WD 01190278 PCT/ USOL/ 16020 P_ ROCESS FOR SELECTI VELY PRODUCI NG PROPYLENE
IN A FLU D CATALYTI C CRACKI NG PROCESS CROSS- REFERENCE TO RELATED

APPLI CATI C]\l 5 This is a continuation-in-part of U S. Patent | i cation
Seri al WORYIBH3 085, filed May 5, 1998. FIELD OF THE F%@A@F The

pr esent |nvent|on relates to a process for producing 10 pol ypropyl ene from
C3 ol efins sel ectivel roduced from a cat aI tically cracked or thermally
cracked naphtha : : 1 LGN DUHETNG PROP

| ow- eni ssi ons fuels KHSAMEA@ALY&H@&GRAGIM(PR@GESS ght ol efins used
use in alkylation, oligonerization, MIBE, and ETBE 15 synthesis processes.
I n addition, GHGSSMEREN@ETU ﬁ b quA cularly propylene,

conti nues _fro € In eman 0 Serve as 1eed efins production,
parti cul ar pol y g QC | i ght
paraffin dehydrog Qﬁﬁ%ﬁ&@&?ﬁﬁﬁg&%ﬁgﬁgﬂ%ﬁ%ﬁ%ﬁ@?est for

i ncreasi ng ol g4/073,085 (ﬂa&M@ﬂs gogever, these 20 types of processes
typically require rel’atively l'arge capital investnents as well as high
operating costs. It is therefore advantageous to increase olefins vyield

usi ng processEEEL R HBINVIENARON i vel y smal | capital investnent. It
woul d be parti cuI arly advant ageous to i'ncrease olefins yield in catalytic

s g Foc uni e Theptefer? RERAEI ARG ol B BEMMRG C' 00 PL O bal ance
to maxim gg 1zmgg lefid foim Ci; 0lfing lselkétivelyftotigced! fivin 4 Catabytically hi gh

conver'sion of t O F + (340C +) feed conponents. In addition, even if a
speci fi c cat a¢tpeked or thermally cracked naphtha stream.

BACKGROUND OF THE INVENTION

The need for low-emissions fuels has created an increased demand
for light olefins used use in alkylation, oligomerization, MTBE, and ETBE
15  synthesis processes. In addition, a low cost supply of light olefins,
particularly propylene, continues to be in demand to serve as feed for
polyolefins production, particularly polypropylene production.

Fixed bed processes for light paraffin dehydrogenation have recently
attracted renewed interest for increasing olefins production. However, these
20 types of processes typically require relatively large capital investments as
l well as high operating costs. It is therefore advantageous to increase olefins
yield using processes, which require relatively small capital investment. It
would be particularly advantageous to increase olefins yield in catalytic

cracking processes.

25 A problem inherent in producing olefins products using FCC 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 +(~340°C +) feed components. In addition, even if a specific catalyst



1 WD 01/90278 PCT/ USQ1/ 16020 bal ance can be maintained to maxi m ze overall
ol efins productionh, olefins selectivity is generally | ow because of

undesi r abl eggisdl6 rnﬁact ions, such as extensive cracking, pp@ARbl%s ON,
ar.omati zati on an‘g ydrogen transfer reactions. Light saturated gases

produced from undesirable side reactions 5 refit in increased costs to
recover the desirable Tight. olefins. Thereforg, .i I s.llesfrable to

nmexi ni ze ol ef i 'W&&HEF&%W&%WPN@N@W&%%° ee of
control over téé?ec‘ﬁ‘ ] BwFeca sgdqﬁ[n ot 1 rﬁfcﬁ ed and
pol ynmeri zed to or‘%hg‘rﬁogééig%%b;such agupo ypraédﬁlﬁgn%&éarﬁwﬁ%@?et yl ene. i

O ARY OF THE |¢xeénNive@iadiingrisemirimition dromhtizdtionmand dedtogentmnsfepn conpri ses

a process for producing pol ypropyl ene conprising the steps of, (a)
contacting a cieaetions; L tsmateégmﬁnmggyﬁamemd&mhle side Teaskiens he

catal yst 2 skl bbhorGent A5k R3eauB R S IE RaAOAMD BBl Fer 00U

with the pre 13 gesiksfle (Pakintive bR pFodRctéR Bé@QHﬁtaﬂo%%lﬁ%i al yst

conprising about 10 to about 50 wt.% of a crystalline zeolite having an
aver age pore ddepmest eff contret overtthe selensivitydo Comi,4 oléfinsithatare processedi t i ons

including a te rgture fro abou 00 to 6 C, hydr,ocar ho arti al
pressure of 10%&@@@@%mwﬁ,sﬁﬁaﬁmﬁeﬂg?@ﬁ%w% of 1to
10 seconds, and a catalyst to 20 feed ratio, by weight, of about 4 to 10,
wher ei n no norgg Wk WVENPIONar af fins are converted to olef sin
and wherein pr%"p‘%% 90 nol % of the total C3 products;
and, (c) separating the propylene fromthe cracked_ product and

pol yneri zi ¥y t he prippmbodiment pbthepreseppinypptioneomprises piprogess fsr pref err ed
embodi ment of LA B Pl propyl G dodtbrisiiy 8 sBpY 3 (a) conflcfig s cathifBE Cat 2l YSt.
with a carbonaceous material to pre-coke the catalyst and ihen ()
contacting a naphtha feed containing between about 10 and about 30 wt.%
paraffins and between about 15 and about 70 wt.% olefins with the pre-

15  coked catalyst to form a cracked product, the catalyst comprising about 10

to about 50 wt.% of a crystalline zeolite having an average pore diameter
Iess than about 0.7 nm, the reaction conditions including a temperature from
about 500° to 650° C, a hydrocarbon partial pressure of 10 to 40 psia (70-
280 kPa), a hydrocarbon residence time of 1 to 10 seconds, and a catalyst to

20 feed ratio, by weight, of about 4 to 10, wherein no more than about 20 wt.%
of paraffins are converted to olefins and wherein propylene comprises at
ieast 90 mol.% of the total C; products; and, (c) separating the propylene
from the cracked product and polymerizing the propylene to form
polypropylene.

25 In another preferred embodiment of the present invention the catalyst
is a ZSM-5 type catalyst.



2 WD 01/90278 PCT/ US01/16020 In still another preferred enbodi nent of the
present invention the feed contains about 10 to 30 wt % paraffins, and from

about 20 ¢@orféhan - % olefins. In yet another preferred Q’@i‘ﬂﬁibﬂi’dﬂio of t'he
pr esent |nvent|on the 5 reaction zone is operated at a tenperature from ’-

about 525 C to about 600 C. DETAILED DESCRI PTI ON OF TEE | NVENTI ON Sui t abl e

o efimo yi el ds- atbetlBudhe biEkaRd aodditoBhd oY el entiihe 100 1o
cont ai ni ng fféﬂ%oﬂwﬂéaﬁoﬁﬂlo%t%@i’%#ﬁarﬁn&ﬁmfd’ﬁéﬂ%bﬁ@imd7m%0m 10
w.%to about 30 wt.% and nore preférably from about 10 to 25 Wt

paraffins, @hﬁn‘srom about 15 w.% preferably from about 20 w. %to about
70 wt. % ol efins. The feed may al so contai n napht henes and aromati cs.

From about 65 ¢ BhVE G H0eled shiBufia e B e AR o0t "5 7 to
about 308 Fr¢gkfiod 28nekis dpatednbh é@aﬁr@ﬂam%@tswmmﬁms«ed or

catal ytically-cracked naphtha derived from any appropriate source,
including flwid catalytic cracking (FCC) of gas oils and resids or

del ayed- or fluid- coklng of resids. 20 Preferably t he naphtha streans used
In the prese A oL Qn atal ytic cracking of gas
oils and reJl. L) A!LLQ!L!‘ ! !%l~- pro—ct ypically rich in ol efins
and/or diolefins and relatively lean in paraffins. The process of the

present inventi osuitgblgqiyﬁﬁ;dmsbﬂsrfe@sgbppmﬁcﬂglfhe reldtivehy i ghsﬂ'an@ a reaction
zone, a Strlpplng zone, “a catal yst regeneration zone, an fractionation
zone. The nap t(heOleMIylekiwadthnsc sireams bailing lmﬂlemphtha range and
10  containing from about 5 wt.% to about 35 wt.%, preferably from about 10
wt.% to about 30 wt.%, and more preferably from about 10 to 25 wt.%
paraffins, and from about 15 wt.%, preferably from about 20 wt.% to about
70 wt.% olefins. The feed may also contain naphthenes and aromatics.
Naphtha boiling range streams are typically those having a boiling range
15 from about 65° F to about 430° F (18-225° C), preferably from about 65°F -
~ to about 300° F (18-150° C).

The naphtha feed can be a thermally-cracked or catalytically-cracked
naphtha derived from any appropriate source, including fluid catalytic
cracking (FCC) of gas oils and resids or delayed- or fluid-coking of resids.

20 Preferably, the naphtha streams used in the present invention derive from
the fluid catalytic cfacking of gas oils and resids because the product
naphthas are typically rich in olefins and/or diolefins and relatively lean in
paraffins.

The process of the present invention is performed in a process unit
25 comprising a reaction zone, a stripping zone, a catalyst regeneration zone,
and a fractionation zone. The naphtha feed is fed into the reaction zone
where it contacts a source of hot, regenerated catalyst. The hot catalyst




where it contacts a source of hot, regener at ed cat al yst. The hot catal yst 3
WO 01/ 90279 PCT/ USO01/ 16020 vaporizes and cracks the feed at a tenperature
from about 650 C, preferably from about 5250 C fsa20 THeE
cr.acki ng re‘gggf&ﬁs’gepo& ts coke on the catal yst, thereby gg’g@tg@\l/atl ng the
catal yst. The cracked products are separated fromthe coked catal yst and

zprpL?ng ;gﬁgftﬂhﬁﬁ?&%ﬁ%%&t é:%ng ?%“?%Wq‘é%‘ﬁ@?’ﬁﬁt@ 5&93{301’ gél cles
T
\tMotretsgie(rjllma g&ﬁg‘t%ieé fl‘ac.ﬁ?l on o sor ?hdrocar ons ? E'jry]é ngl :attnlcgns

The stri pped kaebnshecaatybemzrmmm Iﬁecﬂdyaer'ﬂtelmlmdne where it is
regenerated by burning coke on 10 the cat é in the presence of an oxygen

cont ai ni ng gasprom arespgrated from andesent toy s frgetionatari vity and

The hot | cata i@t ﬁ%iéti%f%ﬁb%ﬁ{‘ﬁ#ie&tﬁ@&sﬁﬁ'@“@ﬁﬁeﬁ?%@%ﬁ%@ﬁﬂs@% th fresh

napht ha feed. JWvith steakt THe gaBé ator may be
treated for rem)]\s;ﬁ of partlcgfkyxt es 15 and for conver&%n of carbon
monoxi de. The preﬁmhedupdmdwtsavémtymndlaonsmamtamagrmmﬁacaoneﬁt to a

fractionation zon r,e vario r cts [ ec d,.p |cularlyaC3

fraction and &%@F%F&E’&' ¥‘Hﬂ§?ﬁ@'ia@ﬁbg@?empe © b5 i nventi on,

t he catal yst %% Etﬁ{e

Pr e- coki ng of e calt%f a%&?rrprg‘v/ﬁeés%ggﬁﬁkéé&slfaﬁ {30 pro%yﬁf gﬁgn The

catal yst can hheb&ﬁl;&ﬁhﬁﬁc@!eseme&sﬂanmygemoﬁﬁmfnmg?n ferablpairaceous feed
tha fee

upstream from the point at which the naph cont act s the catal yst.
Al t er nat i vel y,Decoking rsstores qatplyst astivity andsimaltarscopsly beptsihe eatalysidnt ha f eed.

Sui t abl e carbqnaceou u cl ude, but
are not limt %‘?Odﬁgg@ag %@%@@I@b ?t Oﬁﬁé@\gga‘@%ﬁéﬁ%ne‘%&%étpcat slurry
bottoms or ot hgkndiRA¥ken 56t react with fresh naphtha feed. Flue gas formed by

burning coke in the regenerator may be treated for removal of particulates

15 and for conversion of carbon monoxide. The cracked products from the
reaction zone are sent to a fractionation zone where various products are
recovered, particularly a C; fraction and a C,4 fraction,

In another embodiment of the present invention, the catalyst may be

pre-coked before contacting the naphtha feed. Pre-coking of the catalyst

20 improves selectivity to propylene. The catalyst can be pre-coked by
injecting a coke-producing carbonaceous feed upstream from the point at
which the naphtha feed contacts the catalyst. Alternatively, the pre-coking
stream can be co-fed with the naphtha feed. Suitable carbonaceous feeds
used to pre-coke the catalyst can include, but are not limited to, light cat

25 cycle oil, heavy cat cycle oil, cat sturry bottoms or other heavy, coke
producing feeds having a boiling point greater than about 180°C, more
preferably between about 180°C and about 540°C, more preferably between
about 200°C and about 480°C, and more preferably between about 315°C
and about 480°C. An added benefit is that delta coke is increased, which
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to-heat bal,3vfies : %ggmmggﬁag{ogggmﬁ blﬁfﬁié eto

i ncrease- |71 ght o?aetﬁlglgﬂ?/’{ée S In-the pr g@%ﬁ% uni e?i?egel f, the practice
of the premecdssi nvention uses its own 5 distinct process unit, as

previ ously described, which receives naphtha from a suitable source in the

refinery. The . tign zone is operated at  pr,oges condiptions that wll
nexi ni ze C2 to@ﬁ%ﬂ@%ﬁ%ﬁW‘g?ﬁ}nﬁe%@ﬁgeﬁné& éﬂ’\/‘iﬂ?y with
relativel ' i %ﬁéﬁ ' e‘%}h%‘lﬁ hSiseditd e for use in._.
t he practmdgcg’?o{eﬁgﬁ%g%%ﬁtﬁ ven‘t’él)%ﬁilgj’gest ose |hc area{ah-- y 10

conpr i i ngdistimot peaceks umit as pravicuslihdescribed; whicleresgivepnaphthi fromt er | ess t han
about 0.7 nanopeters (nhm, idcrystalline zeolite orTBl[isi ng fraom about
10 wt . % t * SHBGIE SoyrcR © eﬁﬁﬁ"t eaweammnfeaozeaetsﬁys 0S8%Rposi tion. It is
preferred : rvéﬁ%ﬁfh%n% |t ' : e famly of :
medi um po‘%oteh-agtllézngﬁ?@ ./ n cr?f’se@a%(?lﬁgﬁsé?wggﬁéré es%z ot herw se
referred tslectivity wittexldtively. high comversion bECs+ olefing.s Catalysts sudtabledi um por e

zeolites with a silica to _alumna molar ratio of |ess than about 75:1,
pr ef er abl yior 8sein the praghice of the presentiyyentionearg those whiel aveess t han about 40: 1,

al t hough s FRBifne 7l &qui il i Ga-l Q- 1B& iRt | 0 greater -
t han 4 :1.5-:- iz‘ﬁfeE %gg&gl amaetzeelro,H al'so fﬁ%@#ﬁ%ﬁg&@g@#&& I've pore dianeter,
i s nmeasur egbous 0/Tnshiofieters (hnd)) s&id coyspillioe zéolitd comprising fidnhatsbupcar bonaceous
conpounds of known -- nmininumkinetic dianmeters. See Breck, Zeolite __

Mol ecul ar ¥ wt&eto alwnh 58 3% of the total fluidized catalyst composition. It is

preferred that the crystalline zeolite be selected from the family of medium-
pore-size (< 0.7 nm) crystalline aluminosilicates, otherﬁvise referred to as

15  zeolites. Of particular interest are the medium-pore zeolites with a silica to —
alumma molar ratio of less than about 75:1, preferably Iess than about 50:1,
and more preferably less than about 40:1, although some embodiments
incorporate silica—tp-alﬁmina ratios greater than 40:1. The pore diameter,
also referred to as effective pore diameter, is measured using standard

20 adsorption techniques and hydrocarbonaceous compounds of known -
minimum kinetic diameters. See Breck, Zeolite Molecular Sieves, 1974 and
Anderson et al., J. Catalysis 58, 114-(1979), both of which are incorporated

herein by reference.

Medium-pore-size zeolites that can be used in the practice of the
25 present invention are described in “Atlas of Zeolite Structure Types,” eds. —
W.H. Meier and D.H. Olson, Butterworth-Heineman, Third Edition, 1992,
which is hereby incorporated by reference. The medium-pore-size zeolites
generally have a pore size from about 0.5 nm; to about 0.7 nm and include -
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Anderson at al., |I. Catalysis 58, 114-(1979), both of which are
I ncorporated f --"-- herein by reference. Medi um pore-size zeolites that
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tructare type SRRE B NC A Rontinsioh b ZeEN ety "R Ton

l'i mting exanpNea-lixhitiag s ofsurhrtedinmepoteize elites, mdluMmMS
ZSM 12, ZSM 22, ZSM 23 ZSM 34, 7SMk35. ZSM 38, ZSM 48. ZSM 5 50,

silicali te, andSM-12028M¢22, ZSMiR3, ZSM-34 ZSM35ESMs 38, AAM-48,/4SMr |

d bed 0 s . d i bed
OO & Bt St SR o B5oaihe 37 SR o ool 80, GBI 5 o521 b
and ZSWW 38 | n_ HedBribBPueUls. arenBNG4 3, ABRRZEHIPAI0 614 Z8M-Tatient No.
4,076,842: and ZSM35 in U'S. Patent ) 016 245. Al 10 of the above

patents are i ndescpbedined. Sh @atentiNDy 3,769 87%1%&5 12in &7.S RatentiNe

2s SAPO 4 and Sapoat: AW T A ity ReReto SEDIRT S B, ) S
chromosi | i cat eg Aggégdtm 3@5%2%:1231@03%' saraémnb%wms pARsphat es

(ALPO), such as escribed I1n U'S. Patent . 15 4,310, 440;
titani um al@ni obthelabowt pater(td Aﬁdhporpmateddmrﬁ&ﬁ;bteﬁrm%cﬂﬂmamtabk EP- A No.

{1 tani um 2?5%”@@%%&%%%?%@"“ Feoiclude e slicoplsEophoniatss SATn U s
ZPZE)Fin: esNOca;1 :S%Q?h% cr ys I | nelig]d%'ﬂ%llifr(geg&m ﬁgﬁgﬁ%uﬁfoi g Elaz'?he
result of faul #st40871s chiromosilicdtes) gallinne silicdted; iron silicates; aluminum

phosphates (ALPO), such as ALPO-11 described in U.S. Patent No.

15  4,310,440; titaninm aluminosilicates (TASO), such as TASO-45 described

in EP-A No. 229,295; boron silicates, described in U.S. Patent No.

4,254,297, titanium aluminophosphates (TAPO), such as TAPO-11

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

U-

20 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 and ZSM-11 are disclosed in U.S. Patent No.
4,229,424, which is incorﬁorated herein by reference. The crystaltine

25  admixtures are themselves medium-pore-size zeolites and are not to be
confused with physical admixtures of zeolites in which distinct crysials of
crystallites of different zeolites are physically present in the same catalyst
composite or hydrothermal reaction mixtures.



crystalline area during the synthesis of the zeolites..Exanples of
crystalline admixtures of ZSM5 and ZS-11 are disclosed i'n U.S. Patent No.
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confused with physical adm xtures of zeolites in which distinct crystals of
crystallites of 'ff ' ' ept in the sane
catal yst conposi Mﬁ%ﬁ?ﬁ%t%@ﬁgﬁ%ﬁﬁi%§%§? 01/90278

PCT/ USO01/ 16GRErghtie oﬁﬁieahmisﬁnaénﬂ%n@bﬁaﬁnm MoFRAdio bxide i@k d t oget her

with an inorganic OXI de matri x materi al conponent The inorganic oxide

matri x corrmmmelttl Mmmwmmsommmprom t he

catal yst prod rd _enou ur i ve JC nd reactor wall
col |i si ons. 1Fr d@np“%l} Si‘ﬁﬂé’aﬁ’&f"‘r b ‘ﬁé"“f’?’% i nor gani c

oxi de solg orjy iMoitde lﬂok‘é‘anfc%ﬁ %g?@

together. Preféerably, the |norgan|c omgne Matrix:1s not at a |caIIy

active and visdfiedto Thind? the caiglyskéataponehis togethero Prefocibhy, ﬂmmwgamer eferably,

separate al um na phases are incor porat ed |nto the_ i norgani c_oxide matrix.

Speci es of M%idA ﬁ?ﬂw active apdawillheeomprising oxides off aspore, and
transitional |l§|§ H S-alm

ni na, s-al urf na, alrum na aMﬁ%@MWﬁﬁg@W erably, the
al um na specanﬁﬁheﬁma@ﬁé sy&i@wdﬁmﬁﬂﬁﬂm@ﬁy&*o&m e, bayerite,
nordstrandite, or doyelite. The mattix material may al so nt ai n

phosphorigus dnmﬁubnehm&pdmwhﬂmdﬂﬁsﬁonﬂehmm%as P
t enper atures from about 500 C to about 6500 C, preferably from about 525 C
to 600 G, hwlumm; Tralunng, -eluming, 6 lumise, ¥ ®-abwmingcud pratumsnzends s (70- 280

kPa), preferabl tQ 35 5| a 0-.245 kPa d a,catalyst to
napht ha (wt /58 IXY‘?S{ ﬁ%éﬁ% ”é‘r‘é 61'%3)#69#‘3%%’6? 4 to 10,
where cat al yalgilite Bayerite! ﬁéﬂkﬁé&ﬂlﬂmrdoyehte The matrix material may also

contain phosphorous or aluminmm phosphate '

15 Process condm__ons include temperatures from about 500° C to about
650° C, preferably from about 525° C to 600° C, hydrocarbon partial
pressures from about 10 to 40 psia (70-280 kPa), preferably ﬁ'om about 20
to 35 psia (140-245 kPa); and a catalyst to naphtha (wt/wt) ratio from about

" 3 to 12, preferably from about 4 to 10, where catalyst weight is total weight

20 of the catalyst composite. Preferably, steam is concurrently introduced with
the naphtha stream into the reaction zone and comprises up to about 50
wt.% of the hydrocarbon feed. Also, it is preferred that the feed residence
time in the reaction zone be less than about 10 seconds, for example from
about 1 to 10 seconds. These conditions will be such that at least about 60

25 wt.% of the Cs+ olefins in the naphtha stream are converted to C,- products
and less than about 25 wt.%, preferably less than about 20 wt.% of the
paraffins are converted to C,- products, and that propylene comprises at
least about 90 mol.%, preferably greater than about 95 mol.% of the total C;




20 of the catal yst cqonposite. Preferably, steamis concurrently introduced
with the naphtha streaminto the reaction zone and conprises up to about
50 wt. % of whRigeddyr ocarbon feed. Also, it is preferred thabysfifsodeced

resi dence ‘{Vl me 1n the reaction zone be | ess than about 10 seconds, for
exanple from about 1 to 10 seconds. These conditions wll be such that at
| east about 60 25 wt.% of the + Qlefips | n the naphtha stream are
converted to caeac’s%amtsm%é&ghtm qQ@/WQ(%Z'Bm*FabI y | ess

t han about 20 9 % t raffins are converted to C4- products, and
t hat propyl ene\%:egtr%rl seésb%gfgsr east about 90 nol % preferably greater than

about 95 nol.%of the total C3 7 WO 01/90278 PCT/ USOL/ 16020 reaction

products VK the wei Bieferably ethglene comptises af leastaboai?90 mobYuefithe Cgr eat er t han

about 3.5. Pref e(;@bl y},v&ﬁttﬂyl ene conprises_at | east about 90 noL% of the C2
t

products, withPE ¢ weight mtiof prapyiene:elinignebring greatgr thavat er t han 5

about 4, ang t the 43 . y | - d in both
not or and rgseg_rc t_40§¥daﬁg§khrere ﬁ%%oﬂ%@ﬁ%%‘%@aﬁﬁew@ﬁso within
the scope oft hickor dide8idadch dotaries eslative 16 theRdphtit fRBBUTRYSs Miko Withid @er | NY
aromatics to the reaction zone to also inprove the selectivity of -

propyl ene ver s&epbesfithis dxnention to feed an effectivemanat of singla sing)arematios sour ce
such as a 10 r LI r ) | h consi st,_of heavy napht ha
recycle pr odug‘{ ﬁ?%%ﬁe‘%ﬁi‘% %ﬁ?%@&@ﬁ%@%ﬁ%ﬂ&%&%ﬁﬁ es are
presented for iethylime! athie\ioratid 2R hedmond an kil Yokt sich £ t aken as
limting the preSent invention in"any way. EXAIVIPLES 1-13 15 The

fol | owi ng éRanpefesningpresessiunit ohthey nayiconsistof heavypnaphthasreoyade at i ng
conditions for I nt ai ni.ng, chem cal grade propylene purity with sanples of
cat napht ha crﬁé‘ﬁ%ﬁ rtﬂ%&%n%mfﬁsscat al yst that contains ZSM5) which
The following examples are presented for illustrative purposes only
and are not to be taken as limiting the present invention in any way.

EXAMPLES 1-13
15 The following examples illustrate the criticality of process operating

conditions for maintaining chemical grade propylene purity with samples of
cat naphtha cracked over ZCAT-40 (a catalyst that contains ZSM-5) which
had been steamed at 1500° F (815°C) for 16 hrs to simulate commercial
equilibrium. Comparison of Examples 1 and 2 show that increasing Cat/Oil
20 ratio improves propylene yield, but sacrifices propylene purity.
Comparison of Examples 3 and 4 and 5 and 6 shows reducing oil partial
pressure greatly improves propylene purity without compromising
propylene yield. Comparison of Examples 7 and 8 and 9 and 10 shows
increasing temperature improves both propylene yield and purity.
25 Comparison of Examples 11 and 12 shows decreasing cat residence time
improves propylene yield and purity. Example 13 shows an example where
both high propjlene yield and purity are obtained at a reactor temperature
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pressure greatly inproves propylene purity w thout conprom sing propylene

yi el d. Conp Ao ¥ increasing
tenperature%W%W@o ﬂsggége&uﬁ]ﬁgagco p' 'ﬂ}afp % Conpari son of .
Exanpl es 11 rguetorks MQ@@g@ﬁﬁltﬁrgs@@hﬁgﬁgedence time inproves propyl ene
yield and purity. Exarrpl e 13 shows an exanpl e where both high propyl ene
yield and purity are obtained at a reactqr tenperature 8 WO 01/90278

PCT/ US01/ 16020 and cattoil ratio that X3bleke achi eved usi ng a conventi onal
FCC reactor/regenerator design for the second stage. Table 1 Feed Tenp.
Ot Res. Cat Res. ret . Yoemp. % Propyl encoikexai rmaire. Olwts @u\Walieli | role T sec
T>ma: see CiemiCdfidmudtye. /Ol ORillosia3 STifie, sbe6 6 Tide, e 360 . 54 Faitvld . 4 0.5 95. 9%
23865698932%6%;12&0&943% 324 2 51Q §8 48,1.2 8.6 8.2 1.1
88.2% 4 22.2,511,8: 3 3% 1.25.6 §3 19,46.8%,,5 38,86 G32 406 20 1.7 9.8
16.7 1.0 94.4% 6,38. 6,@‘30 166 13 1.3,4.5 16,8 0. §; 96,,69Gg29,7 22. 2 571 5.3
27 0.4 0.3 6.9 0.2,06.8% 8 2.2 §36 544 27 G563 0. 33 7.13 Onghe97.3% 9 22.2
511 9.3 38 1.2 5.638. 3 632 9 76s 8% 2910 2372 607589. 2 B¢ Lio2 G448t 10.4 2.2 82.5%

6 38.6 630 166 13 13 75 168 06 96.6%
7 222 sn 53 27 0.4 03 60 02  968%
8 222 586 51 27 03 03 73 02 973%
9 222 511 93 38 12 56 63 19 768%
10 222 607 92 37 12 6.0 104 22 $25%
11 222 576 180 32 10 2.0 96 40 705%
12 222 574 183 32 1.0 24 101 19  842%
13 386 606 85 2 1.0 74 150 07  955%

S _ Table 1 Continued

Ratio of C3~ Ratio of C3~
Exmple Wt%C~ WL%C; G G  WA%CY

1 235 = 27 49 42 - 114
2 3.02 3.58 42 36 12.8
3 2.32 2.53 35 3.2 82
4 2.16 246 2.9 26 6.3
5 6.97 9,95 24 1.7 16.7
6 6.21 8.71 2.7 1.9 16.8
7 1.03 1.64 58 37 6.0
8 1.48 2.02 4.9 3.6 13
9 2.16 246 2.9 26 6.3
10 521 6.74 2.0 1.5 104
11 4,99 6.67 19 14 9.6
12 443 6.27 23 1.6 10.1
13 445 5.76 3.3 26 15.0

Gy =CH,+ GHy + Gl

The above examples (1,2,7 and 8) show that C5 /C, >4 and C;7/Cy
10 > 3.5 can be achieved by selection of suitable reactor conditions.
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11 22.2 576 1&0 32 1.0 9.0 9.6 4.0 70.696 12 22.2 574 18.3 32 1.0 2A 10.1
19 84.2% 13 38.6 606 &3 22 1.0 7.4 15.0 0.7 95.5% 5 Table 1 Conti nued

Rati o of fCSW%W%:-X.JI-I\/P\OQlZ 9 4.2
11.4 2 3.0 8%tl)g@74236128 3 2.32 2.53 3.5 3. iEE%EK&GGZEG 2.9

2.6 6.3 56.97 9.95 2.4 1.7 16.7 66218712719168 7 1.03 1.64
5.8 3.7 6.0 MM3673 9 2.16 2.46 2.9 2.6 6.3 10 5.21 6.74
2.0 1.5 10.4 . =479 1.4 9.6 12 4.43 6.27 2.3 1.6 10.1 13 4.45
5.76 3.3 2.6 15.0 C2 = CH4+ C2H4 + C2H6 The above exanples (1,2,7 and 8)

show that C3UC2 > ATjietalGRRERS olbfinsar hen@siHdG edplita sRbass | on of
suitabl e reactor conditions. 9 WO 01/90278 PCT/ US01/ 16020 EXAMPLES 14 -17

The cracki ng ofe.g) BECmaphthd, qnﬂnennﬁphlka)wnt snalk dr medinappotezeclitesans  (e. g.,
76N 5 can pr octih a8 ATy G RO Birs SHALD R ST AE CNEE A0 pradens
5 The selectivity to ethylene or propylene and selectivity of propylene to

propane varies as a function of catalyst and process operating conditions. It

has been found that propylene yield can be increased by co-feeding steam

along with cat naphtha to the reactor. The catalyst may be ZSM-5 or other

small or medium-pore zeolites. Table 2 below illustrates the increase in

10 propylene yield when 5 wt.% steam is co-fed with an FCC naphtha

containing 38.8 wt% olefins. Although propylene yield increased, the

propylene purity is diminished. Thus, other operating conditions may need

to be adjusted to maintain the targeted propylene selectivity.

Table 2
Steam  Temp. QOilRes. CatRes. Wi% W%  Propylene
‘Example Cofted C  Cat/Oil Oilpsia Time scc Time sec Propylene Propame  Purity, %
14 No 630 8.7 18 0.8 80 1.7 0.3 97.5%
15 Yes 831 88 2 12 6.0 13.9 0.6 95.9%
5 | N 631 87 18 08 7.8 136 0.4 91.1%
15 17 Yes 632 84 22 1.1 6.1 14.6 08 94.8%

Examples 18-20

A light cat naphtha (boiling point less than about 140°C) was cracked ina
fixed bed with Z-CAT 40 (which had been steamed at 816°C for 15 hours) at
1100°F (593°F), 12 psig and a weight hourly space velocity of 1.2. Steam was co-

20 fed with the light cat naphtha at a ratio of 1:1. The starting catalyst was free of
coke and yields were determined as a fiunction of time on stream as coke built up
on the catalyst. Table 3 illustrates that selectivity to propylene versus propane and
ethylene and the selectivity to propylene in thelca fraction improves as coke
accumulates on the catalyst.

10



5 The selectivity to ethylene or propylene and selectivity of propylene to
propane varies as a function of catalyst and process operating conditions.

It has Respdoesnd that propylene yield can be increasegcpseficosedi N9
steam al ong vv?{*h cat naphtha to the reactor. The catal yst may be ZSM5 orf

other small or mediumpore zeolites. Table 2 below illustrates the
increase in 10 propyl ene yield when 'I":hbm % steamis co-fed with an FCC
naphtha containing 38.8 w' % ol ef i‘rTs.—vsAI t hough propyl ene yield increased,

the propylene pujity is dimnished. Thus, |othend operfting|conditions nay
need to be adjust&sampe mai ntain the targefed8pjop epe2&ellectivity. Table
2 Steam T= P. oil [Pm EsS. %% WA Propyltene |F Co-feed © CatVQL Ohl 'a,
Tin. Tim sec |Seﬁ3Tﬁﬁ_(h_r)_ ne BROV. 14 |SO $3® 8.[7 ¢8 D.H08.J0 11.7 0.3 97.5%
15 Yes 631 8.8 2226643906959 6—16 63+8—48 0.8 7.8 13.6
0.4 97.1% 15 17 Y¢ 8.4 22 1.1 6.1 14.6 Q58]94,,89 afpl es 18-20 A
| i ght cat napht haq ?ﬁﬁﬁﬁmg paint less than aggm'r ?220(‘ \Agg'; rI(::)racked in a
fixed bed with Z- CAT 40 (whi ch had been st eaned|at. 81pC forf 15 hours) at
1100F (593F), 12 p&J%hd a weight hourly $pdtefvel®oc| tyf off 1.2. Steam was
co 20 fed with the light cat naphtha at a tatiolof 1:}11. The starting

catal yst was free|€66/Citoke and yi el ds were|déBernix8ed| a&5a |f unction of tine
on stream as coke[burtt—up o the catatys{—— Tagte 3 tTustrates that
selectivity to propydppiaR iv€ithddontv@p)ane anyd oet fybgse| apgl tthe sel ectivity
to propyl ene in thkhe-S—F+acton—trproves—as—cokd—aceumtates on the

catal yst. 10 WO 01/90278 PCT/ USCOLl/ 16020 Table 3

Light olefins resulting from the preferred process may be used as
feeds for processes such as oligomerization, polymerization, co-
5 polymerization, ter-polymerization, and related processes (hereinafter
"polymerization") to form macromolecules. Such light olefins may be
“polymerized both alone and in combination with other species, in
accordance with polymerization methods known in the art. In some cases it
may be desirable to separate, concentrate, purify, upgrade, or otherwise
10  process the light olefins prior to polymerization. Propylene and ethylene
are preferred polymerization feeds. Polypropylene and polyethylene are
preferred polymerization products made therefrom.

11




Exanple 18 19 20 Tine (fir) 0 60 150 CS wt'/0o 25 23 21 Ca' w% 14 10 6
C3' 1Ca 1.8 2.3 3.5 Propylene in C3 fracti

gyeTel 99 91 94.5 98 Light
ol efs ns resghlohHg74 rom t he preferreg ‘1 HIS;E:::H,Iused PeTIUSER@m0f OF
pr.ocesses such as oligonerization, k- HAeo 5 polynerization, ter
(

pol yneri zation, and rel ated processes ereinafter "polynerization") to
f orm macr onol e Falt-ol efins may be polynerized both al one and
i n conbi nation Wﬁm SP ,IllLs; in accordance with pol ynerization

met hods known in the art. In sonme cases it nmay be desirable to separate,
concentrate, pyrifyA piocsafts produchidffopyieae iV Péacfe tomblising afiist ol ef i ns
prior to polynerization. Propylene and ethylene are preferred

pol yneri zati on f eedzonemosiioned ypsireamfromposepencthgongromprising,thefstaps e d

pol yneri zati on products made therefrom 11 WO 01/90278 111110110111 ftft
1111111111 PCT/ US01946020 ¢ x s WHAT IS CLAIMED I'S: 1. A process for
produci ng propylene in a reactor conprising a first zone positioned
upstream frgm a sec@yd ZARGIARSPIonR] BehthdiigH Gfonabécus Feddhaving 8ai d fir st
zone, contacting a carbonaceous feed having a boiling point greater than

180C with a catal yst corbuiling pejnbgreatey $ian| 180A€ withod catalystnomprising aver age
pore dianeter less than 0.7 .nm thegeby formng a prg-coked cgtal yst; and,
(b) in said second zone,WWHE??ﬂ&eiwﬂégﬁPWg%ﬂo’t%dﬁ%fﬁjsalan

0.7 nm, thereby forming a pre-coked catalyst; and,

e

(b) in said second zone, contacting a naphtha feed containing

10 between 10 and 30 wt.% paraffins and between 15 and 70
wi.% olefins with said pre-coked catalyst to form a cracked
product, the reaction conditions including a temperature from
500° C to 650° C, a hydrocarbon partial pressure of 10 to 40
psia, a hydrocarbon residence time of 1 to 10 seconds, and a

15 catalyst to feed ratio, by weight, of 4 to 10, wherein no more
than 20 wt.% of paraffing are converted to olefins and wherein
propylene comprises at least 90 mol.% of the total Cs
products. '

2. A process for producing propylene comprising the steps of:
20 contacting

(i) a naphtha feed containing between 10 and 30 wt.%
paraffins and between 15 and 70 wt.% olefins, and

(ii) a carbonaceous feed having a boiling point greater than
180°C

12



10 between 10 and 30 w. % paraffins and between 15 and.- 70, wt. % ol efins

with said pre-coked cataly I,“I ked product, the reaction

condi ti o® ¢g1e2A®di Ng a tenﬁmlm lg'“umnﬂﬁo C to 650 @crasshytbogecar bon -’
partial pressure of 10 to 40 psi'a, " Hydrocarbon residence tine of 1 to 10
seconds, and a 15 catalyst to feed ratio, by weight, of 4 to 10, wherein no

or oyl ene. conpr | g@%‘*’%ﬁ%@%@@@%ﬂ%@%@“ﬂ#{%ﬁe fabptat Snfindd S )
brocess o prodéeysiyllifé aaulitsRaviag iR virapgpérétihaReless thand07 ANt acting (1)

a naphtha feed containing between 10 and % paraffins and between 15
and 70 wt . % ol ef |th$reaah@€m¢hm¢mmmdﬂm5ﬁ@°6t¢)éml ng poi nt

greater than 1/ 902 111111 [ 1 ~~ 1111
L e 16020 & a?'i‘P‘bPi‘égQ‘? §of 1soidTpsis 5 é‘ﬁ“&ﬁiﬁh t he

catal yst sonpri snr@ﬁd&m%ﬂééﬁm 1F seLBAd, faﬁdh%umlset&ﬂfe%a pore di anet er
less than 0.7 nm the reaction conditions including a terrpe ature from 500

Cto 650 C, a hywhnghiaof)ém ﬂ)@,rwherbmmoanelmhamﬂom%ofpﬁta&mea hydrocar bon
5 residence time of 1 C and a atal f ratio,

vel gt o 4 t o £onviatRd e e S uherhin praRy GRS SpraRidss abieRtt oD ¢ o
converted to ol efg, 5124 %é"ffﬁ] Bawiy ! ene conprises at |east 90 nol. % of
the total C3 product's he plr’brcess of any of the preceding clains

wherein the crystalline 10 zeolite is selected fromthe ZSM seri es.
The process of any of the preceding claims wherein the crystalline

10 zeolite is selected from the ZSM series.

4. The process of any of the preceding claims wherein the crystalline
zeolite is ZSM-5.

5. The process of any of the preceding claims wherein propylene
comprises at least 95 mol.% of the total C; products.

15 6.  The process of any of the preceding claims wherein the reaction
' temperature is from 500° C to 600° C.

7.  The process of claim 4 wherein at least 60 wt.% of the Cs + olefins
in the feed are converted to C,- products and less than 25 wt.% of the
paraffins are converted to C,4- products. |

20 8.  The process of claim 7 wherein propylene comprises at least 90
mol.% of the total C; products. |

9.  The process of claim 8 wherein the weight ratio of propylene to total
C,- products is greater than 3.5, preferably the weight ratio of
propylene to total C,- products is greater than 4.0,
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4. The process of any of the preceding clains wherein the crystalline
zeolite is ZSM 5. 5. The procHIH Iﬁullﬁmumlt"ﬂnr precedi ng cl ai nrs wherein
propyl ene i.Ses at | east|iEEl . [total C3 pragyg 6. The
process of Vﬁﬁ@%‘w he precedin§ ci ai'ms™whi&rein the reacti gn ?@%iz?ature IS
from5000 Cto 6000 C. 7. The process of claim4 wherein at |east 60 w % of

the G5 + olefins in the feed are conver%gfl to C4- produgts and | ess than
25 wt. % of t helO-partHe Processaccordinglp gy o e@9°e§§%@e{“¥. €5, The process
of claim?7 wherein I@P i ﬁﬂﬂﬁéﬁ ﬁ?ﬁl total C3
products. 9. The pr%@@ ﬂlcelcsg#}r)ﬁ;f?% er ﬁ%ﬁ@ﬂeleg rt'g{%?%acfé propyl ene
to total C2- prodysioduétandpoiiedrizifpthe Tgectb fonb ipulytpeepyleieght rati o of
propyl ene to total I%Zb products is grea’?g?pxt han 4.0. 13 WO 01/90278 c L 0j1
|~11 s 11 ~ ~ PCT/US01116020 10. The process according to any of the
preceding clains further conprising the step of separating the propyl ene

fromthe cracked product and polynerizing the propylene to form
pol ypropyl ene. 14
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