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BACKGROUND 5 [0001] The invention relates to a process for convert"jgoﬁ?r/g?@“l
oils produced in catalytic cracking reactions into ol efinic napht h
particularly, the invention relates to an out-board catalytic cracking
process for converting a catalytically cracked light cycle oil (also
referred to herein as light cat cycle oil or LCCO into |ight olefins
(C2-C5) and catal ysts used in such prdcesses. 10 [00021 Cycle oils such as
LCCO produced in fluidized catalytic cracking (FCC) reactions contain
two-ring aromati c speci es such as napht hal ene. The need for bl endstocks for
form ng | ow eni ssions fuel $yhassengdhaCcePROCESsed demand for FCC
products t hat ' i SR B {) i I. aronmatics.
There is also ' erfand—ror—+ l'i ght ol efins
that 15 nmay be separated for use in alkylation, oligonerization,

pol ymerTBE and ETBE synthesis processes. There is a

particular need for | ow em ssions, high- octane FCC products having an
i ncreased concentration of C2-C4 ol efins and reduced cqncentration of
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cracking U ore to as an outboard catalytic cracker. 25 100041

Sone copyleRRS(CHYE) and carbmitngsal incshqrocsssee oi |, such as LCCO, to
partially saturate bicyclic hydrocarbons such as napht hal ene to produce

t et rahydr onapht hal ene. droprocessi ng and subsequent L?CO re-cracking may 1
S Qar gleZ] 2 Cycle oiligsuchpas LCCO p?oduced in ﬂulc(illzed catalytic cracf(mg g my

(FCC) reactions contain two-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 light olefins that

15 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 reduced

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

[0003] Hydroprocessing a cycle oil and re-cracking hydrohydrogenated cycle
20  oil results in conversion of the cycle oil to a motor gasoline blend-stock. In some

conventional processes, the hydrohydrogenated cycle oil is recycled to the FCC unit

from which it was derived. In other conventional processes the hydrohydrogenated

cycle oil is re-cracked in an additional catalytic cracking unit, also referred to as an

outboard catalytic cracker.

25 [0004] Some conventional hydroprocessing processes cycle otl, such as
LCCO, to partially saturate bicyclic hydrocarbons such as naphthalene to produce
tetrahydronaphthalene. Hydroprocessing and subsequent LCCO re-cracking may




occur in the prinmary reactor vessel. Hydroprocessed LCCO may al so be
injected into the FCC feed riser at a point downstream of feed inj e500iﬁd5n2@ﬂ!}
provi de for feed quenching. [0005] Unfortunately, such re-cracking of
conventional |y hydroprocessed 5 LCCO results in undesirabl e hydrogen
transfer reactions that convert species such as tetrahydronaphthal ene into
aromati cs such as napht hal ene, thereby reversing the effects of
hydr opr ocessi ng and decreasing the olepin yield. [0006] There remains a
need, therefore, for new processes to increase the yield of light olefins
from hydrogenated cycle oils such as LCCO 10 SUWARY OF THE | NVENTI ON
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cycle Oibeﬁ&ﬂﬁéion fromthe cracked 15 products, wherein the cycle oi

fracti of conprrses aromatics; (c) hydrogenating at least a fraction of the
aromatics in the cycle oil fraction in the presence of a hydrogenating

cat al ysyopusjer hydyofaemaht ,s@@hdbldrmkﬁn% of tonventiohylly hydngiredessgdl e oi | ;
and, (d) contacting the hydrogenated cycle oil wth a catalytic cracking
cat a$ ysLCODdesuleainaindssirableduidrogerc rans fer trastions thas sewyrlt spasies suahadsyti c
cracking stage to form20 a second crﬁéged roquct, the second fluid
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catal yti¢.cracking stage, wherein the ta t_of,the second fluid
catalytF@k€$é3ﬁﬂﬁgoggﬁgﬁnﬁ%ﬁﬁ¢ﬁgg?aﬁﬂgjﬁﬁpkﬁﬁh%%k%taI oxi de catal yst havi ng
a surface area fromabout 5 to about 400 nR/g. [00081 Anot her enbodi nent of
the Presgite) NV en'tihe FOMRIs 2GRl RIREREE, fhPhewarobRbed i nealtdsk the seng a

cycle o sel ectively Increase the yield of I'tght olefins conprising the
steps Obyf |ight oRETHsAEb Y dRoféatdc ek lvioilb sacicas AIGEDC cracking catalyst 1 5
OCT 2004 -3 under catalytic cracking conditions in a first FCC reactor to
forma first cracked

10 SUMMARY OF THE INVENTION

[0007] One embodiment of the present invention comprises a fluid catalytic
cracking process comprising: (a) contacting a FCC feed with a catalytic cracking
catalyst in a first catalytic cracking stage under catalytic cracking conditions to
produce cracked products; (b) separating at least a cycle oil fraction from the cracked
15  products, wherein the cycle oil fraction comprises aromatics; (¢) hydrogenating at
least a fraction of the aromatics in the cycle oil fraction in the presence of a
hydrogenating catalyst under hydrogenation conditions to form a hydrogenated cycle
oil; and, (d) contacting the hydrogenated cycle oil with a catalytic cracking catalyst
under catalytic cracking conditions in a second fluid catalytic cracking stage to form
20 asecond cracked product, the second fluid catalytic cracking stage being separate
from the first second fluid catalytic cracking stage, wherein the catalyst of the second
fluid catalytic cracking stage comprises an amorphous metal oxide catalyst having a

surface area from about 5 to about 400 m*/g.

[0008] Another embodiment of the present invention comprises a process for
25 catalytically cracking a cycle oil to selectively increase the yield of light olefins

comprising the steps of: (a) contacting a F CC feed with a catalytic cracking catalyst




product, the cracked product conprising a cycle oil fraction conprisin
aromatic species; (b) separating the first cracked product fromth§ OET 2004
catal yst of the first FCC reactor; (c) stripping the catalyst of the first
FCC reactor; (d) contacting the catalyst 5 of the first FCC reactor with a
gas conprising oxygen; (e) passing the catalyst of the first FCC reactor
back to the first FCC reactor; (f) separating at |east a portion of the
cycle oil fraction fromthe first cracked product; (g) hydrogenating a
substantial portion of the aromatic species in the cycle oil in the
presence of a hydrogenation catalyst under hydroprocessing conditions to

forma substantially hydrogenated.cycle 11, the hydraogepati on. catal yst
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reactor; strippin (k) 25

cony@ct igng tHelgy drdldhatedn oftalyze compoisihg:@least ant Eyrowpt Vllh myas! arshpt legstng
oxygen; and, (1) passing the catal é—St of the second FCC reactor tocgée
second BEE Greapt'S! mellon at leastonedeiaatorosrpraytibe Group ete) $fleCleDETAI LED

DESCRI . . . L
| P-Ii-'Locrjn\I t}%:g;rol_&% (l:ol\rll\é%%g of Pt and Pd, wherein the weight of the aromatic spectes in

the hydrogenated cycle oil is less than about 1% of the total weight of the
hydrogenated cycle oil; and, (h) contacting the hydrogenated cycle oil with a

15 catalytic cracking catalyst under catalytic cracking conditions in a separate second
FCC reactor to form a second cracked product, wherein the catalyst used in the
second FCC reactor comprises: (1) between about 10 and 20 wt.% of a catalyst
containing a zeolite Y having a pore diameter greater than 0.7 and a unit cell size
less than about 24.27A.; (2) between about 40 and about 50 wt.% of a catalyst

20  containing an amorphous metal oxide having a surface area between about 40 and
about 400 m?/g; and, (3) between about 35 and about 45 wt.% of a catalyst
containing an amorphous metal oxide having a surface area between about 5 and
about 40 m%/g; (i) separating the second cracked product from the catalyst of the
second FCC reactor; (j) stripping the catalyst of the second FCC reactor; (k)

25  contacting the catalyst of the second FCC reactor with a gas comprising oxygen; and,

(1) passing the catalyst of the second FCC reactor to the second FCC reactor back to

the second FCC reactor.



[ 0009] The enbodi ments of the present invention are based on the dlsc%E§r§
that catalytically cracking a substantially saturated cycle oil, sd 004
LCCO, ina FCCriser reactor results in increased conversion of the cycle
oil into light olefins 5 such as propylene. Light olefin production

i ncreases when cracking occurs in the absence of hydrogen receptor species
that nmay be found in conventional catalytic cracking feeds such as vacuum
gas oil (VGO and other heavy hydrocardden and hydrocarbonaceous feeds. The

cycle oil is hydroprocessed to saturate a substantial portion of the
aromatic speC| es. The hydr ogenat ed cycle oil is injected into a second 10
FCC ri se 0 omthe primary FCC ri ser

react or ; A ot e : cC feeds. Wiile not wishing to
be bound by any theory, appl i cants beI i eve that cracking the hydrogenated
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transfer tion herw se occur 1f the cycle oil were
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reactor under Cycle oil cracking conditions (i.e., conditions that exclude
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any theory, applicants believe that cracking the hydrogenated cycle oil in a second
FCC riser reactor suppresses undesirable hydrogen transfer reactions that would
otherwise occur if the cycle oil were re-cracked in the primary FCC riser reactor.

15  Re-cracking in a second FCC reactor under cycle oil cracking conditions (1.e.,
conditions that exclude gas oils and residual oils from the reaction zone)
substantially eliminates hydrogen transfer reactions between hydrogen donor species
present in the cycle oil and hydrogen receptor species present in the VGO or residual

oil because the concentration of hydrogen receptors species is decreased.

20 [0010] Suitable FCC feeds for the catalytic cracking process in the primary
FCC riser reactor include hydrocarbonaceous oils boiling in the range of about 430°F
to about 1050°F (480-565°C), such as gas oil, heavy hydrocarbon oils comprising
materials boiling above 1050°F (565°C); heavy and reduced petroleum crude oil;
petroleurn atmospheric distillation bottoms; petroleum vacuum distillation bottoms;

25  pitch, asphalt, bitumen, other heavy hydrocarbon residues; tar sand oils; shale oil;

liquid products derived from coal liquefaction processes; and mixtures thereof.




catal yst(s). Each FCC unit conprises a riser reactor having a reaction zone,
a stripping zone, a catalyst regeneration zone, and at |east one | § OCT 2004
fractionation zone. The 5 FCC feed passes to the primary FCC riser reactor
where it is injected into the reaction zone so that the FCC feed contacts a
fl ow ng source of hot, regenerated catalyst. [00121 The FCC feed is cracked
under conventional FCC conditions in the presence of a first catalytic
cracking catal yst. The process conditi-bns in the primary 10 FCC reactor
reaction zone include: (i) tenperatures from about 500C to about 650C,
preferably from about 525C to 600C; (ii) hydrocarbon partial pressures from
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may be e&aguf(rs)%nEhah FOC Al cothpiseh atriver réfesk haviog kheaqteaciime) azone. The
steam may conprise up to about 10 wt.% preferably between about 2 and

about 3stippipioid)a daelgst Reefieratbhyont and-GGedsene frassionehor zonme The t he
reaction zone is |less than about 10 seconds, nore preferably from about 1
to 10 sBEEhfeed mes¢s0m1tBe privearydt Gy es reackekVAgrechiaiyaatedItpRBE f j r st FCC
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silica-mak%&e ia, silica-zirconia, silica-thoria, silica- beryllia,
silica-ttfaita, and the Iike; and (b) zeolite catal ysts containing
faujasite. Silica-alumna materials suitable for use in the present

inventi gip@ie anorBROUSCABedR GhtRéEus@HRInveNGodl RCC tOntRIAR intthe % al umi na
and to Ich other pronmoters may or may not be added. -6 1 5 OCT 2004

[0014] geskhdd 6f atirsy dandlytis erackihe chtatysts Eheprodess goaditione inthe hemargsent

it E\e/?@n E)inl(z"%calteeactzoerorlc;lét?cfn \z/'\g]rilecir;ac?urdee: i(is)%ér%%gya%r%g %1[01;1 %b(z)gto %66% gc{)' ab'l;)fhef\se i nclude
650°C, preferably from about 525°C to 600°C; (ii) hydrocarbon partial pressures
from about 10 to 40 psia (70-280 kPa), preferably from about 20 to 35 psia (140-245
kPa); and, (iii) a catalyst to feed (wt/wt) ratio from about 3:1 to 12:1, preferably from
about 4:1 to 10:1, where the catalyst weight is the total weight of the catalyst

15 composite. Though not required, steam may be concurrently introduced with the

feed into the reaction zone. The steamn may comprise up to about 10 wt.%,
preferably between about 2 and about 3 wt.% of the feed. Preferably, the FCC feed

residence time in the reaction zone is less than about 10 seconds, more preferably

from about 1 to 10 seconds.

20 [9013] The catalytic cracking catalyst of the first FCC stage comprises any
conventional FCC catalyst. Suitable catalysts include: (a) amorphous solid acids,
such as alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-
beryllia, silica-titania, and the like; and (b) zeolite catalysts containing faujasite.
Silica-alumina materials suitable for use in the present invention are amorphous

25  materials containing about 10 to 40 wt. % alumina and to which other promoters

may or may not be added.




exchanged farms such as the rare-earth hydrogen and wltra stable (Uslp(gnge]'nmgq

The particle size of the zeolite may range fromabout 0.1 to 10 m
preferably from5 about 0.3 to 3 mcrons. The zeolite will be mxed with a
suitabl e porous matrix nmaterial when used as a catalyst for fluid catalytic
cracking. The catalyst may contain at |east one crystalline
alumnosilicate, also referred to herein as a large-pore zeolite, having an
average pore dianmeter greater than abett 0.7 nanoneters (nm. The pore

di aneter, also sonetines referred to as effective pore dianeter, is 10
measur ed using standard adsorption techni ques and hydrocarbons of known
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H. Mei epxadgh fhimhedinas the rBre-tatinvhytfogeriandrana stbile (USE)tfoom, THRO2,
whi ch is hereby incorporated by reference. [0015] The | arge-pore zeolites

may i nchadield sicy of thd zerditedmyxtange Stomtaboht Grleto tthmigrns tprefrrablyelrpasul t  of
faults occurring within the crystal or crystalline ,ar?a durierﬁg t he
synthesaowi0.3 te 3zawronesThapedliepeilbbs mikedigitha shitable parqUsdRgdives 20

SES%{‘%%%?%@%%@@% % SEuRDisk 5 R e SRR TOR AR PR o2 Y o
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par ti cl egfRYhAIRE 3hAvERGR! ors Wedmaer g&uté thhhABBu PraimibaietsRqanes such as
phosphor ous-contalrning species, clay filler, and species for inparting

addi t i oThk poed dlantéter, falsacddmetines yefeadditd aprélective phre divmsitemes
functionality) such as bottonms cracking and netal s passivation. Such an
addi@ i omelasured wouE standardadsarntion feshnignes pad Ryrrararensyy MR ded, for
exanpl e, .b

parti cl 84N @gﬁgﬁﬁfﬁ%gétglﬁn %@%&gﬁg‘z{“ew‘)?"%%’j Sidves, TG7H a2 catalys!
Anderson et al., J. Catalysis 58, 114 (1979), both of which are incorporated herein by
reference. Zeolites useful in the second catalytic cracking catalyst are described in
the “Atlas of Zeolite Structure Types”, eds. W. H. Meier and D. H. Olson,
15  Butterworth-Heineman, Third Edition, 1992, which is hereby incorporated by

reference.

[0015] The large-pore zeolites may 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. The crystalline admixtures are themselves

20  medium pore size, shape selective, 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.

[0016] The catalytic cracking catalyst particles may contain metals such as
25  platinum, promoter species such as phosphorous-containing species, clay filler, and
species for imparting additional catalytic functionality (additional to the cracking

functionality) such as bottoms cracking and metals passivation. Such an additional




anmor phous speci es, other conponents described herein, and m xtures therﬁﬁ_.zuull

[0017] Non-limting porous matrix materials that may be used i ncl udel §
alumna, silica-alumna, silica-magnesia, silica-zirconia, silica-thoria,
silica-beryllia, silica-titania, and ternary conpositions, such as
silica-alum na-thoria, silica-alumna- zirconia, nmagnesia and silica-
magnesi a-zirconia. The matrix nay also be in the form of a cogel. The
matrix itself may possess acidic catalytic properties and may be an

anor phous material. The inorganic oxide matrix conmponent binds the particle
10 conponents together so that the catal yst particle product is hard enough
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of al um num oxyhydr oxi des-g-al um na, boehmite, diaspore, and transitional

al uni nagg0Fych as Nowlumiting pitoas omtria materdlahatanagbalused maclude al uni na,

K-al um na, and p- alum na can be enployed. The alunm na specigs may he an
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doyelite. The matrix material may. al so cont align ﬁ%yﬁhoSBhor Ohls OL al_um num
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si ze of %ﬁﬁgcogg%'a?ﬁgg%gﬁ%}slﬁgmpﬁ ylp(aansges f?om aboétn 2@%?0 to 300 m?crons I n

di amet eramabhbufhaderesladéhenabtdaalcoxidemedtex cofpehentbifids theipartels. The
surface area of the matrix material will be | ess than about 350 np2/g,

pr efler alomneRents @gahepsathahthecatalystpastitly prodiet tuud esoughhtorBaviye/ g. Wil e
the 1 5 01-1T 2004 -8 surfac ea of the final catalysts w |l be dependent
on such inker-pagicde arg FackHgval AIONgf 178 HRTEan § ﬁ}}g@&y Bemads | usual | y

be | ess a:[cggr inagb%uéon%%gtiggél%roccsses from an inorganic oxide sol or gel that is dried to

bind the catalyst particle components together. Preferably, the inorganic oxide matrix
is not catalytically active and comprises oxides of silicon and aluminum. Preferably,

15 separate alumina phases may be incorporated into the inorganic oxide matrix. Species
of aluminum oxyhydroxides-g-alumina, boehmite, diaspore, and transitional aluminas
such as a-alumina, f-alumina, y-alumina, 8-alumina, e-alumina, k-alumina, and p-
alumina can be employed. The alumina species may be an aluminum trihydroxide such
as gibbsite, bayerite, nordstrandite, or doyelite. The matrix material may also contain

20  phosphorous or aluminum phosphate.

[0018] Suitable amounts of zeolite component in the total catalyst 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 particle size of the total catalyst will range from about
25 10 to 300 microns in diameter, with an average particie diameter of about 60
microns. The surface area of the matrix material will be less than about 350 m?/g,

preferably 50 to 200 m’/g, more preferably from about 50 to 100 m*/g. While the




preferably fromabout 50 to 300 m 2/g, nore preferably from about ﬁgi%PTzﬁﬁﬁ
n2/ g, and nost preferably fromabout 100 to 250 m2/g. 5 [0019] T L
cracki ng reactions deposits coke on the catalyst, thereby deactivating the
catal yst. The cracked products are separated fromthe coked catal yst and at
| east a portion of the cracked products are conducted to a fractionator. The
fractionator separates at |least a cycle oil fraction, preferably a cycle oi
fraction containing aromatic species 48acl udi ng single and double ring
aromatics, fromthe 10 cracked products. The coked catal yst flows through
the stripping zone where volatiles (strippable hydrocarbons) are stripped
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cat al yst hen conducted to the regeneration zone where it is 15

r egener afregribly Feomiaeut sBeo 300th¥gCaioat peifeiablyt frenpabmeridetod? Skim’gxy gen
containing gas, preferably air. Decoking, restores catalyst activity and
si mul t anmdunbyt prefearablyhfeomcaticalt 80 to @58bpUg. 650C t o 750C. The hot cat al yst
is then recycled to the primary FCC riser reactor. Flue gas formed by

burning coke in the regenerator .may be .treated for r val of particul ates
and for [80h%kr si onlles CEEKBENSRBHRRS @‘%I?OSEt@CPg@)?B]t{‘%Faqagg@tt% '9rtion of the

I i] i f h ked d
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hydr opr ( rogenation _ broadly herein and include for
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saturation, 25 hydrotreating, and hydrofining. [0021] The cycle oil
hydr ogenginitaininpearoecatier spieniea thylddopy siogkesindgdoubde riog aromadics hiyamdheocessi ng
conditions in the presence of an ef ffi(:t ive ar’rgu]gt of albh 2 004 -9
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stripping material such as steam. Stripping preferably occurs under low severity
conditions to retain a greater fraction of adsorbed hydrocarbons for heat balance.
The stripped catalyst is then conducted to the regeneration zone where it 1s
15 regenerated by burning coke on the catalyst in the presence of an oxygen containing
gas, preferably air. Decoking restores catalyst activity and simultaneously heats the
catalyst to about 650°C to 750°C. The hot catalyst is then recycled to the primary
FCC riser reactor. Flue gas formed by burning coke in the regenerator may be

treated for removal of particulates and for conversion of carbon monoxide.

20 [0020] At least a portion of the cycle oil is separated from the cracked product
and then hydroprocessed to form a hydrogenated cycle oil wherein a significant
concentration of the aromatic and unsaturated species in the cycle oil are saturated.
The terms hydroprocessing and hydrogenation are used broadly herein and include
for example hydrogenation of aromatic species to substantial or complete saturation,

25  hydrotreating, and hydrofining,

[0021] The cycle oil hydrogenation may occur in a hydroprocessing reactor

under hydroprocessing conditions in the presence of an effective amount of a




and by optim zing operation conditions. Preferably, the hydroprocpssgﬁp 2604
saturates a significant anount of the aromatic species, e.g. har ene
and derivatives thereof 5 ("naphthal enes") and tetrahydronapht hal ene and
derivatives thereof ("tetrahydronaphthal enes”) to decahydronapht hal ene and
derivatives thereof ("decahydronaphthel enes. Cbjectionable species can al so
be renoved by the hydroprocessing reactions. These species include

non- hydr ocar byl species that may conta®n sul fur, nitrogen, oxygen, halides,
and certain netals. 10 [00221 Hydroprocessing may be perfornmed in one or
nore stages consistent wth the objective of maxi m zing conversion of

re st g . e .
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preferably Trom about 1200 to about 2500 psig, and still nore preferably

f r om abgighific300 ahmuab ofithef®Mm i pecibape. govaphthalsae end derivaiives tessadr abl y
ranges fromabout 0.1 to 6 VVV/H, nore preferabl]y from about 0.5 to about

2 VI3 H“naphthateniesl) awd eetishyfeonaphhalensanghderivaiivestheragbut 2 20 v/ v/ Hr
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decahydr onapht hal enes. 15 OCT 2004 -10 [0023] In a two-stage operation, the
cycle oil is first hydroprocessed to rem)%/(fsubstanti al amounts of sul fur
1

andltii t {30, and Hyshopracessing s1aycbapearmes In Qi AT BOTHABBEHSPRHEE o
Par i Al S A e S e S e Sbh A RARE LA & species (e.g.,
naphthalenes) to the corresponding fully saturated species (e.g.,
decahydronaphthalene). For a single-stage operation, the reaction occurs at a
temperature ranging from about 200°C to about 455°C, more preferably from
15 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 hourly 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 still more preferably from about 0.8 to about 2
20 V/V/Hr, where V/V/Hr is defined as the volume of oil feed 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 quality and catalyst but
25  should be consistent with the objective of maximizing conversion of multi-ring

aromatic species to decahydronaphthalenes.




preferably to conpletely saturated species such as decahydr onapht hal e
The 5 first stage is operated under simlar conditions ag desclroi bed ¥ &%iaZUgh
single stage operation. The second-stage hydrogenation reaction occurs at a
tenperature ranging fromabout 100C to about 455C, preferably from about
100C to about 450C, and nore preferably from about 200C to about 400C. The
reaction pressure ranges from about 100 to about 3000 psig, preferably from
about 450 to 10 about 2000 psig, and nbde preferably from about 1300 psig to
about 2000 psig. The hourly space velocity preferably ranges fromabout 0.1
to 6 VIVIH, preferably about 0.8 to about 2 V/V/H. The

hydr ogen- aininﬁgs I s added to Li sh:
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In a two-stage hydroprocessor, the Goup VIII noble netal ,catalyst are
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v o cnssany FERsrorst st i abalh AL GIA BRI erplcyen
gzggsu Frfiisfégg%teffﬁaﬁ%égagee&?gfa egfﬁi\%g pggiqﬁlwggm%{%wgg?ﬁ%we@g%é?ﬁf#ageoﬁg to
; eg?:tn g{ s‘?ﬁoﬁe apflaﬂ?r& prﬁﬁeﬁ@ly gé’e‘%})&@\?ﬁgtg?%&gﬁugwg&?géeéaﬁm@ag \év! yst
Faact T orf P R A b 1 e K saenation
equi i bridem hDoD (atd, and ekesreférably fromcabouenB00Ipeig toratwkit @00bgwsig.eact or s.
[ 00251 Moving bed reactors may be enployed to increase netal and

The hourly space velocity preferably ranges from about 0.1 to 6 V/V/Hr,

preferably about 0.8 to about 2 V/V/Hr. The hydrogen-containing gas is added to

establish a hydrogen charge rate ranging from about 500 to about 15,000 standard

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

15  Actual conditions employed will depend on factors such as feed quality and

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

of multi-ring aromatics to decahydronaphthalenes in the hydrogenated cycle oil

before it is introduced into the second FCC reactor. In a two-stage

hydroprocessor, the Group VIII noble metal catalyst are preferred to complete the

20  saturation of the aromatic species.

[0024] 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

s utilize alternative reactor technologies. In countercurrent-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




particul ate tol erance in the hydroprocessor feed stream Moving bfcﬁ reqcyighs
5 generally include reactors wherein a captive bed of catalyst particles Is
contacted by upward-flowing liquid and treat gas. The catal yst bed may be
slightly expanded by the upward flow or substantially expanded or fl uidized
by increasing flowrate via liquid recirculation (expanded bed or

ebul l ating bed), using smaller size catalyst particles that are nore easily
fluidized (slurry bed), or both. Mving-10 bed reactors utilizing
downward-flowi ng liquid and gas may al so be used because they enable
on-stream catal yst replacenent. In any case, catalyst can be renoved froma
novi ng bed reactor during onstream.operatio enabl i ng ec 1.C . plication
when hi gromatiehydiogenaiien §Q?@&W@nh§7§%’8%é‘ﬂ?§5?nt w&gdg%%ﬂqg?@ﬁgpgﬁse cause
short run Ien?t hs in the alternative fixed bed designs. 15 100261 Expanded
or slur 9‘15‘?&’ Qactors with upward-flowing liquid and gas phases enabl e
econom c operation with hydroprocessor feedstocks containing significant

| evel s rticul . j j L 4 : adeaiigialanM t hout

riski ng?‘i‘p@dom fr\?éﬁ%n%gdu dﬁ%&?%ﬂ@ﬁ@%@@%@?@‘%ds’tgedci ally beneficial in

cases gﬁaﬁr 1&@Qo1@y£{ceqh<zﬁ@ﬁ§@fo;fr@mbpfelea streainude{ovilg bled graeedrer t han about
25 mcrons 20 and where the hydroprocessor feedstocks contain contam nants

t hat 5i ngegeallytiheludp requtomsi whereor a sepuivubed pheathlyst patislesisisoatacstedf i ni c,
diolefinic, or oxygenated species. | 2715,1he cat al %gt sgq in the

hydr opr byagsiard-Rowiesligad ane tea) gasy dhgsamdey dedgng Slsﬁg (%) suitable for
aronmatic saturatiqn, desul furization, .25 denit | i nation
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refractory support. Any suitable inorgani c oxide support naterial nay be
useqpf ombedtrbsotbyditilixing dosinveardaflaw g ligfidtand gasasanalspheaireddiecapitef er r ed
are @ uTh:yaer?ar;ﬂe on-stream catalyst replacement. In any case, catalyst can be removed

from a moving bed reactor during onstream operation, enabling gconomic

application when high levels of metals in the hydroprocessor feed would otherwise

cause short run lengths in the alternative fixed bed designs.

15 [0026] Expanded or slurry bed reactors with upward-flowing liquid and gas
phases enable economic operation with hydroprocessor feedstocks containing
significant levels of particulate solids, by permitting long run lengths without
risking shutdown from fouling. Such a reactor is gspecially beneficial in cases
where the hydroprocessor feedstocks include solids greater than about 25 microns

20 and where the hydroprocessor feedstocks contain contaminants that increase the

propensity for accumulating foulants such as olefinic, diolefinic, or oxygenated

species.

{0027] The catalyst used in the hydroprocessing stages can be any
hydroprocessing catalyst(s) suitable for aromatic saturation, desulfurization,

25  denitrogenation or any combination thereof. Suitable catalysts used to completely
hydrogenate the cycle oil include monofunctional and bifunctional, monometallic

and multimetallic noble metal-containing cataiysts. Preferably, the catalyst



silica-alumna, including crystalline alumno-silicate such as z\?la’)te{ I[‘ﬂﬁi
silica 5 content of the silica-alumna support can be from 2-30 7Y
preferably 3-20 w.% nore preferably 5-19 wt.% Qher refractory inorganic
conpounds may al so be used, non-limting exanples of which include
zirconia, titania, nmagnesia, and the |like. The alum na can be any of the

al um nas conventionally used for hydroprocessing catal ysts. Such al um nas
are general ly porous anorphous 10 al umi2zna havi ng an average pore size from
50-200 A, preferably 70-150 A, and a surface area from 50-450 nR/g. [00281
The Goup VIII and Group VI conmpounds are well known to those of ordinary

Kill inth t d | fi ' Pery od] :
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[0028] The Group VIII and Group VI compounds are well known to those
of ordinary skill in the art and are well defined in the Periodic Table of the
Elements. The Group VIII metal may be present in an amount ranging from 2-20
15  wt.%, preferably 4-12 wt.% and may include Co, Ni, and Fe. The Group VI
metals may be W, Mo, or Cr, with Mo preferred. The Group VI metal may be
present in an amount ranging from 5-30 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
20  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.

[0029] One or more promoter metals selected from metals of Groups IIIA,
VA, IB, VIB, and VIIB of the Periodic Table of the Elements may also be present.
The promoter metal, can be present in the form of an oxide, sulfide, or in the

55 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




For exanple, if a support weighs 100 g, then 20 wt.% Group VIII et 4§l AnNGG04
that 5 20 g of the Goup VIII netal is on the support. [0030] Cycle oi

hydr opr ocessi ng occurs under conditions that substantially saturate the
aromatic species, i.e. converting species such as naphthal ene and

al kyl -substituted derivatives thereof (naphthal enes) and

t et rahydr onapht hal ene and al kyl -substituted derivatives thereof
(tetrahydronapht hal enes) to 10 decahyd@onapht hal ene and derivatives thereof
(decahydr onapht hal enes). Wiile not w shing to be bound by any theory or
nodel , applicants believe that the hydroprocessing conditions result in a

hydr ogepat ed cyg| Ll. th s.a greater, pr | | tonlight
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Preferably, the total aromatic species content in the hydrogenated cycle

oi | §angeg dfithmGivapt VIl metaluson the wippertwi th a total 2-ring or |arger
aromatic species content ranges fromabout O to about 1 w.% preferably

0-0.1 wt.% nore preferably 0-0.05 wt.% nost preferably. 0-0,.0 1 . % based
upon t hé0@¥Hal welgiete gﬁ%ﬁ'ﬁ@mg)a?%g%%%%s B?@?re‘”pod"i%llt.m@ 'ih%/iF S%ﬁlgmﬂﬁlg erably,
the total_aromatic species.conte n. 3 r oi |l ranges
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w . % 151K9FTuBffbtedlderimitiveptiefreo Bk trahpdronaptethalenegidoal to about 0.01 wt. %
based upon the total weight of the hydr ozenat ed cycle oil. [%SSﬁ] The
hy dil @ge da¢ahy deymdphthalenp and derivati vascthgeasd @eqabadquhthai%r&%r e

not wishing to be bound by any theory or model, applicants believe that the

hydroprocessing conditions result in a hydrogenated cycle oil that has a greater

propensity for cracking to light olefins (C»-Cy) than cycle oils hydroprocessed in

accordance with the conventional processes that aim to produce significant

15 amounts of tetrahydronaphthalenes.

[0031] The hydroprocessing is conducted so that decahydronaphthalenes are
the most abundant 2-ring species in the hydrogenated cycle oil.
Decahydronaphthalenes are preferably the most abundant saturated species in the

hydrogenated cycle oil.

20 [0032] Preferably, the total aromatic species content in the hydrogenated cycle
oil ranges from about 0 to about 5 wt.%, with a total 2-ring 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
hydrogenated cycle oil. Still more preferably, the total aromatic species content in

25  the hydrogenated cycle oil ranges is less than 5 wt %, more preferably less than
about 1 wt.%, more 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.%,




injection and further cracking by contacting it catal ytic cracking caﬁajt yzbn,
as described 5 below for the second catal ytic cracking stage. Hydr&gﬁa 'Te ut
cycle oil cracking in the second FCC reactor results in cracked products
havi ng substantial concentrations of naphtha and Iight olefins (C2-C4).
Appropriate cracking conditions in the second FCC reaction stage include:
(i) tenperatures from about 495C to about 700C, preferably from about 525C
to 650C, (ii) hydrocarbon partial presdéres fromabout 10 10 to 40 psia
(70-280 kPa), preferably fromabout 20 to 35 psia (140-245 kPa); and, (iii)
a catalyst to hydrogenated cycle oil (w/wt) ratio fromabout 2:1to 100:1,

e AR i . S U SRR St gt

wei ght or catalys osite. Steam may

concurr Ly, Al [Woifh the hydrogenated cycle oil into the second FCC
reacti oﬁﬂég&g?é%%%g?atm conprises 15 up to about 50 wt.% of the

hydr ogenat ed cycle oil feed. Preferably, the cycle oil residence tine in

the secop@3C r eaTh apdaseaaied dyedsoil lpasseatiothe Sonddubidsisempeastopiosf er abl y
bet ween about 1 to 10 seconds. [00341 The catal yst of the second catal ytic

cr acki ngnﬁdcﬁga amdefuetheb bsackingrpy icontacting ahentplytin sTackeng sby sb 25 deseriad x
mat eri al having a surface area 20 between &bﬂout 5 aqr.]cﬂ al?out1 40Q .n2/.g. I n one
enbodi nerelowtfve thexsegopdicaalytip sragkinmsfage a el eib n g a8 8 dpr i ses a
first conponent, w a surface .area of t /g
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cat al yt i%frba}ﬁl{l%{i@éhgﬁg%)&gfrhgq%g‘gp tgi1£ %?%%%é%&?%??ggmgg S'?@hé second

catal yt iFCéﬁ'eﬁf]ﬁ&leﬁgc%@lﬁée: Theehpesiues drove aboat 4951 Eoweaboat 789°GJ so be

contained on the sane catalytic particle. 1 5 OCT 2004 -15 [00351 In
anot her greadblyefibm abrait A5 s 6507C1 (B hyscoraabempartial peesshecsir o 2botige
al so conprises an anmount of | arge-pore zeolite coptaini | ysit
Dr 61 16x 201 §/to 26 pbiat GOVIShOR R GrelCFINE T3 E0BHeH) Bt o R @ 19 7t ShAl 01 ng a
unit cel]...size |l ess than or ual tq.a 4 pPrefesably | ess
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preferably from about 4:1 to 50:1 where the catalyst weight is the total weight of the
catalyst mixture or catalyst composite. Steam may be concurrently introduced with
the hydrogenated cycle oil into the second FCC reaction zone. The steam comprises
15 up to about 50 wt.% of the hydrogenated cycle oil feed. Preferably, the cycle oil

residence time in the second FCC reaction zone is less than about 20 seconds, more

preferably between about 1 to 10 seconds.

[0034] The catalyst of the second catalytic cracking stage preferably
comprises an amorphous inorganic oxide matrix material having a surface area

20 between about 5 and about 400 m?*/g. In one embodiment, the catalyst of the second
catalytic cracking stage comprises a first component with a surface area of between
about 5 and about 40 m%/g and a second component with a surface area of between
about 40 and about 400 m%g. The first and second components may be contained on
separate catalytic particles that are mixed to form the catalyst of the second catalytic

25  cracking stage. The first and second components may also be contained on the same

catalytic particle.




5 zeolite Y catalyst is preferably supported on an inorganic matrix materi al
that has a surface area greater than 40 nR/g. The high surface areﬁ ”BETiﬁmh
material preferably conprises |ess than or equal to about 50% of t g tota
wei ght of the zeolite Y containing catalyst particle. The zeolite Y
containing catalyst can be m xed with the anorphous inorganic oxide matrix
catal yst particles having a surface area between 10 about 5 and about 400
n2/g so that the catal yst of the secoid-catalytic cracking stage is a

m xture of catalyst particles containing catalyst containing zeolite Y and
catal yst containing the anorphous inorganic oxide matrix material. [0036]
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materi a particles that contain the anorphous inorganic oxide.

In the ;sReomslisShagani@oRIdeanEix cnalganpartiokisdmvireg @ surhcerageadmipeese t he
matrix material 15 OCT 2094 -16 or the anorphous inorganic oxide nateri al
may 1be abeud aredlabouta0st indfg seathat the eaialypt of theSoomy] cHRBRET HBFKINGYRES eol i t e
catalyst is inits own rratr'ui mat erial and,t
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containing the amorphous inorganic oxide matrix material.

[0036] In another embodiment, the catalyst of the second catalytic cracking
stage is a mixture of catalyst particles and comprises (i) between about 10 and about

15 50 wt.%, preferably less than or equal to about 15 wt.% of a catalyst containing a
large-pore zeolite, preferably zeolite Y having a unit cell size less than about 24.274,
and (ii) between about 50 and about 90 wt.%, preferably greater than or equal to
about 85% of a catalyst containing an amorphous inorganic oxide cracking catalyst
having a surface area between about 5 and about 400 m?/g. The amorphous

20  inorganic oxide may comprise a first component having a surface area of between
about 5 and about 40 m%/g and a second component having a surface area of between

about 40 and about 400 m*/g, and combinations thereof.

[0037]) The catalyst(s) of each catalytic cracking stage may be made by

conventional methods. As stated, the catalyst the second catalytic cracking stage
25 may comprise a mixture of catalytic particles that contain the zeolite Y on a matrix

material and catalytic particles that contain the amorphous inorganic oxide. In the

second stage, amorphous inorganic oxide material may comprise the matrix material




5 catalyst particles formng a mxture of catalyst powders that is charged
into the second catalytic cracking stage in a conventional manney.r g@q3g@m
Al ternatively, each catalytic species (the zeolite, and the first an

second anor phous conponents) may be supported on the sanme matrix nmaterial.

[ 0040] Light olefins resulting fromthe present process may be used as feeds
10 for processes such as oliginerization, polynerization, co-polynerization,
ter polynerization, and rel ated procegses ("polynerization") to form
macronol ecul es. Such |light olefins may be polynerized both alone and in
conbination with other species, in accordance with pol ynerization processes

known in the art, In,sone . cases it mgy be desira
concent 98 aMRIPNPYS Ift%gﬁ%l&é),x@? ”@&W@\M’@éb‘ign%@%ﬁ:@gﬁ gﬁéﬁﬁ?éﬁtﬁél efins
prior to polymerization. Propylene and ethylene are preferred

pol ynerTM24f1%n feeds. Pol ypropyl ene and pol yet hyl ene are preferred
pol yneri zati on products made therefrom EXAMPLES Exanple 1 20 [0041] In

accor da i th ap . SeheW Retefite diitaybiTy enits @vn Mmaetie nedterighdral ted from a
cycle owﬂgm eam E‘E oduc(g%i by a pri mary FCC reactor was hydroprocessed and

fur t her ;mbasHoRd ihdrgansecoidd doporienty (firsratdsecofd campanents) acksepgraiendi t i ons
in the second FCCriser reactor include tenperatures ranging from about
100G 13&0#lys( paficksdoyminga aniysureef chatalpitipovederp thas s oBaArgse lfet\mt;lw ), and
vapor residence times of 25 0.1-1.0 seconds in the pre-injection zone. 1 5
COT 2003econd CREUMIG CRACKERE StagH 13 CPBVERIOTE AME wer e hydr ogenated to
produce a significant anmount of tetrahydronaphthal enes (Table 1, columm 1)

of docallf9napn AL e P ATITHEATES S PERE B MOt 6T ot ron

rror to upstreaminjection

into th i hhelmatientaysiiglgenat i on
condi ti geﬁgﬁ?%ﬁ?%éﬁgdgegmgpggézﬁ%ﬁ[a?é%%@oﬁgguﬂtﬁei%n nea?l y co?;pl e'?e

saturation of aromatic species present in the cycle oil when using
[0040] Light olefins resulting from the present process may be used as feeds

10  for processes such as oligimerization, polymerization, co-polymerization, ter-
polymerization, and related processes (“polymerization”) to form macromolecules.
Such light olefins may be polymerized both aione and in combination with other
species, in accordance with polymerization processes known in the art. In some
cases it may be desirable to separate, concentrate, purify, upgrade, or otherwise

15 process the light olefins prior to polymerization. Propylene and ethylene are
preferred polymerization feeds. Polypropylene and polyethylene are preferred

polymerization products made therefrom.

EXAMPLES

Example 1

20 [0041] In accordance with an embodiment of this invention, cycle oil obtained
from a cycle oil stream produced by a primary FCC reactor was hydroprocessed and
further cracked in a second FCC riser reactor. Catalytic cracking conditions in the
second FCC riser reactor include temperatures ranging from about 1000-1350°F
(535-760°C), catalyst/cycle oil ratios of 25-150 (wt/wt), and vapor residence times of

25 0.1-1.0 seconds in the pre-injection zone.




both a Ni-M and Pt catalyst. 1 5 OCT 2004 -18 00 00 N 00 N >4 '\'ItSrECTo@ﬁﬁ’l
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{0042] First, two cycle oil samples were hydrogenated to produce a significant

amount of tetrahydronaphthalenes (Table 1, column 1) or under different

hydrogenation conditions to produce significant amounts of decahydronaphthalenes

(Table 1, column 2) prior to upstream injection into the second FCC reactor. As set
5 forth in Table 1, the hydrogenation conditions to form decahydronaphthalenes result

in nearly complete saturation of aromatic species present in the cycle oil when using

both a Ni-Mo and Pt catalyst.



°P 2604
i s

{Y 65

enbodi nen
was

size on ol efin production

5 decahydr onapht hal enes.

a cycle oil

OO0 00 N NN NOO G

18-

anpbunt of

I n accordance wi th anot her

As in exanple 1,

the effect of zeolite unit cell
react or.

1'Ep L'6 (o4, ) sonewioly urg-oud
9°LS G'€8 (941m) sonRWIONY [BIOL
792 8¢l (1dV,) A1ae1n
'TRE /¥ 0TL 9°98¢ /8'LTL Qo) ) Ma.E m.%
vL97/ V€18 1962 / 695 Muowmw% o\\o PH, %%m
. : 8'8¥1 / 8°66T D)) %
e uonnqusyq utod suljiog
mu_tumo& )00)Spaayg
90 I'¢y {914 SONBWOIY FURJ-SUQ
90 9°LS (94 1) soneWONY [B10],
TEE 79T (1dv.) A1ariD
Z'S8E / ¥'STL $'Z8€ /¥ 0ZL (GRJEN) _x”s, mumm
v'OrT / SSLY 'L9T /¥ ELS MUOW\M%W W.E m.mm
. : 0°LOT/9'VTT BNERLAT
S uonnqmsiq uiod auijiog
sonadoag yonpolg
000¢ 00S¢ (4/1D8) 21wy senH 121, ¢H
L'l L0 ASHT
0081 0071 (G1sd) anssaig
887 / 0SS 1LE/00L (Do)/{do) 23eIadwia],
tovad LtOUV/OININ 18AT21R))
suonIpuo))

NN 00 &1 0 N NII-~

ri

SONEU10.B JjeAN)ES
Arenueisqns 0} Uoneud30ApAH

(sauajeyydeuocapiyena]
uri0}) soneuwole jeInjes
Anenaed )sedy je 03 uoneuadorpAH

4 -19 ramle 2 [0043]

N N

et'
hydr oprocessed to forma significant

exanpl e descri bes
in the second riser

00
CST 20J°

1dT14VL




[0044] Cracking in a second riser reactor was sinulated in a MAT by 667 f3{4
catal ysts as hereafter described. MAT Conditions used included tenperature
1020F (-550C), run time 15 sec., catalyst charge 4.0 g, feed volunme 0.95-1.0
cnB, and cat/oil ratio 3.7 to 12. The results are set forth in Table 2. 10
[0045] In Table 2, catalyst A contains zeolite Y with a unit cell size

(UCS) of about 24.30 A, a zeolite surface area of 152 nR/g and a matri x
surface area of 103 n2/g. Catalyst B cdfit-ai ns zeolite Y havi ng a unit cell
size of about 24.31 A a zeolite surface area of about 139 n2/g and a

matri x surface area of about 111 nR/g. Catalyst C contains zeolite Y having
a unit celgygfhge 0f about 15 24.27 A, a zeolite surface area of about 129
n2/g and a matrix surface area of about 104 nR/g. Catalyst Dis an

anor phous FCC catal yst containing no zeolite and having a high surface area
of about 970043]g. Catlalagsordenice veith anethphemboduaentl this examplegdesswbgst i vity

| evel s and a | ower surface area of about_. 20 nP/g. EO 46] Col,umm | shows t hat

? r ef er encéhepfaet ofeobitounit collHizggn eiflin produston it opdiThGT EAPY st A
le 2. Col 2 sh ..t hat [T i:
b oauct 1 on ASTBERTHEd - By By Ry s csssst BT AutiBaflerBh palins L
together w ¢ h %ﬁdr\g@aéﬂ]thgwn?%rface area anor phous catalytic cracking
5 .0%8? m owWs

catal ys at a substantial increase in propylene yield
may be obtained using 25 wt.% of catalyst C fromexanple 2 with 75 w.% | ow

25 surface (go£f anor pheukimainad yédohdaise ketGorcahabivislatedohunMATalBavg that a
further increase in propylene yield from Colum 3 nay be obtained by further

1 5 OCT 20Q4e e2Qlystpiolenegiter desghibedr Mad Goeditmms used ircledediopgperaBiueh as
catalyst D from exanple 2, in the catalyst m xture. £@0047]l | mportantly, the
m xture of 1OBDeE~S50%Iy memtimen] heed.) wta%ast:@haraéékﬂbm e volemg 23- oWt ane
yield indicatjng that | ow surface area catal yst_m xt 5 di m ni sh hydrogen
transfer raaespBASaYAlTABO Ikt a}éfiefasifl aroet %Wdaﬁrégﬁevat h using a

hi gh-activity cracking catalyst therein. D mnishing hydrogen transfer in

10 [0045] In Table 2, catalyst A contains zeolite Y with a unit cell size
(UCS) of about 24.30 A, a zeolite surface area of 152 m%/g and 2 matrix surface
area of 103 m%/g. Catalyst B contains zeolite Y having a unit cell size of about
24.31 A, a zeolite surface area of about 139 m’/g and a matrix surface area of
about 111 m*/g. Catalyst C contains zeolite Y having a unit cell size of about

15 2427 A, azeolite surface area of about 129 m*/g and a matrix surface area of
about 104 m*/g. Catalyst D is an amorphous FCC catalyst containing no zeolite
and having a high surface area of about 92 m*/g. Catalyst E is an amorphous

catalyst having low activity levels and a lower surface area of about 20 m’/g.

{0046] Column 1 shows that a reference amount of 6.0 wt.% propylene
20  results when using catalyst A from example 2. Column 2 shows that a small
increase in propylene production is obtained by employing 25 wt.% of catalyst B
from example 2 together with 75 wt.% low surface area amorphous catalytic
cracking catalyst . Column 3 shows that a substantial increase in propylene yield
may be obtained using 25 wt.% of catalyst C from example 2 with 75 wt.% low
25 surface area amorphous catalytic cracking catalyts. Column 4 shows that a

further increase in propylene yield from Column 3 may be obtained by further



the second riser reactor results in a |lower yield of undesirabl e pol ynucl ear
aromatic species. It should be noted that the catalyst mixture conthifnildd 2uTh
the zeolite Y wth the smallest unit cell size, i.e., catalyst C, is nore
selective for 10 light olefin production than the intermediate unit cell,
zeolite Y catalyst (Catalyst B). Furthernore, it is noted that the catal yst
conbination in Colum 4 of Table 3 shows the highest selectivity for

propyl ene, butenes, C4 ol efins/C4 saturdbed species, and total I|ight

olefins. 1 5 COOT 2UNt N 9\DNr QN O0OOTOO 00tD 00 NOOONDE

employing a high surface area amorphous catalyst, such as catalyst D from

example 2, in the catalyst mixture.

[(0047] Importantly, the mixture of column 4 resulted in nearly twice the
butene yield per butane yield indicating that low surface area catalyst mixtures
5  diminish hydrogen transfer reactions in the second riser reactor compared with

using a high-activity cracking catalyst therein. Diminishing hydrogen transfer in
the second riser reactor results in a lower yield of undesirable polynuclear
aromatic species. It should be noted that the catalyst mixture containing the
zeolite Y with the smallest unit cell size, i.e., catalyst C, is more selective for

10 light olefin production than the intermediate unit cell, zeolite Y catalyst (Catalyst
B). Furthermore, it is noted that the catalyst combination in Column 4 of Table
3 shows the highest selectivity for propylene, butenes, Cq4 olefins/C; saturated

species, and total light olefins.



a) 00 cd NUa) a mO00 mmQO ma) CO0 0 OZr' -22 Wat iﬁ |Q§ﬂ%§§ﬁ
Is: I. Afluid catalytic cracking process conprising: (a) contactidg 'F
feed with a catalytic cracking catalyst in a first catalytic cracking stage
under catalytic cracking conditions to produce cracked products wherein
said catalytic cracking catalyst is a |-at-ge pore zeolite having a pore

di aneter greater than about 0.7 rim (b) separating at |east a cycle oil
fraction fromthe Td '

2

et Jdl{JC S, MaICYCIfe

8.0
3.6
9.5
1.0
9.9
8.0
1.8
1.8
1.24
21.2

15% Catalyst C (UCS 24.27A) %
36.2
30.0

45% Catalyst D
40% Catalyst E

5.5
25
8.7
0.9
9.6
8.6

383
30
1.4
1.1
1.12
19.4

75% CatalystE

A) 125% Catalyst C (USC 24.27A)

TABLE 2
3.4
1.7
6.6
0.9
7.2
8.6
43.8
30.0
1.2
0.8
0.84
14.6

75% Catalyst E

1.50
1.5
6.0
0.3
5.5
8.7

46.0

30.0
1.5

Catalyst A (UCS 24.30A) [25% Catalyst B (UCS 24.31
0.6
0.63
12.1

Substantially Saturated LCCO

1020 (549°C)
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Propylene
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Butenes
Butanes
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Ethylene

Conversion, 290°F (143°C)

Temperature, “F
Total Lt Olefins
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oil fraction conprising aromatics; (c) hydrogenating at |east a frﬁct ngflr o,fw
said aromatics in at least a portion of said cycle oil fraction i vl duut
presence of a hydrogenating catal yst under hydrogenation conditions to form
a hydrogenated cycle oil; and (d) contacting said hydrogenated cycle oil

with a catalytic cracking catal yst wupger catalytic cracking conditions in a
second fluid catalytic cracking stage to forma second cracked product,

said second fluid catalytic cracking stage being separate from said first
second fI d ca aI yt| c cracking stage, wherein the catalyst of the second
fluid tsl pied & ng stage conprises an anorphous netal oxi de catal yst
conpri sed of a first anorphous netal oxide conponent having a surface area
fromabout 5 to about 40 n2/g and a second anor phous netal oxi de conponent
havi ng a s$urf agdhdd eatalybie traekingghoess dcﬁnprd:si@out 400 n2/g. 2. The process

according to claim11 wherein s gena cle oil rises |less
than about 5 w® 9 SPWARINECR F @%‘Hﬁwyﬁ o%é’é‘??f’ﬁ’(,ccéla‘c‘)‘flﬁé Cla@lﬁtgﬁ Nther ei n

the hydrogangh gdcsrg%(gﬁg sPlgh ufRIRGARS: |FRRIMNAARAK! 1ol PHducdt draditcdd Of

| ar ger ar onma e proctess according to cl wherein said
hydr ogenapiodgcts attelais taid conprticsesckatg tasgdt iondar@e pue 2¢blite i) 2 pod at | east
one Group VI netal on at |east one refractory support. 1 5 OCT 2004 -23 5.
The proce§‘§m§€é(gf‘?ﬁ“ﬁdh3€bab@ma@ mMSwherein said Goup VI11 netal is selected

fromthe gr OUp%tF)?,E%lrc a*é;%)}ésgtﬂ %}}rctlﬁgzl fl%.@f#on]frorthT gﬂ@ké?irﬁﬁ&%ﬁs agiQydieng to

claim1 wherei e second catalytic ‘cracking stage further
conpr i sesoi flaatigrecqopisizeabiiztcd)avi ng a pore di aneter greater than or equal
to about 0.7 run. 7. The. process ccqrdl gg to claim G\Eﬁerel n the cfat al yst

of the second @t@ﬂmgeeatl%r%dﬁasa@ BCcHgR of S A YRGS R SLHBATOPPand about
50 wt. % ofig %ﬂdlg ollfﬁraQﬁ [Pﬂlr tﬁe g?e@@ﬂdeto? aHYdr RBANEE TaBPRY hn®Y h§BbgeRAUYn 90 Wt. %

of sai d anorphous net
conditions to form a hydrogenated cycle oil; and

(d) contacting said hydrogenated cycle oil with a catalytic cracking catalyst
under catalytic cracking conditions in a second fluid catalytic cracking stage to form a
second cracked product, said second fluid catalytic cracking stage being separate from
said first second fluid catalytic cracking stage, wherein the catalyst of the second fluid
catalytic cracking stage comprises an amorphous metal oxide catalyst comprised of a
first amorphous metal oxide component having a surface area from about 5 to about
40 m%/g and a second amorphous metal oxide component having a surface area

between about 40 to about 400 m*/g.

2. The process according to claim 1 wherein said hydrogenated cycle oil

comprises less than about 5 wt. % aromatics.

3. The process according to claim 1 wherein the hydrogenated cycle oil

comprises less than about 1 wt. % 2-ring or larger aromatic species.

4. The process according to claim 1 wherein said hydrogenating catalyst
comprises at least one Group VIII metal and at least one Group VI metal on at least

one refractory support.




catalyst. 8. The process according to claim7 wherein said |arge- qug:ﬂ e
zeolite is a zeolite Y having a unit cell size |less than or equal b(gh‘t
24.33 A. 9. The process according 8 wherein said zeolite Y has a unit cell
size less than or equal to about 24.27 A 10. The process according to
claim6 wherein said | arge pore zeolitg conprises a zeolite Y having a unit
cell size less than about 25.27 A, and wherein the catalyst of the second
catal ytic cracking stage conprises |ess than about 25 wt. % of sai d zeolite

Y and aboyt 75 . % or re ter o anmr ph oXi st. 11.
The process acggé’(ﬂr?%’sié Cipgntq CL%@’*—:‘ rli‘e'fel‘fbs%gtc;}l"%t\ﬁgfmt:%
catal ytic rises a catalyst containing a

frofd E‘g;r c%n?ﬂﬁn%kffﬁﬂ“?ﬁ QTP

| ar ge- pore zeo havi n 6re I ameter greater than or equal to about
0.7 rim 12. The process accordl ng to claiml | wherein said | arge-pore
zeolite is a zeglite Y having a unit cell. si han or equal t o about

24.33 A $3. T MQF@@%%CCQE‘EB%(EHH]@H’M ‘EﬂleéFlﬁlthg ?at{fﬁf@f the sg¢and atalgicor e
zeolite '%Eagklilg%ltiée]:efurﬂah@o\fh ?a‘{gfg dJ%fé ke ftéﬁa\l Wﬁo?@ﬂl 9{%&0#@%& 0 about

24.27 A rocess accor aim 1 ereln yst of
t he seconmanatratlyallt@abm@cﬁ(mng st age corrprl ses: (i) between about 10 and 20
wt. % of a catalyst containing said zeolite Y; (ii) between about 40 and
about 50 wt. % of a catalyst containing said first anorphous netal oxide

conponent ;7 and; a'h& g&é&eséoﬁéc‘ﬁ(?cﬁﬁ #0UIm %ﬁvﬁé?&%ngﬂé’%ta Otnégnt ;%%@fnd%ﬁgﬂ%?é yst

contalnlng sai econd- amor phous metal oxlde: co rocess
accordi ng ctaekmgautargela)mmsembamdaﬂ abantal(yshd @boﬂithﬂ) secnet exd ddryé ipore cr acki ng
stage consists egsentl al ly of % of a catal yst containing

ut
sai d zeol Fedditsan |hefw%o%houh§0vﬁnd an?aoaf 99 %tat‘VawsfsS@ldc@me@hﬂ%glesaA.%qu rst
anor phouscggggygg_ oxi de conponent; and,

8. The process according to claim 7 wherein said large-pore zeolite is a zeolite Y

having a unit cell size less than or equal to about 24.33 A,

9. The process according 8 wherein said zeolite Y has a unit cell size less than or
equal to about 24.27 A,

10.  The process according to claim 6 wherein said large pore zeolite comprises a
zeolite Y having a unit cell size less than about 25.27 A, and wherein the catalyst of
the second catalytic cracking stage comprises less than about 25 wt. % of said zeolite

Y and about 75 wt. % or greater of said amorphous metal oxide catalyst.

11.  The process according to claim 1 wherein the catalyst of the second catalytic
cracking stage further comprises a catalyst containing a large-pore zeolite having a

pore diameter greater than or equal to about 0.7 nm.

12. The process according to claim 11 wherein said large-pore zeolite is a zeolite

Y having a unit cell size less than or equal to about 24.33 A.

13.  The process according to claim 11 wherein said large-pore zeolite is a zeolite

Y having a unit cell size less than or equal to about 24.27 A.



(tii) about 40 wt. % of a catal yst containing said second anor phous r‘r§t[:aJT 360k
oxi de conponent. 16. The process according to claim1l wherein the I vio L
tenperature of the first catalytic cracking stage is between about 500C and
about 650C. 17. The process according to claim 16 wherein the residence tine
within the first catalytic cracking sjjage i s between about 1 and about 10
seconds. 18. The process according to claim 17 wherein the tenperature of

the second <catalytic cracking stage is between about 495C and about 700C.

19. The process_according ta claiml erein the residence tinme wiithin the
second catit yt i EHrLERs A °§‘£8§ép F'émbigm’@FF‘%H'GLﬁataiY%ﬁét@oﬁ?ﬁ?“dl@ﬁt%l@ﬁ%nds. 20.

The Pr OCeSFackfifpQlt eNYninRised:-ai m 1 further conprising the step of separating
propyl ene fromth esecéﬁlé racked product and pol ynmerizing the propylene to

form pol ypr opyiene.beivbec@@bo0Mand?%) Rl % éf prasiesohainiagsal yeolaand;y
cracking a cycle oil to selectjvely incy eas%cghe yield of light olefins

I ) gn
conpri si ng t he (8} epdebyeenabputdhndabery hwkdrof 2 sdalipt sonipiniag apiitlirst cr acki ng
cat al yst ‘ﬁﬂgﬁﬁlgﬁi‘tr@ééé’ltcjx?de E[ﬂgi&pndi tions in a first FCC reactor to form
p

a first cracke roduct, said cratked product conprising a cycle oil
fraction conpri(8i)ng betweeatabouisifeamideboutdteweidh oBataalysidoatayiing ssidacki ng
catalyst is a Iarcgg ore zleol_' te having a pore dianeter greater than about
0.7 nm (BSFCUEFMAPRGHS netplPXiqe COMRINgRiKed product fromthe catal yst of the
first FCC reactor; (c) stripping the catalyst of the first FCC reactor; (d)
contacting the catalyst of the first FCC reactor with a gas conpri sing
oxygen; (dY. pasdierpgoteseacatdhy &t claim fl hevhereais theF@@lyst af thersebankedtadysai d fi r st
FCC reactor;. . .
cracking stage consists essentially of:
(1) about 15 wt. % of a catalyst containing said zeolite Y;
(i1) about 45 wt. % of a catalyst containing said first amorphous metal
oxide component; and,
(iif) about 40 wt. % of a catalyst containing said second amorphous metal

oxide component.

16.  The process according to claim 1 wherein the temperature of the first catalytic

cracking stage is between about 500°C and about 650°C.

17.  The process according to claim 16 wherein the residence time within the first

catalytic cracking stage is between about | and about 10 seconds.

18.  The process according to claim 17 wherein the temperature of the second

catalytic cracking stage is between about 495°C and about 700°C.

19.  The process according to claim 18 wherein the residence time within the

second catalytic cracking stage is between about 1 and about 10 seconds.

20.  The process according to claim 1 further comprising the step of separating

propylene from the second cracked product and polymerizing the propylene to form

polypropylene.




(f) separating at least a portion of the cycle oil fraction fromsaid firs
cracked product; (g) hydrogenating a substantial portion of the ar10513@ij.{: 2ush
species in at least a portion of said cycle oil fraction in the presence of
a hydrogenation catal yst under hydroprocessing conditions to forma
substantially hydrogenated cycle oil,sgaid hydrogenation catalyst
conprising at |least one Goup VIII netal and at |east one Goup VI netal on
at | east one refractory support, said Goup VIII netal selected fromthe
group congisting of Pt and P in the wejght, of the aromatic species in

d Pd, wher |
the hydr ogbnat APTRGRSS Sorcpfalytisa|ly SEcking s SHSlsit. DoAISELYFHY RGP ¢ ighk of said
hydr ogena ) N—r-T sgﬁnt acting said hydrogenated cycle oil with
a catal yt ?@%hﬁéﬁ{fﬁlﬁ%bh@gﬁ%ﬁ%{ﬁ% er catalytic cracking conditions in a
separ at e secongh)FCCeoreagtingra FOC ffesdwvitha satabytid ceackmigadtabys duddr catahgicei n t he
catal yst used in the second FCC reactor

e ] conprises; (i) between about 10 and
20 wt . % efRcking seadijjens Bairal G geagtorp fprm st ﬁa\?kﬁéprad%r%l ?raa&qder
t t . . ' S, | ' 'S: . . - 4OCT 2004
areater  Baul Joiifh YIWRICCRh oo So gk POnshOUhedtd, bl 1AOCT 20

anor phous carelyeit ceackih@ dagalystds a lage bamezealiechdvatgve porcatimmeter gRkaenchambout 400
n2/g; and, (iii) between about 35 and about 45 w. % of a catal yst
cont ai ni n@bou4f.7aHBr phous netal oxi de having a surface area between about 5

and about 40 TR0 SRR B P SpRATH BLATkaTIR AR s upmDecEat o vt
the catal ygttoef the second FCC reactor with a gas

(c) stripping the catalyst of the first FCC reactor;

(d) contacting the catalyst of the first FCC reactor with a gas comprising
oxygen,;

(e) passing the catalyst of the first FCC reactor back to said first FCC
reactor;

H separating at least a portion of the cycle oil fraction from said first
cracked product;

(g)  hydrogenating a substantial portion of the aromatic species in at least a
portion of said cycle oil fraction in the presence of a hydrogenation catalyst under
hydroprocessing conditions to form a substantially hydrogenated cycle oil, said
hydrogenation catalyst comprising at least one Group VIII metal and at least one
Group VI metal on at least one refractory support, said Group VIII metal selected
from the group consisting of Pt and Pd, wherein the weight of the aromatic species in
the hydrogenated cycle oil is less than about 1% of the total weight of said
hydrogenated cycle oil; and,

(h)  contacting said hydrogenated cycle oil with a catalytic cracking
catalyst under catalytic cracking conditions in a separate second FCC reactor to form
a second cracked product, wherein the catalyst used in the second FCC reactor
comprises:

(1) between about 10 and 20 wt. % of a catalyst containing a
zeolite Y having a pore diameter greater than 0.7 and a unit cell

size less than about 24.27 A;




conpri sing oxygen; and, (1) passing the catalyst of the second FCC reactor
to said second FCC reactor back to the second FCC reactor. 22. The SSuch
according to claim?21 further conprising the step of separating pJg{bmnz >
fromthe second cracked product and polynerizing the propylene to form

pol ypropyl ene. =26 -

(ii)  between about 40 and about 50 wt. % of a catalyst containing
an amorphous metal oxide having a surface area between about
40 and about 400 m%/g; and,
(i1i)  between about 35 and about 45 wt. % of a catalyst containing
an amorphous metal oxide having a surface area between about
5 and about 40 m%g;
) separating the second cracked product from the catalyst of the second
FCC reactor;
) | stripping the catalyst of the second FCC reactor;
(k) contacting the catalyst of the second FCC reactor with a gas
comprising oxygen; and,
()] passing the catalyst of the second FCC reactor to said second FCC

reactor back to the second FCC reactor.

22.  The process according to claim 21 further comprising the step of separating

propylene from the second cracked product and polymerizing the propylene to form

polypropylene.




