sulfur reduction additive is also descrigﬁg There
continues to exist a need for effective ways to further reducel § I} Wﬁfur
30 content of gasoline and other |iquid cracking products. The present

I nvention was developed in response to this need. SUMVARY OF THE | NVENTI ON
The present invention is directed to $ul fur reduction additive materials

for use 35 in a catalyti ' : i PRk capabl e of
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cracki ngﬁ ractions. The present sulfur reduction additives are simlar to
addi ti veg nepagly freth 0.0 14pP eight parcenioles need, Talatisew the 9eight pf ¢y and

091221,540, in that the additive nmateri a}hs enpl o sul fur reduction 20
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in an o Ion state above zero, i.e. vanadium wthin the interior of the
por e st riseintreasingihe exidation statehaf thehreta compprenty 6f 2 gasolingsvifdes of the
present invention, conptise a.ngn-nol ecul ar sieve support naterial which
cont ai nsreduqﬂé?lhﬂqdﬁéﬁ/ls 'ﬁr&é‘ﬂ?ﬁcgnt of vanadiummetal. |t has been have
found that tNgyuae linfeBR5AP) REL Rf cftbAKR Wik RitthePHIAROE theiAIfPDI nat i on
with a relati V& y high concentration of vanadi um enhances the rate of
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I ncreasing the activity of_ the catalyst to 30 renpove sulfur. 18 MAR 2004 6
Accor di ngevelopeddn pespoBi 10jthis 8f%d-on, the sul fur reduction additives conprise
a non-nol ecul ar sieve catal yst support material containing a high content
of vanadium in an oxidation state greater than zero. The support materi al

may be organic or i nor g BUMMARWVORK FHEINVENTI®NOr ous or non- por ous.
Preferably, the support material 5 is.an.anoyphous,pr paracrystalline
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t hereof.. The sul.f LQQ | hh B Sls ArEcpaBe ol SmprovaipdheireducBant i cl e
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(nor mal | y e kalfinocdntent pfitiquidpredohs pediged by the crrckivgipyencss.dn perticpladdst ocks

'nthe lhlél g(isoline and middle distillate cracking fractions. The present suifur reduction

additives are similar to additives described in Application Nos. 09/144,607,
| 09/221,539 and 09/221,540, in that the additive materials employ a sulfur reduction
20  component containing a metal component in an oxidation state greater than zero, ie.
vapadium. The sulfur reduction component in Application Nos. 05/144,607,
09/221,539 and 09/221,540 comprises a molecular sieve (preferably, a zeolitic
molecular sieve) which contains a metal component in an oxjdation state above zero,
ie. vanadium: within the interior of the pore structure. In contrast, the sulfur
25 reduction additives of the present invention, comprise a non-molecular sieve support
material which contains a relatively high content of vanadium metal. It has been have
found that the use of a non-molecular sieve catalyst sepport in combination with a
ré]aﬁvc]y high. concentration of vanadium enhances the rate of transport of vanadivm

over the entire FCC catalyst inventory, thereby increasing the activity of the catalyst to

30 rcmove sulfur,



catal ytic cracking (FCC) unit to produce |ow sul fur gasoline and ot her
liquid cracking tO products, such as, for exanple, light cycle oil that
can be used ‘as a |l ow sul fur diesel blend component or as beatiﬂig @diﬂﬂ
Accordingly, it is an advantage of the present invention to pro H flfur
reduction additive conpositions which provide inproved |iquid product

sul fur reduction when conpared to the sulfur reduction activity of a base
FCC catal yst 15 conventionally used ifn the catal yst cracking process. It
is also an adv?‘ggoq idnn ' ' [ di um
cont ai ni ng sulfur 9@&8&%&;}?"&%&&? %ueméﬁgxﬁggmegﬁ%ﬁdﬁﬁ%%%@p oggt he rapid
di sper si gon-rodlesiansicvecaulyst supporembterial conediking @ high edatsit offvaamdigmy used in
a catalytic cracking process, thereby enhancing the renoval of sulfur
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DESCRI PTI OF THE | NVENTI ON For purposes of this invention the term "high

vanadi umpeniciccadditive in' emghinatiewidnthe spnvcatianiiwatalytic areekinpertelyst t o i ndi cat e
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pol ycrys ne mat e at "exhibits selective sorption®prope

sepaj@t eprodecrpsuudndss fafexamplexligiteyde oflhketlvas be veéd avd kow kalfursdiesel and shape
di fferences, and have pores of uniformsize, i.e., fromabout 3A to

appr oxi rrhlf@ﬁyomni’,“%ﬁsgﬁa‘ﬁﬂﬂ@]ﬁ sizes are uniquely determined by the unit

structure of LSofdiglyhSs albdvahia §f1ﬂz'§nss@1§ ing&yo%ﬁaggoﬂtaggﬁymgb activated

alumna and silica gers are specifica excluded sin not
possess ggnnolicke héditioe yeinpbiitions which piovide iapeowadispdd eréduct balfig pores of a
non-uni form size. The distribution of the pore dianeters of such materi al

maybe nzmdustieon WheRSPHIPRIEite She S&HB{J{CdQ‘E}jQ"tQS’ﬁ_éIBBGf abges FEC catadpst angi ng
car bbs. Ceen oy el B R PR Dlocks. L7, | 7 ae ot “synthesi s and
| denti ficati ol is@ko ah abivasmdgdofhe Preeerit invention to provide high vanadium -
containing sulfur reduction additive compositions which allow for fhe rapid.dispcmion
of vanadium over the entire cracking catalyst inventory used in a catalytic cracking
process, thereby enhancing the removal of sulfur components from cracked
20  hydrocarbon products.
An additional advantage of the present invention is to provide sulfur reduction
additive compositions having improved product sulfur reduction ‘at lower additive
levels than heretoafore used for conventional snlfur reduction additives, inc]uﬁing
vanadiumlzcolﬁc sulfur reduction addijtives disclosed in related Application Nos.

25 09/144,607, 09/221,539 and 09/221,540.

DETAIL DESCRIPTION OF THE INVENTION
For purposes of this invention the term “high vanadjum content” or “high
content of vanadium” is used herein to indicate a vanadivm content of greater than 1.5

30  weight percent (as metal, relative 1o the total weight of the additve material).



Zeolite Ml ecul ar Sieves, pp.1-30. A nolecular sieve framework i s based on
an extensive three-dinensional network of oxygen atons containin

general ly tetrahedral type-sites. In addition to the Si'4 andlAl f?&ﬂsww'hat
conpositionally define a zeolite 15 nol ecul ar sieves, other cations al so
can occupy these sites. These need not be iso- electronic with Si*4 or

Al +3, but nust have the ability to occupy framework sites. Cations
presently known to occupy these sites’ within nolecul ar sieve structures
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under st oodp-unifors s&l @98&"’&?’1’5 n gﬁferﬁorﬁapc?ﬂc?%togg{% 0 ?prfng'v?@t r anspor t

vanadi um over the ' ' & 35 oriviide v faue Aban J0Aapeased
di sper si 8478 (ﬁﬁﬁﬁpggognegﬁﬁfgﬁgqﬁ%?g effi)coirent ptg?gel ¢ 18 MAR 2004 8

remygal  QfvdrilHbssapa 9ustn tiolchserfot sme aivaledaprionshdieeRidrgsikbase or
conventional cracking catal yst alone or..in.conbinati,0 '%‘pg}g&pt i onal
sul fur r @doetilanSigyes: g’ﬂﬂé‘ﬁlcs ﬁi%&%ﬁf%@@%‘bﬁ‘f ’°Ba€l§a|’y‘ﬁslf‘x\%racm ng

processe RGS &L J 2S AN ofebhib eV fAMawoadidiYakedosn a e used as a
corrponentsze(?ﬁ“t 8“3?’?%%1 g’?ﬁglpslr(ﬁvent ory of catal yst in the catal y%_iﬂg
cess.

cracki Ng ReRe thredldiminsidiabaerorasksofi cxyzen aosts doniamng grycraiy tetrahs
For conveni ence, the_ inventiqn,w

| d I bed ' to the FCC
process appdisitegh In pedien ihe Sédaﬁ“% N'leaghﬁggﬁi’loﬁ’ oaglgdﬁ Jl}hﬁeﬁ]%roﬁ'g@ gl dgr m?vi ng
bed type ( TOCh CLARK! 8GR0 N A/bABPY BiRkd Sik. TUpyshomamios beiso- par ti cl &

si zel requirenents of the process. Apart fromthe addition of
the presgiroafdtivith 88 b Al'Rcbut atuat havte thepbilitytoocsApy Famewopk 81est e changes

[ n the product v ecovery, Sectl on iéleSSls 36 Bkt BevERBREna! operating

snclude but are not limited to Be, Mg, Zn, Co, Fe, Mn, Al, B, Ga, Fe, Cr, Si. Ge, Mn,

Ti, and P. Another class of materjals intended 10 fall within the scope of molecular

20 sieve includes mesoporous crystalline matenals exemplified by the MCM-41 and

MCM-48 materials. These mesoporovs crystalline materials are described in U.S.

Patent Nos. 5,098,684; 5,102,643; and 5,198,203.
In accordance with the present invention, the sulfur content of the gasoline

portion of the liquid cracking products, is effectively brought to Jower and more
acceptable levels by carrying out the catalytic cracking in the presence of the sulfur

reduction additives comprising a high content of vanadium incorporated into a non-

molecular sieve catalyst support material. While the mechanism by which .thc high

vanadium-containing additives act to enhance removal of sulfur components normally

present in cracked hydrocarbon products is not precisely understood, it is believed that

30  the additive acts 10 rapid}y transport vanadium over the entire cracking catalyst

inventory. Such an increased dispersion of vanadium permats a more efficient rate of



unchanged- Thus, conventional FCC catal ysts may be used, for exanple,
zeolite 15 based catalysts with a faujasite cracking conponent as descri bed
in the semnal review by Venuto and Habib, Fluid Catalytic Cr?]q]kg%zw th
Zeolite Catal ysts, Marcel . Dekker, New York 1979, |SBN 0-8247-6870-1 as
wel | as in nunerous other sources such as Sadeghbeigi, Fluid Catal ytic
Cracki ng Handbook, @ulf Publ. Co. Hougton, 1995, |SBN 0-88415-290- 1. 20
Somewhat briefly, the fluid catalytic cracking process in which the heavy
hydr ocat ey eetgeaipridocmnglfuhtan bheheid when oginps bagtsonvddnlvelionat acked t o

| ighter products takes place by contact of the feed in a cyclic catalyst

r eci r cukpicking caradgiialepe qrin cembination withcdonrentignahgplfor sedncsigp pdditivesal yt i c
cracking catal yst inventory cqnsistin of particles having a size ranging
from abgeltewzéol’f:dm&g%Fatibéy‘fﬁ%‘%grpcﬁﬁﬁs'si gnificant 25 steps in the cyclic
process arc: (i) the feed is catalytically cracked in a catalytic cracking
zone, normally a riser cracking zone, operating at catal ytic cracking
conds ti $WC Pyoarent acting feed with a source of hot, regenerated cracking

catalyet contmeRTRG L SUB IR A RENSs At a8 A BmeRiBt e 2004°0°" (i 1)
the effl “e@%dﬁ'piin%ﬁﬁ?g%ﬁl ! E\%iﬁ@é’a&ﬂﬁrﬁ@cm@ﬁhg%bdésé, RWIER tifdke BRYsqs CYCl ones,

into a Sﬁﬁ ase racked product and a solids rich phase
conpri Sififiost vasiabhf the ROGpsstss. Foi ¢onvehiense pher inpéntion Wil bedesonbedas pr oduct
and fractionated in the FCC main, 5 colum and jts asso‘(@i at ed,si de col unms

to for mwtiihgefetennedorhe §CEr Bracrss Stherghide REseDiAddiives ould; hpused in g

catal yst _|s strippe u ' : :nhydrocar bons
Fron: nedeseayel BEE peg XY G Srithing bEAS b eppouE: A5GEAE Vel D
regener 1d §2P1PHEGe FeduirenBe e bt pebcess. Alpastirotidehadditiomeftheecycl ed to

the cratking 1o zone for cracking further quantities of feed. The present
sul fur pecetddditieeoi the eatalystiaveneny 3¢ some BAspofhaReeIRdPe PRRdugt ticl e

additive which is added taq,t Ln.cr ' ' kg4 The

cr acki ngeROYERY SPEHOR, GUSI rbr‘?gcf%f";@ & a%gggcﬁ'd@%r%&#%%‘gé}c# % gveo ite active

cracki n%nclﬁ:ﬂ@?@.n?ﬁhs, CORV&ltiong] FOO\RBH st kY Ye neal, foreximiple,cralitefl its forns
al'c

such as ¢ 'ned 15 rare-earth exchanged type Y zeolite (CREY), the
pr epsr abased aafalydts vhthi asfajasie erseking fompomentag desruibed in thegepuigggeview

ultrast %?vl\?anJYJ) aendYHggigl, }7 }uezd C%%%Yf}c E‘?acq(iir?gcllvﬂﬁ %ojill} é)n%ysrs, 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. .
20 _ Somewhat briefly, the fluid catalytic cracking process in which the heavy
hydrocarbon feed containing the organosulfur compounds will be cracked to lighter
products takes place by contact of 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 10 about 100 microns. The significant
25  steps in the cyclic process are:
(i) the feed is catalytically cracked in a catalytic cracking zone, normally a riser
cracking zone, operating at catalytic cracking conditions by contacting feed with a
source of hot, regenerated cracking catalyst to produce an effluent compnsing cracked

products and spent catalyst containing coke and strippable hydrocarbons;



Patent No. 3,293;192, as well as various partially exchanged type Y
zeolites as disclosed in U S. Patents Nos. 3,607,041 and 3,676, 368. The
active cracking conponent is routinely combined with a matrix{pyaRr2iR!
such as alumina in order to 20 provide the desired nechani cal _
characteristics (attrition resistance etc.) as well as activity control

for the very active zeolite conponent or conponents. The particle size of
the cracking catalyst is typically ig the range of 10 to 120 microns for
effective fluidization. As a separate particle additive, the sulfur .
reducti on adgdi)tihy effliennizrdisthksged sad ecpiazaicd, GONAGRY 1B GIErA TRITE C¥SIORESc onpar abl e
with that of t'he cracking catal yst so as to 25 prevent co eparation
duri ng jnbea sapaikihese ogk FIEGTa‘FIdeEﬁé‘}%FD‘?HéOIb%?rrfthHhéisesf%p%%g ?ﬁgngﬁl fur
reduction additive is in the range of about 10 to about 200 m crons,

pr ef er agAtglystabout 20 to about 120 microns. Sul fur Reduction Component 30
According to -t-g&eﬂéﬁ%‘? hade Y 3468 as heiugtiddadractiedaed imthe REL miawes conpri se
non- nol ecul aFm Ieve sugport material S havi n_g a high content of vanadium In
one 18 MARA084 idsCasseutined kide wbluminsith formmliquit coe KRR OSUSHIICIIAR eri al s am
anorphous and Paracrystalline support materials, such as refractory

| nor gangasotixe;des of Groups 4. 13 and 14 of the Periodic Table. Suitable
refractory inorgani c oxides -1 Qe |d #iRe obQudedA1203, Si A2,
Tj 02, C13Y (é’.‘@.%"%%’(?flf)ﬁa,lggéﬁ% %%L&’?gc?nﬁgééboﬁ?g?gﬁnlbnt noffllonite and the

l'i ke) 5.a o 5hifiBh thBREERkt, BRief whizhlitye sttippedscapysttis neidetivedy s are sel ected
fromt hgy%roup consisting of A 1203, Si @2, c| ai_/‘ l%TE:trEef eéabl:hé kag%ﬁign) and
M Xt ur esegehemtedito prbdice hopmegemeraed catalhie Wdighbripe ¥FIPjO the <ckiN®na. 1 n

anot her enbodi nent o he i”}’jﬁ”tifﬁ the support material is an activated
car bon. zeupinscraREMTRFEARURER S dalice with the invention may ‘be used

al one or in ﬁ%;ﬁﬁ&‘ak BARirQBiic@ oB:aives Sielvsed i e dotn ofia sejufate ves in

accordance wi e 1 nvention The anount of vanadi_urmnghmﬁ%nt ained in
sul fur padugd addivestehidhiesddad togbematpereeking e Y Ehttod "Eat al yst is
normal |y fromabout 2,0 to abouf 2Q wej : iverackdld ¥ from about 3
to aboutcr@m%fs‘Efé"?'léﬂé“‘n"‘f"',aﬁ}'rﬁgimsﬁ’gé’f]ear%Ejaf/“??%d%ﬁgh%ut 5 toé about 7 wei ght

percent (netal . BAsedseBnveRfohlyplectitd Yhih oné of hefadsisbilves caldifed/anadi um nay
be addef°FH°THe support in any suitabl e-manner sufgj Cﬂlieﬁt %.o adaorb and/ or
absqib gafldzidlieharaed dypey conbiai( GREY chierseRatatnm of Which 1 §SEereddt ppor ¢

eat : ﬁld'J{ngaxgﬂf e SP98) B8 el i Wk W 2L S EOE 9 ad@fitibbee Wise prepared by
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. The active cracking
component 1§ routinely combined with a matrix material such as alumina in order to
20  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 10 to 120 microns for effective
fluidization. As a separate particle additive, the sulfur reduction additive is normally
selected 1o have a particle size comparable with that of the cracking catalyst so as to
25  prevent component separation during the cracking cycle. In general the particle size of

the sulfur reduction additive is in the range of about 10 to about 200 microns,

preferably, about 20 to about 120 microns.

Sulfur Reduction Component

30 According 10 the present invention, the sulfur reduction additives comprise

non-molecular sieve support materials having a high content of vanadium. In one



support material with an agqueous or non-aqueous solution of a suitable
vanadi um - 20 conpound to i npregnate the vanadi um conpound into or onto the
surface of the support material. Alternatively, vanadi um naybe ql}o
t he support by spray - drying an aqueous slurry containing the %Eg@grp‘
material and the desired vanadi um conpound. Non-limting exanple of
sui t abl e vanadi um conpounds useful to Prepare additives in accordance with
the invention include, but are not |imMed to, vanadium 25 oxal ate,

| 1ic vanadi um ¢ vanadyl

di | f | . g.
aons honnembodusept1RR Yz P o S bas sl eBomhoRs sadpamemiattindies and
hori d \ o S t 1h \
o nohoent SoapcRafbridsten kehaaby bt Al AL BB, 13050 fHtha "
t enper at upesodia Mabilg Smiwb]ﬁmfﬁttoﬁﬂﬁxozgankbﬁ%esm&e, b6t M?'%o%%%te}j]losu' fur
0

Reduction Catal yst Use The sul fur reduction additives -the i'nvention are
used as sépAbabOpaiDzctley (wgidiokindentonitgdratoritey midnumasllonie 2hd Hedike)
transport of vanadi um tf hhez c,ga!(;:'gi ng catal yst 5 inventory. Cenerally, the
addi t i%ves2®f MRHETGSHIERPT-ohTelsabli<he sPpposmalrBas aresglected fsbm the grouper ease

10 000" ppes s B O S O B BB AR e MRSy o
1000 to prlefsabI¥Othe support nedterfdl wealb@idadhe anount of vanadiuminitially

present on the cracking catalyst . As will be understood by one skilled in
the art, the akoerfthefcmbediaiennel1be invansom thespperd matdrial dsiah hétiveatéd t he

talyst | i | termned b ating the additive f th
Craoki ng SpaT SvRRt EREHRLR SafthaRids il e fuirdion iy b mieg alavg axdnh
fractjoon ¢gnbiHanasicipreparetelfor Afth&lonSidRiiRet irbechHa{i% @k‘%sfetgﬁ g@ifegﬁgégg

condition in the presence of the additive. The su dditive
i s typically uFkeameuahohivansdiunt metal atrvainedinlsulfor reircdw aidilidesi ght

t of t ing. catal yst inventory in the FOOU preferably, th
arount wieeoREo4 AR R Bitiis posali i abenceio She a0 weithi gt
o S o

per cent. el aghitaly BORMBA 3T 5o 100k AR I RUADERE? yrem{%gﬁ,fﬁégn'rﬂ!%gﬂgy e

added in " the conventional manner, wt é-up catal yst rator
or by any5 wtdbent 7 semghtpiceernt (methlo baselivm thelthitaliwedgltanfabeaddigve)e for sul fur

R B BT Bt o B v ™
catal yti Galdloy aB£drb \eSuRaPRORABIEM BN ABinP cERPBind Sheb b iﬁbﬁﬁé‘&\?ﬁﬂoﬁg
material. : :
In one embodiment, the suifur reduction addijtives are prepared by treating the
support material with an aqueous or non-aqueous solution of a suitable vanadium
20 compound to impregnate the vanadium compound into or onto the surface of the
suppont material. Alternatively, vanadium maybe added to the support by spray
drying an aqueous slurry containing the support material and the desired vanadium
compound. Non-limiting example of suitable vanadium compounds useful lo. prepare
additives in accordance with the invention include, but are not limited to, vanadium
25  oxalate, vanadium suvlfate, organometallic vanadium complexes (e.g. vanadyi
naphthenate), vanadium halides and oxyhalides ( e.g. vanadium chlorides and
oxychorides) and mixtures thereof.
Following addition of the vanadium cbmponcnt, the support material is dried

and calcined, typically at temperatures ranging from about 100 to about 800 °C.




i nventory of catalytic material in addition to the cracking catal yst and
the sul fur renoval additive. Exanples of such other nmaterials include the
oct ane enhancing 25 catal ysts based on zeolite ZSM 5, CO conbusti on
pronoters based on a supported noble metal such as platinum 18tMEKki8as
desul furization additives such as DESOXTM {magnesi um al um num spi ne]),
vanadi um traps and bottom cracki ng adgjtives, such as those described in
Kri shna, Sadeghbeigi, op cit and Scherzer, Cctane Enhancing Zeolitic FCC
Cat al ysts, Marcel Dekker, New York, 1990, | SBN 0-8247-8399-9. 30 These
ot her conponents may be used in their conventional amounts. 1 8 MAR 2004 12
The ef f eSulfal Rdduqposdamlystdiseti ves is to reduce the sul fur content of

| i quid cracking products, especially the Iight and heavy gasoline

f ' , alth ' . | d_ | | i il,
ki ng hem, mohe S aeeorbroee 8 Sy oBiert Pt st pRIRIE) Ol o
o Tho | ABFiRED B8 pefti BB url b Galp B b e SR ot <

to the i orm & ease ydrogen sul fide which can be
recover egidhdiye Gérerdly, weydditivésf the ivention areased in mrhown soficidne  FCCU i n
t he sane way aS the hygr(;gen sul fide conventionally released in the

h
cr acki ng tp ineese thd Amoinie] sarasinm oatheomadkieg ejakysidin aboab10RAe abePbse
addi ti onal sour gas/ er. tr t | rene ' { gni ficant
reduct i od§,009 I@%@o?’i@%‘%m‘?qﬂ g%@?’ﬁ%@wpﬂrﬁ‘e@é&ﬁ rr%l”%o&gm% be
consi der el Mcorboherelaot Yo B dobHCTVansEbhicihitay préscBRGink Reackirgf ur  can
be achi e¥&d ‘by t use of the present catalysts, in sone cases up to about

80 % r el ghiatwtt Qa¢ 1éll basrdecased hysonegkiledao theat, theamountpfRianadivex al yst , . at

constant conversion, using.the preferred fqQrm.,of the,,.catalyst descri bed
aboveo  Gasosporeedsirpi be adaitiva Todhe cAtalYe it aea%ﬁy%e&ema&msgp “’é&ﬁﬂ‘evabl e

wi th addit,ves acc i : i | Femncd)ankih8al e bel ow
The exterﬁddﬁvcsfﬁ? SjégF%%ﬂ%?F%‘%?%ab?\égg%{eaﬁge%%@taﬁe ori gi nal .Q%%% sul fur
cont ent GfackiBg f6F a@ledign E@reht ahert subjection recatalytic codkiogiconditign i teed wi t h

t he higher sulfur feeds. Sulfur reduction may be effective not only to

i nprove prestoce ofjtladdkivehut al so to increase product yield in cases. where

the refinery crackedl,qaselibngasic RAyRelitudatn ks amobhitbadbt Oicosul fur

content of .the vy gasoline Tract y providing an effective and
econqgi cajpoheyo weight perentdiehserbdking cadyaripvaiiontie theEUCU; gusferatly

Lo experibe wmonptil be HORTBOR.SH B HSEBERETTor A8PE LFFEBE “on ref i nery
?g? rng(r.?t gflgprrtcg ?gé)\é%!\/cgﬁf %@J}E 1P FrloSSradiHiaP PhYpBSe s ertieVaidi 1@ Smiy b AU dedGn
' the conventional manner, with make-up catg]yst to the regenerator or by any other
X c.:c‘.wnvexﬁent metbod. The additive remains active for sulfur rernoval for extended
20  periods of ume although very high sulfur feeds may result in Joss 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 sulfor
removal additive. Examples of such other materials include the octane enhancing
25  catalysts based on zeolite ZSM-5, CO combustion promoters based on a supported
noble metal such as platinum, stack gas desvlfurization additives such as DESOX™
(magnesium aluminum spinel), vanadium traps and bottom cracking additives, such as
those described in Krishna, Sadeghbeigi, op cit and Scherzer, Octane Enhancing
Zeolitic FCC Caralysts, Marcel Dekker, New York, 1990, 1ISBN 0-8247-8399-9.

30 These other components may be vsed in their conventional amounis.



25 hydrotreating under | ess severe conditions is also desirable if
subsequent hydrotreatnent is contenplated. In order to further, i]]ustrate
the present invention and the advantages thereof, the foIIowﬁH& @%@gm#ic
exanpl es are given. The exanples are given as specific illustrations of
the clained invention. It should be understood, however, that the 30
invention is not limted to the speci{jc details set forth in the exanples.
Al'l part and 18 MAR 2004 13 percentages in the exanples as well as the
remai nder of Theeffpadfibcpisanadditvesis 1oatdypne thersuluscententafi Bevidpeci fi ed.
The scope of the invention_is not in gng mg% Lntﬁn%ed ta be Limted by the
exanpl escraeiting prodwckeepRcialty hedighinand Sef asasaiing iarugps,aihqy of sul fur
reduction_ 5 additives in.accqrdanc ot ' | i ons of
{he. per risAnelinse 281 A5h BolAdR BT E s0p S ekl bN Bt SBLAME cEhiRc g e OU8

envi r onment - lc8mipohEite PReabifanreafovedbyanadic sl aad 5%
Vanadi u ’WIQE%%§§%B%?%%CA gp())r ay drieed A1203 par %/i cle was prepared by

h

peptiZi nece REURHAbaRivEIEE1o 1B ABgatiafoyn and teldagd ashydrogeniulfife h a Drais
mll "and men spray drying the mlled 1.5 sl ur@/. The resultigg1 spray dried
al um na whithcah be meepverad 10 thropgrmal WsHAD tee Prefct SEROYGTYREFUED OE e ned A1203
was then inpregnated to ingipient wet S ' adi um oxal at e
sol ut i onFCERandBHEEAT PAY iaﬁﬁ’eﬁ?}%&%ﬁﬁcﬁué}ﬁ]co&oéﬂ%éﬁébnqp%?gﬁe o) \gﬁon was

adj usted_tg. _ATIORERALAAbA® Bf Bdrdedt SeliVdeumdy Smpbse addiiorel woama. 20
The irrpr%rﬁagﬁég%tlggsm na was dried atHf_fLOOg_C and then calcined for 2 hours

at 540 GpagryaspkeadenPregpiremtitobunivibabd/signifwantxedussions b grsoling sulfvry

dried, calcined A1203éﬁfr_epar ed as d&escril.bed i n Exanple | above, was 25
i pr Bynasdhdeved, thases FE &R likely 1R Be coppdered BIRJEL¥%s vanadi um sul fate sol uti on.

The concentrati Ongﬁﬁfﬁf 'éﬁ%§% g%o‘ﬁnle@uﬁ@ﬂ MbhivenicHRSedBi Wed @6 dfaher oduce

6 w%V on aliRi¥H e 1 npregnat material was dried at 120 C. The final

mat eri al piRent caAR)sYs7 Arlsdive L4SES ap tb Slsan @O0t % reetiveiothebasagase ysingal wt %
Na20, 11 % $04. The ) )
conventional cracking catalyst, at constant cOnversion, using the preferred form of the
catalyst described above.  Gasoline sulfor reduction of 10 to 60 % is readily
15 . achievable with additives according to the invention, as shown by the Examples
t;elow. The exient of sulfur reduction may depend on the original organic sulfur
content of the cracking feed, with the greatest reductions achicved with the higher
sulfur feeds. Sulfur reduction may be effective not only to improve product quality
but also to increase product yield in cases whe_re the refinery cracked gasoline end
20 point has becil Jimited by the sulfur content of the heavy gasoline fraction; by
providing an effective and economical way to reduce the sulfur content of the heavy
gasoline fraction, the gasoline end point may be extended without the need 1o resort to
expensive hydrotreating, with a consequent favorable cffect on refinery economics.
Removal of the various thiophene derivatives which are refractory to removal by
25  hydrotreating under Jess severe conditions is also desirable if subsequent
hydrotreatment is contemplated.
In order to further illustrate the present invention and the advantages thereof,
the following specific examples are given. The examples are given as specific

iJlustrations of the claimed invention, It should be understood, however, that the

20  invention is not limited to the specific details set forth in the examples. All part and



30 surface area, as determ ned by N2-BET, was 39 nRlg. 18 MAR 2004 ]4
Exanple 3 (Preparation of 2.0 %V on a Si Oz-C ay Support) A silica hydrogel
(280-350 n2/g, 30-35%solids and 8.0-8.5 pH) was slurried in]ﬂlimgizpmed
water and sand mlled to give a slurry which contained 14.8 w % sol i ds.

5 mxture of 13,514 g of the mlled silica hydrogel slurry, 2500 g of Nalco
Grade 1140 colloidal SiO2 and 2353 g of Natka clay were Drais mlled and
spray dried. The spray- dried sanpl ed3were then calcined for 40 ninutes at

700 C. 300 g of the calci LavhedbingRdsPemhe spashidatphegabyed with an |
aqueous PEEGIHAZSSAD E@Jaaﬁ]lggﬂ‘lggsmwgg@atce to give 2 wtpgoﬁv. After inpregnation

the sampl e BASh JdOoHEfaSE ified C. The final material was analyzed by ICP
and f ound™€o co]ﬁt ain 2.0 9\%&%@ V, 0.39 wt % Na20, 4.2% S?A.. The surface area,

as det er ni nedThy sédpeRE e inwention isnetdn gny wey FEeEes e li %fon of 0.42 %

vanadi un zcolite addjtive vanadi um { z j : red b
Loty cr s G bppesal SRRRBHEERY EpBBUh U funasstyeng o o

spray-dried, materi gmh EXSlPReRMEubAs 6E0Rperfofande’of thear e earth
excha&ngeﬂﬁda‘l’\‘éfstlﬂé"ﬁgéfrd%vgmg C U anad; um was adde\c?eby i npr egnati on of

the cat ailié/  vdsQolrB@idei salfhr iwatcanbgicusickipgemvonmgdbous vanadi um oxal at e
sol ution’ e anount of vanadium oxalate in solution was adjusted to a

target of 0.4 wt% The final material was anal yzed by I CP and found to
contain 0.42 wt%V, 3.8 w % RE203 and 0.27 wt % Na20. The surface area as
determ ned by N2-BET, was 375 n2/g. 25 30 Exanple 5 (Catal ytic Eval uation
of Vanadi um Supported on Al1203) TARAWPKES803 additives from Exanple | were
bl ended with a comrercial FCC catalyst and steam deactivated in a
fluigyzed bed for 4 hours at 1500 F in 100% steam The additive/FCC

catal yst blends were designed so tE%mplad bl end contai ned 18 MAR 2004

(Preparau'on of 2% Vanadium and 5% Vanadium on an Al;04 Support)
A spray dried AL;O; particle was prepared by peptizing a psuedobochmite
'A1,O5 shury with HCl, milling it with a Drais mill and then spray drying the milled
15  shary. The resulting spray dried g]umina was calcined for 1 hour at 800° C.

The spray dried, calcined Al;O3 was then impregnated to incipient wetness
with an aqueous vanadium ox.a]atc solution. The concegt.ration of vanadium oxalate
in the solution was adjusted to produce a concentration of 2 wt% Vand 5 wt% V on

alumina. : _
20 The impregnated alumina was dried at 100° C anQ then calcined for 2 hours

at 540° C.

Example 2
(Preparation of 6% V on an Al;03 Support)
A spray dried, calcined Al;O;, prepared as described in Example 1 above, was
25  impregnated (o incipient wetness with an aqueous vanadium sulfatc. sojution. The
concentration of vanadium sulfate in solution was adjusted to produce 6 wi% V on

alumina.
The impregnated material was dried at 120° C. The final material was

analyzed by JCP and found to contain 5.4 wt% V, 0.1 wi% Na;0, 11% 50,. The

50  surface area, as determined by Np-BET, was 30 m’/g.




-

15 1000 ppmV (95 W % FCC Catal yst/5 wt % of 2%/ A] 203 additive; and 98 w %
FCC Catalyst/2 wt% of 5%/ Al203additive). The additive/ FCC gﬁt I ﬁﬁt bl ends
were tested for gas oil cracking activity and selectivity usf r@ﬁ liasTM™

M croactivity Test ("MAT") (ASTM procedure D-3907). 5 The liquid product
fromeach run was anal yzed for sul fur using a gas chromatograph with an
Atom c Em ssion Detector (GC-AED). Angdysis of the liquid products with

the GC- AED al |l ows each of the sulfur species in the gasoline region to be
quantif ed. For purposes of this Examplesd the cut gasoline will be defined

as C5 to C12 hydrocarbons that i boilin int up to 430 F. The
sul fur species incl udedePHRWP ?fégggtva?ﬂaégoﬁaggupa i ncl ude t hi ophene,
t et rahydr ot hi Qph - ~ pedaqth ] riety of ;aliphatic
sul fur specie .Sﬁ@gaﬁg%ﬁﬁgegg%@ngy(?g’ %éolﬁ(ﬁ)g@?g%ﬁdn%%g péﬁt‘l'%sa e’ﬂe_ range.
The propﬁrdgérlﬂ&dqizaﬂemcg@m%hleaa@ Ve S whith dWithire@Si4. 80/8% sphigynai n the
Table 1. 15Table I Properties of Vacuum Gas Q| Feed APl G avityZ26. 6.
Ani | isne fbitie, of AB3R1 29 G0Me 6@ 2i3icoblydrogel shrdy, L5008 ghdf N alge Gradepli@00 Basi c
Ni trogen,qﬁpprrBlQ 25 Ni_, _ppmQ.32 V, PPnD_68 Fe G‘Pprﬁa. 15 Cu, . ppnD. 05 30Na,
ppm 2. 93cabioidal SiQer a3l 3PRE ofga?@ls@d@as were Qraipmilien anbspray driod. Fhasmays MR
2004 dried samples were then calcined for 40 minutes at 700° C.
300 g of the calcined, spray dried sample was impregnated with an agueous
solution of vanadium sulfate to give 2 wi% V. Afier impregnation the sample was
10  dried at 120° C. The final material was analyzed by ICP and found to contain 2.0
wi% V, 0.39 w1% N2;0, 4.2% SO,. The surface area, as determined by N,-BET, was

115 m*/g.

Example 4
" (Preparation of 0.42 % vanadium/zeolite additive)
A vanadium,/zebljte'cata]yst was prepared by spray-drying a shrry of 50%
USY, 30% clay and 20% silica sol. The spray-dried material was ammonium
exchanged to remove the Na®*, rare earth exchanged and then dried at 100°C,
Vanadivm was added by impregnation of the catalyst to incipient wetness using an
20  aqueous vanadium oxalate solution. The amount of vanadium oxalate in solution was

adjusted to a target of 0.4 wt%. '
The final material was analyzed by ICP and found to contain 0.42 wi% V, 3.8
wi% RE20; and 0.27 wi% Na;O. The surface area as determined by N,-BET, was 375

w/g.

Example 5
(Catalytic Evaluation of Vanadium Supported on Al;O3)
The V/ Al;O3 additives from Example 1 were blended with a commercial FCC
catalyst and steam deactivated in a fluidized bed for 4 hours at 1500° F in 100%

30 steam. The additive/FCC catalyst blends were designed so that the blend contained



16 The MAT data for the catalysts is shown in the Table 2; where the
product selectivity was interpolated to a constant conversion of 7% W/ i
The first columm shows the FCC catal yst without the vanadi um based S qu
reduction additive. The 5 next two col ums show FCC catal yst bl ended with
the 2 w% V and 5 %V additives, respectively. The data shows that both
vanadi um addi ti ves decrease cut gasoline range sul fur 55-65% as conpar ed
to the base FCC catal yst. The coke and!"B2 increase nodestly for the

sanpl es t txal y@?gq rt | Tahd-
Scat al yst@ﬁﬁ&%@%ﬁ% %ﬁ&g? d&&%%&%ﬁ%@%@@? Slrlgost w % (2%
V/ A1203) %wﬁm%mmzw/muw&mmom?o Cal /O 12.83.53.6" 20H2 Yields,
w %9. 060. 200.722 C + C2 Gas, W %.401.551.58 Total C3 Gas, w %l.974.975.02

Propyl ene, wt 9%&héedddbe/HIC e87iystdierds weastesind for §6 10 agkingladivityasd| i ne,
W 9. 553 SEICTHY CHIECHL ASTREVESTORSS A3 o MR BONBSIN Persetvre Sho@fs 5796306
Gasol isne ﬁ,ué ]ficlfxgid?ig'oduct 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 allows each of the sulfur species in the gasoline region to be quantified.

For purposes of this example, the cut gasoline will be defined as C; to Cy;

hydrocarbons that have a boiling point up to 430° F. The sulfur species included in

10 the cut of gasoline range include thiophene, tetrahydrothiophene, C;-Cs alkylated
thiopbenes and a variety of aliphatic sulfur species. Benzothiophene is not inc]uded in
the cut gaso]iné range. T'ﬁc properties of the gas il feed used in the MAT test are

shown in the Table 1.

15
Table 1
Properties of Vacuum Gas Qil Feed
API Gravity _ 26.6
Aniline Point, °F - 182
20 CCR, wi% 0.23
© Sulfur, wt% 1.05
Nitrogen, ppm 600
Basic Nitrogen, ppm 310
25
Ni, ppm 0.32
V, ppm 0.68
Fe, ppm 9.15
Cu, ppm 0.05
30 Na,ppm 2.93
Distillation
IBP, °F 358
50wt%, °F 716

35 995 wi%, °F 1130




18 MAR 2004 17 Exanple 6 (Catalytic Evaluation of V/ Al z03 Steaned

Deacti vated Together and Separately fromthe FCC Catal yst) 5 The he#tR 205k
transport of vanadiumfromthe additive to the catal yst during

deactivation in order to achi eve good cut gasoline sulfur reduction is
denonstrated in this exanple. The 6% VI A1203 additive from Exanple 2 was
blended at a 4 % level with a FCC @Guilibriumcatalyst (120 ppmV and 60
ppm Ni) and mldly steam deactivated for 20 hours at 1350 F in 25% st eam
to simulate catal ytic cracking 10 conditions. Separation of the additive

TEpTpoal by SHENAY afle e by cAULCIaRoes Bk AN Shete dhe plaBuE aCL ONS by

1CP shows t hat ract e vanadi um vcontent ‘has I ncreased
from 120apeR ! WaPRGpBRE Yo duthdign icbavetion of g wito e dirsfediampalr | son

exanpl e was made by steam deactivating the Ecat and the 6% V! Al1203 15
addi t i vespaehitrHGLC asrlyst without2e vaadmimrbased S0lfer jeduQivw aidsive, Bhed t hen

bl ending the additive at_a 4 % | evel , The, base se Ecat s al so

st earfed hoxt 1O qebinas show EEE ca Y%{?%a&%f”égﬁ#e ﬁ?‘?’é%a?éa J&F Y vat ed Ecat
and the Addi.tive/ ECC. : : j cking and
sel ecti v?‘?‘%"ﬁ%ﬁ' ﬁﬁp%ffﬁ?*ﬂ%%%%?lkw ty iigg‘% v%‘%@f?%&%ﬁﬁ%@ﬁ%&g D-3907)
as descr ,hegink Rarfpecditup 55-65%'8 qdintRedd iocabe bise(FEC 24algas Thel cokeaddiHy t hi s
exanpl e gre Shown in Table 1. The NAT data for the catalyst is shown in the
Tabl e 3, indnerse middesyly fnfube sampesabeas eantgin Weesvanadivppasiditives. t o a const ant
conversion of 70 ww% The first colum shows data for the FCC Ecat w thout
t he vanadi um based sul fur reduction additive. The second columm shows data
for Fr&;e FCC Ecat steaned together with the VI A1203 25 additive. The third

colu shows data for the FCC Ecat and VI A1203 additive steaned
separately and then bl ended toget h&sble®he data shows that when the additive

is st eanwwmw acki ng
process MATFdodums) vanadi uBasesFECansPoM B GG batalyse a88maECG t he

cat al yst chalygt ovi de a substantial cut in gasoline sulfur reduction. The
coke and HZjejgacr eased nodest |Qathlgst 30 ShaZ%@%MEALORRt Owt%i(6% he vanadi um

addi {4 vesyald,MAR 2004 1s Table 3

Conversion _ 70 70 70
Cat/Qil 2.8 s 3.6
20 H2 Yields, wt%. 0.06 020 022
C1 + C2 Gas, w1% 1.40 1.55 1.58
| Total C3 Gas, wi% 4.97 497 5.02
Propylene, wi% 4.06 4.06 4.10
25 Total C4 Gas, wi% 9.96 10.02 0.94
C5+gasoline, wi% 51.07 49.83 50.17
LCO, wi% 25.77 25.85 ) 25.90
Bottoms, wi% 413 4.10 420
30 Coke, wi% 2.55 3.11 3.18
Cut Gasoline S, ppm 263 112 o8
% Reduction in Cut Base 57% 63%
Gasoline Sulfur

35




5 10 15 20 25 MAT Product Base Equilibrium 96 wt % FCC ECAT 96 wt % FCC ECAT
Yiel dCat al yst4 wt % (6% V/ A1203) 4 wt % (6% VI A] 203) St eanmed Toget her $f ¢AREM);
Separ ately Conversi on707070 Catl G| 3. 704. 264. 26 132 Yields, wt %9.040. 090. 10
ad + C Gas, wm9%.371.501.45 Total C3 Gas, W %b. 075.295. 15 Propyl ene,

wt %t. 384.584. 45 Total C4 Gas, wl9610.0210. 4410. 15 C5+5asol i ne,

wt 960. 9449. 7650. 10 LCO, wt %25. 3825.2125.16 ' Bottons, w %t. 424374.57 Coke,
W 9®2. 132.482.54 Cut Gasoline S, ppnbR25359521 % Reduction in Cut Base321

Gasol i ne Sul fur Exanple 7 (Catalyt] Ft#/al uation of vanadi um supported on
S102/ d ay) The 2% V/ Si 2/ d ay ad e Trom Exanpl e 3 was bl ended at a 5%

Hencti vat od for@&f?ﬁ?’a‘ga}‘?‘g"@? %?&ESM”MVWMW ar o
eRaftely

tagd@@m As a conparison, the
base Ecat was al so deactap HFE .

5 The need for transport of vanadium from the additive to the catalyst during
_ deactivation in order to achieve good cut gasoline sulfur reduction is demonstrated in
this example. The 6% V/AL,0; additive from Example 2 was blended at a 4 wit% -
| Jevel with a FCC equilibrium catalyst (120ppm V and 60 ppm Ni) and mildly steam
deactivated for 20 houss at 1350° F in 254, steam to simulate catalytic cracking
10  conditions.
| Separation of the additive from Ecat by skeletal density differences and
analysis of the fractions by ICP shows that on the ECAT fraction, the vanadinm
content has increased from 120 ppm V to 2360 ppm V during the steaming process.
A comparison cxample was made by steam deactivating the Ecat and the 6% V/ Al;03 _
1s  additive each séﬁamte]y, for 20 hours at 1350° F in 25% steam, and then blending the
additive at a 4 wi% level. The base case Ecat was also steamed for 20 hours at 1350°
F in 25% steam. The steam dcactivated Ecat and the Additive/FCC catalyst blends
were tested for gas oil cracking and selectivity using ASTM Mjcroacﬁvity Test
(¢ M.AT’ WASTM procedure D-3907) as described in Example 5. The properties of the
20 gas oil used in this example are shown in Table 1.

The MAT data for the catalyst is shown in the Table 3, where the product
selectivity was interpolated to a constant conversion of 70 wi%. The first column
shows data for the FCC Ecat without the vanadium based sulfur reduction additive.
The second column shows data for the FCC Ecat steamed together with the V/Al;05

25 additive. The third column shows data for the FCC Ecat and V/ Al;03 additive
steamed separately and then blended together, The data shows that when the additive
is steamed together with the FCC catalyst (as typical of catalytic cracking process
conditions) vanadinm is transported from the additive 10 the catalyst to provide 8
substantial cut in gasoline sulfur reduction. The coke and H; increased modesuy for

30  the samples that contain the vanadium additives.



t hose conditions. The steam deactivated base Ecat and the additive FCC

bl ends were tested for gas oil cracking activity and selectivity usigngiRIm.
ASTM M croactivity Test (ASTM procedure D 3907) as described in Exanple 5.
The properties of-the gas oil used in this exanple are shown in Table 4.

35 The MAT data for the catalysts is shown in Table 5, where the product
selectivity was interpolated to a constant conversion of 70 w% The data
shows that the V/Si02/ay additiverglgcseases cut gasoline sulfur 42% as
conpared to the base case Ecat. 18 MAR 2004 19 Table 4 Properties of
Vacuum g 1@ haukeed APl @zaHqbipgmd As WarecEetAl , OF1786 GERFCOESRT 21

Sul fur, wgfgﬂ.l. 04 N trogen, pruand0 Basi cs Nqa(p%genlpo,ppnB084M‘% (EPVIALD,Y,
ppnD. 4 3.7 Fe, ppm Cu, ppnD Na, ppm O BieshddTopithedn 309 $RBnedSepardndly Wt %
OF748, 99=5—mt-o4—CFI 063 5 1anl g5 MAT Produgg Y1 el dsBase ECalygpu ecat 5%4.2%
Vi si RIckE 370 426 4.6
H2 Yields, m% 0.04 0.09 0.10
Cl1 + C2 Gas, wi% 1.37 . 150 1.45
10 '
Total C3 Gas, wi% 5.07 5.29 5.15
Propylene, % 4.38 4.58 4.45
Total C4 Gas, w1% 10.02 10.44 10.15
J5  CS+gasoline, wt% 50.94 49.76 5010
LCO, wi% 25.38 2521 25.16
Bottoms, wi% 4.42 4.57 4.57
Coke, wt% 213 2.48 254
20  Cut Gasoline S, ppm 525 359 521
% Reduction in Cut Base 32 ]
Gasoline Sulfur
25
Example 7

(Cata]ytic.: Evaluation of vanadium supported on SiO2/Clay)
The 2% V/SiO;IC]ay additive from Example 3 was blended at a 5% level with
a FCC Ecat (120 ppm V and 60 ppm Ni) and mildly steam deactivated for 20 hours at
30  1350°F in 25% steam. As a comparison, the base Ecat was also deactivated under
those conditions. The steam deactivated base Ecat and the additive FCC blends were
tested for gas oil cracking activity and selectivity using an ASTM Microactivity Test
(ASTM procedure D-3907) as described in Example 5. The properties of the gas oil
used in this example are shown in Table 4. :
35 The MAT data for the catalysts is shown in Table 5, where the product
selectivity was interpolated 10 a constant conversion of 70 wt%. The data shows that

the V/Si04/Clay additive decreases cut gasoline sulfur 42% as compared to the base

case Ecat.



Conver si on7070 Cat/oil 3.644.05 H2 Yiel d0.050.10 A 4 C2 Gasl.33139 Total C3
Gas, W %153458 Total C4 Gas, W 99.699.39 C54gasoline, w%1. 865156 LCO

Wt 9R4.6123. 97 Bottonms, wt9%. 315.44 Coke, wt9%.26253 Cut Gasoline S!# W00
616361 % Reduction in Cut Gasoline Sul furBase42 18 MAR 2004 20 Exanple 8
(Catal ytic cracking performance of 6% V/ Al um na versus V/zeolite catal yst)
This exanpl e shows the utility of;gthe high vanadi umcontaining additive in
circulating FCC riser/regenerator pilot plant testing. The high

vanadi umcontaining 5 additive described in Exanple 2 was tested in a

Davi son Circulating Riser pilot_plant wth a commercial FCC feed and

equi libriumcatal yst. For corrpaTP@Sﬁ, the vanadium zeolite additive

desmw_u%mmm equr T OT TOnTcat ar yst_cont al ned
332 ppm Riopexigs 98 A5 Bpeas fedq properties are shown in Table 6. The

eperated—wtir—a TTSer _tenper at %E of 980F and a regenerator 10

tenp‘éﬂa@ Vé‘_}'of 1300F. Al the liquid pr9 ucts were anal yzed by GC- AED for
gasoAnitipe PoimtufF | evel s. The testing reddfts are shown in Table 7. The hi gh
vanagCRywe®nt ai ning additive tested a0-d 2 wt% additive |evel gave 33%
cut gasoline sulfur reduction as "conpared to the base Ecat. The

van 5{}1 lite additive decreased cuti.@asoline is sulfur 13% when used at
the:§§ 0.8 d'dr}[{lve | evel and 26% when useggat the 50% additive level. The
coke HIE rogen vields were narginal lzgghi gher for the high

vanal & ?ﬂ%’ﬂ?ﬂ% additive than for fhe base case Ecat. Table 6

. Ni, ppm 0.2
"V, ppm 0.4
3.7
Fe, ppm
Cu, ppm 0
Na, ppm 0
Distillation
IBP, °F . 309
50 wi%, °F 748
99.5 w1%, °F 1063
5
Table 5
i Base Ecat 95% Ecat
MAT Product Yields SR{2% wrSon/Clay]
' i 70 70
Conversion
C::;vOil _ 3.64 4.05
H2 Yield 0.05 0.10
C1 4+ C2Gas 1.33 1.39
Total C3 Gas, wi% 4.53 ;.gg
Total C4 Gas, 1% 9.69 . .
CS+gasoline, mi% 51.86 51.5-6’
LCO, wi% 24.61 239
5.44
Botioms, wi% 531
Czk:. wi% 2.26 A 2.53
Cut Gasoline S, ppm 616 361

g, Reduction in Cot Gasoling
Sulfur Base

42




Properties of Vacuum Gas O | Feed APl Gavity23.9 Aniline Point,

wt 9%9.62 Sul fur, w% .50 Nitrogen, ppnil000 Basic Nitrogen, me40

V, PPM. 3 Fe, PPI\/D?Cu ppnD Na. ppnD.9 Distillation 429 I1BP, OF

01186 CCR,

a 18 R

OF783 99.5 VA% OF1292 18 MAR 2004 21 Caattal | FCC Table 7 50 wi %
Product Yiel dsyst78 Mo FCC Cal. 50% VrLeol~ CCaL at.9 2% (6%/ Al

V22% Viz of a Cat. 72 72 Conversi¥h72726 7 6192 Cat/ Q| 6. 696. 47. .

10

15

Example 8
(Catalytic cracking performance of 6% V/Alumina versus V/zeolite catalyst)
This example shows the utility of the high vanadium-containing additive in

circulating FCC riser/regenerator pilot plant testing. The high vanadium-containing
additive described in Example 2 was tested in a Davison Circulating Riser pilot plant
with a commercial FCC feed and equilibrium catalyst. For comparison, the
vanadium/zeolite additive described in Example 4 was also tested. The equilibrium
catalyst contained 332 ppm Ni and 530 ppm V. The feed properties are shown in
Table 6. The DCR was operated with a riser temperature of 980°F and a regenerator
temperature of 1300°F. All the liquid products were analyzed by GC-AED for

gasoline sulfur levels.

The testing results are shown in Table 7. The high vanadiuvm-containing
additive tested at a 2 w1% additive level gave 33% cut gasoline sulfur reduction as
compared to the base Ecat. The vanadium/zeolite additive decreased cut gasoline
sulfur 13% when vsed at the 22% additive level and 26% when used at the 50%
additive Jevel. The coke and hydrogen yields were marginally higher for the high

vanadium-containing additive than for the base case Ecat.

a3 22%
0.05 0.08

Table 6
Properties of Vacvum Gas Oil Feed
AFI Gravity 23.9
Aniline Point, °F - 186
CCR, 1% 0.62
Sulfur, 1% 150
Nimogen, ppm 1000
Basic Niogen, ppm 140
Ni, ppm 0.3
V, ppm 0.3
Fe, ppm 0.7
Cu, ppm 0
Na, ppm 0.9
Distillation
IBP, °F 429
50 wi%, °F 783




H2 Yi el dO. 030. 0463 237 2 .
Wt 966. 686. 59 24 .
45. 9546. 11455166 C5+20 .
W%, 417. 724 458 24

6 C) + C2 Gas2.412536 29 66 .
0612 11.79 24 C4 Gas, wm%2.4112..

Total C3 Gas,
wt % 46. 20 asolinc

g 245920.2820.15. |, Co' w96 7.85 7.34 Bof Ay

2]
Table 7
i 78 wi% FCC Cal. 50 wi% FCC Cat 08 w1% FCC Cat
DCR Product Yields Bé:faics:: 229 ViZeolite Cat. 50% VIZeolite Cat, 2% (6%VIAI1ZO3)
72
j 72 72 72 ‘
g::;\(')ei:l'swn 6.69 6.47 6.61 1.92
| 0.08
3 0.03 0.04 0.05
léf f gdc;as 241 - 2.53 2.63 _ 2_‘;;
Total C3 Ges, wi% 6.68 6.59 162.152%4 “..79
Total C4 Gas, wi% - 1241 12.06 A
| 46.20
i 4595 46.11 455}
ggai;m' i 20.59 2028 20.15 20.66
7.41 7.72 7.85 - 734
22;:: m\:’t’;“% 4.11 4.02 4.24 458
651 589
Cui Gasoline S, ppm 877 765
g, Reduction in Cut _ . 2 "
Gasoline Sulfur Base case 13

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.



Coke, wt%l.114.02. Cut Gasoline S, PpnB77765651589 % Reduction in

Cut 1142633 Gasol i ne Sul furBase case 5 Reasonabl e variations and

nodi fications, which will be apparent to those skilled in the an;]ﬁ?ﬂRqWL
made in this invention wi thout departing fromthe spirit and scope

t hereof. 18 MAR 2004 22 CLAIMS W claim 1. A nethod of reducing the

sul fur content of a liquid catalyticdtly 5 cracked petrol eum fraction,

whi ch conprises catalytically cracRiAlvVESs petrol eum feed fraction
cont ai ni ng organosul fur conpounds at el evated tenperature in the presence
of an @&Wuaiclditri um cracki ng catal yst and a product sul fur reduction
additive to produce liquid cracking products of reduced sul fur content,
wherein the product sulfur additive consist essentially of vanadium and a

support sel ected T hof 08 BHAHDNG SATthi Btk of a JquigRlatdbticatly | nor gani c

oxi de and acti'vat ed carbon con ning vanadi um cording to
claigl Qigaurdingh FHARA! WhithRBHpSEs datalyibllpeiacking apetrgleoirfeedi de
sel ecte romthe group consisting of alumna, silica, titania, clay and
i xt ur eSfrictieneohtainibg rgasoswfun cempauds df ¢lgvates ismperature imthgipressnenel
equi libriumcracking  catalyst c ri.ses | arge. pore..size_zeplite. 4. A
ot hod sl EpTp stk pielyshangh s Brdpsi st Gavklispasdids 'afidiee o
conpri sgg, 34 LA RS dEducds oﬁc&%@@ﬂﬂﬁ%ﬁfcﬂl,%c}én Heirbavtt silfhidalivehe
refractor(!/ i norgaffi‘c oxide 1s selected fromthe group consisting of
al um na, conkist éRentdlByofandadinmtand asuppet sdéctedfForB thergnoep housistingafdi ng to
claim5 in which the refractory ingrganic oxjde is.alumna. 7. . A nethod
accordi rgfreetory Hiorganiq exidmandactivaied GHBOR COMRNMENVMAYMt  sul fur reduction
additive contains fromabout 2 to about 20 wei ght percent, based on 30 the
wei ght of the support, of vanadium | '

2. A method according to claim 1 wherein said support comprises a

refractory inorganic oxide selected from the group consisting of alumina, silica,
titania, clay and mixtures thereof.
15
3. A method according to claim 1 in which the equilibrivm cracking

catalyst comprises a large pore size zeolite.

4. A method according to claim 3 in which the large pbrc size zeolite

20 comprises a faujasite.

5. A method according to claim 2 in which the refractory inorganic oxide

is selected from the group consisting of alumina, silica, clay and mixtures thereof.

25 6. A method according to claim 5 in which the refractory inorganic oxide
is alumina.
7. . A method according to claim 1 in which the support of the product

sulfur reduction additive contains from about 2 to about 20 weight percent, based on

30  the weight of the support, of vanadium.



18 MAR 2004 23 8. A nethod according to claim7 in which the support of the
product sul fur reduction additive contains fromabout 5 to about 10 wei ght
percent, based on the weight of the support, of vanadium 5 9. A rigtMRd004
according to claim1 in which vanadi um has been inpregnated onto the

surface of the support. 10. A nethod gccording to claiml in which vanadi um
has been 10 incorporated into the support. 11. A nethod according to claim
1 inwhich the sulfur reduction additive is a separate particle. 15 12. In

a fluid catal ytic cfacki {E | : feed
conpri sing oréanosﬁ%%ﬁ%ﬁgé@ﬁ] s%icg%%gﬁﬁlﬁcgﬁwﬁ%ﬂ%ggﬁ{dggﬁ ghter

product s (By,r [e@idtfpladditive co¥Glnsdraabiaduy Sto ab@ R0 veeight percest, basell oa
circulating equilibriumcracking catalyst inventory consisting of

. par ti cl eghehawiighgoftheiszppargfvangdfumom about 20 to about 100 nicrons,
conprising: 20 (i) catalytically cracking the feed in a catalytic cracking
zone Bperating at. catalytic cracking conditions by contacting feed with a

source o T eOger 2t g LI LT BAACKH RS ot 8 BbgOUe 2 Cracki ng

zone effluent “conpri ucts and spent catal yst containing

coke andiﬁ’?fé[gg%glogtdﬂﬂﬁ@rsﬁgﬁMIﬂm suppbnt. di schargi ng and separating the
ef fl uent xtture into a cracked product 25 rich vapor phase and a solids
ri ch phase, conprising spent catalyst; (iii) renoving the vapor phase as-a

product and fractio at%_{)}gd tg-?%f%iﬁ?ﬁ@’h%@@ﬂ”@ Ih'\%h RS keGP products

i ncl udi ng gasollqne, * S rich sSpent catal yst phase to

renove o M ﬁ@ﬂ,ﬁ_fromthe catal yst, 30 (v) transporting
stri dgedqﬁé#ﬂ%g{a] oihes st

a rom-t ri pper to a catalyst regenerator; (vi)
regenerating stripped catal yst by contact with oxygen containing gas to

produce regenerated catalyst; and - .18 R 20 24 (Vi) F the
regenerated catlal ysf "’E“?}ﬁ?%éccef E&?%a‘%m ‘Fﬁlcgg'ﬁet%‘&é“féﬁ%lfééﬂ&dé{ﬁ%%ﬁ ties of
heavy hydars%ggtrapeo&r{iagp, t he i nprovenent which conprises

15 12.  In afluid catalytic cracking process in which a heavy hydroca;bon feed
comprising organosuifur compounds is catalytically cracked to lighter products by
contact in a cyclic cata]jfst cracking process with a circulating equilibrium cracking
catalyst inventory consisting of particles having a size ranging from about 20 to about
100 microns, comprising: '

20 (i) catalytically cracking the feed in a catalytic cracking zone operating at
catalytic cracking conditions by contacting feed with a source of regenerated
equilibrium cracking catalyst to produce a crécking zone effluent comprising cracked
-products and spent catalyst containing coke and strippable hydrocarbons;

(i) discharging and separating the effluent mixture into a cracked product
25  rich vapor phase and a solids rich phase comprising spent catalyst;
(i) removing the vapor phase as a product and fractionating the vapor to
form liquid cracking products including gasoline,
(iv) °stﬁppiﬁg the solids rich spent catalyst phase to remove occluded
hydrocarbons from the catalyst,
| 30 (v) transporting stripped catalyst from the stripper to a catalyst regenerator;

(vi) regenerating stripped catalyst by contact with oxygen containing gas to

produce regenerated catalyst; and



reduci ng the sulfur content of the gasoline portion of the liquid cracking
5 products, by .catalytically cracking the feed fraction at el evated
tenperature in the presence of a product sulfur reduction additive to
produce liquid cracking products of reduced sulfur content, wherdifnMARZ0;
product sulfur additive conprises fluidizable particles haV|ng a size
rangi ng from about 20 to about 100 mnd4crons and consists essentially of
vanadi um and a support selected fromthe group consisti ng of aio
refractory inorganic oxide and activated carbon. 13. A ne g.d gccor ding to
claim 12 in wi)aecydimgshmppgenergodhpatalysidoshe QTEQW%&%QFF)’O F%Pﬁ:} He%oxi de-

| ected f th f al t | d
i xt ur Zguaur«a%?eoﬁﬁegﬁuﬁﬁcaﬂm@mﬂ3@5&@@%@3%@‘1 ferist i L Wi the
cracki ng cat a?@h‘ﬂ% %%ﬁhr\iﬁ%&eﬁt Hﬁﬁm(&gﬁ&que?'dhﬁﬁ' dieheRqlid tRckibg. A nmet hod

according tof upport 1s a refractory 2 hﬁ; nor gani c
OXl dg S kaalyadally @b 1h@rfee1mfrmmmaselev@ed)ﬂcnmlemmant lica, clay
anddsem Q{Q}E}Q tﬁﬁereg‘Ei 1)23 A ﬂrir%t hod according tQ A5 in,which the

refract fdgemdacuprmoductcsnlfdﬁcdscmnmﬁﬁﬁwe to grogice lé\q%f:’ﬁ‘& g PN to claim

12 in ich the support of t.h ro Su ve contains
f r om abersuced ﬁldfme“?(}”%?’ﬁﬁlﬂéjlﬂfgagéﬁfﬂfmo%&(dgidv eocﬁq%&]%soﬂvx}glaﬁ%!tﬂéof t he
support, of . vanadi Q@@htaoomchoﬁgaﬁd)cmsmm 17 in which
the supp BP{Cleéﬁ’atvh &lg%t@%mg%%régbo@ezgggtl on additive contains from about 5
to aboulsckRriNy g{l{rarmehme akd a baped sahcteﬂﬁmmegwukﬁ(mﬁﬁ@“% B{)ﬁor t, of

vanadi um net al”. 18 MAR 2004 25 19. thod according to claim 12 in which
vanadi ummaﬁomeﬂwgwmé@rﬂdé&"%?%cgge? ‘nto the surface of the support. 5
20. A nethod according to claim112 in which vanadi um has been added into

t he support. 10 21. A nethod according to claim12 in which the sulfur
reduction addj4 i vea rh&had a&peading & ¢aint 12 irewhich the support comprises a

refractory inorganic oxide selected from the group consisting of alumina, g;.l;ca,_ '
titania, clay and mixtures thereof.

15
14. A method according to claim 12 in which the cracking catalyst

comprises a matrixed faujasite zeolite.

15. A method according to claim 13 in which the support is a refractory

20  inorganic oxide support selected from the group consisting of alumina, silica, clay and

mixtures thereof.

16. A method according to claim 15 in which the refractory inorganic

oxide is alumina.

25
17. A method according to claim 12 in which the support of the product
sulfur reduction additive contains from about 2 to about 20 weight percent, based on
the weight of the support, of vanadium metal.
30 18. A method according to claim 17 in which the support of the product

sulfur reduction additive contains from about 5 to about 10 weight percent, based on

the weight of the support, of vanadium metal.



22. A nmethod according to claim12 in which the gasoline product of
reduced sul fur content is a gasoline boiling range fraction which hﬁi ER '
sul fur content |ower than that achieved in the absence of the prod H1AR 2004
sul fur reduction additive. 15 23. A fluidizable catalytic cracking product
sul fur reduction additive which congiises fl ui di zabl e particles having a
size ranging from about 20 to about 00 m crons, consists essentially of
vanadi um and a support selected fromthe group consisting of a refractory

i norgani ¢ oxide and activated carbop.and r fUten, content of
liquid catal yt9.cal Pyméﬁhaék@&OGéf%Picﬂaéquﬁdl?%%?%’ﬁa?ﬁéé g.lisfl ihd catal ytic 20

cracking process, 24...A flujd tic cracking product sulfur
reduct i Gmpé%@aﬂ?%%ntoé’é%f’g}fen%ﬂagéa@ tgF(rgr?ﬁ 3 whi ch contains fromabout 2 to
about 20 wei ght percent vanadium (nmetal, based on the total weight of the
additive). 25 25. A fluidizable catalytic cracking pr oguc sul Eu% reducti on
addi ti ve accegdi ng feirkdaidooingol ddime bhinay ish vasadivam aat en2ddihout 10

wei ght' percent vanadium (netal, based on the total weight of the

addi ti veipto th8 shBpo2004 26 26. A fluidizable catal ytic cracking product

sul fur reduction additive according to claim23 in which vanadi um has been
inpregnated into or onto the surface of the support. 5 27, A f|uidizable
catal ytic craglfi Ng QLR acesidider o cRamCI iorwhidiheisulfur deioni a8githé cl ai m 23
i n which vanadium has been incorporated into the support. 28. A nethod of
reduci ngisth@patd particlent ent of a catalytically cracked to Iiquid petroleum
fraction, which conprises catalytically cracking a petroleum feed fraction
cont&i ni ng organosul fur conpounds at el evated tenperature 'idln ;tq)?e presence
of an equilibtium gracki &) WSl aiGOTE R wWhiel theagradingrprodudtiof i mat e
contact with tﬁ?epar%tn%q*g%€%c§ﬁ%§é bc?f at | east one g,r ogg%t \’Sﬁ%f ur r?ducti on
addi ti ve i RcBd esigsiecdntaptisth gasabid bjlipg vange fracgn Vauh daya § _ P Ntent,
wherein the additive consjsts essenti.all rdaasipleect ed from
the groupowonbesthahgeeved ipdpg %waﬁ{ﬁ% Ié)gélacsgg)mxﬁgghgﬁ% arzgcti vat ed carbon
and at | east one transportabl e vanadi um conmpound adsorbed and/or absorbed
onto or into the support, respectively, and capable of being tyansported to
the ,gracki ngagat alay stujllizablencmilgtis ufrddking produst i sulfue aeICHRR V@I“Hﬂv&i um
content ?Jhi;hhgompﬁ.ses fluidizable particles having a size ranging from about 20 to about

100 microns, consists essentially of vanadium and a support selected from the group

consisting of a refractory inorganic oxide and activated carbon and reduces the sulfur

"content of liquid catalytically cracked gasoline fraction during a fluid catalytic

20 cracking process.

24.. A fluidizable catalytic cracking product sulfur reduction additive

according to claim 23 which contains from about 2 to about 20 weight percent

-vanadium (metal, based on the total weight of the additive).

25 |
25 A fluidizable catalytic cracking product sulfur reduction additive

according to claim 24 which contains from about 5 to about 10 weight percent

vanadium (metal, based on the total weight of the additive).



cracki ng catal yst by about 100 ppmto about 10,000 ppm relative to the
anmount of 20 vanadiuminitially present on the cracking catal yst, when the
additive is contacted wth the cracking catal yst under catalytic % h(i ﬂ]g
conditions. 29. The nethod of claim 28 wherein the support conpri sgé g !
refractory inorganic oxide selected fromthe group consisting of alum na,

silica, titania, clay and 25 m xturss thereof. 30. The nethod of claim28
wherei n the vanadi um content of the equilibrium cracking catalyst is

i ncreased by about 500 to about 5000 pppm 30 31. The nethod of claim 28

wher ei n the wgnadi AmusapiiOta ¢ facianp plddaet sulfur pdactiomgidiiiel yst is
i ncreased by about 1000 to aboUt 2000 pppm

according to claim 23 in which vanadium has been impregnated into or onto the

surface of the support.

27. A fluidizable catalytic cracking product sulfur reduction additive

according to claim 23 in which vanadium has been incorporated into the support.

28. A method of reducing the sulfur content of a catalytically cracked

10 liguid petroleum fraction, which comprises catalytically cracking a petroleum feed
fraction containing organosulfur compounds at elevated temperature in the presence of
an equilibrium cracking catalyst containing vanadium in intimate contact with
Separate particles of at least one product sulfur reduction additive to produce liquid
cracking products of reduced sulfur content, wherein the additive consists essentially

15  of a support selected from the group consisting of a refractory inorganic oxide and
activated carbon and at least one transportable vanadium compound adsorbed andlor.
absorbed onto or into the support, respectively, and capable of being transported to the
cracking catalyst in amounts sufficient to increase the vanadium content of the
cracking catalyst by about 100 ppm to about 10,000 ppm, relative to the amount of

20  vanadium initially present on the cracking catalyst, when the additive is contacted

with the cracking catalyst under catalytic cracking conditions.

29. The method of claim 28 wherein the support comprises a refractory
inorganic oxide selected from the group consisting of alumina, silica, titania, clay and

25  mixtures thereof.

30. The method of claim 28 wherein the vanadium content of the equilibrium

cracking catalyst is increased by about 500 to about 5000 pppm.

30 31. The method of claim 28 wherein the vanadium content of the equilibrium

cracking catalyst is increased by about 1000 to about 2000 pppm.



