FCC PROCESS COMBI NI NG MOLECULAR SEPARATI ON W TH STAGED
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process for inproving the quality of distillates
sui table as blend stocks for diesel fuels. Mre
particularly, an FCC process conbi nes staging the FCC
conversi on process with interstage nol ecul ar
separation of multi-ring ar offat i c speci es. BACKGROUND
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feeds are contacted with fluidized catal yst particles
in the riser reactor of the FCC unit. The contacting
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ype of produc esired. In catalytic cracking of
the feed reactor conditions such as tenperature and
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FCC process are well known and may be e|ther anor phous
or cryst al I'i ne. Cat al yst entering the FCC reactor is
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generated durlng the cracki ng process or sone
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particles in the riser reactor of the FCC unit. The contacting between feed and
catalyst is controlled according to the type of product desired. In catalytic cracking
of the feed, reactor conditions such as temperature and contact time are controlled
to maximize the products desired and minimize the formation of less desirable

products such as light gases and coke.

[0003] Since contacting between catalyst and feed in the FCC reactor is
typically in the order of a few seconds, an important factor governing the efficiency
of the cracking process is the catalyst. Catalysts for the FCC process are well
known and may be either amorphous or crystalline. Catalyst entering the FCC
reactor is typically fluidized using steam, hydrocarbon gases generated during the
cracking process or some combination thereof. The reaction of catalyst and feed

generates large volumes of gaseous hydrocarbons and spent catalyst bearing coke



spent catalyst is separated from gases. Gases are then
processed to recover desired hydrocarbons and spent
wa@atoalysb2 sent for regeneration. [0004] BecauseCDiS100@008454

short contacting tinme between feed and catal yst, the
condition of the feed is also inportant. The type of

feed injection can have an inpact on the product slate
produced by the FCC reactor. Jhere are two pat hways

for the feed to crack into gaseous hydrocarbons, i.e.,
catal ytic and thermal. Thermal cracking in a FCC unit
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distillate is the root cause of its relatively poor cetane number. Reduction in
hydrogen content results from cracking of saturates to lighter components,
dealkylation of aromatics, and dehydrogenation and aromatization via hydrogen
transfer. Previous research has attempted to increase product quality by reducing
hydrogen transfer through catalyst and process changes. Additionally, FCC feed
hydrotreating has been used in an attempt to both increase conversion to clean
products and improve distillate quality. Only marginal improvements in distillate
quality have been observed with both catalyst and process changes. Likewise only
incremental improvements are observed with FCC feed pretreatment via

hydrotreating or acid extraction.



catal ytic cracking process, which includes a short

contact tine catalytic cracking step. In this process,
wa@2bvwgdowenr bon is initially contacted w th crae&i/ng2006/008454

catalyst formng a first cracked hydrocarbon product

in which | ess than 50 wt.% of the first cracked

product has a boiling point |less than or equal to

2210C. A gas oil fraction is_then recovered fromthe

first cracked product, and tHe gas oil fraction is

reprocessed by contacting with a cracking catal yst

form ng a second cracked product [0007] In United
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conprises a fresh feed and a recycled feed wherein the

progegtics eargovad praspssedaacyeling theateapyesed aomatics lean (saturates

rich) stream to the cracking unit whereby such saturates rich stream is subjected to

increased conversion to higher value desired products.

[0008] It would be desirable to improve the FCC process to enhance the quality
of FCC-produced distillate suitable as blend stocks for diesel fuels.

SUMMARY OF THE INVENTION

[0009] One embodiment of the invention relates to a catalytic cracking process
for enhancing the production of distillate suitable as a diesel fuel or blend stock for
diesel fuel which comprises:
(a)  contacting hydrocarbon feed with catalyst in a two zone FCC
reactor, said reactor comprising a first low severity zone and a
second higher severity zone and said feed comprises a fresh feed

and a recycled feed wherein the fresh feed is contacted with catalyst



the first zone and recycled feed is contacted with

catal yst in the second zone to form conbi ned cracked
w@e@daetes2 (b) separating conmbi ned cracked prodRCT/UBZ006008454

catalyst; (c) fractionating separated cracked product

fromstep (b) into a naphtha fraction, a fraction

containing diesel fuel or blend stock for diesel and a

bottons fraction; (d) passing_the fraction fromstep

(c) containing diesel fuel or blend stock for diesel
fuel through a selective | ow energy nol ecul ar

separation to produce a _diesel fuel or blend stock f.or
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sel ective | ow energy nolecular separation to produce a
secondblot tsepaatingedmiinedodcleed modudt et camlysiand ()
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are first contacted with catalyst in the higher

severity zdiEh6Y¢l8PM conmbi ned cracked
()  passing the bottoms fraction from step (c) through a second

selective low energy molecular separation to produce a second
bottoms fraction and a feed fraction; and
(f)  passing the feed fraction from step (e) as recycled feed to the second

zone of step ().

[0010]  Another embodiment relates to a catalytic cracking process for enhancing
the production of distillate suitable as a diesel fuel or blend stock for diesel fuel
which comprises:

(a)  contacting hydrocarbon feed with catalyst in a riser of a FCC
reactor, said riser comprises a low severity zone and a higher
severity zone and said feed comprises a fresh feed and a recycled
feed wherein the fresh feed and recycled feed are first contacted
with catalyst in the higher severity zone to form combined cracked
product;

(b)  separating cracked product from catalyst;



product; (b) separating cracked product from catal yst;
(c) fractionating separated cracked product from step
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di esel fuel or blend stock for diesel and a bottons
fraction; (d) passing the fraction fromstep (c)
containing diesel fuel or blend stock for diesel fuel
through a sel ective | ow ener gy nol ecul ar separation to
produce a diesel fuel or blend stock for diesel fuel
and a light cycle oil; (e) passing the bottons
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catalyst in a FCC process containing a first and
second riserlightgyelemibst riser conprising a I ow
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contacted with catalyst in the fi riser to forma

f
first cr ack@t%ﬁo@%@né‘ﬁ@a%‘i@'ﬂngég‘*g%ﬁlqnéa% nt act ed

wth ()  combining the fresh feed and recycled feed fraction; and
(g) contacting combined fresh feed and recycled feed with catalyst in

step (a).

[0011]  Yet another embodiment relates to a catalytic cracking process for
enhancing the production of distillate suitable as a diesel fuel or blend stock for
diesel fuel which comprises:

(@  contacting hydrocarbon feed with catalyst in a FCC process
containing a first and second riser, said first riser comprising a low
severity zone and said second riser comprising a higher severity
zone, and said feed comprises a fresh feed and a recycled feed
wherein the fresh feed is contacted with catalyst in the first riser to
form a first cracked product and recycled feed is contacted with
catalyst in the second riser to form a second cracked product;

(b)  combining the first and second cracked product to form a combined

cracked product and separating combined cracked product from

catalyst;



catalyst in the second riser to forma second cracked

product; (b) conmbining the first and second cracked
w@e@daetieet o form a conbi ned cracked product aneBCT/US2006/008454

separating conbi ned cracked product from catal yst; (c)

fractionati ng separated conbi ned cracked product from

step (b) into a naphtha fraction, a fraction

containing diesel fuel or blend stock for diesel and a

bottons fraction; (d) passing the fraction from step

(c) containing diesel fuel or blend stock for diese
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THE DRAW NGS_|[ 0013 gure la is a schematic draw ng
show ng theagg]ﬁtgqyé erﬁ“ger enbodi ment of the invention.

[0014] é‘g ézfssiln% thib@t{cﬁﬁ?ﬁ&@&dncfrc% @t@pr(g) 'hﬂagse@Bn

expand eed contact zonhe. ] Figure
2 is a sc hesﬂéotmdmwnagysﬁrdmu@r sbpaatimato pnoéecre a second
enbodi nent of

bottoms fraction and a feed fraction; and

()  passing the feed fraction as recycled feed to the second riser of step

(a).

[0012] In a preferred embodiment, the selective low energy molecular

separation comprises a membrane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure lais a schematic drawing showing the single riser embodiment of

the invention.

[0014]  Figure 1b is a schematic drawing showing an expanded view of the feed

contact zone.

[0015] Figure 2 is a schematic drawing showing the dual riser embodiment of

the invention.



t he i nventi on. DETAI LED DESCRI PTON QF THE | NVENTI ON
[0016] A conventional FCC process includes a riser
wo e@etioteeand a regenerator wherei n petrol eum f BETYUBR06/008454
injected into the reaction zone in the riser
containing a bed of fluidized cracking catal yst
particles. The catalyst particles typically contain
zeolites and may be fresh cahglyst particles, catalyst
particles froma catal yst regenerator or sone
conmbi nation thereof. Gases that may be inert gases,
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particles that have contacted feed produce product
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Spent catalyst particles are stripped of strippable hydrocarbons using a stripping
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agent such as steam. The stripped catalyst particles are then sent to a regeneration
zone in which any remaining hydrocarbons are stripped and coke is removed. In
the regeneration zone, coked catalyst particles are contacted with an oxidizing
medium, usually air, and coke is oxidized (burned) at high temperatures such as

650 to 760°C. The regenerated catalyst particles are then passed back to the riser

reactor.

[0018]  Suitable hydrocarbon feeds for the catalytic cracking process described

herein include natural and synthetic hydrocarbonaceous oils boiling in the range of
221°C (430°F) to 566°C (1050°F), such as gas oil; heavy hydrocarbonaceous oils
comprising materials boiling above 566°C (1050°F); heavy and reduced petroleum



conprising materials boiling above 5660C ( 10500F);

heavy and reduced petrol euncrude oil; petrol eum
watovoaptsez i ¢ distillation bottons; petrol eum VBRCT/UR2006/008454

distillation bottons; pitch, asphalt, bitunen, other

heavy hydrocarbon residues; tar sand oils; shale oil

liquid products derived fromcoal |iquefaction

processes, naphtha, and m xtuges thereof. [0019] FCC

catal ysts may be anorphous, e. g , Silica-al um na,

crystalline e.g., nolecular sieves including
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dry conposite. e anount of zeolite conponent
in the catalyst particle will generally range froml
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hydrogen and ultrastable (USY) form. The zeolite may range in crystallite size
from 0.1 to 10 microns, preferably from 0.3 to 3 microns. The relative
concentrations of zeolite component and matrix on an anhydrous basis may vary
widely, with the zeolite content ranging from 1 to 100, preferably 10 to 99, more
usually from 10 to 80, percent by weight of the dry composite.

[0021]  The amount of zeolite component in the catalyst particle will generally
range from 1 to 60 wt.%, preferably from 5 to 60 wt.%, and more preferably from
10 to 50 wt.%, based on the total weight of the catalyst. As discussed, the catalyst
is typically in the form of a catalyst particle contained in a composite. When in the

form of a particle, the catalyst particle size will range from 10 to 300 microns in



is typically in the formof a catalyst particle
contained in a conposite. Wien in the formof a
w@aoobiledee2 the catal yst particle size wll ranper/sme/008454

10 to 300 mcrons indianeter, with an average particle

di ameter of 60 mcrons. The surface area of the matrix
material after artificial deactivation in steamw |

be < 350 n2/g, preferably 50 § o 200 n2/ g, nore

preferably from50 to 100 n2/g. Wiile the surface area

of the catalysts will be dependent on such things as
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MCM 22, either alone or in conbination.

F’Pé&-er ably, the nedium pore zeolite is ZSM5. [0023]

FCC process conditions in the reaction zone include

tenperatures from 482C to 7000C, hydrocarbon parti al

0822 ur €Fhef drackiddcdtalydGnapsalso {lﬁﬁlde@n&aﬂltivea:htalyst in the form of

preferably from20 to 35 psiia (138 to 241 kPa); and
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tﬁ%%aéé&é@%% ¢ither plpae princondtinationePrafgrebly; the medivgypore
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%ggﬁ?%eégrggdrrgry feed. Also, it is preferred that vapor

residence tinme in the reaction zone be | ess than 20
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482°C to 700°C, hydrocarbon partial pressures from 10 to 40 psia (69 to 276 kPa),
preferably from 20 to 35 psia (138 to 241 kPa); and a catalyst to feed (wt/wt) ratio
from 3 to 10, where catalyst weight is total weight of the catalyst composite. The
total pressure is from atmospheric to 50 psig (446 kPa). Though not required, it is
preferred that steam be concurrently introduced with the feedstock into the reaction
zone, with the steam comprising up to 50 wt.%, preferably from 1 to 5 wt.% of the
primary feed. Also, it is preferred that vapor residence time in the reaction zone be
less than 20 seconds, preferably from 0.1 to 20 seconds, and more preferably from
1 to 5 seconds. Preferred conditions are short contact time conditions which
include riser outlet temperatures from 482°C to 621°C (900°F to 1150°F), pressures

from 0 to 50 psig (101 to 446 kPa) and residence times from 1 to 5 seconds.



1 to 5 seconds. Preferred conditions are short contact
time conditions which include riser outlet

wWo eopaosbur es from 4820C to 621 0C (900F t o 11BCODEF2006/008454
pressures fromO to 50 psig (101 to 446 kPa) and
residence tines from1l to 5 seconds.[0024] In the FCC
process of the invention, fresh feed and a recycl ed
feed as described bel ow are g@ntacted with fluidized
catal yst, especially regenerated catalyst, in the
riser. The riser contains two reaction zones, a | ow
severitégzone and a hi gher severlty zone. These zones
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zone. Catalyst/oil ratlo is the primary driver on severity of conditions (as reflected

in conversion to 221°C- products) in the lower and higher severity zones, although
residence times may also impact conversion. Longer residence times generally
favor greater conversion. The catalyst/oil ratio can be adjusted via flow rates in the
respective radially positioned feed nozzles. Thus the number of nozzles, position
of nozzles and flow rate through the nozzles can be adjusted to control flow rates

which in turn is a way to control severity of conditions in the respective zones.

[0025] The mixing of feeds between the higher and lower severity zones in the
single riser configuration may be controlled by nozzle orientation, particularly

nozzle elevation above the horizontal. Nozzle orientation and design are factors in



respective radially positioned feed nozzles. Thus the
nunber of nozzles, position of nozzles and flow rate
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Partially cracked feed together with catal yst passes
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catal ys ent to the regenerator. Cracked product from
the cyclones is conducted fromthe riser reactor to a
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risers is separated from spent catalyst in cyclones located within the riser reactor.
Spent catalyst is stripped, typically with steam, to recover additional product and
spent catalyst sent to the regenerator. Cracked product from the cyclones is

conducted from the riser reactor to a fractionator.

[0029]  The fractionator may be any device capable of separating cracked
product based on boiling points, e.g., a distillation unit. The fractionator separates
cracked product into at least three streams. The first stream is a low boiling stream
having a boiling range of from 15°C up to 221°C. This stream is sent for further
processing, typically as a fuel such as gasoline. A second stream is separated from
the fractionator and has a boiling range up to 400°C, preferably from 221°C to
400°C. This stream includes hydrocarbons suitable as diesel fuel or blend stock for



product based on boiling points, e.g., a distillation

unit. The fractionator separates cracked product into
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boiling stream having a boiling range of from 150C up
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[0031] Polyurea/urethane membranes are known for use in the separation of
aromatics from non-aromatics. The polyurea/urethane membrane may be prepared
from a polyurea/urethane polymer characterized by possessing a urea index of at
least 20% but less than 100%, an aromatic carbon content of at least 15 mole
percent, a functional group density of at least 10 per 100 grams of polymer, and a
C=0/NH ratio of less than 8.0. The polyurea/urethane multi-block copolymer is
produced by reacting dihydroxy or polyhydroxy compounds, such as polyethers or
polyesters having molecular weights in the range of 500 to 5,000 with aliphatic,

alkylaromatic or aromatic diisocyanates to produce a prepolymer which is then
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pol yester diol or polyol with a dianhydride to produce
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with a diisocyanate to produce the pol yester im de.

[0034] Pol yester imde nenbranes are preferred

(0038} an@spdlpéster imidea@pbRinhe@inembrane has been disclosed for use in the

separation of aromatics from non-aromatics. The polyester imide copolymers are

prepared by reacting polyester diol or polyol with a dianhydride to produce a
prepolymer which is then chain extended preferably with a diisocyanate to produce

the polyester imide.

[0034] Polyester imide membranes are preferred membranes for the separation
of aromatic hydrocarbons. Such membranes are produced from a copolymer
composition comprising a hard segment of polyimide and a soft segment of an
oligomeric aliphatic polyester wherein the polyimide is derived from a dianhydride
having between 8 and 20 carbon atoms and a diamine having between 2 and 30
carbon atoms and the oligomeric aliphatic polyester is a polyadipate, a

polysuccinate, a polymalonate, a polyoxalate or a polyglutarate.
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conditions. The feed is in either the liquid or vapor
state. The process relies on vacuum or sweep gas on
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and selectivity in pervaporation processes are

si mul t aneously increased by application of pressure on
{00837} e e dhgpgevaporation process also generally relies on vacuum on the

permeate side to evaporate the permeate from the surface of the membrane and
maintain the concentration gradient driving force which drives the separation
process. It is known that aromatics flux and selectivity in pervaporation
processes are simultaneously increased by application of pressure on the feed side
of the separation membrane. An applied pressure of 80 psi (551.6 kPa) and higher

has been found effective.

[0038] The maximum temperature employed in pervaporation will be that
necessary to vaporize the components in the feed which one desires to selectively
permeate through the membrane while still being below the temperature at which
the membrane is physically damaged. While a vacuum may be pulled on the

permeate side operation at atmospheric pressure on the permeate side is also



of the separation nenbrane. An applied pressure of 80
psi (551.6 kPa) and hi gher has been found effective.
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sheets, tubes of hollow fibers. Sheets can be used to
ghsRpEgsswredpydlal wound nodul es familiar to those
skilled in the art. [0040] Spiral wound el enents are
known wherein one or nore layers of materi al
[0039] The membranes can be used in any convenient form such as sheets, tubes

of hollow fibers. Sheets can be used to fabricate spiral wound modules familiar to

those skilled in the art.

[0040]  Spiral wound elements are known wherein one or more layers of material
are used as the feed spacer, said material having an open cross-sectional area of at
least 30 to 70% and wherein at least three layers of material are used to produce the
permeate spacer characterized in that the outer permeate spacer layers are support
layers of a fine mesh material having an open cross-sectional area of 10 to 50%; a
coarse layer having an open cross-sectional area of 50 to 90% is interposed
between the aforesaid fine outer layers, wherein the fine layers are the layers in
interfacial contact with the membrane layers enclosing the permeate spacer. While
the permeate spacer comprises at least 3 layers, preferably 5 to 7 layers of

alternating fine and coarse materials are used, fine layers always being the outer



are used as the feed spacer, said material having an

open cross-sectional area of at least 30 to 70% and
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housi ng. [0043] Hollow fibers can be enployed in
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[0043] Hollow fibers can be employed in bundle arrays potted at either end to
form tube sheets and fitted into a pressure vessel thereby isolating the insides of the
tubes from the outsides of the tubes. Apparatus of this type are known in the art. A
modification of the standard design involves dividing the hollow fiber bundle into
separate zones by use of baffles which redirect fluid flow on the tube side of the

bundle and prevent fluid channeling and polarization on the tube side.

[0044]  Preferably the direction of flow in a hollow fiber element will be
counter-current rather than co-current or even transverse. Such counter-current
flow can be achieved by wrapping the hollow fiber bundle in a spiral wrap of flow-

impeding material. This spiral wrap extends from a central mandrel at the center of
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accumulates in the space between the top tube sheet and the bottom tube sheet from

which it is removed.

[0046] Another embodiment for low energy molecular separations involves the
use of solvent extraction. The solvent extraction process selectively dissolves the
aromatic components in an extract phase while leaving the more paraffinic
components in a raffinate phase. Naphthenes are distributed between the extract
and raffinate phases. Typical solvents for solvent extraction include phenol,
furfural and N-methyl pyrrolidone. Dimethy! sulfoxide (DMSO) and dimethyl
formamide (DMF) are preferred solvents for aromatics extraction from fractionator

bottoms streams. By controlling the solvent to oil ratio, extraction temperature and



IS in open relationship to the interior of the
menbr ane el enent and retentate accunul ates in the

W@ p@ecaodset ween the top tube sheet and the bot t POT/USINE6/008454
sheet fromwhich it is renoved. [0046] Anot her
enbodi nent for | ow energy nol ecul ar separations
i nvol ves the use of solvent extraction. The sol vent
extraction process selectiveié di ssol ves the aromatic
conmponents in an extract phase while | eaving the nore
paraffinic conponents in a raffinate phase. Naphthenes
are dlstrlbuted bet ween the extract and raffinate

of cppfcting fagd)to @ﬁ@tw&@d yhyelyenk 0pe gt ?erol the degree

o RESIRERPeen ol B P BEETRLAS: PV ot o e o

are preferred solvents for aromatics extraction from
fracti onator bottonms streans. e‘/ilcontrolllng t he

$00478nt Asnaied aboxe; the bestema Somytheiasiienaioris Seatria seeernd low
ShorS M ARIACh G| PP R LR, Mol Sy Bl Biccon

b raaﬁghlg atbrhgfcf ﬂrmiroﬁ apllas afomdt¥94on Asction! e abauaics lean
the bottonms fromthe fractionator is sent to a second

fiagiiemisTgoychast ascufead tasdis &iCK: wier. e highly arpmaaticfragtion is

g&%ﬁ@&f& feteg %o Q%Bf{é}nsl‘hfe dos@pélgfo? tlsaalg]é %E&aﬂ&%%%ﬁ‘lﬁrane.
omat I cS 1 eant T ac I'Cs

Se#&ablé negibraie matehalsmé dekceibedhaiczed to the FCC ri ser.

The highly aromatic fraction is suitable as a feed to

a coker. The second separator is also preferably a

ang, . coui I
TR Rog bl B o TRABE A8 (S vl 1D Lo fER e Ahge
1ﬁ>1p|pe1clMdE&slafdedsefethHroagﬁ liak nsm@eénelﬂdesffgmdfd dseEloff réser 12.
fed through lLine 16 tq zone, 1 designated as 18 of

Zosed i3 operagd at lpw %eVGﬁ'é’r%éﬂloéﬁ ap évﬁlseék}fmmbefore Fresh feed

SORL 0 SRS O, LRI Ao B b ogor 2

WibGgh tepenicniee @atacyst stallidlﬁpa" 22, 2litld v slvg R4 negdgrirnated Spent
catal yst standpi pe 22, slide ‘val ve 24 and J-bend 26.
spfalyst from riser 12 enters reactor 10 where spent catalyst is separated from

product vapors by means of cyclones (not shown). Spent catalyst is then stripped
of additional product and returned to regenerator 20 through stripper 14, spent
catalyst standpipe 28, slide valve 30 and spent catalyst J-bend 32. Product vapors
exit reactor 10 through line 34 and are conducted to fractionator 40 which is a
distillation unit. Fractionator 40 separates product from reactor 10 into light
fraction that exits fractionator 40 through line 42. This light fraction is typically a
naphtha that may be used as a fuel such as gasoline or blended into a fuel. A
further cut from fractionator 40 is a distillate in the diesel boiling point range that is
conducted to separator 46 through line 44. Separator 46 is a membrane which
separates the distillate cut contacting membrane 46 into a paraffins rich diesel or
diesel blend stock 48 and an aromatics rich stream 50 suitable for further upgrading
by hydrotreating or hydrocracking, or blending into a fuel oil. The bottoms from
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vapors exit reactor 10 through line 34 and are
conducted to fractionator 40“Which is a distillation
unit. Fractionator 40 separates product fromreactor
10 into light fraction that exits fractionator 40
fractinmgter Y0nesem throwglsling fhto  segend syparaton 3fpibakisiasegond

napht ha t\ha : is or

ERBR- IYPhoTRY eGP P Rpnfucs B s LaRRElS 0 ¢

?&affﬁls&idﬁi shehrh lall @n iaforhdties o Seea o iThie p@raffihg tich sthegen is
hat is conducted to separator 46 through line 44

S foraeeyclerbroughdingsitiozene diof siserskp afecesdesigmated as 58 is at

istillate cut.contactin rane iRt akf ]
B sqv NS SBieRE aEinsoE AFIRiERR o onk DR el
Eofithof e QP Rfos blet A et it sephiaed, dupigstad iféed doyzles. The
hydrotreating or hydrocracking, or blending into a

angeiatic Fich Fieanp exitseparatog it thiouglb liae 6. 40 is sent
through line 52 to a second separator 54 that is a
second nenbrane. Menbrane separator 54 separates the

fooaot i opghes 1Rt ahd¥dosiew PEkiedS I2nia thé eirty’ Grane &ed
an aromatics rich stream The paraffins rich streamis
idertion gonese direshefeed ptarsthe laveer Sectian ofdheriserghropgh dpe 16 and

12.. 70 2 designated .as 58 is at higher sewerity. .
EaaF B apEuEE SHEPTnEte Alelin brdi Mol " (R s ested
FBa Red eRREBW de0astyiAdhe ¢8 ndiciels @vakidervfits flivdiAed hot catalyst
separate, dedicated feed nozzles. The aronmatics rich

sirqapmin xésSrtla- Repunlefosd enters thedeyer sertien elthe risguthrough line 56
Fi gur.e. | b i | j i
or Db ey g ol FER R hoflE orsbolfiy T tus

RijdcRéPrebiéle RNt SRigheseQtrifyRne 158 &FhiHisaki@bthket side dBthe
and is injected through one or nore injection nozzles

hotomtalyrs witgam Thisarids Thejdetted ting rapsesenisdbie bynatheicabppiddle
ﬁg %ﬁﬂé%é@@%}estr%gmm ch is one side of the fluidized

[0050] In an alternative embodiment, the paraffins rich stream from membrane
separator 54 of Figure 1 is combined with fresh feed 16 and the combined stream is

conducted to riser 12 in a single higher severity zone.

[0051]  Figure 2 illustrates a dual riser embodiment of the invention. In Figure
2, reactor 100 includes dual risers 102 and 104 and a stripper 106. Fresh feed is fed
to riser 102 through line 108. Riser 102 is operated under low severity conditions
as defined above. Hot catalyst from regenerator 110 is sent through standpipe 112,
slide valve 114 and J-bend 116 to riser 102 where it contacts fresh feed. Hot
catalyst from regenerator 110 is sent through standpipe 118, slide valve 120 and J-



streamin riser 12. Recycle feed enters the | ower
section of the riser through line 56 and is injected

WO boosagdseone or nore injection nozzles (not shP@MUS2006r@08454
thus injected recycle feed enters higher severity zone
58 which is the other side of the hot catal yst stream
inriser 12. The dotted line represents the
hypot heti cal m ddle of the hg& catal yst stream [0050]
In an alternative enbodi nent7 the paraffins rich
stream from nenbrane separator 54 of Figure 1 is
combined with fresh feed 16 and the conbined streamis

dewdi 22 turises 1p4.sRisen 304 15 opermtedyneden higher seyeribr ¢angditions as

88i8eq AR byl Sofalibs ah Rl Hind asBlralol Bept to Risy 104
ittrohgtdtise U2l SudhsecylddRed fidnilddepardoecaild bgFer exditple, the

Fresh feed is fed to riser 102 thr%g%h line 108. Riser
poomatics desy fractign serssted FpmsteparateryS4idtigae dn Spgat catalyst

' . f r i
) RGP 100 B sobysiidth Bbanit RFLIoGAFDERlces 2 shehum pn
Islépridacted sefegtetatoh &t @ thrbugtogitippdrsl 0by gseht Easlgst statdpipel26
catal yst fromregenerator 110 |s sent throu

h

and spstt patalysl-bend HiS. vEhesdide yalvgeg syaéléﬁa)ellé!% 1§ Botshewn.
ol > . . .

Ryl % 08 e B Sl AL Ll g o

teetbrfl00 nhdugle fias a3@r Piodustenipoisar&eatiucd4o alfraetighator
line 124. Such recycled feed froma separator could
setrespepdigg derbiagtionaps 4 ffagied Whets Pf‘?‘&@% SCHATALIOP HEEHIE @S
f ] 54 of Figure 1. Spent catalyst from
Pé%gpggaﬁggkﬁéléeparated from product by neans of

cycl ones (not shown) and is conducted to regenerator
110 t hrough stripper 106, spent catal yst standpi pel 26
00524 p e dthe dmyeatipn is fyrthenexenmifiet by the perslipuiing cxammple.
st andpi pe 126 is not shown. Product vapors fromrisers
102 and 104 are separated from spent catal yst and exit
FeaAMPLHEO00 t hrough 1ine 130. Product vapors are
conducted to a fractionator corresponding to
fractionator 40 of Figure 1 where product separation

700541 S 3With reference to Figure 2, using a computer model, the invention was
compared to current operation for a dual riser FCC unit operated at the following
conditions: fresh feed (FF) rate of 73 kB/D (453.6 mT/hr), 6.1 (wt/wt) catalyst/oil
ratio, vapor residence time of 2.4 seconds, and riser top temperature of 536°C.

Conditions were adjusted in the independent risers as follows:

Riser 102 (Zone 1) Riser 104 (Zone 2)
Feed rate, mT/hr 453.6 166.4
Catalyst/oil ratio (wt/wt) 3.5 8.2
Vapor residence time, sec 0.7 . 2.6

Riser Top Temperature (°C) 516 545



described for Figure 1. [0052] The invention is

further exenplified by the non-limting exanple.
WEXWRL466 0053] Wth reference to Figure 2, usPOLyUS2006/008454

conmput er nodel, the invention was conpared to current

operation for a dual riser FCC unit operated at the

follow ng conditions: fresh feed (FF) rate of 73 kB/ D

(453.6 nl/hr), 6.1 (w/w) g@tal yst/oil ratio, vapor

resi dence time of 2.4 seconds, and riser top

tenperature of 536C. Conditions were adjusted in the

I ndependent risers as follows: R ser 102 (Zone 1

[A054} 1Biser ¥oh&mptipngasdhe fawyes sevarity zors vleser 112)4 functions

Catalyst/oil ratio / 2 r residen

£ 8 i Srert S e bt 4 g AR Fopt fRLfRRB Racor was
PétPRRddhR SepsctiVe Zndnibiialid MBEelas athievd & Weverseastidsicontent
zone, while riser 104 functions as the higher severity

storae foTaedyicleete 8800 Bheovurbined piodueieyicldslate Gam the process

SR Sa e et B bt TR B b ige
to riwey, B®4. The conbi ned pregaéibnyi el d sI@iEpdratve Base

the process of this invention is conpared wth the
Curgasprodysts at i on at const antl4é&dke yiel d: W % FR7.75

vent i Conpar ati ve Base - gas products 14.
$514E g napht ha 46. 04 6858 945 Gi st PP dRe
A9 /4530441981134 3C+ bottons 13.193517. 30 Coke 5. 6415.087

343°C+ bottoms 13.93 17.30
Coke 5.64 5.67

[0055]  The process of this invention provides higher naphtha and distillate
yields, and correspondingly lower bottoms and gas yields. The base operation
yielded distillate with Cetane Index of 24. The distillate from this invention is
passed through a selective membrane to remove 2+ ring aromatics and provide a
stream (11 wt.% FF) with Cetane Index of 44. The remaining low quality distillate
(8.4 wt.% FF) with Cetane Index of 17 may be blended into fuel oil.



[ 0055] The process of this invention provides higher
napht ha and distillate yields, and correspondi ngly

wo ower04861 t ons and gas yi el ds. The base oper at POTUS2006/008454
yielded distillate with Cetane Index of 24. The
distillate fromthis invention is passed through a
sel ective nenbrane to renove 2+ ring aromatics and
provide a stream (11 w.% FF) with Cetane | ndex of 44.
The remaining low quality dirstillate (8.4 w. % FF)
with Cetane Index of 17 may be bl ended into fuel
oil . CLAIMS: 1. A catalytic cracking process for
MBS ng the production of distillate suitable as a
di esel fuel or blend stock for diesel fuel which
conprises: (a) contacting hydrocarbon feed with

@ at al A%btauﬁlcacrwl@ng efs@r ERRLIAL thSRodudtRACHWistillate

onpris I rst OwW severli ty zone and a second
Bulgalb sszegleml tfm}elmblﬁndrstbc‘akéblddlﬁ@é dued oirhiel eaasprisesr esh

f eed dar d fee ere f.res eed

cont a0 e it PR SESp R (R R PO EDG regetor
feed i s copi@eh@sr Vorhprihiad ahmtlow Reveiity SQOMd Z@R6nd Righer
form conbi ned cracked product; (b) separating conbine

cracked prsswerdy zononndsaidfapdcompeipesta tieth fopdand g recycled feed

7ot on. APt BRICHES iy R Bk oty 2 e B B nc
stock for rdiesal fedds @nmaterdth t4talghd i9Mhe {ekdndsiEd BForm

the fraction fromstep Q&“contal ning di esel fuel or
bl end st ocﬂomhmedcnré@@ﬂpﬁ ctit hr ough a selective | ow

energ%) nol ecul ar se é %flﬁr e a d fuel
N seotkaTe Fop et PRk pRHEE IR LGSl e of 1
(e) pRgsi rigacheﬁatmgt depamateldl csdie® Prddueiirsinayer ®) irth raQiéﬁcha
a second sel ective
fraction, a fraction containing diesel fuel or blend stock for diesel and
a bottoms fraction;

(d) passing the fraction from step (c) containing diesel fuel or blend stock
for diesel fuel through a selective low energy molecular separation to
produce a diesel fuel or blend stock for diesel fuel and a light cycle
oil;

(e)  passing the bottoms fraction from step (c) through a second selective
low energy molecular separation to produce a second bottoms
fraction and a feed fraction; and

(f)  passing the feed fraction from step (e) as recycled feed to the second

zone of step (a).

2. A catalytic cracking process for enhancing the production of distillate
suitable as a diesel fuel or blend stock for diesel fuel which comprises:
(a)  contacting hydrocarbon feed with catalyst in a FCC process

containing a first and second riser, said first riser comprising a low



| ow energy nol ecul ar separation to produce a second
bottons fraction and a feed fraction; and (f) passing

wo b@ofiesd2 fracti on fromstep (e) as recycl ed fReDUSN0G/008454
the second zone of step (a). 2. A catalytic cracking
process for enhancing the production of distillate
suitable as a diesel fuel or blend stock for diese
fuel which conprises: (a) coptacting hydrocarbon feed
with catalyst in a FCC procé&ss containing a first and
second riser, said first riser conprising a
| owseverity zone and sai d second riser conprising a.
hi gher seweydrity zoahend sgidisesandirisE cQMPBITHHEG skigher soyerdly zone,

feed and g p %ﬁt\é?g%g?@ngfrgsie%\g { egljl %eﬁig?ld];arrgégh{cgﬁgd \Wherein the

contacted wt orm a

first cragisH fgyddag dehtaeed withayellwd if gedirbtsrised s Reinedfirst
with catalyst in the second riser to forma second

cracked presapled prqdyrt anshiseysledhfopd s gantagtedawith salabyistin the
cracked product .to from a i cl d product and
separ at i nﬁe Od“(r%fitfilsi’?gao @?@o%&ggrﬁ%gﬁ%td 1:}r?(?)l%%’caltoal yst; (c)
fr act(ibzna_tdoﬁﬂ)ilﬁﬁg a{eaﬁ@damméﬁtﬁ&aa{ea?fs@w kO doft a édrBbined
step (b) into a nz%{l)‘gtha fraction, a fraction

cont ai ni ngratked produgeandoteppingicermnbinrd Feckel] peodnctdiiema
bott ons frcaﬁlﬁ;i, n; (d) passing the fraction from step
(c) cont ai‘’f gs’di esel fuel or blend stock for diesel

fuel (hr oyghtianfiflgaehirdRd|comMbaita cBcken pRsitticffrom step gb) into a
separation to produce a diesel fuel or blend stock for

di esel f ualaphiha fepctipnyat fracjien eowfpining dipsq) dueljon plendestock for

bottoms fractjon f st ¢) through a second
sel ecti ve Rl 214 4 bMBrs Egct{on,

(d)  passing the fraction from step (c) containing diesel fuel or blend stock
for diesel fuel through a selective low energy molecular separation to
produce a diesel fuel or blend stock for diesel fuel and a light cycle
oil;

(e)  passing the bottoms fraction from step (c) through a second selective
low energy molecular separation to produce a second bottoms
fraction and a feed fraction; and

()  passing the feed fraction as recycled feed to the second riser of step

(a).

3. A catalytic cracking process for enhancing the production of distillate
suitable as a diesel fuel or blend stock for diesel fuel which comprises:

(8  contacting hydrocarbon feed with catalyst in a riser of a FCC reactor,
said riser comprises a low severity zone and a higher severity zone
and said feed comprises a fresh feed and a recycled feed wherein the
fresh feed and recycled feed are first contacted with catalyst in the

higher severity zone to form combined cracked product;



| ow energy nol ecul ar separation to produce a second
bottons fraction and a feed fraction; and (f) passing
wo b@ofiesd2 f racti on as recycled feed to the secPOTUS28&008454
of step (a). 3. A catalytic cracking process for
enhanci ng the production of distillate suitable as a
di esel fuel or blend stock for diesel fuel which
conprises: (a) contacting hydrocarbon feed with
catalyst in a riser of a FCé4r'eactor, said riser
conprises a | ow severity zone and a hi gher severity
zone and said feed conprises a fresh feed and a
recydbkd Persgatingetrackedivreduct Eem qatdyStand recycl ed feed

oL LS ARG gk 405 B0 gt

separ at i ngragtidis ke dbiod @ustaininddicss fiadl 8 blendGiock for diesel and
fractionating separated cracked product from step (b)
into a napiholamedeetipBn, a fraction containing diesel

fuel bl . | € . hon;

! LRl R UL RO ok
di esel f ugbr diesebfigshthretigick sdlevtiveilew @nefoyemol deniu gépadation to
sel ective | ow energy. nol ecul ar separation to produce a

di esel f udrodsice pidigsgl Bebendlengt stackefosdigsglifuchangd lightpyele
cycle oil ;0-1( e) passing the bottons fraction from step

(c) thr ough’ a second sel ective | ow energy nol ecul ar

separ(@} i opaisingothe boaems fisetantoRastérod tHroagh & e¢voaddelactive
recycled feed fraction; and (f) conbining the fresh
feed and le¥gaesy melsqulpr saperasion ta pEPdUSS 2 serpnddotiars

combi ned f g5ty LRPH rAYeiel Bk ERhSGH W th catalyst in

(f)  combining the fresh feed and recycled feed fraction; and
(g) contacting combined fresh feed and recycled feed with catalyst in

step (a).

4. The process of claims 1, 2 or 3 wherein the selective low energy molecular

separation comprises a membrane.

5. The process of claim 1 or 3 wherein the higher severity zone comprises
vapor residence time of 1.0 to 5.0 seconds, catalyst/oil ratio of 4 t010 wt/wt, and

outlet temperature of 500°C to 571°C.

6. The process of claims 1 or 3 wherein the lower severity zone comprises a
catalyst/oil ratio in the range of 3 to 8 wt/wt, vapor residence times of 0.5 to 5.0

seconds and outlet temperature of 500°C to 571°C.



step (a). 4. The process of clains 1, 2 or 3 wherein
the selective | ow energy nol ecul ar separation
wa@emprdees a nenbrane. 5. The process of cl ai nPAT/VK2086/008454
wherei n the higher severity zone conprises vapor
residence time of 1.0 to 5.0 seconds, catalyst/oil
ratio of 4 tol0 wt/wt, and outlet tenperature of 500C
to 5710C. 6. The process of clainms 1 or 3 wherein the
| ower severity zone conpri se€< a catal yst/oil ratio in
the range of 3 to 8 wt/wt, vapor residence tines of
0.5 to 5.0 seconds and outlet tenperature of 500C to
B7108he prouess pf deias3 whkrein ierdpw sgHA¥FZANE RAIMPHFFS 2

SR R0 BT S SSHELTHAL 3 oo

tObbturt @8R @t 5882C482C to 538C. 8. The process of
claim 2 wherein the higher severity zone conprises a

catalyst/oil ratio 5 to 10 wt/wt, vapor residence tine

.5 5 seconds,. and ,riser. t.0 Q r.e
%2700 hegraFoet ot Trders e BB kP h CRRERHNE
JRITNRNG28E D6 3D /e shor Bésidenbe BHRNAS kS sédodlls, and riser top
pernmeate and a saturates rich retentate. 10. The
(ordetp synperatuteai2T G (oA E-n t he nenbrane is a
pol yur ea/ ur et hane, pol yurethane i m de or pol yester
i m de copol ymer nenbrane. 11. The process of claim4
gvher e J¥BEERE 8NElame A REdiR thd BeRbRME iseRtatef drd into an
perstraction or pervaporation conditions. 12. The
gpowetesridf parmghigmnd a satusptegrigheataiiaies he nol ecul ar
separation is by solvent extraction. 13. The process
of claim5 wherein the higher severity zone has a

QAat alpkRtgreddss of claim 4 wherein the membrane is a polyurea/urethane,

polyurethane imide or polyester imide copolymer membrane.

11.  The process of claim 4 wherein membrane separation is practiced under

perstraction or pervaporation conditions.

12.  The process of claims 1, 2 or 3 wherein the molecular separation is by

solvent extraction.

13.  The process of claim 5 wherein the higher severity zone has a catalyst/oil

ratio that is greater than catalyst/oil ratio in the lower severity zone.

14.  The process of claim 13 wherein catalyst/oil ratio is adjusted by feed flow

rates.



ratio that is greater than catalyst/oil ratio in the

| ower severity zone. 14. The process of claim 13
wob@caddsezat al yst/oil ratio is adjusted by feeBCT/I8W06/008454

rates. 15. The processes of clains 1, 2 or 3 wherein

conversion of feed in the higher severity zone to

221C (4300F-) is at least 10%greater than is

conversion of feed in the Io&gr severity zone.

15.  The processes of claims 1, 2 or 3 wherein conversion of feed in the higher

severity zone to 221°C- (430°F-) is at least 10% greater than is conversion of feed

in the lower severity zone.



