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| NVENTI ON 5 [0001] The present invention relates to a process for

converti mpooyrd3es oils produced in catal ytic cracking reaPCT/ORE/i1450

ol efins and naphtha. More particularly, the invention relates to a process
for converting a catalytically cracked cycle oil such as heavy cycle oil
("HCO'" or "HCCO'), light cycle oil ("LCO'" or "LCCO'), and m xtures thereof
into ol efins and naphthas using a 10 zeolite catal yst. BACKGROUND OF THE

| NVENTI ON [0002] Cycle oils such as LCCO produced in fluidized catalytic
cracking ("FCC') react] A ) speci es such as

napht hal ene.. The need : - : em ssions fuels has
created an increased 15 demand for FCC products that contain a di mnished
concentration of nmulti-ring aromatics. There is also an increased demand
for FCC ppmgggpymlmﬂgm ol efins that may be separated for use in
al kyl ation, olTgomerization, polynerization, and MIBE and ETBE synthesis
processes. "There is a parti cular need for |ow enissi ons, high octane FCC
product s [0#0ilhg an The pesssetin¥eniomcelates 40 agrocsss Gor canvesting eyélavilind a
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addi ti ona tic cracking I n such conventi onal processes,

hydr ot r eat"itD aoe YLCEDY)) arslintiximses daéia@f lnﬁeuﬂeﬁns mdnaplithhs ssihgmat i on of
bi cyclic hydrocarbon species such as WO 01/79395 PCT/ US01/ 11445 -2
naphtWal ezeoliteocpialifice t et r ahydr onapht hal ene and al kyl - substi t ut ed
derivatives

BACKGROUND OF THE INVENTION

[0002] Cycle oils such as LCCO produced in fluidized catalytic cracking
("FCC") reactions contain two-ring aromatic species such as naphthalene. The
need for blendstocks for forming low emissions fuels has created an increased

15 demand for FCC products that contain a diminished concentration of multi-ring
aromatics. There is also an increased demand for FCC products containing light
olefins that may be separated for use in alkylation, oligomerization,
polymerization, and MTBE and ETBE synthesis processes. There is a particular
need for low emissions, high octane FCC products having an increased

20 concentration of C, to C, olefins and a reduced concentration of multi-ring

aromatics and olefins of higher molecular weight.

[0003] A high octane gasoline may be formed conventionally by
hydrotreating an FCC cycle oil and then re-cracking hydrotreated cycle oil. The
hydrotreated cycle oil may be recycled to the FCC unit from which it was

25  derived, or it may be re-cracked in an additional catalytic cracking unit.

[0004] In such conventional processes, hydrotreating a cycle oil such as

LCCO results in partial saturation of bicyclic hydrocarbon species such as



t hereof, collectively referred to herein as tetralins. The hydrotreating is
performed under conditions that result in partially saturating the cycle
oil's amooat/is9speci es. For exanple, in one conventi onal PETOSEEE44 cycl e
oi | 5 containing naphthal ene as the nost abundant aromatic species is
hydrotreated wunder relatively mld conditions so that tetralins are the
nost abundant aromatic species in theghydrotreated product. [0005]
Unfortunately, re-cracking the hydrotreated cycle oil in accordance wth

t he conventional processes results in undesirable hydrogen transfer 10

reactions that .convert parti.ally _sat ed s | LnNs into

pol ynucl e‘%ﬁptﬁi?%%et FOCBIOQE‘S B L[%Ea ?H%ﬁ@i@.e T‘Bﬁ@g?ﬁﬁ%ﬁgu@g#ﬁe?%agéyneed,
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I n one erd@firid unddieonditimsithat resulaimpdrtially saturatingthe ¢ycdd bil's cracking a
primary feed conpri si n%: (a) injecting the primary feed into an FCC ri ser

react or heoimaticapetieas tor gxampls, in ene cowventional piegess s xel§®ik eacti on zone
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cat al yst ég@c&%%&héﬁym&td @datt. spent  catal yst and a cracked product;
(c) separating at |east a cycle oil fromthe cracked product and then 25
processing the cycle oil in the presence of a catalytically effective
anount of[0808D 01/ 7088 tRGETElYSHEChtking the ByHyaireapederds otlgnascatdasce under
hydr opr ocessi ng conditions in order to form.a . hydroprocessed cycle oil
cont ai ni nyith the genyertional prasentesgeswisdryndesirglls %Wﬁ{&ﬁﬂ tﬁﬂ“?‘ﬁe

hydr R Ocr%eslcst?gnsct\ﬁ%{ (caoﬁxlzelrt bé‘ﬁl%uty%%m%%t%S %Seéigé‘&&éh%s tetralins into

polynuclear aromatics such as naphthalene.

[0006] There remains a need, therefore, for new processes for forming

naphtha and olefin from hydrotreated cycle oils such as LCCO.
SUMMARY OF THE INVENTION

15  [0007] In one embodiment, the invention is a method for catalytically

cracking a primary feed comprising:

(a)  injecting the primary feed into an FCC riser reactor having at least
a first reaction zone and a second reaction zone upstream of the first reaction

zone, the primary feed being injected into the first reaction zone;

20 (b)  cracking the primary feed in the first reaction zone under catalytic
cracking conditions in the presence of a catalytically effective amount of a
zeolite-containing catalytic cracking catalyst in order to form at least spent

catalyst and a cracked product;

(c)  separating at least a cycle oil from the cracked product and then

25  processing the cycle oil in the presence of a catalytically effective amount of a



zone; and 5 (e) cracking the hydroprocessed cycle oil under cycle oil
catalytic cracking conditions in the presence of the catalytic cracking
cat al yst wODET3P3 ED DESCRI PTI ON OF THE | NVENTI ON [ 0008] TheT/URWENB450n i S
based on the discovery that recycling a hydroprocessed cycle oil
containing a significant anmount of 10. decahydronapht hal ene and

al kyl -functionalized derivatives therepf (also referred to herein a
"decalins) to an FCC reaction zone along the feed riser at a point
upstream of gas oil or residual oil feed injection results in beneficial

conversi o of the .hydroprqcess cle oi.l inte. naphtha.a | ight ol efins
(ot & RytrBgrocruny said SREERy Y Rittatne pPhFLRRR I 8RB ibkAN, cori no
such a hygr ﬁ%gdc bl oo s heast d ;z@ne at a point
upstreamftii}{d}gggﬁ%;§ o) r%g?ighgfa?%llhfgargllg?lgirg??ﬂ;%gguppre(gsés?ggﬁg’ndesirable
hydrogen transfer reactions by re-cracking potential hydrogen donors
present in the(dycl ijeitinghdiydreprobesiod oy slecihinto theasdcont reagtionnar y f eed.
[ 0009] Preferred hydrocarbonaceous feeds (i.e. the primary feed) for the

20 cat al yzdne; endcki ng process descri bed herein include napht ha,
hydr ocar bonaceous oils boiling in the range of about 430F to about 1050F,
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oil; liquid products derived fromcoal |I|iquefaction processes, and

m xt ur es DETATEEDVOESCRIBIFORCORUBHIE INVENTION 0010] The preferred

cracking process may be performed in one or nore conventional FCC process
units. Each unit con‘gr ises a riser reactor, havi n%ha first reaction zone
and a secl098} eact i The invantiopss based on therdiseqvesy thatgeeydmedne, a

i'z);]ie!opi ngh}; gg:’coc%ssce tc%lrc)fes E)ilrc%%?aqﬁirn%tai sqgnﬁﬁgrelt ar%ggnta S least one separation
10  decahydronaphthalene and alkyl-functionalized derivatives thereof (also referred
to herein a "decalins) to an FCC reaction zone along the feed riser at a point
upstream of gas oil or residual oil feed injection results in beneficial conversion
of the hydroprocessed cycle oil into naphtha and light olefins (i.e. C; to Cs
olefins) such as propylene. It is believed that injecting such a hydroprocessed
15 cycle oil into the FCC reaction zone at a point upstream of gas oil or residual oil
injection suppresses undesirable hydrogen transfer reactions by re-cracking

potential hydrogen donors present in the cycle oil before such donors can contact

the primary feed.

[0009] Preferred hydrocarbonaceous feeds (i.e. the primary feed) for the
20 catalytic cracking process described herein include naphtha, hydrocarbonaceous
oils boiling in the range of about 430°F to about 1050°F, such as gas oil; heavy
hydrocarbonaceous oils comprising materials boiling above 1050°F; heavy and
reduced petroleum crude oil; petroleum atmospheric distillation bottoms;
petroleum vacuum distillation bottoms; pitch, asphalt, bitumen, other heavy
25  hydrocarbon residues; tar sand oils; shale oil; liquid products derived from coal

liquefaction processes, and mixtures thereof.



5 [0011] The primary feed is conducted to the riser reactor where it is
injected into the first reaction zone wherein the primary feed contacts a
flowi ng woortsddf hot, regenerated catal yst. The hot cathCyssovapMS i zes
and cracks the feed at a tenperature from about 450C to 650C, preferably
from about 500C to 600C. The cracking reaction deposits carbonaceous

hydr ocar bons, or coke, 10 on the catal-#st, thereby deactivating the

catal yst. The cracked products may be separated fromthe coked catal yst
and a portion of the cracked products nay be conducted to a separator such

as a fracw(ﬁ tor. 'ﬁlglp?é‘ﬁheﬁ c?é(ﬁéilg%giédcfegé %&L@ﬁrg&?ﬁ%ﬁm&oﬁﬁom

fraction, *1's separate romthe cr pr separation zone.
Q her fragbhwrigiohARF CURYrdeessSERR! HALH dnittarhpasey aekadepsoeUatingb i ncl ude
light olefin fractions and naphtha fractions. [0012] Light olefins

separ at edfifstaeadtion zomecarka seypniecactiod zmefupstisamont the foskrsgetsos note, as
oliginerization, polynerization, co-polynerization, ter- polynerization,
and rel at 2GRS ZEBE,  pAiplyPhEOEERPIatign ZORGANI-AL et PIE §ePRIgEPD Z8Nef or m
macr onol ecul es. Such light ol efins nay be pol ynerized both alone and in 20

known 5 n (00t ©) 1% gREREy B 1L RERHETEE: b eBPlptSBgE R o Moo
concentr afxﬁecte@ Witbfthe i#RGEREFon Ol NS AR RiMassfeeltOnkdci4 flRWEhE NS pri or

to polynerrzation. Propylene and ethylene are preferred pol ynerization

f eeds. Pokyptepyhetfecanttraiedicuaiyst) dihe lat eatal et eapedzesodndrencksathieon
products made therefrom 25 [0013] The coked catal yst flows through the

st ri ppi ngfeedres aviempsratuest Fom ahouwit80%Ys o pRRE, mreteralx framabgut SYAkt i cl es
ith trippl terial h. t Th trippi b f d
under 1 owisBUEKT Ve Ermskingdieciion deeRsvis iarepmassaws o udots. of ke, 5 1 o
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coke on tdprgRl Fothithé BokdtbcIgsERREa pbrifvh okthetacl@dimodicts ng@sbhe
preferably air. Decoking restores catalyst activity and simultaneously

heat s t hecomdwmitgdsto 4 sepazatpr such as a fractionator. At least a cycle oil fraction,

preferébly an LCCO fraction, is separated from the cracked products in the
separation zone. Other fractions that may be separated from the cracked products

15  include light olefin fractions and naphtha fractions.

[0012] Light olefins separated from the process may be used as feeds for
processes such as oligimerization, polymerization, co-polymerization, ter-
polymerization, and related processes (hereinafter "polymerization") in order to
form macromolecules. Such light olefins may be polymerized both alone and in
20 combination with other species, in accordance with polymerization methods
known in the art. In some cases it may be desirable to separate, concentrate,
purify, upgrade, or otherwise process the light olefins prior to polymerization.
Propylene and ethylene are preferred polymerization feeds. Polypropylene and

polyethylene are preferred polymerization products made therefrom.

25  [0013] The coked catalyst flows through the stripping zone where
volatiles are stripped from the catalyst particles with a stripping material such as

steam. The stripping may be performed under low severity conditions in order



5 650C to 800C. The hot catalyst is then recycled to the riser reactor at a
point near or just upstream of the second reaction zone. Flue gas forned
by burni mgooooises i n the regenerator nmay be treated for reroOVaRIIG445
particul ates and for conversion of carbon nonoxide, after which the flue
gas is normally discharged into the atnosphere. 10 [0014] As discussed, a
cycle oil product is separated fromthg.cracked products. Subsequently, at
| east a portion of the cycle oil is hydroprocessed in the presence of a
hydr opr ocessi ng cat al yst under hydroprocessing conditions in order to form

Cuch s dBCaBroRReAS e PR SRR RRS TR PR A HRi e Cor ' 15
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ri ser rea I njected 1nto the second acti on zone.

hydr opr ocgfesddialysEin the pugsehbe ofae ogygemeentaitdnggasgresteralglyratact ors. [ 0015]
Preferred process conditions in the riser reactor's first reaction zone
i ncl ude t Bepekiaguestordsranalsstoastivityeod smaltencowshpicatp it eatabisyid, egn 20

about 525C to 600C dro b tjal fl bout ;10 40 i a,
oot erbl 5500 aaGe Do fot GoPlyEl i them ey C A e FISEO RO g ROl (we /vt

ratio fromabout 3 to 12 ref . o] 4 ue@,q; al yst
wei ght isn?%togljuswsérﬁ?&jo?f q%ﬁgegéfcg{'eég@&ggbn%%sﬁuee. géfﬁf&%‘g’ﬁdn t %g@t reé, it
i s al so pggfer B rbfdieratdl 2R Betre8a Yor RiMdval ofphdideeds whil ok he primary
feed into the reactTon zone, 25 with the steam conprising up to about 10
W . % preterabivnafeatbéh tonekidet afler whickh the fhivegasris marmallpeischaiged, it is
preferred that the primary feed's residence time in the reaction zone be
| ess t hanird@dlag atpoospbesnds, preferably from about 2 to about 20 seconds,
and nore preferably fromabout 1 to about 6 seconds. WD 01/ 79395
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the presence of a hydroprocessing catalyst under hydroprocessing conditions in
order to form a hydroprocessed cycle oil having a substantial concentration of
decalins such as decahydronaphthaléne and alkyl-substituted derivatives thereof.
15 At least a portion of the hydroprocessed cycle oil is conducted to the riser reactor
and injected into the second reaction zone. The hydroprocessing may occur in

one or more hydroprocessing reactors.

[0015] Preferred process conditions in the riser reactor's first reaction
zone include temperatures from about 450°C to about 650°C, preferably from
20 about 525°C to 600°C, hydrocarbon partial pressures from about 10 to 40 psia,
preferably from about 20 to 35 psia; and a catalyst to primary feed (wt/wt) ratio
from about 3 to 12, preferably from about 4 to 10, where catalyst weight is total
weight of the catalyst composite. Though not required, it is also preferred that
steam be concurrently introduced with the primary feed into the reaction zone,
25  with the steam comprising up to about 10 wt.%, preferably about 2 to about 3
wt.% of the primary feed. Also, it is preferred that the primary feed's residence
time in the reaction zone be less than about 20 seconds, preferably from about 2

to about 20 seconds, and more preferably from about 1 to about 6 seconds.



preferably fromabout 20 to 35 psia; and a catalyst to cycle oil (w/w)
ratio fromb5 about 5 to 100, preferably fromabout 10 to 100, where
catal yst webgmsis total weight of the catal yst conpositBCT/UR@ughsnot
required, it is also preferred that steam be concurrently introduced with
the cycle oil feed into the reaction zone, wth the steam conprising from
about 2 w.%to about 50 wt.% and pregerably up to about 10 wt.% based
on the weight of the primary feed. Also, it is 10 preferred that the cycle
oil's residence tine in the reaction zone be |less than about 10 seconds;
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cat al yt 1 olOngkid iy ERa road PR FERRS R pistigeF ko nd SefibERractigH i
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than one type of catalyst particle my be present in the 15 catalyst. A

pr ef er r edalsait@2BSC to BEVIC,) leydisedrbbn ipartidi ressussstiram abount 40 hs 48tpsigast  one
crystalline alumnosilicate, also referred to as zeolite, of average pore

di anet er preferably frammabms 20 t0.35 primdnsh aeeafalyshio, cycle o1l (Wi rgfer BORkol i t e
crackin catal yst. The re.di angter S onetines.referred to
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t echni ques . 1.ni s | ' S

b ook, - yoBprt ofi A RP EnRbe, KGNS AUricBUIR R Ao retBibalE SO0,
58, 114 (&849be bichrhtlphhebdadied with ehPoyab ofl febe igorthdyedotibarones.
Zeolites useful in the inhvention are described in the "Atlas of Zeolite
St r uct ur ewTihptks steaatsomptisidg fmineaboand v %aHo abosb ) vefo endvprafbrabiiei nenan,

Third Edition, 1992, which is hereby. incorporated eference. As 25
di scussedup thabeuitld) yébo.rhepedenithe Wégm&fﬁﬁ%i)nﬁkﬂrﬁ’&é‘irs fd8ni ng zeolite.

The catal yst | so include fines,..inert tiCl e It cont ai ni ng
a metdl | iB?é?%"ﬁg%ﬁ@gFﬁ%ﬁ%cqﬁwoﬁtsdf?@ée’f‘%%?‘é‘c?fm tﬁgg‘{%‘%‘?’égﬁ&? t%altgénslctlﬁlgﬁ metal | ic
speci es | L. ﬁﬁﬂ?&u tQ. 108k8dndsand m xtures thereof.
WO 01/ 793@%@/%@%@%%&% - [g‘g)?éfmégtoapﬂ 0%ar triicl es may contain netals
such as platinum pronoter species such as phosphorous-containi ng species,
clay fillpo17and spacpresertal, fluidized catalytic cracking catalyst ("catalyst" herein)

is a composition of catalyst particles and other reactive and non-reactive
components. More than one type of catalyst particle may be present in the

15 catalyst. A preferred catalyst particle useful in the invention contains at least
one crystalline aluminosilicate, also referred to as zeolite, of average pore
diameter greater than about 0.7 nanometers (nm), i.e., large pore zeolite cracking
catalyst. The pore diameter also sometimes referred to as effective pore diameter
can be measured using standard adsorption techniques and hydrocarbons of

20 known minimum kinetic diameters. See Breck, Zeolite Molecular Sieves, 1974
and Anderson et al., J. Catalysis 58, 114 (1979), both of which are incorporated
herein by reference. Zeolites useful in the invention are described in the “Atlas
of Zeolite Structure Types,” eds. W. H. Meier and D. H. Olson, Butterworth-
Heineman, Third Edition, 1992, which is hereby incorporated by reference. As

25  discussed, the catalyst may be in the form of particles containing zeolite. The
catalyst may also include fines, inert particles, particles containing a metallic
species, and mixtures thereof. Particles containing metallic species include

platinum compounds, platinum metal, and mixtures thereof.



inparting additional catalytic functionality (additional to the cracking
functionality) such as bottons cracking and netal s passivation. Such an 5
addi ti onavoonatsbyti c functionality may be provided, for erampi@,/11ip45

al umi num containing species. Mre than one type of catalyst particle may
be present in the catalyst. For exanple, individual catalyst particles may
contain large pore zeolite, shape selLgctive zeolite, and m xtures thereof.
[ 0019] The cracking catal yst particle may be held together with an
inorganic 10 oxide matrix conponent. The inorganic oxide matrix conponent
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"glue” thigngatiab waditaal takb/itk facnondity faddidendlao théeeickimpl y, the 15
inorganic oxide matrix is not catalytically active and conprises oxides of

silicon fmdtiahalityhsmch ag botsorak stackre and wetalh passéepionatBuchi ami na phases be

incorporated. into the inorganjc oxige matrjx. _Specie f al um num
oxyhydr oxachhgogalaatﬁiy%jﬁmoé@@ﬁhm Bay gedep fyin gﬁd’xﬁﬁn&\i@ﬁﬁ HEMOYRE n nas

such as a-al um na 3-alymn 7- 1 -al um. - ] . X-al um na,
and p-al PR SRS, lee“np%]%g‘?la%n%weoﬂ?ﬁaﬁ?&tﬂﬂ%ﬂ 1@?%&3& ?f)gesglﬁteglxi s an

al um num &%;'cﬁi’aggé%x IR XM SndiviRREil Eﬁtvalys@?k{ﬂ{dlésemay‘ébﬁﬁéiﬁ &g fplre Of
doyelite. The matrix material may al so contain phoSphorous or  al um num
phosphat ezed| €, 20hpPreltetivededlat adndsmixiardsithéresf.i n the present invention
contain at least one of: 25 (a) anorphous solid acids, such as al unm na,
silica-alumna, silica-nmagnesia, silica-zi rconili silica-thoria,

si | ica-bel0PAP] a, siThegrackingrmatalysmarticlnmay; b@é}e : ﬁtgemrml;}y@tgg@rganic
T P o e, SRS B RO [ 202
particle's components together so that the catalyst particle product is hard enough
to survive interparticle and reactor wall collisions. The inorganic oxide matrix may
be made according to conventional methods from an inorganic oxide sol or gel
which is dried to "glue" the-catalyst particle's components together. Preferably, the
15  inorganic oxide matrix is not catalytically active and comprises oxides of silicon
and aluminum. It is also preferred that separate alumina phases be incorporated
into the inorganic oxide matrix. Species of aluminum oxyhydroxides-y-alumina,
boehmite, diaspore, and transitional aluminas such as o-alumina, 3-alumina, y-
alumina, §-alumina, e-alumina, k-alumina, and p-alumina can be employed.
20  Preferably, the alumina species is an aluminum trihydroxide such as gibbsite,
bayerite, nordstrandite, or doyelite. The matrix material may also contain

phosphorous or aluminum phosphate.

[0020] Preferred catalyst particles in the present invention contain at least

one of’

25 (a)  amorphous solid acids, such as alumina, silica-alumina,
silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania, and

the like; and



are anor phous materials containing about 10 to 40 w. % al um na and to which
ot her pronoters nmay or nmay not be added. 5 [0022] Suitable zeolite in such
cat al yst want/isbes i ncl ude zeolites which are iso-structpBpeBUSUOI12E0] ite Y.
These include the ion-exchanged forns such as the rare-earth hydrogen and
ultra stable (USY) form The zeolite may range in size fromabout 0.1 to
10 mcrons, preferably from about 0.3-80 3 mcrons. The zeolite will be

m xed with a suitable porous matrix material in order to formthe 10 fluid
catal ytic cracking catalyst. Non-limting porous matrix materials which
may be used in the act | P i .on i nclude al um na,
silica- alumna, si >ca-@gﬁgéﬁtég&ssi(foﬁagmzr}ér%\g I (iitk silica-thori a,
silica-beryllia, silica- titania, as well as ternary conpositions, such as
si | i ca-al jagRMp- t hordidica iR matedilargbletige indengRkentdndention
silica-nmagnesi a-zirconia. The matrix may also 15 be in the formof a cogel.
The r el atare@nmrphoud matesiald codesiningaboutddnterd0 whdo aluminganiddo oxhide gel
matri x on an anhydrous basis may var idely with the zeolite content,
rangi ng fqtbmmtemaﬁogmaymt@q@&m y fromabout 10 to 80, percent by
wei ght of the dry conposite. The matrix itself may possess catal ytic

P ommonentO0AZE he: oasdiidple PRRIRE ifls el Bty piticldibend B0 RIRNMic o 0, 1 ©
about 60 i%-];s%\lcﬁfr fier2BliYe I OrRedb tlude R PR ChaASedorfs suBH aFBhe

preferably fromabout 5 to about 40 wt.% based on"the total weight of the
cat al yst .raf$egftahlyiirogehendatlitth yeblodUS Y fermsi Thewebliter mayearigeom sibout 10
to 300 microns in dianeter, with an average particle_ di.aneter_of about 60

25 i cr onfsommateus Ork tec k) mieronssprefasablytfrom ahovsPidlo umicroms. dhsut < 350
n2/ g, ferably.50 to,200 n2/ ferably f t 50 tp 100
1o/ 0 iifestice A bemmaed Waid shav gore R aty MR Toreee EpdBaent on

h t.hi ngs: - : it
ot orita) TGHRVAE RN Gy AHh R ftus iy @RS RURREL 250, |1 e
from abouhapPetiRed A tHEEctiC@b LiHR FHESIM Mhvertionrinahdetalbflira si2ie-

alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-

titania, as well as ternary compositions, such as silicaralumina—‘fhoria, silica-
alumina-zirconia, magnesia and silica-magnesia-zirconia. The matrix may also
15 be in the form of a cogel. The relative proportions of zeolite component and
inorganic oxide gel matrix on an anhydrous basis may vary widely with the
zeolite content, ranging from about 10 to 99, more usually from about 10 to 80,
percent by weight of the dry composite. The matrix itself may possess catalytic

properties, generally of an acidic nature.

20 [0023] The amount of zeolite component in the catalyst particle will
generally range from about 1 to about 60 wt.%, preferably from about 1 to about
40 wt.%, and more preferably from about 5 to about 40 wt.%, based on the total
weight of the catalyst. Generally, the catalyst particle size will range from about
10 to 300 microns in diameter, with an average particle diameter of about 60

25  microns. The surface area of the matrix material will be about < 350 m’/g,
preferably 50 to 200 m?%/g, more preferably from about 50 to 100 m*/g. While

the surface area of the final catalysts will be dependent on such things as type



n2/ g, and nost preferably fromabout 100 to 250 n2/g. [0024] Anot her
preferred catalyst contains a m xture of zeolite Y and 5 zeolite beta. The
Y and betveOae®i3pi e may be on the sane catal yst particle, par/uditffiessent
particles, or sone conbination thereof. Such catal ysts are described in

U S. Patent No. 5,314,612, incorporated by reference herein. Such catal yst
particles consist of a conbination of Beolite Y and zeolite beta conbi ned
ina mtrix conprised of silica, silica-alumna, alum na, or any other
suitable .matrix 10 material for such catalyst particles. The zeolite

3??& % gé%cﬁ PousL ol el o BRI, S MpRbPBedufal s posoa rile. anot ner
Dol ite spavaRiZhofPAldl 3D @ T0hYeyRie BRAF Ly Kol o Sl o

mat eri al afity Z8lYRost Phefetalig dtdrhabbat 160 te2 5@ kel y the amor phous aci dic
mat eri al ) and shape Sel ective zeolite may be on the sane catal yst particle,

on different particles, or some conbination thereof. Such catal ysts are

descri bed[0024] U. S. Pawother prefersdapsalgsixontaingp poixiure @fmgolits ¥raddce her ei n.
Th it t] th t al yst ticle will typicall tain f
Sbout 5 wesoebetss e 3 a1 haiepbieman be g e sae el ierdeiE Bhous. act ol c
terial h , i i ' . Sh
ol cct | vedpiiE iRl GEs e FObESRMEDE SO ol £MescribOPEET ST807

zeol i tes grOesAtAYNDAW 19 §1DAhEorpoEAed b9 Fefhditle HorSinNBudhcatdpeout 0.7 nm
Such zeolites include, for exanmple, M-I, MFS, MEL, MIW 25 EUOQ MIT, HEU,

FER, and p&hcidsraonkist ef bypmbination eSz¢ditPACatbrenlits beta carfibiled|intae
Nonencl ature). Non-]imting exanples of such nmedium pore sj é@e zeolites,
i ncl ude zeNiBx cogprised of sNicapsilizaplyminaz alymma, opayssthey SityRe Gaathg3gs

PCT/ USO1/ 11445 . -10 38 SM 48,. ZSM.50, si.licalite hl.icalite 2. The
most P ef Blaferiplifer %‘%&%ﬁw Tahaticfs: daeaRol e ARTedliingos 3, S0z 856
and 3, 770,61 BosifeD4td st Sarticle will consist of 25 to 95 wt.% zeolite Y with the

balance being zeolite beta.

[0025]  Yetanother Pr?ferred catalyst Qg_ntains a mixture of zeolite Y and a
shape selective zeolite species such as ZSM-5 or a mixture of an amorphous

15  acidic material and ZSM-5. The Y zeolite (or alternatively the amorphous acidic
material) and shape selective zeolite may be on the same catalyst particle, on
different particles, or some combination thereof. Such catalysts are described in
U.S. Patent No. 5,318,692, incorporated by reference herein. The zeolite portion
of the catalyst particle will typically contain from about 5 wt.% to 95 wt.%

20 zeolite-Y (or alternatively the amorphous acidic material) and the balance of the

zeolite portion being ZSM-3.

[0026] Shape selective zeolite species useful in the invention include
medium pore size zeolites generally having a pore size from about 0.5 nm, to
about 0.7 nm. Such zeolites include, for example, MFI, MFS, MEL, MTW,

25 EUO, MTT, HEU, FER, and TON structure type zeolites (IUPAC Commission
of Zeolite Nomenclature). Non-limiting examples of such medium pore size

zeolites, include ZSM-5, ZSM-12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-



described in U S. Patent No. 3,709,979; ZSM12 in U S. Patent No.
3,832,449; ZSM 21 and ZSM 38 in U. S. Patent No. 3,948,758, ZSM23 in U.S.
Pat ent NowO51/2930¥6, 842; and ZSM 35 in U. S. Patent No. 4, OR€T/P8&/11M5 of the
above patents are incorporated herein by reference. [0027] OQher suitable
medi um pore size zeolites include the silicoalum nophosphates (SAPO), such
as SAPO-4 and SAPO- 11 which is descrifged in U S. Patent No. 4,440,871,
chronosilicates; galliumsilicates; iron 10 silicates; alum num phosphates
(ALPO), such as ALPO 11 described in U S. Patent No. 4,310, 440; titanium

bor on o1 | Phakad-+holol- s ficalfE sbatlieniiend ThenSsupBmedinnGa, "
3 500, o5 VAR st U AR NETS A s ERRl IR 412, AR N e

sel ecti veq&ppbbd @8 U.S. PASnERLAB 00D BpesiNgs] 2 igdd.J. PatadeNo. 3,832,449 ne
adm xtures" which are thought to be the result of faults occurring within

t he crystZ8Mr21 andASM-38én bi8aPatemi Ng. 3,848 5981 BEM-23ah W lve PatesidNa. es.
Exanpl es of crystalline adm xtures of ZSM5 and Z 11._ar di sclosed in

U S. Pat eﬁmﬁkﬁ?‘/’rzﬂ?@@,ﬂ\éﬁm‘érs-ips?lt‘?mw-ﬁ@(?%ﬁa}%‘gs-hm?ﬁt%;ﬂ ye Petedfence. The
crystalline.adm xtag?rxi%ﬁar.e t hepsel ves nedi um pore, i.e shape selective,

si ze zeol PELRCYRET TPy TRECIENGS used with physical adni xtures of
zeolites in which distinct crystals of crystallites of different zeolites

are physimb!y Pr eOfiMr suitabROmEaRE potAiYStesIREPRRIIE e hydr ot her nal
reaction "~mxtures. 25 [0029] As set forth above, the process of the

i nvent i onsitiosgluirspluosphkics §SARQ); sualr 35 $APD-4 andISAPOF 5t whegltisi on zone of
a riser reactor in order to forma cracked product. At |east a _portion of

the cycl edesicribed i BpSr Batent Noofh e Td; sbrasdosnivases; Badlosnpdigatesn ifor 445 - 11
Pavi i o SHgeFT: AR EReP AR D KLACh att<tres AHECH) IRt iR Eycl e ol
'S Patent No. 4,310,440; titanijum aluminosilicates (TASO), such as TASO-45

described in EP-A No. 229,295; boron silicates, described in U.S. Patent No.

4,254,297; titanium aluminophosphates (TAPO), such as TAPO-11 described in

U.S. Patent No. 4,500,651; and iron aluminosilicates. -

15 [0028] The large pore and shape selective zeolites in the catalytic species
can include “crystalline admixtures” which are thought to be the result of faults
occurring within the crystal or crystalline area during the synthesis of the
zeolites. Examples of crystalline admixtures of ZSM-5 and ZSM-11 are
disclosed in U.S. Patent No. 4,229,424 which is incorporated herein by

20 reference. The crystalline admixtures are themselves medium pore, i.e., shape
selective, size zeolites and are not to be confused with physical admixtures of
zeolites in which distinct crystals of crystallites of different zeolites are
physically present in the same catalyst composite or hydrothermal reaction

mixtures.

25 [0029] As set forth above, the process of the invention comprises cracking
a primary feed in the first reaction zone of a riser reactor in order to form a

cracked product. At least a portion of the cycle oil is separated from the cracked



conducted to the riser reactor for injection into the second reaction zone.
Such cycle oil hydroprocessing may occur in a hydroprocessing reactor
under 5 wapopsetessi ng conditions in the presence of a hpdropenessi ng
catalyst. [0030] The term "hydroprocessing” is used broadly herein, and

i ncludes for exanple hydrogenation such as aromatics saturation,
hydrotreating, hydrofining, and hydrogracking. As is known by those of
skill in the art, the degree of hydroprocessing can be controlled through
proper selection of catalyst as well as by optim zing 10 operation
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PCT/ US01/ 11445 . . . . .

ydrocarbyl species that may contain sulfur, nitrogen, oxygen, halides, and certain

15  metals.

[0031] Hydroprocessing may be performed in one or more stages consistent
with the objective of maximizing conversion of multi-ring aromatics species (e.g.,
naphthalenes) to the corresponding fully saturated species (e.g.,
decahydronaphthalene). For a single-stage operation, the reaction is performed at a

20  temperature ranging from about 200°C to about 550°C, more preferably from about
250°C to about 400°C. The reaction pressure preferably ranges from about 1000 to
about 3000 psig, more preferably from about 1200 to about 2500 psig, and still more
preferably from about 1300 to about 2000 psig. The space velocity preferably ranges
from about 0.1 to 6 V/V/Hr, more preferably from about 0.5 to about 2 V/V/Hr, and

25  still more preferably from about 0.8 to about 2 V/V/Hr, where V/V/Hr is defined as the
volume of oil per hour per volume of catalyst. The hydrogen containing gas is
preferably added to establish a hydrogen charge rate ranging from about 1,000 to about
15,000 standard cubic feet per barrel (SCF/B), more preferably from about 5,000 to
about 10,000 SCF/B. Actual conditions employed will depend on factors such as feed

30  quality and catalyst, but should be consistent with the objective of maximizing



-12 conversion of multi-ring aromati c species to decahydronapht hal enes. For
a two-stage operation wherein LCCOis first hydroprocessed to renove

subst ant ived oamseht s of sul fur and nitrogen, and convert PCTY60I/O44 onati cs
such as napht hal enes predomnantly to partially saturated tetralins such
as tetrahydronapht hal enes. The second-stage 5 hydrogenation reaction is
performed at a tenperature ranging frgmabout 100C to about 600C,
preferably from about 100C to about 450C, and nore preferably from about
200C to about 400C. The reaction pressure preferably ranges from about 100
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derivatives thereo ht hal enes”) and tetrahydronapht hal ene and
al ky| - subgreferaltle rocheationsi 300s3sig toerbeot 2000 tsig. r'Hie spece velawity mefeeblyv shing to

be bound by any theory it.is. beli t hat hydr opr ocessi n
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t et ral i nscongBnihg@33is Hrelefabhatsdded ta entatitish e diyenges sharge yaie eanging fewnt ai ns a

significant t . of l.i ns. re.prefer 1N nost
abundant %88@5@%5&8%%ﬁﬁ@%@%ﬁ%é\{l&ﬁ%&%ﬁrﬁ)ﬁ %L@nggg Z‘lé(%rg reg'érrgglé/%oq1 n the
hydr opr ocgsaeshEieabeupi 0,000 CF/B. nmstealpoadieivabénploytdeilhyleenp oadassisng i s
conducted so that decalins are the nost abundant 2-ring species
15  such as feed quality and catalyst, but should be consistent with the objective of
maximizing the concentration of decahydronaphthalenes and alkyl-substituted

derivatives thereof, collectively referred to herein as decalins.

[0032] Preferably, cycle oil hydroprocessing is conducted under conditions that
convert species such as naphthalene and alkyl-substituted derivatives thereof

20  ("naphthalenes") and tetrahydronaphthalene and alkyl-substituted derivatives thereof
("tetralins"). While not wishing to be bound by any theory or model, it is believed that
such hydroprocessing conditions result in a hydroprocessed cycle oil that may be more
readily converted to light olefins than cycle oils hydroprocessed in accordance with the

conventional processes that aim to produce significant amounts of tetralins.

25  [0033] Preferably, the hydroprocessed cycle oil contains a significant amount of
decalins. More preferably, decalins are the most abundant species among the cyclic
and multi-cyclic species present in the hydroprocessed cycle oil. Still more preferably,
the hydroprocessing is conducted so that decalins are the most abundant 2-ring species

in the hydroprocessed cycle oil.



I n the hydroprocessed cycle oil. WO 01/79395 PCT/USO1/ 11445 -13 [0034]
Preferably, the total aromatics content in the hydroprocessed cycle oil is
ranges fmnoowalses O to about 5 w.% with a total 2-ring PETNU&sIgER45ar onat i
content ranging fromabout O to about 2 wt.% Still nore preferably, the
total aromatics content in the hydroprocessed cycle oil is ranges from
about O to about 0.6 wt.% wth a totdB-2 5 ring or larger aromatic content
rangi ng fromabout 0 to about 0.01 wt.% [0035] Hydroprocessing conditions
can be maintained by use of any of several types of hydroprocessing
reactors. LWekl e t r noaol ' % al eum
refining [zg%i%%‘fcat i glﬁlgfé\%m?[?ﬁ’ t@é?oé%ra?%%&%gﬁgﬂg@v%? ﬁﬁéﬁ’?éggsasﬁ%%‘g@g&g ases

over a fipgagkstfagn abowt@iialapsit Jpat.v6, eliths total 2.¢mny drdargelvaromatiecarterito utilize
alternative 10 reactor technol ogies. Countercuryrent-fl o¥v reactors, in which
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| engths without risk of shutdown due to fouling. Use of such a reactorwould
be reactors can be employed to increase tolerance for metals and particulates in the

r—ia)

15  hydroprocessor feed stream. Moving bed reactor types generally include reactors
wherein a captive bed of catalyst particles is contacted by upward-flowing liquid and
treat gas. The catalyst bed can be slightly expanded by the upward flow or
substantially expanded or fluidized by increasing flow rate, for example, via liquid
recirculation (expanded bed or ebullating bed), use of smaller size catalyst particles

20  which are more easily fluidized (slurry bed), or both. In any case, catalyst can be
removed from a moving bed reactor during onstream operation, enabling economic
application when high levels of metals in feed would otherwise lead to short run lengths
in the alternative fixed bed designs. Furthermore, expanded or slurry bed reactors with
upward-flowing liquid and gas phases would enable economic operation with

25  feedstocks containing significant levels of particulate solids, by permitting long run
lengths without risk of shutdown due to fouling. Use of such a reactor would be
especially beneficial in cases where the feedstocks include solids in excess of about 25
micron size, or contain contaminants which increase the propensity for foulant
accumulation, such as olefinic or diolefinic species or oxygenated species. Moving bed

30 reactors utilizing downward-flowing liquid and gas can also be applied, as they would

enable on-stream catalyst replacement.



especially beneficial in cases where the feedstocks include solids in
excess of about 25 mcron size, or contain contam nants which increase the
propensi twobor93dpdul ant accurul ati on, such as ol efi ni ¢ or Pdi/wk@itmisc
speci es or oxygenated species. Mwving bed 30 reactors utilizing
downward-flowi ng liquid and gas can al so be applied, as they would enable
on-stream cat al yst repl acenent. WO 01/149395 PCT/ US01/ 11445 -14 [0036] The
catal yst used in the hydroprocessi ng stages should be a hydroprocessing
catal yst suitable for aromatic saturation, desulfurization

deni troge i on or combi natio hereof . Preferab he catalyst is
conpr i sedﬂﬁ’tﬁ%it I eiggcﬁﬁlé{?'t@%%ﬂ‘ {[}F&‘VSWBfOzEFf‘SI%S[t?%ﬁéM/‘{}d?’ﬁaconbi nation with
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alumna or” alum na-silica. The Goup VIII and G oup VI conpounds are well
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W . % preVEland @raup ¥1 compogndppistwell kepvar uposg af orgipary skill mdheadand | o,
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VI netal f resent” 1n an anmount rangin . %

pr ef er abl ¥re13tedQn e BericdidTab foupd af ieadst padd siARAnc&DInotgadic Aleni®P37] Al |
nmetal s wei ght percents given are on support. The term "on sg&porg{" nmeans
that the PedEditios 1966 Iptesssienen Publishers; Bheotien andeWallgnsgp Thediroup Yl e, it a
suppo i Q ITch ) 0 -120 g of the
Groupfd Vi egd?rzst%r?%fagﬂ%hg? ﬂg%gﬁﬁ\p%%lro/%gr "m%{rbkn{?gggt't apl e faﬁr? rga%i c oxide
support nat.es.i Brlefory (reup Ve rhails idvdudeZ®, Gy, AV pndEessitinBt, €at aldNt of the

present invention. Preferred are um and. . silica-al um na,. i ncl udi ng
Cr yot al | | REMERGN PSLGHeR A6 rabiend GEouPar) PG isngp ST PEPRAn FE  al unt na.
The silicg,6oRt&Wing okl 56 Wtiok Fréfetibly £0-20 RRS, lan@¥ore Preferably from 20-

30 wt.%.

15 [0037] All metals weight percents given are on support. The term "on support”
means that the percents are based on the weight of the support. For example, if a
support weighs 100 g, then 20 wt.% Group VIII metal means that 20 g of the Group
VIII metal is on the support.

[0038] Any suitable inorganic oxide support material may be used for the

20  hydroprocessing catalyst of the present invention. Preferred are alumina and
silica-alumina, including crystalline alumino-silicate such as zeolite. More
preferred is alumina. The silica content of the silica-alumina support can be
from 2-30 wt.%, preferably 3-20 wt.%, more preferably 5-19 wt.%. Other
refractory inorganic compounds may also be used, non-limiting examples of

25  which include zirconia, titania, magnesia, and the like. The alumina can be any
of the aluminas conventionally used for hydroprocessing catalysts. Such
aluminas are generally porous amorphous alumina having an average pore size

from 50-200 A, preferably 70-150 A, and a surface area from 50-450 m?/g.



from2-30 wt.% preferably 3-20 wt.% nore preferably 5-19 wt.% O her
refractory inorgani c conpounds may al so be used, non-limting exanpl es of
25 whi chwael/zdes zi rconia, titania, nagnesia, and the |i KkpCT/UR&/ah4sm na can
be any of the alum nas conventionally used for hydroprocessing catalysts.
Such alum nas are generally porous anorphous al um na havi ng an aver age
pore size from50-200 A preferably 48-150 A, and a surface area from
50-450 nR2/g. WO 01/ 79395 PCT/ USO1/ 11445 -15 [0039] Fol |l owi ng such

hydr opr ocessi ng, the hydroprocessed cycle oil is conducted to the riser

o or ackelORST b ovERIE RS ARSI R B S ARDr IS ot B BT E O
hydr ogen §<§rm%t tortﬁgefsbpfeacaﬁ%ﬁggwf&ﬁ%@b tHe'seBRl béRMohUonSGherbincr acked

products fornmed in the riser reactor 1nclude naphtha in anmounts ranging

from abOUﬂheJogcl/d oi¥id eraskeliintd Jowér Mpldeutaavesightcrackedpoduatsgimdg f r om about
2 W.%to about 20 wt.% butenes in anmounts ranging fromabout 3 w.%to

about  20umdestablertoplingen ransfouraastipamayiersgpprassedbbueddtion g LG9, about 7.5
w.% _and propylene in amunts ranging fro bou w.%to about 35 wt.%
AT 10 wt CrbkrbIsaets 1GRIeRdD tit HroMergat oG RY DR e B O daRe g, o
preferred. enbod] 9 R]r%oﬁl t e
boi l'i ng pgpmn%qq{égg%'%’ar? @%@553&%%{%@ E%\Ahgﬁ?j%{glﬁﬁgﬁ g% ouéll[g fﬁg%y
theory, I§tbstdsbdR' 20wt batbutdifes if dhfdualy faabimpofiegnitiaiti3owt.of topabauy | ene in
the cracked product results fromthe hydroprocessed LCCO cracking in the
second re2@ttds, propene Hafd0AB] rangingseomtaboat 0,5 wy.tb o ahoutihzmides heavy
cycle oil, light cycle oil, and mxtures thereof. Heav§§¥§2 e Olil refers
to a hydraehptapylencriaamomts ranging fronpabeuywt.oe toabeik ot AMhbout 465F
to about 7 . Light cycle oil. refers-t a mboiling in
t he r%geM%@b@Sﬁ o3 Et‘etﬁggﬁfghtﬁ flgggg%g%{oq{&%gglpg%ﬁg%ﬁgﬁa i ncl udes
light cat et BT, 2 PRvE bR Wigigsa final
boi l'i ng p%@ﬁ?%y\%}g%tg@oﬁ %1%%?(%%)%@$rgﬁgé conYai ni %gﬂg?efi ng in the C5
to C9 ranggn 20PQ! aVhileaoandstang ¢s bé 66und 69)angritieory, it is believed that the
substantial concentration of propylene in the cracked product results from the

hydroprocessed LCCO cracking in the second reaction zone.

15 [0040] As used herein, cycle oil includes heavy cycle oil, light cycle oil,
and mixtures thereof. Heévy cycle oil refers to a hydrocarbon stream boiling in
the range of 240°C to 370°C ( about 465°F to about 700°F). Light cycle oil
refers-to a hydrocarbon stream boiling in the range of 190°C to 240°C (about
375°F to about 465°F) . Naphtha includes light cat naphtha which refers to a

20  hydrocarbon stream having a final boiling point less than about 190°C (375°F)
and containing olefins in the Csto Cy range, single ring aromatics (Cs - Co) and

paraffins in the Cs to Cy range.



paraffins in the C5 to C9 range. WO 01/ 79395 PCT/US01/11445 -16- EXAMPLES
Exanple 1 [0041] A cal cul ated conpari son of cycle oil injection for
re-crackiwgoi/m3ash FCC reaction zone is set forth in Tabl BCI/US@ondist i ons
included a riser outlet 5 tenperature ("R O T.") of about 525C (977F) and a
cat to oil ratio of about 6.6 on a total feed basis. Simulations 1, 2, 3,
and 4 are conpared to a "base case" H@C process with no cycle oil recycle.
In case 1, cycle oil is separated fromthe FCC products and recycled to
the FCC process via injection with the primary feed. In case 2, recycled

cycle oil ] i ed upstreamof main feed injection. In 10 case 3, the
cycle oil—é§5$ﬂ$§E$ed upstream of main feed injection as in case 2, and

the cycle oil is hydrogenated in order to produce a significant anmount of
tetralinsgfdaRbq 2, colum 1) prior to upstreaminjection. Accordingly,

t he hydrdgéﬁ%@‘ﬁﬁ of case 3 is under resulting in little if any conversion
to decalins of aromatic species present in the cycle. oil. In case 4, the
cycl e oi | [0ozt1hydr ot Aecl@dateddempatison efaytiecsibirjectioncfarne-crackinguean a
significant anmount of the cycle oil's aromati.c speci%f%tp dec?lins (Tabl e

2, col urmFEL repption roraitseset Tortle imVablei lonapnditiogs indnded 3 gises o@letat al yti ¢
Ki tal yst t, i i .. Na I i
eol 1t iesaueg LR OTha) OhBbeitsins Grar SEHES Gt arHihERaLel St oo | n

I ield . . h I il 4i4S. 1.n] i R i 20
eed ( case agofhr bt SE R f 2 eha b RoRiREs (A blss®aBE TFEY
yield acpEesotbhihhoAGes SREQ A th &bl peRibil Whephited foheildl | | S

injected to second reaction zone upstreamof the first injection zone.
Cases 3 aR@(Ypdavts dndaecpeldd to tiredf CErppyéssnda ynjettionrsyithbthe pvimainyed vi a
cycle oil hydroprocessing prior to injection. 25 [0042] Moreoyver, direct
conpar i sofeedf Tnases23regpioled cynloveil isniajected upsirnase o Mawy fepbimiectiondilni ons

t hat produce significant. conversion to decalips,. . . .
IDO case 3, the cycle oil is injected upsII‘eam of main feed injection as in case 2, and

the cycle oil is hydrogenated in order to produce a significant amount of tetralins
(Table 2, column 1) prior to upstream injection. Accordingly, the hydrogenation
of case 3 is under resulting in little if any conversion to decalins of aromatic
species present in the cycle oil. In case 4, the cycle oil is hydrotreated under

15  conditions sufficient to convert a significant amount of the cycle oil's aromatic
species to decalins (Table 2, column 2). In all cases, a conventional large pore
zeolite catalytic cracking catalyst was present in the reaction zone. No shape
selective zeolite was employed. The table shows that some advantageous
increase in propylene yield occurs when the cycle oil is injected with the primary

20 feed (cases 0 and 1). Case 2 shows that a further increase in propylene yield
accrues when, in accordance with thié invention, the cycle oil is injected to a
second reaction zone upstream of the first injection zone. Cases 3 and 4 show
that additional propylene yield may be obtained via cycle oil hydroprocessing

prior to injection.

25  [0042] Moreover, direct comparison of cases 3 and 4 shows that
hydroprocessing under conditions that produce significant conversion to decalins

results in greater propylene yield without a loss in naphtha yield, less coke make,



results in greater propylene yield without a loss in naphtha yield, |ess
coke make, WO 01/79395 PCT/ US01/ 11445 -17 and a nearly 100% i ncrease in
cycl e oi Iwaonwsesi on. While not wishing to be bound, it PeTsélvBYesd t hat
the large increase in cycle oil conversion in case 4 results in a
suppressi on of undesirable hydrogen transfer reactions present in case 3
that convert species such as tetralingyinto naphthaline in the FCC s 5
upstreamreaction zone. Table 1 RO T. = 977F, Cat/G| = 6.6 (TF basis), 26
kB/D FF Rate CASE BASE 1 2 3 4 HCO Recycle, kB/D 0 2.3 2.3 2.3 2.3

I nj ection Location [n Fd. Pre-In'..Pre-I1n.. Pre-In' . Yields,, W.%FF C2-
D Gas 2. ®ndha geardy i&@é’. incEsage In gycle :0§14°°§.V§§91‘2P~08ﬁ21‘i%@°"4W§§1n&‘}:b%. 41 5.53

5.67 5.7 o . . 8.33 45.5
a5, 35 a6, s 5 EuEed Rt fredphe Brdite o SRR ARRRISL IR A7 %0, 86
BTMVE 9. 37re§ul%§in1é-s%ﬁ3ré§si&$oﬁﬁn@&ira@%ﬁ?drﬁé@n Prafidfed rdabtiond prebeflt i 30F (2210
74.7 72.2 73.2 17. Conversion % HCO Converted O 31 34 38 73 Exanple 2
[0043] | ncage Gathaincmrevent speciespuch as teichlmsthiot maphthalie i thbe d6GT'e descri bes 10
hydr opr ocessing a c%/cl e oil streamand then injecting it at a point in a
FCC r iSs erupsgiggmoieaction zone.

Table 1

R.O.T. = 977°F, Cat/Qil = 6.6 (TF basis), 26 KB/D FF Rate

CASE BASE 1 2 3 4
HCO Recycle, kB/D 0 23 2.3 23 2.3
Injection Location Main Fd. Pre-Inj. Pre-Inj. Pre-Inj.

Yields, Wt.% FF
Cs- Dry Gas
Cy=
LPG
Naphtha
LCO
HCO
BTMS
0ke
30°F (221°C)
Conversion
% HCO Converted 0 31 n . _

Example 2

[0043] In accordance with a preferred embodiment, this example describes

10 hydroprocessing a cycle oil stream and then injecting it at a point in a FCC riser reactor
below (upstream of) the normal VGO feed injectors. This provides a high temperature,
high cat/oil ratio, short residence time region wherein the hydrotreated cycle oil may be
converted to naphtha and light olefins. Catalytic cracking conditions in the second

reaction zone include temperatures ranging from about 1000-1350°F, cat/oil ratios of



bel ow (upstream of) the normal VGO feed injectors. This provides a high
tenperature, high cat/oil ratio, short residence tine region wherein the
hydr ot r eav@di/zopes e oil may be converted to naphtha and | PgivuSal/Bf45ns.
Catal ytic cracking conditions in the second reaction zone include
tenperatures rangi ng from about 1000-1350F, cat/oil ratios of WD 01/79395
PCT/ US01/ 11445 -18 25-150 (wt/wt), ang vapor residence tinmes of 0.1-1.0
seconds in the pre-injection zone, as set forth in Table 3. Conventi onal
catal ytic cracking conditions were used in the first reaction zone, with

t enper at uy.e | f rom ab 9 u : e, eatloil ratio
rangi ng #6%02@’3)&%@“93 a%%&%%{&%.é%ggegﬁggﬁ] f? %Qct%glfl&szmgtgg {‘%]@,Jecftﬁ ﬂ‘é z@@ém e oils
wer e hydragern@iRen TeblpRoWieeemions] @militicantkingrostditicals wet nedd inshd fimbl e 2,

colum 1) or under different hydrogenation conditions to produce

si gni f i caeactianzane, svi tenperirp sangighfrem 2bow G50 ie abgut 3PS G rF erd thgpst r eam

I njection | nto the ECC.unit,. set forth in Table 2, hydrogenation

condi ti or?gj[/o‘ﬁ FUOJARGIRE £8P} ?.psouf‘%é%%oqt Eé'nearl y compl ete saturation of

aromatic species present in the 10 cycle oil. Table 2 Hydrogenation to

Hydr Ogenggom to franpisteRihplel he cg@é glsleeR) hffc\lﬁosgeﬁ@t@d td pvdacdat al yst

Ni Mo/ A12Q3 Pt/ A1203 Tenperature F/ C 700/ 371 550/ 288 ressure (psig) 1200

1800 L HSigrdficant amounipf Teterdins (habledicolyrgct) @)urgsodifisomo hydiogeraion pr oper ti es

Eigl 21?26;%h3§i0% %)t ; bglﬁjc;[el s?é]niHCa?lt \é\ﬁibﬁ/f)lts':/oF dg(:%ﬁflSG(TJaQFe ﬁ%gmﬁﬁﬂé’j”pri&% O w.%FC
upstream injection into the FCC unit. As set forth in Table 2, hydrogenation conditions

to form decalins result in nearly complete saturation of aromatic species present in the

10  cycle oil.

Table 2
Hydrogenation to Hydrogenation to
form tetralins form decalins
Conditions
Catalyst NiMo/Al,O4 Pt/Al,04
Temperature °F/°C 700/371 550/288
Pressure (psig) 1200 1800
LHSV 0.7 1.7
H, Treat Gas Rate (SCF/B) 5500 5000
Product Properties
Boiling Point Distribution
0.5 wt.% °F/°C 224.6/107 219.7/104
50.0 wt.% °F/°C 513.4/267 475.5/246
99.5 wt.% °F/°C 720.4/382 725.4/385
Gravity (°CAPI) 26.2 33.2
Total Aromatics (wt.%) 57.6 0.6
One-Ring Aromatics (wt.%) 43.1 0.6
Feedstock Properties
Boiling Point Distribution
0.5 wt.% °F/°C 299.8/149 224.6/107
50.0 wt.% °F/°C 564.9/296 513.4/267
99.5 wt.% °F/°C 727.8/387 720.4/382
Gravity (°API) 13.8 26.2
Total Aromatics (wt.%) 83.5 57.6
One-Ring Aromatics (wt.%) 9.7 43.1




99.5 wt.% F/ C 720.4/382 725.4/385 Gavity APl 26.2 33.2 Total Aromatics
(wt.% 57.6 0.6 One-Ring A°romatics (w.% 43.1 0.6 Feedstock Properties
Boi |l i ng Podnt/7MGwstribution 0.5 wt. % F/ C 299. 8/ 149 224. 6/ 1PCT/USQ/N448t . % F/ C
564.9/ 296 513.4/267 99.5 wm.%F/ C 727.8/387 720.4/382 G avity APl 13.8
26.2 Total Aromatics (wt.% 83.5 57.6 One-Ring Aromatics w.% 9.7 43.1 WO
01/ 79395 PCT/ US01/ 11445 -19 [0045] Cnjacking conditions for the
pre-injected hydroprocessed cycle oil in the presence of catalytic
cracking catalyst mxtures of |large pore zeolite catalyst and | arge pore
zeolite catalyst in conmbination with shape selective 5 zeolite catal ysts
such as ZSM5 in a Mcroactivity Test Unit ("MAT") are set forth in Table

3. [0046] t est scangi i; i ' ' tle And Gas
64, 7, 84[dwf%§] 1966, anéﬁ%é alﬂgﬁ%géﬁhg Ve%%@gg&%%%@@&kgg@g . eConditions

used her eintheetdsded of enpdytid cracking Qatabpd Grixtures off bargd pore eeolitecat al yst
charge 10 4.0 g, feed volune 0.95-1.0 cnB, and cat/oil ratio 4.0-4.2.
[0047] Catathlyst andaagelpsreszaslicopatalyst il ¢ombipatipanyieh shanessledtiygal , | arge

pore FCC catal ysts cont ai ni Y-zeolite, while.c | LS a

ZSM 5-TonZelie ﬁ@taﬁ@ﬁ %hm?‘sqs. 2?%28‘]‘ a/&él%ﬂwlﬁyﬁr%@ﬁrﬁ ELM%;%'S 85 tion to

forma signj f'nogaﬂﬁ}ggnnunt 15 of decalins prior to pre-injection results in
ﬂ%@é c

i ncreased sion (colum 2) conpared to pre-injection of a cycle
oil that was subjected to hydrogenation

[0046] MAT tests and associated hardware are described in Oil and Gas
64, 7, 84, 85, 1966, and Oil and Gas, November 22, 1971, 60-68. Conditions
used herein included temperature 550, 650°C, run time 0.5 sec., catalyst charge

10 4.0 g, feed volume 0.95-1.0 cm’, and cat/oil ratio 4.0-4.2.

[0047] Catalysts A and B are commercially available, conventional, large
pore FCC catalysts containing Y-zeolite, while catalyst C is a ZSM-5-containing

catalyst.

[0048] As shown in Table 3, hydrogenation to form a significant amount
15  of decalins prior to pre-injection results in increased FCC conversion (column 2)
compared to pre-injection of a cycle oil that was subjected to hydrogenation
under different conditions to form a significant amount of tetralins and then pre-
injected and cracked under similar conditions (column 1). Moreover, further
increases in propylene production can be obtained when a shape selective

20  catalyst is combined with large pore FCC catalyst, as shown in column 3.



under different conditions to forma significant anount of tetralins and

then pre-
Mor eover wWo or/t43es

shape sel ective 20 catal yst
shown in colum 3. WO 01/79395 PCT/ US01/ 11445
Hydr opr ocessed Hydroprocessed Feedstgg
Catalyst A A 90% B

to form decal i ns
1020/ 550 1200/ 650 Cat O

(steaned) 10% C Tenp.,

i njected and cracked under simlar conditions (colum 1).
i ncreases in propylene production can beT/obtiziimsd when a
is conbined with |arge pore FCC catal yst,
-20 Tabl e 3 Hydroprocessed

k to formtetralins to formdecalins
F/ C 1020/ 550

as

| 3.96 4.15 3.98. Conversion 81.2 93.3 89.1

Yields, wt.% C2- Dry Gas 3.5 3.3 9. Prgpyl ene 5.4 7.1 13.3 Propane 1.9
2.3 0.9 Butenes 4.2 4.5 10.7 Buta =8 13.2 3.0 Naphtha 53.2 59.8 48.4
430F+ 18.8 6.7 10.9 Coke 4.3 3.1 3.3 WD 01/79395 PCT/US01/11445 -
CLAIMS: 1. |A nethod for ¢abtydpraabdeyt ¢r Hyliopgocassedi ryaiflydfepeckesssdpr
the continuouFesdsek Of | (@Jormneeainsng trprdevsling f| e e formtdecalinsF(
reactor havidgiad I east A A 90% B

(steamed) 10% C

Temp., °F/°C 1020/550 1020/550 1200/650

Cat Oil 3.96 4.15 3.98

Conversion 81.2 93.3 89.1

Yields, wt.%

C;- Dry Gas 3.5 3.3 9.5

Propylene 5.4 7.1 13.3

Propane 1.9 2.3 0.9

Butenes 4.2 4.5 10.7

Butanes 8.8 13.2 3.0

Naphtha 53.2 59.8 48.4

430°F+ 18.8 6.7 10.9

Coke 4.3 3.1 3.3

21-
i sing
riser



5 a first reaction zone and a second reaction zone upstream of the first
reaction zone, the primary feed being injected into the first reaction
zone; (bwaparvhg the primary feed in the first reacti onPeDUSONEHS
catalytic cracking conditions in the presence of a catalytically effective
anount of a regenerated zeolite-containing catalytic cracking catalyst in
order to format |east 10 spent cataly{st and a cracked product; (c)
separating at |east a cycle oil fromthe cracked product and then
processing at |east a portion of the cycle oil in the presence of a
catalyticggéﬁ ffective anobunt of a hydroprocessing catal yst under

hydr opr oc Hﬁscondltlons in order to forma hydroprocessed cycl e oi
containing a significant amount of 15 decalins; (d) injecting t he
hydroprocessed cycle oil into the second reaction zone; . and (e) cracking
the hydr obr ocedsetheddbe catelytisallgcragking aprimasy feghGomprisiag fighg conditi ons
in the presence of  the catalytlc cracking catalyst. 20 2. The nethod of

claim1 M@}E}Wﬁﬁkﬁpﬁﬂ mary feed is at | east one of hydrocarbonaceous oils
boiling in the range of about 220C to about 565C, naphtha; gas oil; heavy

hydr ocar bonaceQs Oidig) hb BirthEeP ARG AR feackiunAlk Bethal eun

crude oil; pet I eu 'at1 on bottons eum vacuum

di sti |4 at4 @Rsthesdtivibione atrﬁir‘a sevoptabtictidy zomeupsticam sithe fost wac@én shal e oi | ;
and liquid products derived fromcoal and natural gas. W 01/ 79395

PCT/ US01/ Adink4 Bhe primagy feridebeing injected intoghmirsideaetiomzersidi tions in the
first reaction zone |ncI ude tenperatures from about 450 C to about 650C,

hyd b | f feed -
el Gonco ti alr 7 eaBlinahe SRty To8 all e Bed Sertid ety SRRV ror y
feed (w/ t t ot al
\A:eg h'g of &ﬁaﬁkfn% (ltoglfﬁﬁ(?@cl gﬁiﬂ%@ %eﬁ@e agq‘caa%ﬁ{?ﬁg%%&h?&gl m n\?\/%gl? IelS n gt Zam IS
concurr enﬁégﬁnéﬂ%td@%dﬁﬁé‘-cbhﬁahnh@ @atalytic cracking catalyst in order to form at least

10  spent catalyst and a cracked product,

(c)  separating at least a cycle oil from the cracked product and then
processing at least a portion of the cycle oil in the presence of a catalytically
effective amount of a hydroprocessing catalyst under hydroprocessing conditions
in order to form a hydroprocessed cycle oil containing a significant amount of

15  decalins;

(d) injecting the hydroprocessed cycle oil into the second reaction

zone; and

(e) cracking the hydroprocessed cycle oil under cycle oil catalytic

cracking conditions in the presence of the catalytic cracking catalyst.

20 2. The method of claim 1 wherein the primary feed is at least one of
hydrocarbonaceous oils boiling in the range of about 220°C to about 565°C;
naphtha; gas oil; heavy hydrocarbonaceous oils boiling above 565°C; heavy and
reduced petroleum crude oil; petroleum atmospheric distillation bottoms;
petroleum vacuum distillation bottoms; pitch; asphalt; bitumen; tar sand oils;

25  shale oil; and liquid products derived from coal and natural gas.



primary feed into the first reaction zone. 5. The nethod of claim 1l wherein
conditions in the riser reactor's second reaction zone include

t enper at wes1/f9395n about 550C to about 700C, 10 hydrocar borCpagel/ah4s
pressures fromabout 10 to 40 psia, a cycle oil residence tine of |ess

t han about 10 seconds, and a catalyst to cycle oil (wt/wt) ratio from

about 5 to 100, where catal yst weight 5hbs total weight of the catalyst
conposite. 6. The method of claim5 wherein steamis concurrently
introduced with the cycle oil feed into the second reaction zone. 15 7.
The nethod of claim1 rein _the hydropr.ocessing Ls perforned in a single
hydroproc%ssinEh%ﬂﬁgéxﬁgfaaﬂéﬂﬁ@§%ﬁ¥ﬁGOQ H@Fﬁﬁlﬁgdﬁﬁﬁ HOBERRE t o aboutg

chace vel Derids oA RutiR ARaRF0°X 6 ARt oD, Bt tondtfiabe 0. o
rate rgglgﬂ'{:%;%@gswﬁ 1h 8% ﬁﬁa,@ﬁﬂhaﬁf&%mﬂ@@ﬁﬁle@m@s fhagt per

barrel e nethod of claim1 wherein the hydroprocessing is

per f or medabont 20 setéisds, byd baptalpstss iprgnaydged twtiwd) seiodindmhpbduofrioddssi ng
stage, the first hydrpﬁrpce55|ng stgge bei ng upstream of the second
hydr opr ocwbeiengtalysigecightsdotil nveig alithe gapdy spcrmpssite11445 - 23 (a)
hydr opr ocessi ng conditions in the first stage include single

hydr opr ocessi st age at tenperature rangi ng from abqut. 200C .{.0..about
550C, a reacti O8° g‘%%fﬁ?%glﬁgﬂg’r Wberp}%%ea@dgtcoﬁg%e qb, Hﬁﬁlﬂucégaﬂhb@eg, a
space ve I j f to 6 VVV/H, and a hydrogen charge
rate ranéﬁ%ﬁ??@e@%ﬂ%ﬁ%&ﬁrﬁ%@ﬁ%zal‘tl)%ut 15, 000 standard cubic feet per
barrel (SCF/B), and (b) hydroprocessing conditions in the second stage
i nclude as, tenprs aethicd 6Aclgimd WhereimbenditidAdm the rideputadiOHGecandeact i on -
pressure ranging from about 100 to about 3000(25i , a space velocity
rangi ng freactiabpone inglude: tenpexdturasriroraradoat A§ES athd0§eCr at e rangi ng
from about 500 to about1 . . .

10" hydrocarbon partial pressures from about 10 to 40 psia, a cycle oil residence

time of less than about 10 seconds, and a catalyst to cycle oil (wt/wt) ratio from

about S to 100, where catalyst weight is total weight of the catalyst composite.

6. The method of claim 5 wherein steam is concutrently introduced with the

cycle oil feed into the second reaction zone.

15 7. The method of claim 1 wherein the hydroprocessing is performed in a
single hydroprocessing stage at a temperature ranging from about 200°C to
about 550°C, a reaction pressure ranging from about 1000 to about 3000 psig, a
space velocity ranging from about 0.1 to 6 V/V/Hr, and a hydrogen charge rate
ranging from about 1,000 to about 15,000 standard cubic feet per barrel

20 (SCEF/B).

8. The method of claim 1 wherein the hydroprocessing is performed in a
first hydroprocessing stage and a second hydroprocessing stage, the first
hydroprocessing stage being upstream of the second hydroprocessing stage,

wherein:



10 15,000 standard cubic feet per barrel (SCF/B), nore preferably from
about 500 to about 10,000 SCF/B. 9. The method of claim1 further
conpri si Mgooorexting the partially spent catalyst to a BCTAUPpIMgszone and
renovi ng strippabl e hydrocarbons in order to formstripped, spent

catal yst, and then conducting the stripped spent catalyst to a 15
regeneration zone for regenerating thesspent catal yst under FCC catal yst
regeneration conditions in order to formthe regenerated,
zeolite-containing, catalytic cracking catalyst. 10. The nethod of claim?9

pol ymer i 71 ng 1Ak prOGYPRRSCG PRBIIER bl et paes HRANG: et e Ane e
hydroprocessing stage at a temperature ranging from about 200°C to about
550°C, a reaction pressure ranging from about 1000 to about 3000 psig, a space
velocity ranging from about 0.1 to 6 V/V/Hr, and a hydrogen charge rate ranging
5 from about 1,000 to about 15,000 standard cubic feet per barrel (SCF/B), and

(b)  hydroprocessing conditions in the second stage include a
temperature ranging from about 100°C to about 600°C, a reaction pressure
ranging from about 100 to about 3000 psig, a space velocity ranging from about
0.1 to 6 V/V/Hr, and a hydrogen charge rate ranging from about 500 to about

10 15,000 standard cubic feet per barrel (SCF/B), more preferably from about 500
to about 10,000 SCF/B.

0. The method of claim 1 further comprising conducting the partially spent
catalyst to a stripping zone and removing strippable hydrocarbons in order to
form stripped, spent catalyst, and then conducting the stripped spent catalyst to a
15 regeneration zone for regenerating the spent catalyst under FCC catalyst
regeneration conditions in order to form the regenerated, zeolite-containing,

catalytic cracking catalyst.

10.  The method of claim 9 further comprising separating propylene from the
cracked product and then polymerizing the propylene in order to form

20 polypropylene.



