PROCESS FOR PRODUCI NG CLEFI NS FI ELD OF | NVENTI ON
[ 0001] The present invention relates to a process for
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propyl ene. BACKGROUND OF | NVENTI ON [0002] A efins are
traditionally produced from petrol eum f eedst ocks by
catal ytic or steam cracking processes. These cracking
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olefin(s), sudRQEK DB AINS
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converting an oxygenate, such as nethanol, into one or
ndemigl edipdwids. primarily et hyl ene and/ or propyl ene,
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carbonaceous materials including coal, recycled plastics, municipal waste or any

other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an oxygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Other known syngas
production processes include conventional steam reforming, autothermal
reforming, or a combination thereof.

[0004] The preferred process for converting an oxygenate, such as methanol,
into one or more olefin(s), primarily ethylene and/or propylene, involves
contacting the feedstock with a catalyst composition, typically containing a
molecular sieve catalyst. The effluent produced by such a process is a complex
mixture comprising the desired light olefins, unconverted oxygenates, by-product
oxygenates, heavier hydrocarbons and large amounts of water. The separation and

purification of this mixture to recover the light olefins and other valuable by-



purification of this m xture to recover the |ight
ol efins and ot her val uabl e byproducts is critical to
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process. In particular, it iz inportant that the
purification schenme produces products that are
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stream is passed to a demethanizer zone operating at a temperature greater than

45°C to provide a bottom stream comprising ethylene and ethane and an overhead
stream comprising hydrogen, methane, and ethylene. The bottom stream is fed to
a C, splitter zone to produce the eth'ylene product stream and an ethane stream,
whereas the overhead stream is fed to a pressure swing adsorption zone to remove
hydrogen and methane and produce an ethylene-containing stream which is

combined with the oxygenate conversion effluent stream.



conmbi ned with the oxygenate conversion effl uent

stream [0007] U.S. Patent Nos. 6,403,854 and 6, 459, 009
wo oooklobioer et al . disclose a process for conveP€T/N§2005/016073

oxygenate to |light ol efins i3 which the reactor

effluent is quenched with an aqueous streamin a

two-stage process to facilitate the separation of

hydr ocar bon gases from any entrai ned cat al i}/St fines,
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content and remalning water as a bottons product. The
oln#fally seaipora etoliegmmitssuchrpraspeach toveat fromashiclzgogled glefin
(207 kPa), preferabl%/ jgLOO to 1q?}OO si.a (689 tao 3447
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conbi ned with the water containing bottaons.stream or
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frrst separator that is reduced in water content and
ClaPu)perefigably 100 to 500 psia (689 to 3447 kPa), and directed to a second
separator that provides an olefin vapor product and a liquid oxygenated
hydrocarbon-containing stream. The liquid oxygenated hydrocarbon containing
stream can then be combined with the water containing bottoms stream or directly
added to the first separator to provide an oxygenated hydrocarbon product
recovered from the first separator that is reduced in water content and can be used
as fuel or co-feed for the oxygenate reaction process. Before or after the

compression step, the olefin vapor can be washed with methanol and/or water at a

temperature of 40 to 200°F (4 to 93°C), preferably 80 to 120°F (27 to 49°C).



as fuel or co-feed for the oxygenate reaction process.

Before or after the conpression step, the ol efin vapor
wa@ amveloe7osashed wit h met hanol and/ or water at aPCT/US2005/016073

tenperature of 40 to 200F (4-to 93C), preferably 80 to

120F (27 to 49C).[0009] Al of the above references

are incorporated herein by reference in their

entirety. SUVMARY OF | NVENTION [0010] In one aspect, .
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olffins conprising: (a) providing a vapor product

FHEYN from an oxygenate to ol efin reaction, said

vapor product streamconprising C2 to ¢4 olefins, C2

to C6 carbonyl conpounds and water; (b) cooling said
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<fffl uent streamand a first wash flash vapor
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vapor state; (e) washing at |east part of the cool ed
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than the e?fﬂlﬁgf s ‘??g? FOHPIT RS B0 1B E@a%%fwg./ggageg, tHah Hguid
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stream;

(d) cooling the second vapor effluent stream to form a cooled
second effluent stream that is at least partially in the vapor state;

(e) washing at least part of the cooled second effluent stream
with a liquid alcohol-containing stream, at a third pressure greater than
the first suction pressure but not greater than the second pressure, to
produce a wash liquid stream comprising C3 and C4 olefins, and a wash
vapor stream, said wash vapor stream having a lower content of C; to
Cg carbonyl compounds than the first vapor effluent stream; and

® exposing the wash liquid stream to a pressure of at least the
first suction pressure but less than the third pressure to form a first
wash flash liquid stream and said first wash flash vapor stream, said

first wash flash vapor stream being provided for said compressing (c).



wash flash liquid streamand said first wash flash

vapor stream said first wash flash vapor stream being
w@e@sioamweo f or sai d conpressing (c).[0011] ConvRoi/g@s100y016073

the first vapor effluent str®amconprises fromO0.5 to

5 w% such as froml to 4 w% of said carbonyl

conpounds. In other alternatives, there is nore than 5
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[0015]

go%x)fgniently, said cooling (d) produces said second effluent stream
with a temperature of at least 70°F (21°C), for example at least 80°F (27°C), such
as at least 90°F (32°C), and generally no more than 120°F (49°C), such as no more
than 110°F (43°C), for example no more than 100°F (38°C).

[0016] Conveniently, said alcohol-containing liquid stream used in the
washing (e) comprises methanol and/or ethanol, and preferably methanol.

[0017] Conveniently, the temperature in said washing (e) is at least 70°F
(21°C), more particularly at least 80°F (27°C), such as at least 90°F, and generally
no more than 120°F (49°C), such as no more than 110°F (43°C), for example no
more than 100°F (38°C).



(21 0C), nore particularly at |east 800F (27C), such
as at |l east 9Q0F, and generally no nore than 1200F
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no nore than 1000F (38C).[004dL8] Conveniently, said
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IcPa), such as no greater than 200 psig (1480 kPa),
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flash liquid stream and a second wash

of Cs, C4 and Cs olefins.

[0023] In one embodiment, the cooling (d) produces a cooled second vapor
effluent stream and a second liquid effluent stream, said cooled second vapor
effluent stream vapor being washed (e), and said second liquid effluent stream
being exposed to a pressure of at least the first suction pressure and no greater than
the third pressure to form a second wash flash liquid stream and a second wash
flash vapor stream, said second wash flash vapor stream also being provided for
compression (c). Conveniently, the temperature employed in the exposing of the

second liquid effluent stream is at least 40°F (4°C), such as at least 60°F (16°C),
and is generally no more than 120°F (49°C), more particularly no more than 110°F



flash vapor stream said second wash flash vapor

stream al so bei ng provided for conpression (c).
w@orvemaioent | y, the tenperature enpl oyed in thePERPSEOFYL6073

of the second |liquid effluent- streamis at |east 400F

(40C), such as at |east 6Q0F (16C), and is generally
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[0026] In a further aspect, the invention resides in a process for producing
olefins comprising:
(a) providing a vapor product stream from an oxygenate to
olefin reaction, said product comprising C, to Cy4 olefins, Cz to Ce
carbonyl compounds and water;
(b) cooling said vapor product stream to provide a first vapor
effluent stream at a first pressure no greater than the reaction pressure

and comprising no more than 10 wt.% water, and a liquid water-rich

stream,;



car bonyl compounds and water; (b) cooling said vapor

product streamto provide a first vapor effluent
warmeanoat a first pressure no greater than theCT/US2005/016073

reacti on pressure and conpri-&i ng no nore than 10 wt. %

water, and a liquid water-rich streanm (c) conpressing

the first vapor effluent streamfroma first suction

pressure that is no greater than said first pressure

to an i nf@rnedi avempessinguthe fisbyeper efflugnts sirepnt jfrogp a first

pressure to forman internedi ate eff]| u d
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greater yhiameaais iRkl VB 8trank S Sl litetrBedige Rffuent liquid
second effluent stream (f) cooling the second

ef fl uent seeansam to form a cool ed second effl uent

streamthat is at | east rtiallw. va o '

at | east ?‘%a_rt ofcwe%bt@lqg‘a ?lg%lg%e\réba eegt?llharétn‘?dl)g%g%{rﬁn@om an
with a | iguintkd@des siPlonGRedsatehBdis Slor @84fer thad said intermediate
vapor-liquid contacting device, at a third pressure

gr eat er tphasure hea isetoad peeisare erentes thamsajst Bbamediag presryte to
greater than the second pressure, to produce a wash

[ quid stP'ERAFE8 Fﬁﬁ’\eﬁ'b&@mand C4 ol efins, and a wash

vapor strgam saldhiinashe YRBAI efffuefPdticimViorm al oRM second
content of C2 to C6 carbonyl conpounds than the first

vapor ef fefflrent stefarmethed isahipagtipprielpoepary at | east part
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device, at a third pressure greater than the intermediate suction pressure
but not greater than the second pressure, to produce a wash liquid
stream comprising C; and Cy4 olefins, and a wash vapor stream, said
wash vapor stream having a lower content of C; to Cs carbonyl
compounds than the first vapor effluent stream; and
(h) exposing at least part of the wash liquid stream to a pressure
of at least the first suction pressure and less than the third pressure to
form a first wash flash liquid stream and a first wash flash vapor
stream, said first wash flash vapor stream being provided for said
compressing (c) along with the first vapor effluent stream, or for said
compressing (e) along with the intermediate effluent vapor stream, or
both.

[0027] Conveniently, said intermediate effluent stream is cooled (d) to a

temperature of at least 70°F (21°C), for example at least 80°F (27°C), such as at
least 90°F (32°C), and generally no more than 120°F (49°C), such as no more than



stream said first wash flash vapor stream being
provi ded for said conpressing (c) along with the first

wQ a@enombd | uent stream or for said conpressi nBCT/E$2005/016073
along with the internediate-&ffluent vapor stream or
bot h. [0027] Conveniently, said internedi ate effl uent
streamis cooled (d) to a tenperature of at |east 700F
(21 0C), for exanple at |east 8Q0F (270C), such .as at .
| H4SF (4756%: fos sxamyple apdngyeriagnal §0TF €38 960y to foRm sl ipsEmediate

(490C uc d |
Tyt ghR {Ebitshiaig dfuchdiitold s, BXATD. ©
gobrsient oy aperenfiodaasntatd waitd lighidestraadi at €hjefsf &xpesdd to a

l'1quid stream [0028] In one enbodi nent, the wash

| prgusiee of ploleasti e (intermedigirpwsden Peesaurprandsigid gyt wash flash
| east the inter. L at i g id: £

B FHUE TR P SrPYSNGRBORUGAT R AEaRl Efhen
E%%oahﬁﬁngﬁth the intermediate effluent vapor stream

29] hi anot her enbodi nent, the cooling (f) produces
al0629 ed Iis eeashet onzhedimast s the eprling (Deriafuass a£oglee sergnd vapor

i qui ffluent stream. ' | ed d

e eapy G e die Tdd Safof Tl SR ot B bepond, yapor
s@tdenaeend teinguireviaéd togetwashingdn), bed 8gd ssaagaijuidefiluent
pressure of at least the first suction pressure and no

gFtesatrebeing arpashé te ki prasspreeset at astadhe dirsh arckie prrgswasAd no

flash Liquid,st f .
cePanedethd S BT REL P ERaoP i AL S and
PER¥AE QA BhsHCRIPRE §%&HnO kalCec8h@R@siiilash Vdpor kiréSi also being

effluent stream or for conpression éfg along with the
i priogides dfcat eorapressint(cl apang stithedhg fost (séflyent stream, or for

epvagat & Pk Syt B Saenrele bt basBh iR, S bon
SUEhT QNP e S8 kEcoAl didhdd RGBS ekpored 1y apstkssure of at
streamis provided for conpression (e) along with the

i msphemtqhmd'eta‘ jJugtion preapoe asd pasd second weshiflast ygpor stieam is
expo i .and i i
P RR it ot BlmBRHS® o Bushe P8 S OGS SRGRRE A o

P, 058 10 o0 ket s oo
asteasetaha wasdncki & baid apwel, sptietly adienbeingraombived ath said
f \?v%s}?ﬁ&ﬁﬁes rgzitrr?,nto %Viger:] g{eo irstwash f1as iv%%or stream and second wash
flash vapor stream as a common stream for compression (c) and/or compression
(¢), and to provide the first wash flash liquid and the second wash flash liquid as a
common stream. In addition, the cooled intermediate effluent stream from (d)
may be introduced into the vessel, optionally after being combined with the
second liquid effluent stream and/or the wash liquid stream, to provide the first
wash flash vapor stream and the second wash flash vapor stream and the
intermediate effluent vapor stream as a common stream for compression (e), and

the first wash flash liquid and the second wash flash liquid and the intermediate

effluent liquid stream as a common stream.



(e), and to provide the first wash flash liquid and

the second wash flash liquid as a commobn stream In
w@daedn) the cool ed internmedi ate effluent stPERISINDM6073

(d) may be introduced into tihe vessel, optionally

after being conmbined with the second Iiquid effluent

stream and/ or the wash liquid stream to provide the

first wash flash vapor stream and the second wash

f[{mﬂi vapdiernetivelsinthe aepledeccrrd effivert siieamenay heapiroduese into
sStrea f i .
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e secon
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a common stream [0030] Alternatively, the cool ed
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t.o formthe cool ed segco Vapor I d
el g L S AR T
Washnbdigiei drisdot SRMdOstrehie ikiepbiidni ot BlerRdhalqeidétdatent the
stream Likew se,” the cooled internedi ate effl uent

secawnliguy @duenitstsauc eGonyanisntlyy esemperptyrgremplpged in the

i nter.nedi.ate eff| uent, vapor. stream.and the. .
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thRaash: biaig iftd 0aRk0ns b a0 (o0 ubibhedss hupadt 60°F
stream Conveniently, the tenperature enployed in the
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(QﬁﬁkQquq is generally no nore than 120F (49C), nore
particularly no nore than 1100F (430C), for exanple no

ni®0a1]t hain 1:600kr (S88Cjmenydhe dgemesdiaie cefflem 1BpOE stream is
270) . 00317 | nmbadi . i i
PPN L P eGrre OF st T8 pototiotion b FIOTE) T the

| eashelifif fibistte BUSHLOR RiBSSUER BRE VapsSeffilan stfedm and an
internedi ate pressure to forman internedi ate flash

viapomeéiafd flasht ligtid effincahdiream.i Mtherintsainediatef flagh v appig effypent

ef fl uent stre The inter late.fl as apor flue
CH P R0 [ ATPE BBk H88 S (85 Moy OARna T e
F WISt GRPT th8ifleHRBiats ITRR MapdY SBLBAL de@hYis Prb®ided, possibly
intermediate flash vapor eff?uent streamis provided,
palssg with ahather imtdrnedntt hfluennstesane dr antermeddiste exffluent vapor
streamor internedjate efflyent vapor.stream fo

R 95§
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CRLERGES %boéjreatgloﬂﬁn the intermediate pressure. Conveniently, the pressure

employed in the exposure of the intermediate effluent liquid to form the
intermediate flash vapor effluent and intermediate flash liquid effluent streams, for
example in a vessel, is from 1 psig to 340 psig (108 to 2444 kPa), more
particularly from 5 psig to 200 psig (135 to 1480 kPa), including from 5 psig to
100 psig (135 to 790 kPa), such as from 5 psig to 80 psig (135 to 653 kPa), for
example from 10 psig to 30 psig (170 to 308 kPa). Conveniently, the temperature
employed in the exposure of the intermediate effluent liquid to form the
intermediate flash vapor effluent and intermediate flash liquid effluent streams is,

for example in a vessel, at least 40°F (4°C), such as at least 60°F (16°C), and is



pressure no greater than the internedi ate pressure.

Conveniently, the pressure enployed in the exposure of
wo b@eiootoer nedi ate ef fluent liquid to formthe PCT/US2005/016073

internedi ate flash vapor effihuent and internediate

flash Iiquid effluent streans, for exanple in a

vessel, is from1l psig to 340 psig (108 to 2444 fcPa),

nore particularly from5 psig to 200 psig (135 to 1480

kRayrally mol ore)ghaor 020°F (9PQ), trooreoperpeilarly n@smpee #gg 110°F

kPa) uch as from5 i -80 ing 35 ta 653 kPa)ano
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C{?m(??ni ently, the tenperature enployed in the exposure

of tHe intermediate effluent liquid to formthe _

i (1032 Inediaye of fusther asppdy thefifivention resitgs ime eronssl fr groducing

flash liquid effluent streanms is, for exanple in a

VRIELR conyisingast  400F (40C), such as at | east 600F

(16C), apg isgenghdlding HeapdRAR rbdt@ibn 2RMEt £:48Gh oxyBeERIte to

parti cul gégl y non&rrgre t’han ﬂ%:%oé (43C), for exanple no

nor e t haolefDOekt{d8E)id moblst aempusingCe to Hanolgus; oxygenated

(27C). [0032 i yet, a further aspect, the invention
391313%96%%@@

resides i YT pr oducing ol efins conpri sing:
(2) provighing a ¥AReoHs SRt REABACHolEAMAN quenching
oxygenate to olefin reaction, said product conprising
C2 to C4 doViet insrovisheyagepatoss! fifsy @ffbroat sam atrdingkpressure and

(b) condensi ng the vapoyous, reaction product in a
quenchi nGOHEVFEE npén‘ﬁfrgé{]/?ndio ‘g?%‘h%é)t?‘g lTPsatefil? glae ISPFpeRTPduct
stream at,, @, i LRt wREessHEtRaad conprising no nore than
10 wt. % 0 thf(al water in the reaction product, and a

li quid watker-ri cintistingng the cyaponeusodiossi affluehie siapor sud an
first effluent stream and an interpediate effl uent
liquid stpterpsdizie (?%iuelnf E@Pl%\r%@% 1;1{B§%lffr‘gn\éqs§e§}, %??%{OQFHY after

conbi ni ng 5@t %%aﬁétﬁrs@fef’ﬂdéﬁmtreﬁﬁ{ﬁﬁrﬂl@ﬁl@eﬂxﬁﬁiate effluent liquid
internediate e uent liquid stream to forma flash

vapor addedarhj tosformfaf flashritapst adsahasteefluens straam \aad gedecond
[iquid st reani_ (,8) conpressing the flash vapor added
first ef fietRshtiqdt SEEFL o

(d) compressing the flash vapor added first effluent stream to

an intermediate pressure to form an intermediate effluent stream;

(e) cooling the intermediate effluent stream and introducing
said cooled intermediate effluent stream into a second vessel together
with a second liquid effluent stream and a wash liquid stream to form
an intermediate effluent vapor stream and said intermediate effluent
liquid stream;

® compressing the intermediate effluent vapor stream to a
second pressure greater than said intermediate pressure to form a
second effluent stream;

€] cooling the second effluent stream and introducing said

cooled second effluent stream into a third vessel to form a cooled



an internmedi ate pressure to forman internediate

effluent stream (e) cooling the internedi ate effl uent
wateoeanoand i ntroduci ng sai d cool ed i nternmedi aP€r/US2005/016073

effluent streaminto a second vessel together with a

second liquid effluent streamand a wash |iquid stream

to forman internedi ate effl uent vapor stream and said

internediate effluent |iquid stream ressin

t he i nt esaseed seporefflnend preymped sgid ?é?ﬁn élan S%eam

pressure@gfeater than said internedi ate pressure to

forma second effluent stream (g) cooling the second

ef f 1 uent (15t r eamyaRBink'the QAR NGeaRI tapoe @ifekns sgream with an
effluent streaminto a third vessel to forma

cool edseslooitblwapisiins Hauidstrean iearraidiad eoniactipg device, at
[iquid eff,l. ue nt str
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reamw

al cohol - gpntpé Rbdd| pressute, 36 gﬁ:@dnce saill wagoliqhidgstiedm and a
contacting device, at a third pressure of greater than
t he i nt emasdianoe stscaé@,smcbwmh VROT Grean dpvipR driopki content of

second péﬁ%ﬁ%@%ﬁp@ﬁgﬁ] %r ﬁ‘uen'tgt aﬂlstream

and a wa vapor Stréam havi ng

Jobeyer  Cont&Mntl ft@(m&ﬁﬁﬁﬁ@e %O 606 3§ b@@&hirhasotﬂasg (2514
fi rst ef fluent s ream [ 0033 nveni ently,

|1d?taa;rsmebl patess thae 280 peigi (é4$Qe )t f%ﬁx%nledgﬂsgh?(@lsﬂpﬂg (1273

ch as I th 1 kP,
SR el WA RO 359 SO BB 1R asnp
thay, s'i_iclﬁ)ﬁé %eété&@aﬂf&’@bmgf(wmnpl e gr eater than 20
psi g such as greater than 40 psig (377

k[I9934] [ Om]mm@hoasﬂvagee@ irteymeddate du¢twmeprﬁ%§@lr@aﬂeth§ \pairpRee to
S RaHe G- SRR 05 OTRAEREH A SR fab
R e Sy AL 10, 038 o Ot ool 201
1A 3p &Pa) &ShokRare thel Krps HUkPa) foelqve@uchtnéermeé@mréssure
I[K%ggé%t Qsésglfqee r}pg{eqrngltﬂ%ﬂt ne é yrHrocar ny 1nc?10§es a 1phat10 olefin,
diolefin, acetylene, or cyclic variations thereof, or in appropriate cases aromatic,
hydrocarbon molecules having the number of carbon atoms represented by the
subscript "x" Similarly, the term "Cy-containing stream" means the stream
contains Cy hydrocarbon. The more specific molecule is represented by a more
explicit term in place of "hydrocarbon", so that, for example, "Cs olefin" indicates
butene-1, or butene-2, or isobutene, or combinations thereof. The term "Cy+
hydrocarbons" indicates those molecules noted above having the number of
carbon atoms represented by the subscript "x" or greater. For example, "C4t
hydrocarbons" would include Cs, Cs and higher carbon number hydrocarbons.
Similarly "Cy- hydrocarbons" indicates those molecules noted above having the

number of carbon atoms represented by the subscript "x" or fewer. As used

herein, hydrocarbons do not contain an oxygen molecule and thus are not to be



di ol efm acetylene, or cyclic variations thereof, or

in appropriate cases aronmatic, hydrocarbon nol ecul es
whaneiogrosthe nunber of carbon at ons represent edPGHUSIY05/016073

subscript "x" Simlarly, tha3term"Cx-containing

stream neans the stream contains Cx hydrocarbon. The

nore specific nolecule is represented by a nore

explicit termin place of "hydrocarbon", so that, for

exafstd withCrheolesh i axygenath ehtissvasiore meore spepifip frane-spch as

or i spbyten 0 onbi nations.thereof. The term "Cx+
W&ﬁ%BﬁﬁﬁﬁBﬁgka%H%ggP%gr%ﬁﬁ%?‘Lnolecules not ed above
Now3d)9 t he Redefeiffhe BR00, & CreabepyesRiiceddys ddfhed as

subscript "x" or greater. For exanple, "C4+
hyetmaaoizoersthorgondldculercanipiniog frans 24ad ¢arnettoms tp durther

nunber hydr gcar bons. i m.|l arl Y Cx-, hydr S
e ar LT Gok SRpeBelrBan A M SRR R A% ouble bond
YRS RS at6R R In AP Fas 2026 BoAEEh Hie dther uhsCatbitand one
"X" or fewer. As used herein, hydrocarbons do not

doitazien atmmosykpioneniokpgsul aidied donbls tend ta@tcarken atom that in

beconfused . wth, the termo enate or i\ts.yarious nore
JpEcRCTIEY hRnd ©Garh i Gl sPolaRaps) aidhy de
ket one or carbonyl. [0036] As used herein, the termC2

to C6 carbonyl conpounds is defined as neani ng one or
NBR BE FbESCIRBET 6 carbon atons

th further conprise at |east one.o en_atom.in .
ATy de iy Gant peiamafiaoN Hranat ians s Dhcthy Gefiding v
al Ry ngie dMnd Wenthas a single bond to one ot her
carbon atom and one hydrogen atom or ketone (oxygen.
t [0888Jhas Rinubleas beridmiatic owatisgramatlosiratinge procepu@agolsiaeg to
a single bond _to .each of two other carbon atons)
ngtothe) exaipplee! BeddpmBPON OF THE DRAW NGS [ 0037]
F‘_ §§e]e 1 pignrd aﬁgg]@éfﬁh‘laﬁc fﬂlo%ﬁ?@ﬂlriﬁ{ﬁtfdtilng eiprddesd8cdrding to
process actording to one exanple of the I'nvention.
[ 20 3BYthér guampliofithe mvsntienat i ¢ f1 ow di agram '
“illustrating a process according to another exanpl e of
the invention. [0039] Figure 3 is a schematic flow
di : . . g0 yet
IR ATED RIPION OF PRESEMASODIMENIS 0 yet
Qiiolédal 8RO MENTBalysts Thereof for Use in OTO Conversion

[0040] Molecular sieves suited to use for converting oxygenates to olefins

(OTO) have various chemical and physical, framework, characteristics. Molecular
sieves have been well classified by the Structure Commission of the International
Zeolite Association according to the rules of the IUPAC Commission on Zeolite
Nomenclature. A framework-type describes the connectivity, topology, of the
tetrahedrally coordinated atoms constituting the framework, and making an
abstraction of the specific properties for those materials. Framework-type zeolite
and zeélite-type molecular sieves for which a structure has been established, are
assigned a three letter code and are described in the Atlas of Zeolite Framework
Types, 5th edition, Elsevier, London, England (2001), which is herein fully

incorporated by reference.



Mol ecul ar Si eves and Catal ysts Thereof for Use in OTO

Conversi on [0040] Mol ecul ar sieves suited to use for
w@ovemntoomg oxygenates to ol efins (OTO have vRECT/O8H05/016073

chem cal and physical, framework, characteristics.

Mol ecul ar si eves have been well classified by the

Structure Conm ssion of the International Zeolite

Associ ation according to the rules of the | UPAC
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size of the ring that defines a pore, where the size is based on the number of T
atoms in the ring. Other framework-type characteristics include the arrangement
of rings that form a cage, and when present, the dimension of channels, and the
spaces between the cages. See van Bekkum, et al., Introduction to Zeolite Science
and Practice, Second Completely Revised and Expanded Edition, Volume 137,
pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).

[0043] The small, medium and large pore molecular sieves have from a 4-1ing
to a 12-ring or greater framework-type. In one embodiment, the molecular sieves
used herein have 8-, 10- or 12- ring structures or larger and an average pore size in

the range of from about 3A to 15 A. More typically, the molecular sieves utilized



or a conbination thereof, preferably a CHA topol ogy.
[0042] Mol ecul ar sieve materials all have
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corner-sharing TO4 tetrahedr-d- where T is any
tetrahedral Iy coordinated cation. These nol ecul ar
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offt gy eRoB; S s % Sheeadl iRophesphat gnolesulay sieves, have -rings
fﬁﬁd’%’{‘@\?éfa%%{&? ChRNAE Rk $ A'sfagh mﬂﬁi ﬂﬁg?a gaeof%f@@g%% for

rings t orma cage,
diexenge fomoF A N}aﬁéeb&‘tlcallaﬂytfﬂmm Spédeé Zﬁet ween t he

it aaien arf?%‘%és"‘@eci RN @fye hﬁ%%qu'%ri&d%%‘%%i st04
e A R R R R

Thiosphwrolis baedimoteanist dieweg ang m&almh&ﬁuh@&ﬂﬁbﬁ,vaiﬁmhﬂllfr!sand
froma 4-ring to a %2 ring or greater framework-ty
t

| RRQSRECTAHY Béﬁeﬁéﬁ? eyl SiBACRAI oo idsvraibesh g dlckal it imerous
ha\®iBtions ficiu@in ?el%x e&'a 165 {F SCHUEASNG! 4 l5§z %?5 é%ﬂe%}%]l gvhere

average pore si in fange of from?+

AMdMsridg,t Mnj Za) bryCo), RLES nPatestiNars, 448 AS(SKRD), mﬁcfgeaﬂi [Patent
i nvention ch. as_silicoal um nophosphate nol ecu
SIREVESHORFPoAR) 6% GEALRO Beres porse. & 46 Cesea Ge, Fe,

t ﬂ?rM?AN{n? ?ﬁnrbgafn)' Ry Lt; B ANES. QfSF ﬁ@é“(ﬁé@@f@& fP%{ents No.

exa A td parti cl rom
44;832 4[/8),044@83 2\17] eﬂunmss QF@MESD),IEQGAHBI.‘B 973 Al U, Pﬂtent No.
have two or

;[SiO], [ Al O4 and/orliPO4]
¢ A07 SREGGRARRD; EP-Arkdb1 480 (,C]cﬂAPSé?)urﬁ ndrR dA8/ H6 (ELAPO,
PRASRNGT QUS, %Sgg%fﬁh epu &ainl%san ) e%'E‘ oT85ah 440 {AIPO.), EP-

containing Si'lT al um nu orous’ ba

ma-@d5is as0 @SENABS@;NQ SbPaﬁntdIGSM 91834250 (LlABS@D |UJSn Patent No.
nuner Qqus

E ications incl ud{ﬂhézfor ex
Péﬂé%tﬁw Uﬁi’@bﬂo%gl’a(tmw@ e259e<q3 ) I\]H S. Zl?ﬁteférNO-

Cober 5P R, 05, ST BP0 g o

B4 7613 837(:@&%0)@1184 gBi,teéimANoW 7591919Tandm SZD)l 06 (CRAPO), U.S.
Pat ent
2Bms 2%, 4410t 92 18520 544 08820 Frb S, 16D (e PESY, US.

BTy PR DL S Py a0 T et

Fip. ¥913,888 (AsAPD),Z0, Patehtis Rad. endsolim2, 4,83605640d 4,793,833
(él\drﬁ)%gC)),Egg Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent
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which are herein fully incorporated by reference.
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these metal species. In one preferred embodiment, the metal is selected from the

group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and
mixtures thereof, In another preferred embodiment, these metal atoms discussed
above are inserted into the framework of a molecular sieve through a tetrahedral
unit, such as [MeO,], and carry a net charge depending on the valence state of the
metal substituent. For example, in one embodiment, when the metal substituent

has a valence state of +2, +3, +4, +5, or +6, the net charge of the tetrahedral unit is

between -2 and +2.
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nmbee ;sreﬁemhlxom isffrosh 0.15 tark, M ssrane OrtHedkaly 6xraed 4 to 0.5,
wher e, 3 n%\él sel ected fromone of Goup |IA DA
| gd g P g0 VIB, VICB, VTITTR and Lant hani des of

tgﬁﬂ)_}(e q\fdrplllﬁ?tMgee)&ﬁnp@seﬁgAPO Aleherabhsldiiiad 51eves of the

romone of the group consisting of Co,
Cyetfon BaludSene My,a ddmbidtion S, SAROQ- SZ|SA§1Q+8,ZSAPD ]aln 'SAPO-

oS ES0, SREG-18 SRbBLad Wb 8T51°84F0.58, Safo-B) Sabo-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No. 6,162,415),
SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34,
ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves thereof.

The more preferred zeolite-type molecular sieves include one or a combination of
SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34,
even more preferably one or a combination of SAPO-18, SAPO-34, ALPO-34 and
ALPO-18, and metal containing molecular sieves thereof, and most preferably one
or a combination of SAPO-34 and ALPO-18, and metal containing molecular

sieves thereof.



greater than or equal to 0.01. [0048] In another
enbodi nent, mis greater than 0.1 to 1, X is greater

W b@a/00706@ 0.25, y is in the range of from 0. 4P€DUS2085/016073
and z is in the range of fren0.25 to 0.5, nore
preferably mis from0.15 to 0.7, x is fromO0.01 to
0.2, yisfrom0.4to 0.5 and z is fromO0.3 to 0.5.
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sl eves escribed in the U S. Patent Application
Rubfoiraad inorechitar 2632404165089 mshions Adis mslesuisersique catalyst
2002 and Internati.onal Patent Publication..Na. WO
ﬁ@ﬂ@ﬂ’@@np@ ofg dn’prP?qfﬁl%,aPi‘g%, %thﬁlg@%ibé’hwglrl'émwn
S0 qhiek Whdhas! PR RORBLRM fiYng, Rk 81866 Bnd e BROT her
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exa e, PO 18, ALPO 18 and RUW 18 have an_ AE] .
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R B A o o
natdeasbond axyaen atbad Typicllyathabygdenatoyn the feedstock comprises one

or more alcohol(s), generally aliphatic alcohol(s) where the aliphatic moiety of the

alcohol(s) has from 1 to 20 carbon atoms, such as from 1 to 10 carbon atoms, and
conveniently from 1 to 4 carbon atoms. The alcohols useful as feedstock in an
oxygenate to olefins process include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.

[0053] Non-limiting examples of suitable oxygenates include methanol,
ethanol, n-propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether,
di-isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic
acid, and mixtures thereof. Typically, the feedstock is selected from one or more
of methanol, ethanol, dimethyl ether and diethyl ether, especially methanol and

dimethyl ether, and preferably methanol.
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[0057] The present process can be conducted over a wide range of
temperatures, such as in the range of from 200°C to 1000°C, for example from
250°C to 800°C, including from 250°C to 750 °C, conveniently from 300°C to
650°C, typically from 350°C to 600°C and particularly from 350°C to 550°C.
[0058] Similarly, the present process can be conducted over a wide range of
pressures including autogenous pressure. Typically the partial pressure of the
feedstock exclusive of any diluent therein employed in the process is in the range
of from 0.1 kPaa to 5 MPaa, such as from 5 kPaa to 1 MPaa, and conveniently
from 20 kPaa to 500 kPaa.



[0055] The diluent, for exanple water, may be used
either in aliquid or a vapor form or a conbination
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5500C” [0058] Simlarly, the present rocess can be
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qynuanmamﬁhwkaxon120 | cPaa to 500 kPaa. [0059] The

ht hqurly spacge vel oci.ty.(VWHSV). fi t
t[@pg}] wei ld Pr %q:egsf Tei]gtna%ep(ltlgﬁ (]:Ei( ﬁ%}v\ﬁ%legﬂ)g cl%ﬁ] uﬁteeﬁfass a ﬁxed bed
E&HEeSQ er Mot Rhidafly Bl etilintd P8 YRodeBs (iReluaizad Mﬁbulent bed
onposition, typically ranges from1 hr 1 to 5000 hr

1pros¢ss)1 sach dsroonnEnhousTiidiz8DbE! process, Andrpacicateslyes ¢qngous
and conveniently from10 hr 1 to

1]@6%‘4%]100113’ glulldll’Fegrl?S&BWSﬁr ment, the WHSV is greater
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aﬂlfuldijzleglbze(celqregc%%n ztoplees golﬂ%? rdf tlo(gzclitﬁer, %1rculatmg 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 (dual riser), and
Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977, which are all herein fully
incorporated by reference.
[0063] The preferred reactor types are riser reactors generally described in
Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz
and D.F. Othmer, Reinhold Publishing Corporation, New York, 1960, and U.S.

Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application



velocity (SGV) of the feedstock including diluent and
reaction products within the reactor system and
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0.1 nmeter per second (nf secyl- such as greater than 0.5
m sec, such as greater than 1 misec, for exanple
grgr;eat er than 2 nisec, conveniently greater than 3
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fully incorporated by reference. [0064] hi one
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fl.gri di zed bed process or high velocity fluidized bed
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ovrclgigﬁ{ peggern% 6 i8 engeifrgh apcetrc%gl ,SS?.ICh as from 1 weight percent to 75 weight
percent, for example from 5 weight percent to 65 weight percent based on the total
weight of the feedstock including any diluent contained therein. The liquid and
vapor feedstocks are preferably of similar or the same composition, or contain
varying proportions of the same or different feedstock with the same or different
diluent.

[0067] The feedstock entering the reactor system is preferably converted,
partially or fully, in the first reactor zone into a vapor product stream that enters
the disengaging vessel along with the coked catalyst composition. In the preferred

embodiment, cyclone(s) are provided within the disengaging vessel to separate the

coked catalyst composition from the vapor product stream containing one or more
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carbon dioxide, oxygen and water (U No. )O,' carbon r;lono'xide
and/or hydrogen. Suitable regeneration conditions are those capable of burning
coke from the coked catalyst composition, preferably to a level less than 0.5
weight percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. For example, the regeneration
temperature may be in the range of from 200°C to 1500°C, such as from 300°C to
1000°C, for example from 450°C to 750°C, and conveniently from 550°C to
700°C. The regeneration pressure may be in the range of from 15 psia (103 kPaa)
to 500 psia (3448 kPaa), such as from 20 psia (138 kPaa) to 250 psia (1724 kPaa),
including from 25 psia (172kPaa) to 150 psia (1034 kPaa), and conveniently from

30 psia (207 kPaa) to 60 psia (414 kPaa).
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one embodiment, the regenerated catalyst composition withdrawn from the

regeneration system is returned to the riser reactor(s) directly, preferably after
passing through a catalyst cooler. A carrier, such as an inert gas, feedstock vapor,
steam or the like, may be used, semi-continuously or continuously, to facilitate the
introduction of the regenerated catalyst composition to the reactor system,
preferably to the one or more riser reactor(s).

[0074] By controlling the flow of the regenerated catalyst composition or
cooled regenerated catalyst composition from the regeneration system to the
reactor system, the optimum level of coke on the molecular sieve catalyst

composition entering the reactor is maintained. There are many techniques for



range of from 0.01 nole percent to 5 nole percent

based on the total volunme of the gas. [0072] The
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feeding a cooled gas to the regenerator_vesse
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gg@gr L;gbl%l 'rl]%ﬁgﬂglg}c d)ﬁ(gu%fg(’:ter cRtah Y8l FHBPYRdducOBtream is at
reaction temperature and pressure and hence is initially cooled in a quench device.
The quench device removes heat from the vapor product stream, and may
comprise a traditional indirect heat exchanger, for example using cooling water or
air on the shell or open side with the vapor product stream within tubes, or a direct
contact device such as a traditional quench tower employing water as the quench
medium. As a result of this cooling, water from the vapor product stream will
condense to the liquid phase while the bulk of the hydrocarbons remain in the
vapor phase. The liquid water phase is then separated from the vapor phase by

conventional means. In an indirect heat exchanger, for example, the water may be



Experimental Techni ques, G rcul ating Fluidized Beds,
G ace, Avidaii and Know ton, eds., Blackie, 1997
W@ 3®6/08B6) , which is herein incorporated by rePer/esmes 016073
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Wlt in tubes, or a direct contact device such as
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Wil fopdioRUbK tiRbe LREzIANEE OF B D FaRrFeNBottoh3 stikem may Vary
widely dependent upon the specifics of the quench tower, such as the pressure,
temperature and height of the tower and nature of the exchanger or tower internals.
[0080] Regardless of the exact composition, the liquid water-rich bottoms
stream will need to undergo further processing to provide components in an
appropriate state for use or further treatment, e.g., provide a water stream low
enough in organic content for typical water waste treatment, or provide an
oxygenate stream low enough in water content for use as fuel or for addition to
some point in the oxygenate to olefins process or apparatus. Examples of such
treatment can be found in U.S. Patent Nos. 6,121,504, 6,403,854 and 6,459,009
and U.S Patent Application No. 10/720,505 filed November 24, 2003.



vapor phase. The liquid water phase is then separated
fromthe vapor phase by conventional neans. In an

WO pabeioeto60 heat exchanger, for exanpl e, the watPRCT/D82005/016073

becol | ected and renoved frordéa boot provided at the
bottom of the exchanger shell, or the entire condensed
vapor product stream may be passed to a vessel, such
as a drum to provide such |iquid-vapor separatl on.
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more than 5 wt %, such as no more than 2 wt%, water.

[0083] After exiting the quench device, the first vapor effluent stream is in
communication with a vapor compression device, conveniently such as a
traditional mechanical reciprocating, centrifugal or axial compressor. Even non-
mechanical devices like an ejector, such as a steam ejector, may be used, but are
not preferred. The communication typically includes passage through a pipe,
potentially further comprising other process elements such as vessels,
instrumentation (e.g. a flow metering orifice plate) or valves, such as control

valves. Such communication will cause a reduction in the pressure of the first



treatnment can be found in U S. Patent Nos. 6,121, 504,

6, 403, 854 and 6, 459,009 and U. S Patent Application No.
wQUoéa070605 fil ed Novenmber 24, 2003.[0081] | n PEEUS2005/016073

enbodi nent, the liquid wate7rich bottons streamis

directed to a water-oxygenate fractionation tower,

e.g., a water-nethanol fractionation tower, which is
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device at a third pressure not greater than the second pressure. Conveniently, the
third pressure is less than 350 psig (2514 kPa), such as less than 200 psig (1480
kPa), for example less than 170 psig (1273 kPa), and greater than 100 psig (790
kPa), such as greater than 140 psig (1066 kPa). The first washing step serves to
remove aldehydes and ketones from the cooled second effluent stream and
produces a wash vapor stream, containing the desired olefin product, and a wash
liquid stream. Conveniently, said wash vapor stream comprises less than 0.5

wt.%, such as less than 0.1 wt%, for example less than 500 ppmwt, of C; to Cq

carbonyl compounds.
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passage through a pipe, potentially further conprising
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instrumentation (e.g. a flowénetering orifice plate)
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[0088] Convemently, where the alcohol utilized is methanol, the amount of

methanol employed in the first washing step is at least 0.03 Ib (as pure methanol)
per Ib of the cooled second effluent stream so as to ensure that there is sufficient
methanol to (1) achieve the required low level of oxygenate in the C4 component
of wash vapor stream and (2) prevent the formation of a third, aqueous liquid
phase in the first vapor-liquid contacting device. In addition, the amount of
methanol employed in the first washing step is generally no more than 0.5 Ib (as
pure methanol) per Ib of the cooled second effluent stream so as to limit the

amount of prime olefin (ethylene and propylene) removed into the wash liquid
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t Bﬁotﬁéﬁ%ﬂiﬁod@ﬁems the Wash 11qu1d stream comprises no greater than 60 wt.%

Cs and Cy olefins, more particularly no greater than 50 wt.% Cs and C4 olefins,
such as no greater than 40 wt.% Cs and C, olefins, for example no greater than 30
wt.% C; and C4 olefins. An alternative holds there is at least 1 wt.% and no
greater than 50 wt.% C; and C, olefins in the wash liquid strea:fn.

[0091] Another option has the wash liquid stream further comprising Cs
olefins. More particularly, the wash liquid comprises at least 1 wt.% C; to Cs
olefins, more particularly at least 5 wt.% Cs to Cs olefins, such as at least 10 wt.%
C3 to Cs olefins, for example at least 20 wt.% C; to Cs olefins. In another

embodiment, the wash liquid stream comprises no greater than 75 wt.% C; to Cs
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the temperature to which the wash liquid is exposed is at least 40°F (4°C), such as

at least 60°F (16°C), and is generally no more than 120°F (49°C), more

particularly no more than 110°F (43°C), for example no more than 100°F (38°C),
such as no more than 8§0°F (27°C).

[0094] As noted earlier the cooled second effluent stream will be at least
partially in the vapor state, and thus may be partially in the liquid state, dependent
upon the conditions employed in the cooling. It may be beneficial to segregate
this stream into a separate cooled second vapor effluent stream and a second liquid

effluent stream, and provide the cooled second vapor effluent stream for alcohol
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ol efins, such as no greater-3than 40 wt.% C3 and 4
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olefins. An alternative holds there is at least 1 m.%
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[0096] With regard to common equipment items being used to expose various

g>§ H .efnlh %]qﬁlignkénﬁ tmay

streams to process conditions that promote a vapor-liquid flash, a notable example
is putting the wash liquid and the second liquid effluent stream in the same vessel,
such as a flash drum, with both streams then exposed at the same conditions
within the vessel to provide the first and second wash flash vapor streams as a
common stream for compression to the second pressure, and provide the first and
second wash flash liquid streams as a common stream for a suitable disposition.
Similarly, the wash liquid, second liquid effluent and first vapor effluent stream

may be provided to the same vessel at the same conditions to provide the first and
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200 psig (135 to 1480 kPa), including from5 psig to
wQaO@efsioeo (135 to 790 kPa), such as from 5 psiBCT/OSBO5/016073
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desirable to cool the intermediate effluent stream discharged from one
compression stage prior to passing it on to the suction of another compression
stage to achieve a further increase in pressure, and so on until the second vapor
effluent stream at the desired second pressure is achieved.

[0099] In one embodiment, the intermediate effluent from one
compression stage is cooled such that it remains substantially in the vapor state
(say, least 95 wt.%, or at least 99 wt.%, or all in the vapor state) prior to being
passed on in total to the suction of another compression stage to achieve a further

increase in pressure, and so on until the second effluent stream at the desired



transfer capabilities sinultaneously. A separate
vessel or item of equi pnent may be used for each

wa@ ooeamocd ndependent |y provi di ng vapor and | i qee™iUS2005/016073
streans at the sane or diffesent conditions, or nore
than one stream may be provided to the sane vessel or
item of equi pnent to provide a conmon vapor and a
common liquid stream [0096] Wth regard to comon

sqeindnpressire dsmbirenety (Ede it deagiidale Mpgmpeypssppgahpes of

to process conditions th § t U

e R phanrioh s aplEt e Bt Yyl R pbft tects,
gogodihe seannfohkoihd fidiod SferSdon@aesion dnldeosangof the first
vessel, such as a flash drum wth both streans then

evapos efflught stnens aomprediedithe saeendi Yapon offiueny siygan qcgur in 2

provi.de the first..and_.second sh f h v I :
RO B0 nh et rRRY o “Ho R ubRl, PR, SORER (B SO i
RIGBESHEE to TP paMiall&ohBenskiidrs t ardngn Satemedin@s bfffubms liquid
liquid streans 4s a common stream for a sSuitable

ditspos(or i steamsi 8 teardvpd frave thadist vaper ciflewt sirgam; §ithgthe

effluent and . fir vapor effl t .

SevtEe i ey ShmiRiabeteat Pin SEIERRERY B8 goxt yape of
Y ire&idnhe doht&lieRRIIRE Gxdrietdte fdfAst Viaped aallrieamBediate
and the first vapor "effluent streamas a conmon stream

fafﬂu?rﬁmppessite@m (oo straems)eosdpgrried s pe/esseh qugr &y # daock-out
the first. and second.wash flash. |jquid
CUHbrPtABIoFng Al (oot i Dae SHRERTT 1B, foptont

eifnférh'l%@itate%fﬂ%ﬁmvgﬁqrfs{réﬁh 1V/RBR haREPEUBE nSil B oT@Ympichsion,
desired, be mxed in any conbination prior to

i prteithliy trepeating campression codinge kil the tsprond edllpgyinstipam at the
item [0097] |In yet. angt.her enbodi ment ikhvol ving t
pé)‘?ﬁfﬁﬂsﬁi“gﬁ]oﬂetsf’%ﬁ 15 ORHEPFSus ?rsgg?‘}gi Sw‘i"“ﬁ{e SB{F %Isleﬁ d not
' deOflt oflthe BlatdddMl tor&fiddden s birst ivapbd effluegBBirednile The
second li1quid effluent stream or both may be provi ded

t mtdrediaterafflean Liquig sttesns ean, dorgxampte, heitasteied begkrto thegOTO
whi ch the vapor product. streamis int d. Thi
VRO g RN AL o 1 GR B et AR g pone oter
S iﬁﬁ%q@on@agsc{lgggdg%% vapor effluent streamas a

co n streamfor conpression to the second pressure,

afod Opf ovi delit henef i spstifiandmbedonat wasielfings muliiplai gtages of
streans dt i qui -ri

CWS%@I}T A 1$st|x}a%grl gfﬁl\lﬁa}f Streant ri]s Qgﬁnt)r%gssédsﬁorr%aamﬁfas? sflction

pressure to an intermediate pressure to form an intermediate effluent stream. The

intermediate effluent stream is cooled in cooling device, for example, an indirect
heat exchanger, the product of which is a cooled intermediate effluent streani. The
cooling of the intermediate effluent stream causes condensation of a part of the
cooled intermediate effluent stream, and an intermediate effluent vapor stream and
an intermediate effluent liquid stream are separated therefrom, for example in a
vessel. The intermediate effluent vapor stream is then further compressed from an
intermediate suction pressure that is no greater than the intermediate pressure to
the second pressure, thus forming the second effluent stream. The second effluent

stream is cooled to an at least partially vaporized state, and potentially segregated



[0098] In the present invention, it may be desirable

to bring the first vapor effluent streamto the second
W@e@ss01060 usi ng nore than one stage of conpresBCDIS2005/016073

goi ng through one or nore internedi ate pressures

between the first suction pressure and the second

pressure. This nmay be beneficial, for exanple, when

operating with a relatively lowinitial pressure or
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Ihmwnﬂd?quhnm&rnediate ef fl uent vapor stream (or
streans) are separated in vessel. such..as knock- gut
AR by oluvaipe, Sser G bt cuerti s gt et el oo
T%%oﬁ(? ﬁgﬁiﬁ?ﬁuén@%&édﬁ?% s&f {d ¥pRksi¢aBPht RhStQRESE suction
then passed to the next stage of conpression,

pressure and no greater than the third pressure to form a second wash flash liquid

and a second wash flash vapor, and the second wash flash vapor is provided for
compression from the intermediate suction pressure to the second pressure along
with the intermediate vapor stream and possibly the first wash flash vapor stream,
or for compression from the first suction pressure to the intermediate pressure with
the first vapor effluent stream and possibly the first wash flash vapor stream, or
both. More particularly, the second liquid effluent stream is exposed to a pressure
of at least the intermediate suction pressure and no greater than the third pressure,

and the second wash flash vapor is provided for compression from the



potentially repeating conpression/cooling, until the

second effluent stream at the desired second pressure
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stream, with associated common flash liquid stream.

[0106] The amount and composition of vapor and liquid that may be
formed upon cooling or flashing various streams in the method of the present
invention may vary widely. Such amounts and compositions of the phases are
dependent upon the pressures and temperatures selected in conjunction with
composition of the vapor product stream obtained from the oxygenate to olefin
reaction. For example, higher pressures and lower temperatures tend to increase

the amount of liquid obtained from cooling or exposing at any given composition
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than 350 psig (2514 kPa), such as less than 200 psig
W@ 2eb800%0FR) , for exanple less than 170 psig (1PGBUKRaEI/016073
and is greater than 5 psig {436 kPa), for exanple
greater than 20 psig (239 kPa), such as greater than
40 psig (377 kPa). Advantageously, for considerations
and reasons simlar to those noted above for the fir é
ol ¢hd mp0p peskigl reamh eFirHicsr niigher &y exage Rl peuhade ghtgrrpduct

40 275 kP
PR e VAR R b oo R et 6 o R TS dimount
D pPoRFenRAniBug1édannd @ rBstivdls &8y kh@hntosf methamy end ¢thylene,
10 psi (69 kPa) bel ow the internedi ate pr essure

[vmla@qd ﬂonnca’n@te ifles araeye of veney obAitisg fen PRI REGRAPSING at any

ef.fl ent s n%r tshe second liquid effluent streamis
e%ﬂ%’s%pf’ra Bli' §€f% of at least the first suction

ROEFAUr € anthienigh@nt Whehhadiblinge ok hflsghiny es Sirigde t Sream or
forma second wash flash |'iquid and a second wash

fdomshimatiap of, stzzaits tth dore gohiqideesitnent seeany dhwsisjtg be separated

B 6ot R RS The e bbb e Bl A e SO

| 1121 RRD, 3hBreRulsly AaBAAH dvtp/Q St B}katnﬂlh at febstsi0 wetshsuch
flash vapor stream or for conpression fromthe fi rst

sasct laast 2r wh%uofdhe totalhpaterialdn feistesesm w@é@r@ HPpseds pred is

first va ffluent stre and po o

LR 1PE8Rh of b SRre SheBIEBP FERE il d P14, bl Bhmple no
tSLHINE0 l\?"ft%' sheBfak ndenbatStthaaND ns.oe P aredtal taterial in the

p essure of at 1east the internediate suction pressure

asttamosogroektler expesedt hegemrai,dhp tases dhepreaswee ensths dighey the

}Aﬁ%%%ﬁ{algtfar \%EH}\’/VE@E rﬂg F tzlg g%?arén %:Socrq) ;1 gis%efgaglﬁ%{ 2 lower the
p]%l%gétjﬁ'bﬁ o?hglﬂg, ¥k dd, Eﬁtﬁvﬂcé‘b%ﬂem ate effluent vapor

I'n yét another manifestation of the
pfoasgint | nvkemrrmg tnFegure rig therei intiinstedechtieereinf 3 pepess for

e AN R B ice, (e LA IR o
' &aﬁﬁﬂ@ diahe nﬁfefﬂl&? ntAn°‘ bk h@bdsketks €& @aiR€l mbthenol, is

an 1rnternedi ate effluent 1iquid stream and an
i pitogided dh dine 1f fd one_,rgenakam@ olefinr wactor Thdor porsfersiell &y @ vapor

L b b SR - SBOREELR @ BEBGR St ot

| QLRE NBHA! &iR RS Ry Berda® fPbBEBMNeactor 12 in line 14 at a reaction
pressure.
[0109] The vapor product stream in line 14 is provided to a cooling device,
in this instance a quench tower 16. The cooling in quench tower 16 serves to
condense a liquid water-rich bottoms stream in line 20 from the vapor product
stream in line 14 near bottom of quench tower 16, and also provide, from near the
top of quench tower 16, a first vapor effluent stream in line 18 at an initial
pressure that is no greater than the reaction pressure, and further that comprises no
more than 10 wt.% water. The first vapor effluent stream in line 18 is combined

with a first wash flash vapor stream in line 42 to produce a common stream in line



internmedi ate flash vapor effluent stream and an
internmediate flash liquid effluent stream The
WO e@dloviong i nternedi ate flash vapor effluent sPCPEA005016073

provi ded for conpression, in7one stage of a plurality

of stages, to a pressure that is no greater than the

internediate pressure fromwhich the internediate

effluent |iquid streamwas derived, potentially along

tthatamptomded itonthersireidiiraefee ccapmesser 24aia Brst susEoR prespure that

or e Str In a specific enbodi nent of

t“f’] % EEGHGE hapﬁl%e 2, iP?ﬁS%ﬂf%t e flash vapor effluent
hiRAM i s caRticRRsbMtkdant helidd 251s saRREssed i v@fpressor 24 to

streamto forma flash vapor added first effluent
sprochmmat bembnd szawuanﬂegﬁe&ﬁreﬁmom titee 26 jthait is i @ segpnd pressure

essu t er nedi at ressuse to

s e e SRR oS e HiE Soabe PRl p s amin e 26
qg‘Yhe‘ﬁad?)%[edl ih Qb d LAGEL, AR Yhik @ﬂ"s@an@é aGhell An@ tiRSEat excﬁlﬁﬂger
one or nore of the streans may be directed to a common

\28ssith the mﬂam@rﬂ)dﬂwf(ﬂ cdoding cﬂmd1 denoisd bisgth@ﬂv@numbered lines.

cond to, th
Sl SRRl 0 SERb o huRs Eh B diger 28
VRRRE Jgféljo&’@dét a $hoRANecUid RFARAP Glrsdn®dn Clﬁ’[@'B’(D‘ thataghat least
[T qui ream [0106] The anmount and conposition of

viapideilyanchd vagor statehat nmay be formed upon cooling or

f l aiﬂlt Pgnvgﬁiﬁous}%t ¢ e%gf%fhﬁ%{ﬁ gﬁe et ho?rgglgrﬁéar%ed Ph8R€%0 to a
Cspaggsu Rl Y3t etfmé 08138 §Ris *h& SRBRRF EAkLiAHAAGN tbWer 32, at a

es and tefrperatures selected in conjunction
vpdﬂﬁ wamiesidtioonobfhetabeorbeptwepBddaatlowtthe aapwinogiieredf the

g oGS Seb, B2 BB B O
'@&{heﬂse%femﬁ a@faoﬁﬁﬂfde;%%séukéliﬂ dhRRcRitHRE 82 ‘B_mpir@ﬂhi gga Gguid

exposi ng at any giv conposi tionof the vapor uct
sdlc@@mcoﬁumiﬂgeﬂtxeam lhllgieélr4 mvepeigensa teciopaf th@a‘gmrber tower
product slate in

St SLALS Dkt SEE RSPy AP i
%WFQ qu‘fi‘('i'] P?Iﬂacrt gege'v%%l %h thﬂ%‘%a@é"ﬁléé’lﬁf ne4r tﬁ@bb@&ﬁ oAndsorber

tend to increase the anmount of vapor
Oﬂ@h&l Bed aﬁd otk ithay tie Srspesitiog messareybyfi negreater than the
tenperature or pressure. [0107] Conveniently, when
cHEPRhBesTS: | ashing a single stream or

[0112] The liquid alcohol-containing stream in line 34 will flow down
through the absorber tower 32, contacting the cooled second effluent stream,
preferentially absorbing C; to Cg carbonyl compounds, but also absorbing some C,
and C; olefins and other hydrocarbons, thus producing a wash liquid stream in line
38 from near the bottoms of absorber tower 32. From near the top of absorber
tower 32, a wash vapor stream is produced in line 36 that has a lower content of
C, to Cg carbonyl compounds than the first vapor effluent stream in line 18,
suitable for further processing to recover and purify the various olefins. It is likely
that the wash vapor stream in line 36 will further comprise some of the alcohol

contained in the liquid alcohol-containing stream in line 34.



conbi nation of streans to forma liquid effluent
streamthat is to be separated froma vapor effl uent
W@ ooeano6d he proportion of liquid effluent strRerUS2005/016073
obtained is at least 1 wt.%38nore particularly at
least 5 w.% for exanple at |least 10 wt.% such as at
| east 20 wt.% of the total material in the stream so
cool ed or exposed, and is no qreater than 90 wt. %
{018 speci fTheaivhsh houidstaanarintlingr38 6 eupossd t9y2 exaspppf at

o greater than 60 w. %, ,Su a . greater a :
TResE bl atoiaR preonle afh 47 o "BrP BEGH B TR bbby, i
xR ARG Ence! PdndBRed Al fladihErunPWe! Wil %rcﬂfu@é Quigt dasch flagh vapor
hi gher the tenperature at which the material in the

streganni linecéb kxitingmefr s Hepl of tflash Idowe rd0; et 5s ayiad: ¢alier is

f liguid formed and vi | SHLT
argurel e eurEor of PSR dy el A Aryouest fy e 42
GRMVRERtIGa IR EOAPRIe the (9188 I1DleMArbintdiinatht Walk lii@ld Séeam

ol efins, according to one exanple of the invention. An
dr\tigetdt end thessCoaid Cf olefinxwith|convenigrikyneyentiadly be recovered

provided in line 10.10 _oxygenate t lefin r t

R e BPbTHeeE 3 a8 rontor e mRs Rl Fh et
tQnfftise b bifively v bRPORIBAIRNT) (LONPAYAKS caRfonils E6und in
whi ch exits the oxygenate to olefin reactor 12 in line

1the stasia ligeidstican ipliss $8rand thosogyboril weigé eepnbgieshed out
streamin line 14 is pr.ovided.to a cqooli device, in
t1Hi28Sqr %fttawerﬁ%afalfé’ﬁs IPX]?ﬁe asfé?q%léﬁg]c?o%%?ng in quelnch
L@}ft@g] néGSfefﬂeeé)gﬂOQurﬁ%%‘ﬁ:%h%ﬁrhm fsoMloBhicdsiaCtirst wash flash

reamin line 20 fromthe vapor product
sliquéd etréam lin hiee 44 exiéiag nbat the rotidmmpfdtash druomdp. e fgpigwash

al rovi de, . f . t f
25, g ey o e U o of Suenel over 45, A
pgow& t%ﬂg tI#eS al¥Bh8Ir ?ﬁhﬁr it h@l Hhe NRACd sBBam in line 38.

pressure, urther that conprises no nore than 10
WCoitbenizindy, sufieiefii €5 tto apmrbaafyi compoursisrfonnd im the Aest vgpor

| FREoN PG SIS Y CHAID AT PR BDBS i orp gding 2
pxgvg%ﬂl gﬁgr 10 11h88 6Scﬂﬁtl%a9 N BlveR cGRER (93@7;:{0 e4 cﬁbpﬁ‘ylfdofrlﬁ)bunds

sSuc pressure that Is no greater t an the initia
pthes shy frst Aot Qifflidne seemmim1is¢ i 8arfhie rfirkti wash2ashdiquid in line

SIE NN IE TN S R

p{h%‘%%éﬁqiquid stream in line 38, and may be discarded or further processed, for
example, provided to a water-oxygenate fractionation tower for recovery of the
alcohol in the wash liquid stream in line 38 for use as oxygenate feedstock in line
10 for the oxygenate to olefins reactor 12.
[0115] Now turning attention to Figure 2, there is illustrated therein a
process for converting methanol to olefins, particularly C; to Cs olefins, according
to another example of the invention. An oxygenate feedstock, for example,
methanol, is provided in line 102 to oxygenate to olefin reactor 104 for conversion

to a vapor product stream comprising Cy to C4 olefins, C; to Cs carbonyl



greater than the first suction pressure. The second
vapor effluent streamin line 26 is then cooled in

W@ owbiopmyedevi ce, in this instance a shell and pabesivex016073
exchanger 28 with the entrange and exit of a cooling
fluid denoted by the unnunbered |ines. The cooling of
the second effluent streamin |line 26 through heat
exchanger 28 serves to produce a cool ed second . .
ebipuemts astlrvesen, whidhi exéts 30 exygendte toaelefin aenctqydiOdiia fling 106
in the.vapor state. [0111] The cool ed second effl uent
& P ERAIPLPIO TN cated via line 30 to a vapor-liquid
qeitegct | N9 ﬁﬁwagslg ploludtittrearias ¢ind 196 P thraacdoliog dbvios in
tower 32, at a point near the bottom of the absorber
tthiseinst@R et 0 qa¢rdcbwotvee 10&p dhepaolibg nn sfuendhetozess| 189 serves to

second effluent streamto rise through.t ont act | :
Geunaes T B donarpraneh Fenb i FabafErr ffoply A tine
Q{l@ f%o’ct&na@lsﬁ’ﬁéﬂ%ﬁ th ¥R 1083 ZanBYalfy provild) Fromn Iiegtuing top of
al cohol -containing streamin line 34 to a point near
tduendtofwet 10Bea dissoraper effloperstizam 1adimeehl Oeait 411/1,111‘[!’441 @ressure

i S  SY SSE SuIE D SRR SEPHES Y mor
GRSE10 WS WaRSarrnt #8stRabs:etri0dnt 3k6ah BEtint OV s amaditated,

i's greater than the first suction pressure but no
oriedlaglt dtiran lehendskoo hith, pr ebe gnasion| ¢fl 2 2pmipkesseri G o a first

al cohol -contai njng stre in Li. 34 will flow down
t HEBRRYPFCETES %ﬁ%’é éireatt?f\%ﬂ;rn T’gi,lmggl_rﬂr%\s@ﬁeng t he cool ed
@ﬁc}gd ef f lT'l?éqﬁrsﬂf%gg%Y REEHRRANS B hpYes8QB Rl ddnfiflesser 11® to

rbonyl conpou ut al so absofbing some C and
Godheefd onddrapthefiflubytchtwear inolire, 12t thst py aidy 6paegd ressure
wash |'iqui rom near t

d streamin |line 33 f bat t ons .of,.
B &YPHdAn tﬂé‘?/ngSt FPCU BRTHEar ﬁ“ﬁ s .V8?°ra%§8?§eﬁ&refngv\%rhne
3o & Yi@ﬁhco\/o@&f) fn $Hb ibwicOr RAUEE Gndtdhcki N8hAP ahBatibe heat
has a [ower content of C2 to C6 carbonyl conpounds

t Hharidee 122.r She sanping of fifel seeortd efflnedstream fin hee 1) through heat

suitable for further processi to.rgcover, and. purif
LREhaREeT 634 Se1es forierodiae 3 eodledegirgnd REep e igpigh that

SIS AN Parkibine; ! t [ {360 ORI st in li
a’fscag%%}s{ g%&r%% 1&? Hgglemalpth ]iwgetgtlrei gﬁﬂ{ed&g@o%m - cont gi n? ng e
St14eamdnintmitged4o pAdtha] flaEhelrwasi2g fogfora & teadedns¢aend vapor

StBPESTRGS e EHEPRStEet REnoDHE (R A Bri26sthe e bond

eﬁ&ﬁé Wftrent ftream in line 130.
[0118] The cooled second vapor effluent stream is communicated via line
128 to a vapor-liquid contacting device, in this case absorber fractionation tower
132, at a point near the bottom of the absorber tower 132. An alcohol wash is
effected at a third pressure, greater than the first suction pressure but not greater
than the second pressure, in absorber tower 132 by providing a liquid alcohol-
containing stream in line 134 to a point near the top of the absorber tower 132.
Segregating the second liquid effluent in line 130 from the cooled second vapor

effluent in line 128 can prevent potential operating problems or design complexity



this instance conducted in flash drum 40, w |l produce

a first wash flash vapor streamin line 42 exiting
woeas/00tveo t op of flash drum 40, that as noted BGEI/UBE05/016073

is provided to the suction @b- conpressor 24. The first

wash flash vapor in line 42 will preferentially

conprise the C2 and C3 olefins found in the wash

liquid streamin line 38, and those C2 and C3 olefins .

vl [the, vaporligwidenontagting devieqs iyl ayolding e&@ine¢apqsiqnygsimes m

sh _vapor. st in l.ine 36, £ f h
BT ioon3he Joir £ Esi S phytf bR S,
qoergrti on e 1ihedCEchbRoICRnfaaiio Nyreard O QB ds34 dlovnd idown
the wash liquid streamin line 38, and those carbonyl s
wbrsiugh dbiahsdsbenntnstes dl Butcohtactass Sich epoled wepong veppy effluent
appear in th h Jiguid in |i . 4 :

SR R G RS by iR gprortin
vasfe €1 agd d,i slefisk shd e iydldca®ofdd £Xi rodgeingar whdteliquid
bottom of flash drum 40. The first wash flash |iquid
i mf,mne|lm 181 from mmeté@rhﬁttamswf @bppbersiewend3%2 Frem opar the
car conpou | cohol. i
B o B FETRIR, A5rih V5o IR U bRYIE R HRO AR s o

t8wEBc SRR O, 1€ OTRABBAT cg)ﬁiibﬁQndsrth&lhmefﬂrEtS\tapUﬁQMMGnt stream

effluent streamin line 18 will exit in the wash flash
linglined 110y $uitableafbr fortbei giasgssinankes keopsgiornd purifin ghezgarious

that has.a.. r nt ent of t o .C6. car v .
RS S R A RO R R T
18 meldt8hd hibsiol WesHinkl aSthe liqaid Hodhdl-bomeinAdk si@¥mah $ige 134.
conprise a relatively | ow proportion of the C2 and C3
oﬂogEO]ns L ouFitt wash higuidestteain iguiine $3% safedite the dlaskgirum 114
a may. be di scardeg. or further. essed, f .
et 1 B Ga E g e PE SRS e g e
L QWRbod@%o F?Fé%éﬁﬁé ¥of 9f 1ehdl enMikPRtioh Prdshifte WA Mesh iihitHe third
streamin ne 38 for use as oxygenate feedstock in

I[%nﬁsuﬂd) Tlor extposurerpygiivat e firs vodskiliqns! stesawt which zxits the drum
t ' t i Fi 2 h i

bR B Tl St P s v

t gl ﬁ% rt]ﬁrouélg 'iﬁllé cibbant ¥ CgnhOn Sheth &1k She AEE VagbinBffluent

to anot her eXanple of the Invention. An oxygenate
f etedat de khe fsactioax afrpbmpressetr hidio| Fuitleerp thevsagend iliquid aéluent

102 to, ox te to, ol efi t 04 f '
¢ Sreanyingite 0duate WRFELR SathtPE He 165 YR § aRemare of

C2 bt 4R BRL p&@%b%ggg%ncﬁiﬁ 1BRALNRHR! thirWr&BueXidd fhid fMtance

oxygenate to olefin reactor 104 in |line 106
the same pressure provided for the exposure of the wash liquid stream in line 138.
Thus, a second wash flash vapor stream is also provided in line 116, as a common
stream with the first vapor effluent stream and the first wash flash vapor stream
116, to the suction of compressor 118. Flashing the second effluent liquid stream
in line 130 in flash drum 114 allows recovery of the C, and Cs olefins in the
second effluent liquid stream in line 130 into the suction of compressor 118,

whereby the olefins can eventually be recovered in the wash vapor stream in line

136.



at a reaction pressure. [0116] The vapor product
streamin line 106 is fed to a cooling device, in this
w0 p@baome0 a quench tower 108. The cooling in gqeeEnUk2005/016073
tower 108 serves to condenseifromthe vapor product
streama liquid water-rich bottons streamin |ine 112
near bottom of quench tower 108, and al so provide,
fromnear the top of quench tower 108, a first vapor .
§0F21fient sinsdlyy iwith reseect 10 Higuemn 3i herpas iblnetgaderd dherein a

that i s no greater,than t reaction essur .
P PR O mrhent o blnb SRR AR AE R N el toepprdine
fd maﬂ@lﬁ’&_ rex8ibleUsiNthe ShV@@Oh] M bRPochd@ feddstock, for example,
C

nicated, via flash drum 114 and line 116, to the
snathinoh ipprosided mphns 207 toldxygenatatof ¢lein reggior Loh for conversion

pressure that is no greater than the initi [ ess

[ 1% ¥FPh Br‘%fl?ts IR %.om@‘nﬂn@eﬁg f][g t &é aorlr?r}lfng’ E:aé&rrgor g%sié%ﬁonyl
B8R R W atdl Fhich dXitQ WESxyBeRRE BNBleHA Rt IO UL Nine 206
streamin line 120 that is at a second pressure

gt eataetion hwssurdre first suction pressure. The second

vapor effluent streamin line 120 i hen cool in .
d8b43lng de\Lflﬁ’@e‘,’aﬁoﬁ PEpFust ishg?lﬁnlae e 29\%9? pé?lvdg?dﬁgoe hEogine
NGethisli | kP08 hertzessditidg eh fusSdt t 208
?té?{e&g’m&l ﬁllﬁllglﬁtgn{é;g q?ﬁlf%gfuggv heat exchangel_rg 12 ser\/ogvser
tservies ool vaeleasecoijed veaeramnch eftfdnusesiteant inding 313 fromdha yapor

that is at | east rtially in_.the vapor te., The .
ookt Seain g Tar A dtet BoTuh MG Pren s 20Fy fid 18 provide,
c!EP‘A' Gfer DbBSDAAE Va0l 2Bteat &% M line 210 at
gfgo egélgtg%gcﬁ)déf\icg%gg{%f t1 uent s}tregﬁm inline f28 f;%em
reainitiah @résspreathatf is aphgmrtemttia@6the apattivh @ressusndnd ifepthey that
effluent streamin line 130. [011 The_coo0] ed secqnd
\APTISET 19 BEF gk | Q3 ¥ a@s-nﬁ%% %@g}’@a’f\ﬁfﬁ“ﬁ el it 210
q %%H]%Eﬁdi#a‘aéﬁ di£ AN RCHLROARY DL, arldihd2$6 CRSBe suction of a
absorber fraétionation tower 132, at a point near the
batnipeessof 21 §ieat ab Sostberctiboveessi@2thajns aloc gisaler Waarh thes initial
effected at a third pressure, greater than the first
JUETHEN pressure but not greater than the second
p[lrofiﬂur e, I ARSGN By DINBsolREeilds B Pnbehdaehtd kit Biquid
al’'cohol containing streamin line 134 to a point near

t heatnoprafghtlihie Hosardbemotavibe it82nedBegefrni hquit sgeam to a

second liquid effluent . in line 1((38 fromthe cool.egl
SRHESFHEE Q,@é(lﬁast the first suction pressure and less than an intermediate pressure

to produce an intermediate flash vapor effluent stream and an intermediate flash
liquid effluent stream. The intermediate flash vapor effluent stream exits the drum
214 through line 216, as a common stream with the first vapor effluent stream in -
line 216 (such common stream optionally termed a flash vapor added first effluent
stream in line 216), to the suction of compressor 218. The intermediate flash
liquid stream exits the drum 214 through line 258 and carries with it at least part
of the C, to Cg carbonyl compounds from the first vapor effluent stream in line

210.



effluent in line 128 can prevent potential operating
probl ems or design conplexityin the vapor-Iiquid
weowbacisng devi ce, by avoiding certain conposPCT/us2005/016073
regimes in the vapor-Iliquid-4eontacting device in which
two |iquid phases may form [0119] The liquid
al cohol -containing streamin |line 134 fl ows down
through the absorber tower 132, contacting the cool ed
40t2Hd vapdFheetdmment finst vapor) cffluettestenan and yintgaeisfe Hgash
C2 to C6 carbaonyl ounds, hut al so absorbj
Govth 3eEE oot Bk SPRERSHab RS ang © DRMce an
RRRAHELRS AANES Rirbdnfit BnSbI@MA isMht lah NBteAR&liAte PRasBRBIgreater
the bottons of absorber tower 132. Fromnear the top
ctham bisoirtiéal fressere. 13he intewaerhate sfBvens tstream inslins 3¢ dedhen
in line 136.that has. a.l ower cont.e f to C6
Rplge SIS o RS T aRe & Py F P fghanger 222
StHEYNihP of tHe8nttdRedist efBRhestfeam ihUinke0 thbasiehédt Bgcadger
recover and purify the various olefins. It is likely
1222t sertee tomsdiucapaookdriswmediate ieffuehB stregn fin fipe £k that is at
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pressur e of | east .the first .suction pressure and .
| gEany I"i‘hﬂmtehgg@hi SETRiaS of e pe e ol BB 228 s
f Jnﬁhux\r{]@?tgd kd GisHctin’ TR CdnR¥dsbP23& Arid@chddtate suction
t hr oug Ine 140 and a first wash flash vapor stream
viessnrd thatnis nb repeatdrlgancthe mtdrinkdidbe preggurd.i ne 116, as a
common streamw th the first vapor effluent sfr to
CRE28Lct 1 on bt Hadmarags 20 “BogttRiie harcond auih &g Sibam
| i . . 7 dirg dyt
PRI 24 A0q S ERTIOR: bt APOWACIR, 200, Tl 86 80 fom
t 2, ik Sbosdiiduid rffhreasstoam addhé gmsh tifraid strhamn tatd exgposed to a

B obfhclsE ehe MRS GRS P T P o, AL (P 1. third
1 f '
pﬁ%ss&@%ﬁrg%éﬁé@%&%d WAR MVRPYor %fréﬁﬁ‘s_!’%ﬂﬁisftnﬁ{e &fl second

rovi de as a comon stream wit
f wast flashpoui®btidanentThet firstandasecortdreadhi flash vapatstichas loxit the

vapor stream 116, to the ti f 18.
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. he second uent liquid streamin |ine
186shi Iiudd tlhensledii the dafm epfriresgolinel 2%, as a common stream with

the intermediate effluent liquid stream and are returned to the first flash drum 214.

[0126] The first wash flash vapor stream along with the second wash flash
vapor stream, as a common stream with the intermediate effluent vapor stream in
line 228 is compressed in compressor 230 to produce a second vapor effluent
stream in line 232 that is at a second pressure greater than the intermediate
pressure. The second vapor effluent stream in line 232 is then cooled in cooling
device, in this example another shell and tube heat exchanger 234. The cooling of

the second effluent stream in line 232 through heat exchanger 234 serves to



whereby the ol efins can eventually be recovered in the
wash vapor streamin line 136.[0121] Finally, wth

WO e@pmetoed 0 Figure 3, there is illustrated theP€/NSAW05/016073
process for converting nethanol to ol efins,
particularly C2 to C4 olefins, according to yet
anot her exanple of the invention. An oxygenate
feedstock, for exanple, nethanol, is provided in Jine

av0ducs aoplpshstend offlgprifsiraar ém ding 230 thet inat leash partially i the

to a vapor..product str | Si:Ng: LAS,
of BB RS <o AT R R B Sl oo fieh o «
Qkyaensh anid 288efd frmeacsdéd 24nd Rapirndfldéfi siard in line 240
reacti on pressure. 012%& The vapor product streamin .

| frere nea@6the éompﬁﬂ&@e&lﬂﬁbz , esbihersgeandyliqid efffpeptstecam in line
iA@éance a quench tower 208. The cooling in quench

t r 208 serves to condense a liquid water-rich

b@ﬁmms_ st regdddled sdeBn@ Fdpok leOMichh straaa Py copirhicdted via line
streamin |ine 202 near bottom of quench tower 208,

atd) 1@l s vapor-digiidlesortacsing Wewice.tin dhis sgsorbsghen drctionagpn tower

2 first fl t st i 14 -
it e rerdtt B o SR SREREI TRt AT udbef Basn i
PEBSEAr &2 RN FridshiRe brdafta th-BORP Firg&Bictiéh pREQré batndiGsreater
w.%water. The first vapor effluent streamin |ine

2then itlse sevomd presstisd in whsorker fipwer 246 h¥ previdingoa liquignajcohol-

line.216, to t.he.s i gn of. conpr ess

f?q.ria.lmlgxg CSFF%TH IB?}E?% ea(l)tt 'ch%?mﬁ 28 gReg roé)a&é trh%f]a%g(%%gﬁtgwer 246.
| hd {igihid RIBRSUESaihiBE2BEanT elifd 2ANfIEWY BoRA 4Bl the absorber
receives an internediate effluent liquid stream

ltm@_ugml. icnetagtiiey drdl cexdpd seeondheapion tesilnen | dicame for¢faentially
i.qui.d stream.to ressure qf .at | the fjrst

LS oo Qo ER Tl O R Bkl . ama
psfﬁlﬁﬁy 581 $BePRRISGE G, thié frodBethatie WhaSliq@p@gam in line 252

effluent streamand an internediate flash liquid
efrbinureat thstogams of Aesoilrer érweditas Brdrh ast thapprofapsqrbaripwer

streamexits the drum 214 th ] 21
St e st REOPFRLE P eiieg arem Eredion phC o
| E0Rad bRy SR OSTRN 188 HERAMaOR! dfakt! Yre@rifEthea2 10, asikable

vapor added first effluent streamin line 216), to the
s fortfindiner pfocessing tssorve? 28] piify thavariqus dilefing. f1iadikely that the

ICIE%%;H ‘g@%%\ngﬁ?%% feri( .'%es?é)g‘gpfj%g[g%rzcjbﬁlptrpsg %gl’%g olf ithneealczo?l%l goqgained
in the liquid alcohol-containing stream in line 248.
[0128] In an optional embodiment, the wash vapor stream is then
subjected to a second washing step in which the wash vapor stream is washed with
water in a second vapor-liquid contacting device, again typically a countercurrent
fractional distillation tower, to produce a water-washed vapor stream as an
overhead product and an liquid oxygenate-containing water stream as a bottoms
product. Conveniently, the liquid water employed in the second washing step is
the substantially pure water bottoms stream obtained from the water-oxygenate

fractionation tower.



of the C2 to C6 carbonyl conpounds fromthe first
vapor effluent streamin line 210.[0124] The conmobn

wo poostoowapor ef fl uent stream and i nternedi at e PCEER2005/016073
vapor streamin line 216 is4¢onpressed in conpressor
218 to produce an internediate effluent streamin line
220 that is at an internedi ate pressure greater than

the initial pressure. The internediate effluent stream
iM% ne 220n generak the amepiing FRIBHd Hythgegpend weshing step

LA pISEAAGE Bad 15he AOACT UPS: 308 045 e adsdifion

ng o e rnternedi uent strea ['1ine

23PadithrsTumb igtat aek GiRdnger adddhtset weisr tvap@r edting tlee second
cooled internediate effluent streamin | iﬂe 224 t hat

ivepeitliqued s ccoptactingl 1dpvicn (WEL v fisor VefsaEshathe VaRY| effream-

it er | fl ] e ' W 4:1 ° °
RS ELORHELE SRR 80 e 108 120
tfor BX@eHIE et Rasti SUCBI(OE)atuehekfat lest 907&pend 8o meamthan 110°F
line 228 and the internedi ate effloﬁnt liquid stream

i(A31Gndorswamptren mase bR 08 Tefd4 (ant Conprendly dimspeend
lcvlgn }négsgeé)'ré féﬁm&f a%%tp%?ssﬁl% ig hee SUG! aQPesfs RRRE Blier for the

at an 1 ermedi at e suctron pressure

thal gfe%sdi@, A eak 8pedifiaBmbbdinent Liphtgdbeloe (sayeS suR@psi below)
[0125] The flash drum 226 al so receives a second
| satflhtrd @fdsbwrent stream t hrough |ine 242 and a wash

liguid streamthrough |in i

t ljtqu @e cond Ci’ra’ﬁ fn&ng?’f 2 evr‘{? te%?’r%séhg rﬁn Vghgestt{wégﬁlsv\%ggé rﬁ% %T%g than
6.5 9%, 306h SXRESBEN DA WP eSSt lOfes@thah 688 ppiue, of C, to Ce
internedi ate suction pressure and |ess than the third

praclzsiyt eompoyndsd dbeadditiony thmwaiser@ppdaaper Sirgdn cpgparently

streans and. first d second f he L iL.gui

storasies Btens 1 Py R B8 Bea MR pRBCkr oitibfte oss 500
expihiwl, 08 rltMRo2 2B He Ry AbgR adhieA &/aB@Bstream CarciBiR [Fbeaasdt to
vith the internmedi ate effluent vapor stream_to the

sugcovep thedf: todhpmefinscnd dagher rydro¢pshonstpreseny indhis gHgpm.

S d wash_flash .l igui reans exi h r

tﬁﬁgﬁgh | i %éml%lo 1 edtoo?ﬁ[‘%% g tr?cgg%ly Vér?ﬁes?,hag%gsg&rt of the
| her-adicatwpst fitdagts ddnféted With @aid Rdnppoleritefushnstaustic
to the first flash drum 214. [0126] The first wash

f brashanimpoto wmovathabelgpfithe karbere dpsidsnibiesiom fthusigmoving

AR B S35y ReERTIRE, Phh S R e

CAARLERSRHed2RR &AmPILRULRoRcERE Sidde WABY ko €hdt|the dtied effluent
stream has a dew point no greater than -150°F (-101°C), such as no greater than -
200°F (-129°C).
[0132] In another embodiment of such a recovery process, at least part of
the C; and Cy4 hydrocarbons contained in the water-washed vapor stream, or in the
dried water-washed vapor stream, is separated to produce a C; containing stream
and a first C4 containing stream. This separation is effected, for example, in a
fractional distillation tower, wherein the Cs containing stream is taken as an
overhead product and the first C, containing stream is taken as a bottoms product.

This separation may be conducted either before or after separating C,-



streamin line 232 that is at a second pressure
greater than the internedi ate pressure. The second

W@ apei0mbd | uent streamin line 232 is then cooP@dUBIV05/016073
cool ing device, in this exa#pl e another shell and tube
heat exchanger 234. The cooling of the second effl uent
streamin line 232 through heat exchanger 234 serves
t oproduce a cool ed second_effluent streamjn_|ine 2?36
thiyeocpibong fr@gsfhepayqtq:rawqis}leql nvanRe §EGIBP &R tthe fpend Co-

oQl e and, ef ' ' i o
ISR S8 U PSR BN Wi o, 35 vt
geakad ssRcanth wapeor gfdatdaeahylshs eadnptapyldnaein?diief separation
near the top of flash drum 238, and the second liquid
stepk geeh assiractigpalidistillafien eofpmng.0127] The cool ed second
v . ef fl ugnt . | 0 [ -\ '
$0080or” |} oAroRBATHO RO B GO B4y it
aié?@ﬁda@g, thf adnheadn MB st@ydte 38 Ecpaddtion spepisitd widelr thehweater-
bottom of the absorber tower 246. An al cohol wash_ is
efdshed aapait strgamngry driqek walstrivashegr WROB SIEHRAS BHRECHFd &8 the

sucti.on .pr.essure but . : .
i aRor RasgaP it tnnd BEn SARRIANG, E68MR e, g one
alneRJaah&aNtRe AiNasdrT FAmrt Rirbird € oRdHsat Ca- pairodarbueay and at
the top of the absorber tower 246. The |jqui

, qui d
dbast Ipeit- afote din i Ca thydeasatbans coptainag i |thaavairswrpshed vapor

t hrough t he absarber I '

B o b i R ke MR 0 SR bl B BRRLECS C
GontdnitP ®RROME aCRRPTINEitaihing ateam phisotdisagarstioomeof Cy
C2 and ol efins and ot her hydrocarbons,

t h .
prydldeneibegs tfem iesth hydrgearbons: r d s nembqsgmonty %ﬁf’r SFRARN 18
t he bot f h 6 t

ordpdt parn SayaReR8 4t JOGaBhoft o, SoRIINfer fPulOf .

| Snkdif8e 3&0arh Ne¥heAAS 1avl.RVWR e OfilcB Rk 00 wl% 610le€% or 0.1 wt.%
car bony% conmpounds than the first vapor effl uent

serrlessnoi gveniSAR wppo orlgdst abl e for further processing to

r er and, purify . the vario olefins. . i i :
IR e "nah i o dhebl b et L BBingig plefogh fptises o
CRANI40587:S AER Qfat 1A 78l wOhQlck anitabaedo ivn%d eC) hyghiddrbons,
al cohol -containing streamin |ine 248. %0128]} In an
oiptludinel Ceoliofins, mad ef leasid Oveidh suelpas atsleass 4 wio,tieprample at

S G A LR, LS orc
Vﬁﬁpﬁi'ghé%d?ocﬁ%hﬁc iy Bigaltiee TR st @Pedlaihipise8hhcodprises less

count €rcurrent
than 5 wt%, such as less than 1 wt %, for example less than 0.1 wt % C; and lower

hydrocarbons and no more than 5 wt%, such as no more than 2 wt%, such as no
more than 1 wt%, such as no more than 5000 ppm wt, such as no more than 1000
ppm wt, such as no more than 500 ppm wt, for example no more than 250 ppm wt,
of C, to Cs carbonyl compounds. The first C4 containing stream can be extracted
directly as a product stream for use as a fuel gas or as a feed for processes, such as,
hydrogenation (for example, to convert butadiene to butenes and butane),
alkylation (for example, to produce higher saturated hydrocarbons), and

oligomerization (for example, to produce higher olefins). ~Alternatively, the first



fractional distillation tower, to produce a
wat er - washed vapor stream as an over head product and
w@rookiogws@ oxygenat e- cont ai ni ng wat er stream aBCHUS2005/016073

bott ons product. Convenientdg, the [iquid water

enpl oyed in the second washing step is the

substantially pure water bottons stream obtai ned from
t he wat er - oxygenate fractionation tower.[0129] In, . .
§aneontainingestreamperaat undergorpfuaiier sepatatien sigonis individual
washi ng step should be no nore than 120F (49C) so as
tCSmQH]Pﬁ%ﬁsCe t he oxygenate adsorption capacity of the

3] and ljHg inehifor@ PNl bvakdte ARMulAK idesgibtdewith

second vapor-liquid contacting device with the
wefeemcavnsthe dolicapiog peactiesd pxargela 0é Hieanedeps shayen in Figure 1.
tenperature of the second washing step is at | east

7Q0F (21 0C), for exanple at |east 80F (27C), such as
quahellg_gt 9Q0F and no nore than H QOF (43 0C), for

Xanpl € no nore than 1000F (38C). Conveniently, the )
Jetamd wasHRilg pine prial of dermioesse shawn in Bigureslimvas cpnduged in

S el Pe st sy e<Lf g R e R SRS, v
29 psd pReLLWbF 330 %5%1'1915 RPESSHI £ mdiihdDFlow rate of 151b/hour.

Conveniently, sai er-washed vapor stream conprises
| Bescontpasition 51 te. wsonlumhonseffihens stredmin Bna 2Gvend the gtash vapor

exanpl.e_| ess than 500 of C2 to C6 carbonyl
YRR §?§f§ﬁrea53’8?”ﬂli SW,%‘PW%\II%I‘er-washed vapor stream

conveniently conprises less than 1.0 w.% such as

|l ess than 0.1 wt% for exanple |ess than 500 ppmat, of
nmet hanol . The wat er-washed vapor stream can then be
processed to recover the C2 to C4 ol efins and higher
hydr ocarbons present in this stream [0131] h one
enbodi ment of such a recovery process, at |east part
of the water-washed vapor streamis contacted with a
basi ¢ conponent, such as caustic or an amne, to
renove the bul k of the carbon di oxi de therefrom (thus
renmoving "acid gas" fromthe water-washed vapor
stream, whereafter the CO2-depleted streamis dried,
for exanple in a nol ecular sieve drier, so that the
dried effluent stream has a dew point no greater than
-15Q0F (-101 0C), such as no greater than - 2000F
(-129 0C).



[0132] hi
process,

at

anot her enbodi mrent of such a recovery
| east part of the C3 and C4 hydrocarbons

w@ombadmed i n the wat er-washed vapor stream oPCT/NS100&016073

dri ed wat er-washed vapor stw#gam

produce a C3 containing streamand a first C4

is separated to

contai ning stream This separation is effected, for
exanple, in a fractional distillation tower, wherein
t he C3 cont ai ni ng stream iEableken as an over head
Pr ogueto gt he— st 0 SRl GyRL VERM | S| LRAEH. a5
a.k fn%l%rrs product Thi \S?:I%C;%P@ft n|or B QR ON dﬁct eél
ei IR el e or —af ter sRgar at I ng [GZ-ydrocar pgggoikr om
t he Vel Rk Washed vapor| gfhibeam and gdoeo C3 and| G86.0000
hy dneeariensyicds be T urddfer processmod o produaeo.duogh
purn lAkatalderydg. , 95 W . % 00.049T eat er , |UBB as 99 %6201
gr ¢aiethoxetuhigt ene _and pr@pY| ene, ild.W@Pher sepatrl9.008¢
st =Bmvmakh as fractiona®0ldl stillatli%99% ol ums -ID@)QOQQH
The 49005t A cgit@0%i ng st
vanMelpaelenn  qopond ool 06036 (oo oot 10.00007 2
TR e AT M
of Bufagal o SRSt () . T Y 4856000
st r%h&f’aqeté{é‘ edwat er=giRjiEd vapor| job&am S | 100.0000
s_u hegbhad: € 0., the o g3 T N WhI Clp §1F@CT 1 onal _15.2629
di sTALlATT ON Of vari oupg ggnponent s g.@i1zonduct edishicsone
enmbogdi@ndehydehe first vamos ef fl uentoost r eam corpd.I®es
C5+ thydlivecasibons, and pt.oeast par(t0.69p0t he C3| 610000
hydiPegawrlbons cont ai ned| 9600 he wat er®A&hed vapd00.0000
stri@divianene in the dri p"lomfpr-\/\nchre%wg_%_pgr_s{, 00P ¢
sepéﬁa&d_t_o_pmdue% W08 ont-ai-niAY ST +eam ahe0% 1000
Fi oMl aBped-oieng st 000 ort o+ 00000 o as s o1 -109.0000
hyci:(lknow ans—fr-om 9 _SHEm Pro Q.0b0h . -140.0090
,rlo it |lae T n—CoT . Id IL,ou UEJIIb dl(booblll S l:‘llJUl b bll,
the= ﬁbﬁté{ﬂdn S LUIIUJ&b o such tihgipob NETE 15 _@0 b@wW
d lf'sflientQJon@' MEUNYT et NEf o2l The T1&doosA CoNt ALinn.o@o
st reamm@eRehal Ty 1T W [Bomp Tess, suaiboas 0. 5| wioo.Booor
| e, Peftinols 1 W . % or 1 essg20r even| G@00 wppm or -108860
[ 0134Butehel t hi s enbodi neMoQo3t he firse.0004 cont ai Ai0AGO00
st r}es_ammw at | eh&P00A0OW % si@lds at | dA009.599
Wt %t-Bafandh as at | east BO0QRE 94 of @&%éﬂggga, bohgl00.0000
i nalNkiiany CA ol efins—ahdat | east{ 1H0M 9/ steH0
| e Jaxthan%*’\vﬂvt 0§ or—exarplelhi—t eastl-O¢0 £ | 223655
h Eyleps . . T 3 PEOSTT 59043 O | 3224430
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Isobutane 0.0849 0.0587 -30.8560
n-Butane 0.2579 0.1672 -35.1748
Methyl cyclopropane 0.0039 0.0000 -100.0000
Trans-2-Butene 5.1322 3.6158 -29.5467
1-Butene 3.3856 2.5235 -25.4634
Iso-Butene 0.7129 0.5469 -23.2929
Cis-2-Butene 3.8081 2.6364 -30.7689
Isopentane 0.0043 0.0349 706.3496
1,2-Butadiene 0.0561 0.0000 -100.0000
Pentane 0.0581 0.0000 -100.0000
Methyl acetylene 0.0022 0.0000 -100.0000
1.3-Butadiene 0.4457 0.0280 -93.7131
C5+ 10.3408 4.0294 -61.0339
H20/C0/CO2 0.0000 0.1403 Undefined




than 5 wt% such as less than 1wt % for exanple |ess
than 0.1 wt % C3 and | ower hydrocarbons and no nore

W0 b@a/087068 % such as no nore than 2 wt % such BGI/NB2005/016073
nore than 1 wt% such as no4%vore than 5000 ppm wt,
such as no nore than 1000 ppmwt, such as no nore than
500 ppmwt, for exanple no nore than 250 ppmw, of C2

to C carbonyl compounds. The first C4 contai ning
§013hm can Itb\eﬂleb@t yee froth Batde & thay t@natham@mh reppeasl the

or use as . a as or..as a.f
8o 35 ot o'Bne (Rl el e oty BriSEE R B e
tetheP UicBRGR abstbAdand 3ahbBylignt@ené.f Hovexanpt evillthe seen
produce hi gher saturated hydrocarbons), and
ahat glmmpﬁhgmhvmxh(sfqpral@(@nmvgs nqrbn@ghgghj@ émﬁp@qq @f ethylene and

ol ef e nat.i vel

Bttt o Sabarelt Tais RS f SRR G b 58 fhe
QP RAGH e ﬂﬁs@ﬂd%éﬂn AN thpvas biedin pmdldctmw Heevaporiged into the
particul arly described with reference to the follow ng

dirstordsb dlaske xeropland &fd hahle lrphlltﬁ:‘é%@ ﬂsm @Qmpneﬁm%u re 1.

[O Pllot lant tri [ oces
l?(fﬁgur e ]\%gé% él?jv e %\ﬁiis @esglg%e% e*lﬁkg%c% by
%Efe?e%@% wgsppasiigd e&ﬂ%oﬁﬁ?en@@stﬁéﬁe bf fdrambiyORRII @D the ey will
at a pressure of 150 psig (1135 kPa) and a nethano

fdppwcram élat)thelﬁljzbmhmu}endS'l'ﬁeelﬁ tpa#tions mobheqeseridy dbpiated

or fluent strea ne, 2 nd_the
ohon 1 eesSy P8 hkstareups Temirds ey e R dbpended
%@ ﬂr %Lﬁ*pé@'eé bf @&eﬁﬁﬁlﬂgftﬁ@me_r@%@oﬂ-th% Ei?éseﬁthﬁvdmbﬁ anol
ves all the oxygenates In the second vapor

effluent stream except for part of the dinethyl
et her, acetal dehyde, acetone and 3-net hyl - pent anone.
However, it will be seen that the nethanol wash step
al so renoves non-negligi bl e anobunts of ethyl ene and
propyl ene product. In order to prevent these |osses,
the wash liquid streamin line 38 is fed to the flash
drum 40 so that the olefin products can be vaporized
into the first wash flash vapor and fed back in Iine
42 to the conpressor 24. [0138] Wile the present

i nvention has been described and illustrated by
reference to particul ar enbodi nents, those of ordinary
skill in the art will appreciate that the invention

|l ends itself to variations not necessarily illustrated



herein. For this reason, then, reference should be

made solely to the appended clainms for purposes of
wa@leae/miond ng the true scope of the present PCT/US2005/016073

i nvention. CLAIM5S 1. A procegs- for producing ol efins

conprising: (a) providing a vapor product streamfrom

an oxygenate to olefin reaction, said vapor product

stream conprising C2 to C4 olefins, Cto C carbonyl

ChpAdMiIs and water; (b) cooling said vapor product

streamto provide a first vapor effluent stream

conprising no nore than 10 wt. % water, and a liquid

v@at er-A?ﬁd@e@tfﬁﬁmu&iﬁg okGRPEEBHIGAPe:t he first vapor

effluent streamand a first wash flash vapor stream

from daf i r swovidig arvappessetuet shean degpmn prEgssaiceto olefin

greater than said firs ressure tao..for e

Tapor ereHuse sy BT FERbiihE Cul HEAR, o o Co

ef f | uenibonl! &3Pduadd Mdwaes 00l ed second ef fl uent

streamthat is at |east partially in the vapor state;

(e) wa®hi nepoaling eaid tvaper progctskears ¢@ peavidee dingt vapor effluent

effluent streamw th a |iquid alcghol-containi g
tr eariea Sorgmiepte i et i i Naidh Bd i pracersih
sucti ofrpmessure but not greater than the second
pressure, to produce a wash |iquid stream conprisin

C3 and(cC4 ofcafriressingathd fustveaphr ¢fpont streasnand 8 diref flash
vapor stream havin ower content of C2.t0

car borgiPeE SBBUHE t fah ERn PROLF e foseoRf piflp ereater than
st r eangyi ARt pledsuBROBING sbihdwaphr diflbeitdirsdrheam to a
pressure of at least the first suction pressure but

| ess t@an témwlinpithalsqeond yape affudnssieamto feum pepopled second

flash |l jquid stream a sai d.first. wash flash vapor

str ean’fflﬂg%ﬁt&trf?nfl ?fat Waag ﬁeafsf% al{l}'alﬁlg?e L% ei ng

provi d(%§’ f of 2 G hER 8t PArt 60 the ZooTEl SeBERIC EFBeR stfeh@l With a
1 wherein said cooling (b) is conducted in an indirect

heat ekghdnipholsontainiagdincant alcw ikl presieh efviatey than the first
devi ce. 3.. The proqf

he. 11 FUeion FEBRUErT ot Folli (ST B PPl o Sredge @
5 W % wREefRR @R amlcdlpiising €4 af Colefing @h&@Meksh vapor stream,
said wash vapor stream having a lower 4content of C; to C¢ carbonyl
compounds than the first vapor effluent stream; and
® exposing the wash liquid stream to a pressure of at least the first
suction pressure but less than the third pressure to form a first wash flash

liquid stream and said first wash flash vapor stream, said first wash flash

vapor stream being provided for compression (c).

2. The process of claim 1 wherein said cooling (b) is conducted in an indirect

heat exchanger or in a direct contact quenching device.



conmpounds. 4. The process of any preceding claim
wherein said first vapor effluent stream produced in
W@ Rjosiog70et an initial pressure of from1l psig PCI/LS5/016073
psig (108 to 790 kPa), pref-g-ably fromb5 psig to 80
psig (135 to 653 fcPa). 5. The process of any
precedi ng clai mwherein said first suction pressure is
no nore than 40 psi 5)275 kPa), preferably no nmpre than
310 psiThe GeodeRndf cliisl bwr tckrmpt whisipins thef firghyapor jefient stream

o angSBPRERAr (b 3t Viker BICERY | tivdorSiup L ERm

first ¥apoingffluent streamis 700F (21 0C) to 12Q0F
(49C), preferably 8Q0F (270C) to H QOF (43 0C). 7. The
process of any preceding claimwherein said second

ressure is from50 psig..(445 .kPa) to 3 '

Be - ThEenren) o fBoRERERgeg Tt sa B pdplD fhuent
PSi 9 (4480 pkRRked § (bThEaPHPEESS pRéss@R)OITFRE e disiigtocl (O peig
wherein said cooling (d roduces said cool ed second
ef f | u€hd8 et T10&Payiprdicrab é{')qmﬁ@tsmté 88fpsEB RS (2a50idjd)t o
1200F (490C), preferably 800F (27C) to H QOF (43C). 9.
The process of any preceding claimwherein said liquid

al COh_@[lHe?i‘Qé&j; BF Bk ﬁlte(:&ﬁi_?% URed Wikr&alsdidwashbwgiof §ressure is
conpri ses nethanol”. " 10. e process of any precedi

n
cl ai mneheowi thar Ke psie(?Fé rkdalrmaeferabbanel meae Haggl | Bsi (6§ kPa),

H CoF teipotse prissiet spn gsceotre i Sh el g SR AR °

wherein said third pressure is from50 psig (445 kPa)
to 350 psig (2514 fcPa), preferably from 100 psig (790
IPa) tThe2fOcsiod any 48@ekig)clainp whitein freolempsragire phyihe first

precedi ng cl ai mwherein ' (YRS [RT eam o
conpr i ‘Gesr F% 1 Sgay s 88%0%%&@&%%?%1 gﬁfenr%]?ly B0°F
13. Tft?ﬂ@%qslgop(f%a@y precedi ng cl ai mwherein the

ure

press mpl'oyed i n the exposing (f) is from1 psig
to 100 psig (108 to 790 kPa), preferably fromb5

7. The process of any preceding claim wherein said second pressure is from
50 psig (445 kPa) to 350 psig (2514 kPa), preferably from 100 psig (790
kPa) and to 200 psig (1480 kPa).

8. The process of any preceding claim wherein said cooling (d) produces said
cooled second effluent stream with a temperature of 70°F (21°C) to 120°F
(49°C), preferably 80°F (27°C) to 110°F (43°C).

9. The process of any preceding claim wherein said liquid alcohol-containing

stream used in said washing (e) comprises methanol.

10.  The process of any preceding claim wherein the temperature in said
washing () is from 80°F (27°C) to 120°F (49°C), preferably from 90°F to
110°F (43°C).



psig to 80 psig (135 to 653 kPa). 14. The process of
any precedi ng claimwherein the tenperature enpl oyed

WO noobloe7oexposi ng (f) is from40F (4C) to 120F ?@PC$2005/016073
preferably from 6Q0F (16C) txu-110 oF (43C). 15. The
process of any preceding claimwherein the cooling (d)
produces a cool ed second vapor effluent stream and a
second liquid effluent stream said cool ed second
vapor effluent stream vapor being washed in (e), and

sai d cond liquid effluen .bej.ng, :

oPssafts Bpose & ey Pebrdlfy bl VAR S EL BRSGH: iekedhy 50
gr eat epsig ey KHag té BE0 6hiP (2598 WPe), thRefEABIN fors 600 HEigWdSh kPa)
flash 1iquid stream and a second wash fl ash vapor

st r eanto 200irdizs@480kPaash fl ash vapor stream al so being
provi ded for said conpressing (c). 16. The process of
clai m15 wherein the exposing (f) occurs in a vessel,

apd t heps ?9@%95 loif Gttly Aoreé ddiripe Blairhi t WEBE@BIN Sai@l w&h liquid stream
introduced to said vessel to provide the first and
secondcamaises fraghl waolo X wiedrts ad G deffon stream for
conpression (c), and the first and second wash flash
liquid streans as a common stream 17. The process of

ciBi m the PRREAIJIT dnhPrddetiing cYamOKh@tinl e Ptessirt @apldyed in the
al so intrg%ﬁced topﬁﬁe vegsel used in (?), mhe?gzgﬁthe

first exposimgdf)fis Giont 1 psigéahO pyig (10etof 1P ahmueisrmbbrigom 5
wash fl as or r.e re provided as a comon

st rean?ﬁd%ro %@ﬁi}%é@éi%%g?g??)-ls_ The process of claim

15 wherein the cooling (b) and exposing (f) are

effected in the sane device, and the second |iquid .
ef4.| uefibe ptacemm{i aygiressdivgakitewhersinsthe derdpszpiges erployed in

Pl aon Bisopostd BhisTiom ik ECAEH RO o L Bl ER] from 60°F
streanUQSC?KppmeQg¢C§;rean1for conpression (c) and

the liquid water-rich streamand first wash flash
liquid stream and the second wash flash Iiquid stream

a?s.a C%Hg%?ocsetssr gfa grlly preceding claim wherein the cooling (d) produces a
cooled second vapor effluent stream and a second liquid effluent stream,
said cooled second vapor effluent stream vapor being washed in (e), and
said second liquid effluent stream being exposed to a pressure of at least
the first suction pressure and no greater than the third pressure to form a
second wash flash liquid stream and a second wash flash vapor stream,
said second wash flash vapor stream also being provided for said

compressing (c).

16.  The process of claim 15 wherein the exposing (f) occurs in a vessel, and
the second liquid effluent stream is also introduced to said vessel to
provide the first and second wash flash vapor streams as a common stream
for compression (c), and the first and second wash flash liquid streams as a

common stream.



19. The process of any preceding clai mwherein the

cooling (b) and exposing (f) are effected in the sane
waelewcoe706@ provi de the first vapor effluent stPERDSZNE016073

first wash flash vapor stream as a common stream for

conpression (c), and the liquid water-rich stream and

first wash flash |iquid streamas a conmmon stream 20.

A process for producing ol efins conprising: (a)

provi ding a vapor product stream from an oxygenate to

ol efin.reaction,. said. product .conprisin tp C4 .
7o | nie 5063 45 8t BB STEB 0 dRs kA el siagy is also
cool i NErS@icdd VAR eRePH in ?ﬁ,rvﬂ%%ﬁth@ Fiest iveiSoraeffihens btream,
vapor effluent streamat a first pressure and

conpr imidnpentrshond seheml 1@siwtflash waperr stregnes ard prpyided as 2
water-rich strea% ;ﬁ():% con&{eisi ng the first vapor

ef f 1 ueraeT FERPT O HPEPTPT S (Cduct i on pressure that is

no greater than said first pressure to an

i nt ernedi at epressure greater than said first pressure
t18. f orFheaprocedseofreldinat & wherdeiretie erolimgnib) (aay expesingdl) are

the interpediate effluent streamto.form .

| nt or HEPEEAnARY FUBRASOARGRIdbs corm I R N, e 8150
ef fl uﬁgbvildb&‘% 6hig WEFBE to (pEvidPIMRRSSdMPeritREeam, the first wash
i ntermedi ate effluent 'vapor stream from an

i nt er nhakporssichinoadpthe seuonéd washflasls vaper giream @s atdeaypined
said internedi ate pressure.to second essure

gr eat esrtref“ili‘a‘n‘??r SOPETEHPR #élﬂfi ﬁ%ﬁwgwﬁ?ﬁﬁ&‘ﬁ?g@rﬁ@ first wash
Secondﬂe?silfﬂct&?cmstréa&ﬁ g the(edorORhINGashNRUSE §1RRAh as a common

effluent sttreamto forma cool ed second effl uent
streamtichat is at |east partially vapor; (g) washing
at | east part of the cool ed second effluent stream
with a liquid al cohol-containing streamin a

Vggor - fﬁ&ﬁfgges%%{aﬁgfpiré&dﬂg\éhﬁﬁ' widrei thcbSlidd ®$ SHd 8xposing

greater t the T htermedrate suction pressure but not
gr eat eff) ibaififcttaé iis heaanhe dewss tr movide tipr stieaoa effbent stream
l'iquid stream copgpri Si 3 .
g and first was Hapsh Vaporgstream as a common stream for compression (c),
and the liquid water-rich stream and first wash flash liquid stream as a

common stream.

20. A process for producing olefins comprising:

(a) providing a vapor product stream from an oxygenate to olefin
reaction, said product comprising C; to Cs4 olefins, C; to Cs carbonyl
compounds and water;

(b) cooling said vapor product stream to provide a first vapor effluent
stream at a first pressure and comprising no more than 10 wt.% water, and
a liquid water-rich stream,

(c) compressing the first vapor effluent stream from a first suction

pressure that is no greater than said first pressure to an intermediate



and &4 olefins, and a wash vapor stream said wash
vapor stream having a |l ower content of Cto C6

W@ 200600b0 conmpounds t han the first vapor effl uRet/US2005/016073
stream and (h) exposing at -Beast part of the wash
liquid streamto a pressure of at least the first
suction pressure and less than the third pressure to
forma first wash flash liquid streamand a first wash
f1 ash mapore greaishthansspid fifstpsesswesh Prash pigmedisty nt
bei ng g&pvlded for conpression (c) along with the
first aB%? effluent stream or for conpression (e)
al ong g‘) t h ¢daging nhenmedhat fe effilouetreanaporfogh raaimermediate
both. 21. The process of claim20 wherein said first

pr essueflupns vepratreamsing apdntemeedipie gilueadiqud vogm;cpa) |
preferably fromb5.psig to. 80 i.g t a

00! THE oy ot et s fufReRile? clrkes Wapge Miehhhom en
I Nt er nReirRb& aky SStiehepreSsug Bt € rohgreater pharg sfili3mtdeMagiate
and |l ess than 350 psig (2514 kPa), preferably greater

t han 4Wrepmigtq 3 7GcondPResawel Sreaiss tharn prid gotepupdale REgpure to
kPa).23. The @%ﬂ%ﬁsst%{eﬁﬂy one of clainms 20 to 22

wher ei P78 FCLECBRATPre:

SSure is greater than 100 psig

(790 kitp) apwbling%Be §ddand SfflemSii@arhd6 IdinkPagoled second effluent
pr ef er abl eater than 140 psig (1066 kPa). and | ess

y gre .
t han ZﬂampgggﬂéﬁﬂE@ﬂmpﬁﬁﬂYZQPthe process of any one

f clajns 20 to 23 i i d_thi : _
O ot e o8l B 15 o Bt AR RHER b i«
(2514 K&’lﬁh,aldéihef-%rﬁﬁhﬁlggsﬁ@@heih 4 Yipor-1i40idnsongactib@ @vice, at a

kPa). and | ess than 200 psig (1480 IcPa). 25. The
pr oc esthingfpressyrecgreater than Hierigtepnedige suctigharessprettyé not greater

pressur.e | oyed in the exposin g S . f i.Q:

to 350{116%1 i%ﬁg)feféggtp&esﬁ‘gﬂtokﬁ%‘fcepa? ‘éé%)r% ig S?r%%ln]@@m e Cs
to 200,RpEgolchiadl dnd 1480 VaBay strodfh, sditievaRhaepsisstebmanying a
one of clains 20 to 25 wherein said internediate

ef f | ueltwericquient et Gatarhd carionplosssepougdathen dassfivsk vagor gffluent
| east t#e first suction pressure and | ess than the
i nt er nBd?4bE™Hr essure to provide an internediate

(h) exposing at least part of the wash liquid stream to a pressure of at
least the first suction pressure and less than the third pressure to form a
first wash flash liquid stream and a first wash flash vapor stream, said first
wash flash vapor stream being provided for compression (c) along with the
first vapor effluent stream, or for compression (e) along with the

intermediate effluent vapor stream, or both.

21.  The process of claim 20 wherein said first pressure is from 1 psig to 100

psig (108 to 790 kPa), preferably from 5 psig to 80 psig (135 to 653 kPa).

22.  The process of claim 20 or claim 21 wherein said intermediate pressure is
greater than 5 psig (135 kPa) and less than 350 psig (2514 kPa), preferably
greater than 40 psig (376 kPa) and less than 200 psig (1480 kPa).



flash vapor effluent streamand an internediate flash
liquid effluent stream and said internediate flash

wo aponowhd | uent streamis provided for conpresBCDNS1005/616073
pressure no greater than sai-gh-i nternmedi ate pressure.
27. The process of claim26 wherein said internediate
flash vapor effluent streamis provided for said
conpressing (c) along with said first vapor product
ef fluent stream 28. The process of clain127 wherein

exposi of sai |nter i at e d stream

ot or s e DipciBidiany o5h AT a2 Jo 42 s i GeDpd SPéRbure i
st r eamyjcated! ifish I1@br9§§q¢9b tkPap ahd Dé?ssﬁ% 890 By pm kPa),
the internediate flash vapor effluentstrean1an i rst

vapor prefidaily sseat@dhamd4Gpgp N dta).eme ey themi2B0 psig (1480
conpre |ng (c). 29. The process of any one of clains

20 to 38Ynherein the cooling (f) produces a cool ed
second vapor effluent stream and a second |iquid

effluent stream said cool ed second vapor effluent
sf4.eanilbe ipncg:epsr ofvirgechd aff clavastithty 23 wherend saditbird posside is

l[iquid effl f
alt qIUIea?E%aEeﬁg“ @brﬁﬁént(t@q% gggslgssa&‘rga ag%ﬁ%ggtjgfsﬁ kPa),
than t Be.clbi Bl @SR 940 Bk QIUBGATRECARCINASE PPN (1450

l'iquid streamand a second wash flash vapor stream
sai d skBond wash flash vapor strean1a|so bei ng

provi ded for said conpressing (c) along with the first
effluent stream or for said conpressing (e) along

5 h t ITﬁe ?fgc@gsn@ldd tcﬁle%fff {48000 ¥4 PA iRk &R 38 pl%ﬁsu?é)&lﬂployed

ocess of “claim 29 wherein said second |iquid
ef fl u e rrt thstexpmnmg @) exfrasddsiptodd Prsies(108 tolS Bt kP autferably

the internedi.ate_suct.i pr and said second wash
flash ¥#8 ¢§P§gﬁ%% P%ggﬂ§JP3§§yF@9 sai d conpressing
(e) along with the internedi ate effluent vapor stream

31. The process of any one of clains 20 to 30 wherein
t B6. wadhe Ifroedissl oftangaone of €hjms 20etopdS emhdminesap':ﬁ éﬁsrmediate

of at least fhe internediate suction SS
first GHSEOF A SVHBIS SXasatia § PReOVEAbd 1 ¢ ity Sution
compr e?férsgg?n GRA 1635 ARAd 1 ﬁt&r&@&a’te‘ﬁr@érsﬂf‘edﬂo%gvlﬁg bh WeBimediate

vapor
flash vapor effluent stream and an intermediate flash liquid effluent

stream, and said intermediate flash vapor effluent stream is provided for

compression to a pressure no greater than said intermediate pressure.

27.  The process of claim 26 wherein said intermediate flash vapor effluent
stream is provided for said compressing (c) along with said first vapor

product effluent stream.

28.  The process of claim 27 wherein exposing of said intermediate effluent
liquid stream occurs in a vessel, and said first vapor product stream is also

introduced to said vessel to provide the intermediate flash vapor effluent



32. The process of any one of clains 20 to 3 1 wherein

exposing (h) occurs in a vessel, and the second |iquid
we@bdoberso stream i s al so introduced to sai d veBGEIUS1005/016073

provide the first wash fl ashsxapor stream and second

wash flash vapor streamas a conmon stream for said

conpressing (c), or said conpressing (e), or both, and

to provide the first wash flash liquid and the second

wash f Flaesm |andufitht agper omdveh steareaan 33conThen piigemsir said

of claim 32 mhe% in the cooled internedi ate effl uent

st ream PFBIRTE8 Ys al so i ntroduced into the vessel to

provide the first wash flash vapor stream and the

second wash flash vapor stream and the internediate

efP! uedhe pgsess aftang ane afclainesolthior? Sswhegim the coddimigdf) produces

conpressin e)., .and t first wash flash .liquigd and

Che’ sedonnbabiondags Huctamtm 2o a SAT0 bl iR btrcam,

ef f | uesdid|dolleld GeSdridepbASIRRONTRM BiRE PrBvIdA. foAwashing (g),

process for producing ol efins conprising: (a)

provi diend sadwsepord hqwd etiuest sleeam beiv exposedylgen aressure of at

olefin . reaction, said product conprisin tq.

ol of | nSeFEae BRostdiahyBRhtec tne Bt st e Fird ppssure to
cool i NgorpRla he¥GRIOtvasl AHCTiqHHBRAM! MdPL Q¥dohE Washi fifh vapor
vapor effluent streamat a first pressure and

conpr i sireagn,rreidrencend wash flashwvapys wiicamn alsariing progigied for said

water-rich strea i nt.roduci t first vapor .
o | ueRYEBIeREE Wha Ehe | Hibr A it Girhiicalt oo o said
st r eanchmbRsdng (d)2lon&Hiftihe iteldntd effh@styapaPareadd deboth.
first effluent streamand a first vessel |iquid

stream (d) conpressing the flash vapor added first

efflue stream t.o.an |nternmed at ressure. to.forman .
er mte SRR (AR o P (B BOrT e hattient Sl is
i nt er megdh b€ 1&h blddant of b eaAMRNEdrAbRAUGLAGh fRESIre and said
cooled internediate effluent streaminto a second

vessel secogdtiesh flagh haper secrom s provided fafshiduempressing(m) along
and a ma&& I%ﬁuid ggr%§ﬂ1%o forq]an i nternedi ate
ef f | ueRt VARSI EATIRHESAPY 6% nedi ate ef 1 uent
liquid
31. The process of any one of claims 20 to 30 wherein the wash liquid stream
in (h) is exposed to a pressure of at least the intermediate suction pressure
and said first wash flash vapor stream is provided for said compressing (e)

along with the intermediate effluent vapor stream.

32.  The process of any one of claims 20 to 31 wherein exposing (h) occurs in a
vessel, and the second liquid effluent stream is also introduced to said
vessel to provide the first wash flash vapor stream and second wash flash
vapor stream as a common stream for said compressing (c), or said
compressing (e), or both, and to provide the first wash flash liquid and the

second wash flash liquid as a common stream.



stream (f) conpressing the internediate effl uent
vapor streamto a second pressure greater than said

WO nioe/nmed at e pressure to forma second effl ueP€T/US2005/016073
stream (g) cooling the secosmd effluent stream and
i ntroduci ng said cool ed second effluent streaminto a
third vessel to forma cool ed second vapor effl uent
stream and said second |iquid effluent stream and(h) ‘
wadhi nghe peocesrop Belaise 3 rvcheveipdhe eddlpd amernsadiase afflienhstream

liquid hol -. i ni t [ ) =l iquid
e ont no o Chas Ala ISERREET Y 155 FERE b bryidE PG otk VR ash
the i n{gioradiah An@HRSRUGR] Whkh MRhILEM Rfcaf@ thd trtermediate
second pressure, to produce said wash [iquid stream

conpr i sithigniCepandtrexm ok ef domynom pideaan fierssaid apropresting &ey and
sai d sh_vapor .st.ream havi ng.a | ower, content of t

. car BongT Cofio o MENAnih AT FEoRd cF ity ont Sepiad he
35. Thai@hRAesSe P! 1RuM sttbadhRla&lofhéd frdabi. St

pressure is from1l psig to 100 psig (108 to 790 |cPa).

36. The process of claim34 or claim 35 wherein said

i pt ernedi at e Rressyre [ reater. than 40 psig (376
KPRy aAdPPess Tminduse qleiily CBPTEMEPa) - 37, The

procesg;)of BANiARE 0% afdr ahrBBuct Asticdm3 Groth ah Sbxiygs@hd to olefin
second pressure iS greater than 100 psig (790 kPa) and

| ess t teanti@s Osapb ipgrdiet tampnising B8to Theolpfinss s toofCs araygbonyl
one of clains 34 .to, 36 wherein said third pressure is

gr eat ePOPRYYNIS 3R S&%G (790 1cPa) and | ess than 350
psig ( 14 E&(ﬁﬁ?g- said vapor product stream to provide a first vapor effluent

stream at a first pressure and comprising no more than 10 wt.% water, and
a liquid water-rich stream;

(©) introducing the first vapor effluent stream and an intermediate
effluent liquid stream into a first vessel to form a flash vapor added first
effluent stream and a first vessel liquid stream;

(d) compressing the flash vapor added first effluent stream to an
intermediate pressure to form an intermediate effluent stream;

(e) cooling the intermediate effluent stream and introducing said
cooled intermediate effluent stream into a second vessel together with a
second liquid effluent stream and a wash liquid stream to form an
intermediate effluent vapor stream and said intermediate effluent liquid
stream;

® compressing the intermediate effluent vapor stream to a second
pressure greater than said intermediate pressure to form a second effluent
stream,;

(2) cooling the second effluent stream and introducing said cooled
second effluent stream into a third vessel to form a cooled second vapor

effluent stream and said second liquid effluent stream; and
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35.

36.

37.

38.

-57-

(h) washing the cooled second vapor effluent stream with an liquid
alcohol-containing stream in a vapor-liquid contacting device, at a third
pressure of greater than the intermediate pressure but no greater than the
second pressure, to produce said wash liquid stream comprising Cs and Cy4
olefins, and a wash vapor stream, said wash vapor stream having a lower

content of C; to Cg carbonyl compounds than the first effluent stream.

The process of claim 34 wherein said first pressure is from 1 psig to 100

psig (108 to 790 kPa).

The process of claim 34 or claim 35 wherein said intermediate pressure is

greater than 40 psig (376 kPa) and less than 350 psig (2514 kPa).

The process of any one of claims 34 to 36 wherein said second pressure is

greater than 100 psig (790 kPa) and less than 350 psig (2514 kPa).

The process of any one of claims 34 to 36 wherein said third pressure is

greater than 100 psig (790 kPa) and less than 350 psig (2514 kPa).



