WO 03/ 020672 PCT/ US02/ 26119 1 LOW PRESSURE SEPARATI ON OF DI METHYL ETHER
FROM AN OLEFI N STREAM Fi el d of the Invention [0001] This invention is

di rect ed wo oa/omtrhod of renovi ng oxygenated contam nantsPCrarsozamied ef i n
stream In particular, this invention is directed to a method of renoving
di ret hyl ether from an ethyl ene and/ or propyl ene containing stream
Background of the Invention [00021 Olefins, particularly G and C3 ol efins,
are desirable as a feed source for naking derivative products such as
oligoners, e.g., higher olefins, and polynmers such as pol yethyl ene and

pol ypropyl ene. QL.eW PRESSURE SEIRSRATIGN OF ®IMETDAMI, ETEEER pr oduced by

cracki ng petrol eum f eedst oM ANGLEEINSSsTRAt At No. 5,090, 977 di scl oses a
met hod of making ol efins by steam cracking. The nmethod includes separating

the ol efin product into nethane, hydrogen, ethane, ethylene, propylene and
C5+ str earnseld tieéhedinsediped separation preferentially produces propyl ene,

and no propane, butane, but ene, ut adi streans are produced. [00041
Oxygenat e 08 st ockds N AR dlf%ﬁt é%%ﬁ?fﬁ(’%fﬁmamn&%{gw dto petrol eum

feed stocks fQfiniRE08 £ éﬁrf‘?rreaﬁ@ﬁﬁh&ﬂtﬂ:ﬁﬁx‘ Yoid BFARGHRNLLER PI et hyl ene

and propylene tor the production of higher "olefins and plastic materials.

I n gener ahsthodef wheiingsdimethyl etheibiyyn etbsiteae riidigr propyleny getrtiag conponent s
with a nolecular sieve catalyst to catalytically convert the oxygenates to
ol ef i ns. F%@@'l For exanple, U S. Patent No. 4,499, 327, discloses a process
for making ol efins from nethanol using any of a variety of

si l'i coal umBnepRRspbaie In(épABY) nol ecul ar sieve catal ysts. The process is
carried out—at—atenperature— bet ween 300C and 500C, a pressure between 0.1

at nospher €00a2j100 Qletwss prgicalarly £pandkCyelefips, aroipsitgb §|a%£eedéwe¢ty (VHSV)
of bet Wee%Pm%kﬁg%]egﬁegldypmducifsm%cpa@&@%ﬁleks? el Bilntr SRERELhye for making

et hyl ene and propy
polymers such as polyethylene and polypropylene. Olefin feed sources have

traditionally been produced by cracking pétroleum feedstocks.

[0003] 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 C,+ streams. The disclosed separation
preferentially produces propylene, and no propane, butane, butene, or butadiene
streams are produced.

[0004] 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.

[0005] For example, U.S. Patent No. 4,499,327, discloses a process for
making olefins from methanol using any of a variety of silicoaluminophosphate
(SAPO) molecular sieve catalysts. The process is carried out at a temperature
between 300°C and 500°C, a pressure between 0.1 atmOSphére to 100
atmospheres, and a weight hourfy space velocity (WHSV) of between 0.1 and

40 hr-t. The process is highly selective for making ethylene and propylene.
[0006] U.S. Patent No. 6,121,504 also discloses a method of making olefin

product from oxygenate feed using molecular sieve catalysts. Water and other



[00061 U.S. Patent No. 6,121,504 also discloses a nmethod of making olefin
product from oxygenate feed using nol ecul ar sieve catalysts. Water and

ot her WO W®/03A0872 PCT/ US02/ 26119 2 unwant ed by- product s parasopeaved from
the olefin product by contacting with a quench nedium After contacting
with the quench nmedium a light produgt fraction is obtained which
conprises the desired ol efins, but al$o includes dinethyl ether, nethane,
CO, CO 2, ethane,. propane, and other m nor conponents such as water and
unreact ed oxygenate feedstock. [0007] In order to further process ol efins,
it is oftenniaredbapyodustsasel trrovee fopdhe olelin maedict Bbsentasjing mdidnict s that are

present in - Lt l.on. oS No. 4,474, 647
di scl oses t g&fbhg]!lﬁfé‘%lﬂy%%gggf}tﬁ%%ﬁg \c/)té? g@%&%ﬁ?}lﬂeﬁﬁuﬁtﬁ% hgg%)(ﬁﬂgtoneri zation of
certai n ol éfactisn is Dheninpdtvelnith deapriieb e dsiprdodefs, baralsariachndésng di et hyl

ether froma C4 and/ or olefin streamusing djistillation. The streamis
distilled éiﬁﬂetglélpf‘élﬂeéipé‘ﬁt%g » & Al @ B PSR BIORARS: énCLB ELRHOL COBEYRE PN e

overhead sty,8am£ABt AldnsrdicrRtdiybeidBdastopRt €r, and various hydrocarbons,
and the bottons streamcontains purified olefins. [0008] U.S. Patent No.

5,914, 433 qof osesImondet fedurthér predebsajetans, Bliedien necenrpydpredyng oand a system

for renoving non-aol efin by-products such as . dewat.ered. ol efin
conposi ti oﬁglpgvevﬁd’gﬁ%‘@b\?ﬁ l?%plg’élﬂgtﬁi%@%f‘rg pﬁéﬁ%\)&%?ﬁ%ﬁ%@%@o nashed ol efi n
conposi t i ORxkHpld! UeH Phient K6 UL £746d disciiethabdinRtHye sthlet cadfadifigelgaust i c
wash. [0009] U S. Patent No. 5,720,929 discloses a process which includes

maki ng i sdippaoy thendicomspizatigtaitcarian oflias.| Shbpatgitaeectives & grIces fahd wat er i s

stripped fr . . . | i i shing the
or oduct wi (R abh GBI s SEHFLE ALR: 1Bl LEesbPERE RSB THR, | Voo
MIO Pr ocesstredth & drttiljeddeind sBbaated into 406 Verletativhé b @offomslisticenns ' THeonf er ence,
1998, disclose a flow sche far king an gl efin _cqonposition from

il

met hanol . PHErheadTireaBHOREAINSHBIREY] flEr, WRtehAH0 VAot hydrcerors. apter are

conpr essed tl‘i’é‘l’iotﬂfmstslﬁ%arﬂlc%ﬁiaﬂas%?i@@&&leﬁﬁé?d recycled back to the nethanol to
the olefin reactor, wth ethyl'ene and

[0008] U.S. Patent No. 5,914,433 discloses a method of making an olefin
composition, and a system for removing non-olefin by-products such as CO,. A
dewatered olefin composition is washed with caustic to remove CO,, and the
washed olefin composition is dried to reduce water added as a result of the caustic
wash.

[0009] U.S. Patent No. 5,720,929 discloses a process which includes making
isobutylene from isobutane. The isobutylene is cooled and water is stripped from
the product. Additional water is removed by washing the product with methanol.
[0010] Eng et al., “Integration of the UOP/HYDRO MTO Process into
Ethylene Plants,” 10th Ethylene Producers’ Conference, 1998, disclose a flow
scheme for making an olefin composition from methanol. The flow scheme
shows that methanol and dimethy] ether are compressed out of the olefin product
and recycled back to the methanol to the olefin reactor, with ethylene and
propylene being recovered.

[0011] EP-B1-0 060 103 discloses a process for extracting dimethyl ether
from a vapor stream containing ethylene and propylene using a methanol wash
system. The methanol wash removes a substantial amount of the dimethyl ether,

but also removes a significant amount of the ethylene and propylene.



propyl ene being recovered. [00111 EP-B 1-0 060 103 di scl oses a process for
extracting dinmethyl ether froma vapor stream containing ethylene and
propyl enewolBmngpea2 net hanol wash system The met hanol wasRCTASDYBH1A
substantial anobunt of the dinmethyl ether, but also renoves a significant
anount of the ethylene and propyl ene.. WO 03/ 020672 PCT/ US02/ 26119 3 [00121
Addi ti onal nethods of renoving undesi¥ abl e conponents fromolefin streans
are sought. In particular, nethods for renoving oxygenated hydrocarbons,
particularly dinmethyl ether, as well as CO2 and water down to the ppm
level in ojggian pr oktditionst methods ofwethominghindesirbleoinpgnerty Apmidlelit  amount s

of olefin, are sought. Sunmary of . the_.lnvent.ion [001 In this invention,
di et hyl ettffams g Sé’g‘g]%fr & gaptieyl Wﬁhogif écfrirﬁmg‘{l%gx geg%t% ai ni ng et hyl ene
and/ or pr oy &HELIHS] MBiduRIMyRTIRSE BheSRAwall AO0O, RiiEivetealidyn td e pressure
distillation. In one enbodinent, the invention provides a nethod, of

separ at i ngpmh irvehiplolefinrupdyat sfisaans, aREVithow TR HWRBRCRYAROUEBLhr ovi di ng

an olefin lEéream copt ai ni ng ethyl ene, ethane, propyl ene, propane, and

di met hyl ef P2 e t|c)r ovided streamis separated into a first fraction and

a second fraction at a pressure of |less than 200 psig. The first fraction
cont ai ns agsuheastofaherByentidny of the ethylene and propyl ene present in the
ol efin streant and the second fraction contai at le a majority of the
di met hyl ef0988] pr e8RS {yepn dirast ?‘lleré]'i‘etrésasrﬂ’arﬁ{‘]?a fﬁ’%?thglr%hgﬁ%%ad% nent, the
provi ded ol &flimy %{@mfaﬁ&/bh GRS BdiRS [WRbREsubd s ePhratiGNeXeraBBt  gr eat er

t han about&%@%logg pm [ 001grlzl)pg'lhe inﬂ\i/gentign is.sgrti‘cul ar | 1e3}1Efecti ve on
ol efi n st rleanpressuiacdistilbtint.almonstenplalémentbibe inveadonpprides rtethpd oft her .

e bl 2L AR ST D 85 SO s Rl 0 %

di met hyl e atron 1s”such that the
first fractinn sir&ant@itdlfinatetlykas! ethanBp@pileie, pfopahe apd dpacthylmtiesent in the

olefin stream and preferably not greater than about 100, vvam di net hyl

et her. TheTkepavalei sticashis separated into a first fraction and a second fraction‘at a
pressure of less than 200 psig. The first fraction contains at least a majority of the
ethylene and propylene present in the olefin stream, and the second fraction
contains at least a majority of the dimethyl ether present in the olefin stream. In
another embodiment, the provided olefin stream further contains water in an
amount not greater than about 15,000 wppm.
[0014] The invention is particularly effective on olefin streams which
contain at least about 500 wppm dimethyl ether. Preferably, the olefin stream
contains not greater than about 50 wt % dimethyl ether.
[0015] In one embodiment, the separation is such that the first fraction
contains at least a majority of the propane present in the olefin stream, and
preferably not greater than about 100 wppm dimethyl ether. The separation can
be such that a majority of the propane present in the olefin stream can be either in
the first or second fraction. The separation can also be such that a majority of
propadiene, which can also be present in the olefin stream, can be either in the
first or second fraction. To obtain very high purity propylene streams from the
olefin stream, it is preferred that a majority of any propadiene and propane present

in the olefin feed be separated out in the second fraction.



be such that a majority of the propane present in the olefin streamcan be
either in the first or second fraction. The separation can al so be such
t hat a meyworodtgoeef propadi ene, which can al so be present pca/ushy2@ahef i n
stream can be either in the first or second fraction. To obtain very high
purity propylene streans fromthe olefin stream it is preferred that a
maj ority of any propadi ene and proparfe present in the olefin feed be
separated out in the second fraction. WO 03/020672 PCT/ US02/ 26119 4 [00161
I n anot her enbodi nent, the olefin streamis separated into the first
fraction apgighe secnendthbr anbddimeritntha otbifiatstrehmatis wpamoddinto.thefist er abl y,
wat er absorbent i s added éo the di,st,]iée{lati n co}J? u)%m. WAt er absorbent can
efapl

be added t_%act“ﬁéanélf‘%etﬁem’%ﬁ HHOR §t yiatillatiog cofymy. r bVt er absorbent to
total ol efim,heRmi tgngké%éﬁ?cﬂﬁ'ﬁ% fe&'mﬁlfn. iRk #R6HHenttcah b%%d@&@t%tth&: 5, 000.

[0017] In yet another e Iment of the invention, the first fractionis
acid gas distedatied.cotine &ci mdolgrrstio pEwttetiabsbrieantodaial slafis stggaentol be be wat er

washed and contacted with sqli _ ent material. [00181 The ethyl ene

and pr opyIS@H@@éﬁ’?ﬁé’_ﬂ%%%éﬁ}%ﬁ@)‘%ﬂﬁé(}r@'strea_m can be used in any ethylene

or propyl g:bﬁ g]e“V%‘y‘éﬁarﬂﬁl%%@ﬁﬁ@diﬁiéﬁtéﬁhéﬁﬁeﬁﬂi@btl@i&bﬂﬂ%ti@ﬁiﬁa{wﬂ recovered

streans. e? rred enbodi nents include polynerization into cBOrlgf;et hyl ene and
¢

pol ypr opy| gasdreafed THE acid canbesied steamoan febfequenly bierwasertwashe i des a

nmet hod of Cosn%%@gde\;]{tﬁgolgg %ﬁgg&tf‘%gﬁ ; froman ol efin stream which conprises
contacting  oxygenate w a nolecular sieve catalyst to forman olefin

stream Wn@ @gln t heTheodtieflene @it pegpyiaent@iratsd Gbhiythe nkfinstrbanesn i opyl ene,
propane, and di methyl ether. The olefin streamis szp ratiadg%nfo a first
fraction a#gdan SBeeRECRs ACRPBHeNg e VALhIeIQE R Y 19 S i 0tk Pa. ( 200
psi ). Theroh{yld S AGH! PRt AlRRiAlnl RBRHe BoliRKAidYG! the ethylene and

propyl ene present Iin the o in stream an secon fraction contains
at | east apdm@tbylbneygmifpdlymomﬂmt hyl ether present in the olefin stream
[00201 In [(())B?g]enb()dllnrzrz%g&ep émlgor}i?mlenr‘},v t%ggl"iv%gﬁozg }Qr%v%leg Eanrgethsotdroefl'am formed from

separating dimethy! ether from an olefin stream which comprises contacting

oxygenate with a molecular sieve catalyst to form an olefin stream, wherein the

olefin stream contains ethylene, ethane, propylene, propane, and dimethyl ether.

The olefin stream is separated into a first fraction and a second fraction at a

pressure of less than 1380 kPa (200 psig). The first fraction contains at least a

majority of the ethylene and propylene present in the olefin stream, and the second

fraction contains at least a majority of the dimethyl ether present in the olefin

stream.

[0020] In one embodiment of the invention, the olefin stream formed from

contacting the oxygenate with the molecular sieve catalyst is contacted with water

absorbent prior to separating into the first and second fraction. It is desired that

the water absorbent be contacted with the olefin stream at a molar ratio of water

absorbent to total olefin of about 1:2 to about 1:200. Preferably, the olefin stream

contacted with the water absorbent contains water in an amount not greater than

about 15,000 wppm.

[0021] The invention further provides a method of separating dimethyl ether

from an olefin stream which comprises contacting oxygenate with a molecular

sieve catalyst to form an olefin stream, wherein the olefin stream contains



contacting the oxygenate with the nol ecul ar sieve catalyst is contacted
with water absorbent prior to separating into the first and second

fracti on.wbDtosiogoedesi red that the water absorbent be cont @cTaonpdin t he
olefin streamat a nolar ratio of water absorbent to total olefin of about
1:2 to about 1:200. Preferably, the olefin stream contacted with the water
absorbent contains water in an anount> not greater than about 15, 000 wppm
[ 0021] The invention further provides a nethod of separating dinmethyl ether
froman olefin stream which conprises contacting oxygenate with a nol ecul ar
Si eve cat adtiygend, ethhiog, Ipr@yle:deepﬂopamet diemthyl wiher @idwithe Theskater istheeam cont ai ns
WO 03/ 020672 PCT/ USO /26 g% ne et hane, 6 gpyl gne gh ane,

di met hyl EReVedHar n?ﬁﬁa%? t fhg olefin strepm sgURISPPL BEH 8 ef i n st ream

so that thﬁou?iﬁ@@@wﬁﬁﬁ%ﬁ%@l&ﬁl s'&@&m%f)ﬁtﬁhﬁﬂg ﬁ&%ﬂeate%l?ﬁéhtabéﬁb 000 wppm
water. The ol efi’'n stfeam containing not greater than about 15,000 wppm

water is tl*ﬁe@ﬂosxepmnmae@ if thep sepafatedinid 7 fust fravticanada sseugfirctipmetd on at a

f | f
Contains areFRsioR Tl o2 S Thabot Ryrntie AR Babafy skl b oden " the

olefin strgaia 1@}&1‘5@'@)@&6’5@5@&@ zfﬂd%&pydﬁhe@@ésbﬂﬂ inshasdlefie aséans andjteri ty of the
di met hyl et her %)resent in the olefin stream {00221 There is further

provi ded i Yecem aqtm@ﬁmiam ah lepgitaBRioBw of diatimethyd ethay presey i tBe her from an
olefin strg ?ﬁﬁ ¢h conprises providing an ol efin stream contai ning

et hyl ene, € ane propylene propane, propadi ene and di methyl ether. The
ol efin stregmi s sen&realtsédnmempmxada‘dlmﬂhs nvemtidnonmethot af pépagitiag | east a

majority o the | ene Iene resent |n the o stream and a
secon(cji f r atimely! e@‘éﬁ% h&ﬁg‘;}g’cﬁ yh hﬁ‘g‘PB‘quW“Ei‘l %éﬂ&’eﬁegﬁ gt hter and
pr opadi ene e@g}] at a
pressure O?O%lﬁag%ggie%{gn&n{ﬁ%m%ﬁ?go psi g) gﬁ%ﬁ%u%ﬁﬂc% %%%&%eﬂ%ggond

fraction hils defiaviecaays separpted attop dirs fragiom @n@ameg at lehwire mdjoily o99C ( 210F) .

00231 | h di ded hod
E)f separ gtt?‘ggthéffer‘?&aﬁ 8”:?&% prqsﬁﬁlﬁweé)ﬁmsﬁl%g@r n?vﬁ%f’%%ﬁ%o}r%r |ese§ Tetho

provi di Ng @htaining at least a majority of the dimethyl ether and propadiene present in the
olefin stream. Separation is performed at a pressure of less than 1380 kPa (200
psig) and such that the second fraction has an average temperature of not greater
than about 99°C (210°F).
[0023] In another embodiment of the invention, there is provided a method
of separating dimethyl ether from an olefin stream which comprises providing an
olefin stream containing ethylene, ethane, propylene, propane, and dimethyl ether.
In this embodiment, the olefin stream is separated into a first fraction and a second
fraction in a distillation column, with the first fraction containing at least a
majority of the ethylene and propylene present in the olefin stream. The second
fraction contains at least a majority of the dimethy! ether present in the olefin
stream. Preferably, the provided olefin stream contains not greater than about
15,000 wppm water, and the second fraction has an average temperature of not

greater than about 99°C (210°F).

Brief Description of the Drawings

[0024] Various embodiments of the overall invention are shown by way of

example in the attached Figures, wherein:



ol efin stream contai ning ethyl ene, ethane, propylene, propane, and di nethyl
ether. In this enbodinent, the olefin streamis separated into a first
fracti on wod3m@ezond fraction in a distillation colum, PETtUSOY/bE1F i 1 St
fraction containing at least a majority of the ethylene and propyl ene
present in the olefin stream The second fraction contains at |east a
majority of the dinmethyl ether preserft in the olefin stream Preferably,
the provided ol efin stream contains not greater than about 15,000 wppm
wat er, and the second fraction has an average tenperature of not greater
t han about 99C Kig1Dk)a flobr dmbraResowiipg & proceds foheaddingwhatpmo]l @0RB4h Var i ous
enbodi ments of the oyerall invention are sho by way .of xanpl e in the
att ached FRIFES WihHas gietin bope§epassiss 730 p%ﬁt&@tgnzw{@nmge Y1 is a flow
di agram s i r Il i td; f +an olefin, with

t he ol efi W«g} ﬁ%ﬁ%@pﬁ%ﬁi? E%Jn?rﬁagﬁgﬁg?@gtn m?rdgg??gln&g%r?? gpﬁi ng et hyl ene and
propyl ene lgndocarmacomgofiens;tahdn cont ai ni ng di met hyl ether and C4+

hydr ocar bon conponents; and Fig., 2.is, a flow.djagram show r eat ment of
et hyl ene and pr 53‘? 3r‘?@%}g/Hlag’ﬁﬁgﬁ%’lf}%gﬁeftmﬁﬁtto&ehwgeélﬁ,amzﬁli?pggegé’ﬁti on.

Det ai | ed DRgstid RhdhOWaRE whle ahd¥@diptn. [ 0025] This'invention provides a
nmet hod for renoving oxygenated hydrocarbon conponents such as dinethyl

ether froman olefin stream It iis desirable to renmove such conponents,
si nce t heyPeayedBessHRtiQnedhe 51v61%¢it are used to further process ol efins

o oonod ke PR el ol o o

r enovi ng yl ene an ene stream so that
t he et hyl énelrandioarcoppopsteneheadithehplattardonvacblefit ftoam. pibissoni ng
catal yst used in the olal rization reacti In this invention,

on. [0026
oxygenat ed &S BHIS IR HHERYE p@BP%F’IS&nCFﬁéquH‘?Y 1508 AT PBL HEr | are

removed framythei o a8d oRIEgl Inhe LISARRIm! T RIVESIIH i§ paMulafgvant age of
using a |l ow pressure separation Is that | ower tenperatures can be

beneficial for removing dimethyl ether from an ethylene and/or propylene stream
so that the ethylene and/or propylene can be polymerized without poisoning
catalyst used in the polymerization reaction.

[0026] In this invention, oxygenated contaminants, particularly including
dimethyl ether, are removed from the provided olefin stream at low pressure. An
advantage of using a low pressure separation is that lower temperatures can be
obtained in the heavier fractions separated during the separation process. A
benefit of lower temperatures is that there will be fewer equipment fouling
problems. In addition, such a process will use a lower energy input to run
associated operating equipment such as reboilers and condensers.

[0027] Another advantage in low pressure separation is that less energy will
be required to maintain system separation pressure. This means that compressors
having fewer stages can be more readily utilized.

[0028] In general, the method of this invention comprises providing an
olefin stream which contains ethylene, ethane, propylene, propane, and dimethy]l
ether, then separating at least a majority, i.e., greater than 50%, of the dimethyl
ether present in the olefin stream. The olefin stream can come from any

conventional source. However, this invention is particularly effective in



obtained in the heavier fractions separated during the separation process.
A benefit of |ower tenperatures is that there will be fewer equi pnent
fouling wooblozwsg2 | n addition, such a process will|l use aPCaWS02/261¢Y gy
input to run associated operating equi pnent such as reboilers and
condensers. [0027] Another advantage in | ow pressure separation is that

| ess energy will be required to naint’'ain system separation pressure. This
means that conpressors having fewer stages can be nore readily utilized.
[0028] In general, the nmethod of this invention conprises providing an

ol ef i n st r eeparstiigchimethit ethersrasm higfiarstreanns madefropranoyygamete toodgfane, and

di nmet hyl etn,g'ueegS then separating at least a majority, i.e., greater than
50% of the cﬁméthyl ether present in the olefin stream The olefin stream

can come fr[@(gggﬁny COoNMboANAENSIDY O&Fin stiGNYR VIR is frivided E4EFHSe®Rot S
particularly effective in WO 03/020672 PCT/US02/ 26119 7 separating
di met hyl eFaterthanabapietl wt Yrdinathy! eihere prefesthlapotersajerthanabost 20 8ti n

process. [0 ' , I o i vi ded
conpri ses n/gta %%ﬂrlilf?%rﬁ rtﬁﬁﬁgéaf%@?ngﬁ)%a@b?%#n% Q?@%Q?{let@eeﬁee?’abl y not
gr eat er t hand alosupreRfabiy not%retiterahdnydboat het 2 dnreehypethte r@fdoprsepforgr eat er

t han about 10 % di net hyl ether, a nost preferably not greater than
about 5 wt d‘%l‘éfy tg‘ﬁﬂtgg? Faey e%)goffbt&fa Qgi%nfSHFamacﬁpﬁgétI?\‘iﬁPuré}t’ﬂé‘Lo‘ﬂHn% removed
from the 0|b@fpké§e1§tt. r&@ﬁ&blﬁ@ﬂ@pﬁ%ﬂ%&l‘%@&iﬂ@ @O byil M ain Qﬁeﬁt%@&ﬂtlooms' rably,

the provided olefins streamw || contain at |east about 1 wppm di net hyl
et her, prefwppabliyneshyl ibes preftrably ab@astvahpun Wormeipny dinestiye ethegradd nor e

preferably at |east, abput 1., 0 pm di net hyl. ether. [0030] |n another

embodi ment [“YHE'S Efrglfl?'ﬁpfsé?%g?ﬁqﬁhd@ Y@%H@%ﬁq@ﬁﬁfﬁmri ses at |east about 25
w % et hyl ﬁﬁ"%ﬂh Pr ef g1 abthér efnbedipleay itesle afdam tﬁ&tﬁ@@—f@vﬁém@b!n?%es from about
25 Wt % ethylene to about 75 wt % et hgl ene, nore preferably from about 30

w % to abebicagabowt Fywiangthydene. Brefeablibihy provddrdaidinstesmaonsrises about 50
Wt % pr opy F@g?abow?s’% o4 QnfABRE oGO Ry lede ol flechofy £EM Lhat 1

provi ded a
about 30 wt % to about 60 wt %, and most preferably from about 35 wt % to
about 50 wt % propylene.
[0031] In another embodiment, the olefin stream that is provided also
comprises at least about 20 wt % propylene. Preferably, the provided olefin
stream comprises from about 20 wt % propylene to about 70 wt % propylene,
more preferably from about 25 wt % to about 50 wt % propylene, and most
preferably from about 30 wt % to about 40 wt % propylene.
[0032] It is desirable that the provided olefin stream contain a relatively low
concentration of ethane, preferably a lower concentration of ethane than propane.
Preferably, the olefin stream comprises not greater than about 4 wt % ethane,
more preferably not greater than about 3 wt % ethane, and most preferably not
greater than about 2 wt % ethane.
[0033] It is also desirable that the provided olefin stream contain a relatively
low concentration of propane. Preferably, the olefin stream comprises not greater
than about 5 wt % propane, more preferably not greater than about 4 wt %
propane, and most preferably not greater than about 3 wt % propane.
[0034] In another embodiment of the invention, the provided olefin stream

contains both ethylene and propylene. Desirably, the olefin stream contains at



conprises at |east about 20 wt % propyl ene. Preferably, the provided olefin
stream conpri ses fromabout 20 wt % propyl ene to about 70 wt % propyl ene,
nor e prefwpablogoef’z om about 25 wt % to about 50 wt % pr opylpemdjSozed 10st
preferably fromabout 30 wt %to about 40 wt % propylene. [0032] It is
desirabl e that the provided olefin streamcontain a relatively |ow
concentration of ethane, preferably &l ower concentration of ethane than
propane. Preferably, the olefin stream conprises.not greater than about 4
wt % et hane, nore preferably not greater than about 3 wt % et hane, and
nost  pref eleadtlafourt @0 wighedtyddnetahdpropblent. Prefdralily ethbialeéin s{r@@83] It is al so

desirable that the provided olefin strea ontain,a relatively |ow
concent r at $HRIBY E‘ﬁm@@%‘éso‘ﬁ?é’ft‘éﬁ%% ty? V‘ftk(é Tg]ygp? AN PRogXlsNG MR i ses not

greater  tan oottt 8 0 ORBAGou TR BRLRERLN pRONICAL SgUer than about

4 wt % pr opane, nost pr erably not greater tha out % pr opane.
[ 0034] I n mnmmdbrablpbﬁnﬂmmbnmt ﬁ@fwtt"/f’am arowe BE o iy ethilenpamhprdpdens]. ef i n st ream

t bot h et hyl De b t t t
0 WD 03/ 0B98TD. Pl 50T 96 161 HSPE et Sah GOt B O SRRER AR an

propyl ene. gFye&r @Rl desirdtle tiak %{y\ﬂatﬁﬁﬁlﬁ@aﬁt inGBAbREAStE/RMiRBOMa 50 Wt % to
about 95 w %et’h | ene and propyl ene, nore preferably fromabout 55 w %

to about %nmnt%teniﬂy(deﬁh@t@Wf}iﬁﬁfp@@m(lanﬁmﬁb@toﬁﬁ@f)@fﬂ'@b’lf%ielfrom about 60
w % to abgut 85 wt

st eam can g@ %r(ﬁq? gg,/ g Oeg%?sﬁgmﬁ?%t I%ngde gg\:%e%tlo-lg%?ocgg d%%le?ag: gf It Rat

any water W&&Qﬁﬂremﬂtstlﬂﬁldfoﬁﬁdti@n%fbﬁ&ﬂ‘ﬁf&cbinpb@lcﬁt Swch coaioeidsragd i on such
that free water formation (i.e., formation of a separate water phase) or
gas hydr atMﬁsw@é§hwéﬁo%dwﬁa@aﬁt@gﬁqaﬁbw@twﬁélpg@‘ﬁlamaﬂr}%lﬁ process. Gas
hydr at i Ondsre‘f)ﬁr‘é éﬁ Iieihe formation of clathrate conpounds. Such conpounds
are solids P ese solids can cause significant operational problens in
the separgjbgp proWamthaﬁQQB&]enMattbafprbhdbd pEfipssenthdauld bha 2or ovi ded

.O !s g];)lap af ; ' %eam@?t%#laggg%é ?OW 81%%&5&%&%%{)&%% v%%ferf plhgils ee1rs] tnlo‘}/ folrnq(\a% such that a

during the separation process. This is particularly important when a distillation
column having trays is used to separate the dimethy! ether from the olefin, since a
separate water phase formed in the trays will impede mass transfer. Distillation
columns having packing are preferred at higher concentrations of water, since
such columns will not be prone to collect separate water phases.

[0037] It is desirable in this invention that the provided olefin stream contain
not greater than about 15,000 wppm water. Preferably the olefin stream cont ains
not greater than about 10,000 wppm water, more preferably not greater than 5,000
wppm water, and most preferably not greater than about 1,000 wppm water.
[0038] It is not necessary in this invention that the olefin stream be
completely dry. That is, the olefin stream can contain some water. The benefit of
the olefin stream containing some amount of water is that additional and/or
complex drying equipment will not be needed before separating the dimethyl ether
from the olefin stream. Preferably, the olefin stream contains at least about

10 wppm water, more preferably at least about 20 wppm water, and most
preferably at least about 25 wppm water.

[0039] If an olefin stream contains an unacceptably high concentration of

water, a sufficient amount of the water can be removed either prior to or during



during the separation process. This is particularly inportant when a
distillation colum having trays is used to separate the di nethyl ether
from t he wbaBioze7si nce a separate water phase forned in Pog/uSoaya 1N | |

i npede nmass transfer. Distillation columms having packing are preferred at
hi gher concentrations of water, since such colums wll not be prone to
coll ect separate water phases. [0037]°It is desirable in this invention

that the provided olefin streamcontain not greater than about 15, 000 wppm
water. Preferably the olefin streamcont ains not greater than about

10, 000 wpprepaaten of terdmpthel etheblsingrowatgr badbentt xampB@d wavgppm wat er, and

nost preferabl at greater than about, 1,00 m wat.er. [0038] It is not
necessary Y ngg 1pﬂ8g§1€]1c§t}pl§,ﬁgftmqsh%mlgp%pgﬂ%g,\tlﬁ)eg%{ﬂgﬁbcng Petely dry. That
is, the ol %J)ﬁtQinﬁfgrc%ﬁﬂSbﬁﬁ‘dh PG Bin SR YRy BF t-he-E'Pé’ceH’iﬁ@.eﬁ'ithe]fo‘c the ol efin
stream contai ni ng sone anmount of water is’that additronal and/or conplex
dryi ng equinpmehydrigialdohalstor pelyhgéudedctiwinree bsaped atthaglcphel aisarbetiy| et her
fromthe olkefin stream ef er abl the ol efin stream cgntains at | east
Bbout 10 B TR PR R r Ry gt dfealt B OBk IR o and st
pref erabl y gBicol, @Ryl @lcod Irivvapiens\alles], ethAHOBHiné fdictharllahing St ream

contai ns an unacceptably high concentration of water, a sufficient anount
of the wat &ictheanlagng, difsleeed @rlhanings.idsetoniyilem-pgtyHyabdosy, 020672
PCT/ US02/ Z?ﬁ&e%?yl%ﬁr?a%ﬁéta'nfi@oﬂfointa grgdtlhgr'%&hyl ether using a water absorbent.
Exanpl es of water “absorbents 1 nclude alcohols, am nes, amdes, nitriles,
het er ocycl '{@)4@' t r ogEmobtand subsianignl clegiee uhetectiveness, tlonwateatbsorbeaf any of the
precedi ng. Either g@gﬂl dric alco pol gh¥dri c al cohol s can be used

f

. I
as the al c8HBNd ey .on-@ﬂ@&?$9@?@3%%oe@t ASTBIBER L WAHE] ude
met hanol, %J&Fﬁ}g{ Thoﬂ[@(ﬁﬁl@ﬁ:l at RARUD&ERYS ﬁ?ﬂl‘%?@tezr agéo%i?%‘ !c@fﬁﬁo@n])/sgo! ,

triethylene g 0 et hanol am ne, di et hanol am ne, i et hanol am ne,
hi nder ed c¥ebirablyharester gsetbent tanidiss, at teastsboyt Yywt B, prederably atlieasst hy |

of o7 ect i FRNLSS MO ha ARET PiROnBaHE SHBh PR A ROAIR PIEERE non vt er o -

absorbing ¢RyRPnENt Whefr@fvaeeadBent ifigsedd Riuce the concentration of water

in the olefin stream prior to separation of the dimethyl ether, a wash type of
process using a wash vessel can be used. In essence, a wash process is one in
which the olefin stream is contacted with water absorbent such that a substantial
amount of the water is removed, i.e., washed out, from the olefin stream. The
amount of absorbent added to the wash vessel should be sufficient to substantially
reduce free water formation (i.e., formation of a separate liquid phase),
particularly in the vessel in which the separation of the dimethyl ether from the
olefin takes place. In this embodiment, it is desirable that water absorbent be
added to the wash vessel at a mole ratio of absorbent compound to total olefin
feed to the wash vessel of about 1:2 to about 1:200. Preferably, the absorbent is
added at a mole ratio of from about 1:5 to about 1:100, and more preferably from
about 1:10 to about 1:50.

[0042] Although the olefin stream can come from any conventional source
which contains dimethyl ether, the invention is particularly suited to removing
dimethyl ether from olefin streams made from an oxygenate to olefin process. In
one embodiment of this invention, an olefin stream containing dimethyl ether is

obtained by contacting oxygenate feedstock with a molecular sieve catalyst.



absorbent should contain at |east about 75 wt % water absorbing conponents.
Desirably, the water absorbent contains at |east about 90 wt % preferably
at | east walmer0695 w % and nost preferably at | east abo®rCTAS0MR619H wat er
absorbent. [00411 When a water absorbent is used to reduce the
concentration of water in the olefin streamprior to separation of the

di net hyl ether, a wash type of procek% using a wash vessel can be used. In
essence, a wash process is one in which the olefin streamis contacted

wi th water absorbent such that a substantial anount of the water is
removed, i g@43] Washkch meferred emboditeniodfthe prosess edithe ifvemtioantbeint of absor bent

added to the wash vessel shauld be sufficient to subst ‘p?ilié’al Iey reduce free
wat er f or n@tyegRAtE feedstocl eaniaipg Qe Jrmore SXYEANAES ql‘i’r&ﬁPecFltE e§%O%articul arly

in the vesggle &%aﬂ@ic&ﬂp&t?ﬁ(ﬁ%Qﬁﬁﬁﬁﬂgoﬂ 1@kt dReGLERibyn 18tRERodr om the
olefin takes place. In this enbodinment, it is desirable that water
absor bent preferreddetodondanh of tha proopsssafahveation, thopxygerate in bf feddstockhent

conmpound to total ol efi.n eed to the sh vessel ab 1:2 to about
1: 200. Pr P &80T O ﬁgo%(giapﬁeg?{ﬁgl?saﬁp%%aea Oi‘f)ﬁsi %egethrea#l E%atbcf f r om about
1:5 to abombicty 30@e aRBELIEYRE R6@T160 20l rboh@bmsapeddrably Hnt Dt@bout 1: 50.
[ 0042] Although the olefin stream can cone from any conventi onal source

whi ch cont edrhen efprst aiglimast peaferably &ophl énd pashon dopar The aleabalyusalil ed to
removing i f%@&s?%!ék iﬁtﬂ&gﬂm%ggfﬁle?{deﬁ%ﬁrg {g%fﬁﬁ% 1dWé?§tr£i% MRAbrondgnate to

ol efin process.” In one enbodl nment o I's rnventioff, an olefrn stream
cont ai ni ngctdiimelighatic elcbiesls asl theb uasanedted youmatpaed. i Nop-xyigenat e f eedst ock
with a nolecul ar sjeve catal yst. V\g 03[/ 0206@2 PCT/ USQ2/ 26119 10 [0043] In
a pref er r edkAEHISRIAFHECTHES ¢ HC{WB%I aolgyhangl nrmgoRARRH BPPARIEOL oxygenat e

f eedst ock L r hdrl e or nore
or gani o oo AR e Y e e ot
preferred eimmtlilcerbnae, dihethpl batess acfticiandeand mixturesibersef glarthe e in t he

feedstock is onge or re alcagh pref er al i phati c .al cohol (s) where
the al i pha’P&t prﬁ%frg? figg‘?ﬁ{nﬁgt’ ﬁf%S%%%d(cg)’S Sr?lescu%%‘%? 2% 8 98" %Er bon at ons,
pr ef er abl ymbsand il ethenct Hime@kbeRed iy efBitor®inbiagba tiadtdf, mbgem 1 to 4

carbon atons. The al cohols usefuf
preferably methanol and dimethy! ether, and most preferably methanol.

[0044] The feedstock, in one embodiment, contains one or more diluent(é),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.

[0045) The diluent is either added directly to a feedstock entering into a
reactor or added directly into a reactor, or added with a molecular sieve catalyst
composition. In one embodiment, the amount of diluent in the feedstock is in the
range of from about 1 to about 99 mole percent based on the total number of
moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, most preferably from about 5 to about
25. Inone embodiment, other hydrocarbons are added to a feedstock either

directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for



as feedstock in the process of the invention include |ower straight and
branched <chain aliphatic alcohols and their unsaturated counterparts.
Non- | i m twog3/ozneanpl es of oxygenates include nethanol, et ramaiso2/es1pr opanol ,
i sopropanol, nethyl ethyl ether, dinethyl ether, diethyl ether,

di -i sopropyl ether, formal dehyde, dinethyl carbonate, dinethyl ketone,
acetic acid, and mixtures thereof. Inlthe nost preferred enbodinent, the
feedstock is selected fromone or nore of nethanol, ethanol, dinethyl
ether, diethyl ether or a conbination thereof, nore preferably nethanol
and di met hgstangtlh S, Patedt Mos4,6PT, 2422 ndditiyn ofdrbantds) of Oiddiks Tieeeof,eedst ock, in

one enbodi nent, contains one or nore dil uent typically used to reduce
t he concenl?rﬁga{‘?t&}ﬁp%ﬁpyiq’i@ edaes BW}’leﬁ?a&n‘gP 1%5@?%‘?/(518?% pgr“é)écti ve to the
f eedst ock Qb d 0Lt iehs Irevisnsatiglyst conposition. Non-limting exanples
of diluents include helium argon, nitrogen, carbon nonoxi de, carbon

di oxi de, wajoas} esSeoidcalar yievesrapabieef wavptinghh brggepatspeei akfiy al kanes such
as nmethane, ethagne nd opane), essentiall on-reactive omati c
conpounds, “YAPH -1%15&%25(305{?&%%@anHB—ZPr{;)'IétF “bor‘%%‘@%%eéiesdﬁ%%fﬁtoi%e wat er and
nitrogen, wdehmdaidl or RRIINSHrERHEI Mehainhiting eeimepleest thbLAddbculdte diluent is

either added directly to a feedstock entering into a reactor or added

di rectly isiecesarg bastst poey malserder sigveh AERIFde P4 ANVl 6 dYTaY.y st
conpositio e i , LhHe i eedstock is
inn{)he ra gé\k’gpﬁg’r%r%ggggﬂtﬁq%%ht%kgg%ﬁﬁzg%ﬁhgﬁéq%ggtg%{’ I%ng?%n t he total

nunber of LTAl REONSfPAUEPHE®IFO REBGATHO) ahdieibistitupsdebansadbeseof, tlem about 1 to
80 nole percent, nore preferably fr ut 5 to aho 5 preferably
f r om about msdiug %6&%0?6@@ S1N%% %%%h@t%%ﬁr%@é% s are added
to a feedsyaﬁk Tt NGl gg@@e& fofm@ el dd IaGhd )éﬁgegdb‘iie Ectdesi&f i n(s) ,

paraffin(s), arongtic see for WO 03/020672° PCI/ US02/ 26119 11 exanpl e
U. S. Pat enEM¥) FAM],6Ad s@ebRifutedifhims tercof. Atlenatolas)ar sreves intludedNher eof |

o ef e ab YooY 0% B KOS eSS 0, ST REERES VL,

of convert &:0ehAds SPINOBRBIR RIS kRVES particularly for converting an
oxygenate containing feedstock into olefin(s), include AFL, AFY, BEA, CHA,
EDI, FAU, FER, GIS, LTA, LTL, MER, MFI, MOR, MTT, MWW, TAM and
TON. Inone preferred embodiment, the molecular sieve of the invention has an
AEI topology or a CHA topology, or a combination thereof, most preferably a
CHA topology.
[0047) Molecular sieve materials all have 3-dimensional, four-connected
framework structure of corner-sharing TO, tetrahedra, where T is any
tetrahedrally coordinated cation. These molecular sieves are typically described
in terms of the size of the ring that defines a pore, where the size is based on the
number of T"atoms in the ring. Other (fram'ework-type characteristics include the
arrangement of rings that form a cage, and when present, the dimension of
channels, and the spaces between the cages. See van Bekkum, et al., fppoduction
to Zeolite Science and Practice, Second Completely Revised and Expanded
Edition, Volume 137, pages 1-67, Elsevier Science, B.V., Amsterdam,
Netherlands (2001).
[0048] The small, medium and large pore molecular sieves have from a 4-

ring to a 12-ring or greater framework-type. In a preferred embodiment, the



conmpound i nclude zeolite as well as non-zeolite nol ecul ar sieves, and are
of the large, nediumor small pore type. Non-limting exanples of these
nol ecul arwoaBews32 are the small pore nol ecul ar sieves, AEPCTAR2ARC, ATN,
ATT, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR, EDI, ERI, GOO KFI, LEV, LOv,
LTA, MON, PAU, PH , RHO ROG THO, and substituted forns thereof; the

medi um pore nol ecul ar sieves, AFO AEL2Z EUO, HEU, FER MEL, MFI, MIW MIT,
TON, and substituted fornms thereof; and the |arge pore nol ecul ar sieves,
EMI, FAU, and substituted formnms thereof. O her nol ecul ar sieves include
ANA,  BEA, nofdculaCki®yeddI@Ne 8& 18; ot T2-, rinyBERpctvERor Mkt andl as@ragdgrosd i mi ti ng

exanpl es of. the_ preferred I i ) ticularly f ti
oxyggnat e é{?ﬁfrh‘ihﬁir?ﬂ?e égfa&n%@f&??%%1%??‘5%5‘@%@%%?@%@?‘5 ’s/,nvgrEAl, n%l—li,n
EDI, FAU, B no R udar dich of—f[l'e1in%80n,%éferam%licwﬁiﬁmiﬁ%sﬂiﬁﬂé and TON. In one

]
preferred enmbodi ment, the nolecul ar 'sieve of the invention has an AEl
t opol ogy omacdecGHAsiewgso hog 8- rings and emdverageipore tizrclessohan awatt Spr ef erably a

CHA t | . 0471 MNbl i i -dj ' |,
Four - conneotlireo i faer S T Tuf et bR Rt S AL O e, wher o
T is any ueth ah@ediond prefecd0f Bomad 8l teaoupn2AThese nol ecul ar sieves are

typically described in terns of the size of the ring that_ defines a pore,
where the $009]is bdsdesulsin sieres, Patispary atolitic gnd geolitig-typemplegglar ot her
f r amewor k- i S| i r @%n&,o ings that form
a cage, ang%&ﬁ}ﬁ@%{@@g%ﬁ@% lﬁjge&}lfr%gﬁgﬁgw&%%fogﬁﬁﬁﬁ%ﬁ‘s, ar?d(trt dergspaces

bet ween t heogagearinSEEOYaatrdelialionitsenosd prefetably, ovaot more [Sti®4]ZeoI ite Science

R 08 R RN I F TN R
The smal |, pBYidrnafdl datIaHeQ €1kl Sakifin, 3heyassphades bim a 4- ring to a
12-ring or ‘greater framework-type. In a preferred enbodi nent, the WO
03/ 020672 RCl¢duBD2leesla@ mat2l eonladwing silicen, elnayniapad ghosphorougpaspd- i ng
structures n?orleclu?arr gleegfesalga%e e AI&EA0S RAEGIL in numerous publications including

for example, U.S. Patent No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or

Co), U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159

624 (ELAPSO where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Tior Zn),

U.S. Patent No. 4,554,143 (FeAPO), U.S. Patents No. 4,822,478, 4,683,217,

4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSO,

EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg,

Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO,), EP-A-0 158 350 (SENAPSO),

U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No. 4,789,535 (LiAPO), U.S.

Patent No. 4,992,250 (GeAPSO), U.S. Patent No. 4,888,167 (GeAPO), U.S.

Patent No. 5,057,295 (BAPSO), U.S. Patent No. 4,738,837 (CrAPSO), U.S.

Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S. Patents Nos. 4,758,419,

4,882,038, 5,434,326 and 5,478,787 (MgAPSO0), U.S. Patent No. 4,554,143

(FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No. 4,913,888

(AsAPQ), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833 (MnAPSO0),

U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent No. 4,737,353

(BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 4,801,309,

4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651, 4,551,236 and

4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSO), U.S.



size in the range of fromabout 3 Ato 15 A In the nost preferred

enbodi nent, the nolecul ar sieves of the invention, preferably

si | i coal wpDmepbhwsphat e nol ecul ar si eves, have 8- rings amdTAS0ANAIAGE pore
size |l ess than about 5A, preferably in the range of from 3A to about 5A,
nore preferably from3A to about 4.5A, and nost preferably from3.5A to
about 4.2A [00491 Mol ecul ar sieves, dgrti cularly zeolitic and
zeolitic-type nolecular sieves, preferably have a nol ecul ar framework of
one, preferably two or nore corner- sharlngJTO4 tetrahedral units, nore
preferablyPataml\bMﬁ’ﬁ)i&Of[@md}]SD)ﬁPAAeQL]wﬁ?ﬁf/&Al{ sthereQrighedral units, and

a1 umi hum g ok b Ve a T A G GRE Y il Ase i e g *

silicon, almmmam 293 pHOABI0RGUS4, BFES BIY, 4fm’f78(ZQ|48952538ﬂV¢95$1W£ been
descri bed in detail in numerous publ i cations includ I@f? hfor exarrpl e, US
W

Patent No. 4495616502873 IBRPGHIE? €. 425,06 ang, 5. 8f9, 058 el ich§re hgreayd  pat ent
No. 4, 440, %Zli% n§@539}aée05%¥r%f;e‘g%ﬁ Patent ‘Application EP-A-0 159 624 (ELAPSO

where El is G, CGe, Fe, Li, My, Mn, Ti or Zn), US.
Pat ent No. g 4 14@tﬁd¥®ﬂ?@)11arlshe$es Haludati®sdldescAb&Pia BP/8 888 1 &8B,1217,
4,744,885 (FeA EP- A-0 158 975 apd U. No., 4 935 16 (ZnAPSO,
EP-A-0 161 (MOQ%BMW& lippmgiaoplsspozies. @2@&9@‘3&&@%@ . Fe, My,

Mh, Ti N SENAPSO
U's. Patent N5 P RRR BRI R Syl KPRy pAﬂ’}?%ga?% S

Pat ent No. Stri8digo 2805 ](lg%AlfS@ Eeblﬂ,wSy 22090t (inkggrated B@Q@@WGI}((@&APO) U S.

Patent No. 5, 057, P U.S. . Patent No. 837 (G APSO), U.S,
Pat ont s NoSHaA ;)5@83 ‘8% %?3?10 §%‘§155}6%E%%¢‘Rg%)7 é@@bfﬂ%‘e%{‘s&”}ﬂ&%) 4,758, 419,
4,882, 038, rﬁ)lé@ﬂar%%i/eﬁlaﬁﬁﬁ Sz?cﬁtak8i_]a£&&jgﬁ S%Olggué, SRas.eManNwstrdndb 54, 143
(FeAPO), U.S. Patent No. 4 894,213 Patent No. 4,913, 888

(ASAPO) . URSintmdd, ¥rve YRiks New, 6w ( b@él) whlglm @egﬁéleé@ﬁafu&lwwrﬂ%teé WHAPSO) ,
u. S. Pat ent_ %}\‘%ﬁ 5,345,011 and 6, 156,931 (MAPO, U.S. Patent No.
4,737, 353 % %O) U. S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos.
4,801, 309, 615 1§84, 6 T'he ate grefBfedd 52idoq, 'Iéhtkﬁﬁﬁ))n, anklllo‘.Bth@hersz NOS 4, 500, 651,
4,551, 236 and 4,605,492 (Ti APO, U S. Patents No. 824, 4,744,970
( CoAPSO) lgogtamlng molecular sieves, and aluminum, phosphorous, and optiona y s111con

containing molecular sieves include aluminophosphate (ALPO) molecular sieves

and silicoaluminophosphate (SAPO) molecular sieves and substituted, preferably

metal substituted, ALPO and SAPO molecular sieves. The most preferred

molecular sieves are SAPO molecular sieves, and metal substituted SAPO

molecular sieves. In an embodiment, the metal is an alkali metal of Group IA of

the Periodic Table of Elements, an alkaline earth metal of Group A of the

Periodic Table of Elements, a rare earth metal of Group IIIB, including the

Lanthanides: lanthanum, cerum, praseodymium, neodymium, samarium,

europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium

and lutetium; and scandium or yttrium of the Periodic Table of Elements, a

transition metal of Groups IVB, VB, VIB, VIIB, VIIIB, and IB of the Periodic

Table of Elements, or mixtures of any of these metal species. In one preferred

embodiment, the metal is selected from the group consisting of Co, Cr, Cu, Fe,

Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. In another preferred

embodiment, these metal atoms discussed above are inserted into the framework

of a molecular sieve through a tetrahedral unit, such as [MeO,], and carry a net



WO 03/ 020672 PCT/ USO02/ 26119 13 Patent No. 4,735,806 (GAPSO EP-A-0 293
937 (QAPSO, where Qis framework oxide unit [QX2]), as well as U S.

Pat ent s N9©.034266%, 029, 4, 686, 093, 4,781, 814, 4,793, 984, P¢TAGL2/3049
4,853,197, 4,917,876, 4,952,384, 4,956,164, 4,956,165, 4,973, 785,
5,241,093, 5,493, 066 and 5,675,050, aJ]| of which are herein fully
|ncorporat ed by reference. [0050] Clh%"i' nol ecul ar si eves include those
described in EP-O0 888 187 B 1 (mcroporous crystalline netall ophosphates,
SAPO4 (UO6)), US. Patent No. 6,004,898 (nolecular sieve and an al kal i ne
earth net athargddefending emtheAmMriccame@rﬁtheﬁectiabﬂubmtuelﬁgfsmxmk in | ed February

24, 2000 te ted h | yst 1/ 6434 bl hed
Septenber(‘lairp %{ﬁ%r%’gfgﬁ@g egélﬁ\ﬂ?f&tu H%ﬁ%%‘ﬁ‘i% CSFWWP“& +g % ? pgst:ai ©
Handbook of -Mkigcns: @Ear EV@E d:etMﬁéHrNQﬁﬁtrl@Bé’cweB?lZ‘élﬂ'-@ New York, New York

(1992), which are al erein ncor porated by reference. [00511 The
nmore pref e[()[)s]zi] SI I |I@cmle embgdmnntntéqmm@ﬁu Wh@?@ﬁ&@b@dnmmhpﬁéleml ecul ar
si eves, fAu hor o S n : ont ai ni ng
nol ecul ar n@ ncn(%ndO T 6‘%p a?Bg] 1%%&‘105 2{leromsaiﬁeves and

silicoal unalﬂggfwsblmi e (SAPO) rml ecul ar sieves and substl tuted, preferably
metal substituted, ALPO and SAPO no ggsi eves. The nost preferred
nol ecul ar si eves are SAPO nol ecuPRy ﬂ\@m 2 and netal substituted SAPO

ol ecul ar 5 8¥GSe e s ST RANGRE NmpiAie RChidkta B aRblkghle metal of G oup

| A of the El enent I ne” ear metal of Goup IIA
of the Pefepditnghgbitenas tife emeet of males afE peanble qﬁﬂngl )QGraodm | | | B,

i ncl udi ng t he i des h rium eodym um
sanari um haé&r\@bﬁ%ﬁ S)éaﬁr P’i’cr'%C ?rhtlyﬁ @Eu@ﬂ% ﬁfég%ra@%%%gbﬁq% %er bi um
thulium E}fta%ﬂ*%'ré‘[ﬁfbse%’f‘%e'rh@l@?ﬂaéﬁﬂn(ﬁm pﬁ@dlm é:bn?et?éhe)zﬁatl bkid®, @fhefer@ Peri odic
Tabl e of ements, a transition netal G oups | VB, VIB, VIIB, VIIIB,

and | B of khengekselagted frcman@owrogpéhemsm @E[Brﬂ\@,u‘f’]és\f@ VA, of these
netal Spectags %BC?L?I?L&IHd gftgggeﬁﬁdTP?&nggpﬁlemeﬁ‘% PRERb1) §1 §€ ected fromthe

group consi
selected from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni,

Sn, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y
and z are greater than or equal to 0.01.

[0053] In another embodiment, mis greater than 0.1 to about 1, x 1s greater
than 0 to about 0.25, y is in the range of from 0.4 to 0.5, and z is in the range of
from 0.25 to 0.5, more preferably m is from 0.15t0 0.7, x is from 0.01t0 0.2, y is
from 0.4 t0 0.5, and z is from 0.3 to 0.5.

[0054] Non-limiting examples of SAPO and ALPO molecular sieves used in
the invention include one or a combination of SAPO-5, SAPO-8, SAPO-11,
SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35,
SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No.
6,162,415), SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31,
ALPO-34, ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves
thereof. The more preferred zeolite-type molecular sieves include one or a
combination of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18
and ALPO-34, even more preferably one or a combination of SAPO-18, SAPO-
34, ALPO-34 and ALPO-18, and metal containing molecular sieves thereof, and



Ga, G, My, Mh, Ni, Sn, Ti, Zn and Zr, and m xtures thereof. |n another
preferred enbodinent, these netal atons di scussed above are inserted into
t he frameworok/02@2 a nol ecul ar si eve through a tetrahedral Pearusp2/ga1¢h as

[ Me02], and carry a net WO 03/020672 PCT/ US02/ 26119 14 charge dependi ng on
t he val ence state of the nmetal substituent. For exanple, in one

enbodi nent, when the netal substituent’has a valence state of +2, +3, +4,
+5, or +6, the net charge of the tetrahedral unit is between -2 and +2.

[ 00521 In one enbodi nent, the nolecul ar sieve, as described in many of the
U. S. Pat entost prefetabbnent albopebinagionef SaPOnicahdof PO Seapd mehl fornul a, on
an anhydrous .basi s:1 . EﬁWA{[ﬁ{?PZ 2 wherein R represents at | east one

t enpl at i ng CAYEATS PHEFHIHAVSS R gani ¢ tenplating agent: in is the number
of ol es of[(bdgtsger R 8 @hboldiiédt, thE ARy RInSietdlis aﬂ@ﬁte%ré{@ﬂﬁﬁatfsﬁﬂm 0to 1,

preferably-0"to 0.5, and nost preferably fromO to 0.3; x, 'y, and z
represent hméngipreofmeretdivincophaags offeresiadling shigictuses abud pae mokicalss, where M

5 2 LT 0y Rl B 1

VIIB, VIIFE &R

Mis sel ett @dafenoAppicatioh Sttisl X @924 N6 ifidddi Aggusf 7,Q001 @hd PCT,WBe, Ga, Ge,
My, Mh, N, Sn, Ti, Zn and Zr. In an enbodinent, in is greater than or
equal to 098/1543upublisRed April 15, 499, fpibanf sthighse hereindylin (nopepasated by [ 0053] 1 n
anot her e i.yent. 10l : @QQHI;- i eater than O
t o about gJP %g{eﬂéis. ilga?ﬁh%%ﬁog%g{tb%g?@ é%nu%?gllg\t]o 0. SITS%Séﬁe(eé&iogéi n the range
of from Oi2&gtovrplase oDAEI prde€HAdyewark-itgpeb.r Bor €atdple, SAPOF]18,xi s from 0. 01

Non-i i 11 ATPE A ER Ont Tty afAPafmewifdibe ant SRESE DRGHCIR (e
invention glgkwd&k-©Qpe or a conbi nation of SAPO- 5, SAPO-8, SAPO 11,

SAPO- 16, SAPO- 17, PO 18, SAPO 20, SAPO 31, SAPO- 34, SAPO-35, SAPO- 36,
SAPO- 37, S 0, Saroesmbodimmtahe mgpdanyeyayvsed Pahepvenidnn arg, 162, 415) ,

SAPC- 47, S'g‘gr%iggd w’ft‘h B% %f m'g‘ ep%lér%holé&ﬁg s%e%és.%%%o%%r embodiment, the
preferred silicoaluminophosphate or aluminophosphate molecular sieves, or a
combination thereof, are combined with one more of the following non-limiting
examples of molecular sieves described in the following: Beta (U.S. Patent No.
3,308,069), ZSM-5 (U.S. Patent Nos. 3,702,886, 4,797,267 and 5,783,321), ZSM-
11 (U.S. Patent No. 3,709,979), ZSM-12 (U.S. Patent No. 3,832,449), ZSM-12
and ZSM-38 (U.S. Patent No. 3,948,758), ZSM-22 (U.S. Patent No. 5,336,478),
ZSM-23 (U.S. Patent No. 4,076,842), ZSM-34 (U.S. Patent No. 4,086,186), ZSM-
35 (U.S. Patent No. 4,016,245, ZSM-48 (U.S. Patent No. 4,397,827), ZSM-58
(U.S. Patent No. 4,698,217), MCM-1 (U.S. Patent No. 4,639,358), MCM-2 (U.S.
Patent No. 4,673,559), MCM-3 (U.S. Patent No. 4,632,811), MCM-4 (U.S. Patent
No. 4,664,897), MCM-5 (U.S. Patent No. 4,639,357), MCM-9 (U.S. Patent No.
4,880,611), MCM-10 (U.S. Patent No. 4,623,527), MCM-14 (U.S. Patent No.
4.,619,818), MCM-22 (U.S. Patent No. 4,954,325), MCM-41 (U.S. Patent No.
5,098,684), M-41S (U.S. Patent No. 5,102,643), MCM-48 (U.S. Patent No.
5,198,203), MCM-49 (U.S. Patent No. 5,236,575), MCM-56 (U.S. Patent No.
5,362,697), ALPO-11 (U.S. Patent No. 4,310,440), titanium aluminosilicates
(TASO), TASO-45 (EP-A- 0 229,- 295), boron silicates (U.S. Patent No.
4,254,297), titanium aluminophosphates (TAPO) (U.S. Patent No. 4,500,651),



ALPO 34, ALPO 36, ALPO 37, ALPO 46, and netal containing nol ecul ar sieves
thereof. The nore preferred zeolite-type nol ecul ar sieves include one or a
conbi nat i WO 08/026AP0O- 18, SAPO- 34, SAPO- 35, SAPO 44, SAPO S5@CTAISPIRGI39 and
ALPO 34, even nore preferably one or a conbination of SAPO 18, SAPO 34,
ALPO 34 and ALPO 18, and netal containing nol ecul ar sieves thereof, and WO
03/ 020672 PCT/ US02/ 26119 15 nost pre]f%rabl y one or a conbination of

SAPC 34 and ALPO 18, and netal containing nolecular sieves thereof. [0055]
In an enbodi nent, the nolecular sieve is an intergrowh material having
two or normixtiss DAZSMphaskaSMF1 IcfU) S tRatdit Ne. 4229d24) BERWI& Qi.B. one nol ecul ar

descri bod T RD. 5076 Aoh SARD- R Ao Ll SRR oG8 S 86 1 11 e
August 7, REPlyeng/$Ghs YedlisAed bedshapuB! 1988 hofRhlat sid ankiF8dbheROt h of whi ch

are here| n fully incorporated by reference. In another enbodiment, the
nol ecul ar Biopsyah gddrSpPatQI@chaﬁ 308436 (WH&-bond zaoljteslAndh MEEEPOSIUSAEI and CHA

frarrevvork-té&g&a%§§5§2§gr§ﬁteﬂas 29615&%9?7%&%83485%96 8 have an AEl

f r amewor k- AMeWor k-t ype 56] In one

embodi nent s 1691225PiaE ey aliSlietdie Sullisi@eorpratdiehyi refegonté.on are combined with
one or nore other mol ecul ar sieves. In another epbodi ment, . the preferred

si | i coal unjonsphos phblicenolecudarsigvied pisgagstear dotmiated ing ca3lEyely or a
nmbi nat
conbi na '%Mﬁ{ gqﬂ? @E@Fﬁm%da%&%s%ﬂl @Pﬁlae&%d}gtls rﬁagﬁé H%{a{aé wing: Beta

non-limting ar sieves descr :
(U.S. Pat e(ntfohba1n(ﬂec?nﬂ}ﬁ‘,sfé69):a,ta]ZSMoﬁlp©hltiSn oPafemulaigsmoBeTIBRsi886, 4, 797, 267
and 5, 783, 32 ;, ZSM S Pagaé‘a N% 3,709, 97 ZSM 12 ((U. S. Patent
No. 3,832, igyst cz%wpﬂiﬂﬁon dﬁleo culpiies caplyst OBAFHAGF  Zsm 22 (U,

S. Patent f%'?me@m%d”ﬁseﬁ?l%hzg)e a%@Mz%é pﬁdﬂcﬁs b?%%%u&ﬁhl teq:hﬁl BePstidh as ZSM 34 (U. S.
Patent No. 4,086, 186 U. S. Pateént ) 45, ZSM 48 (U. S

Pat ent No. sMaxe@rw;@FéueumM@&usm@dthatﬂemt No 4 698 217), MCM1 (U.S.

EZE gm m [OgSggg gl ere Wagy E:ig:feéjcntlygf}itéaﬁ%ntthat are usefuq71§forg1?dgt 3 (Us.

molecular sieve catalyst composition. Non-limiting examples of binders that are
useful alone or in combination include various types of hydrated alumina, silicas,
and/or other inorganic oxide sol. One preferred alumina containing sol is
aluminum chlorhydrol. The inorganic oxide sol acts like glue binding the
synthesized molecular sieves and other fnaterials such as the matrix together,
particularly afier thermal treatment. Upon heating, the inorganic oxide sol,
preferably having a low viscosity, is converted into an inorganic oxide matrix
component. For example, an alumina sol will convert to an aluminum oxide
matrix following heat treatment.

[0059] Aluminum chlorhydrol, a hydroxylated aluminum based sol
containing a chloride counter ion, has the general formula of

Al O (OH) Cl ‘X(HZO) whereinm is 1 to 20, nis 1 to 8, 0is 5to 40, pis 2 to 15,
and x is 0 to 30. In one embodiment, the binder is Al ,0,(0H),,Cl_+12(H,0) as is
described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal ., 76, pages 105-

144 (1993), which is herein incorporated by reference. In another embodiment,

one or more binders are combined with one or more other non-limiting examples

of alumina materials such as aluminum oxyhydroxide, y-alumina, boehmite,

diaspore, and transitional aluminas such as o-alumina, f-alumina, y-alumina, 8-



No. 4,664,897), MCM5 (U.S. Patent No. 4,639,357), MCM9 (U.S. Patent No.
4,880,611), MCM 10 (U.S. Patent No. 4,623,527), MCM14 (U. S. Patent No.
4,619, 818yp oMiMe22 (U.S. Patent No. 4, 954,325), MM 41 (UPBI/Rat/ant9 No.
5,098, 684), M41S (U.S. Patent No. 5,102,643), MCM 48 (U.S. Patent No.
5,198,203), MOM49 (U S. Patent No. 5,236,575), MOM 56 (U.S. Patent No.
5,362, 697), ALPO-11 (U.S. Patent No. 4,310, 440), titanium al um nosilicates
(TASO, TASO 45 (EP-A- 0 229,- 295), boron silicates (U S. Patent No.
4,254,297), titanium al um nophosphates (TAPO (U. S. Patent No. 4,500, 651),

VIO 03/ 020612 G T4 H§9§ﬂa’-@<1é18mnﬂa6arm aialum @mniﬁhﬁlﬁn 0d&sidh {U. S.  Pat ent
No. 4,229,424) SAPO- 34 bound ALPO-5

(U.S. Pat &bbsme bage@bt?zn%g@}andltﬁétﬂaﬁg"@ﬁ%f? esptﬁﬁfﬁ%%hed Decenber 23, 1988

(mol ecul ar ve ang Ee)eﬁemﬁb dThORSEEdindbls Bre Raiednt Bod 5
( MFI - bound O%@I ites) . and rresoopor ous ]!rrrlo gcuel afa Si es\(/)ggpr(eums&grlgg}tgent Nos.

6, 284, 696 coﬁ;p@@mg@mnnﬁmmdmsuwﬂy nsslqcb% me) siligg cln yak @01 herein fully

For mul at ecEE FRKEryC Db AR A PRSP IRAR DT oy e

with a bingder a@ﬁml@dsb@eﬁﬂﬁerwxham@mmfembq dnoarcid fhanmieemut amtsn eve catal yst
conposition or a fornul ated nol ecul ar sjeve catFI yst - conposi t.ion. This

f or mul at echaingleactol HPPasE &JBOTHPRINGEY 108 SpAyHRRS: | RPP-HEIEFARES At 0 usef ul
shape and size cﬁﬁgtakfgl e %}ﬂoﬁ(ﬂ'ﬂ%ﬂﬁﬁﬁﬂé)ﬂ[&gs m&l‘é&gl aH:H%%7§ Bed1aBR froxpr ay drying,

pel | etizing, extrusion re are many different
bi nder s t hailcaChem&at Gb. Nup'émlm Higndis)@nd Mylaeﬂlalvalﬂabéﬂ Bom ThetPh) yst

conposition. Non-Ilim ex of binders that are wuseful alone or in
conbi nat i o‘ﬁorpﬁ@F‘GHeV%liﬁryr?Fg&H%e ?"E‘ésglsvﬁ?mhydr ated alunmina, silicas, and/or

ot her i nogh%ﬂg'{ﬂc OXifR BOleculiEe Rl RlaGrERHe@bMbd dithet i niiind weh is aluminum
chl or hydr he inorganic oxi de’ sot acts |ike glue bi ndi ng the

synt hﬁSl z echenwinewa ntris metesipl(sh Matinaraterialseare sypicadly chegiévariie matri x
Conether B S R S Rl BT,
an i nor ganing c9iydecdmbdsition for example during regeneration, densifying the catalyst
composition, increasing catalyst strength such as crush strength and attrition
resistance, and to control the rate of conversion in a particular process.
[0062] Non-limiting examples of matrix materials include one or more of:
rare earth metals, metal oxides including titania, zirconia, magnesia, thoria,
beryllia, quartz, silica or sols, and mixtures thereof, for example silica-magnesia,
silica-zirconia, silica-titania, silica-alumina and silica-alumina-thoria. Inan
embodiment, matrix materials are natural clays such as those from the families of
montmorillonite and kaolin. These natural clays include sabbentonites and those
kaolins known as, for example, Dixie, McNamee, Georgia and Florida clays. Non-
limiting examples of other matrix materials include: haloysite, kaolinite, dickite,
nacrite, or anauxite. In one embodiment, the matrix material, preferably any of
the clays, are subjected to well known modification processes such as calcination
and/or acid treatment and/or chemical treatment.
[0063] In one preferred embodiment, the matrix material is a clay or a clay-
type composition, preferably the clay or clay-type composition having a low iron
or titania content, and most preferably the matrix material is kaolin. Kaolin has

been found to form a pumpable, high solid content slurry, it has a low fresh



conponent. For exanple, an alum na sol will convert to an al um num oxi de
matrix follow ng heat treatnent. [00591 Al um num chl orhydrol, a

hydr oxyl awed3atesm num based sol containing a chloride coraTdarsor/ad]9 has't he
general formula of AhlOLl (OH) 0C px(H20) wherein inis 1to 20, nis | to
8, ois 5to 40, pis 2to 15 and x is 0 to 30. In one enbodi nent, the

bi nder is A11304(OH)24C17.12(H20 as 1% described in GM W)Iterrran et
al., Stud. Surf. Sci. and Catal., 76, pages 105- 144 (1993), which is
herein incorporated by reference. In another enbodi nent, one or nore

bi nder s ar surteahiencthdvit pavke tesetiter pasilg do¢ toeits plaalel stricturag Aegptefepbés  of

alum na materials ch as_al um num oxyhydr oxi oehm te,

di aspor e, YFdaJeerP&Hé‘iT? %laﬁaft%amﬁ%%tegégﬁmé@f gﬁﬁrbwar?a\m gr}%nﬂ%

i-alurrina, /0 72 PCT/ [2611

i <-al uni na a‘fji]iﬂt uﬁﬁfgr{ﬁnwé ﬁ?&?%ﬁ%ﬂl %f gjgsfa &wl%%@lﬁgtﬁh%%%bm te,
bayerite, momgst randl te, doyelite, and m xtures thereof. [0060] I n anot her

enbodi ment, the bi nﬂlga]rﬁlgﬂ]%g,gﬁnﬁ%‘?%,nﬁtSO"lge?}%ht%t?d%Qg‘F{ﬁ&y o thO IR SI ng

al um num oX94¥d] opt I con ano

enbodi ment matdiRl Wede e faﬁ@atmpiﬂﬂzaﬁolawmsrwemsaaeysbyomp@aﬁamgfmtmm' na
hydrates such as pseudobohemte n acid referEny an acid that

does not c@rilttal1n15alf>fe|ﬁ%1i‘2)ll§]én15 tod: %r‘@dé?@%‘é@l&ldt@ gl ifPRURon sol uti ons.
Non-1imiti ngefg)(@%l()et% 10§ t %t}ﬁ ! e‘%eg&{tbﬂ’c' Qdler Blattd na sol s
P a{)I e

i ncl ude Na aval em cal Napervill e,
| I'linois, aottedlymcehsenvi ﬂrlakelcelaf sieva éﬁhéysP@JmmnqmrmfommanWaI | ey Forge,

P | [0061] The nol mbodi ment, |
Conbi netl whPWEN Blasr ST SHAR T Ghor PR ARy PO A Bl & Bre

typically ?ésﬁs%fcbgﬁhle% gggﬂghng overal | catalyst cost, act as thernal
sinks assisting in shielding heat from the catal yst corrp05|t|on for

T et o
resi st ancg CORRYPIHY I ot O PH O?th]t/a%o? g%vé’r S| o %ﬁl%gg’ %[{llaié% ar process.
[0062] Non-sbj i elbbﬁ'@o%,ailﬁﬂ st plefer@ily fusmadber 103h & oot &«m onweight nore of .
of the molecular sieve based on the total weight of the molecular sieve catalyst
composition.
[0066] In another embodiment, the weight percent of binder in or on the
spray dried molecular sieve catalyst composition based on the total weight of the
binder, molecular sieve, and matrix material is from about 2% by weight to about
30% by weight, preferably from about 5% by weight to about 20% by weight, and
more preferably from about 7% by weight to about 15% by weight.
[0067] Once the molecular sieve catalyst composition is formed in a
substantially dry or dried state, to further harden and/or activate the formed
catalyst composition, a heat treatment such as calcination, at an elevated
temperature is usually performed. A conventional calcination environment is air
that typically includes a small amount of water vapor. Typical calcination
temperatures are in the range from about 400°C to about 1,000°C, preferably from
about 500°C to about 800°C, and most preferably from about 550°C to about
700°C, preferably in a calcination environment such as air, nitrogen, helium, flue

gas (combustion product lean in oxygen), or any combination thereof.



rare earth nmetals, netal oxides including titania, zirconia, nagnesia,
thoria, beryllia, quartz, silica or sols, and m xtures. thereof, for

exanpl e swbhios@meaynesi a, silica-zirconia, silica-titani aPCIiusorasiad un na
and silica-alumna-thoria. In an enbodinent, matrix materials are natural
clays such as those fromthe famlies of nontnorillonite and kaolin. These
natural clays include sabbentonites al¥d those kaolins known as, for

exanpl e, Dixie, MNanmee, Georgia and Florida clays. Non- limting exanples
of other matrix materials include: haloysite, kaolinite, dickite, nacrite,
or anauxi t@oesp oneTIwmmdeBMthn\tektmgmfeedstoakab@emalﬂyaﬁwéﬁeiﬂebl y any of the

clays, are sub ected to wel f}?g gﬁdl fi catlg%ngﬁﬁ Il(‘glsses htas

cal ci nati oty $8Pe%’inarethé1§? S5t nARGPISEEIERE SRR YRt YT0063] In one
preferred gboditBNrhd BeniBh ik ¥artild 81 ﬁlam&t@n@k@yss% aGedhdy- type
conposition, preferably the cl ay or clay-type conposition having a |low iron

or titani avbontkeprocesne afieed bed prasesthHp U!dﬁ@drb@ﬂm@@emféﬂlicm aj s kaol i n.

nas. & 1 ow PTOHICAE D37 6obe 79 R DLBBRTS fuMid) AR dal BEambE 'Y potis

t oget her egsfdrablgleotttubhshiph atlotiet ﬂmtlrzudibud procé‘sspr ef er red aver age
particle size of the matrix nmateri al %ED preferably kaol i is from about
0.1 mto al9oG9] 0. 6 PHaARIGHOR PISSESSERFAT %PléFez’é‘ ao*iaglﬁfrmi&@qa of | ess than

h f bi nd
e mat 11 o mat oy T Al DR Ml P AR R e o B b ok et yst

ormation of the no ar sieve catal yst
conposi t i cand/s fhet dimidigzdbet oeattidbzonss ebmlabtogeﬂleﬂﬁlrmtmg&lummcequr ef erably

1:10 to 1:4, and.nost ref(e{?&&k% %gﬂjh | t. has been found that a
hi gher si e‘i?@Cteﬁnfl%eﬁtreacT x> ?8‘?{‘["6“51‘??@ EALREYPR Rol ecul ar si eve
catal yst cQIPOSddih @6 RembRIUTBNEAent NYPWRYB!706] O\WePatetaNE 6c8Tisent , hi gher

matrix nmaterial, inproves the attrition resistance of the conposition.
[00651 | n (@hakisr), athsididienty Ewgmeézmgxﬁﬂ Hual aﬁépeéevealﬁplel B@Eelé  al yst
conpositi con frem abou E8 y from about
5%to about''&¥% " éﬁ%ﬂ Q?m%ane’fe &b yr'%flr% Qﬁ%iﬁ %1 ?regjo% by wei ght

fully incorporated by reference.

[0070] The preferred reactor type are riser reactors generally described in
Riser Reactor> Fluidization and Fluid-Particle Systems, Pages 48 to 59, F.A. Zenz
and D.F. Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application
Serial No. 09/564,613 filed May 4, 2000 (multiple riser reactor), which are all
herein fully incorporated by reference.

[0071] In the preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor system, a regeneration system and a
recovery system. The reactor system preferably is a fluid bed reactor system
having a first reaction zone within one or more riser reactor(s) and a second
reaction zone within at least one disengaging vessel, preferably comprising one or
more cyclones. Inone embodiment, the one or more riser reactor(s) and
disengaging vessel is contained within a single reactor vessel. Fresh feedstock,
preferably containing one or more oxygenates, optionally with one or more
diluent(s), is fed to the one or more riser reactor(s) in which a zeolite or zeolite-
type molecular sieve catalyst composition or coked version thereof is introduced.

In one embodiment, the molecular sieve catalyst composition or coked version



of the nol ecul ar sieve based on the total weight of the nol ecul ar sieve
catal yst conposition. [00661 I n another enbodi nent, the wei ght percent of
bi nder i rworo3omerhe spray dried nol ecul ar sieve catal yst pconpsoz2diion based
on the total weight of the binder, nolecular sieve, and matrix material is
from about 2% by wei ght to about 30% by weight, preferably from about 5%
by wei ght to about 20% by wei ght, and0 nore preferably from about 7% by

wei ght to about 15% by wei ght. [00671 Once the nol ecul ar sieve catal yst
conposition is formed in a substantially dry or dried state, to further
har den andharofis tontatted with af lauirbal gas,atr abybinatiompwsdof,i pyivr tabdeat t r eat ment

such as cal ci patiion, at an el evate e rature i s usuall rformed. A
convent i on¥ m@%ﬁé%ﬁ]@irﬁﬁr r&ﬁq?riénlﬁﬁfgfabiiys{ﬂg%ﬂmdtlﬁg‘fal(etrﬁbfn(‘?ﬁﬂa %}’? cl udes a
smal | anoypt oggis\é@thgerﬁ%@@@gghaswm%a! calcination tenperatures are in the
range from aBout 400C To about 1,000C - preferably.from about 500C to about

800C, and most] pr efleralsmpodinsai, disoumomsoliresh fagsisiack fabpoaraistedier ably in a

cal ci nati an. envi..onpent ~such LI i el gas
(conbust i dﬂ“@?’o L}H VﬁpeoégeelﬁgltoSlgi/()gdg%\e)a?toglﬁsgeglg%28%% llr?g i ofnécirﬁg'rleof . WD
03/ 020672 R&Ihiyshh2elddut 9wkiRBGRiceht) @referablysrorh about dnvegltpageat f eedst ock,

especially a feedstock containing_o qQr re oxygenates, in the presence
of a nol ed@IahPUts7i5éV@gEtdleﬁqe§‘§€n0f%B‘i‘?f%§ﬁY ﬁBﬂlr%PuY h&7efshy BFEFIH I 'ﬂioélt carried out

in a feactésﬁqaiggfgeggé%g%egoh?ﬁ%&zwei WOEF Be FRBsBELHRRRIdgSn dih&ad bed

process, a rocess (includes a turbulent "bed process),
pr ef er abl ycoataioaat thevamu STHel ligudi and dapedegsttobs sre paefdrahiyshe sameef er ably a

continuous high velocity.fluidized bed prqcess. 9 e .reaction
processes ‘i?éTPPOtSEH?@"brlcé’@\élrfﬁa%mg&mp&tﬁ?%f’f tSQWtOBgﬁiGef%gE?eg?tga%uch as hybrid
reactors tpat iRavugedrdensetiade®r fixed bed reaction zones and/or fast
fluidized bed reaction zones coupl ed together, circulating fluidized bed

; regc'él gr ir i pé)'gzg_r r]r feélfhe(fc@i,st@h@ﬁteﬁ% t;ie{(@&.rﬁcswﬁt@?l iéP@fﬁ;iﬂ/‘dMWméPd,r teact OrNo types
6. 287 522 PRI Ot lsrs T b gh Fon SRt diied e gteB ik T Sna o
Levenspi el disdRabgiht vEssel along with a coked molecular sieve catalyst composition. In

the preferred embodiment, cyclone(s) within the disengaging vessel are designed

to separate the molecular sieve catalyst composition, preferably a coked molecular

sieve catalyst composition, from the gaseoﬁs effluent contaihing one Or more

olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity

effects within the disengaging vessel will also separate the catalyst compositions

from the gaseous effluent. Other methods for separating the catalyst compositions

from the gaseous effluent include the use of plates, caps, elbows, and the like.

[0074] In one embodiment of the disengaging system, the disengaging

system includes a disengaging vessel, typically a lower portion of the disengaging

vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst

composition is contacted with a gas, preferably one or a combination of steam,

methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as

argon, preferably steam, to recover adsorbed hydrocarbons from the coked

molecular sieve catalyst composition that is then introduced to the regeneration

system. In another embodiment, the stripping zone is in a separate vessel from the

disengaging vessel and the gas is passed at a gas hourly superficial velocity

(GHSV) of from 1 hr! to about 20,000 hr-! based on the volume of gas to volume



Kri eger Publishing Conpany, New York, New York 1977, which are all herein
fully incorporated by reference. [00701 The preferred reactor type are

ri ser reawoms®aeneral ly described in Riser Reactor, Fl uipdirasoz/esiand.
Fluid Particle Systens, pages 48 to 59, F.A. Zenz and D.F. O hno, Reinhold
Publ i shing Corporation, New York, 1960, and U. S. Patent No. 6, 166, 282
(fast-fluidized bed reactor), and U. 1 pat ent Application Serial No.

09/ 564,613 filed May 4, 2000 (nultiple riser reactor), which are all

herein fully incorporated by reference. [00711 In the preferred enbodi nent,
a fl ui di zedf doked poecels sieve rtgllistwenpositign, pfdferabliyz¢dn bledatpd ocess i ncl udes a

reactor system  a regeneration s and recover St em..The reactor
syst em pr efeBIPERIYe ﬁé’g‘aiﬁ)l gitﬁ aﬁ%%%éﬁ]t%%%%@%tﬁé’m g‘??é\#’ﬁg é%of(ﬁos > reaction
zone Wi t hi gyQRR @kedBloechiaf Slevé 8ASAOMboAich.8 second reaction zone within
at | east one dis en%agi ng vessel, preferably conprising one or nore

cycl ones. [oa7spe e oreersionterapespierempiened ip fhecqony 8 OLHSYS, and

di sengagi ng vessel i.s. i .t hi i | . Fresh
Feodst ock. bRty wifi BELALER Sl 1L BB RROLERb AL ALIUPERE, L T Py i th
one or nor goudi DOGIT, psdferabls ffean abaut Lhe° Cwebout S00PE, hmosprefembBbt or (s) in
which a zeoglite or_ zeqlite- tg@g mol ecul ar  si ev cz%aﬁ?gl%/st c,ﬁorrposi tion or
coked ver sfem 0pE2087C e abawt /3l eert morsPigiserbhnBemiabent S04 Héo nol ecul ar

si eve cat aalyo%t6§@@Dgaivatv%ﬁﬂl§9ﬂ>§gegf§ﬁyyreﬁlsgbemé@o@?eé9&9@%@0 4S02/ 26119 20

t hereof is contacte or gas, or conbination thereof, prior to
bei ng i nt petiuddylfrom dboet 3505€rto rbant5601G%), preferably the liquid is water

or met hanol, and ”':)ﬂemc%as iS an inert %asdsut%h as ni.trogen. [00721 In an
ebodi ment (007 anoARRCOBFeFPBIRCFUE SUPBR] FLe SEBEFPRPPE joi ntly with a
vapor feedglefkali} RitRint8&FdaBlor SYSIEM hét drificdlNThE BBRAbn Pfe@s‘ﬁ‘r@isl wei ght
percent to about 85 wei ght percent, preferably from about 1 wei ght percent

to about 7BasegpyHte naetiad eressuraof thegeadbock prgfusiveorh aapdlifues theseight percent to
oD 0 L ML R P e AR, ol AR LEEASAOCK,, oy
are preferghuyollk®asaabout 5 MPaa, preferably from about 5 kPaa to about 1 MPaa ,

and most preferably from about 20 kPaa to about 500 kPaa.

[0077] The weight hourly space velocity (WHSV), particularly in a process

for converting a feedstock containing one or more oxygenates in the presence of a

molecular sieve catalyst composition within a reaction zone, is defined as the total

weight of the feedstock excluding any diluents to the reaction zone per hour per

weight of molecular sieve in the molecular sieve catalyst composition in the

reaction zone. The WHSV is maintained at a level sufficient to keep the catalyst

composition in a fluidized state within a reactor.

[0078] Typically, the WHSYV ranges from about 1 hr ! to about 5000 hr -1,

preferably from about 2 hr-! to about 3000 hr-!, more preferably from about 5 hr-!

to about 1500 hr1, and most preferably from about 10 hr! to about 1000 hr-!. In

one preferred embodiment, the WHSYV is greater than 20 hr-!, preferably the

WHSYV for conversion of a feedstock containing methanol and dimethyl ether is in

the range of from about 20 hr-1 to about 300 hr-1.

[0079] The superficial gas velocity (SGV) of the feedstock including diluent

and reaction products within the reactor system is preferably sufficient to fluidize

the molecular sieve catalyst composition within a reaction zone in the reactor.



conposition, or contain varying proportions of the same or different
feedstock wth the sanme or different diluent. [00731 The feedstock

ent eri ng wbasfemet or systemis preferably converted, par®calusg2/esidully,
inthe first reactor zone into a gaseous effluent that enters the

di sengagi ng vessel along with a coked_pol ecul ar sieve catal yst conposition.
In the preferred enbodi nent, cycl one%%) within the di sengagi ng vessel are
designed to separate the nol ecul ar sieve catal yst conposition, preferably
a coked nol ecul ar sieve catal yst conposition, fromthe gaseous effluent
cont ai ni ngTba&8GdF inrtbe procesk gfarnquddrlynivithinthe feactds sysisgagiong patiadarlCycl ones are

preferred, howeyer. grayi . effe within the .di sengaqi vessel w |

al so separ%’tt?tg‘mt%gnéggg Cg%ftsgﬁ 1%%18%57%:0?1018?@ ?errgﬁ?()tnﬁ mésggrbgg%g&e I?II uent. O her
met hods f opreaepaiaatol Nal/seh endratpad s blycoemashin Phgkec foveinidie gaseous ef fl uent
i nclude the use of plates, caps, elbows, and the |ike. [00741 In one

enbodi ment PesferallE serates Hyadi RGeS et BYPD IRITE P_&?ﬁ@é‘?ﬂ@@@qa’?ﬁjﬂ}%m@ﬁﬁi ncludes a
di sengagi ng, ¥ 8895 retcta bRl ilsboingn 4 AL R K aBliciN8 whpnoaging vessel s
nt S e Co u

a stripping zone. ripping zone nol ecular sieve catal yst
conposi t i oAppKEcationtSacitlado Wt 108759 dded Noednglrenl8| 3000nwhioh ishaembi nat i on of
steam nethane, caybon di oxi de, carbon nonoxi de, hydrogen, or an inert gas
such as a%%@ﬁ%or%?(géﬁé?egﬁéﬁ?esteam to recover adsorbed hydrocarbons fromthe

coked ol E@%‘OEV ST Ve GABHIEEmERIIRER JHtRNprbBAL fdrTohit&find A r oduced to the

regenerati ystem In another enbodinment, the stripping zone is in a
separ at e vesgehatertoniefih@) udis endiagiinginopbesphatamebledudar gmye icatalyassed at a gas

hourly superficial velocity. (GH of r' bout 20, 000 hr-1
based’ on- ¢ R (5gusY b SRS WSS 209 2heeT 888 26100 21 of
coked nol eguindérafiir@¥ErEAsANYIhalGOAIRRShdne FRlechViBf (?T@MEL@erMh% evat ed
tenperature from 250C to about 750C,q/£referabl y from about 350C to 650C,

over the cBKad, mofeadll lats theroreqat tal Qs Sesdpoempld).Sf Bgeg|Narhe conver si on
e I
pref erabl y[dgsgm abolitandthefehibodibent of8REfiocemésfopédivertiablay oxygenate

such as methanol to one or more olefin(s) using a molecular sieve catalyst

composition, the WHSV is from 0.01 hr! to about 100 hr-1, at a temperature of

from about 350°C to 550°C, and silica to Me,0, (Me is a Group IIIA or VIII

element from the Periodic Table of Elements) molar ratio of from 300 to 2500.

See for example EP-0 642 485 B1, which is herein fully incorporated by

reference.

[0082] Other processes for converting an oxygenate such as methanol to one

or more olefin(s) using a molecular sieve catalyst composition are described in

PCT WO 01/23500 published April 5, 2001 (propane reduction at an average

catalyst feedstock exposure of at least 1.0); which is herein incorporated by

reference.

[0083] 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 methariol is from 92 wt % to 98 wt %, preferably

from 94 wt % to 98 wt %.

[0084] According to another embodiment, the conversion of methanol is

above 98 wt % to less than 100 wt %. According to another embodiment, the



from about 250C to about 750 C, yet nore preferably from about 300C to
about 650C, yet even nore preferably from about 350C to about 600C nbst

pr ef er ablwofosoméeabout 350C to about 550C. [0076] The conveCIiusn2/priessure
enpl oyed in the conversion process, specifically within the reactor
system is not critical. The conversion pressure is based on the partial
pressure of the feedstock exclusive o#3 any diluent therein. Typically the
conversion pressure enployed in the process is in the range of from about
0.1 kPaa to about 5 MPaa, preferably fromabout 5 kPaa to about 1 MPaa |,
and nost peafversabl of rhethancd ro fomZB. kRaso todeﬂbhml(l’.m@t Y%Parafer{t0P#3in The wei ght

hourly spa veI VH rti cuI in.a cess for.converting a
f eedst ock § At h?‘hggég’@ /Sﬂﬂffﬁﬁ%a %’éb‘?dﬁm?ﬁet CRREHIP S a  nol ecul ar
si eve cat alpglanGOTRGS] 88 9t Wh fohed tﬁar{@a@w%pzaa@bl Iffordleé bRAJsas the total
wei ght of the feedstock excluding any diluents to the reacti on zone per

hour per %lwgﬂ(ﬁ of nol ecular sieve in the nol ecul ar sieve catal yst

conposi tion in the eactio SV is I evel
suffi ci ent [0c0§51<eep Theooseats @ Oqeeﬂno%% sg\??%hs %Sﬁlggt ﬁa?aﬁsgrggo ‘%e within a
reactor. By-prodate ANilivh oﬁthl@ wWAHSDati angasovied bmncabling thd ofefin sfkedrd about 5000

hr -1, preferag fromabout 2 hr-1 to about 3000 hr-1, nore preferably
f r om about fremihe QXY&e@af&HWOTi‘S@tﬁﬁmefaiureé’ﬁ@%tco’fﬁe@Faé}O&B?fypﬁff?tHFﬁ about 10

hr-1 to ab ]ggg@ V is greater

than 20 hr- fttth pr e%élgg‘g]stm% P%@&%?Eg@f%%ﬁ%ﬁ%‘t Bduc% ?ﬁgck cont ai ni ng
met hanol aeasblet ﬂas&tﬂemlpelatdiebelbw thmcontdhnsanammmfattﬁne@rﬁtl&bmygerﬁm feed 1 t o about
300 hr-1. [0079] The superfici al vel oci t he feedstock

i ncl udi ng Y IHREATYSCAHE! @ qugﬁceﬁg g@d@ﬂ%%f@%ﬂ%ﬂ%%éﬁf&ﬂﬁé%t emis

pref er abl yccﬁﬂftﬁééﬁbgur@t ste€arh BHbQ'tH@corfd@ﬁ‘saﬂQﬁ eeBluSiotRiaAb Rl YSt conposition
within a reacti zone in the reactor. WO 03/020672 PCT/ US0Q2/ 26119 22 The

SGV in the[(mlsgpess Ap@lﬁmhcqmlhannysm\lﬁtt}’peroftehlelpmatﬂl@frls sifetivenin nor e
particul ar ast 0.1 .neter per second

( m sec), %q‘héliﬁ’é%ff Qeﬁﬁﬁgﬁ‘{r’:’e Opﬁéeg%%g%{l%?i %leﬁ%elﬁgél%}%rf) EP8bIYA gr eat er than 1

n sec, ev e@uéﬁ@h €olumn, a quenching fluid is directly contacted with the olefin stream to
cool the stream to the desired condensation temperature. Condensation produces a
condensed water containing stream, which generally exits the quench column as a
bottoms stream. Olefin generally exits the column as an overhead stream. It is
this overhead stream that contains dimethyl ether which must be separated
according to this invention. Ifa high concentration of water still remains in the
overhead, then absorbents can be used as described above to lower the water
concentration further.

[0087] In one particular embodiment of the invention, the quenched olefin
stream is further processed by compression, preferably multi-staged compression.
Two, three, four or more stages can be used, with two or three stages being
preferred.

[0088] During or after multi-stage compression, the olefin stream can be
washed using a water absorbent, as described above, if desired. This wash using
water absorbent can mitigate problems related to gas hydration and/or separate
water phase formation. Preferably, multi-stage compression using a water
absorbent wash between stages is preferred. The dimethyl ether and C,+

hydrocarbon components are then separated from the olefin stream.



preferably greater than 2 nisec, yet even nore preferably greater than 3

m sec, and nost preferably greater than 4 rn/sec. See for exanple U S

Pat ent Applosoateron Serial No. 09/708, 753 fil ed Novenber @CTAGOD261whi ch is
herein incorporated by reference. [0080] In one preferred enbodi nent of
the process for converting an oxygenate to olefin(s) using a

si | i coal um nophosphate nol ecul ar siev# catal yst conposition, the process
is operated.at a WHSV of at least 20 hr-1 and a Tenperature Corrected
Normal i zed Met hane Selectivity (TCNVS) of |less than 0.016, preferably |ess
t han or equ@hglto 0. R bne Sadollmiene iyl invddti&n, tRablefih sfdeam isSseP@ate®38, which is

herein ful I ncorporated by reference.. [00811 |n_ apother enbodi nent of the
processes F’é?agf%@é‘ftfqnﬁéﬁér?e HpR W ﬂlalﬁ’élt%fﬁgﬂﬁ?e %Ilﬁﬁ(lfne or nore

ol efin(s) i i Wi i : V is from
0.01 hr-1 F%bg%%ﬁa%g&’%a%ld ﬁétﬁé/grsfgarr&p@%%? Z0RT o timbiG BV | S 550C,

and sil i cabding pa@8ed inthé secandFrauijon| Degirably, yeparatiosl ie camied prigiat he Peri odi ¢
Tabl e of El enents), nol ar ti.o, of, fr 300 250 See for. exanple EP-0
ban age Bl earraer eShal A s iR Tbaael Ry s ales Y5082 G her
processes Eé?fiec@&ﬂ‘é@ﬁfpfd@&réfifﬁ&ﬂl%ﬂ@ﬁ ®WOHRN 798 kPRLTBNAY) th @baMeoo Or nore
ol efin(s) using a nolecul ar sieve cat alle/st conposition are described in

T

PCT WO 01/ PSS 043Ut abivelitehpnote preferably fromp leydid0 pEg (A% it at an average
cat al yst feb%gfuaffiﬁ%,g@ﬁ(&i%r?igﬁ%ﬁ ki’f?b%glu 0); which is herein incorporated

by ref er efit ccor 0 one enbodi nent, the conversion of the
primry Omgrﬁ;gat e, Inen@ther embdEmenht, ofitlss ihvaniodthekefiritonBossks ¥ Accor di ng
to anot her  enbodi nent the conversi %n of r’rtet hanol is from92 w %to 98 wt
% pref er ap$rprmed ghe dltitlarancodam gachthn gy iraeravarhisad siseadhS#hadr enbodi nent

e o BPRAlTPRROlc! iy SRR O T RO 00 1 %
overhead stream is at a temperature of about 0°F (-17.8°C) to about 30°F (-1.1°C),
more preferably about 10°F (-12.2°C) to about 25°F (-3.9°C).

[0091] It is desirable in this invention that the second or bottoms fraction of
the distillation column be maintained at a temperature level to reduce fouling
problems. In one embodiment, the second fraction is at an average temperature of
not greater than about 210°F (99°C), preferably not greater than about 200°F
(93°C), and more preferably not greater than about 190°F (88°C).

[0092] It is further desirable in this invention that water absorbent, as
described above, be added to the vessel in which the separation of the oxygenated
contaminants from the provided olefin stream is performed. The addition of water
absorbent directly to the separation vessel can be of additional beneficial in
reducing free water and/or clathrate formation in the vessel.

[0093] In one embodiment of the invention, water absorbent is added to the
oxygenate separation vessel in an amount sufficient to substantially reduce
oxygenate content (e.g., dimethy! ether) or clathrate formation. It is preferred that
water absorbent be added to the vessel at a molar ratio of water absorbent to total
olefin feed entering the separation vessel of about 4:1 to about 1:5,000. Higher
molar ratios of water absorbent to total olefin feed are desirable for reducing
oxygenate content; preferably from about 4:1 to about 1:1, more preferably from

about 3:1 to about 1.2:1, and most preferably from about 2.5:1 to about 1.5:1.



conversion of nmethanol is from98.1 wt %to |l ess than 100 wt % preferably
from 98.2 wt %to 99.8 wt % According to another enbodi nent, the

conver si owoamB/02e62t hanol is from98.2 w %to | ess than 99PETWIS0%26119
preferably from98.2 wt %to 99 wt% [0085] The oxygenate to olefin
process forns a substantial anount of water as a by-product. Miuch of this
water can be rempved by cooling the of®fin stream fromthe oxygenate
reactor to a tenperature bel ow the condensation tenperature of the water
in the stream Preferably, the tenperature of the product streamis cooled
t o a tenpelLatvarmohetatos dvHeatenatderbeat o dotat defrefead arealesirattidifbroxygenat e f eed

for the oxygenate to olefins process..ln certajn enbodi ts, it is
desirabl e %Iegum&?%ﬁ‘aﬂ{rﬁéfWHBE’tprgé@B’nﬁr‘b‘@Ia thlhfetofgﬁﬂteﬂévgﬁﬁdﬂorteenper ature of
net hanol . [QA88]1y AofUBREN 360 #boliS1:2080 LRSS pﬁ%amfﬁehl ddoat is effective
in cooling the olefin streamfromthe oxygenate to olefin reaction

process. | h580 tgaenth3®80um, a quenching fluid is directly contacted with

the olefin streamt cool the streamto. the desired.condensation

{enper at ur B09EbnderBaeF SroprBRuEee B TS b e R b SBRVAT AT Hg st r eam
whi ch genegigdiliationX Digillatien GURAKA GO LKA 2 38ssal orkekbOw it ikeam O efin
generally exits the colum as an overhead stream It is this overhead

st r eam t hapacks Hitiss drheredtys a ppsratyigdifferenss dropetopdp Apte@l theccor ding to

this invengj . i i iql i in the
over head, éolﬁ%g‘ ghé%gh@i\oggﬁﬁﬁgg&&%%ﬁ{a%& lgs rﬂﬁg%}kg%lﬁg/%ﬁ@aﬁ%mr t he wat er
concent r at caanpdnegnts e the A0S HA] frdmm tlentep paihkeitewdrar enbodi ment of the

i nvention, the quenched.olefin  stre is further processed by conpression,
pr ef er abl y[0996} | -sﬁé‘é@ﬂ”&’&%ﬁ’%’ééﬁ %fgbq]ehf/ﬁ)?btﬁlﬁ  CONGIAraPILYfr e st ages can

be used, wif, ehé"@nﬂfm%ﬁé&eﬁ&hﬁﬂ%Effﬁesitr@&nr%ﬁtfaﬁﬁrfgg(gmeg\gg%@gﬂ: LEng or after

mul ti-stage conpression, the olefin stream can using a water
absor bent , embodlmsut; tHealinethphatheriif s qpemiaddgithm Tiei eshyhersrand prowylensdt er absor bent

can U1 Q%2 RLECLE R Sl 983 THALEL 90 ABRAGRAERRER St o Phose
wash bet wegfirss hagesh, i 1Bk AfBéth@thel eretlhoRdd i b seddh@rfraafien CA+ :
Typically, the first fraction will be the overhead or side fraction of a distillation
column, and the second fraction will be a bottoms fraction or additional side
fraction of a distillation column.
[0096] In one embodiment of the invention, a majority of the ethylene and
propylene in the provided olefin stream will be separated in a first fraction and a
majority of the dimethyl ether in the provided olefin stream will be separated in a
second fraction. Preferably, the first fraction will contain at least about 75 % of
the ethylene and propylene in the provided olefin stream, more preferably at least
about 85 %, and most preferably at least about 95 %.
[0097] In another embodiment, at least about 75 % of the dimethy! ether in
the provided olefin stream will be separated out in the second fraction.
Preferably, at least about 85 % of the dimethyl ether in the provided olefin stream
will be separated out in the second fraction, more preferably at least about 95 %,
and most preferably at least about 99 %.
[0098] A majority of the propane in the provided olefin stream can be
separated out in either the first or second fraction. If the majority of the propane

is contained in the first fraction, then there will be less separation of heavier



hydr ocar bon conponents are then separated fromthe olefin stream WO

03/ 020672 PCT/ US02/ 26119 24 [0089] In one enbodi ment of this invention,
the ol efiwodBnewm i s separated into a first fraction andPaTasowd19
fraction, with a majority of ethylene and/or propyl ene being separated in
the first fraction and a majority of the dinethyl ether being separated in
the second fraction. Desirably, separdion is carried out at a pressure of
| ess than 200 psig (1,480 kPa absolute). Preferably, separation is carried
out at a pressure of from about 100 psig (791 kPa absolute) to about 200
psi g (1, 48fobiRas aksled it ) seoond Eagicef diabdver, thaemmaboauslid?y ipskape929 kPa
absol ute) to about 18 Si 1,342 kPa absol ute).. [00901 | n .anot her

enbodi mentlews e g‘n}eﬂ@’ ﬁﬁ"ie’b ,tg? st é@ﬁ%&’lnéi’al?e@r? IBWB%‘Q’S‘%‘C thePropisidihed in a
distillatigp ﬁgsqlf%ﬁoé Uit BRbodiRRnf iaf BhstQbo R NSRS AR el a
tenperature of not greater than about 30F (-1.1C). Preflerably the first or
over head stroednd bkfiatstraarh,gplerahtyat deast atmiob U@ 70 Bnd mo, 18&erabdy atbout 30F

(-1.1C), nore preferab abou F (-12. 0 4about F (--3.9C) . [0091]
o s s o ARbY ol b SERE st Aniin Ak e S AR P Rt aPEL 1 b of
the distildaiteOthat MHABORGpARpREGABIG doBbredet SRR U5 &/ppaY elord 0 reduce
fouling problens. In one enbodi nent , the second fraction is at an aver age

t enper at urprefsfablyoet gyeasentben beah! Qyepmn demethy) gber) andgpest erefeipblynot great er

t han about_200F 3C r f bly not greater than about 190F
(880). [O ]gr?atteri(ﬂganf%brb%lﬁg%p@gg’??g%ﬁe&%% this invention that water
absor bent, [09§9lt desarh begbrabote phepane detie peovided olefiiseteainris wépacied he

of

separation he oxygenated contam nants fromthe provided olefin stream
i s perforn@dn Wée%@lgfchﬁﬁnaél?el ?é?nce%"é%t&nb’épﬁﬂmﬁhgégﬁr Vlfh(i%crﬁe separ ati on

vessel ca &%oﬂfwiﬁ%@!sgnﬁ;}%ﬂ %%F.i ﬁi[tﬁls dofboldRALIR | A Geabt HBuMES GloraRd/ or
t he ) I

clathrate tornmation i esse 0093] In one enbodi nent of the
i nvent i on, propirerinatespobeed olefin sulchmd prefetahly at doayigrboat & Yepat moicon vessel in

an amunt suLlLSLeNt L0, o R0t ol Lot Sues  SEYOEnRLE sopient (2.0
absor bent HerRAdA chRtaldidt bR thadtabsut M3 Fpnk iréferably ne@bedaterimar bent to
total about 15 wppm, more preferably not greater than about 5 wppm ether, and most

preferably not greater than about 1 wppm dimethyl ether.

[0100] In another embodiment of the invention, the second fraction will also

contain some hydrocarbon compounds having four or more carbons. These

compounds are also known as C,+ components. The amount of C,+ components

in the second fraction can vary, particularly depending upon the amount of

propane in the second fraction. For example the second fraction can contain from

about 5 wt % to about 90 wt % C,+ components. Preferably, the second fraction

contains from about 25 wt % to about 80 wt % C,+ components, more preferably

from about 35 wt % to about 75 wt % C,+ components.

[0101] It is of further advantage in this invention to operate the separation

vessel at a temperature and pressure to separate out of the provided olefin stream

at least a majority (i.e., at least 50%) of any propadiene which might be present.

In this embodiment, the propadiene would preferably be separated out in the

second fraction along with dimethyl ether. Preferably, at least about 75 % , more

preferably at least about 85 %, and most preferably at least about 95 % of the

propadiene would be separated out. Separating out any propadiene out in this



olefin feed entering the separation vessel of about 4:1 to about 1:5, 000.
H gher nolar ratios of water absorbent to total olefin feed are desirable
for reducwogsomeyyenat e content; preferably from about 4: PCraSabaut9 1: 1,
nore preferably from about 3:1 to about 1.2:1, and nost preferably from
about 2.5:1 to about 1.5:1. WD 03/020672 PCT/US02/26119 25 Lower nol ar
rati os of water absorbent to total ol2fin feed are desirable for reducing
clathrate formation; preferably fromabout 1:1 to about 1:5,000, nore
preferably from about 1:100 to about 1:4,000, and nost preferably from
about 1: EQﬁukﬂ“@bbukcéwaﬂﬁﬂﬂﬂmkﬁ@ﬁﬁmh@nnumeuanmﬂdinﬁﬁbnofmnhis i nvention
separation is by conve tlonal i i

stillati t|0n| carrled out
usi ng a veRdbyl dGetylesgey lﬂh’i‘}‘?ﬁ@ls? h? BreRL 10 %ﬁé’k‘?vﬁéﬂfo SCreates a
tenper at urb%cﬂisgfnf'epc GEetlleREMALPIHRY &ﬁﬁfap%lﬁﬁo bbBit th%ﬁbﬁfpadfgﬁ'@aﬂéipper portion

of the tower 1s the coolfer portion, and her vol ati | conponent s in the
feed exit dunethyt éthert dtermfvmgmropuhme anl apetylens ﬁomrth@mq\/@*ﬁdl t is

desirabl e to. obtain centrat|. ropyl ene from an
ol efin st rdsi %Fﬁ‘?’tna‘i"?l‘lﬂﬁ@r %e% pta ?ﬁ@?ﬂgtﬁngﬁg&egﬂn%o%raﬂ%gt t he di net hyl
ether is sgppibetheliidRichRdel @Wp@léﬁe ad1dH0pylvenehigh codagtraloafafn stream
In this enbodi nent the eth3/I ene and propylene are recovered in a first

fraction, reowb-olk8nigicontayndsetSveh 2 pseanpwevidmeed filedf acond fracti on.

Typically theflrst fr usdeof raction of a

di still at i BATOPEREHAS 4 §ﬁW@t%é%}\g%ipkgg%e%ﬁ%%@?m%e a bottons fraction or
addi ti onaldisleflgs 01fdllaylbm@crbanouadme&b\tekddahlthn”lﬁnsofraxmmn [ 00961 I n one

enbodi nent of the invention, a majorit t I ene ropyl ene in

of th
the provi o[ediozﬂ ef i AL gt FEERHOR if Parb‘%u@é%é‘?v&?@ﬁe‘?e"r?efla fatiog ﬂferegl&l Il?n and a
mejority Q nd gpﬂéﬂ@%&%@as @M}Qiﬁed ﬁth@ﬁrs?fr%’do%e{g r&h@&e‘ dhtidide@acyw | | be

separated 1 secon raction. Preferably, the first fraction wll
contain atgalsesaémhhabd witiclmay alst he pesdny liresveh dragtipn. o”ﬂyd ahyentage she provi ded

o B B e A B W b O T 5 2,

di ret hyl  etRekelyFew hydrocarbon components that cause fouling problems in such acid
gas treatment systems.
[0103] Solid or liquid acid gas reatment systems can be used in this
invention. In either system, the acid gas is removed from the ethylene and/or
propylene stream in the first fraction by contacting the first fraction with an acid
gas absorbent or adsorbent. Examples of such absorbents or adsorbents include
amines, potassium carbonate, caustic,‘alumina, molecular sieves, and membranes,
particularly membranes formed of polysulfone, polyimid, polyamide, glassy
polymer and cellulose acetate. Solutions containing amines and caustic
compounds are preferred, with caustic compounds being more preferred.
[0104] Aqueous amine solutions which are useful in this invention can
contain any amine compound or compounds suitable for acid gas absorption.
Examples include alkanolamines, such as triethanolamine (TEA);
methyldiethanolamine (MDEA); diethanolamine (DEA); monoethanolamine
(MEA); diisopropanolamine (DIPA); and hydroxyaminoethyl ether (DGA).
Effective concentrations can range from about 0.5 to about 8 moles of amine per

liter of aqueous solution.



the provided olefin streamw || be separated out in the second fraction.
Preferably, at |east about 85 % of the dinethyl ether in the provided

ol efi n stweani20s72 | be separated out in the second fracti @QI/Usn2/26119
preferably at |east about 95 % and nost preferably at |east about 99 %
[00981 A majority of the propane in the provided olefin streamcan be
separated out in either the first or econd fraction. If the majority of
the propane is contained in the first fraction, then there will be |ess
separation of heavier WD 03/020672 PCT/ US02/ 26119 26 products needed in

t he seconqtofl@ﬂcti OPipdrigsey/aid/ort theroeneniiylethanoddnhigh (VBME Arcamdmedded evel s of
direthyl ether in the first fraction when a mjorit .ofé%lhe propane is in
the first torageeoupamingSOfyHoss & eransrther al?fprﬂt@é‘s‘:?p%%%‘fs‘ °¥% of the propane
in the proyvi i JiR afeutand nore
pr ef er abl yadgftg’%%%slfef fgglcl)lg%& ggtﬂgba@njﬁ%w%%g?&rf\l %%tﬁgbﬁi@erﬁsr? ﬁé}?%lf(::ftrirgﬁ , and the
first fracooon abold 2 apidsaienliteodf aqueeat elutihan about 50 wppm preferably not

greater than about 25 wppm nore ref erabl v .not. greater .about 10 wppm
di met hyl ef0nes], anﬁ%@?&ﬁ?@?"é‘fiﬁmh&hCﬁ%i)e&%id{l@}lsgwgﬁu%rb%%?ﬁ%h%pm di met hyl
et her. [00991ohfid@whRh@rd dfectile iemBYRRABE da fibheannsleni secinol ef i n streamis
separated out 1n the second fraction, then the concentration of dinethyl

et her in tHeunfjlessdf suél alselinencompioundreinglugasediea ydipxidspad Potagss iR s

enbodi nment cgt .l east about 60 % of the propane in the provided olefin
stream prl@f ?’ﬁ@ff'y at | east about 70 % and nore preferably at |east about
80 % w |l ﬁﬁ iﬁn t heroseaaittadid agt tr@ming and dedimbieaooadovd adadtidnally wi | | cont ai n
not greate P'an about 25 wppm_ preferably not greater than l?bout 15 wppm
mor e pr ef epndtsingd meterdp! dmthetreatpd sthylpgan Oﬁbfﬁﬁi’lég‘h’é??g ARFFODE preferably

not great e{é“ﬂtv%%ﬂor?a? %(E&ig&lem)%@bqiug?&. hyls c{%%i]pﬁ)rle, hbR10Q Lol MrtRAFEASFe €Mbodi ment

of the inv 1"on, econd fraction w al'so contain sonme hydrocarbon
conmpounds haidigl fvater from thesepacaebahgencidée pragyigpestrdamar e al so known as

Cr oo TS, AU 0 2 ARG S BB EGAERLO0

fraction. kg &%30RbListhRerSRsad ifer 36ith@8d %@ aGriératath ©ior to acid
gas treating. This contacting is particularly advantageous when water absorbent is
added to the oxygenate separation vessel, as water absorbent may carry over into
the first or ox;erhead fraction. Water washing would then be conducted to remove
a substantial portion of water absorbent carry over prior to acid gas treating.
[0109] This invention further includes an optional drying embodiment. In
this embodiment, a solid or liquid drying system can be used to remove water
and/or additional oxygenated hydrocarbon from the first fraction.
[0110] In the solid drying system, the ethylene and/or propylene having
been separated in a first fraction, and optionally acid gas treated and water
washed, is contacted with a solid adsorbent to further remove water and
oxygenated hydrocarbon to very low levels. Typically, the adsorption process is
carried out in one or more fixed beds containing a suitable solid adsorbent.
[0111] Adsorption is useful for removing water and oxygenated
hydrocarbons to very low concentrations, and for removing 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



about 5 wt %to about 90 wt % C4+ conponents. Preferably, the second
fraction contains fromabout 25 wt %to about 80 wt % C4+ conponents, nore
pr ef er ablwo oBoazsrabout 35 Wt % to about 75 wt % C4+ conpomemitso2/pdioll |t
is of further advantage in this invention to operate the separation vessel
at a tenperature and pressure to separate out of the provided olefin stream
at least a mpjority (i.e., at least 289 of any propadi ene which m ght be
present. In this enbodi nent, the propadi ene woul d preferably be separated
out in the second fraction along with dinmethyl ether. Preferably, at |east

about 75 % RRMISor $Huinerdabinth@prokenst raenethtedle slidadsbrbest Fpr ef erably at
| east about 95 % of the propadi ene woul d be separ at e{% .out . Set]% rati ng out
any propadikemgleoina threerd sysiu opienlyenrs bpdsudsss o0 1S RECAFAREr woul d

necessari I%i@%laﬁigt@ﬁp&a% 5§&a8&15¥a substantial portion of any nethyl

acetyl ene so be present in the provided olefin stream This is
because mm{?/i] acetTyik epeifivasisarbbovietid wosatals ubal initheyadsoibent badan propadi ene
and dimet'hyl "ether. Rempvin r opadi.ene and th I1 ac, t¥| ene fromthe
provi ded dsPerdspndhs WA HSON “E?Ba\?% NgeLpyEd 5 ’E%I%‘i eso%‘ﬁ@ iy 'n that the
first fracatd%&ﬂentg?&tr?rh&iﬁ%u;a{é’?a | i RB9oRPE/daRicRbAPYLRREsUMAUE D have a very
hi gh concentration o mono- ol efi ni ¢ conpounds. Such a stream woul d need
little if cayyenahydhydproatess ambpbsowhieohliqvidshincludpabianings, Béichédded to reduce

the nunber of diolefins o | kyl ene_c ounds: I 0 pn the first
fraction. POSBHA SRS ﬁ%@8kf%ﬁ¥?‘§esp3 f%q%%fnggﬁﬁicageg\/é%? Sgt(goedct)%j}rslItnfl(g’or treating
t he et hyl gpgiuBN6r RERRVENST Bl kipRBedS aaiag d€lrennadsbebeht scdids baabd i on to

renove entrained acid gases such as CQ2 which rﬂgﬁr a}%o be present in such
fraction. Ushétcachwene sgterias walkpst Vaplebioxyerpard NIROCHEO%par at ed et hyl ene

and propyl ene stre W Nt Al l.atd conponent s
that causdOibdl i ngehg?g%%ng%r%&o?lhggéu@%mg%i aggdrggiy?%dgg%%ﬁ%%g?gﬂs . F81031

Solid or |degibd 6r pealidl. gasnkeeahpienf asysdsemsngamcnhe firseekdiinusedits i nvent i on.
In either system the acid gas is reppved fromthe ethyl ene and/ or
pr opyl ene oS SHAIRE aflg FIOSt pHlafcpp ﬁUIB@WEJGﬁtaQCtF? ﬁ%fletsg% FPSY fraction
wth an acélﬂ)sequent beds for removing larger less polar oxygenated species are next in

series. As a specific example of one type of arrangement, water is first selectively

removed using a 3A molecular sieve. This bed is then followed by one or more

beds containing one or more less selective adsorbents such as a larger pore

molecular sieve e.g. 13X and/or a high surface area active alumina such as

Selexorb CD (Alcoa tradename).

[0114] In another embodiment, the first bed is a 3.6A molecular sieve

capable of selectively removing both water and methanol. This bed can then be

followed by one or more 13X or active alumina beds as described above.

[0115] The adsorbent beds can be opérated at ambienf temperature or at

elevated temperature as required, and with either upward or downward flow.

Regeneration of the adsorbent materials can be carried out by conventional

methods including treatment with a stream of a dry inert gas such as nitrogen at

elevated temperature.

[0116] In the liquid drying system, a water absorbent is used to remove

water from the first fraction. The water absorbent can be any liquid effective in

removing water from an olefin stream. Preferably, the water absorbent is the

same as that previously described.



gas absorbent or adsorbent. Exanpl es of such absorbents or adsorbents

i nclude am nes, potassium carbonate, caustic, alum na, nol ecul ar sieves,
and nmenbrwoes/2oeéparti cul arly menbranes formed of pol ysul f ecg/UuSpwketim d,

pol yam de, glassy polyner and cellul ose acetate. Sol utions containing

am nes and caustic conpounds are preferred, with caustic conpounds being
nore preferred. [01041 Aqueous am ne 380l utions which are useful in this
invention can contain any am ne conmpound or conpounds suitable for acid
gas absorption. Exanples include al kanol am nes, such as triethanol am ne
(TEA) ; mT p;di et imﬂeﬁaamtneolemﬁﬁ)n thdla&ﬁdnpufmitmdsnmt(uﬁ)Ek)ss thapnoet hanol am ne
(MBA); dii sopr] anol am ne (Dl PA); an roxyam noet hyl ether (D).

Ef f ecti ve abewic anm@ﬁéefclawerpéqf@féblfy MP“‘O QSWPPJmaarS’éJP % noles of anmine

P por azi e SRIPDY RO B e TR e R CRATEAY | oo b Dk | cous

am ne sol u§ pesenttietierinenadeagithe asomtiphibeds, capapidfdrstilpdess Mhese additives
can be included in the aqueo slagol ution concentration of from about

0.04 to alf¥aet 2vippmeandympst prgierpblyrlesy §u§1>VVQPPlon [01061 Caustic
conpounds [I\';@L,ﬁh canrRei3ed ah@pfd@yﬁenb RGN et dabjepdtbMeccogdipounds whi ch

are effect in renmoving acid gas froman olefin stream Exanples of such
al kal i ne (iomhmun@stwmodnhi@omraﬁd by Brosplaséic spRppotiensse-&m hydr oxi de.

[ 01071 Fol | owi . ng aci treatin |rab additionally
ent r ai ned RARYOLTH% p‘i“% '?lﬁéy P?lggtki%lﬁg%%dtﬁoéﬁpéggﬂ AIg'réé)gly r@%‘é&ﬁﬁm ng a water
wash.  Conygniss astabritid ppRBMYle6aor ﬁtﬁyptaﬁﬁend &anlt& Wehi Cablysc however, to
further renove additional water fromt sep arat ed et hlé ae and/ or

propyl ene moeassessare pofasy. Partiswarls pisereree H@Fa lopgng, 159 the ethyl ene
AP eoPY  SiSipli okl afd A3 AL LA ! BF cified; S1pent NGANt a0t ed Wi th

a water st 0 acl treatlnt cdontacting is
particul ard ysgadﬂﬂmﬁxjﬂmsB AbrETPONAISOR, 0%,84)651396&5 |4,‘976,§I3téd645099t2he oxygenat e

separat| On4 %’oezsg 665I and 4, 2% 681 tﬁl bga?'c{l}l?s% réllgld process c{eséhp%\c/)%sr o% e%:ﬁ being
expressly incorporated herein by reference. In general, these methods involve
contacting the ethylene or propylene product with a polyolefin-forming catalyst at
a pressure and temperature effective to form the polyolefin product.
[0119] In one embodiment of this invention, the ethylene or propylene
product is contacted with a metallocene catalyst to form a polyolefin. Desirably,
the polyolefin forming process is carried out at a temperature ranging between
about 50oC and about 320oC. 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
2500C. For gas phase processes, it is preferred that the temperature generally be
within a range of about 60oC to 120°C, and that the operatirig pressure be from
about 5 bar to about 50 bar.
[0120] In addition to polyolefins, numerous other olefin derivatives may be
formed from the ethylene, propylene and C + 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,



the first or overhead fraction. Water washing would then be conducted to
renmove a substantial portion of water absorbent carry over prior to acid
gas treatwpo@3/0p@1D91 This invention further includes an opCirarsat2diyi ng
enbodinent. In this enbodinent, a solid or liquid drying systemcan be
used to renove water and/or additional oxygenated hydrocarbon fromthe
first fraction. [01101 In the solid dlying system the ethyl ene and/or
propyl ene having been separated in a first fraction, and optionally acid
gas treated and water washed, is contacted with a solid adsorbent to

further remueusRLEC -@Ndnomxagliedcity diobalsoth 4sC vey,ndmow | evel s.
Typically, the adsorption process is carri ec{ out_in_one 0{: nore fixed beds
8

cont ai ni ngilephsly, expisanasisifiogn BaSertheMono cpheilic aRsSnp thedret o BRI ul for
renpvi ng Vg éo%%lsgggeé?ﬁégﬁr&ﬁeﬁg vi %QE@rﬁgfléné @cHAbNdd AW egacentrations, and

for renoving oxygenat rocar bons t may not normal I'y be renoved by
usi ng ot hedhldrideatit®ibenzeny sttigyiane oRidef eradrey acraleimdBychmnidesyrepyencused as

part of this invention has nmultiple sorbent beds. Miltiple beds allow
for conti riiddss acyhge i?fﬁylﬁ?et'WBHYlgW”gg?réﬁgﬁr ’llfsﬁﬁé %8’%?@ an§9 the need
for shuttigge Q#&@]@&hﬁ@?&ﬁle&l@. TRENELRERs, 8161 ih Gartigslar Rent . For

thre ed systémtyp bed

exanple, in a icafly one is on-line, one bed is

r egener at eghrtiafiddy suited farttle matifheturendaldebydns, aridmalopliols, esiesamadehe specific
adsor bent sol i r solids used in t sor ben on the types
of contami ﬁ%ﬁtcg"(geimﬁorcé’ﬁ)ﬂﬁl& acﬁ!}aal*}‘gﬁjég@@ Oglglaﬁcé)%g%g%gﬁ%ﬁg g’%fl or renoving

wat er and ygfissOus pol ar organi c conpounds, such as oxygenated hydrocarbons
and absorbent |iquids, include alumnas, silica, 3A ecul ar. si eves, 4A

mol ecul ar Eileves, dAEP BHARleR-SepaPidng dimethsd gher Boman o e SURIRYr es of these
sl eves or s;{ﬁwn;iglli\?l\%ﬁgqsTﬂﬁ‘é&&ﬁPl‘é'dfeﬁl%P&theﬂﬁx%% bEHihdsn &BflcRe used to

renove wat as a vartety of oxygenated hydrocarbons. [01131 In
thi s i nveniidotopylese areammsubstadmbly piepletedloédenethyl deeraasveehlge,ifn - series or
parallel. In one exa

Famove t hecammeEe: [iRaomBen it dh oreands Tanrin st PrdTBat st "o °

renpve. ether and C, + components are substantially removed from the ethylene and/or
propylene containing stream prior to caustic treatment. This means that both
ethylene and propylene can be recovered in a first fraction, with the dimethyl ether
and C,+ components being recovered in a second fration. Propane which is
present in the olefin stream can be recovered in either the first or second stream,
depending upon how low a concentration of dimethyl ether in the first fraction is
desired. The ethylene and propylene can then both be recovered and further
treated, e.g., caustic wash treated or water wash treated, together or separated and
treated separately.
[0122] Figure 1 shows one embodiment in which the olefin to be treated is
made in an oxygenate to olefin reaction system. In the Figure, methanol is sent
through a line 100 to an oxygenate to olefin reactor 102 where the methanol is
converted to an olefin stream comprising methane, ethylene, ethane, propylene,
propane, dimethyl ether, C,+ components, water and other hydrocarbon
components. The olefin stream is sent through a line 104 to a quench tower 106
where the olefin is cooled and water and other condensable components are

condensed.



Subsequent beds for renoving |arger | ess polar oxygenated species are next
in series. As a specific exanple of one type of arrangenent, water is
first selwotdmeisy2 renoved using a 3A nol ecul ar sieve. ThipeThsd2/2@12 hen
foll owed by one or nore beds containing one or nore | ess selective
adsorbents such as a larger pore nolecular sieve e.g. 13X and/or a high
surface area active alum na such as 3elexorb CD (Al coa tradename). [01141
I n anot her enbodi nent, the first bed is a 3.6A nol ecul ar sieve capable of
selectively renmoving both water and nethanol. This bed can then be

f ol | owed b[y,lggnle or Ty @nliénSedtorasdriewss, whichicomphieds sitstadtisiamduadobove.
[ 01151 The" adsor bent beds can be ocglerat ed até{ anbi %nt tenperature or at
el evat ed tWiiserst Witadrwn fogyihe quencadev 100 taroughp batioms 0% 0% ohnwar d 1 ow.

Rogener ati oMkl of e AHFALLET FRERS Wi S kA i RRTHEd1 Pty gronvent | ona

met hods i reat me a stream of ry rnert gas such as
ni trogen atop oftlempteach tosrep @@t Tiredine[ 100 t64talms atdoelihg wnit, @ gdrhgaing system a

wat er absorbent is used to r ve ter fromthe first fraction. The water
Absor bont ERRVET JHYTOUEN  GRRECPPIE: FrndhSR g et & 21 DAL of of  n
stream Prefeyiabliedili o WRheF cRPRRIPBEMbnéEs IfiensM¥en$04. hat previ ously
descri bed. WO 03/020672 PCT/ US02/ 2611 30 [01171 Preferably the olefin

from the apgespti onOlsdidyapariearenthelteportinant qednshitoviad Oogpangtvz er, nore

preferably.le t-han out 1 n ref.er I an 1 wppm
Pr ef er abl yhrfee@'t en()l%lgrb‘ﬁ poig C%ggrgsﬁeﬁdﬁgtcn%ﬁeg re1ﬁ4%n§mprcé)§§)?§ssléd]n the stream
| eavi ng t helefsl $0F5aREddArdagH S line0I @topd whier aldoyptloass luniiall 8. dhehis 5 wppm and
nost preferably |ess than about 1 pm [0 18L he g(ihyl ene and propyl ene

2 ephiagd {5 ok

g
streanms treap %ﬁb%ﬁ?%éﬁdﬁé@%_ﬁbab$ jpad Fﬂth%fPlb%{W _
PO1 YITer | 2k 0 waRh AbRIBd dIEAMPASITARRS Lk B0, MARIYPLR] didincart icul arly

pol yet hyl ene and pol ypr opyl ene. Any conventi ona process for formng
pol yet hyl ewsatenras padilygs somy logygenatad hydrooabadn, iCsdpataped as a hpttomeseamar e

preferred. thggéﬁ ia?igle %i.yOPerfuelfiserreEoevderea}ir t%rorlrlegh%l ﬂn%cl‘iﬂ.e Opéci)l?a%y,e{h/e%l?eti{na’
is sent to an additional compressor (not shown), then is input to a distillation
column 126.
[0125] The distillation column 126 separates ethylene and propylene, as
well as lighter boiling point components from the dimethyl ether and heavier
boiling point components, including C, + components and methanol remaining
from the methanol wash. Additional methanol is added to the distillation column
126 though a line 125 to reduce clathrate and/or free water formation in the
distillation column. The ethylene and propylene containing stream exits the

- distillation column 126 through a line 128, and the heavier boiling point

components which include the dimethyl ether and C, + components exit the
distillation column 126 through a line 130.
[0126] Figure 2 shows subsequent treating and drying of the ethylene and
propylene containing stream. Ethylene and propylene flow through the line 128 to
a caustic wash column 200. A caustic solution is sent through a line 202 to the top
portion of the caustic wash column 200 to remove CO,, which is also entrained in
the ethylene and propylene containing stream. Spent caustic leaves the caustic

wash column 200 through a line 204.



chrom um oxi de and acid catal ytic 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, 992W0 03/03B22 565; and 4, 243,691, the catal yst and pr@cegsodedey i ptions
of each being expressly incorporated herein by reference. In general,

t hese nethods involve contacting the ethylene or propylene product wth a
pol yolefin-forming catalyst at a pre$sure and tenperature effective to
formthe polyolefin product. [01191 In one enbodi ment of this invention,

t he et hyl ene or propylene product is contacted with a netall ocene cat al yst
to forma gﬁ fl ef | Qausbie $lehdb kifiylend Bl popylehettincdusticivi dohosess0 i s carri ed
out at a tenperature rangln% bet ween about_ 50-C and about 320C. The
reaction cBousd ackie306do gurvatertwaskh G umeF08§ mW¥iter entesp thervedarvash pei ng

anywher e wkdiliR hibSel 200828, aAbRMer lnb Mok RAABAUbARNAE audfOr BT OCESSES
carried out’in soluti ion, an’inert di can I'n LAIS of

oper at i on, whih d¢cdule 208 divbeght hbirie 210e Wateswanhed bthy&ine and progelend efht om about 10

e 0o DBy s R A A3 o Bl SRR R o R 9 O 2o
t enper atur@chggﬂggﬁ)d%ﬁ(,p?@ne&I@ﬂﬂéary@rgml%fhaqm%gwc to 120C, and that the
operating pressure rom about bar to about 50 bar. [01201 In addition

to pol yol efding} nunderdog nowHielly dsseritiad thisnnvweatipyaswible dpprectabediisd from t he

et hyl ene, 0 n efin particu arated
accordi ng &8 ?ﬁ?g(fwsgﬁﬁgﬁﬁig$ﬁgmg bep%ﬁ?@fiagﬂgbdwgbﬁa%¥o?th|s

i nvention faRmalefOwiBinWeed isidhihbe vmi&m)uf afautirgy fodm Shecdpirit@ip Sevpdras

al dehydes, WD 03/.020672 PCT/ US02/26119 31 acids such as C2-C13 nono
carboxyl|cﬂ@éﬁﬂ%ﬁmﬁlcohols such as C2-Cl12 nono alcohols, esters made from
t he C2-Cl2 nono carboxylic acids and the C2-Cl2 nono al cohols, |inear

al pha ol efins, vinyl acetate, ethylene dicholoride and vinyl chloride,

et hyl benzene, ethyl ene oxide, cunene, acrolein, allyl chloride, propylene
oxi de, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and
trimers and diners of ethylene and propyl ene. The C4+ olefins, butylene in
particular, are particularly suited for the manufacture of al dehydes,

aci ds, al cohols, esters nade



from C5- C13 nono carboxylic acids and C5-C13 nono al cohols and |inear al pha
olefins. [01211 One exanple of separating dinethyl ether froman olefin
stream i swoghoms7t n Figure 1. This exanpl e denonstrates omeTEy2/2d119

obtai ning an et hylene and propyl ene stream substantially depleted of

di methyl ether, as well as C4+ conpottents. The comon factor in this

i nvention, however, is that the dinethyl ether and C4 + conponents are
substantially renoved fromthe ethylene and/or propyl ene containing stream
prior to CQH§$@zslreatnent. This means that both ethylene and propyl ene
can be rec in a first fraction, with the dinethyl ether and C4+
conponents being recovered in a second fration. Propane which is present
in the ol elWWht stdl@meddaan be recovered in either the first or second stream
dependi ng upon how | ow a concentration of dimethyl ether in the first
fraction is desired.,, Th t hyl ene _and praqpyl epe can then both be recovered
and further treat ed,AI(I-}.et p,gogée[%{alﬁgg\a&eﬁhﬁreﬁgfgraanﬁn%}&@éé}rmh treat ed,

t oget her okospRangted and treated separately. [01221 Figure 1 shows one
enbodi ment in which the olefin to be treated is nade in an oxygenate to

ol efi n reacti onPEyédingrin plefip gEeam geptaningsthyiens) ethanes eippyleppr ough a |ine 100
to an oxyggfb?,tdge taﬂdﬁln?étﬁﬂ Jdgacigr 102 where the nethanol is converted to
an ol efin Stream conprising nethane, ethylene, ethane, propylene, propane,
di et hyl et her, séphratmgnipoolefit streanaingy a firsdfre¢tivarant ydecmdrfieatioc arponent s. The

olefin streamis sent . th h | i 104 to.a quench fower 106 where the
olefinis 8@8?”15?:10@?66%‘328&8%%?1}%@ AfBEL A éﬂ%%%ﬁﬁﬁ%%ware condensed.
WO 03/ 0206 ¢l bsiiea 281 di%ty of 2hd Qidctle ahB BrGRNGB PERENGAIRAIER S, Whi ch
conprise a substantial afmount of water, are wi thdrawn fromthe quench

tower 106 stwaoughd thesecarshfsactionsontads atdeasp s majastty of thetdimedisibetheed
hrough a line 110 back to the top of the quench

conponent s are.re cl%d St w

tower 106. PFRE™M Oi 8 H58ai ns a cool i ng unit, e.g., heat exchanger,

(not shown) to further cool the condensed conponents so as to provide
2. The method of claim 1, wherein the provided olefin stream further

contains water in an amount not greater than 15,000 wppm.

3. The method of claim 2, wherein the water is present in an amount

of at least 10 wppm.

4. The method of claim 1, wherein the provided olefin stream further

contains at least 500 wppm dimethyl ether.

5. The method of claim 1, wherein the pressure is from 740 kPa to
1,480 kPa.
6. The method of claim 5, wherein the pressure is from 929 kPa to

about 1,342 kPa.

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

contains not greater than 50 wt % dimethyl ether.



a cooling nmediumto further cool the conponents in quench tower 106. [0124]
A efin vapor | eaves the top portion of quench tower 106 through a |ine
112. The wbheaBiozoevapor i s conpressed in conpressor 114 andPChaSovpquessed
olefin is passed through a line 116 to a water absorption columm 118. In
this embodi nent, nmethanol is used as3the water absorbent, and is fed to
the top portion of the water absorption colum 118 through a |ine 120.
Met hanol and entrained water, as well as sone oxygenated hydrocarbon, is
separated as a Rotto 10Ug i efin:s. h ered

t hrough a line ?'24. g%?{%ﬁlhgfalrgf,datqﬁg’gllhgrfelldricﬂglﬁésggg%tgnt(%}nghﬁhiﬁﬁgf%nal

conpr essor nfapoity shtemyopanberese in thputlefinst@adi stillation colum 126. [0125]
The distillation colunmm 126 separates ethyl ene and propylene, as well as
i ghter boiling point conponents fromthe dinethyl ether and heavier

boi |ing poi nt coMPoNngRt setoRUreding (hertiniRERRR GALoARGATRI RRNOI 1 emai ni ng
fromthe nmethanol wash. Additional nethanol is added to the distillation
col utm  12@reatenthgh 180 Wppen dig®thy etheduce cl athrate and/ or free water
formation in the distillation colum. The ethyl ene and propyl ene
containing streamexits the distillation colum 126 through a |ine 128,
and the heavi er 100i | ThgntHodtof coRTIORaBER thhseebnd fettitdeconbgnsditmet hyl et her
and C4 + conponents exit the distillation_columm 126 through a Iine 130.
[0126] Fi glfest omaREECihppOgaRreisnt ithapleEnstredyi ng of the et hyl ene and
propyl ene contai ning stream Ethylene and propyl ene flow through the |ine
128 to a caustic wash columm 200. A caustic solution is sent through a
line 202 to theltop Thontilod affcldilnd, ehersin the nhsin scodminsepdiitddantoenove C02,

which is al,so.entrained, jn th t hyl ene..and, propyl ene contai ni ng stream
Spent causf}}ecﬂrftg%a\?g@nf‘%{h@éﬁ%oﬂ% racﬂé%ﬁ”c‘aftﬂ%ﬂgﬁﬁgmﬂ?r ough a line 204. WO
03/ 020672 PCT/ US02/ 26119 33 [01271 Caustic treated ethyl ene and propyl ene
exit caustic wash colum 200 through a line 206 to a water wash col umm
208. Water ented? th&heaethodwdsinimdad) whereinhraserghserbentneadied to thed wat er and
absor bed C&snﬁﬁa%rﬁtc%lu?ﬁ(rilt t he wat er

13. The method of claim 12, wherein the second fraction has an

average temperature of not greater than 210°F.

14. The method of claim 13, wherein the second fraction has an

average temperature of not greater than 93°C.

15. The method of claim 14, wherein the second fraction has an

average temperature of not greater than 88°C.

16. The method of claim 12, wherein the water absorbent is added to
the distillation column at a molar ratio of water absorbent to total olefin stream to

be separated of from 4:1 to 1:5,000.

17.  The method of claim 1, wherein the provided olefin stream

contains from 50 wt % to 95 wt % ethylene and propylene.



wash col utm 208 through a |ine 212. Water washed et hyl ene and propyl ene
exit the water was colum 208 through a |ine 214, passing through a dryer
216. Dry wetodybmne and propyl ene exit the dryer 216 throu@eTaS0Y/d1218.
[01281 Having now fully described this invention, it will be appreciated by
those skilled in the art that the i nv¥htion can be performed within a w de
range of paranmeters within what is clainmed, wthout departing fromthe
spirit and scope of the invention. WO 03/020672 PCT/ US02/ 26119 34

CLAIMB: What |s;glal "T‘Fé’m'eﬁmd%fcénﬁ‘?t%H&eﬂfthélgr%l;d@& bRgndtABhnyl ether from

an olefin st ream conprising: providing an n stream cont ai ni ng

et hyl ene, etrhanefropr2dpyl %Bne 75 witopthpene.and di met hyl et her; and separating
the olefin streaminto a first fraction and a second fraction at a
pressure of |less than 200 psig (1,480 kPa absolute), wherein the first

fraction contaigs afnd ﬁ@t%d%f@ﬁhﬁrl'%He@&tﬁ@}%o@ki@&b%ﬁﬁ s@egmpr opyl ene
present in the olefin stream and the second fraction contains at |east a

mej ority ofontdes Hpmehyl Yode et ‘ppepelencin the olefin stream 2. The nmethod
of claim1l, wherein the provided olefin streamfurther contains water in
an anount not greater than 15,000 wopm 3. The nmethod of claim2, wherein

the water is present Theimadthodwhohim 10Whatinltkegibvilied virbimstéam Fheheret hod of
claim1l1, wherein the prOV| ded olefin streamfurther contains at |east 500
wppm di met ERIPPIEeHE0,, and theErstfagfan fHrthen captaing at Fadanyoreithessure is from

740 kPa to & 1efi& hod of claim5, wherein the pressure is
from 929 k O%'El%&ggggﬁc%e %@21 réé?xf

21.  The method of claim 20, further comprising acid gas treating the

first fraction.

22.  The method of claim 1, wherein the provided olefin stream further
comprises C,+ hydrocarbon components, and the second fraction further contains
at least a majority of the C,+ hydrocarbon components in the provided olefin

stream.

23.  The method of claim 1, further comprising separating the ethylene

and propylene in the first fraction and polymerizing the ethylene.

24.  The method of claim 1, further comprising séparating the ethylene

and propylene in the first fraction and polymerizing the propylene.

25.  The method of claim 12, further comprising contacting the first
fraction with water, acid gas treating the water contacted first fraction, and drying

the acid gas treated first fraction.

26. A method of separating dimethyl ether from an olefin stream,

comprising:



7. The nethod of claim1l1, wherein the provided olefin stream contains not
greater than 50 wt % di net hyl ether. WD 03/020672 PCT/ US02/ 26119 35 8. The
met hod ofwoloaiome1; wherein the first fraction contains at PCEASD2/261198j Ority
of the propane present in the olefin gtream 9. The nethod of claima1,
wherein the first fraction contains nét greater than 100 wppm di net hyl
ether. 10. The nethod of claim 1, wherein the second fraction contains at

| east a majority of the propane present in the olefin stream 11. The

met hod of cl ai McdyWher BiyBetdiewah @l holelif@RM: coaBoPRaiedn bRA the first
fraction and the second fraction in a distillation colum. 12. The net hod

of cl ai m 1%{reamhevlrein vt defimitsennberntainsethyldes) ethane, peopydignst plobante, on col um.
13. The net h(ggi og (‘1I ﬁ’lém%‘% wherein the second fraction has an average
t enper at ur S OFTRGIVIGHEHY ¢ han 210F. 14. The method of claim 13, wherein

the second frackimiathash@blefid Qa6 b @R Akt Lardla ROSnDfr8@barat hhan 93C.
15. The nmethod of claim 14, wherein the second fraction has an average

t enper at ur @respuigOf legy an d 480 kRa, wheeinthe fishBaghiepiceatagp agfeastd 12, wherein

t he wat er : i LSE ' ar ratio
of water abs ?@%ﬁ? h%eoe%}tlﬁ%%gltpg%ﬂé}%tp? %S%Ir%! 1%1 Ig)l?et(%)lgﬁ% gtgég?{g{are@hbefas e&rﬂg ma4:1to
1:5,000. 1Taciidrecameditoat ledst & hmajaritg of thie eire¢thyltdtieer preseitde theodlefin n st ream
contains from50 wt %to 95 wt % et hyl ene and propyl ene. WO 03/ 020672

PCT/ US02/ 2688 36 18. The nethod of claim 1, wherein the provided olefin
stream contains from25 w %to 75 wt %ethylene. 19. The nethod of claim

1, wherein the provided olefin stream
27.  The method of claim 26, further comprising contacting the olefin

stream formed from contacting the oxygenate with the molecular sieve catalyst

with water absorbent prior to separating into the first and second fraction.

28.  The method of claim 27, wherein the water absorbent is contacted
with the olefin stream at a molar ratio of water absorbent to total olefin of 1:2 to

1:200.

29. The method of claim 26, wherein the olefin stream contacted with

the water absorbent contains water in an amount not greater than 15,000 wppm.

30. The method of claim 26, wherein the olefin stream contacted with

the water absorbent contains at least 500 wppm dimethyl ether.

31.  The method of claim 26, wherein the pressure is from 791 kPa to
1480 kPa.

32.  The method of claim 31, wherein the pressure is from 929 kPa to

about 1,342 kPa.

33.  The method of claim 26, wherein the first fraction contains at least

a majority of the propane present in the olefin stream.



contains from25 w %to 75 w % propyl ene. 20. The nethod of claim1,
wherein the provided olefin streamfurther conprises CO2, and the first
fracti on worBhaw7zontains at |east a magjority of the CO2Ppca/ushz2quuovi ded
olefin stream 21. The nethod of claim?20, further conprising acid gas
treating the first fraction. 22. The3%ethod of claim1, wherein the
provided ol efin stream further conprises C4+ hydrocarbon conponents, and
the second fraction further contains at |least a majority of the C4+

hydr ocar bon conponents in the provided olefin stream 23. The method of
claim1l1, further conprising separating the ethylene and propylene in the
first fracti on 8Ad pdhymethal ofglaimeSewhyleartbe figs4 fradtiven quetdveschodf cl ai m 1,

further conprisin parati.n e .ethylene and propylene in the first
fraction a%geab%ltmlﬁﬂpr?&lfiwgﬂéﬂ& ene. 25. The nethod of claim 12,
further conprising contacting the first fraction with water, acid gas

treating the water contacted first fraction, and drying the acid gas
treated first fBAacti dhe mEshodfipaimss, wheiserhe saopnd factian Jopfainstaier from an

ol efin str ristng: 6 / /26119 37 contacting
oxygenat e \?\n&%a %%ﬁog'?%%ﬁhggmg}{%/géé%%tglét()fé%s?%}% an olefin stream

wherein the olefin stream contains ethylene, ethane, propylene, propane,

and di nethyl ether; and separating the olefin reaminto a first fraction
and a second frafti oﬁhﬁpeého%%éé%@r » Bfheredy GPEE{‘HSHFP%GS separatedtiaioei n t he

first fracthOonCOMBhAR Ble de8ARM R 1o B PUistiNatRh cbgnt hyl ene and propyl ene

present in the olefin stream and the second fraction contains at |east a
majority of the dinethyl ether present in the olefin stream 27. The

method of claim,g6, I e Rl SR AE LB B&icH 18

average temperature of not greater than 210°F.

38. The method of claim 37, wherein the second fraction has an

average temperature of not greater than 93°C.

39..  The method of claim 38, wherein the second fraction has an

average temperature of not greater than 88°C.

40,  The method of claim 36, wherein water absorbent is added to the

distillation column.

41.  The method of claim 40, wherein the water absorbent is added to
the distillation column at a molar ratio of water absorbent to total olefin stream to

be separated of from 4:1 to 1:5,000.

42 The method of claim 26, wherein the provided olefin stream further
comprises CO,, and the first fraction further contains at least a majority of the

CO, in the provided olefin stream.



stream forned from contacting the oxygenate with the nol ecul ar sieve
catalyst wth water absorbent prior to separating into the first and
second frwotoeme’28. The nethod of claim 27, wherein the watrdrsoabaoy bent is
contacted wth the olefin streamat a nolar ratio of water absorbent to
total olefin of 1:2 to 1:200. 29. Thé%nethod of claim 26, wherein the
olefin streamcontacted with the water absorbent contains water in an
anount not greater than 15,000 wppm 30. The nethod of claim 26, wherein

the ol efin stream comackathybtdeinliey YRHIRE oSHSANENLY OGNS W@ | ast 500

wppm di met hyl ether. 31. The method 6f claim |n t e pressure is
from 791 kPa to firgi48@tigPa. 32. The nethod of claim 31 wherein the pressure
is from929 kPa to about 1,342 kPa. 33. The nethod of claim 26, wherein
the first fraction contains at least a majority of the propane present in

the olefin stream WOHIIMARNEIZ1H6Td)SN e26thd BroviibdMefinHfatEuhae of claim
28, wherein the first fraction contains not greater than 100 wppm di net hyl

et her. 35. cPR@rigest gdiydrocarbapspmgonsise red thersprond diastien further ¢antaioont ai ns at
| t t 36. Th
ot hod of € SRy BhE B Bh G copibohcts B EORBVELGHER 0> he i st

fracti on asttedthe second fraction in a distillation colum. 37. The nethod
of claim 36, wherein the second fraction has an average tenperature of not
greater than 210F. 38. The nethod of claim 37, wherein the second fraction

has an_aver age fsenperatitioddt Mk 3, SRRF iR ax%ﬁn%pﬁ{éeet L od of

claim 38, wherein the second fraction has an average tenperature of not
gr eat er t hand @8Dylesd in thadirstetaction afid pdlpnemiz thaletiyéine. wat er absor bent i s
added to the

46. The method of claim 26, further comprising separating the ethylene

and propylene in the first fraction and polymerizing the propylene.

47, The method of claim 36, further comprising contacting the first
fraction with water, acid gas treating the water contacted first fraction, and drying

the acid gas treated first fraction.

48. A method of separating dimethyl ether from an olefin stream,
comprising;

contacting oxygenate with a molecular sieve catalyst to form an olefin

' stream, wherein the olefin stream contains ethylene, ethane, propylene, propane,

dimethyl ether and water;

removing water from the olefin stream so that the olefin stream contains
not greater than 15,000 wppm wafer; and

separating the olefin stream containing not greater than 15,000 wppm
water into a first fraction and a second fraction at a pressure of less than 1,480
kPa, wherein the first fraction contains at least a majority of the ethylene and
propylene present in the olefin stream, and the second fraction contains at least a

majority of the dimethyl ether present in the olefin stream.



distillation colum. 41. The method of claim40, wherein the water
absorbent is added to the distillation colum at a nolar ratio of water
absor bentwoD®3paicat ol efin streamto be separated of fromP¢TASKD26l1%5, 000.
42. The nethod of claim 26, wherein the provided ol efin stream further
conprises C02, and the first fraction®urther contains at |east a majority
of the CO2 in the provided olefin stream WO 03/020672 PCT/ US02/26119 39
43. The nethod of claim42, further conprising acid gas treating the first

fraction. 44. The nmetrhoehepfoddrRidmde, wibleinghdwhire isREA¥ L EeFoRkR i N stream
further conprises C4+ hydrocarbon conponents, and the second fraction

furt her contefinssreamabylcestgeting thaptefintsyreah withovabr-abbgies g poriargatiponent s i n
the provided olefin stre 45. The. _ of claim 26, further conprising
o nalEebrEhLE W dRpa 5o 2T 10

separating the first fraction and
pol ymeri zing the ethylene. 46. The method of claim26, further conprising
separating the ethylene and propylene in the first fraction and

pol yneri zi ng t héOpr opy¢ Ersehodpf clapmetSnaherstn th olefinrtieassis senpreiedinteonpr i si ng
contacting ﬁehf?r i¢h aflcq ﬁl%tslﬁ ddﬁéi\r’i'irl%cﬁaﬁvﬁ% cﬁaistﬂ?acfi:gﬂ IRy Feating the water

cont act ed Flrstsgl?rac Ion, a e acid gas treated first fraction.
48. A nethod of separating dinethyl ether froman olefin stream

conpri sing: contacti oxygenate w th npl ecul ar si eve talyst to forman
olefin stream S\J\her&gﬁmﬁe dd% 3R 50 Wgﬁrﬁ’lnc"&aﬁ?reﬁ%ﬁ%r%@i‘tHW‘g‘% o Bhane,

propyl ene, jRLARENE oML et hyl ether and water; renoving water fromthe
olefin streamso that the olefin streamcontains not greater than 15, 000
wppm wat er; and separating the ol efin stream contai ning not greater than
15,000 wppm 52. The method of claim 51, wherein the water absorbent is added to
the distillation column at a molar ratio of water absorbent to total olefin stream to

be separated of from 4:1 to 1:5,000.

53.  The method of claim 52, wherein the olefin stream is separated at a

pressure of from 791 kPa to 1,480 kPa.

54, The method of claim 48, wherein the provided olefin stream
comprises further CO,, and the first fraction further contains at least a majority of

the CO, in the provided olefin stream.

55.  The method of claim 54, further comprising acid gas treating the

first fraction.

56.  The method of claim 48, wherein the provided olefin stream further
comprises C,+ hydrocarbon components, and the second fraction further contains
at least a majority of the C,+ hydrocarbon components in the provided olefin

stream.

57.  The method of claim 48, further comprising separating the ethylene

and propylene in the first fraction and polymerizing the ethylene.



water into a first fraction and a second fraction at a pressure of |ess
than 1,480 kPa, wherein the first fraction contains at |least a majority of
the et hylwoesae72 propyl ene present in the ol efin stream pamdsphzsisecond
fraction contains at least a ngj O“t% of the dinmethyl ether present in the
ol efin stream WO 03/020672 PCT/US02/26119 40 49. The method of clai m 48,
wherein the water is renoved fromthe olefin streamby contacting the
olefin streamw th water absorbent at a nolar ratio of water absorbent to
total olefin of 1:2 to 1:200. 50. The nethod of cl-aim 48, wherein the
olefin streamis separated into the first fraction and the second fraction
in a distillati6®h colbemetl®Hd. ofifhanﬂétfmotiiemonmlriaingw@ﬁramnheieﬁlymﬁer

absorbent is, add d to |st n colu 52.. The nmet hod of claimb51,
wher ei n t hARIPEY e’é‘b@&b"bﬁﬁf ia%tlo (t?ycfnerfz n{g?glf 9PY1e8% on col urm at a nol ar
rati o of water absorbent to total oI efin streamto be separated of from

4:1 to 1:5,000. 53. The nethod of claimb52, wherein the olefin streami s
separated at a 5%r esShe methodfof glimg9, fuphen ompriape cRpgctizythe fisg et hod of

cl ai m 48, e %ﬁ hgte oM %‘E?regﬂlr?%ﬂhgﬁééggﬁkctg@ﬂ}%frﬁ o#ﬁ& Jti!rﬁffn 02, and

the first her tai aITB.]OI’I o2 in the
provi ded ot@facm@@mau&d i fradiien. met hod of cl ai m 54, furt her conprising acid
gas treating the first fraction. 56. The nmethod of claim 48, wherein the
provi ded olefin streamfurther conprises C4+ hydrocarbon conponents, and

the second frackon Wunied pPRRAANAS difn)IGARE AT ALt gt he O4*

hydrocar bon conponents int rovi lefin stream 57. Thé method of
claim 48, tanpheng corrpr i sing separating t he et hyl ene and propylene in the
first fraction apoqrup 3/ hﬁ Ist?gam antg[npné e?h ?eneV\Qhe(i)n?é/ 81%?3917 G, PCT/ US02/ 26119

propane, and dimethyl ether; and

separating the olefin stream into a first fraction containing at least a

majority of the ethylene and propylene present in the olefin stream, and a second

fraction containing at least a majority of the dimethyl ether present in the olefin

stream, wherein the olefin stream is separated at a pressure of less than 1,480 kPa

and such that the second fraction has an average temperature of not greater than

210°F.

61.  The method of claim 60, wherein the olefin stream is separated into

the first fraction and the second fraction in a distillation column.

62.  The method of claim 61, wherein water absorbent is added to the

distillation column.

63. The method of claim 62, wherein the water absorbent is added to
the distillation column at a molar ratio of water absorbent to total olefin stream to

be separated of from 4:1 to 1:5,000.

64.  The method of claim 62, wherein the olefin stream is separated at a

pressure of from 791 kPa to 1,480 kPa.



41 58. The nethod of claim 48, further conprising separating the ethylene
and propylene in the first fraction and pol ynerizing the propylene. 59. The
met hod ofwoloaiomesD, further conprising contacting the fir®CT/USOARAIIDN W t h
water, acid gas treating the water contacted first fraction, and drying

the acid gas treated first fraction. . A method of separating dinethyl
ether froman olefin stream conprising: providing an olefin stream
cont ai ni ng et hyl ene, ethane, propylene, propane, and di nethyl ether; and
separating the olefin streaminto a first fraction containing at |east a
majority of the ethyl ene and propyl ene present in the olefin stream and a

second fracti orPxontHieAnethoder ¢lains 60, avherginthetryoaded: Helimstreanhiprthet her
. . : : . Yoy at
P essur e orHRrBEEON apd HiEAR ARl Bl LGy el ot LI B REP O has

aver age tenﬂa{muhepmmmed@kﬁgmeamﬁr than 210F. 61. The nethod of claim 60,

wherein the olefin streamis separated into the first fraction and the
second fraction in a distillation colum. 62. The nethod of claim®61,

wherein water a rb i : bSthdidiad | . The
met hod of cIain?%g, &E%fgﬁﬁafﬁgqﬁg?g%m%%?%?%%%*$| hgggéﬁﬁgﬁﬂgpﬁg

di stillatidmstcisdctiom at a nol ar ratio of water absorbent to total olefin
streamto be separated of from4:1to 1:5,000. 64. The nethod of claim62,
wherein the olefin streamis separated at a pressure of from 791 kPa to

1,480 kPa. WO 03702067t¢ ntéeHé 50241200 Yheftdn B prokidedriaéMos - Sik@em 60,

wherein the provided olefin streamfurther conprises G2, and the first
fraction fuonrmelsecet Midrecaghon cemponentsrapd thetspearid fagtomptliencetigingr ovi ded

olefin str €3Mast a majority of the C,+ hydrocarbon components in the provided olefin

stream.

68.  The method of claim 62, further comprising separating the ethylene

and propylene in the first fraction and polymerizing the ethylene.

69.  The method of claim 62, further comprising separating the ethylene

and propylene in the first fraction and polyﬁerizing the propylene.

70.  The method of claim 61, further comprising contacting the first
fraction with water, acid gas treating the water contacted first fraction, and drying

the acid gas treated first fraction.

71.  The method of claim 60, wherein the second fraction has an

average temperature of not greater than 93°C

72. The method of claim 71, wherein the second fraction has an

average temperature of not greater than 88°C.

73. A method of separating dimethyl ether from an olefin stream,

comprising:



66. The nethod of claim65, further conprising acid gas treating the first
fraction. 67. The nethod of claim®60, wherein the provided olefin stream
further wompees CA4+ hydrocarbon conponents, and the seecmdishr/zaid on
further contains at least a majority Qf the C4+ hydrocarbon conponents in
the provided olefin stream 68. The néghod of claim62, further conprising
separating the ethylene and propylene in the first fraction and

pol ynmeri zing the ethylene. 69. The nmethod of claim62, further conprising

separating the girbyiliRBan ofdfh re@R)ofRihdethiiend efhghe, fidfiden and o
pol ymeri zi ng the propylene. 70. The method of ¢laim6l, further conprising

cont act i ng [reRane; prepadigneaad idgnpethyltdihataandr | aci d gas treating the water
contacted first f | O Vi t j.d gas_.treated first fraction.
seb ik Ml R b e 16 LS RRRUOIER! Bl

71. The nethod o he Secon C aver age

t enper at ur engbrityaif thy &hylede ddiaitoPAéhelteschhia theslbosl siodant laall Msddondwher ei n t he
second fraction has an average tenperature of not greater than 88C. 73. A

met hod of JESHPAFPHANEEREIAY 2 BUREEY ¢iitbowlimethyl ethprangknrapadiene psesshl si ng: WO
03/020672 REH 084 GELA0 whdrilPhe WidHn WAl i?éeﬁﬁfa&dsatt E??eghﬁi% BEPe'F,é“ ng
et hyl ene, ethane, propylfene, propane, propadiene an I methyl et her; and
separ at i ng thirel,88@kPaarsltsuelathat the gecnilifrastiod haahiaveragotengierdtng ofit | east a
majority of the et ﬂﬁlﬁgﬁlﬁ and propyl ene present in the olefin stream and a
second  f r dOf BBANE tfifng at Ieast a mjority of the dimethyl ether and
propadi ene present in the olefin stream wherein the olefin streamis
separated at a pressure of less than 1,480 kPa and such that the second
fracti on has an Hver ade methqrbeilaime’ o wherem thg oledinstreathansepanied inw. The

met hod of Gcilg h@c %rgétio\f\lha%a ?lllense%gr?d fr)zltcetl{oln% g%fs%ﬁgﬂolnsco ue 1% rated into

75. The method of claim 74, wherein water absorbent is added to the

distillation column.

76. The method of claim 75, wherein the water absorbent is added to
the distillation column at a molar ratio of water absorbent to total olefin stream to

be separated of from 4:1 to 1:5,000.

77.  The method of claim 75, wherein the olefin stream is separated at a

pressure of from 791 kPa to 1,480 kPa.

78.  The method of claim 73, wherein the provided olefin stream further
comprises CO,, and the first fraction further contains at least a majority of the

CO, in the provided olefin stream.

79.  The method of claim 78, further comprising acid gas treating the

first fraction.

80.  The method of claim 73, wherein the provided olefin stream further

comprises C,+ hydrocarbon components, and the second fraction further contains



the first fraction and the second fraction in a distillation colum. 75.
The nmet hod of claim 74, wherein water absorbent is added to the

di still atwornsoedsarm. 76. The nmet hod of claim 75, wherein tPha/usat/eq19
absorbent is added to the distillatbgn colum at a nolar ratio of water

absorbent to total olefin streamto e separated of from4:1 to 1:5, 000.

77. The nmethod of claim75, wherein the olefin streamis separated at a
pressure of from 791 kPa to 1,480 kPa. 78. The nethod of claim 73, wherein

the provi dgdegk &hidjorst o8 d Y hihRkarb6 R BBipSREsGRhe HOHdENBlefihr St fraction
further contains at |léeast a'mgjority of the CO2 in the provided olefin

stream 79streBhe net hod of claim 78, further conprising acid gas treating
the first fraction. 80. The method of claim 73, wherein the provided
olefin streamfurther conprises C4+ hydrocarbon conponents, and the second

fracti on furthegicontra agthd@ o 3lald 08 HartR&ETdobpRidingGadRatinkAhatthhrast a

maj ority of the C4+ hydrqcarbon conponents.in the provided olefin stream
81. The netmbRropylens &ithe fimst fpgionad pebymsriziigihe §ﬂé‘?§§¥1‘éti ng the ethylene and
propylene in the first fraction and polymerizing the ethylene. 82. The

met hod of claim 73, further conprising separating the ethylene and

propyl ene in thé2fir $he fretotiod nlaan d3 poltheronprisggtshgargmgahe ethglen83. The
met hod of cl aim 74, futht?er conpriain contacting the first fraction with
wat er, aci 8GReryleagiy thy fifsh &2 @88?%?5@ P PPYERGCcti on, and drying
the acid gas treated first fraction. 84. The nethod of claim83, wherein
the second fraction has an average tenEeratur_e‘ of not greater than 93C
85. The nethod 83. cl ZhemBthodwifielain A4 hghercooprisingsontactingths fiesh aver age

temperatur Frac(:)tgonnx?/ltth %raﬁa%ta%{d gtars1 %@at?n%cﬁle water contacted first fraction, and drying

the acid gas treated first fraction.

84. The method of claim 83, wherein the second fraction has an

average temperature of not greater than 93°C.

85. The method of claim 84, wherein the second fraction has an

average temperature of not greater than 88°C.

86. A method of separating dimethy! ether from an olefin stream,
comprising:

providing an olefin stream containing ethylene, ethane, propylene,
propane, and dimethyl ether; and

separating the olefin stream into a first fraction and a second fraction in a
distillation column, wherein the first fraction contains at least a majority of the
ethylene and propylene present in the olefin stream, and the second fraction

contains at least a majority of the dimethyl ether present in the olefin stream.

87. The method of claim 86, wherein the olefin stream is separated into

the first and second fractions at a pressure of less than 1,480 kPa.



86. A nethod of separating dinethyl ether froman olefin stream
conprising: providing an ol efin stream contai ning ethyl ene, ethane,
propyl enewo opioaane, and di net hyl ether; and separating tReTaset/2611%t r eam
into a first fraction and a second frggtlon ina distillation colum,
wherein the first fraction contains at”’least a majority of the ethylene
and propyl ene present in the olefin stream and the second fraction
contains at least a mpjority of the dinethyl ether present in the olefin
stream 87. Thegget hq@e@{eﬂfddajfmaﬁﬁ86v\®§ér@inﬂtﬁék%c@ﬁcﬁfr%dﬁ]oﬁ%? | s separated
into the first and second fractions at a pressure o ess than 1,480 kPa.
VO 03/0206¢%ﬂﬁﬁmﬁm@@2ﬂ269ﬁgﬁg¢$H88mm¢H§qhethod of claim86, whereint the
second fraction has an average tenperature of not greater than 210F. 89.
The nethod of claim 88, wherein the second fraction has an average
tenperature of BBt gMaanethodh@ela83 8€ whlein thesdtBadRsctRh Hat & M 89, wherein
the second fraction has an average tenperature of not greater than 88C.
91. The mefYfRECIFmRpEfre gbuot\gFafes nﬁﬁg?prOV|ded ol efin stream further
contains water in an anmount not greater than 15,000 wppm

90. The method of claim 89, wherein the second fraction has an

average temperature of not greater than 88°C.

91.  The method of claim 86, wherein the provided olefin stream further

contains water in an amount not greater than 15,000 wppm.



