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[0001] The present invention relates to a process for
sel ectively producing C3 olefins froma catalytically
cracked or thermally cracked naphtha stream by
fractionating the naphtha feed to obtain a C6 fraction
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BACKGROUND OF THE INVENTION

[0002] The need for low emissions fuels has created an increased demand for
light olefins for use in alkylation, oligomerization, MTBE and ETBE synthesis
processes. In addition, a low cost supply of light olefins, particularly propylene,

continues to be in demand to serve as feedstock for polyolefin, particularly

polypropylene production.

[0003] Fixed bed processes for light paraffin dehydrogenation have recently
attracted renewed interest for increasing olefin production. However, these types of
prbcesses typically require rel‘atively large capital investments as well as high
operating costs. It is thérefore advantageous to increase olefin yield using
processes, which require relatively small capital investment. It is particularly

advantageous to increase olefin yield in catalytic cracking processes.



advant ageous to increase olefin yield in catalytic
cracki ng processes. WD 2004/078883 PCT/ US2004/ 004268
WO 200400843 U.S. Pat. No. 4,830,728 to Herbst ePCHIS2004/004268
- discloses a FCC unit that is operated to nmaximn ze

ol efin production. The FCC unit has two separate
risers into which a different feed streamis

i ntroduced. The operation of the risers is designed
so that a suitable catalyst will act to convert a
heavy gas oil in one riser and-another suitable
catalyst wll act to crack a lighter naphtha feed in
the other riser. Conditions within the heavy gas oil
riser can be nodified to maxim ze either gasoline or
ol efin production. The primary means of maxi m zing
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[0005] U.S.Pat. No. 5,389,232 to Adewuyi et al. describes a FCC process in
which the catalyst contains up to 90 wt.% conventional large pore cracking catalyst
and an additive containing more than 3.0 wt. % ZSM-5 (a medium pore catalyst) on
a pure crystal basis on an amorphous support. The patent indicates that although
ZSM-5 increases C; and C, olefins, high temperatures degrade the effectiveness of
the ZSM-5. Therefore, a temperature of 950°F to 1100°F (510°C to 593°C) in the
base of the riser is quenched with light cycle oil downstream of the base to lower
the temperature in the riser 10°F-100°F (5.6°C-55.6°C). The ZSM-5 and the
quench increase the production of C3 /C, light olefins but there is no appreciable

ethylene product.
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[ 0006] European Patent Specifications 490, 435-B and
WQRIR403888B and European Patent Application 38BCTBS2004/004268
descri be processes for converting hydrocarbonaceous
feedstocks to ol efins and gasoline using fixed or
nmovi ng beds. The catalysts included ZSM5 in a
matri x, which included a |arge proportion of alum na.
[0007] U. S. Pat. No. 5,069,776 teaches a process for
t he conversion of a hydrocarbonaceous feedstock by
contacting the feedstock with a noving bed of a
zeolite catal yst conprising a zeolite with a nedi um
pore diameter of 0.3 to 0.7 nm at a tenperature
above 500C. and at a residence tinme |less than 10
seconds. Oefins are produced w elatjvely Ljtt
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speci fic catal yst bal ance can be maintained to

maxi m ze overall olefin production relative to fuels,

olefin selectivity is generally

[0007] U.S. Pat. No. 5,069,776 teaches a process for the conversion of a
hydrocarbonaceous feedstock by contacting the feedstock with a moving bed of a
zeolite catalyst comprising a zeolite with a medium pore diameter of 0.3 to 0.7 nm,
at a temperature above 500°C. and at a residence time less than 10 seconds. Olefins
are produced with relatively little saturated gaseous hydrocarbons being formed.
Also, U.S. Pat. No. 3,928,172 to Mobil teaches a process for converting
hydrocarbonaceous feedstocks wherein olefins are produced by reacting said

feedstock in the presence of a ZSM-5 catalyst.

[0008] A problem inherent in producing olefin products using FCC units is that
the process depends on a specific catalyst balance to maximize production of light
olefins while also achieving high conversion of the 650°F" feed components to fuel
products. In addition, even if a specific catalyst balance can be maintained to

maximize overall olefin production relative to fuels, olefin selectivity is generally



WO 2004/ 078883 PCT/ US2004/ 004268 -4 |ow due to
undesirabl e side reactions, such as extensive
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transfer reactions. Light saturated gases produced
from undesirable side reactions result in increased
costs to recover the desirable |ight olefins.
Therefore, it is desirable to maxinize olefin
production in a process that allows a high degree of
control over the selectivity ¥ C3 and C4 ol efins
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under effective conditions thereby resulting in at

| east spent catalyst particles having carbon

deposited thereon and a product stream

SUMMARY OF THE INVENTION

[0009]  One embodiment of the present invention is a process for producing
increased amounts of propylene from naphtha-boiling-range feedstreams in‘a
process unit comprising at least a reaction zone, a stripping zone, a regeneration
zone, and at least one fractionation zone, which process comprises:

(@)  fractionating a naphtha-boiling-range feedstream to produce at
least a Cg-rich fraction and a Cg-lean fraction;

(b)  injecting at least a portion of said Cg-lean fraction into the
reaction zone, said reaction zone containing a cracking catalyst
comprising at least one molecular sieve having an average pore diameter
of less than 0.7 nm wherein said Cs-lean fraction contacts said cracking
catalyst under effective conditions thereby resulting in at least spent

catalyst particles having carbon deposited thereon and a product stream;



WD 2004/ 078883 PCT/ US2004/ 004268 -5 (c) injecting at
| east a portion of said C6-rich fraction at a place in

W0 b478888ss unit selected from i) downstreanP@f/Us1ve4/004268
C6-lean fraction; ii) the stripping zone; and iii) a
di l ute phase above the stripping zone; (d) contacting
at least a portion of said spent catal yst particles
with a stripping gas in the stripping zone under
conditions effective at renoving at |east a portion
of any volatiles therefromttereby resulting in at
| east stripped spent catal yst particles; (e)
regenerating at |east a portion of said stripped spent :
catal ystge)in iﬁjercﬁﬁg REtest #Porfirof il (R-iiefanken af a place in
an oxygen-contal ning gas under conditions effective
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at least stripped spent catalyst particles;

(¢)  regenerating at least a portion of said stripped spent catalysts
in a regeneration zone in the presence of an oxygen-containing gas under
conditions effective at burning off at least a portion of said carbon
deposited thereon thereby producing at least regenerated catalyst
particles;

(f)  recycling at least a portion of said regenerated catalyst
particles to said reaction zone;

(g) fractionating at least a portion of said product stream of step

(b) to produce at least a fraction rich in propylene; and

(h)  collecting at least a portion of the fraction rich in propylene.

[0010] Another embodiment of the present invention provides a process for

producing increased amounts of propylene from naphtha-boiling-range feedstreams
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conprising at |east a reaction zone, a stripping zone,
wa@200n0T88kr at i on zone, and at | east one fracti PCHUSZIN4/004268

zone, which process conprises: (a) injecting a

napht ha- boi | i ng-range feedstreaminto the reaction

zone, said reaction zone containing a cracking

catal yst conprising at |east one nol ecul ar sieve

havi ng an average pore diameter of less than 0.7 nm

wherein said C6-1ean fractioff"contacts said cracking

catal yst under effective conditions thereby resulting

in at | east spent catalyst particles having carbon
indgRosedsathit benpdsingrd leaspa oehotionsone pastripping ot et i ng

at least a portion of said spent catalyst particles
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of any volatiles therefromthereby resulting in at .
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regenerated catal yst particles; (d) recycling at 4
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particles to said reaction zone;

under effective conditions thereby resulting in at least spent catalyst
particleslhaving carbon deposited thereon and a product stream;

(b)  contacting at least a portion of said spent catalyst particles
with a stripping gas in the stripping zone under conditions effective at
removing at least a portion of any volatiles therefrom thereby resultiﬁg in
at least stripped spent catalyst particles;

(c) regenerating at least a portion of said stripped spent catalysts
in a regeneration zone in the presence of an oxygen-containing gas under
ponditions effective at burning off at least a portion of said carbon
deposited thereon thereby producing at least regenerated catalyst
particles;

(d) recycling at least a portion of said regenerated catalyst

particles to said reaction zone;



WD 2004/ 078883 PCT/ US2004/ 004268 -7 (e) fractionating
at least a portion of said product streamof step (a)
W oo0pioTssEe at | east a fraction rich in propyl BOIEUSHE04/004268

Co-rich fraction, and a C6-lean fraction; and (f)
collecting at |least a portion of the fraction rich in
propyl ene and the C6-1ean fraction and recycling at

| east a portion of the C6-rich fraction to a place in
the process unit selected from i) downstream of the
C6-lean fraction; ii) the stfipping zone; iii) with
the C6-lean fraction; and iv) a dilute phase above
the stripping zone. [00111 Anot her enbodi nent of the

present L(%yentﬁwi&faﬁﬁg defoadt PpERRYSOS Rd pRRRYSHESN of step
i ncreased anounts of propylene from

napht ha-boi | i ng-r e feedstreans. in rocess.uynjt .
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iv) a dilute phase above the stripping zone.

[0011] Another embodiment of the present invention provides a process for
producing increased amounts of propylene from naphtha-boiling-range feedstreams
in a process unit comprising at least a reaction zone, a ‘stripping zone, a
regeneration zone, and at least one fractionation zone, which process comprises:

(a) fractionating a naphtha-boiling-range feedstream to produce at
least a Cq-rich feed fraction and a Cg-lean feed fraction;

(b) injecting at least a portion of said Cs-lean feed fraction into the
reaction zone, said reaction zone containing a cracking catalyst
comprising at least one molecular sieve having an average pore diameter
of less than 0.7 nm wherein said Cs-lean feed fraction contacts said

cracking catalyst under effective conditions thereby resulting in at least



WD 2004/ 078883 PCT/ US2004/ 004268 -8 spent catal yst
particles having carbon deposited thereon and a
wWEe@dTdss3 stream (c) injecting at | east a pore@DOSWH4/004268
said Co6-rich feed fraction into the process unit at a
place in the process unit selected from i) downstream
the C6-lean fraction; ii) the stripping zone; and iii)
a dilute phase reaction zone; (d) contacting at | east
a portion of said spent catalyst particles wth a
stripping gas in the strippiné-zone under conditions
effective at renobving at |east a portion of any
vol atiles therefrom thereby resulting in at |east

st ri ppe@esn@ilysepatitit Bty Ghbsn déﬁdsitreﬁ%f}%bﬁtahﬁ% duct
| east a portionh of said stripped spent catalysts in a

regeneration zone in the presence of an

oxygen-sgrgﬂ]fnai ning gas under conditions effective at
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said regenerated catalyst particles to said reaction
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zone;

(d)  contacting at least a portion of said spent catalyst particles
with a stripping gas in the stripping zone under conditioﬂs effective at
removing at least a portion of any volatiles therefrom, theréby resulting
in at least stripped spent catalyst particles;

(e)  regenerating at least a portion of said stripped spent catalysts
in a regeneration zone in the presence of an oxygen-containing gas under
conditions effective at burning off at least a portion of said carbon
deposited thereon;

(f)  recycling at least a portion of said regenerated catalyst
particles to said reaction zone;

(g) fractionating at least a portion of said product stream of step
(b) to produce at least a fraction rich in propylene; a C¢-rich product
fraction, and Csg-lean product fraction; and

(h)  collecting at least a portion of the propylene and Cg-lean

product fraction and recycling at least a portion of the Cs-rich product



(h) collecting at |least a portion of the propyl ene and
C6-1ean product fraction and recycling at |east a
w@eootiozessdf the C6-rich product WO 2004/ 078883PCT/US2004/004268
PCT/ US2004/ 004268 -9 fraction to a place in the
process unit selected from i) downstreamthe C6- |ean
feed fraction; ii) the stripping zone; and iii) a
di | ute phase above the stripping zone. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 00121 Wile attenpts
have been nmade to increase litht olefins yields in
Fl ui di zed Catalytic Cracking ("FCC') process units, it
is preferred that the present ‘invention use its own

di st iffeetioprtecesiace i the procede @it seRitdrfiom: g%"ﬂb&ﬂst?@d?n the Cg-
receive a naphtha-boiling-range feedstream from any

suit e ce.in..the refinery. In th ractice o

the SrAcERrRTiont LA {fee PERneofnd Bhen R AESe Sbove the
process unit is operated under process conditions

ef f eStripmENgZoRexi i zing the C2 to C4 ol efins
(particularly propylene) selectivity. Thus, the

present invention relates to a process for selectively
producing C3 olefins froma catalytically cracked or
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cracked in a process unit conprising a reactor having
[0012] s erWihle . tteimipith havee besapiniatia to freeeksserlfghinolfins yields in
injected, a reaction zone, a stripping zone, a
It i : " f. . t4.00
FLAGRA (RRIDT L8R T REL) BXREs G (AT BRR Fhue present
. catal yst bed. n-limting exanples of dynamc
INVEREPH Y5 He @3V Aistipeipmocessginik @s described below, which can receive a

naphtha-boiling-range feedstream from any suitable source in the refinery. In the
practice of the present invention, the reaction zone of the process unit is operated
under process conditions effective at maximizing the C, to C, olefins (particularly
propylene) selectivity. Thus, the present invention reiates to a process for
selectively producing C; olefins from a catalytically cracked or thermally cracked
naphtha-boiling-range feedstream. The naphtha boiling range feedstream is further
cracked in a process unit comprising a reactor having a riser into which the naphtha
feedstream is injected, a reaction zone, a stripping zone, a regeneration zone, and at
least one fractionation zone. The reaction zone comprises at least one dynamic
catalyst bed. Non-limiting examples of dynamic catalyst beds include fluidized,

slurried or ebullating.



slurried or ebullating. WO 2004/ 078883

PCT/ US2004/ 004268 -10 [0013] Feedstreans which are
w@iosaeses f or use herei n are napht ha- boi | i ng- rBCITES2004/004268

feedstreans boiling in the range of 65F to 430F,

preferably from65F to 300F. Non-limting exanples of

napht ha- boi | i ng-range. feedstreans suitable for use

herein include |ight naphthas or raffinates,

contai ning sufficient anounts of C4- C9 ol efins

and/ or paraffins, C4 -C9 fradbions fromlight naphthas

or raffinates, catalytic cracked naphtha, coker

napht ha, steam cracker pyrolysis gasoline, synthetic

[0088M CEbedstidafRWhiAMrabhitaltle $oif hidechiertin aemaphthadboilidg-range
C9 olefins and/or paraffins or any other hydrocarbons
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di enes, sulfur, nitrogen, and oxygenates may be

N&glRsiingalantples of ngstitesbpilingrrange feadstreatisesupnbledior uge herein
di scl osed process. However, appropriate feeds with

. l.eyel s di en I . Bl

ing g R atnfteE o] Bane B odfoiplie FORE Rt ARlRint of G- Cs olefins
from FCC units, cokers or steam crackers w thout ?}rllty

ang et paraffinsn C. -Co Gnetiomn Eoantighli rapithas or aélinates eatalytic cracked

invention is practiced by fractionating a ‘

nadRBtY. RBKBOAAIHIRA, FRBE cFRRESHYIONBIE Basdlinel Synthetic chemical
ractionation zone, thus producing at least a C6-rich
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fraction which typically contains at |east 50 w.%
othechwpirabinboas cormsiing@uiticient aanolunis o€ Car Qp@ﬂ%ﬁmyargi/or paraffins.
| east 70 wt. % of C6 conpounds.
Feedstreams containing high levels of dienes, sulfur, nitrogen, and oxygenates may
be selectively hydrotreated prior to use in the presently disclosed process.
However, appropriate feeds with low levels of dienes, sulfur, nitrogen, metal

compounds and oxygenates can be processed directly from FCC units, cokers or

steam crackers without any pretreatment.

[0014]  One embodiment of the present invention is practiced by fractionating a
naphtha-boiling-range feedstream in a first fractionation zone, thus producing at
least a Ce-rich fraction and a Cg-lean fraction. The Cg-rich fraction of the present
invention is to be considered that fraction which typically contains at least 50 wt.%,
preferably at least 60 wt.%, and more preferably at least 70 wt.% of Cg compounds.
At least a portion, preferably substantially all, of the C¢-lean fraction is injected

into the reaction zone. The injection of the Cg-lean fraction is typically achieved by



At |least a portion, preferably substantially all, of
the C6-lean fraction is injected into the reaction
wQo0va/078BBE i nj ecti on of the C6-1ean fraction iBCT/US2004/004268

typically achi eved by WD 2004/ 078883 PCT/ US2004/ 004268
-11 feeding it into a so-called "primary riser”. At

| east a portion, preferably substantially all, of the
Co-rich fraction is injected into the process unit at
a place in the process unit selected from i)
downstream of the injection otlthe C6-1ean fraction;
ii) the stripping zone; and iii) a dilute phase above
the stripping zone, wherein "downstreani is in
feeeling iitointd @ sbfvalléd Sprinkry Higer®6 Atdaastlar@atibal re@fabllye
phase, as used herein, is neant to refer to that

I Y : 1 BRI ane.. erel.n the catal yst :
RN EIRE G ROT A R B Rl i &t 4% place in
density in the other portions of the stripping zone.
they precess wait peleeted drami 15 dopmstreamenftbe ijebtion phtie Gglean
and the C6-1ean fraction contact hot catal yst

fraatibh Gl Phel shrippifg Z6AE 4reiB AN ut ?H&ée &dvecht %frgppiq.% zone,

conditions that "crack" thé respective fractions.

Gihive . fragtions, conta he h cat al yst under__.
wBBRART BN Tty I RIRIFER G he DS Bk erar (ah Trackipns doitute
to 650C, Jorefgerably from 525C to 600C. The cracking
phasgces wsed heresin, ismeant thaefer dd teitipontiof above tirsdtripping zone
product stream and "spent catal yst particles"” having

wHER®S kﬁescéiﬁlp&gndi%iﬁgygg g%liﬁ%giﬁgﬂowe?%ﬁ (R AT density in the

resulting fro [ eaction 1S sepa
romthe c | yst particles. and sent to a_ second ]
otV Eis G he Jippbsk o, SEiRoRS pEpessa i poth the C rich
substantially all, of the spent catalyst particles

frapetion andtheu@hleandtadtiopi coptao het vhtalyst pasicléspithe reaction zone
medi um contacts the spent catal yst
under effective conditions that "crack" the respective fractions. The respective
fractions contact the hot catalyst under effective conditions including temperatures
from 500°C to 650°C, preferably from 525°C to 600°C. The cracking reaction
results in the production of at least a product stream and "spent catalyst particles"
having deposits of carbon thereon. The product stream resulting from the cracking
reaction is separated from the catalyst particles and sent to a second fractionator.
At least a portion, preferably substantially all, of the spent catalyst particles pass
through a stripping zone where a stripping medium contacts the spent catalyst
particles under conditions effective at removing at least a portion of any volatiles
from the spent catalyst particlgs. The stripping medium can be any stripping

medijum known in the art to be effective at removing volatiles from spent catalyst

particles such as, for example, steam. The stripping of the spent catalyst particles



particles under conditions effective at renoving at
| east a portion of any volatiles fromthe spent
W@ a10al0y8s83 parti cl es. The stripping nedi um can PET/ES2004/004268
stripping mnmediumknown in the art to be effective at
removing volatiles fromspent catal yst particles such
as, for exanple, steam The stripping of the spent
catal yst particles WO 2004/ 078883 PCT/ US2004/ 004268
-12 produces at |east stripped spent catalyst
particles that are subsequentldy regenerated. It
shoul d be noted that preferred stripping stages
suitable for use herein will have a dilute phase
pfelices apleavisstiippedisitne cﬂﬁgﬁs@?aﬂic‘léﬁhﬁ %ﬂe?%ﬁequ&ﬁy regenerated.

stripping zone can be opéerated in b

counter-current, 1 .e. e stripping medi umcontacts .
e o iR e fHind tiopin ks Sy aplecBr H8mhereis will have o
opposite the direction of flow of the spent catalyst
dipatetphebessgion abovetheadanse pbase inabhistipperioMesstrippingizone can
preferred that the catalyst particles be contacted

b&\bbétatdiEinBdth AR TR iifbd ?ftli%tﬁ%%)ﬁ{& lg'xtléﬁflﬁ'ﬂ .tcontazcgsnﬂée spent

fashion. It I's al'so preferre ripping
oper at ed under .l ow severity conditjons, By "|ow
Cf’gg‘é’éﬁ’% clés femadlitection qapostié e dRtonco o vics the spent
selected to retain a greater fraction of any adsorbed

catglytstopratiblessoif ira beatirrbal faskien. [[IOWElerAlt ippRifeaBahat the
above, the stripped spent catal yst particles are

] ' . he .stri d
e SYSIALRS be PR HAAIRESRIDR: Rleghllf 7 o RR T urrent
substantially all, of the stripped spent catalyst
fashipn; it Bls Bredermed: thas the Yrippingsgmedreepaatedomsler low-severity
the regeneration zone, the stripped spent catal yst
copditions| By oty s¢rgizn eoAditidnlYit Ry hivaiBtlRtse cBAdHiIoAS selected to
portion of the carbon deposits fromthe catalyst in

retain a greater fraction of any adsorbed hydrocarbons for heat balance.

[0015]  As mentioned above, the stripped spent catalyst particles are regenerated.
In the regeneration of the stripped catalyst particles, at least a portion, preferably
substantially all, of the stripped spent catalyst particles are conducted to a
regeneration zone. In the regeneration zone, the stripped spent catalyst particles are
regenerated by burning at least a portion of the carbon deposits from the catalyst in
the presence of an oxygen-containing gas, preferably air. The regeneration of the
spent stripped catalyst particles restores catalyst activity and simultaneously heats
the catalyst to a temperature from 650°C to 750°C. Thus, the regeneration zone is
operated under conditions effective at burning off at least a portion of the carbon

deposits from the spent catalyst particles thus resulting is catalyst particles referred



t he presence of an oxygen-containing gas, preferably
air. The regeneration of the spent stripped catalyst
w@aooiiordses restores catal yst activity and PCT/US2004/004268

simul taneously heats the catalyst to a tenperature

from 650C to 750C. Thus, the regeneration zone is

operated under conditions effective at burning off at

| east a portion of the carbon deposits fromthe spent

catal yst particles thus resulting is catalyst

particles referred WO 2004/ 078883 PCT/ US2004/ 004268

-13 to herein as "regenerated catal yst particles”. The

hot regenerated catal yst particles are then recycled

td Befeheas a@gewﬁtezm@am paediclesM The ho eﬁé&ﬁ@d‘@e}t{ﬂ%@paﬂicles

y

[00161 At [east a portion, preferably substantia

ofshen ol BRI R o ZOR o S ieRE Fer el °
are recovered, particularly a C3-rich, i.e. propylene

rich, fraction, and optionally a C4- rich fraction,
and a C6-rich product fraction and/or a C6-1|ean

[0U1GUCAf FeSttd Soxtiont Préf&%%&ﬁlb%f’dhttﬂaﬁg'al bf! dﬁc% stream from
substantially all, of the (propyleney-ric raction
can .then be. col Lectfd. .Th?. C3 fraction and the C4

e TSRS HBHZHY 8 SEPpiocafipgtionationapnevheie sariees predudisare
practice of the present invention, at |east a portion,

reppedred apdryiculantyss Gatrichl, L.y. pobylent ridhe fﬁ@tibhp&nd)ﬁgmm‘lly a Cy-
fraction can be recycled to various points in the

: . Vi r . EOr ..

righ 8aefen, dd o ERicApOAsa, ot MdoRt CPUeBt e Fdbrion. A
either the stri %Bgr or reaction zone. The dilute phase

legstia portipp; prafespbbesubstandially alld of the GhGerepplenehsich fraction can
stripping zone at the | ower section of the process

thenbe colleetedorTlieoD; fitictidteakdtiid ChipcHck GhllftypichilP e rich in

recycled can al so be
olefins. In the practice of the present invention, at least a portion, preferably
substantially all, of the C¢-rich product fraction can be recycled to various points in
the process unit to increase the yield of propylene. For example, it can be recycled
to a dilute phase in either the stripper or reaction zone. The dilute phase will
typically be above the dense phase of the stripping zone at the lower section of the
process unit. The portion of the Cq-rich product fraction recycled can also be
introduced into the reaction zone by injecting it downstream of the injection point
of the naphtha feedstream or the C¢-lean feed fraction, this will typically be in the
riser portion of the process unit. The portion of the Cg-rich product fraction

recycled can also be introduced into a second riser if a dual riser process unit is

utilized.



i ntroduced into the reaction zone by injecting it
downstream of the injection point of the naphtha

w0 e@dorssenm or the C6-1ean feed fraction, thi sP@I/UE2004/004268
typically be in the riser portion of the process
unit. The portion of the C6-rich product fraction
recycled can also be introduced into a second riser if
a dual riser process unit is wutilized. WO 2004/ 078883

PCT/ US2004/ 004268 -14 [0017] Catalysts suitable for
use in the practice of the present invention are
cracking catalysts that are conprised of at |east one
nol ecul ar sieve having an average pore diameter l.ess

[6d¥em O. @atﬁ@'@%@ﬁt%& forRike i iR Practi@ast th% O M?I‘Ngn@lfon are

SI eve typically conprises from10 w. %'t vl
I d t al It ec
oloRipaialely e 6 PO RBORR PGP T e BT O RbaB

materials referred to in the art as zeolltes and

awirhge pateutianepirdessihoe §. 7 SaDietets (nni)s Phedteleastdrehadlecular
the at | east one nol ecul ar si eve be selected fromthat

sielé &flgf &ﬁhﬁﬁb%eﬁ%}élgﬂ\?fé@gt&%’ lv&tt"/% Q‘f‘otgpﬂﬁ%hzer% catalyst

pre rre eselecte rom

ore .zeol | Medj um pore size zeolites that can be
Resifipn 15%1@{ ﬁl@@ewult% fo5usgdisreinaye seleetied frem those

those described in the "Atlas of Zeolite Structure

magepds' refereetd to MY thie.arViy Bgolaerhnid siﬁboﬂlﬁﬁﬂopho\l\ghates (SAPO). It
Butt erwort h- Hei neman, Third Edition, 1992

R R T e
than 0.7 nm typically from0.5 nm to 0.7 nm and
mptesialsdengveR agzeohes, andranoremsfemnd thaihe zaelioy bamalected from
HEU, FER, and
medium pore zeolites. Medium pore size zeolites that can be used in the practice of
the present invention are those described in the "Atlas of Zeolite Structure Types",
eds. W. H. Meier and D. H. Olson, Butterworth-Heineman, Third Edition, 1992,
which is hereby incorporated by reference. Medium pore size zeolites generally
have an average pore diameter less than 0.7 nm, typically from 0.5 nm, to 0.7 nm
and include for example, MFI, MFS, MEL, MTW, EUO, MTT, HEU, FER, and
TON structure type zeolites (IUPAC Commission of Zeolite Nomenclature). Non-
limiting examples of such medium pore size zeolites, include ZSM-5, ZSM-12,
ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM—SO, silicalite, and
silicalite 2. The most preferred zeolite cracking catalyst used in the presently
disclosed process is ZSM-5, which is described in U.S. Pat. Nos. 3,702,886 and
3,770,614. ZSM-11 is described in U.S. Pat. No. 3,709,979; ZSM-12 in U.S. Pat.

No. 3,832,449; ZSM-21 and ZSM-38 in U.S. Pat. No. 3,948,758; ZSM-23 in U.S.



TON structure type zeolites (1 UPAC Comm ssi on of
Zeolite Nonmenclature). Non- limting exanples of such
wore@imspor e si ze zeolites, include ZSM 5, ZSMARS2004/004268

ZSM 22, ZSM 23, ZSM 34, ZSM 35, ZSM 38, ZSM 48,

ZSM 50, silicalite, and silicalite 2. The nost
preferred zeolite cracking catalyst used in the
presently disclosed process is ZSM5, which is
described in U S. Pat. Nos. 3,702,886 and 3,770, 614.
ZSM1 1 is described in U S. -Hat. No. 3,709, 979;
ZSM12 in U S. Pat. No. 3,832,449; ZSM 21 and ZSM 38
in US. Pat. No. 3,948,758, ZSM23 in U S WO

Paf) Q6.0 836 84 Pl JBRNA5QR 4R 88Pat- Mo, BaU 16 Nps Au %?@h@éﬁove
and ZSM35 in U S. Pat. No. 4,016, 245.

SRR B Rd Bl S PEERRE L8 Rﬁ#“w ril%fzri%f Ao medium

with a silicato alunmna nolar ratio of |less than
P8 Zeolipesewishabtilica tssluminamdar: ibtioanfdesmthen (iSet grraferably less
| ess than 40:1. The pore dianeter, sonetines referred

tHa@ 3TBY Sdridl Adre BEdrBGD gy Rs¥ H{da% 4h: ?n?ﬁ@{)ore G, sometimes

nmeasured usi ng st and sorption echnlques

r bonace ompounds of known m ni nrum ki netic
65% riGhereings Q%?%{IWC 1920 F’metﬁﬁb &8 g megsuiskusing signdard
and Anderson et al. J. Catalysis 58, 114 (1979),
adsorptiat tachhiueanad ihyquaob(maedoﬂm%cﬁhpomydsf &ff lei®NE eninimum
[0018] As nentioned above, nol ecul ar si eves suitable

kin@fic Hgaﬁl&%f(n's% ek %&ﬁ ¢! olE&ﬁB a’t 5l 7%6&%erson et al.,

gener own as siTicoal um nop
SAPO- 11, SAPO 34, SAPO-4 1, and

1.4 31'3’55 3{1&2?5‘%@ Ditser which 4ra tusczporaied hgsin by reference.
4,440,871. Ot her suitable nol ecular sieves
[0018] As mentioned above, molecular sieves suitable for use herein also
include that class of materials generally known as silicoaluminophosphates
(SAPO), such as, for example, SAPO-11, SAPO-34, SAPO-41, and SAPO-42,
which are described in U.S. Pat. No. 4,440,871. Other suitable molecular sieves
can be selected from chromosilicates; gallium silicates; iron silicates; aluminum
phosphates (ALPO), such as ALPO-11 described in U.S. Pat. No. 4,310,440;
titanium aluminosilicates (TASO), such as TASO-45 described in EP-A No.
229,295; boron silicates, described in U.S. Pat. No. 4,254,297 titanium

aluminophosphates (TAPO), such as TAPO-11 described in U.S. Pat. No.

4,500,651; and iron aluminosilicates.



can be selected fromchronosilicates; gallium
silicates; iron silicates; alum num phosphates

W@ 200PQ@)88sxuch as ALPO- 1 1 described in U S. ParCT/NB82004/004268
4,310,440; titaniumalum nosilicates (TASO, such as
TASO 45 described in EP-A No. 229, 295; boron
silicates, described in U S. Pat. No. 4,254, 297;
titanium al um nophosphat es (TAPO) such as TAPO 11
described in U S. Pat. No. 4,500,651; and iron
al umi nosi | i cates. WD 2004/ 078883 PCT/ US2004/ 004268
-16 [0019] The cracking catal yst conprising at |east
one nol ecular sieve is also neant to enconpass

[00@9}/8t @hbldﬁ@cl@ﬂ@b&ﬁa&&s@@omphﬂsﬁig @rleast oaagholetulabeievbés also
result of faults occurring within the crystal or

talline area.dy i f
mEgitp RacompeSl Sy S g RS gt go by sesult of
and ZSM 11 are disclosed in US. Pat No. 4,229,424
fauhs ohcursingrwithipdhatceystalerairystallinedres éwidng teynthesis of the
crystalline adm xtures are thensel ves nedi um pore size

ze%gl@és' Eﬁﬁn@&f Z&%’E‘tﬁlhﬂeoa(ﬁﬁlxuﬁ@@f)ﬂ g8\ 4k BRXi198dre d1sclosed

m Xt ure [1Ttes i n which distinct crystaso

) allite | fferent. zeoliteg,are

ingy S5 &t Noy 520D 42hevtick B ipEpPortid o8 ia B siRned! The
hydrothernmal reaction mxtures. [0020] The cracki ng

crosthBinestdmiotureh erepthesmsetves mvetitingrorasezehzeioditesoayst sremot to be
with an inorganic oxide matrix conponent. The

oL AR ief gﬂygﬁq %m@{gggreg QDRI | atwrﬁal disBgick {ays%f

conpone hat t yst particles are

hard enough to survive mtergli)ttl cle antgﬁreactor wal |
crygipllites ohdifferert zepbifegate Physically RERsERLInCAg sgme catalyst

composite or hydrothermal reaction mixtures.

[0020]  The cracking catalysts of the present invention are held together with an
inorganic oxide matrix component. The inorganic oxide matrix component binds
the catalyst components together so that the catalyst particles are hard enough to
survive interparticle and reactor wall collisions. The inorganic oxide matrix can be
made from an inorganic oxide sol or gel which is dried to "glue" the catalyst
components together. Preferably, the inorganic oxide matrix is not catalytically
active and will be comprised of oxides of silicon and aluminum. It is also preferred
that separate alumina phases be incorporated into the inorganic oxide matrix.
Species of aluminum oxyhydroxides-g-alumina, boehmite, diaspore, and
transitional aluminas such as a-alumina, b-alumina, g-alumina, d-alumina, c-

alumina, k-alumina, and r-alumina can be employed. Preferably, the alumina



made from an inorganic oxide sol or gel which is dried
o "glue" the catal yst conponents together.
woe@iorssBd y, the inorganic oxide matrix i S notPCT/US2004/004268
catalytically active and will be conprised of oxides
of silicon and alumnum It is also preferred that
separate al um na phases be incorporated into the
i norgani c oxide matrix. Species of al um num
oxyhydr oxi des- g-al um na, boehm te, diaspore, and
transitional aluninas such asla: al unina, b-alunina
g-alum na, d-alumna, c- alum na, k-alumna, and
r-alum na can be enployed. Preferably, the alum na WO

PO Oy &8 BRinkiGhid G 0%id4366h as %ﬂ)b‘éﬁ@ DBBRritS rﬁﬁdstrandlte or

alum numtri hydr oxi de such as gibbsite, bayerit

dz%%eg?eco gllﬂzﬁ& HoE peﬁga? gl‘fﬁlé'l %FO 8?%%%# Eﬂ%@%ﬁéﬂ umm m

00211 The invention will now be further underst ood by

phadpce to the following exanpl es. EXAVMPLES
Exanple 1 [0022] A light cat naphtha was distilled
into five different fractions to study feedstock
effects in naphtha cracking. The distill ati on was

(BFE07 T T BFYBHORdRm e badvibes whlervined Fagelerenet o the

f eedst ock conponent properties of the dlstllled l'ight
foldowimgpinamaplas.e given in Table 1.

EXAMPLES

Example 1
[0022] A light cat naphtha was distilled into five different fractions to study

feedstock effects in naphtha cracking. The distillation was performed according to
the ASTM specification for distillation of naphtha, ASTM D-86. The results of the
feedstock component properties of the distilled light cat naphtha are given in Table

1.



WO 2004/ 078883 PCT/ US2004/ 004268 -18 TABLE 1: FEED

COVPONENT PROPERTI ES Feed | BP-130 130-150 150-170
WAZ@40B8AO0+ ***** | CN ***** 0pof Feed 33.1 1ECBUS0P004268

7.3 33.4 W. Avg. Actual Jdefins, W. %C5 62.4 9.2

0.3 0.0 0.0 22.0 26.2 C6 4.4 49.0 48.4 20.8 0.6 16.0

15.8 C7 0.1 5.2 14.3 30.5 22.0 12.1 10.6 C8 0.0 0.0

0.00.05.41.81.3 0 0.00.00.00.01.20.40.1
Ci10 0.0 0.0 0.0 0.0 0.1 0.0 0.0 C11 0.0 0.0 0.0 0.0
0.0 0.0 0.0 C12 0.0 0.0 0.0-%8-0 0.0 0.0 0.0 Total, %

66.9 63.5 63.0 51.3 29.4 52.3 54.0 LCN distilled into
five cuts to study feedstock effects in naphtha -
cracki ng T8 B9k F'E B'@DMP NT PROPE

130- 150/ 150- 170F cut efl ns y hegenes RIS!EI—S+
nost |y hept enes Exarrpl e 2 [0023] A series of tests in

¥ oAt T NBRCTI0T CaRITOTs0™ET TP UCh FagyT T Boy ar T OUSs (o wms
% of Feed 33.1 14.3 11.9 73 334 Wt. Avg. Actual

Olefins, Wt. % ,
C5 | 62.4 9.2 0.3 0.0 0.0 22.0 26.2

C6 4.4 49.0 48.4 20.8 0.6 16.0 15.8
c7 0.1 5.2 14.3 30.5 220 | 121 10.6
cs 0.0 0.0 0.0 0.0 5.4 1.8 1.3
c9 0.0 0.0 0.0 0.0 1.2 0.4 .01
c10 0.0 0.0 0.0 0.0 0.1 0.0 0.0
c11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
c12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total, % 66.9 63.5 63.0 51.3 294 | 523 54.0 |

LCN distilled into five cuts to study feedstock effects in naphtha cracking
¢ IBP-130°F cut olefins mostly pentenes

¢ 130-150/150-170°F cut olefins mostly hexenes

e 190°F+ mostly heptenes

Example 2

[0023] A series of tests in a small bench reactor were conducted on the various

boiling fractions of the light cat naphtha. All tests were conducted at 575°C, 72 hr!
WHSYV over a fixed bed 0of 0.3 g of ZSM-5 medium-pore zeolite catalyst. Prior to
the cracking tests, the ZSM-5 catalyst was aged by steaming it with 100% steam at

816°C and 1 atmosphere for 16 hours.

[0024]  The yields of key products from these series of tests are given in Table 2.

The effluent stream of the reactor was analyzed by on-line gas chromatography




boiling fractions of the |light cat naphtha. All
wer e conducted at 575C, 72 hr'

tests

VHSV over a fixed bed

w@2000/028883 of ZSM 5 medi um pore zeolite catal ysPCT/B§1004/004268

to

for 16 hours.

-19 ("GC").
"G@%Lw@éomnﬁpmvi

the cracking tests,
steaming it with 100% st eam at

EFI NSMAX | N

113P430
theAnglysis.
Yi el ds,

the ZSM 5 catal yst was aged by
816C and 1 at nosphere

[0024] The yields of key products from
these series of tests are given in Table 2.
ef fluent stream of the react
gas chromat ography WO 2004/ 0
A colum having a |l ength of 60 m packed
with fused silica was used for

The
$%8mas anal yzed by on-1ine
83 PCT/ US2004/ 004268

the analysis. The GC
R Ibiggth eif 60Ra gleaked mithefused slica WesBised for
CN CRACKI NG **** | CN *~***  Feed

YRGS 35%0 Vg bGP SR enr g demp. |

W % Et hylene 3.3 3.0 3.5 2.2 2.6 3.0 2.7

Propyl ene 10.8 27.5 27.8 21.0 15.4 17.4 16.9 Butyl ene
7.6 10. 0 TABLES2? OREFINSKIAX. IN LGNSBRACKINGO 1.4

1.1 2.1 1. - Propane 0.1 0.4 0.5 0.4 0.4 0.3 0.4
C3=/ C4- Sel 482664618526477539515
khkkk LCN khkkk
Feed IBP-130  130-150 1504170  170-190 190+ Wi Avg.  Actual
C4-Conv., Wt% | 224 41.4 45.0 39.9 32.3 32.3 328 |
Key Yields, Wt%
yEtherne 3.3 3.0 3.5 2.2 2.6 3.0 2.7
Propylene | 10.8 27.5 27.8 21.0 15.4 17.4 169 |
Butylene 7.6 10.0 12.4 15.5 12.2 106 = 116
Lt Sats 0.8 0.9 1.4 1.4 2.1 1.3 1.7
- Propane 0.1 0.4 0.5 0.4 0.4 0.3 0.4
C3=/C4-Sel [ 482 66.4 61.8 52.6 47.7 53.9 515 |

e C6 cuts (130-150°F and 150- 170°F) show the highest propylene yield with OlefinsMax

cracking catalyst

Example 3

[0025]

In addition to ZSM-5, the various boiling fractions of the light cat

naphtha were also tested with a SAPO-11 catalyst. In the case of SAPO-11, the

zeolite was tested fresh. Otherwise, the procedure used in the experiments with

SAPO-11 was nominally identical to the experiments with ZSM-5. The results are

given in Table 3.




wEx@nprsss8 [ 0025]

C6 cuts (130-150F and 150-170F) show t he hi ghest
propyl ene yield with A efinsMax cracking catal yst
In addition to ZSM 5,
boiling fractions of the light cat naphtha were al so
tested with a SAPO 11 catalyst. In the case of
SAPO 11, the zeolite was tested fresh. O herw se,
procedure used in the experinments with SAPO 11 was

t he

nom nal ly identi cal

results are

CRACKI NG ** % »
170-190 19

given in Table-
PCT/ US2004/ 004268
LCN *k k%%

2 20

to the ex

erinents with ZSM5. The
/- WD 2004/ 078883

-20 TABLE 3: SAPO-11 I N LCN

Feed | BP-130 130-150 150-170

E89. SA‘PGaH IMLCN\CRACKING3 41. 4

t he varPCDUS2004/004268

33.0 30.2 6.0 26. Key Yields, W% Ethylene 3.7
1.51.109091919 Propylene105358265170
10 4 16 4152 B”tf‘l efe—2—6—3—3—A4—=t—3-4—O—+4+—B—6—F 7 ——
Lt Sats 1 1 ro e .
de9do. 3 d.‘“-"?ﬂgpz 01.@"1]5&3:/ 15p-Be) Zatoied RS O ‘g"g- Actual
42.3 63.1 57.4
c4-Conv., Wt% | 17.3 41.4 33.0 30.2 24.6 26.0 26.5 |
Key Yields, Wt%
yEthylene 3.7 1.5 1.1 0.9 0.9 1.9 1.9
Propylene | 10.5 35.8 26.5 17.0 10.4 16.4 15.2 |
Butylene 2.6 3.3 4.4 11.0 1.8 6.6 7.4
Lt Sats 0.5 0.9 1.0 1.2 1.5 1.0 2.1
- Propane 0.1 0.3 0.2 0.3 0.4 0.2 0.3
C3=/C4-Sel | 60.7 86.5 80.3 56.3 42.3 63.1 574 |

e C6 cuts (130-150°F and 150-170°F) also show the highest propylene yield with

SAPO-11




(r) C6 cuts (130-150(r)F and 150-1701F) al so show t he
hi ghest propylene yield with SAPO 11 WO 2004/ 078883
WODDANERRD4/ 004268 -21- CLAIMS: 1. A process POI/US2004/004268
produci ng i ncreased anmounts of propyl ene from napht ha-
boi l i ng-range feedstreans in a process unit conprising
at least a reaction zone, a stripping zone, a
regenerator zone, and at |east one fractionation
zone, which process conprise§: (a) fractionating said
napht ha- boi | i ng-range f eedstéam t o produce a C6-rich
fraction and a C6-lean fraction; (b) injecting at
| east a portion of said C6-lean fraction into the
crLagogsen zone, -said reaction zone containing a
—cracking catalyst conprising at |east one nol ecul ar

1 DR SR BT B R s 3 B o

zeolite cracking catalyst under effective conditions )
t her ebyoilingirangegeedstgamsdn s progpssrimiceqmprising at least a reaction
particles having carbon deposited thereon and a

productonstd @@ibirgCloreNh @6¢drentadt zhikaahdat st bAB fivlctionation
said Co-rich fraction at a place in the process unit

sel ect ed frog1 id{ downstream of the C6-1ean fraction;
i)t AenStWhiGhHgCSSS $RMBISES i i i) a dilute phase above
the stripping zone;
(a) fractionating said naphtha-boiling-range feedstream to produce

a Cg-rich fraction and a Cg-lean fraction;

(b)  injecting at least a portion of said Cs-lean fraction into the
reaction zone, said reaction zone containing a cracking catalyst
comprising at least one molecular sieve having an average pore diameter
of less than 0.7 nm wherein said C¢-lean fraction contacts said zeolite
cracking catalyst under effective conditions thereby resulting in at least
spent catalyst particles having carbon deposited thereon and a product
stream,;

(c) injecting at least a portion of said Ce-rich fraction at a place in
the process unit selected from: i) downstream of the C¢-lean fraction; ii)
the stripping zone; and iii) a dilute phase above the stripping zone;

(d)  contacting at least a portion of said spent catalyst particles
with a stripping gas in the stripping zone under conditions effective at
removing at least a portion of any volatiles therefrom thereby resulting in

at least stripped spent catalyst particles;



(d) contacting at |east a portion of said spent
catal yst particles wth a stripping gas in the

W@ R004opEs8y) zone under conditions effective at PCEDB004¢4268
at | east a portion of any volatiles therefromthereby
resulting in at |east stripped spent catalyst
particles; W 2004/ 078883 PCT/ US2004/ 004268 -22 (e)
regenerating at |east a portion of said stripped spent
catalysts in a regeneration _zone in the presence of
an oxygen-contai ni ng gas undé?- conditions effective
at burning off at least a portion of said carbon
deposited thereon thereby producing at | east

regener at@y cafegbiahtingat ldasi £portion) of 2¢d sirippedapent catalysts
| east a portion of said regenerated catal yst

Poast i Berdobfdl QR BERBogs ?éa%%?ééli’-géﬁﬁa?ﬂygfgs under

produce at least a fraction rich in propylene; and (bo)
col | ecconditians efzstiveatdummingroffat {esst & pattional sdidlgathen
propyl ene. 2. A process for producing increased

anmount aegési&rd%&e%ﬁ%hé&em@&mﬁgat faif ﬂegenérlafwecatalyst

feedstreans in a process  unit conprising at |east a
reaction , zone, a stripping zone, a regenerator zone,
and at PF"@E@‘?S;one fractionation zone, which process
conprises: (a) injecting a naphtha-boiling-range

f eedst r ealf) i ntrecydlmg adesstarportion of said regenerated catalyst

particles to said reaction zone;
() fractionating at least a portion of said product stream of step
(b) to produce at least a fraction rich in propylene; and

(h)  collecting at least a portion of the fraction rich in propylene.

2. A process for producing increased amounts of propylene from naphtha-
boiling-range feedstreams in a process unit comprising at least a reaction
zone, a stripping zone, a regenerator zone, and at least one fractionation
zone, which process comprises:

(a) injecting a naphtha-boiling-range feedstream into the reaction
zone, said reaction zone containing a cracking catalyst comprising at
least one molecular sieve having an average pore diameter of less than
0.7 nm wherein said naphtha-boiling-range feedstream contacts said

cracking catalyst under effective conditions thereby resulting in at least



zone, said reaction zone containing a cracking
catal yst conprising at |east one nol ecul ar sieve
whaooisiessh aver age pore di aneter of |ess than POT/USI903/004268
wher ei n sai d napht ha-boil i ng-range feedstream contacts
said cracking catal yst under effective conditions
thereby resulting in at | east WO 2004/ 078883
PCT/ US2004/ 004268 -23 spent catal yst particles having
carbon deposited thereon and a product stream (b)
contacting at |east a portioﬁBof sai d spent catal yst
particles wth a stripping gas in the stripping zone
under conditions effective at renoving at |east a :

porti onpeht @h‘ﬂa\/l?/h’t%aﬁibl'e@ at i eibeniéhnsielthéest andrgproduct
in at l[east siripped spent catal yst particles; (c)

regenerating at |east a portion of said stripped spent
cataly 4%y a regeneration zone in the presence of

an oxygen-containing gas under conditions effective |

at to bur(t)ng odrtaciing stilsesta patichef safd speint catakisoparticles
deposited thereon thereby producing at |east

o egene%glgrgtsﬁgﬁr@gg Bhs irbfel fibfip AL By Bbiditiods effective at

| east a _ sal d rege ed catal yst _

P R S S3rh SB f h RThRdy St
produce at least a fraction rich in propylene, a

C6- ri clat leaststripped 3peht catalyst particles;

(c)  regenerating at least a portion of said stripped spent catalysts
in a regeneration zone in the presence of an oxygen-containing gas under |
conditions effective at to burning off at least a portion of said carbon
deposited thereon thereby producing at least regenerated catalyst
particles;

(d) recycling at least a portion of said regenerated catalyst
particles to said reaction zone;

(e) fractionating at least a portion of said product stream of step
(a) to produce at least a fraction rich in propylene, a Cq-rich fraction, and
a Cg-lean fraction; and

()  collecting at least a portion of the fraction rich in propylene
and the Cg-lean fraction and recycling at least a portion of the Cg-rich
fraction to a place in the process unit selected from: i) downstream of the

Ce-lean fraction; ii) the stripping zone; iii) with the Cq-lean fraction; and

iv) a dilute phase above the stripping zone.



a Co6-lean fraction; and (f) collecting at least a
portion of the fraction rich in propylene and the
w@2e04m28883 r acti on and recycling at | east a poreP¢DOSID4/004268
the C6-rich fraction to a place in the process unit
selected from i) downstreamof the C6-1ean fraction;
ii) the stripping zone; iii) wth the C6-1ean
fraction; and iv) a dilute phase above the stripping
zone. WD 2004/ 078883 PCT/ US2004/ 004268 -24 3. A
process for producing increagéd anounts of propyl ene
from napht ha- boiling-range feedstreans in a process
unit conprising at |least a reaction zone, a stripping
zone, a regenerator zone, and at |east one
fractionation zone, which process conprises: (a)

pPoduca DIpCBtk: ot RoRGRRE FraEh O RO Lt SR Adbhtha-

fraction, (b) injecting at |east a portion of said
Co- | eaboﬂﬁg;lrdngad’eedmreamsantarmoccmamlﬁ eympusing at d¢ast a reaction
reaction zone containing a cracking catal yst

conpr i %g% rgtgbgﬁg zdHeCa ?P%e%%i‘ﬁt ZSHEYRd ré@‘i’éa@,g of fractionation

aver agé ess t an 0.7 wher ei n

said C6-1ean feed fractl on, contacts sai d crack| ng

cat al y&ene,Hkichdreesss COBINEESRSi t i ons t hereby resul ting

in at | east spent catalyst particles having carbon

deposi t eqa) her gasticnting spicaapittha-bbilamarange feedstream to produce

a Ce-rich feed fraction and a Ce-lean feed fraction;

(b)  injecting at least a portion of said Ce-lean feed fraction into the
reaction zone, said reaction zone containing a cracking catalyst
comprising at least one molecular sieve having an average pore diameter
of less than 0.7 nm wherein said Cg-lean feed fraction contacts said
cracking catalyst under effective conditions théreby resulting in at least
spent catalyst particles having carbon deposited thereon and a product
stream,

(c) injecting at least a portion of said Ce-rich feed fraction at a
place in the process unit selected from: i) downstream of the Cs-lean
fraction; ii) the stripping zone; and iii) a dilute phase above the stripping
Zone;

(d)  contacting at least a portion of said spent catalyst particles

with a stripping gas in the stripping zone under conditions effective at



W

(c) injecting at least a portion of said C6-rich feed
fraction at a place in the process unit sel ected

& ca@an748%3 downst ream of the C6-1ean fracti on;PCT/PS1004€004268
stripping zone; and iii) a dilute phase above the
stripping zone; (d) contacting at |east a portion of
said spent catalyst particles wth a stripping gas in
the stripping zone under conditions effective at WO
2004/ 078883 PCT/ US2004/ 004268 ,_.-25 renoving at | east a
portion of any volatiles t her@t om t her eby resulting
in at |east stripped spent catalyst particles; (e)
regenerating at |east a portion of said stripped spent

cat al ystremoyingeat legé agoatioronl agneolatilastbemirae tiedeby resulting in
an oxygen-contai ning gas, said regeneration zone

oper at eg Eﬁﬁ%riﬁgém%%ng@étaﬁfsg Eglg{c\féas. at burning-of f at

| east a portion carb eposited thereon

t hereby produci ng at .l east regenerated catal yst

parti cl es;(ek f) ng@Wfiﬁl%ata]lea$t@ammﬁn@frsﬁ1d)ﬁrlﬁpeé apent catalysts
regenerated catalyst particles to said reaction zone;

(g) franta cepeheragiontzdneds thepreeeideost £ oS@lch-oRENElg gas, said
streamof step (b) to produce at |east a traction
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a portl lcégstoaf p(t)rrt]i%npgqug%/dl gar;‘gog rc]igpgﬁt-eldetﬁgreon thereby producing at
least regenerated catalyst particles;
(f)  recycling at least a portion of said regenerated catalyst
particles to said reaction zone;
(g)  fractionating at least a portion of said product stream of step
(b) to produce at least a fraction rich in propylene; a Cy-rich product
fraction, and Cg-lean product fraction; and
(h)  collecting at least a portion of the propylene and Cg¢-lean
product fraction and recycling at least a portion of the Cg-rich product
fraction to a place in the process unit selected from: i) downstream the

Ce-lean feed fraction; ii) the stripping zone; and iii) a dilute phase above

the stripping zone.

4. The process of any of the preceding claims wherein the at least one

molecular sieve is selected from zeolites and silicoaluminophosphates.



product fraction and recycling at |east a portion of

the C6-rich product fraction to a place in the
w@r@3nssssinit sel ected from i) downstream t hePCTZ6S1008004268

feed fraction; ii) the stripping zone; and iii) a

di l ute phase above the stripping zone. 4. The process

of any of the preceding clains wherein the at | east

one nolecular sieve is selected fromzeolites and

si li coal um nophosphates. WO 2004/ 078883

PCT/ US2004/ 004268 -26 5. Th@6process of any of the

precedi ng clainms wherein the at |east one nol ecul ar

sieve is a nmediumpore zeolite. 6. The process of-

ckai m §HEhabeds JfiRyBTahe Praedigzdaing Rheteis diestleast one

from the group congi sting of ZSM5, ZSM 11, ZSM 12,

ZSM 22, ZSM23,. ZSM 48,..and ZSM . 7. The process of

cl ai m BQlgelar sievhes %quggﬁmﬂﬁa%gﬁ&phat es is

selected fromthe group consisting of SAPO 11,

SAPO- 34, SAPO- 41, and SAPO- 42. 8. The process of any

of the preceding clains wherein the propylene rich

f ti . i on )
Wtr6§c ! g':llxe[}ﬁ'éc prsg{:fg)g%ﬁhg ?%v}fe?@lﬁecﬁé ddi@mn-S68aeslitd RaBleRted from

"% any of the preceding clains
wherein said effectjve ditiQns.i € ]
one. 1 s BRI BB AT i S0l + 25 VG b SM-22, Z8M-23,

ZSM-48, and ZSM-50.

7. The process of claim 4 wherein the silicoaluminophosphates is selected

from the group consisting of SAPO-11, SAPO-34, SAPO-41, and SAPO-

42.

8. The process of any of the preceding claims wherein the propylene rich

fraction has a propylene concentration greater than 60 wt.%.

9. The process of any of the preceding claims wherein said effective

conditions in the reaction zone include temperatures from 500°C to

650°C.

10.  The process of any of the preceding claims wherein the Cg rich fraction

contains at least 50 wt.% of Cs compounds.



10. The process of any of the preceding clains wherein
the C6 rich fraction contains at |east 50 w. % of C6

W@ orrpousses. WD 2004/ 078883 PCT/ US2004/ 004268  PRIUS04/004268
The process of any of the preceding clains wherein
said reaction zone conprises at |east one catal yst
bed sel ected fromdynam c catal yst beds wherein said
dynam c catal yst bed is selected fromfluidized,
slurried and ebullating cataglyst beds. 12. The
process of any of the preceding clains wherein said
nol ecul ar sieve conprises 10 wt.%to 50 w. % of the
total fluidized catalyst conposition. 13. The process
of] 1any THe ploeesy sfagi sfghe padcedinghalaphnwhairan stid reastion zone
one nol ecul ar sieve is selected from chronosilicates,

gal lium.si |l kcat ' I L4 Eﬁl&'j? :

phosphgtoi@ t%ﬁgﬁast él?é;%e}t%lxgﬂa?%&m&?n%g?ﬁl ca gghar(urcA%a&l,yst beds
boron silicates, titanium alum nophosphates (TAPO, )

and i r ovherginsaiddynamicagatalystied r$r$élq9?eé3cf§§m yidigRd, ghurried and
the preceding clains wherein said cracking catalyst

furt herepbe@aRnj S8@1E bedRr gani ¢ oxi de matrix conponent.
15. The proceSs of any of the preceding clains wherein

said inorganic oxide matrix conmponent is not

catal ytically active and is selected from oxi des of

silicon and al um num ) .
12.  The process of any of the preceding claims wherein said molecular sieve

comprises 10 wt.% to 50 wt.% of the total fluidized catalyst composition.

13.  The process of any of the preceding claims wherein said at least one
molecular sieve is selected from chromosilicates, gallium silicates, iron
silicates, aluminum phosphates (ALPO), titanium aluminosilicates
(TASO), boron silicates, titanium aluminophosphates (TAPO), and iron

aluminosilicates.

14.  The process of any of the preceding claims wherein said cracking

catalyst further comprises an inorganic oxide matrix component.

15.  The process of any of the preceding claims wherein said inorganic oxide

matrix component is not catalytically active and is selected from oxides

of silicon and aluminum.



