-1 C6 RECYCLE FOR PROPYLENE GENERATION |IN A FLU D CATALYTI C CRACKI NG UNI T
FI ELD OF THE | NVENTI ON [ 00011 The present invention relates to a process for
selectively producing C3 olefins froma catalytically cracked or thermally
cracked NePPERATE8Yeamin a fluid catalytic cracking pPEEESEOHRHESE The
process is practiced by recycling a C§- rich fraction of the catalytic
napht ha product to the riser upstreamof the feed injection point, to the
ri ser dowmnstream of the feed injection point, to a parallel riser, to the
spent catal yst stripper, and/or to the reactor dilute phase i mredi ately
above the stripper. N] %%b_@eed for | ow

em ssions fuels has 3 VLA ST M T SRR | efins for use
in al kylation, oligondiN AFLEAD OPEARATRTRIRAGKING UNIT ocesses. In
addition, a |ow cost supply of light olefins, particularly propyl ene,
continues to be in demand to serve as feedstock for polyolefin, particularly
pol ypr opy! FIELID QB XHEAINYBDOBION xed bed processes for |ight paraffin
dehydrogenati on have recently attracted renewed interest for increasing

ol efin production. However, these types of processes typically require
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[0004] U Sff@tataitic dra8flg p28célsSftliOSEfe frdcksd [;ﬁgégﬁée%ﬁfrlzéégeﬁﬂ% R FCO)

unit that 1s operated to ximze ol efin production. unft has two
separ at e WelcAO@ddtibh/¢a8e cREIyHUSRAIhA PAGthft to the riser upstream of the feed

{ njection point, to the riser downstream of the feed injection point, to a parallel
riser, to the spent catalyst stripper, and/or to the reactor dilute phase immediately

above the stripper.

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

i polypropylene production.

(0003]  Fixed bed processes for light paraffin dehydrogenation have recently
attracted renewed interest for increasing olefin production. However, these types
of processes typically require relatively large capital investments as well as high
operating costs. It is therefore 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.

[0004] U.S. Pat. No. 4,830,728 discloses a fluid catalytic cracking (FCC) unit

that is operated to maximize olefin production. The FCC unit has two separate



-2 risers into which a different feed streamis introduced. The operation of
the risers 1is designed so that a suitable catalyst will act to convert a

heavy gas_ oil in_one riser and another suitable catalys ), | 0 crack
a |ighter WpH¢A®%ed in the other riser. Conditions m}?ﬁﬁﬁb¥ﬁ@&ﬂ%%vy gas
oil riser can be nodified to maxi m ze either gasoline or olefin production.
The primary neans of maxim zing production of the desired product is by
using a catalyst that favors production of the desired product slate.

[0005] U.S. Pat. No. 5,389,232 to Adewuyi et al. describes a FCC process in
whi ch the catalyst contains up to 90 wt.” % conventional |arge pore cracking
catal yst and an additive containing nore than 3.0 wt. % ZSM5 (a nedi um pore
catalyst) on a pure crystal basis on an anorphous support. The_ patent

i ndi cat es riserstintl whinhghdifvert fead strearads aBredutedaThe epersionifghe risers
tenperatures _degrade the effectiveness of the ZSM5, Therefore, a

t enper at ur & SESIGBYFSq Hat 3 guitable satadyst yibgweyo converba higawy gas oHan ONger | s

femper at ur Btandmothécniable %Sl%féﬁlé%?%g&fe%?ﬁ 1%%i§zé%p§?%ﬁédiiﬂihauemhbl
eyl one poonere Bt Winitthe ngW ool 457 A basIBifistie GEter i bes
catal yti ¢ ﬁ{ﬁ%ﬁ%@a&g&t%ﬁs&@%&ﬁh TROHRARI. O pHithaRy inksheiges | ar ge por e

nol ecul ar sieves, e. , REY or REUSY, and "an Itive of ZSM5, in an
i nor gani ¢ geixiigidihg pesductiondf the desieddiplodact isdsy wihp a%tdl?ﬁt&hapﬁﬁ'bkied
alum na, and clay. The clay, a source of phosphorus, zeolite and inorganic
oxi de are ptaductien dfdhedesiredproduptrslgtedri ed. The catal yst can al so contain
metal such as platinumas an oxidation pronoter. The patent teaches that an
active matrix material enhances the conversion. The cracking products

' nel uded gfoso%'si neud! ?’a’gsN &@3&28 % IAr}Isew%% et al. Jdeberi ei,saabi?&C Sgog%lsselr}le'
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 Cs 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 C; /C, light

olefins but there is no appreciable ethylene product.

[0006]  U.S. Pat. No. 5,456,821 to Absil et al. describes catalytic cracking
over a catalyst composition which includes large pore molecular sieves, e.g.,
USY, REY or REUSY, and an additive of ZSM-5, in an inorganic oxide binder,
e.g., colloidal silica with optional peptized alumina, and clay. The clay, a source
of phosphorus, zeolite and inorganic oxide are slurried together and spray-dried.
The catalyst can also contain metal such as platinum as an oxidation promoter.
The patent teaches that an active matrix material enhances the conversion. The
cracking products included gasoline, and Cy and C, olefins but no appreciable

ethylene.



WO 2(0, 14/ 078881 PCT/ US2001/904266 -3 [0007] European Patent Specifications
490, 435-B and 372,632-B and European Patent Application 385, 538-A describe
processes for converting hydrocarbonaceous feedstocks to ol efins and

gasol i ne WM/ F7888¢d or noving beds. The catal ysts i ncPGEEF¥SMNE6n a
matrix, which included a large proportion of alumna. [0008] U S. Pat. No.
5,069, 776 teaches a process for the conversion of a hydrocarbonaceous
feedst ock by contacting the feedstock with a noving bed of a zeolite

catal yst conprising a zeolite with a medium pore diameter of 0.3 to 0.7 nu,
at a tenperature above about 500C. and-&t a residence tinme |ess than about
10 seconds. O efins are produced with relatively little saturated gaseous
hydr ocar bons being forned. Also, U S. Pat. No. 3,928,172 to Mbil teaches a
process for converting hydrocarbonaceous feedstocks wherein olefins are
produced by reacting said feedstock in the presence of a ZSM5 catal yst.
(0009] A ppedtiem iBurepedit Patenp$pediieatpne 490148 pBaidc3 R, 632 -iyakd"C units is
that the process depends on a specific catalyst balance to naxim ze

product i onEumpean@’atermﬁqulwgtmﬁBé 5384 deserike pragebiegforoomartingn of t he

650F+ feed onponents tao, fuel rod ition, even if a_ specific
cat al yst b@ﬁﬁ@@%@aﬁce% Sm%ﬁ) Sie@ flalsr@d]&w né\!«‘él’ﬂ& Xe @ MOV duct i on
relative to fu ef.in enera Lo t 0 undesirabl e
SFde renct Ptia ThE et e BfdEM s it afalR SRR SR ok o  2at  on
and hydro tions. Light saturat ed gases produced from
undesi rablgfg[r‘Es g@fé%#‘gﬁg result in increased costs to recover the
desirable light olefins. Therefore, it is desirable to maxim ze olefin

production in a process that allows a high degree of control over the
sel ecti vi t}p008] C3 LABdPeY Nu. & 06557 Mhidaehey ®» groviesg fori the cahvérgiow efuct s. WO

20041 9788St}ydlzr)occaybgﬁgge%}l/s(%ggdzs?c?ck 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 about 500°C. and at a residence time less than about
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-35 catalyst.

[0009] 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 échieving 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 low due to undesirable side reactions, such as extensive
cracking, isomerization, aromatization and hydrogen transfer reactions. Light
saturated gases produced from undesirable side reactions result in increased
costs to recover the desirable light olefins. Therefore, it is desirable to maximize
olefin production in a process that allows a high degree of control over the

selectivity of Cy and C, olefins while producing minimal by-products.



-4- SUVMARY OF THE | NVENTI ON 100101 An enbodi nent of the present invention
provides a process for increasing the yield of propylene from heavy

hydr ocar b 0 eds in a fluidized catalytic proces o @INPIalL ST ng at
| east a rggégﬁgﬁﬁy%ﬁe, a stripping zone, a regenerationﬁggﬁéf'angmg'
fractionation zone, which process conprises: (a) contacting, in said
reaction zone under fluidized catalytic cracking conditions, a heavy

hydr ocar bonaceous feed with a catal ytic cracking catalyst conprising a

m xture of at |east one | arge-pore nol ecttl ar sieve and at | east one
medi um pore nol ecul ar sieve, wherein the average pore dianeter of said

| arge- pore nolecular sieve is greater than about 0.7 nm and the average
pore di anetg 0 “7.65 i Lm para 78 ecul ar sieve is |l ess than about 0.7
nm thereb Fe—+R~5P SPIAUA R particles containing carbon
deposited thereon and a |l ower boiling product stream (b) contacting at

| east a portion of said spent catalyst particles with a stripping gas in
the stri ppijpg1®one AineiabodRnéttldfane P&fsfaﬁtcﬁlwﬁti@ﬁ Pf@mys Aprédess gast  a
portion of any volatiles therefromithereby resulfing in at |east stripped
spent cat ahyeasipgrthe yield of peopylege frenaheavy laydroeabonacemrst feeds nf a sai d
stripped spent catalysts in a regeneration zone in the presence of an
oxygen- contfhiidized cgtadyue peocess nuitcoompsising ftdeastiaereactipuzaneg tippimng | east a
portion of said carbon deposited threpn .t her eby g&gducing at | east

r egener at e EOB8: & FYEENCEALION 2qn¢s and g)iractiopation goug, WRILHPTACESCOMPIISS: sai d

Gad product ot Rekm GO B S04 Rsieaat il S0 Ged B BE bRk n°
propyl ene, &nGidrsCh AR5 HRRoRBoRdRBRE FEkA With'd OFaly AR WRacilih g Chiafht

comprising a mixture of at least one large-pore molecular sieve and at least one

medium-pore molecular sieve, wherein the average pore diameter of said large-
pore molecular sieve is greater than about 0.7 nm, and the average pore diameter
of said medium pore molecular sieve is less than about 0.7 nm, thereby resulting
in spent catalyst particles containing carbon deposited thereon and a lower
boiling 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 resulting 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 conditions
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;

(e) fractiohating said product stream of step (a) to produce at least a
fraction rich in propylene, a C rich fraction and a naphtha boiling range

fraction;



WD 2004! 078881 PCT/ U52004/ 00-1266 -5 (f) collecting at |east a portion of
the fraction rich in propylene and naphtha fraction; and (g) recycling at

| east a portion of said C6 rich fraction to a place in the fluidized

catal yti cWSrWeee®58Ini t selected from i) upstream of t he®GMPTLHYWASF t he
heavy hydrocar bonaceous feed; ii) the stripping zone; iii) a dilute phase
above the stripping zone; iv) within the heavy hydrocarbonaceous feed; v) a
reaction zone, separate fromthat wherein the hydrocarbonaceous feed is
reacted; and vi) downstream of the injection of the heavy hydrocarbonaceous
feed. [00111 Anot her enbodi nent of the’ﬁTesent I nvention provides a process
for increasing the yield of propylene from heavy hydrocarbonaceous feeds in
a fluidized catalytic process unit conprising at |east a reaction zone, a

stripping zonegf)a regfasingtdtdeast @ppriieof thef fraaidrorial iopr e afd ch
process conprises: (a) contacting, in said reaction zone under fluidized

cat al yti ¢ naphtha figctiomnatid i ons, a heavy hydrocarbonaceous feed with a
catal ytic cracking cat alf/ conprising a large-pore nplecul ar sieve,
wherein the avet®ge syeli agatrbta@tranernogla@fosaufh cbofir%ctmt@omplaﬁem&ﬁe i s

ot al ni ngUBSHAGHCoIHE ETReF B HESHPHTATY QUBPSTHNE h e BIOHOaOIanE eam ()
L tﬂ%é@@iﬁ%@@%ﬁi bl ﬂ“%ﬁ% W erovi ng

at least ToibbiaR Rheaity WRiRlhE SiphRIGOEABORBIARYCEESY) 4 feib ot | east

stripped spent yst particles egenerating at a portion of

sai d stripp&gk, §@1§¥ft§tecf@<§1@1|thﬁﬁﬁhbfbu@thdl%@ﬁﬁ@ﬁﬁbbh@cﬁboﬁ@ﬁ'@edfsﬁéb@te&f&&ﬁﬂf)e of an
oxygen- cont ai ning gas under conditions effective at burning of f at |east a

portion of dewnstresam bbthelbpectioneof thadeagnhydrocarbonaceous feed.

[0011]  Another embodiment of the present invention provides a process for
increasing the yield of propylene from heavy hydrocarbonaceous feeds in a
fluidized catalytic process unit comprising at least a reaction zone, a stripping
zone, a regeneration zone, and a fractionation zone, which process comprises:

(a)  contacting, in said reaction zone under fluidized catalytic cracking
conditions, a heavy hydrocarbonaceous feed with a catalytic cracking catalyst
comprising a large-pore molecular sieve, wherein the average pore diameter of
said large-pore molecular sieve is greater than about 0.7 nm, thereby resulting in
spent catalyst particles containing carbon deposited thereon and a lower boiling
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 resulting 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 conditions
effective at burning off at least a portion of said carbon deposited thereon

thereby producing at least regenerated catalyst particles;



t hereby producing at |east regenerated catalyst particles; W 211114!978881
- PCTJUS2!'111U99!266 -6 (d) recycling at |least a portion of said
regener at o Gafdh¥st particles to said reaction zone; (rrifa@atdgrali ng
sai d product streamof step (a) to produce at least a fraction rich in
propyl ene, a C6 rich fraction and a naphtha fraction; (f) collecting at

| east a portion of the fraction rich in propylene and naphtha fraction; and
(g) recycling at least a portion of said C6 rich fraction to a place in the
fluidized catal ytic process unit selecteggl from i) upstreamof the injection
of the heavy hydrocarbonaceous feed; ii) the stripping zone; iii) a dilute
phase reaction zone above the stripping zone; iv) co-currently with the

i njection of the heavy ydr ocar bonaceous feed; v) a separate reaction zone;
and vi) downstr e(ésln of FeeKeling af keast; "bPPré‘PntOrféaW&&E?n eHRYShRBEGIES tPeed.

BRI EF DESCRIggI .OF THE FI GURES 100121 Figure 1 shows propyl ene

sel ecti vi t VPAYLICUPBEPES: Figure 2 shows the yield of propylene on recycl ed

napht ha. DETAI FNRA j nvention
relates to a pr (ﬁgsﬁ%&?i@ék@gtslgjdeﬂ-@ﬁgkﬁum ngyé\{fs(%ﬂ? ﬁ@ur&%eazl%%h?di zed
catal ytic %@c‘ffﬂnﬁ%fpfxpg 18, b (€ F156R fradtich B@a eaphila fridtant;i ced by
recycling a C6 rich fraction obtalned fromfractionating the product
resulting from t(fie cradlectipgat ldasea perion tfhedeantionndcte miprdpsdehe aile C6 ri ch
fraction is recycled to the FCC unit at a point selected fromthe riser
upstream fraphthanizadtensy andj ecti on point, the riser downstreamthe feed

injection point, to a patrallel riser or reactjion zaone, the stripping zone,
a di | ute phase r(Ssglct iféﬁyggﬁaﬂﬂ@%@]ﬂm@ﬂﬁ%@t bﬁ F’@é/i{]@ @@4PP1!11§QQ§BH'1B

fluidized catalytic process unit selected from: 1) upstream of the injection of the
heavy hydrocarbonaceous feed,; ii) the stripping zone; ii1) a dilute phase reaction
zone above the stripping zone; iv) co-currently with the injection of the heavy
hydrocarbonaceous feed; v) a separate reaction zone; and vi) downstream of the

injection of the heavy hydrocarbonaceous feed.

BRIEF DESCRIPTION OF THE FIGURES

[0012]  Figure 1 shows propylene selectivity data.

[0013]  Figure 2 shows the yield of propylene on recycled naphtha.

DETAILED DESCRIPTION OF THE INVENTION

[0014]  The present invention relates to a process for selectively producing C,
olefins in a fluidized catalytic cracking process unit (FCC). The process is
practiced by recycling a Cg rich fraction obtained from fractionating the product
resulting from the cracking of the heavy hydrocarbonaceous feed. The Cg4 rich
fraction is recycled to the FCC unit at a point selected from the riser upstream
from the feed injection point, the riser downstream the feed injection point, to a

parallel riser or reaction zone, the stripping zone, a dilute phase reaction zone



-7 above the stripping zone, and within the feed being injected with the
reaction zone. The C6-rich fraction of the present invention is typically
that fraction containing at |east about 50 wt % preferably at |east about
60 wt. % YHhHUSIES! preferably at | east about 70 wt. % of pr{%’{éﬂﬂ’fﬂﬁ'ﬁﬁﬂ Clt
shoul d be noted that the ternms "upstreant and "downstreani, as used herein,
are taken in reference to the flow of the heavy hydrocarbonaceous feed.

[ 0015] Any conventional FCC feed can be used in the present invention. Such
feeds typically include heavy hydrocarbgnaceous feeds boiling in the range
of about 430F to about 1050F (220-565C), such as gas oils, heavy

hydr ocarbon oils conprising materials boiling above 1050F (565C); heavy and
reduced petrol eum crude oil; petrol eum at nospheric distillation bottons;

pet r ol eum wbowritheditappinigatone natxbwithis thepfeed beingsipfexited whih theweactimnher heavy
hydrocar bon residues; tar sand oils; shale oil; |iquid products derived from
coal |iquetnstThenCptisbdeassion afifbie prosent wyentien iofypiceily thatfirelzen nay al so

Pr ol orr o FRRIIRIRGAL 186t SHHL ROV FERETA e 1SaS o0 KD GIADES boi | ng
nvent i on. ey 2f0R e At Gt dlnds AP REG R BB T o 1o

a FCC proc su'ﬂl?%tré b aﬁ&phﬁﬁhk%ﬁéﬁﬁlzﬁqﬁ% ercih! dreRAh APRFereficd fRAGRET AL ON

zone, and a fractionation zone. e Heavy ydr ocar bonaceous feed IS

i nj ected t floouantherntteady hvdtscatle@thceodzieed. i nto at | east one reaction zone,
which is typically in ariser. Wthin this reaction zone, the heavy

hydr ocar bonaceuse feed is contacted with a catal ytic cracking catal yst
under cracki ng conditions ther eb%é)esul ting in_spent catalyst particles
coht ai ni ng[00dat bonABE geBvendpnahEkbofedrande uskdnn g presgniinygniden.st ream The

cracking eOndiLL NS B0 SOINEDhE Py GahhedotR 188N NoiRg U range
of about 430°F to about 1050°F (220-565°C), such as gas oils, heavy
hydrocarbon oils comprising materials boiling above 1050°F (565°C); heavy and
reduced petroleum crude oil; petroleum atmospheric distillation bottoms;
petroleum vacuum distillation bottoms; pitch, asphalt, bitumen, other heavy
hydrocarbon residues; tar sand oils; shale oil; liquid products derived from coal
liquefaction processes; and mixtures thereof. The FCC feed may also comprise
recycled hydrocarbons, such as light or heavy cycle oils. Preferred feeds for use

in the present process are vacuum gas oils boiling in the range above about

650°F (343°C).

[0016] In practicing the present invention, a heavy hydrocarbonaceous feed
as defined above is conducted to a FCC process unit that typically includes a
stripping zone, a regeneration zone, and a fractionation zone. The heavy
hydrocarbonaceous feed is injected through one or more feed nozzles into at
least one reaction zone, which is typically in a riser. Within this reaction zone,
the heavy hydrocarbonaceuse feed is contacted with a catalytic cracking catalyst
under cracking conditions thereby resulting in spent catalyst particles containing
carbon deposited thereon and a lower boiling product stream. The cracking

conditions are conventional and will typically include: temperatures from about



W O 20x410° 0; PCT! US2004! 004266 -8 500C to about 650C, preferably about
525 to about 600C; hydrocarbon partial pressures fromabout 10 to 50 psia

(70-345 KR spePhelosy ably from about 20 to 40 psia (140-géenkRalnshd a

cat al yst F'g)f(}é'gfg'"('ii\k/wt) ratio fromabout 1 to 12, pref g}zéﬁ':gy'ﬁggéﬁf“g to
10, where the catal yst weight is total weight of the catalyst conposite.
Steam may be concurrently introduced with the feed into the reaction zone.
The steam nay conprise up to about 10 wt. % of the feed. Preferably, the
FCC feed residence tine in the reactiongzone is |ess than about 10 seconds,
nore preferably fromabout 1 to 10 seconds. [0017] Catal ysts suitable for
use herein are cracking catal ysts conprising either a | arge-pore nolecul ar

2t 1 east Saﬁifﬁé@é Sﬁ%ﬁ@;bﬁ%_ﬁ%ﬁ?&% shiles 2&%@&?%86&?@@%2%&%2% ar
o oer aneP e Geh aAe eIl 3 eltoRs RR A AL B BBl ada,
catal yti cajly (18059 \BIARFALRANG 0T%d (kD BEEIRIMEROLI R0 h9tN the
ar ge- por e‘nolecular 'si éves an e nmedl um pore nolecular sievesS’ used herein

be sel ect edrdfsmly Mosg IR AE W RsreIhevaalydbwenshtds estapival dlited thetamhigdr al
framewor k 0xi de conponent. Preferably, the crystalline tetrahedral framework

oxi de conpoompbsits Sthactag Heramcuhengy mtpodwoesli with e ffedziand thees,
tectosilicates, tetrahedral alum nophosphates (ALPOs) and tetrahedral

si | i coal unteasphpgpnet Bae $8ARAERY cRmIPEISp upfterabiony 1 0twie Ve of theafeeine f r anewor k
oxi de conpgnent of bo e | arge-por.e and, nmedi um pore catalyst js a
zeolite. Ig ref@wb@u:dﬁ%gaﬁi?@d rﬁﬁ%len%gﬂletlﬁéhﬁfmi%gz%lé SEstthapAbrtlses a

m xture of ;at | east__ one_l.arge-pore I I si eve catal yst and at | east
one nedi umlgé?(éoq‘fﬁ{ BYOZY BFef@E‘ﬂ%@(/szﬂE ﬁgg?t:fg)emﬁ?@r@énponent Is typically used
to catal yze the breakdown of primary products fromthe catal ytic cracking
reaction into clean products such as

[0017]  Catalysts suitable for use herein are cracking catalysts comprising
either a large-pore molecular sieve or a mixture of at least one large-pore
molecular sieve catalyst and at least one medium-pore molecular sieve catalyst.
Large-pore molecular sieves suitable for use herein can be any molecular sieve
catalyst having an average pore diameter greater than 0.7 nm which are typically
used to catalytically “crack” hydrocarbon feeds. It is preferred that both the
large-pore molecular sieves and the medium-pore molecular sieves used herein
be selected from those molecular sieves having a crystalline tetrahedral
framework oxide component. Preferably, the crystalline tetrahedral framework
oxide component is selected from the group consisting of zeolites, tectosilicates,
tetrahedral aluminophosphates (ALPOs) and tetrahedral
silicoaluminophosphates (SAPOs). More preferably, the crystalline framework
oxide component of both the large-pore and medium-pore catalyst is a zeolite. It
should be noted that when the cracking catalyst comprises a mixture of at least
one large-pore molecular sieve catalyst and at least one medium-pore molecular
sieve, the large-pore component is typically used to catalyze the breakdown of
primary products from the catalytic cracking reaction into clean products such as

naphtha for fuels and olefins for chemical feedstocks.



naphtha for fuels and olefins for chem cal feedstocks. WD 2119411178881
PCT/ US211114N104266 -9 [0018] Large pore nol ecul ar sieves that are
typically used in conmercial FCC process units are also § '%ggl for use
herein. FO&? AP ed comercially generally enpl oy coh g@'r ﬁg%'ﬁfacklng
catal ysts which include |arge-pore zeolites such as USY or REY. Additional
| arge pore nol ecul ar sieves that can be enployed in accordance with the
present invention include both natural and synthetic |large pore zeolites.
Non-limting exanples of natural |large-ppre zeolites include gnelinite,
chabazite, dachiardite, clinoptilolite, Taujasite, heulandite, analcite,

| evynite, erionite, sodalite, cancrinite, nepheline, lazurite, scolecite,
natrolite, offretite, mesolite, nordenite, brewsterite, and ferrierite.
Non-1imti r{gomarrpLegeoporgynoleeuiac siearcg@apereetypmlliwwdane;omencnasls X, Y, A

L. ZK-4, ZK-5, B, E, al d bet ... REY d

USY zeol i th&eC Precess uﬂﬁéﬁé‘? a@a Spﬁaﬁetfﬁéu$%§§’%o§€w&ﬂﬁ%§?‘30§ﬁ?@n§g§31%ed o

h inb I t d.f it d |

reol 1 1 es. 1 denaGl fiup s ParbeiaBdiat b8l PRIl ks Scerg v Ousy,
d f

and REY. | n%%gles"éﬁ%%m _rREE. ’K’écﬁﬁ?hﬁﬁa@gﬁiﬁﬁ n&éﬂ%{;um ?na% or use

herein lum pore zeo es a I coal um nop a es

(SAPGs) .  Nrdingploped én aeedrdhfise ithith® eesEﬁtr mweﬁnm uid]ﬁd@b@fht ﬂlaﬁﬁra‘Pfan& he
present invention are described in "Atlas of Zeolite Structure Types", eds.

W H. Mei ersyatitiDlatge patk zeoliteBuNaar-linntitg teamplesrof nBbinat iarge-pooe, 1992,
which is hereby incorporated bK reference. The nedi um pore size zeolltes

general | y trgobtesrinclude gamglinite; ehehagiter dachiardge; elinopaidelite, faujasite, typical ly

from about t 0 aboyt nm and incl s for exanpl e IVEL,
MW EUO, I‘hﬁl‘?anﬂﬁg anq'}igi@ qgmmﬁqaqr ‘é’fl}tﬁscﬁqtéragteta &B’écrimuqeé’beﬁﬂz%ﬂﬁ@réﬁmn ssi on

of Zeolite scc'}Perr% a%ltolﬁtg)ofﬂ\é?ﬁe lljnggotl tQ qngr)%g%el?re%tstesrﬂghar% Fe'n%;"l ore size

zeolites,
Non-limiting examples of synthetic large pore zeolites are zeolites X, Y, A, L.

ZK-4,7ZK-5,B,E,F, H,J, M, Q, T, W, Z, alpha and beta, omega, REY and USY
zeolites. It is preferred that the large pore molecular sieves used herein be
selected from large pore zeolites. The more preferred large-pore zeolites for use

herein are the faujasites, particularly zeolite Y, USY, and REY.

[0019]  Medium-pore size molecular sieves that are suitable for use herein
include both medium pore zeolites and silicoaluminophosphates (SAPOs).
Medium pore zeolites suitable for use in the practice of the present invention are
described in "Atlas of Zeolite Structure Types", eds. W. H. Meier and D. H.
Olson, Butterworth-Heineman, Third Edition, 1992, which is hereby
incorporated by reference. The medum-pore size zeolites generally have an
average pore diameter less than about 0.7 nm, typically from about 0.5 to about
0.7 nm and includes 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-50, silicalite, and silicalite 2. The most preferred medium pore zeolite

used in the present invention is ZSM-5, which is described in U.S. Pat. Nos,



i ncl ude ZSM 5, ZSM 12, ZSM 22, ZSM 23, ZSM 34, ZSM 35, ZSM 38, ZSM 48,

ZSM 50, silicalite, and silicalite 2. The nost preferred nmedium pore zeolite
used int 79 invention is ZSM5, which is describggyhik.hpangat - Nos.
Vo 200 VA B 00N, 1266 30 3 700, 886 and 5 T58 BTy PeRl; 1o
described in U S. Pat. No. 3,709,979; ZSM12 in U S. Pat. No. 3,832, 449;
ZSM 21 and ZSM38 in U S. Pat. No. 3,948,758; ZSM23 in U S. Pat. No.
4,076,842; and ZSM35 in U S. Pat. No. 4,016,245. As nentioned above SAPGCs,
such as SAPO 11, SAPO 34, SAPO 41, and(SAPO 42, which are described in U S
Pat. No. 4,440,871 can also be wused herein. Non-limting exanples of other
medi um pore nol ecul ar sieves that can be used herein are chronosilicates;

AP0 11 aetdPsEh and S o 258511 1§ b B R O Bk o A aRPRael 'S tar o
TASO) , 4 i J 3 N i i ,
Goser) bed- LAMGIRIARES Peb 1964, 885440 780101 Mid 280 S8 108 PR Mol ' C20p

such as TA?@zth?s@?%dfslNilzf%didU.sv-P%t. Wat4,076184242509.580285 Ad.§ ek No.

al umi nosi | Tcat es. of the above pat'ents are 1ncorporated herein by

ref erence. 4006245, Thentepdonsd pbsee SAPOsz enth e SAPR 1hSARM-XSARBO i ncl ude
“crystal line adm xtures" which are thought to be the result of faults
occurring 4hiandi SAPRe42whichl aredesorybadan| W fe Pat.ddo didi0$ 7 ansalsn besi s of
the zeolites., Examples of crystalline adm xtures of ZSM5 and, ZSM 11 are

di scl osed pyedipesein. plon-ligiting examplesiolpihgh medipmanrp seleayan sicaehtha)

(ol erence. G, GlfEhbl B cRbRS, By SRS S e 1
\gﬂlyg ihcg: F;mg ﬁ-}églgé\l%/ﬁ &F\b Pﬁ%g géﬁm g% lg(lf%/gstsA?gr%gg H%Elg?éd ﬁg@lr %‘tlﬁa;t'r S‘r?re reaction
m xtures. 4310,440; titanijum 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 (TAPQO), such as TAPO-11 described in U.S. Pat.

No. 4,500,651, and iron aluminostlicates. All of the above patents are

incorporated herein by reference.

[0020]  The medium-pore size zeolites used herein can also include
"crystalline admixtures" which are thought to be the result of faulis occurring
within the crystal or crystalline area during the synthesis of the zeolites.
Examples of crystalline admixtures of ZSM-5 and ZSM-11 are disclosed in U.S.
Pat. No. 4,229,424 which is incorporated herein by reference. The crystalline
admixtures are themselves medium-pore size zeolites and are not to be confused
with physical admixtures of zeolites in which distinct crystals of crystallites of
different zeolites are physically present in the same catalyst composite or

hydrothermal reaction mixtures.

[0021]  The large-pore and medium-pore catalysts of the present invention
will typically be present in an inorganic oxide matrix component that binds the
catalyst components together so that the catalyst product is hard enough to

survive inter-particle and reactor wall collisions. The inorganic oxide matrix can



f0021] The | arge-pore and nedi um pore catal ysts of the present invention
will typically be present in an inorganic oxide nmatrix conponent that binds
the catal YSt conponents together so that the catal yst product is hard -
enough t o WRaPAN&Si nter-particle and reactor wall colli SEERS2HA 24 0r gani c
oxide matrix can WO 20114/1178881 PCT/US2004/0111266 -11 be made from an

I norgani ¢ oxide sol or gel which is dried to "glue" the catal yst conponents
together. Preferably, the inorganic oxide matrix will be conprised of

oxi des of silicon and alumnum It is ahpo preferred that separate al um na
phases be incorporated into the inorganic oxide matrix. Species of alum num
oxyhydr oxi des-y-al um na, boehmte, diaspore, and transitional alum nas such
as a-alumna, g alum na, y-alum na, 8-alumna, s-alunina, x-alumna, and
p- al um na beanadrefrenptn yeargame exededsiyor gehwhathuis driedsioegles’ the catalgstuni num
trihydroxi de such as gi bbsite erite, nordstrandite, doyelite, The
matrix natcemﬂneﬁwogﬁfgsr«@aﬁfeagt%%éaﬁe&a&e&owean@tmxn\ﬁﬁ{ preemREsed 1t is
within the C i S_ i nvent.| hat , t he A e catalysts and

rect um por & OGRSt QS EBRER, o R o e RGP ShaR R 2Bl
particles, 4 : s I | | L X ; tioned
above, the p@%ﬁ%ﬁ%@%g 0 Q{teﬁelh eaggﬂ%@glﬁ%@ﬁg%@ggghgpé@giéﬁ%ﬁ?ﬁ the cracking

catal yst r %%gh}rérdxﬁﬂe%pﬁﬁfuﬁﬁfa%délﬁni@é}rcﬁ£ 0P8, ANt AdHi il BRARAS sepagi t ed
t her eon and ower boiling product stream At |east a portion, preferably

substant i alg yliahina, Bfalifehas ReiHimead, 6!-Mﬁh1iﬂ@,@—hﬁhﬁﬁa,al&-%hﬁﬁﬁﬁ9ﬁﬁ@@-t 0 a
stripping zone. The stripping zone will typically contain a dense bed of

catal yst phirhiml e bdhanplstd Prifagbbf, thohatiihespéckes al domymuse of a
stripping agent such as steam There will also be space above the stripping
zone wher eitmhydroxide sichsas giblesits, bgydrite snoristrandiag, loy doyekite. dihg matrich space

b f t di | ut . This dilut h be .t hqught of
ggnei ? hretra gxg%}gﬁ@klgag%@ecdgﬁﬁpe@og b S}# or Ia urnfnuum Shgsp %(tae.cletlrlls w?thtln %Jeg ©

scope of this invention that the large-pore catalysts and medium-pore catalysts
be present in the same or different catalyst particles, in the aforesaid inorganic

oxide matrix.

[0022} As mentioned above, the contacting of the heavy hydrocarbonaceous
feed with the cracking catalyst results in spent catalyst particles containing
carbon deposited thereon and a lower boiling product stream. At least a portion,
preferably substantially all, of the spent catalyst particles are conducted to a
stripping zone. The stripping zone will typically contain a dense bed of catalyst
particles where stripping of volatiles takes place by use of a stripping agent such
as steam. There will also be space above the stripping zone wherein the catalyst
density is substantially lower and which space can be referred to as a dilute
phase. This dilute phase can be thought of as either a dilute phase of the reactor
or stripper in that it will typically be at the botiom of the reactor leading to the
stripper.

[0023] At least a portion, preferably substantially all, of the stripped catalyst
particles are subsequently conducted to a regeneration zone wherein the spent

catalyst particles are regenerated by burning coke from the spent catalyst



or stripper in that it will typically be at the bottom of the reactor
|l eading to the stripper. [0023] At |east a portion, preferably

subst ant i b Yna@lubeegPf the stripped catalyst particles appraikBsaMeRs!y
conducted t0 a regenerati on zone wherein the spent catalyst particles are

regenerated by burning coke fromthe spent catal yst W 299!/974881

PCT! US2004/ 004266 12 particles in the presence of an oxygen contai ning
gas, preferably air thus producing regenerated catalyst particles. This
regeneration step restores catalyst actlgvity and sinmul taneously heats the
catalyst to a tenperature fromabout 1202F (650C) to about 1382F (750C). At
| east a portion, preferably substantially all, of the hot regenerated

catal yst pe t'-@%géb%{e t hen r %é%to tﬁ‘P“j . FCC re ti% ZQ g/\/nere t hey
Contact i i R R AR RS oM ABie RS, P BT 41

hyd b f j ' t i

boi 11 g pr adcarting rEEehetae0 iy A ATioIRd THR'BL Ry Scpipttonss (Bt 17 o
the | ower %&ibitp@nﬁrﬁﬁm&nééus?aﬁbﬁts theBitalyt B a temsdraniiaifidin aboe Wher e

vari ous productsS are recovered, particularly at least a C3 (propylene)
fraction, arpd2aF@6509C)tofabaat il 882 °FoErS0OR! Ayl@sdagbai@{,qhbfer@blw fraction
and a cracked naphtha fraction. In the practice of the present invention,

at | east a smbstantallpklli bEthechatiregerferaiedicetalyst pasiogles axt thenvecyaed toothient s i n
the FCC unit _to obtain increased anmounts of %ro | ene. For exanple, it can
be recycl ed’CEgeactn zane whersdhey, contact wurated 958 dt he dense phase of the
stripping zone. The at least a portion of the C6 rich fraction can al so be
introduced into the reaction zone by injecting it upstream or downstream of

e L B, o Bt RSBt B 3T
o7 SrSUBiRlb A S 6 BEPRg AR et B = W 1
preferably substantially all of the lower boiling product stream is sent to a
fractionation zone where various products are recovered, particularly at least a
C; (propyiene) fraction, and a Cg rich fraction, optionally and preferably a C,
fraction and a cracked naphtha fraction. In the practice of the present invention,
at least a portion of the Cg rich fraction is recycled to various points in the FCC
unit to obtain increased amounts of propylene. For example, it can be recycled
to a dilute phase in the reactor above the dense phase of the stripping zone. The
at least a portion of the Cg rich fraction can also be introduced into the reaction
zone by injecting it upstream or downstream of the injection point of the main
FCC feed, typically in the riser. The at least a portion of the Cg rich fraction can
also be introduced into a second riser of a dual riser FCC process unit or it can

be injected with the feed stream into the reaction zone.



W O 2004/ 078881 PCT/ US2004/ 0114266 -13 100251 The followi ng exanple is
presented for illustrative purposes only and is not to be taken as limting
the present invention in any way. Exanple 1 100261 Tests were performed
usi ng t hr¥8 2tH¥88dnt streans in FCC process units to PFEGFEEHIPEAEYI ene.
The three streans were Cat Naphtha A (light cat naphtha), Cat Naphtha B
(heavy cat naphtha), and Cat Naphtha C (C6-rich cat naphtha). The tests
recycled a fraction of the FCC naphtha streamand injected it upstream of
the primary feed injectors. Table | sheys the test results of the three
different streanms. Figure 1 shows the propyl ene selectivity fromthe data
in Table 1. The average propyl ene selectivity was 0.62 for Cat Naphtha C
0.37 for Cat Naphtha A and 0.29 for Cat Naphtha B. Figure 2 shows_the
yield of [p0Zyl eddednllpwingexampisphpresentedfor Hiusteativeipnrmesss @nly aml opy| ene

yi el ds averaged 9.5 wt % on. rec%cl ed naﬂlt h? for Cat Naphtha C, 6.0 w % for
Cat Naphth&OA© ‘a%a?@nlasvmt%r ERICSRRDIMVAANED TN §efd) 178881

PCT/ US21104/ 004266 -14- vi Md" ~cl) e NCv~ Ccoc .. ~-t VU M7N
bCNoO®tCS Vv Mf NNO70~ "~NM7NChH~"~MIO.rr M~O UM
7 N 06 N Example 1

[0026])  Tests were performed using three different streams in FCC process
units to produce propylene. The three streams were Cat Naphtha A (light cat
naphtha), Cat Naphtha B (heavy cat naphtha), and Cat Naphtha C (Ce-rich cat
naphtha). The tests recycled a fraction of the FCC naphtha stream and injected it
upstream of the primary feed injectors. Table [ shows the test results of the
three different streams. Figure 1 shows the propylene selectivity from the data
in Table 1. The average propyiene selectivity was 0.62 for Cat Naphtha C, 0.37
for Cat Naphtha A, and 0.29 for Cat Naphtha B. Figure 2 shows the yield of
propylene on recycled naphtha from the data in Table 1. Propylene yields
averaged 9.5 wt% on recycled naphtha for Cat Naphtha C, 6.0 wt% for Cat
Naphtha A, and 5.1 wt% for Cat Naphtha B.
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1. A process for increasing the yield of propylene from heavy

hydr ocar bonaceous feeds in a fluidized catal ytic process unit conprising at
| east a reaction zone, a stripping zonegysa regeneration zone, and a
fractionation zone, which process conprises: (a) contacting, in said
reaction zom, fluidized catal ytic cracking conditions, a heavy

hydr ocar bon ‘eed with a catalytic

1. A process for increasing the yield of propylene from heavy
hydrocarbonaceous feeds in a fluidized catalytic process unit
comprising at least a reaction zone, a stripping zone, a regeneration
zone, and a fractionation zone, which process comprises:

(a)  contacting, in said reaction zone under fluidized catalytic
cracking conditions, a heavy hydrocarbonaceous feed with a catalytic
cracking catalyst comprising at least a large-pore molecular sieve,
wherein the average pore diameter of said large-pore molecular sieve
is greater than about 0.7 nm, thereby resulting in spent catalyst
particles containing carbon deposited thereon and a lower boiling
product stream;

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

(e) fractionating said product stream of step {(a) to produce at
least a fraction rich in propylene, a Cs rich fraction containing at least 50 wt% of
Cs compounds and a naphtha boiling range fraction;

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

and naphtha fraction; and



cracking catalyst conprising at |east a |arge-pore nol ecul ar sieve, wherein
the average pore dianeter of said |arge-pore nolecular sieve is greater

t han about_ 0.7 n thereby resulting in spent catalyst I ¢l es cont ai ni ng
car bon deﬁggF?ﬁﬁ%hﬁbreon and a | ower boiling product st&%ﬁ%&ﬁwﬂimﬂﬁﬁtacting
at least a portion of said spent catalyst particles wth a stripping gas in
the stripping zone under conditions effective at renoving at |east a
portion of any volatiles therefromthereby resulting in at |east stripped
spent catal yst particles; (c) regenerating at |least a portion of said
stripped spent <catalysts in a regeneratligon zone in the presence of an
oxygen- containing gas under conditions effective at burning off at |east a
portion of said carbon deposited thereon thereby producing at | east

d I i cl . (d | i | . i f id
regeneraled cat alyst part ! okoBind S PO b RS BRSO Sl
i d duct st : . ' ' '
sa1 ) product st ea olc 5 Pa 0 1OIEE il LARSIA ROMATOSRRASR AL
and a napht ha_boi | iigofigge did drbéarbomldonsiibed il ihk af3spifighBRLi on of

the fraction rich 1n propyl ene and naphtha fraction; 1 1178881

PCT/ US2004/ 1116126i) 4 Gilufegphdse apole tige ﬁfipPB%SZOIR; oy within te Isavg C6 rich
fraction to a place in the fluidized catalytic process unit selected from
i) upstream of thehyirgcachonacous fedde viheaesctiopozansa separateoiiieny thetiwheiein t he
stripping zone; iiji) a dilute phase above the stripping zone; iv) wthin
t he EE avg the) hydrocarbonageous feeg 1S reacte?l; and vi pdov%nstream of ﬂ;e

injection of the heavy hydrocarbonaceous feed.

2. The process according to claim 1 wherein said catalytic cracking catalyst
further comprises at least one medium-pore molecular sieve, wherein the
average pore diameter of said medium pore molecular sieve is less than
about 0.7 nm, thereby resulting in spent catalyst particles containing
carbon deposited thereon and a lower boiling product stream, and wherein
said at least one large-pore molecular sieve and said at least one medium-

pore molecular sieve are in admixture.

3. The process of any of the preceding claims wherein the large pore and
medium pore molecular sieves are selected from those large pore and
medium pore molecular sieves having a crystalline tetrahedral framework

oxide componernt,

4, The process of any of the preceding claims wherein the crystalline
tetrahedral framework oxide component is selected from the group
consisting of zeolites, tectosilicates, tetrahedral aluminophosphates
(ALPOs) and tetrahedral silicoaluminophosphates (SAPOs).



hydr ocar bonacous feed; v) a reaction zone, separate fromthat wherein the
hydr ocar bonaceous feed is reacted; and vi) downstream of the injection of
t he heavy hydrocar bonaceous feed. 2. The process accordi J( im1l

wher ei n sYOPEHY$B8t i ¢ cracking catalyst further corrpri"IsT(g%'B%f“? @ég']{' one
- medi um pore nol ecul ar sieve, wherein the average pore dianeter of said
medi um pore nol ecular sieve is less than about 0.7 nm thereby resulting in
spent catal yst particles containing carbon deposited thereon and a | ower
boi ling product stream and wherein said at |east one | arge-pore nol ecul ar
sieve and said at |east one nedium porgr.nol ecul ar sieve are in adm xture.
3. The process of any of the preceding clains wherein the | arge pore and
medi um pore nol ecul ar sieves are selected fromthose |arge pore and nedium

T oS kb SRS bl CSAENGRS 50 °
I 1 | I ' [ I -ed f h
et e ARSI o BRI S EBREE BHEREAED 1  o

(ALPGCs) and tet Sibk menophosphat es ( SAPGs). WO 7004/ 078881
PCT/ 1157004/ 114 gwl-aﬁslﬁéllfrﬁgé%{r ocess of any of the preceding clains

wherein the crystalline framework oxide conponent of both the | arge-pore
and nedium pore nolecular sieve is a zeolite. 6. The process of any of the
precedi ng él ai nEheiproeess ofany dfdheg pranedmg cdenns wherain seidelargdpéreom
gnelinite, chabazite, dachiardite, clinoptilolite, faujasite, heulandite,
anal cite, |evynpeelitedsselerted, frampmelirite, chalazits; ﬁé?hiam%méllﬁ%}lohéﬁzuri te,
scol ecite, natr g} it Sre, Heblaide Canal S 1bhiteBHOSRE  Biatite, cancrinite,
nepheline, lazurite, scolecite, natrolite, offretite, mesolite, mordenite,
brewsterite, and ferrierite; zeolites X, Y, A, L. ZK-4, ZK-5,B,E,F, H, J,

M, Q, T, W, Z; alpha and beta, omega, REY and USY zeolites.

7. The process of any of the preceding claims wherein medium-pore zeolite
is selected from the group consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-
22, ZSM-23, ZSM-48, ZSM-50, and mixtures of medium pore zeolites.

8. The process of any of the preceding claims wherein the medium-pore

molecular sieve is a silicoaluminophosphate.

0. The process of any of the preceding claims wherein the medium pore
molecular sieve is selected from chromosilicates, gallium silicates, iron
silicates, aluminum phosphates, titanium aluminosilicates, boron silicates,

titanium aluminophosphates (TAPO), and iron aluminosilicates.

10.  The process of any of the preceding claims wherein the fluidized catalytic
cracking conditions include temperatures from about 500°C to about

650°C.



brewsterite, and ferrierite; zeolites X, Y, A L. ZK-4, ZK-5, B, E, F, H J,
M Q T, W Z; alpha and beta, onmega, REY and USY zeolites. 7. The process
of any of the preceding clainms wherein nmediumpore zeolite is selected from
t he group consisting of ZSM5, ZSM 11, ZSM 12, ZSM 22, ZSM 23, ZSM 48,
ZSM 50, and m xtures of nmedium pore zeolites. 8. The process of any of the
precedi ng clainms wherein the nmediumpore nolecular sieve is a
si li coal um nophosphate. 9. The process of any of the preceding clains
wherein the nedium pore nolecular sieve is selected fromchronosilicates,
galliumsilicates, iron silicates, alum num phosphates, titanium
aluminosilicates, boron silicates, titHai um alum nophosphates (TAPO, and
iron alum nosilicates. 10. The process of any of the preceding clains
wherein the fluidized catalytic cracking conditions include tenperatures
from about $Q0C Tﬁegﬁw&s oPRRof the Yrecddin Emm@rvﬂfe?éﬁltﬁé ﬁylafeﬁaﬁ pr ecedi ng
clains wherein the propylenerich fracti n cont ai ns gregt t han about 60
wt % propyl ene. 1Ractidrecqtains gseabér thayatafut 60 evips propylong. cl ai ms wherein said
catal ytic cracking catalyst further conprises an inorganic oxide matrix
bi nder.

12.  The process of any of the preceding claims wherein said catalytic

cracking catalyst further comprises an inorganic oxide matrix binder.



