WD 01/ 79392 PCT/ US01/ 11366 -1 NAPHTHA AND CYCLE O L CONVERSI ON PROCESS
BACKGROUND [ 0001] The present invention relates to a process for converting
napht has wang7syzl e oils produced in catal ytic cracking reats@ng3éent o
light olefins. In one 5 enbodinent, the invention relates to a process for
converting a light catalytically cracked naphtha ("light cat naphtha" or
"LCN') and light catalytically cracked cycle oil ("light cat cycle oil,"
"LCO " or "LCCO') into light olefins using a conventional zeolite

catal ytic cracking catalyst. 10 [0002] -IGycle oils such as LCCO produced in
fluidized catalytic cracking ("FCC') reactions contain nulti-ring aromatic
speci es such as NAPHEHANAND &Y ChdeOH o€ ON ¥FERSIONPROCESSni ng | ow

em ssions fuels has created an i ncreased demand for FCC products that
contain a dimnished concentration of nulti-ring aromatics. There is al so
an increaé@ﬂ£ﬂ§ﬁﬂﬂ@§ﬂﬂ@ FCC products containing 15 increased concentrations
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wei ght. 20 [0003] A h(iaga oct ane gasoline nmay be conventionally produced by
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saturati or i CyclT ¢ aroma and carbonaceous species, such
as napht hal ene, to produce tetrahydronaphthalene

10 [0002] Cycle oils such as LCCO produced in fluidized catalytic cracking
(“FCC”) reactions contain multi-ring aromatic species such as naphthalene. The
need for blendstocks for forming low emissions fuels has created an increased
demand for FCC products that contain a diminished concentration of multi-ring
aromatics. There is also an increased demand for FCC products containing

15 increased concentrations of 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 concentration of C;-C, olefins and a reduced

concentration of multi-ring aromatics and olefins of higher molecular weight.

20
[0003] A high-octane gasoline may be conventionally produced by
hydroprocessing a LCO and then re-cracking the hydroprocessed cycle oil in the
FCC unit or in an additional catalytic cracking unit, sometimes referred to as an
outboard cracker.

25

[0004] In such conventional processes, hydroprocessing a cycle oil, such
as LCCO, results in partial saturation of bicyclic aromatic hydrocarbon and

carbonaceous species, such as naphthalene, to produce tetrahydronaphthalene



WO 01/79392 PCT/ US01/ 11366 -2 and al kyl -substituted derivatives thereof
("tetrahydronapt hal enes”). The hydroprocessing is performed under

conditi omobha39z esult in partially saturated aromatic SPeTHUs&I/11866t he
cycle oil. In one conventional process, a cycle oil containing naphthal ene
as the nost abundant aromatic species is hydroprocessed 5 under relatively
mld conditions so that tetrahydronaphthal enes (and not

decahydr onapht hal enes) are the nost _?pundant aromatic species in the

hydr opr ocessed product. [0005] Unforfunately, re-cracking a hydroprocessed
cycle oil containing 10 primarily pajtially-saturated, ies in the

pr esenceandfllylsapsiibtedadarvatyes &F?@@Ofa teteakydranapthalen 'lroigﬁl ts in
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pr ocessggnthfifing @aphthaldniegitthe elost hbundaGe affinatic spaciespk hiydreprdcessed
hydr opr ocessed cycle oils, such as LCCO, that _increase the olefin

concent nadéraeldtivelnmildeenditions s hat tatrahydrangphtrienss (agEnpliveENTI ON [ 0007]
One enbaodi nent of the inyentjon conprises a process for_ .catalytically
cracki nge%wmwgwé%mﬁé%“%ﬂaa%%8@ CSBHPFT D& e st eps of.
(a) introducin ated catalyst into a FCC riser reactor having a
first réﬁﬁolpf)?\(‘gezsgendesg)?&%g second reaction zone, wherein the first reaction
zone is 25 downstream fromthe second reaction zone; (b) introducing the
hydrocar bonaceous feed into the first reaction zone; (c) contacting the
hydr ocafd0sjceous Urdertunitely, ae-ceacking a batrgpreedssed cyeleibeontaiging he

catalyst in _the first reaction,zone, under hydrocarponacepus feed catal ytic
cr atki ngrimasHy ip@ﬁ&ibf-ﬁ%f%%?éﬁ%@%@%ﬁbﬁ pb‘?SSBE%Pf a P&)’R@@gﬁfr‘g{lg K&%he cr acied

product stfréé)rﬁn such as LCN results in undesirable hydrogen transfer reactions that

convert partially saturated species, such as tetrahydronaphthalenes, to
polynuclear aromatics such as naphthalene. The result is a decrease in the
amount of olefins produced in the re-cracking step.

15
[0006] There remains a need, therefore, for processes for forming light
olefins (C,-Cs) from naphtha and hydroprocessed cycle oils, such as LCCO, that

increase the olefin concentration in the resulting product.

20 SUMMARY OF THE INVENTION

[0007] One embodiment of the invention comprises a process for
catalytically cracking a hydrocarbonaceous feed . The process comprises the
steps of: (a) introducing a regenerated catalyst into a FCC riser reactor having a
first reaction zone and a second reaction zone, wherein the first reaction zone is

25  downstream from the second reaction zone; (b) introducing the
hydrocarbonaceous feed into the first reaction zone; (¢) contacting the
hydrocarbonaceous feed with a catalytically effective amount of the catalyst in
the first reaction zone under hydrocarbonaceous feed catalytic cracking

conditions to form a cracked product; (d) separating the cracked product from



WO 01/79392 PCT/ US01/ 11366 -3 the catalyst; (e) stripping the catalyst;
(f) separating at | east a naphtha fraction and a cycle oil containing
aronmat i c wpen7®ws2 from the cracked product; (g) converti ngCRUSubEB@Nt i al
portion of the aromatic species in the cycle oil to decahydronaphthal enes,
thereby form ng a hydroprocessed cycle oil; (h) 5 contacting the catal yst
fromstep (e) with a gas conprising at |east oxygen to forma regenerated
catalyst; (i) introducing the naphtha fiyxaction and the hydroprocessed
cycle oil into the second reaction zone; and, (j) contacting the
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enbodi mentyngfy Cme bn\e%ﬁtdiﬁﬂlﬁ%mratiégpe@le@fr@ﬁeﬁfe drackedcptoduyt; i(gpl |y cracking
a hydrocarbonaceous feed. The process conprises the steps of: (a)

cont act i ngonhertimgds audsstamizdperticon ¢fthd andmhtia specienin/thecycteaeiking cat al yst
in a FCC reactor under catal gtic cracki nng@(,:(fnditions to forl cracked 15
product ; deyakydsanaphthaleaes; tbereby d0maingt rppEacesiedmisolyde oi |

contai pin ramatj c species fromthe.cracke t; ting a
cubst ant | SorsTREChE SRR Fom SRR BLERICeORbRHHE A doebt oRERHo
decahydrogﬁﬂﬁ LHRISRY (i) LRk ShEn @ tHYSH I L8668 afY Bee Oi | and,
(d) intro um%i%g e n?&h‘%ﬁ%§?r’ggtion and the hydroprocessed cycle oil into
the FCC r eg@icprodéssad egcketoiliind tieasacondmeaction zumienandyt (jomactingsthe

hydr ocar bonaceous feed is contacted with the cat al)%/firi C Ccracki ng%éﬁt al yst.
DETAI LED peSarraEdcntatyst prith thevmwhtionrpadgnandthe hydrentqcsssedcys: on t he
di scovery that recyclin napht ha 25 .and a hydroprocessed cycle oil

cont ai ni ng™ e%?lﬁ)‘ﬁ?]"iﬂc%%ygﬁﬁ % Corﬂﬁ@%ﬁ/dr onapht hal enes to an FCC
reacti8n zone along the primary feed riser at a point upstreamof gas oil
or reéldual oil feed injection results in beneficial conversion of the
napht ha angoegie hydropsthecembediyeltefehé invenctiohicohipriseshiprecess for

catalytically cracking a hydrocarbonaceous feed . The process comprises the
steps of: (a) contacting the hydrocarbonaceous feed with a catalytic cracking
catalyst in a FCC reactor under catalytic cracking conditions to form a cracked
15  product; (b) separating at least a naphtha fraction and a cycle oil containing
aromatic species from the cracked product; (c) converting a substantial portion
of the aromatic species in the cycle oil to decahydronaphthalenes, thereby
forming a hydroprocessed cycle oil; and, (d) introducing the naphtha fraction
and the hydroprocessed cycle oil into the FCC reactor at a point upstream from a
20  point at which the hydrocarbonaceous feed is contacted with the catalytic

cracking catalyst.

DETAILED DESCRIPTION OF THE INVENTION
[0009] The invention is based on the discovery that recycling a naphtha

25 and a hydroprocessed cycle oil containing a significant amount of
decahydronaphthalenes to an FCC reaction zone along the primary feed riser at a
point upstream of gaé oil or residual oil feed injection results in beneficial
conversion of the naphtha and the hydroprocessed cycle oil into light olefins,

such as propylene. Applicants believe that injecting such recycle streams into



such as propyl ene. Applicants believe that injecting such recycle streans
into WD 01/79392 PCT/ US01/11366 -4 the FCC reaction zone at a point
upstreamvod ogzes9ni | or residual oil injection suppressesPONVISENTIad e
hydrogen transfer reactions by re-cracking potential hydrogen donors
present in the cycle oil before such donors can contact the primary

hydr ocar bonaceous feed. 5 [0010] Wiile not wishing to be bound by any

t heory, applicants believe that the  substantial concentration of propylene
in the cracked product results fromthe naphtha and the hydroprocessed
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transf emyligssdn &Blfor??}é@@ﬁﬂintthe cHYRI SIPbORRs Sech €xdre cah ongagtlthiey dr ogen
receptor “species in the naphtha’ Consequently, the fornmation of

undesi r gimanydiydrocdrbanaceousditédc. conpounds is avoi ded, allowing at |east a
15 portion of the saturated polycyclic species to crack to |ight ol efins,
suchdas propylene. [0011] As used herein, cycle oil includes heavy cycle
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range o about 375 about 465F). Naphtha refers to a
hydr ocarfisn thé hgstithhani nige Rydiopadcesbal ¢yolg oflairacking imthessehedi ¢ pressure

| ess than about 190C and may be derived from sources such as pipe stills
(st rai gheaation zemehtApplicants dae helievethet satraimeaomaticPlyexclisapht ha) . Li ght

contfl nabeenich e nepbelnagn A siRed HARANR Rl cs. cb) “and
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detrimental hydrogen transfer reactions between the hydroprocessed cycle oil
and hydrogen receptor species in the naphtha. Consequently, the formation of
undesirable polynuclear aromatic compounds is avoided, allowing at least a

15  portion of the saturated polycycli'c species to crack to light olefins, such as

propylene.

[0011] As used herein, cycle oil includes heavy cycle oil, light cycle oil,
and mixtures thereof. Heavy cycle oil refers to a hydrocarbon stream boiling in

20  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 refers to a hydrocarbon stream having a final
boiling point at atmospheric pressure less than about 190°C and may be derived
from sources such as pipe stills (straight run naphtha) and catalytic cracking

25  units (cat naphtha). Light cat naphtha has a final boiling point less than about
150°C (300°F) and contains olefins in the Cs-Cy range, single ring aromatics (Ce-
C,) and paraffins in the Cs-C, range. Preferably, hydroprocessed cycle oil and

light cat naphtha (also referred to herein as the naphtha fraction) are injected into



i ght cat naphtha (also referred to herein as the naphtha fraction) are
injected into WD 01/ 79392 PCT/US01/11366 -5 the second reactor zone

t oget her wo o791 0 50 w . % of steam based on the conbi neBct/osal119&i ght of
hydr opr ocessed cycle oil and naphtha fraction. [0012] Hydrocarbonaceous
feeds to the first reaction zone of the catalytic 5 cracking process
descri bed herein include naphtha, hydrocarbon oils boiling in the range of
about 430F to about 1050F (220-565C), such as gas oil; heavy

hydr ocar bonaceous oils conprising materials boiling above 1050F (565C),

heavy and reduced petrol eum crude ojl, ral,eum at nospheric.distillation
bot t ons; ﬁlﬁsreépégﬁg%%‘iﬁﬂﬂeo‘iogﬁ cf &‘t‘%ho%tcgg({) Wgr%;orpgfqagh}%g%@p%m%, bi t unen,

ot her 10 he . i : r -1 Qh i Sy I idn, liquid
oroduct s SORPYR PSP ERCe! FTURH st TN Ahd hap BB Radtion, ! Ther eor
The hydrocarbonaceous feeds nmay or may not contain anmounts of sulfur,
nitrogen and other constituents normally found in petrol eum feedstocks. 15
[0013] Th§oer2icki ng Hydvoembonageone fgselsfto timefirst neantionaonemfdhe eataldin i onal
FCC process units. Each un,itdjgorrpri,s S,a riser .reactor havi first

ng..a
reactidn gmskingprosesscdssatbee heraip incledrniniiha.diydrocarpag Ofl?rbgfhr?%g’cti on
zone, a strippin one at al ! z . . t one
separ at i of*/EH&C Pg aﬁg\étp%l}(g’ﬁgtota?pg%gﬁ% @ﬁg@?ﬁgﬁ%%@t @b%ﬁsgé%n(ﬁ’sﬂe%ngg al so
conprise solid-gas. 2 e I . hat, 1 [ b re
cycl ones Xd?gﬁ&r%g?gg?%e&g@a’#ﬁgflﬁggﬁ %Fnhg ﬁéb 0\?@%%58%%%%%?6[ 0(1:4’] The feed
passes topthe %ﬁ@f‘édu%@@g@%&bléﬂﬂ?Eﬁldetoii;ﬁ)eh’@le‘%ﬁlﬁ gtmbspherichiistiilatidn reacti on
zone wherelrn-the primary feed contacts a flow ng source of hot, 25
r egener at ggtiemisppatsdleurineadnain datitlagien bottposj pissh,asghalt dvikememeother mary

feed at a tenperature from about 450C to 650C, prefera Ié{éromd:tf)out 525C
to 600C. h¥aey bydrorarbgniresidues iatieandsqilss shale ok Er%ﬁ!ﬂ Frvedirem

f dt ke, th talyst, t i i | yst.
The  cr ack vt poes Amtes PEREEAAE BYbio@hb s spls RS VP o,
a porti Onn%fy (Slhrﬁa§ LR K&Ttal] AAYEAR of sulfur, nitrogen and other constituents

normally found in petroleum feedstocks.

15 [0013] The cracking process may be performed in one or more
conventional FCC process units. Each unit comprises a riser reactor having a
first reaction zone and a second reaction zone upstream of the first reaction zone,
a stripping zone, a catalyst regeneration zone, and at least one separation zone to
separate the different products. The units may also comprise solid-gas

20  separation zones that may comprise one or more cyclones to separate the catalyst

from the vapor products.

[0014] The feed passes to the riser reactor where it is injected into the first
reaction zone wherein the primary feed contacts a flowing source of hot,

25  regenerated catalyst. The hot catalyst vaporizes and cracks the primary feed at a
temperature from about 450°C to 650°C, preferably from about 525°C to 600°C.
The cracking reaction deposits carbonaceous material, also referred to as coke,
on the catalyst, thereby deactivating the catalyst. The cracked products may be

separated from the coked catalyst and at least a portion of the cracked products



WO 01/79392 PCT/ USO01/ 11366 -6 may be passed to a separator, such as a
fractionator. The fractionator separates at |east a naphtha fraction and a
cycl e oi iwéoarwvon fromthe cracked products. [0015] ThepcDksa/aadeal yst
flows through the stripping zone where a 5 stripping agent, such as steam
strips the volatiles (strippable hydrocarbons) from the catal yst

particles. The stripping may be perfornmed under | ow severity conditions in
order to retain adsorbed hydrocarbong_for heat balance. The stripped
catalyst is then passed to the regeneration zone where it is regenerated by

burni ng coke on the catal yst in,the presence - LOi ng gas,
10 pr ef BraYrgPagsed t‘b@ésl%rﬁg’rr Weasﬁé% %W{E/%rt Oggiaﬂegqf%&gﬁ{jgﬁﬁr‘rﬁkganeousl y
heats th i 80060 U8 thoéraeRé@b¥Sducts t hen
recycl eg?{gg&ﬁ@é@@&atf%cgg?%gaac o% gftP a point near rgr juis?t upstream from
t he second reaction zone. Flue gas formed by burning coke in the.

regenerator nmay be treated for renoval of particulates and for conversion
of car b§@IEnoxi d@hex®kpdcatlystslotystbosughthestrippingzoae YaHeRa fracti on

and.a cycle oil fraction are separated fyomthe cked oduct s.
Subs®quéntnping agentesish 3 eam; %?HBBFh‘i ngatl[S?Z]Ftélpgﬁﬁfeﬁycﬁ9ﬁ$%8p§)c%§@ed_ in the
O dor 't 1% HADA PGESS: diRsLdpbipnts bepeHBimeludugplcagasety, Spnci tons 11
concent %%MBRQEP dedahy detanPaiioisd ERedreBstbahk Yor issab baldnee e heder i vat i ves

t her eof ecahydr onapht hal enes). The hydroprocessi ng may occur in one or

mor e hy gfripedaasaistgs teacpassed tothel regsneratiporonowhere itheregeacmiedcessed

cycle oil passes to the riser reactor and injected vvitr} t he naé)ht ha
fract i obyibwningrokenacihsgaradysin she E%@C"Z@f THPECICHITBIGRE &3S,

T See R AT IS SO oL by e speci s
(napht halgies o, A, bSHERY 80PTaPrPhORbEARaISCisahky tecyiel fottaeRCTer i vat i ves
riser reactor at a point near or just upstream from the second reaction zone. Flue

gas formed by burning coke in the regenerator may be treated for removal of
particulates and for conversion of carbon monoxide.
15
[0016] As discussed, at least a naphtha fraction and a cycle oil fraction are
separated from the cracked products. Subsequently, at least a portion of the
cycle oil is hydroprocessed in the presence of a hydroprocessing catalyst under
hydroprocessing conditions in order to form a hydroprocessed cycle oil having a
20 substantial concentration of decahydronaphthalene and alkyl-substituted
derivatives thereof (decahydronaphthalenes). The hydroprocessing may occur in
one or more hydroprocessing reactors. At least a portion of the hydroprocessed
cycle oil passes to the riser reactor and injected with the naphtha fraction into the
second reaction zone.

25
[0017] Cycle oil hydroprocessing is passed under conditions that convert

aromatic species such as naphthalene and alkyl-substituted derivatives thereof
(naphthalenes) and tetrahydronaphthalene and alkyl-substituted derivatives
thereof (tetrahydronaphthalenes) to decahydronaphthalenes. While not wishing



t hereof (tetrahydronapht hal enes) to decahydronapht hal enes. Wil e not

w shing WO 01/ 79392 PCT/US01/ 11366 -7 to be bound by any theory or nodel,
appl i cantwo bet43exye t hat the hydroprocessing conditions reReDUSIT/T3@
hydr opr ocessed cycle oil that has a greater propensity for cracking to
l'ight olefins (C2-C6) than cycle oils hydroprocessed in accordance wth

t he conventional processes that aimto produce significant anmounts of 5

t et rahydr onapht hal enes. [0018] Preferahly, the hydroprocessing is conducted
so that decahydronapht hal enes and derivatives thereof are the nost
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total- arormatic species content 1n the” hydroprocessed cycle oil ranges from

about 0 t@ra’&m% tcPlight Slefiné (0,-€) thianlcy2leroitshydibprocessadgaracaontancé ¢ speci es
content ranges fromabout O to about 1 wt.% prefergbly 0-0.1 w%.% nor e
pr ef er abl with hea®nyentipnahpsocesses hehpiny topodyce signieHHAOWURSATt he t ot al

wei ght _of th ydroprocessed cycle oil. Still nore preferably, the total
aronat? c %@gly&o%’g‘lﬂéaﬁ?n‘?% t he hydroprocessed cycle oil ranges is |ess

than 5 wt. % nore preferably less than about 1 w.% nore 20 preferably
fromabout 0 to about 0.6 wt.% wth a total 2-ring or larger aronatic

species ¢ t | esPréfeaably, e dromoeessigs Bramdyctedss thhan 0.1 wt. % nore
pr ef er abl W?QS t han or eq?jal tHc;;j/)dabout 0.01 wt. % based upon the total

wei ght of detdtsydniguiapihalenesant dsrivasives thergsf grechemost abpndant 2-dagt i on zone
process conditions inc]ude tenper ur.ﬁs from%tgb t 450C to about 650C,
pr ef er abl yPeqieminihgtydsoprecessedsyele oihy Mase pr FP%B%m al pressures from

b 0 Q i - I
fo hesly FBadREnABiEnE A dorieiffel WbtboPaty he mintBBLAdatInRacl! 8 V)
wher e t he s6atial stheWSidabprocssseiRytRigll. wei ght of the catal yst

[0019] Preferably, the total aromatic species content in the
hydroprocessed cycle oil ranges from about 0 to about 5 wt.%, with a total 2-ring

15  or larger aromatic species content ranges from about 0 to about 1 wt.%,
preferably 0-0.1 wt.%, more preferably 0-0.05 wt.%, most preferably 0-0.01
wt.% based upon the total weight of the hydroprocessed cycle oil. Still more
preferably, the total aromatic species content in the hydroprocessed cycle oil
ranges is less than 5 wt. %, more preferably less than about 1 wt.%, more

20 preferably from about 0 to about 0.6 wt.%, with a total 2-ring or larger aromatic
species content less than 1 wt.%, more preferably less than 0.1 wt.%, more
preferably less than or equal to about 0.01 wt.% based upon the total weight of

the hydroprocessed cycle oil.

25 [0020] The first reaction zone process conditions include temperatures
from about 450°C to about 650°C, preferably from 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 heavy feed (wt./wt.) ratio of about 3 to 12, preferably
about 4 to 10, where the catalyst weight is the total weight of the catalyst



WO 01/79392 PCT/ US01/ 11366 -8 conposite. Though not required, steam nmay be
concurrently introduced with the primary feed into the first reaction
zone. Thavevwszessnay conprise up to about 10 wt.% preferpotysabasds 1 to
about 2 wt.% of the total weight of the primary feed. Preferably, the
primary feed residence tine in the first reaction zone is |ess 5 than about
10 seconds, nore preferably between about 1 and 10 seconds. [00211 The
second reaction zone process conditigns include tenperatures from about
550C t o about 700C, preferably from about 525C to 650C, hydrocarbon

partial pressures from about 1Q to 40 psja, preferably fromahput 20 10 to
35 psi acompgsie.c Ahanghmot Eﬁ%waoitﬁ?lﬁdﬂgx b?EPEC‘BiTT’m H%Wéféfﬁ%%l Cght - t o-
weight ratio baout, 5.t 00, f.ermghl , she the

cat al ysPrl%y%?&?’gotth%ﬁf%tré?&\%% o tsﬁ%ﬁgg{fé{ %@rtrlbg(s)%ggst?\téguﬁough not
require a f@'Fa)b CHY A0t Ywi 96, 107 aNe Retaiveiht BE tiwapiiasy and
hydroprggégtté%dggglc elg?})sgt?eed Into the second reac% on zone. The steam may
conpr i sgedd, oPReddrably, Zha\prifhatip féed rebidencSOmetindthe firstfreactinny zane isdessbout 10
w.% based on the weight of the naphtha and cycle ﬂbl (%’)Be napht ha
fracsi othdnyabaprldcesonds, ayeredreferably etuerneabqutieand, 19 eeanid8ond reaction
zone is preferably I ess than about 10 seconds, nore preferably between
about 0.1 to about 10 seconds. 20 [00221 The catal yst can be any catal yst

typicall dt t | ;
ypi ca tﬁ‘%lﬁe 0 ]ﬁgﬁ &¥hd $éckivn Z%h@gf%%gt'bgﬁ@ﬁféﬂﬁ 3661086 tdrepstatures

Prefera the catalytic cracking c conprises a crystalline

t et r aheggh abbasIPCkicatole 700 PreferablyHrem abopos2SHC tes63%€0 to catal yze
t he breakdown of primary products fromthe catalytic g cki r%;lgsz ction

i nto cl égdrquadsre partiml phesasres dsime BROWOI0 fdd psianpTelombyy BPMAOW~Ueheni cal
componere 359 RadFeA s R rEhen LORLF BlRG gl g - o
B X p
iO)ri 1:1?\(; g&gqi BRERthé fotal wemht be theltiralyat ednipbsiteryThougir nstarequiredyrsterm e

may be concurrently introduced with the naphtha and hydroprocessed cycle oil

feed into the second reaction zone. The steam may comprise from about 2 wt.%

15 to about 50 wt.%, preferably up to about 10 wt.%, based on the weight of the
naphtha and cycle oil. The naphtha fraction-hydroprocessed cycle oil residence
time in the second reaction zone is preferably less than about 10 seconds, more

preferably between about 0.1 to about 10 seconds.

20 [0022] The catalyst can be any catalyst typically used to catalytically
crack hydrocarbonaceous feed s. Preferably, the catalytic cracking catalyst
comprises a crystalline tetrahedral framework oxide component. This
component is used to catalyze the breakdown of primary products from the
catalytic cracking reaction into clean products such as naphtha for fuels and

25  olefins for chemical feedstocks. Preferably, the crystalline tetrahedral
framework oxide component is selected from the group consisting of zeolites,
tectosilicates, tetrahedral aluminophosphates (ALPOs) and tetrahedral
silicoaluminophosphates (SAPOs). More preferably, the crystalline framework

oxide component is a zeolite. The catalyst may comprise one or more individual



WO 01/79392 PCT/ USO01/ 11366 -9 catalyst particles and other reactive and
non-reactive conponents. Mdre than one type of catalyst particle nay be
present woObh®3eat al yst. For exanple, individual catal yspCpaseiaBe&s nay
contain | arge-pore zeolite, shape-selective zeolite, and m xtures thereof.
5 [0023] One catalyst particle useful in the invention contains at |east
one crystalline alumnosilicate, also referred to as zeolite, having an
average pore dianeter greater than abgut 0.7 nanoneters (nm, also
referred to herein as a |arge-pore zeolite cracking catalyst. The pore

measur oo qeiy SRR andFUEF RS bR BeE L LR DRe S o MR Bhe " o

m ni mum Kipet ' ; [ > ingyles, 1974 and
Ander son ST Be O B e e o et o o

i ncor por atipdividirat catabyst peftmlentey céatdin largepoeé neolita, sHapeiselastiveon ar e
described in the "Atlas of Zeolite Structure Types," eds. W H 15 Meier
and D. H. zeplignandmixtiropthereadei neman, Third Edition, 1992, which is

her eby i ncorporated by reference. As discussed, the catalyst may be in the
form  of particles containing zeolite. The catal yst may al so i nclude fines,

i nert pagg{r)ﬁ]e& PR id @éﬁfﬁgﬁ%&g%ﬁ%ﬂnqﬁé A enfioRONtAfs afRAstBnE Ur €S

t her eof . cles con speci es 1 nclude platinum conpounds,
pl ati num reyadllineatumiidsiticatd)ads tefieredio ad Ld24g, Hazimd ysverage pokres nay

contain netals such as platinum pronoter species such as
phosphor ouliarpeter gigaterghapaboets). 7 glanpnieters épm) salso sgferrd 40 herein @gpar t i ng
and can bABRATEEROK rRRIORB GRE hy LI R OIATEaR AenrnE cLperTalered 0oz5]
"so- o) uctorar e e B AR Reahy B oSN sl WRaSERALANAL T Slon as
the raretgaffifuddidagRRocBomd bf RnewalhiithWvkinkae diamérers eSéd Beedkpy range
e 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.

15 Meier and D. H. Olson, Butterworth-Heineman, Third Edition, 1992, which is

hereby incorporated by reference. As 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

20 mixtures thereof.

[0024] Catalyst particles may contain metals such as platinum, promoter
species such as phosphorous-containing species, clay filler, and species for
imparting catalytic functionality such as bottoms cracking and metals

25  passivation and can be provided by incorporating aluminum-containing species.

[0025] Suitable zeolite in such catalyst particles include zeolites which are
iso-structural to zeolite Y. These include the ion-exchanged forms such as the

rare-earth hydrogen and ultra stable (USY) form. The zeolite may range in size



WO 01/ 79392 PCT/US01/11366 -10 from about 0.1 to about 10 m crons,
preferably fromabout 0.3 to about 3 mcrons. The zeolite will be m xed
with a sswwoabtesdporous matrix material in order to form paEURBIWIIGE
catal ytic cracking catalyst. Non-limting porous matrix materials which
may be used in the practice of the present invention include 5 al um na,
silica-alumna, silica-mgnesia, silica-zirconia, silica-thoria, silica-
beryllia, silica-titania, as well as sernary conpositions, such as
silica-alumna- thoria, silica-alum ha-zirconia, nagnesia and

silica-magnesi a-zirconia. The matri | so.,be in the for,m of a cogel.
The nat fiom abgel @-lﬁﬁﬁbﬁb%k%ggcr%léiﬁle%rgsﬁ’pg%&bﬂuégg @eﬁ?ﬂ"‘gﬁl y of an acidic
nature. 10 [00 Anot her..,cr acki ' ] %L L of zeolite Y
and s eonprdnspet 2epmes il by A YRR ity Mtk D

parti cl Lk %] @Scki COE- iR pbRRisantrixsuch

cat al ystggdégﬁg fggfslc}lr%% Eggd ?%5&3%;5%%?%%?& .t 5, 314, Gigg;]pi ncgr pornaxt ed by

r ef er enggutbgaRiwhicBusdy batsddyint the praaidei oflths pozsest Bivenfiom indnde nat i on of

zeolite Y and zeolite beta conbined in a matrix conprised qf silica,
si | i $a- alumimasilightalumina, silicarmagnesia, stliga-zpranigenibi¢acthortd, sHISRr for such

t al t ticles.. Th |0t ti f .t.h | fi It
cat al yobePalie; Blieahiamiacs url of nacimBositiots SR a5 Mo AR (S v i in
t he bal ance caupri st 1 {e : Y4 18099 Ki
catal ys %&tsmcﬁaéélghgng?(%ﬁ?éh%f n%%?lslta ég\(}[sgg% lgaﬁgfﬁgpe sglﬁ{eaéﬂ 13% |Zgg| ite

speci es nﬁaﬂﬁﬂ Asy 4BY02 iArthé féink bBa&ogtl. Theanmrixiiosedf magipdissessat eri al and
ZSM5. The Y zeolite (or alternatively the anorphous acidic material) and

shape sehttytiopropedidst gemargllpofan ackdic sgahwecat al yst particle, on 25
different particles, or sonme conbination thereof. Such catalysts are
deséPibed in U.S. Patent No. 5,318,692, incorporated by reference herein.

The zedlihdFgPort! ool drlkifB! A7 RSk ithire IPHRORR! Viarigont ain from

zeolite beta. The Y and beta zeolite may be on the same catalyst particle, on
different particles, or some combination thereof. Such catalysts are described in
U.S. Patent No. 5,314,612, incorporated by reference herein. Such catalyst

15 particles consist of a combination of zeolite Y and zeolite beta combined in a
matrix comprised of silica, silica-alumina, alumina, or any other suitable matrix
material for such catalyst particles. The zeolite portion of the resulting
composite catalyst particle will consist of about 25 to about 95 wt.% zeolite Y

with the balance comprising zeolite beta.

20
[0027] Yet another cracking catalyst contains a mixture of zeolite Y and a

shape selective zeolite species such as ZSM-5 or a mixture of an amorphous
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

25  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 about 95 wt.%

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

zeolite portion being ZSM-5.



zeolite-Y (or alternatively the anorphous acidic material) and the bal ance
of the zeolite portion being ZSM5. WD 01/79392 PCT/US01/ 11366 -11 [0028]
Shape- seive@bvi/vs9zeol it e speci es include nedi um pore-size PeDUSIIEH366
generally having a pore size fromabout 0.5 nm to about 0.7 nm and
including M-I, MFS, MEL, MIW EUO MIT, HEU, FER, and TON structure-type 5
zeolites (I UPAC Conmm ssion of Zeolite Nonenclature). Non-limting exanples
of such nedium pore size zeolites, inciude ZSM5, ZSM 12, ZSM 22, ZSM 23,
ZSM 34, ZSM+ 35, ZSM 38, ZSM 48, ZSM 50, silicalite, and silicalite 2. The
nost preferred is ZSM5, which is described in U S. Patent Nos. 3,702, 886
and 3,770,614. ZSM 11 is described in U S. Patent No. 3,709,979; ZSM 12 in

U'S. 10 P No.
5. 018, 7561008 23 (HARE SRy ERTAKE sPEA s R Mg e ™S Patent

No. 4, 016 géfierall Havnfé a pbee sibe ionpabeutt(ss5 ang to raboup@ﬁatrﬁdamemeﬂudlbg
reference [ 0029] O her suitabl e nedi uméore size zeolites include the 15

3I | i cogl SMEhMESpWIe’SM(mP@UOSW ,a%E ﬁﬁ@& aaﬁ&@ﬂ%“ﬂ“ﬁﬁb’ﬁﬁ i sI
U 4
| reiﬁ” : "\ pealites (WP Ak GommBRsORIp TNege ro"fﬂ?}&@a? Ghe GEPldea ™ -
4
2t S8 sl ekt b Rize bR, Bichldm.O0R5 | 7.0R192, £IAEOD, Z8NE 320

TASO45 boron” i |cat &s, describedin U S.

Pat ent No.zg3d-F4, Z28h29T ;7ML 381 ZBIVIa4 }IE SMPHOssilied] s, z(nﬂaa@ahtemc HTks TAPO 11
descri bed |n U’S. Patént No. 4,500, 651: and iron al uninosilicates. [ 0030]

TheI I Sr gefm@rﬁeﬂedhagﬂ\dd adticlés desotibedin IhSIMGEeNgﬁ yA.702.886@nds  can
f aul ﬁ s 28 g Lak4.28Mad |15 descrbod 1y bhs BspnicNg oS dppise ZSM G Al pe

i i . Id i f d
P 1105y Bateg g 812185, Z P TR AB AU B S Berfi ;3. 958 3&?@’25 ed
herein by 23r ﬁf@@e%ff‘emﬂlﬂ%wm | dnASZ. I3 X ! LES. Pdtent Nons ©I16gstsmealiium

pore, i.
of the above patents are incorporated herein by reference.

[0029] Other suitable medium-pore-size zeolites include the

15 silicoaluminophosphates (SAPO), such as SAPO-4 and SAPO-11 which iS
described in U.S. Patent No. 4,440,871; chromosilicates; gallium silicates; iron
silicates; aluminum phosphates (ALPO), such as ALPO-11 described in U.S.
Patent No. 4,310,440; titanium aluminosilicates (TASO), such as TASO-45
described in EP-A No. 229,295; boron silicates, described in U.S. Patent No.

20 4,254,297, titanium aluminophosphates (TAPO), such as TAPO-11 described in
U.S. Patent No. 4,500,651; and iron aluminosilicates. ‘

[0030] The large-pore and shape-selective zeolites in the catalytic species
can include “crystalline admixtures” which are thought to be the result of faults
25  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
reference. The crystalline admixtures are themselves medium pore, i.e., shape

selective, size zeolites and are not to be confused with physical admixtures of



selective, size zeolites and are not to be confused wth physical

adm xtures of WO 01/79392 PCT/US01/11366 -12 zeolites in which distinct
crystal swboorosstal lites of different zeolites are physieatiUgopriesent in

t he sane catal yst conposite or hydrothermal reaction mxtures. 5 [0031] As
di scussed, the present process conprises cracking a primary feed in the
first reaction zone of a FCC riser reactor in order to forma cracked
product. At least a portion of the ngphtha and cycle oil are separated from
the cracked product, and the cycle oil fraction is hydroprocessed to form

a hydroprocessed .cycl.e oi| having.a signifi C onapht hal enes 10
concent gﬁ?]i@ﬁ In ’ME&P] 98‘%‘6’5} %é@lse% Wﬁtlagﬂﬁ Pf §ﬁ§ef§§ﬁoﬁﬁ§é§ %}gct ion pass to
the i SRUSEEACHREschPIn iH) Bl ARl ' @uifRisehrohefnbRaale. The cycle
oi | hydroprocessing may occur iIn”a hydroprocessing reactor under

hydr opr ggieEfe§lg conditions in the presence of a hydroprocessing catal yst.
15 [0032] Preferably, the naphtha fraction: hydroprocessed cycle oil ratio
for injection into the second reaction zone should range fromabout 0 to

about 0.75 based on the conbi ned wei ght of cycle oil. and napht ha
fracti of003 ef er abﬁ%/d‘ﬁﬁésse‘ﬁéﬂ‘?@qs%‘?féggg?sﬁcﬁﬂ 3 acking aéggﬁ{l)ryo_ 75, and

o AL TR R e RS T e

hydr opr ereln, an exanpl e

hydr ogenaddiRR. Nt 184 Upirtion 0P theriahthid &nd BPEleesl areysdpatatepfrongthe
hydr of i ??é\dg and hydro‘?ra{ckiong. As is kno&n.wby thosepof skill in the art,

the degrakedproguttpmbithessicteoit finctien ¢ohydropretsséd tulghmp oper sel ecti on
of catalyst 25 and_ by optjm zing operation. conditions, Preferably, the
hydr opr byeaprpeessed gyeletail lé\a"élil@ﬁisﬁrﬁﬁﬁ‘%m ]P\Y(T@Pa%]i‘ AlOPS speci es, such as

napht hal ene and. tef.r ahydr onapht hal ene i Matd t to

dec%yqf’%ﬁfﬁﬁ en eﬁ%ﬂoﬁ&q@@s&?&y@& ?@ggggﬁb hgﬁn%ycgﬁ)gaé}’g%&}%eal ly

ef f ecti YR ALY 18F ifeltiH ROSHR!de@Bnd reaction zone. The cycle oil
hydroprocessing may occur in a hydroprocessing reactor under hydroprocessing

conditions in the presence of a hydroprocessing catalyst.

15 [0032] Preferably, the naphtha fraction: hydroproéessed cycle oil ratio.for
injection into the second reaction zone should range from about 0 to about 0.75,
based on the combined weight of cycle oil and naphtha fraction. Preferably the
ratio ranges from about 0.1 to about 0.75, and more preferably from about 0.2 to
about 0.6.

20
[0033] The term hydroprocessing is used broadly herein, and includes for

example hydrogenation or saturation of aromatic species, hydrotreating,
hydrofining, and hydrocracking. As is known by those of skill in the art, the
degree of hydroprocessing can be controlled through proper selection of catalyst
25  and by optimizing operation conditions. Preferably, the hydroprocessing
converts a significant amount of aromatic species, such as naphthalene and
tetrahydronaphthalene and derivatives thereof, to decahydronaphthalene and

derivatives thereof using a catalytically effective amount of a hydrogenation



WO 01/ 79392 PCT/US01/11366 -13 catal yst and hydrogen. Objectionable
speci es can al so be renoved by the hydroprocessing reactions. [0034]

Hydr opr ooce@si/mgorray be perforned in one or nore stages 5 PON®RGIEBE6 W t h

t he objective of maxim zing conversion of nmulti-ring aromatics species
(e.g., naphthalenes) to the corresponding fully saturated species (e.qg.,
decahydr onapht hal ene). For a singl e-stage operation, the reaction is
performed at a tenperature ranging frgm about 200C to about 550C, nore
preferably from about 250C to about 400C. The reaction pressure preferably

f 0 ab 000 b 000 | f b
1200 to anuveasy Dyskpgen. QaieRoneblrapetEs r BB RIR e 300 o

about 200 ' elocity ranges fromabout 0.1 to 6 VN hr,
pr ef er abl &@gﬁgogg%ﬁ?ggégﬁ%gabout 2 VN hr, nore preferably from about 0.8

to about 2 VN hr. VWhr is the volune of oil feed per hour per vol une of
catal yst. 15 [0035] The hydrogen-containing gas is added to establish a
hydrogen [0034be r atHydmpyocegsinganaybeperformed in engpbmorestagss st andar d

bic f r barrel CF/ B), . pref bly.f 5,000 t b
O el LA o e BB e b SR R g 2o
feed it 20 lyst t . ' | : j ecti f
et Sl 00 20 P 1 B SR T b Shecibe o et v

decahydr ongRbh PdlogasISthaleBEB 6k of 4 siglevorast aperadion| tel reactidm s parbrenedl | i s
first hydroprog&glgsegﬁi n a )’Sfi rst stgage tgo ?ermve substantialmgrmunts of

sul fur andatni terpeetureaadgigniremt abdmt B00YC to abemta¥it*C; moreyrbfeasbly
napht hal enes, to parti al Fy saturat ed species such as
t et r ahydr ofircupidboat 26@%C torabeutpt0SFEr abigreaotion priseuis prefeaablyrangesien es,

or | maniply dbouhy B0 GeReRYL P00 M BANE A SPBERROD 45 BPRTZAM ng 11 om

g?g? ter ;8?&5&@, and i m3ee &af&%ﬁfyefrg%}l YodutA3088UbodCM00 PsigPate pals: nore

velocity ranges from about 0.1 to 6 V/V/hr, preferably from about 0.5 to about 2
V/V/hr, more preferably from about 0.8 to about 2 V/V/hr. V/V/hr is the volume
of oil feed pér hour per volume of catalyst.

15
[0035] The hydrogen-containing gas is 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 quality and

20 catalyst but should be consistent with the objective of maximizing conversion of

multi-ring aromatic species to decahydronaphthalenes.

[0036] In a two-stage operation, the cycle oil is first hydroprocessed in a
first stage to remove substantial amounts of sulfur and nitrogen, and convert

25  bicyclic aromatics, such as naphthalenes, to partially saturated species such as
tetrahydronaphthalenes, more preferably to completely saturated species, such as
decahydronaphthalenes. The second-stage hydroprocessing is primarily a
hydrogenation reaction performed at a temperature ranging from about 100°C to

about 600°C, preferably from about 100°C to about 450°C, more preferably



WO 01/ 79392 PCT/US01/11366 -14 from about 200C to about 400C. The reaction
pressure ranges from about 100 to about 3000 psig, preferably from about
450 to abwoov1/230D0 psig, nore preferably from about 1300 perastioiiadsout 2000
psig. The space velocity preferably ranges fromabout 0.1 to 6 V/V/ hr,
preferably about 0.8 to about 2 5 V/V/hr. [0037] The hydrogen-contai ni ng
gas is added to establish a hydrogen charge rate ranging from about 500 to
about 15,000 standard cubic feet per.jgbarrel (SCF/B), nore preferably from
about 500 to about 10,000 SCF/ B. Actual 10 conditions enployed will depend

¢ Eef EE,; Faim ot Zck i g “phECT R Lo bre e B SR GRERRTA Ces i
L0038 - 15 APaEr AREERAk LRy, RS0 o ROy of - Severa

types O?ré'ﬁéﬁsz}?'fﬂﬁﬁﬁﬁb@lgli{f(ﬂﬁﬁéiglw abduit Z000epsied Thedpaey selatigy nost  commonl y

enpl oyed in petroleumrefining applications with co-current downfl ow of

liquid pnefegably phrsges Srameaboat 0ilxted WéW/tuf prederablysabqua0td to alsoutiz can be
advant ageous to utilize alternative reactor technol ogies. In countercurrent
20 fHowW/&4BEors, the | i qui d phase passes down through a fixed bed of

catal yst agai nst upward-noving treat gas. Countercurrent-flow reactors
obtain higher reaction rates and alleviate aronmatic hydrogenation

equi | i bripganyl | mi t aty b&1ebsAinihP ga9iCatidedntb ektablish hilgkdreghed react ors.
25 [OOSSI:?Hj'I\?tJvi ng beo?qgéiartggors ar emegrpglﬁoyed to increase _rr}gytdalgand
parti culchbeet ratecranging front dteout\p00dpraboes 5n000 stuidstd eshic fest\ieng bed react or

types generally include reactors wherein captiv talys
parti cl darrek (SéE/lﬁ)amQS@ PESferahhs fpm P‘B(Niltn?ﬁ] §oqq%o(9t iﬁgﬁ)gr @é]f:ffgaz‘.‘%’l*’he
catal yst bed. may be slightly expanded b L antially
exp hde&oﬁalt’fqnﬁ iempigﬂedov?%e%il}&;gg 335&818%6% ?/f éljwlt& A c%"tal%ib&h
should be consistent with the objective of maximizing the concentration of
decahydronaphthalenes in the hydroprocessed cycle oil introduced into the

second FCC reactor.

15  [0038] Hydroprocessing conditions can be maintained using any of
several types of hydroprocessing reactors. Trickle bed reactors are most
commonly employed in petroleum refining applications with co-current
downflow of liquid and gas phases over a fixed bed of catalyst particles. It can
be advantageous to utilize alternative reactor technologies. In countercurrent-

20 flow reactors, the liquid phase passes down through a fixed bed of catalyst
against upward-moving treat gas. Countercurrent-flow reactors obtain higher
reaction rates and alleviate aromatic hydrogenation equilibrium limitations

inherent in co-current flow trickle bed reactors.

25  [0039] Moving bed reactors are employed to increase metal and
particulate tolerance in the 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 may be
slightly expanded by the upward flow or substantially expanded or fluidized by



-15 increasing flowrate via liquid recircul ati on (expanded bed or
ebul l ating bed), wusing snaller size catalyst particles that are nore
easily fiwddi/zse2 (slurry bed), or both. Myving bed reactpeBUStI/11B&@ Nng
downward-flowing liquid and gas may al so be used because they woul d enabl e
on-stream catal yst replacenent. In any case, 5 catalyst can be renoved from
a noving bed reactor during onstream operation, enabling economc
application when high levels of netal sj4.n the hydroprocessor feed would

ot herw se cause short run lengths in the alternative fixed bed designs. 10

[ 0040] Expanded or, slurry.bgd reactons.w th - Kl .ow L aul e and gas
phases endHITEASRG HON FAtS Y4 g?lgﬁe%@g%%teﬁagggéggé 0? \eéqégg%%@géﬁéont ai ni ng
si gni fi cang;| ' i | RESIY Fluidiged Ty BRJ), &9t hs

wi t hout rlﬂéllglgﬁs\gﬁ?%ﬁﬁgi Oeaﬁétélpgﬁﬁglle?%%tqg%gﬁﬂg relgy%t or i?s especi al?y

benef i ci aboth Muases bud esaetdisatitiytroopownwanbflofvrg diqooksnd gas oy adsy i ds
greater than about 25 15 m crons and where the hydroprocessor feedstocks
contai n cbntused becrusetthey would prable ontsirepmogrplyst teplanemaiy by RRY CASE

f oul ang finic, diolefini. d species. [0041] . Th
caialyst GUelyF Aof i thaNES e aan Ay oe bRy st BRAnE RSB Tt ng

ool U S TR g SRR e S

deni troge or any c I on ereof. Suita used to

conpl et el Yediy@bARENREAY IsBRaG¥eéoronin lengihyde theakémadie dixeld trdd
bi functional, nononetallic and nultinetallic noble netal-containing

cat al yst sdefigr§.erably, the catalyst conprises at |east one Goup VIII
nmetal and a Group VI nmetal on an 25 inorganic refractory support. Any
sui tabl e i norgani c oxi de support material may be used for the

hydr opg oc if1g cat S i A i r 3 I | um na
RIS, 2 Hkahaeh ob raLTRE bR Al AL e
zeolite. g?& A :{ds%ﬁas&rec%ﬂbnﬁé ob&%tiéhIwmah?hwgr@@essypmwgto@a@ be from 2-30
w.% pr ePa y 3-20 . % nore preferably 5-19 wt.% Qher refractory
i nor gani ¢ c¥¥Rafiihg SRARI1EGT/ 106618 bf paBRulate solids, by permitting long run lengths

without risking shutdown from fouling. Such a reactor is especially beneficial in

cases where the hydroprocessor feedstocks include solids greater than about 25

15 microns and where the hydroprocessor feedstocks contain contaminants that
increase the propensity for accumulating foulants such as olefinic, diolefinic, or

oxygenated species.

[0041] - The catalyst used in the hydroprocessing stages can be any

20  hydroprocessing catalyst(s) suitable for aromatic saturation, desulfurization,
denitrogenation or any combination thereof. Suitable catalysts used to
completely hydrogenate the cycle oil include monofunctional and bifunctional,
monometallic and multimetallic noble metal-containing catalysts. Preferably, the
catalyst comprises at least one Group VIII metal and a Group VI metal on an

25  inorganic refractory support. Any suitable inorganic oxide support material may
be used for the hydroprocessing catalyst of the present invention. Preferred are
alumina and silica-alumina, including crystalline alumino-silicate such as
zeolite. 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



-16 conpounds may al so be used, non-limting exanples of which include
zirconia, titania, magnesia, and the |like. The alum na can be any of the
al um nas waeonwsat i onal | y used for hydroprocessi ng cat al yspeT/USuch3@ um nas
are generally porous anorphous al um na having an average pore size from
50-200 A, 5 preferably 70-150 A, and a surface area from 50-450 n®/g.
100421 The Group VIIlI and Group VI conpounds are well known to those of
ordinary skill in the art and are we{4. defined in the Periodic Table of the
El ements. The G oup VIII netal nay be present i n an anount ranging from 2

\1/? zge;MéP@Pﬁgpg%,glrf\%(% Ks&bﬁe glggetgno%vﬁll i ?Pg H&P"rlh Ac&(g{]%rgﬁl ngthzl G ng;p
\t,)vte _ fr eageﬂhﬁ,y@ %@emﬂﬂtthé fingl 'Tglefarl%rﬁa éﬁl af§ oPfHRf AhARhYs from 20- 30

processing catalyst preferably 1 ncludes a Goup VIII noble

netal peeaestitidnallyaied forhydropr@esdng catl¥sts. 0Suweh dunpinas ereagenerdllyB- 3. 0
wt.% The Goup VIIl 15 noble netal nay include, but is nolgt limted to, Pt,

lr, or edromranembuyaMnma lmnng aavdrage ppee Hen fiom 50-200Ai but ed t he

hydr ogenatlon functio 01e or r er netals selected from
met af s Breferably QOTMAR an SUT Bce Qﬁeﬁfr%m$@nb% 8the Periodic Table of the
El enents nay al so be 20 present. The pronoter netal, can be present in the
formof an oxide, sulfide, or in the elenental state. It is also preferred

t hat th%%al ySt THRIBRY StVHmﬁnBG’t@u VI edrapowlsyarBivesl] Buowace tiassea, for
exanpl e ut 100 to 25 The er| odic Table of which all the G oups

her ei n bé€bedintry sidH ib¢hd amnadd(ane wiell deditedpadhe Bf:rlOMvBahie@fIthﬂ)r gani c

Chem str 2nd Edition, 1966, Int eril§l ence publi shers, E Cot.t on and
W I ki ns msams Méouﬂe i mesal way H‘r6$e"(th%aﬂ§‘m%5¥t6 EAPM 5t al yst are

on' TR 2aHRR Brefplid %ﬁ%‘w@/‘&%ﬁ‘f%i gl S %péhsyéﬁﬁm%?gﬁﬁi"é Chen

20 wt he
Support%@\')\% 8?%%%92 YOS 1%%% &Qf&&f TREGRO@YV Yhétal fRlyde | s “on the

present in an amount ranging from 5-50 wt.%, preferably from 20-30 wt.%. The
hydroprocessing catalyst preferably includes a Group VIII noble metal present in
an amount ranging from 0-10 wt.%, preferably 0.3-3.0 wt.%. The Group VIII

15 noble metal may include, but is not limited to, Pt, Ir, or Pd, preferably Pt or Pd,

to which is generally attributed the hydrogenation function.

[0043] One or more promoter metals selected from metals of Groups IIIA,
IVA, IB, VIB, and VIIB of the Periodic Table of the Elements may also be

20 present. The promoter metal, can be present in the form of an oxide, sulfide, or
in the elemental state. It is also preferred that the catalyst compositions have a
relatively high surface area, for example, about 100 to 250 m?*/g. The Periodic
Table of which all the Groups herein refer to can be found on the last page of
Advanced Inorganic Chemistry, 2nd Edition, 1966, Interscience publishers, by

25  Cotton and Wilkinson. All metals weight percents for the hydroprocessing
catalyst are given 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.



-17 [0044] After hydroprocessing, the hydroprocessed cycle oil is passed to
the riser reactor for injection with the naphtha fraction into the second

reacti onwaon®3sherein the cycle oil is cracked into | owepcbb@cuB& wei ght
cracked 5 products and undesirabl e hydrogen transfer reactions are
suppressed. In addition to cycle oil, cracked products fornmed in the riser

reactor include naphtha in anmounts ranging fromabout 5 w.%to about 50
Wt . % butanes in ambunts ranging fromabout 2 wt.%to about 15 wt.%

but enes in amounts ranging from about 4 w.%to about 11 wt.% propane in
amounts ranging fromabout 0.5 10 wt.%to about 3.5 wt.% and propylene in
anounts ranging fromabout 5 wt.%to about 20 wt.% Al w.% are based on

t he total j ght  of . ] : wt . % of
the cr acké@ﬁ%ﬂoduct SAﬁgrv (%gﬁ% ?ﬁ%‘%@ﬁﬁ%? yfig{l@t’t@%%ﬁé )S%%lgté)_d %?F%%ﬁtg] Thi s
i nvent i on & rikéy MeatiorfGCinfsctioBUyith hie haphitheérattion e thekéardgactiomnpl es
that are for illustrative purposes only. EXAMPLES Exanple 1 20 [0046] A
cal cul at edonemitmreische ofcleya] 8 avadkedriptactavest molecular sveaghti ergcked a  FCC
reaction zone is set forth_i able 1. Sinulations 1, 2, 3, an a are
compar 5d PEodudsasad uadesirbl ydioges tansier SRAEipRs arefupHTEesyH N iR 1,

heavy cycle oil .is_s rat ed . I to the FCC
process P 5Y¢F j%Ltof%cﬁ‘%ajpféglf%%%(g@éﬁdgﬁytﬁgglesg!: 9%#%53‘3@%9? n%@ﬁ@&qu heavy
cycle oil ah%&ﬁs F s BRSSP, 9F taBbSutTFeedt. ¥4l beedne8in ahfbuegese 3, the
heavy cycle oil 1s~ 1hjected upstreamof main feed injection as in case 2,
and the heavgingYedm abolit 2 svt.%dabgenki ed.% pbeneiineamowitgmangingdtoranount  of
t et rahydr onapht hal enes (Table 2, colum 1) prior to upstreaminjection.
Accor di nglabout heviiipde ehentl } Bit.Y%ef Propare isameynisyranging fremy about f. 3y

Converl ! Or\])vt%k t%ra ror?i% 5% \%P‘%, iaﬁa ptrgp}yl\gng iLr{ Zr%%%rzltsprgln-/gllﬂiof%l%la?b%%t 5'\27@% to
about 20 wt.%. All wt.% are based on the total weight of the cracked product.
Preferably, at least 90 wt.% of the cracked products have boiling points less than

220°C.

15 [0045] ‘This invention is illustrated by, but not limited to, the following

examples that are for illustrative purposes only.

EXAMPLE

Example 1
20 [0046] A calculated comparison of cycle oil injection for re-cracking in a

FCC reaction zone is set forth in Table 1. Simulations 1, 2, 3, and 4 are
compared to a base case FCC process with no cycle oil recycle. In case 1, heavy
cycle oil is separated from the FCC products and recycled to the FCC process
via injection with the primary feed. In case 2, recycled heavy cycle oil is

25  injected upstream of main feed injection. In case 3, the heavy cycle oil is
injected upstream of main feed injection as in case 2, and the heavy cycle oil is
hydrogenated to produce a significant amount of tetrahydronaphthalenes (Table
2, column 1) prior to upstream injection. Accordingly, the hydrogenation of

case 3 results in little, if any, conversion of aromatic species to



decahydr onapht hal enes. In case 4, the heavy cycle oil is hydroprocessed
under conditions sufficient to convert a significant anount of the cycle
oi l's ar wabi/®39speci es to decahydronapht hal enes (Tabl e 2prCT@kewm3é) . | n
all cases, a conventional |arge-pore zeolite catalytic cracking catalyst
was present in the 5 reaction zone. No shape-selective zeolite was

enpl oyed. The table shows that sone advant ageous increase in propyl ene
yield occurs when the heavy cycle oikg is injected with the primary feed
(base case and case 1). Case 2 illustrates further increase in propyl ene

ield when,. i ith this | tion .the .h le oil i
! ect ediepahylropRRhaIES IToiaSs dn IS BRI P FYArOPTOEs St MYt ect | on

. . . i1 i ' . obt ai d
i 2 hoasy R HiRhE sotbr A EhIRARL pRbRRCERE VR O SRR cover -
direct Gpapas t¢accalydferphiihlans (FTabhDcohiah 2)hIfatiwasessasi ng under

conditions that produce significant conversion to 15 decahydronapht hal enes
resul t s conventémtad large quyt eealitgicatadytié cracking edslyst was prasant maphat ha yi el d,

| ess coke nake, and_a nearé‘é 100% i ncr ease iq hecfv,ia cklcbae oi | c?nver si on.
Whi | & naeackionriang. (o skansosalectiie zeejite Was epplpyed. sThefablg showathat he | arge
increase in heavy cycle aoil conversi ;N case 4
resul ts SPW%’@“@&B@%&@? er&se&ag&%éyﬁg@?gﬁ%g?@grgﬂe?lgﬁg?l Egrg%' ggglt%idégs present
in 20 casgy; tHégtﬁ'ﬂ-ﬁh Rlg (hY& @3eanlcassi pr cagaz illwigtaonver t

parti al ??/ﬁggcttﬁzr{gﬁgg peci?;l, SlSCh as tetrahydrgnapht hal enes, into

napht halfgnker indrdabe irpopiannyield when iaraczordance\ @it hi9Bo2nHon/ th801/ 11366
-19 Table 1 CASE BASE 1 2 3 4 HCO Recycle, vol %0 SMB 8.&%8 8.8

| nj ect i twavyepelesil wHnjectrsde agesongreactipnezone YRsEEAINTOR; WELIh | nj ecti on

I 0

v ellg > ir\lljwe&:ti/oorllz I;one. Cases 3 and 4 show that additional propylene yield may be

obtained via heavy cycle oil hydroprocessing prior to injection.

[0047] Moreover, direct comparison of cases 3 and 4 shows that
hydroprocessing under conditions that produce significant conversion to

15  decahydronaphthalenes results in greater propylene yield with increased loss in
naphtha yield, less coke make, and a nearly 100% increase in heavy cycle oil
conversion. While not wishing to be bound by any theory, it is believed that the
large increase in heavy cycle oil conversion to decahydronaphthalenes in case 4
results in a suppression of undesirable hydrogen transfer reactions present in

20 case 3. These undesirable hydrogen transfer reactions convert partially saturated

species, such as tetrahydronaphthalenes, into naphthalenes in the FCC second

reaction zone.



C2- Dry Gas 2.93 2.99 3.18 3.2 3.34 C3 3.94 3.99 409 4 09.+ 4 33 4=
5.41 5.53 5.67 5.72 6.03 LPG 13.46 13.8 14.06 14.2 15.05 Naphtha 46. 39
48. 33 45W04b578%2 48.85 LCO 5.93 5.86 6.94 7.02 6.54 HCC,ABUS@/36659 13. 3
12.91 9.66 BTMs5 9.37 9.32 11.18 11.08 10.94 Coke 4.83 5.41 5.11 5.0'7..
4.9 430F(220C) Conv. 72 74.7 72.2 73.2 77.1 % HCO Converted 0 31 34 38 73
[00481 Sinul ated process conditions for this conparison include a riser
outlet tenperature of 977 F (525C) and;@ catalyst to total feed weight
ratio of 5 6.6. WO 01/79392 PCT/ US01/ 11366 -20- Exanple 2 [0049] In
accordance wi th anot her enbodi nent, ghbf gxarrpl e descri bes hydroprocessing
a cycle oil streamand then injectin t apoint in a FCCriser reactor

upst reanrERQE The nor malT pk§Eary ffeed rnjecjors. Thig provideg a high|5
tenperature, high catalyst to oill ratio, short resigdence tine region
wherein the hydroprocessed cyclel oil may pe converted to naphtha and |light
ol efins.| _Catalytic cragking-conditions—in-the-secohd react: &B 3 ere—-Acl ude
t enper at LHE® R¢<é/ﬁb:| Mgl%ro(?n about [1DBOF to EdSut 135pES8(538C - 7%20)
cat al yst ratios of SFBRU, and[papor T esipdgnce tijnes
of 0.1-1} Liglgg%% 1’)’8&&16&0 t he pre-llgijglglctl gn zone (se¢ond reactli on zone)|, as
set forth in Table 3. Conventional catal yfinjectioack igjectmndi t| ilgjestioner ¢ used
in the fjrst reaction zgne——w-th tenperatprerang-hg—rom-about—950F
(5100 tp about 1050F (965C) and the catalyst to oll weight {ratio betjween
about 4 e I&U%L%#

C,- Dry Gas 293 2.99 3.18 3.2 3.34

3 C3—» S ]394 j 399 409 BTN X 433

Cm |54l |55 567 5.72 603

LPG 13.46 13.8 14.06 14.2 15.05

Naphtha 46.39 48.33 45.5 45.85 48.85

LCO 5.93 5.86 6.94 7.02 6.54

HCO 16.39 13.59 133 12.91 9.66

BTMS 9.37 9.32 11.18 11.08 10.94

Coke .~ 483 ~Js41 - |51 507, 149

430°F(220°C) Conv 72 74.7 722 73.2 77.1

% HCO Converted | 0 31 34 38 73

[0048] Simulated process conditions for this comparison include a riser

outlet temperature of 977 °F (525°C) and a catalyst to total feed weight ratio of
5 6.6.



15 [0050] The cycle oils were hydrogenated to produce a significant anount
of tetrahydronapht hal enes (Table 2, columm 1) or under different

hydr ogenat®on793gnndi ti ons to produce significant anounts BET/US01/11366
decahydr onapht hal enes (Table 2, colum 2) prior to upstreaminjection into
the FCC unit. As set forth in Table 2, the hydrogenation conditions to

f or m decahydr onapht hal enes result in nearly 20 conpl ete saturation of
aromati c species present in the hydregrocessed cycle oil. WO 01/79392

PCT/ USO01/ 11366 -21 M N 00 vl 00 Og NNOO Nr N OOO00 .--i O[~ V1

19€ Budni .75 LN 00RO Y
[0049] In accordance with another embodiment, this example describes
hydroprocessing a cycle oil stream and then injecting it at a point in a FCC riser
reactor upstream from the normal primary feed injectors. This provides a high

5 temperature, high catalyst to oil ratio, short residence time region wherein the
hydroprocessed cycle oil may be converted to naphtha and light olefins.
Catalytic cracking conditions in the second reaction zone include temperatures
ranging from about 1000°F to about 1350°F (538°C - 732°C), catalyst to oil
weight ratios of about 25-150, and vapor residence times of 0.1-1.0 seconds in

10  the pre-injection zone (second‘reaction zone), as set forth in Table 3.
Conventional catalytic cracking conditions were used in the first reaction zone,
with temperature ranging from about 950°F (510°C) to about 1050°F (565°C)
and the catalyst to oil weight ratio between about 4 and about 10.

15 [0050] The cycle oils were hydrogenated to produce a significant amoﬁnt
of tetrahydronaphthalenes (Table 2, column 1) or under different hydrogenation
conditions to produce significant amounts of decahydronaphthalenes (Table 2,
column 2) prior to upstream injection into the FCC unit. As set forth in Table 2,
the hydrogenation conditions to form decahydronaphthalenes result in nearly

20 complete saturation of aromatic species present in the hydroprocessed cycle oil.



0
X
'C

>©cZ

VJ
H a
0

000
oOoou
-22 ~PCtWSEA3N O

00 7a 00 1.6 00

03 r+ x NO

-Mu

r..
-21-

r

0000U 64CKS'Cs 00 ~.
03 cn 40)

it oo

0 >1 > 64 .4i
d = 0o owdottr932 0 U 0 WO 01/ 79392 PCT/ USO1/ 11366

u NIt

O O N N C14
Q7 A,
N.M~Od DNN bA ~Lr

N M
a o o,

saradold }001spaa,

9'0 1534 (%) sonewtory Jury-suQ
9°0 9'LS (%) SOnEWOIY [EI0],
(433 9T (1dV,) Anaein
7'S8E/¥STL v'I8E/ ¥'0TL (Do)/(do) %1% §°66
YOrT/ SSLY v'L9T/ ¥EIS (D0)/(ds) %1 008
€¥01 /L'61T 0°L01/9'vTT (Do)/(do) %1 570
uonnquysi(y Jutod Surjrog
sanuadoi1d jonpoig
000S 00SS (8/40S) 218y sen jea1] Y
L1 L0 ASHT
0081 0021 (81sd) amssaig
88T/ 0SS 1LE/00L (D0)/(do) 2myesadwa],
touvnd COYV/ONIN 1541218
suonIpuo)

SdnewoIe J)eIN)es

A[[enue)sqns 03 UoPEUIGOIPAH

(sauaeyyydeuoipAyerya ], uLioy) sdnewore

ayeanes Aqrenaed iseaj je 0) uoneUIZOIPAY

¢dlqel




't ONOOOO" N MM .2Lr..000 00--00HC'CN y,r N" N wCg bA

cl ., UD O0OO0OCs Oowo0O0OO0OOO ell Q r20C7H OO '"fl aA OW
01/ 79392 VRC#1/14802/ 11366 -23 [0051] Cracking conditions fRCTAURE/11366
pre-injected hydroprocessed cycle oil in the presence of catalytic

cracking catal yst m xtures of l|arge-pore zeolite catalyst in conbination
wi th shape-sel ective zeolite catal ystS, such as ZSM5 in a Mcroactivity
Test Unit ("MAT") are set forth in Table 3. 5 [0052] MAT tests and

associ ated hardware are described in Gl and Gas
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Journal 64, 7, 84, 85, 1966, and G| and Gas Journal, Novenmber 22, 1971,
60-68. Conditions used herein included tenperatures 550, 650C, run tine
0.5 sec. woontmbyst charge 4.0 g, feed volunme 0.95-1.0 cnBCT/ase/aadeal yst to
oil weight ratio 10 of 4.0-4.2. [0053] Catalysts A and B are conmmercially
avai l abl e, conventional, |arge- pore FCC catal ysts containing Y-zeolite,
whil e catalyst C contains ZSM5. 15 [0054] As shown in Table 3,
hydrogenation to formsubstantially saturate aromatics (resulting in a
significant anmount of decahydronapht ha‘lzénes) prior to pre-injection
results in increased FCC conversion (colum 2) conpared to pre- injection
of a cycl §0051] t hat @askigjenligons fortheprgmjedtedhydropeocatiséd eyeatoil
conditions that only partial|y saturated aromatics_(to forma significant
amount 20 iofthe presahgaipbeatphtisaracking catalyst ruxtuseeof Kygepere seRliter acked

T e L
et/ soy TabigroRtgfiey 258 Bl (MBI Gk st 3 N S M 171 00 (p O
(b, UOSMOO OMM VCCoo0oOLei y (ONO 1o

[0052] MAT tests and associated hardware are described in Oil and Gas

Journal 64, 7, 84, 85, 1966, and Oil and Gas Journal, November 22, 1971, 60-68.

Conditions used herein included temperatures 550°, 650°C, run time 0.5 sec.,

catalyst charge 4.0 g, feed volume 0.95-1.0 cm’, and catalyst to oil weight ratio

10 0f4.0-4.2.

[0053] Catalysts A and B are commercially available, conventional, large-

pore FCC catalysts containing Y-zeolite, while catalyst C contains ZSM-5.

15 [0054] As shown in Table 3, hydrogenation to form substantially saturate
aromatics (resulting in a significant amount of decahydronaphthalenes) prior to
pre-injection results in increased FCC conversion (column 2) compared to pre-
injection of a cycle oil that was subjected to hydrogenation undef different
conditions that only partially saturated aromatics (to form a significant amount

20  of tetrahydronaphthalenes) and then pre-injected and cracked under similar
conditions (column 1). Moreover, further increases in propylene production can
be obtained when a shape selective catalyst is combined with large pore FCC

catalyst, as shown in column 3.
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&t NMaaO0O U UUUUZ W 01/79392 PCT/US01/11366 - 25 WHAT IS CLAI MED
I'S: 1. A process for catalytically cracking a hydrocarbonaceous feed

conpri si movh®3ssteps of 5 (a) introducing a catal ytic crpeckRiusg/aadeal yst
into a FCC riser reactor, said riser reactor having a first reaction zone
and a second reaction zone, said first reaction zone downstream from said
second reaction zone; (b) introducing-93id hydrocarbonaceous feed into said
first reaction zone; 10 (c) contacting said hydrocarbonaceous feed with
said catalytic cracking catalyst in said first reaction zone under

catal ytic cracking conditions to produce a cracked product; 15 (d)
separatin i rac B duct fromsaid catalyst; (e) stripping said
catal yst; *| east a naphtha fraction and a cycle oil

fraction fir om sgipghcedOfdtlcatakRitaly @flieking £Bydocatbbrtacodus feb@ebimpFisiagnhéi ni ng
aromati c species; (g) hydroprocessing at |east a portion of said cycle oil
fraction tstepsafiurate a substantial portion of said aromatic species in
said cycle oil fraction, thereby formng a hydroprocessed cycle oil; 25
(h) contacting said catalyst fromstep (e) with a gas conprising oxygen;
(i) insroduci ngapai dntaéingaa titalytic anacking sailgsthindy o HCE eissetbacioe] @idi |
into said second reaction zone; and, WD 01/79392 PCT/ USOl[d111366 - 26

riser reactor having a first reaction zone and a second reaction zone, said first reaction

zone downstream from said second reaction zone;

(b) introducing said hydrocarbonaceous feed into said first reaction zone;

10

(©) contacting said hydrocarbonaceous feed with said catalytic cracking

catalyst in said first reaction zone under catalytic cracking conditions to produce a

cracked product;

15 (d) separating said cracked product from said catalyst;
(e) stripping said catalyst;

® separating at least a naphtha fraction and a cycle oil fraction from said

20  cracked product, said cycle oil fraction containing aromatic species;

(g) hydroprocessing at least a portion of said cycle oil fraction to saturate a
substantial portion of said aromatic species in said cycle oil fraction, thereby forming a
hydroprocessed cycle oil;

25

(h) contacting said catalyst from step (e) with a gas comprising oxygen,

(1) introducing said naphtha fraction and said hydroprocessed cycle oil into

said second reaction zone; and,



(j) contacting said naphtha fraction and said hydroprocessed cycle oil with
said catalytic cracking catal yst under catalytic cracking conditions in
said secomao1/rsarti on zone, thereby producing a product sperasIMESNg an

i ncreased concentration of C2 to C4 olefins. 5 2. The process according to
claiml further conprising the step of introducing steaminto said first
reaction zone. 3. The process according to claim1 further conprising the
step of introducing 10 steaminto sgi.d second reaction zone. 4. The
process according to claim1l wherein said naphtha fraction and said

e surti o o eoredie SHEnRG b Tohhd i RPFEBARACARI BTHAATE T 2o

hydr opr gggssedyy ehRkiigl cdtflystlindedi dtadpicakipskingetomdaionabiausaid saewhdl00. 5.
The process according to claiml| wherein the tenperature in said fjrst
react i oreactigrneories theeabyanseduging & Produet siiasm JBBIRE ap3RRICaspd cgncenfialtiof Q)tlc ess

accordi,\gg tg cl? 1|ng5n 1 wherein the tenperature in said second reaction zone
is bet ¥ 468 50C and about 700C. 7. The process according to claim1l
whergin the weight ratio of said naphtha fraction to hydroprocessed cycle

oil is between about 1 and 10. 25 8 he process accorﬁgln to claim1l
wher ei n2t he WBF gracesstacsendingdp sham; lfuatherqanprising he sigp ) RIPEP8ssed cycl e

oil is . . eQu@ontAndbout 1 wt.% of the total weight of the
hydr opr%)tgérgs"g@%gl)fﬁ% o?‘fat 0innt Poduced into said second reaction zone. 30 9. A

process for catalytically cracking a hydrocarbonaceous feed conprising the

steps of WO Q1/79392 PCT/USO1/11366. -27 (a).contacting.said .
hydroca%bona&é%ﬁéocle%sei‘fc%df% tﬁ_ciagi?l | rther %0&%%@%&%%? §?§/I§f0diuﬁm§ FCC react or
undgy  cabdhYhtoGafd R6did@agRMGohéons to forma cracked product;

4. The process according to claim 1 wherein said naphtha fraction and said

hydroprocessed cycle oil are injected into said second reaction zone at a rate sufficient

to keep the weight ratio of the total naphtha fraction and hydroprocessed cycle oil to
15  said catalyst between about 1 and 100.

5. The process according to claim 1 wherein the temperature in said first reaction

zone is between about 450°C and about 650°C.

20 6. The process according to claim 1 wherein the temperature in said second

reaction zone is between about 550°C and about 700°C.

7. The process according to claim 1 wherein the weight ratio of said naphtha

fraction to hydroprocessed cycle oil is between about 1 and 10.

25 _
8. The process according to claim 1 wherein the weight of said aromatic species in
said hydroprocessed cycle oil is less than or equal to about 1 wt.% of the total weight of
the hydroprocessed cycle oil introduced into said second reaction zone.

30 9. A process for catalytically cracking a hydrocarbonaceous feed comprising the

steps of:



5 (b) separating at | east a naphtha fraction and a cycle oil fraction from
sai d cracked product, said cycle oil containing aromati c species; (c)

hydr opr ooce@si/mg9nt | east a portion of said cycle oil fraceCDoStioiise@nvert a
substantial portion of said aromatic species in said cycle oil fraction,
thereby formng a 10 hydroprocessed cycle oil; and, (d) introducing said
napht ha fraction and said hydroprocessed cycle oil into said FCC reactor
at a point upstreamfroma point at wh2eh sai d hydrocarbonaceous feed is
contacted with said catalytic cracking catalyst. 15 10. The process
according to claim9 further conprising the step of contacting said

napht ha fraction and said hydroprocessed cycle oil with said catalytic
cracking catal y8. cbhtactingsad by@gsarhmmcwiisrfgedwithhahhaiylﬁ cwh:&reg' n said

oo suf GBI D Cap o VDS RO ee oo et pelke (BT °

hydr opr ocessed cycle oil to cat aI yst bet ween about 1 and 100. 12 The
process according to claim1l wherein the weight ratio of said naphtha
fractidn to hydbbpr cepasiang ahjedska ppphthairasionesd agelawoiliragtign fiom s8d 13, The

" sara nytsh BRsbl S ee Sy B AT lesCcuar o mbout 1wt % of

the total weight of the hydroprocessed cycle oil introduced into said FCC
reactor upstreamfromsaid point at which said hydrocarbonaceous feed is
contact ed wi t h (8hi d hydtopreaessng atdeast ﬁ@own@éts@rim e ofidrastiondaoonvert a

PCT/ US01/ Js&?sﬁ%tlsa é%néﬁ of Iﬁg ar%l?ﬁl%%g 19rsgfdrb e%%llcér tl%h elfe'rt#lsal dn%at al yst .

conpri sing separatin crac uct

15. The plhgrdﬁ@sowssedmglcle@ﬂtmml aim 14 further conprising the step of
stripping said 5 catalyst. 16. The process according to claim15 further
conprising the step of regenerating

(d) introducing said naphtha fraction and said hydroprocessed cycle oil into
said FCC reactor at a point upstream from a point at which said hydrocarbonaceous
feed is contacted with said catalytic cracking catalyst.

15
10. The process according to claim 9 further comprising the step of contacting said

naphtha fraction and said hydroprocessed cycle oil with said catalytic cracking catalyst.

11.  The process according to claim 10 wherein said naphtha fraction and said
20  hydroprocessed cycle oil are introduced at a rate sufficient to keep the weight ratio of

the naphtha fraction and hydroprocessed cycle oil to catalyst between about 1 and 100.

12.  The process according to claim 11 wherein the weight ratio of said naphtha
fraction to hydroprocessed cycle oil is between about 1 and 10.

25
13.  The process according to claim 12 wherein the weight of said aromatic species
in said hydroprocessed cycle oil is less than or equal to about 1 wt.% of the total weight
of the hydroprocessed cycle oil introduced into said FCC reactor upstream from said
point at which said hydrocarbonaceous feed is contacted with said catalytic cracking

30  catalyst.



said catalyst. 10 17. The process according to claim 16 further conprising
the step of introducing a regenerated catalyst into said FCC reactor. 18.
The procav@ontwser ding to claim 1 wherein said napht ha fraetT@soiangéesai d
hydr opr ocessed cycle oil are injected into said second reaction zone at a
rate sufficient 15 to keep the weight ratio of the total naphtha fraction
and hydroprocessed cycle oil to said catalyst between about 1 and 5. 19.
The process according to claim 13 whggein said naphtha fraction and said
hydr opr ocessed cycle oil are injected into said second reaction zone at a

rate sufficient 20 to keep fhe wejght ratio of t o] fraction
and hydﬂﬁpro%@ﬁ?&%%ﬁﬂﬂ%“ﬁgg totcgmmsfgglgmggtcglny)&su}getg %tgﬁ Og%%%?a? i%%g%l 5. 20.

]'cl'he FFOEP&?ﬁeCﬂ@l‘gﬁﬁ&iﬂlﬂngﬁd%@iﬁ-l wherein the weight ratio of said naphtha
raction to

roprocessed cycle oil is between about 3 and 4. 25 21. The
process according to claim12 wherein the weight ratio of said naphtha

pr ocess Hccordr RS G el Hf e EnE R aRe ke o $pte &9 o Fes i n

30 sai dchwgkeprocessed cycle oil is less than or equal to about 0.1 wt.% of
the total weight of the hydroprocessed cycle oil introduced into said
second reaction zone. WD 01/79392 PCT/US01/ 11366 -29 22. The process

accor di ng t01¢l 3| ot | b dormiisthehO BRbiof réRRGhARSy I N sai d
hydroprggeSse e??%%és%gﬁﬁﬁ@gFégﬁnk an o? éﬁﬁgf @ghaboht 0.01 wt.% of the
total weidghfalygf. the hydroprocessed cycle oil introduced into said second
reaction zone. 5 23. The process according to claim 13 wherein the wei ght

of said aromatic species in said hydroprocessed cycle oil is less than or

equap tq5ab Oggxe %r&ceﬁ\@ aé’égﬂfin Recldint B furthel @priting the sy Gromfcdueiagad cycl e

oi | "I'ntroduc into said FCC reactor upstreamfrom said point at which
sai d hydegenenirdratdyst std ead FGC waetpact ed with said catal ytic

18.  The process according to claim 1 wherein said naphtha fraction and said
hydroprocessed cycle oil are injected into said second reaction zone at a rate sufficient
15  to keep the weight ratio of the total naphtha fraction and hydroprocessed cycle oil to

said catalyst between about 1 and 5.

19.  The process according to claim 13 wherein said naphtha fraction and said
hydroprocessed cycle oil are injected into said second reaction zone at a rate sufficient

20 to keep the weight ratio of the total naphtha fraction and hydroprocessed cycle oil to
said catalyst between about 1 and 5.

20.  The process according to claim 1 wherein the weight ratio of said naphtha
fraction to hydroprocessed cycle oil is between about 3 and 4.

25
21.  The process according to claim 12 wherein the weight ratio of said naphtha

fraction to hydroprocessed cycle oil is between about 3 and 4.

22.  The process according to claim 1 wherein the weight of said aromatic species in
30  said hydroprocessed cycle oil is less than or equal to about 0.1 wt.% of the total weight

of the hydroprocessed cycle oil introduced into said second reaction zone.



10 cracking catalyst. 24. The process according to claim13 wherein the

wei ght of said aromatic species in said hydroprocessed cycle oil is |ess
than or ayoal/74392 about 0.01 wt. % of the total weight of péEURyIdNe@r ocessed
cycle oil introduced into said FCC reactor upstreamfrom 15 said point at
whi ch sai d hydrocarbonaceous feed is contacted with said catalytic

cracki ng catal yst.

229

22.  The process according to claim 1 wherein the weight of said aromatic species in
said hydroprocessed cycle oil is less than or equal to about 0.01 wt.% of the total

weight of the hydroprocessed cycle oil introduced into said second reaction zone.

23.  The process according to claim 13 wherein the weight of said aromatic species
in said hydroprocessed cycle oil is less than or equal to about 0.1 wt.% of the total
weight of the hydroprocessed cycle oil introduced into said FCC reactor upstream from

said point at which said hydrocarbonaceous feed is contacted with said catalytic

10  cracking catalyst.

24, The process according to claim 13 wherein the weight of said aromatic species

in said hydroprocessed cycle oil is less than or equal to about 0.01 wt.% of the total

weight of the hydroprocessed cycle oil introduced into said FCC reactor upstream from
15 said point at which said hydrocarbonaceous feed is contacted with said catalytic

cracking catalyst.



