1 3 APR 2006 WO 03/033441 1 METHOD OF REMOVI NG DI METHYL ETHER FROM AN

OLEFI N STREAM PCT/ US02/ 31046 10001] This application clains prior] &§R 2086
German Patent Application No. 101 50 479.9, filed COctober 16, 2001, U. S
Serial NoW@bY®441666, filed December 31, 2001, and U.S. S&TVEI028K46

10/ 196, 530, filed July 15, 2002, the descriptions of . each being fully

i ncorporated herein by reference. Field of the Invention [0002] This
invention relates to renoving dinmethyl ether froman olefin stream In
particular, this invention relates to renoving di nethyl ether from an

ol efin stream by di stiMEIZHQP @B RISV BOY ¢ RIMETHOEL #THEBNe and pol yner
grade propylene streans. BadkROMAN OLEFIN $TREANon 10003] d efi ns,
particularly C2 and C3 olefins, are desirable as a feed source for making
derivative products such as oligomers, e.g., higher olefins, and polyners
such as pol ygoby) ene amkis AppldAtion ¥laenepriéligftb KBehﬁ@tﬂPﬁ@HfAﬁEli@ﬁ\éﬂNo.
traditionally been produced by cracking petrol eum f eedst ocks. 10004] U.S.

Pat ent No. S51W98) 47879,diledtOotober &6, aﬁt)hdgsosemﬂmméoﬁﬂémﬁsﬁbﬁ Destroben
cracking. Th od.inglude e I h | efi roduct into t hane,
hydr ogen, et ﬁagﬁbné‘f‘ﬁﬁgﬁf’%@pgﬁiﬁégiﬁﬁ@lﬁ%? s’e&;@ ﬂjﬁfgsﬂ?@’@%éﬁd
separation &Eggﬁhg%mﬂn@m@f&qg@g@gnnﬁq@ &@e, and no propane, butane,

but ene, or butadi ene ‘streans are produced. f0005] Oxygenate feed stocks,
however, are becoming an alternative to petroleumfeed stocks for making

ol efins, parKiekiofthe ynvemtign quantities of ethylene and propylene for the
producti on of hi.gher efins and plastic materjials., | eneral ,. the ol efins
are formed b[)qo@dnt act iohasl'rhvémdg’&ﬁ’ %ﬁtQIEIB%‘BﬁélHP%tEW ettﬁeragorﬁﬁpé’ Far si eve
catal yst to gRhal Y§ bedkhMr, ¥R VVehtibh €] %Y BT8RO dPmethsl biksr iHGR  Processes
operate, for exanple, catalytically according to the overall equation
2CH3OH - C2Hdefin gfeatiplty distildsionRo forax petpiner gtddSethplene and Nolymer 48327,

di scl oses a maki ng ol efins from net hanol using any of a variety

f
of silicoal Lﬂ%ir’gy %ﬁ%?ﬁ%f"e

Background of the Invention

[0003] Olefins, particularly C; and Cs olefins, are desirable as a feed
source for making derivative products such as oligomers, e.g., higher olefins, and
polymers such as polyethylene and polypropylene. Olefin feed sources have
traditionally been produced by cracking petroleum feedstocks.

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

[0005] Oxygenate feed stocks, however, are becoming an alternative to
petroleum feed stocks for making olefins, particularly large quantities of ethylene
and propylene for the production of higher olefins and plastic materials. In
general, the olefins are formed by contacting the oxygenate components with a
molecular sieve catalyst 1o catalytically convert the oxygenates to olefins. Such
processes operate, for example, catalytically according to the overall equation
2CH3;0H — C;H4 + 2H,O0.

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

making olefins from methanol using any of a variety of silicoaluminophosphate



WO 03/033441 2 1 3 APR 2006 PCT/US02/ 31046 (SAPO) nol ecul ar sieve

catal ysts. The process is carried out at a tenperature between 13PRRR gmj
500C, a pneesresfet ween 0.1 at nosphere to 100 at nospheres,],cq‘ﬂgogmvﬁég t
hourly space velocity (WHSV) of between 0.1 and 40 hr'. The process Is

hi ghly sel ective for naking ethyl ene and2 propyl ene. [0007] U.S. Patent No.
6,121, 504 al so di scloses a nethod of naking olefin product from oxygenate
feed using nol ecul ar sieve catal ysts. Water and other unwanted by-products

are renoved r oduc contactin medi um
After cont ac@‘%‘gbé\ﬂ hecflf?‘ém& ﬁ%‘ﬁgﬁéd%&pm&?eﬁ lﬁﬁf‘g-be\lgloodﬁ@fa te?‘?pffﬁaﬁ\‘“gn is

obt ai ned whi BQM%OO@&&M@%W@%@%@M&&O pbﬁncﬁbﬁé}e't@?d)oldes di met hyl
et her, methane, CO, C02, ethane, propane, and o m nor comnponents such

as wat er andatmmsehtrb.edndnyv@giat}@urlgeﬂ&ieorclomt[ycimq;\fﬁ)uﬁb@wwm@1rande
partlcularly des red b prod ts,is d.ne obl em of
removi ng di n JQE‘%%"PC%/P yoﬁeg’F lﬁe’l;‘ﬂ’ fgé’@g §'S?f’g§ﬁ13ﬂ Bropisi€heen

sati sfactori fggesp! ved QyNyelel v 86153k 2RRSAEDSY: ahbd

supposed to term e thewglS nmet hyl & gﬂer S?r gmthe&pre(s)g%t éstr%g%lnaﬁ%\?ghgl r eady
been consi dproddct frioexegenatet feed uding hiotaclartsieve icawdlyatss Waebhel atheor ber  or

adsorber nmateri al I s purpose. [00Q9] It is often necessary to reduce
or renove thlémé{ﬁ%%{’y'BfO Rigess Feamved ﬁ%&@é&?%rbﬂroslyctdwow&cgnsm %ar e

present in t o] t he ol efins,
particularly t'ﬂ]e g y "g'ng?@f)?%‘%y g“??\ g@uu{eg‘fhe{rr\lg&ﬁ&ﬁ fﬁiﬂj%lg’ggguse
derivat.i ve nfactfoncs ubﬂ'angdMmdesmﬁgnsmyhadfelreabwfms,tmthhatmcaudesqu| te

sensitive to_the presence of certain hydrocarbons. For exanple, the

undesi r abl e gty sthesrmethang (i (i ethant PTeRABs, F16ATHERTBINGE EOBRONENB O son to
certain cat t hyl ene, propyl ene or butyl ene
to ot her prgg @tagwah{}%%gg?ﬁu%g%ﬁggent SE%&ZM 647 di scl oses, for exanple,
t hat di net hy]o008] her c@ne aflttermaeleypattigniacly uddesiodd lgepmrduztahs dxmetﬁylcertai n

ol efins. The descr| bes a proce f e i n thyl ether froma
e andl or | CoetBer ik pg‘el? EBA rﬁepwggmfﬁ yhetber @léiwgﬁvqtétrmm led and

separat ed i n,r“g H’éPn 93 %@%@&%@u ﬁ&ﬁ@g@&él%%rbgﬂ% @i‘lﬁfs*ﬂ?ﬂ%@t ream

cont ai ns di met hy ter vari o hydrocar ons t he bottons
stream cont asuppomirto i‘emmivedheﬂlmsthyl ether from the product stream have already been

considered. However, it is difficult to find a suitable absorber or adsorber
material for this purpose.

[0009] It is often necessary to reduce or remove the amount of undesirable
hydrocarbon by-products that are present in the olefin composition in order to
further process the oleﬂhs, particularly the ethylene, propylene and butylene. This
is because derivative manufacturing processes may use catalysts that are quite
sensitive to the presence of certain hydrocarbons. For example, the undesirable
by-product dimethyl ether has been found to act as a poison to certain catalysts
that are used to convert ethylene, propylene or butylene to other products.

[0010] U.S. Patent No. 4,474,647 discloses, for example, that dimethyl
ether can adversely impact the oligomerization of certain olefins. The patent
describes a process for removing dimethy! ether from a C4 and/or Cs olefin stream
using distillation. The stream is distilled and separated into an overhead and a
bottoms stream. The overhead stream contains dimethyl ether, water, and various
hydrocarbons, and the bottoms stream contains purified olefins.

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

methanol and dimethy] ether from a mixed hydrocarbon stream. The hydrocarbon



[0011] U. S. Patent No. 5,609, 734 discloses a nethod of renoving nethanol
and dinethyl ether froma m xed hydrocarbon stream The hydrocar bfﬂi’wﬁﬂﬁ
03/033441 3 1 3 APR 2006 PCT/US02/ 31046 stream containing the rJE ah and
di met hyl e¥R&3¥4Histilled such that the dinmethyl ether aPArugeziaesl are
renoved in an overhead stream Addition met hanol is recovered in a side
streamin which a nethanol perneable nenbrane is used to obtain the

addi ti onal separation. Purified hydrocarbon is renoved from a bottons
stream [00121 Renoval of dinmethyl ether fromolefin streans is particularly
difficult, sstrzaem wenaininguhd metiasolemddiimethildthetibdistitlad saxdt thastheat al yst

poi sons. This, means olefin streans such .as C2- | efi ns should contain
little if anQI%thbgteﬁﬁ angspgHano} 47€ FYPEYRY D &R OHET F?Cﬁsfﬁagbeégﬁhﬁangf the ol efin

streamis degj . Lhal I bt | | t.i onal
met hods of r@ﬁ%\%ﬂ%ldgg%rﬁgélﬁgﬁ %Fﬁgﬁﬁ??@?ﬁgaﬁ%gﬁﬁ g%ﬁﬂéi&hﬁe tﬂ%ﬁ?@% t he
| nventi on [ ORL34d fhatsainmvemiditionapsepaidies. Rurifthbetirboarboe iyeimoged romt hyl

ether fromolefin streans. The result of the nmethod is that separate olefin

streans, pat PPRUNSHISANLt hyl ene, propyl ehe, and butyl ene streanms, can be

obt ai ned t ha sub halel 1 j et : nt. 100141
The di met hylfot‘a]?%gr is gé%ﬁ?%%ﬁ&@%@ﬂ&ﬁ% %ﬁ?*eﬁﬁﬁg}ééﬁgﬁ%‘é‘gﬁfn this
i nvention i ndigficidy Since Y& 160 0l sfalimeilgy ethércan et £dued ison$.MEhik nvent i on

provi des a nethod for renoving di net htll et her from an ol efin-containing
stream whi cheins@lefiesreamaciclbadei-hy olefias shald seriainditleifrgysimetinl The

ol ef i n- cont &, fi.ng 1, A48 tfarmséegsgg B fird AR DEADR A SHL AMAE Y BE MY

ether, and t ai'nin reamis fractiona t'o séparat’e out the
C3 hydr ocar bigphistdesisable fl fitad dvidral iethods BBtemovirgt digdethyft reetivr flagn

ol efin-contai ning stream The C3 hydrocarbon stream containing the dinethyl
ether is thefeBpfeam$. a rectification col um. Propyl ene is renoved from a
top portion of the rectification colum, and propane is renoved froma

bottom porti -t DR tHeSGeAfiGRt | on col utm. The dinmethyl ether is also
renoved frorﬁglﬁﬁt—ggt-ﬁmﬂ-pm—rmn of the rectification colum along with the
pr opane. [0013) This invention provides a method for removing dimethyl ether

from olefin streams. The result of the method is that separate olefin streams,

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

substantially reduced in dimethyl ether content.

[0014] The dimethyl ether is separated from the olefin product stream in

this invention in a novel, yet economical, way. In one embodiment, the invention

provides a method for removing dimethyl ether from an olefin-containing stream

which includes fractionating the olefin-containing stream. The olefin-containing

stream comprises a C; hydrocarbon stream and dimethyl ether, and the olefin-

containing stream is fractionated to separate out the C3 hydrocarbon stream, along

with the dimethy] ether, from the olefin-containing stream. The C; hydrocarbon

stream containing the dimethyl ether is then sent to a rectification column.

Propylene is removed from a top portion of the rectification column, and propane

is removed from a bottom portion of the rectification column. The dimethy! ether

is also removed from the bottom portion of the rectification column along with the

propane.

[0015] In another embodiment, the invention provides a method of

separating dimethy] ether from an olefin stream made from an oxygenate to olefin

reaction process. The method comprises contacting oxygenate with a molecular



[ 00151 In another enbodi ment, the invention provides a nethod of separating
di ret hyl ether froman olefin stream made from an oxygenate to olefin
reaction process. The nethod conprises contacting oxygenate w t h3adPRa@llgcul ar
WO 03/ 0334%W0 $/B344APR 2006 PCT/ US02/ 31046 si eve catal yst t ecrarssesime ol efin
stream The olefin stream conprises, | ntgr alia, water, propylene, propane,
and di nethyl ether. The olefin streamis’dried and distilled to separate

t he di net hyl ether and propane fromthe propylene. 100161 In this invention
it is desirable that the dried olefin streamcontains not greater than

about 1, 000 wpewcualyst to Bretiey abfiy strédhe Thel qefiobtedanncahpean) nepakiai ns not
greater than about 500 wopmwater; nore preferably the dried olefin stream

contai ns not Vgﬂ‘@‘aP@PYkﬁarPT@mm armodlmgml weer Thy Qﬂ@ﬁFthﬁmdﬁﬁ@@rﬂ@ddl nment, the
propyl ene di st i ki fromt edrl ef i Str antlallyfree of
B ot byl et naiiss o R e RhEH Shidnd prbin oo e BRUB 311 Yo' O er
stream cont ai 0‘03161]'0'[ gr gatas 1&@&&0&1@@:&1&5%&\6@9&&5@ aBédVkfin SrEE% cont@@481 I n
anot her enbodi ment, the olefin streamcontains at | east about 0.05 wt %

di met hyl et hept gtateyélanah@ﬂﬂeﬁooe\mmlwmt Prefarably, alie drissk oleBmstieam her
conprises butyl ene and hi il |nt co ound nd.th olefin
streamis di 5%?@1%(5‘0{1%”% ’g@f’ﬂf‘g tﬁga Riafery @rprﬁﬁaa%& Bﬁéﬁ'@giob%d M t he
propyl ene, Bﬁ'ééﬁh@&ﬁaﬁg'ﬁoﬂgr%@hhﬁ@bﬁmgo%ﬂiﬁ“&%?Pounds In such an

enbodi ment, the olefin streamdesirably conprises fromabout 2 wt %to 45

Wt % pr opane[0d7dm aboun on@elﬂ‘ﬁodlmcab(ﬂwtprspykn@/dmh}}ai frgin the Heed olafid from

bout 30 Wt %t bout, 95 wt. % her, boi | '.t
2o%ounds [%@O]‘?ﬁﬁ% S‘F-?RF@P&#‘?%P@&H fﬁhg‘? L%S%ﬁ%‘eéh%&'ﬂ"é@t?ﬁg ﬂﬁq—: propane
and di met hygogt e ldridé Bféf%&@&n%@nﬁﬁﬂﬁoﬁéﬁa’ééﬂ%éﬁ' a5RhimA wﬁ?ﬁ%méﬁl?ln the
propane. The separated dinmethyl ether can then be contacted wt

mol ecul ar si ether.cat al yst to forman olefin. [0020] Optionally, the
pol ypr opyl enU1Eh Sat 11 R RSRD iiGe Qi RE O BaT A TPAPH  compounds
can be separ @bsdmf% ‘aﬁh&tﬁﬂ ARAPYH ?é‘teanoﬁﬁg ctbBdPEnY (BOBlefif 3ttelif filriidcher
reacted. For exanple, the separafted butylene can ‘be converted into
comprises butylene and }ngher boiling pomt compounds and the dried olefin
stream is distilled to separate the dimethyl ether and propane from the propylene,
butylene and higher boiling point compounds. In such an embodiment, the olefin
stream desirably comprises from about 2 wt % to 45 wt % propane, from about
0.05 to about 5 wt % dimethyl ether, and from about 30 wt % to about 95 wt %
butylene plus higher boiling point compounds.
[0019} The invention can further comprise contacting the propane and
dimethyl ether with water to separate the dimethyl ether from the propane. The
separated dimethy! ether can then be contacted with a molecular sieve catalyst to
form an olefin.
[0020] Optionally, the invention further comprises polymerizing the
separated propylene to form polypropylene. In addition, any butylene and higher
boiling point compounds can be separated from the propylene, and the butylene
can be further reacted. For example, the separated butylene can be converted into
aldehydes, acids, alcohols, esters made from Cs-Cj3 mono carboxylic acids and
Cs-C,3 mono alcohols or linear alpha olefins.

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

comprises ethylene and the dried olefin stream is distilled to separate the dimethy]



al dehydes, acids, alcohols, esters made from C5-Cl3 nono carboxylic acids
and C5-C 13 nono al cohols or linear alpha olefins. [0021] In angtApRri006
enbodi ment of the invention, the olefin streamfurther conprises ethylene
and the drW@d3@P¥fIn streamis distilled to separate the di PET/R§I2/MB46APR
2006 WO 03/033441 5 PCT/ US02/ 31046 et her-and propane fromthe ethyl ene and
propyl ene. The separated ethyl ene can ?1e be polynerized if desired. [0022]
The invention further provides a nethod of renoving dinethyl ether froman
olefin streamin which the olefin stream conprises water, propylene,
propane and dthtemlr@/proeaimﬁom‘ltheeﬂnb@hia andpropalene.s THe semiratedietttylene chred so as
to separate g o‘gﬁgﬁ di met hyl ether fromthe propylene. In such
an enbodi metl qROY’E" PBf FE¥Y% hat the propane and di et hyl et her st ream

conpri ses fggoa&?bout 4{1{& R i et i B8 pihi APl ARBRE o Rl T 1.0 to

about 96 wt met hyl ng upon extent er si on of
oxygenat e. [eﬂﬁﬁfrommrmﬂeﬁhenremmoﬁhmhmllie aléfim b@edmnvmpnses,wmé@ﬁmpy&hé eami s

dried by contactlng the ol efin ream wi th wa absorbent or water
adsor bent. TREPRRAE and é‘lfé@fllﬁgfﬁf ;FE @g}’ls‘éﬁf}r? fb?ﬂ%dqi le*-‘é‘osé.’raﬁé?l The wat er

adsorbent. | 5igshe B e frogiBk SEYLBcNIGURY Ebin b8 pRU3R oS LAl 4 Lo corpr ess

the ol efin stream prior contacti sorbent or adsorbent.
100241 The i sivdodiment f;wStplﬂabrrad ﬂm't ﬂxeq;r@paﬂehh@dméthﬂdﬂmtremmgmpheayI ene
made from an oxyg nate. The net conprises contacting the oxygenate with a

nol ecul ar si &¢@ b Pde ab@“‘f%’r‘fﬁ %rPTQIPBé‘FPH sopeahaut Widpapput $evotef i n stream
conpri ses pr8ﬂ¥ét%§r a}%egr{r’e%@ﬂ&ngﬂgﬁnegg to*f%r%ﬁcter% ofBir?%e% fin streamis

distilled to rom “di nethy) ether and

t he separ at ef0o2p} opy! eﬂneamahmnmumaﬁdf tlﬁrlﬁffﬁft&hl ylefih Beean pedrididesy propyl ene
stream cont al ns not ?t er than about 25 wppm dinethyl ether. It is also
desi rabl e toc@%t@ctmﬁéhepls Fream M RIVRIES %hsmtban TSVRteT @%arbepboﬁsqwmé

nvent | on TULRdRLn DIQK gﬁeﬁ)éa pRE: R9holphe! YHEL zeraaso%é}xhs%&raap% propyl ene.

The net hod conprises dryin n stream |ch conpri ses nter alia,
et hyl ene, proplcelesiepe.ofanalsadesidbledt byhpeshtie. olélﬁlesmh*aneﬂnmltef in streamis
st ed b0 R i Wate? Bbsortient oF sasoment. " @ Propylene stream and a

[0024] The invention further provides a method of polymerizing propylene

made from an oxygenate. The method comprises contacting the oxygenate with a

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

comprises propylene, propane, and dimethyl ether. the olefin stream is distilled to

separate the propylene from the propane and dimethyl ether and the separated

propylene is polymerized. Preferably, the separated propylene stream contains not

greater than about 25 wppm dimethyl ether. It is also desirable to dry the olefin

stream prior to distilling.

[0025] The invention further provides a method of polymerizing ethylene

and propylene. The method comprises drying an olefin stream which comprises,

inter alia, ethylene, propylene, propane and dimethyl ether. The dried olefin

stream is distilled to separate out an ethylene stream, a propylene stream, and a

propane and dimethy! ether stream such that the ethylene stream and the

propylene stream each contain not greater than about 10 wppm dimethyl ether.

The separated ethylene and propylene streams can then be polymerized.

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

water.



propane and di nethyl ether stream such that the ethylene streamand the

propyl ene stream each contain not greater than about 10 wppm di\nEpPy gt her .

The separated et hyl ene and propyl ene streans can then be pol yneri zed.

Pr ef er abl yYO0#8334d#1 ed ol efin stream contai ns not greater theeT/aEbango4k, 000

wppm water. WO 03/033441 6 1 3 APR 2006, PCT/ USO2/ 31046 Brief Description of

the Draw ngs [0026] Exanpl es of various enbodinents of this invention are

shown in the attached Figures, wherein: [0027] Fig. 1 is a flow diagram

showi ng making an olefin froman oxygenate, drying the olefin, and

separ ati ng aBpicdPDeseriptich of thetDwalwingher stream fromthe dried ol efin;

10028] Fig. 2 1s a flow diagram of a deethani zer first fractionation

enbodi ment of002f] s | nv@ﬁ@m@%ﬁ of yarpwys epphydiments ohthiy ByerioRAra MO 8 C3

splitter fir i | odiment of this invention; [00301 Fig. 4 is

a flow di agr%&hao%agehég%@{eﬁg%%%gpt 0 deethanizer first fractionation

embodi nent ofeoh) s i nv@iH. 108 floGOBdgraln howdng Makinkla@wldirfisanmof a

denet hani zer first fractionation enbodinent of this invention; and [0032]

Fig. 6 is a PIERdEadyintbe ogliaeadrenwrabng fprepane ppd dimsthyliegier seedsodi nent  of

this inventign, | scription of the Invention 10033] This invention
BPratE bikd Sllgh

provi des a ving dinmethyl ether from an olefin stream

particul arl yjoapsp! ef i nFgt Qeamﬂ@wrui@i%ramrtqaaiemﬂaﬁmrﬁmifr@éﬁmﬁﬁ&pyl ene. In
general, the nethod conprises distilling the olefin streamso as to

separ at e outembrslipenpeitbisdnentipnet hyl ether in a common stream The ethyl ene
and/ or propyy I n the. disti sl ed,.ol efi re i uffj.cient quality,
i.e., pol ymsltoﬁggr ade qﬁ%‘ Ptl§/? h{)g ddg%argso'}]azcggosp?ig%r @“ﬁﬁf@}%ﬂ‘%t i on process.
[0034] The idngsimment sfith@higventien;advant age that no additional devices are

needed for se|8ar ating the dinethyl ether fromthe propyl ene product stream
A C3 [0030] Fig. 4 is a flow diagram of a demethanizer to deethanizer first

fractionation embodiment of this invention; -
[6031} Fig. 5 is a flow diagram of a demethanizer first fractionation
embodiment of this invention; and

[0032] Fig. 6 is a flow diagram of a deethanizer first fractionation

embodiment of this invention.

Detailed Description of the Invention

[0033] This invention provides a method of removing dimethyl ether from
an olefin stream, particularly an olefin stream containing ethylene and/or
propylene. In generél, the method comprises distilling the olefin stream so as to
separate out the propane and dimethyl ether in a common stream. The ethylene
and/or propylene in the distilled olefin stream is of sufficient quality, 1.e., polymer
grade quality, to use as feed for a polymerization process.

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

olefin product stream by fractionation. The separated stream containing the C;



splitter that would be conventionally used to separate propane fromthe
propyl ene can also be used to separate the undesirable dinethyl ether from
t he propylene. [0035] In another aspect of the invention, the i)Bd‘t?Réﬂﬂﬁof
renovi ng WhSta3§d4let her froman olefin streamis sol ved i npatagigsinge W th
the invention by separating at |east a partial streamlargely containing C3
hydr ocarbons froman olefin product stream by fractionation. The separated
stream contai ning the C3 WO 03/033441 7 1 3 APR 2006 PCT/ US02/ 31046

hydr ocarbons is sent to a rectification colum (C3 splitter) for separation

of  propyl engy@edadbaPRNent t6 aREQTEENScHLAAYCE sHlitic@RIBr isSpdralgdbff rom the top
of this rectification colum; and propane, and possibly other C3

_hydr ocar bons progyleneland gsopade.mbtgpy lendreduciiseeane potakeh fromrthe o dfabisom
portion of the .rectification colum so th r | ene product ,stream

cont ai ni ng afSHESEISHE _ u’flpa@éjspr?)‘fanﬁi %WFI%}ye‘?athg‘reﬁ%dgﬁaﬁI?%d@ ‘f@g%]

Anot her aspeaim&hyildiferl SELOQ fidin 'ﬂi’eﬂ%ﬁtoﬁpﬁéﬁiﬁﬁbf Ak LeatiBR cOBE N Stream
so that dinethyl ether follows wth the C3 hydrocarbons I n the separation

process. Thusg thai aptdpylenetpheduct sreapntondining pt moyt @iip frapesafaliresthpind possi bl y
ot her C3 hyd ocargonsédto a C3 splitter or rectification colum in the
fractionati oIS QOB grprisingly, it has now been found that the

di methyl eth 03gpes Nea{rlovher GEHLRY ﬁttﬁé ¥hveich fs%#&%ﬁ ﬁmtil%%ﬂﬁg)ﬂﬂe Oletinne

rectificatio um along wth the propane. The propylene s taken from
the top port streannfo thatdiowthyhetheafudloms wisuthetGritydaddaybohs eethefsephiratztrhy| et her .

[0037] In yet another aspecgt,of this invention, it is desirahle to distill
an ol efin sPH&&H Bﬁ‘gﬁ cﬁgeﬁa(x\l,\;el;ﬁr BEFEM PEW“‘?W%‘?%@*W@%% rcﬁ]_i’% out the
propane and c?gﬁgrﬁagér%?ﬁsﬁ 2ye gjﬁlktféWoY‘?écﬁﬁczﬁfHﬁt&mmﬂ‘H thelf@RHoAoAVO! d probl ens

of clathrate ree wa formation in the distillation vessel.
C at hr at es aprdcésse Sumarisengly.fithavatomolrecn doursi thai the damethyl dtihyedes tmally and nass

t fer, making j t difficult t duct, i
el ati vel y crassReb Pt E Tomingorap Eibt oo St Rl E RSB ont ent o
the ol efin siheae "Rk fEEHetdisMkeh GbAe AR tQﬁlFQﬁﬁbh%@thééWuxﬂh,einid@s streamin

order to substanti al Ity reduce the effects of clathrate and free water
formati on. [Gbs@atidihetred efdimethylethen.t hat is to be distilled to separate out

the di methyl [0037] In vet another aspect of this invention, it is desirable to distill an
olefin stream that is low in water content in order to separate out the propane and
dimethyl ether. A low water content will tend to avoid problems of clathrate
and/or free water formation in the distillation vessel. Clathrates and free water
formation can significantly impede heat and mass transfer, making it extremely
difficult to separate products having relatively close boiling potnts. In some
instances, the water content of the olefin stream may need to be reduced by drying
the olefin stream in order to substantially reduce the effects of clathrate and free
water formation.
{0038] The olefin stream that is to be distilled to separate out the dimethyl
ether desirably contains not greater than about 1000 wppm water. Preferably the
olefin stream contains not greater than about 500 wppm water, more preferably
not greater than about 100 wppm water, and most preferably not greater than
about 10 wppr water.
[0039] The method of this invention is particularly useful for removing
dimethyl ether from ethylene and/or propylene streams which also contain
propane. By distilling such a stream at a pressure and temperature effective to

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



et her desirably contains not greater than about 1000 wopm water. Preferably
the olefin streamcontains not greater than about 500 wppm vvaiﬁr e
preferably not greater than about 100 wppm wat er, and nost pr &ngﬁl{l} not
greater tNe@A03/8Bdét 10 wppm water. [0039] The net hod of t hiBCT/gexmtiden is
particularly useful for renmoving dinethyl ether from ethyl ene and/or
propyl ene streans which also contain propane. By distilling such a stream
at a pressure and tenperature effective to separate out dinmethyl ether
along with the propane, the result of the method is that 1 3 APR 2006 WO
03/ 033441 PCiHdJsaidDAGrtioR of ke olefimsti¢ang caobd futhendistileal w0l ebvide St r eam can
be further distilled to provide ol ymer grade ethylene and pol yner grade
propyl ene f epalygier ggds ethodens andinodymer Badicrerlenn s suoamnlercebdingi ency.

10040] Accorg'}d@gg‘%{g&ttg‘;‘qﬁ?kﬁgﬁgﬁg@cxet hyl ene and/ or propyl ene streanms which

contai n propan an be obtained fromany source. Sone

sources, hovwaMee] Wi || Avesidadtothisdnedntoncetholenoariiss propylend Stdagds For
exanpl e, cracking various hydrocarbon materials will form ethyl ene and
propyl ene, buthighjqoptain propapsanfl digteii! cdienean beeblarmad figmupohsaures- nat er i al
cracked. Co rting o t f talytic
reaction w tﬁxgﬁg?‘élgﬁsl’ g%ﬂ&g?%vgrﬁ%g#rg%?gﬁ%r wtflraﬁgg%lls]é&?egllrt ﬁ%ag%%?/?lérngﬁ%nd

propyl ene, betkansilenirddkeiivdrious R caibon iniittrigé Rell fdrfipah ke kdg
hydr ocar bons. Nevert hel ess, as ongﬂas an_ ol efin stream contai ns propane

and di met hy| pephilene, bub lttlasf By disrethyl esherndenendios upon the materglasagkede. It is
particularly~effegctive, howeven, in.re in | et ether. fromolefin
DT e mudCPP T SRasBRHE K8 a5 et Yo, P08 BY bl s Eifhian WLt Vel
hi gh cont ent nRfecdiafsietey batglybe fvifl asacfoith efiyGéheSint @aspEenkOBd slori ficafe

enbodi ment of this invention, an olefin streamis provided which contains
et hyl ene andmgre §imsgpil eder thanesading lotdresarbons. Dleyprabrless, ehpaatt y, t he

stream cont aj e [ $]s Dol nt
conmpounds. T%lgﬁ% %Fﬁ g%?t?l%%ﬁﬁﬂsan%?gﬁ) ?ﬁ{ée"gﬂ eﬁ?%;j%l ? gr%lﬁsgdoé}qc o nd\;/‘ge rrlltb[B nal

conti nuous divill bd efféction. Itds baitiguiasly effectse, howsefamatmoiihg dinbitybseand/ or
propyl ene, and optionally ethane if present, fromthe propane and di net hyl
ether. |f bulrgmededin greamsimasderfrofsapioryegsinio delmpreaes ‘glﬁefoith%l uded in the

ol ef in_Str eamyivlyyiifen DESLAGBink i cihbFoBROR Skfdebifpane and dimet hyl

ether streaminc
[0041] In one embodiment of this invention, an olefin stream is provided

which contains ethylene and/or propylene, dimethyl ether and propane.
Optionally, the stream contains ethane, as well as butylene and higher boiling
point compounds. The olefin stream is distilled, preferably by conventional
continuous distillation techniques, so as to separate the ethylene and/or propylene,
and optionally ethane if present, from the propane and dimethyl ether. If butylene
and higher boiling point compounds are included In the olefin stream, it is
preferred that the scparated propane and dimethyl ether stream include the
butylene and higher boiling point compounds.

[0042] In another embodiment of the invention, an olefin stream is
provided which comprises from about 2 wt % to about 45 wt % propane.
Preferably, the olefin strearn comprises from about 5 wt % to about 40 wt %
propane, and more preferably from about 10 wt % to about 35 wt % propane.
[0043] The provided olefin stream also contains dimethyl ether; desirably
at least about 0.05 wt %. Preferably, the provided olefin stream contains from
about 0.05 wt % to about 5 wt % dimethyl ether; more preferably from about



butyl ene and hi gher boiling point conpounds. [00421 |In another enbodi nent of
the invention, an olefin streamis provided which conprises f 2 t 2w
%to about 45 wt % propane. Preferably, the olefin stream con{)gir&)g rom
about 5 wt “%?% 33ut 40 wt % propane, and nore preferabl yPETSHROZBGME 10 wt
%to about 35 wt % propane. [00431 The provided ol efin stream al so contains
di net hyl ether; desirably at |east about 0.05 wt % Preferably, the

provi ded ol efin stream contains from about 0.05 wt %to about 5 w %

di ret hyl ether; nore preferably from about WO 03/033441 9 13 APR 2006

PCT/ US02/ 31046 ovt 2o v alout 5 vaif6 dimethylk etherirdbmhsti preferably framcibobst pr ef er abl y

from about 0 ahout, % di net hyl ether. [00441 Optionally, the
provi ded st re%ﬁ?"@o/ﬁé ?@&Bﬁﬁt@%%@hﬁﬁ% ®Thi gher  boi | i ng poi nt conpounds.
Thi s str eam i pojygpi cal | BoRERSS e IS RRARARS OBy R MhgyRs her have

been separated froman of efin stream contai ning a variety of and hi gher
boi | i ng poi ntbolirg parst compaunids meetﬂemmwlmaﬂnpweem vamed theopvepaneband| i ng

i nt f C2 hi gh
Boi 11 ng- poi nitBeg| FeEipaitess ?q%‘a?a?esﬁ%r&pbe% S T8 SoETg P pl o
hi gher boi | i NG, £ 'H? heg(ggﬂglgg)q rgh x?ﬁﬁ's Qﬁbbmeﬂp?,gofﬁyg‘bh ?Rif'vﬁ’éij ded ol efin

stream can vary ing t| mat e sourceé I n cases
where the ol éfoulm@mmamnpwhdujam rﬁhmddefmn aaniefpr oppnane)prising Gudndl ene and

hi gher boili po teri re.in a lower concentration. In cases where
t he et hyl eneq’é%hf b?éﬁ‘ﬁlp@ﬁgo s Béjéﬂ%g%r ated fromthe ol efin source, the
butyl ene and boi centration.

I n general, [E 4ygrow de@i%@%ﬂﬁﬁg%@pﬁg%ﬁgb?f;%g]po[;hg&%bo \?vt % to about
9r57b Wél % b;,lt yltwineh {HrLise dmglgtleﬂ intbe p{m«ydqdmleﬁn SiCEAEOCAICGRrY déireaﬁmlgaiptbylt};a 3 '; hi s
enmbodi ment , e provide ream has heen previous illed to
renove et hyl é‘ﬂtén%ﬁéo'ﬂftcﬁﬁf/ﬁ@r?iefn“a 4 Cefrs "9?56?/8’&58 igrwtée&m 86 Haylerom  about
40 wt %to al%ﬁérﬁao%g %%u&%&%a%g&rBbﬁ&gboﬁmm&ﬁw&mamounds fror €

preferably fro wt "% to about 90 % butyl ene plus higher boiling
poi nt corrpoumMenHanbmdsxtcapﬂse»ff}mraﬂiethylm eaidq:mpsﬁenwhav%blem siperated30 Wt %

butylene pl u?rom %@%ﬁef?nosi,oluircrégﬂ'f%cguntytlegeogﬁ%lf&je? boiling point compounds are in a
higher concentration. In general, the provided olefin stream includes from about
30 wt % to about 95 wt % butylene plus higher boiling point compounds.
Preferably, in this embodiment, the provided olefin stream has been previously
distilled to remove ethylene and propylene, and the provided stream contains from
about 40 wt % to about 95 wt % butylene plus higher boiling point compounds;
more preferably from about 50 wt % to about 90 wt % butylene plus higher
boiling point compounds; and most preferably from about 60 wt % to about
80 wt % butylene plus higher boiling point compounds.

[0946] In another embodiment of this invention, the dimethyl ether is
separated from the propane stream by contacting the propane and dimethyl ether
stream with water, preferably in the liquid phase. Contact can be performed in
any conventional type of wash or liquid/liquid contact vessel The amount of
water used should be sufficient to recover a propane stream containing at least
about 85 wt % propane, preferably at least about 90 wt % propane, more
preferably at least about 95 wt % propane.

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

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



10046) In another enbodi ment of this invention, the dinethyl ether is
separated fromthe propane stream by contacting the propane angéfhﬂgmmﬁl
ether streamwth water, preferably in the liquid phase. Cont

per f or med W@ 03/83%¢4lconvent i onal type of wash or |iquid/liqui BCHERIEDPIessel
The anmount of water used should be suffijgient to recover a propane stream
containing at |east about 85 w % propane, preferably at |east about 90 wt
% propane, nore preferably at |east about 95 w % propane. 100471 The wat er
streamthat contacts the dinethyl ether and propane streamw || absorb a

substanti al afhshd V% tdﬁéeﬁhb’héﬂlhly predergbly at Tﬂ@ét Wb?’ Wi £ dingthyil dtherbe

d b |
V0 031 035441 TeryeRpRy abEaN s R o d A S TR ARt R R e B oy
preferably atgdamsdd ﬁ&auﬁe Fratbdr b%\@bé@iah)éh Srefedbly byrﬂash PhRbehed Whak | east

about 5 wt % dinethyl ether. The di nethyl ‘et her can Separated fromthe
wat er by vapouhezmssmn,lsmdat@ib)b\i’apobye tﬁulealgnet\hab@hmsatthaint cdndreceasidhe pressure

d dt t
separ at eq 1 r CHPRTCEL BB e WHET S APk PerLIe L et Ut Ft R RS 85r ocessed
as desired. fQfre@XpoMhE&mM fpflé"‘%hé?c%@*yé?éc?gmﬁjétﬁ’ﬁteme]rc%iﬂ@ﬁs% 0& itk as feed

for the oxygenate to olefin reaction process I n one enbodi nent of
t he invent|omn@anatb&:fmlnﬁsh'ca:anmpsomkﬁ,al ned by contacting oxygenate with a

nol ecul ar si g atal ys The oxygenate conprises at, | east .ong organic
conpound whi cl;/qséént ai nsfr’a?nel %@q&l’g‘ﬁ’ét o e uye t&t”oﬁ?oﬁf‘éé‘rﬁtfﬁ?ndﬁ Pb‘ﬁﬁlﬂg

al cohol s, _et Ny GontAAERARYLCBRIRAH AdoIE Al MM K PRESxy ROV i C act ds,

carbonates, esters an I ke). When the oxygenate iIs an cohol, the
al cohol i ncl unhasprises allegshané organicetomposad mjucfhrmama)atléhstamd)mrygeat ons, nore
preferably from1l to 4 rbon . a Representati ve | ude but
are not neces@%‘?’r?‘&fﬁla?ﬁf P lct%‘:tl}?iﬁrZFthg’ESr%r PRy &H@PBW&*? Eﬂf'%q?é’l %qu’phatic
al cohol s and LBgixkEASaEs, Lbra?&ﬁﬁte%%&'fﬁr?&&ﬂﬂ%%keﬁxmﬁﬁﬁ&Jygﬁhﬁté fbin® oxygenate
conmpounds include; but are not litmted to: nethanol; ethanol; n-propanol;
i sopropanol ; alzphol, @ﬁ@aladﬂmirmmctlsdesrmtdhyhatatmyiet)ehmg ﬁdmnbtohl;ﬂ cagbdrer : di et hyI

AT BTN LA PR TR TR T N Y

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

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



di rethyl ether, or a mxture thereof. [0049] Ml ecul ar sieves capabl e of

converting an oxygenate to an olefin conpound include zeoli tes.!ngﬁh
non-zeolites, and are of the large, mediumor snall pore type ore

nmol ecul ar w&y §334,€ preferred in one enbodiment of this i ‘éer%éo%lom
however . med herein, small pore nol ecul ar sieves have a pore size of

| ess t han about 5.0 angstroms. Cenerally,llsuitable catalysts have a pore
size ranging fromabout 3.5 to about 5.0 angstrons, preferabl y f rom about
4.0 to about 5.0 angstrons, and nost preferably fromabout 4.3 to about 5.0

angstrons. mater ot tural and synt het| ve been
denonstrat ed f%gﬁﬁéﬁo% g? airg %)ﬁ@%se?’ﬁ? dhocragt?ox\/colnlv Iagont}%Bcéegsegf %‘gﬁgcar bon
conversi on pr &ARERsns. |Zboﬁ€€§'a?ré&ﬂn 1&£ ehyistaBirPallehimkSichay ¥hhagomiged as

- adsorbents, 1 APR 2006 WO 03/033441 PCT/US02/31046 11 catalyst carriers

for various tgrqiwrlobf Al@lzr'whSiﬁhrtetcmd@rlmkod bmmbmé@asgenam@tnotﬁ

- applications. lites .are conpl.e stal I ne alum |I|ca chforma
" . network of Al'(?)fig"“1 %ng}{ﬁéet{%}eggﬂgéﬁ hi' W]'ésﬁ%ﬂ 9%@%‘?“5‘? 8111 %Fhe
negativity of ;) bend @tthahads Bnk. SInhak mﬁﬁﬂxcﬂ% bR rhd EdoVitds Oforhefafitd ons such as
alkali or alkaline earth metal ions. In the manufacture of sone zeolites,

non-netal | i ¢ catiankcnsh aswmﬁlyﬂmmmmrm\aﬁimmemm(owmnmmmn (TPA),

t et rapr opyl anmoni um ( TPA sent _durin nt.hesi.s erstitial
spaces or chaHfid&EeR SB’{}LahFﬂEf ¢ ysrsiitial § &ﬁégmﬁ?-n&lﬁé %?é’ot}’?'t es to be
used as nol ecyl,ah1ik B¥Rork RO 2EcHi4A0 be%afsssae&cuaasxe%sq%x dtRy chemi cal
reactions, and”as catalyst carriers in a wde variety of rocar bon
conver si on prpoesses as {0AFY] fo7 dunit@gedctions)died antatalyal @rmmima wideg silica

and opti onal I aI urg albod materials in which the silica and al um na
portions hav o }Q';aﬁllr%\‘@é T VAP STAESISS: part with ot her oxi des. For

exanpl e, gernmnsgm oxi dzeommnemuelﬁmamﬂs coRathing 8Aich ARA BPfiokAY ahBphace the
silica portion oron oxide, iron oxide, gallium oxide, indiumoxide, and

m xtures t her@dfmdaxmals epaid thhelied and aiamptarmrbms hank been wplaeedrins e
speci fied, th t.er ng oljte" terial sed erei,n, shall
mean not onl yVIaE &t F’a‘i’aé—F toﬁ'feﬁ Ph essl orcegﬁmgraggn%naum(%{ P’f’@ A uni num
atons in the gmiyskaiHetdd® chitdplae tifed dileH porfod. hBBl%@AfoxﬂéU'Sroﬁbﬁﬂe N@digihal s
whi ch contain suitable replacenent atons for such silicon and al um num
at ons. oxide, indium oxide, and mixtures thereof can replace the alumina portion.

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

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

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

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

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

quantities of ethylene and propylene is a silicoaluminophosphate (SAPO)

molecular sieve. Silicoaluminophosphate molecular sieves are generally

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

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

about 3.5 to about 15 angstroms. Preferred are the small pore SAPO molecular

sieves having an average pore size of less than about 5 angstroms, preferably an

average pore size ranging from about 3.5 to about 5 angstroms, more preferably

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

sieves having 8 membered rings.

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

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

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



[ 00521 One type of olefin form ng catal yst capabl e of producing | arge
quantities of ethylene and propylene is a silicoal um nophosphat g\ﬁ(\m

nol ecul ar sieve. Silicoal um nophosphate nol ecul ar sieves are generally

cl assifi edV@83/HBi#Hg i croporous materials having 8, 10, or RETASHLEAEd ring
structures. These ring structures can halvze an average pore size ranging from
about 3.5 to about 15 angstrons. Preferred are the small pore SAPO nol ecul ar
si eves having an average pore size of |ess than about 5 angstrons,
preferably an average pore size ranging fromabout 3.5 to about 5
angstrons, malkeli pehldoab(Group LA diade edrtl metal atysU(GréuR Il gsire exrth iodbhiese
pore sizes are typical of nolecular sieves having 8 nenbered rings. 100531
According to &P%ﬁg@dﬁ%ﬁ?‘?ﬂaé&@ Ugh §6WE: used in

HePe
oxygenate to o | -0L.0 C Hads eneral ly known
as MeAPSGs Oﬂgﬁ@g?{@%ﬁﬁg@?nﬁgﬁgﬁﬁﬁcoa| h%?%%ﬁbg%t es.’@ﬂgu%ét al can be 1 3
APR 1006 WO @34hd&3drh]l hGieiitdSedhan faliuh 2ytedriiald amielusdtiung rad (sGindiym bA)
al kaline earth nmetal ions (Goup IlA), rare earth ions. (Goup I1IB,
i ncl udi ng t hattrigm) AaghBieckdditionakiransitioirahantied Craps IKB, Vi é@B@grﬂB,um
neodym um s%ﬁﬁi Iel-rseuropi um gadolinium terbium dysprosium hol mum
erbium thulidm ’% 'bi umand lutetium and scandiumor yttrium and the

addi tional t[mmadjtion eaéfens, e XMequpresdniéatoBsudll & Z/INMB, MnMCH) W, and | B.
[0054] Preferably, the Me represents atons such as Zn, My, M, Co, N, Ga,
Fe, Ti, zr, Ge,Feri, &nfecsn, aidse Bhesestomsrrapbeiinsseled antoithe wirakrsiralet r ahedr al

framewor k thgough VeO ednal. wnit. I el rahedral unit
carries a n{g g\”@i {}?%“%%%@‘géeé@g%%%h%flﬁ%“%ﬁ- gﬁg%&éﬁgéaé?% SHECAIES et al
substituent. a Wéeedtie ch@bedeseatpnaithe halknée yateol @R mb@l sutstiueds. +3, +4, +5,
or +6, the net electric charge is between -2 and +2. Incorporation of the

net al conpondfitenitke meiabcemppiens bavatlientteiptaglit-dgtl. nd, wéten TG dipatent during
synt hesi s of | eg | ey . t - .S | change can
2750 be usede e sHleE bl X fig ERSop iR i hgBE LombAF

i ntroduce caiypitaly abédinplishe@Xdding g@ mpabidrmpuieneduriip Watieskwitliace of the

nol ecul ar sieve, not into the framework itself, [0055] Suitable
si | i coal uni nBpleeulshsicre. nHoBERTaPOSisKYRESS Hey axghangsmap 3lso bapes.gln msPo- 11,

SAPO- 16, SAPgnﬁyesis%g’lgﬁ%n]g%,’ th§'ﬁ%9il%%mp§ﬁ‘€19 v?’iﬁ’int?@t?uge cations into ion-exchange

positions at an open surface of the molecular sieve, not into the framework itself.

[0055] Suitable silicoaluminophosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-
34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPC-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.
Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
particularly SAPO-18 and SAPO-34, including the metal containing forms
thereof, and mixtures thereof. As used herein, the term mixture is synonymous
with combination and is considered a composition of matter having two or more
components in varying proportions, regardless of their physical state.

[0056] An aluminophosphate (ALPO) molecular sieve can also be
included in the catalyst composition. Aluminophosphate molecular sieves are
crystalline microporous oxides which can have an AIPOy4 framework. They can
have additional elements within the framework, typically have uniform pore
dimensions ranging from about 3 angstroms to about 10 angstroms, and are
capable of making size selective separations of molecular species. More than two

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



34, SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, SAPO- 47,
SAPO- 56, the netal containing forns thereof, and mi xtures there¢f.APR 2006
Preferred are SAPO 18, SAPO 34, SAPO 35, SAPO 44, and SAPO 47 articularly
SAPO 18 arlMO8APE3Y, i ncluding the netal containing forns ‘E%@P%‘g’ﬁmﬁ’nd

m xtures thereof. As used herein, the terpg m xture i s synonynous wth
conbination and is considered a conposition of matter having two or nore
conponents in varying proportions, regardless of their physical state.

[ 0056] An al uni nophgsphate (ALPO nol ecul ar sieve can_also be included in
the catal yst om9ssAetalsf deafipHonRiibe parkeroundiapd syghesis ies are crystalline

i cr opor ous 0%} s Wil GaR MANERAT S PROR! 4 3TBHEK e IR C oAV e

addi ti onal el enents ranewor ypircdl l'y have unitofmpore

di nensi ons r ahgieigb} FefbieabomtitsEnéfggt PafarddoABPOUdRrangs AIPEs 5, and are
capabl e of making size selective separations of nolecul ar species. Mre than

two dozen st Qnld, ALBESI AL P8dnALBRo4. ALPO361 HEPR %@l iALE @-4f0l ogi cal

anal ogues. 13 2006 0 441 .PCT/ 1JS02/ 3 ST . det ai,l ed
descri ption 01{&%‘?@ back\éﬁ&j%p é%%a"si}?ﬂ W&Eﬁﬁs%é?g‘g‘gﬁuh%%ﬁ%‘ﬁﬁﬁéﬁ%‘@0f‘§ f ound
in US Pat. HNefedibBltheAfélal MRblebted %ohﬂﬁ@rgﬁ&lfé&@istiﬁgbﬁmﬁgﬁéidn?f erence in
its entirety. Preferred ALPO structures are ALPO-5, ~ALPO 11, ALPO- 1 8,

ALPO 3 1, ALP®aBganest.Xngeobail. p@l gitxturasdhese¢iO g se mppoglp)prafesbly @débitan al so
include a netal, substituent in its fr wor k. .Preferabl the..nmetal is

sel ect od T omPIEPID I CUhetEh P S ERG RSP RHes SRR A0SR Cobal ¢
and m xtures Lh@diREphospRRS ndBiES dlamindpheiatihyle@X i Héve comtlsRitidht.oN,

i on- exchange and/or catalytic propertiés simlar to alunm nosilicate,

al um nophosphMembarsiosihis adass ahd Hietprrpaypien are dosaibed ar Us. &ab Noonposi ti ons.
Menmbers of thi l.ass. and thei,r preparation.are described in U S. Pat. No.
4,567,029, | nioPpdPar BHOREAd e %))“E’gff%%éﬁ%%“}ﬁs?lﬁgfténtirety. [0058] The
netal contai njgussPLPCs Mo enetallcbiBriflh ARPEsAA a thrbSdRREsIAa] Cryst al
framewor k structure of MD2, A102 and P02 tetrahedral units. These as

manuf act ur ed BH¢rapergneerysthiramewerk sinsture ahMe AbP: and PQ: teaabedraliuniis) can
e oD Co o e BALGRL OEP S g AT BB o
present in thge represented by empirical chemical composition, on an anhydrous basis, as:

mR: (MALP,)O,

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

intracrystalline pore system; “m” represents the moles of “R™ present per mole of

(MxAlyP;)O; and has a value of from zero to 0.3, the maximum value in each case

depending upon the molecular dimensions of the templating agent and the

available void volume of the pore system of the particular metal

aluminophosphate involved, “x”, “y”, and “2” represent the mole fractions of the

metal “M”, (i.e. magnesium, manganese, zinc and cobalt), aluminum and

phosphorus, respectively, present as tetrahedral oxides.

[0053] The metal containing ALPOs are sometimes referred to by the acronym

as MeAPQO. Also in those cases where the metal “Me” in the composition is

magnesium, the acronym MAPOQ is applied to the composition. Similarly ZAPO,

MnAPO and CoAPO are applied to the compositions which contain zinc,

manganese and cobalt respectively. To identify the various structural species

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

MnAPO, each species is assigned a number and is identified, for example, as

ZAPO-5, MAPO-11, CoAPO-34 and so forth.



intracrystalline pore system "ni represents the noles of "R' present per
nmol e of (M AlyPz)02 and has a value of fromzero to 0.3, the mexpfRlilival ue
i n each case depend| ng upon the nol ecul ar dinensions of the tenplating
agent andW®83/8%P4#1 abl e voi d vol une of the pore syst em of tMET/HEIYI184 ar
metal al um nophosphate involved, "x", "y", and "z" represent the nole
fractions of the netal "M, (i.e. nagnesium rranganese, zinc and cobalt),
al um num and phosphorus, respectively, present as tetrahedral oxides.

[ 0053] The netal containing ALPCs are sonetines referred to by the acronym
as MeAPO. Al fd5¢h thosa"heaiiia:gal\mrémqnltobwnatmma]ecullhhsievmsttmpicaldymhnixbd on is

VEAPO. anl ColAo B EA RN oibes ot EELE OB PEPRFS HEFEEHCBE RORPROUPRES
manganese a”%ﬁ?&ﬂz rifeh€d P(?ﬁsté ?ﬁ'PY} caldlydt dﬁi’i’l‘i t}:fe)/cafaﬁ‘f‘st\é %\%%g%l%a\%%f)@r al

speci es e up eac t he subgeneric cl asses CoAPO and
MhAPQO, each mmuhssmwasm gned a nunber and is identified, for exanple, as
ZAPO- 5, MAPO- 1 CoAPO- 34 and_so forth éé% APR 2006 WD 03/ 033441 14

PCTI US02/ 3106 Pb059] Faderials 1bd |5aRibR S}mded withdhemolecylas sieyr 63be
typlcallya of_h ed, the
resul ting cgvrrp05| tnlle{gfnorl csa’talftll&nlg%??ivé"fnta@grgfrsé?\{%ﬁ:{ﬁilgBél ﬁ%}églg al h%g éj vm th the
catal yst conggiesialRgndloge Sﬁﬁ@sxﬁmiseacﬂ &9 kadligvad ol o 6RYys,Makens ﬁ:lrﬁls\Mﬂl ch can be
bl ended wth the nol ecul ar sieve can be various inert or catalytically
active mat erliasé earthgpetals; mstpd 0514@&19111@#@@@72?@1:1% catplysseompenests, a¢adite ncl ude
conpositions S,: r s.fornms_o rare earth
et ol s, ot aialitgBeOBhe it ha3L Al BP i LSRR M8 AP e

cat al yst conm?mlat@ml $ilit418r ﬂl’lca%ﬂwnd’a%oﬁ@hd niikfuddditBeredf. TR A, Nagnesi a,

t hori a, eryllia, quartz, silica or_silica or silica sol, and m xtures

t her eof . ThelanPanent Grrese cleaivsIia sedurmecintey aliprpverallieatalyst copis aqting] i a,

overal | cat t eat shiel ding
t he cat al ys?A S utﬁjFﬁlgaﬁ%glkgﬁglrs% |m‘1al§"’lt6é 'tee@ﬁé@le cﬂaﬁ%&ﬁ%ﬁ%fé@%erhﬁ'ﬁpl ncr easi ng

catal yst st rcmgifhn% klie datalparant Gnubrédsing aimyst shérepth.t Nag Eéﬁieulaﬂse gesiablecr i al s
that are used in the cat al@léSt to act as a thermal sink have a heat capacity

of from abouhaighpmertgnatssaks that agg ysgd @ thewalyst & &t appyharmahsiabbuve 2
heat capacity of from about 0.05 to about 1 cal/g-°C, more preferably from about

0.1 to about 0.8 cal/g-°C, most preferably from about 0.1 to about 0.5 cal/g-°C.
[0061] Additional molecular sieve materials can be included as a part of
the SAPQ catalyst composition or they can be used as separate molecular sieve
catalysts in admixture with the SAPO catalyst if desired. Structural types of small
pore molecular sieves that are suitable for use in this invention include AEI, AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ER],
GOO, KFL, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and
substituted forms thereof. Structural types of medium pore molecular sieves that
are suitable for use In this invention include MFI, MEL, MTW, EUO, MTT, HEU,
FER, AFO, AEL, TON, and substituted forms thereof. These small and medium
pore molecular sieves are described in greater detail in the Atlas of Zeolite
Structural Types, W.M. Meier and D.H. Olsen, Butterworth Heineman, 3rd ed.,
1997, the detailed description of which is explicitly incorporated herein by
reference. Preferred molecular sieves which can be combined with a
silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.
[0062] The catalyst composition, according to an embodiment, preferably

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



0.1 to about 0.8 cal/g-C, nost preferably fromabout 0.1 to about 0.5
cal/g-C. [00611 Additional nolecular sieve materials can be |Qg g?z@ as a
part of the SAPO catal yst conposition or they can be used as @:

mol ecul ar ¥PNE334¢ht al ysts in adm xture with the SAPO cat aI%’EfUﬂfmd%l red.
Structural types of small pore nolecul afssieves that are suitable for use
inthis invention include AEI, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA
CH , DAC, DDR, ED, ERI, GOO KFI, LEV, LOvV, LTA MON, PAU, PH, RHO ROG

THO and substltut ed forms thereof Structur al ggﬁs of medi um pore
mol ecul ar si €X&%, ahmostameferaby &bmeabost 1Q% do tbput BD%, brivesight of maletulate MFI

MEL, MIW EUO. U, ER, .,AF bstituted. f th f.
These snal | asﬁ?}’enlﬁlsﬁﬁ pﬁ%tl: ecﬁrg}aég[ﬁchngtg%gosﬁgl @%@%ﬂ%’%@ﬂel ﬁeo%g‘é ereo
detail in thepgh :ﬁﬁaxfgfsugﬁekd hSout _SztdoucahggtaimsTm@ preférbbly "ﬂ?dn%b&HQOD H. d sen,
Butterworth Hei neman,” 3rd ed. he detail ed descrlptlon of which is

explicitly i rangstpmnmoedbobbi(é] amglsiyoms eilem@rﬁferabl?rﬁrarabem Soodngsudms tsi eves
whi ch can be %P g;ed with a silicoalum nophosphate catalyst include ZSM5,
ZSM 34, eriorf APEEFIBSzi te. [0062] The catal yst conposition, according

to an enbodi ngpgsy pref eflfctg Q Bé Jté ad % nore
preferably f :[gm About 5% aYal}ésgogﬂtP %/ 033441 1? %&ﬁgﬁé@g&a&%‘}é
PCT/ US02/ 3104Be Oéirdd phyrdcammﬂ cb&mxfcelrciiata;cte&usmn dhehttredentoinahdatbB@Pg by

wei ght of nol ecul ar i eve. i | so preferred that the cataly
conposi tion H’Q@Becﬁs%&fbt }n@ptgdgqlz rgt?relfqa%],ﬁea@m@tcama&wgsgq%ﬁamngwégﬁ 3, 000

angstrons, f ?Mﬁﬁ; AR strons,
nost pref erﬂ%nﬁgrﬁﬁg ¥>a 3‘9 r%bg#%mnégtsg fn@%&angsﬁ%ﬁs%r%g%] The
catal yst can [b&ﬁd:}ubj ectﬁednoﬂ@utar\swve eamly@fpﬁmaﬂmuﬂﬁultm naekingestkylehdre desired
physi cal and c characteri Such t eat men but are not
necessarily |apa’lp ?f’cnﬁ lﬁ?ﬁqtﬁlﬁ'ﬁte‘?’ﬁ’ﬁ °91Fté’§tsﬁéﬂ’cn MALPR o &{;ﬁf’g}quﬁeﬂd t r eat nent,
base treat RSO ng, Qlar SB [ and

conbi nati ons ther eofon1 1002%}140]&Eu gcuea?{ésp%j\sle grat aF)@a‘mthrﬂEipcul arly useful
i n maki ng et mydlemdar sievel ipa apylabine inergrowtt afl SSP O], alhd SAHOal&sr ALPOrDI nati on

of SAPO 34, %Hd SAPO- 18 or ALPO- 18 nol ecul ar sieve. Ina particular
enbodi nment , nol ecul ar sieve is a crystalline intergrowh of SAPO 34,

and SAPO- 18 ¢6pg8PO  To convert oxygenate to olefin, conventional reactor systems can
be used, including fixed bed, fluid bed or moving bed systems. Preferred reactors
of one embodiment are co-current riser reactors and short contact time,
countercurrent free-fall reactors. Desirably, the reactor is one in which an
oxygenate feedstock can be contacted with a molecular sieve catalyst at a weight
hourly space velocity (WHSV) of at least about 1 hr”, preferably in the range of
from about 1 hr™ to 1000 hr™’, more preferably in the range of from about 20 hr”
to about 1000 hr™*, and most preferably in the range of from about 50 hr™' to about
500 hr'!. WHSV is defined herein as the weight of oxygenate, and reactive
hydrocarbon which may optionally be in the feed, per hour per weight of the
molecular sieve in the reactor. Because the catalyst or the feedstock may contain
other materials which act as inerts or diluents, the WHSV is calculated on the
weight basis of the oxygenate feed, and any reactive hydrocarbon which may be
present with the oxygenate feed, and the molecular sieve contained in the reactor.
[0066] Preferably, the oxygenate feed is contacted with the catalyst when
the oxygenate is in a vapor phase. Alternately, the process may be carried out in a

liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid



18. [00651 To convert oxygenate to olefin, conventional reactor systens can
be used, including fixed bed, fluid bed or noving bed systens. Preferred
reactors _of one enbodiment are co-current riser reactors and shddPR ¢kt act
time, couV@P¥@3¥dht free-fall reactors. Desirably, the realRE€BHESI231046e in
whi ch an oxygenate feedstock can be copkacted with a nol ecul ar sieve
catalyst at a weight hourly space velocCcrty (WHSV) of at |east about 1 hr',
preferably in the range of fromabout | hfl to 1000 hfl, nore preferably in
the range of from about 20 hr-1 to about 1000 hr's, and nost preferably in
t he range ofpHaseor amixdd Cpobitiquidphabs differ&fi@ohvearsionéaM sdedpfiticsedl herein as

the weight o xygenate, and reactiye hydrocarpon which, may optionally be
in the feed,epsto-REGNCBAY feshsiepedingeponthe eatalyat and sacdionfopdkiopsact or .

Because the | yst o i erd al s whi ch act
as inerts orl‘ﬁg{sﬂuentS,W%W?ggéﬁﬁ?‘%?%@%gﬁ %ﬁg%irgﬁe f4asi s of the
oxygenat e f eesiperndefnin effactvevspehydipaeapdraturshingd campe Bom #HoRsBIG°CW th t he
oxygenate feed, and the npl ecul ar sieve contained in the reactor. [0066]

Preferably, toRbowxPgehapisforaly fiom ahant 469°%dtaabont 601 Co moae praferabln  t he
Oxygenat e | i foNARGECHARG sAYE! ATKS! el s B RE RITIBN DB GAGS 0 out

ina liqui m~Xed vapor /I rqui'd ase. ent oo PR RIS ed out

in a liquid WehRRNFINE destfdbIEiARBIIA fray RETSHERRRMF Gophaiigaor @ ni xed

vapor/liquid phase, different conversions and selectivities of

f eed- t o- pr odeletivelyyhigheearitent ¢ pyygsinaigd whsin bynproslaetabeing faned indthe olebin
condi tions. 067}, The pr.ocess..can rally, be carried.out, at a w de range
of tenperatpﬂ‘l[”(g%c?' kﬁwgf’ ?Kg&ei 3\7@308?5@ %ﬁq?%ﬂ)ge?ee e aPYFRe ?tarﬁalécegan be from about
200C to abqeéthpddlfes RaEbeimPéaked.r AMMR gér HAQUE thOteaIRMNR B ge, tHR! €
preferably from about 350C to about 550C. At the |lower end of the

t enper at ur e pregegemay net foray areentimun Amcket efethylere @ldgtopylpropiedvd, bty becone

mar kedl y sl with a latiy [ ont en f ;oxygenated ol efin

by- pr oductsq%ée?%ﬁ’efsb%‘gte?wgm%gﬁe fvi%ﬂ g%B?rgﬁb%’F?u wever, the selectivity to
et hyl ene anqogg8)py! eneOpdratigtpeesire AlSHRRAK daty SferiBYidbearigecineRERg. At the
upper end of the tenperature range, the process may not form an optinum

amount of etahtpigeneusaresspresp Eeaveprosiuess ingjude, buhareqeh negessasily bmitegy genat e
feed Wil g?&%rt%lall ¥relg§urg P Qt least 1 psia (7 kPa), preferably at least about 5 psia (34

kPa). The process is particularly effective at higher total pressures, including a
total pressure of at least about 20 psia (138 kPa). Preferably, the total pressure is
at least about 25 psia (172 kPa), more preferably at least about 30 psia (207 kPa).
For practical design purposes it is desirable to use methanol as the primary
oxygenate feed component, and operate the reactor at a pressure of not greater
than about 500 psia (3445 kPa), preferably not greater than about 400 psia

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

{0069] Undesirable by-preducts can be avoided by operating at an
appropriate gas superficial velocity. As the gas superficial velocity increases the
conversion decreases avoiding undesirable by-products. As used herein, the term,
"gas superficial velocity" is defined as the combined volumetric flow rate of
vaporized feedstock, which includes diluent when present in the feedstock, as well
as conversion products, divided by the cross-sectional area of the reaction zone.
Because the oxygenate is converted to a product having significant quantities of
ethylene and propylene while flowing through the reaction zone, the gas
superficial velocity may vary at different locations within the reaction zone. The

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



10068) Operating pressure also may vary over a w de range, including

aut ogenous pressures. Effective pressures include, but are not1e-f§%{a @rily
limted to, a total pressure of at least 1 psia (7 kPa), pref ;EZ t

| east abolYO83BE*H (34 KkPa). The process is particul arly SGIEes02(p

hi gher total pressures, including a totjyg pressure of at |east about 20
psia (138 kPa). Preferably, the total pressure is at |east about 25 psia
(172 kPa), nore preferably at |east about 30 psia (207 kPa). For practical
design purposes it is desirable to use nmethanol as the primary oxygenate

f eed conmpone®Ioss a¢riion 9éa periculas locatien in thgreagtipn aenp, tanpstatie: PgsBBEer  t han
about 500 psia §%445elekvpa{f &r eferabltg not greater than about 400 psia (2756
kPa), nost pFBf SPSBTSISVABEFegr ol RF PR about 300 psia (2067 kPa). [0069]

Undesi rabl e lppoa) oduct $n 6adedBodinRRhel ke 2 sOp@fidial Mdodly RMaiRBRedRt 4 at e gas
superficial veloCity. As the gas superficial velocity’increases the

conver si on deate efigestenthan di mefetipeiestonalmes)n lqastoeheqrosit imtheusedioner ei n, t he
term "gas superficial velogcity".i.s ., define t he conbined volunetric flow
Fate of “vapdhie da sneBeTBLRimeN S htiblictedhy elvbodi SR n t he
feedstock, ag Wl hhan@BoGONMA 11043t Bﬁfﬁcgﬁ%ié,thgie‘ébtﬂﬁ&o%. Mite QEgRBEECt | Onal

area of the reaction zone. Because ygenate I s converted td a product
havi ng si gni fliemasuppuBcial aledtyds greaten yhanreboaZl5 p/'s ptleast enevhoineirf thewi ng

t hrough the reaction zqne, the gas.. superficial .velqgcity may vary at

i fferent | oRREPSIHEOT EER MORE IFURbIY, iF SA5 SUPCTHHEl vedesivais 2ERtey Siafat | on
depends on t byg,k atak aPIeahehe PhidlT 83 refctidRSof. SRS desithI) NRe YR 03/ 033441 17
1 3 APR 2006 Ig%T/x%{égZ/SlOEg%clr 0SS serctcilon 8 a partel cul%r T%gati on in the
reacti on zonsypetfanigerhicity és greates $anaboarfdmétdt deast @legpoarttin thearesdtion

par anet ers. 1[{OO?O] I n one enbodi nent, the gas superficial velocity is

mai nt ai ned af®™- rate of greater than 1 meter per second (m's) at |east one

poi nt in thergpegrtion AzQll@inghh yBNRHORE eRIFBAMIREE the idvenBoflGRE pADI € that the
gas superficial velocity Is "gréater than about 2 ms at |east one point in

t he reacti onsuperfecial Voloeltyl ésinaialtdingd retatwelyaonstemen theaeadtionsdooe suoh that gr eat er

than about 2.5 m's at_|. int. in th t .
doei rably, B SRS TEIRANRIacHD o BRIiD 7 e EEAT A PRBARPORE o o

| east one pojnihe tddctdizdn@adt ik AkozREeablMMSE 1hd@ak sipRHYvialRfociigbe oG f i i al
velocity is greater than about 8 ms at | east one point in the reaction
than about 2 m/s at all points in the reaction zone. More desirably, the gas
superficial velocity is greater than about 2.5 m/s at all points in the reaction zone.
Even more desirably, the gas superficial velocity is greater than about 4 m/s at all
points in the reaction zone. Most desirably, the gas superficial velocity is greater
than about 8 m/s at all points in the reaction zone.
|0072] The amount of ethylene and propylene produced in the oxygenate
1o olefin process can be increased by reducing the conversion of the oxygenates in
the oxygenate to olefins reaction. However, reducing the conversion of feed
oxygenates in the oxygenate conversion reaction tends to increase the amount of
oxygenated hydrocarbons, particularly including dimethyl ether, that are present
in the olefin product. Thus, control of the conversion of feed to the oxygenate
reaction process can be important.
[0073] According to one embodiment, the conversion of the primary
oxygenate, e.g., methanol, 1s from 90 wt % to 98 wt %. According to another
embodiment the conversion of methanol is from 92 wt % to 98 wt %, preferably

from 94 wt % to 98 wt %.



zone. [00711 According to yet another enbodi ment of the invention, the gas
superficial velocity is maintained relatively constant in the rdacAPbHlizone
such t hat (%he as superficial velocity is naintained at a rate greater than
| ms at NP Qﬂ%r‘\’tls in the reaction zone. It is also desi rEPIES®PR46t he gas
superficial velocity be greater than apgut 2 m's at all points in the
reaction zone. Morre desirably, the gas superficial velocity is greater than
about 2.5 nis at all points in the reaction zone. Even nore desirably, the
gas superficial velocity is greater than about 4 nis at all points in the
reaction zon@074pst dediceaiding to anetheramisadimcht, dicadonvetsioiafyndteangl &at er  t han

about 8 nis at al ints int reaction zone. 10072] The anmpunt of
ethyl ene and® P’SB&IV@S’/@ t‘bfeﬁﬂﬂ’@ﬁgsf)ﬁm?fﬁe%ﬁ?fé%t?é’m&'&r IEJ'F’_B‘P&HWBF ss can be
i ncreased Dy.dnQEUfIn WY hitBarif Y 8o 98‘.1th%Wle@%ﬁﬁﬁﬁ@b?ﬁf‘}gfe}%refe*ﬂa%lff%ﬂxe”ate to

ol efins reaction. However, reducing the conversion o oxygenates in
t he oxygenat38.2 endets?Dh wtdachicording dmoatleriemtod asents the camvausion of

oxygenat ed hydrocar.bgns, rticularly includi di.net hyl e r, that are
present in I%‘?F@a%‘ﬁ& g’ﬁ”‘p?@%t%? toﬂﬁﬁfst¥a%§§r§r‘ﬂl%&’reﬁnglbfé?%pgséﬁ %Bftofeed to
t he oxygenatg@w{%action process can be inportant. [0073] According to one
enbodi nent, the conversion of the primary oxygenate, e.g., nethanol, is
from90 w %00?5]98 Wt [ thAdawntiongweighepetdne conwriiod ismiiuldtbeorcanver si on of

met hanol is from92 wt %to 98 w % preferably from94 w %to 98 wt % 13
APR 2006 WO ‘Baenigubesisiuniesspthosyre snaabed: oWright RECERIFORYETSION A & Welpr

enbodi ment, 4, cONVENsliRaok: MRLANGknoypdBRVRIMA Mail iR higss. than 100 wt

% Accordi ng to anot her e nver st on nethanol™ is from98.1

W % to | esswdifiatoxd@enard Rydrpeeb@t imlhe pfodoc orPBwatenfredbhs)O Th8 wilter%o
Accordi ng to, anot her, enbodi nent, the conversjon of nethanal is from98.2 wt

%to less tHEM @@Sﬁf\ﬂﬁygﬁﬂaﬁrié\c@?‘élmeﬂ byrsyhiraming apt thy waser motienst theo7s] 1 n
L, et Bl PGSR SRR S80SO e gt oL 0%,
basi s is calFenlesimpleathe wWedght{lopweaitadit metkygd vatad dxgdemie fesvbistyisf ree basis -

calculated by multiplying the weight flow rate of methanol by 14/32 to remove the

water component of the methanol. As another example, the rate flow rate of

dimethy! ether on an oxygenate free basis is calculated by multiplying the weight

flow rate of diemethylether by 28/46 to remove the water component of the

dimethy] ether. If there is a mixture of oxygenates in the feed or product, trace

oxygenates are not included. When methanol and/or dimethyl ether is used as the

feed, only methanol and dimethyl ether are used to calculate conversion on a

water free basis.

[0076] In this invention, selectivity is also calculated on a water free basis

unless otherwise specified. Selectivity is calculated as: 100 x wt % component /

(100 — wt % water — wt % methanol — wt % dimethyl ether) when methano! and/or

dimethy! ether is used as the feed.

[0077] The greater the amount of dimethyl] ether in the olefin product of an

oxygenate to olefin reaction, the lower the percent conversion. Since it is

desirable to run the reaction at lower conversion in order to increase selectivity to

ethylene and propylene, it is desirable to have some quantity of dimethyl ether in

the olefin produced. However, the amount of dimethy] ether present should not be

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

more difficult,



wei ght oxygenat ed hydrocarbon in the product on a water free basis). The
water free basis of oxygenate is cal cul ated by subtracting out BRE 2ﬁ%er
portion of the oxygenate in the feed and product, and excludinb B

formed i n WRIPBHALCt . For exanple, the weight flow rate ofPCRUBSIIIGON an
oxygenate free basis is cal cul ated by g§ltiplying the weight flow rate of
nmet hanol by 14/32 to renove the water mponent of the methanol. As anot her
exanple, the rate flowrate of dinmethyl ether on an oxygenate free basis is
calculated by multiplying the weight flow rate of dienethylether by 28/ 46

to renmove th¢ooya] er coipeirshly, thé dirhethyléthatviayll begirbent inl the bltgingroducad m xt ur e
of oxygenates in the feed or product, trace oxygenates are not included.
When met hanoln &heNyEenalE i olefin Teackion Pragesssiddnaanaung of fideast abaityOfppmanol -and

di met hyl eth S cul at A n ter free basis.
[0076] In th|%§ %éﬁf‘%q”atgr%&ec@sw}f}?% ang eglggl%c’d%g}eé pJﬁseg{Wa%r free
basis unl esgmaﬁxlitetfﬂm RastPeai $0085hm HtVdddmbe ;ﬁéfeﬁdbll)aﬁtqéasaﬁbmﬁoo X W %
conmponent / 100 - wt %water - wt % net hanol - % di'met hyl et her) when

met hanol andA0@0 pptn b twejghte Preferably, dmnwtpﬁéxmeébﬂ ethep @y the of¢fer gr eat er t he
anount of dinmeth roduct of an x%/rg%gate to.olefin

reaction, th&T§a ?mttﬁ%of%gegé{;r% 8&)62{516%‘%(% PTRges. o1, § WRIET Pabi® o run

the reacti ongﬁ-fate}méﬁ%bs@n\oew@%omdr@pﬂm%lytngt bREIPARA BSUOTit Wi, bygto
ethyl ene and”propylene, it is desirable to have sone quantity of dimet hyI

ether in thmoeﬂméfembﬂnrumgreatcrﬂﬂammbmﬁ2wﬂé amount of di methyl ether present

should not b hi gh.t o nmake the ocess neff|C|ent o t he
onoval of alalhy i St Thf oiarateds R MoceshisTER ARbRH $PIBR 2006

PCTI US02/ 31%&950;@9. RSRct. a0t of s G by bcﬁkh@in%r'ehxob@d m&s@nt in the
ol efin produced in an oxygenate to olefin reactlon process 1n an amount of
at | east abodistild®nmymooking i yieaman aaemmreh.lrcf belewithe condepsatiosr abl y, t he

di met hyl eth t b t 500 b ht,
and ot e pr oeERsRe & ERouetr Hhor it 086 P BS5 SR ReCprarer BoS. i ho

amount of di ﬁ%BﬁBﬁ'str@&H%cddPedtB% @h@ jafure BEIOSARE LhAdenkitonaxgenakeof 0 ol efin
reaction process, on a water free basis, is not greater than about 10 wt 9%

more pref er athepxygenatgrfeed. ehn cetaim exblndimantsat iggesirable to cool the product

stream below the condensation temperature of methanol.

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

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

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



nost preferably not greater than about 2 wt % [00791 The oxygenate to
olefin process forns a substantial anount of water as a by-prpg%pﬁ.m[]wch of
this water by-product can be renoved prior to distillation by cooling the
st ream t oWP0 f¥¥33¢tlat ure bel ow t he condensation tenperat ur £OVUEREYAL er
vapor in the stream Preferably, the temggrature of the product streamis
cooled to a tenperature bel ow the condensation tenperature of the oxygenate
feed. In certain enbodinents it is desirable to cool the product stream

bel ow t he condensation tenperature of nethanol. [0080] It is desirable to
cool the ol efand exits dgmuendnealhmn@s pyeverhead wapsrsirieam. ddaeoverbradovapeess, t hen

and an ol ef | HOGBF PER FLURTN FECD ADLREGH O TR B IR VRPHISE ot ream ©

conpri ses ”Damé(dfgca}ﬁb% WapBhudis QW Gs Rlafehi N stream and a significant

portion of t oxygenat'ed hydrocarbons fromthe olefin stream The olefin
vapor strearf0e83}pri seslnonewpodingendfthe heemdhedg fisid ipa gecycletshghmeod thend

propyl ene. 1008]1] In one aspect of the invention,.the olefipn stregamfromthe
oxygenate t&°8B %FP%WP%GP?%W&%‘@&Q@%%@ %fd}"? ARgRe CQQEB? ﬁ?? eam rich
in ol efins, I : S iAyng stream It
is desirable t %rfb%tn ﬁ%ﬁﬂ@gﬁ%@gé{cgéégﬁlggﬁglg?gégap gga\ﬁ%gf%xr(:ﬁ%% aEalgout 20 Wt %
wat er, pref einjbtted batk mrethe quendthaniumboittis prefatreinvhiseembodiment po ebter abl y not
greater than about 12 wt % water. 100821 A guench colum is aone type of
equi prent  t halestsoaling Biediien from FheitFiAg SeHee e thenuenrls soRmRoHIoNH & of i n t o

oxygenate re i : . g @[ﬁg‘.ﬁl I idis
directly Con?lgaé{%gd%fr?ﬂ%?ﬁgo (E){)‘gﬁﬂg&???%&ﬁ@?%&ﬁﬁ?omgﬁt e gtﬁagg%ﬁlg t he desired
condensat i onquemheschinine. Condensati on produces the condensed water

containing stream which is alsqQ referred to as a h?%vy bottons stream The
olefin porti %08 the dJnepsambpdimeat okthednysntionaihs olefinssam coptainipry 2006 WO
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vapor stream e over vapor streamis richin-o n proauct, and can
al so cont ai nsgeneedyigdnatie émbbynhient,ar dodid dy\iqmiddiyatgssyatemeinlbeagsedvat er .
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[0085] In the solid drying system, the olefin stream is contacted with a

solid adsorbent to further remove water to very low levels. Any conventional

method can be used. Typically, the adsorption process is carried out in one or

more fixed beds containing a suitable solid adsorbent.

[0086] Adsorption is useful for removing low concentrations of water, as

well as for removing certain oxygenated hydrocarbons that may not normally be

removed by using other treatment systems. Preferably, an adsorbent system used

as part of this invention has multiple adsorbent beds. Multiple beds allow for

continuous separation without the need for shutting down the process to

regenerate the solid adsorbent. For example, in a three bed system typically one

bed is on-line, one bed is regenerated off-line, and a third bed is on stand-by.

[0087] The specific adsorbent solid or solids used in the adsorbent beds

depends on the types of contaminants being removed. Examples of solid

adsorbents for removing water and various polar organic compounds, such as

oxygenated hydrocarbons and absorbent liquids, include aluminas, silica,

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



i njected back into the quench colum. It is preferred in this enbodinment to
not inject cooling nediumfroman outside source into the quef :Agg?ﬁugm
although it rmay be desirable to do so in other separation equ g own

st ream of WOHB/633¢dénch col um. 10084] In one enbodi nent of PREUSA/BAEG on, t he
ol efin stream containing the dinethyl &f her is dried before the propane and
dimethyl ether streamis separated out” In this enbodinent, a solid or
liquid drying systemcan be used to renove water fromthe olefin stream
containing the dinethyl ether (i.e., dry the olefin strean) prior to

di still ati orrnoulhplededs hadhg different edworbertt selidh capthieelifeetivedy usedito085] I n the
solid drying syste the olefin streamis contacted wwth a solid adsorbent
to further F%TH'BV%“\%?{&? "?’HJQ‘é’rlfrVq?%w | evel s. Any conventional nethod can be

used. Typic t he i I 4 { teldbePRS: nore fixed
beds contai ﬁ?é\%ma suita féed%é%q%?hp%dgg%?Eeehﬁérﬁ?ggg%ﬂbﬁgs%@tel onei%g a'stef ul for
renmovi ng | owlesandaahpataneass pfquived,end with eithet ipwardfop dowamayd figweer t ai n
oxygenat ed hydrocarbons _that pmay not normally be renoved by using other

treatnent syeeeneation of e aasarben maseriaby eanie @RedQHt bysanvediopal t of this

i nvention h t.] . .hed i I I ont i nuous
separati on ﬁﬁt%%tm@hgm%glzegﬁggﬁ%ﬁh ftfer%qu é}t)alvﬁ%]y '? rﬁ%?g%o%gisl ngf] i(cgl%gfntiaétener ate the
sol i d adsor pRbtedk@mp&sai®l €, in a three bed systemtypically one bed is
on-line, one bed is regenerated off-line, and a third bed_is on stand-by.
10087] The $M881fic adadhobawidsaringisyienct valsr ehserbenhistused tiseatonent beds
depends on t o) 1 nant.s. being. V. ) lid
adsor bent s %‘%r?errﬁeloﬁg\?}? en%]eﬁmg?{é? %ﬁ@%@%’%ﬁhgg%ﬁgﬁ e@%@aﬁ?%&%ﬁgggﬁgén? such as

oxygenat ed bydboary Qg effctiADimaLReving Wikt fiin ah bldfindereamu THaasoust | | ca,
nmol ecul ar sieves, and alum no-sjlicates. Beds containing m xtures of these
si eves WO 08f watszabsarhent 3o hprsere en ameypi effeetive Busmibstantiali reguangeds havi ng

different a | i C e t Se renove water to very
| ow | evel s. gﬁ%gﬁ%ﬁ%egg@%rr%gﬁw%e%%ggggiesxg?c frngqrégﬁszsit anbi ent tenperature
or at el eviiped]t enpensisyrefenrsd tagwaree dbsoatseht be hddedl thhevateatoghtion downwar d

flow Regeneration of the adsorbent materials can be carried out by
convent i onalessel at a molar ratio of water absorbent to total feed entering the absorption

vessel of about 1:1 to about 1:5,000, more preferably from about 1:10 to about
1:1,000, and most preferably from about 1:25 to about 1:500.

[0091] Water absorbents which can be used in this invention are liquids at
! atm. These absorbents also desirably have an average boiling point of at least
100°F (38°C), preferably at least 120°F (49°C), and more preferably at least 150°F
{(66°C). Average boiling point, as defined herein, takes into account the boiling
point of each compound in the absorbent on a weight average basis. For example,
an absorbent containing 90 wt.% of a compound having a boiling point of 100
degrees and 10 wt.% of a compound having a boiling point of 200 degrees would
have an average boiling point of 110 degrees.

[0092] The water absorbents are also desirably polar hydrocarbon
compositions. Such compositions preferably contain compounds such as
monohydric alcohols, polyhydric alcohols, amines, or mixtures thereof. Preferred
monohydric alcohols include methanol, ethanol and propanol. Preferred
polyhydric alcohols include glycols. Preferred glycols include ethylene glycol
and tri-ethylene glycol. It is desirable that the absorbent composition contain at
least about 75 wt.% liquid water absorbent. The remainder of the composition can

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



met hods including treatnent with a streamof a dry inert gas such as
nitrogen at elevated tenperature. [0089] In the liquid drying syste a
wat er absorbent is used to renove water fromthe olefin streamWﬁtﬁéﬁni ng
t he di met WO 08&038d41 The water absorbent can be any |iqui d BET/EEEI31846 n
removing water froman olefin stream Th&armunt of water absorbent to be
used is an anmount effective in substantidally reducing clathrate and free
wat er formation during the distillation process. [0090] It is preferred that
wat er absorbent be added to a water absorption vessel at a nolar ratio of
wat er absor banhtferably,ahalvaiee abscebiné comgotitien abrsampthi least abestsE wiofe @flrout 1: 1
to about 1:5,000, nore preferahly from ab‘ﬁut é: 10.to gbout 1:1,000, and
most pr ef er abv3ierahsarbing cempownd; ngrepistarably gh ?‘St[a@%tﬁao‘(?@?/‘e@n‘éﬁ@é? bent s

i o can be 4Pl 18 bONOSIAAN. MMM dosGheteledhitne g absor bent s

al so desirabl an averagé boiling point o (380,
pref erably atabkedest. 120F (49C), and nore preferably at | east 150F (66C).

Aver age boilin oi nt, as defined herein, takes into account the boiling
poi nt of eacH® %ﬁ'pound Canventong) abyosplien Bistemsandstused By thisdnpepion o For

point of 100 OaREl SIS ME LS B Ll B dhe SRTBRUNI U B8 e "0
200 degrees WatkéH cohaviBs, athawdr Fige absirpiitcdl @it nely alsbbedagd eBsandtii?92] The

wat er absorbents are al so desirably polar hydrocarbon conpositions. Such
conposi ti ons eprhetanen) the absarplion exdwrpd basls liguishinles locasd ehg den poriipr ohol s,

pol yhydric algohol s... am nes 1 Xtur -he f r eherred nohydri c
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al cohol s i nclofgie: @lvgal Desitied emlevsn glsyeitidniofehastgotiehyliqie igl ycol and
tri-ethylene glycol. It is desirable that the absorbent conposition contain

at |east abegeomslished by ppigaiadisEbeer BlssRTFerRY. noralesr Atthekmstonoe! thae

conposition i t di adversely
mpact vt or Sanunig SofenERba B 18- Be I tbpb iRl B8R AR AR
Preferably, flirrwateas trbespaon c6lampoSitevapocauthpineatsahoveagsthe abkuin 85 wt . %
of a water absorbing conpound; nore preferably at |east about 90 w.% and

nost  pref er &pVgtersurepdethekgid abmrhgnt sgoving deivetheicolumt Thisds kravariasas t he
wat er countercurrent absorption.

[0094] The packing or plates in the column provides a surface for intimate
contact between the vapor and liquid components within the column. Ina
countercurrent absorption column, the concentration of soluble gasses in both the
liquid and vapor phases is greatest at the bottom of the column, and lowest at the
top of the column. The outlet for the vapor is at the bottom of the absorption
column, typically below the gas inlet. The outlet for the gas phase lean in the
gasses most soluble in the liquid absorbent is at the top of the absorption column,
typically above the liquid inlet.

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

[0096] Absorbent liquid can be regenerated by conventional means. In
one embodiment, the absorbent lignid containing the absorbed gasses is fed into a

distillation column, and water is removed as an overhead product. Regenerated

absorbent liquid is removed as a bottoms product.



absorbent. [0093] Conventional absorption systens can be used in this

I nvention to contact absorbent with olefin. In one enbodinent, the
absorption systemuses packed col ums, although plate absor pfli3oAPRcB86urms
may al so Mo em®ed441l n anot her enbodi nent, the absorption c®carosobam4a | i quid
inlet located at a top portion of the azgsorption colum. The absor bent
liquid is evenly distributed across thetop of the colum. Desirably, an
even distribution of the absorbent liquid is acconplished by using a
distributor plate or spray nozzles. At the bottomof the absorption columm
is a gas inl ¢e0%er e tHe anbtbt emmbedimeat ofithg invatidon, alndqudinniddytid/oredrirdr |
enters the absagrption colunn. The vapaqr conponents ve up the colum

count er cur r eREETNGTERAB qapc}”éggﬁlé&f%‘?%éﬁi brsPrg S RnPIaterably mwH-stageds i s known

as counter Cg@@g@gﬁ?@f?ﬁﬁ :th?rg%t é‘élﬂgogﬁorl ?r%%&a&%i&g.[sﬁ& WHEKES of firdehe col um

provides a s ac et ween € vapor an I qui d
conponent s vv'sﬁagégrb i efdrtgdn. In a countercurrent absorption colum, the
concentration of soluble gasses in both the [|iquid and vapor phases is

greatest at {M¥8bott omDymirably, dequershed ael/podised olgfin sieam gsgpnemressid col umm.

(o carty ool ERataat o pefl HEREI O DR RN BT
gasses nost gRiceddie cariet bat. | Prefirsbipbobletntstresmasd coprebsed 10k prddeuralpgor pti on

colum, typically above the |iquid inlet. [0095] One or nore absorption
col ums can Bideast ebout30gsig @87 &Pa), mosapreferably af lfasteahouha@psin £345ddhaant r at i on

of water to desir t . lefin
conposition &‘rogt r?ﬂeé‘lbgi5%%%%%@9?‘&%8{%@%%@5 égilghﬁg‘%#%ﬁﬁg & &sor ption, the
ol ef i n streapartiailallg gﬁlaifsxtréd, hvéith the uppeTaineit BeiBf Qpaaei canshehaaed by bost of her

stream [0096] Absorbent |iquid can be r,egenerat ed by conventional neans. In
one enbodi nedtsign and eape of erasetiqn. Jlipgiicablrigh Prassge disatseare gensalyasses is fed
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[0099] Conventional distillation techniques can be used in this invention.
In one embodiment of the invention, the separation of the propane and dimethyl
ether stream from the olefin stream takes place in a distillation type of column and
the operation pressure of the column is held so that the bottoms portion of the
column is at a relatively low temperature so as to limit equipment fouling. This
bottoms fraction will contain a majority of the C4+ olefin components from the
olefin feed. In this embodiment, it is preferred that the bottoms fraction have an
average temperature of not greater than about 300°F (149°C), more preferably not
greater than about 275°F (135°C), and most preferably not greater than about
250°F (121°C).
[0100] In this invention, it is desirable to conduct distillation at a
temperature which will allow for fractionation of the olefin feedstream between
the boiling point of propylene and propane. Separating the propane out in this
manner will result in a stream which contains the propane plus the dimethyl ether
contained in the olefin strearn. The lighter boiling point olefin compounds, e.g.,
ethylene and propylene, are then further distilled to obtain separate ethylene and
propylene streams. These streams will be substantially polymer grade feed

quality, containing not greater than about 10 wppm dimethy} ether, preferably not



ol efin stream can be further processed by conpression, preferably

mul ti-staged conpression. Two, three, four or nore stages can b¢ 3uspRdpew t h
two or three stages being preferred. (0098] Desirably, the guenched and/ or
dried ol efWﬂ“é’f’i’:ﬂg’m is compressed to a pressure that is gr%&f’é’?oz{iﬂgﬁ t hat
at which the oxygenate to olefin reactiom process is carried out.
Preferably, the olefin streamis conpressed to a pressure of at |east about
30 psia (207 kPa), nore preferably at |east about 50 psia (345 kPa), nost
preferably at |east about 100 psia (689 kPa). H gh pressure ranges are

parti cul ar | y S3eaecihanaboufStwpRip diny éﬂrethqrnmpredéﬁ ably pohgepisntbaBgioBased on

cost of desiqg . peration. Practical high pressure |imts are
general ly céng?@ggiéﬁg@gl%je]erap to about 5,000 psia (34,450 kPa), with | ower

limts of abqal()lsll, 000 Jpshi ifventioh, tkPa)efinabesth cobthimsg the(didéthyk Bk isand
about 500 psia (3447 kPa) being increasingly preferred. .1_0095] Convent i onal
di still ati on digtdledisqae o sepprapeoilsaopanetand dimptazhetherrontgiping seeanidom nent  of

the i ti t t f djmethyl . eth t f
the ol efn stbebés SERR IR B olLh RERR DR IR B o the
operation pregsisifn@iheldi@eh9l By is Aiditled s& 8s {ohdbarafiea p@?h@%d@ﬁﬁiﬁ@m of the

colum is at a relatively |ow tenperature so as to |imt equi pnent fouling.
This bot t onsther sgedny frowi the obaiin Hreamawhigh eentains dom Reoutd-wickedd abowonponent s

f th | ef.i d. In thi di [ t~iS,pref that the bott
Fracti on haveoa edeeiasimbysatny Booratost 10E 2P LFae RE sh bromdie:”( 1460
nor e pref er ahy mit pre@ir@y Sont BEdut 38 Yt 207 ouit H834)% pRéYshnBD The Prophe abl y not
greater than about = 250F (121C). [0100] In this invention, it Is desirable

to conduct -diandidirhethylothextstraam risepentainsrdimethiye pther 41 angnawt poHfromrabout onat i on

of the olefin f stre hetyeen . the boil.n oint .of, pr | gne and
propane. Sep r%e?’ﬂa aE’%@@SrW%\?ﬁBregﬁ?bn?’ T{P%?%o@&gﬁﬂ g tWP(Fut%@)s(’ﬁl/f’ a stream
whi ch cont ai Rfork Pef@aBIRaTSEN Bbsig Z0Net HitdBbAMISSait e TheGBlkalOgdohtt drhe ol efin
stream The lighter boili nq poi nt ol efin conpounds, e.g., ethylene and

propyl ene, apeonaheand dimetksrl ethes in thestream cabvalyrwhapeleineiremtapl ene and
P OBy e ot LS Th SRS plseshSs USRI Ak Rl TR oo
preferably nekydehatRRoRIDO TH B3 E3344T okigldnble(d/obelfiti® dedifably from
about 95% to about 95%.
[0102] In another embodiment of the invention, an ethylene and/or
propylene stream is recovered following distillation. The ethylene and/or
propylene stream is substantially free of dimethyl ether, substantially free
meaning substantially low in dimethy! ether concentration so as not to
substantially adversely affect downstream processing of ethylene and propylene.
Preferably, the separated ethylene and/or propylene stream will contain not greater
than about 25 wppm, preferably not greater than about 10 wppm, more preferably
not greater than about 6 or 3 or 1 wppm dimethyl ether, and most preferably not
greater than about 0.5 wppm dimethy! ether.,
[0103] In another embodiment, at least about 75 % of the dimethy! ether in
the olefin stream containing the dimethyl ether will be separated out in distillation.
Preferably, at least about 85 % of the dimethyl ether in the olefin stream will be
separated out in distillation, more preferably at least about 95 %, and most
preferably at least about 99 %.
[0104] Examples of distilling an olefin stream to separate out a propane

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



greater than about 5 wppm di nethyl ether, nore preferably not gr,‘eztAEr t han
about | wppmdinethyl ether. [0101] In this invention, the ol ef R 2WEm
containing the dinmethyl ether is distilled so as to separate out a propane
and di met W9 0&0kHd? cont ai ning stream from the ot her conporkEk/ESB3t¢45e
olefin stream Preferably, the olefin styfzeam cont ai ni ng the dinethyl ether
Is distilled so as to separate a propané and dinethyl ether streamfromthe
ol efin stream which contains fromabout 4 wt %to about 99 wt % propane;
nore preferably fromabout 10 vt %to about 85 wt % propane; and nost
preferably fThmeadxantpldsientondtrate theb tiere 46 mutnetoysnepand distilimgolefimne and

di met hyl ether stream al so contains, dinethyl eth t an anpunt of from
about | wt @F?@%SSEW%% yironghe siarting fegd qu 1%%‘?@%'63}9“11’;?%%@2?{10 about 90 wt
% and nore . 9 0 | ative
amount of p?%é’%%gﬂ?%d%(ﬁfﬁgﬁ%wg{‘ ﬁ%gm%hmt(%&egg?% ge%%nm@g?\%glrﬁ?/e vvﬂ(;%rt\l{ egl efins
froman oxygenptat he@r@fahasomponeat 61 the opsficesam wings@tvestishal o the desired
conversion of  oxygenate to olefin. The conversion of oxygenate to olefinis
desirably fr@istillaentecisgyaso about 99% [0102] In another embodi nent of the

I nvention, a yl ene /.qQr . ' e foll ow ng
distillati onﬂ)ﬁﬁg et hyll:z%'iéi lgﬁé]f)%{&Q%Iiagg%og\hlg&%rdggna\s?’g&gnu%g%aa& fally free of
di met hyl et hgkygestfes&girig thk blefinf 881 seppatihg@ pseraat and dixhdthyll ctiér istresdh et hy|

et her concentration so as not to substantially adversely affect downstream

processi ng ofrostthy idsiad olehia. Piethgnod ircused ps Hrecoxaigrnate.tand thropatharalds emiby| ene
and/ or propylene.st|.ea 1 11 contaln not-great er.,than about, 25 wopm
preferably n Olé%heaa[%ef mdgfgﬁna%éﬁ%“%i%“)vﬁg%fﬁ rer?gttroélg% &fed ?9’6%61 1ﬁreater t han
about 6 or 3catvettedVRPaR 6lefiBEhddm eérhgﬁsingﬂﬁﬂ{ms,tetﬁyleﬁfﬁ,lp?@y}'edépt greater than
about 0.5 wppm di net hyl ether. [010 I n anot her enbodi nent, at | east about

75 % of the eeddehydecsieoletins, wates apil ethienhxdreeathoe sompenentsg Theelefimet hyl
ether will b par [ hgtillafj le about 85
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di still ati onandwiter pidbtheaddndeduble@agipoasinsibretonlensadld nost  preferably at

| east about 99 % [0104] Exanples of distilling an olefin streamto separate
out a propan®108hd di méhsgendsnspdicomnoasiis.arlpish apmprisen substantighamaunbn ar e

shown in Fi g('ﬁ’fr\gﬁeljg'aﬁf withda R fg)gxgﬁle\ﬁqegg}{ 2374166 ﬁgﬁéﬂsggétgojrgszlﬁne 108.

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

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

[0107] Olefin vapor leaves the top portion of quench tower 106 through a
line 112. The olefin vapor is compressed in compressor 114 and the compressed
olefin is passed through a line 116 to a drying unit 118 to remove additional water
from the olefin vapor. The dried olefin 1s sent through a line 120 to a distillation
unit 122. The distillation unit is operated to separate light and heavy components
from a propane and dimethyl ether (DME) stream. Included in the light
components is ethylene and/or propylene which can be sent on for further
processing such as polymerization or other derivative processing. The dimethyl
ether is separated from the propane by water washing, and the separated dimethyl
ether is recycled to the olefin reactor to contact molecular sieve catalyst in the
olefin reactor to form additional olefin (not shown).

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

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



25 These exanpl es denonstrate that there are nunmerous ways of distilling
olefin streans, depending upon the starting feed quality and tiieAfd 280§ pat h
chosen. However, the common factor in this invention is the separation of
di net hyl av¥@&p/033d¥long with the propane conponent of the ol ePCHUSOZHOM USi Ng
conventional distillation techniques. gg 05] Fig. 1 is a flow diagram
showi ng making an olefin froman oxyge e, drying the olefin, and
separating a propane and di nethyl ether stream fromthe dried olefin.

Met hanol is used as the oxygenate, and the nethanol is sent through a line
100 to an oxygetat-eldfhsangbiter heawtabod R fhey éecthigizéptflanml 202s convert ed
to an ol efin_stream conprising nethane, ethylene, propylene, acetaldehyde,
C4+ ol efi ns, Degthanizgneplomingi02HyagtiovaebenistdrspdelmstecanThe0 i produce at ream i s

h h |, i 104 h 106 where the olefin i | ed
and vat er - and GPRE] TRt GaTE e ph R e S Hbl BainE i) "o
condensed cowBRRERlts ailhh SRHGRIRILERIR MM bbyRADIMpare ditRiigN . are

wi t hdrawn from the quench tower 106 through I"i ne 168._ portion
of the condesthedandpoolefins aut etheelydrdoedbarsr dingroverheadstraabd 28hokfed o t he top

f th t . 106.. Th ' 110 t al ' | t ., heat
oxchanger . ( AGTEURBIER) AR aP L LR lBoh o LB B HeEN B RUERL O s o
provide a cofé Qoﬁ&hpﬂ}i}égﬂeﬁaﬁlﬁ%?ggﬁﬂer B%%%Hﬁ@&%ﬁéﬂéﬂ?s sench tower

106. [0107] derin vapo ves the portion“of quench tower 106 through
a |line 112. bitemsbtedarm2 V& ponpiisng ethpnessiahylene oBptess streatrl 21 Gisded he

conpressed olefin js S thro a line 116 to a dryi unit. 118 to
renove addit A& Sﬁjéqtg&%%_f gﬁﬂﬁ%’%&@?#ﬂc\?é%werw Stﬁ‘?e?-é’d”plgl RIS sent
through a |ipgyfdd ah& %oﬁb{ﬁk'si é@ﬁ Q?@cmﬂﬁ%&in%%&anéfh?hé’bé&dﬂxé Qldaftiog)i t 1S
operated to segarate Ial ght ané eavy cohponénts from a propane and di net hyl
et her (DVE) $brnethmdedthahinet@d2iinfdadie Uisghtterctidp chiter:splisteefritionates and/ or

propyl ene whi.ch. can be sent for further _processi such .as
bol yrrer i zat | GBS BRHHTES Stgam 906 1OVREOfHEG EBSYPHHGRd THmy AR EHpPrisiag her | s

separ at ed frgf(ﬁpg%ﬁeﬁﬁ@ BORoAY s 22085 bHdng PRsbahdI GimeMys ahel afd 3 Y|

ether is rec to the o In reactor to c ar 3ieve catal yst
in the ol ef olefineand othet ydrocanbaddiThe dottbme lstréam 22 it fed hoand)stillpidD8] Fig. 2

shows a deet hani zer, first, enbadi nent . ig. 2, an,olefin tream 120 t hat
conprises et FAIHEN 22 thhQrﬂiés,njﬁgp?)‘bg‘ﬁ@{mdzgﬁcgﬂﬁéeﬁ‘?fﬂftﬂfﬂm@m&’?’s1 3 APR 2006

stream 222 to produce an overhead stream 226 comprising propane and dimethyl

ether, and a bottoms stream 228 comprising C4+ olefins and other hydrocarbons.
[0109] Fig. 3 is a C; splitter first fractionation or distillation embodiment.
In Fig. 3, olefin stream 120 is first fed to C; splitter 302 to produce an overhead
stream 304 comprising propylene, ethane, ethylene, and lighter boiling point
compounds and a bottoms stream 305 comprising propane, dimethyl ether, and
C,4+ olefins and other hydrocarbons. Overhead stream 304 is fed to deethanizer
column 306 to produce an overhead stream 308 which comprises ethane, ethylene,
and lighter boiling point compounds and a bottoms stream 310 which comprises
propylene. Overhead stream 308 is fed to demethanizer 312 to produce an
overhead stream 314 comprising methane and lighter beiling point components
and a bottoms stream 316 comprising ethane and ethylene. The bottoms stream
316 is fed to C, splitter 318 to produce an overhead stream 320 comprising
ethylene and a bottoms stream 322 comprising ethane. The bottoms stream from
the C; splitter 302 is fed to distillation column 324 to produce an overhead stream
326 comprising propane and dimethyl ether, and a bottoms stream 328 comprising

Cs+ olefins and other hydrocarbons.



WD 03/ 033441 PCTI US02/ 31046 26 and C4+ ol efins and other hydrocarbons is
fed to deethani zer columm 202. Deethani zer colum 202 fracti oggt Bt
distills olefin stream 120 to produce an overhead stream 204 n@?i S ng

et hane, eW@/P&tB4HNnd |ighter boiling point conponents andFETHSZ8HE6 st ream
206 conprising propyl ene, propane, dinethyl ether and C4+ ol efins and ot her
hydr ocar bons. The overhead stream 204 is"fed to denethanizer columm 207.
Denet hani zer col um 207 produces an overhead stream 208 conpri sing net hane
and lighter boiling point conponents and a bottons stream 210 conpri sing

et hane and etjoyléine. BoFigodis sdematharididt to deéthahizentirst fidbtiophtidt er 212. C2
splitter 212 produces an_gverhead stream 214 conprising ethylene and a
bottons st r ecimEoremeRtnin iFag. dgoletin sHeam 1RQ 1% fdite demsthanices codemn AP ¢ he

deet hani zer fpgr%%ﬁc% aﬁn%%ﬁ%a%g%%ﬂpéﬁﬁﬁo %%m-g%ﬂgggégk’!’iﬁﬁgﬁ’ﬂ%adi onates or

distills bot Stream uce an over rea conpri sing

propyl ene anccompdahii Sheteae tdmeAlBonsirihgoétbiRn ethy kneBrbpdnect her, and
C4+ ol efins and other hydrocarbons. The bottons stream 222 is fed to a
di stillation prepylemen dapethylmtkerand Gt hyerasarbess.uihe bottoms sieeamot(itis fedor
distillation bottons stre t roduce ,an,qyerh tream 226
conpri si ng prt8§§ﬁgm3ﬁ‘a c&’“@‘i‘n&@{% pégﬂ cre’anaq(;ﬂfgr}gaggﬁ?%g?gg ?@Bﬂ?‘ﬁ%g E'B?rpri si ng
CA+ ol efins angd ctiykaie AUGHRERERARAEam 41@%99113|ril§in _-pré’p}l%éle@fafg?aﬁé}ﬁ%étﬁ?l first

n Fig , ole

fractionation or distillation enbodi nent. in stream 120 i s

first fed to e8®rspl Cut olef®92and other bytiroearkens VErehasathead stresan b0 fedmpri si ng

propyl ene, ethane,. ethyl ene, and lighter bqilin in C ounds and a

bottons stredhrBBHIED Pgli‘qﬁ’g'mr?r%ﬁlgﬂg,snm%{l%ﬁ%glgﬁaé'?ffeea@rf%%g@l efins and

ot her hydr ocafol&eﬂﬁ-str&&ﬁmm%&ngﬁﬁmﬁgeuﬁﬁé The bekbrh9stelaat hpnis Z&d ingobymm 306 to
Ic

produce an overhead stream 30 h conpri ses ethane, ethylene, "and
| i ght er boi | isplittgrai2ftto porduse ARl sverherdostisemt ddvsconnprising Bopylene atd  onpri ses

propyl ene. erhead, str 308 .i.s fed to dengt hani zer roduce an
over head str QFFP@E&”%%%??S?’HB?%%Ré%én%ﬁ’g“\e"ﬁ’gn?‘@‘ﬁﬂ Bo¢ ﬁ%af‘%&?ﬁ? conponent s
and a bot t oMtisdr hoaBeabbns: MBS ftkaf SANG fadth @EMNKLRARIRP43 bt ONB st ream
316 is fed to C2 Splitter 318 to produce an overhead stream 320 conpri si ng

et hyl ene and prodige ap prerbeadstraagi dcomprissngpropareand, dimpthybethernasd 8t r eam from
the C3 splitter 302 is f to di.stidlati-on colymm, 324 t roduce an over head
stream 326 @8&%’?‘?5?‘?‘?@“ 6?@‘&%3“%%%% R@gﬁfﬁ\ﬂaﬂ‘gf’ﬂ’ﬁ ?y%maarﬁonﬁsot tons stream 328
conprising @dr119! ef 5 RAG RERmeMLRE & b9BSiter first fractionation

embodiment. In Fig. 5, olefin stream 120 is fed to demethanizer column 502 to

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

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



WD 03/033991 27 1 3 APR 2006 PCTI US02/ 31046 [0110] Fig. 4 is a denethanizer
to deethanizer first fractionation enbodinent. In Fig. 4, ol efiBA?Frﬁ(ﬁm 120
is fed to denethani zer colum 402 to produce an overhead 404 conp 3 g

met hane aMOP3/BF#&r boil i ng point conpounds and a bottons BETE&MR/N0E

conpri sing ethane, ethylene, propane, pP@pyI ene, dinmethyl ether and C4+
hydr ocarbons. The bottons stream 406 is fed to deethanizer colum 408 to
produce an overhead stream 410 conprising ethane and ethylene and a bottons
stream 412 conprising propyl ene, propane, dinmethyl ether and C4+ ol efins
and ot her hydinvemtidmonsccofdiag ov Eihéash skefivamtdifing prddedt streamafr@Ga agpddtdt er to

produce an overh stream 416 an ethylene feed. streamand a., boftons stream
418 conpri si n§>r@fq3'dwmhﬁﬁlé ﬁdﬁ%mﬁ%ﬂ@r Vach SopoIn e F e sertyia gpired{er 420
to produce an,qy, %?ﬁ risd ms stream
424 conpri si ntgoapé%g%ﬁ%fgsdgpne él%?egﬁﬁQ}r)Agdrﬂgl &%&9%%{%@:}{%@2&8&%%@)9

hydr ocar bons. whiet}tie renetadehrougB4 pipe (329, The giesboleti abd dried produet sh2emtio

produce an overhead stream 428 conpri sing propane and di nethyl ether, and a
bott ons st r ealeR SeNtde Are{ (s sspatetion step(} hs (alta hydrrearbops acepierd.and 0111)

Fig. 5is a de nj,Zer. Lhter fi.r ract i L odinment. In
Fig. 5, olefi ﬁ%g{$§%ﬁé8??%ﬁﬁggp¢]ééﬁ%ﬁéa lgﬁ!g?ér(?@mﬁ%%eg%gmfi gﬂbproduce an
over head str emarSEbGRMPE tedbiétedas haiph Redutd BTH)and b IpréguRGLR} fueE Onpounds
and a bottons stream 506 conprising ethane, ethylene, propane, propyl ene,

di et hyl et hegasahepugh pipss 349rend {35 ot Fhersepardied SartydrerartRes mrmesnt dreughm 506

fromthe denet hani.zer, caolu S dinto C3 splitter 508 to produce an
over head stre%?r\pgﬁ%&(% zisg’pﬂargt?g'pyl ene, ethane, and ethylene and a bottons

stream 512 compi3pi ng pIIPﬂB@'ﬂE1sgﬁftéf§ét|ﬂ¥ien@‘i§1ﬁbara@iﬂl¢r&ﬂ‘btl’fh'n@faﬁ&re’i\ﬁlﬁfeet her

hydrocarbons. Overhead stream 510 is fed into deethanizer colum 514 to
produce an ovibravghd mpe 6dm The ctyigmei whish car pemfaingomedchtylangeisapnt taabot t ons

ool iter socen el aRietRinG0Tn (06 B FRBNRES 3 EERIpR Brod R R i g
bott ons st r eagpips 249)C TIRbInbuBGorLsRAPRdoBM dniffet e PR Withkea A eidint fhe CG3

splitter is fed to distillation colum 526 to produce an overhead stream
528 conpri si neplipenandrrent thranghi apiph(d)et her, and a bottons stream 530

conpri si ng 04151 ﬂ]ef | ns ’ﬁ?edC?-ft lﬁ'}%rocarbons (i.e., hydrocarbons that have a boiling point
greater than or equal to propylene) that are separated from the olefin stream in the
C,/C3 separation step (11) are sent through pipe (33) to a C3/C,4 separation step
(15), where separation of the C3 hydrocarbons from the heavier hydrocarbons (i.e.,
C4+ hydrocarbons) takes place. The heavier C4+ hydrocarbons are sent through a
pipe (43) to a C4/Cs separation step (17). The Cs+ hydrocarbons are separated
from the C4 hydrocarbons, and ultimately sent through a line (45) foruse as a
gasoline fraction. The C4 hydrocarbons are separated and sent through a line (44)
to a butene dimerization step (18) to form dimerized hydrocarbons, The
dimerized hydrocarbons are also ultimately sent through the line (45) for use as a
gasoline fraction.
[0115] The C; hydrocarbons that are separated at the C3/C, separation step
(15), are sent through a pipe (40) to a C; splitter (16). Dimethyl ether, which is
present in the olefin stream, also goes to the C; splitter along with the C;
hydrocarbons, since it behaves like propane in the preceding fractionation steps.
In the C; splitter (16), the dimethy] ether, together with the propane, goes to the
bottom of the splitter, and both are removed through a pipe (42). Substantially

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



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

enbodi ment of the 13 APR 2006 WO 03/033441 PCT/ U502/ 31046 28 i f\EMR 1806
According to Fig. 6, an ol efin-containing product streamfroma reactor for
olefin syﬁf’ﬁé’éi"g"’f‘% om ret hanol (not shown in the Figure) isPEBHEONGI®6a pi pe
(7) to a precooling and drying step (10)g Accumul ated condensate

(predom nantly water) is renoved through” a pipe (31). The precool ed and
dried product streamis then sent to a C2/C3 separation step (11). Cl/C2
hydr ocarbons are separated and sent through a pipe (32) toa G/

separati on stepaifd@fromithe tqegfahaCedplGter l{yEirthrmpbanspsaiad).r ecovered as a high
pressure (HP) and | ow pressure (LP) fue] gas through pipes'(34) and (35).
The separ at ed®6lhydr ocBrbeaElens ankIgpylens siigms ppiefsd acagrmedo e splitter

ombved 1 dIGGAR 58 bE Bhbimdtzed B fnilisdc SoRERANBHE S & M AeARIE 2N
acetyl ene, i?)a‘il?(fﬁ(l%ﬂ)f)pc?ﬂethﬁl@ﬂé yEpdyy 9ﬁgénﬁhy@ﬁn€dnﬁbpﬁb4&ce§@ﬂ)rreCOVGFed as
uc

et hyl ene pro ) 8)l rough a pipe (39). C2 conbustion gas (predom nantly
et hane) is wiforgingnelyetliens s polyprapyiene eap bgnged chetalylie priefesses prepe (39) .

areatbr t nan HFebeal CUgUAT pyeee) S mAATSRE A B AR Eofhrifi s T
streamin theand%{dcéitaaﬁnaggfsfehgn Sek.Br e4akiplale.Ss Phfent NoQBAIFERYse (33) to a
C3/ C4 separation step (15), where separation of the C3 %drocarbons from

t he heavi er 3T BSe4,100: 892,04, &¢ 41006:698; 3.64589%1403R2,566he heavi er
C4+ hydrocar bons e..sent. through, a I pe (4 to.a L4/ C5 sepanation step
(17 The’ o B 3P gsai e i st 8 roaRs Resibibnt Re el b BRI ne " anc
ultimately sepdorpéYaRd®brein by RfereAS). ThQentiaf thsse MetBEehvdlPe Edntachingn. The C4
hydrocarbons are separated and sent through a line (44) to a butene

di meri zat i on the ethylengyr propryisperpridnetrwitle d phlyaledinatonoms, carest atih pressured
hydr ocar bons _a h_th ine (45) for use as a

I | td
gasol i ne fra@f’frigﬂ’?peﬁ%f%sﬁtﬁe?ﬁtﬁ@/{foﬁggﬁ%é&’%ﬁg P9y c:Lare separated at the

C3/ CA separ at[i)mt]st ep Ifbad emBbEinAnbS thiy @vahich, HeRehyiddd)ortpRopy1éng splitter
(16). Dinmethyl ether, which is present in the olefin stream also goes to
the C3 split treedugt sregniacted withee metallpganesatel y5o s form apadyolefibeResizadly, | ke

propane in t rt]he'a Ig)orl)e/glgglil ?cgninru g:toic 34 <i:e9rple§ E)Slp Ra temperature ranging between
about 50°C and about 320°C. The reaction can be carried out at low, medium or
high pressure, being anywhere within the range of about 1 bar to about 3200 bar.
For processes carried out in solution, an inert diluent can be used. In this type of
operation, it is desirable that the pressure be at a range of from about 10 bar to
about 150 bar, and preferably at a temperature range of from about 120°C to about
250°C. For gas phase processes, it is preferred that the temperature generally be
within a range of about 60°C to 120°C, and that the operating pressure be from
about 5 bar to about 50 bar.
[0118] In addition to polyolefins, numerous other olefin derivatives may
be formed from the ethylene, propylene and C4+ olefins, particularly butylene,
separated according to this invention. The olefins separated according to this
invention can also be used in the manufacture of such compounds as aldehydes,
acids such as C»-C;3 mono carboxylic acids, alcohols such as C3-Cj; mono
alcohols, esters made from the C;-C 2 mono carboxylic acids and the C,-Cy2 mono
alcohols, linear alpha olefins, viny! acetate, ethylene dicholoride and vinyl
chloride, ethylbenzene, ethylene oxide, cumene, acrolein, allyl chloride, propylene

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



In the C3 splitter (16), the dinmethyl ether, together with the propane, goes
to the bottomof the splitter, and both are renoved through a pi10 4%&.
Substantially pure propyl ene product, e.g., containing |less than A % 06

di met hyl wiohe03349 13 APR 1006 WO 03/033441 PCT/ US02/ 3104PCKUHBEHHAed from
the top of the C3 splitter (16) through g,spi pe (41). 101161 The ethyl ene and
propyl ene streans separated according to'this invention can be polynerized
to formplastic conpositions, e.g., polyolefins, particularly polyethylene
and pol ypropyl ene. Any conventional process for form ng pol yethylene or

pol ypr opyl enedicens bfethglene ahpmpylkene. PhoCes skéinartaitylpneinepargculaParet i cul arl y

preferred are netal |l ocene, Zi.egler/Natta, om um,oxi de nd acid catal ytic
systems. See, p%?lﬁ%%éﬁ’ﬂfeél, foy thg masuif: eNé@fd%g?' ‘5;:?8?91 % ;aﬂ"’@?@é)gs;t@é ghade

3,364, 190; 5, (O.18; T 03 Ry ' aﬁ?ﬁ% ha @nd
4,243, 691, thégéggg? §§m§ggngégg§§§9%ggg??é%?ons 5@§§g%ﬁ elgépggg?essly

i ncorpor at ed glefiss.n by reference. In general, these nethods involve
contacting the ethylene or propyl ene product with a . oliglefin;forning
catal yst at al03i¥ssure Hawasmempailydgsaibed this inveation, it wilkbe ARPIBGRIP PR i n

or opyl ene.  prigatrcicfe ot 4R el Bhedith e BY BRI AR bAfoS Wik TR Y,

pol yol ef i n. Degimédisywithih Wehap & dghed] Witﬁ@ftlﬂegﬁ'tﬁg(fﬁﬁﬁﬂnei igtodnidisegpeift at a
t enperature rangi ng between about 50C and about 320C. The reaction can be
carried out atheuEntigddi um or hi gh 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 tenperature range of from about 120C to about

250C. For gas phase processes, it is preferred that the tenperature
generally be wthin a range of about 60C to 120C, and that the operating
pressure be from about 5 bar to about 50 bar. [0118] In addition to

pol yol efins, nunmerous other olefin derivatives may be forned fromthe

et hyl ene, propylene and C4+ ol efins, particularly butylene, separated
according to this invention. The ol efins separated according to this
invention can al so be used in the manufacture of such conpounds as

al dehydes, acids such as C2-Cl13 nono carboxylic acids, alcohols such as
C2-C] 2 nono



al cohol s, esters made fromthe C2-Cl2 nono carboxylic acids and the C2-Cl2
nono al cohols, linear al pha olefins, vinyl acetate, ethylene.dicholoride
and vinyl chloride, ethylbenzene, ethylene oxide, curmene, acAd R0l |yl
chl oride, propylene oxide, acrylic aci3dd, ethylene-propyl ene rubbers, and
acrylonitrile, and trimers and WO 03/033441 30 13 APR 2006 PCTI US02/ 31046
di mers of ethylene and propylene. The C4+ ol efins, butylene in particular,
are partic§ugsy suited for the manufacture of al dehydes, acids, alcohols,
esters nagg“lﬁiun1C5-C13 nono carboxylic acids and C5-C13 nono al cohol s and
| i near al pha olefins. [0119] Having now fully described this invention, it

w | be appreciate those skil]led in_the art .that the . invention can be
er f or med T ¢ TGS HEsePaRG e dhine el edhed Fomsany bR Aosam as BRI hod. w t hout

departing, y;&(gﬁgltglf@olgﬁh%gcﬁgﬁlgmgggpgq risind’€ invention. 13 APR 2006 31
CLAI M5: 1. met hod of separating dinethyl ether froman olefin stream nade

froman oxygenattacting oalygdnate witlne madevupr sices satalystrtp fomn thg:olefomstwammi, ng

oxygenate w th l.ecul ar sieve catalyst to formthe plefin stream
ohavein ¢ neisth e RResra A hpr SeoSh gy leBe oo L EEE e i e ny!
ether; dryingg Bk efdrin stehigagig and distilling the dried olefin streamto
separate the direthyl ether and propane from the propylene. 2. The nethod
of claim 1, whdistllmgtthednddslehin streapatn scparatithsdimethyd ather andpropansdfrondi net hy|
ether. 3. ,The m?t hod of claim1l, wherein the olefin streamfurther conprises
butyl ene HEPORer boiling point compounds and the dried ol efin streamis
distilled to separate the dinethyl ether and propane fromthe propyl ene,
butyl ene and hi gher boiling point conmpounds. 4. The nethod of claim1,
further cénpri $hemedodiadstamg , wherehr tw atedinestndanti coptaings| at laastb9S wit O water to
separate tdhetﬁli n&thyl ether fromthe propane.

imethyl ether.

3. The method of claim 1, wherein the olefin stream further comprises butylene and
higher boiling point compounds and the dried olefin stream is distilled to separate the
dimethyl ether and propane from the propylene, butylene and higher boiling point

compounds.

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

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

5. The method of claim 4, further comprising contacting the separated dimethyl

ether with a molecular sieve catalyst to form an olefin.

6. The method of claim 3, wherein the olefin stream comprises from 2 wt % to 45 wt
% propane, from 0.05 to 5 wt % dimethyl ether, and from 30 wt % to 95 wt % butylene

plus higher boiling point compounds.

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



5. The method of claim4, further conprising contacting the separated
dinmethyl ether with a nol ecul ar sieve catalyst to forman ol efi% ﬁoz he
met hod of claim 3, wherein the olefin stream conprises from 2 wtl SoARRI000S e
% propane, from0.05 to 5 w % di met hyB2ether, and from30 Wt %to 95 wt %
butyl ene plus higher boiling point conpounds. 7. The nethod of claim1,
further conprising polynerizing the separated propylene to form

pol ypr opykene. 2 . . i onpri sing
separ at i ng' theT%%ﬁiﬁﬁg)ﬁeO% g%gm :éi’ g%ehremtgnoﬁ S’ltu%&]ggllfaﬁl@ é ?ﬁ?p@”ﬁ%&ﬁg% et(l;he
pr opyl eneboiling pbiat cahpoohdofroal the prdpylenher ein the ol efin stream further

conprises ethylene and the dried olefin streamis distilled to separate the
di ret hyl ether and propane fromthe ethylene and propyl ene. 10. The net hod

of claim§, furhdgkife@Brtiabhng wheleHIBE biiGuthf ARG Bhfptis& di18RGandll. A
met hod of renoving dinethyl ether froman olefin streany conprising:

provi di ngthenlrietl eldfin stteamasistillechtoceparate sksdiwettet ether apl/prepane fporoplane and

di ret hyl e r; drying the olefin stream distilling the dried olefin stream
so as to Q%SEP%?@%‘BP%F‘?% propane and dinethyl ether fromthe propyl ene,

wherein the propane and di nethyl ether streamconprises from 4.0 to 99 wt %
propane and from1.0 to 96 Wt % di nethyl ether; and wherein the olefin
stream i sl@dri efhdmetwdicd claim@, fintheot@hpnising papmeniking twesteparatedetipddrent . 12.
The met hod of claim 11, wherein the water absorbent is a polar hydrocarbon.
13. The method of claim 11, wherein the water adsorbent is a nol ecul ar

si eve. 141] The ATREROS o Pfenfvitig Qidbihy MBESH 6n LRI Al cHhffidif:St r eam i s
conpressed prior to contacting wth water absorbent. 15. A nethod of

renovi ng di met prpvidinghanr olefio miream sihéthi comprrisesawates; prpylasiengropangrandi di ng an
ol efin stream whi,ch conprises water, propylene, propane and dinethyl ether;
dryi ng thgmaﬁﬂ@ﬁ?h‘e&tream 13 APR 2006 33

drying the olefin stream;

distilling the dried olefin stream so as to separate out the propane and dimethyl
ether from the propylene, wherein the propane and dimethy! ether stream comprises from
4.0 to 99 wt % propane and from 1.0 to 96 wt % dimethyl ether; and

wherein the olefin stream is dried by contacting the olefin stream with water

absorbent,
12.  The method of claim 11, wherein the water absorbent is a polar hydrocarbon.
13. The method of claim 11, wherein the water adsorbent is a molecular sieve.

14.  The method of claim 11, wherein the provided olefin stream is compressed prior

to contacting with water absorbent.

15. A method of removing dimethyl ether from an olefin stream, comprising:
providing an olefin stream which comprises water, propylene, propane and
dimethyl ether,
drying the olefin stream;



distilling the dried olefin streamso as to separate out the propane and
dinmethyl ether fromthe propyl ene, wherein the propane and di metWiﬁ%g
stream conprises from 4.0 to 99 W % propane and from1.0 to 96

di ret hyl ether; and contacting the propane and di nethyl ether streamwth
water so as to separate the dinethyl ether fromthe propane. 16. The net hod
of claim15, further conprising contacting the separated di met hyI et her

with a nol ecul Ei‘{ tlﬁl'n Yiie &I}’éa‘farllé(i%ﬁ #‘é?mr & z@t@@eﬁ?ﬂk‘zﬁé bﬁ't thg'%ro\;)éamd.' gfyl removing

di net hyl et her an 0 reanmy conprisin efin
st r eam whethér ﬁ:mmhie ropylead, evhergin dmﬁrepme apal dpnmhzyi&mbr sﬁlembbmbnﬁslﬁmm drying

the olefin stream distilli t dr Jo eam so as to separate out
the propafhd t aﬁg%/ﬁﬁmﬁm “E{]%‘é‘in QE’ré /"p‘f ﬁﬁygﬁé rein the propane and
di met hyl et her y(ﬁftééc?l?g}t g dfdruﬁgﬂl ldttﬂertsﬂeﬁ'ﬁ\yﬁhv@tgf PG s@ﬂﬁlaté:'ﬂ%m 1.0 to

96 wt % dineth ; pol ymer | z he separated propyl ene.

met hod of dimeathopl iethgr ﬂ'bnethhptopamher from an ol efin stream conpri si ng.

provi ding an ol efin stream which conprises water, propylene, propane and

di met hyl ether; drying the olefin stream distilling the dried olefin stream

so as to EGpar %@“‘Q%dfﬁ?gﬁa@?ﬁ?ﬁ@“‘@ﬂ& rithiiel tacﬁ]%né‘ﬂ{e sepictaEmanpPy| ene,

wherei n the propane an m conprises from 4.0to 99 wt %
propane aetterf withre mdledutar 3k veratdbydi tofotmy bn elefier ; and wherein the ol efin
stream further conprises ethylene and the dried olefin streamis distilled
to separate the dinmethyl ether and propane fromthe et hyI ene and propyl ene.

19. The mgy hOdA%etﬁ{gI@gf@gfxﬁwgf r%%l:él l&ﬁ%&rﬁ'aﬁ%l&ﬁﬂ | Zbrhd 1§1ﬁ% separ at ed

et hyl ene. " 20. A net |ng propyl ene made from an oxygenat e,
conpri si ng: 13pARPRIZDA60I8fin swednaehichgontpeisesayaten prapylane hprapanel andul ar si eve
cat al yst ho form an olefin stream wherein the olefin stream conprises
pr opyl ene} r, and di nethyl ether; distilling the olefin streamto

separate t he pﬂlg,msg B8] fflh lgpegulﬁe propane and di nmethyl ether; and
pol ymeri zing t par aete propyl ene. 21. The nethod of claim 20, wherein
the olefin str dmtﬂlmgl’rlpﬁdmmboleﬁn btezagt sd0asdb separatéout the propane and dlmethyl

ether from the propylene, wherein the propane and dimethyl ether stream comprises from

4.0 to 99 wt % propane and from 1.0 to 96 wt % dimethyl ether; and

polymerizing the separated propylene.

18. A method of removing dimethyl ether from an olefin stream, comprising:

providing an olefin stream which comprises water, propylene, propane and
dimethyl ether;

drying the olefin stream;

distilling the dried olefin stream so as to separate out the propane and dimethyl
ether from the propylene, wherein the propane and dimethyl ether stream comprises from
4.0 to 99 wt % propane and from 1.0 to 96 wt % dimethyl ether; and

wherein the olefin stream further comprises ethylene and the dried olefin stream is

distilled to separate the dimethy! ether and propane from the ethylene and propylene.
19.  The method of claim 18, further comprising polymerizing the separated ethylene.

20. A method of polymerizing propylene made from an oxygenate, comprising:



di ret hyl ether. 22. The nethod of claim 20, wherein the olefin stream
further conprises butylene and higher boiling point conmpounds and the
renovi ng step further conprises renoving propylene from butyl ene hidPRiZilber
boi l i ng point conpounds. 23. The nethod4of claim 20, further conprising
drying the olefin streamprior to distilling. 24. The method of claim 20,
wherein the olefin streamconprises at |east about 0.05 w % di nethyl

ether. 25. The Jki

conpri ses but yfene agéﬁé%ﬂg é{{éﬁ’&hﬁﬁﬁ@%@éiﬁﬁ:‘%éﬁi@a@ﬁn S angi,lrgflgfﬂlrdStt ol efin
st ream i swhersin thb ektfinGtrespapaipeisd¢shpropydenee plophne bk dinsathlyl ptlepane from t he

propyl ene, butyl ene and higher boilin i nt ounds. 26. The net hod of

D o 50, 1 ur't HstThGE A oISHA S Pty (o Brogy SRAHGTLOR PEiRas Y ot hor i t h
water to gepakdkeel;Raqdi methyl ether fromthe propane. 27. The nethod of
claim 26, further conprising contacting the separated dinethyl ether with a
nmol ecul ar si evpolpmerting thet sspénatexhpaopybénef i n. 28. A net hod of pol yneri zi ng

et hyl ene and propyl ene, conprising: 13 APR 2006 35 drying an ol efin stream
whi ch conprises ethylene, propylene, propane and dinethyl ether; distilling

the driedpl efTRe &%ﬂm%ﬁ’@f%&rﬁ@@aﬁvﬁ&%mocﬁé oﬁﬁn%ﬁr@éﬁh%ﬁﬁpﬁ’sés%l@as@ %21 Q,p)o,k,ene
stream and a propane and di methyl ether stream wherein the ethylene stream

and the pimsthylether.st ream each contain not greater than 10 wppm di net hyl
et her; and polynerizing the separated ethyl ene and propyl ene streamnms. 29.
The nethod of claim 28, further conprising contacting the separated propane

and di mephyl ehdgkthodFAEEMZ0NWHBERI the Blchif strfant FReRtOmbHSesBufBédtydndet her
fromthe gropane 30. The nethod of claim?29, further conprising contacting

t he separ higher lmﬂ:mpwnt composndsyandrthe rensivérg step fustheyeoraprises yemovieg f or m an

ol efin. an ol efin-con a| ni ng product streamthat
cont ai ns p@P@SP‘?’n g‘l‘w@ a@%gbefggﬂ@lg,po EPTEPPHESproduct streamis sent to
fractionati on, opti onally after dewatering, conpression and drying, which
is characteri zed by the fact that at |east one partial streamchiefly

cont ai ni ng3.C3 Bheimethedisd slrim20pfustharemprising driimgphoelgbn stream prar toy

fractlonatltoln and this partial streamis sent to a rectification colum (C3
distilling.

24,  The method of claim 20, wherein the olefin stream comprises at least about 0.05

wt % dimethyl ether.

25.  The method of claim 20, wherein the olefin stream further comprises butylene and
higher boiling point compounds and the dried olefin stream is distilled to separate the
dimethyl ether and propane from the propylene, butylene and higher boiling point

compounds.

26.  The method of claim 20, further comprising contacting the propane and dimethyl

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

27.  The method of claim 26, further comprising contacting the separated dimethyl

ether with a molecular sieve catalyst to form an olefin.

28. A method of polymerizing ethylene and propylene, comprising:



splitter) for separation of propylene and propane, where a propyl ene product
streamis taken fromthe top of this rectification colum and propane and
optionally other C3 hydrocarbons as well as the dinethyl ether até APRKEN
fromthe bottomof this rectification 3ol um, so that a propyl ene product
streamthat contains at nost only traces of dinethyl ether is obtained.
drying an olefin stream which comprises ethylene, propylene, propane and
dimethyl ether;
distilling the dried olefin stream to separate out an ethylene stream, a propylene
stream, and a propane and dimethyl ether stream, wherein the ethylene stream and the
propylene stream each contain not greater than 10 wppm dimethyl ether; and

polymerizing the separated ethylene and propylene streams.

29.  The method of claim 28, further comprising contacting the separated propane and

dimethyl ether stream with water so as to separate the dimethy] ether from the propane.

30.  The method of claim 29, further comprising contacting the separated dimethyl

ether with a molecular sieve catalyst to form an olefin.

31. A method for processing an olefin-containing product stream that contains
dimethyl ether as by-product, where the product stream is sent to fractionation, optionally
after dewatering, compression and drying, which is characterized by the fact that at least
one partial stream chiefly containing C; hydrocarbons is produced from the product
stream by fractionation and this partial stream is sent to a rectification column (C3
splitter) for separation of propylene and propane, where a propylene product stream is
taken from the top of this rectification column and propane and optionally other Cs
hydrocarbons as well as the dimethyl ether are taken from the bottom of this rectification
column, so that a propylene product stream that contains at most only traces of dimethyl

ether is obtained.





