-7 MAR 2006 GASQOLI NE SULFUR REDUCTI ON I N FLUI D CATALYTI C CRACKING A FI ELD CF
THE | NVENTI ON [ 00011 This invention relates to the reduction of sulfur in
gasol i ne and other petrol eum products produced by a catal yti¢pngARCH0BO
process. In particular, this invention relates to an inproved catal ytic
cracki ng process, which provides catal ytic cracked product streans of I|ight
and heavy gasoline fractions having a reduced sul fur content.

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00021 This application is related
to Application Serial No. 09/144,607, filed August 31,1998. [0003] This

appl i cati on GASGOISINE SULTFRUIR REDUQTION 1IN FI36ID GATRWEYTIE CRACRENGNd

09/ 221,540, both filed Decenber 28, 1998. [0004] This application is also
~related to Application Serial No. 09/399,637, filed Septenber 9, 1999.
10005] This application also relates to Application Serial No. 09/649, 627,
filed August 28, 2000. BACKGROUND CF THE | NVENTI ON [ 0006] Catal ytic

cracki ng | FIBLPDEOF gHEIINVENTIONg process which is applied comercially on a
very large scale, especially in the United States where the majority of the
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products. Cracking is acconplished by reactions taking place at elevated

t enper at ur &treamg q&t«gehght an¢ heavygmsqlinefragtipny havipg  redyeedyyligir icontept t he
conversion or cracking occurring in the vapor phase. The feedstock is

t hereby converted into gasoline, distillate and other |iquid cracking

product s aLR®$S-REFARENMCE TQREEATEDR APPRICATIONSuUCt s of four or |ess

carbon atons_per nol ecule. The gas partly cansjsts of. ol efin nd. partly of
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material, kpoygygas coke, is deposited onto the catalyst. This reduces its
catalytic activity and regeneration is desired. 1
[0003] This application is also related to Application Serial Nos. 09/221,539 and

09/221,540, both filed December 28, 1998.

[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.



7 MAR 2006 After renoval of occluded hydrocarbons fromthe spent cracking .
catal yst, regeneration is acconplished by burning off the coke to restore
catal yst activity. The three characteristic steps of the catalphirc2gpgacki ng
can therefore be distinguished: a cracking step in which the hydrocarbons
are converted into lighter products, a stripping step to renove hydrocarbons
adsorbed on the catalyst and a regeneration step to burn off coke fromthe
cat al yst. AfH& rerReanst ctcRded Bidbyabonsiréniahe 5t dcking thalyet, agdeneatioh & .
[00081 Catal ytic cracking feedstocks normally contain sulfur in the form of
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addi tives resen onv.ersion t her .o ting conditions but, in any
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sul fur fromthe FCC feed by hydrotreating before cracking is 1nitjated.
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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 the sulfur from the cracked
prdducts 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 sutfur was inhibited.
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reference al so showed that a sulfur reduction additive based on a zinc

I npregnated alumna is effective to reduce product sulfur in FCC products.
However, when mxed with a netal inpregnated catalyst, the &MAR 20086 t he
additive to reduce sulfur was inhibited. I 4 2 7 MAR 2006 [0011]] O her
devel opnments for reduci ng product sul fur have centered on the renoval of
sul fur fromthe regenerator stack gases. An early approach devel oped by
Chevron usggpiigl um @h@erOQllépﬂfén@Sbﬁ@dhdih%p‘ﬁ)dh@t Julfr hiveedtntdired 6 tHelrambValhf
catalyst to adsorb sulfur oxides in the FCC regenerator; the adsorbed
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desi gnati on 'DESOXr m used for the additives in this process, the technol ogy
has achi ev&aneveddiamistack gases eoiitied Bomdbesregemstatop balprogeat swlfer levils ateawit ng

this type of sul fur. reppyv additives include U S. Patent Nos. 4,963, 520;
4,957, 892; grfaégf}fé‘itgd’lggﬁl) 982 and ot hers. Again, however, product sulfur

level s arej(oaz] 9reahl aiterftive esthnbdlofl fr theteMaral ofeitiful biides froin feBenergtiCt i ON
of sulfur levels in the liquid cracking products was proposed by Ziebarth
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greatly reduced.
[0013] Catalyst additives for the reduction of sulfur levels in the liquid cracking

products was proposed by Ziebarth et al. in U. S. Patent 6,036,847, using compositions
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
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content of the liquid products of the cracking process. These sul fur
reduction catalysts conprise, in addition to a porous nol ecul ar sieve
conponent, a netal in an oxidation state above zero within theARIZ0gOr of
the pore structure of the sieve. The nol ecular sieve is in npbst cases a
zeolite and it may be a zeolite having characteristics consistent wth the
| arge pore zeolites such as zeolite beta or zeolite USY or with the
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these material’'s are u I 'n conbi nation vmt an active cata yt1c cracking
catal yst 1998y srﬂﬁkyechactianjc&tslytstmmnleﬁo&hc peolescabad mvﬂpﬁl&‘étmn%\}neﬁ?/&#‘l 60%As

zeolite USY a U oce s h drocarbon eedstocks in,the FCC unit to
Zuce I SNEre SPaaDer A eRSalast COMPRSIHONS At Shghe aRmicayonsglso compsise ab g
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simlar to the one described in plication No. 09/144,607 " were descri
however, tHe anammty»ﬁ theancﬂpbmmpcmest inthe f1d8e redystion satalysts ishemmatlyrfpom 6 tat*

. | east one_ r earth netal on nt hanu d a ceriu
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reducti on rg@bddeftest.i s normally from0.2 to 5 weight percent, but anmounts
up to 10 wei ght percent were suggested to give sonme sulfur renoval effect.
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by an oxi dixin zefo.s The silfibi reﬂmcmnaame)mﬁ theahtalyst system is increased by increasing the
average oxidation state of the metal component by an oxidation step following conventional
catalyst regeneration.
[0017] Application Serial No. 09/649,627,-filed August 28, 2000, is a continuation in
part of Application Seﬁal 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;Os, Si0,, 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 {metal 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 1o this need.



.catal yst regeneration. 10017] Application Serial No. 09/649, 627, filed
August 28, 2000, is a continuation in part of Application Serial No.

09/ 399, 637 and di scl oses inproved sul fur reduction additives 7MARZDO6Ii N a
catal ytic cracking process for reduction of sulfur content. The sul fur
reduction additive conprises a non-nolecul ar sieve support materi al
(preferably an inorgani c oxide support such as A1203, Si 2, and m xtures
t her eof) CMWM@HOH of vanadi um The amount of
vanadi um ¢ MMARY. OF ¥ f\]auct ion additive catalyst is normally
from about [B01]t 0 aboiimptOvetbdagdlvtipetelang prdcysdianbyw Yeen deadiopdd whitlpisabout

10 weight percent, (netal based on the total weight of the additive). [00181
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vanadi um enr. ] . | Sie .1lnpto a FCC unit operating
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el emental vanadium [00201 The mechani sm by which the present invention acts
to enhance SEE@ ompopgnts sprmally prgsent Yhraekedihy drrsarhon pyo ROt PISCISEiY cked
hydr ocar bo t S , ' : of
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[ enpve sﬁl fi%\fcptory,ythere yxencreasﬂlg tL]e actl%tity of tJYe crackting catalyst to rg'nove suhé{lr.

[0021] Accordingly, it is an advantage of the present invention to provide an improved
catalytic cracking process, which provides liquid products having improved sulfur reduction
when 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.
*[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.



[ 00211 Accordingly, it is an advantage of the present invention to provide
an i nproved catalytic cracking process, which provides |liquid products
havi ng i nproved sul fur reduction when conpared to the sulfuryngdrcigogn
activity typical in conventional catalyst cracking processes. [00221 It is
al so an advantage of the present invention to provide a catalytic cracking
process which allows for the rapid dispersion of vanadi umover the entire
cracki ng caRIEY IESCIRPLENION BF THE DEAWEReENci ng the renoval of sul fur
conponents_from cracked hydrocarbon products. 100231 An additi onal

advant age {026he pr§h@ﬁtgurmmahnc3)mmp$caﬂ catplytie crekiag paocesy forghe wdactionnf
process havi oved pr.oduct .sulfu educti.an w.t hout the need for the
addi ti on ﬁg ﬁ%‘ ﬂ@t‘? Bﬁcoe{gmcﬁw}ggtﬁw PHSFYIMY G 8ol i t e/ vanadi um
additives as disclosed in related Application Serl aI Nos. 09/ 144, 607,

09/ 221, 539; 09/221 540 09/ 399 637 and 09/ 649, 627. '100241 Anot her

advant age E TI STIOMDVi de cat al ytic cracki ng

conpositio sit-idurln aI | Ckl composi tions
e capabl D21 ¢ pboRiiEoeRg ﬁg we% i ik e o SRt e Bt o
cracking pE@Q&Ettc%rﬂpl&sittﬂBﬁ aEh?a%%P&ﬁu@& and®ji@l contam nants, e.g. ni ckel and

i ron. [00251 her “obj ects an dvantages wi Il becone apparent fromthe
detailed [0838]ipti 'b‘}m'and “edalibpipmnciéadystT aii fesat” 3s UsadiiRréln 06 indidakRthe inventory

DESCRI PTI OF THE AW N 100261 The Fi tal yti
cracki ng M%BQA% %&ﬁ&ﬂ%ﬁ B?H%P?f:’ T OLSEL#FE‘SJSJ‘G% I ca ;g alnge
with the pLaS&RE chhifichs. dr tp%bf mxﬁiﬂn% Q:rm-EHEqﬁlWﬁ 'c%lﬂs@oggﬂen{: or

pur poses of thisS invention rm"fresh catalyst" is used to 1ndicate a

cat al yst ccﬂuqivstf’t(wd:a:ly%tsakmrﬁdmcantﬁ(%um@chnd tegen¢roBdaitalyst” (catalyst tequingiabr i um
catalyst" or "ecat" H@gﬂ%a re| to |1%&| cate the inventory of circulating
f1uid cracﬁ?g?fberﬁtéqnaw £ &9e ‘Fﬁqlﬁ’ FCC unit operating under catalytic

cracking cms!sv]ﬂ I On%ﬁ@ﬁnp%&!}sﬁa@f’ if 1Med here¥Pidt ihaikale eiaﬁfnrgrﬁ:onamuhé Withinym
cat al yst™ spent catalyst" (‘catal yst taken froman FCC unit

"regener at E@C(raacémymt wlqeeremathgastems@a\adm the unibg constant amounhpf 9ataém invepory
d d | {. 291 The. .t { t o t
oggrgt i ﬁg V?}Eﬁe{f F%ﬂ? c tﬁ]iyﬁt %uVetr n‘{ a %or?s?an)( rate 8F Feed o? ateé c%toc?crh%{nrﬁg ade hncci cate
composition to obtain a constant conversion rate of products.

[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



FCC reactor unit wherein there exists within the unit a constant anount of
catal yst inventory having a constant catalyst activity at a constant rate
of feed of a feedstock having a defined conposition to obtai nMAR®@DBSant
conversion rate of products. 100301 The term "conversion rate" is used
herein to indicate the rate at which a hydrocarbon feedstock is converted
to | ower nol ecul ar weight, |ower boiling hydrocarbon products. [00311 The
term calalpet afiih ¥ bbitinols HaBHofRlaEhitalith hrBdl& ¥ &ahb@th%g%}y &t of " acked
product forned per unit tinme per unlgt vol u of reactor. | T9
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hydr ocar bon contai ning at l'east one  or gan-su ound as an

i mpurity, iwitiorederefis tunhd FOGgraddss althoughrthepresdny piovess @alkd bgussddndid dldas t o

contact the equilibriumcatalyst invent O[tﬁ contained in the unit. During the
i

FCC pr ocesdnovipgdpd pee(tatirpskingprocraewithapprogtinteisgustmriatasyjethei s
oo n et SO RS G e bRRAK. Abah BRI el i bSO i

Once a stea e environnen reache C un

hydr ocar borhytierdsiondkedstyck mad satie tpossilld chinges isthe prajucy fnadkry Fectivip distudsddo
feedst ock. ' The vanadiumtreated feedstock is charged into the FCC . unit

operating (s, the mapger of gperating thehracess §ilk smaip unchanezed; Thunh coaveptignal FEG

: t ) # . . o Y

ol oronenl SalysRENEF b Heed) £ eRuhife, SeditO b @RhER Qi SRRk REE S5 0 20

cat al yst i sotmpenestfas described irr thalsemedh] rdview hh Mehutohmd Habib/iRu2DO0&abfE unit in
ti ti. ) ti t | £ t f

0t il e e b o e G VAR bS5 g G e

fractions. \Léfpé%g lgn-'u_{?ﬁrcﬁﬁtoﬁte?”gbﬁrc‘@sr h!ae@a@éagg%agg Fhid CRabyBY EVbBR rggydmk,

conducted usin ny suita catal ytic cr unit or reactor.
conveni encdjulf Rebli Godheuston, 1P95, ISBNI@-884152%0-1wi t h reference to the FCC

process alt h th rese roce oul d .be used .in ft. ol der vi ng bed
Pype. ( 1o MRMEL; ng CPRREShe FRT G35y BE Frocka atfeats nowich £ isbry byfgeiidon
requi r enentfgedefock Renti@EHE orgmakilfir'compbolitdsaditi Bd @aclet tb lighier pRsdubidtakes
conpound/s to the hydrocarbon feedstock and sone possibl e changes in the

A

product redlareny aselalytie srackingreagerunibly eentact ié edstockfin gryclie tatgysthe
process W lrtlacirrc%f%"oﬂ cﬁ@ﬁﬂ%rﬁgg&ss WS, cifcdibeng HofnE gz&a]ytic cracking catalyst

inventory consisting 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 catal ytic
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] (i1) the effluent is discharged and separated, normally in one or more éyclones,
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 b,
Fluid Catalytic GCracking with Zeolite Catalysts, Marcel Dekkemyg ﬁﬁmo}gork
1979, 1SBN 0-8247-6870-1 as well as in nunerous other sources suc

Sadeghbei gi, Fluid Catal ytic Cracki ng Handbook, Gulf Publ. Co. Houston,
1995, | SBN 0-88415-290-1. [0034] GCenerally, the fluid catalytic cracking
process i npahedhéthe eﬁ@zﬂxd bydrScRnRAns tﬁeﬁeék%rcml&o Ql@é”'&r@tlﬂh@&oﬁé‘ﬁ)r cracking
organosulfur corrpoun s will be’cracked to |ighter products takes place in a
catal ytic ﬁmkqn@ltﬁmagfﬁcdumt by contact of the feedstock |n a cyclic

cat al yst cul a n I.n ocess th irculatin | ui di a.bI e
catal ytic E@gé i ng éﬁ?’zﬁlﬁ/ Ftr?a]éﬁ‘[ tﬁl"sq fﬁg ungfor Jeactor, fheeq H’zl THE a
Sl Zze rangl éfja] §ﬂ§k§ﬂ%8 to2ParicRis @&Qﬂhoﬂsogur!ﬁ 45108 dep ostiitd & B8k kadhtadlifes | N
the cyclic process ‘are: [0035] (i) t he hydrocarbon containing feedstock or.

feed is chandthd sevedre regenaﬂ@d)lyoﬁ aperaticacdondiionsi Thus oquﬂulbhynnmalastnmayg:ootm or

nore riser peha at.al t|c r,ac ons con cting the

f eedst ock gﬂ’ﬁ l%%ttfpgtélaw%ﬁ’o‘f’a‘}i?éﬂ li%’a%ﬂﬁ@aﬁé’ ‘gaﬂflbr fBce an
ef fluent CcoITRILSEB ﬁﬁﬁp&%ocoﬁmﬁ@sm?mysd&at@hw ﬂﬁogahﬁlraeertﬂatcoke and
strippabl e hydrocat bons; [0036] (ii) the effluent is di scharged and

separ at ed, eqtmhbrmllmycauatysblﬁ @nd'tdrm eThigpirovides a constant amoator qat&xﬁalwentbry n
cracked product and a.s e Co ISI n t he spent

(0037 (11 vt iy SopbiSCadiv R Bl o atr P St GHIERERRG n ¢ he
FCC main é‘e@% ¥ dedifed proiRts at ed side col unns to formliquid cracking
products inc u g gasol | ne; [0038] (iv) the spent catalyst is stripped,

usual 'y wi [:0I0461 eam Thu:s, atesrlnadg Statﬁc¢1nn1@t¢bn ¢D}dlltlm1arﬂl© amounbod ¢duditlramatatalyst in
fter whi t. t al ted to.7 7 R2006
b oduce hofbe FR B ERBEa} & S tmintet feShRBlys eEBENE U ECrhinds
zone for cihaakioist of éqmm@fmmeauysttwmﬁr@anfﬁeﬁﬂ thel @P30hs zﬁﬁcﬁ&ho?ﬁlﬂhﬁ-ﬁﬁn
|

equilibrates wthin an FCC unit or reactor, the equilibrium cat
exposed t occaldystdog dye talattritinns Alsecdiring aqadya@;tm@mtm offa F‘é@mto&an rate at

cqui 11 br sk AdpedfeavReh dRAES EbARbRoR s ARA R oS Bl cRBReme THEs
i ncl udi ng febd cawbe l:}hdi‘adt@fhetl(by awﬁlhﬂiﬁr@lﬁprdiieﬁi&kudﬂﬁis APDpravitlyspeifidgravity,

operation of a FCC unit, fresh catal I's added daily at the sane rate that
total sulfur (wt %), total nitrogen (wt ® ) metals content (wt %), Conradson carbon, K factor,

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

[06043] (i) providing a substantially liquid heavy hydrocarbon feed stream comprising at

least one organosulfur compound as an impurity;



equilibriumcatalyst is wthdrawn. This provides a constant anmount of

catal yst inventory having a constant catalyst activity, which maintains a
constant conversion of feed and selectivity of desired produrMAR[20060]
Thus, at steady state operation conditions, the amount of equilibrium
catalyst in the FCCunit is constant, i.e. the anobunt of fresh catal yst
added to the FCC unit is equal to the anount of equilibrium catalyst

attrichon. BN "G Graf2 ol RN 82q G bRUA PO B T ol 1 ©

whi ch a f eegidéoakality trackisg ceddities adipompta drulaiingittefdtdr of Be equtiibriiud hel d
constant. This feed can be characterized by a nunber of properties such as
APl gravi t patabysbeompesigetyvity, total sulfur (w 9%, total nitrogen (w %,

" nmetals con (W % . . L} ' and

ol ecul ar Vo0 " (D retaE BORiGh AL R R Ll 0Ol 108 QPRCE
reaction i medcfor Un@Gvhild feplating allubihoved epilitaiine edlalybicia oemoryivith fickhiéRalystio t he
| i quid and gaseous fractions of the_cracked products. These products

i ncl ude HzSTegissdFte#ly state gpyirenypgnt wathin the@nyt; nheavy cycle oil (HCO), coke and

unconverte d. Ungder EL 0 of I fur (on a
wt % basi s$064§§ner a?@gc?ﬁnéﬁﬁg@?%g&?@gfégh gg%glf yr@.a?%gé)%ec‘faggﬁ , however,
it has beegohpuigl inai aridiet seffidichi Ninoleaseahedbneenttativn of vaaediagrinorvatliee t o

t he feed bei nigi charged into a FCC unit _operati nﬁ under a $tead‘\q/(it state
envi r onnenequidibaem cagalyst inveptoxy By abot 108 it abaut 30080 pam, rejativediodhs eowm of

equilibriu . s G : | . , i vely reduce the sul fur
content of %%ﬁ%{r‘é%{%g* Bl(ré(y)édﬁt(‘:lltl Egoﬂrﬂn\éeﬂé%sﬁ{ﬁvg?t%%ﬁﬁ%r in the liquid
products, ¢eEEgi al | yvitdeatactias theivaradiumadontaiiting hedrbearboe tbed Streamesit theof t he
I ncreased vangdi.umon the equiljbri catal yst, even in the presence of
nmetal cont Sﬂ?lﬁgﬁ’t‘@ ctadyst H’é’egﬁc’&@l J’ﬁi‘?q reagtor prypunder sieady sfatepapditionstayr ocess

o oone R RSl aR A AR e R SRR )
| east one oomgemosul fur conpound as an inpurity; i 8 7 MAR 2006 [0044) (ii)
O 0 b 0l o 1 o e e ARV o o
equi i bri ugyniaifl sothpouRdBSIH pits the transport and deposition of the vanadium species to
the cracking catalyst under catalytic cracking conditions. Non-limiting examples of suitable
vanadium compounds are ammonium ortho-, pyro- or meta vanadates, vanadium oxides (e.g.
V205), vanadic acids, organometallic vanadium complexes (e.g. vanady] 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



[00451 (iii) renmoving a portion of the equilibriumcatalyst inventory from
the FCC reactor unit while replacing all renpoved equilibrium catalyst
inventory with fresh catalyst to create a steady state envir R 206t hi N
the unit; 10046) (iv) contacting the hydrocarbon feed streamw th at |east
one vanadi um conpound in an anount sufficient to increase the concentration
of vanadiumin or on the wequilibriumcatalyst inventory by about 1 00 to
about 20, Ofiferppagtor editd iovprovide tahenadivmntontiining hpdmbcanbon fieadi Bl The paradpnt i n

th t al tod { ; ad . [ 00471, tacti th di,
O A bR e SRR b S AR el R 2 o1
in the Fccecﬂﬁﬁﬁfiﬁl'h daRdidst HREBior ﬁr?@@érﬁr%t&dﬁpé‘giehdﬁﬁ&g%ﬁvir@ﬁrﬁ??lﬁ renﬁ cHiga N9

zone effluent conprising cracKed product’s having a reduced su content.
[ 0048] Vanfidinuthe coepreactdsd issseparatedrintoreecrpeked gmodiichstesaim 5andraspéd catajyst

vanadi um cont ai.ni ng. o und ,whi ch rmts . the ansport and deposi ti on of
the vanadi $FsaEH8EPR SRE Lqke g Pgwbﬂgﬁwﬁ%ogw&uﬁﬁwe@és%{ﬂm LA R}P%ﬁ‘%ﬂ
condi ti ons | 6Lt : ' ' é.in‘}é are
anmoni um ol;etc ﬁegakag;ﬁp g@&%?%rre a 1\%;‘215{21&%1? ﬁgeﬁgﬁgéﬁtgayggn%#%g%eg t\'/2 ),

vanadi ¢ acj(#$2] or gafTheretaakihg catabystased im denrhakies proeesy .of Viariastytionawiilrata)ly
vanadi um sul é;;it , vapadiumnjtrate, vapadyl nitrate,, yvanadi um_ hal i des ,an\&

oxyhal i desbq Bagsd onaiguRpitfivHicATYE STASkRESRTPRPEN!; Which inronventienalyzeplitereof .
Pref erabl yg, GieoMa Ritht!fchae gﬂﬂérﬁ-aﬂhgﬁémﬁg%%we&ﬁem Wkt ng of

vanadi um oxal ate, vanadium sulfate, vanadi um enate, vanadium hal i des,
and m xt ur pepafatior of whidh(s 8ikclosedhingdd &f BatentdNe.rfy40d, 986, wtrastebleiypadi zevlite

conpound/ s bl ended .i.n t.he feed solutjion prior top.injection of
Che'od | ST) REPURHIR L SeB RS- dAad AP brl 1 vhiows Al hinged pe
sol utions yhepies ak RS cRSS ih@SYPﬁl@&b‘l‘-{Bs??,WU@ﬁjéﬁd ,[5‘?6,@59.5?%%&\}6& g Of

a non-aqueous solvent, e.g. a suitable organic solvent such as pentane,
t ol uene ancbmpeneni fseroutinely eombintd mithc matbixdhaterie], sueh avaluagoenusderdo pddvide

t benat | utipn i . [005 he. t of di | ut j
R o the dediti BeitRaitalihardcrnits (iR Fsiupie el 3 GRS sfeietnirilior
the vanadi g@es) sdtivekesds p@ﬁfa@ﬂﬂﬁ@l; E@mphientsc erist 1615128 9f tHRWYakeRg B A& Y

avai |l abl e punp. For practica apBI ication, the delivery of the vanadi um
sol uti on ntypiceHy dwthe rangaed 10rtoi13P avigtoms &eneffestive luidmationown i n the Figure,

T 1P CogSES, P SRR RSHRRS BNBE M MBS B e
a liquid or substantially liquid hydrocarbon 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 bdiling 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 ata
level of about 0.02 to about 100 ppm; vanadium at a level of about 0.02 to 5'00 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

10



7 MAR 2006 riser reactor unit 4 to provide a vanadi um contai ni ng hydrocar bon
feed 3. The vanadi um containing hydrocarbon feed 3 is thereafter introduced
in the riser reactor 4 containing a equilibriumcatalyst invemMoRr2oesd
operating under a steady state environnment. The effluent fromthe riser
reactor 4 is separated into a cracked product stream5 and a spent catal yst
stream 6 contai ning coke and strippabl e hydrocarbons. The spent catal yst
streamis bhREFaddsRick us&E theCdthekiftcdtilyéthiRed b Rebults désifedl QiGRrally, the
regenerator 7 to regenerate the catal yst. 10052] The cracking cat afyst used
in the cratiiadipmpcowpendof added tp thefeed aha vdte sufficientloligcreass thesentepimation of

f auj it l.Lite.acti I, t ' ' ti I it
v P one Stoaptt ppnan B hCiEn ARBR R aporbty bl o SRR i RO P ol 1 o
(CREY) , t hegrefsiRabakt 100 18 5boiis000 bpmdhel SeRGHIP abbup5063% 8Hdut 000 02, 996,

ultrastable type’Y zeolite (USY) as disclosed in U S. Patent No. . 293, 192,
as wel | asrejaiviedoshepamaeundlof yanadivhainiallyt prpsent it oram the estalyst tiventbnsed in U. S.

Patents No 607, 043 and 3,676,368...The tive.crackin conponent. i s
outi nel y DI ned B SPISEMEAIP S NaRAS Y or e FASTLOTANER G ALYt FVOMARY tdst Stte
provi de tQ@aa‘?&?ﬂnﬁﬁﬂ)m@%&h@é‘ﬂ&&hﬁﬁé@ﬁyﬁﬂfe%ll@&rin‘g%qﬁﬁ’ﬁdx{:! tion resistance etc.)
as well as activity control for the very active zeolite conponent or
conponents. The particle size of the cracking catalyst is typically in the
range of 10 to 120 microns for effecti\v:.f uj di zatiign,, 100531 The feedstocks
useful in the catal yti Bplﬁmgcgg:pr%mml ©q Hi €© Ydclude a liquid
or substantially liqui ydrocar bon f e€atalysnadditionRatellfIDy as a cont ani nant .

The feedstocks include those which are conventionally utilized in catalytic
cracki ng processes to produce gasoline and light distillate fractions from

heavi er hy rbon : e gﬁplgr : 0t al

boi l'i ng pofb;qg ‘fgbove%%%ﬁﬁ%ﬁc?%ﬁaé%nﬁﬁ%ﬁrge Icgillé]%&és}ﬁl\éﬁmggc{lgég&oi | s,
fuel oil s, FC@atartien urts wHetsii theatdctionttappeadtuee taaiges frethabound006’C 10i708 °Craadh t ar
sands, oils fromecoal, m xtures of t Nols e of these, and the |jke. By

"t opped crif@ENEraton FERAENEFRSED 3PPY! Tt a0 “Sors oHbePc COMBLRS WIS thst * o
crude oil 1 rﬁﬁﬁ r : ' hanf an
constitut eéré%&%# ?ﬁ?%%ﬁ?%t?% ab’p%ﬁﬂu?né %I}de¥skt1€0d tﬁg}e ngi(])lﬁ{ignt ’pa‘r?gg‘?%g{s{iﬁflf has
been r enovad, depend npdayselprdl parareeters) gudr asshe feed tstoek tused; theoeataly@0amtithe results
Optional ly {é}f feedstock utilized in this process may contain as inmpurities
one ‘i‘eé - the netals nickel, vanadiumand iron at the follow ng

or no
typical rapgsgy Ni Clgd efftlct 8f the BHploved pARe offhORvERGPR S rdddiee MRSulfMANadi um
at a level of "about 0.02 to 500 ppm and iron at a level of 0.02 to 500

ppm | n a qmtshnepf 8 lisubbetacking prodhetssespecialiicthedight gasnline Faetiting mithoughan

' MPUMT LY. feductions are also noted in the light cycle oil, rhaking the products more suitable for use as a

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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[ 00551 In accordance with the process of the invention, the vanadi um
conpound is added to the feed during operation of the FCC unit under steady
state conditions. The amount of vanadi um conpound added to theyviigeshoy | |
vary dependi ng upon such factors as the nature 10 7 MAR 2006 of the

feedst ock used, the cracking catalyst used and the results desired.
Cenerally, the vanadium conpound is added to the feed at a rate sufficient
to increas co j f ' b : b Lotk d st
R U et EE D e R Lo A S
5000 ppm rmepssentingf epatitylacteoof properties, wits of n2a00e ppmitions,| physival staes dre
anount of vanadium.,niti ll%ﬁfrﬁfent In Qr on %ﬂf cal gl s% I nventqry., 100561
The concerREFERTFRERSF IRISPAR G HGHIN MECETAT PERESTN BRI errRrE Y SEyFTWisder
state st ;ﬁgggi {; ; e \ﬂﬁﬁb f @l i L ons m V
in feed xed?]g}eh rat gﬂ_%lﬁ ?sl?lg?/ ﬁr%‘?r?i/{ﬂgln ec a?lyyzédég?ta ;I/lg{t.}l W%fé%y%%h&a?%hge%% D)

| [0057] Theitsgddat al ytic cracking process of the invention is conducted in
conventional FCC reactor units wherein the reaction tenperature ranges from
about 400 Cto 700 C and regeneration tenperatures from about 500 C to 850
Care utilized. Conditions within the iIf)Rg and regeneration zone, as

W Il be understood by the skilled artisan, are not critical and depend upon
several paraneters, such as the feed stock used, the catalyst, and the
results desired. 10058] The effect of _the jnproved process of the invention
is to reduce the sulfur content of thEX®3PBl§Y cracki ng products, especially
the light gasoline fracti {:00S noted in the
light cycle oil, making §§§§B?E ugﬁgﬁﬂ%?gqgﬁ%%gﬁﬁgﬂgggggggﬂas a diesel or
hone heati[0862}i | bl Bredprocesp ofithetinvedtion iwasdested inuthe Daslisitin circutstioR TeoDCR) e
is readily achi evabl e using the process cqarding to,the present invention,
bS shown 7 EHYEREHBERIoh ko IR URN e B B TRk abgit 1 (wive
Process | feamiein 26d has bk ds i A8 Ifced. MReeBd prophRasRiBI M dBRAN Sul fi de
whi ch can be recovered in the normal way int product recovery section of
the FCC unit. The increased | oad of hydrogen sulfide may inpose additional
sour gas/water treatnent requirenents but with the significant reductions

in gasoline sulfur achieved, these are not likely to be considered
limtative. [00591 To further illustrate the present invention and the
advant ages t hereof, the
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foll ow ng specific exanples are given. The exanples are given as specific
illustrations of the claiminvention. It should be understood, however,

that the invention is not linmted to the specific details setMARRDO&N t he
exanpl es. [0060] Al parts and percentages in the exanples as well as the
remai nder of the specification are by weight unless otherw se specified. 11
7 MAR 2006 [0061) Further, any range of nunbers recited in the specification
or clains, such as that representl ng a paFjyieyl ar set of properties, units
of neasure, conditions, physical states or percentages, is intended to
literally incorporate expressly herei RedyPropéréieence or ot herwi se, any
number falling within such range, HealyWVaagma®ss Qibset of nunbers w thin any
range so reci ted EXAMPLES Exanple | (Catalytic Eval uation of Vanadi um
Added to Fgegy 10 3 tpe process of the invention waspgpsted in the

Davi si on c aé}aol g@g (DCR) for catalytic perforrgag@ for gasoline

sul fur reggﬁfq Kqé@ i1 feed with about 1.04 w'/, sul fur in feed
was used eed. The feed properties are shovvn in Table 1. L 12 7
MAR 2006 Table 1 Feed Properties Heavy Vacuum Gas G| a APl Gavity @0 OF
25.3 Spechilfr, @ity @0 OF 0.9023 Aniline Poi nt F & Sul fur, w.%

1. 041 Tot FbtalNNitropgrywt.%t . % 0. 07 Basi ¢ Nitrogen, . %®0D308 Conr adson
Car bon, W B%i®Nz2togen, wt.% 0.0308
Conradson Carbon, wt.% 0.21
Ni, ppm 0.2
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
1BP 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

13



Ni, ppm0.2 V, ppmO0.4 Fe, ppm3.7 Na, ppmO0 Cu, ppmO K Factor 11.67
Refractive I ndex 1.501736 Average Ml ecul ar Wi ght 348 % Paraffinic Ring
Carbons, C, 59.8 % Naphthenic Ring Carbons, C' 21.1 % AronmayingAR 716
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 13 7 MAR 2006 [0063] 2.50 granms of a vanadi um

napht henatjgogg)! ut i onsE R JFlaNGnaleMinaghibnd® Qbluti¥A asthnMgoubs SRYGEFW t h
3000 grans of 'the feed. The resulting Teed contained about” 25ppm of

vanadi um aenadivinywasiblepdadopitiapd0eremaefitherfeed Hhe keshitingtfees entainsl atoo064] A

comrer ci al)sECE SALahIRn ARaEby fEp LiFa Shitiam W5ick8 By SE 1985 t eaned
[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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deactivated for 4 hours at 1500F in 100% steam The catal yst properties are

shown in
Anal yses (Fresh) A120357.4 Si O237.9 RE2032. 05 Na2C0. 30 SO41. 18 pMiian@2thoe9
, Fe2030. 64 P2050. 14 Ca(0.09 My00.05 Wt. % wW. % w. % w. % w. % w.

W .

%

wt

Table 2. | 14 7 MAR 2006 Table 2 Catal yst Properties 11 Chem cal

% w. % wt. % Physical Properties (3 hrs./1000F) BET Surface

Ar ea259mZ) g Zeolite Areald7n2/g

Table 2

Catalyst Properties
Chemical Analyses (Fresh)
AlLO; 574 wt. %
Si0, 37.9 wt. %
RE,O3 2.05 wt. %
NaO 0.30 wt. %
SO, 1.18 wt. %
TiO- 0.99 wt. %
Fe 03 0.64 wt. %
P,0s 0.14 wt. %
CaO 0.0 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 (&)
Steamn 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 C; to C), 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.

15
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Matrix Areall2n/g Unit Cell Size24.56(A) Steam Deactivation (4 hr/1500F /-
100% st ean) BET Surface Areald4l Zeolite Area6b Matrix Area76 Unit Cell
Size24.36 m2/g n2/g nR/g (A [0065] The catalyst and feed zaprkRP@bE0NS
were tested for cracking activity and selectivity as well as gasoline

sul fur effect in the DCR The liquid product fromeach run was analyzed for
sul fur using a gas chromatograph with an Atom ¢ Em ssion Detector (GC AED).
Anal ysis of the liquid products w th t hBablBE3AED al | oned each of the sul fur
species in the gasoline r&ffeanof PecdeAdiedr VN iohiCedolikeofuifirr poses of this
exanple, the cut gasoline wll be defined as C5 to Cat hydrocarbons that
have a bovkhfuROppin UP t0 430 F. Tde sul furzgpecies ¢ycluded imyihe cut of
gasol i ne range 1 nclude thiophene, tetrahydrothiophene, Cl-CS al kyl at ed

t hi ophene nd_.a_vard.ety of aliphaiphe sul fu eci es. othio I s not
I ncl uded %{; W} l%&J\@"u’gasol I ne ran%gg[w%] 7 %g DCR dgggg%fzor t he' ¢4t al ysts
i s shown SOr¥V3 bel ow. 15 7 3006 TabP&93 Effec?qf Feed Adtfed V on
Gasol i ne S{® R@Hovanadi um ppn03607%3

_ 250 Con$édsion, wl¥27- 0676. £, 6876. 32
Ki neti c Odn¥Y®ld68t%52. 953. 22 ¢/ O H4PZ08. 108. 808. 738. 54018 Yi el d, 0.06
W %0. 020. 0BOCHBOWES C | + Cz's , wDM5651. 6911891. 70 Tod&0 C3 1.70

W %b. 675. Btal €7 pwtda 5.67 5.66 527 5.42
Total C4 ,wt% 10.52 10.71 10.06 10.50
Gasoline, wt% 54.22 53.24 52.19 5341
LCO, wt% 18.21 18.51 19.52 18.81
Bottoms, wt% 4.74 5.00 5.80 4,87
Coke, wt% 4.51 4.66 492 4,74
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 Niand 110 ppm V. The

catalyst properties are shown in Table 4 below.
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Total C4 wt 9%0.5210. 7110. 0610. 50 Gasol i ne, wt %4.2253. 2452. 1953. 41 LCO
wt 948.2118. 5119. 5218. 81 Bottons, W\ o04.745. 005. 804. 87 Coke,
Wt %1. 514. 664. 924. 74 Cut Gasoline Sul fur, ppn610500393412 Per cCEMAR2906i ne S
Reduction 18. 0%85.5%32. 4% Rel ative to O ppnV [00671 The first col um shows
the FCC catal yst without the addition of vanadiumto the feed. The next
three col ums show t he product yields and gasoline sulfur as the vanadium
accurul ated on the catal yst at about 360 ppm 773 ppm and 1250 ppm The
data shows that the added vanadi um decgl.egfe‘g cut gasoline range sul fur
content from18 to 35% as conpared to tfi@bhse FCC catal yst. The H2
i ncreased nodestly as the vanadi umincreased _but the effect on coke was
smal | . Exanple 2 (Catal ytic Eval uati dFcaPropgrigsi um Added to Feed) [0068]
" This exanple shows the effect of feed vanadium gasoline in the DCR A
commer ci al Cheichl AnalysesFCC cat al yst and a commercial FCC gas oil feed with
about 0. 05giout % of S was used. The equié4.871 unwcas al yst contai ned 24 ppm N
and 110 PP, The catalyst propertiesypge shopy,in Table 4 bel ow. 16 Table
4 Ecat Pr r&i es Chem cal Anal yses ISi %ﬁgl 873k of % A120331. 6W . %

55€0- ¥,

RE2032. 69 a;oﬁ’ Na2C0. 29wt . % 5040. 13wt . ¢ % Ti O21. 1wt. %

SO, 013 wt.%
Fe 0.5 wt. %
TiO, 1.1 wi. %
MgO 0.052 wt. %
P2Os 0271 wt. %
CaO 0.086 wt.%
Ni 54 ppm
v 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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MyQ0. 052wt . % P2060. 271w . % CaQ0. 086wt . % N 54ppm V110ppm Physi cal Anal yses
3hrs. /1000'F) BET Surface Areal8lnR2/g Zeolite Areal37n2/g Matrix Areaddnf/g
The feed properties are shown in Table 5 below. j 17 7 MAR 2096 ARBlopeS Feed
Properties APl Gavity @0 OF 22.3 Specific Gavity @0 F 0.92 Aniline
Point, OF 157 Sul fur, wt.% 0.055 Total N trogen, wt.%0.2 Basic Nitrogen,
wt. % 0. 056 , Conradson Carbon, wt.%0.05 Ni, ppmO V, ppmO0.1 Fe, ppmO

Na, ppm 0.6 Cu, ppm O K Factor 11.36 Refractive Index 1.50846 Average

Mol ecul ar Wei ght 324 Paraffinic Ring Ca.TQmss Cp 46.4 Naphthenic Ring
Carbons, C 34.2

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, 342
% Aromatic Ring Carbons, C, 194
Simulated Distiilation, 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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% Aromati ¢ Ring Carbons,
433 490 577 635 685 728 771 814 860 926 988 FBP 1415 Percent
Recovery 100 [0069] The DCR was operated with a riser tenperat MARQHO®70F
the liquid products were

and a regenerator
anal yzed by GC- AED for gasoline

tenperature of 1300F. All

sul fur

C. 19.4 Sinmulated Distillation,

| evel s.

vol.% F | BP 264

The DCR data for the

catalysts is shown in Table 6 below. At 18 7 MAR 2006 Table 6 DCR Study
wi t h Vadani um Added to Feed 970 F Riser Tenperature Col unm AColum B

E- Cat E-Cat V Feed Added 110640 Tot al

ppnmi10110

Added

Total V in System, ppm
V on ECAT Only, ppm

Conversion
Activity

H, Yield wt%
C] + Cz'S Wt%)
Total C; wt%
C:; wit%

Ci:= wt%
Total C4 wt%
IC, wit%
nCywt%

Total C4= wt%
Gasoline wi%
LCO wt%
Bottoms wt%
Coke wt%

ppm 8 Gasoling
Mercaptans

Thiophene
MethyiThiophenes
TetrahydroThiophene
C,-Thiophenes
Thiophenol

Vin System ppmYV on ECAT Only,

Table 6
DCR Study with Vadanium Added to Feed
970 °F Riser Temperature
Column A Column B
E-Cat E-Cat V Feed
110 640
110 110
68
6.18 6.88
0.03 0.06
1.86 1.87
5.06 497
0.69 0.77
4.37 4,19
9.42 9.01
3.05 3.08
0.55 0.58
5.82 5.34
4913 49.03
24.90 24.90
6.91 6.84
2.33 2.85
9 7
6 5
21 18
2 1
17 13
2 0
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Conversi on68 Activity6.186.88 H2 Yield wt%.030.06 C1 + C2 'S w%. 861. 87 ‘
Total C3 w9%b. 064.97 C3 wt %0.690.77 C3= wt %}. 374.19 Total C4 wm99.429.01 IC4
wt 98. 053. 08 nCAwt %0. 550. 58 Total C4= w %b. 825. 34 Gasol i ne wm ¥ AR290€3 LCO
wt 9%24. 9024. 90 Bottons wt %6. 916. 84 Coke wt %2.332.85 |1 ?pm S Gasol i ne

Mer capt ans97 Thi ophene65 Met hyl Thi ophenes2118 Tet rahydr oThi ophene2l

C2- Thi ophenes1713 T hi ophenol 20 19 7 MAR 2006 Table 6 conti nued

C3- Thi ophenes72 Met hyl Thi ophenol 70 &ablerf eptomed70 BenzoThi ophenel110 ppm S
Gasoline Light Cut Sul fur4538 Heavy Cut Sul furl42

Cs;-Thiophenes 7 2
MethylThiophenol 7 0
C4-Thiophenes 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 Suifur 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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Cut Gasoline Sul fur6041 Total Sul fur7150 Thi ophenol s90 Total Sul fur +

Thi ophenol s8051 % Gasol i ne S Reduction Light Cut Sul furl6% Heavy Cut

Sul fur85% Cut Gasol i ne Sul fur32% Total Sul fur29% Thi ophenol s100pARO@d6

Sul fur + Thi ophenol s36% [ 00701 The product selectivity was interpolated to a
constant conversion of 68 W% The first set of yield data was obtai ned on
t he basWhaesdlamddlikmse catal yst without the feed vanadium At the end of
the first set of 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 contained about 390 ppm vanadi um Since nickel was bel ow
the detection Ilimt, the ratio of vanadium and ni ckel was not cal cul at ed.
The DCR continuously operated for 3 hours and the vanadium |l evel on the

cat al yst wad. abauprodesoffredacing @k/sh)furldeatercaligdidiceacking prodactadionis faddled to t he

feed (Col um B) showe ut 32% r.eduction jn qut soline sul fur as
o od t Shalitic GARAEEES bossits ST & Fegton By drPeaBieh (IO pAS TR | s and
modi fi cati eR@noswiiircmpbinds BearppiasiBvracked tohigher prlsitldttsl confactiha art, can be

made in this invention w thout departing framthe spirit and scope thereof.
1790 7" WARCHH 6 gt eae B s egmoosss Vet Sl A ekl FREY e sul f ar

content of c}al:lﬂhl%']&quﬂfbﬁﬁiﬁidaﬁly@ﬁﬁddmdrﬁ the §r8tess édmpridingcat al ytic cracki ng (FCQ)
process in which a heavy hydrocarbon feed conprising organosul fur conpounds
is catal ytical l§) cr agkedinga shbsgentigly lguabheatyshydyocerdon izt sireera cycl i c
cat al yst r%cl;]rrc':sul al ieosq cr grclélgog%ﬂgrco% SS, valjsgnhima m(_:l' rculating fluidizable
catal ytic CTHEKIE éqﬁp?l B Gm ¢ at's ysf1 P VEMU6 y, the process conpri sing:
(i) providing &igubst@rdbahg the hydiocabdnefendystrayd e aFOGedcaednist r eam

operating under catalytic cracking conditions and comprising a circulating inventory of

an equilibrium catalyst composition;

(iii)  removing a portion of the equilibrium catalyst inventory from the FCC
reactor unit while replacing all the equilibrium catalyst inventory removed from the unit

with fresh catalyst to create a steady state environment within the FCC reactor unit;

(iv}  contacting the hydrocarbon feed stream with at least one metal
compound wherein the metal consists essentially of vanadium in an amount sufficient
to selectively increase the concentration of vanadium in or on the equilibrium catalyst
inventory by about 100 to about 20,000 ppm, relative to the amount of vanadium
initially present in or on the equilibrium 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 liquid cracked products, including gasoline,

having a reduced sulfur content.

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

catalyst containing coke and strippable hydrocarbons in step (iii).
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conprising at | east one organosul fur conpound as an inpurity; (ii)

i ntroduci ng the hydrocarbon feed streaminto a FCC reactor unit operating
under catalytic cracking conditions and conprising a circul at i hMARZ606 ory
of an equilibriumcatalyst conposition; (iii) renpoving a portion of the
equi libriumcatalyst i nvent ory fromthe FCC reactor unit while replacing
all the equiiibripmcal cﬁ'ﬂauhﬁ‘f@x‘ﬂk%&fnﬂn@ ved fromthe unit wth fresh
catalyst to Create ste y state environnent within the FCC reactor unit;
(iv) contacting ttie Higehacgieg ddnefaatide Seredanihixhraintd eerstked peodagt al
conmpound wher.gi iumin an anount
sufficient t%“% % t%\?até] 375?’?1)&;'?%}thgse"t%ﬁ@Sgﬁﬁﬁgﬁ%{tfg{ap\é vanadi umin or -on
the equilibrium Cat)aPeVrSiVInglt]WB/‘&Ipbmllysethy athmlutt ai]@(ﬂratttbnaﬂhtguhe ApoDFoppm

| at to th t th
caur || br i um AT GRTA RO o g yest it bEbrel PORES SO FrBftum cat al ys:

inventory in the FCC reactor unit with the vanadi um contai ni ng hydrocarbon
feed stream under _a steady_ state environment to produce a cracki ng zone

ef f I uent corfbr.s.Ebewrpefafer%'aék‘@*wep%ﬁablﬁ%stOWE?teﬂd-‘.omowgaﬁq?Fée frgfving a

reduced sul fiyg RﬁBE@lmstmgof altiRorRkR 68156 % & rRétE AnalidiEd, hﬁfrat@@maﬂﬁlfnng
si mul t aneousl y "produci ng a spent cata st containing coke and strippabl e

hydr ocar bonsoXidesstaspdi¢ pqids) Olgﬁ?lmtﬁ‘lm@ ygn gomptpeespragadiva swifate vapadyl> furt her

conprising (dr.di %Q@ﬁﬂ'nqgit@-'o%agﬁlgﬁ{aﬁgés'}gd B)t}%aﬁéefs |af1'@mxt\5ﬁ§(ﬁ191re§f Into a
cracked product rich vapor phase and a soli'd rich phase conprising spent

catalyst; and (ii) renoving the vapor phase as a product and fractionating

t he vapor to.for ui d i ncl uydin havi ng a
reduced sul fUr cgﬁ? epﬁgtesso cIli' lapp%'ffgnstge %ﬁeaé oncﬁeltaﬂ ge 'ﬁ?gecgfj | east one
met al conpoufinan itie gelpaohadinprodmanatiines ognhmpvam@emsbhfmg vefiadamoni um ort ho,
pyro- or neta at es g'}(;dr'?t ed van ?XI des, vanadi c aci ds,

na
or ganor net al RaPEthG) %H?WF‘H eé)’(%nd Y 'ﬁeégl?eﬁ% sul f at e, vanadyl sulfate,

vanadi um nitrate, vanadi um hali des and oxyhal i des and m xtures thereof. 5.
The process of claim4 wherein the at |east one netal conpound is selected
fromthe grolp cohs l%'?qeﬁ'iff(ﬁfa"véMHTWBQQ’%@’O“\f?ﬁéHF"ﬂ’i’riSé’ﬂF‘P‘é?‘éW“@H’ﬁad| um

napht henat e, 5t YBAcHe W1 3bhpRSd irPdtthniBuXt sdffR%ent RQER vely increase the
concentration of vanadium in or on the equilibrium catalyst inventory by about 300 to
about 5000 ppm, relative to the amount of vanadium initially present in or on the cracking

catalyst.

7. The process of claim 6 wherein the hydrocarbon feed stream is contacted with the
at Jeast one metal compound in an amount sufficient to selectively increase the
concentration of vanadium in or on the equilibrium catalyst inventory 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.
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R

6. The process of claiml| wherein the hydrocarbon feed streamis contacted
with the at |east one netal conpound in an anount sufficient to selectively
i ncrease the concentration of vanadiumin or on the equili briyw?ﬁbé/st
inventory by about 300 to about 5000 ppm relative to the anou

vanadi um i ni pi al | Yh95@8Q0bf difimy wiileih BR 166 pdt Ble 2&Rtetoyplises o fafiifte Pr OCESS
of claim®6 wherein the hydrocarbon feed streamis contacted wth the at

| east one metal conpound in an amount sufficient to selectively increase the
concentrati on, of i i n_.or . I Libri | inventory by
about 500 to%'aboxﬁg‘?gé%ggpcﬁ?'%rle‘ﬁ'getr%'l\ig]eﬁqultohggénn%ganﬁ]%? &vé’ﬁ‘ﬁfé%‘?sum initially
present in ovanadiutitae agkmepkitng catal yst. 8. The process of claim| wherein
the cracking catal yst conprises a |large pore size zeolite. 22 7 MAR 2006 9.
The process of claim8 wherein the |large pore size zeolite conprises a

fauj asite. 10i. Thehpprocassf Gdimcloaitrdin o aydroturbdadedtyfilrthaabhpnseseed furt her
conpri ses vanaqi umas agn inpurity. 11 . The process of claim 10 wherein
the hydrocar B6¥F PE¥UMPYFYher conprises nickel as an inpurity. 12. An

i nproved process for catalytic cracking of a hydrocarbon feedstock which
contains at | east one organic sul fur conmpounds conprising contacting in a
fluid catal yti.c émnaokiones (re@s) for eadyiar cragkingrmie mydnogarbdn feedsiagk mhichl yti c
cracking equjlihri : i rid ; al . nvent ory
w16 ropl aoi nui e ShELake sk PO ol B Roficut B PALB clEhel TV
st eady st at ecrechiing (GR6R neacter arhinventdre o0 cadptioerackinpeequilipprm\cetatyst,

conprising; (I t i . WM nmet al
conmpound V\helge'erl)or\{ g%@%ﬁg}{' g?tht(?gﬁtéggtﬁ g&ggb?gﬁﬁlile&i%ﬁ @Clﬁé {h@asﬁé%%'ﬁ%ﬁﬁ Pﬁﬂ%lﬁ anount
suffici ent tcatalgekespdsitiehyo pmeide asteadystatcanvgemberapitbin thé FUGmedioythd N or on
the equilibrj urpo\ge%eﬁtl%()%t iSiinn_vent ory by about 100 to about 20,0.00 rpm
relative to UHETENOUNT o “V&nadi um initially present in or on the

equi librium catalgy)st idovfabinthé hydrdchrbon fdedGilithnglehi@nefivial tdmigouna cat al yst

inventory with the vanadiu . Lo .
y wnerem the metgl consrnr;ts essentially of vanadium, in an amount sufficient to

selectively increase the concentration of vanadium in or on the equilibrium catalyst
inventory by about 100 to about 20,0.00 rpm, relative to the amount of vanadium
initially present in or on the equilibrium catalyst inventiory;

(i) contacting the equilibrium catalyst inventory with the vanadium
containing hydrocarbon feed in a FCC reactor unit under a steady state environment to
produce a cracking zone effluent comprising liquid cracked products, including

gasoline, having a reduced sulfur content.

13, The process of claim 3 wherein the process further comprises the addition
steps of}

(i) stripping the solids rich spent catalyst phase to remove occluded
hydrocarbons from the catalyst,

(ii) transporting stripped catalyst from the stripper to a catalyst

regenerator,
(iii)  regenerating stripped catalyst by contact with oxygen containing gas to

produce regenerated catalyst; and
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cont ai ni ng hydrocarbon feed in a FCC reactor unit under a steady state
environnment to produce a cracking zone effluent conprising liquid cracked

products, including gasoline, having a reduced sul fur contenty MAR.200&€¢
process of claim.3 wherei i

proces rther conprises the addition steps
Dt S0y otri ppi Nk he Tese s TRf R atebi A B o P BD IS ool uded
hydr ocar bonsgfidn@ifiestdf@eSahaldpsdrbon(fedd. transporting stripped catal yst fromthe
stripper to a catalyst regenerator; (iii) regenerating stripped catalyst by
contact with oxygen containing gas to produce regenerated catal yst; and 23
7 MAR 2006 (iv) recycling the regenerated catalyst to the cracking unit to
contact further quantities of heavy hydrocarbon feed. 24
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