WD 2006/ 104662 PCT/ U82806/0 08454 -1 FCC PROCESS COVBI NI NG MOLECULAR
SEPARATI ON W TH STAGED CONVERSI ON  FI ELD OF THE | NVENTI ON [ 0001] Thi s
invention relates to flui'd catal ytic cracking (FCC) process for inproving
the quality of distillates suitable as blend stocks for diesel fuels. Mre
particul arly VaHEE#Hr ocess combi nes staging the FCC conVEFESBASEdess
with interstage nolecular separation of multi-ring aromatic species.
BACKGROUND OF THE | NVENTI ON (0002] Conversion of petroleum feeds to nore
val uabl e products is inportant to petroleum processes such as fluidized
catalytic cracking (FCC) and coking. In the FCC process, high nolecul ar
wei ght feeds are contacted with fluidized catalyst particles in the riser
reactor of the FCC unit. The contacting between feed and catalyst is

control l ed according to tged pROGISPCOMBINGRS MOEECTLAR! a ytic cracking
of the feed, reactor congﬁggﬂ@k!mﬁﬂggpnf51§¥amyéﬁﬁvﬁﬁﬁgﬁﬁﬁtact time are
controlled to maxim ze ST T he formati on of

| ess desirable products such as |ight gases and coke. 10003] Since
contacting between_ cat al and feed in the FCC reactor is typically in the
order of a fewtiEbRE THEINNENMION factor governing the efficiency of the
cracking process is the catalyst Catal ysts for the FCC process are well

known and may be either anorphous or crystalline. Catalyst entering the FCC
reactor is typiaddl] y Thisimienteh rehitasdgo ﬂu'éauatalmgcdrmgﬁﬁ}@@mssg%ner at ed

d th Ki | ' h f,. T ti f
ot alyst and f Baonge s aeby AR pRBL el stk R pimtlirboRbrend spent
catal yst beari pgienlsy, WPFEOBdEE BOmMbRET AR MBarttersion process with

inferstage molecular separation of multi-ring aromatic species.

BACKGROUND OF THE INVENTION

[0002} Conversion of petroleum feeds to more valuable products is important to
petroleum processes such as fluidized catalytic cracking (FCC) and coking. In the
FCC process, high molecular weight feeds are contacted with fluidized catalyst
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
ofthe t:raclcing process is the catalyst. Catalysts for the FCC process are well
known and may be either a:ﬁorphous 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



i -2 deposits. The gas/solid m xture is passed to separators, typically
cycl ones, where spent catalyst is separated from gases. (Gases are then
processed to recover desi‘red hydrocarbons and spent catalyst sent for
regeneration. [0004) Because of the short contacting tinme between feed and
cat al yst, t heWoQowdntasdn of the feed is also i nportant. THETIHRA6898456ed
i njection can have an inpact on the product slate produced by the FCC
reactor. There are two pathways for the feed to crack into gaseous
hydrocarbons, i.e., catalytic and thermal. ( Thermal cracking in a FCC unit
is generally undesirable as this type of cgacking can result in the
generation of |ight gases, such as nethane, in addition to coke. [00051
Single stage, high conversion FCC units are not well suited to adjusting

catalyst Torml gl 2t Qbsapndidd 85 R, SAYBBAR RIob, Wil

quality suitab st ocks. h bot't oms version for
economi ¢ at t r asfenventalgst ivdeparated dioint gasen @rsemmh tlefn [@ecesseddgo aacovertdesised
concentrations Jgn the 221/ 3430%@30/ 658.%1/}\]eT distillate cut. Depletion of
hydrogen cont enfydsecarhpns apg spenf palplystseot T gqisi2tiohyse of its rel atively poor
cetane nunber. Reduction in hydrogen content results from cracking of
saturates to |ighter conponents, deal kylation of aromatics, and

dehydr ogenat i on[0d04] aeruiezﬁ'ttha)shovﬁmnﬂaytﬂrgd@meethan&ﬁéand atadyitagbe research

has attenpted to increase product .quality red dro n transfer
t hr ough cat al ys?omwnﬂgélé%’gg‘?ﬁﬁ;w E’?Oﬂ%dﬂ'g%/war)?fﬁ %Eé’a‘?g‘h dfot r eat i ng
has been used i, s 8 :%BduEPSIQ C#bdh&é?ﬁt@&ﬁ@liegf}&ﬁ!’t&' ThefeQuré hRAFhthpaRAUCT S

and i nprove dlstl ateq l'y marginal inprovenments in distillate
qual ity have beﬁmﬂm%admsmﬂhmﬂo gastons bydra¢aysonsaicd, q@taéudmd(ﬂhmgbs Li kewi se

ydl ot reat i ng ol PEFHCERPEIG FIC b oGO AR s SR Sre

can result in the generation of light gases, such as methane, in addition to coke.

[0005] Single stage, high conversion FCC units are not well suited to adjusting
catalyst formulation and/or conditions to achieve enhanced distillate quality
sunitable for diese] blend stocks. High bottoms conversion for economic
aftractiveness also results in growth of 2+ ring aromatics concentrations in the
221/343°C (430/650°F) distillate cut. Depletion of hydrogen content of the
distillate is the root canse 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

( . fransfer. 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.



-3 [0006] United States Patent Number 5,824,208, Bienstock, et al.,
describes a catalytic cracking process, which includes a short contact tine
catalytic cracking step. In this process, a hydrocarbon is initially
contacted wt ' catalyst forming a first cracked Qg [
product in mh?%ﬁﬁﬁﬁéégghan 50 wt. % of the first cracked proddgﬁﬁﬁgggg
boiling point less than or equal to 221C. A gas oil fraction 1is then
recovered fromthe first cracked product, and the gas oil fraction is
reprocessed by contacting with a cracking catalyst form ng a second cracked
product [0007] In United States Patent Nueber 5,635,055, Sweet, et al., the
yield and quality of products secured fromcracking units is increased by
the process of subjecting the product stream secured from such cracking
unit to a sel eqopos] anMied St FaessoNainber 5825308 Bierseey,odt ahgdesérébes @cover ed
aromatics |lean (saturates rich) streamto the cracking unit whereby such

saturates rich cstaldigrracking pipesst, sthighgnclugdes ashod sopgphtEns ey ioCReMEr val ue

desi red product [ e ' e rocess to
enhance the qua ?pt' yﬂlqg@pﬁ%f@%\?gg%ggﬁb%?%t@ﬁ@j %6@%#% e@rgélﬂﬁ g&r@:@t ocks for
di esel fuels. SodARY fivht cTddked hxdrocRk o frodi@Oin whieh dosib ticin 158 vtt.% bf thadirst
invention relates_to a .catalytigc crackin rocess. for.enhanci t he
production of cﬁ”’s‘?‘? p@g:lgctgqgﬁﬁm%ggggmgieaq_g @g‘%P"?‘l}'@’ to Ib(ﬁeﬁcga%_ CHQ%

diesel fuel whisginofodBai: 8 ol e fik BlaBEdd ROIRY HhAGRY AR R N catal yst
in atw zone FCC reactor, sald reactor conprising a first [ow severity
zone and a seaomdcdsiaiinr cantetng with acreeckingdabistifoimeny aceomd gasked fresh f eed

and a recycled feed wherein the fresh feed is contacted with catal yst WO
2006/ 104662 PC?FQEE’QE)OG/ 008454

{0007] In United States Patent Number 5,635,055, Sweet, et al., the yield and
quality of products secured from cracking units is increased by the process of
subjecting the product stream secured from such cracking unit to a selective
aromatics removal process and recycling the recovered aromatics lean (saturates
rich) stream to the cracking unit whereby such saturates rich stream is subjected to

increased conversion to higher value desired products.

[0008] 1t would be desirable to improve the FCC process to enhance the quality
of FCC-produced distillate suitable as blend stocks for diese! 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



-4 in the first zone and recycled feed is contacted witjh catalyst in the
second zone to form conbi ned cracked product; (b) separiti ng conmbi ned
cracked product from catalyst; (c) fractionating separated cracked product
fromstep (b) into a naphtha fraction, a fraction containing diesel fuel or
bl'end stock f YO OEEME62 and a bottons fraction; (d) passi nCTHE2006/88¢340n
fromstep (c) containing diesel fuel or blend stock for diesel fuel through
a selective | ow energy nolecular | separation to produce a diesel fuel or

bl end stock for diesel fuel and a light cycle oil; (e) passing the bottons
fraction fromstep (c) through a second sglective |ow energy nol ecul ar
separation to produce a second bottons fraction and a feed fraction; and
(t) passing the feed fraction fromstep (e) as recycled feed to the second
zone of step (a). 10010) A =TgsaTole TR acki ng
process for enhancing th@ p%?)i GET onqo |stﬁdﬁg?€m£ség? g(? %Hlﬁé&;

fuel or blend stock for dieeerd zéneab formhéomtbimednpackedprodpet) contacting

hydrocarbon feed with catalyst. in a ri rea said riser
conprises a | ow severlPty %ﬁ@t%ao'&hﬁ?%ﬁ@?ked&é@ﬁt Wii’sénd sai d feed
co rlsesafreshfe an

mp fla@idnSG, Ogéeaahatﬁhggétég%&m ﬁfoﬁﬁstgp ffm& 8%9p iR

recycled feed are fir t contacte sev%rlty zone
to form conbi ned cracked frpotinaiia fizction 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 moiecular

—

separation to produce a diesel fuel or blend stock for diesel fuel and
a light cycle oil;

(¢)  passing the bottoms fraction from step (c) through a second
selective low energy molecular separation to produce 2 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).

[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:

(8)  contacting hydrocarbon feed with catalyst in a riser of a FCC

T

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;



(b) separating cracked product from catal yst; WO 2006/ 104662
PCTI US2006/ 008454 -5 (c) fractionating separated cracked product from step
(b) into a naphtha fraction, a fraction containing diesel fuel or blend

st.ock for di es@h008@¢eer POttons fraction; (d) passing the | rom step
(c) containing diesel fuel or blend stock for diesel fuel EF?@%@E’O@“&

sel ective | ow energy nol ecular separation to produce a diesel fuel or blend
stock for diesel fuel and a light cycle oil; (e) passing the bottons
fraction fromstep (c) through a second selective |ow energy nol ecul ar
separation to produce a second bottons fraction and a recycl ed feed
fraction; and (f) conbining the fresh feed and recycled feed fraction; and
(g) contacting combined fresh feed and recycled feed with catalyst in step

(a). [0011] Yet anot lfex efricsitinating sepatated sracked produat Sloyt step () ik emgpithocess
for enhancing the productiqgn of .distillate suitabl a, diesel .fuel or
bl end stock for diesel fﬁafﬁl%?ﬁﬁ“@&ﬁﬁ?ﬁaabﬂé@&fﬁg@gma@m %&%ﬁpﬁﬁ rbon
feed with catalyst in a Fgd Pb@tRsSractiont aining a first and second riser,

said first riser conprising a low severity zone and said second riser
conprising a higher €&verpasyinghaiactigndogeiiep fob eenteiving dieselsfugl arbéesd f eed and

2, reoveled feed uherel n Li 90l Gt at PSR SRV BRP Al 1 L1,
with catalyst in the secepgratios & produderdiessl fieCartleralrsbskeor dieetifiet and
a light cycle oil;
() passing the bottoms fraction from step (c) through a second
selective low energy molecular separation to produce a second
bottoms fraction and a recycled feed fraction; and
(f)  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:

(a) 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;



Zb)fconbining the first and second cracked product to forma conbi ned
cracked product and separating conbined cracked produdfy from catalyst; ti
WO 2006/ 104662 PCTI US2006/ 008454 -6- (c) fractionating separated conbi ned
cracked productgfr. (b) into a naphtha fraction, a fraction containing
di esel fuel or‘ﬁ@éﬁﬁhg%ggk for diesel and a bottons fracti SRTUSHPO/PREY ng
the fraction fromstep (c) containing diesel fuel or blend stock for diesel
fuel through a selective | ow energy nol ecular separation to produce a

di esel fuel or blend stock for diesel fuel and a light cycle oil; (e)
passing the bottons fraction fromstep (c) tbhrough a second selective |ow
energy nol ecul ar separation to produce a second bottons fraction and a feed
fraction; and (f) passing the feed fraction as recycled feed to the second
riser of step (a). [0@)2] fraotiengting beparael @mibdidroeacked plodustdieu step €b)l oty

o 9% o1 ecUar_sebarall on CoIRHSCe, 3R Sne SR L CESCRL T N, CF T
howi ng. an expanded vi ew of Tt e Ealp BB oL S P0015] Figure 2 15 a
schemati c draw ng show{ddg tpassinghe fiactier frenbiop (cyenbtaming 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 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 1a is a schematic drawing showing the single riser embodiment of

(: the invention.

{0014]  TFigure 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.



"the invention. WD 2006/ 104662 PCTI US2006/ 008454 -7 DETAI LED DESCRI PTON OF
THE | NVENTI ON [ 0016) A conventional FCC process includes a riser reactor and
a regenerator wherein petroleumfeed is injected into the reaction zone in
the riser contwpRof@osss: bed of fluidized cracking catalyst rtlcles

catal yst particles typically contain zeolites and may be fr g%?@ﬁ %t
particles, catalyst particles froma catalyst regenerator or sone

conbi nati on thereof. Gases that nay be inert gases, hydrocarbon vapors,
steam or sone conbi nati on thereof are nornally enployed as 1ift gases to
assist in fluidizing the hot catalyst partikles. [0017] Catal yst particles

t hat have contacted feed produce product vapors and catalyst particles
cont ai ni ng strippable hydrocarbons as well as coke. The catalyst exits the
reaction zone aPEBAIREDDESCRIPHANQF THE iyarated fromthe
reactor's effluent in a separation zone. The separation zone for separating
spent catalyst particles fromreactor effluent may enpl oy separation

devi ces such as| on@sconvéaitihkl REC ptaesds iléidds Glrier RbGoSidd PREshePior
strippabl e hydrocarbons using a stripping agent such as steam The strlpped
catal yst parti clVé§rei petfgigym g@ﬁﬂs tnﬁﬁcgcdr@g dhfetieagtionrzong iribe rigengentainingy

hyd i
Fegener ati on zoued BEATRRE CRLELERAM BYaRAL” 18 BB B yplc By cona 21 ng
medi um usual | y zedlites aatddna;,dkeefmsh oaoalydt patticlés) vathlgst) paiiicldy fodin beaRBEAL Ur es such

as 650 to 760C. The regenerated ,catal %qrwpartlcl es are then passed back to
the riser reactf‘?ﬂeneflm%fon%‘iql%ﬂ@ow ass0f thetdeay begipert gases.at al yti c

Ki t
e, 00 o= AR Sihord il k8L LR ARIGH Bl SYBMIG 'ﬂﬁ’é%deiosom
such as gas oil hft@eesyco laysibt i Anldihpoke list catalyst particles.

[0017] Catalyst particles that have contacted feed produce product vapors and
catalyst particles containing strippable hydrocarbons as well as coke. The catalyst
exits the reaction zone as spent catalyst particles and is separated from the reactor's
effluent in a separation zone. The separation zone for separating spent catalyst
particles from reactor effluent may employ separation devices such as cyclones.
Spent catalyst particles are stripped of strippable hydrocarbons using a stripping
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

Teactor.

[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 566C (1050F); heavy and reduced petrol eum
WO 2006/ 104662 PCTI US20061008454 -8 crude oil; petrol eum at nospheric
distillation bottons; petrol eumvacuum di stillation~bottons; pitch,

asphalt, bitunen, other heavy hydrocarbon residues; tar sand oils; shale

otl; liquid pwaxheed/mageri ved from coal |iquefaction procesBeBUS200éipaStha, and
m xtures thereof. [0019] FCC catal ysts nay be anorphous, e.g.,
silica-alum na, crystalline, e.g., nolecular sieves including zeolites, or

m xtures thereof. A preferred catalyst particle conprises: (a) an

anor phous, porous solid acid matrix, such gs alumna, silica-alumna,
silica-magnesia, silica-zirconia, silica- thoria, silica-beryllia, silica-
titania, silica-alum na-rare earth and the like; and (b) a zeolite such as

faujasite. The Lri.X i 1 1Ll as

Si11 ca al um na- EGE Pl i B BRI SRR lor RS, befiidin T

si |'i ca- magnesi agztillgm bttorREpitehl ﬁdtphaltr&ritumbﬁ,(bt}it@ hedvy Hyldeocafbomresidigs;aagel .
Silica-alumna is particularly preferred for the matrix, .and can contain 10
to 40 w. % al urrsemsii'.O oijagshaieseil; Jismid produstesiedived fam cpal liguategtion progespesThe

catal yst zeolit | zeolites which are iso-structural to
zeolite Y. Thesgaﬁﬁgﬁi&%ﬂé&?%&?@changed forms such as the rare-earth
hydrogen and ultrastable (USY) form The zeolite nmay range in crystallite

size fromO0.1 to 10 m.crons, preferably fromO0.3 to 3 mcrons. The relative
( concentrati ond0HP] zeBE rcat webr amtvahons: ¢-2x Silipp-alaminm gosBlinenasi s may

vary wdely, w zeol.l laﬂ]?{ln' g 1 erably 10
to 99, nore uwﬁﬁ]ﬁc&w P’éﬁ]&fhéltﬁ%ﬁgggﬁgéesr‘ (B:en gs ﬁcvk\l/él%g}tltj\g)? ef%‘lggd %?@ﬁ%onposi te.
[0021] The anoupartiofe complisdse (epaymmmephous pdrdues sokd adiy shatgha rsticichsealvhink,

generally range_froml to. 60 w % preferabl.y from5.to0,60 w.% and nore
preferably fronﬁ‘llfﬁaﬂ@% SW[C?\-%agB%%dﬂlgﬁ-Z{rﬁgu%S{llgp- rigyelicgrbepyiia, sdicay yst .

As discussed, tBenGAkiBby gfimina-rare earth and the like; and (b) a zeolite such as faujasite, The

matrix can comprise fernary 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. Silica-alumina is particularly preferred for the matrix, and

can contain 10 to 40 wt.% alumina. As discussed, promoters can be added.

[0020]) The catalyst zeolite component includes zeolites which are iso-structural
to zeolite Y. These include the ion-exchanged forms such as the rare-earth
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 typical[y inthe tormor a catalyst particle contained in a conposite.
Wien in the formof a particle, the catalyst particle size will range from
10 to 300 mcrons in WD 2006/ 104662 PCT/ US2006/ 008454 -9 dianeter, with an
average particle di anmeter of 60 microns. The surface area of the matrix
material af t WP 280610466 al deactivation in steamwill be PCIHEH2s/0pB454
preferably 50 to 200 n2/g, nore preferably from50 to 100 n2/g. Wile the
surface area of the catalysts will be dependent on such things as type and
amount of zeolite and matrix conponents used, it will usually be |less than
500 n2/g, preferably from50 to 300 nR/g9- nore preferably from50 to 250
n2/ g, and nost preferably from 100 to 250 nR/g. [00221 The cracki ng

catal yst may al so include an additive catalyst in the formof a nedium pore

zeolite havi ngdlﬁmg‘éf‘%lﬂ‘?dﬂvef ?ém@%ﬁibtér%f@@fdn%ﬁs IThe\dnith&red $fitRS  Pat ent
Nunber 4,016,218, Hiag, et al to 12. Suitable nmedium pore zeolites

i ncl ude ZSM 5, mﬂﬁMﬂﬂerxﬂSﬁ%ﬂﬂﬂﬁﬁMﬁ@;vaﬂmaﬂﬁm B5S 33GM ABpreR@BlE 7,  SH- 3

and MCM 22, ei in_c r@fer t he, nedi u ore
Seoli e 5 ZoMEo 20BE30s Here PRGRRE GORATT 0B HE S VB e SRS GBS | 1ol udle

tenperatures f fal7la %,%a{nl 0 to 40
psia (69 to 27‘%1 St&d\%ﬁ%ér%b érabl Olb%“rég%ﬁzg%o sa?gm?l% F%ﬁ%ﬁ]tlﬁ%% and a

catalyst to f e@@tlp(mnts\msed; Hwib ustiaillpﬁwkss that 300 vxh@, prefergllly om S@tofdl) | s total

50 poi g (440 KBQR TRGBGRARD. TBanH 210wk i HET SRR spROCh R b

concurrently ig¥ .oduced with the feedstock into the reaction zone, wWth the
steam conprising up to 50 wt.% preferably from1 to 5 w.%of the prinmary
feed. Also, it is preferred that vapor residence tinme in the reaction zone

B? of L?ZEI ;h? p O[ﬁﬁzﬁecoﬂle cra negfc%{a?ys{ %ay also mclu]de 58’m%§ S’a gt m?hedfonn o?

a medium pore zeolite having 2 Constraint Index (which is defined in United States
Patent Number 4,016,218, Haag, et al.) of 1 to 12. Suitable medium pore zeolites
include ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57,
SH-3 and MCM-22, either alone or in combination, Preferably, the medium pore
zeolite is ZSM-5.

[0023] FCC process conditions in the reaction zone include temperatures from
482°C 1o 700°C, hydrocarbon partial pressures from 10 to 40 psia (69 to 276 kPa),
preferably from 20 to 35 psia (138 10 241 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 wi.% 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.



i

| to 5 secone elepmpugsemandt-t4-ors—are “short contact time conditions which
i nclude riser outlet tenperatures from482C to 621C (900F to 1150F),
pressures fromO to 50 psig (101 to 446 kPa) and residence tines froml to
5 seconds. WD 2006/ 104662 PCTI US2006/ 008454 -10 (0024] In the FCC process
of the invention resh feed and a recycled feed as descri bel ow are
contacted wi t‘ﬁ&f’%ﬁ&‘&%’ed catal yst, especially regenerated PC%&%&?(’%?S?% n the
riser. The riser contains two reaction zones, a | ow severity zone and a

hi gher severity zone. These zones nmay be present in a single riser or nay be
separately located in dual risers, i.e., the |ow severity zone in a first
riser and the higher severity zone in a-d&cond riser. For a single riser
the conditions of the higher severity zone are typically vapor residence
time of 1.0 to 5.0 seconds, catalyst/oil ratio of 4-10 w/wt, and outl et
tenperature in [yim}r anghedCE BRGed: Of tHe TikentiSB Afesh Geed Q8O B Yecyklea fheaugr

severity zone operates with catalyst/oil ratioin the range of 3 to 8

wt/w, with vapisscribed belewoae eontectest with Buidiged cgalysle evpesialivteeonarated

tenperature of 5 . 74C ( F 6QF | risers.th di tions
of the | ow sevé’ﬂ(‘)ig'gt’élgwg ré?‘é ]3%%158{ %51% :ng’gtrg c;lég{llz %lyq%’ ?‘!’ﬂ“? %evgmér Z? %CC%%VW /wt,

vapor resi dengghigheiBeRrily tohel ThERUBHE m@ bk [odchein 4 @ngefiddrior magdeC t o 538C
(900F to 1000F) and the conditions of the higher severity zone are as

fol l ows: cat al yepareely logaiad ip dyakrisensgi.ou thodow sexgoty goas inie ftsbrisergpd thes to 5
seconds, and ri Lout | ragur.e. : o 1060F).
Furt her nor e, tr%]? gg%al 191@3%‘&%19&%%%0%12&@%% H;]%a%ﬁ%l%grsérglégéﬁ té/O%ggEtéltei S greater

than the cat al ygghepisbvery zond ate typicallpvajor seidenéd time 000.0.to SMtsabotds/ oi | ratio
is the primary driver_on severity of conditions (as reflected in conversion

to 221G produce@lysteil e of dukfh wiawh apd et temmpEitpeyn Hsmaage of SOAGuEh
Favor oreater Oamataond IR, BETNE LRy HRARE SRR Ao RmaaT Pl |
rates in the the range of 3 to 8 wt/wt, with vapor residence tirne of 0.5 fo 5.0 seconds and outlet
temperature of 500°C to 571°C (932°F to 1060°F) . For dual risers the conditions
of the low severity zone are as follows: catalyst/oil ratio = 2 to 5 wt/wt, vapor
residence time 0.5 to 2 seconds, and outlet temperature 482°C to 538°C (900°F to

1000°F) and the conditions of the higher severity Zone are as follows: catalyst/oil
ratio 5 to 10 wt/wt, vapor residence time 1.5 to 5 seconds, and riser top (outlet)
temperature 527°C to 571°C (980°F to 1060°F). Furthermore, the catalyst/oil ratio
in the higher severity zone is greater than the catalyst/oil ratio in the lower severity
zone. Catalyst/oil ratio 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 nozzies 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 conirolled by nozzle orientation, particularly

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



respective radially pogitioned feed nozzles. Thus the nunber of nozzl es,
position of nozzles and flow rate through the nozzles can be adjusted to
control flowrates which in turnis a way to control severity of conditions
in the respective zones. [0025] The m xing of feeds between the hi gher and
| ower severi W0 086E4662n the single riser configuration nBGTHE20EHE4I | ed by
nozzle orientation, particularly nozzle elevation above the horizontal.
Nozzl e orientation and design are factors in WO 2006/ 104662
PCT/ US2006/ 008454 -11 controlling feed penetration into the catal yst
stream |f staged axial injection is enpljgyed, the sane would be true. The
severity of conditions in the higher and |ower severity zones may be
measured by conversion of feed to the respective zones. Conversion of feed
in the higher b : - - | sahs :10%
%%}iﬁ'&]hhg feell E:%%%tfbftxéé érﬁ:? tﬂeﬁ%'f)is) stRiaRf W?Eta%étéaﬁéy ; 3 r]#«gE&'[%% 6%

greater than is convefrsio n the’l ower sever 6] The

fresh feed may doeployeficiht eainé miooldtiedrel The sévenitiselconditipny mrtbe highedwadr i ser

and recycle feed injected to thethecond Ei gher seveégl.et% ztﬁne. The two zones

may be | ocat edOVFF §VEItH gPues hayche mpasweg by cpuyersion otieeditq the fsRFCtivpP ser .

[0027] In an aljgénatdnversRitiIdéadtn the Hifttr béwaty Jonedo PR COFDORY iphRRKicM th the

recycle feed and injected into the first Igéfgher severity zone in the single
q

ri ser confi guriaietleast 1@amsreasgr thancis et eqdogdhelowenbeviarityzoneyst passes
through the [|ower severity zone to the riser outlet. [0028] In either the
single or dual riser case, cracked product fromthe riser or risers is

separat ed fromlegzspt The&eyisieed hagbe!ifjBetsd intr ke Ehlstibw RéverithLonelis Blc riseACt Or .
Spent catalyst is strip ically with steam to recover additional

ped,  typ [
product and sp&d trecaalteéw,dsmﬁgéﬁ fo the seead highenweveryrzoner Bakiavd gonetimay bé r om
the cyclones i . hSer C . a fractionator. [0029],
The fractionat g?ca&ri%ﬁ;/hq géingeylfmr g@% %:eggrég"%@%‘é‘g?‘ &s@%‘é‘%"a ing cracked “
{0027} In an alternative embodiment, the fresh feed may be combined with the
recycle feed and injected into the first higher severity zone in the single riser
configuration. Partially cracked feed together with catalyst passes through the

lower severity zone to the riser outlet.

[0028] In either the single or dual riser case, cracked product from the riser or
risers is separated from spent catalyst in cyclones located within the riser reactor.
Spent catélyst 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 at |east three streans. The first streamis
a low boiling stream having a boiling range of from 15C up to 221C. This
streamis sent for further processing, typically as a fuel such as
gasol i ne. A s&OMYSMF@am i s separated from the fracti onaPSFUaIHEHES
boiling range up to 400C, preferably from221C to 400C. This stream
i ncl udes hydrocarbons suitable as diesel fuel or blend stock for WO
2006/ 104662 PCT/ US2006/ 008454 -12 diesel fuel. The second streamis sent.to
a selective | ow energy nol ecul ar separatof2- A preferred selective | ow
energy nol ecul ar separator is a nenbrane. Another form of selective
nol ecul ar separator involves aromatic extraction by aromatic selective
sol vents. Q her qdiiads ThE s8RAERALPR sBRtYo h BALUAE 16 EAFEY AIRAHREC col ums: or
conbi nati ons of nenbrane separation and solvent extraction. The bottons
stream f r om t he sépazater oAgraferrédssedastive low encxgyonvidelanseparatoyis a memband, ar

separator which ,is ,preferabl,y .a nenbrane. 0301 .Menbr ane separatjon is a
rregns of separ atAFlﬂg‘%’éFWﬁ SHiectpe ’%ﬁbﬁcﬁ’gﬂ’is‘épa% afmg%lf’%ﬁ%?@auw&%sﬁ%%ns into
an aromatics ri ghnD@t JBaltReANefts S Bl lefBHAE bﬁékpa{aﬁéﬁﬁlbg%rﬁﬂud-ghe saturates

rich retentate includes the diesel fraction having a hi _ cetane val ue.
Such menbranes shrdmatographissohunbayr cpmbimationsi of merhtanseepapiomandsolvenondi t i ons

are known in the_art. an re described | ni ted States, Patent. .Nunber
5. 643, 442, Swecfxgtion] TheTafopR SFeap fog) (g PR OTTRIREICIeR By e Ll BHCBSIEN | (s
entirety. The giold¥blal Sepafatct which peéferabiia he@nbaesded into fuel oil or
further upgraded by hydrotreating and re-cracking or hydrocracking. [00311

Pol yur ea/ ur et hane nmenbranes are known for use in the separation of

mat i f [ |, d
( Trom & pol yur MU or REEAR oA BER U 5L e AR BB IBaf ol PTGy

of at saturated hydrocarbons into an aromatics rich permeate and a saturates rich

retentate. The saturates rich retentate includes the diesel fraction having a high
cetane value. Such membranes and their use under perstaction and pervaporation
conditions are known in the art and are described in United States Patent Number
5,643,442, Sweet, et al., which is incorporated herein by reference in its entirety.
The aromatics rich permeate may be blended into fuel oil or further upgraded by
hydrotreating and re-cracking or hydrocracking.

[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



| east 20% but | ess than 100% an aromatic carbon content of at |east 15 nole
percent, a functional group density of at |east 10 per 100 grans of pol yner,
and a O0=0OLNH ratio of |less than 8.0. The pol yurea/ urethane nulti-bl ock
copol yner is Woawadedédby reacting di hydroxy or pol yhydr oxpcaaispmanessss such
as polyethers or polyesters having nolecular weights in the range of 500 to
5,000 with aliphatic, alkylaromatic or aromatic diisocyanates to produce a
prepol yner which is then WD 2006/ 104662 PCTI US2006/ 008454 -13 chain

ext ended using di am nes, polyam nes or am o0 al cohols. The nenbranes are
used to separate aromatics from non-aromati'cs under perstraction or
pervaporation conditions. 100321 Pol yurethane i m de nenbranes are anot her
known cl ass of nbr ane sui t.abl.e fo& separ at i on o{ gﬁo i CS %rom

non- ar onati cs. -?%ﬂ??ﬂ@flﬁgﬂ@ﬂflﬁ?sdgc YHEREY LAEIRE Fiopae B‘%‘E\F’gﬂ] FA6hT"s

pol yur et hane i mygtd 16 SepataEROmREEIRGHE dofrddidics GARR pB@irdctidaloy pbrvapsilticls a
di hydroxy or pol yhydroxy conpound (e.g., polyether or polyester) with a di
or pol yi socyanat@dgongr oduce a prepol ynmer which is then chain extended by
reaction of said prepolymer with a di or polyanhydride or with a di or

pol ycarboxylic acid to produce a pol yurethane/imde. The

aromat i ¢/ non- ar fjgaj ¢ Peig@ethahd Miide fefbres she ARABEARRWSCIENE OF Biciblines
conduct ed under perstraction or_ pervaporation conditions. 100331 A

pol yester i m desw@plsiionssparationebarempties frue nontpemagiss dTHepolyethpre imide

. p : ' ; The . g |
aro brepared byPBRE TRy BHIAREASARR R rotlE B RS hel Plfe BBl o
produce a prepedppinga plydl Budisastadibydebat o pokthedaad cpmpbeidelgy, palyethedor

di i socyanate to produce  the polyester imde. 10034] Polyester imde

menbr anes are pPEVesterbwithedhprprikispcyanate to padugeurepplymer which is then chain
extended by reaction of said prepolymer with a di or polyanhydride or with a di or

polycarboxylic acid to produce a polyurethane/imide. The aromatic/non-aromatic
separation using said membrane is preferably conducted under perstraction or

pervaporation conditions.

[0033] A polyester imide copolymer membrane 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.



of. aromatT ¢ Ryarocarbons. ouch menbranes are produced from a copol yner
conposition conprising a hard segnent of polyimde and a soft segnent of an
ol i goneric aliphatic polyester wherein the polyimde is derived froma

di anhydri de having between 8 and 20 carbon atons and a di am ne havi ng

bet ween 2 andw@doo@midapn at ons and the ol igoneric aliphatimcydyesbess i s a
pol yadi pate, a polysuccinate, a polynal onate, a polyoxalate or a

pol ygl utarate. WO 20061104662 PCTI US2006/ 008454 -14 [0035] Menbrane
separation may be used under perstraction conditions to produce a retentate
rich in non-aromatics and al kyl -single riﬂ% aromatics and a perneate rich
in multi-ring aromatics. The nmulti-ring aromatics recovered in the perneate
are al kyl substituted and al kyl | het ero-atom substituted nulti-ring aronatic

hydr ocarbons having | ess than 75 nol e% irﬁom%tic carbon., The multi-ring
aromatics are 2A003%. Membsage separafion By g used wdspperstraction eQd83%] Menbr ane
separation is F HRse ARALM S3pAtitd #As; The feed
is in either t erg{]%%"r}gﬁé%@{e\%o@%g?ate. %ﬁgﬂ&érocesgér){e]ﬁes on vacuum or
sweep gas on t heerpeatesiel i mitkieringparematies: Abemnlti-rinheowiaties reeonsves! in e
permeate fromthe surfac f the rane, The perv ration. process of the
present invent imﬁﬁmﬁﬁgﬁ?wl'%%ggg @Q@Pﬁﬁ@r‘%?ﬁﬁ&gg&mﬁﬁ W&Tgﬁ% to 250C and
hi gher, preferaf) Giathdak AAhg Jekd) | AR b8, TR AL
tenperature at a#v#g t'he mar%r ane %se p f}g?ga 'y hamage . [0037] Theljﬂ?gt
pervapor ati on parometis and 20 3¢ drdngadndyfused ipnds-rimg avaoatiess on t he perneate side
to evaporate the perneate fromthe surface of the nenbrane and maintain the
concentration gradient driving force which drives the separation process.
It is known thafpps)0maitmbrahé %Bﬁaﬁaﬂd? fs%ir@fé%dbl@*érﬁctic@d RBdet pRAAPéAER Processes
a

are~si nul t aneousl y i ncr eased ppl i cation“of pressure on the feed side
( conditions. The feed is in either the liquid or vapor state. The process relies on

vacuum or sweep gas on the permeate side to evaporate or otherwise remove the
permeate from the surface of the membrane. The pervaporation process of the
present invention can be performed at a temperature of from 150°C to 250°C and
higher, preferably 200°C and higher, the maximum temperature being that
temperature at which the membrane is physically damaged.

[0037]  The pervaporation 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 vacoum may be pulled on the

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



i

of the separation membrane. An applied pressure of 80 psi (551.6 kPa) and
hi gher has been found effective. [0038] The naxi mumtenperature enployed in
pervaporation will be that necessary to vaporize the conponents in the feed

whi ch one desj e | ectively perneate through the ne L le still
bei ng beIOM/thé)ﬁﬂaﬁgﬁgture at which the nenbrane is phngégﬂngggﬁgﬁed,
Wil e a vacuum may be pulled on the perneate side operation at atnospheric
pressure on the perneate side is also WD 2006/ 104662 PCTI US2006/ 008454 - 15
possi bl e and econonmically preferable. In pervaporation it is inportant that
the perneate evaporate fromthe downstreals-side (perneate side) of the
menbrane. This can be acconplished by either decreasing the perneate
pressure (i.e., pulling a vacuum if the perneate boiling point is higher

than the membr aﬁ@sihlb?z{n’ﬂtécﬂﬁomicsn?gfeﬁz@w@ I®per¥pdratfondifiingokthe (e tHer ane
operating tenperature above the oi ling point of the perneate in which case
the perneate sipamgpieteaporaigtirom thedawnstpanidefprmrgsirside) of thegaemiaranerhi s

ermeate si M TG 5
2t vory hi oht eRp Rt bF ol R e hea R B AR AR HEERER™ O

ure.

tenperature is gioasindif thtpernidam tilidg point fichigker dhant the mpaibr@atoperatili@ per neat e
side pressure can be greater than 1 atnosphere. The stream _containing the
perneate i s coolcBWCTAHITE 6F BY HcEcasing thafacipuang apcseing temperature thoNe&ssat i on

temperature s h%l%ﬂ%ﬁ?ﬂ%@éﬁ’%@%}%ﬁ\éﬁé Wi cald tht BEmREIIURAY &F 1R mtmbfhnl

pressure | evel e us I N any conveni ent ?%}msuch
as sheets, tubebe ataimbsphedopfeshee. ThisSeamidoption idywssibledviien dhalsdés@at e spi r al

wound nodul es famliar to__those skilled in the art. [00401 Spira]  wound
el enents are kn@ﬁﬁbméﬁéﬁ’wlfoﬁféf%ﬁ?“%gé‘t Very digh tempeRaivEs. Iy some cases i the

membrane operating temperature is greater than the boiling point of the permeate
the permeate side pressure can be greater than 1 atmosphere. The stream
containing the permeate is cooled to condense out the permeated product.
Condensation temperature should be below the dew point of the permeate at a

given pressure level.

[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 haviug 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 onter 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 spécer, said material having an open cross-secti onal
area of at least 30 to 70% and wherein at |east three |ayers of materi al
are used to produce the perneate spacer characterized in that the outer
perneate spacer |ayers are support |ayers of a fine nesh material having an
open cross-sectional area of 10 to 50% a coarse |ayer having an open
cross-secti ond¥O&198404662 50 to 90% i s interposed between t RETABYOCAWH i ne
outer layers, wherein the fine layers are the layers in interfacial contact
wi th the nenbrane | ayers enclosing the perneate spacer. Wiile the perneate
spacer conprises at least 3 layers, preferably 5 to 7 layers of alternating
fine and coarse nmaterials are used, fine Lgyers always being the outer WO
2006/ 104662 PCT/ US2006/ 008454 -16 layers. In a further inprovenent an
addi ti onal woven or non-woven chemically and thermally inert sheet may be

I nt er posed bet t B}F:(gg a0k SRS e é , ' heet
being for exan\gﬁgg}g’ ?Eaée o#%ﬁex f&?@ﬂﬁ&&%ﬂ}gl}%%’@H%ﬁ%\%ﬁf&éﬁﬂ%}f

Al ternatively, shbhtsnallaindreshessiay be inddpposedibeiwaed tha meditaete adnhemibi-
conprising a mujtitude of |, rane |layers alternately separated by
feed-retentate laé’?ﬁaﬁ?é?%s’éﬂggg%rts%‘&gio‘éﬁé‘ﬁﬁlﬁ§.5ﬁﬁ@%&%?‘§ tgrl D@fﬁf@&kal ong
their edges to define separate feed-retentate zones and perneate zones.

[ 00421 Tubes can be used in the formof nulti-Ieaf nodul es wherein each tube
is flattened afi®4p) ackernativedy, ahdetd canibe lusauk th dabrichtatat Ratstdck plrasator nt er nal | y

each tube contains.a spacgr.,Adjacent pairs of flattened,jubes are
separated by | afEHEIGIE 2 B ﬁ’é‘éqe %ﬂ%ﬁ%‘f&aﬂ%a#%t?lﬁ ﬁ@@rﬁtﬁﬂ)ﬁ‘é%ﬁﬁfﬁe’ﬁﬁ@i ti oned
spacer naterial gdagerk bhd fllmicie Qpaters) AR IaYefs &€ %!u%& alhg BRUSIRE: RAERPEd Wi th
fluid entrance and exit neans. The ends 'of the tubesS are Clanped to create
separ at e int eri sapatatecfeedcratentaie zons@ad pamgetievenaso the tubes in the housing.
[0Q43] Hollow fibers can be enployed in bundle arrays potted at either end
to -

[0042]  Tubes can be used in the form of multi-leaf modules wherein each tube is

flattened and placed in parallel with other flattened tubes. Internally each tube
contains a spacer. Adjacent pairs of flattened tubes are separated by layers of
spacer material. The flattened tubes with positioned spacer material is fitted into a
pressure resistant housing equipped with fluid entrance and exit means. The ends of
the tubes are clamped to create separate interior and exterior zones relative to the

tubes in the housing.

[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
( tobes 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



- formtube sheets and fitted into a pressure vessel thereby isolating the

I nsides of the tubes fromthe outsides of the tubes. Apparatus of this type
are known in the art. A nodification of the standard design invol ves

di viding the bundle into separate zones by usg.

whi ch redirect ?IU|J'#P?M/on the tube side of the bundle anaﬂ%?gggﬁ%gfluid
channel i ng and pol ari zati on on the tube side. [0044] Preferably the
direction of flowin a hollow fiber elenent will be counter-current rather
than co-current or even transverse. Such counter-current flow can be

achi eved by wapping the hollow fiber bundl® in a spiral wap of flow

I npeding material. This spiral wap extends froma central mandrel at the
center of WD 2006/ 104662 PCT/ US2006/ 008454 -17 the bundle and spirals
outward to the thmttmndlpandi p;ﬁmiyouﬁvatdte t]hanrqmrijihmy spihedtundler The spirdl ai ns

hol es al ong the to n B tl engds V\,her fluld nter t he, ﬁ?uﬂndl e for
tube side flow gga Qi ¢ ?'f"@r?é‘f} 6‘"}3&9 g\ﬁ‘aﬁnt‘aﬁ‘é‘g es and
forced to flow gaifd fo%lmﬁe%l&e%vm drRWhd ksqﬁimiiﬁ\e@b Bﬁ‘ssﬁﬁ@dﬂﬁﬁigh%eeﬁélé‘schnﬁy t he

spiral wap. This flow direction is counter- current to the“direction of
fl ow i nsi de t heforbel tbdlewf pavalte]l torthe hhBow diberodovor the beannbkboreaiédby the spirali d

reenmerges fromthe w fiber .bundle thro ol es at .th posite
end of the spi ré"iraRth&’d ﬁ?\‘ﬁ dFQWﬂ“r‘éE?‘E’G“‘“HHP“%&%’rFE’ ﬁg%Péﬂovf Wﬂ%tg‘f%m tiple
separation el engpfisy fib&. 1A19Ne Botiohdbs tﬁ@b’ﬁ&i‘m&l& Mﬁ@%eﬁe@?‘é’s frofd @BBRISw can be
enpl oyed either in series or in parallel. For exanple, the elenments nay be

grouped in par aﬁb@bmﬂhhhmugletbdﬁmbseh‘lhappp(zsmendjefﬂmepiraiwrw aiphis dirested osed
by two tube sheets arra eid at the same end of the elenent. The central
mandrel s of th8% equl?ﬂe‘ﬂ @’ Pass through the feed/retentate zone space defined
by the two tube sheets and enpty perneate outside the defined space into a -
pernmeate collection zone fromwhich it is renoved, while the tube sheet
directly attachti®4fb tMaltiplespparation elements, be they splrai wound or hollow fiber

elements, can be employed either in series or in parallel. For example, the elements

may be grouped in parallel with a feed/retentate zone defined by a space enclosed
by two tube sheets arranged at the same end of the element. The central mandrels
of the elements pass through the feed/retentate zone space defined by the two tube
sheets and empty permeate outside the defined space into a permeate collection
zone from which it is removed, while the tube sheet directly attached to the element
is in open relationship to the interior of the membrane element and retentate
accumuliates 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. Dimethyl 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 nenbrane el ement and
retentate accunulates in the space between the top tube sheet and the
bottom t ube sheet from which it is renoved. [0046] Another enbodi nent for
| ow energy nol ecul ar separations involves the use of solvent extraction.
The sol vent eWOr20d/i108462pr ocess sel ectively di ssol ves the BITUSEI08454
conponents in an extract phase while |eaving the nore paraffinic conponents
in a raffinate phase. Naphthenes are distributed between the extract and
raf fi nate phases. Typical solvents for solvent extraction include phenol,
furfural and N-nethyl pyrrolidone. D net hyﬂ _sul foxide (DVMSO and dnet hyl
formam de (DWVF) are preferred solvents for aromatics extraction from
fractionator bottons streans. By controlling the solvent to oil ratio,

extraction tenperature and WO.2006/ 104662 PCTI US2006/ 008454 - 18 net hod of
cont acting fegpde OEBF%WEBE&F%&P@H%%CQZPQY%%? T é’ﬁeﬁ%fmc’l&'ﬁéleﬁéﬁree of
separation bet Vﬁ%ﬁgﬁ%ﬂ&ﬁ@tﬁf&@%ﬁﬂﬁdﬁﬁiﬁtﬂlﬁ%? [0047] As noted above,

the bottonms fromthe fractionator is sent to a second | ow energy nol ecul ar
separator. The second separator separates the bottons fraction into a

fraction 1o rechBily A aftpluieohe RiteetapRdts Hifteeflpard afsnaeniow o

fraction is suideghl MoRéuldr sef@btor.OTRe SRERT sepdiafor 8606k the BaliGhPhradtidnal SO
preferably a menbrane. Suitable nmenbrane naterial's are descri bed above.

[ 0048] Ref erri nigiawhighly arpmyaticsiracion paban eatwetes lemn freantiond dhe aromagies lear? and
stripper 14. Frgsh. feed | ed th hh-n tg.zane | desigpated as 18 of
riser 12. Zone§ cnlog ‘%‘S&’f@?‘{eﬁf aartee(? %g% g@?r&?@%ﬁﬂ%@?&?@%@%ﬂ%ﬁ?%@d

her ei nbef ore. FaggblefagedeedasBicakdrs The sicdhd Sspabi®ir i€ Alb@pieSirably @mengganRer at or
20 whi ch is connected to riser 12 through regenerated catal yst standpipe

22, slide val veSyipbleigembesmatesials gprpscribed above.

[0048] Referring now to Figure la, FCC reactor 10 includes a riser 12 and
stripper 14. Fresh feed is fed through line 16 to zone 1 designated as 18 of riser 12.
Zone 1 is operated at low severity conditions as defined hereinbefore. Fresh feed
contacts fluidized hot catalyst from regenerator 20 which is connected to riser 12
through regenerated catalyst standpipe 22, slide valve 24 and J-bend 26. Spent
catalyst from riser 12 enters reactor 10 where spent catalyst is separated from
product vapors by means of ¢yclones (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

r/,-_\‘

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 distiliate 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 membraue 46 info a paraffins rich diesel or
diesel blend stock 48 aud an aromatics rich stream 50 sunitable for further upgrading

by hydrotreating or hydrocracking, or blending into a fuel 0il. The bottoms from



catalyst fromriser 12 enters reactor 10 where spent catalyst is separated
from product vapors by neans of cyclones (not shown). Spent catalyst is
then stripped of additional product and returned to regenerator 20 through
stripper 14, Rios | yst standpi pe 28, slide valve 30 al yst
J-bend 32. Pr ?gﬁcto 3?3%235 exit reactor 10 through line 34%@2@%‘&%%11& ed
to fractionator 40 which is a distillation unit. Fractionator 40 separates
product fromreactor 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 blendedi%nto 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 nmenbrane which
separ at es t he dfrsttidnbtat 40 dasentcthrough tihe §2 treaiecambsepbratontSe flat pea sfebnds ri ch

di esel or diesel Iend tqck 48 and an aronat rich sfream 50 suitable
for further upgPAth°HG %%WWP@&@F 6SWT%VG$%§F§WPW§£°WWM| ng into a

fuel oil. The bELbas ch MM ORI RGELAS2 906,005 fich sk Sm s
fractionator 40 |s sent through line 52 to a second Separator 54 that is a
second nenbr anmnt far mboyeledhmupln Hing ﬁﬁtoatmsépﬁnmrdﬁ t?]mae £ dasignaserbiasdi8 ibet t ons
into a paraffl rich stre and nar matlc 1. araffins
rich streamis B?ft YWWF%@}T@P‘EEFﬁ ge{qu}pg me@%fﬁqa&q 12. Zone
2 desi gnat ed asgafmb® fRH in Bétﬂﬁ%‘lev%ﬁ&@ﬁﬁttﬁﬂ%é Bﬂhfe' @&ﬁca?e?i 26 hd¥efds. The

her ei nbefore. Zone | and Zone share a common feed injection el evation but
Wi th separate, tlotiatiesrich strgan emﬁzaﬂpemtortﬁéhrougbhmﬂbs rich streamexits
separator 54 through line 60. [0049] Figure Ib is an expanded view of riser
12 in the vicinity of the feed injection zones. Fresh feed enters the |ower
section of the [go3sy tl’"i@@z‘é@l'ﬂ it hexphftdedndew bBriteRi126h B VidihidH8fthe RRJor nore

i njection nozzles (not shown). The thus injected fresh feed enters |ow
severity zone l®jesfipicpotes. Bresh fiedenists thelower seciipr efthesisextarouigh dine 16 and

is injected through one or more injection nozzles (not shown). The thus injected

fresh feed enters low severity zone 18 which is one side of the fluidized hot catalyst
stream in riser 12. Recycle feed enters the lower section of the riser through line 56
and is injected through one or more injection nozzles (not shown). The thus
injected recycle feed enters higher severity zone 58 which is the other side of the
hot catalyst stream in riser 12. The dotted line represents the hypothetical middle
of the hot catalyst stream.

[0050} In an alternative embodiment, the paraffins rich stream from membrane
separator 54 of Figure | 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 through one or nore injection nozzles (not
shown). The thus injected recycle feed enters higher severity zone 58 which
is the other side of the hot catalyst streamin riser 12. The dotted line
represents thevogpoeudsees cal mddle of the hot catal yst stPERUS200BEH | n an
alternative enbodi nent, the paraffins rich stream from nenbrane separator
54 of Figure 1 is conbined with fresh feed 16 and the conbi ned streamis
conducted to riser 12 in a single higher severity zone. [0051] Figure 2
illustrates a dual riser .enbodi ment of thesgnvention. 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. R ser 102 is operated under |ow severity

condi tions abov | yst fromr ner at i S sent
S ough et anan DEnd BEFto 388y fos. s 184 BlotRtedd BBl AREAGE TR pditiord o vner o i
contacts fresh figRsbd dﬁ@% gﬁie&%iorﬁdh@fflebﬁ%ﬁ@f@i 8 bephidtor i séb€ & Ris& [4gh
st andpi pe 118, slide valve 120 and J WD 2006/ 104662 PCTI US20061008454 - 20 .

bend 122 to ri sdirougiulineri2de Suchhrecyejedfved doap wa@torwpglﬁm foe oxaninle, the

conditions as ef e epar at or
is sent to Riser ﬂ?ﬁg eﬁg%\ég oﬁ%ﬁ%ﬂfg% ﬂ%@gﬁlﬁa oggf}é’?g&up gdséen? tglyitepar at or
coul d be, for exfaaplesctot U8 is aéparméd fom peatuct Hombimvf Spfedes (s showil mapar at or
54 of Figure 1. Spent catalyst fromreactor 100 is separated from roduct

by means of cychorregugtethio 18ERRFRIOrd A thrpagh-siripReE 1 86 Sp@trcé@@ﬁbfrtﬁtd@we
t hrough stri pperaﬁ}%gméﬁﬁ ngﬁ%@llygst]gﬁltﬁﬂg%lgghagﬁl@ﬂg? g%ﬁi?;?‘ of8lbdlyyst J-bend

128. The slide v e on s not s vapors from
risers 102 and Pﬁ#ﬂuat\mpsﬂrﬁamﬁeds 9Dmndsidnre a@aﬂtquﬂomnpbnemitﬁlystraadekmr 100

t hrrough |ine 130. Pr t v conducted to racti onat or
correspondi ng tBeaF'foéggﬁygﬁ%H@T §3§f ﬁfﬂd@\?ﬁ"@l’ﬁm\%‘e‘i t?fg B#9% i on occurs
as corresponding to fractionator 40 of Figure 1 where product separation occurs a8

described for Figure 1.
[0052]) The invention is further exemplified by the non-limiting example.
EXAMPLE

[0053] With 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:

Riger 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. 100521 The invention is further exenplified by the
non-limting exanple. EXAMPLE [00531 Wth reference to Figure 2, using a
conput er nodel, the invention was conpared to current operation for a dua
ri ser FCC uni tywebg at the following conditions: freshybepd ate
of 73 kB/ D (453.6 %@%ﬁ? , 6.1 (mt(w) catalyst/oil ratio,hvgporoéﬁﬁgﬁénce
time of 2.4 seconds, and riser top tenperature of 536C. Conditions were
adjusted in the independent risers as follows: Riser 102 (Zone 1) Riser 104
(Zone 2) Feed rate, mI/hr 453.6 166.4 Catalystloil ratio (wt/w) 3.5 8.2
Vapor residence tinme, sec 0.7 2.6 Riser Téb Tenperature (C) 516 545 WO
2006/ 104662 PCTI1JS2006/ 008454 -21 100541 Riser 102 functions as the | ower
severity zone, while riser 104 functions as the higher severity zone.

Conbi ned 343C+ [joefdjct Risenid2 fimcfiomssitlerlawer sewerity zpas, sedletrisepl@hfuactimsect i ve

menbr ane nodel to _achieve a | ower omat i ntent streamfqr recycle to
riser 104. The @5 HEher ssvsHELFONS; Elombaed 3337 opromes f{%@@ chgpatqryyas
invention is co 1 - i ; el d: W%
FE Tovent i on Conasel b ey bl Bl ARIGR! todknile £ M IRmARK ottt [F | N %0
46. 04 45.23 22k frdesicld thatser 104, Lhe tdmbined PrigiGet Yielt tshatsfrdd t88prddes8 0

Coke 5.64 5.67 . .. . . .
of this invention is compared with the current operation at constant coke yield:

Wi% FF Invention Comparative Base
C4- gas products 14.94 17.75
221°C- naphtha 46.04 45.23
221/343°C distillate 19.45 14.05
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 distiilate 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 naphtha and distillate
yi el ds, and correspondingly | ower bottons and gas yields. The base operation
yielded distillate with Cetane I ndex of 24. The distillate fromthis
invention is passed through a sel ectiveynenbrane to renove 2+ ring
aromatics and provide a stream (11 w.% FF) with Cetane | ndex of 44. The

remaining lopagngsity distillate (8.4 w.%FF) with Cetane Index of 17 may
be bl ended ‘%TF‘#UeI oil. 22 CLAIMS: 1. A catalytic cracking process for

enhanci ng the production of distillate suitable as a diesel fuel or blend
stock for diesel fuel which conprises: (a) contacting a hydrocar bon feed
Ll

YM.O;[/\Qrcgtesle)r/]iSE in%ﬁ:ta;wr?(i;zgne .ecorfgcﬁ(fﬁgmgafieng ‘E[h@am) eC ;/mere?iflﬁ?%gah{i LZ';
severity 7 AR saadi@aelaﬁuyiwwiendrsa? of issch ﬁlegwiﬁ%r}wmaaﬁeseat al yst%oil
Fecycl ed feed il ei e R folatol b plt el R W R SO e
first zone and recycII%g?(t{)?esgid a%ﬁi;ﬂl‘tc?grglﬁ'gg‘%ﬁIﬁrgﬂhaz![eﬁ&vér%%ﬁ%aﬁ&ﬁond zone

to forma conbi ned cracked produc rating e conbi ned cracked

product from catal ystgecbfid highresbedializdde WirRréianhe Al dér Ev&k§Gope ddyict from
step (b) into a naphtha fraction, a fraction containing diesel fuel or

bl end stock for di esetatahdt/aillvetio tret if geeatdrdhgn ¢athlystediratyo ihthef r acti on
fromstep (c) containing diesel fuel or blend stock for diesel fuel through
a first selective | owomessgyeritiyioag gndsaiskisad sormpiises aprashifaed anddnbr ane or

solvent extraction to PURaYSSs dnlters the fresh £2d if coMARUSh otalyst v e U
the first zone and recycled feed is contacted with catalyst in the
second zone to form a combined cracked product;

(b)  separating the combined cracked product from catalyst;

(¢) fractionating the separated cracked product from step (b) into a
naphtha fraction, a fraction containing diesel fuel or blend stock
for diesel and a bottoms fraction;

(d)  passing the fraction from step (¢} containing diesel fuel or blend
stock for diesel fuel through a first selective low energy
molecular separation comprising a membrane or solvent
extraction 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 comprising a
membrane or solvent extraction to produce a second bottoms
fraction and an aromatics lean feed fraction; and

(f)  passing the aromatics lean feed fraction from step (e) as recycled

feed to the second higher severity zone of step (a).

2. Process according to Claim 1 which comprises contacting the

hydrocarbon feed with catalyst in the FCC reactor containing a first and second



s it e

“and a light cycle oil; de) passing the bottons fraction fromstep (c)

t hrough a second selective |ow energy nol ecul ar separation conprising a
menbrane or solvent extraction to produce a second bottons fraction and an
aromatics |ean feed fraction; and (f) pgffi ng the aromatics | ean feed
fraction from step (e) as recycled feed“t® the second higher severity zone

of step (a). 2. #cess accordj ng tﬁ]ﬁ Claiml which conprises contacting the
hydrocarbon““*reé‘e‘if1 W, ISET SPPIISIg éO‘P’G@V?‘%‘éﬂQw&Iﬂr&a&ﬁﬁﬁ% d1¥eF r st and

second -23-_rise iser conprising the |ow severity zone and
sai d secondeW§E¥ﬁ8@8%€%@§¥ﬁﬂ“?ﬁ% ‘fYher severity zone. 3. A catalytic
cracki ng process for enhancing the production of distillate suitable as a
di esel fuel or blend stock for diesel fuel which conprises: (a) contacting

hydr ocar bors f eedA wataflyté@é kg procéss fod 8ihdicity leprodeatddss dseilgher | ser
conprises a | ower severity zone and a higher severlty zone wherein the

hi gher sevesiitablezasrediess] factat blepd stapkl for deesebfuchathi¢lscogmpates: t han the
catalyst/oil ratjo in the Jow severity zone_ and said feed corgrl ses a fresh

feed and a recyd@gd f%ﬂcﬂﬂﬂéiﬂfﬁcﬁh@nfe%gwlthé@@lﬁﬁdnrﬁéé%Io&ﬂ (ded are first
contacted with catal in t er..severity zone to for nbi ned
cracked product; (b) g%tﬁ&rsﬂ H@elicﬁ)én?:r&?ﬁl 83’% FSY:‘TI@H ZBPS&‘H taal?lgg?ﬁ catal yst;
(€)1t onatna LecaERs A ae ARSI EAGHGA (LR B Blati®
di esel and a bottons fiigchitdR greater than the catalyst/oil ratio in the low 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 a combined cracked
product;
(b)  separating the combined cracked product from catalyst;
(c)  fractionating the separated cracked product from step (b) into a
naphtha 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 first selective low energy
molecular separation comprising a membrane or solvent
extraction 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 comprising a
membrane or solvent extraction to produce a second bottoms
fraction and an aromatics lean recycled feed fraction; and
()  combining the fresh feed and the aromatics lean recycled feed
fraction; and
(g)  contacting the combined fresh feed and the aromatics lean

recycled feed fraction with catalyst in step (a).



(d) passing the fraction fromstep (c) containing diesel fuel or blend

stock for diesel fuel through a first selective |ow energy nolecular
separation conprising a nmenbrane or solvent extraction to produce a diesel
fuel or blend stock for diesel fuel and-2¢4ight cycle oil; (e) passing the
bottons fraction fromstep (c) through a second selective |ow energy

nol ecul ar separation conprising a nenbrane or solvent extraction to produce
a second bottonms fraction and an aromatics |ean recycled feed fraction; and
(f) conbinithg t Hyotesssiccorbng tmblaine] ar drintwlish thahigher pevedtyfzene¢ fraction;

and (g) contacting the conhined fresh feed the aro s, | ean . recycl ed
foed fract | SHORHIH aceAper yetidencedinag 0?&)0 fo- 50 Bea0ndey acabDysRR e 4 0 T ai m

1 or 3in K &h e a vapor residence tine
of 1.0 to S003utshast M R IGEb IR RSB ER ST L0 e T we - and an out et
tenperature of 500C to 571C. 5. Process according to Caim2l1 or 3 in which
the | ower severity zone conprises a catalyst/oil ratio in the range of 3 to

8 wt/w, a japorPioesdsdrRBeRling toCiaiaf 1 0r3 ihaviach tBERANEScadt Qﬂzbn@Ut | et
terrperature of 500C to 571C. “6. Process according to Caim n which the

| ow severi tgomplmscaowqbalystéml aaticat theyangeoof 3 t@Bivet/wt,2 vapob residertce a vapor
resi dence tine of 5 to 2 seconds, and an outl et terrg)erature 482C to 538C.
7. Process fa@@%pﬁﬂ{ﬁgtmiﬁ@ﬂ@@ndszmdrawﬂmtQmpenangﬁ@rfSQ vertpty17ene conpri ses
a catalyst/oil ratio of 5 to 10 wt/w, a vapor residence tine 1.5 to 5
seconds, and a riser outlet terrperature 527C to 571 C

6. Process according to Claim 2 in which the low severity zone comprises a
catalyst/oil ratio = 2 to 5 wt/wt, a vapor residence time of 0.5 to 2 seconds, and

an outlet temperature 482°C to 538°C.

7. Process according to Claim 2 in which the higher severity zone
comprises a catalyst/oil ratio of 5 to 10 wi/wt, a vapor residence time 1.5 to 5

seconds, and a riser outlet temperature 527°C to 571°C.

8. Process according to Claim 1 in which a membrane separates feed into

an aromatics rich permeate and a saturates rich retentate.

9. Process according to Claim 1 in which 2 membrane is used comprised of

polyurea/urethane, polyurethane imide or polyester imide copolymer.

10.  Process according to Claim 1 in which membrane separation is practiced

under perstraction or pervaporation conditions.

11.  Process according to Claim 1 in which the catalyst/oil ratio is adjusted

by feed flow rates.



- 8. Process according to Clal m1lin V\/mch a rrenbrane separates feed into an
aromatics rich perneate and a saturates rich retentate. 9. Process accor di ng
to Caim1l1l in which a nenbrane is used conprised of polyurealurethane,

pol yuret hane imde or polyester iinide ¢ $9Iyrrer. 10. Process according to
Claiml in which nenbrane separation is g acticed under perstraction or

Cat aryst of {2 achibers BAPIAnE s CHFHLE o1 i %&éﬁc%%ﬁoéff il

Cever ity gD T ﬁ%@%fﬁaﬁ?ﬁ@ ) ERRSR, BB entur Fandt PO

conver si on @nvieggen of féddEin! tAveswEEHREItY z@RNe.



