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Field of the Invention This invention relates to a system of naki n1g 05
ol efin deowmsdisee froman 5 olefin feed or its precursor petafdodhidfat has
a very |ow contanmi nant concentration. Mre specifically, this invention
relates to the making of an olefin derivhtive by renoving a vent stream
froman olefin derivative unit, separating olefin fromthe vent stream

and sending the olefin to an olefin reaction unit. 10 Background of the

I nvention O efins such FREDAJCEHAN QF 6pyEENE PRRIF AQUVESes, and t he
pentenes are useful in preparing a wide variety of derivative end

products. Exanples of such end products include polyethyl enes,

pol ypropyl enggid by iisehiby! ene and other polymers, al cohols, vinyl
chl ori de m)no_rr‘ér"‘W—O”—ﬁ‘trlle met hyl tertiary butyl 15 ether and

tertiary anyl et is 1ﬂvétﬁronaarit63tthersyﬂerhro@ﬁmmgt‘aa|o$aﬁnaﬁﬁv§m>é3ﬁ-dnﬁta)i of
rubbers such as but rubber. The olefins used in preparing olefin
derivative p?leBuds %trlé% Rf??ﬁ%fé%ﬂ materigldbat gy averdiw sontapiastemsontrdtmadst ocks

or catal yti enat fieedst acks. of. hydrocar bon
f eedst ocks clgfr?k%sé)%gc{:%%ﬁ I&Q% '%EPH rﬁﬁéﬁsﬁ Bafflq faﬁéﬁctklf‘a‘?g‘lvﬁfwf&\é

Non- cat al yt i enfivargki RentM@ERSEAS aﬁro@efﬁle@@fvm%hmt ée@ﬁraﬁﬁgmahﬁ frdrﬁ‘ tﬂ'e.la' | ee et
al., US Pat. No. 3,407,789; Webcke, U S. Pat.

Di Ni col antonYQiltSf{fJ?aEm,@@tsemimafh@d@ﬁn@@sna}eﬁnmtlmuiﬂt et aI , U S. Pat. No.
4,814,067. Catal ytic cracking processes are described, for exanple, in
Cormer, Jr. et al., US. Pat. No. 4,828,679; Rabo et aL, U S. Pat. No.

3, 6471@82 Zgaﬁasd,,j}ﬁj%ftﬁg I&entiol)- S- Pat. No. 3,758,403, CGartside et al.

U S. Pat. No. 814,067; Li et al., U S Pat. No. 4,980,053; and Yongql ng
et al., US. Pat Oliﬁsﬁn%uBlZ@;: ﬂwlene,@‘baj/lyna c¢hectptanes, snabmeqienmnggmat e

f eedst ocks to pr,oduce ol efins, are de CI’I bed, exanpl e in i ser,
Pat. No. 4, 4‘@95352‘71’ TERArIg8 A Wide yarigixio dﬁﬂvatéfe@gplfééﬂs %Pmnlﬁ%vééwbch et

at., US. Pa mﬂg@& f as
feedst ock in ntdh%gglrlggar ation loftg 1(%% QQ?P%S'FGHG Ba%guct éllééréehdsjitggrl ied at a

relatively hquhmpmr, Rlophols, vingl cppndpmoatmaer, aagiotdivite, nrthyl tdrtdaryeuayipl e, when

the olefin is,ethyl ene and the derivatiye_ product
15 ether an¥i tertiary amyl methyl ether an othgr petrocherrucals and a variety of

rubbers such as butyl rubber.

The olefins used in preparing olefin derivative products are typically made
by cracking hydrocarbon feedstocks or catalytically converting oxygenate
feedstocks. Cracking of hydrocarbon feedstocks can be accomplished

20 catalytically or non-catalytically. Non-catalytic cracking processes are described,
for example, in Hallee et al,, U.S. Pat. No. 3,407,789; Woebcke, U.S. Pat‘. Nd.
3,820,955, DiNicolantonio, U.S. Pat. No. 4,499,055 and Gartside et al., U.S. Pat.
No. 4,814,067. Catalytic cracking processes are described, for example, in
Cormier, Jr. et al,, U.S. Pat. No. 4,828,679; Rabo et al., U.S. Pat. No. 3,647,682;

25 Rosinski et al., U.S. Pat. No. 3,758,403; Gartside et al., U.S. Pat. No. 4,814,067;
Liet al., U.S. Pat. No. 4,980,053; and Yonggqing et al., U.S. Pat. No. 5,326,465.
Catalytic conversion of oxygenate feedstocks to produce olefins are described, for
example in, Kaiser, U.S. Pat. No. 4,499,327, Barger, U.S. Pat. No. 5,095,163, and
Hoelderich et al., U.S. Pat. No. 4,433,188.

30 _ -Olefins which are typically used as feedstock in the preparation of
derivative end products are supplied at a relatively high purity to the appropriate

reaction unit. For example, when the olefin is ethylene and the dertvative product



WD 02/06188 2 1 2 JAN 2005 PCT/US1/21099 is polyethylene, the ethylZnidN 9005
typi cal | ywsougpplgiggd at about 99.9 nol % As another exanple, when the olefin
is propylene and the derivative product is polypropyl ene, ?%guﬁPHbVP%ne is
typically supplied at about 99.0 wt.% Wth advancenents in polynerization
catal ysis, such as single site netallocene 5 catal ysts, feedstock

requi renments have becone even nore stringent. See, for exanple, Chang,

U.S. Pat. No.ispolkdyfde; thBethkRas Blry§italfd | i ' . 9212184,
and Schreck et al., U. S, Pat.y No. @238%%9%1?%?@%%?8%%3 acr\%/)sﬁ'/eé'nti onal
wi sdom i n t hexpmgles wibpn ithe dlefin ispafpytendend thetdevieativeostu@eit ss particul arly

t he pol yet hyl ene _an ol.ypropyl ene producers, to purchase pol yner grade 10
et hyl ene and § }%Dﬁwyiﬁge tlér?do %@ﬁ‘?%’ﬁ%@ funpbied abthoaPh8vtot Vubt ai n t he

desired puriddyakReihisiig3bt 0f krace contam nants to provide
pol ymer grade et hyl ene Iagd!ymg%%{éﬁggt\éwélash%ucr%lc?\%Wge,s%énﬁa %ffcul t and

expensive t agRtalysty; feedstopit RquirGemes ledve Becdine éiefni;ﬁ&efs[rﬁ{geﬁg_eg iengohaving the

same carbon nurrbelr‘3 hgaquiﬁ%g difficult 15 due to the relatively cl ose
t

boi | i ng rangd&agp Forpodeh . S\ARB889%) Brkhardset aby; BETcepplbationadki ng,
articul arl I Lng, I t,1.onal inants. are also a

Br obl em Fo?/ %?a%?ggﬂégggr@@éa{}qgl?gﬁ gﬁtt R%osclga@%g] g‘&%?rdz‘ﬂggyﬁ%r as et

al ., U'S. PatcentenNonaldwi8édm 83@e irHustey RY6r 1B dadivdthe cgé{jﬁ%psélsuat?ﬁgi de

(COS) can be problematic in the olefin derivative proces
cont ani nant s B Rlyghylepesrdpayprepdenei prodiceytd furcttse polveguigprdent . The

purifiggation | uir i s generall uite large in scale and
quite Ré)f(lpensievg %n(%rgglgi)f%t{yi&e’ @ﬁgbﬁ"sre V%\fr.a?e{?. mIpaRts ingptam thg degired

suggest that pueigndpedificafishsconventi onal wi sdom it may be possible to
produce pol yethylene and pol ypropyl ene using ethylene and propyl ene
streanms whi ch hav&emaviahpldrace hertam@Bnts ompevidepolpnet @ade ethylehbane and

oropane. The oo Sl LeH i epprapulan and eLivlepec ecds can be ueed 1o
a5 Compr e9sor BORRSrT ooy o RarS PR RE sohit Ak AEARe s il iy <" O°
streans fromdipto heirslativaly aloseadroiiinmg tanges od tlor corhpangnts3Wheti élefh i@ charge gas
conpressor C%FOCRIE(!: gy gl%%ﬁhg,%)%gtich.a?lr}%y n%}rjt?t L%xtg%king?xgi\i/t?gdal contaminants
are also a problem. For example, Bodart, U.S. Patent No. 5,432,243, and Debras
etal,, U.S. Patent No. 4,861,939, disclose that arsine and carbonyl sulfide (COS)
can be problematic in the olefin derivative process unless the contaminants are
20 removed by additional purification equipment. The purification equipment
required is generally quite large in scale and quite expensive to operate.
Purvis et al., U.S. Pat. No. 5,981,818, suggest that, contrary to
conventional wisdom, it may be possible to produce polyethylene and
polypropylene uéing ethylene and propylene streams which have a higher than
25 convention content of ethane and propane. The so called dilute propylene and
ethylene feeds can be used to prepare polypropylene and polyethylene by sending
the by-product stream from the polymerization reaction unit back to a cracking
unit or a charge gas compressor downstream of the cracking unit.
Recycling by-product streams from the polymerization unit to a cracking
30 unit or a charge gas compressor can bring about additional problems, however.

The by-product can contain significant amounts of ethylene and propylene which

will either go through the cracker or compressor unchanged, taking capacity from



The by-product can contain significant anounts of ethylene and pr oqy}ae 2005
which wll either go through the cracker or conpressor unchanged, 't km{g
capaci ty wo omckg2 JAN 2005 WO 02/ 06188 PCT/ US01/ 21099 3 ng,rgxpz\‘!é1 f?e[\d“
conversion, or nore likely be nodified to a different undesi ik W
product. In addition, the recycled by-product is likely to contain

sufficient anmounts of polynerization catalyst to cause the ethylene and
propyl ene to pol E\émeri ze in either the cracker or the conpressor, causing
subst ant i al eyeRhiEAgONBISIMO b MOR: liwty bomedificdeatdifioisht edesBuBIERyRf the

I nvention In ordcgr to redu&lgr ropl enms associated with contam nant "build up

in the prodRfOfidnaddyrasy Fleg byraradyst suhikealy ta eonainsuélicienin pr ovi des

combining th - i | olefin streamto an olefin
react i onguni %10%125' W&%ﬁ%ﬁé&a‘%&lﬁé%gﬁﬁ(@ ‘J{/t@%lfmeéﬁ%d %OPH[eﬁ‘ettﬂe ol efin
reaction unipolpntriresn eltieer Mhadiackatiat ﬂh&)tpﬁEEﬁ‘s%dh §iﬁsﬁ%”§ub§’taﬁﬁal]'~lﬁﬁ%gatir{3

0

t he
ol efin_reaction process with reduced ris equi pnent foul i'ng ard
catal y3t conRaREREAre P canpmest fralingai ni ng hi gh product quality. 15 In one
enbodi nent, the invention provides a nethod of making an olefin derivative
froman olefin stream The nethod conprises introducing a dilute olefin
stream i nt o Sum@h®foffhe l@a&dtiogn unit; formng an ol efin derivative product
within the reaction unit; renoving the olefin derivative product and a vent
stream from t he I8logder io reducstproblews iassocitgawdh coganlmhi bufld apmit bie: vent
stream and I.n he olefin to the olefin reaction unit. Preferably,
the dilute o‘?@@'?cﬁmgfjfglﬁﬁf’gﬁ% VF Beadugh thisipwentionspreides combining $i¢ eam nor e
prefetl@ably ahahSasire 9 .r7lhe vent stream
will generally conpr i%g%ﬁ%heéél ?ﬁty%gérﬁ{]%lgrgéftg %ﬁ%?f?@ %ﬁ%%&elr?&g'nggm%nt , the
i nvention i saprpestcadcycl: of veet dasdvitin theloieftn 2actml yidt eildws fHeampRN
oxygenat e, Wniai:B, (ﬁ?}fri ses contacting aa oxygenate feed with a nol ecul ar
si eve cat al PP F5 e 18 Pe ppes 1e dht AR BRAchPB AtROESS Wik redusedhisk of

ol ef i n- cont adqiptnPRUHE hnd QMR RSB Piti ; Whe ©bn 3 SO am nant
selected fr oqr%?r}%dr ogengsul [l o‘gg c%tr@g%;t}w’?ﬂ}“fjp?gfe&%ndlgaiggpr%?g%cipar ating
ol efin fromquabity. ol ef i n-cont ai ni ng product; contacting the separated ol efin

wth olyolefin 30 form.ng catalyst. to forma reaction stream conprisin
pol yo?sef i nyand a D ORs eraég;!lm%nt, the 1n‘}/ent10n provides a method of making an olf:ﬁner ?

derivative from an olefin stream. The method comprises mtroducing a dilute

olefin stream into an olefin reaction unit; forming an olefin derivative product
within the reaction unit; removing the olefin derivative product and a vent stream
from the olefin reaction unit; separating olefin from the vent stream; and sending

20 the olefin to the olefin reaction unit. Preferably, the dilute olefin stream, .
comprises at least one C,-Cs olefin stream, more preferably at least 80. \:vt%
ethylene or 80 wt.% propylene. The vent stream will generally comprise olefin
and paraffin.

In another embodiment, the invention is directed to a method of making

25 polyolefin from an oxygenate, which comprises contacting an oxygenate feed with
a molecular sieve catalyst to form an olefin-containing product, wherein the
olefin-containing product contains less than 10 ppm wt. of a contaminant selected
from hydrogen sulfide, carbonyl sulfide, and arsine; separating olefin from the
olefin-containing product; contacting the separated olefin with a polyolefin

30 forming catalyst to form a reaction stream comprising polyolefin and a vent gas,
wherein the vent gas comprises unreacted olefin; and contacting at least a portion

of the unreacted olefin with the polyolefin forming catalyst to form polyolefin.



wherein the vent gas conprises unreacted ol efin; and contacting at] ReddN 2005

portion wefplohggunreacted olefin with the polyolefin forn‘ilggr @@ng) t to
form pol yolefin. WD 472106188 4 1 2 JAN 2005 PCT/ U $411/ 6 referably,

the separated olefin is contacted with the polyolefin form ng catalyst
wi t hout having the contam nant previously separated therefrom In an
alternative arrangenent, the at |least a portion of the unreacted olefinis

cont act ed Wi Rrbfetdbly, thObasiraitd BieRr igichitabRE M iMSthe Wolyd @ tﬂﬁﬂihg?atﬁl?@td
préferre

contam nant previously separated 5 therefrom In another
embodi ment , Witkoubheting the cavgmirantpreransiyt depanateditherefromntiaamalgnativeduct

wi t hout subsgguent | epar atjn araffins fro OL? fi.ns of the sanme carbon
nunber. It i a?x{‘?%uﬁlgr&\ }eaaggg?lgmnepftthgpnrg@ﬁ gRanIcaiackedwidither om t he
ol ef i n- cont aign RRNS ' AHER raf i e fromthe
10 eth Iene,aédg\dga%rﬁgt pr%g%/ﬂagggwlhgéggggré’[e%llo%rl%ﬁﬂt?aﬁgblgpg’f‘ ?\ﬁq?% Fﬁtg ni ng

pr oduc wi tthenafrosubsequent |y separating propane fromthe propylene. In yet

anot her preferre& enbodi ment, the olefin reaction unit includes a
pol yol ef i n react of.2n9Her PEdeE ¢t ehadisusnt.dhe olelings sapestehfon diclsfn- or a

e, 1 om ar aEyaen Ly YR b IR TR bl er o eve

catal yst in sahiechrbiohenmmbezc Ud i partiubith dairably Shatiethyder@@95dphRtealt:aN- z€ol i te
catal yst. NOF-zegl ite catalysts are preferred. An exanple of a non-zeolite
catal yst ind ‘El_ﬂ’é nyRataiking iredieh mikheyt subsequendp senanitingsithesp iatretheo| ecul ar

i The si j t. | Q si i.s preferabl | ect ed
from the or oo GR7atTiReBRASRAEE BBt i A0 B FortoBipsth Sapo 17,
SAPO- 1S, SARGtRAL sSARPGatly sshiering ?mpiﬁ?(ﬂoﬁ'ﬁthe%?@@lé@. SAPO- 37, SAPO- 40,

SAPO- 41, SAPO-42, SAPO-44, SAPO- 47, SAPO-56, the netal containing forns
thereof, and mi xtlyebanqiberpselerretiembndjmentathe dlefiprea¢temabliyingedssat ed from

the group c i Sid ha - 25 ethanol ;  n-propanol ; isgpropanol; C4 -
€20 al conol Sttty feadlony e PRGldr R sl # istaePe el ot & Lale
di - i sopr opyIN#gtahatalystor mal dehyde; di nethyl carbonate; dinethyl ketone;

acetic_acid; and mxtures thereof. in still another enbodinment, the
i nvent? on concer 8 agothen peaferrgchembodiment, the olefin is made from an oxygenate by

contacting the oxygenate with a molecular sieve catalyst in which the molecular
sieve catalyst is a zeolite or non-zeolite catalyst. Non-zeolite catalysts are

preferred. An example of a non-zeolite catalyst includes one which comprises a
silicoaluminophosphate molecular sieve. The silicoaluminophosphate molecular

20 sieve 18 preferably selected from the group consisting of SAPO-3, SAPO-8,
SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34,
SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-S6, the metal containing forms thereof, and mixtures thereof.
The oxygenate is preferably selected from the group consisting of methanol;

25 ethanol; n-propanol; isopropanol; Cy - Cyo alcohols; methyl ethyl ether; dimethy!
ether; diethyl ether; di-isopropyl ether; formaldehyde; dimethyl carbonate;
dimethyl ketone; acetic acid; and mixtures thereof.

In still another embodiment, the invention concerns a process for
producing polyethylene. The process comprises contacting an oxygenate

30 containing feed with a molecular sieve catalyst to form an ethylene containing
product stream; introducing at least a portion of the ethylene containing product

stream into a polycthylene reaction unit to form polyethylene; forming



produci ng pol yet hyl ene. The process conprises contacting an oxygenztze.jgﬂ 005
containing feed wwth a nol ecul ar sieve catalyst to forman ethylen

cont ai niwWg 2fprtiduct stream introducing at |east a portiopcousdiaoet hyl ene
contai ning product streaminto a polyethylene reaction unit to form

pol yet hyl ene; formng 1 2 JAN 2005 WO 02106 88 PCT/ US01/ 21019 5 i

pol yet hyl ene within the polyethylene reaction unit; renoving the

pol yet hyl ene product and a vent stream fromthe pol yethyl ene reaction

uni t; separ Ralygheeng waihen themekyathideemsactipnmithjemovingsbnpoliethyloee et hyl ene

toth | yet hyl ' it. .. Pref bl n hyl toth

et hyl ene oy e hbeT e faPbe oo fas ks rdh o igeiiien er 't han
10 ppmwt ., flomahdodit!siithl bl LMk ctlylneto HePBlyehylchdadcdéh @ Wt ., and
an arsine content of not greater than 10 ppmwt. It iS also preferred that

t he et hyl ené’refamably othe lethyperieysenhiol thn ethyteac reactivs usithesadtydobgen eutfititie
et hyl roduct stream w t hout , su ent re_réﬁval of et hane
[

ege cont aitni ng ﬁt 5 se .
from 2thyl &fECHeR SRAER RN ORRR "o 638w 51 * PO PRIATFBH i s to a
process for (hpg ?9;&5%&.%{&%{ &’ﬁﬁﬂe%ﬁfenmfno‘?@géiﬁge\?lghaggt@gphl%é IERAIACtI ng an

oxygenate containing feed wth a nolecul ar yst to forma
propyl ene contgirrdniat the ediybinestnistarthe poiyethylend regetat is bepasdtedfrparthd on of the

propyl ene contai ning product = streaminto a polypropylene reaction unit to
f or m pol ypr ﬁ@%@ﬁ%?oqwlmmosiscw%r%ﬁw%ﬂévsmtteﬁt wmokd ob sthapt BRYY ene
reaction unidi. enoving the polypropyl ene product and a vent stream from
t he pol ypropyF)éne reaction unit; separating propylene fromthe vent

stread and sendi hgaridikerPprefeyred rmbodithdie, the alvemicpy kengot@addd on unit.
Preferably, the propylene sent to the pol ypropylene reaction unit has a
hydr ogen sul BPEeciag RplRroRylentot Thyy Rracess comanses Tontagfingwp OXYEERRS car bony |

sul 1 de_cont elifleigh QRAU AEIE0RD 520 BRI Mo AR BLSIR SRRt ent. o

not greater I's al'so preferre propylene sent to

t he pol ypr oppldetistieens irdfodusirgenddaat £goticn Y thaerdytiy temaintpiradubt Ng
product stream w thout subsequent renoval of propane from propyl ene. 25
Bri ef Descr i$tGaBhingd a pRYPERRIIFIFGEAqtANsuitio Sorm polyRvOPYlenss foratingr ~ under st ood

DY e hEr o SpdiPpoBE I RE NS the MBS0 O R aBlor it kbt 8 vhen taken
polypropylene product and a vent stream from the polypropylene reaction unit;
separating propylene from the vent stream; and sending the propylene to the
polypropylene reaction unit. Preferably, the propylene sent to the polypropylene
reaction unit has a hydrogen sulfide content of not greater than 10 ppm wt., a

20 carbonyl sulfide content of not greater than 10 ppm wt., and an arsine content of
not greater than 10 ppm wt. It is also preferred that the propylene sent to the
polypropylene reactor is separated from the propylene containing product stream

without subsequent removal of propane from propylene.

25 Brief Description of the Drawings
This invention will be better understood by reference to the Detailed
Description of the Invention when taken together with the attached drawings,
wherein:
Fig. 1 is an flow diagram of the process of the invention; and

30 Fig. 2 is a flow diagram of a desired embodiment of the invention.



wherein: Fig. 1 is an flow diagramof the process of the inventi on1 \%la)mNSE{mﬁ

Fig. 2 iswaddirygsdi agram of a desired enbodi nent of the | (gﬂbg( W
(12/ 06188 6 1 2 JAN 2005 PCT/US01/21099 Detail ed Descri pt' 731000

I nvention This invention provides a systgm by which an olefin feed stream
is converted to an olefin derivative. The systemoffers a definite
advantage in that relatively expensive olefin purification equi pnent need

not be used. DbiagedcDesvriptibn ofithegnyeatiér cul arly advantageous in that olefin
pol ymeri zati on by-product A can be efficiently recycled w thout
significantly addiHysinyenten Bﬁﬁémaﬂsﬂstﬁﬁdb)bwhtch@n olefacfeed stread is ecovery

facilities a t S nt i sk ocCi tal yst, contam nant
probl ens. | nn(g)(ﬁldl tion, %?%H‘Ifléﬁl\ygtﬁ € ysg 5 %E-’c“ﬁ Btagsis that an

ol efin 10 dernemt/ely%xbé&meadlem{ }eriﬂ&a@dr{ ﬁ[ﬁrﬁéﬁWnééH rfd%%ﬁte%@%&'a@{xﬁ Desirably,

the dilute olefin streamis sent directly to an o Inreaction unit, and

a derivative Brodgstis P@tlclﬁbﬂﬁé@waﬂﬂgmmm thasalefn polyarsishtigh by-pddicel ef i n
to t.h oIe unit if desired,

t di t
such s separdiiesATiRegCRAHA et HERarT g o thrmisrall it tibal ¢
i ncl ude si npl Ieaaroa@hu@ewve@rfaafmé%ﬁ mm%ﬁgcﬁﬁ nééo?mx&%ge%% AR et ock

propyl ene or propylene frombutylene. The ofe stream use
to nmake the otoafaminaidpietdednse product is preferably a dilute ol efin

stream As used h termdilute olefin refers to an olefin
cont ai ni ng stream 5’1‘?‘3#10&&E‘BYGHF‘@%BPV%SMH%@%@W%H @sBnt han 100

. % ol@f i n. Jhmatid S ol éﬁgfbnéﬁrﬁ?&ﬂ?o&%ta DY B%HPJM%GE@? g},hét&@ 3fip P omt

oI efin 20 and between 0.1 an ara |ns nor e Ieast
75 W, % ol ef i streamnisisdné diveetty 10.a8 okefid ré’eﬁ:tlm uniYpapdaafehivatsve podusmst preferably
at |east 90 % ggf{efl n and between 0,5 and 10 wt. % paraffins.

Preferably, PHeYInInmegEeceasing idhe plefip strgam gen ecanp bedrobestding .

Exanpl es of ttBQhé)&,[@ﬁﬁfb Ic various formns
of the butenes and th eapgér}f% gﬁglsf(a&%%heﬁag%%s %ﬁgﬁébggfgﬁﬁpgﬂtgaé‘ﬂﬁart| cularly
preferred ol efitwe. nufitter.t &’hmsvanlcbfhclnddﬂmplb&acﬁenitﬁfnafﬁubl@c@n@bﬁ’tﬂi&% made
from Ieast e olefin in the olefin feed stream Exanples of olefin

derivat] ves |eﬁl&5ﬂiﬂf roRB IRyt isAC &R Bropylene from butylene.

The olefin stream used as feedstock to make the olefin derivative product
is preferably a dilute olefin stream. As used herein, the term dilute olefin refers to
an olefin containing stream comprising at least 50 wt.% olefin and less than 100
wt.% olefin. The dilute olefin stream preferably comprises at least 50 wt.% olefin

20 and between 0.1 and 50 wt, % paraffins, mote preferably at least 75 wt,% olefin
and between 0.3 and 25 wt. % paraffins, and most preferably at least 96 wt.%
olefin and between 0.5 and 10 wt. % paraffins. Preferably, the olefin comprises at
least one or more C,-Cs olefins. Examples of the olefin include ethylene,
propylene, and the various forms of the butenes and the pentenes. Ethylene and

25 propylene are particularly preferred olefins.

The term olefin derivative refers to a product made from at least one olefin
in the olefin feed stream. Examples of olefin derivatives include polyethylene,
polypropylene, polyisobutylene, linear alpba olefins and other polymers,
aldehydes, alcohols, acetic acid, acrylic acid, vinyl acetate, vinyl chloride

30 monomer, ethylene dichloride, acrylonitrile, methyl tertiary butyl ether and

tertiary amyl methyl ether, ethylbenzene, ethylene oxide, cumene, acrolein, allyl



pol ypropyl ene, pol yi sobutyl ene, |inear alpha olefins and other polyZedAN 2005
al dehydes, al cohols, acetic acid, acrylic acid, vinyl acetate, vinyl

chl ori dew@0nrmwrsner, ethylene dichloride, acrylonitrile, peffhitRobi ary
butyl ether and tertiary anyl nethyl ether, ethylbenzene, ethylene oxide,
cunmene, acrolein, ally! 1 2 JAN 2005 W 02/06188 PCT/ US01/ 211199 7

chl oride, propylene oxide, and a variety of rubbers such as butyl rubber

and ethyl ene-propyl ene rubbers, and oligomers of ethylene, propylene or

but yl enes. leriflepPropHignanis, ané 2 yresty of sthbermuchas bigyl hebber and ont ani nant s

&
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efficiency of forpy bambiin:\watilnkeole Q46T theAR 109 I8 LebhiGAR Wmidicr eased.
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| ar ge comerdstiyptiscenitthpreficeeds venthessentaflyhnseaciive miegriobipmmentsrfesiict i on i n
equi pnent caosts_as wel | a_.significant reduction in _operation costs.
This r2&duct itﬁﬁ_amvaéﬂﬁi“ﬁﬂgﬁ?maﬂ%lgwﬁ%ﬁsa GH?@gsegéC‘E%W ‘Bﬁﬁopﬁﬁtge‘ll%ﬂ‘{f@‘fﬁrovi de
the consurrerryisidi ofy BE AU barl ihiIEs S Prdialhe ALY 1ol ABaGARKSRL onal
systens, but at a significant ‘reduction In cost. ef1'ns used In an

enbodi ment gfuriflsagon equénténd is readedodn dhtatmachefoidrscalegnyentdsp b rgdunsesses,
i.e., convention ol efin units. These proceﬁses i nclLude various cracking

processes ashWEITIGRAL rsduction dn equipment cosit a3 yell @arisiensBeang reductop iy genat e
conpounds. T L ; L viiG.or._a,catalytic
o onaan " HREcAIATKNOATRE AfiE ot BaBpaRal R SRR L KRB

crackilhg pr quesige sheasomsungemdthad prydeanf tiedadthighqhaldy aptodwnhiadag) reactors
at el evated tenperatures, f,%r short . residence tines while maintaining a | ow
reactant parPFEmsphEasypigniticantsedustion ingogh 20 mass vel ocity, and effecting

I d i . : f k
To thobe oki | ed PR TReear =4 B bAREh TN AVenuol en B shOEiefHRRCC T oh

can be used doavedtichial proestesoire. aoaveaeivaslidieth initsBoMRRe procakses ikél@de Pat. No.
5,151,158; Palchik et. al., US Paf. No. 3,274,978; Hallee et al., U S
Pat. No. 3,YASPUYSGCkipgpipsgsses a3 vl gsprocesges vauglpoatobtically egivest al ., U. S.

Pat. RNo. 25 &yéglgat%g&'g%:gnﬁ‘%.cm antonio, U S. Pat. No. 4,499,055, Mrtens,

U S Pat. No. "74,7 he descriptions of which are incorporated herein
by reference. TheTlyenekinyfrocest enrbe DndiheatsiyRant g caakeaic praseshe A n the

I quid or Vappr(g{:ened non-catalytic process is steam cracking. Steam cracking processes are
generally carried out in radiant furnace reactors at elevated temperatures for short
residence times while maintarning a low reactant partial pressure, relatively high

20 mass velocity, and effecting a low pressure drop through the reaction zone. Any
of the furnaces known to those skilled in the art may be employed. Eﬁa&ﬁples of
furnaces which can be used in this invention are described in Bowen et al., U.S.
Pat. No. 5,151,158; Palchik et al,, U.S. Pat. No. 3,274,978; Hallee et al., U.S. Pat.
No. 3,407,789; Woebcke, U.S. Pat. No. 3,820,955; Alagy et al., U.S. Pat. No.

25 4,780,196; DiNicolantonio, U.S. Pat. No. 4,499,055; Martens, U.S. Pat. No.
4,762,938, the descriptions of which are incorporated herein by reference.

The hydrocarbon feed to the steam cracker can be in the liquid or vapor
phase or it can comprise a mixed liquid-vapor phase. The most preferred
feedstocks for steam cracking are ethane, propane, butane, naphtha, gas oils, gas

30 condensates and mixtures thereof. The hydrocarbon feedstock is preferably in the

vapor phase within the steam cracker.



phase or it can conprise a nixed |iquid-vapor phase. The nost prefgdrdAN 2005
f eedst ockeo o618 eam cracki ng are et hane, propane, butane, quﬂ%gg,”{qas
oils, gas 30 condensates and m xtures thereof. The hydrocarbon &t ock is
preferably in the vapor phase within thg steamcracker. WO 02/06188 8 1 2
JAN 2005 PCT/US01/21099 Alternatively, instead of steam cracking other

wel | known cracking processes (both catalytic and non-catal ytic) can be

enpl oyed to produddteniatiflysinstetd afpleem @icﬁdigéﬁleemﬁfknﬁﬁvﬁ%tidﬂlgprOcesses
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catal ytic crBEORS Hepptelytia pyd neneptabirichgan hadmployied o paduogolefins. t he

thermal rege i cki rocess, i nert rticulate solids are
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about 1600F fAuidizedtbeddieihel LR @utdlltid Qaéﬁﬁg?&@%b@a’fh?@&gclmléﬂnﬁhe
o} .e., arTis

hydrocgr bon feed. The cracking zone may be upflow er design),
downf | 8w or M8bms¥fingontal in confi guration. The hydrocarbon feed is

th || ked t i bout . 1200F t bout 1600F.
0 the of acking. 2Bnte AFERETFeH et ke BRERY ATRRT aiess. 4wt enstiea ki and
are foul ed Ofre GEALAR M&t%l%igg ée&f}%aﬁ@é‘s‘a Pﬁ’?ﬁe B{H;e]a? oY Bﬁg{@@% cracking

products of the hydrocarbon f her eafter, e conta ids are

separat ed f rawut be00TFdnd datrdiuted i @d udlnidi3 @8R RingSiohk m&%@ﬁﬁa&@%ﬁ&'ﬁr ated
for re-use iI%FqE hﬁhcr acki ng zone. Regeneration entails burnihg the
‘0

cont ani nant s 4 ﬁ’@d&&B Zpae may deswifioss(iteq armiser design)s dbwalowara

t enpenagt ure e hydrocar bon  f eed. e, e.gqg., Grtside et
R R L A e L B i I P b
al ., US. F}atnpeﬂiﬁ.lrcémﬁé&iggt?&h VBt RYF &4 aﬁ’éut&}G 0%, il g:fg'cr%&éﬁlgA'ZO%%léSG%;t

McKi nney et al., 20 U S . No. 4,097,363 an rtsi e
No. 4,552, 64%herein the heaiedipatidulat sdlids lasedreatiddgre (RO oPEREAEmateiRAHPr OCess

e catal yt 10t afte nd Grrabsthen AL Capne e OGRS HIORbODMBY,  Or acki Ng
1300F Ay oy oy aRe P led R aE feplacd AEL AR ko R bon pRdlEtn be
used. 1Non- | i gAses, plgipprdapd mgenérateciabareysde innhé ucekivgtzype Regdretsion USY, REY,
RE-USY, fau] %?Ailtseou%gg %Eehc%rntaminants from the particulate solids to heat the solids to a
temperature necessary to crack the hydrocarbon feed. See, e.g., Gartside et al,
U.S. Pat. No. 4,814,067, Boston, U.S. Pat. No. 2,906,695; Woebcke et al., U.S.
Pat. No. 4,318,800; McKinney et al., U.S. Pat, No. 4,061,562; McKinney et al.,
20 U.S. Pat. No. 4,097,363 and Gartside et al., U.S. Pat. No. 4,552,645, « -
In a fluidized catalytic cracking (FCC) process, the process proceeds
similarly to thermal regenerative cracking except that the solids are catalytic and
the temperatures employed are generally lower. Cracking temperatures are
typically on the order of from about 800°F. to about 1300°F. Any conventional
25 fluidized catalytic cracking catalyst can be used. Non-limiting examples of
catalyst include Y-type zeolites, USY, REY, RE-USY, faujasite and other
synthetic and naturally occurring zeolites and mixtures thereof. See, e.g., Gartside
etal, U.S. Pat. No. 4,814,067; Haddad et al., U.S. Pat. No. 4,404,095; Cartmell,
U.S. Pat. No. 3,785,782; Castagnos, Jr. et al., U.S. Pat. No. 4,419,221; Cormier,
30 Jr. et al.,, U.S. Pat. No. 4,828,679; Rabo et al., U.S. Pat. No. 3,647,682; Rosinski et
al,, U.S. Pat. No. 3,758,403; and Dean et al., U.S. Reissue Pat. No. RE 33,728, the

descriptions of which are incorporated herein by reference.
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and Dean et al., U S. Reissue Pat. No. RE 33,728, the descriptions of
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from about 925F°to about 5 1350F, prefera roma 0 about
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conversion process. Wien steamis used, a weight ratio steamto

hydr ocar bon t6 ebehtil2, pmfetelydbdmy arauint i abedt 4. Froderab dewerGhdartisl about

0.5:1. The total pressure of th reaction preferably ranges from about 20
psia to abo@fesﬁgleﬁgﬁ’iir%Ft@“péeQ‘iéFe&B} ot other gasghrubAsithodryegsat 2 0 about 35

psia. A ter cmwce&sémgUﬁifé,pﬁ%ﬁ@@adédgh?d t¥1§trea@%rrrdgﬁ%§ﬁw%ﬂvé? ofit €am

stripped to renove resid ydr ocar bons absorbe the catalyst as is
known in theraeess. The spent catalyst particles with coke deposited thereon
are then transfer";}ﬁd to a. reegdgnerat' on.zone as is also well known to those

of ordinary skilI"PfBPHEMAF USSR 6 i é?‘épfétﬁ?m_éobléqﬂ\'@?aép‘l’fyfeé‘i)ﬁduct ed by
contacting t @fc%ﬁﬂﬁgﬁai\‘i’b&*&t%@?a‘ﬁg}igﬁﬂl TG DSBSt pfbehOBERET T © of

from about 1175F to about 135 terwards the regenera atalyst is
typi cal | y reecautioegreforabherangecfrooratwan20 phigds olgar W6 psibemdstppefesblisef ul in
i range, and typically are relatively

t he process can vary in a wde .
heav?%ydr ogflﬁ“&&_ O‘fte?egdé‘%/%@l@_sboé‘h hP8#& those 25 selected from petrol eum
fractions with differ@pteRabhidg sﬁéﬂ%ﬁélys’t\lﬁﬁﬁkkﬂﬁd B¥steam stripped to

remove residual hydrocarbons absorbed on the catalyst as is known in the art. The
spent catalyst particles with coke deposited thereon are then transferred to a
regeneration zone as 1s also well known to those of ordinary skill in the art.

20 Regeneration is generally conducted by contacting the catalyst with an
oxygen-containing gas at a temperature of from about 1175°F to about 1350°F.
Afterwards the regenerated catalyst is typically recycled to the reaction zone.

Hydrocarbon feedstocks useful i the DCC process can vary in a wide
range, and typically are relatively heavy hydrocarbon feedstocks such as those

25 selected from petroleum fractions with different boiling ranges. Non-limiting
examples of hydrocarbon feedstocks include naphtha, gas oil, vacuum gas oil,
residual oil and mixtures thereof. Crude oil can also be directly used.

Catalysts used in the deep catalytic cracking process step of the present
invention are preferably solid, acidic catalysts which comprise one or more active

30 components and a matrix material. The active components preferably include
amorphous aluminosilicates or zeolites such as pentasil shape selective molecular

sieves, faujasite, rare earth cation exchanged faujasite, chemically treated and/or
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oil, resvgwaloepisl and mi xtures thereof. Crude oil can al diré
used. Catalysts used in the deep catal ytic cracking procz’gﬁﬁ"é}ﬁ"w t he

present invention are preferably solid, jgcidic catal ysts which conprise one
or nore active 30 conmponents and a matrix material. The active conponents
preferably include anorphous alum nosilicates or zeolites such as pentasil

shape sel ect istabiliveli énujhsite andintiX&Ses thaegfaght tatrhamtetal fRcaH o 1gxshanged
faujasite, chemcally treated and/ or WO 02/06188 10 1 IB2 JAN ggrg%@a%g
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DCC process,; s¢ Li et al Pat. No. 4,980,053; Shu et al., U S.

pat. No. 5. 5358 detcsffiofof e LICT prodess i Caplist amvaritionnow et DWSgq ng et
al., U'S. Palprod¥es, s@e,@?@%ﬁ@@.s.m._N&&%@,O@ﬁ; %uheglgg,i' IﬁSbBQ{ 1\%0',\'8-2%2%6%%8’ 918,

the descriptions of which are 10 incorporate y refrére tn this
i nvention, od@idhengera., &S NbOAB0MESLY onpgihont at KUYy Pat. e SI9% 465an be
enpl oyed. Th as_separate cracking processes

to crack dif 1%8529 gﬁégﬁﬂg @@?%tﬁw?omiﬁggbfg thdeseridgpng cfvhistoress such as

descriiped i nindddpirte8hein by Misgend?at - No. 5,523,502, the description of
which is incorporated 15 nhe)Fei ne%y reference. In a preferred enbodi nent,

ol efins are obtai Aecthi§ myemtidre coabainyteiof thecthovedsscabediradiigprRREGE €ed. 1 n
t hi s enbodi nent contﬂ%gji nﬂﬁ'% | evel s are significantly |ower than that
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obt ai ned f r offO PR ERP BiORFS4ES ‘ﬁ‘F‘(?éé@@%‘?ﬂdﬁﬁi%?afém@ﬂhmpmbgses
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with commercial scale derivativé processes. Biefin

form ng proc&besetrabqlis. @an Nea b3 $02 | thadisbgptivh cfwiibielsanédipiRaled000 kg to
700,0?% kg, rodugi ?Fg anywhere from 600 to 400, 000 kg/ hr of ol efin product.
The préferred®GiePY PR uch a process are ethyl ene and propyl ene. At such

| arge In a preferred embodiment, olefins are obtained from the catalytic
conversion of oxygenate feed. In this embodiment, contaminant levels are
significantly lower than that obtained from other olefin forming processes. This
embodiment is particularly advantageous when operated at commercial scale and
20 coupled with commercial scale derivative processes. Such commercial scale
olefin forming processes require a catalyst loading of anywhere from 1,660 kg to
700,000 kg, producing anywhere from 600 to 400,000 kg/hr of olefin product.
The preferred olefins in such a process are ethylene and propylene. At such large
scale operations, even extremely low levels of contaminants can adversely impact
25 derivative product formation, particularly formation of polyethylene and
polypropylene. Simplification of contaminant removal at such a large scale can
greatly impact the efficiency of the overall process.
The oxygenate feedstock of the preferred embodiment preferably
comprises at least one organic compound which contains at least one oxygen
30 atom, such as aliphatic alcohols, ethers, carbonyl compounds (aldehydes, ketones,
carboxylic acids, carbonates, esters and the like). When the oxygenate is an

alcohol, the alcohol can include an aliphatic moiety having from 1 to 10 carbon



scal e operations, even extremely |low | evel s of contam nants can ady@r $&Ny2005
i npact 25 derivative product formation, particularly formation of

pol yet hyWene/oarsg pol ypropyl ene. Sinplification of contamppgifsofeeyal at
such a large scale can greatly inpact the efficiency of the overall
process. The oxygenate feedstock of thelpreferred enbodi mnent preferably
conpri ses at | east one organic conpound which contains at | east one oxygen
30 atom such as aliphatic alcohols, ethers, carbonyl conpounds (al dehydes,
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oxygenate is_an | cohol, the al cqhal can include an aliphatic noiety
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al i phati c aloxybedate amepbinedsrinclndathut alcedt HoBd 6, Bdy foRow RgamRiiemopf suitable
oxygegte conpounds include, but are not linmted to, the follow ng:
met hanbl ; 5 SH1388K ArProRapels FRREPanek Gpr bpaetholscmethybatbykdtbahdinesthytet hyl

et hyl ether; qdi hear.. di et.hyl et her.: di-isopropyl. ether;
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m xtures t hetigefhyl Reteherdcetlc axMoanBhetueORRWRdPreRiRdR haRfl . di net hyl
ether, or a mxture thereof Oxygenates can be converted over snall pore

nol ecul ar siCEUWOHREP steanthanocl] dimety! nther, peelnixtiretiesbfist s havi ng hi gh
selectivity to ethyl ene and/ or propyl.ene. | | re nol ecul ar sieves are
preferred in thi s&lY eél%%elsg g%ﬁgﬁﬁ%ﬂé’ﬁerﬁé‘? pPre "@%ﬂ“lar MEYeiirealiin ar

si eveR) have sadpn&eslifecabilybts Bavinp aIphARREG VB, @ ANISkATR fageal 1y,

sui tabl e catal ysts have a %qre Si Ee{gr angi I’II‘S%;‘ rom abo&t BFEIO?g aE’out 5.0
angstrons, predlepesimoleedar siboestard p@idrredab tus irvettion g'st dedimsd hamsth, most
preferably rom abqut .4.3 to.about 5.0 Angstronms, Zeolites are conpl ex
crystalli ne]Sgrlaﬁjlrﬁoﬁ%g}qq?%uﬁreséeﬁ'rhéFleEf8?%‘%%?2?%m?n&f’o‘ftﬁid)énﬁsﬁa’%- o
tetrahedra IGdHeedlybyuisdiae estaBXaale A HORE:ze SRS 8Bk Hbhy3.9t iﬂbﬁt sietrahedra
i s bal anced by the inclusion of cations such as alkali or alkaline earth
met al i ons. angstrdves, mapigraidy fiom dfous 490 2bwitist kAngsiwmspatdambst prafatabbns, such

as 20,4 et raﬁgég%g&%gw%é&ﬁﬁgéﬁé et rapr opyl ammoni um (TPA), are present

during syn SI'S. °§'bsaces or channels fornmed by the

crystal li ne net wozdolit@ablconmai dl @i aRtiMsgrkaas wiRlhaEHh ARl YT | N
separation processes, as catalyst® for chem cal reactions, and as catal yst
carriers in AlGpiand Sighitelrahedfa hylhddryashimed oxygen atoms. The negativity of the
tetrahedra is balanced by the inclusion of cations such as alkali or alkaline earth
metal tons. In the manufacture of some zeolites, non-metallic cations, such as
20 tetramethylammonium (TMA) or tetrapropylammonium (TPA), are present during
synthesis. The interstitial spaces or channels formed by the crystalline network
enable zeolites to be used as molecular sieves in separation processes, as catalyst
for chemical reactions, and as catalyst carriers in a wide variety of hydrocarbon
CONVErsion processes.
25 Zeolites include materials containing silica and optionally alumina, and
materials in which the silica and alumina portions have been replaced in whole or
in part with other oxides. For example, germanium oxide, tin oxide, and mixtures
thereof can replace the silica portion. Boron oxide, iron oxide, gallium oxide,
mdium oxide, and mixtures thereof can replace the alumina portion, Unless

30 otherwise specified, the terms "zeolite” and "zeolite material" as used herein, shall

mean not only materials containing silicon atoms and, optionally, aluminum atoms



conversi on processes. 25 Zeolites include materials containing si I1' a]jlgmd 5
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have been replaced in whole or in part with other oxides.PESHSEZAPY e,
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selectivity, particularly propane selecti | ess than
0.65 i s desi relsr & exggrnal tatrangtinylsilana (TMSHf not greater than 0. 40 being

referred, and a $j{A.2-ratjo, of not greater than Q.32 being particularly
B_r eferred. A Si/ AI%{Srp 5&6%2%@%@? S@F%aé OPﬁ%ﬁhﬁ??é’q?%ﬂ%?Wpﬁé‘ﬂ@? Heg.
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i
20 m croporous materials having 8, 10, or 1 ere Strifctures.
These 1Ping &85 kewtern the<CicGnsatustes satectivity, ageiqubarly mogmersalegtivigy.f AGS About

3515 ang S;gé{gﬂsgg IEShET 685 idcSirdbl AR 81/ RD  Siic of mot Breacer than 0.40° " €5 Mavi N
being preferred, and a Si/Al; ratio of not greater than 0.32 being particularly
preferred. A Si/Al, ratio of not greater than 0.20 is most preferred.

Silicoaluminophosphate molecular sieves are generally classified as being

20 microporous materials having 8, 10, or 12 membered nng structures. These ring
structures can have an average pore size ranging from about 3.5-15 aﬁg;ﬁoms.
Preferred are the small pore SAPO molecular sieves having an average pore size
of less than about 5 angstroms, preferably an average pore size ranging from about
3.5 to 5 angstroms, more preferably from 3.5 to 4.2 angstroms. These pore sizes
25 are typical of molecular sieves having 8 membered rings.

In general, silicoaluminophosphate molecular sieves comprise a molecular
framework of coemer-sharing [SiO,], [AlO,], and [PO;] tetrahedral units. This
type of framework is effective in converting various oxygenates into olefin
products.

30 The [PO,] tetrahedral units within the framework structure of the
molecular sieve of this invention can be provided by a variety of compositions.

Examples of these phosphorus-containing compositions include phosphoric acid,



of | ess than about 5 angstrons, preferably an average pore size rang'bn?#“lg
fromabout 3.5 to 5 angstrons, nore preferably from3.5 to 4.2 angs¢r .2005
These po™D 83/6d88 25 are typical of nolecul ar sieves havi ngc8/usihered

rings. In general, silicoal um nophosphate nol ecul ar sieves conprise a

nmol ecul ar framework of corner-sharing I3Si 02], [AI02], and [P02]

tetrahedral units. This type of framework is effective in converting
various oxygenates. into olefin  products. 30 The [P02] tetrahedral units

within the fPSER8 spbptes sycliras tegthylphosphsfes end aluminephssphiatesii Ehd nvent i on

can be provi Makd f sitions. .Exanples..of these

phosphor us- Cgﬁ(?sg%rloﬁ%}f@%%% icp PB?\%H? chr%%x@h%gﬁ%‘gﬁge 511@?81_,1 WO 02/ 06188 13
1 2 JAN 2005aluRHk/S0dth R nbaaphs uRlte IRNAb D rakCIbrdRidds it ki qphosphat e,
and al um nophosphates. The phosphorous-contai ning conpositions are m xed

with reactiveokcnlagsigveand al uni num cont ai ni ng conpositions under the
appropki ate condi tf 0 t or he.. nol ecul ar sieve. 5 The [ A102]
tet_rahgdral uni ts_tr\‘ﬁ F‘ﬁpﬁ]o tfe{\@leg}aiﬁﬁ%?”kﬁl@ttﬁﬁgﬁwgoﬁlﬁﬁwre;ﬂaﬁ\hﬁded by a
variety of Cpﬁﬂ@ﬁ&ﬂ%‘y@%ﬁaﬁ@@%ﬁ&i%m@ f)ﬁ(ﬁﬁgﬁés‘é@“tﬁb‘é%ﬁﬁﬂhﬁhﬂ&mainin

conposi tions include alum num al koxi des such as al um num I sopropoxi de,

al um num pho$@hpaseisons aiclidenduminymradixixddss saddismumbnum vapepoxidt,
pseudoboehm t.e. .The al um num cont ai ni.ng. conpesitions are mxed with
reactive 10 %H“F%’%‘Hﬂpﬁwaﬁ%%gb'ﬁa?%h%mx EnFHYITR 3 & &M& under the
appropriate sendbideafiste! Phd AuMIRE ORLES ' led Ok rdRLiLahedral
units wthi nﬁ_t.he f rarreS\or k struct urCe 8@?}&%@%@?@?\@@@1%&% géﬂrllléeat%g}(’%f
conmpodPt i onssilifxmanl pespiontshesainng compesitotsaindenge appropeiatd domastidnac| ude
silica sots an Siﬂ!hﬁ% o gm al koxi des such as tetra ethyl 15 orthosilicate.
The sili con- CoREit MY HA S i ons are mixed with reactive al uni num and

phosphor us- cont ai mh@gi@ﬂmpﬁfgalﬁpﬁﬁtswgékggﬁarﬂWS%ﬁgﬁﬁe Sopditions to

formthe nol ecul ar sieve. Substituted can a eusedin this

i nvention. Thoyeledbypounety of apmpaopiti@rsal Bxpmipheaw these bRiABSConRining
met al - cont ai ni nlg; silicoal um nophlospha,t es. 20 The netal can be al kali netal
i ons (Group FHIPOsHIqas fetide silice golsand silicpgyalkpxigeygich as tetra ethyl

15 orthosilicate. The silicon-containing compositions are mixed with reactive
aluminum and phosphorus-containing compositions under the appropriate
conditions to form the molecular sieve.

Substituted SAPOs can also be used in this invention. These compounds
are generally known as MeAPSOs or metal-containing silicoaluminophosphates.

20 The metal can be alkali metal ions (Group IA), alkaline earth metal ions.(Group
HA), rare earth ions (Group IIB, including the lanthanoid elements: lanihanum,
cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or
yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,

25 VIIIB, and IB.

Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO,] tetrahedral unit. The [MeQ,] tetrahedral unit carries
a net electric charge depending on the valence state of the metal substituent.
30 When the metal component has a valence state of +2, +3, +4, +5, or +6, the net

electric charge is between -2 and +2. Incorporation of the metal component is
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| ant hanugag o jsum praseodym um neodym um samarium eurgn o
gadol i ni m Z?S{ﬂt‘)‘i um dysprosium holmum erbium thuli unﬁ%t/p%leﬁ'f)dm and
lutetium and scandiumor yttrium andjghe additional transition cations
of Goups IVB, VB, VIB, VIIB, 25 VIIIB, and 1B. Pref era_bl y, the Me

represents atons such as Zn, My, WMh, Co, N, Ga, Fe, Ti, Zr, G, Sn, and

Cr. These attppisaltypatcheiplibisey dddthd ihieOndthecdn@ssRhed o syhi@BEWelHs t hrough a
[ Me02] tetratﬁﬂggrg)?&uni tp.l The [I\/bgOZ] tetraﬁ?aral uni tgs ar rlgligs a net

el ectric chdP@ecHapdg dpvwryermost-aymshess iﬂnmhmfgetchmalsebalusegbst it ugnt : h30
-h I f +2, +3, +4 _+5 or +6, the

net electric chalbabrosdphudndthsighit oslefugonines i SAPORE ot al

conponent i $PMQ?SQ§®831,JS4A}|1026§§NP%Q@5, s%k@%%@@%@@tﬁggungrewl o

acconpl i shed addi ng the netal conponent during synthesi’s of 't _
si eve.> Howewds SABEs3S, SARBES| SAPOR3 BXIABOGH), SAPGHS B ARDWIeHAPBUI4 abl e

i 1'i coal uni h ' | i include SAPO-5, SAPO-8, SAPO 11,
S0 . eSS BT Seialeh SNt Brmsdaent b RRP G, SASO. 35,
SAPO- 37, SARG:ffed PARIPA.155ARPH4, s“%ﬁ@-%;ﬁsﬁ“é’%ﬁ% 5%5’@45/6 the metal

containing forns thereof, and m xtures ther erred are SAPO 18,
SAPO- 34, SAPRariBBlarlsARNPQ4S3 mdcsmmcﬁncluqﬁagtmecmb?r &;qma‘sﬂa@faﬁ%ﬁnd fAPgs 34,
i ncluding t nmetal  containing forns thereof, and mxtures thereof.
used her ei n?ﬁ}‘?fﬁ%ft’ At PR Chedit é@%ﬁ}mg, the tem MIXEGANS SHEORRoENd i S
consi gered &yigPERRShid f; 8L ! conponent s in
varyi ng propolrti ons, rdggaar%dl gg‘@% Ie?%\eélogﬂ)%%f@gl s{cglimev.m% o or more

al um nophoswhalpent(ml?@arymg@mmﬂcﬂﬁosé,ew@rm'ass @f{ their bRysida¢kdebed in Ehlel _
catal yst conpositjon. Al uni nophosphate nol ecul ar sieves are crystalline
m cro%orous oXi de‘{s"l &HP’&'?‘P W%éf%%émmemﬂ%swmalw heyn@fd@dhmbe 15
addi tional ehg bk bt : [1eal: ve form pore

di nensi ons rangi% Eég&? S%margo%{ﬁgﬁgﬁg%pﬁ%tgsm %816% @ﬁ%‘béigr%acﬁﬁsga:hfﬁm, and are

capabl e of mekiopgrasis peidee Mditli sem Isepanat iIPOsSrafewdkeTHbpEarSRRel €s. More
ve been reported, including zeolite

: 23& i)%\? c afl% ﬁlﬁlpﬁ%}[j:iéxﬁéﬁt%w%ﬁﬁ&a g?aé‘i“?“é%kdé@éqaiuﬁtha%u@fﬁwfbac kground and
synt hesi s ofgimensions ranging from about 3 angstroms to about 10 angstroms, and are

capable of making size selective separations of molecular species. More than two

dozen structure types have been reported, including zeolite topological analogues.

A more detailed description of the background and synthesis of

20 aluminophosphates is found in U.S. Pat. No. 4,310,440, which is incorporated
herein by reference in its entirety. Preferred ALPO structures are ALPO-5,
ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, and ALPO-46.

The ALPOs can also include a metal substituent in its framework.
Preferably, the metal is selected from the group consisting of magnesium,

25 manganese, zinc, cobalt, and mixtures thereof. These materials preferably exhibit
adsorption, ion-exchange and/or catalytic properties similar to aluminosilicate,
aluminophosphate and silica aluminophosphate molecular sieve compositions.
Members of this class and their preparation are described in U.S. Pat. No.
4,567,029, incorporated herein by reference in its entirety.

30 The metal containing ALPOs have a three-dimensional microporous

crystal framework structure of MO,, A10; and PO, tetrahedral units. These as



20 al um nophosphates is found in U S. Pat. No. 4,310, 440, which is1 2 JAN 2005
i ncorporated herein by reference inits entirety. Preferred ALPO
struct ur@® ane1s8LPO- 5, ALPO- 11, ALPO 18, ALPO 3 1, ALP@c34;s0fbfsy 36,
ALPO 37, and ALPO 46. The ALPGCs can also include a nmetal substituent in its
framework. Preferably, the netal is sellécted fromthe group consisting of
magnesi um 25 manganese, zinc, cobalt, and m xtures thereof. These
materials preferably exhibit adsorption, ion-exchange and/or catalytic
properties snanufasiued sahemiasdyihidheenndain tenhplate poioh tsgicit @ioapchnshd i ca

al um nophosphat e Frgfrecul ar. ng%ee conpositions. Mnbers of .this class and
their prepal HFERS Y HERICIALERFIRIfAN FOHIPSLON, Gn anNYEEPHS 93, 25 ncor por at ed
herein by reference in its entiret &R%% Abeyagtal containing ALPCs have a

t hr ee- di nensi onal microporous crystal® f a‘.’rrzgvvork structure of M2, A102 and
P02 t et r ahedvigkein fiR{’ seprésmseattsast Dnd Akg2G0Bmp MO 246 b8Bef®G (HdS01/ 21099 15
manuf gctured structures (which contain tenplate prior to calcination) can
be rgreseﬁ?t@f%?algﬁﬁpﬂeﬂ?te&?ﬁem CEPIEEMD BSimelehof ‘dh’ prseahpFandasf basi s,
as: nR (M, iR ; ani.¢ tenmplating
agent pr eser?teix%‘?%% |6Hr?tg ¢ glca rhggs?% %ﬁzé?og%r%éftstlilés'?lg%tmu?%%lr%e%reggﬁﬁ?sf t he

mol es of " Rdepemisentipg@ethendlecuitr dipddnsny BPztheRerapldtinassent maltHe of from zero
to 0.3, the maximum val ue in_each case dependi ng upon the nol ecul ar
di nensi ons @vayable veigpiolme gt Higapnre sntiemmé the pagiiqudasineetaloi d vol une of the

pore system ; .G al «_,al un h te involved, “x", "y",
and "z" repragfsnéltrr]ltg &%gflgn%ﬁtg&@?%d;ﬁohg O%Hc[nh%?gl?fg%?%e mﬁ\}??fmfti'qné.‘)fﬂﬁgnesi um
mangarese, zidtal ‘MY, (Eohabinesivah UnhighNesd) dinc BRO 5H50N Udumin@gRedt | vel y,

present as tetrahedral oxides. The netal containing ALPGs are sonetinmes
ireferred to PBYSRIEISE9SPRGHHICAS PIREAPEs tehpkagral 9xidedse cases where the netal

"Me" in the conp t] J ; nesi he acron MAPQ is applied to the
conposi tion. Sim é’ﬁr‘f“?ﬂ%\‘%&f‘% %%k%aéén? %}3}96%@]83%\{;"??3{ @8 a&g’_ﬂm@s
conposi ti onMwAPOh Alenirpiliosg tawes whEeganess “dMyt if dRatdmpyesidRsd | vely. To

identify the various structural species_ which make up each of the
subgeneri ¢ dmag@sEsmyREaCronsroMEBNRG apntied P mpasitions femilaty ZAPEssi gned a

Pg??ﬁfﬁ and ibﬁnﬁﬂ@)%df(i}oeg’?ofa% agﬁ(l?erg)éoeihe gosmpozsﬁ‘g% %\?hic cpocn}ta%nl zingo APO-34 and so

manganese and cobalt respectively. To identify the various structural species
which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and
MnAPQ, each species is assigned a number and is identified, for example, as
ZAPO-5, MAPO-11, CoAPO-34 and so forth.

20 The silicoaluminophosphate molecular sieves are synthesized by -
hydrothermal crystallization methods generally known in the art. See, fc;r
example, U.S. Pat. Nos. 4,440,871; 4,861,743; 5,096,684, and 5,126,308, the
methods of making of which are fully incorporated herein by reference. A
reaction mixture is formed by mixing together reactive silicon, aluminum and

25 phosphorus components, along with at least one template. Generally the mixture
is sealed and heated, preferably under autogenous pressure, to a temperature of at
least 100°C, pfefcrably from 100-250°C, until a crystalline product is formed.
Formation of the crystalline product can take anywhere from around 2 hours to as
much as 2 weeks. In some cases, stirring or seeding with crystalline material will

30 facilitate the formation of the product.
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hydr ot herngBlga6kygt al | 1 zati on net hods generally known in the art. See, for
exanpl e, U S. Pat. Nos. 4,440,871; 4,861, 743; 5,096, 684; &&J/ESWHI%DS, the
met hods of making of which are fully inggrporated herein by reference. A
reaction mxture is formed by m xing together reactive silicon, alum num
and 25 phosphorus conponents, along with at | east one tenplate. Generally
the mxture is s ealiande RRA AR 5ot S essure, to
a tenperature of ?p Iegst 100C, p?lgfﬁrg%%%ﬁrlg%q%bﬁgéggﬁﬁgﬁt iIPEaa{l

crystal | i ne peserpvereddyfstanderd meatsrsnett dsdry ahtrifhentmnys fadritidgie Product can

t ake anywher arqund 2 hours to much as 2 weeks., In sone cases,
stirring or gége%'f%g%anvﬁ?stﬂbec\yﬁ?gﬂrF‘?CW@eﬁgi/équ gmepgansgmndiditgdt i t ate t he

formati on of the p{QOMsEl oMB: QALRAS PCT/ USO01/ 21099
Typically, the nol ecular si e\eie%{cs)r o%uct%oﬁsggééggragr% Flﬁ%?)? fBn. 1t can
be recdver ed Withisitapess dt lwestnportune teserhylakantd if sokink o Rhtifii | t ration.

The product can al so be ﬁ@tshed, .-recovered by the same neans, and dried. As
a result of CHEURP JUXHIY i igqrstielinotustre essentially svapsatovidthe templatens 5

withinits pgre | l,at e used i p. maki the
initial reac{li. glr?q%‘lmgtﬁﬁergltém& hg&%ﬁ/ésratsglfﬂfaltt nnlg ‘é@?ﬁ%%{ﬁ%veecgggﬁﬁbéq ‘F*’;;Q&F‘ﬁps
around the teatpiigt daceahel tenipdatt esnphated, estyshalineimMate 8 thahinshes
nol ecul ar si eye, can 'e)iryi bit catalytic_ activity. Once the tenplate is

renoved, theCRStERFHhecadled go antiaarystaline pereystsmhas  what is typically

cal l edgan intracr i to.ln ny.cases, dependi ng upon
the nature of them?i&%g% C%%%’Q%@?“@ﬁ%g@et%%um?gﬁﬁy %@pmcbgﬁ'{r&‘i’gs H]§rge to
be el uted frtsmlite mayt betop Yapatd berututedfemINS @At rykAllind Yol &/EFa5E [t he
tenpl ate can be renoved by a heat treatnent procéss. For exanple, the

tenpl ate canSHE &EASEithetemndpte satkaiemared bicohtnd sreetent praches. Fraesence  of an

oxygen- cont ag i ' he.tenpl.ate-containing sieve in the

15 presence of rﬁkﬂg&g?&%@%’@%gﬁ% gigéélﬁgc%ggesgﬁrg}%m&?@a&ﬁ » 1R SHpRCEELiCes from

200C Lo 900GE ai owsgerizonabiing gis| bymadeting i tkablate LhidiRe sidVeqf #OVI T onment
havi n?§/a | ow oxygen concentration. In these cases, however, the result

wi || £ypi cal PiEstRse! thy egarrmpntainingtges anshlFatneal mpeansenfrbar 200¢prnent |

rat her than conbusti on process,, This type of process can be used
for parti al g%{OEg;ﬁglsg{ng cases, 1 _maB be%csuable to heat 1r)1/ gn envxro%ment having a low

oxygen concentration. In these cases, however, the result will typically be a
breakdown of the template into a smaller component, rather than by the
combustion process. This type of process can be used for partial or complete
20 removal of the template from the intracrystalline pore system. In other«cases, with
smaller templates, complete or partial removal from the sieve can be
accomplished by conventional desorption processes such as those used in making
standard zeolites.
The reaction mixture can contain one or more templates. Templates are
25 structure directing or affecting agents, and typically contain nitrogen, phosphorus,
oxygen, carbon, hydrogen or a combination thereof, and can also contain at least
one alkyl or aryl group, with 1 to 8 carbons being present in the alkyl or aryl
group. Mixtures of two or more templates can produce mixtures of different
sieves or predominantly one sieve where one template is more strongly directing
30 than another.
Representative templates include tetraethyl ammonium salts,

cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
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cases, with snmaller tenplates, conplete or partial renoval fromthe sieve
can be aogomphéished by conventional desorption processes 5{,3@&5%%255@% used
in making standard zeolites. The reaction m xture can contaln one or nore
tenpl ates. Tenplates are 25 structuregirecting or affecting agents, and
typically contain nitrogen, phosphorus, oxygen, carbon, hydrogen or a

conbi nati on thereof, and can al so contain at |east one alkyl or aryl

group, wth tydohdybaibgns-cthgl ngireuyedstiming tdrghalidey diRbp@kiine gr oup.

M xt ures of Eﬁ? or nore tenplates can produce m xtures of different sieves
or predoni nakitT{). swEduceisepropdiraing aed ¢anpnatiansitkerne Prefersddempldtasect i ng
30 than anot her,,.: i tenpl ates..i ncl ude tetraethyl anmmoni um
salte oyol oaenelyRnRRg Y AhteEb R bR T ISE. [ Sph R e

triethyl ani netradihylfhind0im M@, QZrOSAABInE GHIUSR hirdl 828&oE7 TRy Cl ohexyl ani ne,
tri-ethyl "hydroxyet hytam ne, norpholine, dipropylamne (DPA), pyridine,

i sopr opyl am Héraginylastnenivasibriscludreathyl Rmeteive hydemda(BEACa) e
totract hyl aBrih dar v LR Grey R h Rl 1 R~ he s
t et raet hyl ans@ficaiins @fdrﬁidé,@éﬂa'éfﬁ?l £%Bﬁﬁwlomaeﬁy2%ﬁ@§i&§gg§§% :

tetraethyl ammoni um phosphate, fetraethyl anmmonium "hyl
anmoni um br oRfedaTed tetracibyl apimeaim sils nractsirasthgdeymmetinaehydrbxidemadi um

acetate. Preferred tetraethyl .apmonium salts are tetraethyl anmmoni um

hydr oxi de an%ﬁaf:téﬁ%@ﬁ%m%hamphosphate. 10 The SAPO nol ecul ar si eve

structigre can be ghésaPO/Rb¥cAMHEslEd LS IMAEL f | ates.
F R LSRR L AR

For exanple, in a particularly preferred odi nent, cul ar
'si eve i s mancémeinanend afstmpglates. tkomekanple domlpanatilaty pleferfdAthbatigient,

St uct ur o f oo e G BFIBPLR SO oAty AL B ARt GO HBERol and 15
TP e DRl TS L0 LR B
bl ended) wi t AABOnstruchae &ritisd @nvathien obbemderdes, paricoksiyl methansiamgosi tion is
tsxgloceilsl yr efdl%ertﬁ)ﬂ ettlr%r,atg lf%htso'?\clza ns %géhaa!sye?ﬁﬂeﬁ/g aan ;rct];?ylgx?é. alyst conprising the
The silicoaluminophosphate molecular sieve is typically admixed (i.e.,
blended) with other materials. When blended, the resulting compositién Is
typically referred to as a SAPO catalyst, with the catalyst comprising the SAPO
molecular sieve. |
20 Materials which can be blended with the molecular sieve can be_various
inert or catalytically active materials, or various binder materials. Theséfnaterials
include compositions such as kaolin and other clays, various forms of rare earth
metals, metal oxides, other non-zeolite catalyst components, zeolite catalyst
components, alumina or alumina sol, titania, zirconia, magnesia, thoria, beryllia,
25 quartz, silica or silica or silica sol, and mixtures thereof. These components are
also effective in reducing, inter alia, overall catalyst cost, acting as a thermal sink
to assist in heat shielding the catalyst during regeneration, densifying the catalyst
and increasing catalyst strength. It is particularly desirable that the inert materials
that are used in the catalyst to act as a thermal sink have a heat capacity of from
30 about 0.05 to about 1 cal/g-°C, more preferably from about 0.1 to about 0.8 cal/g-

°C, most preferably from about 0.1 to about 0.5 cal/g-°C.
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can be vero mugissi nert or catalytically active materials, o _¥, s(lnous bi nder
materials. These materials include conpositions such as A 418%t her
clays, various fornms of rare earth netgls, netal oxides, other non-zeolite
catal yst conponents, zeolite catalyst conponents, alum na or alum na sot,
titania, zirconia, magnesia, thoria, beryllia, 25 quartz, silica or silica

or silica sot, antdditixidlieSedult®sRIE malbieas cHPPPAREN S a@%‘i}art%f?l?e ef fecti \Iée
in reducing, inter alia, overall catalyst cost, actin a thermal sin
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preferdbly f ABIUATT, AT AMBHULBIK, szm,mg?ccmipmzz Qﬁ%ﬁsfzﬁgl%%%d\]?s\l 3005
21 e naterials can be
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| yst desired.
Structural types of small pore no ecﬁ?svgsﬂlﬁsﬁe@g{ﬁﬁ% Sfeé(ﬁf&”for use

blerfot urmen/@lﬁs invARfion Iﬁhma@/IFAMELAMTWAEMO A BEK CAS,
in this invee ko l K LEV. LOV. LTA  MON, PAU PH , RHO
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VEL: M EEE R oAb sl e B i A Ze et o1 e

ther eof . Thégecwne TypasdV idvsier 16d PO eOeh B ey cHETY G el 3?&%&“ bed in

reater det as . of Zeollte Structural Types, WM Mefer and
% H. O sen, q%ﬁ%ﬁ@? aﬂ?‘ﬂ@t Frgitaarpt vehigh isexplichoincomhatetbhartindy descri pti on
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nol ecul ar si eves whi ch can be co

cat al yst |nsimdaumpmps;mwc%lyseﬁmmaEswsdzsmpmzeh‘bﬁﬁe bnd Thepat al yst
corrpo%IJtl on preferabl onprises about 1 %to about’ 99 %  nore preferably

about 5 %to abolt©§d a)ést STEPgGRan mﬁ@r%ﬂhﬁpmpa@mbono%ﬁto ahbuet RO %80% by
vei ght of )R PlederabilyS¥Gut 4 ¥, bSingLosH & SLEnI&d pre?erably a%outal()g) 1o about

80%, by weight of molecular sieve. It is also preferred that the catalyst
composition have a particle size of from about 20y to 3,000u, more preferably
about 30u to 200y, most preferably about 50u to 150n.

20 The catalyst can be subjected to a variety of treatments to achieve the
desired physical and chemical characteristics. Such treatments mclude, but are
not necessarily limited to hydrothermal treatment, calcination, acid treatment, base
treatment, milling, ball milling, grinding, spray drying, and combinations thereof.

In this invention, a feed containing an oxygenate, and optionally a diluent

25 or a hydrocarbon added separately or mixed with the oXxygenate, is contacted with
a catalyst containing a SAPO molecular sieve in a reaction zone or volume. The
volume in which such contact takes place is herein termed the “reactor,” which
may be a part of a “reactor apparatus” or “reaction systerm.” Another part of the
reaction system may be a “regenerator,” which comprises a volume wherein

30 carbonaceous deposits (or coke) on the catalyst resulting from the olefin

conversion reaction are removed by contacting the catalyst with regeneration

medium.



conposition have a particle size of fromabout 20u to 3,000., nore 8 JAN 2005
preferably about 30u to 200u, nost preferably about 50u to 150u. 20 The
cat al ystW@ 804388 subj ected to a variety of treatnents to aelireseriihe

desi red physical and chem cal characteristics. Such treatnents include, but
are not necessarily linmited to hydrothEtmal treatnent, calcination, acid
treatnent, base treatnent, mlling, ball mlling, grinding, spray drying,
and conbi nations_thereof. In this invention, a feed containing an
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such cont acis éihkes!, plrassd, ishalbebioiiast SidR&tuE@as. I PRELAS for idkirthe ™Y be a
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met hod of making the preferred olefin product “in thi's invention can
i ncl ude t hestearaicefornalg, sntepheonamekimyng hnd patohpxidiztiiens from hydr ocar bons

such as oil, coal, tar sand, ,.shale, biomass and, natuyral gas. Methods for
maki ng t he corrp@&etof B et ‘Pﬁ’tﬁf#ﬁ Il"lﬁybﬁé’r?ﬁt. @ h%%@gmg%@i“ﬂ%w&e
ferment at i ogh dBo@ntAf G0N t8098hAEF perBBt B3 ¥ARCRS ndABer %ﬂﬂ&& verting

t he s%nt hesis gas to alcohol or ether. Synthesis gas can be produced by
knowdOpr ocedls Esdand dilaent wngmmenisffed i thg reantivatzore (malcatabitr tisngfimnd parti al
oxi di zat i on, nore inert. diluents rrag% . ﬁr esent in the feedstock,

One .or _ be
for exanpl eherel: dlieniy sk composiPBR PRIt GSsrabially B ERaRtive #388d on t he

total nunbemoRlculiPkRse 0htalht, ahll pliaRHiI R Rth@ioh U6 Bt kS%[HJ&dI%E eslifthet © the
reaction zone (or catal ysl'};)a’. Aspdefilnygd hgr elgn,a di lue kI-Es]ﬁa'?selﬁglgnposi tions

whi ch are efsétiedtalebyconsanicetadt Typicakdibsm taincht dotheerncs necessacisgt al yst, and
Concent r 4t el B afugh fohy SRRER QA o Ra B SO ORSRSEMAG 1 i t ed
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non-reacti V@on%t?uql%ts,i ahd mixtures thereof. The preferred diluents are water and nitrogen.
Water can be injected in either liquid or vapor form.
Hydrocarbons can also be included as part of the feedstock, i.¢., as co-
20 feed. As defined herein, hydrocarbons included with the feedstock are_ .
hydrocarbon compositions which are converted to another chemical arréiigement
when contacted with molecular sieve catalyst. These hydrocarbons can include
olefins, reactive paraffins, reactive alkylaromatics, reactive aromatics or mixtures
thereof. Preferred hydrocarbon co-feeds include, propylene, butylene, pentylene,
25 C4" hydrocarbon mixtures, Cs* hydrocarbon mixtures, and mixtures thereof. More
preferred as co-feeds are a C,* hydrocarbon mixtures, with the most preferred
being Cs" hydrocarbon mixtures which are obtained from separation and recycle
of reactor product.
In the process of this invention, coked catalyst can be regenerated by
30 contacting the coked catalyst with a regeneration medium to remove all or part of

the coke deposits. This regeneration can occur periodically within the reactor by

ceasing the flow of feed to the reactor, introducing a regeneration medium,
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is calculated on the weight basis of the oxygenate feed, and any hydrocarbon
which may be present, and the molecular sieve contained in the catalyst.

Preferably, the oxygenate feed is contacted with the catalyst when the
20 oxygenate is in a vapor phase. Alternately, the process may be carried putina
liquid or a mixed vapor/liquid phase. When the process is carried out in- a liquid
phase or a mixed vapor/liquid phase, different conversions and selectivities of
feed-to-product may result depending upon the catalyst and reaction conditions.
The process can generally be carried out at a wide range of temperatures.
25 An effective operating temperature range can be from about 200°C to 700°C,
preferably from about 300°C to 600°C, more preferably from about 350°C to
550°C. At the lower end of the temnerature range, the formation of the desired
olefin products may become markedly slow. At the upper end of the temperature
range, the process may not form an optimum amount of product.
30 The pressure can also vary over a wide range, including autogenous

pressures. Effective pressures may be in, but are not necessarily limited to,

OXygenate partial pressures at least 1 psia, preferably at least 5 psia. The process
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In a preferred embodiment of the continuous operation, only a portion of
the catalyst is removed from the reactor and sent to the regenerator to remove the
accutnulated coke deposits that result during the catalytic reaction. In the
20 regenerator, the catalyst is contacted with a regeneration medinm contaiping
oxygen or other oxidants. Examples of other oxidants include O;, SO;, NzO, NO,
NO;, N20s, and mixtures thereof. It is preferred to supply O: in the form of air.
The air can be diluted with nitrogen, CO,, or flue gas, and steam may be added.
Desirably, the O, concentration in the regenerator is reduced to a controlled level
25 to minimize overheating or the creation of hot spots in the spent or deactivated
catalyst. The deactivated catalyst also may be regenerated reductively with Hj,
CO, mixtures thereof, or other suitable reducing agents. A combination of
oxidative regeneration and reductive regeneration can also be employed.
In essence, the coke deposits are removed from the catalyst during the

30 regeneration process, forming a regenerated catalyst. The regenerated catalyst is

then returned to the reactor for further contact with feed. Typical regeneration



process as described in US-A-4,065,136 and "Ri ser Reactor,” Fluidi 3ap | ;AN 2005
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lower than the temperature of the catalyst withdrawn from the reactor. This

cooled catalyst then may be returned to either some portion of the reactor, the
regenerator, or both. When the regenerated catalyst from the regenerator is
20 returned to the reactor, it may be returned to the reactor’s catalyst disergaging
zone, the reaction zone, and/or the inlet zone. Introducing the cooled catalyst into
the reactor or regenerator serves to reduce the average temperature in the reactor
Or regenerator,
In one embodiment, the reactor and regenerator are configured such that
25 the feed contacts the regenerated catalyst before it is returned to the reactor. In an
alternative embodiment, the reactor and regenerator are configured such that the
feed contacts the regenerated catalyst after it is returned to the reactor. In yet
another embodiment, the feed stream can be split such that feed contacts

regenerated catalyst before it is returned to the reactor and after it has been

30 refurned to the reactor.
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react or havidteamal gy extagel locthelreastor. dhk@oeidreef ¢okedfcanlyselodt teyéeyated
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reactor independently of the regenerated catalyst.
The olefin product that is made in the olefin unit is sent to an olefin
reaction unit to convert the olefin to an olefin derivative product. Desirably, the
20 olefin product stream is sent directly to the olefin reaction unit with migimal
processing for contaminant removal. However, there can be some separétion or
purification of the olefins in the olefin product stream before sending to the olefin
reaction unit if desired.
Purification of olefins traditionally requires removal of low level
25 impurities which interfere with olefin reaction unit performance, particularly
polymerization catalyst performance. Low level contaminants generally comprise
polar molecules. Examples include oxygenates such as water, alcohols,
carboxylic acids, carbon monoxide and carbon dioxide; sulfur compounds such as
hydrogen sulfide, carbonyl sulfide and mercaptans; ammonia; arsine; phosphine;

30 and chlorides. Other contaminants can be hydrocarbons such as acetylene, methyl

acetylene, propadiene, butadiene, and butyne.



In order to make up for any catalyst |oss during the regeneration 4r? JAN 72005
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the regenerator, and then both are addeg to the reactor. However, the
fresh catal yst can be added to the reactor independently of the
regenerated catalyst. The olefin product that is made in the olefin unit is
sent to an ol ef i rLow¢aed toftakihdntd AnteMAbTedHye kiehi oF protedsOl ef i n
derivative product, Desirably, the 20 olefin product streamis sent
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cont ani nant seahaijues, dryalsoasing omsveaticil assodstRhyd@netion®ihethbragset yl ene,
propadi ene, but adi ene, and butyne. WD 02/06188 24 1 2 JAN 2005
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carbon ato ired, ol efi ) |1 as from par.affins having the
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or menbrane separations. 10 In a preferred enbodirment of this invention,
the dPefin prriealbt lost inecontaminapissnetastiydnogeh euldt, abpoiyl sabfidegCON of an

oxygenate uging.@a fopeedl ar s f)r%gx?ct stream can be processed in an olefin derivative

O her

unit with minimal separation and purification. In fact, following recovery of the
olefin product directly from the olefin forming unit, removal of hydrogen sulfide,
carbonyl sulfide (COS), or arsine is not necessary.

20 Desirably, the olefin that is sent to the olefin reaction unit has a hydrogen
sulfide content of less than 10 parts per million by weight (ppm wt.), preferably
less than 5 ppm wt., more preferably less than 1 ppm wt. It is also desirable that
the olefin that is sent to the olefin reaction unit have a carbony! sulfide content of
less than 10 parts per million by weight (ppm wt.), preferably less than 5 ppm wt.,

25 more preferably less than I ppm wt. Likewise, it is desirably that olefin that is
sent to the olefin reaction unit have an arsine content of less than 10 parts per
million by weight (ppm wt.), preferably less than 5 ppm wt., more preferably less
than 1 ppm wt.

Should additional purification of the olefin product stream be needed,

30 purification systems such as that found in Kirk-Othmer Encyclopedia 'of Chemical

Technology, 4th edition, Volume 9, john Wiley & Sons, 1996, pg. 894 - 899, the

description of which is incorporated herein by reference, can be used. In addition,



catal yst, preferably a silicoal um nophosphate nol ecul ar sieve cat qlzlsjAN 2005
This enbodinent is particularly desirable when the oxygenate is an al cohol
such as wewbasisk or an ether such as dinethyl ether. Thepé@ﬁ}s{,f,i,mggol efin
product is 15 typically low in contam nants such as hydrogen sul fide,
carbonyl sulfide (COS), and arsine. This type of product stream can be
processed in an olefin derivative wunit with mninmal separation and
purification. In fact, follow ng recovery of the olefin product directly
from the ol epunifidationisystempiiich aseharfaindaf KbydpmgenEssiclopesia of CheRRRY |

sulfide (COS), ,or arsine is not necessary. 20 Desirably, the olefin that is

sent to the FrPivgyeadiadiony¥plumed, éphﬂéfdﬂag&cﬁonm%ﬁd@. e8ht ant, the | ess
than 10 part Lk ' W . r ef er abl | ess than 5 ppm
wt o rore pr SFEFBHFR of kBRLH Sl ABleckRRetn by SE TS0 YearebThs e
olefin that is selabefehel @hiRfdifed QR Bentibh [thd\@¥8n §r&dk RN oHL f T de
content of less than 10 parts per mllion by weight (ppmw.), preferably

| ess than 5 Pishnerivats: it weithmg sepasting ole8ss fromarrdfiippof ite. catbdeewi se, it is
desirably th | efin.that Jis ent to the olefin reaction unit have an

ar si ne c)c/)nt eﬁém@;r. I#ergger{tﬁ%ﬁhelﬁe B Produgsireatgy qepgﬁtegg;mcggqamre@ Som )
preferably |@%ehﬂ%%oﬁv&@iﬂh‘Péactior?f@?tﬁoﬁ%@%ﬁ%ﬁ’e% Yenko%ﬁlsofﬁjgrf%gg%lel%@ff%me Shoul d

addi tional purification of the olefin produact stream
puri fi cati onsasystembersafchrbas atdnas asfodefind fiom e wlefi@phodict, Bnd yied spdi a of

Chem cal Technol , 4th.editiaon, Volunme 9, John Wley & Sons, 1996, pg.
894 - 899, tW@guﬁgg%rai&?ﬂ%@ﬁ'%f?l%‘E@igﬁféaqorﬂfd?%él%aét%@qq*?ért%ﬁbp%w}Sefférence,
can begused. b1 ; 06188 2 1 IS0 99

o T At on e e P Al R WP ey oy SBEHT a o
Cheni cal  Tedhpistatigy, Seidi NedD8/980,1 74/ovhicteis Zborphodted Wtkiayby&eboae. 1996, pg.

249 - 271, the d?scriﬁtion of .which is al so incorporated herein by
reference, can belhpaghgresprebal thisinyendipprdedicagd &aldiesmieh 288 t he i nventi on,

the olefin s ¥ : ' ' | Lt.. wi t hout
separating o%é‘?i@%‘ h? [rlgﬁo%a{?lgsfe%}ﬁgm%?[ﬂ#ll%éeﬂ%rg%%ﬂc?}é%#éﬁﬁé . tligllgef erably, the
ol efi n produgtopglenedrom propepaeated rapited BARWRIF6Y UIPPIGT & intrOdYARE Bice

ame. Himber GRU RITEhH S BEolBH e oHbion SERPEEChen A geGDR, TaRd { he
'?l)e;lb(r)]ut pgé&&%ﬁ@&ﬁt&%@ﬁi 108 B el i 9 Bked A4 1%51%[ 0% s%%%ra irqg q o equal
desired olefin of one carbon number away from olefins and paraffins of a different
carbon number, most preferably as the overhead stream of a fractionation tower
performing such a service. One skilled in the art will appreciate that some minor
20 separation of olefins from paraffins of like carbon number may occur in the
process of separating an olefin of one carbon number from an olefin of. a‘:i'ifferent
carbon number,
Alternative embodiments incorporate the use of a dilute olefin stream
obtained by employing equipment to separate desired olefins from paraffins of
25 like carbon number that are substantially reduced in size and duty relative to those
conventionally employed. For example, in a conventional steam cracker utilizing
a fractionation tower to produce chemical grade propylene, feeds to the
fractionation tower on the order of about 60 wt, % propylene and about 40 wt. %
propane are separated to provide an overhead olefin product stream of greater than
30 or equal to 95 wt.% propylene. In a preferred embodiment of this invention, a
dilute olefin stream of less than 95 wt.% propylene can be obtained by using

substantially fewer trays in the fractionation tower with a substantially lower



10 nmethod for providing this type of separation is described in Janssiﬂ

U. S. Pat g g2iegy | cation, Serial No. 08/ 980, 174, which 'Slkgﬁgﬁﬂ 1.§ N 2005
herein by reference. In another aspect of this invention, dédica
facilities, such as a fractionation towgr for separating ethylene from

et hane or for separating propylene frompropane, are not required to be
enpl oyed prior to introducing the 15 dilute olefin streamto the ol efins

react i on unireflimietiogsalh@ botteink Sstsient aﬁatdpuea.unlg@oes Bhehethstoiiadowent . the
dilute olefin streamis taken as a result of separating a desired olefin

of one car bohltsinatyely, am?ystmgoﬁna@lbemmstomdOﬁaga/feﬁlsrm apfl cautyltd frekean  car bon
nunber, nost g eferably as the over str am of a fractianation tower

perform ng <QIEHT Sreamy Qfigreater Bah Qgdpe 8 é’rﬁﬁ’xle% 30 BAYSrSGaRREM hat sone

minor 20 sepgedise@Tr iofs Mb&ED BSp &HQ&Q@@&[&%B dﬁes%%LQr?@a@H”@ef may
occur in the process of separating an o |n o “One ‘carbon AUMbAr from an

ol efi ndof a mofflenrcent carbon nunber. Alternative enbodi ments incorporate

the use of a dilute olefin rea obt |ne | oyi ng equi pnent to
separate desired PH}Oé'?qrﬁ%SUFarbf?rﬁ A P‘i‘f&a@&ﬂ%’ﬁemﬁiﬁéiﬂaﬁﬁat are
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enpl oyed. For exa n a conventiona eam cf rzing a

fractionati ogyuipawat o;ﬁe@athfg@rd 2188 Galowd! AR, I RV4APSdim&Rds to the
fractionation tower on the order of about 60 wt. % propyl ene and about 40

W . % propai§eonspey %@ﬂm@@ro@q@s@@ar@le mndmﬁdrdheade@héfqomgmnnhnct stream

of greapter t to 95 wt a preferred nmbodi ment
of th?g i nve ﬂﬂ&g ?Or§ bﬁﬁﬁlw gerbqr%tfqnnofsat gﬁﬁ&@gﬂﬁ@sﬂ%}h dyst ppt e%‘%ﬁ’opyl ene
can be obt ai aahidiye srﬁisﬁﬂnarmé dn@hisYhalRWE! bdilifY SoihPat R&stfas Gk laonat i on
tower with a substantiall y 02/ 06188 PCT/US01/21099 12 JAN 2005 26

reflux rati cgth¥engi rf“gl‘%@itd@%ﬂpﬁ@&%éhﬁ emhddiopat & progided st Kueohlehet. al.,
fractlonatl owe, i an exi st fractionation tower of a
gi ven size a %ﬁﬁtﬁ?w? ﬂr@%@g hwﬁl‘ fieRTROF: E‘ih‘?‘(ﬁ' ¥t €286 -han or equal to
95 wt. % propyl enqn Gaghba dtb?tl'féEIH@éﬁtltoM a Hibetk @RtRGstichnd Lodigind! | Oved to
produce a dilute olefin streamof |ess than 95 w. %5 propyl ene. Anot her
desir bl e en@b&tﬂﬂt@hquajlhnamﬁﬂﬁ@fmrmrpuroﬁefﬁnsaxfrcomngms eanbehmnmﬂ:adresg Che need

for cryogenic on illation nd ot . .spe tion
equi prr)\e/\ntg optd |ﬁ 3 g[:én%‘é rRE %ﬁdfmﬁl’i |°§’e 3. difent, a
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conposi tion
components can be provided, for example, from a feed generated as the bottoms

of another fractionation tower separating C;” components from C," components,
20 rather than feeding to the olefin reaction unit two independent streams of-C; and
C; olefins. In this manner, an entire fractionation column can potentially be
eliminated over conventional methods.
The olefins stream provided by the olefins unit can be sent to the
appropnate olefin reaction unit in order to make the desired olefin derivative
25 product. Any conventional olefin derivative reaction unit can be used. The feed
stream to the olefin reaction unit is preferably low in contaminants which would
adversely affect the reaction catalyst or adversely impact the quality of the
derivative product, particularly hydrogen sulfide, COS and arsine. In another
preferred embodiment, a dilute olefin stream can be used as the olefin feed stream
30 with proper venting of the product stream. This means that less processing of the

feed stream is necessary, since a significant amount of inert compounds can be



10 suitable for subsequent generation of a primary ethylene rich pl XdM 2005
potentially containing substantially no conponents having a boiling point
at | east wasolemgs et hylene. Further description of thispervosdinmns is
provi ded in Kuechler, et. al., US Patent No. 5,960,643, which is

i ncorporated herein by reference. In andther aspect of the invention, a
dilute olefin streamcontains 15 substantial quantities of two or nore

ol efins of contiguous carbon nunmber, e.g., C2 and C3 or C3 and C4. Such a
stream can bwigited irdidd olgfmnietdtien anier Redataldf, the ofefiactactioatundns aower whi ch
separates C3" conponents from C4+ conponents, which conponents can be

provi ded, f oPolEsthyisneor polyproByleisd8id¥ner ated as the bottoms of anot her

fractionation tower, ?%Pﬁegtédbgflﬂeﬁ QRO edd Rl 3%@8%&8%% Str o

rat her than feeding 0 I'mreaction“unit two In eans . of

C2 and C3 of®hipasetHyledetiotyh@ragsn pracesenThe @ildte athiyleas dtddaockdbtage can
potentially be "el'imnated over conventional nethods. The ol efins stream

provi d2d by inbe pplytihylenapolymesinative pseasss preferdbdy capping pt icattabanedq n
reaction unit in order to.nmake the desir ol ef | eriyative 2 oduct .
Ay convent: Bt BTER ARy Bpteee Pty et ARob BERBEC b BBl P eed
streamto thgre@g@gl}(@t (8@ Gbb@DOUNght ipercBitef erabl y [ow in contam nants which
woul d adversely affect the reaction catal yst or adversely inpact the

qual ity of the d&hé vthylene car bupdymerprad tite pblyethyldng ditbercry gasighiage, COS and
arsine. I n anot her. referred enmbodi.nent,, a.dilute ol efi t ream can be
used as the BP[émeﬁz?tg@cf“@E’Pg%\?ﬁebﬂéoewf’%p%lé’%wat{?é‘rff‘?tﬁ%&ofﬁfi?'?‘bﬁ?lé%ct
streafy This egﬁgféﬂé chRhtrh6&SoMAORE&HINTs Hovk RBout etk %t LRERR IO db%ae\sAEar Y,

since a signifrcant anmount of Inert conpounds can be 1 2 JAN 2005
02/ 06188 PCTANBOLYE HosBradly bedbve rlzmedd ivn74. hist il ghylane esrcenwatiamdfat

Preferably, the olefin reacti unjt is a, pelyethyl ene or pol.ypropyl
react or . ?/n ;eaﬁtr"’g’fjé?é‘g‘d’t'%ﬁ%g‘ﬁﬁﬁ@!’mﬁ_ggimp@’ggﬁéﬁ@%ﬁ%pgkyf@éﬁf‘{‘ usgé gge
f eedst ock fﬂ{ﬁﬂﬁﬁ@?’@ﬁﬁ%{'hﬁ%‘jpo' ymeri zation process. The dilute ethylene

feedst ock for use e pol yethyl ene pol ynerization process preferably
contai ns at | east Baliotite g3 phsse ghd sohetianegrol ynetripptiemeiethods erqowell &nawhyto at

east O O et ahl, LR ol B T el ALk gasl bt 90 vel ot
gbgfsgr agf;y pﬁfedp&%h%ﬂz%@aﬁé oPlhe BresSRlitenfbh. PPheseBrdcadel AR FBIAAYS.
offered in the industry by companies including but not limited to Exxon Mobil
Corporation, Dow Chemical Company, Union Carbide Corporation, British
Petroleum Company, Novacor, Mitsui, and DSM. Typical operating parameters
20 include pressures ranging from about 300 psig to about 3000 psig and _. -
temperatures ranging from about 200°F to about 600°F over catalysts such as
those of the Ziegler-Natta (Z/N) family and the "single site" metallocene family.
See, e.g., Benham et al., U.S. Pat. No. 5,364,915; Chang, U.S. Pat. No. 5,238,892;
Cann et al., U.S. Pat. No. 5,102,841; Beran et al., U.S. Pat. No. 4,508,842; Geerts
25 et al., European Patent No. 0 612 753; Wagner et al., European Patent No. 0 012
147; Karol, Frederick J., "The Polyethylene revolution," Chemtech, April 1983,
pp. 222-28; "New route to low-density polyethylene," Chemical Engineering, Dec.
3, 1979, pp. 80-85; Hatch & Matar, "From Hydrocarbons to Petrochemicals,"
(hereinafter "HATCH & MATAR") pp. 172-176, the descriptions of each being
30 incorporated herein by reference.

Dilute ethylene can also be used as feedstock for other derivative

processes, particularly derivative processes which have high once through



10 et hyl ene concentration of the feedstock is above about 80 wt. %A ZarlﬁN 2003
bel ow abovl e2B@sswt . % preferably bel ow about 99 wt. % At ag ﬁ&ﬁx
concentration of at |east about 90 wt.% and bel ow about 9 W'{’?he gas
phase polynerization methods may be praferred. Both the gas phase and
solution polynerization nmethods are well known to 15 those of ordinary
skill in the art and any of these known nethods may be enployed in the

practice of CDh‘eﬁrfpmmséirhb ethiyleat iPodesIdIench PS ARES FRuR Bul MPLEAkh% gjfered
in the |ndust(rt% é%ﬁgpam es_includi ng but not limted to Exxon ﬁ%
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other derivative processes, particularly er| va i've ch have
hi gh once tH@&@ughommf@ammwm&pbraedAbfeaoassrefa@ﬁééJSOl/21099 conver si on of

t he et hyl ene. Pr ces Cg éh(ﬁse include, but are not limted to,
processes for th é’f? ‘E)‘ﬁe Frge Weé‘ﬁé“H“é%PW@e siephds usedfasns, et hyl

benzene, stacdansc gpg b e ted as t hin the

scope of this invent %Eﬁj @ﬁ Eéﬁ}g‘wﬁéﬁz é‘g%g%rggégg pép%y kHown in the

art See, f 8ifrcanxdasishiely CEMBH&EE@H{?&SM‘BARSOD@%E o;g,&nerfetf@rasﬁya@ east U S. Pat.
9; Ceigert’et al., US.

Pa . 1\%39 4%%t gs\é& WE nguedl egf:,srgqarlz%rgfegabiy %{%Zs%:pq@ou@%wﬂ. /GEJZZPYHAFGHd& MATAR,
pp. 137- 138mofiPrbfRraby at 18hst Mout 95wt %FRbpylene.
The propylene is desirably polymerized into a polypropylene
homopolymer. This can be accomplished by bulk phase polymerization methods
or by gas phase polymerization methods. At propylene feedstock concentrations
20 of at least about 95 wt.%, the bulk phase polymerization method is preferred.
Conventional bulk phase or gas pﬁase polypropylene polymerizaﬁon
methods can be used in this invention. These processes are operated at
commercial scale by such companies as Union Carbide Corporation, Amoco Qil
Company and Himont now (Montell). Typical operating parameters include
25 pressures ranging from about 150 psig to about 1000 psig and temperatures
ranging from about 200°F to about 600°F, Catalysts such as those of the Ziegler-
Natta family (Z/N) and the "single site” metallocene family can be used. These
catalysts are described in further detail by Schreck et al., U.S. Pat. No. 3,280,074;
Ardell et al,, U.S. Pat. No. 4,956,426; and Selman et al., U.S. Pat. No. 4,287,091,

30 and HATCH & MATAR, pp. 176-79, the descriptions being incorporated herein
by reference.



No. 5,243,115; Lee et al., U S. Pat. No. 5,243,116 HATCH & MATAR, | dpJAN:205
140; Hong et al., U S. Pat. No. 4,263,212; HATCH & MATAR, pp. 99-101; 10

Ni shi nuMaO8¥06d$8 = U S. Pat. No. 4,521,631; and Showa Denke{TAR0H1Hd¥%6410,

t he descrlptlons of each being |ncorporated herein by reference. In

anot her preferred enbodi nent, a dilute Bropylene streamis used as

feedstock for a polypropylene pol yneri zati on process. The dilute propyl ene

stream desirably nt ai ns at Ieast a?out 80 wt. % propyl ene, preferably at
least 15 about SEV Wigg el ecey ers emapemeamoym%naa@a@pro&mthego wt .

propyl ene, | ro The
pr opyl ene I@Jlg%roﬁfl%h? §5‘§I8§512Q‘F ?%@%b% nt olgﬁ %p”?g%\é'fhéﬁé‘g e&?’bﬁ’% Thi s
can be accowpighspedentygthyldnk, phasienaot geae«otzarhe QRpAR tRELY defifablyy 9as phase
pol ymeri zati on net hods. At propyl ene feedstock concentrations 20 of at
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rangi ng fromdihmmllol:ﬁﬂb famiily.t o about 1000 psig and tenperatures ranging
from about 200F q about 600F. taI ysts such as those of the Ziegler-
Natta famly (Z/#&)“@ﬂoft‘ﬂ%ﬂe%ﬁ $Q %V%eé n pihes deH¥YAE FTEFRSFSP> can be used.

These cata S EP(! :; ot al., US
Pat . %18 %%IZBI; Erdé'é‘%gf wﬂgt% dgplefvlégﬁébl;? 6%%6[ h% g%% ﬁ%t “and Sel man et
al ., llO s, Ppltopylb.bc Mo28ii684 exafiplandf 5HATGHoEsMATARudp prockd®s 78, t he
descriptions pein |ncor orated herein by reference. 12 JAN 2005 WD

'02/ 06188 PCHAHIES #Fvieraetl QHWW&WMB%@%J S PRIOPYI A STl gflhsér
pol yneri zat btﬁ@nc&r Oﬂfestfe'taﬁsh%th& WEY e?%lagg&wﬂeyaWrSe%aﬁrg §O| ymeri zed

with ethylene, I. t percen ene han
react or. ThHA:Tl@iﬁSd MASBER Opp. d@éﬂrl@hlnyl 140p5ha¢/esai JUBhRatgn®. @Q&&@?B .:and at a

Fangi ng 1 r onEaBRHa 2o OUtBA%%S%S%43%Ftng%E§0%E%ghf€I%t ot onSadsBrbee ol L’
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Keating et al., U.S. Pat. No. 5,274,138; Etzkorn et al., U.S. Pat. No. 5,198,578;
Etzkorn et al., U.S. Pat. No. 5,183,936; Honda et al., U.S. Pat. No. 5,144,090;
Caillod et al., U.S. Pat. No. 5,300,707; Dianis, U.S. Pat. No. 5,262,575; Riegel et
al,, U.S. Pat. No. 4,558,167; Guesinov et al., U.S. Pat. No. 4,244,892; Bach et al.,
20 U.S. Pat. No. 3,855,321; Riegel et al., United Kingdom Patent No. GB 2,039,905;
Smith, Jr., U.S. Pat. No. 5,262,576; Lee et al., U.S. Pat. No. 5,243,116; fohnson,
U.S. Pat. No. 4,463,207, Cavani et al., U.S. Pat. No. 4,992,608; Ward, U.S. Pat.
No. 4,008,290; Johnson, U.S. Pat. No. 4,524,229, Sartorio et al., U_S. Pat. No.
4,343,957, and Smith, Jr. et al., U.S. Pat. No. 5,055,627, the descriptions of each
25 being incorporated herein by reference.
In general, dilute olefin streams comprise a significant portion of paraffins.
These compounds are not typically harmful to the various derivative processes.
However, on certain derivative units, consumption of the olefin in the feed to the
derivative unit reactor is not complete, and a recycle of olefins in the reactor
30 effluent is desired. In this event, paraffins may build up in the recycle loop and

reduce the concentration of reactive olefins to unacceptable levels.



Dilute propylene can al so be used in other derivative processes, M 2005
parti cul %0 g2/priegesses whi ch achi eve high once through com ”%((?B“g;f t

10 propylene. Non-limting exanpl es of such processes include préocesses for
maki ng acrylonitrile, cunene, propylene3oxide, isopropanol, acrolein, and
allyl chloride. The details of these processes are known inthe art. See,
for exanple, HATCH & MATAR, pp. 106-119 and 140; Shaw et at., U S. Pat.
No. 5,288,473; SUnedtntets aftthis inye&impatthe vaa ot a8ichsticalioP@hitEOs et al .
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invention is the renoval of a vent streamfromt &Ction unit.
As shown i nT$3er, 1t is gegirghle @aba péiition of thearent sticam be mécytledno amintairef i ns uni t
2to n ol ef eactd n|t .A derivative oduct 4 is removed from
t he ol%efl ns ﬁLr(:[e}lzlc‘:?t/:a(f)bng 6ncinf mﬁ?rbvﬁbglw P§ pélsslgr‘ff’“%‘ﬁ&‘%%ﬁ?lﬁaseg"lﬂﬁé tReent stream 5
contai ns at rbafish wigRrtion the effluent of the reactor or reactors in the
olefin reaction unit. Thus the vent stream conprises unreacted

The vent stream 5 desirably comprises olefin, and it can include paraffin

Preferably the vent stream 5 comprises 10 to 95 wt.% olefin, more preferably 20
to 90 wt.% olefin. The olefin composition can include ethylene, propylene,

20 butenes, pentenes, and combinations thereof. When the reaction unit 3 18a
polyethylene or polypropylene reaction unit, the olefin composition can a;lso
include comonomers which are desirable for incorporating into the polymer
product. Examples of such compounds include one or more linear alpha olefins
having 4-12 carbons. Representative of such olefins are butene-1, hexene-1,

25 octene- 1, decene-1, and dodecene-1. The balance of the vent stream 5 can inciude
other feedstocks, byproducts, and inerts fed to the olefin generation unit. Such
compounds include, for example, hydrogen, methane, ethane, nifrogen, propane,
butane, iso-butane, pentane, various iso-pentane isomers, hexane, and various iso-
hexane isomers.

30 It is desirable to remove at least a portion of the non-olefin compounds
from the vent stream 5 using an olefin separation unit 6. After a desired portion of

the non-olefin compounds have been removed as a purge stream 8, the remainder



ol efin feedstocks, and inerts including paraffins introduced to thd DIJAN 3005
reaction wunit in the dilute olefin stream The vent stream5 is renoved
from t hewal ifiigngs reaction unit to maintain the inerts bal ﬂ?ﬁg b fWbe ol efin
reaction unit reactor 10 system that is, to keep the reacta ? ofeflns at
the desired concentration in the feed Hnd effluent of the reactor system
In a preferred enbodi nent, a portion of the vent streamis recycled via a
line 9 back to the reaction unit 3. In particular, in a vapor phase

pol yet hyl enef thesictaon pari be fesycled backiib ehetobefin reagtion uhie B3 Mfantddinv@Rycist r eam be

recycled to maint iﬂ.%S from2%to 5% ol efin conversion per pass to control
heat rel easéWPEh{-nlithenon-giefinicampapnds arg novranayed belore wawslmecaskrabl y

conpri ses olgf biRfindRgk [ ' f er abl y, t.he vent stream5
conprises 10 to 95 wt.L%tno ef|’ﬁgén0%?%t%%@€tg‘gf(§/£%m8{ g?%g‘k‘vﬂi\l)y%%@inﬁfi n. The
ol ef i n conpds ihigloforcevecpdt tslbe effdvyive Ehis Rrieptse e noabIB 8stRSouRRNt enes,
and c%nbi nations thereof. Wien the reaction unit 3 is a polyethylene or

op

pol ypropy! efEe rE&ELY INGR-TERRLYVE 2phats §Irequftnwdigapsbiei build to smpnadceptablierievalde
conononer s I ' e rJ.ncorparating int he pol yner product.
Exanpl es of sltt}glﬁ t@%%}%gﬁ%{slﬁ?%‘ciré%@ o e%8$t%ﬁ§?“eg FWE&&C &’f%ﬂﬁéheo%/%rftiﬂﬁs havi ng

4-12 car bonsf iRepy iesediadity thadlcBuhcRhehitiscaifg ?Hﬁa?ﬂﬁ‘s‘ ihtroleoeinGd . 25
octene-1, decene-1, and dodecene-1. The bal ance of the vent stream 5 can

i ncl ude ot HB$ dfleeMeiytREcanpylihe aresent invaniipn;, therlargerfthel vent stieemd will n
generation ypit. Such conpounds include, for exanple, hydrogen, nethane,
et hane, nitrogen, propane, butane, iso-butane, pentane, various

i so-ént ane i soMeOace fhexAARamaH of PArhiBuS ah SherHEHANG thSOERE FeacBBn! t 1S
desirable to renpve at |east a portion of the non-olefin conpounds from

‘the vent st @i 5 sgbithgyrasholoveat streagebisdatermamediby theglesiséd exted odesi r ed
portion of 0 I | Qunds ve .been renoved a purge stream 8,
t he remai ndé%&%@ 5}:&% §%§le$%%wpﬁ%dfg§0%r&ﬁ§tﬂ9r§ié§@a%% g‘l‘at he stream can
be recycl ed prefelretl @nibogirtdrttf dtNeasESTwi, 0NoftAE fotad offeRS 2l g&ﬂafr[{sqﬁycl e stream
7. If the non-ol efin conpounds are not renoved before r cyclll ng back to

the ol efi n SE&RM dreupmeveal thrgyghpyrgssheara i worepiefethblycanpmundistvdd | i kel y
beco to hi r | o .he effective. This is because the
35 *&hﬂ'}n&‘? 8réf§l%g¥3§£tl3f§arsg 964 th/g

non-olefin conpounds n-reactive and, as a result, wll tend
to build to an urBlegeptcabdifg keth® invention, the vent stream 5 is sent to an olefin

separation unit 6, where an olefin stream 7 is recovered and returned to the

reactors in olefin reaction unit 3. Examples of olefin separation unit 6 include

fractional distillation equipment, including dephlegmators, and absorbtion,

20 extractive or membrane separation equipment, and combinations thereof, .One
particular example is disclosed in Mehrta, US Patent No. 5,019,143, the\‘ '-
description of which is incorporated herein by reference.

In a preferred embodiment, the olefin separation unit 6 is an absorbtive
distillation unit which uses lean physical solvents comprised substantially of

25 olefins. Preferably the solvents include linear alpha olefins having 4-12 carbons.
More preferably, the linear alpha olefins are to be used as a comonomer in the
manufacture of polyolefins. Examples of such olefins include butene-1, hexene-1,
octene-1, decene-1 and dodecene-1. Most preferably, the lean oil will be
incorporated into the polyolefin product. Another desirable lean physical solvent

30 1S iso-pentarne.

In another preferred embodiment of this invention, the olefin separation

unit 6 is a fractional distillation unit. Preferably, the fractional distiliation unit is



within the reaction unit 3. This also nmeans that, in general, the IPW 7005
t he cont &0 o2/efiggl nerts i ntroduced to the olefin reaction W'ltfusélf |’( I ng
paraffins introduced with the dilute olefin streamof the presen
invention, the larger the vent stream32w |l be. 10 Once the total anount
of paraffins and other inerts to the olefin reaction wunit 3 is set, the
rate of vent stream5 is determ ned by the desired extent of renoval of

t he non- ol efdperatedrithond thetubs ofiglean bhfdical Bolveat. It fseAd Srefdrfed@thaptief er red
enbodi nment | east 50 wt, %of the total of inerts and paraffins in

t
stream 5 ar é??f%watlefhvrau@mct}lﬁeg@ﬁﬁg@m@amcer,npﬁm@s phigheoperate abelosast 75
w. % 15 ange. pr ably at |east 90 w, % Thus, according to this
i nven('z i on, {Sﬁe@gﬁ?ﬁgﬁlgé‘?ﬂrg}/qnscoglé)ﬁfle?%C%I%I@F?cﬂndwﬁgraé'tdi on unit 6, where
an ol ef i n SideplByatbfs. NP QUL ARLon ELNEREH als6 bEMSed IEARISI Stefifl 0! 71 N

reaction unit 3. Exanples of olefin separation un ractional
di sti 19 at i ordrasethewhafins unit3df desimed. dephl egmat ors, and absorbtion, 20

extractive or menbr ne.s tion{eui t, and coybi nati ons thereoe . One
particul ar exanpl & F& B’it_gg%gigaeqyﬁ c%éﬁ‘??’?‘a_, cquepTisgs @hteapio’0 wtaof thes t he
descr i pti on dhifinghbeined i e LRALBLAS, BREEDR ALY S RLENFEwilsh B PLELer T ed

enbodi nent, the olefin separation unit s an sorbtive tion

uni t whi ch yseferablyaat lqabyXi%. aThes bilueetof teorpovaedlokibstenid Aklay of 25
ol efins. Prefer abeLé/ the so v'ﬁnts i ncj Ltlde | i near al gha ol efi.ns having 4-12
carbons. MSPEPHreRaspiiins gud etier matsaals fayndhia the ventsteamd. (1§ ipalsased as a

conpn roi I j fo,S efins
i ncl ug{embut eq) rr]éef_@%d %g%gg&t{lﬂ rée Cgees?]%% (\foﬂ ﬁ%ﬂé@?}ggl?ﬁ%ﬁ%{ 5@3& ’e/° néeja-cﬂtl]r.a st

pr ef er abl y, mdre predemblyiltss vhanl 20bet. %,nad npat piedaablytiesstthen paltyod ef i n product .
Anot her desirable | ean physical solvent 30 is iso-pentane. |In another
preferred enrByH®Sent of thi's inventi on, the olefin separation wunit 6 is a

fractional distild gihgh dkd sireb g r ' Lstillation unit
<0 021 06183 35 oo AR e ST by Beis s PR bR e e e
of a | ean phihsi stmhmswillwentprist bt least 40 sa. Yy pfederalle at Mkt YHevt. @, ahi fore
separgtion uni include refrigerati conpaonent s whi ch operate at bel ow
OF. g’%di ti dhelpra ’a&éi@?’i WE%&%%@@@@%P%%FW@ the NeRtRieseE 5 5ent to
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the olefin reaction unit. The balance of saturate purge stream 8 may comprise

desired olefin and other materials found in vent stream 5, as noted above.

Preferably, saturate purge stream § will comprise no more than 50 wt.%, more

preferably no more than 20 wt.%, and most preferably no more than 5% of desired

20 olefins.

kS

The paraffin purge stream 8 can comprise a very high proportion of the
paraffin entering the olefin reaction unit 3, with the balance of those paraffins
leaving the olefin reaction unit as losses with the polyolefin product 4 or other
inert material purges, not shown in Figure 1 but described in the Examples below.

25 Thus the rate of paraffin purge stream 8 will be essentially the rate of paraffins in
dilute olefin stream 1 divided by the proportion of paraffin in paraffin purge
stream 8.

A preferred embodiment of this invention is shown in Figure 2, in which

olefin feed stream 10, within olefin unit A, comprises a substantial quantity of
30 ethylene and propylene. The olefin feed stream 10 is sent to a deethanizer
fractionation tower 11, which separates the olefin feed into a deethanizer bottoms

stream 12 and a deethanizer overhead stream 13. The deethanizer bottoms stream



dephl egmators. The olefin separation unit 6 can also be used to purifly? JAN 2005
olefins 5 fromthe olefins unit 2 if desired. Preferably the olefin recycle
stream WOOMPFIB8es at | east 50 wt. % of the ol efins contaiPGELSON2tHE vent
stream 5, nore preferably at least 75 w.% and nost preferably at |east

90% The bal ance of the recovered ol ef B2 stream 7 may conprise paraffins

and other materials found in the vent stream5. It is also 10 preferred

that the ol zt)i.n.re_cycle stream 7 conprise |less than 50 wt, % saturates,

0
more pref er dPAYrifEPropsnes ardyhe dopthamaerRierhssidstisampl 3 sirehdn ethylens. we. %
sat ur at es. I; - W I bt al n from vent
recgver y unﬁvthgggéﬁgldﬁ%sr%ﬁlglg%ﬁ%%ﬁq%g%ﬁ tggan:at eﬁg%[%tc@gm\?\gr.m% t p\r/ef erably

at | east 75cuivertig foc/lemercompbondy efcdéfabéompdurdeagiceBent conVedr t he
paraffins contained in the vent stream5 sent to the olefin reaction unit.
The bal ancePerdugiahiis e tp amydeaarsigresinyl ddemprioye wairshataaaydiavei n and

ot her terial sef din.v stream.5. as,.not ed .above referably,

ot ate pubGer bRl bf afePnd tormalio R0 bR AR i GFAS
preferably peed®I?. Ithafesa@blithth@as dRaé oRfB@eakl be NBsERAAL RaoH% of
desired 20 olefins. The paraffin purge stream 8 can conprisé a very high

proportion &fataras evpmiew favalsof wetdrmoeyt mermojostd of thesetalysts wilized&y with the
bal ance of tpﬂl e %Cg{qaf fni ns leaving the olefin reaction unit as | osses with
t he pol yol ef g\%dF 8% -or other inert material purges, not shown in

Figure 1 but desfUr%(Eﬁdteidﬂeﬂdqﬁrcﬁiﬁﬁfmis%séé@i%-anzﬁeﬁﬂ‘r'é‘acﬁﬁﬁ_uhﬁ@?_ of paraffin
purge stream 8 will be essentially the rate of paraffins in dilute olefin

streat? | di wittedelyyntotas oefopdarivative ofacioad &f Preferablypthearléfimdgrivagee stream 8.

A pref d Lment of  this i ion is sh i n Fi 2. ~i.n which
BTt e e ISR bolipleli fasty Th Uik Bracip R ol uehd Hagice 18s f
quantity of vaﬁﬁ;ﬂb@ﬁcﬂf\ﬁhﬁ@&r@ﬁ&@b’b?ﬂ&%ltyﬁlﬁfv\mégé@B&@ﬁiéﬁ@a%iH@am 10 is sent

to a deethanizer fractionatign tower : h séparates the olefin feed
into a deet K@ppazaiioniptitsdingpols prexgss. 1Catalydt, sodetd ysinind othepwertérmdsd st ream 13.
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gg Ezlegtrtngr 14T1h feofl%@a PaTeR&! eANGRAMBA 2 $h 8RR 3trkAmSIBA (of ArdthsREEAY ene
added fo the polyolefin reactor 18. The co-reactor stream can include one or more
co-monomers. Examples include linear alpha-olefins with carbon numbers
between four and twelve, preferably butene-1, hexene-1, octene-1, decene-1 and
dodecene-1; and vinyl acetate. Preferably, the co-monomer is butene-1. Co-
20 reactant stream 17a can also include hydrogen, which can be used to terminate the
polymenization reaction and control molecular weight distribution of the product
polymer. A heat control agent 17b can also be fed to the reactor. An example of a
heat control agent is iso-pentane.
Polyethylene product 20, which contains unreacted olefins and other-
25 compounds as well as polyethylene product, is sent to a light hy(drocarbon flash
tank 21, from which a light hydrocarbon stream 23 is separated from a
pc'-iycthylene product stream 20a. In one embodiment, a stripping stream 22 such
as nitrogen, preferably methane and more preferably ethane, can be supplied to the
light hydrocarbon flash tank 21 to facilitate the separation. Stripped polyethylene
30 product 20a is removed from the light hydrocarbon flash tank 21. The stripped

product can be subjected to further processing, including but not limited to



converting acetyl ene conpounds to ol efin conpounds. Acetyl ene convefejAN 2005

product W dxsscsent to a nol ecul ar sieve dryer 16 to rermng)‘\@fsg{/ ]tg t may
have 5 been fornmed in the acetyl ene conversion reaction, provi F\é’ dry

dilute olefin stream17. It is desirabky that the dry dilute olefin stream
be substantially free of water, as even |low | evels of water may harm sone
of the catalysts utilized in olefin reaction units. Dry dilute olefin

stream 17 i s passledhé olefindRepdretionudie@Cth @Bnilbeim Bob kQept thizmat el y into an
ol efmderivative reactor 18. Preferably the olefin derivative reactor 18
i s a pol yol deathylenizesfTactipnatisndowredihivdich sapaptss piiylehe and bglteor 18 i s a

vapor phase l.ene,.r tor of the type fere Uni on r bi de
CoPpor gt i on cpﬁlpl\éﬁ [seg%ﬁl %gleft?’?%f}fz&gg%&e%a?éﬁ%%' @E@ gegfqéqlwer BFREUSE her
materials rieegeehtito acRphlegmhhte 38 RPRparhitneljIon Al hEMerrc%ﬁﬁJbﬂént%E are
Introduced via line 19. 15 1In a preferred enbodi ment, a co-reactant stream

17a (or st r deeayvpradsolafispstreagtidtifiom arhiver phygsl sekam 34.eZht orertBirgeTigam
co-reactor st,r can _include.one or. nore ..co-nmoponers. Exanples include
l i near al phZ‘f* oﬁ%ﬁﬁfﬁss ROy %Hllmglgggo%ﬁgﬂ%ﬁﬁf“b@?‘y]&ﬂﬂ YR ve,
preferably lighfands ildRXRMbogeAThEMSadancifheps; 1 and dodecene: 1; and
vinyl acetate. Preferably, "'the co-nononer 1s butene- 1. Co 20 reactant

stream 17a can al$oce thelseparatigndobefbplenafrommethmetznd hyddgtwistdiffivuitat e t he

pol ymeri zation reacti on apd control ecul ar wei ght distribution of the
pr oduct pol"@?"r:&pan%\cﬁéﬁ“‘ﬁ%ﬁﬁ'ﬁ%ﬁm%gﬁr&hﬂ?ﬁe%WEQP@SS%@“P%} o2 t he reactor.

At exanpl e ereﬁrr.eﬂ 8atbo8 At Ohe ?gﬁ‘g&tshjc%gigi, ﬁgﬁ&?ggctiogﬁ%a %r&%o%&\gq‘ quct

20, which contai ns unreacted olefins an C ounds as as
pol yet hyl endhpedylent, The ethyinetio thenlsenfito theymaconi®dn ahdthstprefeagi 21, from
whi ch a |ight ,hydrocarbon stream23.is_separated froma polyethylene
product st ré:gm&éﬁﬁ‘?mt CRYESEHETEH ﬁ”g%ﬁ“,“héﬁg’tnrq sepaolelin washigrunitych  as

nirogen, PuAREAN o ARG FTRLRLAS LR ARl NG EAR BRASHPD! | 00 L

the [light hydrocarbon tlash tank acilita e Separa Stri pped
pol yet hyl enenBm{igterng ald2Bades and elvotald i desonibdian Kngttilern 8 raesat bn 1 ash

tank 21. Th ' d .product can be subjected to further processing,
i ncl udi ng b&t’%ﬂ%ﬁ?ﬁ?ﬂ 4‘86‘?%%‘@%1’8‘8“}3?? 1neorospied bersin tyaefaustee/ 210° 99 | n
the ol efins separpid @Riyldizér fradclBndfR 0Nt SPMAABdlRs § A0 hd18nBer
: bottoms product 36. The bottoms product 36 comprises ethane and higher boiling
components. The higher boiling components can include butene-1 and

isopentane. The bottoms product 36 contains little if any ethylene and lighter
20 components.
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The bottoms product 36 is sent to a deethanizer fractionation téwér 37.
The deethanizer fractionation tower 37 separates the ethane and lighter
components from the components having higher boiling point range than the
ethane containing fraction. The ethane and lighter components are removed from

25 the deethanizer fraction tower 37 as a purge stream 38, which comresponds to the
| purge stream 8 in Fig. 1.

In a preferred embodiment, the purge stream 38 is sent as feed to an olefin
unit. In another preferred embodiment, the purge stream 38 is flashed to reduce
its temperature, and then utilized to provide refrigeration.

30 The components having a higher boiling range than the ethane containing
fraction are removed from the deethanizer fraction tower 37 as a recovered olefins

stream 39. The recovered olefins stream 39 is rich in olefin, primarily comprising



deet hyl eni zer fractionation tower 30, which separates ethyl ene and '?%N’WUUS
conponents as a deet hyl eni zer overhead product 32. The deet hyl eni zer
product wWenymsigsent to a dephl egmator 33, to separate ethydgis;@dereavier
conmponents in a 5 recovered olefins stream 35 froman inert purge stream
34. The inert purge stream 34 conprise34conpounds having a | ower boiling
poi nt than ethyl ene. Such conpounds include hydrogen, nethane and
nitrogen. Since the separation of ethylene from methane and hydrogen is
difficult, seperdarylightleydosirm siipping, cqmaninding with edrlyus@obmier t he pur ge
stream 34. In %, 10 gr&cﬁ.red Fi(jgoocli ment, the purge stream 34 is further
fractionat e@FSIPES {?W&fpc HEUONAM SRS The et hyl ene i s then sent to
the reactor 18. Ip; ; ' eam 34 is
utilized in a secglégﬂg?%??%ﬁéggﬁaﬁ% lusﬁlggtﬁqghg? g%a’ecgaégﬁ%%rglﬁﬁ%tzgmnuf acture
of al dehydePrafedatdy cihhebgeactanprabecnyeditPatingstict arefrigaatetanihiot #9 al dehydes

and alscohol s, 1S, described ig Kuechl er, US Patent No. 15 5, 960, 643, the
det ai I%ed desdéPEJ&gf%FPfoPPWﬁie Rt senditipws efestive &ypREnes arcpgvered ermacent The

deet hyl eni zgg ek IBRatd- ; y .deet hyl eai.zer bottons
product 36. ‘The a%ét't ons dpr oaﬁg%%ﬁg%%ﬁggéﬁg?ﬁgggﬁé ah‘f%‘ﬁ‘é&‘“ﬁ%l i ng
conponent s. pHimt thagtten comtained & the dilorReNd . GRBovensd slRabuheReaml 2R

i sopent ane. The bottgms product 36 contains little if any ethylene and

lighter 20 d&MERkiottae reastordSiforofvthpy iseripered® int the polyter pradeet. halsozer

fractionati r : nizer, f.ractionation tower _37.Separates
the ethane gﬁgal i ghf{(%rK coérg%g%nggeﬁciogg o 2‘t4H?ea%18 BHI@HFQB?{Q%T\J ﬁi“bﬂrfgr

boi I'i My poi nurgastgeant DaRoMPEseshIRNG EPINsab ARGl ARG AboilliEpshpane and

i ghter conmponents are renpved from 25 the deethani zer fraction tower 37 as

'a purge streRpvathe dikte pledisr Tbsgoneastants eaheénclysisrhydrogen,antogn olefing. 1. In a

preferred e .1 tream 38.is sent as feed .to an olefin
unit. In an%ceypr%géet?%é P@lfq}e{%rrgg%ﬁ ﬁéﬁ?a,m?%g gﬁﬁ?@@y B‘cteﬁé‘éﬁ&%@ 8284 | ashed to
reduce its previgehesttoartharduiphRnt withé bRAR of Slefi ARG B bF #85AbEON. 30 The
conponents having a_higher boiling range than the ethane contai ning

fraction ar $RONEA BEDY Ehe deethani zer fraction tower 37 as a recovered
AR E R R Sk RER SRR
reactor, 1t is desirable that a total of only about 2 to 5 wt.% of the olefin and co-
reactant present in the feed to the reactor 18 is converted to polymer product. An
effluent stream 27, which contains a large amount of unreacted olefin, as well as
other compounds present in the reactor 18, exits the reactor 18.
20 The effluent stream 27 is sent to a compressor 28, which generates a
compressed stream 27a at an increased pressure over that of vapor eﬁlﬁe-;c stream
27 to allow for subsequent processing. The compressed stream 27a is sent to a
heat exchanger 28a to remove the heat of compression and the heat of reaction
generated in creating the polyethylene in reactor 18. The removal of heat
25 condenses at least a portion of iso-pentane which can be present in the compressed
stream 27a. This results in a cooled compressed stream 29.
The cooled compressed stream 29 is split into two streams, a compressed
recycle 29a and a vent stream 29b, which corresponds to vent stream 5 in Fig. 1.
The compressed recycle stream 29a is returned to reactor 18 for further conversion

30 of ethylene to polyethylene. Vent stream 29b is sent to an olefins separation unit
C.



secondary |ight hydrocarbon stripping, conpounding with various pof §mAN 2005
per f or mange oad¢ghiski ves, pelletization and storage. Light hyl;lﬁzgg'[ Zzon( Stream
23 is sent to a co-reactant recovery unit 24. Preferably, CEWELct ant
recovery unit 24 includes a refrigeratey flash or a 5 dephl egmat or,

operated at conditions effective to produce a recovered co-reactant stream
26. The co-reactant 26 will conprise conpounds having a higher boiling

poi nt than tbatenedniapenaheican bise beiihditdedo Tk recovBRAMER Rk AT TREL ant
stream 26 is_.returned to the reactor 18 for further incorporation into the
pol ynmer pr odtfd¥mehfosgactos, 1§ fae Buther eppversiqneiclefin topadysilaylgneiaid p@vids an

inert purge gffe . i e stream 25 conprises inerts as

wel | as co-react%ﬁ@ﬂléﬁgécgg{}o? ?sgﬁg&%% nt above the dilute olefin. The
co-reactants can Imepetutiony thrdegiedble that heG88 of r&drh Dob wAP e Gl feaGFant . The
i nert gurge str&_am 25 is g;nerally used as a fuel gas to provide heat to

ot her &qui prid#eting to He reackor imthsdilgteedlein stesact 1 Dlessitlietrateaf pataffianibe

di sposed of ' 5, the olefi.n derivative regctor 18 is a vapor
phase pol yet élpfgh%rgnjra%gg% o‘}‘m.g{’]bYEheﬁgP%Bw?Pﬂa Ihin B gHlugnt gRgamabout 2

Lo 5 wi . % of 21.MhobiricB oA cbfrent GRGLANT isRERREA o ik fhof §8Ys L0 the react or
18 is converted to polyner product. An effluent stream 27, i ch contains

a | arge anpufRmpEssgd rasyele eeash f.in, as well as other compounds present in
the reactor 18, exits,the.reactor 18 .20 The eff|uyent stream?27 is sent to
a conpressor 28, i\/(ﬁ'nnc%te'ﬁ‘gH‘é?%&%&Qeﬂt@ﬂﬁrvggggﬁag’c3%\"27831&?3éffilfitﬂ@r eased
pressude ovesulkRagarfon\iemes elebhid@MnyShi:SARY 1i9d; ! sequent
processi ng. The i%npres_sed st regam 27ng I'S sgariltha]tzlgggrg%%le&e%}t%éergé%%ﬁ%peqﬂ%a to
renove the hégreldn sepamptiwsgiiorbughdevibes ihelatle pickedastéor vesnRrfaled i n

creating thewRﬁls t.h%él ene inﬁ%l;act or 18. The r?rmval of heat 25 condenses
at least a portiof GrHPEES SERES YESHESSCEERs o isralxely. 7 HauKanatsnighessed

stream 27a. ﬁ;lefesamyeﬁgéhtigo-géht@m&w c%dreﬁaﬂigcrs‘ﬁéﬁ EQbﬁEﬁé%%ﬁ%xe%}l?répo' ed

conpressed stream 29 is split into two streans, a conpresse cycl e 29a

and a vent stondamsed opreagiantindoblueasioh ds theaevmeptedsdlef@stieani3Fican bk~ The

conpressed recycle stream29a is returned to reactor 18 for further
conve(rfzi on 39 %?ai‘fé‘fdg‘?{g}aﬁ%gf%f%é? Fostethe vaperanddpurthenprommt estraisnd to an

ol efins sepagoaiids edmhkdring the WP HRGIRA 3G 1 2 JAN 2005

One skilled in the art can readily appreciate the many variations in
equiprnent and configurations that can be employed in the current invention
without varying from the scope of the current invention. For example, the vent

20 stream 29 can first be introduced to a tower which separates heavy components
such as butene-1 and iso-pentane from ethane and lighter components.. 'I:ile heavy
components are returned to the teactor for further reaction. The ethane and lighter
components can be introduced to a deethylenizer tower, with the overhead of the
deethylenizer tower sent to a dephlegmator. This means that the deethanizer

25 fraction tower 37 can come before the deethylenizer fractionation tower 30.

Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of

parameters within what is claimed, without departing from the spirit and scope of

the invention.

30



PCT/ US01/ 21099 butene-1. |sopentane can al so be included. The recovered
olefins stream39 is returned to reactor 1S, for further conversi?rg gaN 2005
olefin to pol yethylene and provide the reactor cooling effect of

i sopentane. In operation, it is desirable that the rate of stream 29b w ||
be the rate of 5 paraffins to the reggtor in the dilute olefin stream 17

| ess the rate of paraffins in the purge stream 25, divided by the
proportion of paraffin in the effluent stream 27. The bal ance of the

ef fl uent ream 27 i,s returned to the reactor 1 S as a conpressed recycle
stream 31! ahlsg‘#lﬁ‘lefiésratl ve enbodi nent, the vent stream 29b (or 5) can be
sent to a 10 bul k separation device to separate any entrained |iquids or
solids fromthe vapor to the olefin separation unit. Such devices include
packed t ohers Armetbed of making lae dlefini denivatiehfromtae olhefinsstame comptigngyi r e nesh
screens. Alternativel | i qui.d materi al referably fresh jso-pentane or
a co-react ant g\?@ﬂuﬁggﬂdfhﬂt\%gféﬁném%@%’m& #}ﬁe%ﬁ@%g@% 0¢ &Rt ant and
di luent suehiefs réddfion Bhpvered ol efins stream 39, can be 15 sent to a packed
or trayed tower to wash the vapor and further prevent entrained solids
fromentering fdming afmlnﬁndpxavzmwepmdumwnhl@nhaesalactidradui n the art can
readily appreciate.th varj at.i ons ui pnent and_confi gur gtions
Chat can b enPuyiRe o DREncHIaNTS Prvbt ABRE T MG AP H5 $EB ¢ he
scope of thgigdient invention. For exanple, the vent 20 stream 29 can
first be introducéd to a tower which separates heavy conponents such as
but ene-1 and i saparaing dlmeevent stngant indonan ethyllehé gint/er propylpoemtaninglstredmeavy
conmponent s e returned to the reactor for further reaction. The ethane and
l'i ghter E"Bﬁ‘bB WEAFE®%n be introduced to a deethyl enizer tower, with the
overhead of thgendmgethsmgwné%dfoppﬁ y&%ekoﬁ@mﬂlgdﬁ%ﬁ@rtﬁé Bfcfin FBictioffeans

t hat the deethani zer raction 37 can come before the deethylenizer
fract i onawityrandower Havi ng now fuI |y described this invention, it wll
be appreciated b skille n.t he rt that the invention can be
performed wit hPW)éH‘g\ﬁBﬁB“‘?gﬁﬁH'émB?m QF&??@ QR Ui ¢ hin what is cl ai ned,

W t hout departing fromthe spirit and scope of the invention. 30 1 2 JAN

2005 37 What is clained is:
2. The method of claim 1, wherein the dilute olefin stream comprises at least 50

wt. % ethylene and/or propylene and less than 100 wt. % ethylene and/or propylene.

3. The method of claim 1, wherein the dilute olefin stream comprises less than 99

wt. % ethylene.

4. The method of claim 1, wherein the dilute olefin stream comprises less than 99

wt. % propylene.

5. The method of claim 1, wherein the dilute olefin stream comprises at least 8¢

wt. % ethylene.

6. The method of claim 1, wherein the dilute olefin stream comprises at least 8¢

wt. % propylene.

7. The method of claim 1, wherein the dilute olefin stream comprises 85-95 wt.

% ethylene.



1. A nethod of making an olefin derivative froman olefin stream Lz %N 2005
conprising: introducing a dilute olefin stream conprising ethyl ene an
propylene into an olefin reaction unit; formng an olefin derivative
product within the reaction unit; renoving the olefin derivative product

and a vent streamfromthe olefin reggtion unit; separating the vent
streaminto an ethyl ene and/ or propyl ene containing stream and a purge
stream sending the ethylene and/or propylene containing streamto the

olefin reactio uni t ream fromthe reactjon unit.
3 “The noBhod. dhe dcsiad & clufiuh i hteindRe eI SH A, FoBbRes S3rs Wbe at

| east 50 o) #b gd hyl ene and/or propylene and | ess than 100 wt. % et hyl ene
and/ or pro I 3. The method of claiml, wherein the dilute olefin
stream conprises less than 99 w. %ethylene. 4. The nethod of claim1,
wherein the dilute o tre onprises L.ess than 99. wt. % yl ene.
5. The mefhod & edn%{})wg of | Wheme the ‘EJPL?“JF%H‘HOH Wit éﬂam{wa? uSH

| east 80 é’l@ctecf/‘ﬁ%hhmee@%a}g @fms-mﬁlg J‘gﬁﬁlly%/yféh@' W@ﬂﬂﬁehﬁu@'ahm e

olefin streamconpris east 0 pr opy he met hod of
claim 1, Mngrommld hmt da lcutrene luait] @ psz}dam omalprumesanBEelﬁ'ﬁpaml unit, enhyl ene.

12JAN 2005 38 8. rrﬁ ? claiml, wherein the dilute olefin stream
conpr i sesagglegnusit, an ‘%16 ﬂﬂ‘&‘i%ﬁ% The nethod of claim1, wherein the

olefin reaction unit is a process unit selected fromthe group consisting
of a polyethylene unit, a polypropylene unit, an acrylonitrile unit, a
cunene unil@, aThe apgthedefoelante 1ynihereianthe salpfim plenivhtiven ptoduan comprisdsei n
unit, and an al ngl chloride unit. 10.. The nethod o{ clai.m 1, vvherein t he

ol ef i n dePPVYaihylFecy PRLYREIPYIEB Ry ASY lORIIri|Sy | CHEIERG BEARY RS Rl JioRIARANOL,

2(r:ﬂrgl onit Eénjoﬁm %'r'ﬁﬁ_ﬂechldﬁd%py' ene oxi de, isopropanol, acrolein, or allyl

11.  The method of claim 1, wherein the vent stream comprises paraffin.

12. The method of claim 1, wherein the dilute olefin stream comprises less than 10
ppm wt. of a contaminant selected from hydrogen sulfide, carbonyl sulfide, and

arsine.

13. A method of making polyolefin from an oxygenate, comprising:

contacting an oxygenate feed with a molecular sieve catalyst to form an olefin-
containing product, wherein the olefin-containing product contains ethylene and/or
propylene and less than 10 ppm wt. of a contaminant selected from hydrogen sulfide,
carbonyl sulfide, and arsine;

separating ethylene and/or propylene from the olefin-containing product;

contacting the separated olefin with a polyolefin forming catalyst to form a
reaction stream comprising polyolefin and a vent gas, wherein the vent gas comprises
unreacted ethylene and/or propylene;

separating the vent gas into an ethylene and/or propylene containing stream
and a purge stream;

purging the purge stream; and

contacting at least a portion of the unreacted olefin with the polyolefin

forming catalyst to form polyolefin.



11. The method of claim1l, wherein the vent stream conprises par af“ ZnJANZZU%
The nmethod of claim1l, wherein the dilute olefin stream conprises sS t han
10 ppmw. of a contam nant sel ected from hydrogen sul fide, carbonyl

sul fide, and arsine. 13. A nethod of nmaking polyolefin froman oxygenate,
conprising: contacting an oxygenate feed with a nol ecul ar sieve catalyst to
forman ol efin- containing product, erein the ol efin-containing product
contai ns ethylene and/or propylene and | ess than 10 ppmw. of a

contam napt selected from hydrqgen sul fide carb | sulfide, and arsine;
cepar at | niket RPTEAERPE AR iy MO (e PSS PRRPR PESTHeRe R BB uct
contacti ngretaﬁpcoﬁﬁgﬂsrﬁq@égt%g,ft_l%em))}g{heam%;ﬁﬁjpgféng‘ formng catalyst to form

a reaction stream conprising pol efin a vent gas, wherein the vent
gas conprises unreacted ethyl ene and/ or propyl ene; separating the vent gas

into an ethylene and/ o ropyl ene cont ai ni stre and_a purge stream
purging t pu?gte ngq%%éﬁf clai 18oNhsesin ?Jbe s legs, apd/gr PERRYIER Contaipipg

unr eact ed i g ol efd form ng catalyst to form pol yol efin.
12 JAN Zﬁ%ggﬁ%%dhﬁﬁsre%@@%é?ﬁ% é’?ef“l‘éfl%‘fer'n 13, wherein the ethyl ene and/or
propyl ene containing streamcontains at |east 50 wt. % et hyl ene and/ or

propyl ene, 15. The nethod of claim 14, wherejn the ethyl ene and/ or

propy! eneléontgh%mf&locngEelarﬁlé& cigis thg eihylege andogprony DEHANAIRING 16, The
met hod of g el.a Bnldhi k&t Bo LR ey 9%118&9 and/ or propyl ene contai ni ng
stream co?rpﬁ?lsesfﬂ%tse east ?»8 w't.ﬁ%% ropyl ene. 17. The met hod of claim 13,
wherein the ethylene and/or propylene containing streamcontains at | east

50 wt. % et hyl gpe and/ or  propyl.ene and between 0.1 and 50 w. % paraffins.
18. The mbt-hod T8 mataad:of slairgiidy absram dhicee yleeﬁén%/ﬁa/pmpy pgﬂn&a@ﬁg

ot woen 07 520he RN YR30 7, op BRFlen goiter pHOCEIRY R RRRERT | BRERY PO

t he et hyl enés packffias. pr opyl ene containing streamcontains at least 90 wt. %
et hyl ene and/ or propyl ene and between 0.5 and 10

18.  The method of claim 17, wherein the ethylene and/or propylene containing
stream contains at least 75 wt. % ethylene and/or propylene and between 0.3 and 25
wt. % paraffins.

19.  The method of claim 18, wherein the ethylene and/or propylene containing
stream contains at least 90 wt. % ethylene and/or propylene and between 0.5 and 10
wt. % paraffins.

20.  The method of claim 13, wherein the olefin-containing product has a hydrogen
sulfide content of not greater than 5 ppm wt., a carbonyl sulfide content of not greater

than 5 ppm wt., and an arsine content of not greater than 5 ppm wt.

21. The method of claim 13, wherein ethylene and/or propylene is separated from
the olefin-containing product without subsequently separating paraffins from ethylene
and/or propylene having the same carbon number.

22.  The method of claim 13, wherein the polyolefin comprises polyethylene.

23.  The method of claim |3, wherein the polyolefin comprises polypropylene.



w. %paraffins. 20. The nethod of claim 13, wherein the ol efin-cq ajmi!l%uﬁ
product has a hydrogen sulfide content of not greater than 5 ppmwt. s
carbonyl sulfide content of not greater than 5 ppmwt., and an arsine
content of not greater than 5 ppmwt. 21. The nethod of claim 13, wherein
et hyl ene and/or propylene is separategpfrom the ol efin-containing product
W t hout subsequently separating paraffins fromethylene and/or propyl ene
havi ng the sane carbon nunber. 22. The method of claim 13, wherein the

pol yol efip, co i ses, pol yethylene, 23. The nethod of claim 13, wherein the
pol yol ef i 24'002%(’? ‘g’o‘i’ ﬁ?ﬁ%QseW cremp @ew%g%@%@ﬁét FRHBYHAOf claim
13, wher ejRiaiBSerahtaRlsef i N form ng catal yst contains a netallocene

catal yst. 25. %e rre'{t%sod of claim 13, wherein the polyolefin formng

catal yst contains a Ziegler Natta catal yst. 26. The nmethod of claim 13,
wherein t nmol ecul ar sieve catalyst.is a zeql it catal yst. 27. The met hod
of ol ai m 45, whBs Bieadef Haine d 3¢ wherein the hobrleta forming, Caast eiinga

cat al yst. z28; fa EBLRRA of claim 26, wherein the non-zeolite catalyst
conpri ses gegegi I coal lLt})[rghpnophosphate nol ecul ar sieve. 29. The nethod of
claim 28, wherein the silicoal um nophosphate nol ecul ar sieve is selected
fromthe oup_gconsistjn f SAPO- 5, SAPO 8, SAPO- 11, SAPO 16, SAPO 17,
SAPO- 18, mgtged g cl Juhereippity gpolecylgssiows caalyss. is3y zeaitpo. 40,
SAPO- 41, g@ t42, SAPO-44, SAPO 47, SAPO-56, the nmetal containing forms
thereof, and’m xtures thereof. 30. The nethod of claim29, wherein the
sili coal um nophosphate nol ecular sieve is selected fromthe group

consi sti ng_ of PO 18, O 34 APQ- 35, SAPO-44, SAPO 47, the t al
cont ai ni n§’f or ef*ﬁé}@&% AWML Eﬁ“ééhctfﬁgé‘é‘gﬁf. siéyte Catalist e MORFZ69ITE | ai m 13,
wherein thg.jogygenate is selected fromthe group consisting of nethanol;

et hanol ; n-pfopanol; isopropanol; C4-C20 al cohols; nethyl ethyl ether;
di ret hyl ether; diethyl ether; di-isopropyl ether; fornmaldehyde; dinethyl

car bonat e; _ di hyl ketone;, acefic acid; and m xtures thereof. 32. The
met hod of 281 aj %1@6%@&? Flaf e2%x E@'ﬁ;ﬂ dhg qoazeelite ety s PMBrisssofp

silicoaluminophosphate molecular sieve.

29.  The method of claim 28, wherein the silicoaluminophosphate molecular sieve
is selected from the group comsisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-
37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPOQ-47, SAPQO-56, the metal

containing forms thereof, and mixtures thereof.

30.  The method of claim 29, wherein the silicoaluminophosphate molecular sieve
is selected from the group consisting of SAPO-18, SAPO-34, SAPO-35, SAPO-44,
SAPO-47, the metal containing forms thereof, and mixtures thereof.

31.  The method of claim 13, wherein the oxygenate is selected from the group
consisting of methanol; ethanol; n-propanol; isopropanol; Cs;-C; alcohols; methyl
cthyl ether; dimethyl ether; diethyl ether; di-isopropy! ether; formaldehyde; dimethyl

carbonate; dimethyl ketone; acetic acid; and mixtures thereof.

32.  The method of claim 31, wherein the oxygenate is selected from the group

consisting of methanol, dimethyl ether, and mixtures thereof.



consi sting of nethanol, dinmethyl ether, and m xtures thereof. 1 2 gﬁz;lr!gﬂm?ﬂﬂs
41 33. A process for producing polyethylene, conprising: contactin

oxygenate containing feed with a nolecular sieve catalyst to forman

et hyl ene cont ai ni ng product stream introducing at |east a portion of the

et hyl ene containing product streamingp a polyethylene reaction unit to
form pol yet hyl ene; form ng pol yet hyl ene within the pol yet hyl ene reaction
unit; renoving the polyet hyI ene product and a vent streamfromthe

pol yet hyl gne reactlo un |n et hyl.ene fromthe vent stream and
sendi ng tﬁ\g et r@?f‘és @fﬁ’% CYIBEEY SN unit. 34. The method of

claim 33, wher gidladiiy égf(&gfg@ Et‘ea ta38hE G kSL1 ng of
nmet hanol ; et han 1Fa ngpropa oF’ |dg(§)lpropgnéﬁdw%ﬁwﬁﬁgg%k%;&%ﬁ% et hyl
et her; di fmhmdetbjtlhmqomhlmgpkodaereanﬂl -isopropyl ether; formal dehyde;
di et hyI car bonat e;. m”@;gst ket on acetic acid;. and m xtures, thereof.

35. The net hod™dpting LPRIHeR A #}?ee Bylensesoataaning PeRdust StEGAT IRt he
group | | i gther, and m xtures thereof. 36.
The net hogég?ﬁjg?a?ingagggﬁ%ggeﬁon ?ng%:l ecul ar sieve catalyst is a

si | i coal um nopfumpippayetbyleneivithinghe pelycthylehy sdacti@vunithe nmet hod of claim
36, wherein the silicqalu hosphat e nol ecul ar si e s sel ed from
t he group consPERIVHRE &F @M 3 angpg;@qlstregm%g@ghe PS k?

SAPO- 18, SAB it: SAPO- 31, SAPO- 34, SAPO 35, SAPO 36, SAPO- 37, SAPO 40,

SAPC- 41, SAP "SAPO- 44, SAPO-47, SAPO-56, the netal containing forns
t hereof, and ntepamtmgetﬂy@md’fomﬂ&ve]ihﬂramhmm of claim 37, wherein the
si l'i coal unmi nophos%g% %leég is sel ected fromthe group

consi sting of 118 elxsas kot "@R hyleneggasiop ynit. SApG. 47, t he net al

containing fornms thereof, and m xtures thereof. 1 2 JAN 2005 42 39. The
nmet hod of claim 33, V\/nerei n the portion of the ethylene containing product
st ream i nB4.odudbel m&bhctchef phim&hwmm theactygenatens selectagh frope sheagroupast 50

0, 0,
w. et hgnlmes%%g ao met ano ethano %ngroggno isop/f)oggyo?n% -C alcohols; methyl
ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether; formaldehyde; dimethyl
carbonate; dimethyl ketone; acetic acid; and mixtures thereof,

35.  The method of claim 34, wherein the oxygenate is selected from the group

consisting of methanol, dimethyl ether, and mixtures thereof.

36. The method of claim 33, wherein the molecular sieve catalyst is a

silicoaluminophosphate molecular sieve catalyst.

37.  The method of claim 36, wherein the silicoaluminophosphate molecular sieve
is selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-
37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal

containing forms thereof, and mixtures thereof.

38.  The method of claim 37, wherein the silicoaluminophosphate molecular sieve
is selected from the group consisting of SAPO-18, SAPO-34, SAPO-35, SAPO-44,
SAPO-47, the metal containing forms thereof, and mixtures thereof.



40. The nethod of claim 39, wherein the portion of the ethyl ene cog i&
product streamintroduced to the polyethylene reaction unit corrpr e

| east 75 wt. % ethyl ene and between 0.3 and 25 wt. % ethane. 41. The

met hod of claim40, wherein the portion of the ethylene containing product
streamintroduced to the polyethyl eneggeaction unit conprises at |east 90
w. %ethylene and between 0.5 and 10 wt. % ethane. 42. The nethod of
claim 33, wherein the ethyl ene i nt roduced into the polyethylene reaction

unit has hy fid of not greater than a
car bony! Q1 i’ﬁeg J%E@L alFPo ?” fedh tlﬁfh&%ﬂw thepeth yileaﬁocoaﬁﬁnaflg. ne
content o rodﬁ&tstrg 3hiebdiced o Siﬁ e&)‘l’?%cn ctU?neuﬂlPéJi@é’ns% afle@stBod, Wherein

the ethylene 1 ntro uced Into ene react I's separated from
t he et hyI%mhyiemEaldhangeqmr(bdandS@Mé’Amhmbhout subsequent renoval of

et hane fromethylene. 44. The method of claim 33, wherein the vent stream
conprises ethylene and ethane. 45. A process for producing polypropyl ene,

conpri singg CoppbaGhdfcy o QNP0 2 bhefel kY ?:bﬁﬂmf &€ theVefnlY1ehe "B gﬁ@?’%g Sl eve

catalyst to forma propylene contalning product streant intro

| east a pproductrstiehmtihoducedyd ereepotyshylent regctpnoghictompriseaat leastc7Sawt.

ol ypropy| ene reactjon unit_to form polypropylene; formn ol ypr opyl ene
\?thPn FK ¢ gibyleng s hedween @3 and 8%W&r§teﬂ¥a5@n%| ng the pol ygrgpylygnep%p/roduct
and a vent stream fromthe pol ypropylene reaction unit; 1 2 JAN 2005 43
separating propylene fromthe vent stream and sending the propyl ene to the
pol ypropy#kne Thaahéthed wihidlaimd@0, whereiretthe gortfoncbfithe éﬁmyleﬂeecrcmlaimhge
oxygenat e |s sel ected fromthe group consisting.,of methano]; ethanol;

n- pr opanopm duct streamdntspduced teths polytdene reﬁ%ttqwmlt eamgrises ghleast 99 Wet hy |
et her; t%x#mﬁ]gﬁﬂ?( etWbe @9%@@%%@ ane OF mal dehyde; di met hyl

car bonate etone; aceftic acid;, and m xtures thereof. 47. The
nmet hod of claim 46 wherein the oxygenate is selected fromthe group
consi sting of nethangl, dinethyl ether, .and m xtures thereof. 48. The

ot hod of 431 ai Rpesmeiiog: of ncleb Ao etisrein o pdenea ietdced pinto  the

polyethylene reaction unit has a hydrogen sulfide content of not greater than 10 ppm
wt., a carbonyl sulfide content of not greater than 10 ppm wt., and an arsine content of

not greater than 10 ppm wt.

43. The method of claim 33, wherein the ethylene introduced into the
polyethylene reactor is separated from the ethylene containing product stream without

subsequent removal of ethane from ethylene.

44,  The method of claim 33, wherein the vent stream comprises ethylene and

ethane.

45. A process for producing polypropylene, comprising:

contacting an oxygenate containing feed with a molecular sieve catalyst to
form a propylene containing product stream;

introducing at least a portion of the propylene containing product stream into a
polypropylene reaction unit to form polypropylene;

forming polypropylene within the polypropylene reaction unit;

removing the polypropylene product and a vent stream from the polypropylene

reaction unit;



si |l i coal um nophosphat e nol ecul ar sieve catal yst. 49. The net hod of1(2I JAN 2005
48, wherein the silicoal um nophosphate nol ecular sieve is selected from
the group consisting of SAPO5, SAPO 8, SAPO 11, SAPO 16, SAPO 17,

SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO- 37, SAPO 40,
SAPO- 41, SAPO-42, SAPO 44, SAPO- 47, SppP0O 56, the netal containing forns
thereof, and m xtures thereof. 50. The nethod of claim49, wherein the

si |l i coal um nophosphate nol ecul ar sieve is selected fromthe group

consi sting of SAPO-18, SAPO- 34, ilAPOBS, SAPO. 44, SAPO-47, the netal

cont ai ni ng f or MPAFAtBEPEPYlensdram theveatstfeamk @84 . 51. The method of cl ai m 45,
wherei n the pogt. W oTrr duct stream i ntroduced
to the pol ypro%{/'ﬁdg%eﬂ{:gg@?}@wﬁﬁeﬁ%ﬁwﬁgg}bngggi 50 wt. % propyl ene
and between 0.1 and 50 wt. % propane. 52. The nethod of claim51, wherein

the portiqgn of _the propylene cantainin product stream introduced to the
pol ypr opyﬁ@ne Fgﬁé‘ﬂ‘?té‘?‘iﬂoﬂhf’gl@&%pﬁ%gén gtge pygenatods gelected from the group g

between Occhidifle T et eHA0R nfroantfBARBaAR. B.col MpaRBID ARk ol af m

portion ol the propylene co g product Stredm
i nt r oduceéthiybethtye dirnétapl ethsri divthyl ethet;i difisapropy! ethepr fosmaldeliydepdistet®d wt. %
propyl ene and between 0.5 and 10 W, % propane. 54, The net hod of cl ai m 45,
wher ei n t FurbpRatedimalby] ketprsa aeetis ackt and RUxturss teteefy | ene reaction unit has
a hydrogen sulfide content of not greater than 10 ppm w., a carbonyl
sul fide content of not greater than 10 ppmwt., and an arsine content of
not great 47. t hThe Iethghofitlairh 516, Whereir ttho dxydenate di melétted \iivam ¢hen gtoup
propyl ene introduced into the pol ypropyl ene reactor is separated fromthe
pr opyl enecwlégﬁi%ﬂ&%ﬂﬁﬁme@ﬂr %%%HFS%@tquent removal of propane
from propyl ene. 56. The nethod of claim45, wherein the vent stream
conpri ses propyl ene and propane.

48. The method of claim 45, wherein the molecular sieve catalyst is a

silicoaluminophosphate molecular sieve catalyst.

49,  The method of claim 48, wherein the silicoaluminophosphate molecular sieve
is selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPQ-34, SAPO-35, SAPO-36, SAPO-
37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal

containing forms thereof, and mixtures thereof.

50.  The method of claim 49, wherein the silicoaluminophosphate molecular sieve
is selected from the group consisting of SAPO-18, SAPO-34, SAPO-35, SAPO-44,
SAPQ-47, the metal containing forms thereof, and mixtures thereof.

51. The method of claim 45, wherein the portion of the propylene containing
product stream introduced to the polypropylene reaction unit comprises at least 50 wt.

% propylene and between 0.1 and 50 wt. % propane.

52.  The method of claim 51, wherein the portion of the propylene containing
product stream introduced to the polypropylene reaction unit comprises at least 75 wt.

% propylene and between 0.3 and 25 wt. % propane.
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53.  The method of claim 52, wherein the portion of the propylene containing
product stream introduced to the polypropylene reaction unit comprises at least 90 wt.

% propylene and between 0.5 and 10 wt. % propane.

54. The method of claim 45, wherein the propylene introduced into the
polypropylene reaction unit has a hydrogen sulfide content of not greater than 10 ppm
wt., a carbonyl sulfide content of not greater than 10 ppm wt., and an arsine content of

not greater than 10 ppm wt.

55. The method of claim 45, wherein the propylene introduced into the
polypropylene reactor is separated from the propylene containing product stream

without subsequent removal of propane from propylene.

56.  The method of claim 45, wherein the vent stream comprises propylene and

propane.



