
1 5 OCT 2004 TWO STAGE FCC PROCESS  INCORPORATING INTERSTAGE HYDROPROCESSING
BACKGROUND 5 [0001] The invention relates to a process for converting cycle
oils produced in  catalytic cracking reactions into olefinic naphthas. More
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  light olefins
(C2-C5) and catalysts used in such processes. 10 [00021 Cycle oils such as
LCCO produced in fluidized catalytic cracking  (FCC) reactions contain
two-ring aromatic species such as naphthalene. The need  for blendstocks for
forming low emissions fuels has created an increased 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 C2-C4 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 100041
Some conventional hydroprocessing processes cycle oil, such as  LCCO, to
partially saturate bicyclic hydrocarbons such as naphthalene to produce
tetrahydronaphthalene. Hydroprocessing and subsequent LCCO re-cracking may 1
5 OCT 2004 -2 



occur in the primary reactor vessel. Hydroprocessed LCCO may also be
injected  into the FCC feed riser at a point downstream of feed injection to
provide for feed  quenching. [0005] Unfortunately, such re-cracking of
conventionally hydroprocessed 5 LCCO results in undesirable hydrogen
transfer reactions that convert species such as  tetrahydronaphthalene into
aromatics such as naphthalene, thereby reversing the  effects of
hydroprocessing and decreasing the olefin 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 SUMMARY OF THE INVENTION
[00071 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; (c) 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 a second 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 m2/g. [00081 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 FCC feed with a catalytic cracking catalyst 1 5
OCT 2004 -3 under catalytic cracking conditions in a first FCC reactor to
form a first cracked  



product, the cracked product comprising a cycle oil fraction comprising
aromatic  species; (b) separating the first cracked product from the
catalyst 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 comprising oxygen; (e) passing the catalyst of the  first FCC reactor
back to the first FCC reactor; (f) separating at least a portion of the
cycle oil fraction from the 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
form a substantially hydrogenated cycle 10 oil, the hydrogenation catalyst
comprising at least one Group VIII metal and at least  one Group VI metal on
at least one refractory support, the Group VI 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 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 m2/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 m2/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. 1 5 OCT 2004 -4 DETAILED
DESCRIPTION OF THE INVENTION 



[0009] The embodiments of the present invention are based on the discovery
that catalytically cracking a substantially saturated cycle oil, such as
LCCO, in a  FCC riser reactor results in increased conversion of the cycle
oil into light olefins 5 such as propylene. Light olefin production
increases when cracking occurs in the  absence of hydrogen receptor species
that may be found in conventional catalytic  cracking feeds such as vacuum
gas oil (VGO) and other heavy hydrocarbon and  hydrocarbonaceous feeds. The
cycle oil is hydroprocessed to saturate a substantial  portion of the
aromatic species. The hydrogenated cycle oil is injected into a second 10
FCC riser reactor that is physically separated from the primary FCC riser
reactor  used to convert VGO and other heavy FCC feeds. While not wishing to
be bound by  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 (i.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 430F  to about 1050F (480-565C), such as gas oil, heavy hydrocarbon
oils comprising  materials boiling above 1050F (565C); heavy and reduced
petroleum crude oil;  petroleum 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. 1 5 OCT 2004 -5
[0011] Cycle oil formation occurs in one or more conventional FCC process
units under conventional FCC conditions in the presence of conventional FCC



catalyst(s). Each FCC unit comprises a riser reactor having a reaction zone,
a  stripping zone, a catalyst regeneration zone, and at least one
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
flowing source of hot, regenerated  catalyst. [00121 The FCC feed is cracked
under conventional FCC conditions in the  presence of a first catalytic
cracking catalyst. The process conditions in the primary 10 FCC reactor
reaction zone include: (i) temperatures from about 500C to about  650C,
preferably from about 525C to 600C; (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
steam 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 [00131 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.  -6 1 5 OCT 2004
[0014] Zeolitic materials suitable for use in the practice of the present
invention are zeolites which are iso-structural to zeolite Y. These include
the ion- 



exchanged farms such as the rare-earth hydrogen and ultra stable (USY) form.
The  particle size of the zeolite may range from about 0.1 to 10 microns,
preferably from 5 about 0.3 to 3 microns. The zeolite will be mixed with a
suitable porous matrix  material when used as a catalyst for fluid catalytic
cracking. The catalyst may  contain at least one crystalline
aluminosilicate, also referred to herein as a large-pore  zeolite, having an
average pore diameter greater than about 0.7 nanometers (nm).  The pore
diameter, also sometimes referred to as effective pore diameter, is 10
measured using standard adsorption techniques and hydrocarbons of known
minimum kinetic diameters. See Breck, Zeolite Molecular Sieves, 1974 and
Anderson et al., J. Catalysis 5S, 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 1 5 OCT 2004 -7 catalytic functionality may be provided, for
example, by aluminum-containing  species. In addition, individual catalyst
particles may contain large-pore zeolite,  



amorphous species, other components described herein, and mixtures thereof.
[0017] Non-limiting porous matrix materials that may be used include 5
alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria,
silica-beryllia,  silica-titania, and ternary compositions, such as
silica-alumina-thoria, silica-alumina- zirconia, magnesia and silica-
magnesia-zirconia. The matrix may also be in the form  of a cogel. The
matrix itself may possess acidic catalytic properties and may be an
amorphous material. The inorganic oxide matrix component binds the particle
10 components together so that the catalyst particle product is hard enough
to survive  inter-particle and reactor wall collisions. The inorganic oxide
matrix may be made  according to conventional processes 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, 3-alumina, y-alumina, 8-alumina, s-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 particle diameter of about 60  microns. The
surface area of the matrix material will be less than about 350 m2/g,
preferably 50 to 200 m2/g, more preferably from about 50 to 100 m2/g. While
the 1 5 01-IT 2004 -8 surface area of the final catalysts will be dependent
on such things as type and  amount of zeolite material used, it will usually
be less than about 500 m2/g,  



preferably from about 50 to 300 m 2/g, more preferably from about 50 to 250
m2/g,  and most preferably from about 100 to 250 m 2/g. 5 [0019] The
cracking reactions deposits coke on the catalyst, thereby  deactivating the
catalyst. The cracked products are separated from the coked catalyst  and at
least a portion of the cracked products are conducted to a fractionator. The
fractionator separates at least a cycle oil fraction, preferably a cycle oil
fraction  containing aromatic species including single and double ring
aromatics, from the 10 cracked products. The coked catalyst flows through
the stripping zone where  volatiles (strippable hydrocarbons) are stripped
from the catalyst particles with a  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 is 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 650C to 750C. 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 1 5 OCT 2 004 -9
hydroprocessing or hydrogenation catalyst. As is known by those of skill in
the art,  the degree of hydroprocessing can be controlled through proper
selection of catalyst  



and by optimizing operation conditions. Preferably, the hydroprocessing
saturates a  significant amount of the aromatic species, e.g. naphthalene
and derivatives thereof  5 ("naphthalenes") and tetrahydronaphthalene and
derivatives thereof ("tetrahydronaphthalenes") to decahydronaphthalene and
derivatives thereof  ("decahydronaphthelenes. Objectionable species can also
be removed by the  hydroprocessing reactions. These species include
non-hydrocarbyl species that may contain sulfur, nitrogen, oxygen, halides,
and certain metals. 10 [00221 Hydroprocessing may be performed in one or
more stages consistent  with the objective of maximizing conversion of
multi-ring aromatics species (e.g.,  naphthalenes) to the corresponding
fully saturated species (e.g., decahydronaphthalene). For a single-stage
operation, the reaction occurs at a  temperature ranging from about 200C to
about 455C, more preferably from 15 about 250C to about 400C. 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. 15 OCT 2004 -10 [0023] In a two-stage operation, the
cycle oil is first hydroprocessed to  remove substantial amounts of sulfur
and nitrogen, and convert bicyclic aromatics  such as naphthalenes to
partially saturated species such as tetrahydronaphthalenes,  



preferably to completely saturated species such as decahydronaphthalenes.
The 5 first stage is operated under similar conditions as described for a
single stage  operation. The second-stage hydrogenation reaction occurs at a
temperature  ranging from about 100C to about 455C, preferably from about
100C to about  450C, and more 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 more preferably from about 1300 psig to
about 2000 psig.  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 SCF/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. [00241
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
25 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 15 OCT 2004 -11 aromatic hydrogenation
equilibrium limitations inherent in co-current flow trickle  bed reactors.
[00251 Moving bed reactors may be employed to increase metal and  



particulate tolerance in the hydroprocessor feed stream. Moving bed reactors
5 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 increasing  flow rate via liquid recirculation (expanded bed or
ebullating bed), using smaller  size catalyst particles that are more easily
fluidized (slurry bed), or both. Moving 10 bed reactors utilizing
downward-flowing liquid and gas may also be used because  they enable
on-stream catalyst replacement. In any case, catalyst can be removed  from a
moving bed reactor during onstream operation, enabling economic  application
when high levels of metals in the hydroprocessor feed would otherwise  cause
short run lengths in the alternative fixed bed designs. 15 100261 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 especially 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. [00271 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 catalysts. Preferably, the catalyst 1 5 OCT 2004 -12
comprises at least one Group VIII metal and a Group VI metal on an 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 5 content of the silica-alumina support can be from 2-30 wt.%,
preferably 3-20  wt.%, more preferably 5-19 wt.%. Other refractory inorganic
compounds may  also be used, non-limiting examples of which include
zirconia, titania, magnesia,  and the like. The alumina can be any of the
aluminas conventionally used for  hydroprocessing catalysts. Such aluminas
are generally porous amorphous 10 alumina having an average pore size from
50-200 A, preferably 70-150 A, and a  surface area from 50-450 m2/g. [00281
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 5-50 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 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. [00291 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 present.  The promoter metal, can be present in the form of an oxide,
sulfide, or in the 25 elemental state. It is also preferred that the
catalyst compositions have a relatively  high surface area, for example,
about 100 to 250 m2/g. The Periodic Table of which  all the Groups herein
refer to can be found on the last page of Advanced Inorganic 1 5 COOT 2094
-13 Chemistry, 2nd Edition, 1966, Interscience publishers, by 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  5 20 g of the Group VIII metal is on the support. [0030] Cycle oil
hydroprocessing occurs under conditions that substantially  saturate the
aromatic species, i.e. converting species such as naphthalene and
alkyl-substituted derivatives thereof (naphthalenes) and
tetrahydronaphthalene and  alkyl-substituted derivatives thereof
(tetrahydronaphthalenes) to 10 decahydronaphthalene and derivatives thereof
(decahydronaphthalenes). While  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 (C2-C4) 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 [00321
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 0-0.0 1 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.%, 15 OCT 2004 -14 more preferably less than or equal to about 0.01 wt.%
based upon the total weight of  the hydrogenated cycle oil. [0033] The
hydrogenated cycle oil passes to the second FCC riser reactor for  



injection and further cracking by contacting it catalytic cracking catalyst
as described 5 below for the second catalytic cracking stage. Hydrogenated
cycle oil cracking in  the second FCC reactor results in cracked products
having substantial concentrations  of naphtha and light olefins (C2-C4).
Appropriate cracking conditions in the second  FCC reaction stage include:
(i) temperatures from about 495C to about 700C, preferably from about 525C
to 650C; (ii) hydrocarbon partial pressures from about  10 10 to 40 psia
(70-280 kPa), preferably from about 20 to 35 psia (140-245 kPa); and,  (iii)
a catalyst to hydrogenated cycle oil (wt/wt) ratio from about 2:1to 100:1,
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. [00341 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 m2/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 m2/g
and a second component with a surface area of between  about 40 and about
400 m2/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. 1 5 OCT 2004 -15 [00351 In
another embodiment, the catalyst of the second catalytic cracking  stage
also comprises an amount of large-pore zeolite containing catalyst,
preferably  zeolite Y, having a pore size greater than 0.7 nm and having a
unit cell size less than  or equal to about 24.33A, more preferably less
than or equal to about 24.27A. The 



5 zeolite Y catalyst is preferably supported on an inorganic matrix material
that has a  surface area greater than 40 m2/g. The high surface area matrix
material preferably  comprises less than or equal to about 50% of the total
weight of the zeolite Y  containing catalyst particle. The zeolite Y
containing catalyst can be mixed with the  amorphous inorganic oxide matrix
catalyst particles having a surface area between 10 about 5 and about 400
m2/g so that the catalyst of the second catalytic cracking stage  is a
mixture of catalyst particles containing catalyst containing zeolite Y and
catalyst  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 24.27A,  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 m2/g. The amorphous 20 inorganic oxide
may comprise a first component having a surface area of between  about 5 and
about 40 m2/g and a second component having a surface area of between  about
40 and about 400 m2/g, and combinations thereof. [00371 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 15 OCT 2004 -16 or the amorphous inorganic oxide material
may be supported on another matrix  material. [0038] Preferably, the zeolite
catalyst is in its own matrix material and the  amorphous inorganic oxide
components (first and second components) are separate 



5 catalyst particles forming a mixture of catalyst powders that is charged
into the  second catalytic cracking stage in a conventional manner. [0039]
Alternatively, each catalytic species (the zeolite, and the first and
second amorphous components) may be supported on the same matrix material.
[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 alone 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
1000-1350F  (535-760C), 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. 1 5
COT 2004 -17 [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. 1 5 OCT 2004 -18 00  00  N 00 N >4 N tr;  00
v-)  N  N N  M  M 0 - ICI - Ii Nlv 1N1N 0 0 P-4 O_  1D  N  N 00 



00  et' N  N  ri N N  00  Cr1 0  N  N ll~  00  00  N  N N  N 00  Ci N 1 5
CST 20J' 4 -19 ram le 2 [0043] In accordance with another embodiment, this
example describes  the effect of zeolite unit cell size on olefin production
in the second riser reactor.  As in example 1, a cycle oil was
hydroprocessed to form a significant amount of  5 decahydronaphthalenes. 



[0044] Cracking in a second riser reactor was simulated in a MAT using  the
catalysts as hereafter described. MAT Conditions used included temperature
1020F (-550C), run time 15 sec., catalyst charge 4.0 g, feed volume 0.95-1.0
cm3, 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 m2/g and a matrix
surface  area of 103 m2/g. Catalyst B contains zeolite Y having a unit cell
size of about  24.31 A, a zeolite surface area of about 139 m2/g and a
matrix surface area of  about 111 m2/g. Catalyst C contains zeolite Y having
a unit cell size of about 15 24.27 A, a zeolite surface area of about 129
m2/g and a matrix surface area of  about 104 m2/g. Catalyst D is an
amorphous FCC catalyst containing no zeolite  and having a high surface area
of about 92 m2/g. Catalyst E is an amorphous  catalyst having low activity
levels and a lower surface area of about 20 m2/g. [0046] Column I 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
1 5 OCT 2004 -20 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, C4 olefins/C4 saturated  species, and total light
olefins. 1 5 COOT 2UN't N  9 \D N r Q N  00 0 T 0 O  00 tD  00 N 00 0 N D E



a) 0 C) cd N U a)  a) m 00  m m Q 0  m a) CO 0 0 O Zr' -22 What is claimed
is: I. 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 wherein
said catalytic cracking catalyst is a large pore zeolite having a pore
diameter greater than about 0.7 rim; (b) separating at least a cycle oil
fraction from the cracked products, said cycle  



oil fraction comprising aromatics; (c) hydrogenating at least a fraction of
said aromatics in at least a portion of  said cycle oil fraction in the
presence of a hydrogenating catalyst under hydrogenation  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 m2/g and a second amorphous metal oxide component
having a surface area  between about 40 to about 400 m2/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 I wherein said
hydrogenating catalyst  comprises at least one Group VIII metal and at least
one Group VI metal on at least  one refractory support. 1 5 OCT 2004 -23 5.
The process according to claim 4 wherein said Group VIII metal is selected
from the group consisting of Pt, Pd, and Jr. 6. The process according to
claim 1 wherein the catalyst of the second catalytic  cracking stage further
comprises a large-pore zeolite having a pore diameter greater  than or equal
to about 0.7 run. 7. The process according to claim 6 wherein the catalyst
of the second catalytic  cracking stage comprises between about 10 and about
50 wt. % of said large pore  zeolite and between about 50 and about 90 wt. %
of said amorphous metal oxide  



catalyst. 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 rim. 12. The process according to claim I I 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 I 1 wherein said large-pore
zeolite is a zeolite  Y having a unit cell size less than or equal to about
24.27 A. -24 14. The process according to claim 13 wherein the catalyst of
the second catalytic  cracking stage comprises: (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  amorphous metal oxide
component; and, (iii) between about 35 and about 45 wt. % of a catalyst
containing said  second amorphous metal oxide component. 15. The process
according to claim 13 wherein the catalyst of the second catalytic  cracking
stage consists essentially of: (i) about 15 wt. % of a catalyst containing
said zeolite Y; (ii) about 45 wt. % of a catalyst containing said first
amorphous metal  oxide component; and, 



(iii) 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 500C and
about 650C. 17. The process according to claim 16 wherein the residence time
within the first  catalytic cracking stage is between about 1 and about 10
seconds. 18. The process according to claim 17 wherein the temperature of
the second  catalytic cracking stage is between about 495C and about 700C.
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. 15 OCT 2004 -25 21. A process for catalytically
cracking a cycle oil to selectively increase the yield  of light olefins
comprising the steps of: (a) contacting a FCC feed with a catalytic cracking
catalyst under catalytic  cracking conditions in a first FCC reactor to form
a first cracked product, said cracked  product comprising a cycle oil
fraction comprising aromatic species, wherein said  catalytic cracking
catalyst is a large pore zeolite having a pore diameter greater than  about
0.7 nm; (b) separating said first cracked product from the catalyst 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 comprising
oxygen; (e) passing the catalyst of the first FCC reactor back to said first
FCC  reactor; 



(f) 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: (i) 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; 15 OCT 2004
-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
m2/g; and, (iii) 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 m2/g; separating the second cracked product from the catalyst
of the second stripping the catalyst of the second FCC reactor; contacting
the catalyst of the second FCC reactor with a gas 



comprising oxygen; and, (1) 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. 


