WO 01/ 34730 PCT/US00/ 31138 -1 MULTI PLE FEED PROCESS FOR THE PRODUCTI ON OF
PROPYLEMp gipi@sement of Rel ated Applications USSN 09/ 072pggasaird1ddSSN
09/073,085 are related to this application. 5 Field of the Invention: This
i nvention relates to a process to pr oquce propyl ene froma hydrocarbon
feed streamcontaining Cs's and/or Co’'s, preferably a naphtha feed stream
where nultiple feeds are used to feed portions of the feed streaminto 10-
different portions of the reactor, or into different reactors. Background
of the | nvMULTIPLEEEED AROCESS FORTHERRODUETION OF PROFMLENE | n
general propylene is largely derived from sel ected petrol eum feed

mat eri als by procedures such as 15 steam cracking which al so produces high

quant i ti essgiteibhCsf RAARH Aplicatiéng | MBS, there exists shortages of

propyl ene I ch_resu Inuncertainties in feed supplies, rapidly

escal ating raw Koo 04072632 and IFSSN 0R{073,083 Piﬁf&lﬂ@ﬁ@ t%?ﬁﬂlm&ﬁl@ undesi rabl e
froma gcomercial standpoint. Al so due-to inbalances in hydrocar bon val ues,
econonmics often favor using feedstocks or operating conditions in steam
cracki ng ZBiedhofthednoention:| ess propyl ene provided an effective process for
form ng propyl epne. .was ,avai l abl e. Met hods gre kno r the conversion of
hi gher hydrocar@gﬁé“‘feﬂm??Aﬁ?ﬁ@r‘?ﬂfpﬁsﬁf‘égma F’Bﬁg“e(# OMRe C2 and C3 '

i Gt o1 Ol BidiBear GPfool 43 Sontdiind C;009405 24 ﬁma Pn¥®ha0681 A provi de

il lustrative disclosures condi fi ons and catal yst's whi ch are effective
for the coﬂmmrmuhm@lfeedsw@lwdam&n@m of ¢he feed graaamioto t 0 t he

l'i ghteg, ol N 0543 e |evedto provide 'a
det ai Iieod d'??c? &Bb{i%o? t;7)'£1rh| gefab%&t 1&‘? &ﬁ%?r%{len%apr Sducti on of |ower ol efins
from higher hydrocarbon feed materials. In certain instances, it would be

very advantageous to provide means for still further inproving yields of
propyl ene Bagkeraund efithe Investionic conversi on of | ess expensive higher

hydrocarbon f eef 30helB <&l ifipSrtant chemical of commerce. In general propylene is

largely derived from selected petroleum feed materials by procedures such as

15  steam cracking which also produces high quantities of other materials. At times,
there exists shortages of propylene which result in uncertainties in feed supplies,
rapidly escalating raw material costs and similar situations which are undesirable
from a commercial standpoint. Also due to imbalances in hydrocarbon values,
economics often favor using feedstocks or operating conditions in steam cracking

20  which produce less propylene provided an effective process for forming propylene

' was available. Methods are known for the conversion of higher hydrocarbons to
reaction mixtures comprised of the C2 and C3 lighter olefins. For example, EP0
109 059 A and EP 0 109 060 A provide illustrative disclosures of conditions and

.. catalysts which are effective for the conversion of higher hydrocarbons such as

25 butenes to the hghter olefins. USSN 07/343 097 hkewnse is believed to prov1de a

detailed disclosure of prior methods for the production of lower olefins from
higher hydrocarbon feed materials. In certain instances, it would be very
advantageous to provide means for still further improving yields of propylene
which result from the conversion of less expensive higher hydrocarbon feed

30  materials.



WO 01/ 34730 PCT/ US00/ 31138 -2 Prior methods to produce pg | ene_incl ude:
1. The d%%ﬂpg‘gptionation or netathesis of olefins. See f588é§g%ﬂF@ S
patents 3,261, 879; 3, 883,606; 3,915,897; 3,952,070; 4,180, 524; 4,431, 855;
4,499, 328; 4,504, 694; 4,517,401; 4,54%2817. 5 2. US 5,026, 936 which

.di scl oses the sel ective production of propylene for C4 and higher

hydr ocarbons by reacting the feed with a zeolite, then the ethyl ene

produced i ' .where it is further converted to
propy! ene.spéggﬁ'gﬁg%‘fﬂ%%mﬁgk’%&@? 826, 935; 5,171,921 and 5, 043, 522. 3.
US 5, 043,522 whi ch di scl oses using ZSM5 wth C4+ feeds to produce 10

| i ght er ol ef.i ns Thedisptopartipnatipn ermetathesis bfblefizs See fooexammEdellS728 di scl oses

pr oduct i on patents S26L B Phalstrcy sty 8L 1€ BB BHER RIS G Freront
feed stream jop 37%; uSdM&ed; 4 5e40Pef, 847 017.0f the risers is designed so that

a suitable catalyst will act to convert a heavy gas oil in one 15 riser and
anot her suitable catal yst w act to crack a lighter ol efin/naphtha feed

[
in theSot Her ri¥8p,026506hiehdisclpsasithe selective atadugtian ef propyleae faran pe
115 ot ety e e S e S

means of maxim zi produc ing a
speci fi ed qabdicedis passeddo d métathesis zdites vethedED is/faBtherearivegeditpr ocess for the

W Th & moviREPELE e 155, ot Fof OV s 9P08 sk 2 8 SOSLeRE: i th a pore
dianeter of 0.3 to 0.7 nm at a tenperature above about 500C and at a

resi dence t3j ne IIess,MB,anzm-diwose%%mgcmMG With C3+Je@ispopeodied W t h
relatively little saturated gaseous hydrocarbons being formed. Al so,

U. S. Patlént lighterplefing inchuding prapylens. process for 25 converting
hydr ocar bonaceous feedstocks wherein olefins are produced by reacting said

feedst ock iq) t Nay B! PRI, of 870, F8MiSisidh 3R carlihO LRl FEET bhIP00/ 31138
that is operated to maximize olefin production. The FCC unit has two separate
risers into which a different feed stream is introduced. The operation of the risers
is designed so that a suitable éatalyst will act to convert a heavy gas oil in one
15 riser and another suitable catalyst will act fo crack a lighter olefin/naphtha feed in
the other riser. Conditions within the heavy gas oil riser can be modified to
maximize either gasoline or olefin production. The primary means of maximizing

production of the desired product is by using a specifiéd catalyst.

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

reacting said feedstock in the presence of a ZSM-5 catalyst.



6. Concurrently pending USSN 09/072, 632 di scloses a nethod to inprove the
yi el d of ¥OIpMHBAe by selecting certain reaction conditi orECTASHOBESSE ai N
catal ysts. Thermal and catal ytic conversion of hydrocarbons to olefins is
an 5 inportant industrial process praducing mllions of pounds of olefins
each year. Because of the large volunme of production, small inprovenents

I n operating effici ency transl ate into si gnificant profits Catal ysts play -

an inportant roleg in 0 h arbons to ol efins.
Wi | e i npor®-ant gg 8955‘ @t§§§‘e%4§ﬁg&{2ré83 ﬁetéqfﬁto MPraXent hetic . -
zeolites, ifnehfsdd 6¥'§R:p21%ﬁ8b&@ﬂ@&ﬂig&@ﬁa:’hﬁé&cn@ﬂ%ﬂﬁﬁbhéhﬁ dERafCUl ar sieves
such as silicodal um nophosphat es APO) 1 ncluding those described in U 'S.
Pat ent 4. A4eatdyss.al so provide excel | ent catal ysts for cracking to

sel ectively produce | | ght hydrocarbons and ol efi ns. The SAPO nol ecul ar
sieve has a net 1 b ygen
atons. The. negat'lw\%i[a '@agag%]“ﬁn%e ne n&%?khfé%gﬂﬁ%%scéé @gﬂg%gxlﬁﬁél usi on
of exchangeinipostapt idastsiabprocesst prodcisng ! atillions @rlpahndsoof aleﬁak ieach geurt h et al

ions. The intersti I aces or _chapnels for the crystalline
networ k endPfcausesy E’GE t‘ﬂg °£§r°‘ﬂ\5’F‘8’éu?‘§?1 §"1°Htss@p81’%'9‘i’%
processes | g
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structures. ynt hesi s and cata Ic activity
are discl osnokelsnlet;tw@corﬁatsmnofdxydmimk@nstosﬂéﬁllscat alysts mxed with zeolites
(including rare earth exchanged zeolites) are known to be useful in

cracki ng of gasoils (w |ng %f gfaz}sgﬁ ?ar?g)e% n&J lgonga&]gn ftu15ai % 821 and

5, 366, 948 descri be cra ance ropylene s ectivity
whi ch ame rsynthetic zealites) Ht)hiﬁ'lﬂlsdubeétf &abgﬁzaiemm hem-zedlitic moRbulacsienes cat al yst

whi ch b SAPO t d t t t ed
oLt o 2 asFy e SRR RhsaRrs, (SAPG] aMeiing thots, despansin 1. B S -
Patents 5, ?f%@er@9ﬂ44@8$ﬁ&1s%1§rovﬁie38§oeﬂ6& ciidfsORs andkifg %Osﬁé%veﬂ}hus there

isa needin the art to provide nore processes to |ncrease the yields of

propyl ene psedupgclightt hydroearbonsr ansl olafins; dbg SABEOK s molgshlagssiengpheha f eed
stocks. VO Qdust %%BC&HS% %’bl?tgtrahedra linked by oxygen atoms. The negative

15 charge in the network is balanced by the inclusion of exchangeable protons or

cations such as alkali or alkaline earth metal ions. The interstitial spaces or
channels formed by the crystalline network enables SAPOs to be used as
molecular sieves in separation processes and in catalysis. There are a large
number of known SAPO structures. The synthesis and catalytic activity of the _
20 SAPO catalysts are disclosed in U. S. Patent 4,440,871. . i

SAPO catalysts mixed with zeolites (including rare earth exchanged
zeolites) are known to be useful in cracking of gasoils (U. S. Patent 5,318,696).
U. S. Patents 5,456,821 and 5,366,948 describe cracking catalysts with enhanced
propylene selectivity which are mixtures of phosphorus treated zeolites with a
25 second catalyst which may be a SAPO or a rare earth exchanged zeolite. Rare
earth treated zeolite catalysts useful in catalytic cracking are disclosed in U. S.
Patents 5,380,690, 5,358,918, 5,326,465, 5232,675 and 4,980,053. Thus thereis a -
need in the art to provide more processes to increase the yields of propylene
produced from higher olefin feed stocks such as naphtha feed stocks.



-4- Su of the Invention: This invention relates to r o]
produc%%“%ﬂne froma hydrocarbon feed stream conpri ?Fﬁé‘?s@@?f}ﬁé/or C6
conmponents conprising introducing the light portion of the hydrocarbon
feed streaminto a reactor ©5 contai nfrAg one or nore catal ysts separately
fromthe heavy portion of the hydrocarbon feed stream wherein the |ight
portion of the feedstream conprises that portion that boils at 120C or

| ess, and ' f the feed streamis that portion left over
after the i S fiCve itfort ved. 10 Brief Description of the Draw ngs:
Figures 1 and ZThiejpiventigosetatés to aqroéess to producesprbpylenefzoma ti pl e feeds into
one or nore [Jfeagtors.,l.n Figure, 2 an are different .catal ysts.

et ai | e BBSETRHOR R RReam.SHoteFisiE Gh Qe amRRnepS SRPPEERBS: | oam Thi s

i nventi on ip@éducing e light Forfibe6f the hgdficabdh FeddstiRamdtiven Raasy | ene from a
hydrocar bon feed stream containing C5 and /or C6 conponents conprising

i nt r oddci rr@ntaining ppe or Here Gatalysss separately fosr thehgavy Raron pfhgm i nt o a react or
separ at el ] i r where the
ot 20 1yeFGUaHcRTeltE @it el i ghf BofigH of Y AEGR domEAT, Y107
| ess, nor ghatposticar thiat YoilkQd 120°Q od lesss andthertheawy porfior bfthalfeed dfeafiiisr | ess.
The heavy portion f the, hydrocarbopn feed streamis the portion left over
after the thatqertionleftioysr afert PORIARAS8eMPYEds pref erred enbodi ment t he

| ight portion conprises C5 and/or C6 conponents. In a particularly

preferred enmbodiment the Iight portion 25 conprises at |east 50 weight%
pr ef erlabl \Brief I Drs e preferably at |east 90 weight% nore

b/ 3 G
eseriptinh ofuthe D awings:

preferably at lgast 98 th of .t he g/ 0 present in
t he hydrocar borﬁg%réﬁ?ﬂ&géﬁ?wﬁ%ﬁsg’r}%ﬁ? 1géxrﬂ?> ﬁfogtgggg}tﬁf%egaf&t@r acked
napht ha f es@ ofimid?afeactofs. AT Ge 26 Ahidi Brard diffedeat tdtg{sts. portion conprises at
| east 50 weight% preferably at [east 75 weight'/o, nore 30 preferably at

| east 90 weight% nore preferably at | east 98 weight% of the C5 conponent

present i &Qﬁed‘b@&ﬁﬁfﬁ%tﬁﬁ’?ﬂwﬁﬁfoﬁ?m preferably a Iight catalytically

15 Hyvdrocarbon Feed Stream

This invention particularly relates to a process to produce propylene from

a hydrocarbon feed stream containing Cs and /or Cs components comprising
introducing the light portion of the hydrocarbon feed stream into a reactor
separately from the heavy portion of the hydrocarbon feed stream, where the light

20  portion is that portion that has a boiling point range of 120 °C or less, more
preferably 100 °C or less, even more preferably 80 °C or less. The heavy portion
of the hydrocarbon feed stream is the portion left over after the light portion has
been removed. In a preferred embodiment the light portion comprises Cs and/or
Cs components. In a particularly préferred embodiment the light portion

25 comprises at least 50 weight%, preferably at least 75 weight%, more preferably at
least 90 weight%, more preferably at least 98 weight%, of the Cs and/ or Cs
components present in the hydrocarbon feed stream, preferably a light
catalytically cracked naphtha feed stream. In another embodiment, the light
portion comprises at least S0 weight%, preferably at least 75 weight%, more

30 preferably at least 90 weight%, more preferably at least 98 weight%, of the Cs
component present in the hydrocarbon feed stream, preferably a light catalytically

cracked naphtha feed stream.



cracked naphtha feed stream WD 01/34730 PCT/US00/31138 BY Cs and C6
conponentWoitd/34m8ant a hydrocar bon feed stream contai ni ng |pcEescsiorzanched
or cyclic paraffins, olefins, or aromatics, having 5 or 6 carbon atons,
respectively. Exanples include pentane,gcycl opentene, cyclopentane, 5
cycl ohexane, pentene, pentadi ene cycl opentadi ene, hexene, hexadi ene, and
benzene. The heavy portion of the hydrocarbon feed streamtypically

i ncl udes hydrocarbons havi ng one nore carbon than those in the |ight
portion. In one 10 enbodi ment the heavy conponent conprises hydrocarbons

Bamples i ncl ode DnChran Siporkd@id fep a15ulRERoh B yitint Anklifind T

Exanpl es i ncl ude “hept ane, ptene, oc . e |ike.
The pr ocess linéarf branched emtcyclic pazaffing, alefins, omaramyuti¢sy Having 5loo16 dagkwth st ream 15
containing olefins, particularly, nd / or conponent s whi ch can be
separ at ed Atoms, Tes 'vﬁlﬁdwsf‘%ﬁl‘? Pfipdane, W%P@F@F’&F Mal%ents, a
catal ytigal Wcl&iqxahé}%ﬂ%hé,)ﬁe?faﬁ&h@@yﬂéﬂ?ﬁ@en‘é} R&RHe, iexadiénd)fld OCcar bon feed

stream or fractions thereof. Such” streans can be ‘derived from any
appropri at ebenggpee, for exanple, they can be derived fromthe fluid
catal ytic cracking (FCC) of gas oils and resids, 20 or from del ayed or
fluid coking of resids. In one enbodi nent the hydrocarbon feed streans

usedI in the prE_ctrheh?awfy ﬁohﬁqxfmmégydﬂoaa&gaﬁf@adsﬁsmdeﬁim@ ifulsm&es_t hﬁ fluid
catal ytic cracking of gas oils and resjds, and are typica rich in
ol efi ns andhyirocasbensdiaving ongnorg|carhop dhap theserin the Kght portions .I}/‘?Se Preferred

cat al yt ial bibSdipfehietc BARY i RneRATHILE Ry et tAVE 7 GHmblie  pract i ce

of this invention iInclude”tho treanms or fractio reof boiling in the
napht ha r ancasbematomsitypicallybetiveeni? aind 12 carbae iatrims. VExamples inchuwle wei ght %

preferably from apo 10 weight %.to about .60, weight % and nore preferably
from about fiﬁ’??‘%?’ gﬁ}éé&"r Bﬁfn%% P?Iftf’f‘)’ﬁg‘? a'ﬁ]tge?'ﬁfm about 10 wei ght 9% '
preferably 30 from about 20 weight %to about 70 weight %ol efins. The feed

may al so contai n_ napht henes and aromati cs. Naphtha boili ntg range streans
are typically t hbaepsacssspf thedgyention cambe usetharpany hydrocarbon feed stream |

15  containing olefins, particularly Cs and / or Cs components which can be separated
into light and heavy fractions. In preferred embodiments, a catalytically or
thermally cracked naphtha stream is the hydrocarbon feed stream, or fractions
thereof. Such streams can be derived from any appropriate source, for example,
they can be derived from the fluid catalytic cracking (FCC) of gas oils and resids,

20  or from delayed or fluid coking of resids. In one embodiment the hydrocarbon
feed streams used in the practice of the present invention is derived from the fluid
catalytic cracking of gas oils and resids, aﬁd are typically rich in olefins and/or _- !

diolefins and relatively lean in paraffins.

25 Preferred catalytically cracked naphtha streams which are suitable for the
practice of this invention include those streams or fractions thereof boiling in the
naphtha range and containing from about 5 weight % to about 70 weight %,
preferably from about 10 weight % to about 60 weight %, and more preferably
from about 10 to 50 weight % paraffins, and from about 10 weight %, preferably

30  from about 20 weight % to about 70 weight % olefins. The feed may also contain
naphthenes and aromatics. Naphtha boiling range streams are typically those



-6 boiling in the range fromaboutl 8C to 22C, and preferably from about 18C
to 149(‘}'8%43?%/&3 5 The catalysts that may be used in$?cﬂi”585§89$ce of
the invention include those which conprise a crystalline zeolite having an
average pore dianeter |ess  than abow6-0.7 nanoneters (nm, said
crystalline zeolite conprising fromabout 10 weight %to about 50 wei ght %
of the total fluidized catal yst conposition. It is preferred that the
crystal ling zeqlj 'Y , ' | size (<

0. 7 or petai i ferFaBSbpAICE 208, hitfbiclertly F RASETCHE B 12
The pore dagegeter al so sonetines referred to as effective pore dianeter

can be neasured using standard adsorption techni ques and hydrocar bonaceous
conmpounds of known m ni num ki netic dianeters. See Breck, Zeolite Ml ecul ar
Si eves, 19 Anderson et al., J. Catalysis 58, 114 (1979). 15 Medi um
pore size ;ég?g#%s that can be used in the practice of the present

i nventi®n are ddbecatplystsithat may besused ivthe|practiceof therinyentippjealude eds. W H.

Meier and,D. H ,O.son. Butterwarnth- Hai Thi L] . The
medi um por H058 iw}néchzcé)ng{sgg cw\ﬁ@p';? ﬁ?ﬁhegl\%% ‘T‘onoirugp %ei%h% lri%ﬁnieg%g% 5A, toO
about 7A afithniabehi0l® nadcoieters im), Said\rystallfrSzediitd cofriving-f¥om d¥bat 10iEU, FER,
and TON 20 structure type zeolites, (1UPAC, Conm ssion of Zeolite

Nomencl at umejght Kptp abopr Q weight Xeefthe totgiluidized catalystromposition A8, 6o ¢ es,
i nclude ZS %?T@(Fl tg c r%%eoﬁé%e%?bect%%%ﬁthe%@%f n‘?e%MrﬁgoreZSM 48,

ZSM 50, an e nost prererred 1s ZSM5] which 1S described in
U. S. Pat ensizélfs 0.7 0&y&8line aluwhifosilicate] dtheR@ne teferred as@eolites] The U. S.
Patent No. 3,709,979;, ZSM 12 in 25 U.S. Patent No. .3, 832 449: ZSM 21 and
ZSM 38 in BOS wsaftsmlswm%tswe%@?to SSRISAVE pofy Uangier BN BR, 4. 076, 842:

and ZSM 35 pjeasiredPusiigstaidariadsofptibibteciitiiques Ai@ hyBdcatboRsebusi ze zeolites can
I ncl ude "crystalli neéladm' xt uré.g? whi ch are thought to _be the result of

faul ts occeempeundsiof knewn minimum kinetie diamefers.aSe¢ Reecky ZaoliteMofasylorne
synt hesi s ' E{lg pl t3lgl b adm xtures of ZSM5 30
and ZSM 113'{5?’%*{]3??2 odsé'g&?r?\ . ?" EZ&‘%%‘Y&#\%Q 134538?9224 The crytalline

15 Medium pore size zeolites that can be used in the practice of the present

invention are described in “Atlas of Zeolite Structure Types”, eds. W. H. Meier
and D.H. Olson, Butterworth-Heineman, Third Edition, 1992. The medium pore

size zeolites generally have a pore size from about 5A, to about 7A and include
for example, MFL, MFS, MEL, MTW, EUO, MTT, HEU, FER, and TON

20  structure type zeolites (TUPAC 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, and silicalite.
The most preferred is ZSM-5, which is described in U.S. Patent Nos. 3,702,886
and 3,770,614. ZSM-11 is described in U.S. Patent No. 3,709,979; ZSM-12 in

25 U.S. Patent No. 3,832,449; ZSM-21 and ZSM-38 in U.S. Patent No. 3,948,758,
ZSM-23 in U.S. Patent No. 4,076,842; and ZSM-35 in U.S. Patent No. 4,016,245.

The medium pore size zeolites can include “crystalline admixtures” which
are thought to be the result of faults occurring within the crystal or crystalline area
during the synthesis of the zeolites. Examples of crystalline admixtures of ZSM-5

30 and ZSM-11 are disclosed in U.S. Patent No. 4,229,424. The crytalline

admixtures are themselves medium pore size zeolites and are not to be confused



adm xtures are thensel ves nmedi um pore size zeolites and are not to be

conf used W@®0D347301730 PCT/ US00/ 31138 -7 with physical admpCrorsee/3nss
zeolites in which distinct crystals of crystallites of. different zeolites
are physically present in the same catalyst conposite or hydrothernal
reaction mxtures. The catalysts of the present invention may be held
together with an inorganic 5 oxi de matri x conponent. The inorganic oxide
mat ri x conponent hinds the catal conponents together so that the

catal yst proihehysical admixtures ofrec: ’éess‘ﬂﬂhl‘?)bd'mﬂ%é%@iww%{h&wﬁact or wall

col l'i si ons. R@ﬁn ﬁerr ?aﬁﬁ I nor gani c
oxi de sol d ge i\/\ﬁ |§p§¥$%§yﬁé¢gﬁugﬁg e écsg?gﬁtys%c%}rfe;%nents

t oget her. Hl)eirmhemhgl,reac’tienhﬁmmni c oxide matrix is not catalytically
active and will 1o be conprised of oxides of silicon and alum num It is

al so preferred t hase orated.into,the

i nor gani ¢ oxi de ﬁ@?ﬁ%ﬁygﬁ?%sﬂgn Ve rsvt?egﬁ]fk Fti}gr‘ﬂ@é et 8icha,

boehni t &, diiddmiteix cdfipohént Hielihdtgalic aJnaéThﬁ&ﬁ: compohe:%ufasm

13-alum na, x-alumna, 5-alumna, e-alumna, y-alumna, and r "alum na can

be enpl oyeoponmoewaﬁmermatabowﬁtnmsﬁeshardeawmtem 15 tri hydroxi de
such as gi étﬁaﬁl n I X

mat eri al i sodéc)on g?érﬁ&’ %r%‘ﬁs%?ﬁa num p ospﬁl{;I réeferred
silicoal umﬁmphmsmhganm c(m) ocgdlwh)mxsdnshtbdglueﬁﬂiemtalylsmlionemwent | on
have a three-c Si0 rous crystal fra st.ruc g, of

P02+, L0208 iy, O EnarEpnc o s ngt saBBEGUl Aty S Bl .

cheni cagp ccumﬁiphsafbmldw oﬁﬂhwimmmmm 1S3 aﬁb?r efephddthdtlsbpardtb 21 ) O[ 2 |
wherein "R' represents at |east one organjc tenplating agent present in

t he i nt r acrajuming phases poingorpetataddnto thmnomptc@smtmammesmw@@fof 'R' present -

per ol e Ofal m%h{ﬁx]&h;hﬂrgnﬂ%g%lum 1 bgé'ﬁ‘ﬁ: Mﬁgﬁ%%dw&l} tn?na 3, the

maxi num val ue 25 U mensi ons of
the tenpl atsuﬂgasaﬂ-almhuﬁa}@-ﬂhﬁnﬁ,vﬁ-lalmﬁh@ am:ﬂma,\mﬂumaof aIuhﬁnd}Qﬁ@r—SySt em. of

the particular, silicoalum nophosphate species jnvolv ", "y" and !
represent taHMiARCaN be empploygids Fref e@bme'sﬁﬁmanmeﬁﬁmssmﬁumhor us,

" eSPeCtsVelnihydaaeRich s gibBlilebEiR nsiksifdite oP BbFIRI Mk 1 Ol | owi ng

material may also contain phosphorous or aluminum phosphate.

'-

Preferred silicoaluminophosphate (SAPO) catalysts useful in the present

invention have a three-dimensional microporous crystal framework structure of

20 PO;", AlO; and SiO; tetrahedral units, and whose essential empirical chemical
composition on an anhydrous basis is: m R:(Si[x]Al[y]P[z])O[2 ] wherein "R"
represents at least one organic templating agent present in the intracrystalline pore
system: "m” represents the moles of "R" present per mole of (Si[x]Alfy]P[z])O2

and has a value of from zero to 0.3, the maximum value in each case depending

25 upon the molecular dimensions of the templating agent and the available void
volume of the pore system of the particular silicoaluminophosphate species
involved, "x", "y" and "z" represent the mole fractions of silicon, aluminum and
phosphorus, respectively, present as tetrahedral oxides, representing the following

values for "x", "y" and "z".



values for "x" "y" and "z". WD 01/34730 PCT/US00/ 31138 _-8- Ml e Fraction
xyz OQWHH; 050 o 94 0.01 0.05 5 0.98 0.01 0 01 GTFIBH3P. 01
0.01 0.60 0.39 Wien synthesized in accordance with the process disclosed in
U S Patent 4,440, 871, the m ninuaBvalue of "m'  in the fornmula above is
0.02. In a preferred 10 sub-class of the SAPGs useful in this invention,
the values of "x", "y" and "z" in the fornmula above are set out in the
foll owi ng tabl e: Mol e Fract i Qe)f;b%b‘é 0.02 0.49 0.49 15 0.25 0.37 0.38
0.25 0.48 0.27 0.13 0.60 O. 0.60 0.38 Preferred SAPO cat al ysts

i ncl ude SAPO- 11, SAPO 1% SAPOy1l, SAP@ 34, 20 SAPO 35, SAPO 41, and
SAPO- 44. The cat al ysts suitabl for use .in the present invention include,
in addition to the SAB®Lkat al s t he® r?gt i ntegrated al um nophosphat es
(MeAPO and ELAPO) andggyt al i pteggr at edogsl i coal um nophosphates (MeAPSO and
El APSO). The MeAPO, MeAPSO, EI'APO, and EIAPSO families have additi onal

el enmentss 25 i ncl uded i 19.98nei r DrQirremorkOQIor exanple, Me represents the

el enents Co, Fe, lr\dga or and El presents the elenents Li, Be, G4,
Ge, As, or Ti. pr o er D8 ont al% 9% s i ncPile NBAPO 11, NBAPO. 31, MeAPO 41,
MeAPSO- 11, 0.01 0.60 0.39

When synthesized in accordance with the process disclosed in U. S. Patent
4,440,871, the minimum value of "m" in the formula above is 0.02. In a preferred
10 sub-class of the SAPOs useful in this invention, the values of "x", "y" and "z" in

the formula above are set out in the following table:

Mole Fraction
X y z
0.02 0.49 0.49
15 0.25 0.37 0.38
0.25 0.48 0.27
0.13 0.60 0.27
0.02 0.60 0.38

Preferred SAPO catalysts include SAPO-11, SAPO-17, SAPO-31, SAPO-34,
20 SAPO-35, SAPO-41, and SAPO-44.

The catalysts suitable for use in the present invention include, in addition
to the SAPO catalysts, the metal integrated aluminophosphates (MeAPO and
ELAPO) and metal integrated silicoaluminophosphates (MeAPSO and EIAPSO).
The MeAPO, MeAPSO, EIAPO, and EIAPSO families have additional elements

25 included in their framework. For example, Me represents the elements Co, Fe,
Mg, Mn, or Zn, and El represents the elements Li, Be, Ga, Ge, As, or Ti
Preferred catalysts include MeAPO-11, MeAPO-31, MeAPO-41, MeAPSO-11,
MeAPSO-31, and MeAPSO-41, MeAPSO-46, EIAPO-11, EIAPO-31, EIAPO-41,
EIAPSO-11, EIAPSO-31, and EIAPSO-41.



MeAPSO 31, and MeAPSO- 41, McAPSO 46, EI APO 11, EIAPC 31, E1APO 41,

El APSO 11womi/ad30- 31, and El APSO- 41. WO 01/ 34730 PCT/ USOO/E&rhsdos3ti3s The
non-zeolitic SAPO, MeAPO, MAPSO, E1APO and El APSO cl asses of m croporus
materials are further described in thegy Atlas of Zeolite Structure Types"
by W M Mier, D. H Gson and C. Baerlocher (4th ed., Butterworths/Intl.
Zeolite Assoc. (1996) and Introduction to Zeolite Science and 5 Practice",

H. Van Bekkum E.M Fl anigen and J.C_ Jansen Eds El sevier, New York,
(1991).). Cther he n%zeolmoﬁmpm MeABSQ EIARO and BIAPSE: classes t he

| |
3lasl:(r:f)ge3m| %P%ﬂ%ﬁ&gﬁ% ér%f%f @Zt@%c}%%n@ﬁrg rr?)hse ?f’?%agf‘gf?&&’“m‘ﬁ@?“s‘% i cat es;
i rgn 1g Si ITymészygmmMunWmspDatHsl OBbi*Oand sﬂ:chBaerldk{hBQ Mthdeﬁgri bed in
U.S. at e . t ani 0Si ate ) ch, as
TASO. 45 dgﬁwwe&hv#ﬂs eliachssanc 1908 s epduiction i Zeolg Seisnpe g |y U, S
Pat ent . Practced, @VantBéth"BM %ﬂg&h&ﬁ@@@ 9anser AHd3), ERGE, New APO- 11

descri bed in US Patent No. 00, 65 and iron alum nosilicates. 15 The
sel ect ed caYatky 99y al so i ncI ude cations selected fromthe group
consi sting of cations of Goup IIA Group L1TA, Groups I11B to VIIDB and

rare earth cat '6{]13 aﬁiag&trggdg&r#guéngge mﬁgﬁéﬂ% f cerium

| ant hanum  prasgodym um. neo P ur% eur opi um
gadol i ni um s111¢<ﬁhhmuﬁphd§mésiﬂm) hfdhrﬂswmlandlsmm mthiigh Mt t er bi um

8 o s et e, Sbes A 1
Pat ent . 66§lidfes; alﬁﬂ%ﬂdm phosp R&E@OALI‘O?%cﬂﬂsAfALP@rm desapindps! n the

practice of the present |nvent|on t hé hydrocarbon feed streamis

separat ed iRatentNa. AGAO,446; titaniumesluminosilicates GEASO) suckhaschASOydDe
accompl | sheg By, .GRBACROIO08 258AN A ik HARHBHER 4 Baftc oS! "0 © 11 25

or nultiple
4,254,297, titanium aluminophosphates (TAPO), such as TAPO-11 described in

U.S. Patent No. 4,500,651, and iron aluminosilicates.

15 The selected catalysts may also include cations selected from the group
consisting of cations of Group IIA, Group IHA, Groups IIIB td VIIBB and rare
earth cations selected from the group consisting of cerium, lanthanum,
praseodymium, neodymium, promethium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium and mixtures

20  thereof. |

' Other useful catalysts are described in U. S. Patent 5,675,050, International
Application WO 91/18851, U. S. Patent 4,666,875, and U. S. Patent 4,842,714.

The Process
25 In the practice of the present invention, the hydrocarbon feed stream is
separated into a light portion and a heavy portion which may be accomplished by
conventional separation techniques such as a single flash or multiple flashes or by
distillation or fractionation, prior to untroduction to a reactor having the catalyst.
The reactor may be a fixed bed, a moving bed, a transfer line, a riser or
30 fluidized bed reactor containing the catalyst.



distillation or fractionation, prior to untroduction to avi ng
t he cat WNQ613473he reactor may be a fixed bed, a noving bg’g&@%{'&gﬁ{'fer

line, a riser or 30 fluidized bed reactor containing the catalyst. WO

01/ 34730 PCT/ USO0/ 31138 -10 The reaaqvions are performed under conditions
generally known in the art.: For exanple, preferred conditions include a
catal yst contacting tenperature in the range of about 400C to 750C, nore

f bly i f 450C t t t f
500C to G%O'C” 6 respbRny SRR v B e LGIAR i fho'al® T ROAC O

at a wei gh, Pﬂﬁ I¥, pieﬁﬁ%d\éshdlﬁbﬁsbﬁnél\fh%amst Mtawngeemﬁerammmtho 1 H4to
about 300 Hr re pref erabl%lqil n the range of about 0 about 250

H 1, and rwtofpbemembwo 750%Ch anare prede r@‘?lyawmm&v ﬁﬁsotgt%h%t 2100 Hrl .

P th t f 101- 304
o oot TRSLPETRNY ShbTanEs DY SPOC 30 TR CRaliE corbicBERRILls 101 0T
fromig al??#&teﬁéaﬁlg c&&ned%@ﬁtei Weight ARl @Wel&liyc(WHSW:ﬁlﬂm radeadfyst wei ght

is total the catal yst conpdsite. In one enbodi nent, it eam may be

Concu”entabbiutOI‘Hrdq!é%Quﬁdelﬁ h&néﬁ%ﬁeﬁf&bf;&mthﬂtmgbhéabmdtOHn zone, wth
the steamconprising up to about 50 wt. % of the hydr ocarbon feed or |n t he

range of ababéut2B0EE-5%Ad nivst pféfersbly irethaivhngef of aboathif) Hr3 50 sbowt 300 o .
steam to hydrocarbon. The feed 15 residence tinme in the reaction zone |s

pr ef er abl \Hr-bsPressireirmihe conthtt zone angbe ffam 108040kPe, preferablinb0t-34t o 10
seconds. I n one enbodinent, th r.t th

reactor atkP g,mgg,mpfeglbhb&pqtﬂgfb%ﬁl gﬁ‘%ﬁé Xét éleﬁé&ﬁwtgffﬁf’?gﬁf’% C)of '?he f eed
Strean s w{.{]%ﬁf@greféﬂa& iR aB&ﬁCmrlo Fhbre dafalyst Wwetdht i tothl weight gur e 1.

Preferably y por ion of 20 the feed streamis introduced into the
react or atofahqomtaiysttcbmposu din dmambodr/mn@fstqanemar de gpneustegtly of t he

i oducedniRBHeed Sodrthe KiohrepiR R o iRzl wich B 6 OB ife |
i ntroducedyp tb'lb@uttﬂlﬁwf%adfttﬁé h;’t?droeb.rﬁm febd bhirt the sange dfahsut 108260 the total
| engt h of the reaction chanber apart fromthe t I ght
portion i smokier prefreekly fropeaband2e @ﬁs%ﬁ"@p&‘r’émmplﬁfﬁ OFAT eﬁlbertleeF‘{l)n of the
feed sy eq@hiiishce HnPHURE thakiibPzreSs pRAGTABIY 165 than about 10 seconds, for
example from about 1 to 10 seconds.
In one embodiment, the light portion is introduced into the reactor at a
point before the point where the heavy portion(s) of the feed stream is introduced
into the reactor. This is illustrated in Figure 1. Preferably, the heavy portion of
20 the feed stream is introduced into the reactor at a point that is at least 1/3 of the
total length of the reaction chamber apart from the point where the light portion is
introduced. More preferably, the heavy portion of the feed stream is introduced
into the reactor at a point that is at least 1/2 of the total length of the reaction
chamber apart from the point where the light portion is introduced. Even more
25  preferably, the heavy portion of the feed stream is introduced into the reactor at a
point that is 1/3 to 1/2 of the total length of the reactor chamber apart from the
point where the light portion is introduced.
The multiple portions of the feed stream may be reacted with the same or
different catalysts In one embodiment they are reacted with the same catalyst(s). In
30  apreferred embodiment the heavy and light portions of a naphtha feed are reacted



point that is 1/3 to 1/2 of the total length of the reactor chanber apart
fromtheW@ol330here the light portion is introduced. ThBCHEISEI/31138
portions of the feed stream may be reacted with the sanme or different
catal ysts In one enbodi nent they are_pgacted with the sane catalyst(s). In
30 a preferred enbodi nent the heavy and |ight portions of a naphtha feed
are reacted WO 01/ 34730 PCT/US00/ 31138 -11 over a medi um pore

si li coal um nophosphat e cat.al yst, su s SAPO-1 1, R P , SAPO- 41,
and/ or RE SY$@ M ‘?‘“P'H’Qiﬁé‘ﬁ UBH9B %Pg st F‘@ht”gﬂ%ﬁégﬁportions are
reacted wig %p@]jiegm_“cg,;‘g&@gmjj erabl y, in the practice of this.

I

I nvention t i ght portion of the 5 hydrocarbon feed streamis reacted
with silicoal unhmmptwoémentsthehghtsnnﬁhmyppmorlsmeﬂwwahdlf&amth i on

exchanged SARO- 1 re eart SARO-41 whil e the heavy
portion is%F tﬁlé{?,tflﬁregvdél ?J?ﬁa %‘{eg ?‘ﬁﬁ?rﬁ@g oh Best e zeolites
such ass ZSidrocarbbh febd str&ivh ?ﬁrea&&M;vﬁﬁ sxlﬂ:ﬁ%ﬂﬁnm;ﬂﬁtes,lﬁch s SAPCer

enbodi ment the reactor is a sta d bed reactor where the first staged bed

conpri ses éheSbe Orfds earerearthion sxe §Agpr1heaf'ér"?§ﬁi“ﬁc?§ﬁhi%te zeolite

catal ysts é@@) HB%CU h portion of
the feed E*l: 'S |n:t§'zrlo“§i'ﬁ %’& N OE{' react or sucﬁ{ﬁ nat ﬁ|t w Il react
with the ze:qhﬂallme ahahinbyilitate wéolites suble as Z8MAE, ZSMglkl] ZISdA-23 oZiPvi-48s medi um

pore 15 sili #ophosphate nol ecul ar sieve catal ysts such as SAPO 11,
SAPO- 41, %" SAPO-1 1, and/or rare earth SAPO-41 and the |ighter

portiogy of the fipffbthetleldBiinient tHelreRASGS d stapb@béd'ReattoRwhere theififkt t hat it
wll react with the silicoalum naphosphate catalyst. It _is within the

scope of t $taged bedesomiprises ongtorimre mediuiny pere asystailing alkmingsilicgte zeplite; o

I nt roducti | I fur r to

pr opyl ene. gqq?l%tf E&%Idassoikle\ﬁatsﬁlzﬁl\{ 2%’ %%&?Sb#l@?h%ﬁh%@g%ﬁon ﬁlg{tﬁ%n effective
amount of fiedgireant isngtroaldadiﬂtoclse xheotbﬂixchmhat litewilloreadt ivith thezeolite al so

| nprove the sel ec V|t pr e I ene. The aromatics may be
froman extaslysy W EIF ﬁtﬁﬁgxg g&?‘ﬂ?ﬁeﬁg‘ um pore =
15 sxhcoalummophosphate molecular sieve catalysts such as SAPO-11, SAPO-41,
rare earth SAPO-11, and/or rare earth SAPO-41 and the lighter portion of the feed

stream is introduced into the reactor such that it will react with the

silicoaluminaphosphate catalyst.
It is within the scope of this invention that the catalysts be precoked prior -
20 to introduction of feed in order to further improve the selectivity to propylene. It
is also within the scope of this invention that an effective amount of single ring
aromatics be fed to the reaction zone to also improve the selectivity of propylene
vs. ethylene. The aromatics may be from an external source such as a reforming
process unit or they may consist of heavy naphtha recycle product from the instant

25  process.

The Product
The propylene produced herein preferably comprises at least 80 mole %

propylene, perferably at least 95 mole%, more preferably 97 mole% based upon
30  the total C; product produced.




process unit or they may consist of heavy naphtha recycl [ t_fromthe
i nst ant W?@”B‘r’a%ess. The Product The propyl ene produced ?Fe(?gﬁgp%éﬁb’ﬁerabl y

conprises at least 80 nole % propylene, perferably at |east 95 nole% nore
preferably 97 nol e% based upon 30 th&#total C3 product produced. WO

01/ 34730 PCTI USOO 31138 -12 The processes described herein produce product
conprising at |east 20 weight % propyl ene, preferably at |east 25 weight %

propyl ene, baseﬁ&ﬁ@%e%sﬁ%deg\?ﬁﬁ&iﬂerﬂé g}%[ég}iducpémgnfg&q%p%@. 5I n anot her

preferred enbodi ne rocess cri erelns erate in the
absence ofweightitteprbpylene, preferably dt beash2fi Weight¥ioprapylens, basediuponthent i on

relates to a progcess of | ymerj zing propyl ene conpri sing obtaining
propyl ene WF‘&BE °Waltm88‘b‘¥85‘¥i§§°£escri bed herein and thereafter
contacting the [y apyhe 'ti!»?ef@ﬁéh aRbddimeht, hePrb@dss aRfib&Fheréinti§ opérated! ef i n
pol ynmeri zation catalyst. In a preferred enbodi nent the olefin 10

pol yrersi zainitherabseneg 9fsa supgsfrastiopatotse one or nore Ziegler-Natty catal ysts,
conventi onal -t ype t Lbi J - t : ,

chrom um cat al ﬁ‘s?nsol,i&gr%h'&gggncﬁgg%ﬂ%é’?‘ge}@ts’%{gémélgorrﬁ Jggggggggﬁﬁ%%g%xanpl es
bel ow t he propglenh®bompriding phtainirigmdpylenapfoducsl By the grdress desedisddor oper at ed
under a controll ed preossure of [

. 0.04 NP The f ! 0. 36
g/ mn. Theb%?‘f‘laﬂéﬁ}c‘ee%%&ﬁ?%@ ﬁgisplj’gdf(“ﬁfnﬁﬁm‘g y jer °%Egrggﬁy. A
col um hav&p@eﬁ%1 kéﬁﬁﬁ%?&g%g%c e d préftitederibicimbhtthB oleiani zati on detector

(FID) Hew et .In"Exanples 1, 2 and 3 a 20 diluent of
st eam was polpmefizationrcatalysh may eamprise one er moreAiegler-Notia cagalystsn rati o of

02, oo &R Wl i AR B A e

catalysts, or vanadium catalysts.

Examples:
15 In the examples below the reactions were preformed in a 50 cc fixed bed

reactor operated under a controlled preossure of 6 psig (0.04 MPa). The feed rate
was 0.36 g/min. The effluent stream was analyzed by on-line gas
chromotography. A column having a length of 60m packed with a dual flame
ionization detector (FID) Hewlett Packard Model 5880. In Examples 1, 2 and 3a
20  diluent of steam was also fed into the reactor at a steam to hydrocarbon ratio of
0.2. In Examples 4, 5 and 6 a diluent of steam was fed into the reactor at a steam

to hydrocarbon ratio of 1.5.

Example 1 (comparative

25 In this example, a blend of model compounds consisting of 16.7wt% 1-
pentene, 15.6wt% 1-hexene, 11.4wt% 1-heptene, 4.4 wt% 1-octene, 1.3wt%
nonene, 1.0wt% 1-decene, 11.7wt% n-pentane, 11.5wt% n-hexane, 5.7wt% n-
heptane, 5.0wt% n-octane, 2.5wt% n-nonane, 1.7wt% n-octane, 0.6wt% benzene,
2.8wt% toluene, and 8.1wt% mixed xylenes was prepared to simulate a refinery

30  light catalytically cracked naphtha. This simulated light cat naphtha was then
cracked over a commercial ZSM-5 catalyst at 50 hr'! WHSV and 590° C with 0.2
steam/hydrocarbon.



25 In this exanple, a blend of nodel conpounds consisting of 16. 7wt % 1-
pent ene, WOOH3738 1- hexene, 11.4wt O o 1-heptene, 4.4 w % 1PCTUS0®31118 3wt %
nonene, 1.Om O o 1-decene, 11. 7wt % n-pentane, 11.5w % n- hexane, 5.7wm % n-
hept ane, 5. Om % n-octane, 2.5w % n-nongne, 1.7w % n-octane, 0.6w % benzene,
2.8W % toluene, and 8.1wt % m xed xyl enes was prepared to sinulate a
refinery 30 |ight catalytically cracked naphtha. This sinulated |ight cat
napht ha was then rcial] ZSM5 catalyst at. 50 hr' WHSV

ked
and 5900 C vvith"b’fg“ 56 E%?@e%? f Proiyjen yieks dbsained: mjs@ama&_ﬂyg 213 As
can be seer&i-ﬁﬁﬁf@ﬂ@ﬂk eat%a%ﬁtnéooéﬁﬂ#&ﬂﬁeeaa'z%ulr-*stze%@g@;s' E.fm e king the

sinmul ated |1 ght cat” naphtha over the comrercl a cat a s 19. 8w %
propyl ene grogdenentS5Yapuridy ivel in the €3 93eam.r Ethylengyield was4yiva¥d was 4. 7wt %
5 Exanple 2: (conparative) In this exanple, the sane bl end of nodel
conpounds used in Exanple 1 was cracked over a rare earth SAPO 1 1

cat al yst. /Exafiiple Dqcompdrafive)m Table 1, the propylene yield obtained in
cracking of the sinulated tight cat naphtha over the rare earth ion '

g ;

exchanged SAPO- Inthisexample, the same bigngqf madel eoraponndsused in Bxampleol | evel in
the C3 strg@%p | P11 cifal QTW ' | xanpl e, a
bl end consi's icﬁdg:kg%%g%sdﬁe%ypentéé%é °§fr?'8/sﬁo. 0 n-eg%gr?fr{a'g%mg\g?hgr epar ed

t 0 si nul at gpropyteneyieldpbtained in efacking\of khegiimulated lighp batmaphth® oSethe at el y, a

bl end consi sting of 2. 8w %.1- ne,, 15, %.1- hept ene, w'J/o

" octene. s gagh o ashanged SAPSFEF Gatatvatis B4 v BBy RS R0 e o6 -
hept anqe 7 & fothe 05 s@edin. Bihyldne/yield WasBawt%%. 4wt % decane, 0..8wt % benzene,
3.9t % t ol uene, and 11.3wm % m xed xyl enes was prepared to sinulate the Co6+

cut of the refinery light cat naphtha. This sinulated Cs cut and C6+ cuts

wer e crackMefeparately over the sane rare earth ion exchanged SAPO 11
of Exanpl e™Z. " residence tine in the second reaction was calculated to

simul ate the shiithinedmples sitdanonsisting of 60Wt6 d-pehtenaand AD.Got%Mch-at a poi nt
further al %2 argehvevasr gr%gat,rgé t(;[ sqgglate the Cs cut of a refinery light cat naphtha.

15  Separately, a blend consisting of 21.8wt% 1-hexene, 15.9wt% 1-heptene, 6.2wt%
1-octene, 1.9wt% 1-nonene, 1.4wt% l-decene, 16.1wt% n-hexane, 8.0wt% n-
heptane, 7.0wt% n-octane, 3.5wt% nonane, 2.4wt% decane, 0.8wt% benzene,
3.9wt% toluene, and 11.3wt% mixed xylenes was prepared to simulate the Cs+ cut
of the refinery light cat naphtha. This simulated Cs cut and Cs+ cuts were cracked

20  separately over the same rare earth ion exchanged SAPO-11 of Example 2. The
residence time in the second reaction was calculated to simulate the shortened
residence time of a feed stream injected at a point further along the reactor than
the injection point of the first fraction.

As can be seen from Table 1, propylene yield was 26.0wt% at 95% purity

25  level in the C3 cut. Ethylene yield was improved to 8.6wt%. This example

illustrates the benefit of splitting the feed and cracking the feed fractions

separately over the cracking catalyst.

Example 4: (comparative

30 In this example, a blend of model compounds consisting of 19.0 wt% 1-
pentene, 20.4wt% 1-hexene, 15.1wt% 1-heptene, 1.1wt% 1-octene, 10.4wt% n-
pentane, 14.7% n-hexane, 13.5wt% n-heptane, 1.4wt% n-octane, 1.1wt% benzene,



the injection point of the first fraction. As can be seen from Tabl e 1,
propyl en¥OPRB4530was 26. Ot % at 95% purity 25 | evel in t hBCUBSURII3EEL hyl ene
yield was inproved to 8.6Wm % This exanple illustrates the benefit of
splitting the feed and cracking the f.gqgd fractions separately over the
cracking catal yst. Exanple 4: (conparative) 30 In this exanple, a blend of
nodel conpounds consisting of 19.0 wiWo 1- pentene 20. 4wt % 1- hexene,

15. 1M % | - he wt % 1-oct ene, 10. 4w %n- ane 4. 7% hexane

TS bk - 1 SaE iSRS EPATS b Sl bR o Gt R

PCT/ US00/ 3 i} 38imulhfedy t%a&vxg,?{mfawm <2000 E5hinercHIZ4MI® anot her

refinery |ight cat naphtha. “This sinul ate ht cat naphtha was then
cracked oveatalyscasih2ht| WHS GG 60Q°E withdt S a:p drocarbopHSV and 600 C with

1.5 stean hydrocar from TabJ eneg yield
Shtaned 1 n or ol g bssen B8R TIEE e blaBPledé ek Soeaing b ErSBg OF
comer cjal theSifnblatett l@m ht ﬂa‘{ahﬂﬁ ovet the comaieydifIESMLS éazalywx%zs QRNTy Sion.

Et hyl ene y| el d was /o. Butylene yield was 14. 2wt % Example 5:

(conpar at i P&PYMelaﬁﬂ ﬁl‘”é%ecﬁaﬁiﬁ’é“ Efylansyeld vas - byt Butylensigldnds whi ch
was used i Q. Ff3Qpde 4 was cracked over a SAPO-1 1 catalyst at a weight
hourly space velocity of 3.1 hr 1. As can be seen from Table 2, the

propyl ene yield obtained in cracking of the sinulated |Iight cat naphtha
over SAPO 11 c )(st is 30.8wt % at 52. Iwt% conversion. Ethylene yield is
5. 6wt % Bu#}ﬂ@% CIPAAEVE) > owt % 15 Exanple 6: In this exanple, a blend
consi sy ng of 3HAMIYexEAE RO BmSReANGIMEAA colPaAEs wiiEh WaktugedRN!t ane,
22wt % n- hexane was prepared to sinulate the Cs/C6 cut of the refinery

i ght cat Fapmple# waserackedmoyvenpSAPD-EE patalystaat w weight honrdy Zpaceorelricityi ng™ of
42. 5wt % 1oPeRtene As3ak Bt $Reh F5th $36te 2? %&%ES']Ql?é)§l§ihe0bt%h§a'\qt€/8racklng

of the simulated light cat naphtha over SAPO-11 catalyst is 30.8wt% at 52.1wt%
conversion. Ethylene yield is 5.6wt%. Butylene yield was 12.9wt%.

15
Example 6:

In this example, a blend consisting of 30%wt% 1-pentene, 32.0wt% % 1-
hexene, 16 wt% n-pentane, 22wt% n-hexane was prepared to simulate the Cs/Cs
cut of the refinery light cat naphtha used in Example 4 Separately, a blend

20  consisting of 42.5wt % 1-heptene, 3.2wt% l-octene, 38wt% n-heptane, 3.8wt%
n-octane, 3.1wt% benzene, 9.2wt% toluene was prepared to simulate the C++ cut
of the refinery light cat naphtha used in Example 4. This simulated Cs/Cs cut was
cracked over SAPO-11 and the and C+ cut was cracked over ZSM-5 catalyst.
The residence time in the second reaction was calculated to simulate the shortened

25  residence time of a feed stream injected at a point further along the reactor than
the injection point of the first fraction. The combined yields were calculated and
tabulated in Table 2.

As can be seen from Table 2, propylene yield was 32.2wt% at 52.2wt%
conversion. Ethylene yield was 7.3wt%. Butylene yield was reduced to 8.5wt%.

30  This example illustrates the benefit of splitting the feed and cracking the feed
fractions separately over two different catalysts.
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0134730 PCRLUSCY 31130 | - FerRetCr Y B RIS Y p e 5
Conver si on 40.Couverdo1.[2 (490.39 Et hyl ened4 Mt %) 4.7 $1128. 6| Propylene 19.8
24.4 26.0 (WP o), Butyllenes 12.5 11.8 11.4 9 Light Sats 3.0 3.6 5.2
(W% C3 ol ¢fi ni(H%o("Ey 9.6 95.7 95.2 Table 2 Exeﬁrple 4 Exafipple 5 Exanple 6
Conver si on P tl?ylé?e(mj (@29 0) pthyleyg 7.1 3.0 /gg . o
Propylene 198 244 26.0
(wt%)
Butylenes 12,5 11.8 11.4
(wt%e)
Light Sats 3.0 3.6 52
(wte)
C3 olefinincity 95.6 95.7 95.2
Table 2
Example 4 Example 5 Example 6
Conversion | 522 52.1 555
(wte)
ethylene 7.1 5.6 73
(Wth)
propylene 20.4 30.0 322
(wt%)
butylenes 142 12.9 85
(wt%)
Light Sats 24 28 4.1
(wt)

As is apparent form the foregoing general description and the specific

embodiments, while forms of the invention have been illustrated and described,

various modifications can be made without departing from the spirit and scope of

the invention. Accordingly it is not intended that the invention be limited thereby.



(mﬁ'/o)‘gropélene 20.4 30.0 32.2 (Mm% butylenes 14.2 12.9 8.5 (W%
Light SaWOOM34739 8 4.1 (W% 5 As is apparent formthe fBEEYSIYIMener a
description and the specific enbodinents, while forns of the invention
have been illustrated and described, -1gari ous nodi fications can be nade
wi t hout departing fromthe spirit and scope of the invention. Accordingly
it is not intended that the invention be limted thereby. WO 01/ 34730
PCT/USOOIS&iggy -16- Clains: 1. A process to produce propylene froma
hydr ocar bo d stream conprising Cs's and/or C6's conprising introducing
the light portion of the feed 5 streaminto a reactor containing one or
nore catal ysts separately fromthe heav ortion of the feed stream

A Epinthrdso

wherei n thé | i ghtPIREFSS® C¢ PrOPYleng orsieed sFeat® hortion of the
feed streagyhbadi and)6i CL'9omptishg Imodfcing tHedflfht PortioRSTthedfadd the heavy
portion ofa?hgq%lggg?gtream %sﬁlﬁ% pgo{tioncll éeft gg\g/qe? afoter te;:e I'i ght
portions i streapnimbe a reattpr Zontxiningronecargsorefcatalystsraeparately from the bedwydr ocar bon
feed streami.s _a t feed strea Vi ashoili range of from about
16°C to abBviion3sURHed Sroant Sthofein SRTaNE o s B ferd se84 o af {1 ns
and from athatipordion lof theafoed itreath thef KH3la Boilingepdiftsradge OF 1200€ dp@sesis of claim
1 wherein the light portion of the feed stream conprises, at |east 75 .

wei ght % of theheaspartign of Bhe fegsl steeapy is dhat portionipi overcaftes thedlight portion

is removed.
10 -
2. The process of claim 1 wherein the hydrocarbon feed stream is a naphtha
feed stream having a boiling range of from about 18 °C to about 220 °C
comprising from about S to about 70 weight % paraffins and from about 10 to
~ about 70 weight % olefins
15

3. The process of claim 1 wherein the light portion of the feed stream

comprises at least 75 weight% of the Cs's and/or C4's present in the feed stream.

4, The process of claim 1 wherein the light portion of the feed stream

20  comprises at least 90 weight% of the Cs's and/or Cq's present in the feed stream.

s. The process of claim 1 wherein the light portion of the feed stream

comprises at least 98 weight% of the Cs's and/or Cg's present in the feed stream.

25 6. The process of any of the preceding claims wherein the feedstream is a
catalytically cracked naptha.
7. The process of any of the preceding claims wherein the feedstream is a
thermally cracked naptha.

30

Iy



4. The process of claim1 wherein the Iight portion of the feed stream 20
conpri sesweatolBe¢d8t 90 wei ght % of the Cs's and/or C6 's presamsopsimhe feed
stream 5. The process of claim1l wherein the |ight portion of the feed

stream conprises at |east 98 weight%ef_the Cs's and/or C6 'S present in
the feed stream 25 6. The process of any of the preceding clains wherein
the feedstreamis a catalytically cracked naptha. 7. The process of any of '
the preceding clainms wherein the feedstreamis_ a _thermally cracked naptha.
30 111111) 3.1 1| The processiof pny of the preceding clajyns whersinthe lightrporiomiss 1138 - 17

8. The procﬁﬁ%d@{eﬁﬁﬂ%tﬂér&%r@ra:ﬁ%gﬁhgm‘géﬁé F\Eﬂr@%ﬁe@%é?gﬁbo@mt'on 's

“introduced 1 nto e reactor a e pol nt he heavy

portion of thbhydﬂapﬂbon&eﬂcstreﬁaeﬂmﬂbdmdunmthmtelaoldnced into the reactor. 5
9. The process of any of the preceding clainms wherein the heavy portion of
the feed streamis introduced into the reactor at a point that is at |east

1/°3 of tshe gt ot afhd frd eésboﬂxgﬁbﬁh&w&aﬁgcﬁméreamemeéwﬁl&eopm nt where

the light portion is introduced . The process of claim8 wherein the

hﬁavy por t i the festd Stfﬁ@mfl%@ﬁodli@@amtbefqamfwmléatmr%@fﬂw at a point .
from t he pdPfil ugl 6 R ucefr] (Haflbet FlRt ot ing M SEGEORLEABRRRGS 100"

cl ai m 8 whdngodudede heavy portion of the feed streamis 15 introduced into
the reactor at a point that is 1/3 to 1/2 of the total length of the
reaction chanber apart fromthe point where the light portion is

I ntrodyged.gl2. 'ITﬂ'éeprBéé%E‘SP@laﬂﬂ 8 Whéréin tﬂeﬁﬁaWﬁ&ﬁ@hBﬂﬂﬁ'f@éd‘&réﬁﬂ?i’ ein the
catal yst conprises a medi um pore silicoal um nophosphate cat al 20 13.
The pr ocesdntrédureg indé thereagioras adioing thatds atdeamyﬂmfmhetﬂo&l&lg&lqﬁiecorrprl ses.

reaction chamber apart from the point where the light portion is introduced.

11.  The process of claim 8 wherein the heavy portion of the feed stream is
15 introduced into the reactor at a point that is 1/3 to 1/2 of the total length of the
reaction chamber apart from the point where the light portion is introduced.

12.  The process of any of the preceding claims wherein the catalyst comprises
a medium pore silicoéluminophosphate catalyst.

20
13.  The process of any of the preceding claims wherein the catalyst comprises
SAPO-11, RE SAPQ-11, SAPO-41, and/or RE SAPO-41.

14.  The process of any of the preceding claims wherein the reactor is a staged

25 bed reactor.

15.  The process of claim 14 wherein the first staged bed comprises one or
more medium pore aluminosilicate zeolite catalysts and the heavy portion of the
feed stream is introduced into the reactor such that it will react with the zeolite

30 catalysts.
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SAPO- 11 glt:'}(gﬁ)g 11, SAPO 41, and/or RE SAPG-41. 14. The gé,@ﬁg&za&f%rany of

t he prec‘z ains wherein the-reactor is a staged 25

The process of claim 14 wherein the first staged bed conprises one or nore
medi um pore alunminosilicate zeolite cd8alysts and the heavy portion of the
feed streamis introduced into the reactor such that it wll react with the
zeolite 30 catalysts. I 1"I"I I1l1'l Ms C W 01/34730 PCT/US00/ 31138 -18

16. The prPeessrﬁépfdoemfﬂ&mmﬁh&einhsemﬁmet ?é@&&ﬂc&%&@ﬁﬁébﬁes one or
more silicoal unm nophosphates, and the lon is_ introduced into the

reactor smore slhenalmnmphmsphe@standnthﬁﬂlght@og;qm ig radurerbistothsieactyy. 5 17.

The proces aI yst is ZSM5, ZSM 11,

ZSM 23, Zsﬁﬂcﬁéhan r@%me%s&?huﬁgéﬂoc SRS of claim 16 wherein the

si l'i coal um nophosphate is SAPO-11, RE SAPO-11, SAPO 41, and/or RE SAPO-41.

10 19. The_process of cI ml furt her rising a.s react or wherein

the 1ightl gortﬂ' & Pracess qp@tge%gqc X&‘Siggﬂg ?ﬁMc'iﬂaavy portion

of the fee L into the second reactor. 15 20. The
Flvfﬁi %SM&M&

met hod of clalm’i9 wherein one or nore silicoal un nophosphates are present
in the first reactor. 21 The net hod of cIa|m19 wherein one or nore nedi um

pore al um Si I ate the 20 22.
The net hod % ?R’é‘”ﬁ@ gfll gﬁa\vﬁerﬁqzﬁgg ﬁ%‘?ﬁﬁ%ﬂﬁg?@boibnpr i ses
one or nor REchmFi@ SAPO-PARRN/HE REFFAPORD: 11, and RE- SAPO-41 23. . The
met hod of clains 19-21 wherein the zeolite conprises one or nore of
10
19.  The process of claim 1 further comprising a second reactor wherein the
light portion is introduced into a first reactor and the heavy portion of the feed

stream is introduced into the second reactor.

15 20. The method of claim 19 wherein one or more silicoaluminophosphates are

present in the first reactor.

21.  The method of claim 19 wherein one or more medium pore aluminosilicate
zeolites are present in the second reactor.

20
22.  The method of claims 19-21 wherein the silicoaluminophosphate
comprises one or more of SAPO-11, SAPO-41, RE SAPO-11, and RE-SAPO-41

23.  The method of claims 19-21 wherein the zeolite comprises one or more of
25 ZSM-5,ZSM-11, ZSM-23, ZSM-48, and ZSM-22.

24.  The process of any of the preceding claims wherein the process is operated

in the absence of a superfractionator.

30 25. The process of any of the preceding claims wherein the product produced
comprises at least 20 weight % propylene, based upon the weight of the total
product produced.
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25 ZSM5, ZSM 11, ZSM 23, ZSM 48, and ZSM 22. 24. The process of any of the
precedi n{v@PHB4T80 wherein the process is operated in the ROoTasow31a38 a ;
super &ctionator. 30 25. The process of any of the preceding clains wherein
t he product produced conprises at |eagt. 20 wei ght % propyl ene, based upon
the weight of the total product produced. 1!'11111111111 (1111 11111 11 _
1111 WO 01/34730 PCT/US00/ 31138 -19 26. The process of claim1l or clains 3
t hrough 25 wherein the hydrocarbon feed streamis a naphtha feed stream
having a boiling range of fromabout 18 Cto about 220 C. 5 27. The

process. of g, ai Mye Srbcssh 8F SBind1 GRERUENS Rroubiesshheichipbgageatian  feed

streamis a naphtha feed stream having a bolling range from about 18 C
to about ¥eed Sreanpisagaphthp ferdstreamhayingarheiling rangee @heutck$i6i tosi ng

obt ai ni ng %o&/@% produced by the process of any of the preceding clains
and t her eaf’8 ntdcting the propyl ene, and optionally other olefins,

with ansol efin polynerization catalyst. 29. The process of any of the
precedi ng cl ai ns_wherein e olefin, 15 pol ynerj zati pn, catal ys{ conpri ses
one or nor &7z egthePIRERSS 8}.3&‘%! PE flaims 3@1’8\‘%}‘(&”8&‘%3&&9@% om um
catal ysts, t9lg s dhabhthd foed sreqr Bavil bR bt bt aBbutl IR Apecedi ng
cl ai ns V\herfg%dn t he |gq1”a|? pgrétéiaoﬁ asa‘z’il Eboi Q] p%i nt rarafgeu of 100 C or '
| ess. 20 3abodtht9Ffiocess of any of the preceding clains wherein the |ight

portion has a boiling point range of 80 Cor less. | LIl 111111 hill
[rrrr CMS 111111

10 28. A process of polymerizing propylene comprising obtaining propylene
produced by the process of any of the preceding claims and thereafter contacting

the propylene, and optionally other olefins, with an olefin polymerization catalyst.

29.  The process of any of the preceding claims wherein the olefin
15  polymerization catalyst comprises one or more Ziegler-Natta catalysts,

metallocene catalysts, chromium catalysts, or vanadium catalysts.

30.  The process of any of the preceding claims wherein the light portion has a
boiling point range of 100 °C or less.

20 |
31.  The process of any of the preceding claims wherein the light portion has a .

boiling point range of 80 °C or less.

T



