WO 02/ 06188 PCT/ US01/ 21099 1 PRODUCTI ON OF OLEFI N DERI VATI VES Field of
the Invention This invention relates to a systemof making an olefin
derivati weobr/aimséan 5 olefin feed or its precursor materiaPCThsa/he® a very
| ow cont am nant concentration. More specifically, this invention rel ates
to the making of an olefin derivative by renmpving a vent stream from an
ol efin derivative unit, separating olefin fromthe vent stream and
sending the olefin to a i i i ound of the

I nvention A efins such Eﬁﬁgﬁﬁ§ﬁéﬁ§fﬁhﬁgg¥?@ﬁéﬁﬂ%ﬁégﬁﬁ¥gﬁes, and the
pentenes are useful in preparing a wide variety of derivative end
products. Exanples of such end products include polyethyl enes,

pol ypr opyl enEield ¢ithg Invehiieny| ene and ot her pol yners, al cohols, vinyl

chl ori de nononer, rvl o-nitrile hyl 1 ar | .15 ether_ and
tertiary anyl net E%I% 1%‘% tel&l %31‘?11él *o OhagSS' tﬁe 9%%1%% %%?lgﬂﬁﬁﬁ%vagw\'?irroﬁé Ii/ of
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derivative products _are typically nade by cracking hydrocarbon feedstocks
or catal yti cargspesificaly,it f@%?@%%ﬁ%%ﬂs@éé@%@%@g§fm€9 RidsHVEEeydr ocar bon
f eedst ocks ¢ i [ : - i ly.

Non- cat al yti gé?%@c%? gééﬁg!rr%azlgggg@acﬁgﬁlgg%ﬁ:\}raﬁgéeg%ﬁt’%% %#Q@%ﬁ%ﬁﬁbyﬁﬂ |1 ee et
al ., U S. Paventhlyearnd,ahdEeriBiyg thddddfoke andldhin ladtiondait. 3, 820, 955,

Di Ni colantonio, U S. Pat. No. 4,499,055 and Gartside et al., US. Pat. No.
4,814,067. Catal ytic cracking processes are described, for exanple, in
Corm g, Jr. BatkeRbund df1R InRaktiopNO. 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, 8Dkfmgpuch asethstlerng, propylese, thabutends, anl th80¢108®:s asnd Yongqi ng

et al., US. Pat.. No. 5 326,.465.. | vti.c canversion. of oxygenate

Feedst boks 1 Beiitin hpanngf RidC et Brithite SRRSO BRIt tRIAL S, | s
Pat. No. 4, 4881 SdductBaicie polyefhyldias, . 162985, ba Haelogeri ch et
al., US. Pat. %b.uz,4§3,1§§yEBg,C1e PE@n§ﬁ}ch §%§ﬁ?§p?g35|y used as

f eedst ock i nPelgery alsakals.ivinyl shloride mopamey acyiunibilsdtieths! wrtears bpyl i ed at a
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PCT/ US01/ 2108fbbers 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. No.
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,
Li et al., U.S. Pat. No. 4,980,053; and Yongqing 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 derivative product



2 is polyethylene, the ethylene is typically supplied at about 99.9 nol %
As anot her exanple, when the olefin is propylene and the derivative
product V80 opedigpr opyl ene, the propylene is typically suppCT/@doizioebout
99.0 wt.% Wth advancenents in polynerization catalysis, such as single
site metal l ocene 5 catal ysts, feedstock2requirenents have becone even nore
stringent. See, for exanple, Chang, U S. Pat. No. 5,238,892; Burkhardt et

| ., PCT Li ti No. WD.9212184; d k |.,0U.S. Pat. No.
2! b0 074 SRS, el It Do bR A PRI aLhorEo9 Rstdiv A o ties 1oy
ol ef i N deri vaiinyfe RIRAUREERfin RArbbflhr e hbie B9k ¥Ridayl igne and

pol ypropyl ene producers, to purchase pol ynmer grade 10 et hyl ene and

propyl ene, apelyptopplenethepropylsseisdppically svaptied atabowiohithwite Wébired purity
specifications. Rempval of trace contamnants t.o .provid ol yner grade

ot byl ene. andedPERTLTE RamETE et BRADEL AN R: felsR hib BN o' tack.

For exanpl e, catﬁl%’tﬁ,rfaédsﬂﬁ:kF?acgﬁlfefﬂeﬁ% Hat @ BecdhRf dves ntbay ktfiggédie Se@ e car bon
nunber is quite difficult 15 due to the relatively close bgiling ranges of

t he conponent¥mpiprhapeddSnPats Nopp.83%i82% Bykhardick phd, Chapplicaiioatoy by

napht ha cr aclg 11 I RapL.S For exanpl e,
Bodart . U, 5. PP MR AE T RPN S AR AdBRGhe T NG
4,861, 939, dtavlentsenal haddoar iaitheindndrycia firaiyfin dariviatidepfodaEys, padiculaely

probl ematic in the ol efin de{\yl&\f/ative process unl ess tqqe contami nants are 20

renoved by aHtfirobsHailens i POBRIIRYIPIE P PRER I PRSP PEREFGh equi prent
requi gl 1S GRYRAELAY DAY fefe, A0 Wen! rEind el RecABfltaiihdifls DRI NeSiekRecPPer At €.

T
Purvis et al., ' _ 818, suggest that, contrary to
convent i onal pwiitydpegificationny be possi ble to produce pol yet hyl ene and

pol ypr opyl ene usi et hyl.ene and propyl ene: streans whi ch have a . higher than
25 convention congg’ﬁ’fw%foi{aﬁ%ﬁc@%dﬁ a@%&%%fﬁg%defﬁg"%%g@éﬁﬁ&ﬁ?ﬂ‘*ﬁ&?e pr opyl ene
and et hyl enepf@oiisic 6al) hbRecWseht 4 BiffERPAIMRXPSRI tBIRY | RRexaniglepol yet hyl ene by
sending the by-product streamfromthe polynerization reactiaon unit back

to a cracki néepaating perafianschiem glefigs davisghessnscathonmymbeninasite dHEcWE acki ng
unit. Recycli - I3k L Zak i.t to a
crackilrgg SOdE%FOP( K%%%%Wa?lggee bg)zig? gc%{ﬁ%érpgggger&gl‘?r@gg{riﬂh'ng&ﬂgg% 4ddi ti onal
probl ens, hopeydaced byldreckiyg, panitulily bymapiwhh ataokisp guiditicnandongimiumits of

et hyl ene and pr | ene. which ill either t hrough the cracker or
Corr%ressor uﬁp sP%anfpbkegk:Fﬁ eg%%@@iﬁl a'rt‘,,yr#%atentN%.gSA%Z,Z%, and Debras

et al., 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 using 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



WO 02/ 06188 PCT/ US01/ 21099 3 normal feed conversion, or nore |likely be
nodified to a different undesirable by- product. In addition, the recycled
by- pr odusvObzodiBkel y to contain sufficient anounts of poPgMESIIZADION
catal yst to cause the ethylene and propglene to polynerize in either the
cracker or the conpressor, causing subsfantial operating 5 problens due to
equi pnent fouling. Sunmmary of the Invention In order to reduce probl ens
associated wi th t.am nant build in.the. ugGkd 0 '

or 1 vative. proes PR R0 by St onels st B R B4 g Bloe Bl
of a hi gh quptdduyt. oh afldiflos ttheroydled BRpaldatt inlike€aed t@iaidRifficiddsi ng
appropriate recycle of vent gas within the olefin reaction unit allows the
hi gh qual i t §mepes phpralymerratios caielystiosapse theethyleas prd Poarlens® process with

reduced ri sk éﬂgﬁ ' LAk | Lle

mai nt ai ni ng R?%ﬁwgggiuct@{%%g##%%%”?@gfﬁﬁgﬁgxé%ggﬁﬂ%gﬁ%@ﬁ%ﬂgﬁﬁﬁve tion
provi dés a nptdbteinsafuertakquigmant folldg.n  derivative froman ol efin stream
The net hod conprises introducing a dilute olefin streaminto an olefin
reaction unit; formng an olefin derivative product wthin the reaction
unit; renovi Remhhey of @b mvedgsi vati ve product and a vent stream fromthe
olefin reaction unit; separating olefin fromthe vent stream and sending
20 the ol efin to Iherdet tefrednce paatlémnasgediated Prithfcontabligant bhidd up infhe ol efi n

stream conprises,. at t .one,.C2- lefi.n stoream .nore prefepably at
enst 50 vt SRoCR i e B0 B PeaRet b B R e Pilhe R
gener alpl y comniimeued &fd Wigh anslitpalefihfstrbam kdarolefih esacaoid agit. "EEihg t he

invention is directed to a _nmethod of maki ngl 25 gol yol efin from an
oxygenat e, WAPRIRPESeERcYele of ¥eras withi theolsky geaskior upis abows the high nol ecul ar

sieve cataly .= i L Aer el

ol efi n-cont aﬁ%%l%o%ﬁggh%g%ﬁ% g%%%ggp‘éegdsléﬂrﬂ%% goglq%géﬁs%%ﬁgg dge(?:@% ?at;ri nant

sel ected fr equipineiitdgeiingandfdatdyst cantnmytios wiiledeaintaindnghigh paidusiepar at i ng
olefin fromt hei_ ol efi n-contai ning product; contacting the separated olefin
with a pol yoﬂ%‘ﬂt}‘r 30 formng catalyst to forma reaction stream conpri sing
pol yoligfin and a yedle GRodimWeHE il ehiith Y@0Id-08 AR RAI 4l 8B6h 0.

ol efin; and contacting at |east a portion .of the unreacted olefin with the
pol yol ef i n f demvatiye Emtradryalefin strdaor. T pohgtbbé tomprises introducing a dilute

olefin stream into an olefin reaction unit; forming an olefin derivative product

if acture

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 wt.%
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.



WO 02/ 06188 PCT/ US01/ 21099 4 Preferably, the separated olefin is contacted
with the polyolefin formng catalyst wthout having the contam nant

previ ousiwosurpasat ed therefrom In an alternative arrangP@®us)r/ibh® at

| east a portion of the unreacted olefin is contacted with the polyolefin
form ng catal yst without having the contfani nant previously separated 5
therefrom In another preferred enbodinent, the olefin is separated from

t he ol efin- cont ajhi roduct . wi t.hout sups ently.s ratin araffins
From o ef i ns PoftcHE 08 spaveist plstinintrcted v Hepao S By eelia o 1 nat
ethylene is %ﬁ%ﬁﬁﬁa‘i‘zﬂlgf the Bnthiiaft ﬁ%bi@uﬁggé@kﬁéd‘&eﬁérf&%% A AR RMdtive

subsequently separating ethane fromthe ethyl ene, and that propylene is
separ at ed fr emengesent,dhé at-leashe apmion @f freouneactedwilethmigcostatise yithribe y

Theofefin + 88BEIR G cReRbEREh G bl o A eSS PR e

contai rs a netigréfesigne catalyst or a Ziegler Natta catalyst. 15 In another
preferred enbodi nent, the olefin is made froman oxygenate by contacting
t he oxygenate wt ] ar sieve
h i t hn angiberarefered embodiment; thoyalefin i sapdrerd fieem the kit i
catalyst is i - L . | ts are
prererred. Ay EEDis Foffo MltARbldie i) Spkalng PRAER Gt 5188, Bt 43
conpri ses a sasmbtarbah nnmbapios phaicelaniyldesivdbas that @lrgenclB@eparated from
si |l i coal um nophgsphate nol ecular 20 sieve is preferagbly selected fromthe
group consi sﬁﬁ%ﬂ%-cg}iﬁi@@, regiseyihoutsiprs et ysRpesRRS ChARTam BesapO 18,
SAPO 20 SAPQHRHonc SARG R brop FART FparFAPRAthe HRRcB el MRy SAPO 41
SAPO- 42, SAPO- 44, = SAPO- 47, "SAPO-56, the netal containing forns thereof,
and m xt ur es withenessbsequEhidy sepgpéingpropase fiowfthe piopylesel ect ed from t he group

consi sting of nethanol; 25 ethanagl: .n-pro ol ; ~i sopr.opangl. : - C20

al cohol s; grret hyl ?Pf?/tlan(gﬁﬁéplfe? eﬁﬂq@fiﬁneﬁ,ﬁg? ?Iegflé?a?‘fwgé‘flﬁét}c}u P2i sopropy!l
et her; for naldphydiy; resitée g resobdrean 3bain :dheBIbdshe k8hBBEr a3ieflee aci d; and
m xtures thereof. In still another enbodi ment, the invention concerns a
process for Nptlegaielsy pol yet hyl ene. The process conprises contacting an
oxygenat e 30 cont g nj f ] . I i m an
et K% eflste cont ai ni %Qﬁ%g%ré%%@né\él %@gﬁldl%nfg%ﬁéfii@gs a%deﬁgcg@% Xghb%ﬁ?qeg)ﬁ{ of the
et hyl ene contcantactivg the ofygshate 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 is preferably 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.
The oxygenate is preferably selected from the group consisting of methanol;

25 ethanol; n-propanol; isopropanol; C4 - Cyy alcohols; methyl ethyl ether; dimethyl
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 polyethylene reaction unit to form polyethylene; forming



streaminto a polyethylene reaction unit to form pol yethylene; formng W
02/ 06188 PCT/ US01/ 21099 5 pol yethylene within the pol yethyl ene reaction
unit; remooogishe pol yet hyl ene product and a vent streabPCT/USmA1he

pol yet hyl ene reaction unit; separating ethylene fromthe vent stream and
sending the ethylene to the pol yethyl en® reaction unit. Preferably, the
et hyl ene sent to the ethylene reaction unit has a hydrogen sulfide 5

content of not, greater .thap 10 W ., carbonyl sulfide content of not
greater thaﬂ?"li’gthb’%l‘ﬁmlh‘,m ﬁﬁ’?d’ogﬁﬁgh?ﬁeﬁ‘é“?‘%% 1 1© Vﬁlgttﬂfbp‘glé{?tgﬁe?%an 10 ppm
we. It is al $ghdubf £idef vl strd@l frbMahEHHYEBIRNS RALL Sl Qe @Aty GHae
reactor is separated fromthe ethylene containing product stream w t hout

subsequent r dronvthe vent sstehmneand seodingdbsthilaee toltbe pelyethylche reaghiest wirit-ed

o ocess. com?asebiio et i & Bt aRTRse (il Rg el PUEEY ol ol

si eve cat al ysbnteft dfeloi@ater thay 116 PRCONL Bdaibdiy] sulfidelgiters of @aigredtat r oduci ng
at least a portion of the propyl ene containing product streaminto a

pol ypr opy!| enénedlotny iyt.ufic an 5ine FoRtpyI4f progyrienban 8 PRI 158360y pr opy! ene
Wi thin the p‘fﬁl-éf?ﬂ’r&f%h@tﬂ@ efh‘?f’e%% e tb‘fqeédo(ljeﬂg’?éﬂef}gactt&‘%s s@atHQ fomligne product
poly ylene r

and a vent streamfromthe prop action unit; separating
propyl ene fr ethyldne cortainiigg prednst saean swthdutaybsdyaeyrromyld o€ cthand frem
pol ypropyl ene reaction unit. Preferably, the propylene sent to the

pol ypropyl en&M¥{ct i on unit has a hydrogen sul fide content of not greater

than 1y ppmwt ., ?‘ngﬁ)otﬁtﬁfrﬂ?%ﬁlad sMbbdifRnC A i@tk i'@la Ho6&E €5 than 10 ppm
wt., and an arsine content of not greater than 10 ppmwt. It is also

preferred thatoduhimgmobypydmiencs die presessheomyisey pondgpfing ae OKBEEBEr i S
separated fromthe propylene containin oduct stream, W t hout. subsequent
enoval of  peopanid SRR TP SeRa R KR R el opfiing i nge
Thi's inventi @podifct dtrdaf; hﬁfdd@éi\f\lﬁ RERAS aqReidoftRE Bophlete bonthiRmgRédict ed
Description of the Invention when taken together wth the attached

drawi ngs, wisEeamn fto gipglyplonydeng megctignuait seytozmm potyprerylonco EBELDf t he

rvention: ea3RgEid ek iR Hhem AEh RS bod ent of the
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.



6 Detailed Description of the Invention This invention provides a system
by which an olefin feed streamis converted to an olefin derivative. The
syst em ofWepzo@sgiefi nite advantage in that relatively expensswe1od%efin

purification equi pnent need not be used. This 5 invention is particularly
advant ageous in that ol efin polynerizat i%on by- product can be efficiently

recycled without significantly adding to the overall load of the reaction
and recovery c' it es and tho ignificant risk of associated catal yst
cont am nant edlﬂesc 10 Ih Gl i s invention provides a method for

maki ng an ol efin mlsdﬁwml@hlpy@uddsar@yaamqiyesf«mah ah bRAMIEaVtHieAmdont am nant s.
Desirably, the dilute olefin streamis sent directly to an olefin reaction

unit, and a @GeRveysd e plefadetvatiye. fhe pestem Pﬁ@ﬁé\?&eﬁng%ﬁ%vaﬁ%é&@hg of the
| efi t f t t if
olerin str eag& gtg% s}g%@éﬁmp@&%ﬁﬁ pgﬁgg%tf%)g egi;ff)gf P n &Gt Be HEACHHRN UNi t |

desired, suc ration o erent carbon nunber. This
woul d i5ncl udénventignl B gartaolaryreyargageofis suthht cddﬁrpp)mlmﬂnsnamoﬂfquﬁmjﬂoene from

propyl ene or ene from ene. efin tream u eedst ock
o ke the. GRLPE SRRy SED B atciien fep HuMags e ot o BF
stream As UsgdiBehRd Rcotdde Rt dhd WigoR s?édﬂ"ca‘h?ﬁﬁ{ &f efs@omﬁ&i edglin

cont aining streamconprising at least 50 wt. %ol efin and | ess than 100

. % ol efin. cmlrtemmmupl@bbrr@ﬂ n stream preferably conprises at |east 50 wt. %
oI efi n 20 and bet ‘E g nd 50t (V? ar af iogsfg more Rl eLe ably at | east
75 wt. % ol efin  andaiEHR s FIEniepox FPPNEE B R Wost " preferably
at | eagt 90 \kridativelfRin fin sREn ket &I Q}&m@dihﬂnélﬁs Wesifdb A fif dilutesSolefin
Preferably, the olefin conprises at |east one or nore C2-C5 ol efins.

Exanpl es of sHepissenhdirestly teien elehy reagton unii, op¢ pdgavatyigpredst iar i ous for ns
of the butengs., and }f]dr%fev&e@&%%ﬁ;fccéé‘i@%ﬁﬂéoﬁﬁﬂ st E&Pyécﬁf‘ﬁefﬂfe e @hgmcu' arly
I NS e

preferred ol e térmo erivative refers to de from
at |east onetothefilefin ﬂemcttdnelmﬂ iBlesired @aclh 8¢ s'e@anmofnﬁodpﬁnsoﬁmffaiemfl n

O e S e At bl BB SRR S0
SO ) L 2 ORI AEASRnc b by bR iGharono E‘Zi and tertiary anyl
met hyl ether, et hgihbetd‘mrs@reamnhgd anfeedstoclidp nulierghrelefac doivating pwidiigth WO
02/ 06188 PCT/isU&g}e/rzﬁ)J[}g g%ﬂute 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, more preferably at least 75 wt.% olefin
and between 0.3 and 25 wt. % paraffins, and most preferably at least 90 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 alpha 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



7 chloride, propylene oxide, and a variety of rubbers such as butyl rubber
and et hyl ene-propyl ene rubbers, and oligoners of ethylene, propylene or
but yl eneswo oBgs18onbi ning a dilute olefin streamthat is |pariuRoIcam9an nant s
with a derivative unit that effectively_vents essentially unreactive inert
conponents from 5 the derivative nanufgcturing process, the overal
efficiency of formng derivative product can be significantly increased.

Inlarge combPhibP 8RR REE ARy, oBblery BF ST TEGUCH on

i n equi prent et ihs-pacpyi@ielrubtserd and gligdmaaof ethgldik tor&yldne or bpsldes.on costs.
Thi s reduction in_equi pnent and r(z)ieerati on costs can ultimtely 10 provide

the consumer wit hBY Sorbiniag agiluiepdelmnyiean;that igleR incpnipgnipafs, WwHb onal

systens, DUt g, e Ll 6A0LVERANELS QlLrkill ¢ B%kact Qb GldrN ortf R8s B

enbodi nent o I's invention ca obt al ned om conventl onal processes,
i . e., &onventheodeaivatbtechamifactifise probess.ahpooareld sfwidnag bfiftemingadarvagver acki ng

processes as we] |, as . processes which alytically convert. 15 oxygenate
Compounds. - TREPUPLER Bt B0s EionE HhafbrelCiathat J6F SoRaratan dBg a1 ot | o
process. A Bﬁﬁﬁ&{tiroﬁ@qﬂﬁﬁfeﬁﬁfs 2k¥dddC IRTREES MM ScRl SRR Sro8&skes) this rek@RM
cracki ng processes are generally carried out in radiant furnace reactors

at el evat ed tmesipeifiganirediction irs¢yupment eedtgiasieell a9 aisignifibantaednstion & ni ng a | ow
reactant partial .pressure,. relatively .high 20 mass velocity. .and.effecting
Rt coa oS B SR offin FEhElaniS ettyiBlr®0: i oPRRG o Eotf W ViPRELES Koo
to thoge skilpkftdd the th@usiel with¥ f26dR0BF B 88ne EAMRLRY W@fconfdatibages whi ch
can be used in this invention are described in Bowen et al., US. Pat. No.

5,151, 158; P&Y®emsk bat atA significagt redyetionNg cost. 274, 978: Hal lee et al., U.S.

Pat . No. 3,407, 789: e . . . . : al., US.
Pat. No. 25 4, 780?’3%%%9 Lﬁ?ﬂ&cﬁ A c?lﬁ‘?%?t Oﬂb@f lﬁgﬁg@ﬁ%ﬁoﬁ@%‘gmmr tens,
U. S. Pat. Noconvnii6izal phessehd.edesnvenfivnad oefmfunithi Thesarpeodesso limpdudet ed herein

by reference. The hydrocarbon feed to the steamcracker can be in the
liquid or vab’é‘i*ouspﬂ‘ié‘g‘é“&ﬁrmss"(?é‘ﬁ VRS Pracgsses @&atﬁ?ﬂmysw&ﬂ phase. The

most prsef err gdvodnsRdshReksdsd or st eam cracking are ethane, propane, butane,
napht ha, gas oﬁs, gagﬁSO csondensat es and m xtures thereof. The hydrocarbon

f eedst ock i s pref @halbtagking prévess seagera iphesialytic driarcatdhgicspreesss.cAacker . WO
02/06188 PCT/pll.’Je gr%é r%o%?cgatalytic process is steam cracking. Steam cracking processes are
generally carried out in radiant furnace reactors at elevated temperatures for short
residence times while maintaining 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. Examples 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.
4,762,958, 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.



8 Alternatively, instead of steam cracking other well known cracking
processes (both catalytic and non-catal ytic) can be enpl oyed to produce

ol ef i ns. w@rzampaBes of these other cracking processes i ncl BABUSHIE1nw
regenerative cracking, fluidized bed cracking, fluid catal ytic cracking,
deep catal ytic cracking, and 5 visbr eakigng. In the thermal regenerative
cracking (TRC) process, inert particulate solids are heated to relatively

hi gh t t , he ord f t . 1400F t boyt 1600F and
b odaced |t o a YU SUGInC AL RIS GHECRE CHel NELA)QPBEARBN fecd The

cracki ng zon@rdeked odPEtAVHi¢ hnEnon-Satdll 8O call 88 bBiRloyed @YWl S1EfidD

hori zontal in configuration. The hydrocarbon feed i's thermally cracked at
t enper at ur es Examplen gt thesmothpowreckinppmcessessbelude theuost regamerahize efagkiigng zone
wherein the . rticul ate. sol i I h r or

cont am nat ed ?@nﬁ{l%% %ﬁé%‘!(‘:c%ﬁjé’ gﬁlg Ct(a Jgilrl}g%acﬁa&g%ggéph%gasv?ccéﬁ%@ﬁﬁ%gg%r oducts of

t he hydrocar bisbréhkid@d. Thereafter, the contanmi nated solids are separated

fromthe hydrocarbon product 15 gases,  strjpped and regenerated for re-use
in the cracking z&hée thegehisesnsaive @rking @pf&)rms)q?@satlwmﬁlaﬁtpﬁamss from

the particul |41 ; i.ds..t > ary to
crack the hyaasar R PR ol o e Sroct BPRSEUSPBRERS 2 ]
4,814,067, Bab®hianc0@FandRafroduded inde §O8idA; crid@tpotene @fithathe hyddo&arboPat . No.
4,318,800, McKinney et al., US. Pat. No. 4,061,562; MKinney et al., 20
U.S. Pat. Nofeed; 0% cowhingranecaay Seapflew (b¢-, a risgrdesipar, dowaflow 0552, 645. In a
fluidized catal:viig: 1 ng. (F r ds simlarly
to thelfonal ré?é%@?%tlﬁée “g%k‘}g“hg%ﬁg%t% %tﬁﬁfé{éetﬁ ﬁse gﬁﬁﬁﬁgzcrgélgeéﬁ%gt alytic and -
t he tenper at wWigserfivh o3RehfrémaBo&r 12005F loaibeit 16008 ki B dradkigy soner s ar e
typically on the order of from about 800F. to about 1300F. Any conventi onal
25 f1 ui di zedvégredn theiheated parichlgtecslids lose head andarefeelgd onepntpmimtedigttexanpl es
of catal yst g - i J - j.asite and ot her
synt hetic anaH egc;blk ggﬁ? F%fé %@ﬁ%ﬁ%ﬁ%é@g%fﬁﬁggm?ﬁ%% X etlfl?ggoc %&b g?) . See, e.g.,
Gartsi de et Takreaftdd, the dBatamified b1l dreQ6gsrateld dibadithe thydtocarbon Proddat . No.
4,404, 095; Cartnel |, %ﬁl& Pat . . 3,785,782; Castagnos, Jr. et al., US.
Pat. No. 4, 483Se85tipRedra éggengitegifor rerusgin thegragkinggone. \Begenemsigne 79;:  Rabo

and Dean et ST pQing i tdnia pan SRR B paloul f soridpPheelBle scllfs i 7o 407
whi ch are i ntonpoztateatcesanyito ciagk tieef lyrdesvaghon 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, faunjasite and other
synthetic and naturally occurring zeolites and mixtures thereof. See, e.g., Gartside
et al., 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.



WO 02/ 06188 PCT/ US01/ 21099 9 Anot her cracking process which can be used in
accordance with an enbodinent of the invention is a deep catalytic

cracki ng WoCt)e61p$ ocess. I n the DCC process, a preheat ed hgOUSTIZX1DIN
feedstock is cracked over heated solid acidic catalyst in a reactor at
tenperatures ranging from about 925F to9about 5 1350F, preferably from
about 1025F to about 1150F. The wei ght hourly space velocity of the charge

may range fromabout 0.2 hf | to about 20 hr-1, preferably,. from about 1
hf1l to about 10 hfnother qrqgkingprocpssiwhich %nlber%?f’ﬁliﬁl%céﬂr‘{?gﬁ’%/w’fthé?n about 2 to

about 12, pr J t : : 0 he
partial pr eglfgﬁér;(gmg%{t é}f&ﬁﬂ@g%nnéfa gsgﬁpﬁﬁg{éﬁggﬁhg% ﬁgré@gggdgg%& \gﬁ?:}het as the
dry gas of aDUT patessyd preheatatkydngratmint feedstogk hecradaddvenhentadsolideact or

during the conyersion . process. \Wen steami.s ysed, a i, ght ratio of steam
to* hydr ocar BOficid SF%”’E?F‘@PE?%B‘PQ“%‘F%I%%%EBW a\bpﬂ%gﬁ? al??.”%l to about

0.5:1. ;The t o { a bout 20
psi a 13 about” ST pRERTHIE el (G 1ABRFYI APt EPECTRY ERIBESUA SILOTD 52
psia. After tvéecitesfiht ohargé hey sametfironahiaduy 61 hydnd hlsdue 20 bah prefemblam
stripped to _rempve resjdual hydrqcarbons absorbed on the catalyst as is
known in theframa.bo%bﬁr isﬁ?eﬁl?f’uk%’ql% y theﬁétlalfﬁsﬂoé%lPWPWa’&H?(@ f&‘@BBé‘%’tt@d t her eon
are then tra tg i I wn to those
of “or di nary ST {5 ARl FSGABRR T BAERND. 3 ofder B B e e et by
cont acti ng t heesamé af gtroesrbdn fead, steeyg@rotivay gasts pdunly ag the day gas efenper at ur e of

f t 1175F .t t 1350F t ds th ted.catal yst i
Lypi cally. roBya it ERpRenioRal Porind s RruRe b TEERNEDIRE. ustiul i n

the DCC procgggresan vary in a wide range, and typically are relatively
heavy hydrocarbon feedstocks such as those 25 selected from petrol eum

fractions with di Whenestranbisiusehg weaghyeatio olgstean i9iydresabea

of
hydr ocar bon Ks._J id c.qV i esi dual
ol I and i xt EEOSTR i Bgp et faRIRMR01 oRl o5 AR AR ornf O7 1S
used in the éeeporCpleddrbly earpeatismdonr 2oistosbent 45 pdid)engae pdferablynvent i on
are preferably saolid, acidic catal ysts which conprise one or nore active
30 conponent §opnrboxt A3 p3in fo #hAVEST BFA- The acti ve conponents preferably

i nclude anor phoug, (gl WH BRIk GBtFst LitaR8alidS SHBR sRanPEibRRIh Shape

sel ective nol ecul ar
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 is 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 in 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



sieves, faujasite, rare earth cation exchanged faujasite, chemcally
treated and/ or WD 02/06188 PCT/ US01/ 21099 10 stabilized faujasite and
m xt ures whereaBs The matrix material preferably includesPCEyseiadIc

i norgani ¢ oxides and mneral clays. Al of these catalysts are
comercially available. The use of thest catalysts at the specified
reaction conditions provides for 5 high yields of gaseous ol efins,

especially propyl e and butyl enes, For nore. detail ed.description of th
DCC process, S‘iag Zﬁgfaé}laﬁ’é?a IXJULes g’tefe(?it}s%{%m?ﬁ’é( %lalﬁfs%@@ ,mglgl ®Li et ©

al., US. Pa%}(ntﬁ@ﬁc iftor38c @RRles sittmleraclays. UAB-of Hiddse cA¥Blysta ade32, 675;
Zhicheng et al., U S "Pat. No. 5,380,690, Yonggqing et al., US. Pat. No.
5,326, 465 anomwgkaally availale, U. S. Pat. No. 5,358,918, the descriptions of
whi ch are 10 i ncorpor ated, her ej yv..nefere o this.. | i one or
nore of the aboverrgcégﬁ:er ?fggﬁseg?%@ﬁ%naé ghﬁrs 8%§§Cg§eac%cgln n@%’%ﬁ%’%@? folrhe

processes C aﬁ%gheyiélﬂiléf GdeQ oIS eRPEAAID Bropylkndghdaylesse For b moee ack
different feedstocks, or used in an integrated process such_ as described in
Rubin et al . deteiles desgriptiouef the BEE prgeess.tifsecatabst andyarisHons ompe 4{-¢ s

| neorporat edplaoleld 1 B! BILTRNaR, 408085 RISL LEC STPAINEPAY30 g18f T ns are
MR f oXxyg In this

obtained fro e’ catal yt1¢ "conversion o enate f eed.
enbodi ment, @hivheiy etaht Ul \Pat. NabB80.5D@nY drignangt dt wl.) e Pat han5 8RG&H6DDt ai ned

fromother olefin forni cesse ' enbodi ment .is.particularly
advant ageous aﬂﬂ%é{ﬁkﬁ@eﬁtéﬁg{%@? akﬁs&é?éggiiélé%&egcﬁ?{bonﬁ@fy Y with
comergy al  s¢al e AREH kakIMSy REQ&RESes. Such commercial scale olefin
form ng processes require a catalyst |oading of anywhere from 1,000 kg to

700, 000 kg, produdn tigs mvymtives end eronere @f thembapddGOUbedwracking proressésn product .

The preferred o] efi i ch a process are ethyl ene _and propyl ene. At such
large scal ec%lb{é? %ﬁ@ﬁ%@ i%g?{og?%ﬁgﬁﬁl f/c?lbf%ulree‘{;%gl Sfp%rfi%cct% g}%&ﬁg%ets%escan
adver sel y i mpagtacle8iffbednit VerkdbtseksPooghde in &r0ibaptdtedpropédsisheiidsadesotie@rimat i on of
pol yet hyl ene _and pol ypr opél ene. Si gzl ification of contam nant renoval at

such a | ar ge Rabi & abaH-S. Fredlor 9,52 P8 the drscaptiancofapigh isfineqsporatedr al |
procesg. Theh XY, Iaetf&elflceegdsjt ock of the preferred embodi ment preferably
conprises at Teast’ one organi c conmpound whi ch contains at | east one oxygen
30 atom such as ahhphdtirel ahlesatabs, olefilears pbaarcidroph theaambuieds (al dehydes,
ket ones, 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 1,000 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



carboxylic acids, carbonates, esters and the like). When the oxygenate is
an al cohol, the al cohol can include an aliphatic noiety having from1l to
10 car borwOW@/nd896188 PCT/ US01/ 21099 11 atons, nore prefpenbby/Xioom 1 to 4
carbon atons. Representative al cohols include, but are not necessarily
limted to, |ower straight and branchedllchain aliphatic al cohols and their
unsat ur at ed counterparts Exarrpl es of sur tabl e oxygenate conpounds

i ncl ude, but are not d.t the follow n net hanol t hanol ;
n- propanol ; PF&8r ’G‘B%ngm@iy fro’@210 04 gy &0 33 gBﬂRsteé’taﬁ’)}'F a@f’h@? di et hy!
ether; diet hﬂchﬁi%hlﬁft’aréjﬁot'né%!ié?ﬂy lin@ed &3, lowﬁrsﬁﬁtgﬂﬁld’ﬁ/cﬁlﬁan&ieﬁ'%hﬁw car bonat e;

di nmet hyI ketone: acetic acid: and m xtures thereof. Preferred oxygenate
conpounds ar eliptetinateohols didrthehyinsasetatad counterparts x Exaraplenef sépble Oy genat es

can be converted over snma ecu I| and

o ol 1o bt chrRids Aid, PR db m e P B I FERE HRlR 2o oyt ene.
Smal | pore methakdll %r@aﬁmego@ro@ame@@rcﬁdldoﬁolbhnsﬂlymmtdtm didstgef i ned
herein, small pore nol ecul ar si eves have a pore size of |ess than about

5.0 Angst r onsther; @@rﬁloﬂ&they digssipremyl eth @Iaf%’rfiﬂéct yéademethplgagbagiates r angi ng from
about 3.5 tod%?g%;l k%tlee fc@gg%&& d fﬂQlJeXf f%gfgh%ﬁ(&%%e%g{% to about 5.0
st 1 0

Angst r ons, prefera out 4 to ab 0O Angstrons.
Zeol i tes arec@xﬁpqnirﬂxafermsthaidlrdlmeﬁtbmeﬂmosrdtnmatumsthmoﬁh form a net wor k of

Al102 and Si 02 tetrahedra IinEed l}l%y (Eared oxygen a{ glg .The |vrty of
the tetrahedra | SXBEFRFHEEEN BY CONETPHEYHSIEH POFC BAtee %SngFcadl {®kal i or

al kal iype ear by nfRi&Mitd @dtayséts Haaltgeh gﬁ@&t&ﬁw&s eftfylcHRABA/RE o‘p&féﬁe

non-netallic cations, such anet hylamroni um ( TMA
t et r apr opyl aSmeHipom mwl%Ar)lar siees pregyeferred i thmsgmvsywtnhéﬁr ds; ln¢<ﬂ1herﬁ1mt erstitial
spaces or cha

[ | b
used as nol eé‘i‘}gﬁporsel%\’/lg‘éuq?rn%svgﬁg? %/Staﬂ?‘lf‘)gglsﬁgse ang Oué§ ‘F?gﬁt%g%olrtgﬁernocaf

reactions, amdnasallgaurhdlsbatBREkhevsa pote dizdhralindfrb@tapost3. hywimeaas bon
conversi on processes. 25 Zeolites include materials containing silica and

optional |y arugsitests, pieterabizfion aost 4.0 tovaih S nngsirome sargriaod PifFABYpor t i ons
have blesen reﬁj %c %ut@3‘%1§$&t dAJ]nQStrBﬁ” w th ot her oxides. For exarrpl e,

ger mani-um oxi xtures thereof can replace the silica
portion. Boron ox izdelites mrctomplwte:rymhmé alomosilieates whébhubrm xindyorkod
mxtures t herﬁg)z ar(icgi1 gt(gzetie)tlrst%%rat lnﬁmg ;J/nlla{}gd o%ggteh%?omsun’ll"he negativity of the
tetrahedra is balanced by the inclusion of cations such as alkali or alkaline earth
metal ions. 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,
indium 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



30 otherw se specified, the terns "zeolite" and "zeolite material" as used
herein, shall nean not only materials containing silicon atons and,

opt i onal IwQ 0abd188 num at onrs WO 02/ 06188 PCT/ US01/ 21099 12PCTVUBHIE21099
crystalline lattice structure thereof, but also materials which contain
suitable replacenent atoms for such sil4dcon and al umi num at ons.

Si i coal um nophosphate nol ecul ar sieves are preferred enbodinents of this

i nvention. These sieves generall onprj se t hr ee-di si opal m croporous
5 crystal frAnEReRREIa It aree Gt Byt alospatls i copspt sitebieal

uni ts. The Waspladbmbest dtoaQ iR QHcdr Y AbiRingkd t6hbir € can be determ ned by
29Si MAS NVR = See Bl ackwell and Patton, J. Phys. Chem 92, 3965 (1988).

The desired SAPO Silisbelunlizaphesmbatesmolierularsi¢nepiate prakerisd erbpeinsatslof i n t he

29Si MAS NWR, .wi th em cal _shif i) . e - -96 ppm
and with a c@%iné{sféf?%‘egﬂ‘egg} %gvefﬁe:?%glthﬁé%h%régﬁg%e&%% (gl{%g'lgse%lgd{l mi%g/g&or? “Phe total
peak area of caklal pemkwoid difictur€ BEISIOA| [Al16R] drid [BOF] fetraledidl@mitangke of - 88 ppm
to -115 ppm where the 8(Si) chemcal shifts_ refer toyexternal

t et r anet hyl sivaySéisinsaporajed inte the arustyre gan badetermained by cabMam N¥Phosphat e

nmol ecul ar si ' ' i t4 h i ! 2 tio.
I n geﬁer al, | ?ﬁ%}gr%%?ﬂ?%%P%?OPA{[?%.“C@%M, %ggﬁgzﬁgﬂwﬁ%e%%@?g ur ;?elso
sel ecti vity, npdeculat wleaed wilbexhirnenesenat peaktsyin th 55/ MAS NMR, wothaf | ess t han
0.65 is desirable, w Si/A 2 ratig of not greater than Q.40 bein
preferred, aﬁ]gf_’r%w@i S% g(_sl‘%a‘f’it 8Peh ‘Sgrt%é%é«;?p‘? ﬁ%‘ﬁ%ﬁ@f%@ﬂfﬁg Pﬁg'f f“ielﬁu?ar ly
pref erped. Airﬁ}{aﬂaﬁgé @thq’?a@f 20*Rof HeGblaPpeakAch &-a?lq:ie}aﬁs \mllﬁ’é cﬁérﬁfcﬁf red.

Si |'i coal um nophosphate nol ecul ar sieves are generally classified as being
20 mi cr opor oslsiftrigBig in thegangevafnd® gpm 10-118rppiR whenbide 8(51) chegnisalshidtsur es.

These ring styuctures n_have .an ge pore size ranging from about
3.5-15 angst f%frﬁlist.o ekag%wﬁyﬁ%ﬁflﬁ@@% | pore SAPO nol ecul ar sieves -
havi ng an aver ageIfigpfféteEthatahe kiEissaliMRRdpBOPHAte InAEISrIsHVE usdr i@figicabl y an
average pore size ranging fromabout 3.5 to 5 angstrons, nore preferably

from 3.5 to mvenigiybavesslativelzdew SiAd wio e kn ganepl.dhe lgyyes fhe HfAlawatios ul ar

i hayi ) > e !

ol outar o1 SagREEREICE Lt takBERS Bl by SORTLRARBEDISIA, o o))
[ A102] , and RS lesstthah®ds &l desinatils . wiltha Si/At,ypido of ndt iesamontiidn 0.40 ef f ecti ve

'n convert n%ei\lllgrpire%grsrecg )é%/lg g%?/tA zsra!cig to?ngtl g?gailtgr thgr{ 8%5%21?@ 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 ring structures. These ring
structures can have an average pore size ranging from about 3.5-15 angstroms.
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 comptise a molecular
framework of corner-sharing [SiO;], [AlO,], and [PO;] tetrahedral units. This
type of framework is effective in converting various oxygenates into olefin
products.

30 The [1302] 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,



30 The [P02] tetrahedral units within the framework structure of the

nol ecul ar sieve of this invention can be provided by a variety of
conposi t ivome2/061Bkanpl es of these phosphorus-cont ai ni ng cor@DES1N | ncl ude
phosphoric acid, WO 02/06188 PCT/US01/21099 13 organi c phosphates such as
triethyl phosphate, and aluninophosphaté%. The phosphor ous-cont ai ni ng
conpositions are mxed with reactive silicon and al um num contai ni ng

conpositions under .th prgpri.at nditions.to f.ormthe ecul ar si eve.
S The L AL02) cHE e AR BT & e ARhbE e fsr Rodomtlites d tean be

provi ded by ah¥phb@uy-cehtamE@MPosRid8s afetRikBd #5th@éactiP@§iBcon and

al um num contai ning conpositions include alum num al koxi des _such as

al um num i sophispekndentairBngieAPRAstsHe pdeitlesappsonriiihenndiions éxfoga the odi um

al um nat e, a%l cﬂfa?g%gg)oehm te. The al um num containing conpositions are

m xed with reactive 'silicon and phosphorus-containi ng conpositions under
the appropriate cahdiAl®strabedrhlomits tWithinrdledtimerors sigveure Thebg Si 02]

tetrahedral units within the franmework structure can_be provided by a
variety of c8Fp#dIYGheariepielrompesitons NewEnRles ¢fdhFre abMIAMRIGRgIatBEDOS ti ons
| nci ude ST! | eamptlifordiiflcIfad AIEmiHiRAIK AR HE iufl idoBroblofidk, 15 _
orthosilicate. e silicon-contalning conpositions are ed wth reactive
al um num and alhoswhphospheEstduminng lgepods, sodins amdiaate; ed appr opri at e
conditions to fqrmthe ecul ar sieve. .Substituted SAPOs .cap al so be used
T thi s 1 mve REGRPOoPESe T AUBURNG <SR AR YR A TR MBSO or
met al -jgont ai gjliden shd plﬁﬁﬁh&ﬁ%—@&ﬁﬁlﬁﬁ@&h@%ﬁﬁoﬁﬁmﬂéﬁtmg?iopﬁai& degdisibkal i netal
ions (G oup IAE, al kaline earth metal ions (Goup IIA), rare earth ions
(Goup 1B, be mglackler pigit-hanoi d el ements: | anthanum cerium
praseodym um neo i i - eur.oni 1 DI erbi um
dysprosium hol m gﬁg[geiraﬁ] %ﬁﬁgﬁ{dﬁ%{ﬁ}[ﬂ%%@&té%ag%g@%\lﬁ%&ﬁ}é? %%nn%)e and scandi um
or yttrium pasvidddits awiety ohwimpositiogs.t Egimpled dfahssegflicoheupainind, VB, VI B,
VIIB, 25 VIIIB, and IB. Preferably, the M represents atons such as Zn, M,
M, Co, Ni, €eampgsitionsgpclugs siliggesolsgnd silirqumalkozides suchasieradhyloe i nsert ed
intot t et : r ar: : .unit. The
[ veo2] 1*3teet ; aﬁgggsgﬁﬁ&hem fﬁ@éﬁcarq@e@{ﬂlﬁg 8OmBodiid ke MBlaANEAAL W

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
ITA), rare earth ions (Group IIIB, including the lanthanoid elements: lanthanum,
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 [MeO;] 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



a net electric charge depending on the val ence state of the netal
substituent. 30 Wien the netal conponent has a val ence state of +2, +3, +4,
+5, or +6yoovhesigset electric charge is between -2 and +2. PCHOSOyI0®t | on of
the metal conponent is WO 02/06188 PCT/US01/ 21099 14 typically
acconpl i shed addi ng the netal conponentVHuring synt hesis of the nolecular
si eve. However, post- synthesis ion exchange can al so be used. Suitable
silicoalumn ho hate i ev i ncl ude .SAPO- 5 SARPO- 8, SAPO- 11,
SAPO. 16,  SAPBPIoALY dxgsplibedaqdiie o meiheomponcak B tag thesROBE:  SAPG 36,

SAPO- 37, SAPQO@&uIa@Q@% 4ﬁ0w§@?@56§?—syrﬁlﬁ§@1€ﬁlexchgﬁﬁQ*aﬂﬁlso%R@e@6 the metal

containing forns thereof, and m xtures thereof. Preferred are SAPO 18,

SAPO- 34, SAPO- 35, Ssilgits silicoadwndingpimephate medeculas sieses 19018¢P8)Af@ and SAPO- 34,
i ncl udi ng t h%ﬁ@t 815 £00113! 8LPB. {2 5P § NAAY.1 3 300 AN LABD SNRIGA.. AS

used herein rmmxture 1 s’synonynous na Ion and is
consi dered a3gmWwPRi35| SAPOL36)SAPE -3 NBARG-40\\SAPO- msgmmm; n varying
proportions, ardl ess of their physjcal state. Ium nop osp ate (ALPO
mol ecul ar s SOECEEA SARQyShehe metal Gebainng fems %h&fe&rf ye ehdaslay

Al um nophospg%@&g@%@ }(&I%@ 3§r§A ()y§5t éﬁ’b“& aHH@ ) PUS OXI des which

can have an I anewor can ave addi’t1 ona eI egments within
t he framewor bartmylprlngIAlPﬂ) Ih&unad SAPOe34nrp:ducbng thie mesteslicontiniggfyirmg  f r om about 3
Si ze selectlve

angstrons to . abl e af makin

separ ati ons &er 1%’%‘61”5& 8568 M')Sre hF’r"Fé‘h %\BmHBE‘é’ﬁe&S?’g Stypes have
been rgpor t eqyithl dagbehiog aﬁ@gldohﬁdéeaeloeﬁfpeﬁho@%%%vm ARk ﬁlcﬁl@t ai | ed
description of the background and synthesis of 20 alum nophosphat es is

found in U. Scolpenentyon vanmg)pmp@rtlom|rmrdlsssmf¢1mlmaltcelostather ein by

reference inits entir er LP rures are e A ALPO- 11,
ALPO 18 ALPO. 31, AR4UeHgbh Eﬁé‘éﬁgﬂfﬁﬁ%‘# o Sebe bt bR el oo
al so i ncl ude caalyet @mpositdhi mﬁlﬂinopﬂosphﬁcefrﬂoaéﬂﬁwl’siéves dre efyetalitley, the netal
is selected fromthe group consisting of ma%g1 sium 25 manganese, zinc,

cobal t, and MiRIODPEYS PHéP%Whlch?h’eb@’er?@t@Ppa msiverker Bliyycag V‘blt
adsor pfg on, afAiGg ARG AN &hecf%&rﬁw&kCﬁypfggﬂgp%oﬁﬁﬁ%%h@pﬁe; Ol ar

al um nosilica I"um nophosphat e and" si
Si eve conposidimanins riﬂgﬁrtgeﬁmm(abomtm agstranstoagbdut Heangspompandtaion ar e

described in U. %
capa

le ofa makmg 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,, AlO, and PO, tetrahedral units. These as



4,567,029, incorporated herein by reference in its entirety. 30 The netal
contai ni ng ALPGCs have a three-di nensi onal mcroporous crystal framework
structur avobh2/0dRs A102 and P02 tetrahedral units. These aBCTNIS@Z2109188

PCT/ US01/ 21099 15 manufactured structures (which contain tenplate prior to
cal cination) can be represented by enpl¥ical chenical conposition, on an
anhydrous basis, as: nR (M,AlyPZ)Q2 wherein "R' represents at | east one

organic tenpl ati agent present in the 5 intracrystalli.n ore system "ni
represents tﬁ’é‘n?ﬁgigt@?%osfr“ resrﬁ”@écé’rfton%éprtelf’@kaée Bfor t%l?/?%}rﬁ?b%‘ nbfq has a

val ue of frOf@pﬁ%éﬂ’teﬁBy@m%iriéah@néﬁﬁ&l%fﬁ?&ﬁﬁé&ﬁ ohRn@aRNreASEasisigpendi ng upon
t he nol ecul ar "di nensi ons of the tenplating agent and the avail able void
vol ume of the pore system of the paRt{(Midlgh)@etal al um nophosphate

i nvol ved, "x", "v".,.and "z" represen h l.e.fr j f the 10 netal
o (ree. mah B i gunaCRTSRRtraltlG Hid A% Hifala G

. phosphsor us, ifiRsReatlinégloys syBfeRs €Al ragreicaty tab 8l of SRI gessentiiee nivdd af
containing ALPCs are sonetines referred to by the acronymas MAPO. Al so
in those casE¥xABx@: tbhasey valueqfifrom gerp 0 Soths daaimpm Yadue eath&sem t he

acronym mpod%&ggﬁggf-pt‘sﬂ HeSnbREECIRRRLbL OO thHeHpl AHoYaciifaid il MAPO and

CoAPO are app e conpositions I ch contain~zirnc, nmanganese and
cobal t r espeatidilableywoidlvoliinie nf ifeypordigystear ofthe paticulat metll speci es whi ch nmake

up each of the subgeneric classes, VARPO, O,__CoAPO an APQO, .each
D ceron s nuSAROR BRI B, et a7t FeREsortne Bl fhabongof i ano, 5,
MAPG- 1i, CoARQta’f‘*NP’DQ.e.Sﬁlagﬂéﬁmn, rﬁ@ng-gﬂe%le,siihé &Qpc%o%mtpammﬁm@h@ mol ecul ar

sieves are synthesized by hydrothermal crystalliZzation nethods generally
known i n t hepbesphoiSegespeotivelpxuegshiss teirabedphoxidedos. 4, 440, 871; 4, 861, 743;

"ncor borat ed her e e B sp A Bina L A0S B RerPRRe Rl el v i ng

t oget her reapidAR®.SAlsoGR thosa kbt Mltcancimetl pires phde dsmposiHongnt s, al ong
with at | east one tenplate. Generally the mxture |is sealed and heat ed,

pref er abl y ufd&pesiindheasasyBABQrizapplisddo thepempasitiee. sfmidarly 24BQt 100C,

prefer nymeg - I t i L S: d. Formation

of t heﬁcr ysta |€1(2Q%%§§§gpugghhqlge§gs gﬁey(&#gf) gﬁg l?%ﬁﬂﬂgﬁtgaiﬁ%“gﬁﬁ%r s to as
manganese and cobalt respectively. To identify the various structural species

which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and

MnAPO, 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, for
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, pfeferably 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.



much as 2 weeks. In some cases, stirring or seeding with crystalline
material will 30 facilitate the formati on of the product. WO 02/06188

PCT/ USO1M0 0981886 Typically, the nol ecul ar sieve productP@iikolzaodoor med in
solution. It can be recovered by standard neans, such as by centrifugation
or filtration. The product can al so bel@ashed, recovered by the sane
nmeans, and dried. As a result of the crystallization process, the recovered
sieve contains 5. w.thin its pores .at |eas ortion.of the t | ate used
in nmaking the ini ?V%EPQ&%MP’%HHI% SIPYFrIE U‘F}\g?légﬁ/i e&%é"@%‘?‘hc’? ik
essential |y Y& RRSv@EPBY SahilBd hRAR, 3héh as BYWnkiTediiOHPk ElteatiBastrhBe renmoved so
that the nol ecul ar sieve can exhibit catalytic activi td>r/" Once the tenpl ate
i s removed, piodueirops elsolberreashed; iesovered by the semeanepastead drighat is typical |y
called an intracrystall in or m i ng upon
the nature of thexs iangﬁultpotr;fé@eu%rg St? Pc[)l?}rlrtgoél,p rfl’?qeé!‘”q’ti%%{%‘??%g"{? ‘gozl%t%gsg | arge to
be el uted fr @fthinhies porey #deassh ﬁbﬂtibﬂefﬂﬁrt&nplﬁ&tlﬁﬁd inl Makiap che iaitkase, the

tenpl ate can be renpved by a heat treatnent prgcess. For _exanple, the
tenpl ate can'eiQEMEHEd ,ﬁéﬂwg%@mmpw essehtiaty dgaps ounkthg femaplafee  of an

oxygen- cont aﬁrpi t'tﬂﬁ & ateq}{us‘%BQTr&ﬁcNeH%ottﬁh‘?tﬁe‘%ﬂ&le%l&fs@&)%tc%h%kﬁ@it%hﬁﬁ@gi n the

15 presence 0 ygen-contai ning gas and heating at tenperat s from
200C to 900ftivity. $hre tlatsmplaté ts remyvdiethdesystalmesttustire dtat remeadus leasvi r onment
having a | ow _oxygen concentration. In these cases, however, the result
will typical Wyatg\égglcailryétgﬁgé%mgﬁcwﬁtgﬂpgﬁﬁ{eastyéte{nm o a small er conponent,
rat herjgt han by thg, GREEMSE IdePeriRCER the MtSrelof iR Pial BFRRIBSHHEA] the used
for partial or conplete 20 renoval” of the tenplate fromthe

i ntracryst al tempdatp oray beyteo bge torbeciuted fromdbe intigctyistallinggioresystesnplnat es,
conplete or partial r val fromthe sieve can.be acconplished by
conventi onal E‘iﬁ? saociaﬁ?’itﬁ?qgg’rph)%%g% ergglgﬁengl%y?ﬁ%agérea%e&l PIYe k;%??& st andard
zeol i tes. Thexdn@ae,lth@teniflat YaebEadlcif Q) babdeRigly@onibased i i }]s%@ﬁce Tenpl at es
are 25 structure directing or affecting agents, and typically contain

ni trogen, phB5EHBIEEN-CoBRywNSaschY prtiactiRg dicdgmplagi-cantelBis sexei et her eof |
and c al t ai t I . A 3 b
oo ng B SsenPRRAk ol Bl o BB on PR Yha R Bl L gt oo bone
tenpl at es capoEOdUGBmIckidd! 1 fagfbe UedifBlBtheatSh @M @aviesndR Aavthpandwy one

si eve where one tenplate is nore strongly directing
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,



30 than another. Representative tenplates include tetraethyl amoni um
salts, cyclopentylam ne, am nonethyl cycl ohexane, pi peridine,

triethyl andaz0619¥D 02/ 06188 PCT/ US01/ 21099 17 cycl ohexyl arCh@sota19%et hyl
hydr oxyet hyl am ne, norpholine, dipropylamne (DPA), pyridine,

i sopropyl ani ne and conbi nations thereofl” Preferred tenplates are
triethylam ne, cyclohexylam ne, piperidine, pyridine, i sopropyl am ne,
tetraethyl a iumsalts .and s reof The 5
et 1 act hyl antiirtisviaains Sisthb hERaR gt Halbh, yniRrte (Teaoy
tetraethyl apmeAy, 5?}191519%@&ﬁbpylaﬁqﬁteraﬁ@%mbmaﬁmrth@mf |Pa‘@1feh€@ tenhiteaet hyl
anmoni um br om de, traeth anmoni um chl ori de, tetrae anmoni um
acetate. Pr eﬂeémtémlarremm wlhmxym lpmlﬁmet Byridiee, ﬂ@@f%’imneaamm ni um
hydr oxi de an tr h P | ecul ar sieve
structure, caﬂmsgt% an} ;“g’oﬁ?rlp %ﬂ U%&ﬁ%m&l?re%gl%m%?l ?Hgsmof t enpl at es.

For exanpl e, tdtr@etﬁy]@ﬁﬁﬁdrﬁm@alltswnpm&é tetraadylmﬁdmmrﬁydrom&e(mmnml ecul ar
sieve is manufactured using a tenplate_conbinati OH TEACOH and

di pr opy! ani n&etraqﬂwlsare@ﬁmuﬁwh%nw%map@ﬂ HIHOBINY E‘Rﬂl%ﬁs fejrag@¥l r abl e  SAPO
structure fo Yol nd 15
di nmet hyl et hé@mﬁlﬁﬁﬂ%ﬁﬁﬁ%ﬁﬁ%{&%ﬁ suc ?ﬂg&gggl%lﬁeﬁéé?\éeﬁaér@ Lﬁ‘)r'opyfdtgl‘%g&lt a_,}ﬁ
silicoal um anlﬁmsqnhatreeﬂmﬁlaﬁnndmmmsalMe tesratthpl ammbyivadinydrexdd¢ ande. |

bl ended) with other materials. Wien bl ended, the resulting conmposition is
typically re?egra?tgﬁlr%rﬁma@uﬁi@%aé%t alyst, with the catal yst conprising the

SAPO qgol ecul ar sirgy §ApePmbRESE! ﬁév?e smbﬁife @a%rbeté@febdl@é}ps&nwea uking nol ecul ar
si eve can be various inert or catal y i cal y active materlals of various

bi nder mat er tethbinatinssd tmleﬁes aFer expmpleythea mrhpdsnly pmfgreﬁmboagnemol in and

ot her cl ays, rare eart ot her

non- zeol i %/e glgf%*]itg{noé%: 53@%%“11% t‘frgdg%{lés esr{lplnp 1gg%fal um na or
al um na sol , TEWGHN bR d%)td@mmae ma@mmau@rhwsm@s mtaqfaydxdulﬁly dhirgplart z,
silica or silica or silica sol, and nmi xtures thereof. These corrponents are
al so ef f ect i $APOrstiustge fasghe soayersion| of axygspatesl nartiqualymethardend act i ng as a
t her I si nk t, i during regeneration,
dens mﬁ yi ng t Hﬁe?h&? %?Hé o llglﬁg&?{ril%sf%ggkﬂgﬁ a{lé]%dsz@)g{ﬂr Izéngt h. It is

particul arly desi fl‘hblsmcbdiathlrtobboslahﬂetmdimmrls&lvs is typically admixed (i.e.,

blended) with other materials. When blended, the resulting composition 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. These materials
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.



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, nore preferably fromabout 0.1 to
about 0. 8vaar/hgss C, nost preferably fromabout 0.1 to abor€T@SG/11849 g- C. WO
02/ 06188 PCT/ USO1/ 21099 18 Additional nolecul ar sieve materials can be
included as a part of the SAPO catal yst® conmposition or they can be used as
separate nol ecul ar sieve catalysts in adm xture V\,i th the SAPO catal yst if

desired. Structural, types of mall ore m)l cu s eves t are sui tabl e
for use in this i%&é‘ﬁ%ﬁ%‘ﬁn?lﬁ %Ic?éﬁ"ﬁgftef apFtolihery AWy BI K,

CAS, CHA, CHAPBAGtal %mﬁ@morﬁﬁlthe Be d§gd as 46 atéiﬁMecﬂgﬁle\Mj\' PAU, PHI,
RHO, ROG THO and ‘substituted forms thereof. Structural types of nedium

por e nol ecul eatalysteireadninture withghesShPQIskialyishif dasieed; Htubivgalitypesof swalli ncl ude

Mher eof - Thebereaye ke iERetare Tt Bt i it Voo BT R ERIARLARY, Lo

greates detaplpC, ATNIATA, IA@EVQ&WZ&OBIK @A§IGMtQH§|DKEPBDR WOVl EREi er and
D.H. O'sen, Butterworth Hei nenan 1997, the detail ed descri ption

of which is SQ.ikFl LBV RO waMaNhBAU EHWH%R@C@J&@ andef er r ed
| |
oo ue” | me Rt flnc BRchs SOOPLACoM S uud rbhoABLUmAORNERRZLE

cgnposi tion meshiadAdor wenpﬂhtsaﬁsenabmﬂchik%MEI MEIJ;MQW O/EUO[M‘[G“ piBtf,er abl y
about 5 %to abo % r ef er abl ab u 10% t out_. 80‘V by
wei ght of rmf@gu &%vg%}?@g&ubé l%edpfrro Seﬁ%@ﬁ@as ’
conmpogjt i on @I’é?n(ﬁe&ﬁa{r &k arkidkerBbd b gfeatep@éfaﬂ 31%& L 9 OP% ozznaor e preferably

about 30 to 200, nost preferably about™50 to atal yst can be
subj ect ed t oStuatandl &yyesoWV .M. dbdieremtl D . HoOksehj Buﬁ@mhﬁh BEeeeimmasad3diedsi cal and

chem cal cha risti.cg., Such treatnents i.nclude re. not necessarily
i tea to naTbisiEsdegtptenp R d bty dpatierdefinhy. bace
treatment, nidfbreRd. maﬁehedrtdolldcamr 180 dsnAkiB carSRS @nislAsd With aand conbi nat i ons
thereof. In this invention, a feed containing an oxygenate, and optionally

a dil uent 2shé@alwnmoah@@hatbGwab{aué@ilué@éﬁl\’bﬁeZ%NIo% Afisuite, and ehabpate. _
oxygenate, 1s Comrﬁ‘&%é‘tglgwcoﬁapo$ﬁ8ﬁbﬁe%%§§ﬁ%%8&bm;]&'a{i%gutal o2hf’ %{Lg%?%“ ar sieve

in a réaction zoné or v such ‘¢con ’akes pl ace
i s herein temvesplefably @bait 6% 'to wbvue B0 %rayd bsepreriblphbaut 10EActabbut

apparatus® of AI g}? Svteig ?ofs m?)lteglg?ar" méfrn]eOtIp 1% rals%%rréfelprfed ‘Ehgt the catalyst
composition have a particle size of from about 20p to 3,000n, more preferably
about 30p to 200p, most preferably about 50p to 150p.

20 The catalyst can be subjected to a variety of treatments to achieve the
desired physical and chemical characteristics. Such treatments include, 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 oxygenate, 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 system.” 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.



reaction systemnmay be a "regenerator,” which conprises a volune wherein 30
car bonaceous deposits (or coke) on the catalyst resulting fromthe olefin
conver si OO pE&a8% on are renoved by contacting the catal ysPCWUBHIL/21099
regeneration nmedium WO 02/06188 PCT/ US01/21099 19 The net hod of making
the preferred olefin product in this in¥ention can include the additional
step of nmaking these conpositions from hydrocarbons such as oil, coal, tar

sand, shale, bio s and .natural gas. .Methqds for ki.ng.the. conpositions
are known in thenif“? ?rl_e%r?é‘é)z“f?%ﬂ%ggpfeﬁﬁﬂcfge %PWQH‘E@P FlBgfntVSmSO“aclaBohol or

et her, maki ngchiRtNesidsidRBstep BLRAGARVRES EotHpdsieons ¥ BRdrscBsnstsch al cohol
or ether. Synthesis gas can be produced by known processes such as steam

reformng, aesolilverkrtdr sansk ehald, bipraasd apdnatpesl geni Mpthads rmakmg the nore inert

di luents may be present in the feedstock, for. e I 0. amount of
from1l to 990?{8?(%?&06%PEeelﬁl}o,wrblgsf%Cd%gnjrg it h‘tlect)I?Oé]IS%)}(\%J%ef‘rgn%#nq%q%gg of 10 all
feed asd di | bieohol ©peier) eitking BatHesis bhS tiepavhyating deesyhthesis ghodoyst ) . As

defined herein, diluents are conpositions which are essentially

non-r eact i veal§ehd 9% ether. npynihasisgas spphepreguendyhytkno¥nProgessaiSHERAS unct i on to
make the oxy 0t : rated. Typical diluents

i ncl ude, but Qgﬁ&gtrﬁ%%ﬂaﬁgégggtg{n?ﬁ??étﬁxﬁﬁnkggép%‘,ﬁgﬁg:fi?%%ﬁcﬁgrgon’ ni trogen,

car bon nonoxi de, Oaebomotk mertddnemaey be pbesestsriid fakbdsyoakoforcranpleyia

araffins (especially the al kanes such t hane, et hape, . and opane),
asent| af Iy AbApEsaling: b BREs bosuthnsed of fiionT pedb crailFefhc o
conpouyds, and fEPehH e Sedt QS&%@ﬁentsTﬂ%Q t&fl%frga[ol"tii%ﬂ foéé (68 @ﬁtﬁlyﬁﬂ)?]@é@%ﬁﬁe@nd

nitrogen. Water can be injected in either liquid or vapor form

Hydr ocar bonshesin, dilsenthare icomposdiéensashiplnate essentiplly herethseivckacrgsse. , as co- 20
feed. As defined herein rocarbons_included wth the feedstqck are

hydr ocar bon EOHGHER FSh G A BSR T AEA T B ey st e
arrangement faMietBclERES @siceirated. Mypdat aikichits BtRde Wkl nos heceddacise

hydr ocarbons can include olefins, reactive paraffins, reactive

al kyl ar omat i &guited e delivia, eemitregsnosarbanagredde, cabpn dfoxiqe; apkry ed

hydr ogar bon - (W . +

hydr og§r bon %&;%tﬁar s,"&%%&‘ﬁ’g@ P %@@rr%ﬁ(%ﬁﬁ%m}(l?ﬁ%&ﬁ?&%ﬁa@%’%%ﬁ@% ﬁg?nggf. Mor e

preferred asandpiopenty, asantiallCAdn-naadtiocaklenesyessbntiadly, nonsredctivh aramsic

referred being C4+ hydrocarbon m res_which are obtaine rom
gep aration aﬁ@ng@}ﬂ?lé’l aéPc/l mixtures tlciereg}’. X"}ﬁje preferre:i dHuents are watér ang nEtrogen.

Water can be injected in either liquid or vapor form.

Hydrocarbons can also be included as part of the feedstock, i.e., as co-

20 feed. As defined herein, hydrocarbons included with the feedstock are
hydrocarbon compositions which are converted to another chemical arrangement
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 ct hydrocarbon mixtures, Cs' hydrocarbon mixtures, and mixtures thereof. More
preferred as co-feeds are a C4" hydrocarbon mixtures, with the most preferred
being C4* 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,



of reactor product. In the process of this invention, coked catal yst can be
regenerated by 30 contacting the coked catalyst with a regeneration nedi um
to renovav@abtoass part of the coke deposits. This regener B€T/OROICAMIOCCUN
periodically within the reactor by ceasing the flow of feed to the
reactor, introducing a regeneration meddum WO 02/06188 PCT/US01/21099 20
ceasing flow of the regeneration nedium and then reintroducing the feed to

the fully or partjally regenerated catal . _Regeneration | so occur
peri odi cal | yceaé]lngé’(?ﬁ‘f? BEfé‘gle?eréﬁ?%mB&“Eh@X‘f&’ﬁﬁfﬁgﬁ%‘s‘cP&?g%f%a¥%ﬁ’ﬁorti on of
the deactivahgg orpahly $bgchbratd 8RA Al RedRSRABA Ma9 alsofREGNRABHICALy t he coked
catalyst in thé 5 regenherator, and 'subsequently reintroducing the

regener at ed omtamkiggeustyooutside theareactr.by rRmgemgagortom efthe deastivated times and

condi tions appropriate to maintajn a desire | evel C. on the entire
catal yst w tﬁﬁ?‘}yﬁﬁ% al’sg%ac?%%ir‘?geﬂﬁrﬁ{o§’tr§%%’e?f;a&1n§ ec?oz(F gg?tgiyétrﬁ%lé h be used, ‘
i ncludisng fi xependigds, ahll whishe§@shtlQ reint¥ddicite the eegiGrbRURataRiseloahs fctoeact or s

are co-current riser reactors and short 10 contact tinme, countercurrent
free-fall reReganemtion compedyr ahtimssyrrenditicas epprepiiate tofpaipindesiéled with a

nmol ecul ar si : VA{%&%’ : | about 1 hr- preferably in
the range of Fe}églo%actgg%é&hfaﬁ%ﬁel 0 ng%gﬁ{!]trhﬁ%:&oéhd nost preferably in the
range of from aboAiny2@nbird tedctorsPsetrcan be utdSichslirgefitaddsdhBuidibedas t he

wei ght of oxygenate, and hydrocarbon which may optionally be.in the feed,
per hour per mowgaeéﬁgmtela% ode Iré%cﬁ‘?réﬁres‘ioé?}@/eﬁbﬁﬁeéﬁ?acg’frg/i‘wgs_h@gt al yst.
Becausg the ggaliad Yidle, Bburkidtbur & B2t IAK redBYrCIAMIRENaPSRREN B FREBLIE Whi ch act
as inerts or diluents, the WHSV is cal cul ated on theé wei ght basis of the

oxygenat e f eeah beagnatagted wijita owdachbn siewh cahly steay a FEH B Ved @hleastaubdutt Il

nmol ecul ar sieve contained in t cat al yst .1 Pr. abl the o nat e feed

i s contacted ,\Br?tﬁraﬁyemg% %P%%?Pﬁ%ﬁ%?'ﬁ%ﬁ“zdo&%(g a?%d Wsﬁme§¥%§pﬁ phase.
Al ternately, tehndd TIRRS abdM 20@r € & 5608 OWHEW it defliriedWetbi®hs the Wekdl
vapor/|iquid phase. When the process is carried out in a liquid phase or a

ni xed vapor/ P epigengspasnd hydiocaben mthichonaxprticnaly heén befead; perihopererof
f eed- t,@- pr od i ;
eed-4,g- pro kﬁz%}egh%ifth%%?o‘fé&na‘%g%@Qbﬂ?m%ggﬁle dd }/éet;ghg%a%ﬁ%a %h%g%ﬁﬁ%f {h@"n

condi tions. process can generally carr e range of
t enper at ur es feed@®bckAmap totaini otieer oyeteridls whichaopmriadrtyree dilaags, thaWHEVf r om
? lr)glr%t atZ)gStC g%gé?q%&%ted cE)nr t%]:a%vre?gﬂt%agig 8 thg?)%ljéengtoeofececi gnc? gr(l)ycﬁycﬂgéa?bo%r eferably
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 out in a
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 temperature 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



550C. At the lower end of the tenperature range, the formation of the
desired olefin products nay becone markedly slow. At the upper end of the
t enper at we 02/6@pgje, the process nmay not form an opti num aROTES01E1099r oduct .
30 The pressure can al so vary over a w de range, including autogenous
pressures. Effective pressures may be i1, but are not necessarily limted
to, oxygenate partial pressures at least 1 psi a preferably at least 5

psia. The process 02/06188. PCT/ USO1/ 2109 particularly effective
R o o e SR o o Stec e R e N R
pressure of QtpehRE P&ﬂﬁﬁﬂpr@%u?b%ﬁgred?éﬁﬁﬁf ﬁbﬂ)sﬂa Pﬂé&rﬂz}iy Qﬁéléiq%enﬁ@rtl al
pressure is at 1east about psia, nore preferably at | east about 30 psia.

For practi capara@lmr@eﬁurpuﬁ; pfdg%sé abqut 25 p@l’ésﬁn@@tﬂr@feta@}bﬁéﬁe?&t gboat 3@ psidt hanol
partial 5 prgssy u(iqlc g% o%%s 1t t&%ﬂ 1790 (§pe§a(29?tpas R&Ei,f E[fa?bl y not

greater than abit pre era an about 300

psia. Fhe copresyusd @ﬂho@@raatey@emabeﬁt 300 p@fapﬂm@aaﬁlygbt gr@dltélfﬁhﬁﬁ abay 40@ carri ed
out in a variety of catalytic reactors. Reactor types include fixed bed
reactors, fIP,ﬁlﬁm%éﬁrefeé&@t’élp%gre%ﬁﬂth%ﬁw?’@91?51?1 ser reactors as descri bed

in "Free Fall Rea fﬁﬁgowmﬂ&l d%*os&xgé[né?eh grgg& 1@%@@5 HQZ b'é‘éeried%ﬁl%’ 0.

Levenspi el , Robert I eger Xpressly
i ncor por at edlmmvaelety cbi&catadzjterremters Regidott tiypesahtlyde finedbegreantoreyfuidr ee fal |

reactors nmay, be used in the conversion ces

US- a4, 063, 1o OO e ceqatars B ORER R rdcocpiath KeoBlafy  of o
Syst enp, pagﬁ'ﬁudfﬁftl@%ﬂffﬂéerl N3, @i dad - L&Sehipl, Iisieitldkideer Publ i shing
Corp., NY 1960, the detail descrlptlons of which are al so expressly

i ncor por at edPuldishing %yNﬁéfléﬁémresa;lm nepom@ated hergindntrstirensat  of t he

Feactor and SOREoER Mk SR ites 1 Boralsln BB kT oh RN Coke

deposi ts t haproc&s b Hegdtibedih UBA-2068/196 bed FRig&tRebtor,” FliiARaRéh smbener at or,
the catalyst is contacted with a rggener ation nedi um contajning oxygen or

ot her oxi danfhud-Equih itests BRARRASIR bidneant frd Mdé WhmosReinhaldd, NO, Ne2,
N205, d ‘
1300 T EhbllERe R Ry 19do. 1% RLALSEEARK G AR, 82 o8 dfigedior M O

can nrtrogen st eam may
be added. Desotpatited heréie byZefeconcent ration in the regener at or is reduced to

2 COnLrol e | eV B ol P LSRR LS LS Sl o1t SPOLS
the catalyst is removed from the reactor and sent to the regenerator to remove the
accumulated coke deposits that result during the catalytic reaction. In the

20 regenerator, the catalyst is contacted with a regeneration medium containing
oxygen or other oxidants. Examples of other oxidants include O3, SO3, N,O, NO,
NO;, N,Os, 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 Ha,
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



catal yst. The deactivated catal yst al so may be regenerated reductively with
H2, CO mxtures thereof, or other suitable reducing agents. A conbination
of oxi dawovmodiegenerati on and reductive regenerati on canpal/gsoimoenpl oyed.
In essence, the coke deposits are renoved fromthe catal yst during the 30
regeneration process, formng a regenerdted catal yst. The regenerat ed
catalyst is then returned to the reactor for further contact with feed.

Typi cal regeneration WD 02/06188 PCT/US01/21 t enpe ure re in the
range of 250cmperelureralt imbreyangs of Re074R e desflr&%gomfé@@nge %5%‘%@

dosirabre {qErr-abitelibn 8ol f R AL MR BB o A0S et <’ “whi ch

nmay be adsor bed Cmﬁis(lidsﬂébléﬁi atiy st le@dt sbrae af &@ volatily srghiiis compoaey OUS 5
structure prior to entering the regenerator. This can be acconplished by

passing a s‘t"hllcbﬁlabfd)eg'ié@fb%?m?ﬁ@ ‘%,a&’fl}&ilt%}focﬁtﬁd 10 JEHPUGIORAIO 1§ ppi ng
chambes, Wi GiRR0nRG to!ARRLE thotoblePudil hﬁ@@aﬁtb%rac%rgl?lﬁrlrl]@%l BEPRLsHeG vessel .

The sttipping gas Be any nti a inert ne I's “conmonl y

used. Exanplsdpmhg gisovep tlmg:a@yst ar astrlppea@mstruppmg@gembem ghiahmandegon,
net hane, C02, be desirable to cool at

CO f d. h d
| east a port Bﬁe‘})wlt{’}rj‘?&hgé"@‘@wggﬁ’c ro gﬂn‘ﬂféﬁe Jgﬁ%sqggﬁlﬂﬁrgaﬁ SRS ur e bef ore
it is sent bapkahitallRert RRAMM thaﬁs%ﬁﬁno%ﬂﬁs%aggka ﬁk@bﬁ@lﬂpﬁ’?ﬁ?%ﬁi‘ﬁ%' y to the

regenerator may be uUsed to renpve some héat fromthe cata after it has
been wi t hdr asierni, minogenehelingn negoat methan £104 0O, flugane rad bmdr@gqral yst is

cool eﬁ it is deSftrabquif %%9{ it tt ate gratyre V\éﬂl ?art]eis frsnaabout
200C Pgher 15 to 3}%& vt} 0%8 a %agha Of Shperseur 6 ah% ca?al yst

wi t hdrawn f rigwet Renpeff@etbefore Vg &ntlbsdkitaereadtér. i 8 henekethnper 1acatt@frper ature
from about 10C to EOOC | ower than the tenperature of the cataly

wi t hdr awn f rovistadly todhe ragenerater §lay@é@ﬁ@doé%%’%@ﬁneﬁh?@hﬁﬁﬁvh%éatﬁlé‘f’tur ned to
ei ther sone ﬁ?errth}ﬁg b@% LR %ﬂ(ﬁto?ﬁ thetrgg'enefa:ﬁﬂ AlLRL feﬁgféf’ Rk Qﬁtaw@ g the

regenerated cata rom e regener ret ur to t reactor, it

may be ret urmﬂied';m@ d&itaBlaed 06015t toattaxhyahmeb whith agirog abserd00°Chéghieeact i on
zone, and/or the inlet zone. Introducing the cooled catalyst into the

react df or r@@éﬁ@r?&(’o@ lewenthan the tenappyeteretdf dhesasalng avithdmyeatr Gomrtbe i n t he
CEMCRET T SRR YL T I C NG et
it is returnpeel thahif ©fPelafire of the@Btalyst 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 disengaging
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 returned to the reactor.



alternative enbodi ment, the reactor and regenerator are configured such
that the feed contacts the regenerated catalyst after it is returned to

t he reactvoo 02/0618¢ et  anot her enbodi ment, the feed stream pa@anusa/apmi t such
that feed contacts regenerated catal yst before it is returned to the
reactor and after it has been 30 retur@d to the reactor. WD 02/06188

PCT/ US01/ 21099 23 It is preferred that the catalyst within the reactor

have an average |evel cok t th d/
propyl ene. Pr gf erlib? Rfepetni‘?é @@“3&2"5& @“% @9@ %)ﬁ%f‘{ﬁe\elélb ea‘?%?g‘fv%ofnebgnf r gﬁn
about 2 wt. %dke cAeGe i%psé@éotlvrﬁ?rt l%n@ﬁ&f/&f REhledd. ATeRBMIN, the W . % 0 about

20 . % In order to nmaintain average |'evel of coke on catal yst, the
entire vol un@’erﬁge@akaleysltomfan Cﬂéb’p’fawﬂlbﬂﬂr@m ab@g&w?%tte@balﬁ@é)rwtc%ndl tions

effective to_maintain.t ke co 0

preferred, IB\%G\Pé?t%r b&yfr 3{%Wlt a|5’8? ‘#% qflﬁe €Ok %%né {1(&:1 st for
feed cont actav&tdghqwel 6ﬁmarnaiatarr5@t t}‘f&exﬁué e@lylﬁie@f@aﬂalygmaaafefpmm@ ei t her

internal or external to the_reactor. The portion of coked catalyst to be

regener at ed tEgeqesatpd Bpdeyr spnditionsgatestivg @dn%}ﬂ'@é’r the gadired; coke care on; ve t 0
b O/
b 3 TG L o e U R B LR SR 2,

preferably Iess ess t
order to makfer tﬁs;mdfoontaammth@,ttad:geﬂeratmgsTldsuréclygletcbmbe pqémmedtaﬂher or reactl on
process, fresh catal an be adde Prefer sh cat al%fi is 15

f
added to t hellfesead 95F t@@@ toffg Fepstor %P%POI?IPHP cq ﬂ&e@ﬁf#& egetebner at or
and t hgn bolrsribrﬁ’éx%bg/q‘ég&e}ﬁe& el @&ﬁﬁﬁﬁns cHRVRIERD obtalEa FdRadtafeat al yst can be

added to the ‘react i'ndependently of the regenerated catal yst. The olefin
pr oduct thatcataslymndmngra qohecmiteftlorﬁlassnthastwisénprefamalay\lasls éfanrl.5 we¥set i on unit

to convert th t n |vat|ve product. Desirably, the 20
olefin produ?:nt § %ﬁaglyisﬁ% é’g IV to the olefin reaction unit with

m ni mal processi nEl(fr@értﬁQﬁﬂl@fﬁ‘Tpﬁafﬁnyr&fﬂD%@loss by @k reddiefaliof 8 be sone
separation or purification of the olefins in the olefin product stream

bef or e sendi i¢gction praeesy| fegsh gatalysteanibsmdder. t Preferabdyithefreshrgatalyst ésat i on of
lefing trad f | h
ol el § ra :%ct]deg ll?(g{;hekfe e%% Jdecsata{ﬁﬂ?ﬁ@ ngreﬁaw\éd £k th%x%ghl{lgg%t?{;%hgﬁ)eﬂh' ¢

[ nter ere w | on ormance, par
pol yneri zat i lesth st @ldyé to thenréaatdmmhﬁvevhlovhel feasklcatabit et beandided gether al | y
conpri se 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 minimal
processing for contaminant removal. However, there can be some separation 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.



pol ar nol ecul es. Exanpl es include oxygenates such as water, alcohols,
carboxylic acids, carbon nonoxi de and carbon di oxide; sul fur conpounds such
as hydr oven2/edaB$ i de, carbonyl sulfide and nercaptans; anPOIU8)1/2A0%i ne;
phosphi ne; 30 and chl orides. O her contam nants can be hydrocarbons such as
acetyl ene, methyl acetylene, propadi e?é4, butadiene, and butyne. WD

02/ 06188 PCT/ US01/ 21099 24 Low | evel contam nants can be renoved by a

vari ety of processes | ncl udi ng hydrogenatipn reactiqns to saturate
certain hydr ocarz(f)‘h ievgl)g%tiﬁllill@%sg gb%’%?’t"éf?%%ﬁl"é’i‘“&? BUR%HSS'wi t h vari ous
materials, syehdRg At namnerewu%ﬁs &) BMBSe cerith hfdbbABoNY; hbsoYRIOnQFS
solvents; and fractional distillation. In addition, the 5 desired ol efin be

separ at ed f resmai pelar compobeds with aarchpmaéCfrialm sudiasi Snbd grodesutar sighes; f ewer
carbon atons_that thﬁﬂdes ired,al 1as havi ng the

same car bon RURBEPT Wi VEDQUSFOly n%o?ﬁ[}ad %%C?lﬁﬁﬁ désr@%u Tonha %tr%;]:tt “onal

distilfati Orﬂesir@&ﬂ@ﬁﬁlb@%epa@éte@f@ﬂl ABINEF dtefinseint ipardindsargdoirbaes an@xt r act i on
or nmenbrane separations. a preferred enbodi ment of this jnvention,
the ol efi n plegguearbet af@armth@ thef@?ﬁﬁ@ijdﬁﬁ@rﬁst"}‘?él asdron perafinsdpywedhon of an

oxygenate us 2 p%%trﬁl%e Tﬁ{s Y be ﬁﬁ{eadsgﬁtﬁogg%rﬁ{oﬁhﬁgé&xg% déstﬂlatlon .

S|I|coalumnopo € nol'ecu Sl eve C odinment is
parti cul arl yteclagquespbrealsuhesing Mthmelrmiserbtisn amtrattomalmanlohnas net hanol
or an ether such as dinethyl ether. The resulting olefin product is 15
typical |y | GPPRHe%nt ami nants such as hydrogen sul fide, carbonyl sulfide

(CO0) 190 and arsi ngy.; Jlafesrel ¥RBoGImRE Qfdﬁi%tln%rﬁl%ﬂnﬂ@%[bflﬂ%r@d&@@t?e‘h%gls' n an
olefin derivative unit with mnimal separation and purification. In fact,

f ol | owi ng r efoowed from‘thc latalytik eomwrmrodﬁanOWgewq vsing 2 orelecutareiceé i n f or mi ng

unit, renoval h ar r.arsine is
not necessar tq% %8%1“?03 F)?ch?ﬂgmg’fogg tﬁé‘?(ﬂ asreshe[ve(cé%cﬁ)ﬁ‘a ®fin reaction
unit has a hyabRE@ent is ghiticaiarls qsglﬁme When! B8 axygmﬁtewam&@mm i llion by
wei ght (ppmw.), preferably less than 5 nore preferably |ess

than 1 ppm winethpgolios agjethsr a@éluasslun@thylrréher %ﬁe resnismgplefieprofuctéent to t he
oL 1! R 2L hyH0kly IPUS RIS A Sl lmpci 10 part
preferably | zﬁﬁi:‘arilhanTﬁlsmqmoﬂprodl.lckﬂlnaaﬁeqanlbb preceskediifi alh)bLef hhhhvaiiv@f in that
|s  sent to IEII;}F wgt{l(rarfnlmrr]narl%g Catrallt%% alrjlgl uri 1g¥cgnali]n arc%Ifgﬁoxgl?lmrgc%tvemofltﬁes s than 10
parts per P p g ry
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 carbonyl sulfide content of
less than 10 parts per million by weight (ppm wt.), preferably less than 5 ppm wt.,
25 more preferably less than 1 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,
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ol ef i n pvoaowo6188 r eam be needed, 30 purification systens BODNS@L109%at f ound
in Kirk-OQhnmer Encycl opedia of Chem cal _ Technol ogy, 4th edition, Volunme 9,
John Wley & Sons, 1996, pg. 894 - 89925%the description of which is

i ncorporated herein by reference, can be used. In addition, WO 02/06188

PCT/ US01/ 21099, . 25 purificatjon_ syste u s that found i.n, Kirk:CQ hmer
Encycl opedi aplgfﬁ%%rﬁﬁ@gqms 5156{& H%@P%%&‘P&fﬂ%"’ %-E?f?%’ _,nc%{oﬂﬁ‘éa 6,&’%@?# Wley &
Sons, 1996, pgnndtdy, 4R éditioh, NEoludl8 20/ Johh WRieyod SKAE, G996 Speab8®- DTG @ipor at ed
herein by reference,” can be ‘al so be used. In a preferred enbodi ment of the
i nvention, tdescopiidn of whikisraldosnemperated heteén breftrenqencanehd alsa ba/esedni t

wi t hout separating olefting fromparaffin . like [

Preferably, the o eaf]i’rﬁ%eﬁrreggﬁ@f’mg?e%gﬁﬁfhférﬁ,s?g%%l}’é ee%llgg% %&%&gﬁ géﬂ?er om an
oxygengt e cogie¢fih de@vhtive asilt Wathowd depardting vlefiagiiemtpatafinyaf lilef cag@naf f i ns

havi ng the sanme nunber of carbon atons as olefins fromthe ol efin product,
and the ol ef Mumbgsy Saferablyathe Plefuy RIpAyGH srepissepaatpd PRt FecPEd 1M dess t han

or equal to Lo i e. ol ration
is descri bed%{igggg@? rﬁ%}%a &E}é{\gﬂﬁu‘?%b%ﬁ@é%ﬁe@rﬁ{v%@%@aﬁfﬁ%ﬁvgg@go, 174,
whi ch i s i ncempomahled ofiearbomatoynsmebrfianfem the nlefingtrbbrct, aspdetolefin t hi s
-invention, dedicated fagilities, such as fractionati.on tower for
separating ePIYPEies fp %t‘ ?1183‘6?"’61‘ r%@ﬁgrl%?ﬁt}?ﬂorﬁﬂ%ﬁ’ 8 P03mbr opane,

are nqp requ}n@%d}ﬁls& n@%vﬁ[ﬂ%'tﬁié%e%ﬁs@ﬁaritﬂ)d i@HEé&ﬁBlédl ?@ahgk%nz U dikst e olefin

streamto the ole reaction unit nmaking the olefin derivative. In a
preferred enBpplisation, SariabNdi 08/980, bl4etibichgs msarnoraed bdreim ysreferenesul t of

separating a desjred_olefin Qone carbon.nu r..away fromolefins and
paraffins of a di ag}og}ﬁr aSp@ﬁ’i’%&WSﬁ%"ﬁBﬁ I}’%ﬁglg?‘tgg?aé;f@f’eg%ﬁuﬁﬁggat he over head
stream of a fih@finbORRloWRR fér@vSiratinpesihydény fien Sthahe ar fo@kypagstingOne skilled in
the art will appreciate that sone mnor 20 separation of olefins from

par af fi ns of plopklene fepdrropanehae nbspqeierdiie berempheyedprior Exwirgfudngeat i ng an
ol efinc:of ong.car r ef [ N 1 . b nunber .
Al ter it ve SHESHRED REMRES e ReReRhEh b Rlyhets DB i fRE" 80 0T

obt ai ned by pirfreadi engbodimiérpaatiilite okfinatraia idkeken edh what bhsephmting par af f i ns

of 25 like carbon nunber that are substanti al reduced j n si and dut
relative to fiq>§gr§ olefin of one carbon number awayr}rom oie ns an paraff{ns o?aé&feren’t y

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 different
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



conventional ly enpl oyed. For exanple, in a conventional steam cracker
utilizing a fractionation tower to produce chem cal grade propyl ene, feeds
to the fwaeorbasati on tower on the order of about 60 w. PEPUSEYlieeve and
about 40 wt. % propane are separated to provide an overhead ol efin product
stream of greater than 30 or equal to 99 wt.%propylene. In a preferred
enbodi nent of this invention a dilute olefin streamof |ess than 95 wt.%

propyl ene can be obt ai ne usi stantially fewer trays in the
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26 reflux rahiBnadety,nd Ritilg KaVihhiEMHowRR df 2 PREeAkizBUng GBS0 aiakE A
fractionation tower.”” Alternatively, an existing fractionation tower of a

gi ven size a@idﬁm strgam of grakter than ovt@e] 19 Stweamrapyleficcandpve ﬁ%lwp(@@lt}equal to
95 wt. % propyl ene ts acit se dto
produce a di FEASSH g“ l%ﬁg‘w aﬂpﬁq%%i:ee%gﬁ‘t‘tﬁgpe?@?% ndlo‘fflq\fsﬁ)l}agzgsl Anot her

desirabl e eng@ Vet of an olefin purification system el i m nat es t he need
for cryogenic ractl onal distillation and ot her speci al sepa{“ntl on

equi pment oper at i H8other des H?)‘é? smppdimepkoigw lefigrpurificatipn syséem sUmpstRs, a
secondary etpyl.enecd i, W&g?x(ﬁ)l tgon%i ERaMHR AE %ﬂa ?atl séhartlan and

conposi ti on surtab sequent generatio primary ethyl ene

rich product eqaprg@itiopbrating mempenaum@; mmt%ﬁm &l thys mbozbnmpmtnents havi ng a
boiling point at |least as |ow as ethylene. Further deécrl ption of this
embodi ment i SeCPRAAY a@ulenﬁn@awgrstre@p is pyoduced @sam%tﬁéﬂ CORPOSHIGG0, 643,

whi ch jjps | nc%ﬁpfe%leg_‘bgﬁugh@e%raﬁgﬁ 6 & 1‘?1;:1ryI ?ﬁ%%teﬂflaﬂ}he

[ nvent| on, ute ream cont st ant uantities of two
or nore oI ef cmﬂ;amﬁlgsﬂbﬁtérgiaﬂwsocampmenmhzdvmgahmllyng pc@ﬁt atdczdt ©3owrasC3 and CA4.

Such a strea can b ided.fromthe overhead of on tower
whi ch separ aft ¥1e@% ﬁ‘ﬁ'ﬂﬁ&ﬁ%ﬁ‘fp@u?l} EAMbogHY égrRrQVIde]ﬁIb ‘&%“r‘ip‘%n@nt s can be
provi ded, foysesasPNe, 5bwmm&lﬁ&ﬁsgl%%cﬁate&ih@&msere?&&ﬁ&m of anot her
fractionation tower separating Cl components from C2+ conponents, 20 rat her

than feeding to t Inearmﬂer asperieefdhé mwentring aﬂmteuo&nfemwammon@nmarrs of C2 and
N
t he ol efins i €; 620; 4R GLBuch @ strbfin caPhY Pidkidell €roed BkioRetheatéfon unit in
order to make the desired ol efin derivative
fractlonatlon tower which separates C;” components from C4* components, which
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
appropriate 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



25 product. Any conventional olefin derivative reaction unit can be used.
The feed streamto the olefin reaction unit is preferably lowin
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adversely inpact the quality of the derivative product, particularly
hydrogen sul fide, COS and arsine. In andther preferred enbodi nent, a
dilute olefin stream can be used as the olefin feed stream 30 with proper

venting of th roduct stream. This s, 1 hat s processi.ng of the feed
streamis ne@i"s‘gtéﬁ?% %‘s“ioiFéIBl Tgaciog A ?g ‘Praaf%ﬁ’r‘?toll%?n ’ieﬁ‘éﬂn LH’(‘Jtrjr]%gunds can be
WO 02/ 06188 ﬁﬁ}ét R SlAPpropyletidlegéiat.ed in the olefin reaction unit.

e

Pref erably, olefin reaction unit is a polyethylene or polypropylene
reactor. In a prelerpreteresdisotiodinant, aaditiitd ethplene sivdagnig uged dstockised as
feedstock f

Feedst ock 1 ofrgaes oo B PRt ThIoRRE 1AP JREIRons Rt pFer by cory

contai §s at ine@s polgbiend BoMRiediRhti M6 &RE pRIG YIS REntafi® helcpstebauitdol y at
| east about 85 wei ght percent, nost ag)referably at | east about 90 wei ght

percent. Theweighipaperit etylase, poreyeierapbiptilopsbalsont Yo veight parcentimest by gas
phase poly i i . i on polynerization nethods.

Preferably ﬁ%ké%g&g?]ﬁ%gﬁgﬂ?g%%%rpgﬁeg{h of the feedstock is above about
80 wt.% and bel oThakthylend O4h et pdymeriaildntalpolyckisilaw citherity £8 phtise? At an

The” gas. phasBBrUFRRZATo orpseabiien Ay et ar bePate: TBRTRDogas phase
and sqhuti oneg eM@@{;J{cgﬁtir/étg)? dﬁﬁé‘fé@ﬁst@c{kels ﬁ‘@é\)ﬁ algﬁm \Rr%"’é), étgl E%T%%b&jt ordi nary

skill in the art an t hese known net hods may npl oyed in the
practice of 10kwpVepmitrabinbetw arout T9e4.80.pAbaesbpenacaceyipitivalofyt of f er ed

in the industr o i es,includi but,, not limted to Exxon Mbil
Cor por at i on, Ie@%t\ﬁgéﬁe% o g‘ﬁ‘{‘/’ ag@ﬂl%gﬁmctﬁ’r%f: §as @f‘rgf)B?lgfqegﬁ%%ogri tish
Pet r ol eum Cofjegidds n¥Q W pRiferrdd.t sui, and DSM Typi cal operating paraneters

20 include pressures ranging fromabout 300 psig to about 3000 psig and
t enper at ur es r angBat the e#8 plisevenCBhRianPohaetzaonmegipds areavell knovar uch as

ose 8 e, egt Gl i P ALY o (gt 6 et | ocene
Pat. No. 5, 238pB9ed in thapractite af the ptdsént i@fitioMoThdse it esnd arcBepiaailyet al .,
U.S. Pat. No'offgfeg (1)r18 fh%?r%('ius’%/ rytc?)mpanies 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



25 et al., European Patent No. 0 612 753; \Wagner et al., European Patent
No. O 012 147; Karol, Frederick J., "The Pol yet hyl ene revol ution,"”
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Chem cal Engineering, Dec. 3, 1979, pp. 80-85; Hatch & Matar, "From
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and acet al dehyde. ar enpl a ed th|n he s

i nventi on. élﬁ@aﬁ] dtsg}%ﬂ g@’@%rtgé%ggesse ek notalngrt E?‘% a}n?’giée for
gxarrpl 8, 5 BHé@ﬂE&&MM&RQ@ 9&98918urti<wd1.;Ue$. Pat. No. @,%9,49&;8evléﬁno3 839, 475;
everi no,

Pat ert et al., U.S Pat. No.
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137 138; S - I . )
No. 5,243, Tl%%’ﬁii‘l’%?—fﬁ{&?’%{jﬂb Iﬁé.‘ %@Rm%;@@ég éelglﬁléﬂlre&ﬁﬁ tU% ot Ng rat

4,263, 212; HNIGLR43, MSTARe epgl., (D9-Pad. INo. BRAS 116} HWI‘&JIE'&MATARJ@ lmt. No.
4,521, 631, an howa De JP 51-146 ti _each being

i ncor por at ed! ?’é’tnﬂ ehyl. :qige?aén@% 4, é? @#@H@%ﬁé@‘ﬁ%ﬁ Iﬁh@% fent, a dilute
propylhgne StUKgAMHiSE !, §SPath8d¢§523106<3 1f G Sh¥P) PERIQDYP €19 48PIy BRY | Zat i on
process. The dilute propylene stream désirably contains.at |east about 80

Wt . % propyl e«h@prlmcmrse)rf atdhybeatg ineeryorated hehruby 85emnces pr opyl ene, nore

preferably at ut % | ene. and t bI t | t
about 95 w. % prg%VT ﬁ'é‘? ’F%%‘T%ﬁe @ﬂ% g%i asd@ggﬂoz% eggg%?%@r‘}si & |yn?o aeas
pol ypr Opyl en@edﬁ@dﬁ)ﬂé@h;bag/pmgymné p@%d?@at@diﬁﬁﬂ@ésb steeldibite broplylcpbase

pol ymeri zati on net hods y gas phase p Oyrrerl zation _nmet hods. At
propyl ene f esitRemodasirelri certeingef lsas ahwt@vaﬁﬁlpéme@bﬁﬁfer@éymlew t he bul k

phase ;gol ym?gg REQR o ﬁoggféné g,ie%{agﬁ aééeggtga\ﬁ% eeww/ Muﬁfaﬁma&@ or gas

phase poI ypr opy ene rza uséd’ IS ITnvention.
These pr OCESﬁrﬁstIﬁéiQrabD}eataéﬁda]ﬁiut9ﬁtwmpmpﬁlenﬁca| e by such conpanies as

Uniron Carbi de Cor Ilj“oé Srtolpglgne ﬁsrg)esuab%f 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 phase polypropylene polymerization
methods can be used in this invention. These processes are operated at
commercial scale by such companies as Union Carbide Corporation, Amoco Oil
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. 5,280,074;
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.



Conmpany and Hi nont now (Montell). Typical operating paraneters include 25
pressures ranging from about 150 psig to about 1000 psig and tenperatures
rangi ng wonredssit 200F t o about 600F. Catal ysts such as paDE8011099he
Ziegler- Natta famly (Z/N) and the "single site" netallocene famly can be
used. These catalysts are described i ¥ urther detail by Schreck et al.

U S. Pat. No. 5, 280 074; Ardell et al., US. Pat. No. 4,956, 426; and
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about 300F t@O@pﬁgltanﬂQ.Q ﬁéﬁﬁfure ﬁﬂ?l@kfﬁﬁa&lh@how thAp&R 400°1 brerZi egl er - Nat t a
(ZIN) famly as well as t site' rretallocenefamly. Dilute

SIn
vl e & Lomialy e Susds bapeio tisUeslotletiy /Ny Bumilwongbes the Sunglbeul arl y

processes V\:hglgeh 2% 10%\43 ﬂhﬁg’ once through conversion of the 10 propyl ene.
Non-limting exanples o h processes include processes for making

acrylonitrile, cuDﬁn& prppydgyd @nealsobiedsed insaldrapengive predesdesj n, and al Iyl
chloride. The details of these processes are known in the art. See, for
exanpl e, HARRHCHANAPIRESSEHW iﬂ?@dﬁ@e Bigh onomythroggh komversipn of hes. pat . No.

3, 288,1473; gﬁ:ﬁe eNoRlimitib é(anﬁﬁés of¥ch érlg%ésgeﬁﬁg’ludg gﬁ@éégé@ﬁ)ret al., US

Pat. No. 5, 235;088;: 15 Bi nns et No. 3,635 Preston et
al ., U S. PamakiNg ac@l@ﬂ@;l@?ﬁmenéﬁ@ﬁd}pyﬂ@e@mm 1spp1‘dp8101 Rataleibpandxl3¥4, 138;
Et zkorn et al.. 5,198, 578; Etzkor No

5, 183, 936! 8‘&8% %ﬁ‘? ttallﬁNO%theé%Pm"Rﬁes %’f"*i‘&ﬁwﬁé‘b ﬂe%f&y%’f%f%ﬂﬁ)g t U s.

Pat. No. 5, 3DQTH & MATAR, ppJ166- 1Ii’%ndm) sﬁa%@zaﬁ@s fﬂtegslszgsm U. S.
Pat. No. 4,558, 167; Quesinov et al., U S’ Pat. . 244,893 Bach et al.

20 U.S. Pat Swissh ¢ 55, S Pat. N §388.548; Raparizasrat ade & Refeldimn £235088;No. GB
20005 SA sy Shis I PR SLER S ShoohS T
4,992, 608; VHegtingétal,, B3, Pat. No. 547@@88 Zﬁﬁkorﬂeﬁﬂiﬁﬂﬁs Rdt. SNO Rar98,3%8;
4’ >24, 229; S]%{ztkglrnl ec‘g aiatUaSI Pat. IlgIoSS 183 936 I}I{Oonda 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; Johnson,
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.
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conprises 10}i409 Bl the Rheidomitmr| pafeuei allaywager pHase g&ymyl%l@l efin. The
ol efin conposition can include ethylene, propylene, 20 butenes, pentenes,
and conbi nat Tegeier.tithie degrable/hatn parton abibe vent stigam bg recycled tp MajdeiRy | ene or

Comndner s wiPB AN Sheliil et ORidh 1 bEs TG RAR bEATLEAR FHEE e TP UEP et
Exanpl es of sdedoncaphunds i ncl ude one or nore |inear al pha ol efins
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 is a
polyethylene or polypropylene reaction unit, the olefin composition can also
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 octené-l, decene-1, and dodecene-1. The balance of the vent stream 5 can include
other feedstocks, byproducts, and inerts fed to the olefin generation unit. Such
compounds include, for example, hydrogen, methane, ethane, nitrogen, 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



havi ng 4-12 carbons. Representative of such olefins are butene-1, hexene-1,
25 octene- 1, decene- 1, and dodecene- 1. The bal ance of the vent streamb5
can i ncl wieo2/etiBer feedstocks, byproducts, and inerts fedPCDUSHE104%f i n
generation unit. Such conpounds i nclude, for exanple, hydrogen, nethane,
et hane, nitrogen, propane, butane, |sdibutane pent ane, vari ous

i so- pentane isoners, hexane, and vari ous |so- hexane isoners. 30 It is

desirabl e t t |east i ds f
The vent st rebifr BGet b Bretrdrd ke et el i S e IERE e R O
portion of {hannehehddloeARREM g@l@dlaayeendmﬁmreer&f&é ré§cRngiblcReo St ream 8,

the remai nder WO 02/06188 PCT/ US01/ 21099 31 of the stream can be recycl ed
back to the teeldfn reactioniwit 34 fetcopceniration of %ﬂmcamm@r;d@lveﬂ ldelydwaome 1f the

encti on uni £ et R EsRudRls SHRERL TR AR NG PR b o ' [

hi gh fer theatkes F@lb@oﬁ&ei&vehﬁ@% la\tesultTmlsten& td)mmxsentdﬁeccmpmbm lefeln
conpounds 5 are largely non-reactive and, as a result, will tend to build
to an unaccemthlﬂtbe F@Qé‘l’n uiif 3-hiThisaife mesas thapin &?ﬂeﬁalathefﬁggr the snteians t hat ,
in general, fin
reacti on upi e Hudclo BRMIEH realliod (AL kinidiid PRUERS sfocbdR PAF |

st ream of thmerdula&eﬁeﬁn stvaant ofithe ptekent limregBon, ttheelavgen thestentstmmai wiviill be 10
Once the total anount of paraffins and other inerts to the olefin reaction
unit 3 is sef® the rate of vent stream5 is determ ned by the desired

ext entjgof 1 enovabned tHehgtanaRoRh %fPﬁaﬁﬁ%ﬁ& Biter fnbFoHOiRe Ol Badtlenge Stream

8. In a preferred enbodinent, east 50 . %of the total of inerts and
par af fins i nuni¢3 née@mtbe wieof wmbstednt hisaletgmmpned gy the d@andsxtenmfe preferably
at least 75 w. refe east Thus

accordi ng torequ.ﬂvg ?fﬂ]‘g‘éﬁ?ﬁ‘ SE&Sntcﬁ)glp%% Sat&(’&g@ﬂ%egn PSS Sge oI efl n

separation Updeferfed epdEmen, Allekt 50 @t. 196 8Mhé thtsl chHﬁéi’bS@frﬁ(i)aadfﬁnsrﬂit urned to
the reactors in olefin reaction unit 3. Exanpl es of olefin separation unit

6 include f#tErem DA redEed threnshanrestepren mors Hefuthngt keprP &g or s, and
absortitsl on, g.[? &tg?%@?@ﬁ%gf (N,?m/e separation equi pnent, and
cu

conbi nati ons ere ar exanple is disclosed in Mehrta, US
Pat ent No. 5,019, THgs, aédmdmgasthus ipvemionpthe whintckream Siinsart poamdleinher ei n by
reference. 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 is iso-pentane.

In another preferred embodiment of this invention, the olefin separation

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



In a preferred enbodi nent, the olefin separation unit 6 is an absorbtive
distillation unit which uses | ean physical solvents conprised substantially
of 25 ol s¥onxo61Bs ef erably the solvents include |inear al pp@rokeiiin® havi ng
4-12 carbons. Mre preferably, the linear alpha olefins are to be used as
a conononer in the manufacture of pol Y8l efins. Exanples of such ol efins

i ncl ude butene-1, hexene-1, octene-1, decene-1 and dodecene-1. Most
preferably, the lean oil will b i ncorporated . into the.polyolefin product.
Anot her desi FRSH! ngﬁutﬁhg,gqeégaﬁgaa}%ﬁfﬁsg el I% ?&ifsﬁéﬁF%‘ﬁSd)&Pﬁﬁ?not her
preferred enfof BAtatieh uhliicSinéin¥ERE:QRatidnh@nPosédtdwhRIApetdOR beloW t 6 is a
fractional distillation unit. Preferably, the fractional distillation unit
is WO 02/ 0618BFPETiRoAl Rpa9sion empeentsiced ingludesondarisersasé of a | ean

physical solyent. It is_also referredtgat the, olefin separation unit 6

i ncl ude ref r%@iﬂ&fqa&{&cﬁﬁﬁa@ﬁﬁﬁ??%ioeﬁmﬁ eqaglagogp UB%C{ #ﬁvyurgfgﬁfe%}&%ldi ti onal
separati on cRERIREHEEnS@It 2 cdekig®]. condensers and dephl egmators. The ol efin
separation unit 6 can also be used to purify olefins 5 fromthe ol efins

unit 2 if desiredPrefaratflpthenilofin teeyade stgam ¥ eemplises ot leagpOrvicombihieses at

oretorabl y. st Bl f bl Sl AR P Bl B eS| LEEP S and bR, o ance

of the recovgkgsatdy ef lesst SVYE AMe balye oLlBBPEcos&ed aledihfstrosmandayot her
materials found in the vent stream5. |t is also 10 preferred that the

ol ef i n r ecyctanpytse@amifmandnthe angterials fonpd e Kent ey thiseso  nore

pref enghly | Sidfrfcdathedldh Bbfin HoyAB9LRSY BRBHE! BRI tha SO St NPrurudd - %
saturates. pararfin purge stream§ W | so be obtaine rom vent
recovery uniinofe prefBhibdy kbs tham20iwit] Y%canimog @referablydsds thtn Iwwvt. %o pref erably
at least 75 wt. % and nore 15 preferably at least 90 wt. % of the
paraffins coffWAed in the vent stream5 sent to the ol efin reaction unit.

The bal ance of sajW,3dfn PUFRQudih R3MIGITENE BRI $6n veRSESRrPingf 6.0 and
other materials found invent stream5, as noted above. Preferably,

sat urat e pur Gbis streazamild coinptisecas dgast Hewh §o,rmoeferablyaat 186t W Wik %o rAvdanore
preferably no r.e than o, 200 ,.8Nnd t preferab n t 5% of
desi rés 20 qugc?:iltﬁg ?p@ﬁ%%gﬁa("f‘?féﬁ%wg@ﬁgf E%t%lrrrl]e(gﬁlc%% Vg%nspwrg%lgg Sgg{\}gr y0 hi gh

proportion ofhetodin 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 8§ 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.

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



paraffin entering the olefin reaction unit 3, with the bal ance of those'
paraffins leaving the olefin reaction unit as |losses with the polyolefin
product Avop2/ediBer inert material purges, not shown in FPQDUSIL21bAst
described in the Exanples below. 25 Thus the rate of paraffin purge stream
8 Will be essentially the rate of paraf¥ins in dilute olefin stream1
divided by the proportion of paraffin in paraffin purge stream8. A

f d diment of this i tion.i h in Fi . 2, ipn which
o1 of i Teeq L4 FUSH RaroRiishs: HGHERsaier oretithaerods 5 Rebin pirfie
quantity of TROJQMHIRPBvENEhdMRRYI18N8sent RarPAREyIdhe/ BRFerid 1@dm 10 is sent

to a deethanizer fractionation tower 11, which Separates the olefin feed
into a deet heerivedingirsetybams compownlmta olefin gompaesish dseréameopaydisad st ream 13.

The deet hani zer tt.ons .Strea 02/ 06188, PCT/ US01/ 21099, 33.12 is rich in
oot onec RS R § SRRCNGL PREOGIED oo oa e pilS 45 1 St e
deet hasi zer baribaac Bttheaddtyllénd ®Sn$&dion kencton,3e6tidingRedrg dilverdldm 14 for
converting acetyl ene conpounds to ol efin conpounds. Acetyl ene converter

product 15 | &irepanht7.t b isdevsally thag thedry dutgoledin stramdersupgigatiafiyiee of hat may
have 5 been L L I roviding a dry
dilute ol efi %g{eg’faggggnhl %?ﬁe?%l?!bglvg{gg{n%ggfﬁgﬁ ?ﬁ]@?o{ﬁlg%%eraggﬁilﬁ%l%d Igll efin stream
be subst ant i alekiy réactien ahits.wat er, as even |low | evel s of water may harm sone
of the catal ysts @ti l.ized. i ol efi7n reacfion u i%?' Dr. di.Ihgte ol efin
stream 17 is pass o fikgts olghinsiresm d 7 iRaseq t‘lﬁﬂ?e_ ,r%tl_ tihdtely into an

ol efi noderi vakinkgely 886 bRGIES deRvalR ekt 18hProkably e Sldftalerivaive eact or 18
is a polyolefin reactor. In this exanple, the polyolefin reactor 18 is a
vapor phase puatipelfid apadyolefic taactonf Intthis exgppleothe@obwldfin teastonl 83ambi de

Corporation in its_ Unipol.(r) process. tal yst .. co-catal yst and ot her

o ortal s neibesatesy ol Rb e BRI e PR AR FEA v IR Rl 57718 are

i ntroduced vCardordtonif its Unigol® roReR €ty eahadilyeand ohetMafegalgt ant stream
17a (or streans) is also added to the ‘ra)ol yol efin reactor 18. The

co-reactor shealsdicenablathe pepeniiactnn ofghercagtor h$ Atsriaraducest xiedingd % ncl ude
i | pha- ol ef i i
| near;sa; pha- ol e h{‘e@%’&ﬁex d%?ﬂﬁ%??néh‘t’ @&é@a%?&t Wesi 1f7§‘€érnsgl%913(§)‘éxghté8’

pref erably butene- ene- octen ecene- cene-1; and

vi nyl acet at eddeBne tterpityolefit feactont roTignmrreastobstieanecah. indlodéher @andrant

stream 17a can al so incé ude_hydr ogen, ich c?n be used to term nate the
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
polymerization 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 hyﬁrocarbon flash
tank 21, from which a light hydrocarbon stream 23 is separated from a
pdlyethylene 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



pol yneri zation reaction and control nol ecul ar weight distribution of the
product polyner. A heat control agent 17b can also be fed to the reactor.
An exanpliveo 0f/0@88 heat control agent is iso-pentane. Pol yerpayusoneiproduct
20, which contains unreacted ol efins and ot her 25 conpounds as well as

pol yet hyl ene product, is sent to a |igh hydrocarbon flash tank 21, from
whi ch a light hydrocarbon stream 23 is separated froma polyethyl ene

product stream 20a._In e enbodi nent, a stripping.sire 22 such as

ni trogen, prefer aﬁﬁ@eﬁgﬁéﬁ@aﬁ’@nﬁ’ﬂﬁ&ﬂ?e&e@féﬁj&? th’éﬁ@‘,%rpf}én be supplied to
the |ight hydueeaiRomatligefioh aWerdd, WhichaspdriteabidyleheaseR@itat i on. Stripped
pol yet hyl ene 30 "product 20a is renoved fromthe |ight . haqdr_ocar bon fl ash

tank 21. Thecanpangpisds aplceitiplenizenoveticad pryduct B Thy dag zepprogietsi ng,

eparat i on utt & et bRkl o SenHts il BN copohdhud B © 11 e

fracti gnati opchaed oRfins Wagl3 SRP@AAtifSt plirgy k@sen 3MdThé fettgurgesm@panent s as
a deet hyl eni zer overhead product, 32. The deethyl eni zer product 32 is sent

to a dephl eghhedRPss coRpPRENisbaviag alenyerdidlingRPHhM ehyleBspddnts in a 5

recovered ol gnﬂﬁ@nag h%g‘{r?ggﬁﬁ{frggﬁg\ﬁ}%%ﬂégﬁl n%gg,gbst ream 34. The inert purge

stream 34 co ses C ower iling point than ethylene.
Such conpounds i fizkcede deyanigest ctindedeafivem andhanetand gdrog isckffichi,
separation of ethylene.from nmethane and hydrogen is difficult t here can
be a signifi @‘&Fﬁcaﬁd’éﬁtsﬂ%‘ygfﬂ‘m g}lm%p,!getg)ﬂe eh’é‘t %P'ﬁ@eéftr?aé’éhgﬁkd In a 10

pref erped enBalRNmhddlifedihe %ur%(ﬁ s8dth 34 id farthef fh@Tonkteaéd reaveRofl Or

recovery of “the ethylene. LI'he.et ylene is then sent to the reactor 18. In
anot her pr ef thereghy/lerenfitgiethyine is then pent e thetreaston 184 Ingnethel preggedn a second

olefin reactio nit referably,in t.he nuf act ur.e. of al dehydes and
al cohols. A WB?@P}GBW R P¥34ﬁﬁhﬁﬁ%ﬁﬁsﬁﬁo %%%’i‘/&egg 10 ‘HM{;I cohols is
descri bed i npitaaebllen theWari@ it ohBldetRled a@bilcOibls. Ahpecfdgtdmedddascription
of which is I ncorporated herei n@b% reference. = The deethyl eni zer

é

fracti onat i omaneiaeturiag akichyrles rodi atcekolaisgleseriipr dm Kyeehlen St Raient Pooduct  36.
Ine oo orm, BURAKES, A8.CQMIACERFAIESAT M ASK-ELATS, nigsRgrents, The
product 36 cont ai Mhe dedthylenizdr feayioitionltener 3nudsd prglibes aziBethplpiaaent s.
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.
The bottoms product 36 is sent to a deethanizer fractionation tower 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 corresponds to the
| purge stream § 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



The bottons product 36 is sent to a deethanizer fractionation tower 37.
The deet hani zer fractionation tower 37 separates the ethane and |ighter
conponentvw0 H2/e4188 he conponents havi ng hi gher boiling poi nPCT/@Rge109%an t he
et hane containing fraction. The ethane and |ighter conmponents are renoved
from 25 the deethanizer fraction tower 37 as a purge stream 38, which
corresponds to the purge stream8 in Fig. 1. In a preferred enbodi nent,

th t 38 t feed.t lefin .unit. | th
pr ef er red_ eI HENSE S T o SBPPUG RO doR RIS | (s

t enper at ur e, paiskniahedadditivdsZedlctifatidh Qull d@rdgRf ri geration. 30 The conponents
havi ng a higher boiling range than the ethane containing fraction are

renoved fromthe Hight hadrogarbor stegami Thistsonide a3p-reastant reseverguad 28| ef i ns

stream 39. TRe [ ecover ol efins [ hSqLichein in.primarily
conpri sing m%‘ﬁ‘é?f‘@éﬁg%gﬁﬁ‘v‘?ﬁé1903%%81%@2%%%‘2%@3 ar fﬁl%efag#teﬁéﬁ;gﬂ gcar bon
st ri ppisng, caémﬂ%gmﬂtmg opérhiad uBEdndithonp effydtie to pRIdhOE AP0 Rerad cb-tdav st
pell etization and_storage. Light h¥droca.r bon stream 23 is . sent to a

i

co-reactant PE@EYVES-yTmearrepglant 6 wilksoamrise compownsis hawiag aighesboisey unit 24
i ncludes a rghi} gﬁfl%a‘%goﬁtmé@inocge Qilete SRR, GATBIGEd C&P%rg?ah@ﬂre% F@Rdi ti ons

ef fective to produce a recovered co-reactant stream € co-reactant 26
wi || conpri sectomog tuthd sedetor i18 dorafuttheghiecorpadatiomnto theipolyrhdramodueat Alsont ai ned
in the dilute ol ef'g. Recovered co-reactgnt stream 26 i s retﬂlrned to the
reactor 18 f8¥°®6?4 AP CPHEANE FELOY S UHZS 18 AL ISHIRMES SSPBd I tLhe ARt

produced fropy6RiEak hERbmbRGRVRY AR R%olrSaddhtd RBflg :Pbk'iiﬁﬁ% pbineam 25. The
inert 10 purge stream 25 conprises inerts as well as co-reactants having a

boi | i ng poi nabovaihw diluthelefiinl (The coiredctants cAhangJude lppalrogent sittogen, iokedinude
hydrogen, nitrogen, ol efin,. nd co-reactant. The inert purge.stream?25 is
eroeo It b bhPEERacRhE Tk jned Biref Sl G55 MkcnedlS wbREH o BT AR adt " Ta M o0

ol efin or ol gfdvidetRactol diertiipmedt inithe 6fin € olefih 3eRE6A udit, dYt dahaki ng. 15
When the olefin derivative reactor 18 is a vapor phase pol yet hyl ene

reactor, it Misperediofhyilaringat a total of only about 2 to 5 wt.% of the

ol ef | nsand co- 1 eQ Ak B ABlydiflelhidi989: L QabPLLEARk MG s conver ted

to polyner product. uent stream contai'ns “a |l arge anount
of unr eact edrezket,inis desirabdd thabstotad ol enlyabomdlnodswhptesehd oliefin théco-eact or 18,
exits the r e?ecatct%lt g}%éent 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 effluent 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.



20 The effluent stream 27 is sent to a conpressor 28, which generates a
conpressed stream 27a at an increased pressure over that of vapor effluent
stream 2WODDo@B$ ow for subsequent processing. The conpr eBERUSEI16EM 27a i S
sent to a heat exchanger 28a to renove the heat of conpression and the
heat of reaction generated in creati ng36t he pol yethylene in reactor 18. The
renoval of heat 25 condenses at |east a portion of iso pent ane whi ch can be

present in the co es strea Thi.s result a coo conpressed
stream 29. THEWS gpféapﬁm?r%gé@a@& @é‘?ﬁ% §e°§5?ﬁe§ 10§ ST g??eams a
conpressed fBGHEd B rdRRorI o MBI} cHiveRRR AYbfinipelycdfldRTROPESVIdO vent
stream5 in Fig. 1. The conpressed recycle stream29a is returned to

reactor 18 ftbler%ﬁ(trhveﬁhl@gﬁﬁﬁ@t of tha i®pewaneet hyl ene to pol yet hyl ene. Vent

29b
ISDtC[I'/e?JQOU leoggseg (B’e{agg’g ?S 4%%%@%@%&1@ Crél’t% Og éanb I nc li(’J)‘iZJI{eg(?gtghe recovered

ol efins st repdfhﬁﬁlsm@therre&ottrrﬁﬁdletcﬁlumee@leﬁ@streme fews thb este o6 pareffiisam of ol efin
to pol yet hyl ene and provide .the reactor cooling_effect glf t he i sopent ane.
I n oper at i onthejpurgesstigami2Sadivided hyithe propersion ofparaffindathoefblughtisiredd t he rate

of 5 par afft’?‘STﬁéJt?]&éQ fee'of Al Phudi? st;%‘?ngl V:{B&E‘E@d%'ﬂ% r8hdi6P18 A/ | €ss the rate

of paraffins In ge stream proportion of paraffin
in the effl uecvrnprmsleéamyclzztreéﬁhélbal ance of the ef fluent stream 27.is

returned to the react 18 as onpressed, recyc tream.31. I n an
alternative enbodf ten{aﬁ‘@e%ﬁi’&?’?ﬁfe BEhSTE %ﬁ’@ﬁﬁ)‘f?él@esﬁf‘t & a 10

bul k ggpar at pgR se&s'a\fatﬁﬁ deQice 8P adpatAe Werﬁr@hfeé'hﬂﬁﬂs bf SBHMEFroh theQlapsistof rom t he
vapor to the olefin separation unit.” Such devices include packed towers or

vessels fil |@w@olqﬁrt8¢psrab®n imit. eSuedl dsvises mpluudkp@ckmrt@vmghvwﬂééiﬁgd

Al ternativel a i teri A a

o react ant ViRt MR GG wire el S8 ABRIS AR ARGt ano

di l uent suchpRgerithl§ fieslc BYPeAnObEL bdrEeablatitith 30butedn 10& hbkerkeltort 0 a packed
or trayed tower to wash the vapor and further prevent entrained solids

from ent er i ngPrdsasegicefpaptans pad chﬂf‘élﬁ sughas theggeovergd olefins strepmeapan lzf‘an
readi iy apprggh Fot y%%fﬁl?% Hfﬁ%ye\ﬁ%\!véﬁtb%éh kR Vagﬁlué S ﬂﬁeﬁ?gve%a{& g@ations

that can be enplo current 1 nventi out  varyrng fromthe
scope of t hesdidsfeni entervethe otefinfseparett@ngdie, the vent
One skilled in the art can readily appreciate the many variations in
equipment 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. The heavy
components are returned to the reactor 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.
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20 stream 29 can first be introduced to a tower which separates heavy
conponents such as butene-1 and iso-pentane from ethane and |ighter
conponentwO oFb@sheavy conponents are returned to the reaRCDUSOER1I099Ur t her
reaction. The ethane and |ighter conponents can be introduced to a

deet hyl eni zer tower, with the overhead ¥f the deethylenizer tower sent to
a dephl egmator. This neans that the deethanizer 25 fraction tower 37 can
conme before h_@&f@gt hyl eni zer fractionation tower 30. Having now fully
described th } ntion, it will be appreciated by those skilled in the
art that the invention can be perforned within a wide range of paraneters
W thin what W&a€els@idmdd i t hout departing fromthe spirit and scope of the
i nvention. 30 WD 02/06188 PCT/ US01/21099 37 CLAIMS What is clained is: 1.
A met hod of making an olefin derivative froman olefin stream conprising:
5 introducing a d?-l ut eAgnethpdokmplepgan pledinasripatie frpm anelefiBFtigsns :  f or mi ng
an olefin deE&%@li%hYé product within the reaction unit; renoving the olefin
derivative product and a vent streamfromthe olefin reaction unit;

separ ati ng ol ef i nintiodueihg e diletetolefin stimam iatochn dl€firseactionguritie ol efin to the

olefin reaction unit. 2. Th t hod of clains and 2, wherein the dilute
olefin stream co %4?&? g‘gfé‘fangﬁpwd}‘%%llﬂé?i]ﬂ??rﬁ?ﬁilolné@éﬁ than 100 wt. %

olefin. 3. The methadiff ing i dbriviiiRr fbduct Bl dbédisBeth Bohihg bIgAM _
conprises less than 99 w. % ethyl ene.” 15 4. The nethod of claim1l, wherein
the dil ute otesflion wtit;eam conprises |ess than 99 wt. % propyl ene. 5. The

met hod of claim1, wherei di,J ute glefin streamconprises at |east 80
wt . % et hyl ene. %a?‘%toﬂeﬁarlﬁqng}ea\{em %eaWnéP inthe dilute olefin stream

conpriiges 20 at eafig (B8 oMkin%6 e EREction unit.

2. The method of claims 1 and 2, wherein the dilute olefin stream

comprises at least 50 wt.% olefin and less than 100 wt.% olefin.

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

less than 99 wt.% ethylene.

15 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 80 wt.% ethylene.

6. The method of claim 1, wherein the dilute olefin stream comprises

20 . atleast 80 wt.% propylene.

7. The method of claim 1, wherein the dilute olefin stream comprises

85-95 wt.% ethylene.

8. The method of claim 1, wherein the dilute olefin stream comprises

85-95 wt.% propylene.

25 9. The method of claim 1, wherein the olefin reaction unit is a process

unit selected from the group consisting of a polyethylene unit, a polypropylene



7. The nethod of claim1l1, wherein the dilute olefin streamconprises 85-95
wt.%ethylene. 8. The nmethod of claiml1l, wherein the dilute olefin stream
conpri sewo8%50@88 wt . % propyl ene. 25 9. The net hod of cl ai PC/USWHEI® n t he
olefin reaction unit is a process unit selected fromthe group consisting
of a polyethylene unit, a polypropylenégmo 02/ 06188 PCT/ US01/ 21099 38
unit, an acrylonitrile unit, a cunmene unit, a propylene oxide unit, an

i sopropanol unit, an acrolein unit, and an allyl.chloride unit. 10. The
met hod of cIUiinfrcryiafiiferprind cPEtd wikia propTns QxR detilc 1 Sewptiol s

P0|yethy|e”%mﬂ?&{Mﬂ&@ﬂy&ﬁﬂﬁndQﬁéMﬁQﬂkﬁﬁ&kﬁﬁ.CU”Ene, propyl ene oxide, 5
i sopropanol, acrolein, or allyl chloride. 11. The nethod of claim1,

wherein the vent stream cor‘r'ﬁri ses olefin and paraffin. 12. The nethod of
claim1, wherein khe diheunethod ef ¢lainsi.rwelareia dhgelpEe derivatiys pradist 10 ppm wt .

ar sin. 15, AERSeR oY st R PER e iR e Bl O

cont acfi ng dgopRéy@enat®idiead allyldhiaideol ecul ar sieve catalyst to forman
ol efi n-contai ni ng product, wherein the ol efin-containing product contains
|l ess than 10 ppmwt. Qf a contam nant sel.ected from hydrogen fide,
carbonyl 15 sul filde, aﬁ‘H‘r&? P&@fw?é‘b(lyr SrRig e v sreay IPIPl‘gseSOFe%n

ol ef i n- cont ajRijAgheRs 0duct ; contacting the separated olefin with a
polyolefin formng catalyst to forma reaction stream conpri sing
polyolefin and a vent gas, wherein the vent gas conprises unreacted

ol efin; and 20 cok® actThegmethod efelaina 1 psharcisnhedilute elefinstaan empriedsin wit h

cl'ai m 15, wrerdr | TePEafinth dtegt B R LR SRR Bhen b BBBHATE) 06
form ng cat auyfide, wd &6k, havi ng the contam nant previously separated
therefrom 25 15. The nethod of claim 13, wherein the at |east a portion of
the 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 iess
than 10 ppm wt. of a contaminant selected from hydrogen sulfide, carbonyl
15 sulfide, and arsine;
separating olefin 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 olefin; and
20 contacting at least a portion of the unreacted olefin with the polyolefin

forming catalyst to form polyolefin.

14.  The method of claim 13, wherein the separated olefin is contacted
with the polyolefin forming catalyst without having the contaminant previously

separated therefrom.

25 15.  The method of claim 13, wherein the at least a portion of the
unreacted olefin is contacted with the polyolefin forming catalyst without having

the contaminant previously separated therefrom.



unreacted olefin is contacted with the polyolefin formng catal yst w thout
havi ng the contam nant previously separated therefrom WO 02/06188

PCT/ USO1M009%1889 16. The net hod of claim 13, wherein t heCEEparAd®d ol efin
contains at |east 50 wt. % olefin. 17. The nethod of claim 16, wherein the
at least 50 wt.%olefin is ethylene. $918. The method of claim 16, wherein
the at least 50 wt.%olefin is propylene. 19. The nmethod of claim 13,
wherein the separated olefin contains at |east 50 w. %ol efin and between

0.1 and 50wt.% af f 0 hqd of .c erein the
separated ol ef i n ont a l?‘Fsm%\t?‘Od ?gqf‘@hﬁg rWt}%SSP%rﬁla Oé%h a‘%seaﬁ 0.3 and
25 W . % par akidi 56 wi 24 olefine nmet hod of claim 20, wherein the separated olefin

contains at least 90 w. %ol efin and between 0.5 and 10 w. % paraffins.

22. The nethod of claim 13, wherein the ol efin-containi ng pr oduct has a
hydrogen sul fide Wont eHte methadof gaisni @whern t Phersinl Wt elafibBnyl sul fide

15 content o 1%}519& greater than 5 ppmw ., and an arsine content of not
greater than ppmwt. 23. The net hod of claim 13, wherein the olefinis
separated fromthe ol efin-containing product w thout subsequently
separafing paraf fitas fTlenmethed bhislainot 6,twieraate atdeasofD wubbelefin B0 24. The
nmet hod of claim 13 wherein the separated olefin is ethylene. 25. The

met hod of cIBPPY4® wherein the separated ol efin is propyl ene. 26. The
met hod of claim 13, wherein the olefin conprises ethylene. 27. The nethod

of claim13, whergin thig k@bl of €0RPI3,SAerdh Gitydeparated MR MMMt
PCT/ US01/ 21099 40 28. The nethod of claim 13, erein the polyolefin

conprises petsyaP myi% alefinzod byiveendtlvad Orvicharrmiims. wherein the pol yol efin
conprises polypropyl ene.

20.  The method of claim 19, wherein the separated olefin contains at

10 least 75 wt.% olefin and between 0.3 and 25 wt.% paraffins.

21.  The method of claim 20, wherein the separated olefin contains at

least 90 wt.% olefin and between 0.5 and 10 wt.% paraffins.

22.  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
15 content of not greater than 5 ppm wt., and an arsine content of not greater than 5

pPpm wt.

23.  The method of claim 13, wherein the olefin is separated from the
olefin-containing product without subsequently separating paraffins from olefins

of the same carbon number.
20 24.  The method of claim 13, wherein the separated olefin is ethylene.
25.  The method of claim 13, wherein the separated olefin is propylene.
26.  The method of claim 13, wherein the olefin comprises ethylene.

27.  The method of claim 13, wherein the olefin comprises propylene.



5 30. The nethod of claim13, wherein the polyolefin reactor contains a

net al | ocene catal yst. 31. The nethod of claim 13, wherein the polyolefin
react or ovOva0G188 a Zi egler Natta catal yst. 32. The met hoBCDUSelADINM 13,
wherein the nol ecular sieve catalyst is a 10 zeolite catalyst. 33. The

net hod of claim 13, wherein the nol ecuf8r sieve catal yst is a non-zeolite
catal yst 34. A process for producing polyethylene, conprising: contacting
an oxygenate containing feed with a nol ecul ar sieve catalyst to 15 form an

et hyl ene cont ai nigg prQduct, str jnt roduci.n t .least a.portion of the
et hyl ene cont ai ni?‘r%g pr dg@thgch)tgci%ﬂn1ﬂy&e§1$me&gﬁmqf§h%oqgg§§i on unit to
f orm pol yet yipagiledeor m ng pol yet hyl ene within the pol yethyl ene reaction
unit; renoving the polyethylene product and a vent streamfromthe 20

pol yet hyl ene reaction unit; separating ethylene fromthe vent stream and
sendi ng the ethyl®ne tthernehoheidainy b pderan theinghyalefin compsiseshe et hod of

claim 34 i oxygenate is selected from the group consisting of
, 1. OXYJ . g p g
met hanol ; \g{iﬁ)%ﬁ}l%%propanol ; isopropanol; C4 - C20 25 al cohol s; nethyl

et hyl ether; dinmethyl ether; diethyl ether; di-isopropyl ether;

f or mal fehyde; di it hyl Theandtbodiofglaidi s eteik dtegrodyolefoeteactoneintginamd

m Xt ures thergﬁ)f. VO glg’/ 06188 PCT/US01/ 21099 41 36. The method of claim
35, wher ei n PHRIGLPHEHAYE i s sel ected from the group consisting of

met hanol , dinethyl ether, and m xtures thereof. 37. The nethod of claim 34,

wherein the nol ecl ar HieaMehedbBdlyiat 13, svhreis tHel podallefiv RagBOsHdhea Mol ecul ar
sieve catalyst. 5 38. The nethod of claim 37, wherein the

silicoal um r‘?@ﬁﬁé"sﬁmﬁ@tﬂ%l ecul ar sieve is selected fromthe group
consi sting of SAPO-5, SAPO 8, SAPO 11, SAPO 16, SAPO 17, SAPO 18, SAPO 20,

SAPO- 31, SAPO 34,3 SAPRcIRethtf BR1th 15kt the MBI M sicRRGrafykt isHAPO- 42,

SAPCO- 44,
10 zeolite catalyst.

33.  The method of claim 13, wherein the molecular sieve catalyst is a

non-zeolite catalyst

34. A process for producing polyethylene, comprising:

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

introducing at least a portion of the ethylene containing product stream

into a polyethylene reaction unit to form polyethylene;

forming polyethylene within the polyethylene reaction unit;

removing the polyethylene product and a vent stream from the
20 polyethylene reaction unit;

separating ethylene from the vent stream; and

sending the ethylene to the polyethylene reaction unit.

35.  The method of claim 34, wherein the oxygenate is selected from
the group consisting of methanol; ethanol; n-propanol; isopropanol; C4- Cyg
25 alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;
formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures

thereof.



SAPO- 47, SAPO-56, the nmetal containing forns thereof, and m xtures thereof.
10 39. The nethod of claim 38, wherein the silicoal um nophosphate

nol ecul aw@pzeEss8 s sel ected fromthe group consisting of BAROSMR10BAPO- 34,

SAPO- 35, SAPO- 44, SAPO-47, the netal containing forns thereof, and m xtures
thereof. 40. The method of claim 34, wfdrein the vent stream conprises 15
et hyl ene and et hane. 41. A process for producing polypropyl ene, conprising:
contacting an oxygenate cont aining feed with a nol ecul ar sieve catalyst to

forma propyl ene nta pr. . iptroduci.n t a portion
of the propyl ene g@nta th|8 gﬁ%fmgt% @%m GPW%n%fegsoﬁ%F né\ne
reaction uni ’éhetgeoﬁﬂdﬁk@@ﬁg’@ﬂrﬁaﬁbrﬁﬂ&hmfeﬂ{yﬂbﬂﬂgr BAd MRy kieneo t hi n. t he

pol ypropyl ene reaction unit; renoving the polypropylene product and a vent

stream fromthe gol ypropyl ene reaction unit; separating propylene fromthe

vent stream and sehas Agthorof slan ptevherel themolisniap pisys saHstiRact | on
unit. 42. Th ?@Mﬁoﬁﬁos@hﬁé%lé‘cﬁlat@%m Q‘Rﬁlg I wherei n the oxygenate is
no

sel ected fromthe grotup consisting o et hanol ; n-propanol ;
i sopropanol; C4 - C20 al cohols; methyl ethyl et her; dinmethyl ether;
di et hyb et her; di38. sopﬂ“hmdethﬁﬂ)o@ﬂaﬁﬁBSBWMmLﬂB@sﬂiQdﬂminopﬁosphﬁter ;

f or mal dehyde; t hyl carbonat.e; dinmethyl ketone; t and

m xt ur es theF‘é’gePnﬁﬁé%verﬁéeﬁgF&%fﬁnb%e(gf%prﬁoﬁﬁsu %?1?]8 thg’%/g’enat eis
sel ected frogppODE, GATER 16 WEPEITNIAPD- I Sh®nbo, siamlzamympot@r and

m xtures thereof. 44. The method of clainms 12, 39, and 41, wherein the

ol ef:ul ar SI SHBO-TRiSARBB6, SAROS| SAB@I—%SM’&@&MQ—%S&QF% Si evE
catalyst . 45, They R0 lne LAl ML A LS DIERS Shh LGoak T AgRRosphat e

nol ecul ar si SI'S SAPO- 8,
SAPO 11, SAPO 16, SAPO 17, SAPO- 18, SAPO 20, SAPO 31, SAPO 34, 10 SAPO 35,
SAPO- 36, SAPO 37, 3SAPOTHOmeBABRGSL 41him SBREhe2in tﬁéﬁiﬁedaﬁlumm‘éﬁlﬂ@phite SAPO 56,
th t al t ai nj f t f d t
€ meta CoPno elcma? gievé) {srgglecteg rfrei‘)(r)n the ag?oupngo)ﬁsfsjtrlr?gsoft g]Alg(g 18, SAPO-34,
SAPO-35, SAPO-44, SAPO-47, the metal containing forms thereof, and mixtures

thereof.

40.  The method of claim 34, wherein the vent stream comprises

15 ethylene and ethane.

41. 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

20 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;

separating propylene from the vent stream; and

25 sending the propylene to the polypropylene reaction unit.

42.  The method of claims 13, 39, and 41, wherein the oxygenate is
selected from the group consisting of methanol; ethanol; n-propanol; isopropanol;

C4 - Cy alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl



46. The nethod of claim45, wherein the silicoal um nophosphate nol ecul ar
sieve is selected fromthe group consisting of SAPO 18, SAPO 34, SAPO 35,
SAPC- 44, VBAPIDIAFE the netal containing forns thereof, andrai/xsaragdy 15

t her eof . 1

ether; formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and

mixtures thereof.

43.  The method of claim 42, wherein the oxygenate is selected from

the group consisting of methanol, dimethyl ether, and mixtures thereof.

5 44, The method of claims 12, 39, and 41, wherein the molecular sieve

catalyst is a silicoaluminophosphate molecular sieve catalyst.

45.  The method of claim 44, 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,

10 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.

46.  The method of claim 45, 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

15 thereof.



