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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 at |least a C6
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THE | NVENTI ON [ 0002] The need for | ow em ssions fuels
has created an increased demand for |ight olefins for
use in al kylation, oligonerization, MIBE and ETBE
FERSOHDOF THR INVENEION n addition, a | ow cost supply
of light olefins, particularly propylene, continues
be i : l.ef iz,
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bed processes for |ight paraffin_dehydrogenation have
olgfine frony a cat&lywlbfocra@lfﬁéﬁ@dhﬁﬁﬂ@hé stacked Dpplthasiieag by
ol efin producti on. However, these types of processes
frictiinad@ihb)thé aaphthe fe&d ff dbteinyatlledsya Canth lactioy asd festing the Cg
as well "as high operating costs. It is therefore
.gdyvant agequs to increase olefin.yield, usin -
ridl BRSNS B er PLRRT & 7Pl P ndpt oM tigpe of the Co
investment. It is particularly advantageous to
ridmfraetageisanetiimzed.el d in catal ytic cracking processes.

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
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 smail capital investment. It is particularly

advantageous to increase olefin yield in catalytic cracking processes.



WD 2004/ 078882 PCT/ US2004/ 004267 -2 [0004] European
Pat ent Specifications 490, 435-B and 372, 632-B and

weenoapesas2  Pat ent Application 385, 538- A descr i BET/US2004/004267
processes for converting hydrocarbonaceous feedstocks
to ol efins and gasoline using fixed or noving beds.
The catal ysts included ZSM5 in a matrix, which
included a | arge proportion of alumna. [0005] U S.
Pat. No. 5,069,776 teaches a process for the
conversion of a hydrocarbondtieous 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 rim at a tenperature
above 500C. and at a residence tinme |less than 10

seconds. Oefins are produced wth r?aléﬁtiveli/ itt&ﬁ
[080d]ur afaEoRREdIentNRACHEGRLIONE $9B 3R B0 2'1&}33?81 uropean
U S. Pat. No. 3,928,172 to Mbil teaches a process for

PASHVAPplictdionBEY, S3RbasEBe Yrodssesisior coaveigigei n
ol efins are produced by reacting said feedstock in
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units is that the process depends on a specific .
Tloacathlysts ibaludad & d- ik matex pwbiphdnrldedfa largegproportion of

ol efins while also achi eving high conversion of the
2169 feed conponents to fuel products. In addition,

even if a specific catal yst bal ance can be mai ntai ned

to maxi m ze overall olefin production relative to

fuels, olefin selectivity is WO 2004/ 078882

PCT/ US2004/ 004267
[0005]  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.

[0006] A problem inherent in producing olefin products using cracking 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



-3 generally | ow due to undesirabl e side reactions,
such as extensive cracking, isonerization,
w@e@amrdsgat i on and hydrogen transfer reacti onsPCL/U§4/004267
saturated gases produced from undesirable side
reactions result in increased costs to recover the
desirable light olefins. Therefore, it is desirable to
maxi m ze olefin production in a process that allows a
hi gh degree of control over the selectivity of C3
ol efins while producing m nidxal by-products. SUWMARY
OF THE | NVENTI ON [ 0007] One enbodi nent of the present
invention is a process for producing increased
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risrng: racti ona
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isemenzatiah aremeatzaiproand hydeger Bansfenteacans.(light saturated gases
injecting at least a portion of said C6-1ean fraction
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a cracking catalyst conprising at |east one nol ecul ar
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cracking catalyst under effective cracking conditions
probessebat allosts 4 higlh degree of eentroloovep thaisedectisifeain(s ptefins while

injecting at least a portion of said C6-rich fraction

pr?ﬁ%&&ﬁ%ni&%@%ﬂﬁége at a place downstream from

ean tion;

SUMMARY OF THE INVENTION

[0007]  One embodiment of the present invention is a process for producing
increased amounts of propylene from naphtha-boiling-range feedstreams
comprising:

(a)  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 C¢-lean fraction into a
reaction stage, said reaction stage 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 cracking
catalyst under effective cracking conditions thereby resulting in at least a
product stream;

(c)  injecting at least a portion of said Ce-rich fraction into the

reaction stage at a place downstream from the Cq-lean fraction;
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at least a portion of said product streamof step (b)
wo eoopozsssre at | east a fraction rich in propyl BEIEUSENG004267

(e) collecting at |least a portion of the fraction rich

in propylene. [0008] Another enbodi ment of the

present invention provides a process for producing

i ncreased anmounts of propylene from

napht ha- boi | i ng-range feedstreans conprising: (a)

i nj ecting a naphtha-boiling-rénge feedstreaminto a

reaction stage, said reaction stage containing a

cracki ng catal yst conprising at |east one nol ecul ar

si eve havid)g amrR¥iehaaes ROkastH FeralofShid Sivdlubh@Peam of step
0.7 nm erei n said napht ha-boiling-range feedstream

cont act ai d . cragcki at al yst., under effecti,ve
cr acki f(é) &W&@F%ﬁgﬁ?ﬁgﬁ'%ﬁ?fl Qgh iR Hboﬂyieneétanfleast a
product stream (b) fractionating at |east a portion
of sai d pfegductolidctingrat dfasta pprtiqmdf the fpacddmaeckain propylene.
| east a fraction rich in propylene, a C6-rich
fraction, and a C6-lean fraction; and (c) collecting
at least a portion of the fraction rich in propyl ene
and the C6-1ean fraction and recycling at |east a

[0808; i oingthenfanbeylipenf of fheRies G LEYertE Py GSGrPocagseior
at a place downstream fromthe C6-1ean fraction.

producing increased amounts of propylene from naphtha-boiling-range feedstreams

comprising:

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

| cracking catalyst under effective cracking conditions thereby resulting in
at least a product stream,;

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

(¢)  collecting at least a portion of the fraction rich in propylene
and the C¢-lean fraction and recycling at least a portion of the C4-rich
fraction to the reaction stage at a place downstream from the C¢-lean

fraction.
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enbodi nent of the present invention provides a process
wo e0o4/0pas8ziuci ng i ncreased anmounts of propyl enePdT/O82004/004267
napht ha- boi | i ng-range feedstreans conprising: (a)
fractionating a naphtha-boiling-range feedstreamto
produce at |east a C6-rich feed fraction and a

C6-1 ean feed fraction; (b) conducting at |east a
portion of said C6-lean feed fraction to a reaction
stage, said reaction stage ceftaining a cracking

catal yst conprising at |east one nol ecul ar sieve
havi ng an average pore dianeter of |less than 0.7 nm
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thereby resulting in at |east a product stream (Ct)
prodjiciogiingreased ameunts of propydenefroganephtha-boding-range feedstreams
fraction into the reaction' stage at a point

o?x?;ﬂ‘f's% eamfromthe C6-1ean feed fraction; (d)
¢ ract%1 nating at |east a portion of said product
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C6-1 ean product fraction; and (e) collecting at |east
a port least oCtieh feed dtdotionranda Ce-lganofepd éraetioand
C6-1 ean product fraction and recycling at |east a
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reaction stage, said reaction stage 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 cracking conditions thereby resulting in
at least a product stream;

(c)  injecting at least a portion of said Ce-rich feed fraction into the
reaction'stage at a point downstream from the Cq-lean feed fraction;

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

(e)  collecting at least a portion of the fraction rich in propylene
and C¢-lean product fraction and recycling at least a portion of the Cs-

rich product fraction to the reaction stage at a point downstream from the

Ce-lean feed fraction.



C6-1ean feed fraction. WO 2004/ 078882
PCT/ US2004/ 004267 -6 DETAI LED DESCRI PTI ON OF THE

WO DMERTISEN [ 0010] It should be noted that the PEF/I$2004/004267
"injecting" as used herein is neant to enconpass any
means known for introducing a streaminto a piece of
processing equipnment. It should al so be noted that
"C6-rich fraction" as used herein is neant to refer
to that fraction containing at |least 50 wm. %
preferably at least 60 w.% g@nd nore preferably at
| east 70 wt.% of C6 conpounds. [0011] The present
invention is a process designed to increase propylene

- Rrocess unit. Thus,

A . .z :\l! N\on, t he

reactl on stage of the process unit is operat ed under

[0@r0yCesk shealitbé hored thitfthe térvie "iafeotiug!' ak Lse@ hefoin (Pmeant to
CA olefins (particularly pr opyl ene) selectivity. Thus,

entggq%ggéqe%lg] ipelag%/ gla{)}é/ﬁ E&f ﬁ%‘%&%‘%% ?a:)n?n §id% }gl%e of processing

napht ha- boi | i ng-range feedst rearrs In the pr actl ce of
equipmente deshouldatsot heomoted thedp PRsticthbRetion) asdigd herein is meant
feedstreamis contacted wt h a cracking catalyst in a

toE PEd fHat ﬂa@ﬁ@n eBRfaRtiRE at NSt SGIWitS6! hreCeraBIYALIEAN B0 Wt.%, and
ereby producing at Teast a product stream The
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fraction, and a C6-1ean fractlon At | east a portion
of the fraction rich in propyl ene and the C6-1ean
fraction are recovered while at |east a portion of

[0611§ COThE phesthffiveRfion & 4 proteb£dedifndd¥® increase propylene yields

from a catalytic cracking process unit. Thus, in the practice of the present
invention, the reaction stage of the process unit is operated under process
conditions effective at maximizing the C, to C, olefins (particularly propylene)
selectivity. Thus, the present invention relates to a process for selectively
producing C; olefins from néphtha-boiling-range feedstreams. In the practice of
the present invention, a naphtha boiling range feedstream is contacted with a
cracking catalyst in a reaction stage operated under effective conditions thereby
producing at least a product stream. The product stream is then fractionated to
produce at least a fraction rich in propylene, a Cq-rich fraction, and a Ce-lean
fraction. At least a portion of the fraction rich in propylene and the Ce-lean fraction
are recovered while at least a portion of the Cq-rich fraction is recycled to the
reaction stage. In another embodiment of the instant invention, the naphtha boiling

range feedstream is first fractionated into at least a Cq-rich fraction and a Cg-lean



reacti on stage. In another enbodi nent of the instant

i nvention, the naphtha boiling range feedstreamis
w0 eogn7d88act i onated into at | east a C6-rich frect/Usw4/004267

and a C6-1ean WD 2004/ 078882 PCT/ US2004/ 004267 -7

fraction. At least a portion of the C6-1ean fraction

is injected into the reaction stage wherein it is

contacted with a cracking catal yst under effective

cracking conditions thereby producing at |east a

product stream At |east a potrtion of the C6-rich

fraction is fed into the reaction stage at a pl ace

downstream fromthe C6-lean fraction, and at |east a
fridt, | RNl pbRidd SRtk @elehs vl i iHédtyd (6 aMet&@tion stage

after fractionation. In yet another enbodi nent of the

i nst ant. i nvention,,the naphtha 0l ki ng.range . "
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fraction and a C6- lean feed fraction. At least a
thpblyiprodeéing e 168t & paodifot ettedmaditileastiagartips of ée Cairich

the reaction stage wherein it is contacted with a
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a portign of the C6-rjch feed fraction is fed into
fraqitony aBg At 5Ast Agetian Tishan KRB S TORFARG reppvered after

Co-1 ean feed fraction. At |least a portion of the
fravteaetbn s Th getancthehembodingatt ioftias Rtand ipventione thet naphtha

| east a fraction rich in propylene, a C6-rich product
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injected at a point downstreamfromthe C6-leapn . . .
ledn feedi foactions Agb@etra perioasibe Geolean feadsfkaeiionuisigjected into the

sui table for use herein are naphtha-boiling-range
reaction stage wherein it is contacted with a cracking catalyst under effective

cracking conditions theréby producing at least a product stream. At least a portion
of the Cg-rich feed fraction is fed into the reaction stage at a place downstream from
the C¢-lean feed fraction. At least é portion of the product stream is then
fractionated to produce at least a fraction rich in propylene, a Ce-rich product
fraction, and a C¢-lean product fraction. At least a portion of the Cq-rich product

fraction is also injected at a point downstream from the Cq-lean fraction, as

described above.

[0012]  Feedstreams suitable for use herein are naphtha-boiling-range
feedstreams boiling in the range of 65°F to 430°F, preferably from 65°F to 300°F.
Non-limiting examples of naphtha-boiling-range feedstreams suitable for use herein

include light naphthas or raffinates, containing sufficient amounts of C4- Cy olefins



feedstreans boiling in the range of 65F to 430F,
preferably from 65F to 300F. Non-limting exanples of
woaphorsesboi | i ng-range feedstreans suitabl e foPCTUES2004/004267
herein include |ight naphthas or raffinates,
contai ning sufficient anounts of C4- C9 ol efins WD
2004/ 078882 PCT/ US2004/ 004267 -8 and/or paraffins, C4
-C9 fractions fromlight naphthas or raffinates,
catal ytic cracked naphtha, coker naphtha, steam
cracker pyrolysis gasoline, §§nthetic chem ca
streans containing sufficient anounts of C4- C9
ol efins and/or paraffins or any other hydrocarbons
arkPot rﬁfﬁlﬂs %eﬁsﬁbn@@bﬁﬂhghﬂﬁaﬁha@ RIffhites, o'amljr@dﬁ cracked
para |ns streans cont ai ni ng high | evels of
sul f tro and at.es
Zowdt nﬂvaw?aéa?a%w RYPREEIR. Fms e shsrpiop!
dlsclosed process However, appropriate feeds with | ow
stteawes conddindigaecient imountsofi € odanolefins and/or pamfting ot any
and oxygenates can be processed directly from FCC

ofﬂ@f %f ro%é%%h% CF%E?i@f‘g%gfﬁé&@ﬁ&‘ﬂ% b?g%{t C8'Wefins and/or paraffins.

eat nent e practice the present

nventlon nap tha ran eedstr eam.as
F@féstrﬁ@as Seawlpgm gljl L“o(’fn Cﬁ?%esag‘ﬁlé% AEegen, g oxygenates may

wherein the naphtha boiling range feedstream contacts

bésaté@bicly by dadtadayest priocterusefif dod presemtiy disclosed prodse.
reacti on stage can be conprised of one or nore fixed

H?@%ﬁ%lﬁ %éfnoor Tiale fée%@%lﬂp{bw )ffgl??saofg@gg?so sl CrﬁtrS%@n metal

€ Of nore ca e sane

different catalyst. Interstage cooling_or he%1 ]%%
carepaists andautgenates cab be weegessechdipgrbt frgmyE Clhumis cokers or

sane reactor, can be enpl oyed since cracking reactions
stédrft crackers without any pretreatment.

[0013]  In the practice of the present invention, a naphtha boiling range
feedstream as defined above is injected into a reaction stage wherein the naphtha
boiling range feedstream contacts a cracking catalyst under effective conditions.
The reaction stage can be comprised of one or more fixed bed reactors or reaction
zones each of which can comprise one or more catalyst beds of the same or
different catalyst. Interstage cooling or heating between reactors, or between
catalyst beds in the same reactor, can be employed since cracking reactions are
generally exothermic. A portion of the heat generated during cracking can be
recovered. Where this heat recovery option is not available, conventional cooling
may be performed through cooling utilities. In this manner, optimum reaction

temperatures can be more easily maintained.



generally exothermc. A portion of the heat generated
during cracking can be recovered. \Were this heat
WO e@eMeEssy2 opti on i s not avail abl e, conventi onaPCTUS10041¢4267
may be perfornmed through cooling utilities. In this
manner, optinmumreaction tenperatures can be nore
easi |y mai ntai ned. WO 2004/ 078882 PCT/ US2004/ 004267
-9 [00141 Catal ysts 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 dianeter less than 0.7 nanoneters
(nm). Mol ecular sieves suitable for wuse herein are
sel ected fromthose materials referred to in the art
as zeolites and silicoalum nophosphates (SAPO). It is
preferred that the at |east_one nplecular sieve be
[08%4]ect Eeptalystmsuitabledpryse B thepragtics %f“flaﬁ GhFsegknvention are
zeolites, and nore preferred that the zeolite be

cr56kiag cathl o MaTRet vompasel s8al leagtonelvadiesulapsievediaring an
zeoli'tes "that can be used in the practice of the

oSSR B TR o6 38 A G0, MR it o

H. O son, Butterworth- Heineman, Third Edition, 1992,
ussthertini axe seleetey fromdhpse metatialyrefered tntnethe avbay zaalites and
pore size zeolites generally have an average pore
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Non-limting exanples of such nedium pore size _
thaetlei dcebite bastlacted FRivh Tnedi®id e zZ6hited2 Madinnppore size zeolites

ZSM 34, ZSM 35,
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-50, 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. Pat. No. 4,076,842; and ZSM-35 in U.S.



ZSM 38, ZSM 48, ZSM 50, silicalite, and silicalite 2.
The nost preferred zeolite cracking catalyst used in
wo ba4p7888ENnt | y di scl osed process is ZSM 5, whiBEI/DS2004/004267
described in U S. Pat. Nos. 3,702,886 and 3, 770, 614.
ZSM1 1 is described in U S Pat. 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. Pat. No.
4,076,842; and ZSM35 in U S. W 2004/078882
PCT/ US2004/ 004267 -10 Pat. 8- 4, 016, 245. Al of the
above patents are incorporated herein by reference.
The pore dianeter, sonetines referred to herein as

e 2430 ipafeiis g wited hefdiA By ref .
%ﬁffe\llfr?dgtrodmadsoﬁg% ?%ﬁf%b?ﬁﬁl c?ues a'lomdnﬁgig’;éocar bonellce urg erence

conmpounds of known mn m, Ki c dj, ters

Tity B L1 SMIBELF PO B DB 6 ol kit ot ety can
al., J. Catalysis 58; 114 (1979), both of which are

bd me@mecﬂ atimg dtardaird abiyorpebe rtmiméaque[s@ﬁﬂ&iyd@ecarbonamasi
above nmol ecul ar si eves suitable for use herein al so

ﬁfﬁlﬁ tfﬂl%%%)gﬁ{josp Tim § e?{é;'A(ga%egﬁQ éCQIWec nﬂé@hé olecular

icoalu suc exa
APO 11, SAPO- 34, SAPO 41, and SAPO \Nhl ch ar e
Sigeess 9B ang fAngessorpegal., Pﬁocatﬂly&,@5§,7]114 G, athiofpyhich are

mol ecul ar sieves can be selected from

in6bvpRRmed hifdh By reftdéndeum silicates; iron silicates,
al um num phosphates (ALPO), such as ALPO 11 descri bed

in US. Pat. No. 4,310,440; titaniumalumnosilicates

(TASO, such as TASO 45 described in EP-A No.

229, 295; boron silicates, described in U S. Pat. No.
[00,],254 Agmemtmm ajmve 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 moleculér 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.

[0016]  The cracking catalyst comprising at least one molecular sieve is also
meant to encompass "crystalline admixtures" which are thought to be the result of

faults occurring within the crystal or crystalline area during the synthesis of the



al um nophosphates (TAPO, such as TAPO 11 described in
U S. Pat. No. 4,500,651; and iron alum nosilicates.
WO 0®10788Fhe cracki ng catal yst conprising at | eBSI/USI04/004267
nol ecul ar sieve is also neant to enconpass
"crystalline adm xtures" which are thought to be the
result of faults occurring wthin the crystal or
crystalline area during the synthesis of the WO
2004/ 078882 PCT/ US2004/ 004267 -11 zeolites. Exanples
of crystalline adm xtures of -ASM5 and ZSM 11 are
disclosed in US. Pat. No. 4,229,424 which is
i ncorporated herein by reference. The crystalline

@&g&gﬁtﬁﬂa 18§ 6f &@@ﬂfﬁﬁhé’ SamiRH 4 HIFEM- §hﬁ@ ZaLi 1t 8% disclosed
are not to confused wth phyS| cal adm xtures

eolites i ich distinct crysta
iV 05t Moo 209 iy aichris 1ip e iRl Hirgingny wfesepeg The
present in the same catal yst conposite or

chyythl ot dadrmidturesace tlosmselxésunediuni porE&izerhenliesend arg not to be
catal ysts used in the present invention are typically
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€ matri X can
from an inorgani c gxide sql or_gel whi ch |s dried to
crygtallites of dlfé%rpat galites arephysinedly isgRenh 8t theragicpaiplyt
the inorganic oxide matrix is not catalytically

cEapbYite @Wydmb’cﬂerbﬁl £QREbI $thaes.oxi des of silicon and
al um num is also preferred that separate alum na

phases be | ncor porated into the inorganic oxide

matri x. Species of al um num oxyhydroxi des-g-al unm na,

boehm te, diaspore, and transitional alum nas such as
[0917) uniTiw, crhckingeatedysts uaediin the preseal invensionare typically held

together with an inorganic oxide matrix component. 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
species is an aluminum trihydroxide such as gibbsite, bayerite, nordstrandite, or

doyelite. The matrix material may also contain phosphorous or aluminum

phosphate.



alum na, k-alum na, and r-alum na can be enpl oyed.
Preferably, the alum na species is an alum num

wao eoohphsexi de such as gi bbsite, bayerite, PCT/US2004/004267
nordstrandite, or doyelite. The matrix material my
al so contai n phosphorous or alum num phosphate. WO
2004/ 078882 PCT/ US2004/ 004267 -12 [0018] As menti oned
above, the naphtha boiling range feedstream contacts
the above-defined cracking catalyst under effective
cracking conditions. Effectis@ cracking conditions as
used herein will be considered those conditions
selected to achieve the desired boiling point

AR 3o 8ot ol Wit gy e

. contacting of the naphtha boiling range feedstrea .
amwerﬂqilﬁeed&raelkmggfat Xﬁtéaﬂ@%lf e%?%ﬂ%c%éagpg|08 tigps. Befective
product stream At |east a portion of this product
cratk@arvonditeerahlsgd hiebsin avitlitel dopsalered tfosevengitmmsstlected to
streamfromthe reaction stage is sent to a :

f.racti ' a Y -
o PR S EY By S bmEib T e RRUSIR BLfide temperatures
rich, fraction, a C6-rich fraction, a C6-1ean
frbnesAG°6hto 2P C, grefesatdy Ifsora SEACite R5PF@ct i on. The C3
fraction and the C4 fraction will typically be rich

in olefins, and at |east a portion, preferably
substantially all, of the C3 (propylene)-rich

fraction can then be_collected...In the practice o he .
109185 onithe AL 0! ta6 PPBATE DRl FAnEe Ppdarear pith fé Gracking
substantially all, of the C6-rich fraction is

cdteR¥cheduastiat lshsict moduct sireahe Aebsast aposti@yef ftis product
poi nt downstream fromthe

stream, preferably substantially all, of the product stream from the reaction stage is

sent to a fractionation stage where various products are recovered, particularly a Cs-
rich, i.e. propylene rich, fraction, a C¢-rich fraction, a Cs-lean fraction, and
optionally a C4-rich fraction. The C; fraction and the C, fraction will typically be
rich in olefins, and at least a portion, preferably substantially all, of the C;
(propylene)-rich fraction can then be collected. In the practice of the present
invention, at least a portion, preferably substantiélly all, of the Cg-rich fraction is
recycled and injected into the reaction stage at a point downstream from the
injection of the naphtha boiling range feedstream to increase the yield of propylene.
It is preferred that the Cg-rich fraction be injected into the reaction stage at a point
downstream from the naphtha boiling range feedstream at a point selected in the

reaction stage wherein the liquid hourly space velocity of the Ce-rich fraction is



i njection of the naphtha boiling range feedstreamto
increase the yield of propylene. It is preferred that
wWo b4@®s81 ch fraction be injected into the reaPtT/U82004/004267

stage at a point downstream fromthe naphtha boiling
range feedstreamat a point selected in the reaction
stage wherein the liquid hourly space velocity of the
C6-rich fraction is WD 2004/ 078882 PCT/ US2004/ 004267
-13 greater than 10 hr 1, preferably greater than 20
hr more preferably greater tHam 40 hrl, and nost
preferably greater than 60 lift. [0020] As stated
above, in one enbodi nent of the instant invention,

gﬂ:%féi‘ttﬁ'éh 10901 ] geféﬁngegréa@fiﬂrahmr 5 Iﬁél%‘ﬁrhfé@ﬁﬂ?%réaﬂéﬁthan 40

| east "a C6- ttion and a Cb-1ean fraction

A st .a rtion refer isubstantially all, of

hg h@n&ﬂ?%%gﬁf%@%% Pist apﬁbr%duced or injected into
the reaction stage wherein it contacts a cracking

catal yst as defined above under conditions as defined
above thereby producing at |east a product stream At

f
[d@ﬁ‘ft Qrﬁggfelfnggir §1 ﬁ@%é?o%ﬁ%tt et ds¥arR idver®on! Q‘ﬁaphtha

nto the reactlon s
at. a poi nt downst reamfroméﬁhe C6- | ean él on. g
beilingaengmicsdsiermds iapdenated Bilp ghleast 8 o agidomgnd a Ce-lean
the above criteria. At |east a portion, preferably

frastisit. ant ledlst ¥ pattion, phrefefublp sabiiaitiaty slirofithe Co-lean fraction is
fracti onated to produce at least a fraction rich in

B R AL R gt praghimgcatays

coll ected. [0021] In yet another enbodi ment of the
apdefiradtatioveamden aonditinap s Aefined thaowg thestyeprrdueing s denst a

is fractionated into at |east a C6-rich feed fraction
prYAtlcPstiddmh €AR least a portion, preferably substantially all, of the Cg-rich

fraction is injected into the reaction stage at a point downstream from the Ces-lean
fraction. The injection of the Cq-rich fraction is selected using the above criteria.
At least a portion, preferably substantially all, of the product stream is fractionated
to produce at least a fraction rich in propylene. At least a portion, preferably

substantially all of the fraction rich in propylene is collected.

[0021] In yet another embodiment of the present invention, a naphtha boiling
range feedstream is fractionated into at least a Cg-rich feed fraction and a Cg-lean
feed fraction. At least a portion, preferably substantially all, of the C¢-lean feed
fraction is introduced or injected into the reaction stage wherein it contacts a
cracking catalyst as defined above under conditions as defined above thereby

producing at least a product stream. At least a portion, preferably substantially all,



feed fraction. At least a portion, preferably
substantially all, of the C6-lean feed fraction is

WO paonoThs8ed or injected into the reaction stageCiis2004/604267
it contacts a cracking catalyst as defined above
under conditions as defined above thereby producing
at |l east a product stream At |east a portion,
preferably substantially all, WO 2004/078882
PCT/ US2004/ 004267 -14 of the C6-rich feed fraction is
injected into the reaction stl4ge at a poi nt downstream
fromthe C6-1ean feed fraction. The injection of the
Co-rich feed fraction is selected using the above

of‘;cHa t%g?@}% Ee?d 5370 18 ifebleti Gfto tAE ebARR taga s Pt dbwyistream

product streamis fractionated to produce

at |east a fr ion righ in pro n a - fich. .
frgndht - leradis e Ciprs fe e O O G ellel Bind fifcliop jggselected
a portion, preferably substantially all of the
ushrig@tel aboveicehiedin At dgnst @ pertion, potfeeattly dubsiantially albftthe
a portion, preferably substantially all, the C6-rich

L | IS i 0 Y )
png]g\%tjsﬁ%ﬁkg%;%%&&nagdp@ﬁﬁghg% \Aﬁgtgarléé s rtg)?ﬁ_ rtlﬁg{@xfoﬁbgée#e, a Cq
feed fraction. The injection of the C6-rich produ

t
righ produehitaetien| ades-lan S PACH RSN /AL Igag @ PRL9D, preferably

criteria. It should be noted that it is contenpl ated

subb@htiblly tlli f theBediior fich ihpeoSene iscdolfeeted, bndat ieast a portion,
and the C6-rich product fraction can be injected into

t he reaction.. stage,at~t L: [ :
orfegedd Supbgnus ALt Cotfh B Eoh T P RE i Rcted
the inproved effectiveness of the present invention,
intotheirsaction stegeat a point downstearprisemarthe Gavlesn fend fractigny The
fashi on. EXAMPLES
injection of the Ce-rich product fraction is selected using the above-described
criteria. It should be noted that it is contemplated that in this embodiment, the Ce-

rich feed fraction and the Cg-rich product fraction can be injected into the reaction

stage at the same or different points or places.

[0022]  The following examples will illustrate the improved effectiveness of the

present invention, but is not meant to limit the present invention in any fashion.

EXAMPLES

Example 1
[0023] 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



Exanple 1 [0023] A light cat naphtha was distilled
into five different fractions to study feedstock
we@bdoeotss81i n napht ha cracking. The distill ati onP@EES2004/004267
performed according to the ASTM specification for
distillation of naphtha, ASTM D-86. The results of the
WO 2004/ 078882 PCT/ US2004/ 004267 -15 feedstock
conmponent properties of the distilled Iight cat
naphtha are given in Table 1. TABLE 1: FEED COVPONENT
PROPERTI ES Feed |BP-130 130--480 150-170 170-190 190+
*rkkxk | CN *****  Opof Feed 33.1 14.3 11.9 7.3 33.4 W.
Avg. Actual defins, W. %C5 62.4 9.2 0.3 0.0 0.0
feddstIci oy o@ntgplﬁ 48ief of Eacdidfll8d Dight a4 aphthalare §lvéh ih Table
B9 SR8 8 5 B 15.2 10.6 8 070 0.0 0.0 0.0 5. 4
1.81.3 C9 0.00.00.00.01.20.40.1 C100.00.0
1.0.00.00.10.00.0 C110.00.00.00.00.00.00.0
Cl2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Total, %66.9 63.
63.0 51.3 29.4 r 52.3 54.0

TABLE 1: FEED COMPONENT PROPERTIES

0.
0.
5

Feed IBP-130 130-150 150-170 170-190 190+ k% LCN **sx

% of Feed 33.1 14.3 11.9 7.3 33.4 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
Cc7 0.1 5.2 14.3 30.5 220 | 1241 10.6
Cc8 0.0 0.0 0.0 0.0 5.4 1.8 1.3
ce 0.0 0.0 0.0 0.0 1.2 0.4 0.1
C10 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Cc11 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
o IBP-130°F cut olefins mostly pentenes

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

e 190°F+ mostly heptenes

Example 2

[0024] 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 of 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.



LCN distilled into five cuts to study feedstock
effects in naphtha cracking 113P-130F cut ol efins

wor@lyssgent enes  130- 150/ 150- 170F cut ol ef i nSPEES1094/004267

hexenes 190F+ nostly heptenes Exanple 2 [0024] A
series of tests in a small bench reactor were
conducted on the various boiling fractions of the
light cat naphtha. Al tests were conducted at 575C,
72 hrl  WHSV over a fixed bed_of 0.3 g of ZSM 5

medi um pore zeolite catal yst. “Prior to the cracki ng
tests, the ZSM5 catal yst was aged by steamng it with
100% steam at 816C and 1 atnosphere for 16 hours. WD
2004/ 078882 PCT/ US2004/ 004267 -16 [0025] The yi el ds
of key products fromthese series of tests are given

[oginsdrggggegfyielgggﬁ g Mm&%ﬁbﬁpﬁa%eéer#yaeof?s%%%gg g in Table 2.

Thg effhgnisizears of thejieactor avag

gas chromat ograp
colum having a | ength of 60 packed \{vith fused
al,?@ae byensline gas ehropaatography
dual FID Hew ett-Packard Model 5880. TABLE 2:

("GCER| NSy ERACEEh NE60*h PackédNwith*firsed b#ed was used for

| BP-130 130-150 150-170 170-190 190+ W . Avg. Actual

the%'g:fﬁ‘é}gi}’s: TadiGE G8ed wit a tudPrED WewletPpaticifa Rick 3886y

TABLE 2: OLEFINSMAX IN LCN CRACKING

) v *kkkk LCN *kkkk
Feed IBP-130 130-150 150-170 170-190 190+ Wt. Avg. Actual
C4-Conv., Wt% | 22.4 41.4 45.0 39.9 323 32.3 32.8 |
Key Yields, Wt%
Ethylene 3.3 3.0 3.5 2.2 2.6 3.0 2.7
Propylene | 10.8 27.5 27.8 210 154 17.4 16.9 |
Butylene 7.6 10.0 12.4 15.5 122 10.6 11.6
Lt Sats 0.8 0.2 1.4 1.1 2.1 1.3 1.7
- Propane 0.1 0.4 0.5 0.4 0.4 0.3 0.4
C3=/C4-Sel | 48.2 66.4 61.8 526 47.7 _ 53.9 51.5 |

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

OlefinsMax cracking catalyst

Example 3

[0026] . 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




Ethylene 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 16.9 Butylene 7.6 10.0 12.4
wa2009/018882 10.6 11.6 Lt Sats 0.8 0.9 1.4 1.1 PCT/US2084/004267

1.7 -Propane 0.1 0.4 0.5 0.4 0.4 0.3 0.4 C3=/C4- Sel

48.2 66.4 61.8 52.6 47.7 53.9 51.5

and 150-170F)

A ef i nsMax cracki ng catal yst Exanple 3 [0026]
addition to ZSM 5,

the light cat
11 catal yst.

C6 cuts (130-150F

show t he hi ghest propylene yield with

I n

the various boiling fractions of
napht ha were di’so tested with a SAPO-

In the case of SAPO- 11, the zeolite was

tested fresh. O herw se,

the procedure used in the

SAPPEN | ReRtrorMinklly WRRRAM DT8R REBNSR084/.SI0KM26 7 The tdsults are

SAPO 11 was nomihally identica

W th

giyen dpable;
| BP-130 13
C4- Conv. ,

to the experinments
The results are given in Table 3. TABLE

‘I'N LCN CRACKI NG ***** | CN *****  Feed

0- 150 150-170 170-190 190+ W. Avg. Actual

W% 17.3 41.4 33.0 30.2 24.6 26.0 26.5 Key

Yields, W%rABLE 3: SAPO-11 IN LCN CRACKING

*kkkk LCN *kkkk
Feed  IBP-130 130-150 150-170 170-190 190+ Wt. Avg. Actual
C4-Conv.,Wt% | 17.3 41.4 33.0 30.2 24.6 26.0 26.5 |
Key Yields, Wt%
Ethylene 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 11.8 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 57.4 |

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

with SAPO-11




Ethylene 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

wa1009/018888 6.6 7.4 Lt Sats 0.5 0.9 1.0 1.2 1.BCI/US2084/004267

- Propane 0.1 0.3 0.2 0.3 0.40.20.3 C3=/C4-Sel 60.7
86.5 80.3 56.3 42.3 63.1 57.4 o0 C6 cuts (130-150F and
150-170F) al so show the hi ghest propylene yield wth
SAPO- 11 WD 2004/ 078882 PCT/ US2004/ 004267 -18- CLAI Ms:
1. A process for producing iqgreased amount s of
propyl ene from napht ha- boi |i*Ag-range feedstreans
conprising: (a) fractionating a naphtha-boiling-range
feedstreamto produce at |east a Co6-rich fraction and
CRAIIRean fraction; (b) injecting at |east a portion
of said C6-lean fraction into a reaction stage, said

reactign el [ _
campr i & R R T AE IR ALt b BT BLofBiene from naphtha
average pore dianeter of less than 0.7 nmwherein

sai d ChollagnranggdesdsircaBisicaMyIssBg'd cracking catal yst

under effective cracking conditions thereby resulting
in at |eagh a frivtRmhatihgdgphiia-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 a
reaction stage, said reaction stage 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 fraction contacts said crackin;g
catalyst under effective cracking éonditions thereby resulting in at least a
product stream;

(c) injecting at least a portion of said Ce-rich fraction into the
reaction stage at a place downstream from the Ce-lean fraction;

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

(e)  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 comprising:
(a) injecting a naphtha-boiling-range feedstream into a reaction stage,

said reaction stage containing a cracking catalyst comprising at least one



(c) injecting at least a portion of said C6-rich
fraction into the reaction stage at a place

waeloomsreseam from t he C6-1ean fraction; (d) PCT/US2004/004267

fractionating at |east a portion of said product
streamof step (b) to produce at |east a fraction
rich in propylene; and (e) collecting at |east a
portion of the fraction rich in propylene. 2. A
process for producing i ncreased anounts of propyl ene
from napht ha- boi | i ng-range flfedstreans conpri sing:
(a) injecting a naphtha-boiling-range feedstreaminto
a reaction stage, said reaction stage containing a

cracki ngoleatiRk ¥ielve HARRd sl Aekrate bersdiagiReer\¥Pless than 0.7 nm,
2004/ 078882 PCT/ US2004/004267 -19 nol ecul ar si eve

havi ng aver a ore.dianeter, of less than 0.7
wher oF VRSP TS Fdii AZERPB RoRaR At L e Lt ipder
catal yst under effective cracking conditions thereb
r esul t ieffgctime aradkésgs comlipionsitherebystaseling it least a product
fractionating at |east a portion of said product
stream@f..step (a) to produce at l|east a fraction
rich in propylene, a C6-rich fraction, and a C6-1ean
fraction; d %c).collect at | east .a porti

Spid

n i.n i,on of the
fraction fch rac%@%mgeq{éegsgﬁd)qrﬂgn e6 emofl\l‘gtc%eaﬂl of step
and recycling at least a portion of the C6-rich
fracti qn) tooprodece eslenstanfrattégeriah imppippdene atstick draction, and
fromthe C6-1ean '

a Cg-lean fraction; and

(c)  collecting at least a portion of the fraction rich in propylene
and the C¢-lean fraction and recycling at least a portion of the Ce-rich
fraction to the reaction stage at a place downstream from the Cq-lean

fraction.

3. A process for producing increased amounts of propylene from naphtha-
boiling-range feedstreams comprising:
(a)  fractionating a naphtha-boiling-range feedstream to produce at
least a C¢-rich feed fraction and a Cg-lean feed fraction;
(b)  conducting at least a portion of said Cs-lean feed fraction to a
reaction stage, said reaction stage 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



fraction. 3. A process for producing increased anounts

of propyl ene from napht ha- boiling-range feedstreans
w@ovpioTsssng: (a) fractionating a naphtha-boi | | POF/DS20g€004267

feedstreamto produce at |east a Co6-rich feed

fraction and a C6-1ean feed fraction; (b) conducting

at least a portion of said C6-lean feed fraction to a

reacti on stage, said reaction stage containing a

cracki ng catal yst conprising at |east one nolecul ar

sieve having an average pore“dianeter of |ess than

0.7 nmwherein said C6-1ean feed fraction contacts

sai d WD 2004/ 078882 PCT/ US2004/ 004267 -20 cracking

cat al y%faoﬂtﬂ@éat@fﬁsﬁﬁhd&t&afﬁeroﬂ&k icrepkimm donditions therelepyesulting in

resulting in | east a product stream (c) injecting

at | eaégketaﬁpgﬁémtg{r glﬁl d Co-rich feed fraction into

t he age Ay poi nt downstream fromt he
C6-1 ean feed fraction; (d) fractlonatlncq at_ | eas
€

portion ofc)sai mm’cmglﬁtttle@tt pawrien ofsaig Congh f%ﬁq){rg,@mmto the

at least a fraction rich in propylene; a C6-rich

pr oducteadifoRGAg¥ at @ﬁ@inﬁ@o%ﬁ@t@ed@ﬁ debue thd Cadédrofeeddhattion;
(e) coIIectlng at | east a portlon of the fraction rich

ocyel | g 1 BAioRRusEAL P pori BEiRifie s ofsip

fraction to the reaction stage at a point downstream
f rom t ig) to produce at least a fraction rich in propylene; a Ce-rich product

fraction, and Ce-lean product fraction; and

(e)  collecting at least a portion of the fraction rich in propylene
and Cg-lean product fraction and recycling at least a portion of the Cs-
4rich product fraction to the reaction stage at a point downstream from the

Ce-lean feed fraction.

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

molecular sieve is selected from zeolites and silicoaluminophosphates.

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

molecular sieve is a medium-pore zeolite.

6. The process of claim 5 wherein the medium-pore zeolite is selected from
the group consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23,

ZSM-48, and ZSM-50.



C6-1ean feed fraction. 4. The process of any of the
precedi ng clainms wherein the at |east one nol ecul ar

W@ @ve74882 sel ected from zeolites and PCT/US2004/004267
si li coal um nophosphat es. 5. The process of any of
the preceding clains wherein the at | east one
nmol ecul ar sieve is a nediumpore zeolite. 6. The
process of claimb5 wherein the nedium pore zeolite is
selected from the group consisting of ZSM5, ZSM 11,
ZSM 12, ZSM 22, ZSM 23, ZSMZ248, and ZSM 50. WD
2004/ 078882 PCT/ US2004/ 004267 -21 7. The process of
cl aim 4 wherein the silicoal um nophosphates is
selected fromthe group consisting of SAPO 11,
SAPO- 34, SAPO- 41, and SAPO- 42. 8. The process of any
of the_precedi ng cl ai erein the opyl ene rich .
act | FMermiocass o arhearia dhs PR eRPEsHafch s sglocted
w.% 9. The process of any of the preceding clains
wher ei firosaitlle gfcfl@cctdm'fstingrodﬂél?@-ldoﬁdm@eﬂﬂs SAPOrEl, atid SAPO-
tenperatures from500C to 700C. 10. The process of any
of the4§recedi ng clains wherein the C6 rich fraction
contai nS"at |east 50 wt.% of C6 conpounds. 11. The
process of any of the preceding clains wherein said
nol ecul ar sieve is selected fromchronosilicates,
galliumsilicates, iron silicates,

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

cracking conditions in include temperatures from 500°C to 700°C.

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

contains at least 50 wt.% of C¢ compounds.

11.  The process of any of the preceding claims wherein said molecular sieve
is selected from chromosilicates, gallium silicates, iron silicates,
aluminum phosphates (ALPO), titanium aluminosilicates (TASO), boron

silicates, titanium aluminophosphates (TAPO), and iron aluminosilicates.

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

catalyst further comprises an inorganic oxide matrix component.



al um num phosphates (ALPO), titanium alum nosilicates
(TASO), boron silicates, titanium al um nophosphates
w@ TaP@8ssand i ron al um nosilicates. 12. The prBCEES2004/004267

any of the preceding clains wherein said cracking

catal yst further conprises an inorganic oxide matrix

conponent. WD 2004/ 078882 PCT/ US2004/ 004267 -22 13.

The process of claim 10 wherein said inorgani c oxide

matri x conponent is not catgéytlcally active and is

sel ected fromoxides of sili¢éon and alum num 14. The

process of claim1 wherein the at |east a portion of

said C6-rich fractionis injected into the reaction

stage at a place downstreamfromthe C6-1ean fraction

wher ei n, the quuid hourly space velocity of the

C?%r ! CIThe F%‘i}fieﬁ gf@%@felﬁ gé‘ﬂa 1}18{%5511&[0%(1%%111;1]?& component
cess of erein said reac 'S

conprlsed of one or nore fixed bed reactors or

react i tmotoatalydeally agtivgrangrs selepiedsisemamrades ohgilieon and

catal yst beds of the sane or different cracking

cat al yghymih@m,. The process of claim 13 wherein

i nterstage cooling or heating between reactors, or

bet ween catal yst beds in the sane reactor, is enployed

in order to maintain optinmumreaction tenperatures.

14.  The process of claim 1 wherein the at least a portion of said Cg-rich
fraction is injected into the reaction stage at a place downstream from the
Ce-lean fraction wherein the liquid hourly space velocity of the Cg-rich

fraction is greater than 10 hr,

15.  The process of claim 1 wherein said reaction stage is comprised of one or
more fixed bed reactors or reaction zones each of which comprises one

or more catalyst beds of the same or different cracking catalyst.

16.  The process of claim 13 wherein interstage cooling or heating between
reactors, or between catalyst beds in the same reactor, is employed in

order to maintain optimum reaction temperatures.



