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PROPYLENE GENERATION I N A FLU D CATALYTI C CRACKI NG
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invention relates to a process for selectively

producing C3 olefins froma catalytically cracked or

thermal |y cracked naphtha streamin a fluid catalytic

cracking process unit. The process is practiced by

f

recycllngé he catal ytic naphtha
product t o=6-Re SE 348\ iohk on
point, to tHN AjlHe Xﬂi‘l&f ORECIING i VANEEt | on

point, to a paraIIeI riser, to the spent catal yst
stripper, and/or to the reactor dilute phase

E tri pper. BACKGROUND OF THE
I NVENTI ON [ 0002] The need for |ow em ssions fuels has
created an increased demand for |ight olefins for use

T AT e P
@Ieﬁ'nls ghémel @&él?ﬁ@algaéﬂabﬁé&ﬂ 8f E%rﬁfaﬁ?%@dk%gl nagfl% ﬁif-éeaﬁl in a

to be in demand to serve as feedstock fo

fard catalysicloyackiog procepy hnite Theqatucsss énpradcfio@dbyfresgding a Cg
hed processes for |jight paraffin dehydrogenati on have

lflélé &@mn ohithe eatelydicrapbihaproduet todhe riser upsiraaas dfithe feed

Rt R 06 e soraRii Syt PERS S5 iRection RoBLinantavalic
AserV'R) ﬂhe??ﬁfsﬂﬂ %alyncr eg@ﬁ“% R34S thd {egbﬁ)rtdtﬂ%@ﬁﬂés% immediately

advant ag efln yie using processes,
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[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 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



risers into which a different feed streamis
i ntroduced. The operation of the risers is designed
weaod4vasssa suitable catalyst will act to convePCTAS2004/004266
heavy gas oil in one riser and another suitable
catalyst will act to crack a lighter naphtha feed in
the other riser. Conditions within the heavy gas oil
riser can be nodified to maxi m ze either gasoline or
ol efin production. The primary neans of maxim zing
production of the desired product is by using a
catal yst that favors production of the desired
riseadintd wilieh & diff&eAblect sfeaiiais intNoduded3§he 2p2rdtion of the risers
Adewuyi et al. describes a FCC process in which the
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pore ér ackl ng taI yst and an additive containin
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riser is q[uenched with light cycle oil downstream of
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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 C; and C, olefins but no appreciable

ethylene.



-3 [0007] European Patent Specifications 490, 435-B and
372,632-B and European Patent Application 385,538-A
wdesmrorgssl pr ocesses for converting hydrocar boraTasue4/004266
feedstocks to ol efins and gasoline using fixed or
nmoving beds. The catal ysts included ZSM5 in a
matri x, which included a |arge proportion of alum na.
[0008] U.S. Pat. No. 5,069,776 teaches a process for
the conversion of a hydrocaf®onaceous feedstock by
contacting the feedstock with a noving bed of a
zeolite catalyst conprising a zeolite with a nmedi um
‘pore dianmeter of 0.3 to 0.7 nm at a tenperature
above about 500C. and at a residence tine |ess than
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[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 C; and C, olefins while producing minimal by-products.



SUMVARY OF THE | NVENTI ON [ 0010] An enbodi nent of the
present invention provides a process for increasing
woOhersyorgdsd of propyl ene from heavy hydrocar bonRCEM@S2004/004266

feeds in a fluidized catalytic process unit

conprising at | east a reaction zone, a stripping

zone, a regeneration zone, and a fractionation zone,

whi ch process conpri ses: (a)dfontacting, in said

reaction zone under fluidized catalytic cracking

condi tions, a heavy hydrocarbonaceous feed with a
cat al [

tc cracking catal yst conprising a m xture of
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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 Cg rich fraction and a naphtha boiling range

fraction;



-5 (f) collecting at |least a portion of the fraction

rich in propylene and naphtha fraction; and (Qg)
woeeynrsssy at | east a portion of said C6 rich PCcaaS2mm004266

to a place in the fluidized catalytic process unit

selected from i) upstreamof the injection of the

heavy hydr ocarbonaceous feed; ii) the stripping zone;

iii) a dilute phase above the stripping zone; iv)

wi thin the heavy hydrocarbondeeous feed; v) a reaction

zone, separate fromthat wherein the hydrocarbonaceous

feed is reacted; and vi) downstream of the injection

of t he ;
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cata yst conprising a | arge-pore nol ecul ar sieve,
zehegrseparathiroay thah gehepeindha hypdmicerbomficears ted as mctﬁall; and vi)
nol ecul ar sjeve is gr er than about 0.7 nm_ thereby
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carbon deposited thereon and a | ower boiling product
stream (b) contacting at least a portion of said
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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;
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| east a portion of said regenerated catal yst particles
wO0Qoo4assd1r eacti on zone; (e) fractionating sai BCpUSZNaD04266

stream of step (a) to produce at least a fraction

rich in propylene, a C6 rich fraction and a napht ha

fraction; (f) collecting at |least a portion of the

fraction rich in propylene and naphtha fraction; and

(g) recycling at |east a portfon of said C6 rich

fraction to a place in the fluidized catalytic

process unit selected from i) upstream of the
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the stripping zone; iii) a dilute phase reaction "zone
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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 Cq rich fraction obtained from fractionating the product
resulting from the cracking of the heavy hydrocarbonaceous feed. The Cg 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



above the stripping zone, and within the feed being

injected wwth the reaction zone. The C6-rich fraction
wohod4vesgst esent i nvention is typically that fracriusmo4/004266

contai ning at | east about 50 wt.% preferably at | east

about 60 wt. % and nore preferably at |east about 70

wt. % of C6 conmpounds. It should be noted that the

ternms "upstreant and "downstream, as used herein, are

taken in reference to the filow of the heavy

hydr ocar bonaceous feed. [0015] Any conventional FCC

feed can be used in the present invention. Such feeds
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t he heavy hydrocar bonaceuse feed is contacted with a
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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



-8 500C to about 650C, preferably about 525 to about
600C; hydrocarbon partial pressures fromabout 10 to
woQoqaress{ 70- 345 kPa), preferably from about 20CTmwsa®d4/004266
psia (140-275 kPa); and a catalyst to feed (w/w)
ratio fromabout 1 to 12, preferably about 3 to 10,
where the catal yst weight is total weight of the
catal yst conposite. Steam nay be concurrently
introduced with the feed int®"the reaction zone. The
steam may conprise up to about 10 wt. % of the feed.
Preferably, the FCC feed residence tinme in the
50@eCttb @BoaEF0IC; préefesatilhaboatdng to ddus 600 UShydRtErbon partial
preferably fromabout 1 to 10 seconds. [00171
pBessatesdtemsabiouna bl ¢o HOpsiesE Ohdt ek Pa)apecferabdk firogn about 20 to 40
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framewor k oxi de conponent. Preferably, the crystalline
tetrahedral franmework oxide conponent is selected

[60191 t heatdlyRUPsUERBE firiuRE hefeif Q84 LiaRing! @R41951s! dopdifing
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mol“ecul ar © si eve, | 'ar ge- pore conponent 1s

usediccatalytivsléd " ¢racicahpdrpzarbohefebdse alk doprefedred pidt ety the
products fromthe catal ¥1ti c cracking reaction into )
lasge-porpmoltemtar sends sl the apeding-pore maolsicylaasieves epedberein

b<f=; cs)erzle(c:tréﬁ rProCrglth(f)seeer%%ie%%il(asf'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. Tt
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.



WO 2004/ 078881 PCT/ US2004/ 004266 -9 [0018] Large pore

nol ecul ar sieves that are typically used in comrercia
WOCW4mressess units are al so suitable for use heCEiUS2004/004266

FCC units used commercially generally enpl oy

conventional cracking catal ysts which include

| arge-pore zeolites such as USY or REY. Additiona

| arge pore nol ecul ar sieves that can be enployed in

accordance with the present rhvention i ncl ude both

natural and synthetic |arge pore zeolites.

Non-limting exanples of natural |arge-pore zeolites
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MW[BDML b e, QHIr W, Edialphargndiioga, omhga;lRJEY and USY
1rzeby |nc ora ed b referenc% The .medi um pore
28plhiesy Mosibrels ﬂlpﬁangs\wr%\m %%?-ra@@"?fo‘ﬂ@déle&ﬁ@tl&

%l%i?efff?%ﬁﬁ%%”ﬁ%% zeﬂ@f%dé% (it AR bofs ot s for use
htfelh aFiBe Mdésnéﬂﬂamd:lﬁﬁly %88'11@@" gSwehdrEEYype

zeolites Conmm ssi on of Zeolite’ Nonenclature).
Non-1im t| ng exanpl es of such nediumpore size

zeol i tes i ncl ude, ZSM 5, ZSM 12, ZSM 22, ZSM 23,
(003 34, Mzgmrgﬁoorzgmeggo epwor 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 medium-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.



48, ZSM50, silicalite, and silicalite 2. The nost

preferred nmedium pore zeolite wused in the present
wonveErrsssn i s ZSM5, which i s described i n U SPCPasS2004/004266

Nos. WO 2004/ 078881 PCT/ US2004/ 004266 -10 3, 702, 886

and 3,770,614, ZSM11 is 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 ZSM®5 in U S. Pat. No.

4,016, 245. As nentioned above SAPGs, such as SAPO 11,

SAPO- 34, SAPO- 41, and SAPO 42, which are described in

31903,88Badnd NG7041448S87-1 1dadesdribedda U.Ss @dt. No.€3,709,979;
Non-limti n% exanpl es of ot her nedi um pore nol ecul ar
a

ZBNedaSnithl Pabaio ol S0k Al and Lo Ly tassilo
3 s cRaraM ey S SR NaH NGEHE: andigSBiviben U s BasNo.
403648 AndisiBndd Bold BAPOVMER REPGIETS8R0 58 Sho-
451 ddacoh PO-49e5RIdREE described inRaS. PR N £540,897 can also be
tiit ani um al uUm nophosphates (TAPO), such as TAPO 11
uskeldoareine dNom-1ihiingRatmplédoo! eths0medbiim panel malecular sieves that

alum nosilicates. Al ,?,f t he agove ,Bat ents are,
cambonssst heren arerchiompyilicatesy gHuBM §ibeaiey; irpre silicates;

oAbl (AT PO O RR PO T RO YN8
4338 Ul4b. Flfarfi@ﬁ‘ll AIEmPSs '6dt§%%TMS© | dichng TTEAS@—% d@fc;ribed in

crystaf i ne area during synthesi s of the zeollites.

EBExam. 290195 hysdmkiliches adbscribed &5 108, PSMNG. 4(R5478N; 11
are disclosed in U S. Pat. No. 4,229,424 which is

titanton phuminsphheplyites GRAPED csuehcs TARE-LT descaibieidnia U.S. Pat.
dm xtures are thenselve di re.size zeolites

Nonh S0P o0 o HBMR Br oA 1o HIFA RN RN o5

. It A ' [stinct crystals of crystallites

lngprpzoglgﬂ‘efieh%ger]lb%?é%ﬁi{éggé'are physi %:/al Iy presen%/ in the
sane catal yst conposite or hydrothermal reaction

m xtures. [00211 The |arge-pore and medi um pore
[0620]al y it mediuneppresienzedliteensédherein can also include

"crystalline admixtures" which are thought to be the result of faults occurring
within the crystal or crystalline area during the synthesis of the zeolites.
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



will typically be present in an inorganic oxide matrix

conponent that binds the catalyst conponents together
weaod4vassst he cat al yst product is hard enough t®CT/US2004/004266

survive inter-particle and reactor wall collisions.

The inorganic oxide matrix can WO 2004/ 078881

PCT/ US2004/ 004266 -11 be nade from an i norgani ¢ oxi de

sol or gel which is dried to_ "glue" the catalyst

conmponent s t oget her. PreferaHy, the i norgani c oxide

matrix will be conprised of oxides of silicon and

alumnum It is also preferred that separate al um na

behmasdsirbm amawrpaiatoxddd sul @rtgebwihiar galried oXighee" the catalyst

matri x. Species of alum num oxyhydroxides-y-alum na, .

copwiorenis togethep dreferally, thedneiganishenidamatinakilkbe pomprised

oS il L OB Bferaidle it
pfpRe i bpdr Mg A T SRR BHE nhig) SPRCRADS aluminum

og hASlok ARGELY-SlunPina JY@inh it -dié—élf)gré_'[%tnﬁi transiRSl bAlm#ARY such as

so contai'’n phosphorous 6r alum num phosphate. It is
o Tudifa ! BelurfiiRp ¢-a0imind, S-dliemd, icostutdiad, #-ARimina, and p-
| ar ge- pore cat afyst s and nedi um pore catal ysts e
ahmemarcanibe darhployadePreferdblyf drealtintng apgaes jsant dlohssym
iin the, aforesaid inorganic oxide trix. [OOZZIFAS .
iy AP geSUSE & &1bhsite, g%)‘ﬂr!i@:t nefgseandifes o dgyglite. The matrix
hydr. gcar bopaceous e with t crackin atalyst ...
nieifloghy ARBER R ahGFohbhdet PieBRORLHRSERA M Bpitbin the
: r
SR LRIV BRI Dt e Bry GYBTS GRAlp A AL Ppe@lysts
bt peesepeit theahaley/st differdrt chedyatpartidog ua tkeelaforesid inorganic
stripping zone. The stripping zone wll typically
ogisletantiixa dense bed of catal yst particles where

stripping of volatiles takes place by use of a.
stripping agent such as steam There will also be

b o .
FRRET, 5 20 PoehiBpdd pbafy, 1 ERMACIEDELR Do AR dEbpnaceous
fdefveith €k éﬁcﬁﬁlgaca‘ﬂélltyslﬂ Rsulpissent batalydt paittRld @iraiaiy

be thought of as either a dilute phase of the reactor

carbontdeppgited theredusand a lowvér bailipg padduct iseam. toklebstta pontion,

of . the reactor | eadi to the
preferably substant{ally all, oril%he 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 bottom 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



stripper. [0023] At |least a portion, preferably
substantially all, of the stripped catalyst particles
wanegugssequent | y conducted to a regenerati on POWAIS2004/004266
wherein the spent catalyst particles are regenerated
by burning coke fromthe spent catal yst WD 2004/ 078881
PCT/ US2004/ 004266 -12 particles in the presence of an
oxygen contai ni ng gas, preferably air thus producing
regener at ed catal yst particlégf This regeneration step
restores catalyst activity and sinultaneously heats
the catalyst to a tenperature fromabout 1202F (6500
pantielles i tHBBREe 5N odtgehamsitainingoads] preferabbf it alhsy
substantially all, of the hot regenerated catal yst
paducisedsgendatedeatal pgperiieles. o hikaegepmation stepanstetsecatalyst

R B BB b 5 o
S Sy BTSSPl Lol gt

sﬁ%@hﬁaﬂj( gul, ¥f 8! h&fre%éiﬁrét@&%ﬁta%'v\khﬂgclﬁ AAUREN $ECRAA to the

I's sent a fractionhation zoné ere varil ous

RCOdeadtorazaner whereehey comact injadted FECafeelieast a  C3
(propyl ene) fraction, and a C6 rich fraction, ‘
optionally and preferably a C4 fraction and a cracked

th t] . Inth t] f th t .
L35 Ao e P P
daﬁal%ﬁ%ﬁ RukQir Qﬁé@é‘lsl%cﬂﬂhgﬁo&&t%ﬁgaﬁ%t YOt %,E}%rtion,

obtAin I ncreased anblnts of *propylene.  For éexanpl e, it

peéferdidy sabyaheslly all afthd WiveerModlsss bfodiRe streanlioteRe e
t he dense phase of the stripping zone. The at |east a

frpstionehonzonhiwhete vindus praducisare mcoaksal, perticularbylatledst a

QLT BAh GActioto and P RO BB, GRIPRLY e prefeebly a Ci
TRt SR DR D Bl SEPEAR A8 Rvpcion
RSSO AR PR 5485 65, LSS S bl e
unéeo tobtain ZncreasddRA00ds OT P8BSy 80/ BoRetnple4 A&fan 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 Cq 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.



-13 [0025] The follow ng exanple is presented for
illustrative purposes only and is not to be taken as
woOizo4to7gsg1t he present invention in any way. Exagpius2ah4/004266
[0026] Tests were perfornmed using three different

streans in FCC process wunits to produce propyl ene.

The three streans were Cat Naphtha A (light cat

napht ha), Cat Naphtha B (heav% cat naphtha), and Cat

Napht ha C (C6-rich cat naphi.l ja). The tests recycled a
fraction of the FCC naphtha streamand injected it
upstreamof the primary feed injectors. Table 1 shows
[0025] t esThe éslidwingodxanipde 14 presentdd ffbeilristragive panmoses only and
Figure 1 shows the propyl ene selectivity fromthe data

i§ potrighetaken 7p dinziting daeprasonlingpeticieinety Wayy 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

@{a%@ieepe on recycl ed naphtha fromthe data in Table

| ene yields averaged 9.5 wt % on recycl ed

[Mmt haTeqs weaé pbiEBihé@uSing GhiteWi ettt steahms NP Brddess
and 5.1 wt % for Cat Naphtha B. WD 2004/ 078881

URCT tJBREDKEQIdpEIene.0Dhe three strvhi@s wWare @it Naphtha AUlight cat
naghﬁlNigg &;Fj{ I%}t%tgla. ]N3,\((B@8‘}§cpq% éa\lgh%}g]a)l\l ar% Clglt I'\\/llabﬂthaoc %éﬁ-l}qch4cat
naphtha). The tests recycled a fraction of the FCC naphtha stream and inj ected it
upstream of the primary feed injectors. Table 1 shows the test results of the
three different streams. Figure 1 shows the propylene selectivity from the data
in Table 1. The average propylene 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 wit% 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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c ~~, 2V, ~~a~ ~ZU ~3U~~ U 0Z U aZ WD 2004/ 078881
PCT/ US2004/ 004266 -15- CLAIMS: 1. A process for

i ncreasing the yield of propylsene from heavy

hydr ocar bonaceous feeds in a fluidized catalytic
OLQEEMS; unit  conprising at least a reaction zone, a
STTTPprng zone, a regeneration zone, and a

frdcti onaptovesy furdncisaisial the 9itd of @@c@ﬂéﬂ?@ﬁbn{ Beavy
contacti n%, in said reaction zone under fluidized”
cat al yt ihydranaghaiasgoefegids inadluidizhé aztplytic process unit
hydr ocar bonaceous feed with a catal ytic cracking

cat al yspomﬁmgs?-ﬂaa%ta Teagen Z0Me AFEUPRING Zebced ifganeration

Sl eve, zone, and a fractionation zone, which process comprises:

(@)  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 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) fractionating said product stream of step (a) to produce at
least a fraction rich in propylene, a Cq rich fraction and a naphtha
boiling range fraction;

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

and naphtha fraction; and



wherei n the average pore dianeter of said |arge-pore

nol ecul ar sieve is greater than about 0.7 nm thereby
woesulorsssy i n spent catal yst particles contai RCIES2004/004266

carbon deposited thereon and a | ower boiling product

stream (b) contacting at |east a portion of said

spent catalyst particles wth a stripping gas in the

stripping zone under conditions effective at renoving

at least a portion of any volatiles therefrom thereby

resulting in at |east stripped spent catalyst

particles; (c) regenerating at |east a portion of said

stripped spent catalysts in a regeneration zone in

the prese of regsclang gllgasteapArHPAion §aishSs tislidraction to a place

diti fecti t .burni ff at | t
por i on e e Eulyie dhe s uiseRbisd Ehy Qpypstream of the
d . 1 . ¥ i K .
() recy Py B e A ARTAFRREpE: K, PAL Srfibing zone:

cat al ystii) PailttepiRse bBos@ilt stApsinkPongONY witkeih the heavy
fractionating said product streamof step (a) to
pr oducehztrochdamtacaus ferds vpa redctionizonpy separandrorn tiRg wherein

rich fraction and a naphtha . boiling range fraction;
(f) col f hYdfgcagone%pﬁuSée%mrﬁ%ﬁe@fmﬁ@ foxestrsany olcthe

B S5 BB Ri D, 2000 070001

portion of said C6 rich fraction to a place in the

fluidized catalytic process unit selected from i)

2lpst Vﬂw‘%l@fceish&:co'rdihg(t@ ictaimof whbeeiheaidycatalytic cracking catalyst
a

hydr ocarbonacous feed; ii) the stripping zone; iili

di | utforthemeematissscattlpest one inmdin@—pmemolge@ylamsiwmwth@eein the

gzg\éﬁgph g%{g%%g h?%?xe g ogf éi{,iﬁen(ljé.dil\gﬂ Sor%erfellglteicgﬁr S1eve'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 component.

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).



t he hydrocarbonaceous feed is reacted; and vi)
downstream of the injection of the heavy
woydrsposasibonaceous feed. 2. The process accor dpag/usSe004/004266
claim1 wherein said catal ytic cracking catal yst
further conprises at |east one nedi um pore nol ecul ar
sieve, wherein the average pore dianeter of said
medi um pore nol ecul ar sieve is |less than about 0.7
nm thereby resulting in speq? catal yst particles
contai ning carbon deposited ‘thereon and a | ower
boili ng product stream and wherein said at |east one
| ar ge- pore nol ecul ar sieve and said at |east one
$redi uhke purcessrof aaybhthegireveding elaims admirginuhe .cr@stalline

e el ORI ATaRTSaH 6 HOTEE 18HEe Sp o G damedium-pore
sel ecﬁlﬁﬂ%ﬁ%ﬁé@%%ﬁ@ﬁ ge pore and nedi um pore

nmol ecul ar a crystalline tetrahedra
framewor k oxi de conponent. 4. The process of any of
the preceding clains wherein the crystalline

6.et r dhiedipricess afmwookthexjrdecdingphnas twhcdesedagd tage poten
the group  consisting of zeolites, tectosilicates,

tetr am:@h?@is sglastechfphogmelinide, chabarts daghiardise, cdinegtikdlite,
si li coal um nophosphat e SAPGs).. WO 2004/ 078881 . .

T/ RIS OEHIS, Salgltc tiy i SO0 Sl tp capganite
prec : . BVAS e rk. .

o o PRAe Juhih Kl BR G bR me B MRS
ol ewsbwttesit€vund RrideriterddlRes B, YThe hrakesyris ane of o, J,
the preceding clainms wherein said | arge-pore zeolite

i s seéVle€, dd Wy Bnelpimslanditiets, oniegaga RIBEYE and 6BV anedlites,

clinoptilolite, faujasite, heulandite, analcite,
| evynite, erionite, sodalite, cancrinite, nepheline,

: . . ¢ it olit .
ot acieroteq diebEor AR Ehedhfs el Nilehp B RRR bre zeotite
Y, Ais beleétéddrorgfhe grédp Sonshstin ofZSM-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.

9. 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.



M Q T, W Z alpha and beta, onega, REY and USY

zeolites. 7. The process of any of the preceding
wol2eosmesssiner ei n nedi um pore zeolite is sel ect edTfusoim/ 004266

the group consisting of ZSM5, ZSM 11, ZSM 12, ZSM

22, ZSM 23, ZSM 48, ZSM 50, and m xtures of nedium

pore zeolites. 8. The process of any of the preceding

cl ai ms wherein the nedi um pore nolecular sieve is a

sili coal um nophosphat e. tlgepr ocess of any of the

preceding clai ms wherein the di um pore nol ecul ar

sieve is selected fromchronosilicates, gallium

silicates, iron silicates, alum num phosphat es, -

1i.t anThmme@Hs nbsny of ﬁieqarﬁcebhng) olasink ivetedres, thetprbpyliedyich

al umTﬂ%é)hosphat es (TAPO,, and iron alum nosilicates.

&%%élfﬁfgrﬁﬁ?r pneReubPQ sal propyleters wher ein
the fluidized catalytic cracking conditions include
tenperatures from about 500C to about 650C. WO

BI04 DUSHRR TS 80200 b B 0505 Bl

f r actdomtaine at Bassatwue §0art. Y& Cabwtho@iism % propyl ene.

12. The process of any of the preceding clains vvherei n

the C6 rich fraction contains at |east about 50 wt.
cess of any of t

d
B ecchgroeesh ‘ﬁ%a%%ﬁ%ﬁmrgcadw&ahaanw@relarsamatglytw
C at alc¥§ék1ﬁ§ OhIARY st SOMREY Eoridds aﬂoﬁgl%zfn?c S4B Sk der.



