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A METHANOL TO COLEFI N REACTI ON SYSTEM FIELD OF THE | NVENTI ON [ 00011 The
present invention relates to ethylene and propyl ene recover systens. More
parti cul awWD2po¥HEr esent invention relates to recoverinfC mﬂé’r%’w%md
propyl ene froma m xed effluent stream conprising one or nore of nethane,

di net hyl ether, ethane, ethylene, propane, propylene and acetyl ene.
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byproduct s nByCKRGROENDPORPAIBEUNVERTI@GNE heavier than propane and

propyl ene, sTUCh as CA¥ conponenis (olefrtnic and aliphatic) as well as
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product .
plastics, and in making other chemicals such as acrylonitrile and propylene oxide.

The petrochemical industry has known for some time that oxygenates, especially
alcohols, are convertible into light olefins. The preferred conversion process is
generally referred to as an oxygenéte-to-oleﬁn (OTO) or specifically to methanol-
to-olefins (MTO) process, where methanol is converted to primarily ethylene
and/or propyiene in the presence of a molecular sieve catalyst.

[0003] Various byproducts are produced in the MTO reaction process.
These byproducts may include components that are heavier than propane and
propylene, such as C4+ components (olefinic and aliphatic) as well as multiply
unsaturated components such as acetylene, methyl acetylene and propadiene.
Oxygenate compounds such as alcohols, aldehydes, ketones, esters, acids and
ethers in the C1 to C6 range as well as trace quantities of aromatic compounds
may also be formed in MTO reactors or in MTO effluent processing.
A_dditionally, a small amount of oxygenate from the feedstock, e.g., methanol
and/or dimethyl ether (“DME”), can pass through the MTQO reactor with the
product effluent without being converted to desired product. As a result of
. oxygenate synthesis and/or oxygenate “pass through” in an MTO reactor system,

the effluent from an MTO reactor can contain undesirably high concentrations of



oxygenat e synthesi s and/or oxygenate "pass through” in an MIO reactor
system the effluent froman MIO reactor can contain undesi rably high
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These oxygena es partlcularly | i ght oxygenates, are in woul d
make t he ethylene and propyl ene off specification for their preferred
di spositions, e.g., polynerization. 100041 Vari ous processing schenes have
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and net hanol at. | ow | S. ess han 5 wei ght , py oduce an
over head of &8\t %% %eﬁdhtf’olt%te’ bgtncg tano?")fgﬁgat%él "ﬁg?gﬁ “antt ing the
overhead, cogbaftts Nyl NErBR HeRAesy lhﬂééhdl\"cfohteﬁmutheﬂem Hack tMotlhle'l‘FES of
wat er, thereby renoving a portion of e DMVE and net hanol from the C4

stream ret uongingl eamwantmcsﬂlsqune a@ﬂ no¢thar@l os watsam The xaBimatet stesaminial |

anount sol ubid i ze the wa o, t ti onation and fI h| ng _the
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Application Wgal No. 10/292 232 filed Novenber 12, 2002, the entirety of

which is incorporated herein by reference, is dlrected to a particularly
desi rabl e prdﬁ‘gﬁs for &8obatennjoca 18 8$¢|tpssﬂ?lfbrﬁteﬂlplsdh(§=éteds‘9r3eafﬂpess

?(r)ur:rlptrjljzlsntgl r Ow 1% i ng oé{gg&&hﬂﬁ%r %@ ggns and Oggﬁgf‘f}?‘%%g@ysgrgﬁﬁtezg | f
any, from avﬁtlfoeﬁmbsﬂmtm Bisﬂ@f@thjfdtdcﬁmfshgnﬁ'act%tlﬂ@d C4 Hydebcabanbons. By
stream containing DME and methanol at low levels, e.g., less than 5 weight
percent, to produce an overhead of about 20 to 40 volume percent of the C4
stream, condensing the overhead, contacting the condensed overhead with about 1
to 5 volumes of water, thereby removing a portion of the DME and methanol from
the C4 stream, returning substantially all of the C4 stream, except the smail
amount solubilized in the water, to the fractionation and flashing the solubilized
DME and hydrocarbons from the water.
[0006] U.S. Patent Application Serial No. 10/292,232 filed November 12,
2002, the entirety of which is incorporated herein by reference, is directed to a
particularly desirable process for recovering C4 olefins from a product stream
comprising C4 olefins, dimethyl ether and C5+ hydrocarbons. The process
includes first separating out C5+ hydrocarbons and coboiling oxygenates, if any,
from a stream comprising C5+ hydrocarbons, DME and C4 hydrocarbons. By
first separating out the C5+ hydrocarbons and coboiling oxygenates, a more

efficient separation of DME from C4 olefins by water wash is obtainable.



first separating out the C5+ hydrocarbons and coboiling oxygenates, a nore
efficient separation of DME from C4 ol efins by water wash is obtai nable. WO
2005/ 0170%0 30dRfp14d992004/ 015793 [0007] Al though a vari ety-BisRhpFRISES have
been described for separating C4+ conponents from C3- conponents,
separation schenes for efficiently recovering ethylene and propyl ene from
ot her C3- conponents in a mxed effluent stream have not been w dely

descri bed and00}fle her eAltfiatgh aprapetnoiguraeassdsihave beanfdeseriibmd for Sppacatingcal |y,

recovery of hyl ene an opylene fromlighter |ess, desitabl g conponents,
particularly ?oﬁ?we“ﬁﬁg%&o{;gh COMPPRE-e STPAGHOR PHISMES fqrugﬁi‘"?tt eam
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propyl ene. Thus, a need exists for efficiently separating ethylene and
propyl ene fr ctream havre nad aesei omidelys deseribed |apé rhave theesdoform pretieni gaperdliyse C3-

conponents, or_f.rom acsime-l effluent .st,ream derived fraom ang Be?r reaction
process. SUM\’%'T@”&ERTQEGM f‘c‘ﬁx‘f"f@’oBéf{h?’ egepa},ngsgrm)y b 3??8’?31%5‘ ol\eﬁsdes
novel processyekirahié S6MPORENLs, larr BEHCHME)- 58 ftoRdnNifleBiter@Nehdl @Ry| ene
product streans for polymer feedstock _disposition froman initial effluent

st r eam conpr iefflurnt girpdn ippntainste mIXIBIVEYL methane faMEs efignenethylsnomrppang, and,

optionally, one or o] o) - : t hyl acetylene

pr opadi ene, r?@ﬁh%ﬁ?g?ﬁh§'drEB@%,aD?lg?%o%?sr?r%ﬁélﬁ? lec,ler{:ﬁgr E‘%’ﬁr a§l§§o§+ﬁ§ngn@dm+
components. Tepyec Asm hh OMTOCRkarRm sysenhieilent efrédnt icontairiflg theagay3-ng DVE
and m nim zing equi pnent count. A particularly efficient separation of
these conponeRmpopeRishar fea ja amilth ot siream ofesived gy anoghesvisectiont | east
partially, ina.flirst separation step, followed by separation of the

remai ni ng con%)onen'ts i n additional separation steps. Preferably, at least a
portion of tISUMMARY ORDHEANVENAGIOGMNOlI and water washing steps. Moreover,

t he process f} scheneg, ensure, thorough acetyl ene conyersion by |ntegrating
one or nore Hyg%genat i'f)‘i'\e RIGHRAL HvERUon g@?’&% “gﬁ'ﬁ Ipé°§§550€f‘h‘§ SEReIRess fvéf“i‘d
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enbodi nent , tdigpdsitivanfromnan snitiab effess stream rcompvising dimethyl ether (DME),

ethane, ethylene, propylene, and, optionally, one or more of propane, acetylene,
methyl acetylene, propadiene, methane, hydrogen, carbon monoxide, carbon
dioxide and Cs+ components. The process flow schemes are highly efficient in
removing DME and mimmizing equipment count. A particularly efficient
separation of these components can be realized when DME is selectively
removed, at least partially, in a first separation step, followed by separation of the
remaining components in additional separation steps. Preferably, at least a
portion of the DME is removed in methanol and water washing steps. Moreover,
the process flow schemes ensure thorough acetylene conversion by integrating
one or more hydrogenation converters therein. Unless otherwise stated herein, a
“majority” or a “minority” of a specified composition means a weight majority
and a weight minority, respectively.

[0009] In one embodiment, the invention is a process for removing
dimethyl ether from an olefin-containing effluent stream. In this embodiment, an
effluent stream is provided, which comprises ethane, ethylene, propane, propylene
and dimethyl ether. The effluent stream contacts an oxygenate removal medium

in an oxygenate removal unit under conditions effective to form a first overhead



di met hyl ether froman ol efin-containing effluent stream In this

enbodi nent, an effluent streamis provided, which conprises ethane,

et hyl ene, propane, propylene and dinethyl ether. The effluent stream
contacts é’ﬁoé a1t e renoval medium in an oxygenate rerRfVHPSIAIOISINder
conditions effective to forma first overhead 4 WD 2005/017071
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wherein the s str'eam conprises a majorit e esi

oxygenat e r enpmaliticne difsttiae do o) D &édoyd afvethead vitdeam. anll al ®a6id dottpast i on of
the second overhead streamis separated into a third overhead stream and a
third bott onmsS&eak 3rhereif dhe perond @ Vverhead) sERASY RRIBRNSSS Waiorypf ftheoethane,

majority of t ' | 4 har i . hyl ene
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p
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and a third bottons stream wherein t over stream conprises a
majority of thrd et théndebattans estreghe wéheprin gbatthirdr dvechead dteeast cempnsdsi oan of

t he second overhead stream and erein the third bottqns stream conprises
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third bottons Streamis then separated into a fourth overhead streamand a
fourth bottonsvhsteiredhg thind rbsittomshstrdapu composesr Aemajosity ednthe propane and

dimethyl ether present in the at least a portion of the second overhead stream.

[0010] Optionally, at least a portion of the second overhead stream,
described above, 1s separated into a third overhead stream and a third bottoms
stream, wherein the third overhead stream comprises a majority of the ethane and
ethylene present in the at least a portion of the second overhead stream, and
wherein the third bottoms stream comprises a majority of the propane, propylene
and dimethyl ether present in the at least a portion of the second overhead stream.
At least a portion of the third bottoms stream is then separated into a fourth
overhead stream and a fourth bottoms stream, wherein the fourth overhead stream
comprises a majority of the propylene present in the at least a portion of the third
bottoms stream, and wherein the fourth bottoms stream comprises a majority of
the propane and dimethyl ether present in the at least a portion of the third

bottoms stream.



conprises a majority of the propylene present in the at |east a portion of
the third bottons stream and wherein the fourth bottons stream conprises a
majority [ pane and di nethyl etBer present in the at |east a
portion o?{vtohieoﬁ?/ﬂﬁ?ﬁ bottoms stream WO 2005/ 017071 5 PCPFUSRHH98T8¥93

BRI EF DESCRI PTI ON OF THE DRAW NGS [00111 This invention will be better
understood by reference to the Detailed Description of the Invention when

t aken t oget heBREEF DESCGRERTHYN @F THERDRAWI rein: Fig. | illustrates a

separation sc accorgi.ng. t o one epbodi ment f th resent invention;
Fig. 2ill us_tlgg{rﬁs_ a seﬂtﬁ? a‘t"?"c"m“’élcﬁvéﬂgbeaé’fgfrdiuﬁ erft8°§n &t fibSd M Hent  of
the present ipugild Qﬂ:‘scrﬂﬂfbn':bﬂthé”m\}elnﬂéﬁ NS 1aREn CT£3théz 2R th Ofhe Ulakhedluench
ynit and conpression sequence. DETAI LED DESCRI PTI OF THE | NVENTI ON

| nt roduct i on drowigs,mkerpinesent i nvention provi des new hi ghly-efficient

separation processes d tens for separatin ol ynerizati on- grade

et hyl ene and propyl enfaaﬁlgr Eﬁf‘ﬁ atep g;sppargt o&spfﬂ‘g%fupcg{%g%m on?jwp?fgﬁwﬂlerei n as
a stream cont@fitﬂgﬁlg:se,gihm},hyﬁ; ether (DVE), ethane, ethylene and propyl ene.
Additionally, the initial effluent streamoptionally includes one or nore
of propane, acetyl ene, g hdlillusicases/|arreparph@pachemne, aoserdingielo lyetheyen,

car bon nonoxi de %dcar bor}égi orxi d?. %nd. C_;4+dcorrponent s (aliphatic and/or

ol efinic). | n°BPRAIMERLQIART BEpt BVEPUOT ¢ o hihodi nent, the initial effl uent
streamis derived fromyige PriHidehtesf it UOTO GeadionMahhan@lentio- ohief dnd (MIO)
reacti on process, described in detail below It has been discovered that an
ef ficient septATBRIFFHHPIOTCABNESS r om t he ot her conponents in the initial

ef f | uent st reﬁmﬁlgﬁ%ﬁmdﬁ%% iﬁvﬁgﬁﬁw vely rermoved, at |east
partially, in ; aration of the remaining
conponent s i nimy@ddudtiopnnal separati on steps.

012} The present invention provides new highly-efficient separation
processes and systems for separating polymerization-grade ethylene and
propylene from an “initial effluent stream,” defined herein as a stream containing
dimethyl ether (DME), ethane, ethylene and propylene. Additionally, the initial
effluent stream optionally includes one or more of propane, acetylene, methyl
acetylene, propadiene, methane, hydrogen, carbon monoxide, carbon dioxide and

Cs+ components (aliphatic and/or olefinic). 'In one particularly preferred
embodiment, the initial effluent stream is derived from the product effluent of a
methanol-to-olefin (MTO) reaction process, described in detail below. It has been
discovered that an efficient separation of DME from the other components in the
mitial effluent stream can be realized when DME is selectively removed, at least
partially, in a first washing step, followed by separation of the remaining
components in additional separation steps.

The Initial Effluent Stream

[013] The initial effiuent stream may be derived from a variety of
sources. For example, in one embodiment, the initial effluent stream is derived
from a product effluent of a reaction selected from the group consisting of an
olefin interconversion reaction, an oxygenate to olefin (OTO) reaction, an
oxygenate to gasoline conversion reaction, malaeic anhydride formulation, vapor

phase methanol synthesis, phthalic anhydride formulation, a Fischer Tropsch



The Initial Effluent Stream [0131 The initial effluent stream may be derived
froma variety of sources. For exanple, in one enbodinent, the initial
effluent streamis derived froma produgt effluent of a reaction selected
fromthe gPOABHETSting of an ol efin interconversion r ®&A(YBHYIRT93
oxygenate to olefin (OTO reaction, an oxygenate to gasoline conversion
reaction, malaeic anhydride formulation, vapor phase nethanol synthesis,

pht hal i ¢ anhyehction ahdramaceplonitrile formiudationr Preferabbh the inupl 26bsnbreRLis

PCTI US2004/ 01,5793 feacti nd_an acr [ trile rmul ation. Preferably,
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reaction sysyem] [0141 AtHoughothet idgial néffivédt @fdahiiend e dedved &dnbanger i ved
fromany conventional source that contains ethane, ethylene, R{ﬁ)pyl ene and
DVE, the i ngemtanganalssquaee ithay| eantajnss gthasey ¢thyleadronionylepnmngd nBMIEhie

oxygenates fr. it al .ef t 8 i ess or,
particul arl y,lr?‘%"gp@%n égngé*%agﬁ‘;’yégagg ‘Fﬁﬂ"s"mﬂﬁmé‘x %%ﬁ%&l%&% aoggqf(ﬁf‘g‘ﬁ

i nvention, annitigl effRdenebirédne iderived HRAMaBODTOI priooess B- particdiarlyy debrii ranm a
product effluent stream of a reaction _systen} .wherei.n an ox@enate

feedst ock colhOtBrogessol Bys, dp oseesrabadimenty af this arstentiony gy 1igHsetBue™ct i ve to
formlight ol

| : [ Ls | Qlrbf A reaction
system pr oducsgrfgérﬁ%gfigd l}ggﬁel}dF'lblgcehﬁwes%glmg%%dlcgEﬂ?%\gﬁ E es gf %nﬁ%grgggnount of
C4+ conponentsystém| eherirmatoeydephtatfeadstock comdets tinssiedudarasihvarvatalwt bydiene, DVE,

propane and propyl ene. The product effluent, alsq.may include one or nore of
hydr ogen, metosadEongeffertive te, fram kght olefing,qs deﬁﬁ"'ﬁ?ﬁ&&é‘,‘m%@t?r@ﬂ@:’v- met hyl

acetyl ene an opadi en ihh M8 kRO (3 HudtOL{H &y Ni ti al
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bel ow wi t h r efléclensdudas &imino8.anbdd6 df FTguca@anforiehtsuétlefat @sd abphgic)cmss f or

or opyl ene. arEBIgRIt FAPG. e, SBnBmPEnt PRy TRESTIAR! SPuetim | n
e, B Sy 0oy Bty RO g St o0,
i n ol ef i n- contiexigé,agenleneamedin? acetylgne and propadiene. One non-limiting system
for forming the initial effluent stream from an MTO reaction system is discussed
in more detail below with reference to Fig. 3.
{016} Figure 3 illustrates one process for denving an initial effluent
stream containing ethane, ethylene, DME and propylene, and optionally Cg+
components from an MTO reaction system. In Figure 3, methanol is sent through
Iine 300 to an MTO reactor 301 wherein the methanol is converted to light
olefins, which exit the MTO reactor 301 in olefin-containing stream 302. Light
olefin-containing stream 302 comprises methane, ethylene, ethane, propylene,
propane, DME, water, a minor amount of C4+ components, and other hydrocarbon
and oxygenate components. The olefin-containing stream 302 is directed to a
quench tower 303 wherein the olefin-containing stream 302 is cooled and water
and other readily condensable components are condensed.
[017] The condensed components, which comprise a substantial amount
of water, are withdrawn from the quench tower 303 through a bottoms line 304.

A portion of the condensed components are circulated through line 305 back to

the top of the quench tower 303. The line 305 contains a cooling unit, e.g., heat



ol ef i n-cont ai ni ng stream 302 conpri ses net hane, ethyl ene, ethane, propyl ene,
propane, DME, water, a minor.anount of CA4+ conponents, and other hydrocarbon
and oxyge ents. The olefin-coftaining stream 302 is directed to a
quench tomrkgb%g@%r ein the ol efin-containi ng stream 302PFEUSHOHAI78hd
water and other readily condensabl e conponents are condensed. 10171 The
condensed conponents, which conprise a substantial anount of water, are
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several alternative e resent 1 nvention everting to Fig.
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Separat e the area%l e oo T BTV 1 e0e8 10 S GaNSFam EPEFRCIOR RS | i 11 a
C LT ST R sl SRR ] i P BAS GO
DVE and prompyteatien. RResding tnFigh e, oorthe ddecbmporennTgidyal winitl 309, the C4+
stream 311 compressed stream 308 is subjected to conditions, €.g., temperature and pressure,

sufficient to separate the compressed stream 308 into a C3- stream 310, e.g., the

imitial effluent stream, and a C4+ stream 311. The C3- stream 310 contains a

majority of the C3- components, e.g., light ends, ethane, ethylene, propane, DME

and propylene, present in the compressed stream 308, while the C4+ stream 311

contains a majority of the Cs+ components, e.g., butane, butylene, butadiene,

pentanes and heavier components, present in the compressed stream 308.

[019] As indicated above, “initial effluent stream,” is defined herein as a

stream containing dimethy! ether (DME), ethane, ethylene and propylene. Thus

any of the following streams can be characterized as the initial effluent stream

according to the present invention: the olefin-containing stream 302, quench

overhead stream 306, compressed stream 308 or C3- stream 310. That is, any of

these streams, preferably compressed siream 308 or C3- stream 310, optionally is

the initia} effluent stream 100/200 that is directed to the first separation unit

101/201 and processed as shown in Fig. 1 and Fig. 2, and as described in detail

below.



contains a majority of the C4+ conponents, e.g., butane, butylene,
but adi ene, pentanes and heavi er conponents, present in the conpressed

stream 308y Shbh1705; | ndi cat ed above, "i Ritial effluent Sh;ceﬁﬁ% s _defined
: 9

herein as a stream containing dinethyl ether (DVE), etha "BRE3and
propyl ene. Thus any of the follow ng streams can be character| zed as the

initial effl strea accordi.ng to_t prese i nventi on:
ol efin- cont aﬂﬁﬂhg stre eSGQmpaﬂEg'éhOf 6&&' ﬁ’é’éfj é}ht‘%ﬁinﬁw Y‘,’H é“sé@d st ream
308 or C3- stcregémealf)rh Thadall HudiseRhm ddResss at)aﬁ@r&hynatee;ﬁ A Fnt &P essed

stream308 or - stream 310, optionally is the initral e nt stream
100/ 200 t hat DMEdlln ot entbodinteneof he skemplany mpmnon prdcess] Ok/180ik! effldentr ocessed

as shown in Fi and Fi and as descri tai.l,. bel ow
2005/ 017071 7 0PI FORRGE THETEORIBE B SR ReFrel DM { | uent
stream w || Ft:e%ter ttﬁaﬁpiuo*aﬁgo @ght eﬁ%k&ehﬁbh@é frtdtgéatétthﬁaa&&ﬁ nb%agmet hane,

et hyl ene, propyllene and DVE. | n One enbodi nent the exenplary séparation
process, the pendent BIMES 61 ngrgreatst tinambbhtai wesghd pewdede DPMB M § smrssendimr greater

than abo t 5 erce t . DVE ater. than about 20 er cent
DVE, ot gr e?ME P FEROHER. feuibe dRial ARRRNfraati B e ghiS adPuphan
about . 5 wei ghhudide éttenpl\@pn&tangome%ﬁowti@d iniflYlefil@en Stré AN Rink P Bakthe

initial effluent stream sone neasurabl e amount rnust be present.
Optional |y, tdbeupi@y wpem DME, at|least fabosni00swppmanp¥h tosiah deast abamdi000about

ove. Tt e ot Rk e SRR sl Bt i RO of SHTPEECL on

system the O¥eteanéefid,aht MB comRniritidi 8l tRf {Hitka néfiaént i¥amPinal) e
considerably higher, particularly if the OTIO reaction system operates at an

oxygenat e corﬁﬂ@ﬁlﬂﬁf@hl)’pét@éhtmﬁﬁcﬁﬁﬂbéf vtb%rpB‘BomaC@@ \iKStet oprsatee it aind about
96 wei ght per %ﬁ@& nat® 855 roh Q%gr‘tt%eﬁh{ ‘ﬁi’&s & 2 B’%n egv?ﬁk(ﬂgé}@étﬁ aﬁtﬂ%bE‘?tf the

hydr ocar bon c ersi on appar nitral | uent

stream opti o9@lwerghtopéraems bmdeohhme fb&l()mehmofmhbeoiygaﬂatéS&B P nore
than 3000 wppm or nore than 6000 wp | evel s thl nal |y can be
greater than Rydgocasban Q?P"?}'S’@n\ﬁﬁpﬁtuspé‘i‘ &‘Eﬁ?mbkﬁmeﬂhélwnﬁﬁ‘ eHRIepbiERM e ght

of the optionally contains more than 1000 wppm, more than 1500 wppm, more than

3000 wppm or more than 6000 wppm DME. DME levels optionally can be
greater than 1.0, 2.0 or 3.0 weight percent DME, based on the total weight of the

Ee 1Y

initial effluent stream. As used herein, “weight percent,” “wppm” and “wppb” are

based on the total weight of all components in a specified stream. Similarly,

L2 I 1

“volume percent,” “vppm” and “vppb” are based on the total volume of all
components 1n a specified stream.

[021] In another embodiment of the inventive process, the initial effluent
stream that is provided comprises at least about 25 weight percent ethylene.
Preferably, the provided initial effluent stream comprises from about 25 weight
percent ethylene to about 75 weight percent ethylene, more preferably from about
30 weight percent to about 60 weight percent, and most preferably from about 35
weight percent to about 50 weight percent ethylene. In terms of lower range
limitations, the initial effluent stream optionally comprises at least about 5 weight
percent, at least about 10 weight percent, or at least about 20 weight percent

ethylene.



initial effluent stream As used herein, "weight percent," "wppni and °
, Vppb" are based on the total weight of all conponents in a specified

stream Simlarl "vol unme percent,” "vam' and "vppb" t he

t ot al voIWF?em?ﬂ’méM] conponents in a specified stream [géﬁfg?@%hﬁ?%er
enbodi ment of the inventive process, the initial effluent streamthat is
provi ded conpyi,ses at | east .about 25 wei ght. .percent ethylene.. Preferably,

t he provi ded {oﬁ?fl al efﬁ\ﬂ@r‘l‘fer bé’gm'%’n%?i‘ 55 ?&85?‘6?5@%?’ 'ggt \ﬁ@l“b‘ﬂfled’ per cent
ethylene to af@iicofprided GhtleRETMBBN 20BIEIRNBercéMT SropyRAE" aPleferhbl9Megdout 30
wei ght percent to about 60 wei ght percent, and nost preferably from about 35

wei ght per cenprovided imtiel effusmtisgeam pempasas feonh ghais 20 wenght peresnigiropyars r ange

limtations, the initial.effluent st ' | ' t |east about
5 vei ght - per Gerrost 70 Peigt PEEH pipERR Bl By BRRL{5E 23, wadBh: S0
wei ght per cenpercat iy bisdie 509vei YD p2eéint PropPiche RRH/ st QoAb /Hem 14d3¢l3d n

anot her enbodi nent, the initial effluent streamthat is provided also
‘conpri ses at Weight pesentt toabowk #g hveigletr pesernt Pranyansneln ey of dpvsr, range

g; g;iyldggei “i gi@g%ﬁgsl, %%iﬁ%me&%ﬁ@érﬁ%@ggmg a?f&%%@gw@ts RELHE!

wWel g perce ropy nore pr rabl’y m about

25 wei ght  pepéedit, mbrepeftratil) aidaghibopel € asrighp poryhic 86 meedpreReiblpaef er abl y
from about 30 weight percent to about 40 wei ght percent propylene. In terns
of |ower rangieastiabapl b wejght parerat PrAPYIear: ef f| uent stream preferably

comprises at J@AFt abouty SuiBLOBboRREAERE ud BAFE RERRAIRb:E nb aRRt 200U

10 wei ght percCen and nost pre out percent
propyl ene. 10&fjuehin staeumt hentatnsbbothnethilené andepiopfenenobediraplyg ahe Snitiahe

initial efflugnt stream contains both ethylene and propyl ene. Desirably,
the initial ERRIHENiEaEY SOBAmT Hrieast AboU0 WeiBh pascrRt e%apqns'agﬁtprwiwm

et hyl ene and NGe ;i f Lt ai ns
from about 50%\%&3 IS" gleer 1(‘:‘5?1&? eﬁi)@é?lgégﬁ%rﬂ%gh%ﬁsgﬁ%m%&%ﬁ%?%ﬁ%ﬁ%ﬂ&e&g%

propyl ene, norieoydisiweeight peréent rttghaetand Propyergh imgre poderblydran abbuoss wei ght
percent el 1y ol gl 2L OBy LG o st 0l ShEAER o LA AR L' O
preferably from about 60 weight percent to about 85 weight percent ethylene and
propylene.

[024]) It is desirable that the provided initial effluent stream contains a
relatively low concentration of ethane, preferably a lower concentration of ethane

than propane. Preferably, the initial effluent stream comprises not greater than
about 4 weight percent ethane, more preferably not greater than about 3 weight
percent ethane, and most preferably not greater than about 2 weight percent
ethane. In terms of lower range limitations, the initial effluent stream comprises

at least about 0.1 weight percent, at least about 0.5 weight percent, or at least
about 1.0 weight percent ethane.

[025] It is also desirable that the imtial effluent stream contains a
relatively low concentration of propane, if any. Preferably, the initial effluent
stream comprises not greater than about 5 weight percent propane, not greater

than about 4 weight percent propane, or not greater than about 3 weight percent
propane. In terms of lower range limitations, the initial effluent stream optionally
contains at least about 0.1 weight percent, at least about 0.5 weight percent, or at

least about 1.0 weight percent propane.



propylene. [0241 It is desirable that the provided initial effluent stream
contains a relatively |ow concentration of ethane, preferably a | ower

concent r aky§Befo1flpane than propane. PBPeferably, the inpdjpbaedlfissent
stream conpri ses not greater than about 4 wei ght percent ethane, nore

preferably not greater than about 3 weight percent ethane, and nost
preferably notmg]reater t han about 2 wei ght percent ethane. In terns_ of
| ower range I[Pt at i onsTherindial giflueny stesaim gish ppuenally portBiRs onsey mage ¢feast

about 0.1 wei r t: b el . east

about 1.0 weiagﬂﬁdegg’rﬁclgxﬁeﬁnaé\og@ﬁ{sb?g?&él T Hf% “a s?om ggﬁ gﬁ'ﬁé""? %g%@l{eﬁée’ initial
ef fl uent st r ebrindtielleffluent strearrebptidnallly yohtains dess elent atout 050 oppm, bakiean i f any.
Preferably, the initial effl éent st ream coglgri ses not greater  than _about 5

vei ght per cerO0YRRSRAESS '?_5 eRRR less tham aBarH U0 wPie; ghiesy Bhiaaathoubl pane, or .
not greater t»?;ﬂﬂn%@é??lfegf ¥R el o‘?%ﬁv@f‘fang@ﬁﬁ’rﬂ%%ﬁ,'tﬂe it MPefAlent Qehm! aNgE

limtations, e ini effluent streamoptionally contains at |east about
0.1 wei ght peaptendlly antdipnatt leads@abbut00.b wppingHt lenst alanit 0.5 wppin, of ealastabout

1.0 wei ght percent propane. .10 2005/ 017071 PCT/ US2004/ 015793 [.026] The
initial effl jbARt &P a?eél_éle'&p_t'yg"nm*ﬁ‘%ﬁ keS8 ‘E)P“_?FBFS«SE&FCO &t y1 ene,
and CA+ conbQREML Sredeht iiVentioh to:plabmﬁfy‘ lsUBGIeted iR AMC AYAREABoAC GhY Igae.  the

initial effluent streamoptionally contains |ess than about 150 wppm | ess
than 100 wppstefilsefGy+t bemp@Bnisp polledtively).t HEre ahialt effloentpgirgano prdfersblyt han

bout 1.0 tyl ene. | f ol limitations, the initial
SF11uent st r ORISR AR POt AT A RE AT Ba SPORURRErIY 6 SHAD oW 295t about
0.5 wopm or Wjghteg&bentaRAd tmdstOpreRiRaBIRCBEsY HRAACabolinel 51 Rieldh?! pefdeht UgAt stream

to be processed according to the present invention optionally is depleted
in C4+ hydr oceantpenentsndlnCerms felawes ragger liowtationsnthe | ingial | efBueny gitsgpm The

per cent . mor CrpPanby GRTAT S18F fhohe 1 SARbR AR L AT BB AWl ety

preferably | esisattif@natidueut wéighteieddent 05+ GoRipohdnts. TROMEIASNEFlueht stie@ns Of
| ower range limtations, the initial effluent stream optionally contains at

| east about |oPkeNYht coriaias dess than phapstl Oaneight pergentgless Prpcabeut 5 weight
percent, or less than about 1 weight percent C,+ olefins. The initial effluent
stream optionally contains less than about 1.0 weight percent, less than about 0.5
weight percent, or less than about 0.1 weight percent Cs+ hydrocarbons.

[027] Additionally, the initial effluent stream may include a minor
amount of other components such as methyl acetylene, propadiene, and light ends.
As used herein, “light ends™ means components having a normal boiling point less
than about -166°F (-110°C) and carbon monoxide. An exemplary list of light ends
includes methane, carbon monoxide and hydrogen. The initial effluent stream to
be processed according to the present invention optionally contains less than
about 1.0 weight percent, less than about 0.5 weight percent, or less than about
0.01 weight percent light ends. The initial effluent stream optionally contains less
than about 1.0 weight percent, less than about 0.5 weight percent, or less than
about 0.1 weight percent methane. In terms of lower range limitations, the initial
effluent stream optionally contains at least about 0.001 weight percent, at least
0.005 weight percent, at least 0.01 or at least 0.10 weight percent light ends. The
initial effluent stream optionally contains at jeast about 0.001 weight percent, at

least 0.005 weight percent, at least 0.01 or at least 0.10 weight percent methane.



or at |east about 10 wei ght percent C4+ conponents. The initial effluent
stream optionally contains |ess than about 10 wei ght percent, |ess than
about 5 ' rcent, or |ess than ahout 1 weight per + ol efins.
The initrgﬁgg%Pﬁﬁgﬁ streamoptionally contains |ess thgﬁﬁz%%%?m@? 3weight
percent, |ess than about 0.5 weight percent, or |ess than about 0.1 weight
percent C4+ hydrocarbons. [027] Additionally, the initial effluent stream
may i ncl ude ghgiimoal cfAteitstreah optitieillyconpindadsshausiouad.0Teldight ppeadny| ene,
propadi ene, and |ight ends, rein, "li nds" means cogﬁonents

d As dh , ht
having a nor e thayi rbowy %B‘?%fwef@g;%“’teﬁgrf’ralﬁ%fhang@ﬁmeP-—OﬂO‘{'ﬁ‘gB‘nHer& bon
monoxi de. An cﬁip%ﬂ%&{&ﬁide' Sihy t?llfmé 691'8%:??&%:3 Hn‘i‘i‘?%fbﬂgisthg‘?ﬁiﬁﬁln&ﬂu&ﬂrsg@ﬁnmnOX' de
uent streamto be p

and hydrogen.” The initial ‘ef rocessed according to the
present i nvemptiomlbhptontaiad htyleasirabaing.00@k svetidinperabut 1dasO 60§ weigher cent |

| ess than about 0.5 I ght, per t, or |ess fhan out. . 0.01 wei ght percent
light ends. PREFSHh i‘t},\%’ae?ﬁcr“ﬁe(ﬁ&stqr Bkt F%?Hil 9\9 cBfeh ri’§"q"3étss°g'T Ran about
1.0 wei ght PeLGRRide. | €SS than about 0.5 weight percent, or |ess than about

0.1 weight peéercent nethane. In terns of lower range limtations, the initial
ef fl uent str g¢é8lopt i onalteyprovdediinisal affliehstreaboam alBo @odtanesaie apevmtent , at

| east 0. 005 i ght percent, at least 0.01,qr. at .l gast 0.10 wei ght percent
| ant ends. Pavastn Wriar gt brmesent Butbe Rinvaisel infiat pfteor RisaneRu e Y 2bou
0. 001 wei ght PefcBRtrationt suffiGértly Bv@@tﬁ:hvﬁhgﬂtse@ﬁﬁ&e@ﬁtcr ask§85bt Gorfibdor at

| east 0. 10 wei ght percent nethane. WO 2005/017071 11 PCT/ US2004/ 015793 The

initial effl ukmngshe eeparationi poocess.y Thnisgiangculatys inprrtanaden a0diftiliatienght
per cent, Iess]thaF1 aboHtB#O.. 005 M\Bh ht B{ﬁrcent or. | ess th?n ag?u 0. 001
wej ght per cerf®“BAFBdRe e 0yt IYERUVEPTOLEReF N S R TIVAST PBRE, t he
initial efflugphedin @8MaydMill @Rpbdeyma@nkAishy aall Ad@sira t 18 <B@0&ayei ght
percent, at |east 0.0005 weight percent, at |east about 0.001 or at | east

about 0.01 wdPightlatinar eddumng haviog paskmexirgeprefienred 1atThigherr ercapigationstofa

ot esont i n 1 ROREE SRS &R PG JATE 8B balf Tl fopgl et Bkt

concentr at i ormigufditifli effiiént dn@WmSetBNcdhisih nfe patalt eOpﬁtbr&aﬂll:,'ph%prdv&iddOt
formed during the separation process. This_ is particularly inportant when a

di stillation N ghneRhSTen compinsinot gEeader than Bowtn %P0 V@PPY Watessnotsi nce a
separate wat eére&ll%?tﬁﬁn about 10,000 wppin water, not greater than 5,000 wppm water, or not

greater than about 1,000 wppm water. The initial effluent stream optionally

contains at least about 10 wppm water, at least about 20 wppm water, at least

about 25 wppm water, at least about 100 wppm water, or at least about 200 wppm

water.

Oxygenate Removal Medium Wash and Water Wash Steps

[029] In one embodiment of the present invention, the initial effiuent
stream contacts an oxygenate removal medium in a first separation unit in order
remove some, preferably a majonty, of the non-DME oxygenate components
contained therein. A non-limiting list of non-DME oxygenate components that
may be present in the initial effluent stream includes: methyl ethyl ether, ethanol,
isopropanol, acetic acid, propionic acid, ethanal, butanal, propanal, acetone, 2-
butanone, 2-pentanone, 4-methyl-2-pentanone and methyl acetate. The resulting
oxygenate depleted stream (which preferably contains some amount of DME) is
then directed to a water wash unit, wherein residual oxygenate removal medium

and additional non-DME oxygenates are removed therefrom. The remaining



formed in the trays wll inpede nass transfer and add extra wei ght to each
tray. Distillation colums.having packing are preferred at higher

concent r aty ter, since such a &lum will not h to hold up
b8 350shf1 70712 %ﬁfﬁ%ﬁ@%&

separate water phases. The initial effluent stream can Ynat er .
Optionally, the provided initial effluent streamcontains not greater than

about 15,000 wppm water, not  greater than about 10,000 wppm water, not
great er t hanCOMPRISISHINhGAERILING Watest washed AxyEenats, derlgtsdstreamoere\iBein wat er .

The initial n ti,0 g%pq} S ah.J.east. abolt- pm
wat er, at Ie%i’%‘lag:?oéf&% %pmmwgt E‘?ng¥ cﬁga t ﬁggoget:‘)"g&%’ 7o "rn(a\/\%lt“éﬁ?ly\gt | east
about 100 wpgshuwai,ak disotsssed inl dssit belbaut 200 wppm wat er. Oxygenat e Renoval

Medi um Wash and Water Wash Stens [029] I.n one enbodi ment. of the present
i nvention, tH80]nitial Assardipgnto one cashodunsit £ Beapressty Javentiony énhl medi um

i a first Sepanatd o uidid ROMAR ek TRHAHSANE DMIECLRLAD! dndehPRAN | LY, Of

t he non- DVE oxygénate conponents contai ne el n. non- ting |ist of
non- DVE oxygprgiene (sditstdtts atflvat sepamyiomenipr The fitst isepakdridvni unid praferably | uent
stream i ncl udes: nethyl ethyl ether, efhanol, %@%8 anqgl, acetic acid,

propi oni ¢ acisd Wasrehnn designeddp fopn g duaverisad NPRgipg Hishane,

2- pent anone, 4« - A [-]E%,{gy T '

oxygenat e de%[ﬁg{ég%r%@)ég%?? mp@ﬁ&b@ngfperr a ya!ng%?]fa gffq fs%mé’oi}nlg %ﬁ%sﬂh%ﬂt%}?s DVE) is
t hen di r ect estrdam comgristng aaatorip of thewlvar[BME oxygenhted andxay deasad portionof al

e i ng 1200JeMECSPUTADYLA oIR8 00 DYE G, GREIRE 15 SRUERGRLI ¢ | no

wat er washed OXYOIBB 8 VEMRksd Qfbagd r€eam are then separated preferably with a
plurality of separation devices, e.g., distillation colums, as discussed

in detail bel63] 10301AAmom-!1i1i:1itiggtl&stomfeemﬂqﬂaﬁynamygenﬁtet temqyab seediuthaivent i on,
Gihyl ene andimedshyeiiels et Ao TS, eICoMEH & RUREGh FONATNEE {1 rot
separ at i on ugbhpBliah bR YombihaflofThary0 b e (F&icallEd e RIS !
over head streanPconpr|S|ng t he ethane,  ethyl ene, propylene, and optionally
propane and/ elkcobae by ipelybydmmdlcahéls regh bgotsedms the oxygenate removal mediumn.

Specific examples of oxygenate removal mediums include methanol, ethanol,

propanol, ethylene glycol, diethylene glycol, tri(ethylene glycol), ethanolamine,

diethanolamine, triethanolamine, hindered cyclic amines, acetonitrile, n-

methylpyrrolidone, dimethyl formamide, and combinations thereof.

[032] To obtain a substantial degree of effectiveness, the oxygenate

removal medium optionally contains few non-oxygenate absorbing components.

For example, the oxygenate removal medium optionally contains at least about

25, 50 or 75 weight percent oxygenate removal medium components. Optionally,

the oxygenate removal medium contains at least about 90 weight percent, at least

about 95 weight percent, or at least about 98 weight percent oxygenate removal

medium. Lower oxygenate removal medium concentrations may be preferred if

the oxygenate removal medium comprises an amine such as diethanoclamine or

acetyl-nitrile.

[033] In one embodiment of the invention, the oxygenate removal

medium 1s added to the first separation unit in an amount sufficient to

substantially reduce non-DME oxygenate content. It is preferred that the

oxygenate removal medium be added to the vessel at a molar ratio of oxygenate



stream conprising a majority of the non-DVE oxygenates and at |east a
portion of the DME. Optionally, a majority of the DVE is yielded fromthe

first se t. it to the first overlead stream 103 liantin
p%ﬁﬁh%ﬁ{ﬁ %@pggﬁ.ﬁbis%i 9

list of e ygenate renoval nediunms includes alco anmnes,

am des, nitriles, heterocyclic nitrogen containing conpounds, or a

conbi nation of any of the preceding. Either nonohydric alcohols or

pol yhydri ¢ al eolwhsmediunbe tetaldniis! efimeoikstpamacecnegrtheadepamtion ivesseSpeci fi ¢

| f t | i i | .yd th |, eth l .. . |,
pesinl s it S P Mo b e AT R R TR el
di et hanol am ngy4e rdﬁf @ﬁiy%bn@f oRiguleteenfoxal hfedRif N6 Sotak GREIAN efluehe: N-

met hyl pyrrol i done, | formanmide, and conbi nations thereof. 10321 To
obt ai n a subsdtemati af frdegakemt di2 ¢d pbatti W20k dsgm tabeuokpgenattoat 1riddp¥mim nedi um

optionally contains, few naon- enat e absor bi.n onponent s. or__exanpl e,
tﬁe oxyge%at eél’f“é‘?'rg\:/-fafo %t&rﬁéﬁ?rﬂrép}‘&?goﬁ%hoﬁgqélt ’Ioéé’g’f’mabﬂﬁt H?i’,eméo or
75 wei ght perﬁ,%{rﬁr 1Y I 6P 3k FednB 0N ovAE Hiedilnt QBNERE Rhitial SHHfueAnNskdam ard he

oxygenat e renov medi um contains at |east about 90 wei ght percent, at |east
about 95 wei gidsimbledenteducing apnildEtoxygenate Ohtews| grefergy dom abotgehés e

renoval nmedium Lower oX nate .r enoyal L um co ntrations e
preferred if %%Hékﬁ@ﬁa%g%f%\f%ﬂm ﬁ’é%*ftﬁ 38 PF%E’gﬁaﬁ“arﬁ‘ﬂ Fgg%ﬁ’bi)é
di et hanol am ngoRf aboBEEEM! oAbkt 1.£1. [ 0331 I n one enbodi ment of the invention,

the oxygenate renoval nediumis added to the first separation unit in an
amount sufficl@H to silbstoaygénald emavaloednen - fOVEradx yo dhrafisst soparetion 1t s

preferred that _the. o epate.re medi adde t he v l.at a

mol ar ratio 01_"“‘3)9%%9@&33 Ergm %“%@dﬁ?%#”@?/@ﬁ%%@%@“@@@% medi um
to total ini thﬁ'lesﬂfﬁ('lﬂ@@kg&ﬁéi@ﬁm),eﬁbﬁf hint 1800 168RGESh (IE3VRS &Rleshfr) td rom
about 4:1 to about 1:5,000. Preferably, the oxygenate renoval nediumis

added at a noRlaut 2409 db-srolestyrg95hke-melashml omframushoub 1000 th-molasthr 48541 f | uent
streamot {LopyshRuiot s biagin B ¥’ SRR aiR:© b 0, Lo
oxygenate removal medium flow rate is about 1800 Ib moles/hr (816 kg-
meles/hr).
[035] If the initial effluent stream is washed with enough oxygenate
removal medium, a majority of the DME will be removed therefrom with the
bottoms stream. It is preferred, however, that a majority of the DME exit the first
separation unit with the overhead stream. The residual DME in the overhead
stream optionally is removed in additional downstream processing steps, such as
in the propylene/propane separation step, described in detail below. In order to
allow a majority of the DME to exit the first separation unit via the overhead
stream, lower molar ratios of oxygenate removal medium to total initial effluent
stream optionally are desirable. That is, the oxygenate removal medium ideally is
not added to the separation vessel at a rate that removes a majority or all DME
from the initial effluent stream. The molar ratio of oxygenate removal medium to
total initial effluent stream preferably is less than about 1:20, less than about
- 1:100 or less than about 1:1000. Preferably, the molar ratio is from about 1:1 to
about 1:5,000, more preferably from about 1:100 to about 1:4,000, and most
preferably from about 1:500 to about 1:3,000. The molar ratioc of oxygenate

removal medium to DME (in the initial effluent stream) fed to the wash unit



nmol ar ratios of oxygenate renoval nmediumto total initial effluent stream
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4:1 to aboud20bsdiroppre preferably from Ybout 3:1 to about : Rg, ,nost
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t he propyl ene/ pr ne separation step,. described in detai.l belaw. In order
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overhead strgam al QWEAd REAEad kAR ffd RXEEMPILRHEATONRAmTEAiHdMdcand Ot al
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renoves a npjority or all . fromthe init.i ffluept stream,,The nol ar
o oot oy Bketia@ sr el Thaginrh W =S Prssane i The fist ouehtastieRRt achi
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about 1:1000. Preferably, the nolar ratio is fromabout 1:1 to about
1: 5, 000, nor ewgight pergbity of more thtiohlt weighOpercent o thet oxlyganayo (emevall megdpm
preferably frﬂﬁ about 1: SOBﬁt 9 abmpgﬁ&: 3..000. The nolar ratio of oxygenate

renoval mediu BIaf)R/’I—fsﬂtﬁ" RN &5 ent strean) fed to the wash unit

WD 2005/ 017079374 PCT/ Ug? He4kEuhd S3garatisrhitit, ais préferréd tiat theGitterlbeladded about
4:1, fromabout 1.3:1 to about 3:1, from about 1.5:1 to about 2:1, and npbst

preferably ab#uthevessel at 3 mobF ratioof Waist (uBupRiRNerinedhesPRagHon Nestal Pt
separation umaﬁouq rﬂﬁ © Qi?cLuY 1:5,000. Higher molar ratios of water to effluent received in

the vessel are desirable for reducing oxygenate removal medium content as well
as other oxygenates; preferably from about 1:5 to about 1:40, more preferably
from about 1:10 to about 1:30, and most preferably from about 1:15 to about 1:20.
Lower molar ratios of water to total effluent received optionally may be used.
The molar ratio optionally is from about 1:1 to about 1:200, more preferably from
about 1:10 to about 1:100, and most preferably from about 1:20 to about 1:300.
[038] Preferably, the second overhead stream, or a stream derived
therefrom, is directed to a caustic wash unit for removal of entrained acid gases
such as CO2. Thus, the caustic wash unit removes CO2 from the second overhead
stream, or from a portion thereof, and forms a CO2 depleted stream. The second
overhead stream preferably contains relatively few hydrocarbon components that
cause fouling problems in such acid gas treatment systems.

[039] Solid or liquid acid gas treatment systems can be used in this
invention. In either system, the acid gas is removed from the wash overhead
stream or a stream derived therefrom by contacting the stream with an acid gas

absorbent or adsorbent. Examples of such absorbents or adsorbents include
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Wi th an aci d s to siamoR heuiés mer lied 6 adpevus séluaoml es of such absorbents or

adsorbents InGfe 1o PR tompounds that can be used in this Javention are alkaline
compounds, which are effective in removing acid gas from an initial effluent
stream. Examples of such alkalinge compounds include sodium hydroxide and
potassium hydroxide.
{043] This invention further includes an optional drying embodiment. In
this embodiment, a solid or liquid drying system can be used to remove water
and/or additional oxygenated hydrocarbons from the effluent stream that is
directed thereto, e.g., water washed stream or a derivative thereof such as the CO2
depleted stream.
[044]) In the solid drying system, the effluent stream is received in a
drying unit. In the drying unit, the effluent streamn contacts a solid adsorbent to
further remove water and oxygenated hydrocarbons to very low levels (excluding
DME). Typically, the adsorption process is carried out in one or more fixed beds
containing a suitable solid adsorbent.
[045]) Adsorption is wuseful for removing water and oxygenated

hydrocarbons to very low concentrations, and for removing oxygenated

hydrocarbons that are not normally removed by using other treatment systems,
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washed st r eamélecidardsievesadidv moldeelae gfeves) cndagumine-silicatesd e Bedy eshtaibingam
[0441 In the solid drying system qtlige ef f| uent _s%er eam.is recejved in a
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is used to remove the smallest and most polar molecules, which are the easiest to
remove. Subsequent beds for removing larger less polar oxygenated species are
next in series. As a specific example of one type of arrangement, water is first
selectively removed using a 3A molecular sieve. This bed is then followed by one
or more beds containing one or more less selective adsorbents such as a larger
pore molecular sieve, e.g., 13X and/or a high surface area active alumina such as
Selexorb CD (Alcoa tradename).

[048] In another embodiment, the first bed is a 3.6A molecular sieve
capable of selectively removing both water and methanol. This bed can then be
followed by one or more 13X or active alumina beds as described above.

[049] The adsorbent beds can be operated at ambient temperature or at
elevated temperature as required, and with either upward or downward flow.
Regeneration of the adsorbent matenials can be carried out by conventional
methods including treatment with a stream of a dry inert gas such as nitrogen at
elevated temperature.

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

water from the effluent stream received therein. The water absorbent can be any
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second overhead stream from the second separation unit to conditions, e.g.,

temperature and pressure, that are effective to separate the second overhead
stream into a third overhead stream and a third bottoms stream. The third
overhead stream contains a majornty of the ethane and ethylene, individually or
collectively, that was present in the second overhead stream. More preferably, the
third overhead stream comprises at least about 60 weight percent, more preferably
at least about 75 weight percent, and most preferably at least about 90 weight
percent of the ethane and ethylene, individually or collectively, that was present in
the second overhead stream from the second separation unit. If the second
overhead stream includes acetylene, then the third overhead stream preferably
contains a majonty of the acetylene that was present in the second overhead
stream. More preferably, the third overhead stream compnses at least about 60
weight percent, more preferably at least about 75 weight percent, and most
preferably at least about 90 weight percent of the acetylene that was present in the
second overhead stream.

[053]) The third bottomns stream contains a majority of the propylene that

was present in the second overhead stream. More preferably, the third bottoms
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et hyl ene, i ndi wi dismalséoondr overbtadesttéane! yMord prefemblyprihs ethirdi bottones seeamnd

overhead stream More preferabl the third overhead stream co r| sgg
ht

Jeast about 60CUEPRIF 45dFas APOu ) SVelphlf RETCARL, MOR Preterably Al g
per cent . and TGMgrPLRRAAMN Abst SRRk A3 GOS0 ASERCHrodk ditfe oL hane

and ethylene, individually or collectively, that was present in the second
over head strealME dattwas pressmhih thepseend overbeadtstreqmm. t Tiee ﬂwdmwﬂaram:lmead
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more overhead streams comprising ethane and ethylene, and optionally acetylene,
and one or more bottoms streams compnsing propylene, and optionally DME and
propane.
[054] If the initial effluent stream contains light ends such as methane,
carbon monoxide and hydrogen, then the third overhead stream (which will
contain a majority of the light ends from the initial effluent stream via the first and

! second overhead streams) preferably is directed to a fourth separation unit, e.g., a

light ends removal unit, for further processing. The fourth separation unit
preferably subjects the third overhead stream or a portion thereof to conditions,
e.g., temperature and pressure, that are effective to separate the third overhead
stream into a fourth overhead stream and a fourth bottoms stream. The fourth
overhead stream contains a majority of the light ends, individually or collectively,
that were present in the third overhead stream. More preferably, the fourth
overhead stream comprises at least about 60 weight percent, more preferably at
least about 75 weight percent, and most preferably at least about 90 weight

percent of the light ends, individually or collectively, that were present in the
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conprising press)l ene, gnefepdly,oft@l IfyurlMbottoths BiréuaaNg. diréRdd tbf at fani ni ti al
effluent streamcontains |ight ends such _as nethane, carbon nonoxi de and
hydr ogen, t hspparption wiit §-2ovaceh spliftes: for Aurthenatoepssinig | Theclifth saparabionspiri ty of

he [igh Ly b | he ] d
over head st 1 SIS AP Birafboddiinah! 6B Ral W, |drlerf and =00

a |ight endpresenmy siat Lare teffebtive talsepeate the dearsh n@ttomisesticany irfto Sefithat i on

uni t overhead stream and a fifth bottoms stream. The fifth overhead stream contains a
majority of the ethylene that was present in the fourth bottoms stream. More
preferably, the fifth overhead stream comprises at least about 60 weight percent,
more preferably at least about 75 weight percent, and most preferably at least
about 90 weight percent of the ethylene that was present in the fourth bottoms
stream. The fifth bottoms stream contains a majority of the ethane that was
present in the fourth bottoms stream. More preferably, the fifth bottoms stream
comprises at least about 60 weight percent, more preferably at least about 75
weight percent, and most preferably at least about 90 weight percent of the ethane
that was present in the fourth bottomns stream. The fifth separation unit preferably
includes one or more distillation and/or fractionation columns, absorbers and/or
extractive distillation columns that are designed to form one or more overhead
streams comprising polymerization grade ethylene, and one or more bottoms
streams comprising ethane.
[056] Depending on the amount of propane and DME present in the

initial effluent stream, the third bottoms stream may contain propylene suitable for

polymenzation. Optionally, the third bottoms stream from the third separation
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i ndi vi dual | r@mowleﬂghe Smhﬁem&t@nﬁwels% rably subieoshedhigd battams, 19

PCT/ US2004/ 0 Q?falﬂ The i ont ai ns
a mjority 01}5%[7%% érﬁigﬁ\éﬁ a- et ﬁ%é‘ﬁg% ’nd‘?v}ehﬁ% "‘H}e a%hcpqg%egef |t}\?/aglr%/é: t hat
were present éffectine td kepathte dwethheaadttsms aasam ioea smef everheday, stich® draud t h '

bottons stream conprises at |east . about 60 weight percent, nore preferably
at | east aboutXthsbatanametrengcehite sixHyoverhead sireame capiajnsag maigsty abdit 90
wei ght perce I ver,
that wero pr cghyieh b haf st e lirEBGomd ARlalf, MBI drofiralif HEShI D! Ve
preferably i ngveritkad streemogomoises di eastl dbati 60 veghit Qrerceht, aﬁtbneqn'aferaMy apl ums,
absorbers and/or extractive distillat | on col u%]s that, are desi gned to form

one or nore olfafthbeyt IPr waight @Slf?ﬁ?trsap g‘“ﬁ‘ﬁtl’f& abiy ptalggst dopk IW@Wf‘tends
and one or no F‘%hﬁan
Preferably, %ﬁc%gtgtrftﬂﬂgs %‘%ngﬁrrg&]sat? ?}egg ﬁgﬂn?gg?ggd tgé}%g fgt gg%ar ation
unit, e.g., ab@ﬂmsqadtrdatrecrqmd:mafmydrhelof pj'reanepmengf anyhthaf was Ipresanana]he on unit
preferably su%%ct s the fourtgfbottotms amto.conditions,

tenperature a byyttoms stgeam,  Morg prefgrap ett ¢ &xth, bofipms é‘frga’f‘h@“mﬂi‘ﬁ At bot t ons

streaminto ajehitfdbbut QY We@ﬁ%eﬁ%ﬁte%ﬂr@?gcf@raﬁlyf atthemtaﬁm§$vél°gﬁﬂber€9ﬂ fifth

overhead streamcontains a majority of the éthylene that was present in the
f ourt h bot t onendsmostaprefexahly at lwﬂéf@loabPQ/Wﬂm pﬁlcﬁnfrroﬁ)therplnqmestfr@aml‘@bnpr i ses

et D R Ephoms P, DL LBl R g O
et hyl ene t hat magssitPraseiet DME tthe (asirgréseROGf QR® thidd IRABIMsT BiPedn.f t RopOt t ONB
stream contains a majority of the ethane that was present in the fourth

bot t oms st r eaprefavehly, hecixh Dottgms siream icpmprises atdagst sbewt0f weight percent,
more preferably at least about 85 weight percent, and most preferably at least

about 99.9 weight percent of the DME, if any, that was present in the third
bottoms stream. The sixth separation unit preferably includes one or more
distillation and/or fractionation columns, absorbers and/or extractive distillation
columns that are designed to form one or more overhead streams comprising
polymenization grade propylene, and one or more bottoms streams comprising
propane, if any was present in the third bottoms stream, and DME. The sixth
bottoms stream provides an ideal fuel for various fuel requiring processes within
the reaction system.

[057) DME is particularly difficult to remove from the imitial effluent
stream. One preferred embodiment of the invention includes removing DME
from the initial effluent stream in a plurality of steps (preferably in two steps). In
this embodiment, the first separation unit, described above, removes a first portion
of DME, preferably a minority of the DME, from the initial effluent stream in the
first bottoms stream. A second portion of the DME from the initial effluent

stream remains in the first overhead stream. Thus, both the first overhead stream



conprises at |east about 60 weight percent, nore preferably at |east about
75 weight percent, and nost preferably gﬁ] | east about 90 wei ght percent of

t he et han%vo%@m’/@? present in the fourth bottons Streamcﬁﬁﬁuﬁlnjﬁ%s
separation unit preferably includes one or nore distillation and/or

fractionati on colums, absorbers and/or extractive distillation colums

that are designed tg formone or nore.ov e stre ri.sin

pol yreri zat i o%‘"éﬁ%gf%gﬂ%@fﬁéwgﬂ&%ﬁ@ Bge%ﬁﬁgl%g???}ﬂs%sf @%amt%&?ﬁi si ng
et hane. 10561 Rppenaiddirditations, MEOHERE o9ErhRAD REEAN asptioRME, RAASEAL ati Radthe
initial effluent stream the third bottons stream nmay contain propyl ene

sui tabl e for apottyePeréighitieorent, @ldasirabony]7S whght pereentbaiticasirabat 8araightom t he
third separation 20 2005/ 0 71 .RCT] US2004/.01. unit is directed to a
SiUh Separ at PBetiner S ieag aboyt &3 Wt nerc?at pE R BN sl s el BC6E o v
removal . The shilialeffigRs stearin THe firstBotiboaisalle¥mYplibasllySintiuded B jeskt BB&IONS
streamor a portion thereof to conditions, e.g., tenperature and pressure,

that are ef f Sciicight tpsrosahzat dewst tabeut AP rueigll perrents @t deast ishew bBS sveig
overhead streamand a Ixth b QB _St.r ' I trgam
contains a najp(?FclePty °(5fat ?%ét iﬁ)|c§’ru g%@/l“éeﬁ%ﬁ t%g%mmﬁgﬁgeréisdg\pl a?\r?? S”’g&gﬁ?}’"d ottons

stream More phighPébEnt stredig. $h shdlembydimeag chesfirsEomoniygireatfcnaiind #&at about
60 wei ght percent, nore preferably at |east about 75 weight percent, and

nost pref er ablapowt:2 weiht PerBenitto abowteilgweishipraresntymere RIBETFNY Fpmeshout Rat was
orap . _ ! B
e | g s ol AR AT °

maj ority of the propane, “iIf S pre ne
stream More presdeat afithy DMB ¢has wak rdsedttin tis: initiabeffluentgireames at | east about

60 wei ght percept, nore preferably at |east about 7 I ght percent, and
nost pref erablwsét I eastﬁ'ﬁbbillgg(?%‘%t‘n Fcfg‘ﬁf OUFT?‘FXE Sg’P@Fﬁaﬁé’,‘ RSNy,

that was pre ' i, 3 i+S Aeq T j: -ream al so
cont ai ne.a - maor b Eepll S RO BRI C U SPardli U ah PR Sk

stream Mbre sppmheomihy,via ke seoonll dethcadsstistmeand denthindsbettans bteemt. about

60 wei ght percent nor e pr ef.er abl t | east about 85 weight .percent, and
nost pref erabﬁ?it'&{atq]%agtCi)éB s g?ydﬁ GFh PERRYISDG anst PF ,tli‘FfS“él‘hy, t hat

was present i nebdigiddihriflsepRfiting e Hird@RomERGesh thid tAEBRUAbVRead Mrbam
preferably includes one or nore

containing a majority of the propylene that was present in the third bottoms
stream, and the sixth boftoms stream containing a majority of the propane and
DME that was present in the third bottoms stream. Thus, the first separation unit
and the sixth separation unit act to remove DME. The sixth bottoms stream from
the sixth separation unit preferably contains from about 60 weight percent to
about 90 weight percent, more preferably from about 65 to about 85 weight
percent, and most preferably from about 70 to about 80 weight percent of the
DME that was present in the initial effluent stream.

[059}] The two step DME removal process of the present invention is
expressed well in terms of the ratio of DME removed, by mole, in the first
separation unit (e.g., the oxygenate removal medium wash unit) to DME removed,
by mole, in the bottoms stream from the separation unit making the C3 split (e.g.,
the sixth separation unit). Optionally, the ratio is at least 1:1, at least 1:2 or at
least 1:3. In terms of ranges, the ratio optionally ts from about 1:1 to about 1:20,

from about 1:2 to about 1:15, or from about 1:3 to about 1:10.



distillation and/or fractionation colums, absorbers and/or extractive
distillation colums that are designed to formone or nore overhead streans

conprisin Lzation grade propyl ed2, and one or no r eams
conpri si n%vogﬁ%%ogﬁ{e?? if any was present in the third bott%ﬁ}ﬁg%@g rﬁ-g%nd

DME. The sixth bottons stream provides an ideal fuel for various fuel
requiring processes wthin the reaction system [057] DME is particularly
difficult to [@88bve frodcetylenenind atheefminltiplyt unsaturaetad speries arefgeneratly

Ty oam o o oS SR Reabr e Ry Rl G e 1
enbodi ment, t{e ohk’ &t nfiRahwirb@hatith toondes&s, e%%EamMeme rRAPMESs.a fhest

portion of DVE, preferably a mnority of the , fromthe initial effluent
stream i n t hehydrpgenatipntcoonetess areandapieds b anteapiopartially eiturate abiFlehe @ t he

initial effluept str.eamrenni in the, fiyst overhe strea Thus, both
the first ovef 85(]“%1?? aHPsﬂura(}R% %SBCFO%OE?'E W&Z@gm%lgnfg]%r é‘ﬂi}"%e first
bottoms str eaﬂﬁé‘c‘?ﬁ%ﬂy[‘ iRadfdrpeaition enRveRtr, dulidl. udsBtubREd Spdties dueMRE range
limtations, the first overhead streamoptionally includes at |east about

60 wei ght per seatyleneeontecs Sydragen end/er oarbgphmopexide wndergonditians effersive 190

wei ght percent r__at ast about. 95 L,ah n f t DVE t hat was
present in t h& l’ﬁf:sﬁiqaﬁéqlfygtfy?ﬂ]r cﬁ?testtl?gggﬁnﬁﬁl‘?‘ﬁ}gs |ll;"1set(%l %S?IF%HB%&OPS&%%%? ionally
includes at | gasylend @dhverfers\@hgyhbe PRIapRAL to at waaqjanadmuhydreﬁm&gf&&heper cent,
at | east about 15 wei ght ercent, or at |east about 30 wei ght percent of

the DMVE that eersperesseastwelh Amen-limitingdist ef otheretxemplary spmperendhidabmepdi nent |

the first bot a}m‘ & bqu ' : out 50
wei ght per cen%’?ngrtoﬁéearsgr e e@g{oﬁ]yaﬁjrggén&g%oﬁt %5513’%8@%%%4&% E@ﬁ‘\%e?@ghl%&gggswnt,
and nost pref acapleie,f methyhbeetylédnet andipeopadiéheneiRybferabpgr denhydrogéaeiopVE t hat
was present in the initial effluent stream 10581 The DVE renmining in the

first overheaSORYSFIBRFOPYAN prebdene 1o KHYlS: mthyeashdense premdsieudnd. t he
thisg X . . ! OTRI™ nead
£ SR A s 2 2

streamand th Stream trmte p e between
propyl ene and ppafapbiyepass thitmghi thehones epanat | Ipdregenatice panadriensy uvhileerédi r d
bot t oms st reamcirzcr)]}d?né poe thsei ;))(Jegen(tjvig\cerr]l%%g, tter gn%mor more hydrogenation converters
may be oriented in a variety of locations, although the converters ideally are
oriented along one or more streams that contain acetylene, methyl acetylene
and/or propadiene. In the separation sequence described above, the one or more
hydrogenation converters preferably receive and processes multiply unsaturated
species from the second overhead stream, the third overhead stream, the third
bottoms stream or the fourth bottoms stream, as these fractions contain the highest
concentrations of acetylene, methyl acetylene, and/or propadiene.
[061] Figure 1 illustrates this embodiment of the present invention. As
shown, initial effluent stream 100, which contains ethane, ethylene, DME,
propane, and propylene is directed to first separation unit 101, which preferably is
a wash column adapted to remove a majority of the non-DME oxygenates from
the imtial effluent stream 100. In the first separation unit 101, the initial effluent
stream 100 contacts an oxygenate removal medium 102, preferably methanol,
under conditions effective to remove some of the oxygenates therefrom. This

means that ethane, ethylene, propane, propylene and at least some of the DME are

recoverable in a first overhead stream 103, with the bulk of the oxygenate removal



containing a majority of the propylene that was present in the third bottons
stream and the sixth bottons streamcontaining a magjority of the propane
and DVE t‘gg) Ow% ﬁ{esent inthe third Bdttons stream Thus, the first
separati on I YIRY the sixth separation unit act to renBGHUSRIE40THES si xt h
bottons streamfrom the sixth separation unit preferably contains from
about 60 weight percent to about 90 weight percent, nore preferably from
about 65 to Mnmsm%enghDM@e@mnnateSamdnais{eaptr émcatmﬁ yhef MEabeme 70 to

about 80 wei er cent t t ha resent 0 ef f |l uent
st ream 1059&1 E#’&o ?gﬁttﬁ\@oﬂ’gﬁ{/ E)? j§1§ gt PV %qde%g:ﬁ{n él:{/é‘kf)l onis
expressed m'likel)fbdnﬁi@a fHindrhi@nduat bOredidublMixypeRAY esinoaY nivahfn. rrnetmﬁ first
separation unit (e.g., the oxygenate renoval nediumwash unit) to

femoved, by saaTetion pnit H@lmnupo#ty grofudgsn o reflgxtline %Ié%%fr atrehonler dine amdk. ng the
Cc3 it t
Coash 1t 1 RorrealePirB by SERBHGLL R oy, LSRG Yepabdn' B Rt S

optionally |s;0f-,{pgﬁb,ﬁ§)_out 1:1 to about 1:20, fromabout 1:2 to about 1:15,
or fromabout 1:3 to about 1:10. WD 2005/017071_ 22 PCT/US2004/ 015793 [ 060]
Acetyl ene and%%lher mulRirspoyertipachstinam 408 dpthen eliregied tganwepend gepagavigesirabl e

comounds. Wiy 5 SLRLATLEPISY 01 SHE AR FolBHCadlBRY BP\GLAL Ty 1 0"

or nore hydrogena on CO ene converters
hydr ogenat i onregiduml mxtyger&tarmcadamaﬁumol 0at cdrﬁeds bv@afrbmathke yfirsa bepasdtidon

acetylene or other multiply, unsaturated ecies tq, for exanple, alkenes
and/ or al kandgit 1(§p§’é‘| iﬁqsbgwryeadi ﬁreé“h}& Z%ﬁ%if‘%”y B Fgeandetepansitipn |'-‘|Blty

unsaturated SRYCHSHIUETERS: s%%%lyicgn&n@éaw ?Sﬁer hd@hﬁ@&aﬂ-l ﬁ&%ﬂé a8

monoxi de under ¢tonditions effective to east parti ydr ogenate t he
mul tiply unsaburemim sqoémstasa midjeritynef dhe msxdualaomgehanerenmwbnnmmrmy be

adapted to at tlal roogenate other . co S, as lJ. A
non-linmting f‘?"ﬂa’ &@ig%n%ﬁ '85 @5W8HEPW§Y1FH%{;RWE£N&MBQJ’5&
partially hydc;\e%aaﬁeéamnog Y BUETBIE 1A SRONEEIGheddGldRLCFI 1, vAREIRE ene,

met hyl acetylene and propadi ene. Preferably, the hydrogenation converter
converts acetl;dllemaf the wistiphleosyzmatchyémensétmpeding 102 pndpyatemel 09 bding

Dr9pacene (S BRRNICTS s GESH Baking SPRIRTRES THE DR SHRYBFIE BT oBLS
optlonally includes a reflux line and/or a reboiler line and corresponding heat
exchangers, not shown, to facilitate separation of these components.

[063] Optionally, second overhead stream 111 is directed to a caustic
wash unit, not shown, to remove carbon dioxide, and/or a drying unit, not shown.
Reverting to Fig. 1, second overhead stream 111 preferably is directed to a third
separation unit 106. The third separation unit 106 preferably is a distillation
column adapted to separate C2- components from C3+ components. Specifically,
the third separation unit 106 separates the second overhead stream 111 into a third
overhead stream 107, which contains a majority of the ethane and ethylene that
was present in the second overhead stream 111, and a third bottoms stream 108,
which preferably contains a majority of the propane, DME and propylene that was
present in the second overhead stream 111. The third separation unit 106
optionally includes a reflux line and/or a reboiler line and corresponding heat
exchangers, not shown, to facilitate separation of the C2- components from the

C3+ components,



According to the present invention, the one or nore hydrogenation converters
may be oriented in a variety of |ocations, although the converters ideally

are orieg&dRofg; ONe or nore streans 2fhat contain acet 16€0 ﬂﬂé\%%l
acetyl ene and/or propadiene. In the separation sequence escrl%e above,

the one or nore hydrogenation converters preferably receive and processes
mul tiply unsaturated species fromthe second overhead stream the third
over head strd@dl t he t Hiiid osrheads sgeavard0dr preferabbyr ish pbodunss dutoeam as

t hese fractions nt ai hi.ghe t L.ans . acet vl.ene,, gt hyl
acetylene, a 5?‘8&'%5117‘ ‘bgeﬁgjgﬁaé& 1%’6%‘3@8%?%@1%?4 Frggl[lrg ‘essgtf%eiﬁgeoéﬁb&%rrent of
the present ippeferablyoR.forsed shovdnesioficbblats, efgf, CeretExehagres, kA knvdk et

cont ai ns et hane, ethyl ene, DVE, ropane, and propylene is directed to first |,
separ ati on ufrems,omot shpvanhthet é?@rtgﬁﬂf"ie@ea% stteam 1) avdnformap piakiy ¢ferove a
majority of t - n f t 1ALt f £ r 100. In
the first seﬁggg{??’%ﬁ%ilﬁ%ﬁ,%ﬁ%disﬁﬁamgﬁcﬁﬁdﬁe&lﬁ 'gﬁq%ﬂfg’}é’g acts an .
oxygenat e rerfonal Preferabily, d6ided preentresr HidlAyCraet daracted to arfeketh sepatition QR
effective to renpve sone of the o egatq_gl therefrom This peans that

et hane, et hylldfefor pfugthsh BrocssuRg| e sepazaign agiel b nreferapheise
recoverabl e i ] I # | t genat e
renoval 23 \R%@GB@?%%%%@%U@%& 4 Ot%gl hévgnntggi%Eﬁfg%‘%wg{]&[;mroé}égenat es
and at | east andiee catbdohenobbkidbefrory ethawound aithydenan Specifehllpotiicofourtht r eam
104. The first overhead stream 103, al so i kel | NS m nor_ anmount of
resi dual oxygEPAEHY SRHP $RRATAlR th?h‘é’“ﬂqdr _§¢{em§e§§%ﬁ=oﬁf?@ﬁ‘i“&lmrt%|9t i onal |y
i ncludes a 1 ghloldriga 1118, WRRA dofifaidd z{‘ﬁla_?d?ﬁ¥ of fHe'1fsHR GRAL fgh NER!

exichangers, not shown, to tacilitate separation of these conponents. [0621
Fi rst over hegdesshtr mathe kodledsstichmn 1ddAeCt dl 2 dourtls botbords strgeam dil 7owhichni t 110,

whi ch preferably is a water wash cqlymm_ adapted.to s rate any, .residual
oxygenat e reﬁﬁ?féﬁabﬁb%ﬂWﬁﬁ?%%H‘Viogdﬂ%sg'@?‘f E%ﬁ]ewgenfﬁ&gtw?e?ﬁ?eﬁ "bH unit
101 via firstogpgrdheass R 19 four@CidpafatohYunii 115 ¥paEBRIBLRRRAES QN UNi t
110, the first overhead stream 103 contacts water 109 under "conditions

effective t aeflwntineansd/oraggboiles linajaod ceyesppnding heetsixduangesx pefshaws, teenoval

medi um facilitate separation of the light ends from ethane and ethylene. In one

embodiment, the fourth overhead stream 116 is directed to the demethanizer feed
train 112 for use as a cooling medium.

[065] The fourth bottoms stream 117 is directed to a fifth separation unit
124 for further processing. The fifth separation unit 124 preferably is a
distillation column adapted to separate ethylene from ethane. Specifically, the
fifth separation unit 124 separates the fourth bottoms stream 117 into a fifth
overhead stream 125, which contains a majority of the ethylene that was present
in the fourth bottoms stream 117, and a fifth bottoms stream 126, which
preferably contains a majority of the ethane that was present in the fourth bottoms
stream 117. The fifth separation unit 124 optionally includes a reflux line and/or
a reboiler line and corresponding heat exchangers, not shown, to facilitate
separation of ethylene from ethane. Fifth overhead stream 125 contains relatively
pure ethylene, which may be directed to a polymerization unit, not shown, for
polymerization. The fifth bottoms stream 126 preferably is directed to the
demethanizer feed train 112 for use as a cooling medium. Optionally, the fifth

bottoms stream 126 is combined with the cooling medium from fourth overhead



therefrom Thus, ethane, ethylene, propane, propylene and DVE fromthe first

“overhead stream 103 are recoverable in a _second overhead stream 111, with

.

t he bul k voh 26d3@176881 dual oxygenate remal medi um 102 andTved064/00993bei ng
recoverable in a second bottons stream 118. The second separation unit 110
optionally includes a reflux line and/or a reboiler |line and correspondi ng

heat exchangers, not shown, to facilitate separation of these co nents.
[063] Opti onafiegn %Eézo?‘ﬁj spop h‘@’adﬁ%tqrgl‘é% i‘fi 'sd‘EfF?tg?ﬁ‘é"d %‘E?ﬁatrE‘é'urﬁ)ﬁc wash

uni t, not SshoNfemiBly £pONRnARORAR bBNSHS straMsA 26, vehicH %I RS inRkHane\Qh Shown.
Reverting to Fig. 17 second overhead stream 111 preferably is directed to a

third separ dteiwsed amiatrefl@6 linT ther fowrthdepapbomunidd 15nPrefeblyy thef ethald is i s a
distillation ol u adapted .f o.separat e .C2- onents,. from C3+ conponents.
Speci fi cal | y,sugtcﬂgfgaﬁflgéggéﬁé‘t’%ﬁ ﬁ.?ﬂ?rta“%)@“@jgg'r %tye%d%f%t e‘:%ﬁ'ﬂ_aé\fer head
stream 111 i ngAuR th'kthine BURNHRE A 2bidrBaiAR prefbbtnfilliy 00t BhyRnEW Hel ty Of
the ethane and ethylene that was present in the second overﬁead stream 111,

and a third Hettoonsf she famth1Sparatiphjuskt, thesthyr abprpvingrmatbase andretodéney of t he
propane, DVE and propylgne t hat S resent .i.n the second o heag stream
P thi rabaafll ot R et e HR° vapl A iR ROt R R fheo e or
a reboiler | idb%e@lﬂﬁ'liz‘éﬁfdeﬂmﬂﬂﬂiZ}%d’lﬁfbﬂin%me@hﬂﬁwaﬁﬁuhe demethanier feb@trhiaci | i tate
separation of the C2- conponents fromthe C3+ conponents. 24 WO

2005/ 017071 PO/ tyopgbseibessims 11864] Third overhead stream 107 preferably is
I ntroduced in denet i . | I,z d.train 112 is
a "cold box" I[bﬁg} pre?@?%%ﬁ/naﬁ gﬂﬂlgb{r’r%}cfgg’fl&és %@?{{g&sn’o ‘+c§é?1é§l§emse.ﬂbep, Core

Exchangers, aghe thifiisdttomst stresinUlis, mag idepdiadimy orf thatanmanl oft propsheqindMed st ream
107 and forma Iuralit?/ of cooled streans 114A-C. Cool ed streans 114A-C

may be in |i i hedmidirbeflpgplosreamy ontapy gostly mropylensondds stipepmountat C are
0ot L, ARSI By Vol gt Kl IBfe BB GE BB {1 !
l'i ght ends sudbh asalitgtpaapydenehy desigsntheanhk thirdclotioans stremaxi08eofftionalleishane and
cthylene,  Speet fnealit sl ofrRUED LR Ahl Y hrabtn 36 Bl 00! o

is a distillation column adapted to separate propylene from propane and DME.

The sixth separation unit 136 thus may operate as a C3 splitter. Specifically, the

sixth separation unit 136 separates the third bottoms stream 108 into a sixth

overhead stream 137, which contains a majonty of the propylene that was present

in the third bottoms stream 108, and a sixth bottoms stream 138, which preferably

contains a majority of the propane, DME and optionaily any residual C,+

components that were present in the third bottoms stream 108. The sixth

separation unit 136 optionally includes a reflux line and/or a reboiler line and

corresponding heat exchangers, not shown, to facilitate separation of the

propylene from the propane. The sixth overhead stream 137 contains very high

quality propylene, which is suitable for polymenzation. The sixth bottoms stream

138 preferably is burned as fuel or is directed to a DME recovery unit.

[067] If the initial effluent stream 100 contains C4;+ components in any

appreciable quantity, then the process flow scheme according to the present

invention preferably includes a depropanizer, not shown. The depropanizer is

adapted to separate C,+ components from C3- components, €.g., light ends,

ethylene, ethane, propylene, propane and DME. The placement of the



fourth overhead stream 116, which contains a magjority of the light ends that
were present in the cooled streans 114Az£, and a fourth bottons stream 117,
which pr &Y@2M57%bnt ains a majority of the ethane and ePhYFeH&YPRAL was
present in the cooled streans 114A-C. The fourth separation unit 115
optionally includes a reflux Iine . and/or a reboiler |ine and corresponding

heat exchangeggpropt@iizes VAN vafyowidedgi | Tht tht enftRidanait ORstedted he Higoht, @ads from
et hane and ethylene. In one enbodi nment, the fourth overhead stream 116 is
directed to tferroranizenentioaglly seqgivesrandnremoyves it 193 &snaiortyopf iy fetli um
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124 for further processin separation unit preferably is a

distillation ¢od,uns sachndt@eriiead sepan atie, eiehjire tettbmamnstreahalts. orgheaidthcal |y,
the fifth separation unit 124 separates the fourth bottons stream 117 into
a fifth overpeERMESFeEM 35  which contains a majority of the ethyl ene that

was present 'Fdhfslhe fourﬂe q?p%&mrsem;,g,ﬁfigaé%i 1%tﬁf‘e(1:g? dsf ta@ﬁ%ﬂ%/{g?eﬂ@gream

126, which preferably contains a majority ane t present in
t he fourth boadevyisne, Hirogadiont,lof. otidrambitiptywrsemaated campontnts, iibh thpsyseral | y
includes a reflux line and/or a frgeag(i)i ler |ine and cor_resgondi ng heat
exchangers, n8f thenpRRRentIBVAnieR IRTE it yé’l??%‘re%uai TBECTLAR CRRETER. e fRane.
Fifth overheagd gl ibSa g LIAPTS HoRldter! %b@fstﬁc\&%.y {PHHc8 FAivd GG th‘é’“hl‘ég:rrﬁgy be

directed to a polynmerization unit, not shown, fo olynerizatio fifth
bott ons st r eamveAtomrthé diydivggnationdioneerter cpreforabihe recebee khd ipracesset @ae or r ai n

112 for use as a coolin di um tignally, ,the fifth botiqns, stream 126
i s conbi ned wMHet eﬂl?og‘?lﬁ’ﬂ“me%i‘ ?‘lﬁns?%&pt Avg %"rdhégf)a“%\d_tlgﬁ)dg? d&‘f%?_l 25
PCT/ US2004/ 01 3¢8Reac bir&AM 1536 thetthirdNBoMbnkY sitdin N08K&A/dri the folrnklHIRbARNI zer
feed train 112. Alternately, a portion of the fifth bottons stream 126,

whi ch is richstreanetiidneln thenhydseganstion gonverienf aaekylenencosftants thydrogen sedar at i on

unit 115. Preferabl the ethane.i.s sub-.coql ed an nt to the f th
separ ati on unf’f"’rbf'iéﬁb’g?ea ‘éfrnijorfdﬁtéorgt_ ?%wﬁgoacony %&I’%j‘?asf HePYPRY Econes
an absorbent fbhayicRé abcdthlbne! ISimaany, @ethel R¥éorae tadldrepropalitntéitadthe
fourth separation unit, thereby inproving nethane and ethylene separation.

After cool i nghyfwgempad ¢aron dieide voder roaditions ehfecti o7 ta sonyast addgest Rani zer
feed train 11%1)11}0}}160? ﬂ%l h@&ymgétwgﬁe %ﬁ&}or tppgpaqgl@t tlaaﬁ}joéﬁgné.e%rxgﬂo%ie&s
other than acetylene, methyl acetylene and propadiene that are present in the
above-identified streams preferably pass unaltered through the hydrogenation
converter(s). The resulting acetylene-depleted streams are then processed as

described above with reference to Fig. 1.

Light Ends Removal Followed by C2/C3 Separation

{ [069] In one embodiment of the present invention, light ends removal is
followed by C2/C3 separation. In this embodiment, the second overhead stream,
or a portion thereof, optionally after having been treated in an acid gas treating
system and/or a drying unit, is directed to a third separation unit, e.g., a light ends
removal unit, for further processing. The third separation unit preferably subjects
the second overhead stream or a portion thereof to conditions, e.g., temperature
.and pressure, that are effective to separate the second overhead stream into a third
overhead stream and a third bottoms stream. The third overhead stream contains a
majority of the light ends, individually or collectively, that were present in the

second overhead stream. More preferably, the third overhead stream comprises at .



112 through tail gas line 113. [066] If the initial effluent stream was
depleted in C4+ conponents, ‘then the thitd bottons stream 108 may,

dependi ng W@ 2003801 #Tbunt of propane and in the initi ACTEEFAUEHETSt r eam
contain nostly propylene and a mnor anount of DME and propane, and may be
wel |l -suited for polynerization disposition. If very high quality propyl ene
Is desired, t i ' { S, it s ed into
si xt h separ at ?ﬁt %ﬁr?ll?'{ E’qu%éiglﬁ ﬁ’tee}és%?;trﬁ&é pg%eéat%?%g‘pteh%}%% %%%?"e?%‘??ﬁfégﬂﬁi s a
distillation and st préfepitdyat ieass ebaut @0avgigiapeteeneof the tighr @danadaidhalDVE.  The

si xth separation ynit 136 thus nmay operate as a C3 splitter. Specifjcally,

the sixth seﬁ&r“&f‘?‘ﬁweb’mitbatlﬁﬁresgéa?rgt‘ésﬁiehﬁct"l‘ﬁ Pd’e'z'ﬁi‘ SHEast r&gﬁtgﬁ% into a

si xth overhe [ : i (e e t hat
i%ﬁttg?lhé @W%gﬁam a%ﬁajﬁﬁgi & e ethallB, .«ﬁﬁ:&l&é/a, g{rﬂsﬁ&e%ww

was present ottons "stream 108, and a si bottons stream
138, whi ch pr éfdividbally or @ntledtivelya thaj weriet pressint tih ahp rseqandeovdth&adastceam.

optionally any residual C4+ copponents that were present jn the third
bottons st rear"ﬁ"f@@“”éﬁé’%i‘k? Hﬁ‘rggﬁgf’%ist?ﬁmﬂn’?qmmg (ﬁ‘bﬁ?aéh&*’?‘y %&%‘és a
reflux line a_fbld;éceﬁt, M@Efyférsﬁnyla& Mseibut 99 WA PrleRY aRE HosE PFtGGI§ . ot

shown, to facilitate separation of the propylene fromthe propane’ The
si xt h over headeast mbawh 33 Wvaghtt paroant vt thehethime, qribyleney mopylyrennd DMEH is

suitabl e for pol.ynerization. . The sixth bottaons strea 138 prefera S
bur nod as. { uelGIORa o PG A HAEe PRSHIAR PRLIFLIE T BEL St TR (1 al
ef fluent streqpkd OQpsRANbRI (it GrefetMIPORRMISs | Shed W nRRET 8RIARIE GMaRity,
then the process flow schene according to the present invention preferably

i ncl udes a degraspemtionrcolrons, sheathers Td/ A egntopidyd distillation eolumne dhatoarsepar at e
CA+ conponents, f.ro ~.components. e.qg.. . light ends...ethylene t hane,
ot epanen’ SiskieRdR i) ot PORERE Mte Feflend istlihs Sbsising) BYETS waf a1

PCT/ US2004/ 01%¢sp lighE plidspand 58¢ ofbry dbitoms @etims tomphsing RiRde,"@hlene,
illustrated in Fi)&é 1 , the depropanizer optionally receives and renoves at

| east a nmj or iprgpYdenerand RME. Hihe snslitlnend siresin, e firglravedread sEearalandwi ng
t : the ipolti . I e 111,
Che third bot (i escBps BhombEEhucal] &Rl Hthant dF/SEEORICAL OBH QUHERE, 111,

initial effl uetarftalsogtefbtibl cotitsingat kestapbené) weizhhpércent, more preferably

at least about 75 weight percent, and most preferably at least about 90 weight

percent of the propane and/or acetylene, individually or collectively, that was
present in the second overhead stream.

[070]) In this embodiment, the third bottoms stream is directed to a fourth
separation unit, e.g., a C2/C3 splitter, for further processing. The fourth
separation unit preferably subjects the third bottoms stream from the third
separation unit to conditions, e.g., temperature and pressure, that are effective to
separate the third bottorns stream into a fourth overhead stream and a fourth
bottoms stream. The fourth overhead stream contains a majority of the ethane and
ethylene, individually or collectively, that was present in the third bottoms stream.
More preferably, the fourth overhead stream comprises at least about 60 weight
percent, more preferably at least about 75 weight percent, and most preferably at
least about 90 weight percent of the ethane and ethylene, individually or
collectively, that was present in the third bottoms stream from the third separation
unit. If the third bottoms stream includes acetylene, then the fourth overhead

stream preferably contains a majority of the acetylene that was present in the third



acetyl ene, propadi ene, or other nultiply unsaturated conponents, then the
system of the present invention preferably includes a hydrogenation
converter ,WO.2405/013071 acetyl ene or MAPD converter, not shoRET/USRoMMETOPor at ed
into the present invention, the hydrogenation converter preferably receives
‘and processes one or nore of the follow ng streans: the second over head

stream 111, t ' % a t b, t - St 108
andi or he o b afepafy FIoRE PR e i Vel ile? cLAPE S AP
acetyl ene conitmat $0hye ghgpercandmormpleforatly axilelat abelar75cweidht perzentchh@ct i ve
to convert at |east_a portjon ’c))f the acetylene _to ethylene. Simlarly,

met hyl acet yl BRa piaterally gt lspst dPem hwrighicrercHy @f petrehilencthabwgs pressht de
under conditi . | gonvert at least a portion of the nethyl
acetyl ene andwegirl{)pa |°\é1§se§n?g propyl ene. Conponents other than acetyl ene,
met hyl acetyl {07¢] and pr Ghedoetie bbtiams strearprentms amajbsty abdvepiopelenef i ed
streans preferably pass unaltered throuygh,the hyd enatjo converter(s).
The resul ti ngthst&fay| RIARENY 4D tRY éEF°§fircé"§#%aﬁrSge?WenE‘g‘?’ﬁéﬁ%@é‘g’lbs&eotg%'?i bed
above with re Sirdibin Rbfprides 4t 18 JHOHSERVEMR! peralnt MBH t
Separation 10 gti&:%?\ cr)ne gnbggi r?ent of athe pr esent 1?nvgn’tion,pr?é|ﬁ::gg:%4tl§;(:§’nds
removal is f bdabtoateaht D5 @2igbB peeqrat,atridomost prefénablyeat tedstnabuut G0hevefighe ond
overhead stream or..a portjon._thereof, optionally after havi been treated
in an acid gagerf’?‘gé‘tf i%gf°£yL°P%Fhaéwaf BFesﬁmdP§}i“?1€'_“3rh°(“,°rqs§"8f"?‘egggﬁ thigd a third
separati on UnpbuorRs Gtreart IncHidbs Péiane, GiTRVHe Hrth: bb@dmd WHELRT pRIRIFSI Na.
The third separation unit preferably subjects the second overlr"nead stream or
a portion therewhing @ majotiy dHIbs, prepape, thatewpreprgsentan thathirgk battnmsestreaimat ar e

effective to ar at e .secon ver head stream.intqg.,a third ver head
stream and a tH'f g?r?}g’faﬁ’ghstﬁ%_g?"é‘g’n_ﬁo%‘és %fﬁ% CovBt ﬁeé{fg 15?5& @hﬂ’i’tc%(ﬁtwgi' a
mej ority of tBerckatOfor® prbferablpcik Ydaﬂ%ohtfi@ﬁw@%ﬂt';ﬁ?deht{@h& mdsh ptefhabI Apr esent
in the second overhead stream Mre preferably, the third overhead stream

conpri ses at Vastabosy 94 resht parcetpi sy popame thabwas pregent iR thn third hottemg ht
t, f .at. | east 7 '
Dref or abl v at St 1 tiRto R s RRR theidGes A s RFTrERReg @R WD oy

or col | ecti vebyttorh$ strean® prefdtisly &Bhtains a Msjorecoftie DMEhRady &t grem infthe third

bottonms streamcontains a majority of the ethane, ethylene, propylene and
DVE, third bottoms stream.” More preferably, the fourth bottoriis stream comprises at

least about 60 weight percent, more preferably at least about 85 weight percent,
and most preferably at least about 99.9 weight percent of the DME that was
present in the third bottoms stream. The fourth separation unit preferably includes
one or more distillation and/or fractionation columns, absorbers and/or extractive
distillation columns that are designed to form one or more overhead streams
comprsing ethane and ethylene, and optionally acetylene, and one or more
bottoms streams comprising propylene, and optionally DME and propane.

[072] Preferably, the fourth overhead stream is directed to a fifth
separation unit, e.g., a C2 splitter, for further processing. The fifth separation unit
preferably subjects the fourth overhead stream to conditions, e.g., temperature and
pressure, that are effective to separate the fourth overhead stream into a fifth
overhead stream and a fifth bottoms stream. The fifth overhead stream contains a
majority of the ethylene that was present in the fourth overhead stream. More
preferably, the fifth overhead stream comprises at least about 60 weight percent,

more preferably at least about 75 weight percent, and most preferably at least



i ndividually or collectively, that were present in the second overhead
"stream More preferably, the third bott@ks stream conprises at | east about
60 wei ght wpzos/erw71 nore preferably at | east about 75 welP§RUSEEHOERI3 and
nost preferably at |east about 90 wei ght percent of the ethane, ethylene,
-propyl ene and DVE, individually or collectively, that were present in the
second over heaUOLQtSrOewnightrpecentmfrthe sﬁp'hnatthﬁmvammcsqﬂt i elrleafduythi owerhedés one

or nore distil atlo / ractionation. col ums s a or
extractive di§ ?Wa 9@8 ‘Eﬁ#ﬁ’?’s{ FIEFAM, CaNIaa 4 {ﬂ?é‘ﬁit? &e tg‘ﬂ'@ @'P

over head streap&entAithé fdutd JRHADNH. Mdre préfeRblY, Itm&ﬁﬁm@&om@@&egﬂe or
nore bottons Sstreans conprising ethane, ethylene, %pfr ogyl ene and DME. If the

initial effl u@nmpst‘»%e&rﬁeaﬁtrﬁémﬂt ﬁ@twﬁghﬁr h@a@tsmm vt #tclegsicabadt 3 er head

stream cont ai N Rropane ne [ v rhe e | so
preferably cont é?ﬁ?emfemla {nog {’e¥%bgy 165%?"%‘2?{93% gﬁ‘npr?f&“br’ h? S}tﬁng at
 east about 7%haewahipr@ehc eiithe AodriNOSertiagfl afcahl.y The IS segdd@itn Afitvei ght
percent of the pr ane and/or acetylene, individually or_ collectively, that

was present ipreferaglys dedidesoPBE hefadnerer dighilatjqy gpdios” fractionatien GANmES: t he
third bottons aﬁ%ﬂrﬁﬁmahﬁ/og 'eif?&ltﬁrg cﬁéﬁ]ﬁn&? \!Blﬁ]ﬁms %ﬁﬁaaﬁ-é‘tdéé? ol forrfi- e ord €2/ C3

splitter, for rocessi ng sep aratlo unit prererably

subj ects the txﬁbréva*eﬂieh@rmesms e:amphsmgl ;ﬁdlszmematndn gregaediyiens, and loné @r
conditions, e.g., tenperature and pressure that are effective to separate
the third bot to#Fs bgﬁt?@&ﬁ‘\“ﬁ’ﬂscﬁ%.“ﬁ‘ﬁtﬂf&‘ﬁ B¥er head streamand a fourth bottons

stream The f ﬁJBaoverrtg %gem&o%gh SO@W 'aBXI?MEtB & pﬂr raand

et hyl ene, indivi 1y or ctively, ésent in'th
bottons str earrmtlal\/bﬁﬂaequrmeemamwfoutth ébottonns tstrezm eni}eamtaah rpeqm]mranﬁthlsles at

o o ot o iarib e« Bptops Phe B oty s Joghs ;bR i hane
and et hyl ene, sbé‘ﬂhtYdrpMﬁ{ Is\ifeEted $0h ke depiarion hﬁﬁ‘teg"% o@rsﬁﬁﬁat fdrhrbpimet hi rd

bottons streamfromthe third separation unit. the third bottons stream
i ncl udes acet yindneME memovdle Thersixth separtatend unsttpmﬁmhiyeﬂué_reabl thectontthi ns a

oS! oy BRSSP B B L b S B
stream conpri sRg @t dfRakle t@aep&rat@%wb&hm HOROME NreaiDing Al kA GRirheadt | east
about 75 wei ght percent, and
stream and a sixth bottoms stream. The sixth overhead stream contains a majority
of the propylene that was present in the fourth bottoms stream. More preferably,
the sixth overhead stream comprises at least about 60 weight percent, more
preferably at least about 75 weight percent, and most preferably at least about 90
weight percent of the propylene that was present in the fourth bottoms stream.
; The sixth bottoms stream contains a majority of the propane, if any, that was
present in the fourth bottoms stream. More preferably, the sixth bottoms stream
comprises at least about 60 weight percent, more preferably at least about 75
weight percent, and most preferably at least about 90 weight percent of the
propane, if any, that was present in the fourth bottoms stream. The sixth bottoms
stream also contains a majority of the DME that was present in the fourth bottoms
stream. More preferably, the sixth bottoms stream comprises at least about 60
weight percent, more preferably at least about 85 weight percent, and most

preferably at least about 99.9 weight percent of the DME, if any, that was present

in the fourth bottoms stream. The sixth separation unit preferably includes one or



nost preferably at | east about 90 wei ght percent of the acetylene that was
present in the third bottons stream [qul] The fourth bottons stream

contai ns ayfBhE¥idibys0f the propylene thét was present in ond
overhead stream More preferably, the fourth bottons str%éﬂ?léio PINRL at
‘| east about 60 weight percent, nore preferably at |[|east about 75 wei ght

percent, and m)stéiprefe_rably at | east about 90 wei ght percent of the
propyl ene t haMoimSigilatien andion Heactignatpn, GolugRs, AbseRsrs apdfon cextrachiye
bottons streag; d Earel fQHA LdhePSt HRUTE grably
contains a m?ﬁgirl%&%of&‘tlﬁggg?%paﬁe&ﬁﬁg%y\?%s@presgnt I n th@k{lﬁ%?ncf%%%torm
stream Mor ecomprisngpblymerizatidrograde gropylems amtir gener ompe ibsdsmatstieamst about
60 wei ght percent, nore ]g)re erabbg at Ie_asb bou.ht 75 wei ght percﬁ , and
most pref er abFYMBRSING BERRANG 3HARY ¥ES RETSGM: 18T (Mt B‘Ptt‘i%s‘g?aﬁ'béﬁg Wat was
present i n tnend Nkl Bde@tredt) 580ded fan iRaf TaidfROVARIES Ak Geqlikig! udes
DVE, as is prefterred, then the fourth bottons stream preferably contains a
maj ority of theceNsEs within theicaptigssystem.n the third bottons stream More

referably, t ourth hot.t ons,_stream ri ses at .east about 60. wei ght
Bercent, )r/mreﬂﬁl"iferabl SdP&%Fﬁtﬁita_{’?%% 515\955{)%?3’1%#‘%@ t1o r&ﬁ"&"’ﬁ%%"tm ’
preferably at yleafial aisht HBeabh. Weind e fRAES @AboRimdnd & f PME idvRAtion\ii ludes esent

in the third bottons stream The fourth separation unit preferably includes
one or nore drauevingDMB feomithsrinitizh effiusntistieam ot plwndlity of stepb éprsfesatly or

' distillati . : [ d. f
over hoad st r oAb SRSt 1 4f TR RoadbRénts i A e udrt vpfl FREPed 8% o1 cne,

and one or nMggnoveld A% POt eE DMEDbicferaBlyPd efibeycof 8RADMME, i fosialthy DMVE
and propane. [072] Preferably, the fourth overhead streamis directed to a
fifth separatmbdl effingnt skegn in thechirss poftameptreamyr Af sgeentbportion ©f she BYIE The
fifth separati R ' § Q a r to
condi tions, el.ﬁgaf H}%éh%lgpéﬁ??{é@%h%ﬁ%ag@@éw? ﬁ%t&ugwe}ag;éﬁé%ﬁi ve%%’o‘?o?énpar ate
the fourth oveidfstowiliadsutahand the fitshbotwney irath Sintzin@dardtable athédnt bot t ons
stream The fifth overhead ?/ ream contains a n'%J ori tl’ilFOf t he et hyl ene that

was present i AfDMEf futerms 8 éﬁ‘&?’tll‘%‘é‘fﬂc’nﬁﬁhé Iy xeibead ptyeam ppticially
overhead s! r CHRGRURI laq2pBlt dPREiphARRtn: 4 10481 &bl PE LRI percl! & 1BAET or abl y

at | east about | ght percent, “a nost preferably at ast
about 90 weight percent, or at least about 95 weight percent of the DME that was

present in the initial effluent stream. The first bottoms stream optionally includes
at least about 5 weight percent, at least about 10 weight percent, at least about 15
weight percent, or at jeast about 30 weight percent of the DME that was present in
the initial effluent stream. In one embodiment, the first bottoms streamn contains
from about 2 weight percent to about 50 weight percent, more preferably from
about 5 to about 15 weight percent, and most preferably from about 5 to about 10
weight percent of the DME that was present in the initial effluent stream.

[075] The DME remaining in the first overhead stream then passes
through the second separation unit, the third separation unit and the fourth
separation unit via the second overhead stream and the third bottoms stream.
Ultimately, a C3 split is made between propylene and propane in the sixth
separation umt separating the fourth bottoms stream into the sixth overhead
stream containing a majority of the propylene that was present in the fourth
bottoms stream, and the sixth bottoms stream containing a majority of the propane

and DME that was present in the fourth bottoms stream. Thus, the first separation



WD 2005/ 017071 PCT/ US2004/ 015793 about 90 wei ght percent of the ethyl ene
- that was present in the fourth overhead stream The fifth bottons stream

contains a mapjority of the ethane that wias present int r head
stream Wpez%?’@ﬂ%ﬁably, the fifth bottons stream corrprpggi’gg[{owggg about
. 60 weight percent, nore preferably at |east about 75 weight percent, and

nost preferably at |east about 90 wei ght percent of the ethane that was
present in theifandrthh stk sépaeationtunitaact (ol teendvief DMEs ebe sikthobottomist strepmef er abl y

i ncl udes one por re distillation and/aor fractionatjon colums, absorbers
and/ or ext racﬁ"i”vg}?ﬁ?‘ﬁ qepgﬁ}l%u%lbp[fgﬂgﬁyﬁg{ltag}s ‘H'éé’% Yﬂg?td?”ﬁ‘ieé}ﬁ or
nor e over headayhuf 99T5wERAP pLiebmtd niRé YrETEBRL frefh Mok & selohWRi®s waghone or
nore bottons streans conprising ethane. 10731 Dependi ng on the anount of

‘propane and DidEcqnt.canghmostprefreably rfram sboetf 80 terbowtt 9% aejght Ipsrdepuef thebot t ons
stream may c | ropyl ene.sui t.abl for polynmerization. Optionally, the
fourth bottog@[\@% ﬁ’ég\ﬂrﬁpf{f&ﬁ?’?Hb%dﬂﬁ?ﬁémgﬂﬁéﬁsﬁon unit is directed to a
sixth separat IOQB{ unit, Thdtwo dtdp3DME irbhBVal procesdoINBE Sreifl idRisEOVal .
The sixth separation unit preferably subjects the fourth bottons stream or

a portion thesxpogssed wedlnthi tanmasof thegratio iafnBME remavedh dypreds upethe fitdtat are

effective to sepat.ate faurth bott t i . S| X ver head
stream and a ¥P ahm%(‘)l{‘{l 2%%’ g\eroé‘gﬁ\&a%%%@?@t'hg%%r‘ﬁéesgdﬁ ét? #oefggqéé){)emogieﬁ’s a
majority of bygoly, dPiHechvtom3 atremn Fropi fee@paration tisit frakinghthd QBtspliB(est.y €am
More preferably, the sixth overhead stream conprises at | east about 60

wei ght per centhe sighsepgiptigrepnib) yOptionallystheate ds 2ilepsti lght atpeast dit of ahd nost
preferably at S ' r f: l.epe HWas
present in th]ee g‘u%'t ﬁ{)@g@, i g?r%angﬁ’ g‘ggrﬁaag‘?ﬁg%ﬁ@tlﬁtf%& %&nlgxélte{rbe%%nggﬁp’gi ns a
mej ority of themubopan? to abouanyls, bnibmwbsut 1B asabuut i110t he fourth bottons

stream More preferably, the sixth botto stream conprises at | east about
60 wei ght perﬁgﬁ'l, nDreAﬁFteYFéFeﬁS'ldyo‘gfr F‘é’g'gﬂlya‘b‘&?&?‘raf%‘? sRE‘f‘%@"pSF‘Fé%E’, and
st pref er abhﬂdéﬂaﬂl@@éﬁl?&%é{]wﬁ%? &18fAb1yPEE CERYerfl th AGnoRk (et fdrn any.

that was present 1 n the Tourt ons stream The sixth bottons stream
al so cont ai nsim omaj @r imoye diydrégendidn tchnvertens pgesastyléne comveriow: t Tkt t ons

oL N BB SR cohl B B kAR P, SRk ooy
nost other multiply unsaturated species to, for example, alkenes and/or alkanes.
Specifically, in a hydrogenation converter, multiply unsaturated species such as
acetylene contact hydrogen and/or carbon monoxide under conditions effective to
at least partially hydrogenate the multiply unsaturated species. The one or more
acetylene converters may be adapted to at least partially hydrogenate other
components as well. A non-limiting list of other exemplary components that may
be at least partially hydrogenated in a hydrogenation converter includes:
acetylene, methyl acetylene and propadiene. Preferably, the hydrogenation
converter converts acetylene to ethylene; methyl acetylene to propylene; and
propadiene to propylene. Desirable components such as ethylene and propylene
preferably pass through the one or more hydrogenation converters unaltered.
According to the present invention, the one or more hydrogenation converters
fnay be oriented in a variety of locations, although the converters ideally are
oriented along one or more streams that contain acetylene, methyl acetylene
and/or propadiene. In the separation sequence described above, the one or more

hydrogenation converters preferably receive and processes multiply unsaturated



preferably at |east about 99.9 weight percent of the DVE, if any, that was
-present in the fourth bottons stream ‘Il;ge sixth separation unit preferably
i ncl udes WD 2005/ 017071 PCT/ U32004/ 015793 nor ti.Qn
and/or frac |ona?ﬁon col ums, absorbers and/ or extractw?éylﬁg{ouﬁ?l t(ﬁ'
.colums that are designed to formone or nore overhead streans conprising
pol ynerization grade propylene, and one or nore bottons streanms conprising
propane, if apsciesafopr theesecond oyerbedh siream.oibe tthird bottomarstreamd tlmv&:uﬂhThe

ot ocesses. wi IFEEhaURRRypr de SptE APty arend! o dides artidhe sofid il o

particul arly igHeki SonlcbntiaRiohs BPNRYIERmethig abdiilehéllan@lof pripadicis.r eam One
preferred enbodi nent of the invention includes renmoving DVE fromthe

initial effld8ml str earﬁlgweaZ Plugtrates ﬂys Gmbgch@pﬁslt ©p thesf presant ynvenhom WQ\Sst eps) .

In this enbod nent .. S epar c ves a
first porti ohS 8‘FIDDNE 1a Efll elngbﬁ%r)? ?’nb o't cr}' nfﬁé Bk'/%?’f?ﬁ ef“’?‘le i tial
ef fluent strgpopdng, éﬂuq:rapylaﬁe Ralifcora t@iﬁmaeparﬁuﬁﬂﬁ@mlp%ﬁdmef&aqu DME
fromthe |n|t|al effluent streamremains in the first overhead stream Thus,

both the fi raswaﬁv@qln@a@dgpﬁeéamraﬁavq aangeriytofiibhe mend MEr exyigenater W a
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| east about Worewdl mu cHREES A, 0Xyigeh@@ Femondlontediath BO2,Ofvefepslil¢ @héthar, at

| east about 95 wei ght percent. of the DVE that was present in the initial

ef fl uent st r cEger ‘F‘P@IF?TFSSQH%F? degempy e apng (1fi tha gxygenates| thersfomyt Thisast
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priesent in thecovieriblé @l a frst bueehéadstrean 203 w:thm: taﬂboﬂnhﬁmmygedathereﬁmwslt
bottons streamcontains fr about 2 vvel ﬂercent to abogﬁy&g wei ght
percent, nor eNgfieme2GP) 90? SPYRFPALES (45 aﬂb gast sopps; ghithy tbNgnd nost
preferably framapHi el @ba%mslgueaw'mt ﬂ?erﬁﬁ%vafhewetr%zbwsows

pr esent |nthe |n|t|a|l Isuent stream remaining In the first
over head st r iely cmnalpassmaor athowu g rttsm;lai; en}'_gedatserpapmllmﬂmml tThetfiret t hird

separation unit d th urth eparati on it.via (]jjhe seca Pd over head
stream and tI‘F&p"l"ﬁ 10n, ug 20 tgqnp@%lwclu es a reilux line and/or a“reboiler hine an

corresponding heat exchangers, not shown, to facilitate separation of these
components.

[079] First overhead stream 203 is then directed to a second separation
unit 210, which preferably is a water wash column adapted to separate any
residual oxygenate removal medium 202 carried over from the first separation
unit 201 via first overhead stream 203. Specifically, in second separation unit
210, the first overhead stream 203 contacts water 209 under conditions effective
to remove at least a majonty of the residual oxygenate removal medium
therefrom. Thus, ethane, ethylene, propane, propylene and DME from the first
overhead stream 203 are recoverable in a second overhead stream 211, with the
bulk of the residual oxygenate removal medium 202 and water 209 being
recoverable in a second bottoms stream 218. The second separation unit 210
optionally includes a reflux line and/or a reboiler line and corresponding heat
exchangers, not shown, to facilitate separation of these components.

[080] Optionally, second overhead stream 211 is directed to a caustic

wash unit, not shown, to remove carbon dioxide, and/or a drying unit, not shown.



Utimately, a C3 split is nade between propyl ene and propane in the sixth
separation unit separating the fourth bottons streaminto the sixth overhead
streamcontaining a majority of the propy%ne that was present in the fourth
bottons stWOAMW Wi} he sixth bottons stream containi ng aPEBjUSRI0MPITH3 t he
propane and DMVE that was present in the fourth bottons stream Thus, the
first separation 31 WD 2005/017071 PCT/ US$S2004/ 015793 unit and the sixth
separati on uni Reyeftmgotor Kigove #9end 19ierhead Hirasnt t2d hsprefaran 1st diseatedhdo si xt h
separation uni J | 2S et Ight . .pe. ¥a) bout
99. 9 wei ght pe??:@%@%&%maﬂée\é%rq%me?g ] }jg r on@a gg%égg%oﬂgblgﬁat ‘%’g&]\t}\’g%gﬁ}fﬁ

percent, and npsifefabBfiefadaed dfraseriebolitoders) e.galiture EXChangeghandRiicxkrdutof t he
DMVE that was present in the initial effluent streané [076} The two step DVE
fenoval proces&TERs, meg shrvay dhyat copl,ssepnd gvercadostiary sHlgantb farm; 4 plusslig obf t he

ratio of DVE r [ | [ ' e
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stream from t hdorsepRrefenably, oevled swmdanng? t 4re-(Carestected (te.agthird seharadon thit

separation unit tionally, the ratjo |s.,at least 1:1,..at least 1:2 or at
e S 1N Bhs of5? ohirihan phicetsine - IS JhER teBREAPY T RSPty Tis1a o
about 1: 20, f@?slifmgt?&%oﬁm& :é@ap@élpw} sdpatate 1@t fen@NsPES retfaded | nl: 10.

[077] Acetylene and other nultiply unsaturated species are gener
undesi r abl e compdiondarbonhmotoxpdee fromabthgana reshydomey eropsaie; PME rend eprdpgencabl e

form in one or, nore dy ogenati on .converjers, e ., acetylene copverters.
The hydrogenalsipﬁﬂﬁﬁf}%é$? g’r‘ %Pgaﬂa%ﬂpgoélsoseg?fafegég? ¢ ‘ﬁ?‘#té‘f'w g{;‘ﬁrét e

acetylene or  @bh&dtivel ihBlaythitd SVettcal StteSR2AIGE Which conlin€¥ #AbSty Gl thenes
and/ or al kanes. Specifically, in a hydrogenation converter, multiply

unsat ur at ed spdighbsndsuibat were preseny i the gfreamsdd lddeh, amdiachird doBoms
nonoxi de under conditihons. effective to. at |.east rthally.hydrogenate the
mul ti ply unsat 3&5?18(?] Z’p‘gﬁ’fzgg.re?ﬁtﬁiélyé:ﬁ@&br}s ar’rr{)l?én?ya%@gf/ F{éxﬁge,ceg}ﬂe&et g?og%y be
adapted to at ImME andprlopdlehd tHay a8 gReRhCInOhE &ooled iR ARE 21 SASS. VRl third
non-limting |ist of other exenplary conponents that may be at | east

partial |y hydrdgearatienunih 235 pieagbhinclusiss aorilaxtliae andiryaigeboilen dige wndne,

methyl acetyl e%%n@%nﬁ{n%pﬁ&i %Q&anEér@f %tam&(vn, ttg%aaﬁﬁi@gmfognof the light
ends from ethane, ethylene, propane, DME and propylene. In one embodiment,
the third overhead stream 216 is directed to the demethanizer feed train 212 for
use as a cooling medium.
[081) Third bottoms stream 217 preferably is introduced into a fourth
separation unit 206. The fourth separation unit 206 preferably is a distillation
column adapted to separate C2- components from C3+ components. Specifically,
the fourth separation unit 206 separates the third bottoms stream 217 into a fourth
overhead stream 207, which contains a majority of the ethane and ethylene that
was present in the third bottoms stream 217, and a fourth bottoms stream 208,
which preferably contains a majority of the propane, DME and propylene that was
present in the third bottoms stream 217. The fourth separation unit 206 optionally
includes a reflux line and/or a reboiler line and corresponding heat exchangers,.
not shown, to facilitate separation of the C2- components from the C3+
components.
[082] The fourth overhead stream 207 is directed to a fifth separation
umt 224 for further processing. The fifth separation umt 224 preferably is a



converter converts acetylene to ethylene; nmethyl acetylene to propyl ene; and
‘propadi ene to propyl ene. Desirable conponents such as ethyl ene and propyl ene
preferably _pass_through the one or nore 3aydrogenati on converters unaltered.
Accor di ng T‘g)%ﬂﬁﬁl‘”dp'é‘sent i nvention, the one or nore hydr o@€RAISRORAETEYert er s
‘may be oriented in a variety of |ocations, although the converters ideally
are oriented along one or nore streans that contain acetyl ene, nethyl

acetyl ene aniistidlatipn ephainre adaptédtd bepasep attgidnefrarequbkaree Spsifidallgdthebove,

the one or np hydr ogenati.on converter referably recei .and processes
mul tiply unsaﬁfﬁ’r é&%&“ uwgﬁggpﬂéit%ﬂe %@%“ Oﬁt‘??%zé'zé@P&%ﬂ om t he
second over headiahd ¢@fm 2BS, Vhich Qoﬁﬁiﬁs%aﬁﬁhe@mhet éiﬁyl@:?éjflfahwaé’é?{sﬁgad

stream or the fourth bottons stream as these fractions contai
hi ghest concadntthat foarth oferbaadt streame 20fptahd|a dftht pbuoms sirwdmol2@mr wpiwti ene.

[078] Figure 2 illustrates this enbodi pent, of the present invention. As
Shown, | b1t | direlerPIGARIEGE; BaIS08, OAHNE R SR atHs: AT B ) BREh Ove,
propane, and QeaRyl eiearh 208! MAft £h separitionl uieRAy %ﬂ_i&ﬁ_ﬂ?ﬂhélua&la réffaiCh
preferably is a wash colum adapted to renove a najorify of the non-DME
oxygenat es f riow andder arreboiber lofef andegorrespoading 266t ekehangersf inpt shavapadeat i on

unit 201, the initial effluen stream 200 c acts, a X te renoval
nedi um 202, p@@ﬁ@%ﬁwwpﬁgﬁg})ﬂlene OdTéFﬁl{g’Bﬁd?ﬁ"&.‘?‘é‘?ﬂé@#@?ﬁ&%@ﬁﬁve some
of the oxygengiagsellyRirefdtRylenel Ritiich Be ldiRéte@thad PolyBidiivh€HE unidy ARANE,
propyl ene and at | éast sone of the are recoverable in a first overhead

stream 203, whownt fos polymierizptiom eThs{ifb hattems etreprn P26 prederably 29 diretesi-to DIVE

oxygenates a | : i NQ.. I e | fiabst
ot tom ot rcalte BB aRE=F RSl AP Rable st A dfind SQNEL Opfally s 8 s
m nor anount idttohRSdttbddl 226 ys0&smbifed @iVt coBlhg Medine ffoni Siird s@PRdadt | ON

unit 201 optionall % i ncludes a reflux |ine and/or a reboiler |ine_and )
cor r espondi ngsamt 2&&.c RarfavE bydhe dnekan Ling mnademethanigers &edr HamoR1f t hese

conponents. [ Rﬁ%},ﬁi& §mgg@r%§g¢ﬁﬁh%§ﬁ%89§emz&&%%ﬁf@{rﬁﬂ.n ettlgagg,p cond

separation uni erably 1s a water wa ed to
separate any bewsd dsiareflugyigefat thirdeseparatiornedi 205, Xa2feeably,itbelethueris kutem t he
first separat (I:o%?ed and sent to the third separation unit 215. By adding the ethane as a reflux,

the ethane becomes an absorbent that preferentially carries ethylene to the bottom

of the fourth separation unit, thereby improving methane and ethylene separation.
After cooling the vapor from second overhead stream 211 in the demethanizer

feed train 212, the cooling mediums exit the demethanizer feed train 212 through

tail gas line 213.

[083] If the initial effluent stream was depleted in C4+ components, then

the fourth bottoms stream 208 may, depending on the amount of propane and
DME in the initial effluent stream, contain mostly propylene and a minor amount

of DME and propane, and may be well-suited for polymerization disposition. If

very high quality propylene is desired, then the fourth bottoms stream 208
optionally is introduced into sixth separation unit 236. The sixth separation unit

236 preferably is a distillation column adapted to separate propylene from
propane and DME. The sixth separation unit 236 thus may operate as a C3
splitter. Specifically, the sixth separation unit 236 separates the fourth bottoms
stream 208 into a sixth overhead stream 237, which contains a majority of the

propylene that was present in the fourth bottoms stream 208, and a sixth bottoms



unit 201 via first overhead stream 203. Specifically, in second separation
‘unit 210, the first overhead stream 203 contacts water 209 under conditions

effective bgf]‘isgﬂﬁ?‘}ﬁhat | east a mmjority3ssof the residual wgg&g&gﬁk}é@val

medi um  t R& us, ethane, ethylene, propane, propyle from
-the first overhead stream 203 are recoverable in a second overhead stream
211, with the bulk of the residual oxygenate renoval nedium 202 and water
209 being reamdnr abt ewhithapeaaatid doptdiyma sbjosiyno? tfle prbganee@ME aepar ati on
unit 210 optionally includes a reflux line and/or a reboiler Iine and

cor r espondi ngPMORAILY any Fesiiel &4t AMROREING that gvers Presertinghe SQMthpotiamor ¢ hese

corponents. [Qﬁé%h ﬁ%ﬁl L%%tmﬁﬁmurﬁyﬁ@ﬁﬁtﬂ:nﬁﬂgm%é% 'gﬂ'ﬁ? LhEGAHG Lo a

caustic wash to renove car bon di oxl or a drying
uni t, not shoanrebdBr M 200 5¢dfcipohlimMChekiSEOchdnPdars,7 A8t Rhovent tondadititald g. 2,
second overhead strea éLé ryﬁzfer bly is directed to, denmethani zer_feed

Yy
train 212, DeffPRREAR Port §ng; ifomthe jpropane, Hth oyeshgad streame?dhly i s
formed of a Sgijif8s oérggg%k Gty Grépy erfeO Whi R}z NARTSIE Yor AOYmIERLSIonO UFhe dr UNS,

not shown, that cool over hed s_fream 211 and forma plurality of
cool ed st r eansixthbbitods sGearh @38 praferably i@bumedanfuel.be in |iquid and/ or vapor

form Preferabl cool e trea AA-C are directe o a third separation
unit 215 for [qsé}t her p&oﬁ@skﬂ‘ﬁ%. CHWENt FYcan SOpRMS ?:6% PRROnsHlE 10 &¥ar abl y

is a distill K0! A UL the! Proz8R2NBWEsdheiRt aRBEnS 46 hhdpreihhane,
hydr ogen and/%oﬂrrgdg%tr bo(}rllli1 rrtl)t?gxi de frgl;n et hane, Seth Iaene, 1|11)$opane,§3rDIVE and

propyl ene.  Spwentidrc ptefgrably nacludésr al depopanizéro motishawiz 1 Fheedepromasizet e cool ed
streams 214A-C < okl ecti velq¥,+ into a tthi rd gr(poead stream Zﬁ@t whi ch
coptains a rraja%arpletc‘& BFRAAE G4 ROMBRRADS IO Wt CUPRIENE £18- REt T
streanms 214A-GhyRAe atHale, PreléneSpropiecani ZDMEWI THe [Fifetieabl of @t ains a
majority of the ethane, ethylene, propane, DME and_propyl ene_that was
present in theepiopAndeer SN ARy Mdpdy.C InTHe @mb¢43megbﬂ§46§9ﬁeéﬂnuﬁligt 2p ke

opt i onal |y | naLHgEST: Sk AR Ghd B0 iELu|d BEIANY, oL ERPONT] O

heat exchanger te Separation o thds from
et hane, et hyl esfiporehafesit on&bEmardbfithe fullosvirg sthearmsn ahe intindal ieffbwint strdatie t hi rd
overhead stream 2he second overhead siream 5110 e third botioms Strem 217, the faurth
bottoms stream 208 or the sixth bottoms stream 238.

[085] If the initial effluent stream 200 contains acetylene, methyl
acetylene, propadiene, or other multiply unsaturated components, then the system

of the present invention preferably includes a hydrogenation converter, e.g., an
acetylene or MAPD converter, not shown. If incorporated into the present
invention, the hydrogenation converter preferably receives and processes one or

more of the following streams: the second overhead strearn 211, the third bottoms

stream 217, the fourth overhead stream 207 and/or the fourth bottoms stream 208.

In the hydrogenation converter, acetylene contacts hydrogen and carbon dioxide

under conditions effective to convert at least a portion of the acetylene to
ethylene. Similarly, methyl acetylene and/or propadiene contact hydrogen and

carbon dioxide under conditions effective to convert at least a portion of the

methyl acetylene and/or propadiene to propylene. Components other than
acetylene, methyl acetylene and propadiene that are present in the above-

identified streams preferably pass wunaltered through the hydrogenation



use as a cooling nmedium 10811 Third bottons stream 217 preferably is
“introduced into a fourth separation unit 206. The fourth separation unit
206 preferahly i distillation colunadapted to separ - onent s
from C3+ %ﬁ“ﬁé’ﬁ%@? Specifically, the fourth separati on%ﬁlué%%@%g%par at es
.the third bottons stream 217 into a fourth overhead stream 207, which
contains a mgjority of the ethane and ethylene that was present in the
third bott onsosvertea(s).21The aeshlting acatylenddeptletad streamarar@GBen prirestedpasef er abl y

contains a majorit f the, propane and propyl ene that was present in
the third bot eﬁﬂbcﬁt Bﬁﬁwﬂf:‘:@%‘? e*"gﬁ&ﬁ separation unit 206 optionally

includes a regpBex |ine AREARH the pRizent Bbentioheis alReerfRd RFRA REtH EeflieRde
exchangers,, not shown, to facilitate separation of the C2- conponents from _

the C3+ conporidgs.sl-3[ 08¢ fieyeest presenh oplebre of manyepgssibley einbodimeatstell to a
fifth separatjon ..unit 224 for,further processi . e fift epar.ati on unit
b of o ooy PRt syeeriabShaing i % pRtr SRS A o 18 shbdy & RERAHRY 0ot U
adapted to seppsatien @hity deaeibbd Qbywd, RaNeC2/8mesdphiater, 102, spliter, €3 Eplkter,

separation unit 224 separates the fourth overhead stream 207 into a fifth
over head st r eight 2pds refieivehunibind (et campapaitiremoysl unHemay g vared ithputhas

present in tJ}g,F{t/ﬁgg% co%‘é?f&?ﬁﬂ%p%geﬁﬁ%ég{oﬁéand a fifth bottons stream 226,

which prefera alrns a maj'orrty o et hane that was present in the
fourth over Rathes Bepaatioldof Oflia fifth separation unit 224 optionally

includes a reflux Iline and/or a reboiler |ine and correspondi ng heat
exchangers, n@87khown, Ioangther pmbodimesak of the i BKeONe 1655| @SERY IBEAShane.

Fifth overhe 152 Mhfeans CRNGA | 81 XSh¥%r P eRe.; [ y be
directed to gng‘fag}ﬁ‘e?n zatlofrgl E’?ﬁoﬁ,ﬁ)r%%? ﬂi‘h%lvm?érfo Erﬁg'{ ;%ér Pgséﬁe?ﬁgr??&% fifth
bot t ons st r eaconzitthents efAar edmyple of diless dntensitoendrine mbaneishthauzeof i agdel r ai n

212 for use as a cooling nediym. Qtiqgnally, the fifth otto stream 226
i s conbi ned viifHolenge ¥ e SHEGIVE dﬁ’("c"ﬁplryob' de Qf’é‘éd“"q%i‘sr ﬂF‘i"iﬁ“daas

shown by the h‘gﬁ’?ﬁﬁl %'gﬁiéo k“@??’%gﬁn@%%‘é‘é‘ diffillché QBBPC%%QQan vel 42818 beld . @

portion of t , whichisr I n ethane, can be
used as a refoélafind suvd dsoethylene dnd epepdeneomdutheteby 1Epaitee fhosabbmpondmés et hane
's sub- from the provided olefin stream, which may also contain compounds such as CO,
H,, dimethyl ether, and the like. Thus, the olefin stream can be passed over the
nickel dithiolene complex to which the olefins such as ethylene and propylene
will be absorbed, ‘and the non-olefin components will pass through. The olefins
can then be desorbed from the complex as the complexes are redox-active and the
binding and release of olefins can be controlled electrochemically. In a preferred
embodiment, the nickel dithiolene complex 1s incorporated into a pressure swing
absorption process typical of those known in the art. Such a unit can be
incorporated before or after any one of the separation units described herein. In
one embodiment, the nickel dithiolene complex is used to separate olefin prior to
entering the first separation unit. In another embodiment, the nickel dithiolene
complex 1s used to separate olefin following the second separation unit.

Examples of nickel dithiolene complexes useful as an olefin adsorbent include
Ni[3,C2(CFs)2); and (BusN)Ni[S;Cx(CF3)]2.



cooled and sent to the third separation unit 215. By adding the ethane as a
"reflux, the ethane becones an absorbent _that preferentially carries

et hyl ene @ bdeob@ti om of the fourth séf)ar ation unit, tperraRs0dREDYI NO
met hane and et hyl ene separation. After cooling the vapor from second

.overhead stream 211 in the denethanizer feed train 212, the cooling nediuns
exit the deméi hﬁn': éer feed train 212 through tail gas line 213. 10831 If
the initial R 5 depleted in C4+ conponents, then the fourth
bottons streqggl08 may,sdGRARMIYH8, th prAEMURVertonRE BRAREIaAYLuiddMeri N t he
initial effluent stream contain nostly propylene and"a m nof anount of DME

and propane, vaesvithean dffuent|derived fremt anovITEotepctnn syatemorwhicls podisaussed. il f - very
high quality propyl ene i.s desired, then the fourth bottons stream 208
optional ly i ‘?rﬁ%@ﬁ&@éﬁ“qﬁ?{o sixth separation unit 236. The sixth
separation urpgg) 236 prﬁfﬁéaﬂ%lwxéldl&uﬁa:%é&el tdtalybe have! bR @dapbeshdvertseparat e
propyl ene from propane "and . The sixth separation unit 236 thus may
operate as ao33genapd | camapoundpeloi flightl plefing.he SilikedHuwaephesnheie (SAPO236

separates the fournth .bott? stream 0?3 I, Nt.0 @ Si Xtﬁ‘ over head stream 237,
whtoh cont ai AEOIRSHRE P SRy s PR PRt R R g REBLSAFRR pEodssi our ¢
bot t oms St r eqyar AR8 théy e i gy kéleQiRelif e WANRAOR 0P &ih¥che 3nd PrdpysR004/ 015793

stream 238, which préferably contains a nmajority of the prdopane, DME and

optional | y ampnrlisitingdist cpreferablohdROmelsenlanmeve qatadvsinincludes BAPOOLLt h
bottonms str . Iy X rak ban Lt 238: lonal l.y_inecludes a
reflux |ine m‘%ﬂ%’ 9@3'{*1 §BP?’?§§ 2%8%#Béé§8§§ftﬁ%&h@a Seté%r (gf‘lg%'rgs, not

shown, to faahixhirad dered€parati on of the propyl ene fromthe propane. The
si xth overhead stream 237 contains very high quality pr,ogyl_ene, which is

suitabl e for 889l neri zalhedgedsiask prefesably ¢RpalBHRNCQITROG BPRALS-EIABIHBY | S
b d f ] L Nyt J . ' + t
burned a5 uon kRAL it 060Ul SHEPLE NSy SO IS Ty hippaponent

en
present i nveildéhgdes)ketbrésadndycarboxllicladds etepy, hpliddszmiercaptahs, shtfides, ahde

depropani zer js_ . adapted to separ at,?h C4+ conponents_fro conponent s,

e.g., light dhedike, %’%W’@H’é;’* tharepfn el %?Wf‘éd’é‘?‘etﬁrﬁpﬁlﬁé Qﬁ%‘%@t 1908

50: ac ggfg{ egf & ioguﬂ@g{yﬁit%ﬁieu E6ltaillB¥roMAT o MoHEbY carbln hifdensePREGLIE Hom 1
to 20 carbon atorns, more preferably from 1 to 10 carbon atoms, and most
preferably from 1 to 4 carbon atoms.
[091] Non-limiting examples of aliphatic-containing compounds include:
alcohols such as methanol and ethanol, alkyl-mercaptans such .as methyl
mercaptan and ethy! mercaptan, alkyl-sulfides such as methyl sulfide, alkyi-
amines such as methyl amine, alkyl-ethers sach as DME, diethyl ether and
methylethyl ether, alkyl-halides such as methyl chloride and ethyl chloride, alkyl
ketones such as dimethyl ketone, alkyl-aldehydes such as formaldehyde and
acetaldehyde, and various acids such as acetic acid.
[092] In a preferred embodiment of the process of the invention, the
feedstock contains one or more oxygenates, more specifically, one or more
organic compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the

alcohol(s} has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,

and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock



depropani zer optionally receives and renoves at |least a mgjority of the C4+
~conponents fromone or nore of the folloygng streans: the initial effluent

stream 208 a0dshg7¢3gcond overhead stream 211, the third batfpsmesbisesm 217,
the fourth bottons stream 208 or the sixth bottons stream 238. 10851 If the

-initial effluent stream 200 contains acetyl ene, nethyl acetylene,

propadi ene, O thé P@rcemmwimoemﬁt&%mruaé ﬁﬂv&‘%ﬁﬁ%ﬂﬁﬁkﬁ&bmbﬂ%ﬂ dnad Riphh@n  of
the present invention tEreferably i ncl udes a_hydrogenation converter, e.g.,

an acetyl enealopholgPm thein yasaturpied fountstparp. Noh-limikiog ssamples of exygenstes pr esent
I nvention, the drogenati g nverter preferably regeiv a pr sses one
or nore of tW&%SIT%&Fh%’ S@Féanél:'pr%’?laém e@%ﬁras%\?i’r ﬁ‘é’ﬁ’&‘ sﬁ%aﬂﬁ?léﬁ he third
bottons stred@ihyl éthekhai-{s8pfophl QURF,hAshakdch g dfhétan Wagionatee diethiyh
bottons stream 208. In the hydrogenati on converter, acetylene contacts

hydrogen and kgensaceticoacidiand migtreschiagof.i Bhtheanost prefored gmbodiment, the | east
a portion of et yl t Lm I hwlwage epe and/ or -
pr opadi ene co%’?gsé 1;? F%E‘%ﬂt%ﬁ’a%“gé#%2385{84%}*1&2‘%%3’8%%%% ?‘o&%’kg Betive

to convert atof @agbmbinanénh i thereof, iroee prefehiply aneharcdnendMNB; Fwdopadt ene to
propyl ene. Conmponents other than acetylene, nethyl acetyl ene and propadi ene
that are preséﬁ‘?feriﬂﬂ)fﬂféhaéilﬂbve- identified streans preferably pass unaltered

through the hygispoenal i og, 020054404130 ETANROBABRATY, rogmyar o7 (5).

The resulting acetyl ene- ted streans are then processe escri bed
above with retatsining dnooXsiggnate, mpRSfHrtiAllad u deedstrek poaméiihg an\akohoRis i S
described herein with reference to Figs. 1-3 #hes figg@gs present only
two of many pEYWEBFR RINBERHY P sOBR OTSEﬁ?a?lF@ skystidfs & dPh P ¢ he
present invengj e | ‘?%gn [gr= ' e \bed
above, e.g., @?B&negkeyp%@ggﬁd, %ClZTI g%l %??%%kst sp?iﬁvg??oﬁlln% tgﬁﬁtﬁen E&Fermval
unit, and C4+awosppreérebly @novihtarbon atomspinobeprefaratdy 2wotéhearbon atemisastilhg i n

scope fromthe present .inyention. Further Separation of efin 10871 In
anot her enmbodMPERPT rz’f:'h’e\éi 1R & CREANS |2, o &}PS} rﬂr@%’éﬁbgé ethylenie, 49Phn neans

I S incorporat Pg,pg,gng_urther separate the desired olefin conmponents. An
exanpl e of a [esS intensive energy neans is the use of a nickel
{094) Non-limiting examples of olefin monomer(s) inciude ethylene,

pfopylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and
decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-
1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s) include
unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or
nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
[095] In the most preferred embodiment, the feedstock, preferably of one
‘ or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon
atoms. Most preferably, the olefin(s), alone or combination, are converted from a
feedstock containing an oxygenate, preferably an alcohol, most preferably
methanol, to the preferred olefin(s) ethylene and/or propylene. ‘
[096] The most preferred process is generally referred to as gas-to-
olefins (GTO) or alternatively, methanol-to-olefins (MTO). In an MTO process, a
methanol containing feedstock, is converted in the presence of a molecular sieve
catalyst composition into one or more olefins, preferably and predominantly,

ethylene and/or propylene, often referred to as light olefins.



di t hi ol ene conplex to selectively and reversibly bind ol efins such as
ethyl ene and propylene. In this invention, the nickel dithiolene conplex

can be usggobeyskiiff; 0l efins such as et Wl ene and propyl geraadoldigsBby
separate those conponents fromthe provided olefin stream which may al so

-contai n conmpounds such as CO, H2, dinmethyl ether, and the like. Thus, the
ol efin stream can be passed over the nickel dithiolene conplex to which the
ol efi ns such [8%27let hy| enBheafvgdsiockpint epeembpdimen caplatis pag or apere Wilemion- ol ef i n

conponent s thﬁicﬁﬁg%éc{“ﬁ@ Yikce %CQJIC%E{I‘Q[?OU Sﬁ%e{]gx%ﬂgpat degQr %@Q}l{sr g the

conpl ex as the compl exes are redox-active and t ndi ng a el ease of
ol efi ns can kgenemllymohlreattivkeac ttho fdedsibclabl ynoldonlar spavefoatalyst compbsidoment , t he

ni ckel dithiaqlene conplex is incorporated into a pressure_swi ng absorption
process typi éﬂ‘?”‘ﬁﬂmﬂ%s“éaﬁ‘ﬁ!ﬁﬁm" riirﬂg‘ﬁ%ls a‘r“Fl.“dSu]&ﬂ‘“é’Euﬁ‘igP“cé&ﬁ“%n’ iAE¥Ppor at ed

before or aft f SGRM:A A ASh-AESEYd AR ekthcidily  one
enbodi nent , tlﬁénﬁ?%ﬁ%e: ddlﬁt ﬁflogﬁghe ccg’rr%‘é[sgt?(hi used to ésgggr at e(%o é}aljg pri or
to entering dlkmef isuch asmpthand, i ethanenartd. proparsp,otsbentiabyinootireashive atdmeatici ckel

dithiolene conplex,i ed to arate olefin foll owi.ng the second
siapalr ation urf Pou)gﬁsgs Z@”B’f‘“ﬁﬁﬁ%@‘?'d&f‘ﬁi ?SlérPéCngﬁ‘i\lglgﬂ Slfg%?‘(ﬁer%‘dan

| efi d | i | B j WO
20051 017071 37 PR OL04 01 Ta P R PR o o e caa ey e

di scussed abodfeedstadkaloes selcsontaimemndilusnt.i s particularly suited for use with
an effluent Lved from an.. MO reaction system which is discussed in nore
detail herei g@%’er (089%° %b‘?'\?ﬂq)&% Hfﬁ%eifﬁ’ﬁﬁ?n ilWéCF(?%f’aﬁa?gE g‘"ﬁ‘a\% 3een
used to convegdmbiRati@ehalets. C PhP Qikikhs id SitHer _@baedoaieéclth&e a feedstock entering
Silicoal um nophosphate (SAPO nol ecul ar sieve catalysts are particularly

desirabl e i n Wirch reactanwreaddied dingeidy énje a repeten s crddpd wit @ ninlegwlar sigdeect i ve

in the format] f et hvl.ene r e n- 3. 1.1 i f
pref erabl e SA%%S%I%%@ %1#18%1 g@‘g&cg‘?@fwgg 2’1 fhﬁ% ené oggg‘gqﬂ)ﬁtﬂeﬁwofg
SAPO- 34, SAPQGs 35 theSamie dfdrorh Aot U6 tabbutt99tnble pefcehtivisedbn thiendtal Aungbetr €S
t hereof. 10901 The feedstock gref erably contains one or

al i phat i c- cortfanelengf the degsistonkiand Adyent.eelgerdln frepradryt 1 5}?@&@}6 REEFBONY |
conpounds f Ormgf%a}g@fe?ably from about 5 to about 50, most preferably from about 5 to about
25. In one embodiment, other hydrocarbons are added to a feedstock either
directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for
example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,
preferably propylene, butylene, pentylene, and other hydrocarbons having 4 or
more carbon atoms, or mixtures thereof.

[099] The process for converting a feedstock, especially a feedstock
containing one or more oxygenates, in the presence of a molecular sieve catalyst
composition of the invention, is carried out in a reaction process in a reactor,
where the process is a fixed bed process, a fluidized bed process (includes a
turbulent bed process), preferably a continuous fluidized bed process, and most
preferably a continuous high velocity fluidized bed process.

[0100] The reaction processes can take place in a variety of catalytic
reactors such as hybrid reactors that have a dense bed or fixed bed reaction zones
and/or fast fluidized bed reaction zones coupled together, circulating fluidized bed
reactors, riser reactors, and the like. Suitable conventional reactor types are

described in for example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522



al dehydes, ketones and carboxylic acids, ethers, halides, nercaptans,
'sul fides, and the like, and m xtures thereof. The aliphatic noiety of the

al i phati c-g@ogd/bh74g conpounds typicall # contai ns from | pppaabsidle;5Q; car bon
atons, preferably froml to 20 carbon atons, nore preferably froml to 10

.carbon atoms, and nost preferably froml to 4 carbon atoms. [0911
Non-limting exarrpl es of aliphatic-containi ng@corrpou ds incl ude al_ cohol s

such as met haffal Hs). é‘tnﬁé:ﬂ’é)‘ﬁ‘m?i?’kﬁpg‘ﬁ'é‘?%ppa ng, i @sLexenspiel, Rﬁ’ﬁ?‘égpt an and
et hyl mercapt t f s i such
y p R?l lﬁ)ﬁl{sgiﬁﬁer%ﬂéﬁm“ﬁ?of@ l\hﬁﬁét Ry 1'9‘5I wﬁ’lcﬁéﬁ!re afl e%ﬁ

as net hyl am ne, er an met hyl et hyl
et her, al kyl - ﬁﬂiyidas-pemwdl@srefmmcpl chloride and et hyI chl ori de, aI kyl

ket ones such met hyl ket 9 aIk | - al dehydes such as fqrnal dehyde and
acet al dehyde, @ﬂgi vari oJé‘ee?E‘ftgge% 5%”’&(%? %&erarff“&fms[g?g?fﬂ}" qeseribed Ry r ed

enbodi ment  of RI.J&?R@é&&emeizaﬁaﬁadmmmaeﬂc}etsiyeten{sespg%gqslfo §9Nf &) Nenpne or

more oxygenates, nmore specifically, one or nore of gahi c conpound(s)
cont ai ni ng at ah@&sF. Gﬂmlc)‘xilgeﬂlohﬂt Bublishingt Garpomton,pNeweY orisd 1 9&0yiamdi Uhént  of

th t t

Al cohol (5 preieBr 3Bt - oo arE prd etk e b S Tt RePGER ) of
the al cohol ( SLriflaRof 09864,619 2 By ?hp 08b QRRtiE §{seF adakdor), WaHTER ateallO
carbon atons, and nost preferably from1 to 4 carbon atons. The al cohols

useful as fee&sneucﬁllﬂsﬂcﬂl@@@éfbﬁaifﬁmﬁe PCT/ U82004/015793 in the process of

t he invention ude | S h an hat i al cohol s
and their unsé‘?ﬂ)ﬁi\t ed c 5?%8&?‘%“‘ l\g%gp?urﬂ ?E ﬁg%%fpoég ff‘)‘f Q{ng%lﬁgf es

i ncl ude net hapgihily &dithas AlapofedQPEH) ab 2 Tea&pF Qﬁh@ﬂﬁhs inehd yingetdNrorither, DVE,
di et hyl ether, di-isopropyl ether, formnal dehyde di mret hyl carbonat e,

di methyl ket Sveeght persentcio abpus 85awei 2t Derasnk praferablydrom phoytHeweight Pgseait er r ed
embodi ment , “&?abc{u;g%?%ﬁ@h rp'e?ceﬁ?‘n‘?o% ﬁgﬁférﬁ@?‘éﬁ?fﬁ%ut%‘% pé?‘één'??é‘era%t

et hanol , or’a co erEST T Ror B pre

met hanol and BbEvei gnciwmat baspd o eicototay withh afithe. feéc@&ﬁk 1ﬂ'dl@dmgﬁnpdﬁuent
f eedst ocks di scussed above, particularly a fe%gd c cont ai ni ng
oxygenat e, nofceniamed; hetely. | ;ﬁ& Hawd sandc kanos e C(r?f@ afp paeleraby s §ame

composition, or contain varying proportions of the same or different feedstock
with the same or different diluent.
[0103]) The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 392°F (200°C)
to about 1832°F (1000°C), preferably from about 482°F (250°C) to about 1472°F
(800°C), more preferably from about 482°F (250°C) to about 1382°F (750°C), yet
more preferably from about 572°F (300°C) to about 1202°F (650°C), yet even
t more preferably from about 662°F (350°C) to about 1112°F (600°C) most
preferably from about 662°F (350°C) to about 1022°F (550°C).
[0104) The conversion pressure employed in the conversion process,
specifically within the reactor system, vanies over a wide range including
autogenous pressure. The conversion pressure is based on the partial pressure of
the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably frdm about 5 kPaa to about | MPaa, and most preferably from about 20
kPaa to about 500 kPaa.



converted primarily into one or nore olefin(s). The olefin(s) or olefin
nmononer (s) produced fromthe feedstock typically have from2 to 30 carbon
atons, preferably 2 to 8 carbon atonms, npre preferably 2 to 6 carbon atons,
still norWgreherably 2 to 4 carbons atons, and nost prefreralsigui@aimpbene
an/or propylene. (094] Non-limting exanples of olefin nononer(s) include
et hyl ene, propylene, butene-1, pentene-1, 4-nethyl-pentene-1, hexene-1,
octene-1 and [ogigsiene- 1, Ty efeegtabhourbt hgﬁ&neeloeﬁmwtrﬂsm, PaktRRry, iant ene- 1,
4- et hyl - pentene- 1, hexene-1, octene and isomers thereof. Qther olefin
mononer (s) i EPeRse for remvanting edfeadsienkeeantaining] @9 AE MRI9| ¢xysanales mBthear bon

Cyclie o of i naeeehbaf 4 AR AR Ly AR Wi Mo PROARELR, ™

pref erably ofd«fimed a@fhertaraew@@weﬂ&keféedstc&kcaiamarﬁgadayl dilvehg t@ﬂlﬁﬁﬁﬁﬂﬁ)mf a
nol ecul ar sieve catal yst conposition into olefin(s) haV| ng .2 to 6 carbons
at oms, pr ef erZe9e\Pep Royr peg v eaht ofémﬁcul%‘@@veprrbﬂ@r aigeularies etakigls) |

al one or conbj I

oxygenat e, _prispiesfitn e FABUEY b, TREWHSY SEfiakRal 87 PRl Bnfm
preferred ol ebikeésheettnyyse nempoviticar inpr fyigized statedwitif @reakner. nost preferred
process is generally referred to as_gas-to- ol efinstlé‘_‘é z Qr alternatlvely

met hanol - t o- ol0&P¢lns™ ( MrEyPIcally, the F‘B’(Sé%gomaa ok o 3bgnt 2706
feedstock, i) GRONARIPHomLHoIE? RF-FI6 865, 3008 HE BN ﬁx’efér efmnf;ar}&lﬂsst
conposi tion |nto one "or nore o I ns, preferabl y and nant

et hyl ene and/lxr1 praboyt £5086, hrof,tagd rmosf mefeubly(ﬁroasahqught) hoﬂeblahsut MOD hr-

2005/ 017071 3 CT/ US2004/ 0157 fee n.one_.e i ment,

contai ns one or T eT’G@ﬁ'ﬁ"g ‘?‘Wéq&m%&f agbrtl %reg'ég@%ﬂler ation
of the feedstgksy Fh&oflidrsRAlos a #stodie BoH L NIng ﬂ&ﬂaﬂ&aEMH%rB&ht Ren fipedst ock
or nol ecul ar sieve catal yst conposition. Non-limti ng exanpl es of diluents

i ncl ude hel i urangeofbem ahbulr Bhurl, togdewo}0 hrelhoxi de, carbon dioxi de, water,
essentially n act Y ar af especi al thane
et hane, and pﬁ)gB Eggrﬂ'PgF ]Srgé'ﬁ ‘{%gafétyl @G\Qfé’ﬁﬁ eg%sg%olﬂ‘i Mgnd
m xtures thergidfent ailitBrdietsén p:roeﬁag wethirfliHeUeadtor SERmVRL frefepdhly sWfficie0®N, Wi th

wat er being particularly preferred. In other enbodinments, the
fluidize the molecular sieve catalyst composition within a reaction zone in the

o,

reactor. The SGV in the process, particularly within the reactor system, more
particularly within the nser reactor(s), is at least about 0.1 meter per second
(m/sec), preferably greater than 0.5 m/sec, more preferably greater than 1 m/sec,
even more preferably greater than 2 m/sec, yet even more preferably greater than
3 m/sec, and most preferably greater than 4 m/sec. See for example U.S. Patent
Application Serial No. 09/708,753 filed November 8, 2000, which is herein
incorporated by reference. |

Ethylene and Propylene Disposition

[0108] The ethylene and propylene streams treated and separated
according to this invention can be polymerized to form plastic compositions, e.g.,
polyolefins, particularly polyethylene and polypropylene. Any conventional
process for forming polyethylene or polypropylene can be used. Catalytic
processes are preferred. Particularly preferred are metallocene, Ziegler/Natta,
aluminum oxide and acid catalytic systems. See, for example, U.S. Patent Nos.
3,258,455, 3,305,538; 3,364,190; 5,892,079; 4,659,685; 4,076,698; 3,645,992;
4,302,565; and 4,243,691, the catalyst and process descriptions of each being



f eedst ock does not contain any diluent. [0981 The diluent nmay be used either
‘inaliquid or a vapor form or a conbination thereof. The diluent is

ei t her ad%@gﬁ@uﬁ%gy to a feedstock ent€ring into a reaﬁé@bﬁﬁ{%’ﬁ%q%d

directly in eactor, or added with a nol ecul ar sieve

-conposition. In one enbodi ment, the anmobunt of diluent in the feedstock is
in the range of fromabout 1 to about 99 nol e percent based on the total
nunber of nodxpressly ihdepdrardsherein By defeichcentn genehirthddeymbthods abelde 1 to 80

nol e percent, nore preferably from about 5 tqQ about 50, nost preferably
from about 5 Goatastihe eﬁ&'eqwraﬁgpﬂmpﬁﬁtwlab% n%'wﬁ?;a-rfeeamsaﬁ@lw & added

to a feedsto ' ' Nalel th¥ g1 ol efin(s),
paraffin(s), qé?%%%‘%?%‘?é?‘*‘??’é@‘?%@“&‘%ﬁ%‘ﬁ? ¥ goRRibrifbiit 4,677, 242,
addi ti on of d0b0ddti cs) larome embodimenhef elmk , inventiohe thebéthylene py | ppopyledzrut vyl ene,

pentyl ene, and ot her hydrocarbons having 4 or re car.bon_at . Qr

m xt ures t herRigfuct E%%%acﬁ%wﬂgc?ﬁgt@ﬁ?ﬁpgéﬁﬁ&é? ﬂnﬁ’éma? pA¥detine ,es’égtalé’ci ally a |
feedstock coBt aoRjolinCfftmig PRICEssOR VAR & at!d‘ténﬁf‘crﬂﬁ:%sn%ﬂgﬁg(ﬁeh@eéﬁm ecul ar
sieve catal yst "conposition of the invention, is carried out I'n a reaction

process in a seaci@C anddbene 3I20fE. pThe eastionscan He cardededt g rtowemedium 6 ui di zed

bed process (includes g .turbulent bed process preferably a continuous
f1ui di zed bedhiph pEEsYe, beipg mherwétﬁ@r e Irgngg %f‘&bpvtnhharsto ft Feopare y

fluidized bedF&Fﬂ??&%s%s cLRi’eQOJmTﬁ?olhﬁgxgtahgﬁerr?gﬁ&é?ﬁ%ﬁ?béﬂ%@ %Qhﬁlt%%fén a

variety of catalytic reactors suc reactors that have a nse bed
or fixed bed opEsationpit iz desimblatict the prasturd beatda zangebedfroraaabbuoh0 bankes
coupl ed toget herigci rculating fluidized bed react %ir?s, ri ser_reactors, and

the |ike. Suiftoyt BEba.aRnrelesmbly atatemperaie sangeof figayakaup L0 Crioragputex anpl e
us P ofh, , . P, : 071
at ent gé' ((:%)S #&? Bhasg p} ?ceséeg,e E:;I%I P%ferpedzlﬁé t%g %enﬁl erat?(l\%g,é&%gl be

PCT/ US2004/ 01 I'Ser an I zat1on kEngi neer nii and

O. Levenspi el witlR@erdng€ of abGitesPC BUIRI0PE NarUthed tHeadhérathigVpré@ite bdNgomYor k
1977, which are all herein fully incorporated by reference. [0101] The

preferred reaghowt S byple abpet S0 kasr reactors generally described in Riser

Reactor, Fluighzgf!on ahd ittt PRy, mindbiPothBPHERn A8l Riveeanbe™ 28N2
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 C2-C13 mono carboxylic acids, alcohols such as C2-C12 mono
alcohols, esters made from the C2-C12 mono carboxylic acids and the C2-C12
mono alcohols, linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl
chloride, ethylbenzene, ethylene cuxide,i cumene, acrolein, allyl chloride, propylene
oxide, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and
dimers of ethylene and propylene. The Cst olefins, butylene in particular, are
particularly suited for the manufacture of aldehydes, acids, alcohols, esters made
from C5-C13 mono carboxylic acids and C5-C13 mono alcohols and linear alpha
olefins.
[0111] Having now fuily described the invention, it will be appreciated by
those skilled in the art that the invention may be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of

the invention.



and D.F. O hner, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U S. Patent
Application Serial No. 09/564,613 filed May 4, 2000 (nultiple riser
reactor), which are all herein fully incorporated by reference. [0102] In
an enbodi nrent, the anobunt of liquid fe gstock fed separately or jointly
with a vapor feedstock, to a reactor ég femis in the range of fromO0.1
wei ght percent to about 85 weight percent, preferably from about | weight
percent to about 75 weight percent, nore preferably from about 5 wei ght
percent tgLAIMSE 65 weight percent based on the total weight of the
feedst ock i ncluding any diluent contained therein. The |iquid and vapor
feedstocks are preferably the sane conposition, or contain varying
proportiops of AtR&csAEretovill iRkl cth&arbHt %&eﬁmcamam@he?ﬁa@n Qfeafl, f T €1 €Nt
di luent. [0103] The conversion tenperature enployed I n tthe conversion
process, thepeasessiconlprigingithendtepstofie react or system is in the range of from

about 392F (20 t out~ 1832F (1000C) ., preferably from about 482F (250C)
o about 147200 peutad e it Geah Bh s f BhEH Al O RIS ons 2 ou
1382F ( 75688)en¢) ptopand peopyledt andibinetliyl etiieabout 572F (300C) to about 1202F
(650C), yet even nore preferably from about 662F (350C) to about 1112F
(600C) nost  poeFYragsing the efHpem stiganp it ap gxypenate semgi@{ medigovip a550C) . [ 0104]

The conveggjoemPrhRAdl hitiHkPyRMitiols LG RYRFRA L GRstRieHEaBstreatRi@lal 1 Cal | Y
within the reactor system varies over a w de range including autogenous

pr essur e. fiffheotwmmsticah onhereindbafiest pwrhisad sidcapncanmprisparesidasl yeenster e of  t he
f eedst ock | usi ye any..dil t thereipn, Typically the conversi.Q
refiiov lmedéum% ?ﬁ éﬁ/a Sty SPH hARE ekln%enlg:,apﬁfa%a%gf ﬁ/r]g)?@ﬁr]lea oy &m‘ﬁ_khf?kpaa to

pressure enproyed rocess i's | H ou

about 5 MRae, andowkdreinald firsf badoalaEdm dokplass b eniadiytof theMiaathybalier aps t
preferably fron1abgut 20 kPaa to about 500 kPaa. 41 WO 2005/017071
PCT/ US2003M@I0st0al the 9¥xeenats sei@agRediNBlr | y space vel ocity (WHSV),

particularly i %@ont&rtiﬁg?rﬁesﬁrgtq{veﬂfégcy Qfdah Wit whRE BSdeP ebndrPdts ¥kREMG 19ne or nore
oxygenates in e presence of a nolecular sieve catal yst conposition wthin

a react i ofermarsecondverhead stream and a second bottoms stream, wherein the second overhead
stream comprises a majority of the ethane, ethylene, propane, propylene, and dimethyl
ether present in the first overhead stream, and wherein the second bottoms stream
comprises a majority of the residual oxygenate removal medium and a majority of the
water; and

(d) separating at least a portion of the second overhead stream into a third overhead
stream and a third bottoms stream, wherein the third overhead stream comprises a majority
of the propylene and optionally a majority of the ethane, ethylene and light ends present in
the at least a portion of the second overhead stream, and wherein the third bottoms stream
comprises a majority of the propane and dimethyl ether present in the at least a portion of

the second overhead stream.

2. The process of claim 1, wherein the oxygenate-removal medium is selected from

the group consisting of methanol and tri(ethylene glycol).

3. The process of claim 1, wherein the second overhead stream contains greater than

1000 wppm dimethyl ether, based on the total weight of the second overhead stream.



defined as the total weight of the feedstock excluding any diluents to the
reaction zone per hour per weight of nolecular sieve in the nol ecul ar sieve
catal yst conposition in the reaction zone. The WHSV is naintained at a

| evel sufficient to keep the catalyst conmposition in a fluidized state
within a reactor. 101061 Typically, thg VWHSV ranges fromabout 1 hr-I to
about 5000 hr - 1, preferably fromabout 2 hr-1 to about 3000 hr-1, nore
preferably fromabout 5 hr-1 to about 1500 hr-1, and nost preferably from
about 10 hr-I to about 1000 hr- 1. In one preferred enbodi nent, the WHSV is
great er than Zhhepredess pff ddiar Hivherdidthe stldBY of arhexioatream coomine fgreatel dmdst ock

cont ai ni n t hanol . Or bqth, is in the ange of from about 20 hr-1 to
Sbout. 300DNEPT Guts! phe” bassdonts Grel Batetbas hEFEG T ersh T RERE ¢ cedst ook
including diluent and reaction products within the reactor systemis

preferablg sufficient to fluidize the nolecular sieve catal yst conposition
within a ?eactTheProesseof daifmbk wheggir the processdfustioy compripes the epel, particularly

ithin th - . o . ,
' 2t "l enst " anolera i SR < REBhiFHoBte bbbl Bab MR AERRNIID b 6
m sec, nooerlpadftesanbl y greater than | msec, even nore preferably greater

than 2 m sec, yet even nore preferably greater than 3 m sec, and nost
preferably greater than 4 misec. See for exanple U S. Patent Application

Serial Nog, 09/TMRBrd&3s bff difith Wﬁf&?fhe%herﬁ@@logmd&”ﬂr?grér rdpslenk s pdiyis&@r por at ed

by reference. Ethylene and Propyl ene Disposition 1081 The et hyl ene and
propylene@ﬁ@?@ﬁﬁﬁem¥eated and separated according to this invention can be
pol ynmeri zed to formplastic conpositions, e.g., polyolefins, particularly
pol yet hyl ene and pol ypropyl ene. Any conventional process for formng

pol yet hyl ne oFhegmboeps ofuldient vdereibthe pserdss fGahalcpmpasesphogessies are
preferred. Partic Iar%%gfrefe red are netall ocene, Ziegler/Natta, alum num

oxi de and aci WNSFiAing bg pplymer s@de Propyiney anpl e, U.S. Patent Nos.

3, 258, 455; 3, 305, 538; 3, 364, 190; 5, 892,079, 4,659, 685; 4,076, 698; 3, 645, 992,
4,302, 565; and 4,243,691, the catal yst and process descriptions of each

bei ng WO $005/ Beauoessof ¢y Lsdwoin éﬁfw@sss gheresmpyissibostpetit ed herein by

reference. In (gf“&:%ﬁt%{ing bOG R iR R R Re Y RY From at least a portion of the third

overhead stream.

9. The process of claim 8, wherein the process further comprises the step of:

(f) polymerizing the polymerization grade ethylene.

10.  The process of claim 1, wherein the olefin-containing effluent stream is derived

from an oxygenate to olefin reaction system.

11.  The process of claim 1, wherein the third bottoms stream comprises at least 1

weight percent dimethyl ether, based on the total weight of the third bottoms stream.

12.  The process of claim 11, wherein the third bottoms stream comprises at least 10

weight percent dimethyl ether, based on the total weight of the third bottoms stream.

13.  The process of claim 1, wherein the olefin-containing effluent stream, the first



contacting the ethylene or propylene product with a polyol efin-formng
catalyst at a pressure and tenperature effective to formthe polyolefin
product. [0109] In one enbodi nent of this invention, the ethyl ene or

propyl ene product is contacted with a netall ocene catalyst to forma

pol yol efin. Desirably, the polyolefin %orning process is carried out at a
t enperature rangi ng between about 50C*4hd about 320C. The reaction can be
carried out at |low, mediumor high pressure, being anywhere within the
range of about | bar to about 3200 bar. For processes carried out in

sol uti on, ovarhead ettdantlanddube becoad oteehesdgtleant furthiat Sorbiptpe f hydipeiiinsaRe It 1S
desirable that .the pressure be at a range of fromabout 10 bar to about |SO
bar, and PPessefuteycomprismedhegerefire range of from about 120C to about

250C. For gas @hRsfvRipef R38eSmajblity of thY €f %?Hn%gaﬂ)&?stfr&ﬂ%ets%mﬂr@%}h%ﬁ'd _
generally be wthin a range of about 60C {0 120C, and that the operating

pressure #amyom about 5 bar to about 50 bar. [01101 In addition to

pol yol ef i ns, numerous other olefin derivatives can be forned fromthe

et hyl ene, propyl ene and C4+ ol efins, particularly butylene, separated
accordi ngl4.0 tThegprodegeotdlasim 1, Wirrdn theipaesscnahateetspassahesagof:o thi s
invention can also be used in the nuf act ure of such conpounds as

al dehydes, adPHEMOYIg %Leaézr@sr'wﬁéh%%ba&sim the ge508d ,OVgBWe%msuch as
C2-C12 nono al cohols, esters nmade fromthe C2-Cl2 nono carboxylic acids and
the C2-Cl2 nono al cohols, linear al pha olefins, vinyl acetate, ethylene

di chol ori te anbheiresgss ofcdidior 1, crcherain thy Iphasassdngherepmprisgsshosteriel: cunene,

acrolein, allyl,chlori ropvl ene . .oxi LC .acid, h ne-propyl ene
rubbers, and adg)r lﬂffnéﬁhg(rj&? feél R aarﬁ%oﬁ{r}i Or%l?gs(l' qlgana%gf&rr'lé#h(sé Sg?ongtoﬁg%g%deﬁrggﬁ'

propyl ene. The CA4+ olefins, butylene in particular, are particularly suited
for the uf act ure of Idehygﬁé,reﬁg i ds, Icogols, esters made . from C5-C13

mono car bokyl i e"CAEPFSS Arfddts segorg RyFracadritrepm futher spHRHESES o) ef i ns.

[01111 Hayh@ t@?%gegg ftthdesmiprRed thdh@ed Svention, it will be appreciated by
those skilled in the art that the invention may be perforned within a w de
range of par dektatasting eticast apartion of ticatenad overhedsouteadepithr 2 dnyipef rom t he
spirit and scong a%];'yiné (6t LE B fns efFtive to remove at least a majority of the

water from the at least a portion of the second overhead stream.

17.  The process of claim 1, wherein the second overhead stream further comprises
carbon dioxide, the process further comprising the step of:

{e) contacting at least a portion of the second overhead stream with a caustic
medium under conditions effective to remove at least a majority of the carbon dioxide from

the at least a portion of the second overhead stream.

18. A process for separating components from an olefin-containing effluent stream, the
process comprising the steps of:

(a) providing the effluent stream, wherein the effluent stream comprises ethane,
ethylene, propane, propylene and dimethyl ether;

(b) contacting the effluent stream with an oxygenate removal medium in an
oxygenate removal unit under conditions effective to form a first overhead stream and a
first bottoms stream, wherein the first overhead stream comprises residual oxygenate

removal medium and a majority of the ethane, ethylene, propane, propylene, and dimethyl



CLAIM5S 1. A process for renoving dinmethyl ether froman ol efin-containing
effluent stream the process conprising the steps of: (a) providing the
ef fluent stream wherein the effluent stream conprises ethane, ethylene,
propane, propylene and di nethyl ether; (b) contacting the effluent stream
wi th an oxygenate renoval nediumin an, oxygenate renoval unit under
conditions effective to forma first ot®rhead streamand a first bottons
stream wherein the first overhead stream conprises residual oxygenate
removal nmediumand a majority of the ethane, ethylene, propane, propylene,
and di metdlydr, andtWwietein dredirsttettems stréen Lompgrisebaititority sf the alimetbyipathes asd a

mnority of the dipethyl ether and .a majority of the oxygenate renoval
medi um (%‘}’a@ﬂmgég;?@ygﬁ??éefqn?qé’lap'B%P'ﬂead stream wi th water under conditions

effective to (EpiomRiuseaRTHstAVBMBRPH A ERMvARHuRIes ESRANTNE SILANE (St r eam
wherein the second overhead streamconprises a mgjority of the ethane,

et hyl ene, fopn esegead operbpad siam aad @ seond balyoms greaey Whesyee s¢oand heerheadst

over head i e 0 t S i a majority
of “tho. r euehfiHPnpA08 8L b REERA R HATENS bioBI e SRURIASRR 2™
(d) separahdrpeesadt ih dedirstovediehd streaof, abdehaeinahdscomed bemthsstregam into a third
overhead stream and .a tthtl-lrd bottons stream wherein the. third overhead

i

st ream cotRSIArSE? MaHfRfithy resigpalipyxesnetssomar mEJH BiesIR it 0 fUStrmj ority of

t he et hangeriRh¥t@RarNtmbjbfiRtofeRdwateF,€sent in the at [east a portion of
t he second overhead stream and wherein the third bottons stream conprises

a majority of (dheppiatpaaideasha pelitive Ohthe seqond pvgrheasstrcampntpladhisd ovashesd a
portion o r . r i .wher ei n
o oot RATATAIVLRARERT. Shi Ry T R5EAA cHbpl M
met hanol @bk ¢thaneeind ythgieae gprogenlin thedt ledhia pprtamed sheofecaidodwertiead stearei n t he

second overhead stre ontains greater than .10 m di net hyl et her,
based on THAVIEGHA HeqRTY RIS SHaT SORBHES B QBB AAEYe sile  pr ocess
of clai m @meiyeERérprédat iﬁQﬁ&ﬁdea@N@%&iﬁ&ﬁoﬁhé SROhE ONrRdAStred8adn@r than 1500
wppm di net hyl "et her, based on the total weight of the second overhead

stream 5. Thdehjepatating sfleast apertion ofuhe thirdbatiems skreane &o p furthervedsahr i ses t he

step of. stream and a fourth bottoms stream, wherein the fourth overhead stream comprises a

majority of the propylene present in the at least a portion of the third bottoms stream, and
wherein the fourth bottoms stream comprises a majority of the propane and dimethyl ether

present in the at least a portion of the third bottoms stream.

19.  The process of claim 18, wherein the oxygenate-removal medium is selected from

the group consisting of methanol and tri(ethylene glycol).

20.  The process of claim 18, wherein the second overhead stream contains greater than

1000 wppm dimethyl ether, based on the total weight of the second overhead stream.

21.  The process of claim 20, wherein the second overhead stream contains greater than

1500 wppm dimethyl ether, based on the total weight of the second overhead stream.

22.  The process of claim 18, wherein the process further comprises the step of:
(f) separating at least a portion of the third overhead stream into a fifth overhead

stream and a fifth bottoms stream, wherein the fifth overhead stream contains a majority of



(e) separating chemi cal grade or purer propylene fromat |east a portion of
the third overhead stream 6. The process of claimb5, wherein the chem cal
grade or purer propylene is polyner grade propylene. 7. The process of
claim®6, wherein the process further conprises the step of. (f)

pol ymeri zi ng the polynmer grade propylepe. 8 The process of claiml1, wherein
the process further conprises the step of: (e) separating polynerization
grade ethylene fromat |east a portion of the third overhead stream 9. The
process of claim8, wherein the process further conprises the step of (f)
pol yrer i zthagthyleae prekgntrar thz at east agoaiba of theythied everiddd srbven pndedseeiothecl ai m 1,
wherein t | efi n-containjng effluent streamis derived from an_qgxygenate
to ol efi ntt‘]‘%ég‘?ﬁ"i“ﬁr?tr§§:‘§t°8?1tﬁlni m &YB?&'EQQ?“%PWE?“&? ¢ atlgpt p@opionRE theni r d
bottonms shirg@atRhediRtesfs at least 1 weight percent dinethyl ether, based on
the total weight of the third bottons stream 12. The process of claim 11,
wherein the third bottons stream conprises at |east 10 weight percent

di et hyl her . - We f i.rd. tream 13.
The pr oceésa‘é ofThgﬁjz‘?c;%thl&E\}\%{@?zezlt’ wh?llﬁlenv&g% g&%ﬁsfg@%n‘{}g‘.ewn’é&é@?fhtﬁgﬁ OZ't ream the
first -45- ovdghpdgnetizieatheatitldnkdrogethe fidth@verhhsbdreatnt eam f urt her conpri se
C4+ hydrocarbons, the process further conprising the step of: (e) renoving
at least a majority of the C4+ hydrocarbons fromthe second overhead

stream I ThehePr&eSSSt MimClgaikerbin thO BFoRER thddiRr RHBFESS tekidg st conpri ses
the step of. (e) renobving at least a majority of the ethane fromthe second
over head st r edifhcombystingps lggstorrastiorost the Eiurth bottomestesam asHaelpr ocess furt her
conprises the step of: (e) renmoving at least a npgjority of the |ight ends
fromthe second overhead stream 16. The process of claim1l, wherein the
second oVE hedthegirseeanoff diaiinhks; wheepr ths pscesadiireier compriges deesapsiotir t her

conprising the_step of: ;ag) contacting at |east a portion of the second
over head streamf\tﬁﬁ’cﬁ’i‘g%ln%(y FRAle MRAFAHPEAY drying unit under conditions

effective to r@neacihg RXYgehalBki 4 bleRhlat §18ve catalyst composition in a
reactor under conditions effective to convert at least a portion of the oxygenate to light

olefins and optionally byproducts.

26.  The process of claim 25, wherein step (g) occurs at an oxygenate conversion of
from about 80 to about 99 weight percent, based on the total weight of oxygenate fed to the

reactor in step (f).
27.  The process of claim 26, wherein step (g) occurs at an oxygenate conversion of
from about 93 to about 96 weight percent, based on the total weight of oxygenate fed to the

reactor in step (f).

28.  The process of claim 18, wherein the fourth bottoms stream comprises at least 1

weight percent dimethyl ether, based on the total weight of the fourth bottoms steam.

29. The process of claim 28, wherein the fourth bottoms stream comprises at least 10

weight percent dimethyl ether, based on the total weight of the fourth bottoms stream.

30.  The process of claim 18, wherein the olefin-containing effluent stream, the first



water fromthe at |least a portion of the second overhead stream 17. The
process of claim1, wherein the second overhead stream further conprises
carbon di oxi de, the process further conprising the step of: (e) contacting
at least a portion of the second overhead streamw th a caustic nedium
under conditions effective to renove a%SIeast a mpjority of the carbon
dioxide from the at least a portion of°the second overhead stream 18. A
process for separating conponents froman ol efin-containing effluent stream
the process conprising the steps of: (a) providing the effluent stream
wher ei n t trerlehd kueand, tist seeand oerhend stemne tldithe thirddteyhead stregqnr cpaaie, pr opyl ene

and dineth ether;: (b tacting the effluent streamw th an oxygenate

r enoval nﬂ%bﬁﬁ@i ¢ H&e%%ﬁgﬁﬁ&P@PPgH%Bﬁﬁ“@ﬁﬁi under conditions effective to
forma first ofpidierensiheasstyRRdint IdaktaSgortd SIARShHlIoRRead\iRRRI Wit he first
over head stream conprises residual oxygenate renoval nmediumand a majority

of the ethuliegenandgarbprmopexganeder ponsiyying glectivado ennyertigyleastagortionedr | and

wherein t i B B streamconprises a mnority of the dimethyl ether
| . . . .
and a na?gﬁ%#%gﬁﬁ Sﬂéﬁoxygenate removal nedium (c) contacting the first

overhead streamw th water under conditions effective to forma second

over head re and a secand, bottons, stream wherein the second.over head
stream compris Iﬁoﬁﬁfﬁﬁﬁ?glB?“@ﬁ@“@@ﬁﬁh%?*@?ﬁg?@h ,“ﬁpégﬁﬁ%fgbﬁﬁbylene, and

di met hyl owfhad siPéas ehY scednd S\Rriead Stea andgRthisd bRRAMs sBBsn \WBRARInkth1e second
bottonms stream conprises a majority of the residual oxygenate renova

nedi um pr #&§tyianeion prapadiens, she pregesy Reter commaismeaisted 9fj ority of the water;
d ti i , i t hird
(d) separatin onkagﬁgé %h%in?egﬂ%'a?%}%lgﬁe 6%@%&9@ ﬁwasbfﬁgntﬁ{a]?f%@‘tﬁlfb‘ 0 a-thir

overhead stream an o) ne Str erern over head
st r eam cohgronsetrean majhdryidtogen afid ¢adneonahbanxédeamderatongitiensefiigctise it conmert he at

| east a portion of. the second overhead strea and wherein the third
bot t ons s?#ﬁﬁh?ﬁ%ﬂﬁ?P§@§"E%Hgfﬁ?ﬁFV“ﬂﬂ”WW@wB? Hgﬂeﬁ?opylene and di net hyl

ether present in the at |least a portion of the second overhead stream and

(e) separating at |least a portion of the third bottons streaminto a fourth
over head 3%t r eBin pipepsaof daim BB, pderegnioe sffhenitreamethe finst pMerheasi stieamather head

stream CO#E@{,.LQZ&{%H@P% g%éoaﬁ i@ fhidd e e%cgéﬂe‘ﬁﬂﬁuﬂﬁeer%%ﬁttairf Hethlife, He pr&RAS @

;
portion o ons Stream a
further comprising the step of:

(f) separating at least a portion of the third overhead stream into a fifth overhead
stream and a fifth bottoms stream, wherein the fifth overhead stream contains a majority of
the methane present in the at least a portion of the third overhead stream, and wherein the
fifth bottoms stream contains a majority of the ethylene and ethane present in the at least a

portion of the second overhead stream.

33.  The process of claim 32, wherein the process further comprises the step of:

(g) separating at least a portion of the fifth bottoms into a sixth overhead stream and
a sixth bottoms stream, wherein the sixth overhead stream contains a majority of the
ethylene present in the at least a portion of the fifth bottoms stream, and wherein the sixth
bottoms stream contains a majority of the ethane present in the at least a portion of the fifth

bottoms stream.

34.  The process of claim 32, wherein the olefin-containing effluent stream, the first



wherein the fourth bottons stream conprises a majority of the propane and
dinethyl ether present in the at |east a portion of the third bottons
stream 19. The process of claim 18, wherein the oxygenate-renoval nediumis
selected from the group consisting of nethanol and tri(ethylene glycol).

20. The process of claim 18, wherein th& second over head stream contai ns
greater than 1000 wppm di net hyl et her based on the total weight of the
second overhead stream 21. The process of claim20, wherein the second

over head stream contains greater than 1500 wppm di net hyl ether, based on

t he t ot al owweliegth trein, tﬁh&seﬁ@ﬁbﬂdrl&ﬁ@ﬂtk@&dtl&tth@@maﬁtﬁd sﬁbz&n,pfndml&‘sﬁftlof claim 18,
wherein the process further conprises the step of. ating at |least a

par
portion of°HOHIS SR HO‘HWEraﬁ@é{@“%tﬂi‘ee%fﬂ‘F‘isﬁ ythgr ‘fq“FHr}?”lﬁ\} %ﬁs&afi stream and a

fifth bottoms (%5 é&ﬁé&mg\hﬁra@b@leﬁa@% étuéatsha Qd&ﬁérh@ﬂﬂe%hh%ﬂbﬁ?&}e%hﬂ@nﬁ maj ority
of -47- the ethyl ene present he at |least a portion of the third overhead

stream ahdiregesad ﬁarbmmommdmum e@ngitions elegtive bneaivad ablepdjagoitiop odf t he

et hane pr | east a portion of the third overhead stream 23.
The proce@gg%;tylape ﬁlﬂé “wher ei n the process as further conprises the step
of. (g) polymerizing the ethylene fromthe fifth overhead stream 24. The

process of_clajm 18, wherein th ess further conprises the step of: (O
conmbust i néf a'hé@d’srtmés %fg“r“t“ﬁb]r? 8‘1%'? SE“FB ‘f‘f?(’%{"t“lﬁﬁfﬁg‘?'}léﬁ?ﬁ'%oq‘%% 25. The
process ofroﬁlselt@piémmwﬂed% ixht p@cddk @tﬁ?l%ﬁcé dﬁrbﬁylerfeomea 8 theltbl whighs of :

(f) feeding an oxygenate |nto a reactor; contacting the oxygenate

with a nobidbeplgfingprigisingaffuens streagnposi t | on in a reactor under conditions
effective to convert at |least a portion of the oxygenate to light olefins
and optionally byproducts. 26. The process of claim 25, wherein step (9)
occurs at3a@an oﬂ}egﬂnwseobminerisiwharehfthebfeﬁmeabtahﬁn@ifﬂhmtabeumh c@flainei ght

percent, pas op_the_ total I of oxy ena d t reactor in step
(5 o7 23 u0ds wblent bicpeas Ay Bne iR g St ot i EaroBATRY genat e
conver si O&eént sfréfan about 93 to about 96 vvel ght per cent, based on the total

wei ght of oxygenate fed to the reactor in step (f). 28. The process of
claim 18, wherein the fourth bottons stream conprises at |east |

37.  The process of claim 18, wherein the olefin-containing effluent stream contains
from 25 to 75 weight percent propylene, based on the total weight of the olefin-containing

effluent steam.

38.  The process of claim 18, wherein the olefin-containing effluent stream, the first
overhead stream and the second overhead stream further contain carbon dioxide, the
process further comprising the step of:

(f) contacting the second overhead stream with a caustic medium under conditions
effective to remove at least a majority of the carbon dioxide from the second overhead

stream.

39. The process of claim 38, wherein the olefin-containing effluent stream, the first
overhead stream and the second overhead stream further contain Ca+ hydrocarbons, the
process further comprising the step of:

(g) separating at least a majority of the C4+ hydrocarbons from the second overhead

stream.



wei ght percent dinethyl ether, based on the total weight of the fourth
bottons steam 29. The process of claim28, wherein the fourth bottons
stream conprises at |east 10 weight percent dinethyl ether, based on the
total weight of the fourth bottons stream 30. The process of claim 18,
wherein the ol efin-containing effluent_stream the first -48- overhead
stream the second overhead stream and'the third overhead stream contain
acetyl ene, the process further conprising the step of: (f) contacting the
acetylene in at least a portion of the third overhead streamw th hydrogen
and car boto. erffhE(bdﬁessriﬁel‘ai{ﬁdBd@vhér@iﬂ&hﬁeﬁ@fdd%&eﬁ@st@@ﬁV&Weﬂontmat&, portion
of the acetylene to ethylene, he process of claim 18, wherein the

ol ef i n- coff RINGFHidutther com lflSlgthgé}ﬁP 0}he first overhead stream the second

over head st reat'ﬁj\coﬁﬁguﬁé‘ﬁefséﬂohé obah&éargﬁeﬁhm@m cFr?i'ﬁb%é@hJIEH"é’Hr irRQRiY| ene or
propadi ene, the process further conprising the Step of: (f) cont acting the

met hyl ac‘eftdyt emditions pifentiae feremov abieast amajordy pbihe wester dfort the sedondd  bot t ons
streamwg‘}él{% ?e%%n and carbon nonoxi de under conditions effective to
convert eas portion of the methyl acetylene or propadiene to
propyl ene. 32. The process of claim 18, wherein the effluent stream the

first overhead_ stream h second, oyerhead streamagnd the third over head
st ream f ut’ her ThEdHREEsHO He Whengin FBE’ggé’O“‘f’lﬁ‘ﬂ"tg{% “%ﬁ%?qnér%p‘ishe step of:

(f) separgfitead @&eahﬁ@fﬁtth@s&%d beh@fl strifn flHneAcYER beatldsddaapmitt 0 a fifth
overhead streamand a fifth bottons stream wherein the fifth overhead

stream cof?rp@ﬁsm@r@emrmrmqgtbwtemh@ met hane present in the at |east a portion
of the third O(}‘)ﬁsrgﬁ'%rﬁ%nﬁs&trleeam E&feﬁyg Lo ﬂ@t focatfbo{'l%ﬁorg(%ﬁ% &@3 FiVApmy cont ai ns

a majority of ene an e pré a portion of
t he secondreamer head stream 33. The pr ocess of claim 32, V\/ner ein the process
further conprises the step of: (g) separating at | east a portion of the
fifth bottoms into a sixth overhead streamand a sixth bottons stream

wherein the sipeproness feasdnsis, GaMeirmE gfdaéssefuﬂﬂ?dr%rhbb{se@fthets!ﬂ& ofet hyl ene
present in the at |least a portion of the fifth bottonms stream and wherein

the sixth botmesymerizingthe orapalens framythg tourthyverhead@reamhane present in the
at least a portion of the fifth bottons stream 34. The process of claim
32, wherein the olefin-containing effluent stream the first

43, A process for separating components from an olefin-containing effluent steam, the

process comprising the steps of:

(a) providing the olefin-containing effluent stream, wherein the effluent stream
contains ethane, ethylene, propane, propylene, dimethyl ether and one or more oxygenates,
wherein the one or more oxygenates are selected from the group consisting of methyl ethyl
ether, ethanol, isopropanol, acetic acid, propionic acid, ethanal, butanal, propanal, acetone,
2-butanone, 2-pentanone, 4-methyl-2-pentanone and methyl acetate;

{b) contacting the effluent stream with an oxygenate removal medium in an
oxygenate removal unit under conditions effective to form a first overhead stream and a
first bottoms steam, wherein the first overhead stream contains a majority of the ethane,
ethylene, propane, propylene, and dimethyl ether present in the effluent stream and residual
oxygenate removal medium, and wherein the first bottoms stream contains a majority of
the oxygenate removal medium, a majority of the oxygenates present in the effluent stream,
and a minority of the dimethyl ether present in the effluent stream;

(¢) contacting the first overhead stream with water under conditions effective to

form a second overhead stream and a second bottoms stream, wherein the second overhead



-49- overhead stream the second overhead stream the third overhead stream
and the fifth bottons stream contain acetylene, the process further
conprising the step of: (g) contacting the acetylene in at |east a portion
of the fifth bottons streamw th hydrogen and carbon nonoxi de under
conditions effective to convert at Iea;t a portion of the acetylene to

et hyl ene. 35. The process of claim 18, Wnerei n the ol efin-containing

ef fluent streamcontains from50 to 95 conbi ned wei ght percent ethyl ene and
propyl ene, based on the total weight of the ol efin-containing effluent
stream 3ficanilventpineaesgoritly of theiethah§, ctinteeepropdrecprop@bng) and dinaitnil adreef f | uent

streamcontains , from?25 tq 75 wei gh ercent e | ene, based on the total
vl ont orPesnt Bt fil e siohgt S PhaBit G Do PR sred®Rle OF Clhrm
18, wher %ﬂoﬁi@%f@i&%&iﬂuzﬂ@ﬂ%@énﬁieﬁﬂ:dﬂflﬁ bteSEHt iSthe FRiNovaMbal hamfan@m 25 to 75
wei ght percent propyl ene, based on the total weight of the ol efin-containing

ef fI uent BEedmof gy Watpr process of claim 18, wherein the ol efin-containing
ffl t st i . - t
effiuent streatl)shlififd iitas %é{?ﬂhtgﬁgﬁth%tséc%ﬂ%%meéd@ﬁ'e%(iﬂﬂqtf?iY@Bv Fddqst T eam

further conta i OXI rocess turther conprising the step of:
(f) cont atteamgnd h¢hisEmitechscurearheritbrah teahirdwvdthadsaeat icontnirs b mrmarity ef
condition ffective to renove at least a.maority of the carbon dioxide
From t he BecB B Tisns PrarTda e A PoUabe SR Ve rd Bt n ¢ he
ol ef i n- copheéiR KRGhRE bbiend sticamedMainshendjbriglof tRMREM@BrEpyl@RMnaNd t he second
overhead stream further contain C4+ hydrocarbons, the {)rocess further

T

conpri si rimetha! etherpresent ip ghe a desstapqrivgn efthe segepd avarkgad sireamigmndt he C4+

hydr ocar bons f -h0- of claim
T8 whr oi nt 12 SekraingFGIERL BYALRGAMe Rl ens shim Mo o FIFIREREIE D) 0o
further caenor asl anfgutth botsdnepstzhm, whyreimahd¢ foatth pgerhbel Seaordnoinsrhegaitst ream

wh @ Ay ST B G P MG LSOOl L 015,51 SRR © emove
the fourth bottoms stream contains a majority of the propane and dimethyl ether present in

the at least a portion of the third bottoms stream.

44,  The process of claim 43, wherein the oxygenate-removal medium is selected from

the group consisting of methanol and tri(ethylene glycol).

45.  The process of claim 43, wherein the second overhead stream contains greater than

1000 wppm dimethyl ether, based on the total weight of the second overhead stream.

46,  The process of claim 45, wherein the second overhead stream contains greater than

1500 wppm dimethyl ether, based on the total weight of the second overhead stream.

47.  The process of claim 43, wherein the process further comprises the step of:

(f) separating at least a portion of the third overhead stream into a fifth overhead
stream and a fifth bottoms stream, wherein the fifth overhead stream contains a majority of
the ethylene present in the at least a portion of the third overhead stream, and wherein the
fifth bottoms stream contains a majority of the ethane present in the at least a portion of the

third overhead stream.



overhead stream 41. The process of claim 18, wherein the ol efin-containing
effluent stream the first overhead stream and the second overhead stream
further contain C4+ hydrocarbons, the process further conprising the step
of : (f) separating at least a mpjority of the C4+ hydrocarbons fromthe
second overhead stream 42. The proce of claim 18, wherein the process
further conprises the step of: (f) pol?ymerizing the propylene fromthe
fourth overhead stream 43. A process for separating conponents from an

ol efin-containing effluent steam the process conprising the steps of: (a)
provi di ng#8t he Thegkodesscafitlamid7nghekinl theplocas f@der covhprises thetshep off f | uent stream
cont ai ns et hane t hyl ene, propane, 0 ene, dj nethyl ether and one or

mor e oxygenatggzmﬁmm FQF%ﬂ?ﬁgWEWE%SFﬂﬁﬁﬁéLBXVf ¥&Mare sel ected fromthe
group consisting of methyl ethyl ether, ethanol, isopropanol, acetic acid,
propionic acid, ethanal, butanal, propanal, acetone, 2-butanone,

2- pent andtfe, Ahewrengss of cimidnwhercaribie procesy furthse cemprises B stpritfact i ng t he

ef fluent stre i i i ygenat e renoval
unit under co35%%%%Hgﬁ@f¥E%gﬁgg%@%ﬁﬁggﬁgénﬁﬁgg o%g?ﬁ%g ués?treamand a first
bottonms steam wherein the first overhead streamcontains a majority of the

et hane, t hyl.ene, pro e, propyl ene, and dinethyl ether present in the
effluent ®tre eé’ﬁ?fe?se‘gﬁg%'&ld'%’ Hﬁ%@ﬁgﬁ Bme'egﬁg er H%H‘Prl’ﬁ’?f ﬁ'ﬁrf’ PiRErein the
first bottons (BieRRD MOMLRI Mo d réRIRrdnldy of the oxygenate renoval nedium a
majority of the oxygenates present in the effluent stream and a mnority

of the di met hyB) @nipstingthesegthanohwith e magoulas pieveeatad xhcompysidemingoeady t he
first ovaiReAt shibRATIMLDARGL: MGGy PRI HIdONS BNIREbINE &g, form a
second overhead Strean and a second DOt toms stream erern é second
over head ophidnalgthypsuductont ai ns a majority of the ethane, ethylene, propane,
propyl ene, and di nethyl ether present in the first overhead stream and
wherein the second bottons streamcontains a nmjority of the residua

oxygenat esnmediThipRbR§:edticldiM JoN®héleinStepQurbdtaactht & hammbPvarsioddk fbimt y of the
water; (d) se aratlnggat | east a portion of the second overhead streaminto

a third cbevtidde abeut Paavnight@etgenthbased piothe dotal weigkiahthanethanah fadde theni r d
overheadlé&£§qggggﬂﬁains a majority of

52.  The process of claim 51, wherein step (g) occurs at a methanol conversion of from
about 93 to about 96 weight percent, based on the total weight of the methanol fed to the

reactor in step (f).

53.  The process of claim 43, wherein the fourth bottoms stream comprises at least |

weight percent dimethyl ether, based on the total weight of the fourth bottoms stream.

54. The process of claim 53, wherein the fourth bottoms stream comprises at least 10

weight percent dimethyl ether, based on the total weight of the fourth bottoms stream.

55.  The process of claim 43, wherein the olefin-containing effluent stream, the first
overhead stream, the second overhead stream, and the third overhead stream contain
acetylene, the process further comprising the step of:

(f) contacting the acetylene in at least a portion of the third overhead stream with

hydrogen and carbon monoxide under conditions effective to convert at least a portion of



the ethane and ethylene present in the at |east a portion of the second
overhead stream and wherein the third bottons streamcontains a majority
of the propane, propylene and dinethyl ether present in the at |east a
portion of the second overhead stream and (e) separating at |east a portion
of the third bottons streaminto a fouw,th overhead steamand a fourth
bottons stream wherein the fourth ovi Piead stream contains a majority of
the propylene present in the at |least a portion of the third bottons stream
and wherein the fourth bottons streamcontains a majority of the propane
and di netthydceptdmeno pthekeeeit in the at |east a portion of the third bottons
stream 44. The process of claim43, wherein the oxygenate-renpoval nediumis
selected from the group consisting of methanol and tri(ethylene glycol).
45. The pgoCeghe pfocessd A 43BEEInAhd Herisesamding\ceitansiraaly BRM&ONt ai ns
greater than 1000 wppm di net hyl et her, based on the total weight of the
second owetheadistesemetihseonsd ovprbesst sieam sangfthe thirid hogems girsine¢antaimmetwt ond
over head j i et hyl et her, based on
t he tot alaﬁ%/\t/glﬁgﬁ)f’lc%?ﬁﬁ@%s%%g?\éﬁ%&%&ﬁ%ﬁ%’@ﬁ%@%ﬁ%mﬁ.Oﬁhe process of claim 43,
wher ei n t he prfcestactingrihdmethybagetilarr blvpadivepinet leaftfa)postipasfahd thirdat | east a
portion cp[o the third oyerhead streaminto a fifth verh$§d. stream and a
fifth botLHAES SFaEayth EPesAndifarbop manoyide ppdes gordinensAicatitedP FeN % ) or i ty
of the ek RMLANRHRIESTERS methyl ft8tyiine lof PbadleRAb kdPyIGE. t he third overhead
stream and wherein the fifth bottons streamcontains a majority of the
et hane present in the at least a portion of the third overhead stream -52-
48. The oce em.47, i i the step
of . (g pot yrane Brosesraledhissy URLERIS HRBR RS AR Sl ATRLAR " 1
process ctcondaverhdRl stroharaad the thied prahedsitam filrdfer cangin insetisant te piloegssof : ()
conbust i at | east. a portign of the fourth bottons streamas fuel. 50. The
process GRRar§PmpUsing hesteBiok t he process further conprises the steps of (f)
feedi ng et hapglsepdapdtthgat ARG ftiorPdTdhd Bird @OEh&k drREm RS a TR @ RAcaM th a
mol ecul ar sieve catal yst conposition in a reactor wunder conditions
ef f ect i vestream geshy 8fth batteyos stream, vheteinethefifth anerheadstiepgivonBinsfaimaorify @
opt i onal |, Qb AAMELR inShe o110 PEGTER 31 AL o AVERGa st Shi wib&R hg) oceurs
at a met hanol conversion of TTo

fifth bottoms stream contains a majority of the ethylene and ethane present in the at least a

portion of the second overhead stream.

58.  The process of claim 57, wherein the process further comprises the step of:

(g) separating at least a portion of the fifth bottoms stream into a sixth overhead
stream and a sixth bottoms stream, wherein the sixth overhead stream contains a majority
of the ethylene present in the at least a portion of the fifth bottoms stream, and wherein the
sixth bottoms stream contains a majority of the ethane present in the at least a portion of the

fifth bottoms stream,

59.  The process of claim 57, wherein the olefin-containing effluent stream, the first
overhead stream, the second overhead stream, the third overhead stream, and the fifth
bottoms stream contain acetylene, the process further comprising the step of:

(g) contacting the acetylene in at least a portion of the fifth bottoms stream with
hydrogen and carbon monoxide under conditions effective to convert at least a portion of

the acetylene to ethylene.



about 80 to about 99 wei ght percent, based on the total weight of the

net hanol fed to the reactor in step (f). 52. The process of claimb51,
wherein step (g) occurs at a methanol conversion of from about 93 to about
96 wei ght percent, based on the total weight of the nethanol fed to the
reactor in step (f). 53. The process oéiclain143, wherein the fourth bottons
stream conprises at |least 1 weight percent dinethyl ether, based on the
total weight of the fourth bottons stream 54. The process of claim53,
wherein the fourth bottons stream conprises at |east 10 weight percent

di met hyl @ herThelpasoess afitldimet3t ehedeintke glefin@bnthiningf affludnin stoeint oomaist r eam  55.
The process claima43, wherein the alefin-containjng effluent stream the
(st CovErnanes o pabined WehEdseal Solefrnd rEgdin barS e TR vEebver head

st ream caogfitid slefime&itiihpiReffidesancess further conprising the step of: (f)
contacting the acetylene in at least a portion of the third overhead stream
with hydrogen and carbon nonoxi de under conditions effective to convert at

| east a rti K E C of claim
43 whor S t PegraRror il AC RhMe By bRRLOMb A orfifen FRBIPLAEERS, O
stream tfen 28 cwhtweight percaht sthyleasmbasged éhntthetotah wedghbof the nkefistcoemmimgpnt ai n

nmet hyl qﬁﬁt | ene or propadi ene, the process further conprising the step of.
(f) conta F%ﬁsqﬁﬁlnethyl acetyl ene or propadiene in at |east a portion of
the third bottonms streamw th hydrogen and carbon nonoxi de under conditions
effective to convert at |east a portion of the nethyl acetylene or

pr opadi en@-t o Predpgaeane! claim 43rwhersindie alsfipfoptpining ofBuenhpissan) ¢pniaies ef f | uent
stream t k é he third
over hoad omaSis 1 MERENRACAE bicRFhe b RREIEI KRR GAe SIFRATHARE 07 " he
step of: dffljensepammati ng at | east a portion of the third overhead streaminto
a fifth overhead streamand a fifth bottons stream wherein the fifth
overhead streamcontains a ngjority of the methane present in the at |east

a portiongnf the priiekofAAMNBANhS BB lcBRLoNERIR JThNE strdant, bk fast t ors

streamcontains a majority of the ethylene and ethane present in the at
| east a PErhepdsiresm andahe gecapdio vukaed stirpns furbighgonten carpen dipyidedhe of cl ai m 57,

wher ei n t e AL AERSScdi i inEQBPEE Ses the step of

(f) contacting the second overhead stream with caustic medium under conditions
effective to remove at least a majority of the carbon dioxide from the second overhead

stream.

64.  The process of claim 63, wherein the olefin-containing effluent stream, the first
overhead stream and the second overhead stream further contain C4+ hydrocarbons, the
process further comprising the step of:

(g) separating at least a majority of the C,, hydrocarbons from the second overhead

stream.

65.  The process of claim 43, wherein the second overhead stream further contains water,
the process further comprising the step of:

(f) contacting the second overhead stream with a drying medium in a drying unit
under conditions effective to remove at least a majority of the water from the second

overhead stream.



(g) separating at least a portion of the fifth bottons streaminto a sixth
overhead streamand a sixth bottons stream wherein the sixth overhead
streamcontains a mpjority of the ethylene present in the at |east a
portion of the fifth bottons stream and wherein the sixth bottons stream
contains a majority of the ethane presg?t in the at least a portion of the
fifth bottons stream 59. The process 0f claim57, wherein the
ol efin-containing effluent stream the first overhead stream the second
overhead stream the third overhead stream and the fifth bottons stream
cont ai n a@et yl Brerodecheofametss wherreidwhe ocle@neon@inig dffiecrs se@nafthe ig)

fifth bottons stream

contacting the acetylene in at |east a portion of .the

with hyo‘%&ﬂ?ﬁd Sttt ShoRb ot e A Bethe oAl Cer DIt e onver ¢ at
| east a pabéds@furBbr cdnfiRispeahybgpsrt o ethyl ene. -54- 60. The process of claim
43, wherein the ol efin-containing effluent streamcontains from50 to 95

conbi ned wei gHf) ssparating atdeasta maerignef the Epyydrasarbpasemdhe teaend eieslieadei ght

of the olﬁkgﬁ-containing ef fl uent stream 61. The process of claim43,

wherein the ol efin-containing effluent streamcontains from25 to 75 wei ght

percent ethylene, based on the total weight of the ol efin-containing
wherein the ol efjn-containing

ef fl uent re 62. t%gﬂfrqgﬁs% of %Iaim4'ai,l1 {g

ef fluent ¥tream doris P 28" " BrARESS PSS EPRRMES KRR Yhe, based on
the total wei gitpoPfmdrivingohe bidpykadfBthdtburtlobbment suthimeam 63. The process
of claim43, wherein the olefin-containing effluent stream the first

over head stream and the second overhead stream further contain carbon

di oxi de, gde a@ﬁﬂa%@s%%‘o-f é\,{:ﬁb%lﬁ&i%gs | é{%ﬁg .r&iﬁ%l%ﬁrﬁ?on?&igiln Te?ﬂlfeﬂ{‘stn% Ilie1i g the

second over he stream i um under con ions € ttrve to
renove atprbeastomprisgihe stigpobf: t he carbon di oxi de fromthe second overhead

stream 64. The I 0CESS of cIa%an , mﬂer %n.the qlefin-coﬂtainin ef fl uent
Stream the 1iFAEROE0R RLRE EEbE XN AR FHO SEY RUSRTSPREAHURE PR her
contai n GhleyRiRGAS BPSive iR rm RROTEESt bk SfhefciiMeleslRgt ithamsdofilf : ()
25 E?ngld n\%atgrt, etlhgl?es, teth?legea,] p?(r);)atng, pcl)'z)p)}let]n%, (%?nzthr;/ gtrhgrc aﬁlrdt:)?lg %r ];nro(r)er%;yggna?f? cond
byproducts, wherein the oxygenate byproducts are selected from the group consisting of
methyl ethyl ether, ethanol, isopropanol, acetic acid, propionic acid, ethanal, butanal,
propanal, acetone, 2-butanone, 2-pentanone, 4-methyl-2-pentanone and methy] acetate;
(b) cooling at least a portion of the effluent under conditions effective to form a
quench overhead stream and a condensed stream, wherein the quench overhead stream
comprises a majority of the ethane, ethylene, propane, propylene, dimethyl ether and the
one or more oxygenate byproducts present in the effluent stream, and wherein the
condensed stream contains a majority of the water present in the effluent stream;
(c) contacting the quench overhead stream with an oxygenate removal medium in
an oxygenate removal unit under conditions effective to form a first overhead stream and a
first bottoms stream, wherein the first overhead stream contains a majority of the ethane,
ethylene, propane, propylene, and dimethyl ether present in the quench overhead stream
and residual oxygenate removal medium, and wherein the first bottoms stream contains a
majority of the oxygenate removal medium, a majority of the oxygenate byproducts present
in the quench overhead stream, and a minority of the dimethyl ether present in the quench

overhead stream;



stream 65. The process of claim43, wherein the second overhead stream
further contains water, the process further conprising the step of: (f)
contacting the second overhead streamwith a drying nmediumin a drying unit
under conditions effective to renove at least a majority of the water from
the second overhead stream -55- 66. The process of claim43, wherein the
ol efin-containing effluent stream the5 irst overhead stream and the second
overhead stream further contain C4+ hydrocarbons, the process further
conprising the step of: (f) separating at |least a majority of the C4+

hydr ocar bons f(d))cmntdnangﬂed‘mt oedenbattamsyiteanter Gider dénlitirne effsgivefio cl ai m 43,
wherein the proc

rther conprises. the step of on riz t he
pr opyl ene°fp aﬁr%ori@ oy ‘c‘fﬁ?"tdr?tr@?r‘@raﬁ adeond éﬁtrtﬁmsa% camm, HPB%EQQQF‘E?P E‘?i‘gr

CO”pone“tﬁreﬁthBht@iﬁs@n?é;é ©P Hek2h8 &1 dne UsBpare! ﬁr%?ﬂhné Agd dnﬂ{eﬂﬁﬂféﬁxer
conprising the steps o a) contacting an oxygenate with a nolecul ar sieve

cat al yst [ewpogithe bt ¢verkpad sueanpand whdrein e ﬁfmotl(ii bettones stegam opataing af or m t he
effluent 1%% @r@f tﬁ’@r%gnﬁbﬂ 0&2%“ rLrH?ﬂ:tl fnseﬁ{ ﬁﬁ&e&%mn%@? rst Y)\@érﬁéad sghhane,

et hyl ene, ane, pro and nor € oxygenat e
bypr oductad amﬁmymftﬂ*eammy@amted vhmph@ﬂtscb&rlwad saedredt #ep (dom t he gr oup

consi sting of rret hyl. et her, hanol 0 anol , acet
pr opi oni ¢ _aci d® S@P‘I"Fﬁ‘ﬁ%ﬂ atq%qi{ 3 pgfion Oﬁ‘ﬁ%ﬁ%ﬁqaﬂa OV%{E%d(?FTEamE‘“BGtﬂé{FFL‘h‘@ah

2- pent anapRam4ndB M bAoRRREBNIRNGhAAR HERK Y bvAR&HRIr8am (:Qataﬁegkﬂajm%fl east a
portion of the effluent under conditions effective to forma quench

over head tbe ethann and¢thylene mirsarid thetat keasha ponégnedfrihe rréorafh@ﬁ:ehradv@rmaud stream
conpri ses,, rt?%éiﬁkr% ther bQJtorﬁpﬁreﬁﬁr}E%ﬂﬁ ns%trﬁ'z}‘ Lﬁt&%'ftﬁ%r %galsﬁg rﬁr%ﬁ?@'eha%e di met hyl

et her and ucts pr e effluent
stream ad1d1enMyE¢tb¢rrpréslam mcr:lafmmsmjpcﬁtmsreafrthembad o&rieadsjream;iandof t he wat er

present in the effluent stream .(c ont, t he quench oyerh ad stream
with an oxyger{é)tsspfr@rmf casfRartivy of thafh 3%?5@ SRR & ouh e e

condi ti ongreghfaR b ifMRth BbtbRYs Rrdant,| WikkeiQHRIBG@Mo v Kda Riréhdl céhtaihd 4 St bOt tons
stream wherein the first overhead streamcontains a majority of the ethane,

et hyl ene, mypopyar éhe pepdsieanresentindheidtdeashy portiom et thp thaeihpttoms sirpasn.goénch
over head wher&f Be fourth bottoms stream contains a majority of the propane and dimethy! ether

present in the at least a portion of the third bottoms stream.

69.  The process of claim 68, wherein the oxygenate-removal medium is selected from

the group consisting of methanol and tri{ethylene glycol).

70.  The process of claim 68, wherein the second overhead stream contains greater than

1000 wppm dimethyl ether, based on the total weight of the second overhead stream.

71.  The process of claim 70, wherein the second overhead stream contains greater than

1500 wppm dimethyl ether, based on the total weight of the second overhead stream.

72.  The process of claim 68, wherein the process further comprises the step of

(g) separating at least a portion of the third overhead stream into a fifth overhead
stream and a fifth bottoms stream, wherein the fifth overhead stream contains a majority of
the ethylene present in the at least a portion of the third overhead stream, and wherein the

fifth bottoms stream contains a majority of the cthane present in the at least a portion of the



and residual oxygenate renoval nedium and wherein the first bottons stream
contains a mmjority of the oxygenate renoval nedium a mgjority of the
oxygenat e byproducts present in the quench overhead stream and a mnority
of the dimethyl ether present in the quench overhead stream -56- (d)
contacting the first overhead stream\gg h wat er under conditions effective
to forma second overhead stream and & 'second bottons stream wherein the
second overhead streamcontains a majority of the ethane, ethylene,
propane, propylene, and dinmethyl ether present in the first overhead
stream ahild eihehedistredre. second bottons streamcontains a mgjority of the
resi dual oxygenate renoval nedium present in the first overhead stream and
a majority of the water contacted with the first overhead streamin step
(d); (e) @epaﬁﬁl‘é'p%eﬁof{c%ﬁtnawﬁ%in'tﬁé" dtesk BRIREEANFHRY BlNepdbstreaminto a
third overhead streamand a th ?oms stream wherein the third

over head streéh)l@f&mwm@eﬁﬁ]ﬂﬂﬂ?tﬁvﬂbme fiftheverhprdséreamd et hyl ene present in
the at |east a portion of the second overhead stream and wherein the third
bottonms streamcontains a mpjority of the propane, propylene and di net hyl

et her préBlent The prdvessadf claadi8, evhgremtth® proodss ffirehes eanprikeo ersepad: st ream and
(f) separating at | east ortion o he third bottons reaminto a fourth
over head strgé oéi‘wd‘s%ﬁfdg haB‘BT‘P‘bH‘E&@??‘E@rHO“RﬁéF%?W "t‘snrté‘elf ourth overhead
streamcontains a mjority of the propylene present in the at |east a
portion of the third bottonms stream and wherein the fourth bottons stream
cont ai ns B majldeiprgcesst ofichpdmiBophereingtap (6] easuisyk arpXigenatp peisersion ¢f t he at

| east a cl ai m 68,
wnorei n Chah gl 3bud ool B8 b SI6REROAE entoaRRThe o kil BF BEERERBis” s ot ng
of net hanairodimeld into thetrdugtoene gl ycol ). 70. The process of claim68, wherein
t he second overhead stream contains greater than 1000 wppm di net hyl et her,
based on the total weight of the second overhead stream 71. The process of

cl ai m 70, 7nhermeprédags m&@somér@ﬁ%p%j&%{ﬁ‘s%%ﬁ akﬁ%nﬁé e&iwRFsidgniin 1500
wppm di net hyl ether, based on the total ht of t'he second over head

stream 7ipom 7haait §3 @t@@yt%ﬁwélghi PArGsL, bﬂﬁf‘émlt towéwfsrgb@egt@efouygm@tp conpri ses
the step . {r du(cga g&ttgg at least a portion of the third overhead stream
into a fi %over reamand a fifth bottons stream wherein the fifth
over head stream cont ains a mpjority of the ethylene present in the at |east
a porti 0n7 of tﬁ% pE‘(E]c;egsdof c a?rrnh6 a\qrhgr%{n tgg}ourtp%otvt\@rgg gtlregmt cho?nprlses at least 1

weight percent dimethyl ether, based on the total weight of the fourth bottoms stream.

78. The process of claim 77, wherein the fourth bottoms stream comprises at least 10

weight percent dimethy! ether, based on the total weight of the fourth bottoms stream.

79.  The process of claim 68, wherein the olefin-containing effluent stream, the quench
overhead stream, the first overhead stream, the second overhead stream, and the third
overhead stream contain acetylene, the process further comprising the step of:

(g) contacting the acetylene in at least a portion of the third overhead stream with
hydrogen and carbon monoxide under conditions effective to convert at least a portion of

the acetylene to ethylene.,

80.  The process of claim 68, wherein the olefin-containing effluent stream, the quench

overhead stream, the first overhead stream, the second overhead stream, and the third



fifth bottonms streamcontains a mgjority of the ethane present in the at

| east a portion of the -57- third overhead stream 73. The process of claim
72, wherein the process further conprises the step of: (h) polynerizing the
ethylene fromthe fifth overhead stream 74. The process of claim 68,
wherein the process further conprisesn$£e step of: (g) conbusting at |east
a portion of the fourth bottons stream@as fuel. 75. The process of cl ai m 68,
wherein step (a) occurs at an oxygenate conversion of from about 80 to
about 99 wei ght percent, based on the total weight of the oxygenate

i nt r oducebbtioMsatredie comaintmuothyl 46ety[Eheoqprogeitsic ahe plogesnfiher wodpading theep (a)
occurs at an@gxygenate conversion of from about 93 to about 96 wei ght

per cent, on the total weight of the oxygenate introduced into the

reactor. 77. The.MRRERS %eqﬁetﬁyiadce@yfeﬂe omﬁPfd.&etlﬂ@t e85 HBrtRALE B hid F €eam
conprises at least 1 weight percent et her, based on the total

wei ght of batteassergar withdrydengen and eagban mQIBJdePh@dQ‘rQ@@éél@ﬂwff@Flm? th coRYervher ei n
the fourt t 0 ht percent di nethyl
et her, ba%é%g%%ggﬁe @gﬁgﬁ]&@?gﬁ#ﬁgf‘? gﬁbfﬁ)roﬁﬁé%% stream 79. The

process of claim68, wherein the olefin-containing effluent stream the
quench oyerhead strea the first oyerhead stream the second, over head

stream a ¢ hEhecRiPTess olRiiphesh hereinpFHBRRLITS 2 cBE dheiich ovethgadsiisads s

further coBmdt dbdtfedderedthCile Scond g)/erﬁ&atsaeém 9&1 Ha@niRL&N RN Strkdh AkthkLaST a
portion of the third overhead streamwith hydrogen and carbon nonoxi de

under condintdinmethand, das proeess irhencamprisitg thester 0& portion of the acetyl ene

to ethylene. g(%? e} farig E1EAP agBrtﬁah%'fg?eQ{ﬁrd m%e%ﬂgtr%l il 06 £ o6 @Ezﬁft ni ng

effluent stre e quenc ver ream t over nead: s ream the
second ovsrehmand atfifthabattoandtrédne, whergid theFHth detheadrstreint mmlmxnma_]loritytﬁt hyl

acetyl ene or adi ene, the rocess rth rising th ste (9)
cont act i n@® Q’aﬁgi"f?ﬁ?m&b@f’ﬁ@ %%PP“&“&E 'ﬁ%o?’eﬁ %ﬁdsltrég@ta“g "HB”FE‘F 86 of the
third bofikRBstchy LR WohRiRIUFHHERY 02N BRI ANIBMaNd flesedDMhe &ABMALEL T ONS
effective to convert at least a portion of the nethyl acetylene or

pr opadi enportien frtbpgecemboverhead stream.

82.  The process of claim 81, wherein the process further comprises the step of:

(h) separating at least a portion of the fifth bottoms stream into a sixth overhead
stream and a sixth bottoms stream, wherein the sixth overhead stream contains a majority
of the ethylene present in the at least a portion of the fifth bottoms stream, and wherein the
sixth bottoms stream contains a majority of the ethane present in the at least a portion of the

fifth bottoms stream.

83. The process of claim 81, wherein the olefin-containing effluent stream, the quench
overhead stream, the first overhead stream, the second overhead stream, the third overhead
stream, and the fifth bottoms stream contain acetylene, the process further comprising the
step of®

(h) contacting the acetylene in at least a portion of the fifth bottoms stream with
hydrogen and carbon monoxide under conditions effective to convert at least a portion of

the acetylene to ethylene.

84.  The process of claim 68, wherein the olefin-containing effluent stream contains



81. The process of claim®68, wherein the effluent stream the quench
overhead stream the first overhead stream the second overhead stream and
the third overhead stream further contain nethane, the process further
conprising the step of. (g) separating at |east a portion of the third
overhead streaminto a fifth overhead treamand a fifth bottons stream
wherein the fifth overhead streamcontains a majority of the nethane
present in the at |east a portion of the third overhead stream and wherein
the fifth bottons streamcontains a majority of the ethylene and et hane
present ifirorhl36 t@®S taalsinedaweigbt fidraent ethyleiearsigeopdenay basbd adl thettotebweight2. The
process of. claim8l, wherein the process further conprises the step of. (h)
separ at i ngtg'?glf"g]%fﬁ?mﬁ'"ﬁ’@reﬁwt Hehe fifth bottons streaminto a sixth
overhead streamand a sixth bottons stream wherein the sixth overhead
streamcontains a majority of the ethylene present in the at |east a
portion o$3-t helleimreqespefidlaimsBds whergin the plefintsentaining ¢fBuens sixeam emtaitins st r eam
cont ai ns k QU i tond . j: of the
Firth bot raneney o kehi bt LARiate BRSuitud it SEiM of SO Rl

ol ef i n- cosftleemistnganef f | uent stream the quench overhead stream the first
overhead stream the second overhead stream the third overhead stream and
the fifth bottons stream contain acetyl ene, the process further conprising

the stepgdf. TH)préss SCdldimdss, DBeRGhY bRAB-chitaming &ASdnt 8tr&N Edreandf the
fifth bottonms streamw th hydrogen and carbon nonoxi de under conditions

ef f ect i velrem 28 énVpeight paresss progylsae. hagsd opfthe tord weight of g elefis-copwaipinme. 84.
The proce&g 9k Glal m 68, wherein the ol efin-containing effluent stream
contains -59- froms50 to 95 conbined wei ght percent ethyl ene and propyl ene,
based on the total weight of the olefin-containing effluent stream 85. The
process of, cl aj,m 84, wherein the olefin-containin ffluent streamcontains
Prom 25 Y75 TE sy A inbe, phyiniae SbESEaR kb S A5 e

ol ef i n- cog\eptchd Reeant e S dvefich® avBanBihd HIO QPSRBT ktr€dnd iuheSsondker €i n t he
ol efin-containing effluent streamcontains from25 to 75 wei ght percent

pr opy| enecarpaciorids, therprogess Birthgesagmrise thqy@epelef i n- cont ai ning  ef f | uent
stream (g) contacting the second overhead stream with a caustic medium under conditions
effective to remove at least a majority of the carbon dioxide from the second overhead

stream.

88.  The process of claim 87, wherein the olefin-containing effluent stream, the quench
overhead stream, the first overhead stream and the second overhead stream further contain
Cs+ hydrocarbons, the process further comprising the step of:

(h) separating at least a majority of the C4; hydrocarbons from the second overhead

stream.

89.  The process of claim 68, wherein the second overhead stream further contains water,
the process further comprising the step of:

(g) contacting the second overhead stream with a drying medium in a drying unit
under conditions effective to remove at least a majority of the water from the second

overhead stream.

90. The process of claim 68, wherein the olefin-containing effluent stream, the quench



87. The process of claim®68, wherein the ol efin-containing effluent stream
t he quench overhead stream the first overhead stream and the second
overhead stream further contain carbon dioxide, the process further
conprising the step of (g) contacting the second overhead streamwith a
caustic nmedi umunder conditions effeciive to renove at |least a majority of
the carbon dioxide fromthe second ovéitiead stream 88. The process of
claim87, wherein the ol efin-containing effluent stream the quench

overhead stream the first overhead stream and the second overhead stream
further oweihaadistreadt theytisiasarmeansreainnmd plicoeesr dverlichd strexafuithsd gogtaihe st ep
of (h) separating at |east a majority of the C4+ hydrocarbons fromthe
second over REdrgearkensetigprasgss fiher sppiprsiag e stapAfm 68, wherein the second
overhead streap Jelsléﬁaﬁﬁg‘ atQ&43t AidforitebBhe C,.t rdb RS RrofnUhd RbnFH B! Ng the
step of: (g) contacting the second overhead streamw th a drying nediumin a
dryi ng urfitrtamynder conditions effective to renove at least a npjority of the
water fromthe second overhead stream 90. The process of claim68, wherein
the ol efin-containing effluent stream the quench -60- overhead stream the
first overlheadhstpraass aiethiiled, sdcomdhoperde fidtiet caapaides theap afont ain C4+
hydr ocar bons, the process further conprising the step of: (g) separating at
| east a mgj ori(S&meT%“@&‘ﬁpFﬁpéfFeaE © %iﬂngrﬂ"f’ﬁ‘@a‘}s%%@ﬂ’d overhead stream
91. The process of claim®68, wherein the process further conprises the step
of. (g) polynerizing the propylene fromthe fourth overhead stream





