WD 03/ 033441 PCT/ US02/ 31046 1 METHOD OF REMOVI NG DI METHYL ETHER FROM AN
OLEFI N STREAM [ 0001] This application clains priority to Gernman Pat ent

Appl i cat iwo 0Bl033441101 50 479.9, filed COctober 16, 2001, U. 8CTSmS02/3d04No.

60/ 345, 666, filed Decenber 31, 2001, d US Serial No. 10/196, 530, filed
July 15, 2002, the descriptions of each being fully incorporated herein by
reference. Field of the Invention [0002] This invention relates to renoving
di rethyl ether froman olefin stream |In particular, this invention
relates to renovi ng dMETHOD @F REMOVING DIMEATHYL E#FYHER by distillation
to form polymer grade ethyl eRROMANONBEIN §STREAMpr opyl ene streans.
Background of the Invention [0003] Aefins, particularly C2 and C3 ol efi ns,
are desirable as a feed source for naking derivative products such as

ol i gorrers, qo@ot] hi gherhiohsiichon @slichs PRk R Gerfiad Paktat ApbN@tiby Nene and

pol ypr opyl ene. efin feed sources have traditionall beenIg%oduced by

cracki ng” pet0d]50uiv9f% éidpsk @etRlaer 1002EU} U@-§3T1F13N@>rﬁ0/3r®aé/6§e blsd LppomBsisc| oses a
nmet hod of i |ef i A e Kkng. gk epar ati ng
t he olefinngﬁoggggaﬁ%¥g§§§¥ﬁgﬁé)ﬂﬂk&%%@ggﬁgjg hahgﬁ&%t y$%ﬁg#Q§?8§y|ene and
C5+ streans.cadlibeidp $llyoinestpsapsalaidinby rgfeehes.enti al |y produces propyl ene,
and no propane, butane, butene, or butadiene streans are produced. [0005]
Oxygenat e feed stocks, however, are beconmng an alternative to petroleum
feed stocks ¥igld ofthe bavenfion; ns  particularly large quantities of ethylene

and propy| eq«a?@@r the ﬁ{i@ﬁ%ﬁﬁ&ﬂe&tesgb ehssvitd @ihidhsy1 @dr Rbask dlefit eri al s.

In general olefins are fornmed by contacting 'the oxygenate conponents

with a nol etiehmr Ispevieulentlak ystention whates ty rémavihy disesihd ether fiemmpoy genat es to
ol efins. Suc rocesses. rate, for .exanpl talvtically according to
the overal |l fﬂﬁ%‘gftﬁ?ﬁ“ g&%ﬁ@@ﬁf"-ﬂ-@ fwlxmﬁﬁn@i%ﬂ gﬁ%%’dﬁ)oo yr@%a%‘f%‘fee, uU. S.

Pat ent No. %ﬁg}geﬁfeaﬁgscl oses a process for making olefins from nmethanol
usi ng any of a variety of silicoal um nophosphate

Background of the Invention

[0003] Olefins, particularly C; and C; olefins, are desirable as a feed

source for making derivative products such as oligomers, e.g., higher olefins, and
polymers such as polyethylene and polypropylene. Olefin feed sources have
traditionally been produced by cracking petroleum feedstocks.

[0004] U.S. Patent No. 5.090,977 discloses a method of making olefins by
steam cracking. The method includes separating the olefin product into methane,
hydrogen, ethane, ethylene, propylene and Cs+ streams. The disclosed separation
preferentially produces propylene, and no propane, butane, butene, or butadiene
streams are produced.

[0005] Oxygenate feed stocks, however, are becoming an alternative to
petroleum feed stocks for making olefins, particularly large quantities of ethylene
and propylene for the production of higher olefins and plastic materials. In
general, the olefins are formed by contacting the oxygenate components with a
molecular sieve catalyst to catalytically convert the oxygenates to olefins. Such
processes operate, for example, catalytically according to the overall equation
2CH;0H — CyHy + 2HZ0.

[0006] For example, U.S. Patent No. 4,499,327, discloses a process for

making olefins from methanol using any of a variety of silicoaluminophosphate



WO 03/033441 PCT/ US02/ 31046 2 (SAPO nol ecul ar sieve catalysts. The
process is carried out at a tenperature between 300C and 500C, a pressure
bet ween OWO cawsaasphere to 100 atnospheres, and a wei ght ROWAUSY2/3Pace
velocity (WHSV) of between 0.1 and 40 _hr- Y. The process is highly

sel ective for making ethylene and pr opyzl ene. [0007] U.S. Patent No.

6,121, 504 al so di scloses a nethod of naking olefin product from oxygenate
feed using nol ecul ar sieve catal ysts. Water and other unwanted by-products

are renoved §Ap0) hdgecalaphicte itagsst Thy poossactdrigl vittaha semyspetoeh medi um
After contacting with the ﬁenc medium a light product fraction is
obt ai ned whibetween ApPiG e 1WSCoriersEe brtareme.1 3bnesPAPLdoilAl| udes  di met hyl

s vt er andUiipRaEe QM0 5 HaR b P SRR E Y P B oL pATRATRE S Suel
particul ar | yiowrtieThe prcky-iphighlyciteciise fii meking ethydereemd pFopylpreobl em of
cati st act or Mol ved Ui FEm O SdgecTARISISE 5 Fetter PAmeR P Aetar o

Ssa . Al

supposed t 0 &R BohNeyLINe ¥l uShDBlodchaiiebeciodicvabiaagave al ready

been consi der I's icult to find a suitable absorber or
adsorber maheah®l b groditisarpremposd frdnd0BYeflnt produat by eontactngswidli § t o reduce

or renove the anount, of desirabl e . hydrocar,bon,.by- pr.oduct hat are
present in tayE0ckBEGIENe SPRAGHS ‘ﬁlﬂb%ﬂ&uelﬁ%l m‘?‘lﬂ’%hgﬁg trpcfg(i%’ the ol efins,

particularl %akﬁgn RIJBiRREwhiER SBMbRRR tRIEkshEd ¥leBnE bul AkGinch@lebecause
derivative nanufacturing processes nay use catalysts that are quite

sensitive t aimbiybetberemethand, GRr¢Qi, sthaye moeranb.ornd othes miaNepIReNeRtH e

undesi rabl e - product. di net hyl et her.h een found to act as a poison to
certain cat épgg?%"at?’n%ﬁdlﬁ’rr%ac eod(ytgglageo%s(zsi?&ét hyl ene, propyl ene or butyl ene

to other prqgegd]s. [ 0@ oflhSmolperiiculdid; utledirell BAproducs isaimsthyf or exanpl e,
that dinmethyl éther can adversely inpact the oligoneri z&%}i{ton of certain
FiyFansR

ol efi ns. Theethsat dhe probésse of sawvingyhimerwkether frome p Ol RIp Fer froma
1 2000, bl BB AP IR gl MhebiobToeatagamc e o0 €0 and
contai ns di r@ppysed & katove tad dimettahdtheafromube proyuet strearh baes aleady bésa bot t ons
stream cont acio?lssidgrlécrl.i inosvcfizve(:)rl, i?cfisi crll&ﬁcult to find a suitable absorber or adsorber -

material for this purpose.

[0009] It is often necessary to reduce or remove the amount of undesirable

hydrocarbon by-products that are present in the olefin composition in order to

further process the olefins, particularly the ethylene, propylene and butylene. This

is because derivative manufacturing processes may use catalysts that are quite

sensitive to the presence of certain hydrocarbons. For example, the undesirable

by-product dimethyl ether has been found to act as a poison to certain catalysts

that are used to convert ethylene, propylene or butylene to other products.

[0010] U.S. Patent No. 4,474,647 discloses, for example, that dimethyl

ether can adversely impact the oligomerization of certain olefins. The patent

describes a process for removing dimethyl ether from a Cy4 and/or Cs olefin stream

using distillation. The stream is distilled and separated into an overhead and a

bottoms stream. The overhead stream contains dimethyl ether, water, and various

hydrocarbons, and the bottoms stream contains purified olefins.

[0011} U.S. Patent No. 5,609,734 discloses a method of removing

methanol and dimethyl ether from a mixed hydrocarbon stream. The hydrocarbon



[0011] U. S. Patent No. 5,609, 734 discloses a nethod of renoving nethanol
and di nethyl ether froma m xed hydrocarbon stream The hydrocarbon WO
03/ 033441wWB@3hk18302/ 31046 3 stream contai ni ng t he net hanolPCanisordsrowd hyl
ether is distilled such that the dinethyl ether and methanol are renoved
in an overhead stream Additional rmetHanol is recovered in a side stream
in which a nethanol perneable nenbrane is used to obtain the additional
separation. Purified hydrocarbon is renoved from a bottonms stream [0012]
Renoval of dj-smh bytaigidpane fetiamel ekl dimsthybaha is distiled suchldaatihe difficult,
since very low levels of dinethyl ether can act as catal qL.ci)o' sons. This
means ol ef i dimethplaa¥ierand meghanobarererppvedipnan gKehpa %’E?ﬁ‘?lai‘%‘f it n@l e if any

di rethyl ether. | I r. YA oy i i eamis
desi ot ThaEFpLis (i GER K P URRASORORRY pbitafleahbdhe POO 1 2,
renovi ng di readerho ebtasythé addftiomll eépanatonr Parified Bydmearoroks rethevedfvant i on
[0013] This invention provides a nethod for renoving dinethyl ether from
ol efin stre&hottomasttgd@Bylt of the nethod is that separate ol efin streans,
particul arl yl ene, -8R pasiddulddr, obt ai ned
that are sﬁggi;nti al I%&é%&%gﬁﬁe%@g?%e%%%gﬁﬁf cont epnt .. [0014] The

di met hyl et hkigfficuls, sheparat oo Evdsmof digetiyd ihar gancagtias catalys paisprs. s s

invention in a novel, yet econoncal, y, l.n one. och L i nvention
provi des a r%?%ale?%ﬁtl%@ﬁﬁﬁcﬁé‘s z-r@t%@ﬁ’%é%lﬂ‘éla Cf)?%’tﬂelgﬁe%llaglgirat}@%%gfai ni ng
stream whi chydnekHARS AthRGE pRR&dsIRDtheoeliR birétme Rtesiret. MTheséfo@aimis The

ol efin-containing stream conprises a C3 hydrocarbon stream and di net hyl
ether, and thighlpdedirable todimdaidditiogalgnetheds dfsemeving dpeihd ¢thes i98par at e out
the C3 hydroci%b n stream along wth the dinmethyl ether, fromthe

ol efi n-cont &l 'Ihgregfnlseam The C3 hydrocarbon stream containing the
dinmethyl ether is then sent to a rectification colum. Propylene is
renoved frong@nindpy PPtHeilaRestion he rectification colum, and propane is
renoved from a bottomf)ortlon,of the rectification colcﬁrm ]'fl'h[ﬁgdi met hyl

ether is all9813lemoved!ins srertins HeYident pstof der 5oy ig FRERYFTB i on col um
al ong wi th tfkllgm ol FRR@d&ms. The result of the method is that separate olefin streams,

particularly ethylene, propylene, and butylene streams, can be obtained that are

substantially reduced in dimethyl ether content.

[0014] The dimethyl ether is separated from the olefin product stream in
this invention in a novel, yet economical, way. In one embodiment, the invention
provides a method for removing dimethyl ether from an olefin-containing stream
which includes fractionating fhe olefin-containing stream. The olefin-containing
stream comprises a C3 hydrocarbon stream and dimethy] ether, and the olefin-
containing stream is fractionated to separate out the C3 hydrocarbon stream, along
with the dimethyl ether, from the olefin-containing stream. The C; hydrocarbon
stream containing the dimethyl ether is then sent to a rectification column.
Propylene is removed from a top portion of the rectification column, and propane
is removed from a bottom portion of the rectification column. The dimethyl ether
is also removed from the bottom portion of the rectification column along with the
propane.

[0015] In another embodiment, the invention provides a method of
separating dimethyl ether from an olefin stream made from an oxygenate to olefin

reaction process. The method comprises contacting oxygenate with a molecular



[ 0015] In another enbodi nent, the invention provides a nethod of
separating dinethyl ether froman olefin stream nmade from an oxygenate to
ol efin rwewoBissa4process. The net hod conpri ses contacti ngPeTyusenauoes wi t h a
nol ecul ar WO 03/ 033441 PCT/ US02/ 31046 4 sieve catalyst to formthe olefin
stream The olefin stream conprises, | Ater ali a, water, propylene,
propane, and dinethyl ether. The olefin streamis dried and distilled to
separate the dinmethyl ether and propane fromthe propylene. [00161 In this
i nvention i tiebScAfgitialfbren thbalefln@redini The olefifiisttesh caapriscaningr aka, not
greater than about 1,000 wppm water._ Prefer %gl y, the dri,eg]?io efin stream
contai ns notvagrcaeRylend arorandnd onetisthara 8 olabp steamds ?i?r“@ the dried
olefin str t al M@II!%}) r. [0017] In one
enbodi nment , 8%@&8%{&0% etr?gﬁ%jflglﬁﬁ?ﬁlg e? %@Eg&gﬁéﬁlé ol e ?ﬁhést reamis

subst ant i al [g016} ee of IgthieinkyhticetihisrdesiPibdd btk dried hkefiprstpyth eomfaudisst i | | ed
fromthe dried olefin stream contains no reater tha out 25 wppm

di net hyl  efAkgreatpihaIBpbayy lé}ﬁ)@t"i‘@m gﬁﬁ&d#‘?‘?g‘?ﬁ%@y’tf‘hg dHF‘SPﬁ? nsq‘fr?aé]ém cont ai ns
av Least abeUhiind nfPerthicriudh HBA00 SBRI watth] it pRIGRDISIhEGRALIERAt . ¢ he
olefin stream ?urt e% conprises butylene and hi gher boiling point
conpounds asttednh eomtaing dotodredtemnthars alpad id) veppdi wetet.| ed t o separate the

di met hyl et d propane fromthe propyl.ene. ..bhutyl ene ijgher boiling
poi nt corrpomﬁhsﬁ‘ In s ﬂn%?fné?fg]g’&fl?rgﬁtgrgﬁgﬂgleoql%tflf%ﬁ fyoé? Q‘eea(fri;!&ggsqulabl y

conpri ses f oM AROWbstEntMllyHrdedrHmbthy Pethéro Pasterably!, G pRbSéne distlledt 0 about 5
w % di nethyl ether, and from about %0 w %to about 95 wt % butyl ene plus
hi gher boi | ifregn theidnied otafipotiea. copROBIPt Fusater thap abe@rScdppip dimetlsrl conpri se
contacting the propane and dinethyl ether with water to separate the

di et hyl et F&F*"f rom t he propane. The separated dinmethyl ether can then be
contact ed wijp@nsp nol equbasthéd enodeatal %6 bldfia stbanroaninslaefeast abp@020]

Optionally, the invention further conprises polynerizjng the epar at ed
propy! ene’ t &-GovhYosbmetwbeiiee Ja yet WOMPFH%BW,IHE’& ﬁheb?}FbP g‘i‘i"eanbﬁﬁt?‘ﬁ gher

boi ling poi Q:E)mg)gg?sgr%,ﬁ?ﬂ neHd lﬁgtéeg%gzg%gtp%ﬁltfc&ﬁgbﬁm 2R ARYdrRAGIetRNd the

butyl ene can er reac exanpl e, the separated butyl ene can
be convert edtremhds distilled to separate the dimethyl ether and propane from the propylene,

butylene and higher boiling point compounds. In such an embodiment, the olefin
stream desirably comprises from about 2 wt % to 45 wt % propane, from about
0.05 to about 5 wt % dimethyl ether, and from about 30 wt % to about 95 wt %
butylene plus higher boiling point compounds.

[0019] The invention can further comprise contacting the propane and
dimethyl ether with water to separate the dimethyl ether from the propane. The
separated dimethyl ether can then be contacted with a molecular sieve catalyst to
form an olefin.

[0020] Optionally, the invention further comprises polymerizing the
separated propylene to form polypropylene. In addition, any butylene and higher
boiling point compounds can be separated from the propylene, and the butylene
can be further reacted. For example, the separated butylene can be converted into
aldehydes, acids, alcohols, esters made from Cs-C;3 mono carboxylic acids and
Cs-C13 mono alcohols or linear alpha olefins.

[0021] In another embodiment of the invention, the olefin stream further

comprises ethylene and the dried olefin stream is distilled to separate the dimethyl



al dehydes, acids, alcohols, esters made from C5-Cl3 nono carboxylic acids
and C5-C13 nono al cohols or |inear al pha olefins. [0021] In another

enbodi mrerwO®B/0s3ae1 i nvention, the olefin streamfurther cecprissesiogs hyl ene
and the dried olefin streamis distilled to separate the dinethyl A WO
03/ 033441 PCT/ US02/ 31046 5 ether and pfopane fromthe ethylene and

propyl ene. The separated ethylene can the be polynerized if desired.

[ 0022] The invention further provides a nethod of renoving dinmethyl ether

froman ol efeitier sid pRFrhdrvRhithhethileno sl propgiene dihceppteteshyiateann
propyl ene, propane and di methyl ether. The olefin streamis dried and
distilled sdéheke pdymedpukifdesiigit the propane and di methyl ether fromthe

propyl ene.  iysch an TRTRAHEE Rihd brd RSB Ehidh i Emplhopane and

di met hyl et ses rom about 4.0 to about /99 w "% propane
and from abetier froth 4roolafinstre@binwhivh tish otefilytreast ¢renprisde patedi progpyleen ext ent

of conversion of oxygen . [00 anot her . enbodi gent .of the i nventi on,
ol efi n stredkPRage 6?%83“%53% e@%ﬁﬁt ig% Pfr‘?gn H%F%qr?eﬁbaé’g!dgsg egvis? A° Wat er
absor bent Orseﬁ?%&t@rouﬁﬁl%cfﬁ £ and B8y &Y @ther BBROLE BRIpylchedESiicalhy a pol ar

hydr ocar bon. e water "adsorbent is desirably a nolecular sieve. It is
al so desi r ahotlonewnpisgysfetrné that teipmorsine endrdipadtiyr] ether siceam e@npisgs wi t h

wat er absorhent or or bent 0024] The i.nvent.i on.further pray,des a

met hod of p%i‘%}%l?(_?%%‘(rjfgmpag’%@%e‘%ﬁ% Baéleiapgﬁo%abé’@&g#gf ‘?ut'lgﬁe rr/vbgt hod

conpri ses Cofhahl] Qfled BEHAINIANBA Bxtdht IF BnverBibRGBbRfgeahteve catal yst to form
an olefin stream wherein the olefin stream conprises propyl ene, propane,

and di met hy|[0823er . t He appibet emiadimanh df shejingentioneelefip strepap rdited bhe
propy lene fro ﬁa&ﬁ%&éﬂ%&%h%?% xgiltlmta@[ %‘%s%h%?% %I;\Pg[e} &Eoiso%ﬁérﬂ{quaterp ropy | ene

is polyneri 78 e separa ene stream contal ns not

great er t hambahibent i28esMapW abdi@ttydlocaitoar The twated add@berdésdasaiblgat o dry the
olefin streamprior to distil] i,naga.]ﬁ! 0025] The inyention further provides a
met hod of pdNYRRHAAIFNS- di yplsefesirailofoayse M ole SHRAMEC B pri ses dryi ng

oy BA PRI Eey rkibotaal 12, et ene propyi e, propans
[0024] The invention further provides a method of polymerizing propylene
made from an oxygenate. The method comprises contacting the oxygenate with a
molecular sieve catalyst to form an olefin stream, wherein the olefin stream
comprises propylene, propane, and dimethyl ether. the olefin stream is distilled to
separate the propylene from the propane and dimethyl ether and the separated
propylene is polymerized. Preferably, the separated propylene stream contains not
greater than about 25 wppm dimethyl ether. It is also desirable to dry the olefin
stream prior to distilling.
[0025] The invention further provides a method of polymerizing ethylene
and propylene. The method comprises drying an olefin stream which comprises,
inter alia, ethylene, propylene, propane and dimethyl ether. The dried olefin
stream is distilled to separate out an ethylene stream, a propylene stream, and a
propane and dimethyl ether stream such that the ethylene stream and the
propylene stream each contain not greater than about 10 wppm dimethyl ether.
The separated ethylene and propylene streams can then be polymerized.

Preferably, the dried olefin stream contains not greater than about 1,000 wppm

water.



streamis distilled to separate out an ethylene stream a propylene stream
and a propane and di net hyl ether stream such that the ethylene stream and
the propybene3mtr eam each contain not greater than about PC@/usppsmodé net hyl
ether. The separated ethylene and pr ogé/l ene streanms can then be

pol ymeri zed. Preferably, the dried oléefin streamcontains not greater than
about 1,000 wppm water. WO 03/033441 PCT/ US02/ 31046 6 Brief Description
of the Drawi ngs [0026] Exanpl es of various enbodi nents of this invention
are shown i BridflDresatiptich ofithe Mtawdags Wherein: [0027] Fig. 1 is a flow

di agram show ng maki ng_an oIeflnfroma 0X ate drying the . olefin, and
separating & Q%%tl)pane MWWWO‘&W ‘T’IE% this IB¥RIUAR 2F QWM ef i n:

[ 0028] Fig. i of a deethanizer first fractionation

enbodi ment 8%% @ec{ﬂﬁl erﬁgl‘g%& 0029] Fig. 3 is a flow diagramof a C3
splitter firnee7racti digtlisa fleendiegianesibwidg mhkisg anvkfinifonn 2 0030] Fig. 4

is a flow diagram of, a dene n| r to,.deethani zer tionation
enbodi ment  OKYHRL, Flﬁﬂ’é%f&ieé’ﬁ\e np 6%%?}331‘[9%15:% a?“?p@n%lal?q%\w %?yaﬁihﬁ Q‘

denet hani zergd fitddei@dfddLnati on  embodi ment of this invention; and [ 0032]
Fig. 6is af¥ cﬂ I'agram of a deet hani zer first fractionation enbodi ment
of this i nve[ﬁﬁz&}n Detlig| 2it abbwe diagtaioof aodecttianizenipshfihdionpd@B3] Thi s

i nvention pro |a thod Q[f removing dinethyl ether from an olefin
stream par tqnﬁl? I%P]é{'fﬂ? %%t r eam cont ai ni ng et hyl ene and/ or

propyl ene. | Oomner al ,Flghﬁsm&ldwdlagﬁﬁmw@sﬂmei fitst fra@ionkgiow! ef i n stream so
as to separate out the propane and dinmethyl ether in a common stream The
et hyl ene  aretithodimens of thanmvertiathe di stil | ed oI efin streamis of sufficient
quality, ol ymer 0 ymerization
process. [Ogggﬁ(ﬁThe |an1 ﬁ%ﬁﬂ 37?&% ?Itax{%ftad van degé?‘fﬁ"e?g‘?bﬁ’é :ttl onal

devi ces ar e fractionation embodiment of this invention;

[0031] Fig. 5 is a flow diagram of a demethanizer first fractionation
embodiment of this invention; and
[0032] Fig. 6 is a flow diagram of a deethanizer first fractionation

embodiment of this invention.

Detailed Description of the Invention

[0033] This invention provides a method of removing dimethyl ether from
an olefin stream, particularly an olefin stream containing ethylene and/or
propylene. In general, the method comprises distilling the olefin stream so as to
separate out the propane and dimethyl ether in a common stream. The ethylene
and/or propylene in the distilled olefin stream is of sufficient quality, i.e., polymer
grade quality, to use as feed for a polymerization process.

[0034] The invention offers the advantage that no additional devices are
needed for separating the dimethyl ether from the propylene product stream. A C;
splitter that would be conventionally used to separate propane from the propylene
can also be used to separate the undesirable dimethyl ether from the propylene.
[0035] In another aspect of the invention, the problem of removing
dimethyl ether from an olefin stream is solved in accordance with the invention by
separating at least a partial stream largely containing C3 hydrocarbons from an

olefin product stream by fractionation. The separated stream containing the C3



needed for separating the dinmethyl ether fromthe propyl ene product stream
A C3 splitter that would be conventionally used to separate propane from

t he propyweng/o3xan al so be used to separate the undesirablpeTdiSomstoyé et her
fromthe propylene. [0035] In another _aspect of the invention, the problem
of renoving dinethyl ether froman ol diin streamis solved in accordance
with the invention by separating at |least a partial streamlargely

cont ai ni ng C3 hydrocarbons froman olefin product stream by fractionation.

The separ at ggqrotdrBeus i§ 6t 8 A rdegfitaibn@GIUAD (3 PHHBES ForREPparalsaPéf31046 7
hydrocarbons™is sent to a rectification colum ( Cﬁ(@s%l i tter%&%foth separation
of propyl enwpaleie prdpropane. A BreRyiane peodchetram 18 fakeq oy the 4 1Som t he top
of this recti.ficati ] : ] i

hydr ocar bon&<® lggact\%é]l ci%li.%@% %?Iﬁgg a@? %ggs?ﬁgrog&?gg n%\?gﬂé) Q%rﬁsg%t’ ? ﬁgve%g?t om

portion of {heethpcildrj 4atdmoveddtonthe totothattian @f thpydetifieatpmedliztn st r eam
containing at nost only traces of dinet hxl ether. is obt (il.negi [ 0036]

Anot her aspéethapp Propyleng PEMUFLHITCAR qontaayng At P OPGHAEET ﬂg PREYY| ef i n
stream so t'éﬁtergio%'?atiﬁl%l’dh ether follows with the C3 hydrocarbons in the
separation “process. us, dinmethyl ether is sent with propylene, propane,
and possi bl yoossher Cnoyhitr esrectafiibs inventionds begstiontfeactionatingdhd ¢leat i on

colum in the fractionatio ro S. Syrprisingl it h now been found
that the di fEeaRYFO Eeh W%W&B’ﬁégf_ﬁ%)‘/“ ‘%‘MF@@P@WXWPBH% Wgﬁ%%ip?rgﬁoﬁorti on of
the rectifi %%de@é)_"ﬂﬁ!s%e vOBfieMis kéhttiith piBpPBAd) @rophie, 4pd ppysinettes taken
fromthe top portion of thé colum, and is substantially free of dinethyl
et her. [ 0037]; hyrdrogetboan e hE&ls splétrsor restifiedtion dotipamin e frapfonatioyjesi rabl e to

distill an olefin,streamthat is Jowdn t .l 0 separate
out the pr o;?é??&ssa;%npliﬂ?lﬁ&'ﬁ{/ aserf(“’vei?e.en ° odlvv\(%\%l\t/gt %gﬂﬁ%ﬁﬂgﬁ el?\%/lg{squet5 %%d to avoid
probl ens of ghtdilRifo R EHiom pdrEen veghe fediificamin @huhm alohg wdthshé | | at i on
vessel. Clathrates and free water formation can significantly inpede heat

and mass tr anegage., Thakrionglene isdgkendirm jhe gp pprtion|of theralwpaaifds pr oduct s
havi ng rel atsi %sf?ellr?ﬁa &?Fe%o?ﬁinlléﬂﬁ}g BRLNts. I'n sonme instances, the water
orefrn

content of t streammay need to be reduced by drying the olefin
streamin or[ge37]t o sulistyairdriodel yspeeichfdkis inenté, écis slewfabl tatdfstiitas and free
vater for matoileoﬁnn' stream that is low in water content in order to separate out the propane and

dimethyl ether. A low water content will tend to avoid problems of clathrate

and/or free water formation in the distillation vessel. Clathrates and free water

formation can significantly impede heat and mass transfer, making it extremely

difficult to separate products having relatively close boiling points. In some

instances, the water content of the olefin stream may need to be reduced by drying

the olefin stream in order to substantially reduce the effects of clathrate and free

water formation.

[0038] The olefin stream that is to be distilled to separate out the dimethyl

ether desirably contains not greater than about 1000 wppm water. Preferably the

olefin stream contains not greater than about 500 wppm water, more preferably

not greater than about 100 wppm water, and most preferably not greater than

about 10 wppm water.

[0039] The method of this invention is particularly useful for removing

dimethyl ether from ethylene and/or propylene streams which also contain

propane. By distilling such a stream at a pressure and temperature effective to

separate out dimethyl ether along with the propane, the result of the method is that



[0038] The olefin streamthat is to be distilled to separate out the
dimethyl ether desirably contains not greater than about 1000 wppm wat er.
Pr ef er ablwotob®334e1 ef i n st ream contai ns not greater than alPewtusbDsiowppm
water, nore preferably not greater th about 100 wppm wat er, and nost
preferably not greater than about 10 pm water. [0039] The nethod of this
invention is particularly useful for renoving dinethyl ether from ethyl ene
and/ or propyl ene streans which also contain propane. By distilling such a
stream at a th¢ Ra%iHigg pmdlohm(ﬂéﬁn strezif @ntbeferther disdpdtapeovalet di met hyl

ether along with the propane, resulf of the hod is t t WO 03/ 033441
PCT/ US02/ 31@4?@3%% EER S qﬂ@ﬂﬁﬁﬁlﬁ‘gﬂo g5 ed%mP)H%nﬁ‘offTE ‘ﬁ StHeagis, Eaﬁ be further

distilled t rg&&g%gﬂu Hg{,&gﬁ@gﬁ&gg et hyl ene and pol ynmer grade propyl ene

feed streans, eac ng produ at high overall efficiency. [0040]
Accor di ng t 004l]s i nvehtdoating &t thislieventiancétylepy apydrgmepydenestnams whi ch

contai n propane and .di nmeth her be o i.ned om any source. Sone
sour ces, v@i‘t‘%@ COWMP“&%%P@W%V 8 e Q%ﬁﬁ%lﬁaq'l%r Sé}]irSF*ner For
exanpl e, C F afdh QG uURE IR vEY M e@ﬁt%rin&%to%h@b&nmdém fran ensthéty Ilepe and
propyl ene, but (1ttl€ if any di nethyl ether, Fendl ng upon the materi al

cracked. Comaepte argcking yereusdy dseatboagnatenidiandl form ehdenaandoy cat al yti c

i h
R e

hydr ocar bonscodVemeig td%ggms s@6h AORBthasolad oleBhe by Batalytie asnctionivithns pr opane
and di net hyl et her, e nethod of this |nvent| on wll be effective. It is

parti cul ar | ymeleewdat sigus, catpbygis,wil alsoiormmduilens aar psemijencebHaiznificasily ol ef i n
e e ot ol By PKASRA GraliBn hFi B BORC B fliEss) & fohieag &P 2L Vel Y

hi gh cont ent™ I'n such streans. I n one
enbodi ment Qﬂefﬁﬂlst&atmmetm@pmpm amld elithsthgl ethanthesngthel/ofithid inwdniioh cont ai ns

St eam cont SMHSRIENES. i RV T EAGTEH: fl ROV naT PR i nt
corpounds. TGy ot S st uate imehopmil, by eapent onel |
propyl ene, mhativelythiginadnkant efﬂnawﬁlyliaﬂpr twdtin Sﬁ®GWMB propane and di net hyl
ether. If bu[to}ﬁﬁne In one embodiment of this invention, an olefin stream is provided

which contains ethylene and/or propylene, dimethyl ether and propane.

Optionally, the stream contains ethane, as well as butylene and higher boiling

point compounds. The olefin stream is distilled, preferably by conventional

continuous distillation techniques, so as to separate the ethylene and/or propylene,

and optionally ethane if present, from the propane and dimethyl ether. If butylene

and higher boiling point compounds are included in the olefin stream, it is

preferred that the separated propane and dimethyl ether stream include the

butylene and higher boiling point compounds.

[0042] In another embodiment of the invention, an olefin stream is

provided which comprises from about 2 wt % to about 45 wt % propane.

Preferably, the olefin stream comprises from about 5 wt % to about 40 wt %

propane, and more preferably from about 10 wt % to about 35 wt % propane.

[0043] The provided olefin stream also contains dimethyl ether; desirably

at least about 0.05 wt %. Preferably, the provided olefin stream contains from

about 0.05 wt % to about 5 wt % dimethyl ether; more preferably from about



and hi gher boiling point conpounds are included in the olefin stream it is
preferred that the separated propane and di nethyl ether stream i nclude the
but yl ene wod3ksygher boiling point conpounds. [0042] | n an®eCharsozstoecli ment
of the invention, an olefin streamis egpr ovi ded whi ch conprises from about
2 W %to about 45 wt % propane. Preferably, the olefin stream conprises
fromabout 5w %to about 40 wt % propane, and nore preferably from about
10 wt %to about 35 wt % propane. [0043] The provided ol efin stream al so
cont ai ns di et Wyt etdbedt 3 Hesi diatethyl etiier;laad stosajweferatlly @ommbols  Pr ef er abl y,
the provided olefin streamcontains from about 0.05 wt %to about 5 Wt %
di et hyl et e} wt ‘F{ﬂP@bBWe?@F%{bWthYZﬁﬁh&bout WO 03/ 033441 PCT/ US02/ 31046 9
0.1 w %to t 3 W% di e : m about
0.2 we %10 BEA 2 OB b e s e e T oo de

st r eam conprdofiiag goirtydompeupdsuSThis gitvam is kygii¢allygresentwhendthp prapdee afthi s st ream
is typically presen en,the pro e and i net hyl et her have, been

separ at ed frdé???fgﬁl %F‘%rm] eg?efnesgﬂ?régﬁt Eﬂ%%alegngﬁﬁ%tcg}mgpmg&vaéwgf ?ﬁ'egher

boil ing poi nt, daﬂh%ﬁéﬁ%?boi'liﬂgbbhﬁ oRFRS A BRlembIdRRN: 6P yABLE ArdMBWer DOI 1ing
poi nt conpounds are renoved froman ol efmstream conprising C2 and higher
boi | i ng poi rioildgefdimcompodidstare removed fronpau elefirsecaneemprisns butyd ene pl us
hi gher boilin int compo ) i.ch.can be included in the provided

ol efin st reéﬂg?gﬁowyoggﬁge%%%%@ﬁn?rhe ulti mate source of the ol efin.

I n cases whepgydihe ol effiehnsduneafMitiiehdgiRs hivhbyb&lieg peintcammpydene, the
butyl ene and hi gher boili Qfg point materials are in a | ower. concentration.

In cases whewkich pan g ingludedinghel pisyvisediodefin sieepm 938 YATYSEHSRERBHPOF hem t he

ol efin source,. the d i I { hi i > eina

hi gher conce‘ﬁ 11;;13@9%1_‘&}5%5%2}%%?1&@%3%3 v‘é@%ﬁ%%&@%@%ﬁ@%@é%@%c eudes from
about 30 Wan¥opkepyddiRithe Duténctnbithighee beilipg peinhingtesialstroé in mlgweoi nt
conmpounds. Preferably, in thjs enbodi nent, the_prqvided ol efin stream has
been previ oudngentigiign; In “é‘aest‘ﬁf“’r’f%HﬁFéhﬁFWWéo%}’ﬁ%egﬁﬁﬁg?%Parﬁﬁﬂ t he

provi ded streamieontal BRutd, AP bitPeRE arftthi¥fer Bolio PR Codpotiids Ydilay| ene pl us

hi gher boili'ng poi nt conpounds; “nore preéferably fromabout 50 wt %to
about 90 wt Riglemtcyhaneatidrusntgenérel, the provided olefin stream includes from about

30 wt % to about 95 wt % butylene plus higher boiling point compounds.

Preferably, in this embodiment, the provided olefin stream has been previously
distilled to remove ethylene and propylene, and the provided stream contains from
about 40 wt % to about 95 wt % butylene plus higher boiling point compounds;
more preferably from about 50 wt % to about 90 wt % butylene plus higher
boiling point compounds; and most preferably from about 60 wt % to about

80 wt % butylene plus higher boiling point compounds.

[0046] In another embodiment of this invention, the dimethyl ether is
separated from the propane stream by contacting the propane and dimethyl ether
stream with water, preferably in the liquid phase. Contact can be performed in
any conventional type of wash or liquid/liquid contact vessel The amount of
water used should be sufficient to recover a propane stream containing at least
about 85 wt % propane, preferably at least about 90 wt % propane, more
preferably at least about 95 wt % propane.

[0047] The water stream that contacts the dimethyl ether and propane
stream will absorb a substantial amount of the dimethyl ether. The water stream

will be recovered as a bottoms stream from the contact vessel and contain at least



boi i ng poi nt conpounds; and nost preferably from about 60 wt % to about 80
wt % butyl ene plus higher boiling point conpounds. [0046] |In another

enbodi mrerwO®B/0s3aes i nvention, the dinethyl ether is separarasot/sone the
propane stream by contacting the pr opanggand di rethyl ether streamwth
water, preferably in the liquid phase. ntact can be performed in any
conventional type of wash or liquid/liquid contact vessel The anount of

wat er used should be sufficient to recover a propane stream contai ni ng at

| east about aBeutvit whiolimethiybether; pfederalilly yt eastiabauit3 whbudim@hyhethes, pr opane,

nore preferably. at |east,about 9 % pr.opape. J.0047] .The,wat er stream
t hat contact én(fr% Breg?rﬁ@ty t"f{[/}ea tﬂllil’g?t SZW)GG/ %‘iﬁg‘%gﬁ'g e{ﬁgli‘ rt@rﬂlgéeﬂlly? SttB‘grp‘i‘aB bg
substanti al gspuMitd 6bmithe “ﬁi'tembg Wborﬁaﬁ@ﬁ,-pra_fhﬁbl/}ai}eﬂasht\faﬁ@ﬂi’iati% kzs}he&e
recovered as a bottons streamfromthe contact vessel and contain at | east

WO 03/ 033441 tEaresssozis zadyged torGpanenihe dimgthyhefhanse that iteanbde easilyef er abl y at
I t bout oa di t . I t bouyt 5. Wt %
oottt ot AL TR g RUEREBLTEAE, ol S50

can arate Fom r by

vapor i zat i ondegiredf @oabkamply, tht asbvered dimetiatl icther vdiehecuset hefRuEsHES | S
reduced to vaporize the dimethyl ether so that it can be easily separated
from the wat @XYSPRE 1Q OIRANIERAIOBPREEHY| et her can then be processed as

desired. For (Gu@ipl e hend GGEYARRH HHPLIY tbo%%ékf&]]eﬁﬁ‘gggﬁé ieghing  eed 1 or

t he oxygena ol efin reaction process. Iment of the
i nventi on, abyebethcimgstnygamte withhtmaoleadar diyvecamnatyatt Thegoxygyganate with a

nol ecul ar sieve catalyst. The oxygenate. conprises at |east one organic
conmpound whi CHPREMSAL HaStANS Opzan 08539@&1"&&5’9@%85 %ﬁf@ﬁt%{?oﬂ’g%ati c

al cohol s, et hgns ,summwﬁ&am@j@_ﬁleﬁesa&ﬂ%ﬁsd%émg&ﬁh@ MS98ehyde@kBRXM, i C

acids, carbonates, esters and the I'ikej. \Wen the oxygenate I's an al cohol,
t he al cohol rabbxidisacids, edrbgrrsgsi esterpird thelhidee). nyhén theokyganals ear bon  at ons,

nore preferal fram 0, 4 rbon.atoms. Representative .al cohol s include
but are not ﬁie%%%ls%pi#%?hﬂ %Clt?@?f atnoahlph%(;rmgieﬁgéeﬁ'l’ﬂg %WB lﬁPa}ﬁc"ﬁg’&nc hai n’
aliphatic abeaRohtrep@didy frodnb &) 4Eab&tatefid N RepRI:five BIRANPL &5cl@fe

sui tabl e oxygenate conpounds include, but are not limted to: nethanol;

et hanol ; n- pPBRAIABPE necpsaplydai to loyer stiaipht andlynethed chainmliphasichy| et her ;

di met hyl et hgjoon gk GhdWleirGhbfhrated counterparts. Examples of suitable oxygenate
compounds include, but are not limited to: methanol; ethanol; n-propanol;
isopropanol; C4 - Cyp alcohols; methyl ethyl ether; dimethyl ether; diethyl ether;
di-isopropyl ether; formaldehyde; dimethyl carbonate; dimethyl ketone; acetic
acid; and mixtures thereof. Preferred oxygenate compounds are methanol,
dimethyl ether, or a mixture thereof.
[0049] Molecular sieves capable of converting an oxygenate to an olefin
compound include zeolites as well as non-zeolites, and are of the large, medium or
small pore type. Small pore molecular sieves are preferred in one embodiment of
this invention, however. As defined herein, small pore molecular sieves have a
pore size of less than about 5.0 angstroms. Generally, suitable catalysts have a
‘pore size ranging from about 3.5 to about 5.0 angstroms, preferably from about
4.0 to about 5.0 angstroms, and most preferably from about 4.3 to about 5.0
angstroms.
[0050] Zeolite materials, both natural and synthetic, have been
demonstrated to have catalytic properties for various types of hydrocarbon

conversion processes. In addition, zeolite materials have been used as adsorbents,



di -i sopropyl ether; formal dehyde; dinethyl carbonate; dinethyl ketone;
acetic acid; and m xtures thereof. Preferred oxygenate conpounds are
nmet hanol ,wodBns4my| ether, or a m xture thereof. [0049] MpCEAB0AB1036 eves
capabl e of converting an oxygenate to n ol efin conpound include zeolites
as well as non-zeolites, and are of the'large, nediumor small pore type.
Smal | pore nol ecul ar sieves are preferred in one enbodinent of this
i nvention, however. As defined herein, snmall pore nol ecul ar sieves have a
pore size ofcatabss cartiars fabearfouS typeanfbydrocmborGameemldnyprosisses adndeotioat al yst s
have a pore sjze,rangiqq from about 3,

B t

.to . about, 5.0 angstrons, preferably
from about aPPECAING & ge 8?1‘68][3?‘8% a?WIWEPSI&F%tF%WEJ%%fOW Bm about 4.3
to about 5. Q)erpRllrAA05 anll @RI PketrdiRRld fifkedBy@hh@l dxyHal Hodat vl and

synt hetic, have been enonstrated to have’'catalytic properties for various
types of hydregetavityof the tetrabedsa trbapanoedby ts.indlnsienidf ¢ations sucb @b atkeliwat eri al s

h b d nt s, 03/ 033441 PCT/ US02/ 31046 . t al t
o Eiorens ooaiR AR RBT R W e mnT RAe obi ey Sl prtmeelic Lo ot her

appl i cat i 0nspatigROkidhES teFSn&RYIBME0nAMY STNIAl) op Gt@btopyRashddigat(®pAyhi ch form
a network of A102 and Si 02 tetrahedr ag.{i nIZed byb#sbggr ed oxy tén a?vgms. The
negati vity ofre ptesent during exirtbesiss Bylingetitialspacaseor chanmnglsifornasbycthei ons such

| kal i | .kal i ' . .
eoti tos,  nom Rl bREoRE TR Res kDS weltdh PRSP MR M Greii o

tetrapropyl girogRsasms(chbEAyst forashemivabeatiiorddrd g catabtshestisrs idhevidat erstiti al
spaces or channels formed by the  crystalline network enable zeolites to be
used as nol ewgicrofdiydiacarbion cerysayiaR PISEsSpY-ocesses, as catal yst for cheni cal

conver si on posBcses. bk AYL Rk Soltuiihe SR S IonINIBREE"T | ca
and opti onaldnyd redteriilerin whiah thensili @randlaturina phitohs hives twich rapdacadich al um na
Al o, gor AR RITGRTLE Pt Bt o5 AR e T R oo O3Her BB ace. t he
silica portiQpu.,BomeRoPifiRplact 8 sQidaPRrtidRIBdrdibxi8) it oxiddbam,exi de, and
m xtures thereof can replace the alumna portion. Unless othérw se
speci fi ed, tdmads, éxdiwm oxels) andehixdurds thereof canerepare thealliming pogiod.

Unless otherwise specified, the terms "zeolite" and "zeolite material” as used

herein, shall mean not only materials containing silicon atoms and, optionally,

aluminum atoms in the crystalline lattice structure thereof, but also materials

which contain suitable replacement atoms for such silicon and aluminum atoms.

[0052] One type of olefin forming catalyst capable of producing large

quantities of ethylene and propylene is a silicoaluminophosphate (SAPO)

molecular sieve. Silicoaluminophosphate molecular sieves are generally

classified as being microporous materials having 8, 10, or 12 membered ring

structures. These ring structures can have an average pore size ranging from

about 3.5 to about 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 about 5 angstroms, more preferably

from about 3.5 to about 4.2 angstroms. These pore sizes are typical of molecular

sieves having 8 membered rings.

[0053] According to one embodiment, substituted SAPOs can also be used

in oxygenate to olefin reaction processes. These compounds are generally known

as MeAPSOs or metal-containing silicoaluminophosphates. The metal can be



herein, shall nean not only materials containing silicon atons and,
optionally, alumnumatons in the crystalline lattice structure thereof,
but al so watoanszahs which contain suitable replacenent at®@cg/Ser/3vuch
silicon and al um num atons. [0052] 01e1 type of olefin form ng catal yst
capabl e of producing large quantities 8f et hyl ene and propylene is a
sili coal um nophosphate (SAPO nol ecul ar sieve. Silicoal um nophosphate
nol ecul ar sieves are generally classified as being mcroporous materials
having 8, 1Qik«irmédtad]l iwastEroag IA), rkalint eaudh tetd ionfli@saiprliAY rat eadh iones can

have an average pore .size ranging fr, abou .5 to apout 15 angstrons.
Preferred ar T?WI%P‘FIU‘E)‘BE@%AF‘%&%ggi?H}e&W {aé‘F S, fdVthg an average pore
si ze of 'eS%ﬁ%@g}{ _%eédﬁ@ﬁﬁ{, rs%gm'urﬂ,r&fr%gﬁ‘rﬁ%acﬁﬁnhﬂ%lﬁﬂﬁn,por e size

abo . ,

ranging fro to about 5 angstro re preferably from about
3.5 t o aboutdyp@sianghbhoivm, eiiescthpbue, giereismeand lotgtiinnabndscandiivaca| ar

Subst t ut ec S5k AT fason g ke [GP ol B PRI o
processes. WigAe ;p@pounds are generally known as MeAPSCs or

met al - contai ning silicoal um nophosphates. The nmetal can be WO 03/033441
PCT/ US02/ 310[86854]12 al kRieferatdy,dhe Merspregantuasomapuchaasidal, Me MaGd Niet al i ons

(Goup IlA), rare.earth ions G 111 B, including.the |anthanoid

el enents: | aﬁ’i“ﬂ;r&nah]%t(g?’i %’rf‘nd éf'a@g%ﬁﬂ%ﬁ“fﬁﬁanr%dwgleg}ﬂm e&%ﬁxﬁlﬁ%a?eur opi um
gadol i ni um  fr8h&ieHthrodys BTOROYMetriieddra] Wit %@igmoz}tbméﬂddml upit @ik um and
lutetium and scandiumor yttriun) and the additional transition cations

of Groups | \BpetyRetrig gharagdepending pn Bie valegcq gateof dsspetpl abstitignty, the Me
represents su I, Ee, . i r Sn, and
%QE the rﬁ%gﬁ?or@gﬂee as %alegﬁe state’of +%’2—53r’ él-lgf, +§, or +%, the?l%% h

Cr. These atons can into e tetra ramewor K rough a
[ Me02] tetr adiedriathdie {s.betvnen[-Mabd@}21 Bicogivestionl oftin membesmpsentisnet

el ectric charge depending on the val ence state 8f .the rHet,aI ubsti tuent.
When the metapicalbnpeusaamlishedaddingthe metal spmpenegt during sygthesig of the o 46, the

net electr iﬁoﬁ@tﬂﬁﬁﬁﬁé I@&E%Eﬁo‘gﬁs{g@ﬂ%&ﬁ%@n éﬂﬁ%é%@aﬂ}ais@rbe(?fse&. & paet @l

conponent is typically acconp addi ng the netal conponent "during
synt hesi s of synthesis epttengé, dhe eV eompinwet/@il] inprodtceptiotraisicsionenclemghange can
al so be us edpos}tﬂ)ng 2*? ;[m open surface of the molecular sieve, not into the framework itself.
[0055] Suitable silicoaluminophosphate molecular sieves include 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.
Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
particularly SAPO-18 and SAPO-34, including the metal containing forms
thereof, and mixtures thereof. As used herein, the term mixture is synonymous
with combination and is considered a composition of matter having two or more
components in varying proportions, regardless of their physical state.
[0056] An aluminophosphate (ALPO) molecular sieve can also be
included in the catalyst composition. Aluminophosphate molecular sieves are
crystalline microporous oxides which can have an AIPO4 framework. They can
have additional elements within the framework, typically have uniform pore
dimensions ranging from about 3 angstroms to about 10 angstroms, and are

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

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



synt hesi s exchange, the netal conponent will introduce cations into

i on-exchange positions at an open surface of the nolecular sieve, not into
t he franmeworok/osgel f. [0055] Suitable silicoal um nophospireTasansmweal ar
sieves include SAPO 5, SAPO 8, SAPO 11,;2,SAPO 16, SAPO 17, SAPO 18,

SAPC- 20, SAPO- 31, SAPO 34, SAPO 35, SAl 36, SAPO 37, SAPO 40, SAPO 41,
SAPO 42, SAPO 44, SAPO- 47, SAPO- 56, the netal containing forns thereof,

and mxtures thereof. Preferred are SAPO 18, SAPO 34, SAPO 35, SAPO 44,
and SAPO- 47, A p&fe d@%ﬂﬂ@dﬁycrgﬁm@of@éamk&mamdsynﬂwumfng t he netal

cont ai ni ng f [ m e ed. her ei the term
mxture is s%@f?nﬁﬁo‘% Eﬁeﬁlﬁ r‘wjﬁflnag cf[?gb{:@%’lhbc 1R YR sition of
matter havi ngetewbprefolRne: mqtsraaafwylt Brefeﬂreuaxmmgtrwm%ﬁewnpo 5 egardl ess of
their physical state, An al umi nophosphate (ALPO nolecul ar sieve can

al so be i ncllﬁd)éa' i nAL%Q %%Iﬁ'@lcféﬁ%@sﬁ% AdFO- MMP@@HD%&LBO% ecul ar
sleves are al i nefH"e”&I[dﬂﬁ%’Ea(}f“h‘i O ﬂﬁéa}%&eﬁ@gﬁf‘ e[ﬂ i 1}1 OE

framework. T ey an have a I ona enen

typi cal | y haPeefarabfyg i petakis sdlleditedlfﬂoﬁfl&e gﬁﬂg@@gmﬁth@%ﬁb@ﬂksﬂm@ngs'{ rons to
about 10 angstrons, and are hélﬁ(E)abl e of ITB.kI ng size selective se arat| ons

of nol ecul ar %@‘F"ég’ ZiRp cabal mpgures diesspts gt pgterialy pesferpbly &
t ed,
b Usoz) 31040 RS KES A End R0 A UER i HBOR S o Alldiidhee.

synt hesi s of allmhlunphusphajsmtmmea alsmimmhchplhateldncﬁecﬁts1evhl@on1@os’iﬁ&qs440, whi ch
i's i ncorporated . he Eh (ﬁ{ ref rence in,its ti e&&L ﬁferred ALPO
structures a lﬁlﬁf’?)p 15 ATSER eerQ_rg@_ratg)n i\ at: Nay po- 36,

ALPO- 37, and 4@6?@246111@&)9%@ heFi b?'f&@%nG@ih ifd e?fﬁrétﬂ}‘c' ude a netal

substltuent inits franmework erably, the netal is selected fromthe
group consi stP$] of nad?hé@%ﬁlconmnwﬁég@s havae threediamensioaadd i xt ur es

andl or - cat ar Joeanarss hrEbEERBI BN Bt oo SR Bt s el B Spna o

and silica alTueiswphaspiaired @mhce@xab avhish @Mﬂalﬁ@ﬂgﬂﬁﬂetprﬁﬂﬁ) caldyRaiR@l 8arPf this
class and their preparation are described in U Pat . 4,567,029,

i ncor por at ed PREFREPSENISY by ePpient herpicplcommesitipargn ar s dlouT hesisres:al
cont ai ni ng A'nﬁ@(l\ﬂ%‘{yq)zﬁ)t hr ee- di nmensi onal

wherein “R” represents at least one organic templating agent present in the

«.c %

intracrystalline pore system; “m” represents the moles of “R” present per mole of
(M;AlyP,)O; and has a value of from zero to 0.3, the maximum value in each case
depending upon the molecular dimensions of the templating agent and the
available void volume of the pore system of the particular metal
aluminophosphate involved, “x”, “y”, and “z” represent the mole fractions of the
metal “M”, (i.e. magnesium, manganese, zinc and cobalt), aluminum and
phosphorus, respectively, present as tetrahedral oxides.

[0053] The metal containing ALPOs are sometimes referred to by the acronym
as MeAPO. Also in those cases where the metal “Me” in the composition is
magnesium, the acronym MAPO is applied to the composition. Similarly ZAPO,
MnAPO and CoAPO are applied to the compositions which contain zinc,
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.



m croporous crystal framework structure of M2, A102 and PO2 tetrahedral
units. These as manufactured structures (which contain tenplate prior to
cal ci nat iw0)3033341 be represented by enpirical chem cal comp@disny/awge on an
anhydrous basis, as: nR (MXAl YPZ) Q2 vvg rein "R' represents at | east one
organic tenplating agent present in th intracrystalline pore system "nf
represents the noles of "R' present per nole of (MXAIYPZ)Q2 and has a

val ue of fromzero to 0.3, the maxi numval ue in each case depending upon

t he mol ecul goosyinensi darg sicohhenih@hpbpsiatgorgaai sieveds tcallyaiditide voi d

vol unme of the pore system of the parti culiar Et al ail.um' nophgsphat e

i nvol ved, " xi-e., bigndedy methrothermagieriale nWhep blendeds the r53ylfipg corgposttiin 1S et al "M,
(i.e. magnesj iA%@  caf LSRR 8Rs the Qs hOT US,
respectivel 3&&%%1@%?&2?8?% isa ed%g%yﬁo’(;\?gﬂégﬁe c[agad%bg}: Tﬂ?é tael cont ai ni ng
ALPGs are sandecuimssisvef erred to by the acronym as MeAPO. Also in those

cases where metal "Me" in . the c sition. i nesi.u t he acronym
MAPO i s applﬁ’&@lt ot hé\’létﬁﬁﬁléé’fm‘?mo‘i?nquﬁﬁi WchE\%@gﬁ%M%ﬁ%‘%??@q@oAPo are
appl i ed to the COFRAY: bhaRBicIMY £BvE aRERIaly, 8 Piious PRIAGAMEGRARNTheRDA t
respectively. To 1dentify “the various structural species which nmake up

each of t he mathigdsarciwlechmpssitondsdch azkpdn apd AH@r glags, verip@dormaaech speci es
is assigned a nunber and is identified, for. ex |l e, as APQ:. MAPO-1 1,
COAPO- 34 and®&¢ F’i‘f}’iﬁSﬂ)@%‘@’%%ﬁﬂ%&“ﬁ@?ﬂﬁ%é‘f/%%&COTEH"‘_FB 56 The

si | i coal unm nepMas BhAbenhdNRY, BBk orSil@MRaiss], iR dirdohiAdiboxeda, thdries- ,

bl ended) with other materials. Wen blended, the resulting conposition is
typi cal |y réfeeyliadiuenz.slica opAfbicn ensitirysal, andimigturesethergph) These conpri si ng t he
SAPO nol ecul ar_sieve. [00 Mat er | al. Lch: c | t he

mol ecul ar si CVE°LER° BE é?a%?%ﬂxg@%nﬁgé‘%lliﬁ’g\@%rtc%ay :13 5%??{/&12%% ?\gté%rtr%l?eri als, or
various bi ndgra thekel kiak 3o askhe feheaniddingltbe ¢nall stdariag ppesterhii@ns such as
kaolin and ot her clays, various forns of. rare earth net a]I@{s; ne"g@gl oxi des,
ot her non- zedsnpifng Hiepaalyst ardhingrsasipg catalys stiepsthe Iftis pydiculagk deH@stss
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’ heat capacity of from about 0.05 to abo{lt 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.
[0061] Additional molecular sieve materials can be included as a part of
the SAPO catalyst composition or they can be used as separate molecular sieve
catalysts in admixture with the SAPO catalyst if desired. Structural types of small
pore molecular sieves that are suitable for use in this invention include AEI, AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ERI,
GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and
substituted forms thereof. Structural types of medium:pore molecular sieves that
are suitable for use in this invention include MFI, MEL, MTW, EUO, MTT, HEU,
FER, AFO, AEL, TON, and substituted forms thereof. These small and medium
pore molecular sieves are described in greater detail in the Aflas of Zeolite
Structural Types, W.M. Meier and D.H. Olsen, Butterworth Heineman, 3rd ed.,
1997, the detailed description of which is explicitly incorporated herein by
reference. Preferred molecular sieves which can be combined with a
silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.
[0062] The catalyst composition, according to an embodiment, preferably

comprises from about 1% to about 99 %, more preferably from about 5 % to about



conponents are also effective in reducing, inter alia, overall catalyst
cost, acting as a thermal sink to assist in heat shielding the catalyst
during regematnaispn, densifying the catalyst and increasiPog/usat/aoyet
strength. It is particularly desirable hat the inert materials that are
used in the catalyst to act as a ther rra]I sink have a heat capacity of from
about 0.05 to about 1 cal/g-C, nore preferably fromabout 0.1 to about 0.8
cal/g-C, nost preferably fromabout 0.1 to about 0.5 cal/g-C. [0061]

Addi tional n®0 %¥cahdimost weferabiy fomabsucHIYo bieabiout BUfbebly avsight panbleotilar t he SAPO

catal yst conposi |on or t be u as separate nol e ul.ar eve

catal ysts | 2? Sdst?rlsé’ W{gﬂy ed ﬁ@t @&I’-‘;@ai‘f'ﬂ SRSt (TnlEfé@larp@leC aif types
of smal | %%h@fns% %&ﬁatdoefanvgs& n%um%ﬁférﬁly%ﬁlmuﬁms Inventl on
i ncl ude AEI AFT CHA, CHI, DAC, DDR,
EDI, ERl, GO@str#s to zﬂ:@w 200 gstTAs, m@ﬂprdfmblymm aRNOS0RAGHTOTHMo and
substl tut ed f.or 5(} her{a Structural types of nedi unm~pore nol ecul ar sieves
that are subtg SUPE in this invention include MFI, MEL, MIwW EUO
MIT, HEU, He663) AFO Ahe caldkt canbe Suljsdidd tetLehriess 6ﬁréaﬂﬁérﬁ9fo achieese snall

and nmedi um pore nol ecul ar sieves are described in greater detail in the
Atlas of Zeo’flhﬁtdéSHegmhﬁ(élF@lr@@ﬂ cirgipies! charagterivtiese rSugh dregmentsanglade. bBhereer wor t h

Hei nenan, %gces%arég%ﬁht Qc?h &B&e{;ﬁ&i FL8R5L dplthea pcta c?ﬂ'at%B Y64 Glatdn e’ég' beitly

t
i ncor por at e %ere ere eferre a’r Sl eves can be

conbi ned wi tfiesdmeri hiiltiag) bamnrﬁmntg;gﬁhdnhg sp@d)&iryﬁig aﬂtbddmdﬁnaﬁiﬂﬂk therebSM 34,
erionite, and chabazi te 062] The catg%%;st conpasition, accqording to an
embodi ment, [9064ler abl y m,@ﬁﬁ#@rss&fefca@m sulady yeelaltin makow dhylers: e

preferably f % 15 90 %
and nost prefer agllg%éerlgr%%tag’tf?%%g%cp@aa out ﬁgbgﬂ?tlggﬁgg%%%@rml ecul ar
sieve. It isSAP®el &ereih]’@d(s rhélatulsdweveatia b patticolanpobodinent, leeve a particl e
size of from abaut 20 angstr 1 0o about ngs , r ef erably
f r om about 3’6‘0?38\%6%?1?‘6‘?1’@ atc@’séaggg"tm%%m 8&‘8%3{%8%‘% é%?@f@‘%b‘glypé? om about
50 angstromsjgo about 150 angstroms. [0063] The catal yst can be subjected

to a variety of treatnents to achieve the desired physical and chem cal
char act eri st [0865] Such Te eenveetrixygénsitd tlocdefinh gonventional aractrssesiens ¢dny | i it ed

to hydrot her graused eat) n%tﬁxeﬁ %leg’,l MRS b or n%gxlfiglg HEE ‘sfjl};stcreengls:[ PrRBFEd reactors

of one embodiment are co-current riser reactors and short contact time,

countercurrent free-fall reactors. Desirably, the reactor is one in which an
oxygenate feedstock can be contacted with a molecular sieve catalyst at a weight
hourly space velocity (WHSV) of at least about 1 hr', preferably in the range of
from about 1 hr! to 1000 hr”’, more preferably in the range of from about 20 hr
to about 1000 hr”!, and most preferably in the range of from about 50 hr” to about
500 hr'!. WHSYV is defined herein as the weight of oxygenate, and reactive
hydrocarbon which may optionally be in the feed, per hour per weight of the
molecular sieve in the reactor. Because the catalyst or the feedstock may contain
other materials which act as inerts or diluents, the WHSYV is calculated on the
weight basis of the oxygenate feed, and any reactive hydrocarbon which may be
present with the oxygenate feed, and the molecular sieve contained in the reactor.
[0066] Preferably, the oxygenate feed is contacted with the catalyst when
the 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



treatnment, mlling, ball mlling, grinding, spray drying, and conbinations
thereof. [0064] A nolecular sieve catalyst particularly useful in making
et hyl ene wand/opiuepyl ene is a catal yst which contai ns a comroirnsn2/am4of

SAPC- 34, and SAPO 18 or ALPO 18 nol ec J?ar sieve. Ina particular

enbodi ment, the nolecular sieve is a crystalline intergrowh of SAPO 34,
and SAPO 18 or ALPO- 18. [0065] To convert oxygenate to olefin,
conventional reactor systems can be used, including fixed bed, fluid bed
or novi ng bgkkss s b eitked PAbAigLRbhaeg differant cofivepsiensarblodientivitiesofe co- current
riser reactors and short contact tjne, coltjmtercgt:?rggnt f.ree-%ﬁl.l reactors.

Desirably, feed-tpsedust mex reswl dependingyponithe eataly &CFeHRREPYEROBan be
contacted w nol e L : j : space

vel ocity. \(M\L%\?f of a?ﬂ}agg%cggsg%gﬁﬂéﬁﬁlﬁg?ﬁ%sg?{é\%;%{‘&die %Q{é%te)yr ange of from
about 1 hr- fent@rdt0Re. Am-effective epepatfgdembéngturarange carabgyzomfabbutdi®03Bout 20

hr"1 to about 100 "1, d st, pr I i range of .from about 50
hr-1to abomab%agwg’ Pi‘?fer%ﬁg\%g) a tSh@g?ﬁ)e%é’Pﬁaggﬁt REATSCERIA
oxygenate, ath HEAESSIE 10NHLOORPOOM MY 16tcPB GRhé ARk AuSaigs, thBe feed,

per hour per weight o nol ecul ar sieve in the reactor. Because the
cat al yst or farhmtibe efltteatekirerhglefio pradiupts nwythscomamarkeslgslonive act as inerts

or diluents, .the SV i s calcul ate h wel ght _basi s of ygenat e

feed, and afgaiElrpigheopyhr IO E%Yf?g?iiﬁ?q%’ﬁr‘ E%fyméfélgw%l@ lélnglﬁ?nc\?\ﬁntthp@ﬁglﬁoxygenat e
feed, and t g, iRl ik FerSthe Vel ad B@glejnéaﬁdl opgRaE ef redude@066] Preferably,
t he oxygenate feed is contacted wth the catal yst when the oxygenate is in

a vapor phasenpesatuess meaydieyincrepsedp Ad desuppengndoel the tampeipteigtrangs, 8¢ | i qui d or

i xed [11iquid .- Wh h ' ' ' iquid WO
03/ 0304l perernarsaBaRa g OBkl EpRERFaRlde BRI hiopflcRbbrollatole, 1 or o

conver si ons féhnvelsRatdhoky g@tteoked vilegereealrediigh. may result dependi ng upon
the catal yst and reaction conditions. [0067] The ;)({eocess. C B%gneral ly be
carried out [8868) wi de QrEFFEEITCSSHEAROTAD YR OVl W é&@gevglcg‘a ting

tenperature aﬁ%gg%o@%g%sg%eg.r Eﬁqe@tmg)?eﬁlg@ﬁ/nclﬂe,a@ﬁ‘é}e AAQEeesBiiB) BRAREY from

about 300C to u , nore preferab from about 350C to about 550C.
At the | owneno,endtabpresiiee dbEadersal prie (7 &Rgle prefirebly fibleasttabowt Sofsia (3¢ desired
olefin pr ode(%g)s. 'Pl‘;eyprggecs(s) ?éeparlrt%u gr?}! é/ffescltiggv a’é’ﬁitg}rfer%otal pressures, including a

total pressure of at least about 20 psia (138 kPa). Preferably, the total pressure is

at least about 25 psia (172 kPa), more preferably at least about 30 psia (207 kPa).

For practical design purposes it is desirable to use methanol as the primary

oxygenate feed component, and operate the reactor at a pressure of not greater

than about 500 psia (3445 kPa), preferably not greater than about 400 psia

(2756 kPa), most preferably not greater than about 300 psia (2067 kPa).

[0069] Undesirable by-products can be avoided by operating at an

appropriate gas superficial velocity. As the gas superficial velocity increases the

conversion decreases avoiding undesirable by-products. As used herein, the term,

"gas superficial velocity" is defined as the combined volumetric flow rate of

vaporized feedstock, which includes diluent when present in the feedstock, as well

as conversion products, divided by the cross-sectional area of the reaction zone.

Because the oxygenate is converted to a product having significant quantities of

ethylene and propylene while flowing through the reaction zone, the gas

superficial velocity may vary at different locations within the reaction zone. The

degree of variation depends on the total number of moles of gas present and the



relatively high content of oxygenated ol efin by-products being found in the
olefin product. However, the selectivity to ethylene and propyl ene at
reduced weorpesaEtUres nay be increased. At the upper end @CTiuse2s®nmper at ure
range, the process nmay not form an optknunlannunt of ethyl ene and

propyl ene product, but the conversion of oxygenate feed will generally be
hi gh. [0068] Operating pressure also may vary over a w de range, including
aut ogenous pressures. Effective pressures include, but are not necessarily
limted to,crésstsettin qiragmstidubarddcatbdn ireths treabtips zane(, enkfeagturepprefsarabl y at

| east about 5 psia (34 kPa{ The grocess is particularly effective at
hi gher totalanﬂroé@‘%ﬂ‘?%‘éantfqg}ﬁl%P%@n {eI% ot al pressure of at |east about 20

psia (138 kjgb 70]P eferxﬂ ¥ entbd n{e% Fhe PSR éﬁ'@lal §e1oa£ ls%sﬁtaﬁ@@utta 25 psia
(172 kPa), re preferably at ast about 30 psia ( 87 . For practi cal

desi gn pur paa’es)fgtealtes'thb&s] matwlrpeltaacazrscb(ndﬁ)tthIomspourttenﬂrelmwtlpn oxygenat e
feed conponent, e the rea t ressure t greater than
about 500 pﬁoge(gh %%5 OWH%IB%?SIW@%%%J@?%?S ﬁuﬁ‘érrfo glf’m%bﬁ psia (2756
kPa), most prefier @t deﬁ@? 5 eled oh@wnamﬁé redfforPsind. (VA6 Gedifadly, [0069]
Undesi rabl e Dy-products can be avoi ded by operating at an appropriate gas

superfici al thegacsupgriicid vglheltsgasgr@améhm aoat 2ven/e ef kegstione peiat asthe he
conver si on decreases avoi din ble b ed herein, the
term "gas SUPOPACRT-ar VY |Cté a tgeegefsrf‘gé rgmaf he OCIQInig% %ge fumetri c
flow rate ofabovepard #Qehst Wlﬂlqh,thé/\ﬁ&hafbnlz@ﬁé UNRSt @slrbistpfthelagn present in
t he feedstock, as well as conver si on groducts di vided by the

cross- sect | owRErigiabyclosity Kareaierdhanprbopbh aYs atieishoRePAREndheastiane i s
converted to, 0?1 oPr oduct having significant quantities of ethylene and
propyl ene whiTe flow ng through the reaction zone, the gas superficial
vel ocity may[0oatly at dAédoediagto jrewmbthar‘anwdnrhbm otf e ineationpthe zane. The

degree of variatjon depends Qn total nunber, m)l es of resent and
the WD 03/ 033@aficptyel %@ﬁé‘i@ﬁ@me yelat C%@PP&& Feaﬁtl%?angE‘ﬁ‘a 3 ocat i on

in ther eaCtt[l%%?Oﬁ%@@rﬁcﬁa@ @Qﬁfzfﬁt{ Hrrﬁ‘alnﬁﬁﬁa%%’é fate gﬁ%%?&ﬂ&ﬁrl Iﬁ@laﬂﬂflﬂ&nfsea(:t Ion

par aneters. I'n one enbodi nent, e gas superficial velocity is
mei nt ai ned ain the reacticn whe glténtler dtSmahlelhatéh@gasrseperﬁembﬂdoc(ltyl@)graateﬂ east one
point in the.re ot er. enbodi deS| rabl e that

the gas sup etrhfuil a}? & BMF BEZQ&IOIPQ € reaction zone. I\%Ere desirably,sth

superficial velocity is greater than about 2.5 m/s at all points in the reaction zone.
Even more desirably, the gas superficial velocity is greater than about 4 m/s at all
points in the reaction zone. Most desirably, the gas superficial velocity is greater
than about 8 m/s at all points in the reaction zone.

[0072] The amount of ethylene and propylene produced in the oxygenate
to olefin process can be increased by reducing the conversion of the oxygenates in
the oxygenate to olefins reaction. However, reducing the conversion of feed
oxygenates in the oxygenate conversion reaction tends to increase the amount of
oxygenated hydrocarbons, particularly including dimethy] ether, that are present
in the olefin product. Thus, control of the conversion of feed to the oxygenate
reaction process can be important.

[0073] According to one embodiment, the conversion of the primary
oxygenate, e.g., methanol, is from 90 wt % to 98 wt %. According to another
embodiment the conversion of methanol is from 92 wt % to 98 wt %, preferably
from 94 wt % to 98 wt %.



greater than about 2 nis at |east one point in the reaction zone. Mre
desirably, the gas superficial velocity is greater than about 2.5 nis at

| east onewpaBns34un the reaction zone. Even nore desirabl PCTiUse2/gms6
superficial velocity is greater than 3 out 4 ms at |east one point in the
reaction zone. Most desirably, the gas “superficial velocity is greater
than about 8 ms at | east one point in the reaction zone. [0071] According
to yet anot her enbodi nent of the invention, the gas superficial velocity

i s maintai nggp74¢! at i velacortmstoanbthenetmbedimeat teannzasion ofiafetiiahatis t he gas
superficial velocity is maintained at a rate greater t gﬂ 1 ns at al

points in eheve¥het Voe 1%%6@“10(0%%&@60%@&& °f fd menty the super fi ci al
velocity. be hEaLieh of bHANGNE Utork 98Ty, 1@idss BA108 willeIdierfBRCRbAN Zone.

Mor e desirably e gas superficial velocity 1s greater than about 2.5 nis
at all poi nt98.2 wt Ydte 9OSawt Yoo Aczardimg to Evehemmitwdidesity thblcynverdien gfas

superficial velocity is greater than a 4 m s at all Lnts, in the
reacti on zoreethangsts fH@%ﬁgz;bWO?" t‘f’ﬁFéS gkf&%%@?% piefFrabl¥ fion ?gbﬁ‘g 8i%at er
t han about %grqns%at all points in the reaction zone. [0072] The anmount of

ethyl ene and propyl ene produced in the oxygenate to olefin process can be
i ncreased by00ZEJuci ng In s dovewidors iwsight petchiat coryeysinaisealqulpted ¢rea oxygenat e to

olefins reactio However, reducing t conversion of feed 0x nates in
Che. oxygenantiigirrareromsssaBEvE ertedy S E Rt ionk SSihm o oRer
oxygenat ed hydrciaidQislatb@sd: i100kawbisht 86)oeaAt db®ivaiet fret bais —t hat are
present in the olefin product. Thus, control of the conversion of feed to

t he oxygenatweighteuaygénateddrydeacsthondn theerrpdisd pr antater[fpg basis)ackhsriely to one
enbodi ment, {he conversion of t i : anol , i
AT T N I

o] e conversion of

met hanol i s dxygeRat?inwhe %eﬂ@n@Frd&hct"/an@é}&ilﬁii@Wyter formed Sdthetpfddos8wt % WO
03/ 033441 PCT/ US02/31046 18 | 0074] According to anot h%r %gﬁbodi ment, the
conver si on dior gsamppl§othe weighi flgparatsefpetbanobon ag exygsasfe 156 B4#S % Accor di ng
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anot her enboslitemsimponbe of tiveethhool. dfs another example, the rate flow rate of
dimethyl ether on an oxygenate free basis is calculated by multiplying the weight
flow rate of diemethylether by 28/46 to remove the water component of the
dimethyl ether. If there is a mixture of oxygenates in the feed or product, trace
oxygenates are not included. When methanol and/or dimethyl ether is used as the
feed, only methanol and dimethyl ether are used to calculate conversion on a
water free basis.
[0076] In this invention, selectivity is also calculated on a water free basis
unless otherwise specified. Selectivity is calculated as: 100 x wt % component /
(100 — wt % water — wt % methanol — wt % dimethyl ether) when methanol and/or
dimethyl ether is used as the feed.
[0077] The greater the amount of dimethy! ether in the olefin product of an
oxygenate to olefin reaction, the lower the percent conversion. Since it is
desirable to run the reaction at lower conversion in order to increase selectivity to
ethylene and propylene, it is desirable to have some quantity of dimethyl ether in
the olefin produced. However, the amount of dimethyl ether present should not be

so high to make the overall process inefficient or the removal of dimethyl ether

more difficult.



methanol is from98.2 wt %to less than 99.5 w % preferably from98.2 w
%to 99wt % [0075] In this invention, weight percent conversion is

cal cul at eaOmn/033441vat er free basis unl ess otherw se speci f iPEX/USYE3 1)
percent conversion on a water free basjs is calculated as: 100 x (wei ght
oxygenate fed on a water free basis - i ght oxygenated hydrocarbon in the
product on a water free basis). The water free basis of oxygenate is

cal cul ated by subtracting out the water portion of the oxygenate in the
feed and prgoiuxsq, and Drsirhiviglj the disadthy] ehies wat beprdshrt iptiedelefin prddacedexanpl e,
the weight flow rate of nethanol on an oxygenate free basis |s cal cul ated
by mul ti pl yilhan 9@@6&4@?@%9@%9@%@9@WFSS&E@H&H&“%?/{ aiiva?,’fza gt 1%}% t he
wat er conpo : ; f.,ow rate of
di met hyl et B e té’%ﬁ‘%%‘éﬁ%ﬂsf A8 Ble BRI fihe %%a%gflsaﬁquta%lpl yi ng t he
wei ght | ownfoaheofoft 1diseateuth§00epire by weigti) abd rharepecforablyt 4t deagiztbent conponent

of the dinethyl ether.. Jf there . is a m xt . of i.n the feed
product, t ré@@gPB‘%‘Qﬁ’e‘ﬁ%%E@s éé?%”ﬁ?bf’ %#W?}H%%SW%WO q)%t ﬁ?{hatﬁ}g%%/ or edi (raneat h; Ir
ether is usgdeas fofthelok§Gena®to¥IdTRE REARN RBEsSioNBE xbr RédMsisalstoused to

cal cul ate conversion on a_ water free basis. [0076] In this invention,

sel ecti vi t y greatex|tban awiut U0 st &¢ nore araferakly not grsatsathiag about SewtYpatbr wi se
specified. Selectivity is calcyl ated : 400 X wt % conponent / (100 - wt
% wat er - vvtm%?ﬁ’é‘tfﬂgl?%lnofgWge%h&FﬁE?‘H?ISWte%’her) when met hanol and/ or

di met hyl et hgg79)s usedrisoxlyBenatee®blefiDféddss Trensor embantidl Bmoanmamt  of

di nethyl ether in the olefin product of an oxygenate to olefin reaction,
the | ower t heatpesadntproduste Muchref tip mater by-preducyeas heasmevedpPHer{ot he
reaction at J. . conversi i e | Efdt's. i to ethylene
and propyl endélsf%%ll\ﬁ{loril yccig%l?nrggtgf ét??ag{ﬁ)aa\[/tgh@g}r?eﬂﬁéﬁglﬁta’i f@gko h%/dr%%{hyl ether in
the ol efin peagaare ofHhwexesr vapdrdn ansnrhmo Preferablyhyle temberatuype efidat shoul d
not be so high to make the overall process inefficient or the repoval of

di met hyl et HEpduckeiFeamyisicrplediie 2 tappegapssior theeppdasaiioniongerase Pho7e]
Desi rably, e ofldthlB led® i BLriith bhbBERARIPRUCIHINR Qbefikeprpffluced [n an

oxygenate to o reaction process in an anmount o st about 100 ppm
stream below the condensation temperature of methanol.

[0080] It is desirable to cool the olefin stream from the oxygenate to olefin
reaction process, then separate the cooled olefin stream into a condensed, water
containing stream and an olefin vapor stream. The condensed, water containing
stream comprises most of the water from the olefin stream, and a significant
portion of the oxygenated hydrocarbons from the olefin stream. The olefin vapor
stream comprises a majority of the olefins, e.g., ethylene and propylene.

[0081] In one aspect of the invention, the olefin stream from the oxygenate
to olefin reaction process is cooled so that a vapor stream, rich in olefins, can be
separated from the condensed water containing stream. It is desirable that the
vapor stream contain not greater than about 20 wt % water, preferably not greater
than about 15 wt % water, more preferably not greater than about 12 wt % water.
[0082] A quench column is one type of equipment that is effective in
cooling the olefin stream from the olefin to oxygenate reaction process. In a
quench column, a quenching fluid is directly contacted with the olefin stream to
cool the stream to the desired condensation temperature. Condensation produces
the condensed water containing stream, which is also referred to as a heavy

bottoms stream. The olefin portion of the olefin product stream remains a vapor,



by weight on a water free basis. Preferably, the dinethyl ether is present
in an anount of at |east about 500 ppm by wei ght, and nore preferably at

| east abowO 03080301 ppm by wei ght. Preferably, the anmount ofeCaiuser/she et her
in the olefin streamfromthe oxygenat g, t 0 ol efin reaction process, on a
water free basis, is not greater than @about 10 w % nore preferably not
greater than about 5 wt % and nost preferably not greater than about 2 wt
% [0079] The oxygenate to olefin process forns a substantial anount of

wat er as a byadeodubd quddok boloinrt dsias owathead bapopswelne.t Thaovdrkeadeapaed pri or
to distillation by, ool'?. the streamto a tenperature bel ow t he
condensat i onSTEHSEC lﬁlol? ’g‘fpr? bt GR0 §lSp GPRtRYR SORE XY ERRIRd Preferably, the

t enperature g{,drg,&@borpgﬁ_g%cﬁtag%maﬁva@&pl ed to a tenperature bel ow the
condensati on tenperature of the oxyggnate feed. In certain enbodinents it

i s desirabl e[@083Lool t Feoys adbmtimenit theanediingiflnit as ¢ taspieln stednonf thenper at ur e
of met hanol . 80],1t is desirable to cool the efin streamfromthe
oxygenat e 1 o°URERTH wghGplERng L bt REir bl e e LGB d o ef 1
streaminto @aepBo@BRak steaings desi@Blyadodicdde. 51 bgameattkchdhget @hd N vapor
stream The condensed, water containing  streamconprises nost of the water

from the ol efihevtastbaskito hriauengh golimine Ak Praforred iorihisfembedingsoy tsomeit d
hyd b . f i . i i
o Ta Dol e Dol ARl cth 5 BRsick B L Flib M ARAL, eGSO S22 2

of the invenkia@be desigabid ®fdososh berisdpatation kRquipricaed@iestrdath ¢fithé i N reacti on
process is cooled so that a vapor stream rich in olefins, can be
separ at ed fr@WCh&olEHHensed wat er containing stream It is desirable that

the vapor s i({()ﬁgﬂ] cont ?ﬂ &é@ﬁbc%ilﬁ@ﬁt%rf tﬁe‘ﬂﬁﬁ{}elﬁgﬂyﬁhe %Qquﬂt st%%f?fectoﬁfair{ilgé ef erably

not greater about 15 wt wat er, nore preferably not grea t han
about 12 wt thewtihethyl eth@(8 dtied\befurentbt prophoernd dinethy] tthpestemdgui pment  t hat

is effective in cpoli the olefin streamfromthe olefin to oxygenate
reaction prot@d¥c ‘?Pta%?a’ﬂ?e?fﬁﬁo‘ﬁ%‘?%?(’l %fd&%@w&lgﬂyaﬁeal 98 bgivpeet y
contacted W tdindvRavRéetdh st 6188 5tm &Qﬂinﬁqﬁ%é&ihﬁm Efhet B.%., qg,S{hE:Ed

condensation tenperature. Condensation produces the condensed water
cont ai ni ng sele@anireamh) witorite distiflationctbenore ¢ffedively wntorathe disthybetberst r eam

-(I)-g/eogl?,zelziln PpCWOgggg / gg_oi{gt%e %laﬁ’lci hr'}npgr s(g/(:si{'é%, tI?et 31& 1r?1st¥e%glaf.s BndctédRitha VO
solid adsorbent to further remove water to very low levels. Any conventional
method can be used. Typically, the adsorption process is carried out in one or
more fixed beds containing a suitable solid adsorbent.

[0086] Adsorption is useful for removing low concentrations of water, as
well as for removing certain oxygenated hydrocarbons that may not normally be
removed by using other treatment systems. Preferably, an adsorbent system used
as part of this invention has multiple adsorbent beds. Multiple beds allow for
continuous separation without the need for shutting down the process to
regenerate the solid adsorbent. For example, in a three bed system typically one
bed is on-line, one bed is regenerated off-line, and a third bed is on stand-by.
[0087] The specific adsorbent solid or solids used in the adsorbent beds
depends on the types of contaminants being removed. Examples of solid
adsorbents for removing water and various polar organic compounds, such as

oxygenated hydrocarbons and absorbent liquids, include aluminas, silica,

molecular sieves, and alumino-silicates. Beds containing mixtures of these sieves



and exits the quench columm as an overhead vapor stream The overhead vapor
streamis rich in olefin product, and can al so contain sonme oxygenat ed

hydr ocar bwo obg33gupduct s as well as water. [0083] In one emoddiSoEsKo4é t he
gquenching fluid is a recycle streamof .the condensed water containing,,
heavy bottons stream of the quench col . This water containing streamis
desirably cooled, e.g., by a heat exchanger, and injected back into the
guench colum. It is preferred in this enbodinent to not inject cooling
medi um f r omemmdtiplsibdés ki difiertnoadsochegtigich cavbaisfifcctiablyhsedito it may be
desirable to do so in other separation equi pnment down stream of the quench
col umm. [ 00SEPOVHWAlE taYREH P €lSof the invention, the olefin stream

cont ai ni ng di et i zﬁf’lﬂ: tha.: W }gﬁc{) k met hyl

et her streaJP@%ﬂ sepa?%#gﬁﬁgﬁ%mﬂ%ggg IS ﬂﬁ%@%fﬁéﬁﬁ?agqso |a orr%?quid

dryi ng syst elevatad thaperstde dorequieet wed witheithémpwarder ddvefward someam

contai ning the dingth ether. (i.e.,.dr he olefin streap rior to

i st 11t Porkagsnsighan b heasyey malssislcenie SorRaon Py EheRional 0ogs] In ¢ he
solid dryi ngnsysiEitiuiig tRhehdm with LA hInDOra dfetiths Whd hsthitrithiagd adsor bent
to further renove water to very low | evels. Any conventional ~nethod can be

used. Typi call¢vpfedtttrmperdBwe.pti on process is carried out in one or nore

fi xed beds i ni ng uj.t abl.e .sol i d adsorbent. .[ 0086 dsorption is
userul for MO0 ng ot Bt el aRute bisterb i TR ER oM e B8 Pomovi ng
certain oxygesat 86n iNdslefiakhams céiaihingale itetingeft.| Yhé@atef g¥oMRd: by usi ng
ot her treatnent systens. Preferably, an adsorbent systemused as part of

thi s i nvent i@n beasy Hdridiebfestieringepeying peds frovypr plsfia skeam. Rhe emoymr

cont i nuous SERA t | 0 L rocess to
regenerate the g%ﬁ%%§g§§§$§§h§%nﬁgﬁgﬁﬁgﬁﬁﬁgﬁﬁﬁﬁ&gﬂ?ﬁgﬁgﬂgEgﬁggl em

typi cal | y ongathf»edandsfrewhtenrmetisn dethgithe dgtibnnairedsof f-1ine, and a third
bed is on stand-by. [0087] Thgfspecific dsogggn solid or_ solids used in

the adsor berl00¥lds  adberrisierind thag Walep @lsoppent QAT BEPHEPdhoved.
exanpl es 0f 8L 8 o ASRL LARN S0 ok GR!0 GohALET erilih /Bl LBbTpiRAl ar or gani ¢
as oxy y

conpounds, suc genat e rocarbons and absorbent |i'quids, include
al umi nas, sitessehof abrolt édubabowti le%,680, naovd pedferablydros bbawil d49.to Bealg cont ai ni ng

mxtures of f:ﬁ‘,%ﬁ& a%iden\l/oes pr\(c\%rggiéf r%?ﬁf'a 10u1??:-5/5 lth ggéu:tﬂl%%g
[0091] Water absorbents which can be used in this invention are liquids at
1 atm. These absorbents also desirably have an average boiling point of at least
100°F (38°C), preferably at least 120°F (49°C), and more preferably at least 150°F
(66°C). Average boiling point, as defined herein, takes into account the boiling
point of each compound in the absorbent on a weight average basis. For example,
an absorbent containing 90 wt.% of a compound having a boiling point of 100
degrees and 10 wt.% of a compound having a boiling point of 200 degrees would
have an average boiling point of 110 degrees.
[0092] The water absorbents are also desirably polar hydrocarbon
compositions. Such compositions preferably contain compounds such as
monohydric alcohols, polyhydric alcohols, amines, or mixtures thereof. Preferred
monohydric alcohols include methanol, ethanol and propanol. Preferred
polyhydric alcohols include glycols. Preferred glycols include ethylene glycol
and tri-ethylene glycol. It is desirable that the absorbent composition contain at
least about 75 wt.% liquid water absorbent. The remainder of the composition can

be a diluent as long as the diluent does not adversely impact water absorption.



21 or nmultiple beds having different adsorbent solids can be effectively
used to renove water to very low |l evels. [0088] The adsorbent beds can be
oper at ed WO oanbi4ent tenperature or at el evated tenperat uPETASIZ/ENW I ed,
and with either upward or downward flo Regeneration of the adsorbent
materials can be carried out by conventional nethods including treatnent
wth a streamof a dry inert gas such as nitrogen at elevated tenperature.
[0089] In the liquid drying system a water absorbent is used to renove
wat er from t Prefaphtdy the siatee absoroent aompogtiotheonthinedtgdst #idueBS wiPeofat er

absorbent can be any liquid effective i.n renovin ter fraoman olefin
stream The WA SO.r ’Pgﬁ\?g‘f‘]é‘?““abg’(??%@ﬁferﬁb&’ﬁ el a t?%é(ﬁ:/a’rﬁﬂ%ﬁ??séffecti ve in
substanti al | yref@sHi¢ bfi8ast Ghatkt[05a4 @0 anbthdRLiWRS R prfQtdiBds tROwatF | Ng the

distillation process. [0090] It is preferred that water absorbent be added
to a water affsorbsni.on vessel at a nolar ratio of water absorbent to total
feed enterin absoprpti o essel .of about 1:;1 to.abaout 1:5 000, nore
preferably fﬁ)(g’%gbout EE.B’?LYFH%H%B@WH% ¥? Hﬁ,caghﬁuﬁéf?%ﬁéw@téﬁv from
about 1:25 tgnade@bbsottendKith[oRFhl |In\bAt efnbalisRhb el Hsviptieh sgadn Besused in
this invention are liquids at 1 atm These absorbents also desirably have
an average bpidkpheplpanptalspugh plpteabsorptigoeolygaonay glse bevagsl- nanothenst 120F
(490, and e . - (s e i |l oint, as
defined her g?rh;gocﬁlgl %ts{hl%%lbgorg{é%llbgﬁﬁﬁlphkggggﬂ\gllﬁﬁ@)ﬂ 18@%{‘[%? th? togz’ghiocgﬁgound in
t he absor benthe@abscapti®ti @timay Ehagssobisdi Hquifés evexndisteibuted Acrabsthe gt
containing 90 wt. % of a conpound having a boiling point of 100 degrees and
Tybionof g Pogrberig

10 wt. % of aofibmpoluma HeFITAR]Y canRyien digritytionof gre jwikiswoul d  have an

aver age boil} i focd t are al so
desirably po}fldaargmﬁgﬂ{régggr Sé-#oa %%?r%g@?? }ag%g%%%ggﬁ%l\gﬁp%{sﬁh? F%ﬁé‘gg’?té erably
cont ai n conpahsngsion gohinasis argas otigtdvhece thebdfol, sontpiainghyaten andalirnethgl s,
am nes, or mﬁgtures | ude

et

thereof .. Preferr nonohydri c al cohols. in
o lrion cClsf ofheROs o apaRE Sy St SRS ude

nmet hanol ,

gl ycol s. Pref&miehritny €ths lighial eibetthdeneddhy aelcolant THib sabwnase

glycol. It is desirable that the absorbent” conposition contain at | east

about 75 wt . 9euniegerrtenialserptibsor bent . The renmmi nder of the conposition can
[0094] The packing or plates in the column provides a surface for intimate

contact between the vapor and liquid components within the column. In a
countercurrent absorption column, the concentration of soluble gasses in both the
liquid and vapor phases is greatest at the bottom of the column, and lowest at the
top of the column. The outlet for the vapor is at the bottom of the absorption
column, typically below the gas inlet. The outlet for the gas phase lean in the
gasses most soluble in the liquid absorbent is at the top of the absorption column,
typically above the liquid inlet.

[0095] One or more absorption columns can be used in series or in parallel
to decrease the concentration of water to desired levels, and to handle larger
volumes of olefin composition from the oxygenate to olefin process. Following
absorption, the olefin stream can be distilled to remove a propane and dimethyl
ether stream.

[0096] Absorbent liquid can be regenerated by conventional means. In
one embodiment, the absorbent liquid containing the absorbed gasses is fed into a
distillation column, and water is removed as an overhead product. Regenerated

absorbent liquid is removed as a bottoms product.



be a diluent as long as the diluent does not adversely inpact water
absorption. WO 03/033441 PCT/US02/ 31046 22 Preferably, the water absorbent
conposi t iwp 0sosd4ai Nns at | east about 85 wt.% of a water alpsorisongioe©nmpound;
nore preferably at | east about 90 w. % %nd nost preferably at |east about
95 wt. % Methanol is nost preferred as % e water absorbent. [0093]

Conventi onal absorption systens can be used in this invention to contact
absorbent with olefin. In one enbodi nent, the absorption system uses

packed col unf#997hl t houlhanwitizr emdbdiorqot pOhe dotentions, thagueankchal dhe/arsiedd | n

anot her enbodi.nment, the, apsorption colum has.a liquid inlet |ogated at a
Fop por ti on GFiH SHin b bEREERF bR b R aR S rdei Pl wedian: y

di stributed @&ﬁ@@gi&h_em@,ﬁhreef folP6r lﬁeielmggs Bashd aRlywitRBwS¥Lihrddl St i bution
of the absorbent liquid is acconplished by using a distributor plate or
spray nozzl egfagestbetrgeprpistredm of the absorption columm is a gas inlet where
the ol efin, I Ni Ngwat nd di nethyl t.her nters.the absaorption
cotum. The (88" Compbiaritly. M abdeRb Rl oesBkElp it fufPSRE " he
liquid absorhenressavd Mgt @ @rentdrBancBhisivhichths okpednBRWS oftfin eRtiBher cur r ent
absorption. [0094] The,ygacki ng or plates_in the colum provides a surface
for inti mat eProsesstiacarripdevie dicierdlyy Hisarelimsrqanyisicampesprshemsesiiieitn t he
colum. In a r r.nt.i , tratd of
ol Ubl e gaseidERh ARl B Ry PERAT bR RS I SR SORIRIEI A°)
bott om of t hmosigreferablpadedsoubait 160 psih 8% lda). oHighmessoldmangesBae outl et for

the vapor is at. the bottom of the absarption columm, typically below the
gas inlet. ThtieHlE preferech Wéthgg%um?aﬁ@w%rﬂg # Broptil opabased ORse Aol ubl e i n

the Iiquid aj teabSofipetdiont PPacBaltil Pl acPerbRy typically
above the quis?é |nle§t.o[d)§95] nOne orarrtl) eﬁgﬁﬁr pt ?[on ggﬁurmg can be used
in series orcansidesadablbelup to ebaleSrdpsiat(Bé,460 kEanwithtlower lohitwafabout o desi r ed

oxygenat o t ol GPEPTA (oo L ahebf 7P 12 BHhArERPRE L0 B 7P am can
be distill edpdifg hRpEAReE peRpRAe and dimethyl ether stream [0096]

Absorbent |iquid can be regenerated by conventional nmeans. In
[0099] Conventional distillation techniques can be used in this invention.

Q

In one embodiment of the invention, the separation of the propane and dimethyl
ether stream from the olefin stream takes place in a distillation type of column and
the operation pressure of the column is held so that the bottoms portion of the
column is at a relatively low temperature so as to limit equipment fouling. This
bottoms fraction will contain a majority of the C4+ olefin components from the
olefin feed. In this embodiment, it is preferred that the bottoms fraction have an
average temperature of not greater than about 300°F (149°C), more preferably not
greater than about 275°F (135°C), and most preferably not greater than about
250°F (121°C).

[0100] In this invention, it is desirable to conduct distillation at a
temperature which will allow for fractionation of the olefin feedstream between
the boiling point of propylene and propane. Separating the propane out in this
manner will result in a stream which contains the propane plus the dimethyl ether
contained in the olefin stream. The lighter boiling point olefin compounds, e.g.,
ethylene and propylene, are then further distilled to obtain separate ethylene and
propylene streams. These streams will be substantially polymer grade feed

quality, containing not greater than about 10 wppm dimethyl ether, preferably not



one enbodi nent, the absorbent |iquid containing the absorbed gasses is fed
into a distillation colum, and water is renoved as an overhead product.
Regener atwo o3absaer bent liquid is renoved as a bottons pro@®aEtuSoX003/ 033441
PCT/ US02/ 31046 23 [0097] In another e di rent of the invention, the
guenched and/or dried olefin streamcan be further processed by
conpression, preferably nulti-staged conpression. Two, three, four or nore
stages can be used, with two or three stages being preferred. [0098]
Desirably, tgreatquihae hleait anepm dinéteyl etheef moregireferally soteoegterdissedbout o a
pressure th i S _gleate han that at which the oxygenate to olefin
reaction prolEEgquue 5?'8‘&1 out. Preferably, the olefin streamis

conpressed t@101]Pr essurahRfinvédkioh &8s blefilQttbard QotGintnd &0 Aikk RN et i€
preferably at | east about 50 psia (345 kPa), nost preferably at |east

about 100 psdistil{egl30 ag Payepardte)putsy prepancand dimgetbyleatheer containingstwamyfrgmef err ed,
with the uppegr Limt bein ractical on ased on cost of design and
ease of oper@f’ Pg}?.r cwg%qelngsa(faﬂﬁ? @ﬁhﬁﬁé%%rgre? r?srt?q?”stggroge%%ﬁée}agﬂ |y considered
to be up to @iﬁ@ﬁﬁing Iatgl&@&lniéﬂiy@ ethdtis4illef99 as W.%Ear?@%robéﬂéiahé dihetBoUt

a) , a

1,000 psia (6,895 about (750 psia (5171 k , and about 500 psia (3447
kPa) bei ng ¢therrseaam Atsny therqlefin stecam Wivigh gpntaias fiom alwwaft wii%ta aboat | on

Fechni ques ca9p, H3gthd DL Bbh oy |61 208 CTAFRTRIL, Shode

i nvention, o) e propane and et her ‘streain from
the ol efi n sindaacst pedfeablyl fama aboutd 5dithitd hiedut 00 vityp erapbne oThepropaid t he
operation pressure oI he col uqn is held s that the bottons portion of the

col um is atand ¢@ehy} G8essteaR alunpatans ety ghet & apiamaunbefirgmebeutt oul i ng.
qhis  DOLLOTEywh bRfldbG: 98 ik o QRErBIBIyArdIRLOG: 18 vitlyakd Bdidt B0 A G-I g component s

fromthe ole enbodiment, 1t is preferred thdt the bottons
fracti on haveomrprefaeblaffemt dxopelattioctoabomt®S g %batlte relative about o800F

CE PN CE TN P MR T I S
it is desirablygehdle fPONEHES cotivelsion Rédeddisated dut MG RIS oWASiBn WF! | al | ow
for fractionation of the olefin feedstream between the boiling point of
propyl ene anexygerpatteoleSepihacinygrsidneofmxygenate towlefimistdagigably from

about 95% to about 99%.

[0102] In another embodiment of the invention, an ethylene and/or

propylene stream is recovered following distillation. The ethylene and/or

propylene stream is substantially free of dimethyl ether, substantially free

meaning substantially low in dimethyl ether concentration so as not to

substantially adversely affect downstream processing of ethylene and propylene.

Preferably, the separated ethylene and/or propylene stream will contain not greater

than about 25 wppm, preferably not greater than about 10 wppm, more preferably

not greater than about 6 or 3 or 1 wppm dimethyl ether, and most preferably not

greater than about 0.5 wppm dimethyl ether.

[0103] In another embodiment, at least about 75 % of the dimethyl ether in

the olefin stream containing the dimethyl ether will be separated out in distillation.

Preferably, at least about 85 % of the dimethyl ether in the olefin stream will be

separated out in distillation, more preferably at least about 95 %, and most

preferably at least about 99 %.

[0104] Examples of distilling an olefin stream to separate out a propane

and dimethyl ether stream according to this invention are shown in Figures 1-5.



manner will result in a stream which contains the propane plus the dinethyl
ether <contained in the olefin stream The lighter boiling point olefin
conpoundswoOa3(33441 et hyl ene and propyl ene, are then furthercCaitsnt/bioed to
obtain separate ethylene and propyl enﬁ streans. These streans will be
substantially polymer grade feed quali ?y, cont ai ni ng not greater than
about 10 wppm di net hyl ether, preferably not WO 03/033441 PCT/ US02/ 31046
24 greater than about 5 wppm di nethyl ether, nore preferably not greater
than about The¥eing h'lé%delﬁ)dnrs]tezlttbﬁ{aﬁ tHe0el4¥2 huherduk ivayk of distilliag olefine ol ef i n
stream containing the dinethyl ether is distilled so as to separate out a
pL opalne and SHE#RY Kgpensingsypondhe %Fﬁmnﬂée@tcﬂ@iﬂﬁ Ef‘}d&ﬁ‘? flowga ‘F@Fer’cgrrponents of
the olefin hea - j : i met hyl
cther 1 di S0 TR eh B o B R b LB, " e
from the ol eldny with demrogine kompoenit nfthe otafinadeam wingtcodyensioadlout 99 wt %
propane; nore preferaply fromabout 10 wt %to about 85 wt % propane; and
nmost _preferé‘éf'rt lafipR IACHGHES- 15 wt % to about 90 Wt % propane. The propane
and di met hyl[gﬂﬁger St Iieg ﬁlasm)v@aﬁgﬁ&mowiﬁghlayﬂng%wﬁnaﬁo@anarmunt of from
about 1 w %to about 96 Wt % preferably Trom about 15 wt % to about 90
w % and nxyeempiesseringthe defornand saparatiog apropane and dimetlgd etiier siyealihe

rel ati ve ampunt of ., . pr n d di.nrethyl .ether in the,stream can vary when
olefins fro %theoéfifgéﬁ%?%%&l&?‘gflf 5§ %‘8 mﬁe(?)%’iggl}?t%ra{@g%esm?@anu()s &g ug to
the desired RA¥EEIINEN00%0 aPdu@eRat & blefikaition 10T haerahy Blctiansl i9f oxygenate
to olefinis desirably from about 95%to about 99% [0102] In another
enbodi ment  cfonvérted; tawa eldfisrstream conpyisiagencibimeorthylgned pyorst@est r eam i s
recovered faol | ow distil l-ati o]\ streamis
substanti al | Ve?ﬁggg%ef bé% r(%etﬁ% %I&%?rh%p ,%ﬂge% E‘%b@gﬁbg’? Eé}% ?neegl{s' %ﬁ%?%gn

subst ant i al | greha\s bdnt diro®itylineel daen acmesenionet | @hwherealse slofin isacooled

substantially adversely affect downstream processi ng of ethyl ene and
propyl ene. dderateragdypther ﬁ@n@éﬁ@l%?%p%‘?ﬂ?la%"éméﬁ‘%ﬁg-r propyl ene stream wil |

contain not ghgater tHanARaHkq EomRAts, %&E%ﬁ@hxeQgﬁbs%ﬁatﬂouhhan about
10 wppm nore preferably not greater than about 6 or 3 or 1 wppm di net hyl

et her, and nafstat@r efeevighlrywmbom the gatneh tover Oalilmotigla Botippsdint M hyl et her .

A portion of the condensed components are recycled through a line 110 back to

the top of the quench tower 106. The line 110 contains a cooling unit, e.g., heat
exchanger, (not shown) to further cool the condensed components so as to provide
a cooling medium to further cool the components in quench tower 106.

[0107] Olefin vapor leaves the top portion of quench tower 106 through a
line 112. The olefin vapor is compressed in compressor 114 and the compressed
olefin is passed through a line 116 to a drying unit 118 to remove additional water
from the olefin vapor. The dried olefin is sent through a line 120 to a distillation
unit 122. The distillation unit is operated to separate light and heavy components
from a propane and dimethyl ether (DME) stream. Included in the light
components is ethylene and/or propylene which can be sent on for further
processing such as polymerization or other derivative processing. The dimethyl
ether is separated from the propane by water washing, and the separated dimethyl
ether is recycled to the olefin reactor to contact molecular sieve catalyst in the
olefin reactor to form additional olefin (not shown).

[0108] Fig. 2 shows a deethanizer first embodiment. In Fig. 2, an olefin

stream 120 that comprises ethane, ethylene, propane, propylene, dimethyl ether,



[0103] In another enbodi nent, at |east about 75 % of the dinethyl ether in
the olefin streamcontaining the dinethyl ether will be separated out in

di still atwor3/o3fRmeferably, at |east about 85 % of the di meChgiSorsteas in the
olefin streamw || be separated out in_ distillation, nore preferably at

| east about 95 % and nost preferably “at |east about 99 % [0104] Exanpl es
of distilling an olefin streamto separate out a propane and di nethyl

et her stream according to this invention are shown in Figures 1-5. WO

03/ 033441 PGHIWUSE2&H34ad oBfer héoearbuap febtodeehasizeredoburh02.t here are
numerous ways of distilling olefin streans, depending upon the starting

feed qual it yDesiernizes colugy 3tiFctinpaiesor distiplgaledin stica@ L9HABHISE dr in this
invention is i . di : B pr opane
conponent ofoﬁeﬁgagsg%ﬁégf?%gﬁlﬁgg%gﬁ% ﬁ@lne/tr%?lé gﬁg}lgﬁ I %%IHI&F g{;ilﬁton t echni ques.
[0105] Fig. cononentt hodha dbdgnsasreahodnepnmmisinggprapylate propahe,aiimethyl

oxygenate, drying.the olefin nd, separating.a propape an i.met hyl et her
stream fronft Hang '%(ﬁ%ﬁ’é@‘% Oﬁ‘%lﬁlﬁﬁﬁfﬂr&?@ %@@B%g?ﬁgreay%gﬂg%é{%and t he
met hanol i s &&thari At e4GMn® 07 TRmdiniRr BRUMMYDIIR RickLarPbRihdagr eact or 102
where the nethanol 1s converted to an olefin stream conprising nethane,

et hyl ene, prsrEgingd8, congeising|naehandeind Gighteo beiling poinheemporents avdiaer

hydr ocar bon ¢ onents...The ol.efin, stre i.s sepnt thrqugh l.i 104 t
qﬁenc h t omrb%ﬁgw ztlh-éoﬁlpgflflﬁ efhane Eﬁé}hyéﬁ% Sﬁ%%sr ﬁﬁeﬁﬁi %ltoﬁlﬁfe% 0
condensabl e pRPPgRNEeS2 BY. ECLPIESNSE profiitkd Gh ovéBesttansad c@ﬁ?ﬂ@mgnt s,

whi ch conprise a substantial amount = of water, are withdrawn fromthe
quench t owerethyléne dndaitomsydrcamird 6compriziog cthape.pbhe betpnes stieAd 296ndensed

l.ed. th | i . . . h
components Skl YRS LIS BECt e SRR LIP auene

(not shown) dietilisbdtioats seesh 2066 proddeses)celaap onem 326 corapridige provi de  a
cooling nediumto further cool the conponents in quench [ 0107]

106.
Qefin vaporpmeﬂﬁ%m%bquMZ@wa@ﬁsmrqm%rd@e@YI %ﬁ%a@ Gt | ine
112. The ol e&%ﬁ%svt HihdrhydRYTRILEAS é%&ﬂ%&%&&&ﬁ%@z}éﬁed%@gdﬁshﬁa&&ﬁpr essed

olefin is passe rough“a I'ine 116 to a ying unit 118 to renove

addi ti onal wailemn 2P4.0Mh¢ tistilbdtahi colunapd?4 fradimndtes exddistilédtion bogoment t hr ough a

line 120 to se’lcrecait;ns 2iZ| tlo %trci)d%ge an overhead stream 226 comprising propane and dimethyl
ether, and a bottoms stream 228 comprising C4+ olefins and other hydrocarbons.
[0109] Fig. 3 is a C; splitter first fractionation or distillation embodiment.
In Fig. 3, olefin stream 120 is first fed to Cs splitter 302 to produce an overhead
stream 304 comprising propylene, ethane, ethylene, and lighter boiling point
compounds and a bottoms stream 305 comprising propane, dimethyl ether, and
Cy+ olefins and other hydrocarbons. Overhead stream 304 is fed to deethanizer
column 306 to produce an overhead stream 308 which comprises ethane, ethylene,
and lighter boiling point compounds and a bottoms stream 310 which comprises
propylene. Overhead stream 308 is fed to demethanizer 312 to produce an
overhead stream 314 comprising methane and lighter boiling point components
and a bottoms stream 316 comprising ethane and ethylene. The bottoms stream
316 is fed to C, splitter 318 to produce an overhead stream 320 comprising
ethylene and a bottoms stream 322 comprising ethane. The bottoms stream from
the Cs splitter 302 is fed to distillation column 324 to produce an overhead stream

326 comprising propane and dimethyl ether, and a bottoms stream 328 comprising

C4+ olefins and other hydrocarbons.



unit 122. The distillation unit is operated to separate |ight and heavy
conponents from a propane and di nethyl ether (DME) stream Included in the
| i ght corpomensxa4i s et hyl ene and/ or propyl ene whi ch can b@®C3arsn2/am4é or
further processing such as pol yneri zat hzn or other derivative processing.
The dinethyl ether is separated fromt propane by water washing, and the
separated dinethyl ether is recycled to the olefin reactor to contact

nol ecul ar sieve catalyst in the olefin reactor to formadditional olefin

(not shown). [(10P8] Fi §ig.2 is hdumethanieet thalebthenizérifirst frenibastioment . In Fig. 2,
G et hyl et hEMDoYE0S, ladih e o2y H0m 64 1 6oRruaTs SHGn AL Bnd ot her
hydr ocar bons gi s, tegh &ﬁrﬂ&%tm%ﬁ@ﬁsﬁ | R OAd liigl?ﬁe%&ﬁﬂ%{o‘éfnt col um 202

fractionates or distills olefin stream 120 to produce an™ overhead stream
204 conpri si ngmpoureEiend etbhitdms streand406 ghmgnsitgethameg ethylene, prommppnent s and a

bot t t 206 i S| | di et hyl d ca+
ol et ine and BRI TBLY BORRE 50 s RieiR ot P ot Sactieem Al 5ol
denet hani zer 1§ @d P dolufRMORRGPiafEe &ObWTRead Afreith 390 €8S pARnL ¥BAE ad

f
stream 208 conprising nethane and lighter boiling point conponents and a
bottons streand thlen@mpiaboﬁtrgnmtméléc’r@rmrmmganepylm popeng direthy210 i s
fed into C2 litier, 212 C2 | i, tter 212 duces an, over.head ream 214
compri o1 g SoRyPEHAEt 95 HirvbR-atihs RS Red P e iRt i

bott ons st r eam,2Phtter(to prodube atl eRdrhenal stRam 208 ah 2 tHyRshetfBedG3retfl dnkitaer 218. The
C3 splitter fractionates or distills bottons stream 206 to produce an

over head st r batomeeresshbls eqnryising Shisice Tdedations pstannft? istfedmie £22
Py ar ocar bans RS 30 f4 BN arklyoBlen 806 A (IEIIERPAAL B e ) 04

The di stil | abbeme sthaarmd 2Peébriiprasirig gropdres dindetligil ethet,|aatl iGah obdinkand St ream
222 to produce anp overhead stream 226 npLi.Sing .propane an i met hyl
ether, and a® fgbqofﬁc%{;?@arﬁoﬁt?@ségﬁﬁpi‘ég h@feéaqgﬁrlﬁ$ti%scogﬁan g%fﬂ@r

hydr ocar bons 1 ! i i : i I or
distillati onp’é°r?%§%§*9n%¥l‘%&dﬁﬁe%?5‘?8§m ?Pgl? %E’%sptafrléeé%?%eﬂﬁg'e?‘i@?t@?@?ed to C3
splitter 302bbiomps stehaoed Hhcovmishnedi+ alefimaand30ker bydcabony pr opyl ene,

et hane, et hyk@r}g} C)and ﬁ% ﬁgéﬂ%&gﬁi ng?ﬁgiggépliﬁg,%gt%gﬁogﬁ%na bottons stream

305 conpri si pane,
embodiment. In Fig. 5, olefin stream 120 is fed to demethanizer column 502 to

produce an overhead stream 504 comprising methane and lighter boiling point
compounds and a bottoms stream 506 comprising ethane, ethylene, propane,
propylene, dimethyl ether and C4+ olefins and other hydrocarbons. Bottoms
stream 506 from the demethanizer column is fed into C; splitter 508 to produce an
overhead stream 510 comprising propylene, ethane, and ethylene and a bottoms
stream 512 comprising propane, dimethyl ether, and C4+ olefins and other
hydrocarbons. Overhead stream 510 is fed into deethanizer column 514 to
produce an overhead stream 516 comprising ethane and ethylene and a bottoms
stream 518 comprising propylene. The overhead stream 516 is fed to C, splitter
520 to produce an overhead stream 522 comprising ethylene and a bottoms stream
524 comprising ethane. Bottoms stream 512 from the C; splitter is fed to
distillation column 526 to produce an overhead stream 528 comprising propane
and dimethyl ether, and a bottoms stream 530 comprising C4+ olefins and other
hydrocarbons.

[0112] Fig. 6 shows another type of deethanizer first embodiment of the



C4+ ol efins and ot her hydrocarbons. Overhead stream 304 is fed to

deet hani zer colum 306 to produce an overhead stream 308 which conpri ses
et hane, ewbyB@ss41r and |ighter boiling point conpounds aneCa/usor/swme stream
310 which conprises propylene. Overhead,stream 308 is fed to denet hani zer
312 to produce an overhead stream 314 c%rrpri sing net hane and |ighter

boi i ng poi nt conponents and a bottons stream 316 conprising ethane and

et hyl ene. The bottons stream 316 is fed to C2 splitter 318 to produce an
over head str éamrmBaf Aceqrdingitmfig. 61 dnydlefiecamdinmngymbddantstrednn fam BRActor

conprising ethane. The bottons stre from th splLitter. 302 is fed to
i St 1T at Fon TG e TSR R G A Lo BP RS TIRUEAS S536Vie 300 G ng
propane and ¢4 Egi;éawirf‘gt J}ﬁrdryﬁhgd,t%b@t QB At &PEBndEha dofliRhtly CA+
ol efins and ot her hydrocarbons. 3/ 033441 PCT/ US02/ 31046 27 f’0110] Fi g.
4 is a denet hatdryisremovetbibrdnghiazepe (3il).sThe prgcedlehattd dired produstistneantis I n Fi g.

4, olefin stream 120 i ed to. .denet i olum. 402 to roduce an

over head 404 HESmGH 8i%n /‘?ﬁe?%ﬁwgoﬁﬁt&p kf@h@rnglgflﬁolc Boﬁso?rﬁf'epaga&?fgﬁﬁds and a
bottons st r eagt4RGusRARIPeIBPptoet OAOLsepiatlvh §1E (1) TR3REparatéd OPY! ene,

di met hyl ether and %?lgpr?ygr%%ar bons. ‘Fhe bottgr(ngstreagn) 406 is fed to

deet hani zer dwiiteparbansare geqovengd ee adrghavessheddlPy rpd lay pressueotPifeslng et hane

and et hyl ene angd_a bat.t o r Iy S r el ,

et hy! ot e oaRtGRSTR AR5, o R T AR AR e BBRAIE, < cam
410 is fed tapipe @8) td Cf §tttet (13)r oduce an overhead stream 416 an et hyl ene
feed streamand a bottons stream 418 conprising ethane. The bottons stream

412 is fed i A0H3E3  spilpthedrz spifer. sthylesaiceramtcdemm etansidsmoned
conmpri st ng pCEHBMérggﬁi grﬁgz?g Tl&%&l@?&ﬁﬁ%@%ﬁ%é&ﬂaﬁ%ﬂ%'aEét?ﬁn&riQE&ggo afll MELNY|

et her, and + 0 oth ons. Bottons stream 424 1s fed
to distill atiacetylent hydrog@fatibo stepi( DHaod ravoveree nh ethgllest pedoctd28) thamghi si ng

ropane and di net ther, and a , boftons stream 43Q._conprijsin +
Pl oPrne and Giaies CB) o sbusTion sty pieplomapgy e Re e YOO T Bt € g
splitter fi r%f)litftér%ﬁﬂisélﬁ@ﬁﬂoﬁgbaﬁiﬂé%@)mm- In Fig. 5, olefin stream 120 is

fed to denethani zer colum 502 to produce an overhead stream 504
conpri si ng md@hdhe and Theght-dydissitbong(igeihpdrocaapothatkava adodingaoinms

stream 506 c %rr@lrte!,r flar}lgoreetqlqgl gproeﬁ[ymge)e&l%t arl rsg&%}gd from the olefin stream in the

C,/C5 separation step (11) are sent through pipe (33) to a C3/C4 separation step
(15), where separation of the C; hydrocarbons from the heavier hydrocarbons (i.e.,
C4+ hydrocarbons) takes place. The heavier C4+ hydrocarbons are sent through a
pipe (43) to a C4/Cs separation step (17). The Cs+ hydrocarbons are separated
from the C4 hydrocarbons, and ultimately sent through a line (45) for use as a
gasoline fraction. The C4 hydrocarbons are separated and sent through a line (44)
to a butene dimerization step (18) to form dimerized hydrocarbons. The
dimerized hydrocarbons are also ultimately sent through the line (45) for use as a
gasoline fraction.

[0115] The C3 hydrocarbons that are separated at the C3/C4 separation step
(15), are sent through a pipe (40) to a Cs splitter (16). Dimethyl ether, which is
present in the olefin stream, also goes to the Cs; splitter along with the C;
hydrocarbons, since it behaves like propane in the preceding fractionation steps.
In the C; splitter (16), the dimethyl ether, together with the propane, goes to the
bottom of the splitter, and both are removed through a pipe (42). Substantially

pure propylene product, e.g., containing less than 3 ppm dimethyl ether, is



propyl ene, dinmethyl ether and C4+ ol efins and ot her hydrocarbons. Bottons
stream 506 fromthe denethanizer columm is fed into C3 splitter 508 to
produce awoO oidMaxhead stream 510 conprising propyl ene, et haog/usansioes hyl ene
and a bottons stream 512 conprising prgpane, dinmethyl ether, and C4+

ol efins and other hydrocarbons. Overhead stream 510 is fed into

deet hani zer columm 514 to produce an overhead stream 516 conpri sing et hane
and ethylene and a bottons stream 518 conprising propyl ene. The over head
stream 516 i gbhthined FronGRe 3¢ ofitheC; sHRkr (16)plirodgice pipe (6Ver head stream 522
conprising ethylene and a bottons stream 524 conprising ethane, Bottons
stream 512 fH0dAfk he C3Thopethylers andpropylengsiregmsSPParaes BeroEgNGMIEL6 t o

produce an o d..str iS4 i et her, and
B Bt tome. st 1SR e R b R o D o, 0112
Fi g. 6 showspatcilinty polypihylehe dedpdigmiopglend.i Asy cenvieodomab ptoceds fohe WO

03/ 033441 PCT/ US02/ 31046 28 invention. Accordj né*; t.0 'Figﬁ'@ 6, an

ol ef i n- cont afosmiRg PRI QL ROLYRI PRI FHELAP DS U6 VUG PEICFTCS Yt hesi s from
met hanol  ( no%re?é}fé\ﬁ’.n Paﬂicﬂﬂb?lﬁr%fr@& ateSn& SN ceNd, Zich1 QMR fhronfiindxRIeeCc00! i ng
and drying step (10). Accumil ated condensate (predomnantly water) is
renoved t hr oaghacid patplgti¢ SyistemsT Hieepfoe exahpld, @SdPaeniddopB3d8db5;st ream i s

then sent to ati e ) / | ] Le separated
and sent t hPalSrCS i ek G SRSy R 4TI SR P B 0BR i
separated G andwdiDeor INGtAY & ah@ pRYEICRs@ptidndoBdhchbemE Wkprefdti’) and | ow
pressure (LP) fuel 'gas through pipes (34) and (35%0. The separated C2

hydr ocar bonsirgprpogasedt herpindiyghferencei begqnewy, these anatiodspnyalyegontacng [ 0113] In
the C2 splitter thyl ene s s r fr A . ough a
pi pe (37). Th1§ e&yﬁ?}%oﬁ@f()%?ng W?@@lﬁ?@%ﬁta&}o se?%%g@ é‘g)ﬁ%faar%)gs?g?/ag S SenP : to an
acetyl ene hygﬁd)@ﬂgb@iduﬁeeﬂ’é@tﬂfe(t&%mﬂﬂhdpb@@wmr}ﬂﬁﬂm et hyl ene product (38)

t hrough a pipe ]( 9). C2 conbustion gas (predom nantly ethane) is w thdrawn
fromthe C2 [@M tter &h@lnes%@‘)dt“ﬁ?@@gﬁ“&l R0, t)ethylenerorprapydenes +

hydr ocarbons_(j. &.: b L : r than or
equal to pr oB{ﬂdgﬁelf c{)\ﬁg{t&gﬁﬁggﬁ%%lgtﬁ: tgla@‘faa\rfag%&ttﬁgdrlg %??lﬁagﬁéég%l}e%k?he C2/ C3
separati on stiepolyolgfirformimngrotdss mLogiriqdi que at BBmpemtae €8igly sewesmat i on st ep

about 50°C and about 320°C. The reaction can be carried out at low, medium or

high pressure, being anywhere within the range of about 1 bar to about 3200 bar.
For processes carried out in solution, an inert diluent can be used. In this type of
operation, it is desirable that the pressure be at a range of from about 10 bar to
about 150 bar, and preferably at a temperature range of from about 120°C to about
250°C. For gas phase processes, it is preferred that the temperature generally be
within a range of about 60°C to 120°C, and that the operating pressure be from
about 5 bar to about 50 bar.

[0118] In addition to polyolefins, numerous other olefin derivatives may
be formed from the ethylene, propylene and Cy+ olefins, particularly butylene,
separated according to this invention. The olefins separated according to this
invention can also be used in the manufacture of such compounds as aldehydes,
acids such as C,-C;3 mono carboxylic acids, alcohols such as C,-Ci2 mono
alcohols, esters made from the C,-C;, mono carboxylic acids and the C,-Ci2 mono
alcohols, linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl
chloride, ethylbenzene, ethylene oxide, cumene, acrolein, allyl chloride, propylene

oxide, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and



(15), where separation of the C3 hydrocarbons fromthe heavier hydrocarbons
(i.e., C4+ hydrocarbons) takes place. The heavier C4+ hydrocarbons are
sent throwgh3m3z4pi pe (43) to a C4/ C5 separation step (17) PCTRiS01Z5H946

hydr ocarbons are separated fromthe C4,Rydrocarbons, and ultimtely sent
through a line (45) for use as a gasoline fraction. The C4 hydrocarbons
are separated and sent through a line (44) to a butene dinerization step
(18) to formdinerized hydrocarbons. The dinerized hydrocarbons are al so
ultimately seabimerstof ethyfenetaed prapylend5The €4+ obding butylegpinqlattivaldryaet i on.

0115] The C3 dr ocar bo that are se d,at the C3 separation ste
E 15), ] are se@@g{waﬁ]&gﬁﬁutﬁgﬁrﬁ% ’Pﬁ’@)‘}fg‘f%reg&régieg&k?st fcigls, @?8&9 Sﬁsﬁ% Wﬁqael et her, P
which is  pressRCsia); hidRo@hbkNicidi@and ALEQ ninRsalddholsdFhesibiia er al ong

with the C3 hydrocarbons, since it behaves |ike propane in the preceding
fractionatiorlefinsps. In the C3 splitter (16), the dinethyl ether, together

with the pro goes 0.t he tomaf the.spli.tter,.and both a renoved
t hrough a pi agﬁaz) . Su%as‘?%??v%?ﬁb( (%5ffﬁ)beed6$18;5’§/‘f)eélh8n’ﬁf gﬁﬁ@? ?ppée.’cdf‘t?‘{ by

cont ai ni ng | abssetskidled 3n fRMErcthaEhO vestiditdan bepeMBRS] AaBhALwRETANIS?/ 31046
29 obtained fromthe top of the C3 splitter (16) through a pipe (41).

[0116] The ethajAnsiers aithipwbphis elained mathant deppringtieam thecoiritiang seapetofii s

i nvention caqhgﬁwgah%verized to formplastic conpositions, e.g.,

pol yol efins, “particularly polyethyl ene and pol ypropyl ene. Any conventi onal
process for form ng pol yethylene or polypropyl ene can be used. Catal ytic
processes are preferred. Particularly preferred are netall ocene,
Ziegler/Natta, chrom umoxide and acid catalytic systens. See, for

exanple, U S. Patent Nos. 3,258, 455; 3,305,538; 3,364, 190; 5,892,079;
4,659, 685; 4,076, 698; 3, 645,992; 4,302,565, and 4,243,691, the catal yst
and process descriptions of each being expressly incorporated herein by
reference. In general, these nethods involve contacting the ethylene or
propyl ene product with a polyolefin-formng catalyst at a pressure and
tenperature effective to formthe polyolefin product. [0117] In one

enbodi nent of this invention, the ethylene or propylene product is
contacted with a netall ocene catalyst to forma polyolefin. Desirably, the
polyolefin form ng process is carried out at a tenperature rangi ng between



about 50C and about 320C. The reaction can be carried out at |ow, nedium or
hi gh pressure, being anywhere within the range of about 1 bar to about 3200
bar. Forwprigoesses carried out in solution, an inert dil kemtuSozsiobe used.
In this type of operation, it is desir§ile that the pressure be at a range
of from about 10 bar to about 150 bar, "and preferably at a tenperature
range of from about 120C to about 250C. For gas phase processes, it is
preferred that the tenperature generally be wthin a range of about 60C to
120C, and t h&iLAFKMSoperati ng pressure be from about 5 bar to about 50 bar.
[0118] In addition to polyolefins, nunerous other olefin derivatives may

be fornmed fromthe ethylene, propylene and C4+ olefins, particularly

butyl ene,  sqpar atgeheffar dbfating difbhyl SXENEdAn oldlR Vet HleSRRAT at ed
according to this invention can also ge used in the manufacture of such
conpounds as al delp@asgenatectio ddefmurehction pBceSy 3omprisingar boxyl i ¢ aci ds,

al cohol s such as C2-C12 nono | cohal s,. ester.s ma fromt - Cl12 nono
carboxylic acids &RG? W@g‘&g@iﬂ%@ %tﬂ(? mglF%laﬁroﬁl‘EYe Clafjaﬁ’gélr’o é‘?PBHﬁe g%@?i ns, vinyl
acetate, ethyl ene seghokkdrbid@heHIEfiN kid¥dm cEMpREds MuterehioplIeROPeNane et hy! ene
oxi de, cunene, acrolein, allyl chloride, propylene ‘oxide, acrylic acid,

et hyl ene- propy! enénd dgpethyl ethgid acrylonitrile, and triners and WO 03/033441

PCT/ US02/ 31046 3%55?1% esolé)ijin%&eg%ﬁ;%ﬁ and propyl ene. The C4+ ol efins,

butylene in partic , are artrcurarly suited for the manufacture of

al dehydes, aci ds, datitioipaths dried blefis stredl to §eparmdihe GidetiP@harand pxgphhe aci ds
and C5-C13 nono al cohqls and linear alpha olefins. [0119] Having now fully
described this indim thgpropslens: | | be appreciated by those skilled in the
art that the invention can be perforned within a wide range of paraneters
within what is clainmed, wthout departing fromthe spirit and scope of the
i nventi on. Q. 03/ 0338 4dthddCH dUso2l, 3de4dn thldrieGlodd MSitredm cdntadishod of

separating dinethyl ether f an olefin stream made from an oxygenate to
ol efin reaction prg{ﬁf‘i b ]OWngrﬁdyater.

3, The method of claim 2, wherein the dried olefin stream contains not
greater than 500 wppm water.
/
4, The method of claim 3, wherein the dried olefin stream contains not

greater than 10 wppm water.

5. The method of claim 1, wherein the propylene distilled from the dried

olefin stream is substantially free of dimethyl ether.

6. The method of claim 1, wherein the propylene distilled from the dried

olefin stream contains not greater than 25 wppm dimethyl ether.

7. The method of claim 6, wherein the propylene distilled from the dried

olefin stream contains not greater than 10 wppm dimethyl ether.

8. The method of claim 7, wherein the propylene distilled from the dried

olefin stream contains not greater than 1 wppm dimethyl ether.



contacting oxygenate with a nol ecul ar sieve catalyst to formthe olefin
stream wherein the olefin stream conprises water, propylene, propane, and
di met hyl wOhe0334dryi ng the olefin stream and distilling Pog/usnt/a4el efin
streamto separate the dinethyl ether agg propane fromthe propyl ene. 2.
The met hod of claim1, wherein the dried”olefin stream contains not

greater than 1,000 wopm water. 3. The nethod of claim2, wherein the dried
olefin streamcontains not greater than 500 wopm water. 4. The method of
claim 3, whemein tlhe nith@toflsifi 8) vtiereinheonopylemsdistiled fipredeatriddhan 10 wppm
water. 5. The nethod of claiml, wherein the §3ropyl ene djstilled fromthe
dried ol efin str®hnsreagropiinsingt gipater thands> woptdipethyl ¢fBer. 6. The net hod
of claim1, wherein the propylene distilled fromthe dried olefin stream
contains not greater than 25 wppin dinethyl ether. 7. The nethod of claim
6, wherein tHé. pr dhymhesikodiofstiaiil 2 dviferaimtitehdefiln stehm aingfinsntd¢aseam cont ai ns
not greater than 10 i met ether. 8. The nethod of claim?7, wherein
t he propyl ene di st rqs%%(ﬁ@gﬁ’ﬁﬂéhﬁri ed olefin streamcontains not greater
than 1 wppm di net hyl ether. WO 03/033441 PCT/US02/ 31046 32 9. The net hod
of claim8, wherein the propylene distilled fromthe dried olefin stream
cont ai ns not 1gr eatlde mdibod @ Gaimphwhireie theydlefan fteaam fdtherMoenprisehod of cl ai m

2, wherein the olefjn stream,cont.ains at | east , 0, . % di.nmet hyl .et her.
71 "The ot hod of Pebdrand NgHer Boing Refth perfpoings radhebipd REERShP iSes
butyl ene and hi ghefistied td Sipaie tht dERTRAWNE a8l grophfe HbmaHe ?ﬂo@if]eﬁeﬁt reamis
distilled to separate the dinmethyl ether and propane fromthe propyl ene,

butyl ene and hi ghéntylsielanddighst heiling ppistieeispounds. The net hod of claim 1,
further conprising contacting the propane and dinethyl ether with water to
separate the dinethyl ether fromthe propane.

12.  The method of claim 1, further comprising contacting the propane and

dimethyl ether with water to separate the dimethyl ether from the propane.

13.  The method of claim 11, further comprising contacting the separated

dimethyl ether with a molecular sieve catalyst to form an olefin.

14.  The method of claim 11, wherein the olefin stream comprises from 2 wt %
to 45 wt % propane, from 0.05 to 5 wt % dimethyl ether, and from 30 wt
% to 95 wt % butylene plus higher boiling point compounds.

15.  The method of claim 1, further comprising polymerizing the separated
propylene to form polypropylene.

16.  The method of claim 11, further comprising separating the butylene and

higher boiling point compounds from the propylene.

17.  The method of claim 16, further comprising converting the separated
butylene into aldehydes, acids, alcohols, esters made from Cs-Ci3 mono

carboxylic acids and Cs-Cy3 mono alcohols or linear alpha olefins.



13. The method of claim 11, further conprising contacting the separated
dinethyl ether with a nol ecular sieve catalyst to forman olefin. 14. The
met hod ofwoloaiosa4dl, wherein the ol efin stream conprises f POFBINS109 to 45
w % propane, fromO0.05 to 5 w %dinethyl ether, and from30 wt %to 95
wt % butyl ene plus higher boiling point "Conpounds. 15. The nethod of claim
1, further conprising polynerizing the separated propylene to form

pol ypropyl ene. 16. The nethod of claim 11, further conprising separating
the butyl ene Hhd Theghethothof tlaing | pahertindherplefindtedm Gurteh eompprigegl ene. 17.

but yl ene i nio al achpnas dihe Bred PR sfen? BB abarait e cmedal mono
carboxylic acids agirr@ad al® ABnAhE eih9l e%e@ﬁd?fdﬁ?%eal pha ol efins. WO

03/ 033441 PCT/ US02/ 31046 3 18. The nethod o aim1, wherein the olefin
stream further conprises et hyI ene and the dried olefin streamis distilled

d f
or opy! ene. 1915 Then etk BF B M AR Brsb e oo BRSS9 R i ng t he

separated et hyl enghylefs. A rret hod of renoving dimethyl ether froman olefin
stream conprising: providing an olefin streamwhich conprises water,
propyl ene, propane and dinethyl ether; drying the olefin stream
distilling t dri f S t the propane and
LSy 0", 0 Ot e Ul 4 SO AR AR AP By Ml SRR 201,
st ream conpri ses fpromﬂéag&nto:befﬂﬂstWan%/mbbpampn@sdvaftérppﬂoﬂ;yl@né Préfan¥hndo

di net hyl ether. 21 Tq,é( t hod .of claim 20, wherein the provided olefin
stream conpri ses AimejhyLgthery dpgngthe eé—}nr%‘iel%% et her. 22. The met hod of
claim 20, wherein ;a8 8fidn gtO[ ﬂeém@ g olefin
streamw th water altbscgﬁ)%erelt © e rret 5 %%%aﬁ%%:grhﬁ el a@%glﬁ% t he wat er
absorbent is a poIChmethfyi/cthcnc@mmcb]m propylene, wherem the propane and dimethyl

ether stream comprises from 4.0 to 99 wt % propane and from 1.0 to 96 wt
% dimethy] ether.

21.  The method of claim 20, wherein the provided olefin stream comprises at

least 0.05 wt % dimethy] ether.

22.  The method of claim 20, wherein the olefin stream is dried by contacting

the olefin stream with water absorbent.

23.  The method of claim 22, wherein the water absorbent is a polar

hydrocarbon.

24, The method of claim 20, wherein the olefin stream is dried by contacting

the olefin stream with a water adsorbent.

25. The method of claim 24, wherein the water adsorbent is a molecular sieve.

26.  The method of claim 22, wherein the provided olefin stream is compressed

prior to contacting with water absorbent.



24. The nethod of claim 20, wherein the olefin streamis dried by
contacting the olefin streamwith a water adsorbent. 25. The net hod of

cl ai m 24, watvatzddml t he wat er adsorbent is a nol ecul ar si eveCT/ud62/3iDie net hod
of claim 22, wherein the provided olefin streamis conpressed prior to
contacting wth water absorbent. WO 03/033441 PCT/ US02/ 31046 34 27. The
nmet hod of claim 20, further conprising contacting the propane and di net hyl
ether streamwi th water so as to separate the dinmethyl ether from the
propane. 28. 2he riBtchoethod ofélainm®@ Furtherrcohgrisingrpniastimgthe prdpaas kg t he
separated dinethy|. ether wth a npl ecul ar sjieve catalyst to form an

ol gfi n. 29. The néjf‘%@lyg?theq sreamopith pater pops T@éﬁﬁ%fﬁ@itﬁﬁglmﬂt%@me& fram t he
separated propyl @igproplne. The method of claim 20, wherein the olefin stream
further conprises e?hyl ene and the dried olefin streamis distilled to
separate the dinethyl ether and propane fromthe ethylene and propyl ene.

31. The neth of .¢claim3 f.urt her nprisi.ng polynerizing the, separated
ethyl ene. 32.“°A neﬁﬁ&ﬁé{h?g%?l%?ﬁzmﬁ&rﬁpwwgﬁé?o %&%Bﬁ‘rgpﬂf“%@(ygenate,
conprising: cont aciinBhyl SBeOX N 8 Refloulirsitva cAmlyeckféfm &h BMEncat al yst to
forman olefin stream wherein the olefin stréam conprises propyl ene,

propane, and dinethyl ether; distilling the olefin streamto separate the

propyl ene fr th r i nrethyl et her:. and pol rizin he
separated pr ?gyl eﬁre}g @%ﬁ%ﬂ@%& %%dr%%gééézf’g’ipﬁ?%,pomq?@f‘ﬁ%ﬁéep&ﬁgﬁ n stream
conprises at gremgéne). 05 wt. % di nethyl ether. 34. The nethod of claim 32,

wherein the separated propylene streamis substantially free of dinethyl
et her. WD 03/033441 PCT/ US02/ 31046

30.  The method of claim 20, wherein the olefin stream further comprises
ethylene and the dried olefin stream is distilled to separate the dimethyl

ether and propane from the ethylene and propylene.

31.  The method of claim 30, further comprising polymerizing the separated
ethylene.

32. A method of polymerizing propylene made from an oxygenate,
comprising:
contacting the oxygenate with a molecular sieve catalyst to form an olefin
stream, wherein the olefin stream comprises propylene, propane, and
dimethyl ether;
distilling the olefin stream to separate the propylene from the propane and
dimethy] ether; and

polymerizing the separated propylene.

33.  The method of claim 32, wherein the olefin stream comprises at least 0.05

wt.% dimethyl ether.

34.  The method of claim 32, wherein the separated propylene stream is

substantially free of dimethyl ether.



35 35. The nethod of claim 32, wherein the separated propyl ene stream
contains not greater than 25 wppm di nethyl ether. 36. The nethod of claim
32, wher ewp oBlss4pr opyl ene distilled fromthe dried ol efi RCTtUSezmMogONt ai ns
not greater than 10 wppm di net hyl et her 537. The met hod of cl ai m 36,
wherein the propylene distilled fromthd dried olefin stream contains not
greater than 1 wppm di nethyl ether. 38. The nethod of claim 37, wherein the
propyl ene distilled fromthe dried olefin streamcontains not greater than
0.5 wppm di méthy| TékhesthoB6X cldihe3 yetheegin tdfe separhted Propyldne saeam chgtamb ef i n
stream further conprises butyl ene and hi gt]%r boi i ng poi nt conpounds and
the renoving st ep 1o} ghepighhap apyapeedimetyd ¢teg br opyl ene from butyl ene and
hi gher boiling point conpounds. 40. The method of claim 32, further
conprising drying the olefin streamprior to distilling. 41. The method of
cl ai m 32, whébei n Theenathed oficlainy 35 wheonpthegeepydend disidled feimothe die@5 Wt %

di ret hyl ether. 42. The nethod.of clai 2, erein.t olefin stream
further conprises Oleiﬁi’t%eéﬁ?epo& Sﬁiogﬁ@ra{gﬁﬁapil mﬁw%ﬁﬂﬁ&?ﬁus and the
dried olefin streamis distilled to separate the dinethyl ether and

propane fromthe propyl ene, b.uti/ﬁlgene and hi gher boiling point conpounds.
43. The met hdd. of Theangthabot dlaim e whsrawp tiegirory lensrdisidied dipn the dsiedpane and

di ret hyl ether wit ter to separate the di,methyl..ether fromthe propane.
WO 03/ 033441 PCT/ QS35 SE8mOnBER o7 wigater apdonp dBP%Fﬁ%]?ﬁr'further
conprising contacting the separated dinethyl ether with a nol ecul ar sieve
catalyst to forman olefin. met hod of pol yneri zi ng et hyl ene and

45. A : |
propyl ene, c@fpri sihegnethedelrdaiandbMdrrein Sermsepiilens disiilied dinm Bedltiedhy| ene,
propyl ene, pr Opa”%léf{}ﬂsuiegfn%h@’ﬂs ok Bfthter tHafilol 8 lwg&% cﬁlﬁgt#gf Lfig ol efin stream
to separate out an ethylene stream “a propylene streant and a propane and
di net hyl ether stream wherein the
39.  The method of claim 32, wherein the olefin stream further comprises
butylene and higher boiling point compounds and the removing step
further comprises removing propylene from butylene and higher boiling

point compounds.

40.  The method of claim 32, further comprising drying the olefin stream prior
to distilling.

41.  The method of claim 32, wherein the olefin stream comprises at least

about 0.05 wt % dimethyl ether.

42.  The method of claim 32, wherein the olefin stream further comprises
butylene and higher boiling point compounds and the dried olefin stream is
distilled to separate the dimethyl ether and propane from the propylene,

butylene and higher boiling point compounds.

43.  The method of claim 32, further comprising contacting the propane and
dimethyl ether with water to separate the dimethyl ether from the propane.



et hyl ene stream and the propyl ene stream each contain not greater than 10
wppm di net hyl ether; and pol ynerizing the separated ethyl ene and propyl ene
streans. W0.03/0b@41et hod of claim45, wherein the dried ol eCirnuss/smaem
contains not greater than 1,000 \/vppm\/\g er. 47. The nethod of claim 46,
wherein the dried olefin streamcontains not greater than 500 wpopm wat er.
48. The nethod of claim47, wherein the dried olefin stream contains not
greater than 10 wopm water. 49. The nethod of claim 46, wherein the

separ at ed pr apane TaaechethoiedflejdimeBhrthesédeaisigOEdntddiag thea@pdratedt 0 99 Wt %
propane and from1,0 to 96 wt. % dinethyl ether. 50. The method of claim
46, further conpr ABRGREYIcHE xath avgolendasipye ctadvst tfEmAROIHY di net hyl et her
streamwith water so as to separate the dinethyl ether fromthe propane.
51. The nethod of claimb50, further conprising contacting the separated

di ret hyl et hdf. wi Ahmethod o€ pellyaeriging ethyteat aby ptopytent crompaising: ef i n. WO

03/ 033441 PCT/ USO§/31046 g? 52. A pethod for ﬁ)rocessi nP an

ol ef i n- cont ai ni ng IPHRRR PIEER sEeam MhiGh coBIriseS LY IgRGBrIRyfongs prgpangand
by-product, wheregjhanhpraglyct streamis sent to fractionation, optionally
after dewatering, conpression and drying, which is characterized by the
fact that at | eastistilmgghe tiied olsfin stagmnctoi sepimpte cb a efhpileng stBnbyadr ocar bons

is produced fromthe product streamb fractionation and this parti al
Stroam s sent toPEREOREHRTYA MEorRAn] e B By sihtedp i | on of
propyl ene and pr op@ffne W& ard m@@agdy@@@ strBdrA GheH cobtdi@ AR dréatérak@n1d r om t he
top of this rectification colum an propane and optionally other C3

hydr ocar bons as weppmedimetyl gihasendl ether are taken fromthe bottom of
this rectification | o.th opyl 0 tream t hat
contai ns at nost 8?1]I%'§/1 eglggltfgetge %@a%%e%tW%nep%&dﬁjg(?pﬁéneoﬁt% ‘Iélfl%ed. 53. A nethod
as in Caimb52, which is characterized by the fact that the

46. The method of claim 45, wherein the dried olefin stream contains not

greater than 1,000 wppm water.

47. The method of claim 46, wherein the dried olefin stream contains not

greater than 500 wppm water.

48.  The method of claim 47, wherein the dried olefin stream contains not

greater than 10 wppm water.

49.  The method of claim 46, wherein the separated propane and dimethy! ether
stream contains from 4.0 to 99 wt % propane and from 1.0 to 96 wt %
dimethy! ether.

50.  The method of claim 46, further comprising contacting the separated
propane and dimethyl ether stream with water so as to separate the

dimethyl ether from the propane.

51.  The method of claim 50, further comprising contacting the separated

dimethyl ether with a molecular sieve catalyst to form an olefin.



propyl ene product streamcontains |less than 6 ppm especially less than 3
ppm di net hyl ether.
WO 03/033441 PCT/US02/31046
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52. A method for processing an olefin-containing product stream that contains
dimethyl ether as by-product, where the product stream is sent to
fractionation, optionally after dewatering, compression and drying, which
is characterized by the fact that at least one partial stream chiefly
containing C3 hydrocarbons is produced from the product stream by
fractionation and this partial stream is sent to a rectification column (C3
splitter) for separation of propylene and propane, where a propylene
product stream is taken from the top of this rectification column and
propane and optionally other C; hydrocarbons as well as the dimethyl
ether are taken from the bottom of this rectification column, so that a
propylene product stream that contains at most only traces of dimethyl

ether is obtained.

53. A method as in Claim 52, which is characterized by the fact that the
propylene product stream contains less than 6 ppm, especially less than 3

ppm, dimethyl ether.



