WD 20 0 4/0 79892 PCT/ US2004/ 004267 -1 FRACTI ONATI NG AND FURTHER CRACKI NG A
C6 FRACTI ON FROM A NAPHTHA FEED FOR PROPYLENE GENERATI ON FI ELD OF THE

| NVENTI e present invention relates to a proc r selectively
pr oduci S;“%g%%%"i’-’eg;gi&ns froma catalytically cracked or th‘g‘?ﬁﬁ%ﬁ'&"‘i‘%‘g@ked

* naphtha stream by fractionating the-daphtha feed to obtain at |east a C6
rich fraction and feeding the C6 ( rich fraction into a reaction stage at a
poi nt wherein the residence tinme of the C6 rich fraction is mnim zed.
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ol i goneri zati od : f Na | ow cost
supply of light olefins, particularly propylene, continues to be in denand
to serve as feedstock for polyolefin, particularly polypropyl ene
production. [0003] Fixed bed processes for |light paraffin dehydrogenation
have rece 3 act e s ed interest for increasing olefin production.
However , HHEe L EHE INYENLE typically require relatively |large
capital investnents as well as high operating costs. It is therefore

advant ageqogo1jo i Thegresmnoimfentionirelatesusiangrocggsafoe sslestivalhiprbdidayic.e
relatively small capital investnent. It is particularly

olefins from a catalytically cracked or thermally cracked naphtha stream by
fractionating the naphtha feed to obtain at least a C¢ rich fraction and feeding the Cq
( rich fraction into a reaction stage at a point wherein the residence time of the Cg

rich fraction is minimized.

BACKGROUND OF THE INVENTION

[0002]  The ne_ed_ for low emi_ss_ions ﬁ;els has _c_;rezit_ed ggléngre‘qse‘c‘l ;_lemap_d fo;
light olefins for use in alkylation, oligomerizatioﬂ, MTBE and ETBE synthesis
pfocesses. 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 investmeﬁts 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.



advant ageous to increase olefin yield in catalytic cracking processes. WO
2004/ 078882 PCT/ US2004/ 004267 -2 [00041 European Patent Specifications

490, 435- B wp3osy/3sde32- B and European Patent Application ﬁﬁﬁs?;ﬁ@mmgescri be
processes for converting hydrocarbonaceous feedstocks to ol efins and

gasoline using fixed or noving beds. The catalysts included ZSM5 in a
matri x, which included a |large proportion of alumna. [00051 U S. Pat. No.
5,069, 776 teaches a process for the conversion of a hydrocarbonaceous
feedstock by contacting the feedstock with a noving bed of a zeolite

catal yst conprising a zeolite with a medbhum pore dianeter of 0.3 to 0.7 nm
at a tenperature above 500C. and at a residence tine |ess than 10 seconds.
O efins are produced with relatively little saturated gaseous hydrocarbons
being forned. Also, US. Pat. No. 3,928,172 to Mbil teaches a process for
converting hydrocarbonaceous feedstocks wherein ol efins are produced by
reacting said feedstock in the presence of a ZSM5 catal yst. [0006] A

probl em i njyagant iBurbpesiiPhtest Shedifivatisidas,43 5.8 agd STAGRDIR aﬁﬂiElﬁgﬁéan t hat
the process depends on a specific catal yst balance to nmaxi m ze production of

|'i ght ol ef{ns il L. so LEV] hi,gh conversion of the 650F+ feed
conponent sij a@ﬁ%@ﬁ"%ﬁ%%@f’gsa‘%%ﬁ%} %rrqpe%s\t;éﬁoq FOTVELHREi i c catal yst
bal ance can be maintained to maxim ze overall olefin production relative to
fuel s, ol ehydrosabenatedusyfeedstocks to olefins and gasoline using fixed or moving beds.

The catalysts included ZSM-5 in a matrix, which included a large proportion of

-

alumina.

[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 (\:)
h).rdrocarbonaceous 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



WO 2004/ 078882 PCT/ US2004/ 004267 -3 generally | ow due to undesirable side
.reactions, such as extensive cracking, isonerization, aromatization and
hydr ogen tr. r ctions. Light saturated gases produg from
undesirabIQQQ?&QKV%ggtions result in increased costs to r@%ﬂUEVMPW8”67
«desirable light-olefins. Therefore, it is desirable to nmaxim ze olefin
production in a process that allows a high degree of control over the .
selectivity of C3 olefins while producing m ninmal by-products. SUMVARY OF
THE |1 NVENTI ON [ 0007] One enbodi nent of the present invention is a process
for producing increased anounts-of-propylene from naphtha-boiling-range
feedstreans conprising: (a) fractionating a naphtha-boiling-range
feedstreamto produce at |east a Co6-rich fraction and a C6-1ean fraction
(b) injecting at |least a portion of said C6-lean fraction into a reaction
st age, sai dgemeaslly tow shhage vadedisbie sigleacartns] nghcast extgrsdive cruthingsi ng at

| east one nol ecul ar sieve having an average pore dianeter of less than 0.7

nm wherei n saj - - | r [ : I
et ect i ve chatkrRatehRoHaEZat o afig By BREn PIES rRE IR LI Tt hucHiSEs
stream (c) injecting at |least a portion of said C6-rich fraction into the
" 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; olefins while

producing minimal by-products.

SUMMARY OF THE INVENTION

[06007]  One embodiment of the present invention is a process for producing
increased amounts of propylene from naphtha-boeiling-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 Ce-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 cracking
catalyst under effective cracking conditions thereby resulting in at least a
product stream;

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

reaction stage at a place downstream from the Cg-lean fraction;



reaction stage at a place downstreamfromthe C6-1ean fraction; WO
2004/ 078882 PCT/ US2004/ 004267 -4 (d) fractionating at |east a portion of

sai d produygd  sifefosags of step (b) to produce at |east a fipagiis@ivsfobfgrin
propyl ene; and (e) collecting at |l east a portion of the fraction rich in
propyl ene. [00081 Anot her enbodi nent of the present invention provides a
process for producing increased anounts of propylene from

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

napht ha- boi | i ng-range feedstreaminto a reaction stage, said reaction stage
containing a cracking catalyst conprising.at |east one nol ecul ar sieve
havi ng an average pore dianeter of less than 0.7 nm wherein said

napht ha- boi | i ng-range feedstream contacts said cracking catal yst under

effective cracking conditigns. thereby,resulting i -at_| east a _product
stream (b) fractiong ng tg?&}o ng§¥bWE$BHﬂ6&B€¥%8§F8 tStrffi&‘e%f#g? st ep
(a) to produce at least a fraction rich in propylene, a C6-rich fraction,
and a C6-1ean frdb)toprodncd at ddastafitaction mphan prepglene; ol ti on of the
fraction rich in propylene and the C6-1ean fraction and recycling at |east

a portion of the C6- @?r‘egéﬂ@rﬁhlgoﬁ 1b&5t W Yorti6A IO HALAGR rRh 18 PRbffEne.

downstream fromthe
[0008]  Another embodiment of the present invention provides 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 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; o
(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 Cg-rich
fraction to the reaction stage at a place downstream from the Cg¢-lean

fraction.



fraction. WO 2004/ 078882 PCT/ US2004/ 004267

‘the present invention provides a process for

-5 [0009] Anot her enbodi nent of
produci ng i ncreased anounts of

pr opyl ene f\i/B%dlﬂH%?a' boi I'ing-range feedstreams conpri S%@Qg{sgﬁf@ggpa

fractionating a na
C6-rich feed fractlon and a C6-1ean feed fraction; (b) conducting at

ha- boi | i ng-range feedstreamto produ

| east a

portion of said C6-lean feed fraction to a reaction stage, said reaction
stage containing a cracking catalyst conprising at |east one nol ecul ar
si eve having an average pore dianeter of less than 0.7 nmwherein said

C6-1ean feed fraction contacts said cracglng catal yst under effective
cracking conditions thereby resulting in

i njecting at

at | east a product stream
| east a portion of said C6-rich feed fraction into the

reaction' stage at a point downstreamfromthe C6-1ean feed fraction;
fractionati moa;t | efrsdther pobbdimentfofthe grsentinvention peonidés s pegress Br t o

produce at
and C6-1| ean
fraction rig

(c)
(d)

| east a fraction rich in propylene; a Co6-rich product fraction,

R g R e A

| east a portion of the C6-
comprising:

{a) fractionating a naphtha-boiling-range feedstream to produce at

least a Cg-rich feed fraction and a Cs-lean feed fraction;

(b)  conducting at least a portion of said Cg-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

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 Cs-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 Ce¢-

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

Cg-lean feed fraction.



rich product fraction to the reaction stage at a point downstreamfromthe
C6-1ean feed fraction. WD 2004/ 078882 PCT/ US2004/ 004267 -6 DETAI LED

DESCRI PTI O d3nofitisss2NVENTI ON [ 00101 It shoul d be noted thg¢riRoliHs7
"injecting" as used herein is meant to enconpass any nmeans known for

I ntroducing a streaminto a piece of processing equipnent. tt'should also
be noted that "C6-rich fraction" as used herein is neant to refer to that
fraction containing at least 50 w.% preferably at |east 60 w.% and nore
preferably at |least 70 wt.% of C6 conpounds. 100111 The present invention is
a process designed to increase propylene_,yields froma catalytic cracking
process unit. Thus, in the practice of ﬂ‘?é present invention, the reaction
stage of the process unit is operated under process conditions effective at
maximzing the C2 to ¢4 olefins (particularly propylene) selectivity. Thus,
t he presenDETACOAD DESCRIPTTON OB THEINYENEKINcti vel y produci ng C3

ol efins from napht ha-boiling-range feedstreans. In the practice of the
present in { on, i 1 17 ' : ith a

O acking oLfd0) ot 1tAnBRRNC Rorel thaele \EBENI ARG GERRY oI EfkER M | 3

t hereby producing at |east a product stream The product streamis, then

f ract i onat eacarspassrayumeans kneys fonintiodoemngp stresm infopy PISYE OAPTOESEBEr | ch
fraction, and a C6-lean fraction. At least a portion of the fraction rich

in propyl eBguiphtbnithet Snil@aRo Heafdtb@that "Ce-rich fraction" as used herein is meant

to refer to that fraction containing at least 50 wt.%, preferably at least 60 wt.%, and

Pl
; :
_/”)

more preferably at least 70 wt.% of C; compounds.

[0011)  The present invention is a process designed to increase propylene yields
from a catalytic cracking process unit. Thus, in the practice of the present

imvention, 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 ( 1‘)
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 Cg-lean
fraction. At least a portion of the fraction rich in propylene and the Cy-lean fraction
are recovered while at leést a portion of the Cg-rich fraction 1s 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 C¢-lean



are recovered while at least a portion of the C6-rich fraction is recycled
to the reaction stage. In another enbodi nent of the instant invention, the
napht ha bgihi ge feedstreamis first fractionated i a
C6-rich fﬁgggggﬁwgﬁg a C6-1ean WD 2004/ 078882 PCT/USZOO4?§3§§2@“hE§§;
fraction. At least a portion of the C6-lean fraction is injected into the
reaction stage wherein it is contacted with a cracking catal yst under

ef fective cracking conditions thereby producing at |east a product stream
At | east a portion of the C6-rich fraction is fed into the reaction stage
at a place downstream fromthe C6-lean _fraction, and at |east a fraction
rich in propylene is subsequently recovered after - fractionation, In yet
anot her enbodi nent of the instant invention, the naphtha boiling range
feedstreamis.fir fractionated. into, a C6-rich feed fraction and a C6- |ean
foed 11 actiastion A las{E pogim Shiedseich TstioBin MR Rbe GRAGHO HFEE o
into the reaction stage wherein it is contacted with a cracking catal yst
under ef f ewhesetn itas aohiactpdowiitliat éraciang loetadynt undereffectivendratleingtcoaditicaduct
stream At |least a portion of the C6-rich feed fraction is fed into the

cast & polEiegw 1hapReBif JGRR HebPRTEERR, ACRar e pite il dlce

| east a fraction rich in propylene, a C6-rich product fraction, and a
C6- | ean priactinn isrfad inierthe scadtionsttage 3oy plaen downstrearadromdhe fiddat
fraction is also injected at a point downstreamfromthe C6-1ean fraction,
as descrifgdidaK8 at least a fraction rich in propylene is subsequently recovered after
( fractionation. In yet another embodiment of the instant invention, the naphtha
boiling range feedstream is first fractionated into a Cs-rich feed fraction and a Cs-
lean feed fraction. At least a portion of the C¢-lean feed fraction is injected into the
reaction stage wherein it is contacted with a cracking catalyst under effective
cracking conditions thﬁnéby 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 Cg-lean product fraction. At least a portion of the Cg-rich product

fraction is also injected at a point downstream from the C¢-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 Cy4- Cy olefins



[0012] Feedstreans suitable for use herein are naphtha-boiling-range
feedstreans boiling in the range of 65F to 430F, preferably from 65F to

300F.  Non-wonkidavgssaxanpl es of napht ha- boi l'i ng-range feedstFeaiBydiyidsabl e
for use herein include |light naphthas or raffinates, containing sufficient
amounts of C4- C9 ol efins WO 2004/ 078882 PCTJUS2004/ 004267 -8 and/or
paraffins, C4 -C9 fractions fromlight naphthas or raffinates, catalytic
cracked naphtha, coker naphtha, steam cracker pyrolysis gasoline, synthetic
chem cal streans containing sufficient anounts of C4- C9 ol efins and/or
paraffins or any other hydrocarbons cont#&kning sufficient anounts of C4- C9
ol efins and/or paraffins. Feedstreans containing high | evels of dienes,

sul fur, nitrogen, and oxygenates may be selectively hydrotreated prior to

ovel s of dPBRRL PfL s e RaBicR T an I BSRa AR AP AL sufiErR teled "

processed directly from FCC units, cokers or _ steamcrackers w thout any
pr et r eat nentizphithaiayker naphthap sigens gracker mymelysiseasating npmtlstimchemigabht ha
boiling range feedstreamas defined above is injected into a reaction stage

wher ei n t hesipadifis Bentafhf isfidiaMdmbeagd ot (52w, ‘E)‘Péﬁﬁ’scztg%djar gpal%ffﬁwsr @ al yst

under effective conditions. The reaction stage can be conprised of “one or
nore fixed bf‘hd i&actors or reactio
%

n ones each of _whj.ch n conpri se._one or
more catal y8 FRGRrRars <OIREAIE SWfFRBE oIk ol GarCo pletwsandir nasafifingg or
heati ng between reactors, or between

Feedstreams containing high levels of dienes, sulfur, nitrogen, and oxygenates may
be selectively hydrotreated prior o use in the presently disclosed process. 8
However, appropriate feeds with low levels of dienes, sulfur, nitrogen, metal

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

steam crackers without any pretreatment.

[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.



catal yst beds in the sane reactor, can be enployed since cracking reactions
are generally exothermc. A portion of the heat generated during cracking
can be re ere this heat recovery option is not ' e
conventiong\?y%gg isgéé}h may be perfornmed through cooling ut#@ﬁ%’%@&oﬂ%ﬁthi S
“manner, optinmumreaction tenperatures can be nore easily maintained. WO
2004/ 078882 PCT/ US2004/ 004267 -9 100141 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 |ess than
0.7 nanoneters (nm. Ml ecular sieves suigable for wuse herein are selected
fromthose materials referred to in the art as zeolites and
silicoal um nophosphates (SAPO). It is preferred that the at | east one

nol ecul ar sieve be selected fromthat class of materials known as zeolites,
and nore preferred that the zeolite be selected from nedium pore zeolites.
Medi um pore size zeolites that can be used in the practice of the present

i nvention qﬁﬂ41h05€a § b léﬂroﬁﬁs%in"tﬁébﬁ%ti@é &%%&e@iﬁ%ﬁ%ﬁarypes",
eds. W H Meiér and D. H d son, Butterworth- Hei nenan, Third Edition,

1992, which is.hereby incorporated.by reference. diumpore sjze zeolites
generally I¥ 1%c%@é/rs%@a£8§e€pcap%§gdeqfeqt2ga§t ORemQiegular sigye Emnga&m y from
0.5 nm to 0.7 nmand include for exanple, MFI, MFS, MEL, MIW EUO MIT,

HEU, FER, andrapelgost dimmheterldsy eanz@dlnanemetdriii@). Modesudai sievesfsutablel foe
Nonencl ature). Non-limting exanples of such nmedium

use herein are selected from those materials referred to in the art as zeolites and
( silicoaluminophosphates (SAPO). 1t is preferred that the at least one molecular
sieve be selected from that class of materials known as zeolites, and more preferred
that the zeolite be selected from medinm pore zeolites. Medium pore size Zeolites
that can be used in the practice of the present invention are those described in the
- "Atlas of Zeolite Structure Types", eds. W, H. Meier and D. H. Olson, Butterworth-
Heineman, Third Edition, 1992, which is hereby incorporated by reference.
Medium pore size zeolites generally have an average pore diameter less than 0.7
C 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 {TUPAC
Commission of Zeolite Nomenclature). Non-limiting emeles 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.



pore size zeolites, include ZSM5, ZSM 12, ZSM 22, ZSM 23, ZSM 34, ZSM 35,
ZSM 38, ZSM 48, ZSM 50, silicalite, and silicalite 2. The nost preferred

zeolite crwmokomg7esgbal yst used in the presently di scl oseddi@eessls7 ZSM 5,
which is described in U S Pat. Nos. 3,702,886 and 3,770,614. ZSM 1l is

descri bed i
ZSM 21 and
4,076, 842;
4,016, 245.
The pore di
di aneter",

n US Pat. No. 3,709,979; ZSM12 in U S. Pat. No. 3,832, 449;
ZSM38 in U S Pat. No. 3,948,758, ZSM23 in U S. Pat. No.

and ZSM 35 in U S. WD 2004/078882 PCT/ US2004/ 004267 -10 Pat. No.
Al'l of the above patents are incorporated herein by reference.
aneter, sonetines referred to-lerein as "effective pore

can be neasured using standard adsorption techni ques and

hydr ocar bonaceous conpounds of known m ni mum ki netic di aneters. See Breck,

Zeolite Ml

(1979), bot

eI 4 A ELEL AR LA R dr S nDooraled R 19 Lo

menti oned above, nol|ecul ar sieves suitable for use herein also include that
cl ass of malbeparsdigampierasomelimasretesras toiheaeinuas ebisntive patedianies2®BOyan such
as, for exanple, SAPO 11, SAPO 34, SAPO 41, and SAPOG- 42, which are

descri bed i

be sel ect ed

Be Hieasufedtusi ?t_aﬂdﬂﬂoacﬁgépltiiqgt@%niﬁﬁbé ahl ﬁy&i‘ﬂcﬁ?&&ﬁ'&e@ﬁsﬁves can

rom chrono | cat es; rumsiliicates; rron silicates;

al um num phos

4, 310, 440;
EP- A No.

B o ) e s b T aiband 1
Sieves, 1974 and Anderson et al., J. Catalysis 58, 1147 (1979), both of which are
incorporated herein by reference. ( \
[0015] ‘As mentioned above,‘ molecular sieves suitable for use herein also

include that class of materials generally known as silicoaluminophosphates

(SAPO), such as, for example, SAPO-11, SAPO-34, SAPO-41, and SAPO-42,

which are described in U.S. Pat. No. 4,440,871. Other suitable molécular 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 (TASQ), 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



229, 295; boron silicates, described in U S. Pat. No. 4,254,297; titanium
al um nophosphates (TAPO, such as TAPO 11 described in U S. Pat. No.

4,500, 651; padodsfasssal um nosilicates. 100161 The cracking cqt@l¥Stioi67
conprising at |east one nolecular sieve is also nmeant to encompass

“crystalline adm xtures" which are thought to be the result of faults
occurring within the crystal or crystalline area during the synthesis of the
WO 2001/ 078882 PCT/ US2004/ 004267 -11 zeolites. Exanples of crystalline

adm xtures of ZSM5 and ZSM 11 are disclosed in U S Pat. No. 4,229,424
which is incorporated herein by referencejjThe crystalline adm xtures are

t hensel ves nedi um pore size zeolites and are not to be confused

wi t hphysi cal adm xtures of zeolites in which distinct crystals of

crystallites aof different zeolites are. SiC rese in.the_s
cat al yst c&ﬁ%&f?ﬁ]{é"wﬁﬁﬂ’%&%@ﬁﬁ? aﬂgﬁg r%oﬁiﬁgﬁgé’éld ?@Mﬁl%@mg@%@i ng
catal ysts used in the present invention are typically held together with an

i nor gani ¢ oxi UeSriddtr No. 4@20chtvhicthi inoerpgeaed hecind by referéncet The be nmade
froman inorgani c oxide sol or gel which is dried to "glue”.tin catal yst

conponent s : I i I L X 1S Not
cararyt cal P e ad R it R bof b8 Bt rid e Bl e
alumnum It is also preferred that separate al um na phases be incorporated
into the i nepylised voib pleysieal admixtugpeef eepldes ml whiohudistinet crystals of
oxyhydr oxi des- g-al um na, boehmte, diaspore, and

crystallites of different zeolites are physically present in the same catalyst

composite or hydrothermal reaction mixtures.

[0017]  The cracking catalysts used in the present invention are 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 nto 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.



transitional alum nas such as a-alum na, b-alumna, g-alumna, d-alumna, c-
al um na, k-alumna, and r-alum na can be enployed. Preferably, the alum na
speci es i s w0 whumsssem tri hydroxi de such as gi bbsite, bayepét@s2004/004267
nordstrandite, or doyelite. The matrix material may al so contain
phosphorous or alum num phosphate. WO 2004/ 078882 PCT/ US2004/ 004267 -12

[ 00181 As nentioned above, the naphtha boiling range feedstream contacts the
above-defi ned cracking catal yst under effective cracking conditions.
Effective cracking conditions. as used herein will be considered those
conditions selected to achieve the desir¢® boiling point conversion of the
feed and include tenperatures from500C to 700C, preferably from525C to
650C. [00191 The contacting of the naphtha boiling range feedstreamw th the

i procuc 00U o Rl 1R Ineo b i R oot asfe Y Mg,

fromthe reaction stage is_sent to a fractionation stage where various
product s ar ébogee¢lned cracking catalyst yndercdiectivetsracking condpiansn &Efféative
fraction, a C6-rich fraction, a C6-lean fraction, and optionally a C4-rich

fraction. Theaddng EEditidns a8 hstdBelety wiﬁ‘%f: IcBRsidetdd fh}b@f, F‘?,hg?b[&h% g%ietELEéii ’%3 9

olefins, and at |&ast a portion, preferably substantia
(propylene)-rjch fracgti.on can, then be collected. Ln.the practice of the
P oot 1y abiess (e fesiEtL SO m roum BT E LB <S8 B0 ARE Pl (SERPTAIIGE ¢ he
C6-rich fraction is
from 500°C to 700°C, preferably from 525°C to 650°C.

[0019]  The contacting of the naphtha boiling range feedstream with the cracking
catalyst produces at least a product stream. At least a portion of this product
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 Cs-rich fraction, a Cg-lean fraction, and
optionally a C,-rich fraction. The Cs fraction and the C, fraction will typically be

rich in olefins, and at least a portion, preferably substantiaily all, of the C; N

(,m
,\_/

(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 Cq-rich fraction is



recycled and injected into the reaction stage at a point downstreamfromthe
“injection of the naphtha boiling range feedstreamto increase the yield of

propyl ene.ywolbhodsghef erred that the C6-rich fraction be into the
reacti on stage atsa poi nt downstream fromthe napht ha bgcﬁijlﬁséa(ﬁg'ﬂggtf

feedstream at a point selected in the reaction stage wherein the liquid
hourly space velocity of the Co6-rich fraction is W 2004/ 078882

PCT/ US2004/ 004267 -13 greater than 10 hf', preferably greater than 20 hf',
nore preferably greater than 40 hf', and nost preferably greater than 60
hf'. [0020] As stated above, in one enbqginent of the instant invention, a
naphtha boiling range feedstreamis fractionated into at |least a C6-rich
fraction and a C6-1ean fraction. At |east a portion, preferably

substantially all, qf the -l ean fractjon.Ls jintroduced_or injected into

t he reacti&ﬁg@?ra naﬁerreiaH%Fr ghg%f%rt arb?gi‘ﬁi’r@%f‘a%ﬂ%%b?y geeateaithaedl above
under conditions as defined above thereby producing at |east a product
stream At hréaaid mopiopieifaablypgrehier dinyoGbst antial ly all, of the C6-rich

-fraction-is injected into-11 reaction stage at a point downstreamfromthe
C6-1ean fraction. The injection of the C6-rich fraction is selected using
the above criteria. At least a portion, preferably substantially all, of
the product streamis fractionated to produce at least a fraction rich in
propyl ene. [0420] eashs statesdt abaeve, ipope embbdymesiuafsthe instand pventiomfa ndphtlhia act i on
rich in propylene is collected. [0021] In yet another enbodiment of the
present i nygfidingd feailem Retdctiddated into at Ieast a Cy-rich fraction and a Cg-lean
\ fraction. At least a portion, preferably substantially all, of the Cg-lean 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, of the Cg-rich

fraction is injected into-the reaction stage at a point downstream from the Cg-lean
fraction. The injection of the Ce-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 Cq-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,



range feedstreamis fractionated into at |least a C6-rich feed fraction and a
Co-lean feed fraction. At least a portion, preferably substantially all, of
t he C6-| eawofzemb7sgszacti on i s introduced or injected intgpdiesieamiian stage
wherein it contacts a cracking catalyst as defined above under conditi-ons
as defined above thereby producing at |east a product stream At |east a
portion, preferably substantially all, WO 2004/078882 PCT/ US2004/ 004267 -14
of the Co6-rich feed fraction is injected into the reaction stage at a point
downstream fromthe C6-1ean feed fraction. The injection of the C6-rich
feed fraction is selected using the abeMe criteria. At least a portion,
preferably substantially all, of the product streamis fractionated to
produce at least a fraction rich in propyl ene, - rich product fraction,

a Co
a C6-1ean t. i - AL . i . . i.ally
a1 of o nelt AR FEed Bl dh ic Bt FioRO T PRcalh SEEAT abail RARR Y
preferably substantjally all, the C6-rjch product fraction is recycled and
i nj ected framotheres-leandeed frastiome The ajepipmof desbstrichdieed fpetionds seleriedn
feed fraction. The injection of the C6-rich product fraction is selected

using the ﬁ’éiﬂ%’ Ehelgissved fidriaC Dﬂlttléﬁdt%-pdrfiﬁg,h%glfﬁa’_@% Afiseehifaligtall bfitke

contenplated That in this enbodi nent, - rich feed fraction and the
O o B SR S0 LS LD SR i BBl
illustrate the inproved effectiveness of the present invention, but is not
meant to |dich prdduet fraetionta Cghent produchiractyod.ashileast a portion, preferably
substantially all of the fraction rich in propyléne is collected, and at least a portion, \
preferably substantially r:_ill, the Cq-rich product fraction is recycled and injected
into the reaction stage at a point downstream from the Ce-lean feed fraction. The
injection of the Cg-rich product fraction is selected using the above-described
criteria. It should be noted that it 1s contemplated that in this embodiment, the Cs-

rich feed fraction and the Cq-rich product fraction can be inj ected 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



EXAMPLES Exanple 1 [0023] A light cat naphtha was distilled into five
“different fractions to study feedstock effects in naphtha cracking. The
distillati formed according to the ASTM specifi [ for

di sti ||ati‘§922?’%ﬁg%%t ha, ASTM D-86. The results of the \AB%F‘H’?@%E

“ PCT/ 1JS2004/ 004267 -15 feedstock conponent properties of the distilled

| i ght cat naphtha are given in Table 1. TABLE 1: FEED COVPONENT PROPERTI ES
Feed 1 BP-130 130-150 150-170 170-190 190+ ***** | CN ***** 0 of Feed 33.1
14.3 11.9 7.3 33.4 W. Avg. Actual Oefins, W. %C5 62.4 9.2 0.3 0.0 0.0
22.0 26.2 C6 4.4 49.0 48.4 20.8 0.6 16.165-15.8 C7 0.1 5.2 14.3 30.5 22.0

12.1 10.6 C8 0.0 0.0 0.00.05.41.81.3 C9 0.00.00.00.01.20.40.12
Cl10 0.0 0.0 0.0 0.0 0.2 0.00.0 C11 0.00.00.00.00.00.00.0 2 0.0
0.0 0.0 O. 8.02.00.0 . . . . .
eedstock component properties of the distilied light cat naphtha are given in Table
1.
TABLE 1: FEED COMPONENT PROPERTIES
Feed IBP-130  130-150 150-170 170-190 190+ FRkE LCON Fe
K : % of Feed  33.1 14.3 11.9 7.3 33.4 Wt Avg. Actual
Olefins, Wt. %
C5 [ 624 9.2 0.3 0.0 0.0 22.0 26.2
Cé 4.4 49.0 48.4 20.8 0.6 16.0 15.8
c7 0.1 5.2 14.3 30.5 220 | 124 10.6
Cc8 0.0 0.0 0.0 0.0 5.4 1.8 13
ce 0.0 0.0 0.0 0.0 1.2 0.4 0.1
Cc10 0.0 0.0 0.0 0.0 0.1 0.0 0.0
C11 00 006 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 distilied into five cuts to study feedstock effects in naphtha cracking
( « IBP-130°F cut olefins mostly pentenes

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

« 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.



pent enes

anal ysi s.
OLEFI NSMVAX
W. Avg. Ad

%66.9 63.5 63.0 51.3 29.4 52.3 54.0 LCN distilled into five cuts to
| BP- 130F cut ol efins nostly

180 v s 1S bda¥e7

conducted on the various
tests were conducted at 575C, 72 hr'
ZSM 5 medi um pore zeolite catal yst.
catal yst was aged by steaming it with 100% st eam at
for 16 hours. WD 2004/ 078882 PCT/ U52004/084267
products fromthese series of tests are given in Table 2.

study feedstock effects in naphtha cracking
w30200007s8%0- 170F cut ol efins nostly hexenes
hept enes Exanple 2 10024] A series of tests in a small
boiling fractions of the |ight cat naphtha. All

bench reactor were

VWHSV over a fixed bed of 0.3 g of

Prior to

t he cracking tests,
816C and 1 at nosphere
-16 [0025] The yields of key

t he ZSM

The effl uent

5

stream of the reactor was anal yzed by on-line gas chromatography ("GC'). A
colum having a Il ength of 60 m packed with fused silica was used for the
The GC used was a dual FID Hewl ett-Packard Mbdel 5880. TABLE 2:
CN CKILLNG Feed, I BP- 130 130-150.,.150-170. 170- 190+
il " TBegiOS oey pr it Hmadhe dai hseR g ivep Ty Table 2
The effluent stream of the reactor was analyzed by on-line gas chromatography
("GC™). A column having a length of 60 m packed with fused silica was used for
the analysis. The GC used was a dual FID Hewlett-Packard Model 5880.
()
TABLE 2: OLEFINSMAX IN LCN CRACKING
) *kkkRk LCN *kkik
Feed IBP-130 130-150 150-170 170-190 190+ Wt. Avg. Actual
C4-Conv., Wit% | 224 41.4 45.0 39.9 32.3 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 27.8 210 154 174 16.9 |
Butylene 7.6 10.0 124 15.5 12.2 10.6 11.6
Lt Sats 0.8 0.2 14 1.1 2.1 1.3 1.7
- Propane 0.1 0.4 0.5 0.4 0.4 0.3 0.4
TN
J
C3=/C4-Sel | 48.2 66.4 61.8 526  47.7 53.9 51.5 S

» 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



Key Yields, W% 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 15.5 12.2 10.6 11.6 Lt
Sats 0.8 Ow8 280 2.11.31.7 - Propane 0.1 0.4 0.5 .4
i o el O bethrde . L & 477 55 5655 O uts (?535‘%&%@5%3%89

150- 170F) show t he hi ghest propylene yield wwth d efinsMax cracking

catal yst Exanple 3 [0026] In addition to ZSM5, 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. QO herw se,
the procedure used in the experinents wih WO 2004/ 078882 PCT/ US2004/ 004267
-17 SAPO 11 was nomnally identical to the experinents wiwth ZSM5. The
results are given in Table 3. TABLE 3: SAPO 11 I N LCN CRACKI NG *** LCN+**

E?eg |4?P41§§‘P§) 36]‘%932911531% %8’0‘%17%“%3%% iy expBtiméte wiflCZ8Rk 5. ridtbans %7

given in Table 3.

TABLE 3: SAPO-11IN LCN CRACKING

kx| O *wwws
( Feed iIBP-130 130150 150-170 170-190 190+ Wt. Avg. Actual

C4-Conv.,, Wit% [ 17.3 41.4 33.0 30.2 246 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 35.8 265  17.0 10.4 16.4 15.2 |
Butylene 2.6 3.3 4.4 11.0 118 6.6 7.4
Lt Sats 0.5 0.9 1.0 1.2 1.5 1.0 2.1
~ -Propane. 01 03 .02 03 04 02 03

c3=/C4-Sel | 60.7 86.5 80.3 56.3  42.3 63.1 57.4 |

o 6 cuts (130-150°F and 150-170°F) also show the highest propylene vield
(- with SAPO-11



Key Yields, W%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
0.50.91.01.21.51.02.1 - Propane. 0.1 . 0.3 0.2 0.30.4. 0.3 .

C3=1C4- Sel @0.260436848280. 3 56. 3 42.3 63.1 57.4 o0 C6 cut sp¢dBsudafRnsand
150-170F) al so show t he hi ghest propylene yield wth SAPO 11 WO 2004/ 078882
PCTI US2004/ 004267 -18-" CLAIMS: 1. A process for producing increased anmounts
of propyl ene from napht ha- boiling-range feedstreans conprising: (a)
fractionating a naphtha-boiling-range feedstreamto produce at |east a
C6-rich fraction and a C6-1ean fraction,;gsherein said C6-rich fraction
contains at |east 50 wt % C6 conpounds; (]bé)mi njecting at | east a portion of
said C6-lean fraction into a reaction stage, said reaction stage containing
a cracking catalyst conprising at |east one nol ecul ar sieve having an

aver age por&ﬁ’@'er of less than 0.7 nmwherein said C6-lean fraction

contacts said cracking
1. 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, wherein said Cs-rich fraction
contains at least 50 wt% C6 compounds;

(b) injecting at least a portion of said Cs-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 crackiné
catalyst under effective cracking éonditions thereby resulting in at leasta
product stream; | |

(¢) injecting at Ieast a portion of said Cg-rich fraction into the

| reaction stage at a place downstream from the Cg-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



catal yst under effective cracking conditions thereby resulting in at |east a
product stream (c) injecting at |east a portion of said C6-rich fraction
into the reaction stage at a place downstream fromthe C6-1ean fraction;

(d) fracti oma2oogozmmsszl east a portion of said product streamusist@ps (b) to
produce at least 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 naphtha- boiling-range feedstreans
conprising: (a) injecting a naphtha-boiling-range feedstreaminto a reaction
stage, said reaction stage containing a ;racking catal yst conprising at

| east one WD 2004/ 078882 PCT/ U82004/ 004287~ -19 nol ecul ar si eve havi ng an
average pore dianeter of less than 0.7 nm wherein said C6-1lean fraction
contacts said crackin% catal yst under effective cracking.conditions thereby
resulting in at | eastolecularadgishaving amayerggs pare sdametanof less than|0chem, a
portion of said product streamof step (a) to produce at |east a fraction

rich in propyl ene, ghefeifiissid C4-Reh f@Btionbehtads GBidl @adkihg a@ch%@ﬂmd@iﬂerei n said
Co6-rich fraction contains at |east 50 wt% C6 conpounds; an

effective cracking conditions thereby resulting in at least a product

stream,

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

(2) to produce at least a fraction rich in propylene, a Cg-rich fraction, and

a Cg-lean fraction, wherein said Cg-rich fraction contains at least 50 wt% C6
compounds; 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 Cq-rich
fraction to the reaction stage at a place downstream from the Cg-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 Cg-rich feed fraction and a Cs-lean feed fraction, wherein said Ce-rich
fraction contains at least 50 wt% C6 compounds;

(b) conducting at leasta portiéﬂ of said Cg¢-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 C¢-lean feed fraction contacts said



(c) collecting at |least a portion of the fraction rich in propyl ene

and the

C6-lean fraction and recycling at |east a portion of the C6-rich fr action
to-the reaction stage at a place downstreamfromthe C6-1ean fraction.
process forWPr26eI88%gy i ncreased anounts of propyl ene froprrrephtdmizer
boi l i ng-range feedstreans conprising: (a) fractionating a

napht ha- boi I i ng-range feedstreamto produce at |east a Co6-rich feed
fraction and a C6-1ean feed fraction, wherein said C6-rich fraction
contains at |east 50 wt % C6 conpounds; (b) conducting at |east a portion of
said C6-lean feed fraction to a reactiog,stage, said reaction stage
containing a cracking catalyst conprising at |east one nol ecul ar sieve
havi ng an average pore dianeter of less than 0.7 nmwherein said C6-1ean
feed fraction contact i@sai Qlc VWO 2004/ %8882 PCT./ US2004/ 004267 -20 cracking

G @E%&BWH&?%

cat al yst under ef f &%

a product stream (c) injecting at |east a portion of said C6-rich feed

fraction into the atézstiprodichgeean; a poi nt” downstream fromthe C6-1ean
| east a portion of said product stream

of step (b) to produg§ atinj@amly A ek Hoon ofehid Op-HER BEERStR ifthe ch

feed fraction;

pr oduct

(d) fractionating at

reaction stage at a point downstream from the Cq-lean feed fraction;
(d) fractionating at least a portion of said product stream of siep

(b) to produce at least a fraction rich in propylene; a Cg-rich product

fraction, and Cs-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 Ce-

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

Cs-lean feed fraction.

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

molecular sieve is selected from zeolites and silicoaluminophosphates.

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

molecular sieve is a medium-pore zeolite.

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.

3. A

PHYFFACKIAG conditiops tharehyyrespltingdn | east



fraction, and C6-1ean product fraction; and (e) collecting at |east a
porticon of the fraction rich in propylene and C6-1ean product fraction and
reeycling at |east a portion of the C6- rich product fraction to the

reacti on st Wge2084/0788830i nt downstream fromthe C6-1ean fpedukivafibossr. 4. The
process of any of the preceding clains wherein the at | east one nolecul ar
sieve is selected fromzeolites and silicoal um nophosphates. 5. The process
of any of the preceding clainms wherein the at | east one nolecular sieve is a
medi um pore zeolite. 6. The process of claimb5 wherein the nmedi um pore
zeolite is selected from the group consg ting of ZSM5, ZSM 11, ZSM 12,

ZSM 22, ZSM 23, ZSM 48, and ZSM 50. WD"2004/ 078882 PCTI US2004/ 004267 -21
7. The process of claim4 wherein the silicoal um nophosphates is sel ected
fromthe group consisting of SAPO-1 1, SAPO 34, SAPO 41, and SAPO- 42. 8.
The process of any of the preceding clains wherein the propylene rich
fraction has a propyl ene concentration greater than 60 w.% 9. The process

of any of the 'Preceﬂlhé"'ﬁro%@ declhes Wh@reﬁ@tﬁi': s‘i‘ﬁé(ﬁﬁﬁmﬁﬁphﬁéﬁfa‘fésﬂg séleadi tions
in include tenperatures from500C to 700
from the group consisting of SAPO-11, SAPO 34, SAPO-41, and SAPO-

42,

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

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

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

cracking conditions in jpcludc temperatures frpm 500°C to 700°C.

10.  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 (TAPQO), and iron aluminosilicates,

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

catalyst further comprises an inorganic oxide matrix component.



10. The process of any of the preceding clainms wherein said nol ecul ar sieve
is selected fromchronosilicates, galliumsilicates, iron silicates,

al um num phosphat es (ALPO), titanium alum nosilicates (TASO, boron

si |l i cat es, woremniomsssnl um nophosphates (TAPO, and iron atamusromiobizént es. 11.
The process of any of the preceding clainms wherein said cracking catalyst
further conprises an inorganic oxide matrix conponent. WO 2004/ 078882

PCTI US2004/ 004267 -22 12. The process of claim 10 wherein said inorganic
oxide matrix conponent is not catalytically active and is selected from
oxi des of silicon and alum num 13. Thg,process of claim1l wherein the at

| east.a portion of said C6-rich fraction is injected into the reaction
stage at a place downstreamfromthe C6-1ean fraction wherein the |liquid
hourly space velocity of the C6-rich fraction is greater than 10 hi*. 14.
The process of claim1l wherein said reaction stage is conprised of one or
nore fixed bed reactors or reaction zones each of which conprises one or
nore cat al yst1deds The proeess affelain 10ivifereiarstidinargenigoxide ahatek cofifponditie
process of claim 12 wherein interstage cooling or heating between reactors,

or between catal ysig mq:itajl\{r{iéaﬂz ARl EAGERted BoR BN QNS dilfcorider t O

mai ntai n opti mum reaction tenpératures.

aluminum,.

13. The process of claim 1 wherein the at least a portion of said Cs-rich
fraction is injected into the reaction stage at a place downstream from the
Cs-lean fraction wherein the liquid hourly space velocity of the Cg-rich
fraction is greater than 10 hr'',

4. The process ;.)f claiﬁ 1 wherein said réaction 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.

15.  The process of claim 12 Wherein interstage cooling or heating between
reactors, or between _c;atalyét beds in the same reactor, is employed in

order to maintain optimum reaction temperatures.



