WD 2006/ 007066 PCT/ US2005/ 016174 PROCESS FOR PRODUCI NG OLEFI NS FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to a process for producing
olefins and, in particular, ethylene and/or propylene. BACKGROUND OF THE

I NVENTI ONWORUB0066f i ns are traditionally produced fromPEEFIISeb0s®ONe174
feedstocks by catalytic or steam cracklng processes. These cracking
processes, especially steam cracking, produce light olefin(s), such as

et hyl ene and/ or propylene, froma variety of hydrocarbon feedstocks.

Et hyl ene and propyl ene are i -ortant connndlt ge rochem cals useful in a
vari ety of processes for 1§ ] QDLI(INS: 2mi cal conpounds.

[ 0003] The petrochem cal |ndustry has knomn for sone tine that oxygenates,
especially al cohols, are convertible into light olefin(s). There are

nuner ous temmlmg'ETIm/M'ﬂdNr produci ng oxygenates incl udi ng
fernmentation reaction of synthesis gas derived fromnatural gas,

petrol eum | i a(!nlds or Bhag prasertcipentiva wiates 1 R IPERSS T Prsucing Rlglnse d

pl asti cs, t rganic material. Generally, the
production ﬁ@h@%ﬁ%’%& n%%y9@é%§ﬂm%%nbustlon reaction of natural gas,
nostly nethane, and an oxygen source into hydrogen, carbon nonoxi de and/ or

carbon di oxi de. O her known synas roduction processes incl ude
convent i onal BACKLAAROIND ¢ j.b NI reformng, or a conbi nati on

thereof. [0 The pr r fr convertin L.such as
met hanol , ﬂ&@%ne or %ﬁ@s fp"ﬁ"ﬁ%??%lyppfoﬁﬁ?? 508% H%F@ 6?‘: Brbgpyl ene,
i nvol ves Cor&aﬁ%wﬁ sidatn E@0EAE P Fd&eé@eﬁ NTRese RkRKUB proOsEBaS kigeeiilly kitrincal | y
coptaining a nolecul ar sieve cata yst. The effluent produced %y such a

process is arackimgl pmdum kghtroéeﬁ:ﬁsf;psuobuaagﬂwlmedaéflor prbplyleghy frarh @fviaristy
unconverted ena rodu oxygenat e heavi er rocar bons and

| ar ge armunf’g)%’a“\ﬁ/ﬁ’f op & Cé‘épaﬁé][ agnﬁopro FRq iaE%PPB‘F‘F%‘? xture to
recover the L:ﬂraﬂwenﬁéaﬁé hesfuf e OV \@Iﬁfa@s&sbﬁr%ﬁg%&%@@ﬁd other
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chemical compounds

' [0003] The petrochemical industry has known for some time that

oxygenates, especially alcohols, are convertible into light olefin(s). There are
numerous technologies available for producing oxygenates including fermentation
or reaction of synthesis gas derived from natural gas, petroleum liguids or
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-



products is critical to the overall efficiency and cost effectiveness of the
process. In particular, it is inportant that the purification schene

produces hat are substantially free of inpurit] i coul d
adver sel ypég'?og@b%éémstream processi ng. [0005] For exar?ﬂTZl,?szg%\,x?or'gﬁqﬁ
oxygenat e conponents present in the efffuent from an oxygenate conversion

process, particularly aldehydes and ketones, may cause problens in olefin
recovery operations and in derivative manufacturing processes that feed and

DO ' f h h
LTy uent b piadsr el 0l ot AEREY FafoBl St renbiod Bt ones 11 om
t he ol ef i ni & pardoddr: ithy i anboat &e ?ggﬂgmoi sohérhe pafdubdiprodutts thatie .

m nimzing | oss of useful product. )06] International "Patent Publication
No. WO 03/ osbapatially diessf empuritiasodwlith peadd sadverseln affest i dovarstream

conpri sing )¢ %’%nat es and water, such as that obtained as the product of a
net hanol t PIGFEPIs conversion process, in which the olefin streamis
initially dm&-ﬁr ed aper HRMpIL,NRrdRVRlRERAe BbRbottnf fresmt ird theCdiipédssed and
t hen washed wit'h nethanol to renove at | east part of the oxygenates

t her ef rom frainl wonyegenite cveyéraionl procesh, partienladly ldehypdas candh ketonespomtagict ed wi t h
wat er and the water. contacted streamis fractipnated, preferaply . after

i tially beids RIPPIEES oUe) resoyenpapantionand; ,%o%ymveaﬁunufasgmpgt ent

Appl i cati on, Bubl k Qqﬂ%f‘%" bl 02,

di scl ose an%ljrgo%géga#%?&gr%@jucr:%gga’et y enebogry'org%éggse?\}gdf%e@ﬁllﬁjn\%ﬁ?gt t he
oxygenat e canuss fiabnhe bffluennpusficatiom scheme asffectiededemoves akibhydes tande
conpressor to a pressure of 1050 to 2860 kPa (150 to . 400 psia), ,preferably

1750 to 245keipnes fromgheqlefye apd Cal hydrgearben gpraponsats il at thesame@Revat er to
renove unrggg{-&ﬁ - EEE% 21519!1 en contacted with caustic to renove

car bon di oxi de. ?%Yc%gg on c}i oxﬂi&g depleted streamis dried with a solid
desi ccant ajagdoppssed hierfatitenl Patin? Fubkiedtfont NoprWl J8/0334380lisclayeély acar bon

f eedstream conpri si ng hydrogen, nethane, ethylene and ethane, and a

deet hani zednedtodefpressasing an elpfisr Wispmesrsnprisinghoxgenatey amh watefichss The
tenper a ur gy oined o 85 Rrpdusb 357 Sttt it SRS BReRio SRS R Phich® 1 2

the olefin stream is initially dewatered and then the dewatered olefin siream is

compressed and then washed with methanol to remove at least part of the
oxygenates therefrom. Following the methanol wash, the olefin stream is
contacted with water and the water contacted stream is fractionéted, preferably
after initially being dried.

[0007] U.S. Patent No. 6,303,841 and U.S. Patent Application Publication
No. 2002/0007101, published January 17, 2002, disclose a process for producing
ethylene from oxygenates in which the oxygenate conversion effluent stream is
compressed in a multi-stage compressor to a pressure of 1050 to 2860 kPa (150 to
400 psia), preferably 1750 to 2450 kPa (250 to 350 psia), washed with methanol
and then water to remove unreacted oxygenates and then contacted with caustic to
remove carbon dioxide. The carbon dioxide depleted stream is dried with a solid
desiccant and passed to a deethanizer zone to provide a light hydrocarbon
feedstream comprising hydrogen, methane, ethylene and ethane, and a deethanized
stream comprising propylene, propane, and Cg+ olefins. The light hydrocarbon
stream is passed to a demethanizer zone operating at a temperature greater than



3 45C to provide a bottom stream conprising ethyl ene and et hane and an
overhead stream conprising hydrogen, nethane, and ethylene. The bottom
streamis fed to a C2 splitter zone to produce the ethyl ene product stream
and an et Ndh206l0pWaey  whereas the overhead streamis fe®CTASA0Q5/086SHr e

"swi ng adsorption zone to renpve hydrogén and nethane and produce an

et hyl ene-contai ning streamwhich is conbined with the oxygenate conversion
ef fluent stream [0008] U S. Patent Nos. 6,403,854 and 6,459,009 to Ml ler

et al. discl a r.qcess for converting o enate to light olefins in
whi ch the. r d3oCdP BEPYIRG aotp stgem, compEISTe R MFne-ARderSianeip am AveTie

. two-stage pr o] |44 Q,rﬂ%;]' BOHLP s from
any entraine éﬁzltsca s'ﬁﬁ%iﬁye%?écg’sﬁlmeaﬁe’zagato éﬂe%nho% vvateragén {a}’nig&ﬁ(gavy
by- pr oduct s asGg BphiterCibhehty dirodue [l sthykenp produeh swéam tané ancthanevenfea, St r eam

. Wthdrawn fromthe bottom of the ?uench tower is recycled to the quench
tower at a (BRsTPasdheQEcrhpwt dreppids fechiorProdury sHiRg adsorpon geflrledepgve he

guench t ower % r u ; t%ﬁ/@jﬁ]' : ressed,
passed to ar%lyggd@%flp |or11n§é'%{eé fq%(% %ﬁ@ﬁge%%ﬁﬁégﬁf%ﬁova go oxygg]ﬁ‘gfggs) and

t hen passecohibigedwlih theCoyasintg idefsivn efffueniatresth. car bon di oxi de. The
resultant carbon dioxide free light olefin streamis passed to a dryer zone

for the rend0898lof wat¥rS. Pateat Nos HeAP3i854and Swtaf(ted¥iller ghal. disdeserd r ecovery
zone. [0009]

Jury 10, 20633t ot B GR BT UMY oM frwiiln BERERE S L one "

from the olgEhéhed S4MClanOhquRBuP $HEANALE 2t BwE-BRALET HloBebsOteifhdilitatecdied | ON. The
product is 1nitially sent to a cooling unit, such as a quench tower, from

wh( ch cool edeparatiom of hydwaabon gases fromamay catainnd spialysh fipegp @ wall aate  The

wat er contai_ni ng botto stream can, be recycl t hrough a heat..exchanger
for cooling rgna?waﬁegﬁg"@gﬁy ?%rgy.fm‘éd%g%ﬂc g"*s ﬁigthypﬁocﬁgpﬁ‘s?‘ pé)é"b?fr% or, such
as a di stil lyrd waste St Shearh iidRfifoRthe BAER REHRMIYEK RRer RaRcylgruct  of
reduced water content and rermaining water as a bottons product.” The ol efin

vapor str ean? ke quenph tswardt & pot ahaasrheadthegeart¢rafftuek mantroguastido the v 100 to
500 psia (689 tq 3447 a), and directed to secon separ at or_t hat

provi des an qb‘F”éc(fi\ f?%’pg&%‘f@ﬂﬁepgﬁﬂcf%aﬂ %?nghﬁﬂyﬁlé%attoévﬁp is Sompressed, o
hydr ocar bony,Gedk ab i SdsthtRAMonk 8r el BiIEtRANIRRALLHT BYFH-Ases BRY k@t ai ni ng

passed to a caustic wash zone for removal of carbon dioxide. The resultant carbon

=

dioxide fiee light olefin stream is passed to a dryer zone for the removal of water
and passed to a conventional light olefin recovery zone.
{0009] U.S. Patent Application Publicatipn No. 2003/0130555, published
July 10, 2003, discloses a process for separating oxygenated hydrocarbons from
( _ the olefin product of an oxygenate to conversion olefins reaction. The product is
initially sent to a cooling unit, such as a quench tower, from which cooled olefin
product is separated as an olefin vapor stream. The water containing bottoms
stream can be recycled through a heat exchanger for cooling and/or removed from
the cooling unit to a first separator, such as a distillation column, to provide an
oxygenated hydrocarbon product of reduced water content and remaining water as
a bottoms product. The olefin vapor stream is compressed to at least 30 psia (207
kPa), preferably 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



WD 2006/ 007066 PCT/ US2005/016174 4 stream can then be conbined with the

wat er containing bottons streamor directly added to the first separator to
provi de an oxygenated hydrocarbon product recovered fromthe first

separ at owot fea/007066 educed in water content and can be uwed/usasosiuielzsor
co-feed for the oxygenate reaction prodess. Before or after the conpression -
step, the olefin vapor can be washed with nethanol and/or water at a
tenperature of 40 to 200F (4 to 93C), preferably 80 to 120F (27 to 490 .
[0010] Al of the above references are incorporated herein by reference in
t hei r enti steam casuhiarde cqnaifingd with thmwates gentaininglbotiomsostteasmon diteatlgs to a

process for .producji.ng | efins conprising: (a rovi di a, first_ vapor

ef fl uent slaflgféﬁ]t?rg’rﬁ gFF(%oW@EW&'t o tpéoﬂp%f%%ngﬁﬁ&)\?@ﬁsg}ﬁfﬁ&géﬂ iﬂfﬁ‘ﬁlucgai d first
vapor effl r .S [ Joiveels s, and C2
to C6 car bgﬁé}ﬁe&?oﬁp&g:}%gg& f%ﬁggﬁﬁ?’ﬁgdﬁgq}%gﬁ%&g?%ﬁ% andll(ﬁ g%(ra&séggre of the

first vaporasefukl wento-fezdr fantticooxyoetate ereactimc pratessap defofd lotiaafter stheeam

having a pressure, ranging from 100 psig to 350 psig (790 .to 2514 kPa) and a
t enper at ur EORRFRSSIG St Ahe7elefin yapargan be washed gith m 1 spd/snwatey apar

ef {1 uent SLLEALODLAII PRI o SRY TR %o Pokfier ¢ godglr ocar bons

provided in vapor e uent reani” (C) was econd vapor
ef fl uent sto@@n W t h Alllofdke gbdleGefepdnces akliatdtpoBited i@ byGefti@tyda a third
vapor effluent stream and (d) washing the third vapor effluent streamwth
wat er to pitheiremdirgty. f ourth vapor effluent stream said fourth vapor effluent
stream conprising about 1.0 wt.% or less C2 to C6 carbonyl conpounds.

[ 0012] Conveniently, said adjusting (b) produces said second vapor effluent
stream wi t kyaviMERUr e ranging from 120 psig to 290 prig (928 to 2101 kPRa),

such as fromIZ0 psSig to 170 psig (1023 to 1273 kPa). -
{0011] In one aspect, the invention relates to a process for producing

olefins comprising:

(a)  providing a first vapor effluent stream from an oxygenate to olefin
conversion reaction, said first vapor effluent stream comprising C,
and C; olefins, C; hydrocarbons, and C; to Cg carbonyl
compounds;

(b)  adjusting the temperature and pressure of the first vapor effluent
stream to produce a second vapor effluent stream having a pressure
ranging from 100 psig to 350 psig (790 to 2514 kPa) and a
temperature ranging from 70°F to 120°F (21 to 49°C), said second
vapor effluent stream containing about 50 wt.% or more of the C;
hydrocarbons provided in the first vapor effluent stream;

(c)  washing the second vapor effluent stream with a liquid alcohol-
containing stream to produce a third vapor effluent stream; and

(d) washing the third vapor effluent stream with water to provide a
fourth vapor effluent stream, said fourth vapor effluent stream
comprising about 1.0 wt.% or less C; to Cs carbonyl compounds.

[0012] Conveniently, said adjusting (b) produces said second vapor
effluent stream with a pressure ranging from 120 psig to 290 psig (928 to 2101
kPa), such as from 140 psig to 170 psig (1023 to 1273 kPa).



WO 2006/ 007066 PCT/ US2005/ 016174 5 [0013] Conveniently, said adjusting (b)
produces said second vapor effluent streamwith a tenperature ranging from
80F to 110F (27 to 43C), such as from90F to 100F (32 to 38C). [0014]
Conveni enW(WUO@@ﬂ?Gﬁ%econd vapor effluent stream contai nsPEE/USWAFE161B0 W .
‘such as at least 70 wt% for exanple at3least 80 w% such as at |east 90
w% for exanple at least 95 wt% of the C4 hydrocarbons in the first vapor
ef fl uent stream [0015] Conveniently, the washi ng (c) is conducted at a
tenperature of at Ieast 80F (270, such_ as at st 90F, and enerally no
more than 128f13490), §E|‘€-W1 Y Gaido adivsting @.LGF"’@ Sa@oﬁe" M#Per no nore

br cssure. randinet SFEA Hb@%ﬁ%*@eééﬁgﬁpéﬁgiﬁ?%‘?‘?3‘*@?@%&‘3‘?%@u%ﬁl s from

120 psig to a%%bmgo@}?to(ﬂﬂﬁptmﬁlmcypa) for exanple from 140 psig to 170
_psig (1023 to 1273 kPa [0017] Conveniently, the |iquid alcohol-containing
st ream conpri®@¥ net omreme@ﬂmm seqond viepet eficrthereans cemeinmay lest i onal |y

t te th duc
Fenper at ur e Brhes ST iER Ty BRIt 8L B ARARHA By o
nore than 12p%; (#9@xam, gwamea& 99»&%%&&@@%%&6&8&)& il @ie f6@MR@pE NO NOIre
t han 100F (38C) [ 0019] Conveni ently the washing (d) is conducted at a

pressure rarefflugnt sfreammn 100 psig to 350 psig (790 to 2514 kPa), such as from
928 10.2101 kPa), for e m 14 to 170

pai g ( 102 (BOEI73' RpGomventstus Db il T OOt b ARHPTRER OBR | uen

stream conpr d ° o Séﬁ?fg S r exanpl e
| ess t han 50133%520 e (‘gﬁ%ﬁd}[& él%%%@r %opnaggéﬁﬂmm%%Z%fwcgnvgl ently,

sald fourth suelpmncembtm&an li;ﬁ‘lFe(atﬁﬁ’(&blﬁqrrevcmaplelrmsxnotehhm 1(]ﬂ°B‘ (88°C) such as
| ess than O. % for_ex ss than 500 met hanol , [0022] In
a yet furt ndPolio oo nefﬁﬁnvegﬁeﬁbr E‘é‘ﬂs(ﬁ) o ged atfar%réfﬁ“%éﬂqgﬁ’@ the C3
and C4 cont gigy riaomrteCﬁo%ﬁg(m o315 955, RudiRBO Broff 120'881k to 290 psig

(928 to 2101 kPa), for example from 140 psig to 170 psig (1023 to 1273 kPa).

[0017] Conveniently, the liquid alcohol-containing stream comprises
methanol, ethanol or a mixture thereof and may optionally contain water.
[0018] Conveniently, the washing (d) is conducted at a temperature of at
least 80°F (27?0), 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).
[0019] Conveniently, the washing (d) is conducted at a pressure ranging
_ from 100 psig to 350 psig (790 to 2514 kPa), such as from 120 psig to 290 psig
(- (928 to 2101 kPa), for example from 140 psig to 170 psig (1023 to 1273 kPa).
[0020] Conveniently, said fourth vapor effluent stream comprises less than
0.5 wt.%, such as less than 0.1 wt%, for example less than 500 ppmwt, of C; to Cs

carbonyl compounds.

[0021] Conveniently, said fourth vapor effluent stream comprises less than
1.0 wt.%, such as less than 0.1 wi%, for example less than 500 ppm wt, of
methanol.

[0022] In a yet further embodiment, the process also comprises

fractionating the C; and C, containing hydrocarbons in the fourth vapor effluent

stream to produce a C; containing stream and a first C; containing stream, wherein



streamto

produce a C3 containing streamand a first C4 containing stream

wherei n WO 2006/ 007066 PCT/ US2005/ 016174 6 the first C4 containing stream

conpri ses

|l ess than 5 wt% such as less than 1 w% ,for exanple |less than

0.1 w % WORMHIOMewer hydrocar bons. Conveniently, said PETRSROOSIDFht ai ni ng
stream conprises less than 5 w% suchfas less than 1 wt % for exanple

| ess t han
conmpounds.
said first
cont ai ni ng
hydr ocar bo
streamin
and said f
to renove

5000 ppmw, typically less than 500 ppmwt, of C to C6 carbonyl
[ 00231 Conveniently, said first vapor effluent streamin (a) and

C%Fcont ai ning stream conpri se Co5+ Y%ﬁlr ocar bons tﬁnd said first C4
the fifst £ GoBtagINg erqaaycemaprses I5ss ML ¥ Whit ueh a5 1858 than Safidb at e C5+

f 2 veni ' ir ef.f:kuent
By hHFPEIEG San B bl 0T 18 KycrBiflorls [ ComVGARA SO e
| first Cotontainingl Strdach S6mhPAEs 16s3 thatbf aetts dutlo ad Ledshisn firveicyy, onat i on
di ret hyl ether therefrom 10025{ Conveni ently, said adjusting in

(b) separ atfes cxapledess than 600 pam wh dypisaliyrlgsssthar 300 PPBNE0LCE 19 €6 vapor

effluent s
wth said
stream co
| ess t han
conmpounds.
for produc
nol ecul ar
and C3 de
C2to C6
t herefrom

t m and said second liquid C4 containing streamis. conbi ned
f{a&sﬁnygﬁorg%?ﬁugf'ni ng streamto produce a third C4 containing
023ng | eseoﬁémnﬁ?zvxsa'{a RGeS effRiSht §tfiath th 8 a4 saldfirsgxanpl e

000 ppm wt, typica 1y less than 500 ppmwt, of C2 to C6 carbonyl
CoHoashining sirdamy icheprias (&xdt hydroarhons candi smd fizsti Ge contaiingr ocess

in ol.efins c riskng: .contacting an oxygenate feed with a
g ot B & phihi SkIGSHOR fo Stk PO IRIGAIPES: ng (2
fmBRfofft hydrocarbons, water -and oxygenate conpounds, including

car bonyl compounds; (b) cooling said product streamto condense
0D24jui d stCemmenientlghsdid firstt veponaffluenty sfeaaat m @Y rapd waskfiestd pr oduce

a first vapqr effluent stream copprisjng C2 and efins, C4
hydr ocar boriss SUMHNEE sfrgamEompaisy leioﬁg?ﬁﬂﬂésﬁmd st @4 contammg stream

is subjected to further fractionation to remove dimethyl ether therefrom.
[0025] Conveniently, said adjusting in (b) separates a second liquid C4
containing stream from said first vapor effluent stream and said sécond liquid C4
containing stream is combined with said first C, containing stream to produce a
third C, containing stream comprising less than 5 wt%, such as less than 1 wi %,
for example less than 5000 ppm wt, typically less than 500 ppm wt, of C; to Cs
carbonyl compounds.
[0026] | In a further aspect, the invention resides in a process for producing
olefins comprising: '
(a)  contacting an oxygenate feed with a molecular sieve catalyst to
produce a vapor product stream comprising C; and C; olefins, C,
hydrocarbons, water and oxygenate compounds, including C; to Cg
carbonyl compounds;
(b)  cooling said product stream to condense therefrom a liquid stream
rich in water and oxygenate compounds and produce a first vapor effluent
stream comprising C; and C; olefins, C4 hydrocarbons, and C; to Cg
carbonyl compounds;
(¢)  compressing said first vapor effluent stream to produce a second

vapor effluent stream having a pressure ranging from 100 psig to 350 psig



-(c) conpressing said first vapor effluent streamto produce a second vapor
effluent stream having a pressure ranging from 100 psig to 350 psig WO
2006/ 007066 PCT/ US2005/ 016174 7 (790 to 2514 kPa) and a tenperature ranging
from 70F WO 2009P70@®1 to 49C), said second vapor effl uerCEYYE8MIIEHHt ai ni ng
“about 50 wt.%or nore of the C4 hydrocdrbons in the first vapor effluent
stream (d) washing the second vapor effluent streamwth a |liquid nethanol -
containing streamto produce a thi rd vapor effluent st reamand a |iquid

oxygenat e- cont ai nj met hanal eam and ( he t hi apo

ef fluent stream vd"gﬁt?lzé@ﬁ’&l’@)a aﬁ?ﬁ““ﬁ?%&%‘g’&'gf QFF Béﬁ&lzogeéjﬂ g’nt stream
and an oxygenat e- a t QUL effd ugnt stream
conpri si ng about %5@5 § A)%g?dﬂlaeg@or%ﬂég&mmg%h onyg conpoundsﬁ’ 0027]

Conveni ently, saildorbmfm]neeﬁydjocambc(m)m tle ﬁmhtthpot eﬂluemt strepintir al i ty of
stages. [0028] In one enbodiment of the ft;hther aspect of the |nvent|on at
least a portion @ sa‘f’@ﬁh&@@éﬁﬁ‘t@dé@ﬁ?é? UeRt HEsaB W raeh‘iﬂl dnethanod

oxygenat e- cont ai wat er
from(b), or anyrygo%tl)mﬁgts ﬁ"l‘err eo?als(#o%o#legﬂ{é L Bo pr od"t%c hgln
oxygenat e- ri ch ovaiypemtk-sitsinmgandhamoletr&im; antich |IC]UI d bottons stream
Conveniently, at |east a portion of said oxygenate-rich overhead streamis

recycl ed as part (8F t rreashingg iratitird sepor sfflacat Stisam: withi hgmﬂnw@tﬁf to

Addi tionally, natlv ortion, of [-rich
liquid bottons ???%‘%ﬁtaa}?"ﬁéc%? E’ﬂg%ﬁp%@%ﬁ(ﬁﬁaﬁ Oxﬁﬁlﬁltedco\f\g gwa%f in the
washing (e). Eaghesth, dai®sfRrhVaper dilierREedAYoRprifingdabdiRna) €% sdess dual |y,
or any and all ma be fractionated in a single fractionation device,

i nftroduced in corflitadksicerbopyl compeundsich stream being sent to a separat e
portion of i ngle fract.iopati n devi c sed t he term
"Cerr] hydﬁ@@:jbon" ér‘fﬂt VERiERdY; spi F}:ﬁg{plrgssmgdpg% i CL’EﬁAu%f lflr"i‘p E{yﬁ ene,

cyclic vari atdogls thereof, or in appropriate cases aromatic, hydrocar bon
nol ecul es havi'ng the nunber of carbon atons represented by the subscri pt
"x" Simlar [§028] he t edmoh€embodimeni of thy fetthaaspeatedite inkentony atleast a

portion of said oxygenate-containing water stream, or said oxygenate-containing

methanol stream, or the liquid stream rich in water from (b), or any combination
thereof, is fractionated to produce an oxygenate-rich overhead stream and a water-
rich liquid bottoms stream. Conveniently, at least a portion of said oxygenate-rich
overhead stream is recycled as part of the oxygenate feed for said contacting in (a).
Additionally, or as an alternative, at least a portion of the water-rich liquid
bottoms stream is recycled as part of the liquid water used in the washing (e).
( Each of these three streams may be fractionated individually, or any and all may
be fractionated in a single fractionation device, introduced in combination or with
each stream being sent to a separate portion of the single fractionation device.
[0029] As used herein, the term "Cy hydrocarbon” indicates aliphatic,
oiefin, 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, "C4 olefin" indicates

butene-1, or butene-2, or isobutene, or combinations thereof. The term "C,+



contains C. hydrocarbon. The nore specific nolecule is represented by a nore -
explicit termin place of "hydrocarbon", so that, for exanple, "C4 ol efin"

i ndicates butene-1, or butene-2, or isobutene, or conbinations thereof. The
term " C, WO ¥@/MI0®E/ 007066 PCT/ US2005/ 016174 s hydr ocar BERAIS2¢iileldtes t hose
nmol ecul es noted above having the nunbe of carbon atons represented by the
subscript "x" or greater. For exanple, "C4+ hydrocarbons” woul d include 4,
C5 and hi gher carbon nunber hydrocarbons. Simlarly "C, - hydrocarbons”

i ndi cates those nol ecul es noted above having the . nunber of carbon atomns

r epr esent edYgipcarons jadicstss those golqcuigs notad abere havingithe mydebHr bons do

not contai 0 us. aren»nqt e o) dwtth the
term oxyge&g?‘ébnoétxﬁ%greggérslg%gé%ﬁg gs“g%%}p?ug ;Bgr%%%egugﬁga%a}hﬁedohé%, et her,
al dehyde,  Keidesarbons'C &dabd ihcludd @301 s Add Usighler@iiBo nubrber thedivcarboh C6
carbonyl conpounds is defined as neaning one or nore nol ecul es containing

from 2 to eSwalagsn Cat brdroparheny"indicates thesepmplseulgs nptedsaboyadhayinggds at om in
an al dehyde X that has a doub bopd Q_a carbon_ atomthat i,n turn
has a si ngl%&ﬂjﬁgﬁq‘f@&% a&”?feﬁ%ﬁ%ﬂ%ﬁ oy g’rﬂ %‘#&c fe x O feEEn éqtso’fﬁedpr ket one
(oxygen t hajerdiaShfREHSoi0N nbOcéhtsiR! ROSKyRER MdlbAle afid thiy felii® 18 bei Nl e
bond to each of two other carbon atons) nviety. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ OBafijsediwtix ¢hel térmn axypgeneteadr ts Vanonsdinmge apedific fotmsitsualy a8 process

for producin n ol efins ,stream accqQrding to one exanple of the present
i nvention. a s ﬁ%@ﬁ?#ﬁ‘@@%@ YlEMBODI MENTS Mol ecul ar Si eves and

Catal ysts T of for ' ' 5&ids ' suited
to use for l*ggiri@erti ngAgés%de%eﬁ%’gh?g&gfgﬁogg&%OTg Gﬁgaabe vaﬁlg g%%@gﬁ%m cal and
physi cal , fmeminwoiks ocimaratiobsculdsicostairlifig foml 2ito 6 Tashonattuay ¢had fevthere| |
classified by the Structure Comm ssjon qf the International eqlite

Associ at i orFORuEISE @ lgsti e gryeen, AR By an Hdehydp Aexyeshthal hag 3 d@HEIZ&S’Infit e

Nomencl at ur s » GebdABAOR: b HESE RSAT SARNFRE ok ARG Of (e

t et r ahedr al coordin ons cons ramework, a g an

abstract i orhydrogeheat@aret ketond (geih Hes hhvdodtedendres &icaon. atdmh ahsviar k- t ype
zeolite
turn has a single bond to each of two other carbon atoms) moiety.

BRIEF DESCRIPTION OF THE DRAWINGS
{0031] Figure 1 is a schematic flow diagram iilustrating a process for

producing an olefins stream according to one example of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Molecular Sieves and Catalysts Thereof for Use in OTO Conversion
[0032] Molecular sieves suifed 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 [UPAC 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 zeolite-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



and zeolite-type nol ecul ar sieves for which a structure has been
established, are assigned a three letter code and are described in the
Atlas of Zeolite Framework WO 2006/ 007066 PCT/US2005/016174 9 Types, 5th
edition, Bi&W$U7064 ondon, Engl and (2001), which is her ePGI/PEI005/016174

i ncorporated by reference. [0033] Non-1Pmiting exanples of these nolecul ar
sieves are the small pore nolecular sieves of a framework-type sel ected
fromthe group consisting of AN, AFT, APC, ATN, ATT, ATV, AWN BI K, CAS,

CHA, CHI, DAC, l., |, . ., KFIl .. LEV, LT, MON, PAU,. PH , RHO
ROG, THO, a JPB%D%&‘FE‘EE?%dEESY‘ﬁ%%&fEPg%Q %ﬂ%ﬁ?@&be‘%ﬁ?@@u Y si eves
of a frane r%%é—ﬁfed fromthe group consisting of AFO AEL, EUQ
HEU, FER, VI\/\EﬁL& , b?/l?'{:/?&bl? , TON, and substituted forns thereof; and the
| arge pore 1o03¢ul ar Nomlisstin exaniplaofusk niolpmlaaicyet ad the emnll peregr oup

consisting of EMI, FAU, and, substituted forms thereof. O her npl ecul ar

si eves have Moleqularsigyeg of ¢ frameyrkitme selsctad froma the staypconsisung ahABL ANA,

BEA, CFI, 5}@,\[; s , Ra w iR e R PHT b g i exanpl es
of the preggr@rTé nn’lggﬁf éqrﬁétgbé, pértq{('\:/%ﬂsgly for cdl\ﬁvge(#’t]ﬁr)lfé’ gﬁl’oxygenate
cont ai ni ng ERJSEOKKFItDEVPILEV,NLTA, MON| Pad).t PIIE RHGY RQOGATHG @idor k-t ype
selected fromthe group consisting of ALL, AFY, BEA, CHA, ED, FAU, PER
G'S, LTA, LFubstift ,fommt!lerm,thwmgmwwemwmﬂwOfﬁftﬁﬁ@mﬁlﬁ@menent, t he

nmol ecul ar i d.in th [ S he i n i h a I pol ogy or
a CHA topol _%%I%Itgd %r% ?nal_[h(? ?ﬁgﬁlsgér\%leﬂ%hoéorgé%(?’, %Péﬁ%b%aﬁgﬁ%o gy. [ 0034]
Mol ecul ar  siNeTW, MITE! TON 2ak subavted - fBinE BeréTabnd {HRUergeOopue Shdieenldr amewor k
structure of corner-sharing TO4 tetrahedra, where T is any tetrahedrally

coor di nat ed siezes ofie franewerkniype selbeted Somthe graup qoppisting P ENES FAeandi n ter s
of the size of. the.ring th fines ore .where the size is.based on the
nunber of Tgu%s%lgl%ffoﬁmts g%“?‘?ﬁ]&%?&%@?@ﬁ?rpasﬁ%%}’ﬁw 9%@‘“3 ;Qﬁ’é’ﬂé‘éfp rs’legeffa s include
the arrangef@gi thePbroip N@sikidd of MNA 2 BEXISCFRTLONPON 6B LTI REER]I mensi on

of channels, and the spaces between the cages. See van Bekkum et al.,

| ntroduct i oM®B, 2EWWt andsSOIhc eNoadligniting cxamples Selc Sred prederptde mudlgeuleyvi sed and

Expanded Ed Is%e%ré)sr,]’ pa\x/'ﬁclzuliaﬁy 11%?’ converting an oxygenate containing feedstock into

olefin(s), include those having a framework-type selected from the group
consisting of AEL, AFY, BEA, CHA, EDI, FAU, FER, GIS, LTA, LTL, MER,
MFI, MOR, MTT, MWW, TAM and TON. In one embodiment, the molecular
sieve used in the process of the invention has an AEI topology or a CHA topology,
or a combination thereof, preferably a CHA topology.

[0034] Molecular sieve materials all have 3-dimensional, four-connected
framework structure of comer-sharing TO4 tetrahedra, where T is any tetrahedrally
coordinated cation. These molecular sieves are typically described in terms of the
size of the ring that defines a pore, where the size 1s 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).

[0035] The small, medium and large pore molecular sieves have from a 4-

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



pages 1-67, Elsevier Science, B.V., Arsterdam Netherlands (2001). [0035]
The smal |, nedium and | arge pore nol ecul ar sieves have froma 4- ring to a
12-ring or greater franmework-type. In one enbodi nent, the nol ecul ar WO
2006/ 007065286 10E2005/ 016174 10 sieves used herei n haRETRS2006DH 12-
ring structures or larger and an averadg® pore size in the range of from 3A
to 15 AL Mre typically, the nolecular sieves utilized in the invention,
such as silicoal um nophosphate nol ecul ar sieves, have 8-rings and an
average pore size Iess than 5A, such as in the range of from3A to 5A, for
exanpl e fr ofiegs ¥ssdemsin hivve 8- L0 ofri2y rmgsfmotuses o dargerand qopgBIReMIKRC Ul ar

et ranodr o Sant L B Hnt SATKT ST M SRR o b hplet et Shled, 1T

| con, "alu
nol ecul ar s Hesinweftidisath a9 Iﬂi@bﬂhﬂﬂncﬁihb A ndidéiiah ieves thaveERROT OUS
based nol ecul ar si eves have been described in detail in nunerous

publ i cat i onand e RVeIRERPISSizedessthen 54, suchristiarthe roge of Som 3ado (W APO wher e

Me i l\/hZ ...Pat . A 440,831 (SAPO), E Pat ent
ool 1 cat oncEsie im0  VhieluRtho e s AL adh o V5 o T
Fe, Li, Lod% Ti omndiRdulatkieveshidea terdi - ‘cﬁéé_ hivb3 e RBre [Hi] 0 gat ents

No. 4,822, 478, 4,683,217, 4,44, 885 (FeAP A-0 158 975 and

Pat ent No. [Alms,aﬁdfar(mmasmatr&@dmom 4B&s¢CaAea®) al@ERinta0 aﬁcsoﬂm
(ELAPO, where EL is M, Ti at ent No. 4, 0 440

( Al P04), EPPﬁ%TgWI%’S basgd S VeSU”@ EPH alNng il @%ai U S.

pat ent No. PAORRE %%3’“%%%%“1% e Eﬁﬁiﬁt"eﬁﬁéeﬁf*@%‘ﬁf%é%%“sﬁéi’é% s
Pat ent No. pdblicalioBs8 Inohudidd>$6d) exarhpile, Be. cutent NGs. 4,867,629 IMRAPAnaviver851, 106

(CrAPO), U.S, .Patents Nos. 4 758 419, 4 882, 038, 5,434, 326 and_5, 478, 787
(MyAPSO), UMs is Mg; Mn, Zggor £ok5Y. SlE@'l%lFNQP@‘MO@ & (SARYn Eurgpean P emt 213

4 o6, b5 abRPicaEpsA00 15 eI B PABSY IR e hRne B T, 0098 GATRS: 00"0a:

(MAPO), U. Bi, Mg} dfi, TiNor Z#), 7[33 Fatknt W%SM, 143 FeAROR. SN@ateﬂtsgl‘FG 570

(BeAPO), U.S. Patents Nos. 4,801,309, 4,684,617 and 4, 880, 520 (Ti APSO),

U S. Pat ent 4,8R847844,6892E8 1,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No.
4,935,216 (ZnAPSO, EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO,
where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPQ,), EP-
A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No.
4,789,535 (LiAPQO), U.S. Patent No. 4,992,250 (GeAPSO), U.S. Patent No.
4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No.
4,738,837 (CrAPSO), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S.
Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S.
Patent No. 4,554,143 (FeAPQO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent
No. 4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833
(MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent
No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos.
4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651,
4,551,236 and 4,605,492 (TiAPQ), U.S. Patents No. 4,824,554, 4,744,970
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSQ) EP-A-0 293 937 (QAPSO,
where Q is framework oxide unit [QO;]), as well as U.S. Patents Nos. 4,567,029,
4,686,093., 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384,




4,551, 236 and 4, 605,492 (Ti APO), U S. Patents No. 4,824,554, 4,744,970
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSO EP-A-0 293 937 (QAPSO, where Q
is framework oxide unit [Q®2]), as well as U S. Patents Nos. 4,567,029,

4, 686, 093VOL00EA07854 4, 793, 984, 4,801, 364, 4,853,197, FOUYSHIENI61952 384,
"WD 2006/ 007066 PCT/ US2005/ 016174 11 4,956, 164, 4, 956, 165, 4, 973, 785,
5,241,093, 5,493,066 and 5,675,050, all of which are herein fully

i ncorporated by reference. [0037] O her nol ecul ar sieves include those

d i bed i -0 88 | ' L1 tal hat es,

Swpon (01 0 Pets Laslen 197 RS oBIBE, RaBEbAs andCsFROaRRR Kl e
th metal ypi ; ' ' jcal No. 09/511,943 filed Feb

gi’r 2088 ?i )rwhelgi? %eﬁﬁgﬁnﬁ?%%ﬁﬁg%ﬂ}ggt a ;/:g't), | nt er nati onal :3a1(:aent sy

Publ i cati on [0887]WO 01/@thsdthojutblat siges ibelpdethoes deséibatDRIER-DI888 i18WBdont ai ni ng
nol ecul ar sieve), and R $Szostak, Handbook of Ml ecul ar_ Si eves,

Van
Nost rand Rei(PH3PBOTORE e gpsiplipphesphatgs ) APRM i (FIO-Q)), oV S. FaterhdNei n ful |y
i ncor porate f , Q03 e id, | l.num
and/ or phosgf’@;&bs{?? chg%g?rnill%% aéirrllll)jl %Qﬁ}(%ﬁr}{es‘?ag@%a%’gﬁi%g a‘%g %pﬁ)g% oSphat e
(ALPO) nol e®ehialr MNo. e0%/511,943 | file® alfabifitarg ph SPOUR ¢in{ePAiéd Hydisatboar csi eves and
substituted, preferably, netal substituted, forns thereof. The nost

preferred nsp@biDelntenaions! RatentPybdicatien NeuWs 0b643dkpublishedieniembebst i t ut ed

SAPO nol eculyar, g € 1N . .erhodi ment .. the matal o n Kal | al of
G oup | A of 7t hzgﬁk-"e@o}d}u(ll: QP%‘E%“%&%@%H@S’%’ aanrﬁﬁaﬁkglz ?%@"eélf”t’@"’%t | of

G oup || A ofMdlbsuldieSiensti &7 ahabstraffi ReirioRl) New Yoork,aNéw Stk {199 atwvhith G oup

BI B, including the Lant F‘I?.I’]i des: | anthanum cerium praseodym um neodym um
sdmarium earel hgreindabpincamented by riferance. dyspr osi um  hol ni um  er bi um

thul ium yt Lum and.l utetiu nd, scandi umor. vyttri,um of the Periodic
Tabl e of El i@g’ﬁisz at n&?ﬁcoﬁ?fgg‘é‘} 0@05}3ng\9§ ag,tg?"or \;Ih%gp%ﬂué VI 11 B,
and 1B of t bgntBRingftofecliiabsRvey inBldBRAinSinososfhaté YAEPOPmaleplRfsievbdlese net al

species. In one preferred enbodi ment, the netal is selected fromthe group
consi sting eflicgdum@ophGsphatee (SARO) Guolenplar Migvedli andSspbstitytedn prefietably, and

mxtures gt e nddhuBi oSS oSl iR S 0dL e ol %icTE! e SARO°

molecular sieves, and metal substituted SAPO molecular sieves. In an
embodiment, the metal is an alkali metal of Group IA of the Periodic Table of
Elements, an alkaline earth metal of Group IIA of the Periodic Table of Elements,
a rare earth metal of Group IIB, including the Lanthanides: lanthanum, cerium,
praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or
( yttrium of the Periodic Table of Elements, a transition metal of Groups IVB, VB,
VIB, VIIB, VIIIB, and IB of the Periodic Table of Elements, or mixtures of any of
these metal species. In one preferred embodiment, the metal is selected from the
group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and
mixtures thereof. In another preferred embodixﬁent, 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

bhetween -2 and +2.



above are inserted into the framework of a nol ecul ar sieve through a
tetrahedral wunit, such as [MeQ2}, and carry a net charge depending on the
val ence state of the netal substituent. For exanple, in one enbodi nent,

when t hewoetoaé/osmbst i t uent has a val ence state of +2, P81/US4005/656170r +6,

the net charge of the tetrahedral uniti2Zs between -2 and +2. WO 2006/ 007066 -
PCT/ US2005/ 016174 12 [0039] In one enbodi nent, the nol ecul ar sieve, as
described in many of the U S. Patents nentioned above, is represented by

the enpirical fornula, on an anhydrous basis: nmR (MXAlyPZ) 2, wherein R
represents [@03%kast oheoneambadicrnt, dbe ntolecplasfseavabhs deseribed) amimanytdnpl at i ng

agent; mis_t nynber of .noles, of R per le. of, (MAYPZ)YO2 and m has a
val ue from %eﬁsl?atﬁ?téfr’é‘?rﬁ‘t? 8bevss ﬁ.’gl,’w %getﬁlagihepm@{%ﬁ @t o 0.3;
X, ¥y, and gL 8Rfu8%eqs: the nole fraction of Al, P and Mas tetrahedral

oxi des, where™™M 1s a netal selected fromone of Goup IA IIA IB, IIIB,
VB, VB, VIB, VII1B, VIIIB and LaR:(MAIBIONT the Periodic Tabl e of

El ements, preferably Mis selected fromone of the group consisting of Co,
Cr, Cu, Fe,W’@‘a?mGE‘, IRpresqnis 3y least, oneyjtemplaing \agenf, Pqueraﬁ% ABOPKEARSt, mis
greater th aeaual ot : ans r h tpgﬁp rp.equal to
0. 01. [0048@111%“%1 other B}a%btgalnrﬂenff,(o%%f’%ggrfg é?n?lﬁggﬁﬁél* f,a%f(i ]ﬁs greater
than 0 to Kas2bvalye fibm O'td heprefiRghsdy Ofto 1005 Bind mibst preferbblydhsin 0 t09.3;%,t he range
of from0.25 tgo 0.5, nore preferably mis fromO0.15 to 0.7, x is fromO0.01

to 0.2, y i%apd@ggepresent the mok fraghign o1 Ad, B padhVpassetrehegiral oxidpgawhemrdd- | i ni ti ng

exanpl es of. SA R | ecu |_eve fmt i L OR, N e one or
2 conbi nat 118 B SANSET LRSS E TR, 1, ULV R VS

SAPO- 20,  SAPIIS dnd Bétikhnides SVIROPERodic %El@oi@:lenwﬁ@gi@fer #QeledolO 41, -
SAPO-42, SAPO-44 (U.S. Patent No. 6,162,415), SAPO-47, SAPO-56, ALPO 5,
ALPO- 11, Alfranigie Althogsup consipingal Col P36 FeaGrdss /MeaMID- M6 Snafill et al
contal 9 2P ESE 2. b ah sit it T reatel thal b el to .2 S Y dula Sr¥P°

nol ecul ar

greater than or equal to 0.01.

[0040] In another embodiment, m is greater than 0.1 to 1, x is greater than
0 to 0.25, v is in the range of from 0.4 o0 0.5, and z is in the range of from 0.25 to
0.5, more preferably m is from 0.15 to 0.7, x is from 0.01 to 0.2, y is from 0.4 10
0.5, and z is from 0.3 to 0.5.

{0041} Non-limiting examples of SAPO and ALPO molecular sieves of
the invention include one or a combination of SAPO-5, SAPO-8, SAPO-11,
SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35,
SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No.
6,162,415), SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31,
ALPO-34, ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves
thereof. The more preferred zeolite-type molecular sieves include one or a
combination of SAPO-18, SAP(O-34, SAPOQ-35, SAPQ-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.



conbi nati on of SAPO 18, SAPO 34, SAPO 35, SAPO 44, SAPO 56, ALPO- 18 and
ALPO- 34, even nore preferably one or a conbination of SAPO 18, SAPO 34,
ALPO 34 and ALPO 18, and netal containing nol ecular sieves thereof; and
nmost pr ef WORIPE/MFAE or a conbi nati on of SAPO 34 and ALPRUKUSHRHIIGEH,|
cont ai ni ng nol ecul ar si eves thereof. WOl2006/ 007066 PCT/ US2005/ 016174 13
[0042] In an enbodi nent, the nolecular sieve is an intergromh nateri al
having two or nore distinct phases of crystalline structures within one

nol ecul ar sjeve conmposition, Ln particular, intergrowth nol ecul ar, sieves
are descri be@sf‘ﬁ the 1B & eshpdimenkhe molequigt sy @ tsHerRY E@fPZ‘/agl65089

publ i shed fwo or meDd; r | 9‘?@ Rt @ﬂ:mni | - WO

98/ 15496 publ i shed A?)rrlin] 161?‘@1{‘%@;5]91@%&83%0 vﬁﬁ&?ﬁ are ere@?ﬁéllfngﬁc@ﬁ

i ncor por at ecsi¢me confpesitiooeln particulat, ivttergrewth onllemidr, sidvies areodescrtibedr inghev e
conprises at__|east one intergrown phase of AEl d framewor k- types. For
exanpl e, SAPHSE ,at%&msspi'éa%%PRb}waﬂenH&Q/ema%%lﬁE%bf P‘%@\%ﬁl November dnd

SAPO 34 has Zoetid hANEIRRAT PABR PUbHlAR NDOWEYSA 94GE pabIRNES ARRETYL T OF
oxygenates to ol efins conversion processes are synthesized an heh made or
formul at ed 1998, Gatlaloy stisichyare desrdin niully inberpemtednbg irefefere) efivilaaother eves
with a binder and/or a matrix material _,to forma nol ecul ar sieve catal yst

conposi t i on.enyhdimeRy; e nalecyapsieve eamprsss at kavhnas iniergrowa phaseriAFht o

useful shap aéﬁg ' rticl -ﬁé;ap_ ALES! i eﬁ{&w{ spray
dryi ng, pell edi ZI nzf,%aigx drc}gs e%‘, ﬁ%n%%é’ h €. %ygeng?eaq@o e ?r}\lgée( oro
Process [ 0044] ABhRaheweiktgp dhe SHPORY BNATRIA frakebilagppr ocess conpri ses
one or nore oxygenates, nore specifically, one or nore organic compound(s)

cont ai ni ng [@043least oHe Bwlasular sieyes toa| axygenafes 1o glefmmeanviersiathe

feedst ock cqnprises_one r .nore al gohol , neral |y aliphati | cohol ('s)
where the alﬁr}g?ﬁiﬁsc Ao SETR e ﬁ@a %e oﬁ%ﬁ% s?lgﬁ?ilgn"ﬁ?tg% Fk? oca%ysg%lratfyon at ons,
such as fr orgomtifing theCsyhidREized Ridhecubi HievEsOmivie B biidlet dnd/6104mnatrbOmétegial bon
atons. The al cohols useful as feedstock in an oxygenate to ol efins process

i ncl ude | owde formad givlecatar $ieven céfalysic bernpositiany idis enolegudahsipve safdlyshei r

unsaturat ed c%%l%%& o aigtt%imed into useful shaped and sized particles by well-known

techniques such as spray drying, pelletizing, extrusion, and the like.

Oxygenate to Qlefins (QTQ) Process

[0044] The feedstock to an oxygenate to olefins process comprises one or
more oxygenates, more specifically, one or more organic compound(s) containing
at least one oxygen atom. Typically, the oxygenate in 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 nseful as feedstock in an
oxygenate to olefins process include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.
[0045] Non-limiting examples of suitable oxygenates include methanol,
ethanol, n-propanol, isopropanol, methyl ethy! 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



[ 0045] Non-limting exanples of suitable oxygenates include nethanol,

et hanol , n-propanol, isopropanol, nethyl ethyl ether, dinethyl ether,

di ethyl ether, di-isopropyl ether, formal dehyde, dinethyl carbonate,

di met hy|WRe0ome706&cet i ¢ aci d, and m xtures thereof. TyRETEBIPS/01ARI
feedstock is sel ected fromone or norel4\D 2006/ 007066 PCT/ US2005/ 016174 14
of nethanol, ethanol, dinethyl ether and diethyl ether, especially nethanol
and dinmethyl ether, and preferably nethanol. [0046] In addition to the
oxygenat e conponent, such as nethanol, the feedstock nmay contains one or

more dil uerﬂf(@ﬁhaq\ﬂi’ gthangle dyuetaylsther fuhdicthyt eftise ¢speciplie metianel 3Bk or

nol ecul ar s4; gm@ Lt nd are typically used to reduce the
concentr at ?gﬁgwgﬁg’@&eggqoc §%tfr§£\0?m ting exanples of diluents include
hel i um ar qogdé)ni t r ogmNadditsd ed the RRYEdAte EANPSIEnti Sich0, nsiiagbl, the

essential ly non-reactive paraffins (especially al kanes such as net hane,
et hane, andecdstaskans) containeond aimere dilnentéa.cvhich are gmerally noorrpastive4¢  and

m xt ures t her eof The t preferred diluents.are ter and nit en, with
hater bei ndibardsiosRar PoEhE Befe auapBsronio i PGy SR e vt er.
may be usededideh@e ¢dhcantatio] & e RedsGHROT NoplhitRly SR BAUIIAEhtS her eof .
The diluent may be either added directly to the feedstock entering a

react or or includel hilinpgt hrgonp nitiegeneamrton, roencadidie dcarboin dibgiderovatenl ar si eve
- cat al yst con%_g)gii hi on. ﬁ[}0}(])481 IHHJtRe O‘I’Oggr cess, the various, feedstocks

di scussed &5vPEally papavachiy e Priins ewgeaty plkeneh Sichan retheng; ebie g o
converted r | t | i | R Pure re
ol efin(s). %rﬁgem%?’gﬁsn s)ﬁo?onglfeg?ﬁ&%ﬁﬁ%%eﬁ@?&grﬁg’dh%%d f rorr%1 ?llzlégé?tférgdst ock
typi cal | y hzheembstpreferied diOemta ntzowaten amdrpitrogem,hwil waatdrdbebagparbarady ons, f or

exanple 2 to 6 (é&rbon atons, especially 2 to 4 carbons atons, and
preferablypé?féﬂ hyl ene and/ or propyl ene. 100491 The present process can be

conduct ed a wd fe . L LIMe Ll s . of from
S00c to° T00METIE o CYTAERAfnE or LERRAE Haltrray BE e Eildl i AiBla% O TLOT
conveni ent wipbr foiin3 0P cobinehGthetenfi Thk Idjluért enaytedéitted addid@irptly to

parti cul ar Iﬂ;{ from 350C to 550C. . .
e feedstock entering a reactor or added directly to the reactor, or added with the

molecular sieve catalyst composition.

[0048] In the OTO process, the various feedstocks discussed above,
particularly a feedstock containing an alcohol, are converted over a molecular
sieve catalyst, primarily into one or more olefin(s). The olefin(s) or olefin
monomer(s) produced from the feedstock typically have from 2 to 30 carboﬁ
atoms, such as 2 to § carbon atoms, for example 2 to 6 carbon atoms, especially 2
to 4 carbons atoms, and preferably are ethylene and/or propyiene.

[0049] 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.
100501 Similarly, the present process can be conducted over a wide range
of pressures including autogenous pressure. Typically the partial pressure of the
feedstock exciusive 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.



'10050] Simlarly, the present process can be conducted over a w de range of
pressures including autogenous pressure. Typically the partial pressure of
the feedstock exclusive of any diluent therein enployed in the process is
in the r ahGaNeEPO7466om 0. 1 kPaa to 5 MPaa, such as from PRAFRNPI4I"Paa, and
‘conveniently from 20 kPaa to 500 kPaal3WD 2006/ 007066 PCT/ US2005/ 016174 15
[ 0051] The wei ght hourly space velocity (WHSV), defined as the total weight
of feedstock excluding any diluents per hour per weight of nolecul ar sieve

in the catalyst conposition, typically ranges from1l hi’. to 5000 hr-1, such
as from 2 Hi/o 11t o 30dHenyeight g?“@ké&?ﬁﬁ? &VelqcHn g]v)’t definggoas, the total

Cent | I _ D 3 :
ar oat or a8 B Fédaathgtc oyt il Bvents gbs 80 1R REERE it MY 1 Rty
ether, is iinthbeambsyeorapositiaintAicallyringes GroR00 Wit 16 500MB52kudiher feorh he
process is conducted in a fluidized bed, the superficial gas velogity (SGV)
of the feeddtBcke P9 hidi 5 Frmplsromddirr dadpP@ AT prgaviantly FamnAdO by ¢ he

" ; ot N i ¢ 0.1
roter per skobegry S oAe nBhlioll o SHISY S BhUPR0 B abd Bhert DD oy

than | n sefeedstded c@f&ARP hetligmehikyort didethd] sthee és inCthe teifeasftftdm @od@t er than 3
nm sec, and ty&is)ca[lly greater than 4 msec. [0053] The process of the
i nvention i® ¥Whreni ently conducted as a fixed bed process, or nore

typically a | ui di ged _bed process (ipc]udingga . turhul.epnt bed ocess),
such as a p@)rqs%iw_ou_s %r%l;a}ee o8& I%Fé%&é]lg@ lﬁr?dﬂﬁlgﬁefi%fiaﬁﬁefuﬁe’@ﬁﬁii nuous
hi gh vel oci pak veldtitd (864 )R thdfe8dstsck- inf1@Ag illaR JpA PERESH E?d'&ub@'ﬁﬁttﬂﬂl ace I1n a
variety of cCatalytic reactors such as hybrid reactors that have a dense bed

or{ fixed bethereastor systerprand pantitudarlyf within  fisdr deacter(eis atdeast Ddnmetsnes
coupl ed together, cjirculati fluidized hed, reactors, | ser reactors, and
the |ike. SOF &g ﬁ%h?"rcg‘??ﬁlgr?aég OSWégc’asP&gG%&qﬂieﬁZﬁaﬂ F]"%‘?D’ exanpl e
U'S. Pat ent sexarflp Gfeatdhat)2 fu/sabgilentlily Srobfef a3 il aid Sichyty and

Fl ui di zati on Engineering, D. Kunii and O Leéevenspiel, Robert E Krieger

Publ i shi ng $eatpattgn 4xeizecyor k, New York 1977, which are all herein fully

[0053] The process of the invention 1s conveniently conducted as a fixed

bed process, or more typically as a fluidized bed process (including a turbulent bed
process), such as a continuous fluidized bed process, and particularly a continuous
high velocity fluidized bed process.
[0054] The process can take place in a variety of catalytic reactors such as
hybrid reactors that have a dense bed or fixed bed reaction zones and/or fast
_ fluidized bed reaction zones coupled together, circulating fluidized bed reactors,
(. riser reactors, and the like. Suitable conventional reactor types are described in for
exampie U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and
Fluidization Engineering, D. Kunti and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977, which are all herein fully
incorporated by reference.
[0055] 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



I ncorporated by reference. [0055] The preferred reactor types are riser
reactors generally described in Riser Reactor, Fluidization and
Fluid-Particle Systens, pages 48 to 59, F.A Zenz and D.F. OQhmer, Reinhold
Publ i shi W &96{80708¢ i on, New York, 1960, and U.S. Pat entpciius260sk0617482
(fast-fluidized bed reactor), and U. S.16Patent Application WD 2006/ 007066
PCT/ US2005/ 016174 16 Serial No. 09/564,613 filed May 4, 2000 (nultiple
riser reactor), which are all herein fully incorporated by reference.

[ 0056] In one practical enbodinment, the process is conducted as a fluidized
bed processSenal Nogh9i564.6d 8 tiled Mayd iz 20D Goultipbe Bser xehctbr)z whichaaneedbt or
system a regenerat,ion systemand a recovery system [0057] In such a
process th@e%%&lﬁrmwg?@ﬁdﬂyﬁ@r%ﬁveni ently include a fluid bed reactor
syst em havi firstgr L.on. 1450l r | r or(s) and
a second rég‘gst ron zor% Wﬁfﬁr%&g??{%@:go‘ggﬁ%%ﬂg, g?%e@g%%?n{gg \%g%g{gfed g?;:%)l cally
conpri si ng fliidizal bed Heoceys bo hth vélcion fuidideddbete piocedshatilidify @rreddioe ri ser
reactor(s) and di sengagi ng vessel are contained within a single reactor
vessel .  Fre¥sems 2 EESRGEON Histoppanth leceviY 8YH¥Rg one or nore oxygenates,

ti [ 1 | di | t i.s, | [
opLI onal Y R one I IRE o ALLGD' ko LichP b LSRRy 5
versi on t hgnedhell Teddi S8uGehaving a GRS reatoeli 26t withinl 6fie bP itk et Nt r oduced

to the riser reactor(s), the nolecular sieve catalyst conposition or coked
ver si on t heeastsr(s) sandoa tsaeanddrasction gohe aithin at Jeest amgbfipengagimg wesselet hanol |

and/or a gas, for exanple, an inert gas such as .nitro . [0058] In an
enbodi nent ,%yq‘"f‘f’éﬁ’a %éﬁ%ﬁfﬁaﬂ‘f%’ég’gﬁ% pragemgbo 1 EEF%IOL%BH F®a vapor
to the reagisgf re&d’téf(%ﬁﬁiiéeﬂg&%]ﬁg 8R8Eare borktaRidH Yithing 'sﬂi_gle RAEEEMssél0 85
wei ght percent, such as from™1l weight percent to 75 weight percent, nore

typi cal |y fhresin feedstoakh preferabbncortainihy anei gghtnope pxygenatesseptiomally htht ot al
wei ght of the feedst.ock incluydjing any diluent contained therejn, The liquid
and vapor @E@agpe@ké?q?aﬁ%és #?étg%x%ﬂb&qfﬁirbﬁff{ regct PO VaICH % ar yi ng

propor ti ong,dcutdrGevedBRaidt odploSiiiohlor (BRES Vefkich Wetddf i ttRAEO" 1fll T 1 erent

di | uents.

one embodiment, prior to being introduced to the riser reactor(s), the molecular
sieve catalyst composition or coked version thereof is contacted with a liquid,
preferably water or methanol, and/or a gas, for example, an inert gas such as
nitrogen.

[0058] In an embodiment, the amount of liquid feedstock fed as a liquid
and/or a vapor to the reactor system is in the range of from 0.1 weight percent to
85 weight percent, such as from 1 weight percent to 75 weight percent, more
typically 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 may be the same composition, or may contain varying proportions of
the same or different feedstocks with the same or different diluents.

[0059} 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

olefin(s) within the disengaging vessel. Although cyclones are preferred, gravity



[ 0059] The feedstock entering the reactor systemis preferably converted,
partially or fully, in the first reactor zone into a vapor product stream
that enters the disengagi ng vessel along with the coked catal yst

conposi t ivwa.2006M0700¢ preferred enbodi ment, cyclone(s) arRETHBIIEAAE7H t hi n
“the di sengagi ng vessel to separate the l7coked catal yst conposition fromthe
vapor product stream containing one or nore olefin(s) wthin the

di sengagi ng vessel . Al though cyclones are preferred, gravity W 2006/ 007066
PCT/ US2005/ 016174 .@7 ffdects W t hin Ehe di senga in% vessel can él so be used
to separat e SHFES WY Py'g‘F ISEOSPHLE Vesisl cAl RiseHRe Ug%‘o Spgtle theseatalth o her
met hods for 2t csglgmsi | t duct
stream i ncl SQ@?%@B{}JS%I%PE%Ivgl?éer?l;,%gg%s, el b%)mﬂ%? I%én tshg?ls}éé%%%g%m In one
embodi ment, chfag/sticappitinfjoniebs edpor peducietreamshcludpibemse appRtesfaaps,.cal |y in
a lower portion of the disengaging vessel. In the stripping zone the coked
cat al yst coﬁ&%"fstﬂ‘lﬁf\thpélkéont acted with a gas, preferably one or a

conbi nati on t eam a r di oxi de.. r . xi de.. hydrogen, or
an inert ga!ﬂésﬁt?ih as &ES‘%A%, Q%P%qc@rﬁgg {}93 ﬁ%&%ﬁg"‘%ﬁ?%%‘vﬂﬁﬂa%a5305‘5‘88%%

hydr ocar bongofe, ftysicaliyia Llokef peionl af fhe Gi0eagInEvessel. NBE the Strigpiy 2dpkr oduced
to the regeneration system |[0061] The coked catal yst conposition is

wi t hdr awn f tlsmcokesl gatabsigaginpesition 38 slontanied with ot ge® dpieéeratly ansgemnear at i on
system The regenerati.opn _syst conprises.a regenerator.where the coked
cat al yst poﬁ%gﬂaﬁ% ofg%%%f%eﬁgéﬁ’ ﬁfr{?ﬂn Oxf‘ieggﬁ%f)gt]ﬁl%oxﬁ%edibgf]ﬁofgﬁ?’éﬁr erably a
gas cont ai NbAGné BaS Buch A Sigof OPNESHEBIP Hfdam, 116 F8EHEA bl b &ORFlirb¢aPbbms Of
tenperature, pressure and residence tine. [0062] Non-limting exanples of
sui t abl e r edrone et ¢akied mathlyst icomipositionrikat ie thenintrodficedxipythe, reg@era868, N20,

NO NO2, N2Cb, air, air diluted with nitrogen or carbon di oxide, oxygen and
wat er (U. S SYIF®Rnt  No. 6, 245, 703), carbon nonoxi de and/or hydrogen.

Sui tabl e reggjpgyati oneanRdikid CANYR'S i6n $eRRawal fdiH i HiSen fromthe
coked cat al yst icorrposition, pref g?abl tg% % | evel less than O. g\k}gi ght

per cent baseckseln apdheintrodadedwe gh¢ regertetationokystenmo The ulegencgatione sysidnal yst

GOSN o es W efeerator where the 0ked catalyet composion I contacted widts "' 21! 0"
regeneration medium, preferably a gas containing oxygen, under conventional
regeneration conditions of temperature, pressure and residence time.
[0062) Non-limiting examples of suitable regeneration media include one
or more of oxygen, O3, SO5, N;0, NO, NO,, N5Os, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
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
temperafure 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).



tenperature may be in the range of from 200C to 1500C, such as from 300C to
1000C, for exanple from 450C to 750C, and conveniently from550C to 700C.
The regeneration pressure may be in the range of from 15 psia (103 kPaa) to
500 psi awBzé806@8@), such as from 20 psia (138 kPaa) tectal2@sioas10i724
kPaa), including from25 psia (172kPag§ to 150 psia (1034 kPaa), and
conveniently from 30 psia (207 kPaa) to 60 psia (414 kPaa). WO 2006/ 007066
PCT/ US2005/ 016174 18 [0063] The residence tinme of the catal yst conposition
in the regenerator may be in the range of fromone mnute to several hours,
such as frd®063k m nuflde residehod timenalf the, catalyst tdoenpesitionen dhe oegegematoarn t he

regeneration S, be i he range of from0.01 | e percent to 5 nole
per cent bas‘é‘ﬁ)ggﬁ I’Pnﬁér%gea&‘%/ﬁ?ﬁ?ﬁ%nﬁgmett‘hée .hoPFFE)B‘g?‘ ané”Bl?P‘FlPHB“tS-f coke in
t he regeneraty [ ] SRR Adn };egg) hbpgent, the
t enper at ur eﬁva%?%ﬁ]?ﬁsé @%%n@%??ﬁ%&%?{em I'S rggec?nt roFlgétsj%ghy va?lldﬂgg

t echni ques rangé b€ fmni 0i0naheldipegehtcds npla pewehebased ontthe tdtel volmpendr at or

vessel, operated either in a batch, continuous, or sem -continuous node, or
a conbi nat itBA2Bhereof . A preferred techni que invol ves withdrawi ng the

regenerat e | yst By m_t caf i SYSt .passing it
t hrough a jgp g{‘@st co g}%‘ﬁgﬂ%{% %?n%oakgclgoﬁlgd{e%ggéﬁ%&af%ﬁ %a%a?gaé gk%Eﬁposi tion.
The cat al yghet§d)lafd in kilemBodad tidienpetature Witih tifvepéitgfiontshstemi is | ocat ed
either internal or external to the regeneration system O her nethods for

oper ati ng aonitefed dyararions tepbrigngsainethdastcingbwling feeding 2 fapledhgasNg. the, 290, 916
controllin noi st ure whi ch, i herein full i.ncor porated by.reference.
[ 00651 The TPEGERBPS el T8 Cluthotse oy AHEREn oF Lo AR ER ener o i on

system prahgagina édrbhRidndhaeyst AGRefefted techni@iThniades g]etﬁe _ |
nol ecul ar sieve catal yst conposition and/or re-circul ated nol ecul ar sieve

catal yst ocegpusited mataystl/comppsitids tfomk thadregendratennh sypiesn aand| pageingsit and
returned to,the riser, reagtor(s). |In.one enbodinent, the regenefrated

Catal yot oo BRAFIRAES i ok & OQIFD PSR LA SPEPBRAPE  ABur ned 1 o
the riser &GRALAT dcblerd it 36! bfbodiBhSTi8 Y Yeat LiHmPASBANS 1KaROGeRerCal Bl ySt

cooler. A carrier, such as an i1 nert gas, feedstoc
internal or external to the regeneration system. Other methods for operating a

¢

regeneration system are disclosed in U.S. Patent No. 6,290,916 (controlling
moisture), which is herein fully incorporated by reference.

[0065] The regenerated catalyst composition withdrawn from the
regeneration system, preferably from a catalyst cooler, is combined with a fresh
molecular sieve catalyst composition and/o'r re-circulated molecular sieve catalyst
composition and/or feedstock and/or fresh gas or liguids, and returned to the riser
reactor(s). In 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 reactof(s).

[0066] By controlling the flow of the regenerated catalyst composition or
cooled regenerated catalyst composition from the regeneration system to ﬂle
reactor system, the optimum level of coke on the molecular sieve catalyst

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

=



vapor, steamor the like, may be used, sem -continuously or continuously, to
facilitate the introduction of the regenerated catal yst conposition to the
reactor _syste referably to the one or nore riser react %#SS&JIOOGM By
control | i‘%éz?%ré}]“?‘%{ﬁw of the regeneratedgcatal yst conposiFGIGHR 1858 ed
regenerated catal yst conposition fromt ﬁe regeneration systemto the
reactor system the optinum | evel of coke on the nol ecul ar sieve catal yst
conposition entering the reactor is naintained. There are nmany techni ques

for WD 2006/ PCTI 005/.01 r l.ng4t-he, £1.0 f cat al yst
conpositi onc%gcgogﬁg%etggi f#ﬁifl (gfgge?a%g%g%o,jrgpo‘éxm&er ?Jﬁggﬁp g‘? @e&ﬂ}a\l\iugé’,uge’

G rcul at i ngERpatislbnel Beflsiquéd, aC8culbihg aFhiadided KB tQfice, & IsvidarBlandki e, 1997
(336-337), which is herein incorporated b reference. [0067] Coke |evels on
Lhe cat al ysKnewiens iechorBlarlscraaltr@acsy ). vihihr sibstsin Fiscompeatels by
conposition ffrom t he conversion process and determning its carbon content.
Typi cal | evEI¥CBY® coke on the nol ecul ar sieve catal yst conposition, after

regeneratiopoea|e i n (ke 348 Un ftﬁ@”!:zﬁal?ét \WBhipBsitioR € el thedsred S byei ght
percent, such as from 0.1 weight percent to 10 weight ( percent, for exanple
from 0. 2 wewithtrawing etite taatadbyshe compogiderc efiomn dhel comversion eptocyssf rapth 0. 3

wei ght percent t.o.2 weight percent _based on th i ght, of _the nol ecul ar
ol eve. [ O0GORErPRBI a0 CABPBREIeRL: ARA] LNElt HareirOR i iR i SeRiBag! ng
system and %él?&dcé ifiGE QYRE YeshSlabibh,f 6 RERRMBhiESr I 161 fpdidi t he

ol efins and of her eful "componénts in the product stream OTO Prfoduct

Recovery Prpaess §o006 9 cighieperaguy syohodsidtons t: ke avnightopertdre toxi@evedghe t o
ol efin conversion rocess described agbove is a copplex,m xture conprising
el SXPHG oy

tHe desiredP®Fto _ ‘ WaBtte 868y dRat edeight  PEretbc 228 x y genat es
(i ncl udi ng Sremendy o 63 WHER AR 2VRant ERH Piesl i BTN, (e oo
react or systhempolehdansap@r product streamis at

[0068] The vapor product stream is withdrawn from the disengaging

system and passed to a recovery system for separating and purifying the olefins

and other useful components in the product stream.

OTO Product Recovery Process

[06069] The vapor product stream from the oxygenate to olefin conversion
process described above is a complex mixture comprising the desired C; to Cs
olefins, unconverted oxygenates, by-product oxygenates (including C; to Cg
( aldehydes and ketones), heavier hydrocarbons (including aromatics) and large
amounts of water.
[0070] On leaving the OTO reactor system, the vapor product stream 1is at
reaction temperature and pressure and hence is initially cooled, typically in a
quench tower employing water as the quench medium. In the quench tower, most
of the water (generally at least 90 wt%) in the product stream is condensed and is
removed from the bottom of the tower as a liquid water-rich bottoms stream. The
light hydrocarbons and light oxygenates in the product stream are removed from

the top of the quench tower as a first vapor effluent stream at a first pressure.



reaction tenperature and pressure and hence is initially cooled, typically
in a quench tower enploying water as the quench nmedium In the quench
tower, nost of the water (generally at least 90 wt% in the product stream
I s condewgeshoaooobs renoved fromthe bottom of the towppras2dysiohéidd
water-rich bottons stream The |ight hydrocarbons and |ight oxygenates in
the product stream are renoved from the top of the gquench tower as a first
vapor effluent streamat a first pressure. WD 2006/ 007066 PCT/ US2005/ 016174
20 [0071] The water-rich bottoms streamfromthe quench tower will contain
vari ous ot hpo7rpt er i alThe waterdibiht bodmiststeaimcomIHE GuahUBWePRAIE Boragenat e

f eedstock, e.g., nethanol, and other oxygenates created as byproducts of the
oxygenat e t¥Arsusf pther rmeaterialonin aditien atep veaterpuchoss unrgacted LByzenatsanol

ethanal, p acet but e, dineth et her,
acetic aci dfegﬁggoa(pr bt %ﬁ@mg’é’l anfﬁl?eerp?’g%?att?yﬁgeagea %«?é'gr Bﬁ% ‘ﬁhﬁ]«gs in the
wat er-rich e to VIEMAMARYonY To eMnsifIk Yol SRANUBIA tH)WhAfE dpddare of the
oxygenate to ol efin reactor, including feedstock, catalyst, WSV,

t enper at ur eprapanady w@neebuﬂiuomd;ehmeﬂwhethpr, cpdhyi cthyl ether, hestic emslmdat es in

t he water-rich.botto tream nay Vv W|del dent upop .t he speC|f|cs

of the quenﬁrﬂp’t"é‘\'ﬁefm %PPﬁ@ynﬁlﬂgéé éﬁﬁ%ﬁ’a r W tgﬁgl H GRISof t he
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conposi tion, er-rlc toms ream w eed t rgo turther
processi ng teactpr amlddmgcfeqnlsmm &talyastawmi)\b; t&pmemtme asdqiressﬁm Ewsthenr further
treat nent, rovide a water st rea | ow eno g organi c content for
typical wat RKHE riong éﬁtﬂfﬁﬁt"x%‘?nafﬁsdi} & Waterght %ig ?%RIES Streqy fay B%Wenough in

wat er cont egy Fjp?el&b?lﬂexﬁsu olShe Rpedifils gfﬂietél Cﬁq?es O?agh%&]hétﬁre {Eﬁ%nt can be

oxygenate to o I'NS process or " appar

found in U ﬁmp@ﬁttﬂﬁhn&h&ghﬁoﬂtﬁ&tdi@e&mﬁn&ﬁh&&ﬁ&emﬁn&ﬁ&m% and U. S Patent
Application No. 10/720,505 filed Novenber 24, 2003. [0073] In one
embodi ment , [00R3] wat er Regaalevef thaexant camppsion; the satai-rich hettostsiiramxy genat e

fract t ter- | hLact t t vm h
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organic content for typical water waste treatment, or provide an oxygenate stream

V

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.

[0073] In one embodiment, the water-rich bottoms stream is directed to a
water-oxygenate fractionation tower, e.g., a water-methanol fractionation tower,
which is operated to separate methanol and other oxygenates as an overhead, e.g.,
greater than 20 wt% oxygenates (with the balance being largely water), and
substantially pure water as a bottoms stream, typically, greater than 90 wt% water,
say, greater than 95 wi% water, e.g., greater than 99 wt% water. The oxygenate-
rich overhead product of the fractionation tower can be used for various purposes,
including as a feedstock to the OTO reactor along with the primary oxygenate
feedstock. If the oxygenate-rich overhead product is taken as a vapor, this
provides vaporized methanol/oxygenate feed to the reactor with virtually no

incremental heat input beyond that already required in the reboiler of the



.substantially pure water as a bottons stream typically, greater than 90 wt %
wat er, say, greater than 95 wt% water, e.g., greater than 99 w% water. The
oxygenate- rich overhead product of the fractionation tower can be used for
vari ous pUPpowaLT066; ne| uding as a feeds,gock to the oro FEIYBPHYHE with
‘the primary oxygenate feedstock. |If the oxygenate-rich overhead product is
taken as a vapor, this provides vaporized nethanol/oxygenate feed to the
reactor with virtually no increnmental heat input beyond that already
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primary fedgdvwaporizativhi seti@esitih®OTE rehdior OTO reactor. [0074] The first
vapor effluent streamexiting as overhead fromthe quench tower is

typically af0®4irst phedustwper effinonh streppieyiting as@yethsadyfromode guerebo kPa) ,
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conpressed and cool ed, conveni'‘ently using multiple stages of conpression and
cool i ng, t ovarordiiteent sernnodmvdlyoongiistufon G5 teamt Sorsuohes éwbolitednt , t he

conpr essi on d ol i of the first vapor efflyent st causes parti al
cdndensati o oog Ztt‘b&g%{l?ﬂﬁg Cé.’ng’é’BB’ilﬁjﬂglf‘?q Werk aPc}Qi"EE/gtafg]’éﬁ’Fﬁ“? €83dition to
the secondaP@an 8 UeBlch St L6 3Bre SEEpNPakapor effluent stream contains
the |ighter conponents: Including the desirted olefins, fromthe first
effluent st[0838] and Afier paitingcthe aencr toser,y theofiistvapor adfflhas strefrl it . % such

as at least 60 wt%_ for exanple at |east 70 wt % such_as at |east 80 w%
for exanpl ecupPresssdrandoeapierd, conyrmengly using mliplo stages/pf gpmpregsion and
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compression and cooling of the first vapor effluent stream causes partial
condensation so as to produce a second effluent liquid stream in addition to the
second vapor effluent stream. The second vapor effluent stream contains the
lighter components, including the desired olefins, from the first effluent stream,
and in particular normally contains at least 50 wt.%, such as at least 60 wt%, for
example at least 70 wit%, such as at least 80 wt%, for example at least 90 wt%,

( such as at least 95 wt%, of the C, hydrocarbons in the first vapor effluent stream.
The second effluent liquid stream contains the heavier components, inctuding
some oxygenates, as well as the remaining C, hydrocarbons from the first vapor
effluent stream, and further contains some C; and lighter components. The second
effluent liquid stream can be recycled to the quench tower or back to the OTO
reactor, typically by way of a water-oxygenate fractionation tower, among other
dispositions, as will be discussed below.

[0076] Where the compression and cooling of the first vapor effluent
stream to produce the second vapor effluent stream occurs in a plurality of stages,

partial condensation and removal of a liquid fractions from the first vapor effluent



sonme oxygenates, as well as the remaining C4 hydrocarbons fromthe first
vapor effluent stream and further contains sone C3 and |ighter conponents.
The second effluent liquid streamcan be recycled to the quench tower or
back t owdeotgh@rsseact or, typically by way of a water- ®GKBSA0016174
fractionation tower, anong other dispdsitions, as wll be discussed bel ow

[ 0076] Where the conpression and cooling of the first vapor effluent stream
to produce the second vapor effluent streamoccurs in a plurality of stages,
partial condensation and renoval of a liquid fractions fromthe first vapor
ef fl uent \SIrEGDGIMITTSEPETUSRAOGEh DePTEssionostage; samvepiamilyinenkiogkoccur s at
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stream andatyieg pompssitiess depbntlentpen dlaicampaditioniof the Hiestpeapor &fflwnbdensat i on
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stage or stages is at Seco pressure greater t I rst”pressure.

Conveni ent ltywei treOTOerdonur @scthardl-vatdrdRetibhigtion3b@epsi g (2514 kPa), such as
| ess than 200 psig (1480 kPa), for_exanple less than 170 psig (1273 kPa),
and gr eat ed00{Han 100%&@0@79@%@511}8@Ggﬁalésexgi%thérwm@ﬁs’? oghng (1066

kPa). Convepjently ai; eco p effl shream | erature
of at |east Ftobitfﬁe,ss fmgrfﬁ %xg‘%ﬁ}é@ §¥esﬁiergsfgree§%ﬁ E C;a]‘,le i%rg#] p%g&sﬁ{g?l east
90F, and gemgivehieltlitheRERnl haessurkl8 Heds4B4n 3563561; S1HQPER scH Aaksd 10F ¢
(43C), for exaggl e no nore than 100F (38C). 8] The second vapor
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ef fl uent stthama9@ psig K480 .ot exampledessi than I;Qmsisi(hy%klé@,mdma@h t he
second vap e uen reamis washed . t l.1 g cohql - cont ai ni ng
streamin gﬁzﬂ i@ P%E"é"’r%f‘f‘%%“&ﬁ@%ﬂe&? |ﬂﬁ‘ad1 E%@P%%@ﬁ%é‘%bn g%nv g@@w e not
greater thagid eRoSE oAt cPMRMS Hiéhm §PAVE Rinfitrdtitre SR 1643t VOPIO(ASEYfBri S | ess
than 350 psig (2514 kPa), such as |less than 200 psig (1480 kPa), for exanple

example 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).

[0078] The second vapor effluent stream is then subjected to a first

washing step in which the second vapor effluent stream is washed with a Liquid
alcohol-containing stream in a first vapor-liquid contacting 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 second vapor effluent vapor stream and produces a third vapor
effluent stream, containing the desired olefin product, and a liquid oxygenate-
containing alcohol stream. Conveniently, said third vapor effluent stream
comprises less than 0.5 wt.%, such as less than 0.1 wt%, for example less than 500
ppmwt, of C; to Cs carbonyl compounds.

[0079] Conveniently, said liquid alcohol-containing stream used in the

first washing step comprises methanol and/or ethanol, and preferably methanol,



1ess 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 rem)ve
al dehydes and ketones fromthe second vapor effluent vapor stream an
produces ¥OOYW7epor  ef fluent stream, containing the FddSYTRE/ YL n
‘product, and a liquid oxygenate- cont aii ng al cohol stream Conveniently,
said third vapor effluent stream conprises less than 0.5 w.% such as |ess
than 0.1 % for exanple less than 500 ppm, of C2 to C6 carbonyl
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and | ess than o wat er . e tenperature e yed in
the first waskast@lswi¥% mahmol dndiess thamdOewt’ avatek? Ofsuch ¥yt Rasthd wiyoenhance
t he oxygenate adsorptlon capacity of the al cohol, especially nethanol, and
lifmit the amsthanobndlssothen &dt%WValshol exiting the first vapor-Iiquid

contacting e with t
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utilized is
stream. In addition, the temperature employed in the first washing step is

generally at least 70°F (21°C) so as to limit the amount of hydrocarbons adsorbed

by the alcohol to acceptable levels. Conveniently, the temperature of the first
washing step is at least 80°F (27°C), such as at least 30°F, and no more than
110°F (43°C), for example nno more than 100°F (38°C).
[0081] Conveniently, where the alcoho! utilized is methanol, the amount
( of methanol employed in the first washing siep 1s at least 0.03 1b (as pure
methanol) per Ib of the second vapor effluent stream so as to ensure that there is
sufficient methanol to (1) achieve the required low level of oxygenate in the Cy4
component of third vapor effluent stream and (2) prevent the formation of a third,
aqueous liguid phase in the first vapor-liquid contacting device. In addition, the
amount of methanol employed in the first was]n'ng step is generally no more than
0.5 Ib (as pure methanol) per Ib of the second vapor effluent stream so as to Timit
the amount of prime olefin (ethylene and propylene) removed into the liquid
oxygenate-containing methanol stream. Preferably, the amount of methanol

employed is as at least 0.05 1b, such as at least 0.06 Ib, for example at least 0.07 1b



of net hanol enployed in the first washing step is at least 0.03 Ib (as pure
nmet hanol ) per Ib of the second vapor effluent stream so as to ensure that
there is sufficient nethanol to (1) achieve the required | ow | evel of
oxygenat W0 0064087064 conponent of third vapor effluent POTamIVERA6(72)
prevent the formation of a third, aqu2éus |liquid phase in the first
vapor-liquid contacting device. In addition, the anount of nethanol
enployed in the first washing step is generally no nore than 0.5 Ib (as
pure nethanol) per |Ib of the second vapor effluent streamso as to limt

t he amount mﬁthpmlnéisolbl&ﬁlmefbemdiylpenéb amfdhprscmndeﬁa)orr@fﬂum&tmtm tthe 1i quid
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met hanol ) per Ib of the second vapor effluent stream In addition, the
anount of nmethanal) pemiplobyledsacengyafoe effhieyt sheamor e t han 0. 21b, such as no
nore than 0,15 Ib, for exanple no nore t met hanol (as pure

| b
met hanol ) 0082}, of thbog%@mdua%tb@fﬁqshmorétMﬁpmpﬁmpewp éhe
embodi ment, cﬁ'@ﬁr{%tlo 8ﬁa1'd19¢ma?1 mﬁ%ﬁ@f%%ﬁﬁ £ Sebohdy @?uenﬁéﬂi“”e”t

fracti onal ovver ’he secon vapor e streami s

di rect ed i ndifeatrhis difdctedninef thfe%ttbﬁil\sf ﬂﬁﬁdwﬂieiﬂlﬁmmansl @idigeteddnionthe the top
of the tower. The third vapor effluent streamexits the tower as overhead
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washed wit hjoogsjer i NTHe IBRFONFhpbARGMudnk GerleBmCRNRAL LibflecliQ) k€ Q. s@GAEN {
typically a countercurrent fractlonal distillation tower, to produce a

wat er - was hewashing step ua]wbrchethe thishvapos efflent vaponStream nhwadlepir\wu wateand an

liquid oxygenat e- cont ai n| ter m. as tt.0 produ
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fractionation tower. [0084] In general, the tenperature enployed in the

second was hitregmsasem ovstwatl grdsmchandvar hqmdu anygdepate-dontad)ing ovaiey strearmabance t he

oxygenat e ad%ott ;[nlsogroduct Conveniently, the liquid water employed in the second

washing step is the substantially pure water bottoms stream obtained from the
water-oxygenate fractionation tower.

[0084] In general, the temperature employed in the second washing step
should be no more than 120°F (49°C) so as to enhance the oxygenate adsorption
capacity of the water and limit the amount of water vapor exiting the second
vapor-liquid contacting device with the fourth vapor effluent stream.
Conveniently, the temperature of the second washing step is at least 70°F (21°C),
for example at least 80°F (27°C), such as at least 90°F, and no more than 110°F
(43°C), for example no more than 100°F (38°C). Conveniently, the second
washing step is conducted at a pressure in the same ranges as noted earlier for the
third pressure, and in a specific embodiment slightly below (say 5 to 20 psi below)
said third pressure.

[0085] Conveniently, said fourth vapor effluent stream comprises less than
0.5 wt.%, such as less than 0.1 wt%, for example less than 500 ppmwt, of C; to C

catbonyl compounds. In addition, the fourth vapor effluent stream conveniently



capacity of the water and limt the anount of water vapor exiting the second
vapor-liquid contacting device with the fourth vapor effluent stream
Conveniently, the tenperature of the second washing step is at |east 70F
(210, fwo2000i7P& at | east 80F (27C), such as at | eastPOUVS2085H6HE nore
'than 110F (43C), for exanple no nore than 100F (38C). Conveniently, the
second washing step is conducted at a pressure in the sanme ranges as noted
earlier for the third pressure, and in a specific enbodi nent slightly bel ow

(say 5 to 20 psi. bel ow id third pressure. [008 Conveniently, said
fourth vapoPOE‘Pﬂsﬁ% S%Z%E%ﬂqﬁéééesﬁé‘%@@hg’ﬁ%’ @@XWP%%‘? 30 | ess
than 0.1 wt¢ radRd e emg@ﬁ

conmpounds. Hgg%ioﬁi on, tHeqﬁgﬁ]%}:&lpg%%gr e a%ﬁ{mg%%g%%cﬁ}o%@gﬁg%ﬁ y WO
2006/ 007066 ricVet8R00H0@L61eths 228 ghephydrecarb@gpréseatninihi® siwearfly such as | ess

than 0.1 % for exanple less than 500 ppm, of nethanol. The fourth
vapor effl ué&ﬂs‘ﬂt r eam Baeisreiodgaens of suehs @ geqoyery Eeessbrat denst partobthes ol ef i ns
and hi gher - hi - [ [ e e i ment of
such ar eco%ﬁrppr %gégguags égie}%éét Qo%yttédo@tpﬁzﬂgafco%r %3ab%‘?dﬂe¥f uéeh%t stream
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the bulk of the carbon dioxide therefrom (thus renoving "acid gas" fromthe

fourth vaporacd fgasedions theefoyth viper efflueat strepm)ocrhetrafiee the) COptdepletadi s dri ed,
for example jin_a .noj ular..sjeve drier, Q that,the dpi fQur ffluent
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at | east part of the C3 an ydr ocar bons contained in the fourth vapor
ef(f | uent st gesater than 280%hel2%).ed fourth effluent stream is separated to

produce a taini streamand a first C4 containing siream, This
separ at i oncf@%gff ected; d ele?%ﬁﬁ‘fff“é‘,mﬁ#%‘c AIEETEIAPTOCHSs £ \[e P PL ower
wher ei n t hegfedo ol @] B d8castdi® 3Bhiameli 3K B2 BErtR D HMRAH strin® By &t RN t he
first C4 containing streamis taken as a bottonms product. Thi's separation

may be condduedioustht ¢f@neiestronn, Brsepirated to ppaduat arfg @Rtaikipgstream bods from
the fourth uaper, ShLSTbbl B B s Hedld AP endbilb 57 B G" Pe

distillation tower, wherein the C; containing stream is taken as an overhead

product and the first C4 containing stream is taken as a bottoms product. This
separation may be conducted either before or after separating C,- hydrocarbons
from the fourth vapor effluent stream, and the C; and C,- hydrocarbons can be
further processed to produce high purity, €.g., 95 wt.% or greater, such as 99 wt.%
or greater, ethylene and propylene, in other separation steps such as fractional
( distillation colurnns.
[0088] The composition of the first C4 containing stream can vary widely,
depending, for example, on the sequence of separation steps to which the fourth
vapor effluent stream or dried fourth effluent stream is conducted, e.g., the order
in which fractional distillation of various components is conducted. In one
embodiment, the first vapor effluent stream comprises Cs+ hydrocarbons, and at
least part of the C; and C4 hydrocarbons contained in the fourth vapor effluent
stream, or in the dried fourth effluent stream, is separated to produce a Cs
containing stream and a first C; containing stream prior to separation of C;

hydrocarbons from Cs+ hydrocarbons. In this embodiment, the separation is



further processed to produce high purity, e.g., 95 w.%or greater, such as
99 wt. % or greater, ethylene and propylene, in other separation steps such
as fractional distillation colums. [0088] The conposition of the first C4
cont ai ni W@ 2Wo4/@fecan vary w dely, depending, for exanpCEUSHMSPHE7Eequence
of separation steps to which the fourt vapor effluent streamor dried
fourth effluent streamis conducted, e.g., the order in which fractional
distillation of various conponents is conducted. In one enbodinent, the
first vapor effluent stream conprises C5+ hydrocarhons, and at_ |east part
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2006/ 007066 PCT/ US2005/ 016174 26 conducted such that there is a | ow anount
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than 5 vvt%%%ﬂ%hﬁéjs’gﬁaolatﬁgggeh? anw;Zt ﬁ\gﬂfg}?esu 1é%§@%?6¥0%gqfﬁgﬁlom /o, such
as no nor e hydsotafiane apd mowhoresthah 5 ast%6) Guei e nd meore M2 witinsueh asneh as no

nore than 500 ppmwt, for exanple no nore than 250 ppm wt, f C2to C6
car bonyl coPY8 1 Wi syghy as nqamorsthen pAPG g Wie sehcas o wopsthan 4 089

di t f f
ot bcessbs . PR b 80 SRR 0 BERLAR, Tor hitop AR BErAbaf oS 0BBAPE,
but enes an@figytta @) carbatlykydrapoids( The fstaDpdduntaihing Biredi @an ibe @hibctedt ur at ed

hydr ocarbons), and oligonerization (for exanple, to produce higher
o efins). Alireetlyas # peadpct stygamsfor uge 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
C; containing streamn can undergo further separation into its individual
components.

[0090] In one embodiment, the first C; containing stream is passed to a
further fractionator to remove Cst+hydrocarbons and produce a C; hydrocarbon
product stream containing 80 wt% or greater C4 hydrocarbons, such as 90 wt.% or
greater C4 hydrocarbons, or 98% or greater C4 hydrocarbons, and less than 5 wi%,
such as less than 1 wt %, for example less than 5000 ppm wt, typically less than
500 ppm wt, of C; to Cs carbonyl compounds. The Cs hydrocarbon product
stream can be used in the same applications outlined above for the first C,
containing stream and in addition can be used in the manufacture of butene-1,
methyl ethyl ketone, and methyl tertiary butyl ether, among other uses.

[0091] In another embodiment, the first vapor effluent stream comprises
dimethyl ether, and at least part of the C; and C,; hydrocarbons contatned in the



C4 containing stream can undergo further separation into its individual
conponents. [0090] In one enbodinent, the first C4 containing streamis
passed to a further fractionator to renove Co5+hydrocarbons and produce a C4
hydr ocar D8R 208 9dRAet st ream contai ning 80 wt % or gr eat erPCUUKYHEEHboNS,
such as 90 wt.%or greater C4 hydrocaBons, or 98%or greater C4

hydr ocarbons, and less than 5 wt% such as less than 1 w % for exanple

| ess than 5000 ppmw, typically |less than 500 ppmw, of C2 to C6 carbonyl

conmpounds. The_ C4 hydrocarbon product . stream can be used.in the sane
appl i cati onI}’“S't!h‘faiPHéagﬂé’SBR/%ran% of Hithejdriegl feyrth § iream. ds spariedda i n

addition c Lt h E@QH{ { PR . el ] ket one,
and mnet hyl a?reolratﬁ?éjagsgghﬁt?[rﬂlg% er, %ﬁoﬁgﬁégﬁggyuses.c%%ﬁé[ H?{énangﬁlg‘?ljﬁgr

enbodi ment , sdplaeatibinr 6f Cy4apgiro&ftdng eftbmsdineting] caligat | The fidt Bt yd DNBer, and
at | east part of the C3 and C4 hydrocarbons contained in the WD 2006/ 007066
PCT/ US2005/ SPI$aining stieapy Geryemeaty rcoamsgeab Wity ofigreater Cn hydrocaiboas fourt h
ef fl uent st ' j [ o L0j d a first
o1 and e P S wE LR, iRl 7y BloBa8Gte B 70 B bRe, OR pEREARRARS £ o
di met hyl et fefh. 1 W0es fo 3GWt. G DML sbbffas f6fl RO 3T WeeDRIR Vi BRih Y
conprises 50 wt % or greater C4 hydrocarbons, such as 60 w:% or greater C4
hydr ocar bon®, legs;, saglvaot wir'éardessCibr leyampleal098 veppm or dess.1ond0wppm30 wt . %

DMVE, such a fﬁr’g 1'S‘(\f\/t.(yto 25 wt.% DVE;, and 5 wt% or less, such as | w %
or less, fol e @poe %%%P%BWB?“I} ss, or 500 wppmor less of C2 to C6
carbonyi compepnds. 1§89%ksiThe shi THMEAorRAnD\ Gkl BibjSiis@#aMhs t hen

subjected to an additional fractionation step to renove di'methyl ether. The
sebar at i on aiditiirad filagionativh stepdarcnbeveatimethyl eticri THessepirafion of dimetliier t he
fractionatigop to separate, the C4 nd C5+ hydr.ocarbans. The dinethyl ether
so generat € ?:ra‘f?nf)léep cted eé&*ﬁ%?tgfﬁor%%ﬁ’i & fagiionafion t‘?éeﬁ"’ﬁ%" feacti on.

The Ca+ hydiRC@LPRRSELBEE. M ERL A TeliRso bBSerSBR 3hR bl ABePhs Pl loFom t he

first C4 and containing streamis also “considered a first C4 containing
stream charaadteaecyda whthe OTAdsictiomn@he ¢4+ hidroCbborn yiteane eesbhingsraneam

resul ting g om Lhe SeRI B0 kRl ol BEA uS) BE LebeSing stream is aio

considered a first C4 containing stream, characterized above. Additionaily, the C,4

hydrocarbon stream resulting from the separation of dimethyl ether and C5+
hydrocarbons from the first C4 and DME containing stream is also considered a C4
hydrocarbon product stream, characterized above.
[0093] In a modification of the process described above, the second
effluent liquid stream is subjected to further processing to separate C; and lighter
( components from C; and heavier components. Conveniently this separation can
occur in a stripper tower, wherein the second effluent liquid is provided to the top
of a staged distillation tower having a reboiler but no condensor. This separation
will create a second C4 containing stream, for example as the liquid bottoms
product of a stripper tower, that has very little C; and lighter components, for
example 5.0 wt.% or less, or 1.0 wt.% or less, or 0.1 wt.% or less. Further, a fifth
vapor effluent stream will be produced, for example as the overhead product of the
stripper tower, whose composition may vary widely depending upon the type of
separation process employed and the conditions at which the separation is

conducted. The fifth vapor effluent stream can, for example, comprise a



hydrocarbons fromthe first C4 and DME containing streamis al so considered
a C4 hydrocarbon product stream characterized above. [00931 In a

nodi fication of the process described above, the second effluent |iquid

st ream ivpo Suduobed to further processing to separate Eepadokoithes
conponents from C4 and heavi er conponeygs. Conveniently this separation can
occur in a stripper tower, wherein the second effluent liquid is provided to
the top of a staged distillation tower having a reboiler but no condensor.
This separation wll create a second C4 containing stream for exanple as

t he |iqui dcbaiiiaable porddncif € G Hioldchies in tthyveécont hetlubmstiygaysdy 101 e C3 and
| i ghter conponents, for exanple 5.0 wt.%or less, or 1.0 wt.%or |ess, or
0.1 wt.% oMii%Ls sreater; BeR0 Wi.% iof greatey g i 4 maleswlesdnrthe sesandieffiesnpr oduced,
for exarrpl«liias t he overhead product of the stripper tower, whose
conpositio %‘%/ vary w dely dependi ng upon the type of separation process
enpl oyed angpg4le condréivenfnal, Mé&habbﬁoﬁ%@@lﬁ@ﬁﬁﬁ@%& effBUEEes s The fifth -
vapor effluent stream can, fof exanple, conprise a 2006/ 007066 28

PCT/ US2005 aBbeproyidedotes e fiedd | washing step addng mathCthensdcond| epot refflbent second
effluent liquid, say 10 wt.% or. greater, or 20 wt,% or greater of the C4
mol ecul es # e?‘ﬂee@gégﬁﬂnaﬂfqgtﬂﬁfldgﬁl F%Ylﬁ‘?algfdﬁgﬂf‘)’éb Pelpprge uc&tt{“i’ east a
portion of yipfvh théiﬂﬂﬂﬁ%&e%f '1H]ALn 5 Eﬁaeyiﬁent,%é eomﬁ%u%éo&oﬁv@m% first
washi ng step along wth the second vapor e uent stream eac tream bei ng
provi ded i effluent siztany and fifth vapabefiflatntatrearh qoppartion ¢herbel) prdvided toahor
effluent stream _|n such an enbodi nent, the conbi nedﬁéecond vapor , effl uent

st r eam and Srstrvashing¥iep eontpins at leasty 30w Yoo PughiAsat deast AR s omexammded to t he
first washi L ns. at 0 pt .0 t 1o 1o,
for exanpl & eaft EREATLRMS A1easE80 i A ol et o wUB N WAL (DL,

90 W % suldasaDsatwtyd, eaf tth® SCyidrahrbohe 64 they diretc aupan effluent herehinr St vapor
ef fl uent stream_, Conveniently, the fifth vapor effluent stream or

al t er nat i vE&lopvemniently, fis #il vapersifueny sirem, or eltermatively the sompbinedgssendf f | uent
t h f ier f
*he' second VS GO ah 6C ydtor LATRGT Blolhe nad B SAESAHES i biBaffite '

first C4 cand proasuie ndictearliedfisk thé ecofié 0 cBuchOHkéinlli Ng Stream can be
conbined to create a third C4 containing o
[0095] In addition, part or all of the first C4 containing stream and the

second C; containing stream can be combined to create a third C; containing
stream, or in one embodiment at third C; and DME containing stream. The third
C,; containing stream, and the third C4 and DME containing stream, convenienily
have the attributes listed above for the first C4 containing stream and the first Cs
and DME containing stream, respectively, and can be used in the same manner
and subjected to the same process steps noted above for the first C4 containing
stream, for example to produce a C4 hydrocarbon product stream, or for the first
C4 and DME containing stream, for example for use as a fuel or as a feed after a
subsequent fractionation step.

[0096]) " Referring to Figure 1, there is illustrated therein a process for
converting methanol to olefins, particularly C; to Cy4 olefins, according to one
example of the invention. In this example, methanol is fed through line 10 to an
oxygenate-to-olefins reactor 12 containing a molecular sieve catalyst which

converts the methanol to a vapor product stream containing the desired olefins,



Stream or in one enbodinent at third C4 and DME containing stream The
third 4 containing stream and the third &4 and DVE contai ning stream
conveniently have the attributes |isted above for the first C4 containing
stream anWO2086/407P¢&% C4 and DMVE contai njng stream. respecVPRRAIRNILYHY can be
‘used in the same manner and subjected £b the sane process steps noted above
for the first C4 containing stream for exanple to produce a C4 hydrocarbon
product stream or for the first C4 and DVE contai ning stream for exanple

f f uel f.eed af b t f t t { ep.
00961 Rof enHIcHGY FPahancta by-pihdhll pbeerilen rebde Gapareadenise 8ad " o
conver t | ng MRAARARIck etk hbdihond it fulBibitnR) bl fdhcp ef i ns, according to

one exanple of the invention. In'this exanple, nmethanol is fed through |ine
10 to an oxP0RTat e- t oTh¢ pfddnst steeant exits tRe ceantoaildithpugh hink ddudndris fekve

catal yst which converts t t hanol tqQ a vapor .product ,stream containin

the desi red 18I BraUREch e godty B ?%alepﬁfﬂ O UBBID 16 FPChS W O o

met hanol, by RHAMACH R UI PREIRE srbddf a4 @gﬁsa Yofton® s?ﬂe%ﬁh% 8 Al meet ones),
ns S) an 0097

heavi er hydrocar bo (i ncl'udi ng aromati c wat er . e product
stream exi t dowhe 16 daongh 1ihe S2hundugified fone whtkrangigenatef fattionation tpsen&4. t ower
16, where the product streamis guenched with water to condense fromthe

product st r eh oy ehraad from the tpwes Hivs adirstomppnefiiupntsirean, Which coptams the ¢ hr ough

i ne 82 and 4.s; I =0xXygd agl i _

over head frodr%if‘%{g%tlég\%eﬁo\@h?smg %gi fesﬁfﬁlg%J%r e% ?Fﬁ%n?%git@earr?lg\%%i C’Eﬁ%ont ai ns
the desiredonipeéssor PO celtipiessealit fisst vfdr efffuetigdireainnorhG fiust pressanptoessor 20.
The conpressor 20 conpresses the first vapor effluent streamfroma first

priessure t o S§consls Bighgr Prepyke Andhthe Jsawliantfigt ¢orepreessd vapertetilngns streamis essed

vapor efflu 10 f ] | 40 an indirect heat exchanger
24. [0098] ?ﬁ%ﬂﬁé@@% atr?gagﬁn éc?%%?fké%gg%4ét conpressed vapor effluent
stream and tfp@oglesul t altie hédt Sdxckaigpf 23 200lsathe SOt @AprésHearvapbi bffRieht st r eam
is then fed by line 26 to a flash drum28. In the flash drum 28, the first

conpressed angamegd|thairasaiit fiasticonpressest andenoled wppreHiuent styeam is thaicond
vapor eff| “3@4 Pé%gig}t?lanﬁeéﬁﬁ%élﬁ FaBe BhiMiad 28 RYE: QUhngad Life 30,

and a secon
cooled vapor effluent stream is separated into a second vapor effluent stream,

which exits the drum 28 through overhead line 30, and a second liquid effluent
stream, which exits the drum 28 through bottoms line 88.
[0099] The second vapor effluent stream contains the desired olefin
products and is fed by line 30 to the bottom of a first countercurrent fractional
distillation column 34 while a liquid alcohol-containing stream, preferably a
( methanol-containing stream, 1s introduced into the top of the column 34 tb.rough
line 38. The alcohol-containing stream removes C; to Cg carbonyl compounds
from the second vapor effluent stream as it flows upwards through the column 34
so that a liquid oxygenate-containing alcohol stream exits the bottom of the
column 34 through line 36 and an alcohol-washed third vapor effluent stream exits
the top of the column 34 through line 40. The line 40 feeds the third vapor
effluent stream to the bottom of a second countercurrent fractional distillation
column 42, while the line 36 feeds the oxygenate-containing alcohol stream to the

water-oxygenate fractionation tower 84.



stream which exits the drum 28 through bottons |ine 88. [0099] The second
vapor effluent streamcontains the desired olefin products and is fed by
line 30 to the bottomof a first countercurrent fractional distillation
col um 3doMabd/6078sd 1 qQui d al cohol -contai ni ng stream prepefrarRbios@16174

met hanol - containing stream is introduggéd into the top of the colum 34
through |line 38. The al cohol -contai ning streamrenoves C2 to C6 carbonyl
conmpounds fromthe second vapor effluent streamas it flows upwards through
the columm 34 so that a |liquid oxygenate-containing alcohol streamexits-
the bottom[6l00he coMuer i8inttdductdintd the eoBéf tha dolampd Tihhaighiar¥edot hi rd
vapor effluent streamexits the top of the colum 34 through |ine 40. The
line 40 fed@ovRethenaleghol fbst wash | medivms apd apgdibonaheCp oot m sttbanecond

eIghOa i YEER ImeRtms @ Cooet bin siv@decond
he oygendinshRE feffe et vapb 2 SRR # font s Brpleifnd® T oeds

fractionat i @hhad. &8s aWeADQ6H QAT AR§ediald-tRARmp0Vaky 4tredd &:OL0RE Water is °
i ntroduced into the top of the columm 42 through line 44 to renove the

al cohol fi renattopaehtheweiums 45 threwsh lineHpandepwelsr-emshesk fovrihvapersfventds from
the third v r efflyuent streamas it .flows.u r t hr ou t he. colum 42.
As a resul ts% %ﬁ{S&HS}‘ng%f;‘iheég]é’Efﬂ%#Fhfﬂﬁ)é‘i‘ez)fgsﬂf‘agﬁ}’% e'§c°t“ﬁaém'“gottom of
the col um Waet SeQuolk hih ey BRYIAG 10\Ble8FatasRREnd1e HakhotARA ol 841ent
streamexits the top of the columm 42 through i ne 48. The

oxygenat e- colilatheifogrth waytos effiitentstraaisistfeby incld4$ o 4 caustid owar S0he

wat er - oxyg fractionation,.tower. 84, . while the fourth yvapor effl uent
streamis f ibﬁy | i nei:ﬁ’éht‘@“ﬁtl"céﬁ PR IF oiEpduged mbe) i]mFFtécsﬁo‘E?ué{)i c

sol ution i Syj qQehe td'#bﬁﬂbv%h:%r I : hra3H leREstRant O T enove
carbon di o?#ggltgpromcsta%e ourth v@%ﬁsgg?ﬁbgﬁplegg’ruggmag %ﬁdgﬁgpent caustic
sol uti on i swhiterepent chustiv ¢distidnoiseremofed Hiropw gie towee FthréughClnde dépl At ed
fourth vapor effluent streamexjts the tower 50 throu%g line 56 and is

o

passed to dRroeRiglediouite yerairdtrent st cxiethe tRer 0 Pléhr%}@%éﬁfapém t he
fourth vap% fgg{éduﬁnﬁ.rﬁﬁ %?t%?r ?1%9% 2Bkl fﬁ?sv%%% !Sv?:Rer issre%?f{\ézﬁf%gxﬂa grough

| i ne 60. Adrie apor eftluen ream exi sorber 58
thgI olu_ghh | | foGrtl ZapotckfilGert €fledmd and, @Ber ddsafiticaRlexGactb@NROuGMind6Y.€ propyl ene
an I ter

J [0102] A dried fourth vapor effluent stream exits the adsorber 58 through

line 62 and 1s fed to a Cs- fractionation tower 64 where propylene and lighter
hydrocarbons are removed as overhead through line 66 for further processing and
a first C4 and DME-containing stream is removed as bottoms through line 68. The
first C4 and DME-containing stream is then fed to a DME fractionation tower 70
which removes dimethyl ether as an overhead stream through line 72 for use as a
fuel or for recycle to the reactor 12. The C;+ bottoms stream in line 74 from the
fractionation tower 70 is then fed to a C4+ fractionation tower 76 which separates
the Cq+ stream 74 into a Cs overhead stream through line 78 low in C; to Cq
carbonyl compounds, and a Cs+ bottoms stream through line 80 which is also low
in C; to Cg carbonyl compounds.

[0103] In the embodiment shown in Figure 1, the second liquid effluent
stream exiting the flash drum 28 through line 88 is fed to a stripper 90 for
separation into a second C4 containing stream and a fifth vapor effluent stream.
This separation ensures that most of the C; and lighter components in the second

liquid effluent stream exit as overhead in the fifth vapor effluent stream, which is



hydrocarbons are renoved as overhead through line 66 for further processing
and a first C4 and DME-containing streamis renoved as bottons through |ine
68. The first C4 and DVE-containing streamis then fed to a DVE

fracti onaMOoW0e/¢h7e¢6 70 whi ch renoves di net hyl ether as BET/OSwofremar4st r eam

through line 72 for use as a fuel or fdr recycle to the reactor 12. The C4+
bottons streamin line 74 fromthe fractionation tower 70 is then fed to a
CA+ fractionation tower 76 which separates the C4+ stream 74 into a C4

overhead streamthrough line 78 lowin C2 to C6 carbonyl conpounds, and a
C5+ bot t ons then Eedrht ko o therfasiopupteranment fragtingal digtillationcolwmn 84 ferar bony |
conpounds. 103]. 1 1.1t he,.enbodi t _sho ,n Figure 1. .the second |ljquid

ef fluent st Cé’g‘ﬂi g)%ls%%‘g? %%?QPP ¢ StﬁW'iLV\‘%Bgt'ieﬁ?lo . %fei $HEPRES |sas1ag}§iu{do a
stripper 90 HoRbmsSfRanA il fiflei 9Ut P iSpEeaHdgdtheP Wit MenfirstiCeam pMEa fifth
vapor effluent stream This separation ensures that nost of the C3 and

| i ght er comsenteintisg streanh i Becohty the DME faetidriatiemtovear7®am exit as overhead in
the fifth v effluept. stream which s WO 2006/ 007066, PCT/1JS2005/ 016174
31 then fedmﬁhl]i ne 9§P]E% it FYE§Date, ?Cé\oﬁ‘ﬁtl“?”enfm’f‘?rac% oFEFVE? st19 | at i on
col um 34 f Qg odlafebtaiWBSN bRBhol THEaRE G0 Mthe o Crotth i Rl SohfiRfbyfrshi S the
stripper 90 as"a liquid Dottons streamin line 94 and is passed together
with the fi dsictigihl dmtilBhEn celaninaidnindghs dxyeanatewohiairing & ateo stréeem DVEne

fractionation tower 70. [0104] The water-pxygenate fractjonation tower 84
recei ves thé’2 %@&Eﬁf@n&@ﬂ%ﬁﬁ‘?ﬁtﬁ‘%‘éﬂ?&%égﬁ%‘?‘WHPPﬁg- 3BetowRIne first
countercurr enf, exjafeé%'s%pﬂated{h%&é bk @hdsQRtcC gg?%e?f&te@ﬁ‘% b{¥head stream i

oxygenat e- conta ni ng water streamin |'ine fom t he secand countercurrent

friacti onal ding86) Whichds reegtisdmo ¢hi2.reddter Zowed a Steribbttomssatad it tins8@ar at e
these streans  into an, oxygenate-rich overhead streamn  line 86, which is

recycl ed toWhieh i%pattidly zecyeled) to thasesondosquisarcwtent fractiqnal distillgtion which s

partially r e - Se . 2tienal distillation
col um 42 t%?%ﬁ% ?1?1%&@ %nﬁﬁﬁlgl%g%%ﬁﬁyg%%g réo%g]gh i ne 98. [0105]
The inventi ¢gios)! | nowhee ifeheopawill Gidlabey nibes Cpartiaflarly tdescrilteidegémce to the

followi ng practical exanple of the process shown in Figure 1. Exanple
reference to the following practical example of the process shown in Figure 1.

Example
[0106] A pilot plant trial of the process shown in Figure 1 was conducted

in which the second effluent stream was washed in the fractional distillation tower
28 at a pressure of 150 psig (1135 kPa) and a methanol flow rate of 151b/hour.
The composition of the second effluent stream and the methanol-washed third

effluent stream are shown below in Table 1.



[0106] A pil

distillation

f1 ow r aizgy 8foshbrogé hour .

t he net hanol

ot plant trial
t ower

-washed third

of the process shown in Figure 1 was conducted
in which the second effluent stream was washed in the fractional

28 at a pressure of 150 psig (1135 kPa) and a net hanol
The conposition of the second pefifdszeosoistrneam and

ef fl uent sgpeam are shown below in Table 1. WO
2006/ 007066 PCT/ US2005/016174 32 Table 1 Conponent Second Effluent Third

Ef fl uent % Change Stream wt % Stream wt % Di net hyl ether 3.7661 2.7718
-26.4015 Methyl ethyl ether 0.0101 0.0000 -100.0000 Meth | isopropyl ether
0. 0007 0.0000 -100.0000 Acetal dehydeble 0417 0.0378 -9.5362 2- Met hoxy
but ane 0. 0002-0--00080—-100-0000. Dm apal—60—0+11--9- 00001000000 Acrolein
0. 0001 0. 000 *™RSH™H000 Met hacr ﬁg@‘%seﬁ;‘%@f@ 100 ZSHBRE Unlknown
0. 0003 0.00 100—Q000——But-anal e"’m{,;")“ B¢ 2 %N 008 Mot acet ate
- N7 S b I E A4 T
0. 0002 0.00 = mAsiEiTit thanrah o 9952 Jntos 1920297 + 0. 1601
0.0813 -49.2 FStva tdethy 003 0O} y yl acet al
vl isontdiiil Sth 90.00607° 000 $100.

0. 0020 0. 0000 gef¥idnydd V0 ntamat, ¢4, 9005 0. iXd7g 100 (5 53¢z Butgnone 0. 0375
0. 0000 -100. IVihoxsidiRRAOT 0. 000G ghob 000 - TOU. g0y 3- VB hipb.egdeDUT|en- 2- one
0. 0014 0. 0000prog=adl. 0000  Unknown ¢k 0002 0. 000G ooed. 00. 0000-1060mbondl dehyde
0. 0002 0. 000 Acrdieif. 0000 0.0001 0.0000 -100.0000

Methacrolein 0.0036 0.0000 -100.0000

Unknown 0.0003 0.0000 -100.0000

Butanal 0.0032 0.0000 -100.0000

Methyl acetate 0.0002 0.0000 -100.0000

Methanol 2.7353 2.3179 -15.2629

Acetone 0.1601 0.0813 -49.2466

Isovaleraldehyde 0.0003 0.0000 -100.0000

Dimethylacetal 0.0020 0.0000 -100.0000

Pentanal 0.0005 0.0000 -100.0000

2-Butanone 0.0375 0.0000 -100.0000

Ethanol 0.0008 0.0000 -100.0000

3-Methyl-3-buten-2-one 0.0014 0.0000 -100.0000

Unkpown 0.0002 0.0000 =-100.0000

Crotonaldehyde 0.0002 0.0000 -100.0000

3-Methyl-2-butanone 0.0042 0.0000 -100.0000

3-Pentanone 0.0021 0.0000 -100.0000

2-Methyl butanol 0.0002 0.0000 -100.0000

2-Pentanone 0.0022 0.0000 -100.0000

3-Butenol 0.0003 0.0000 -100.0000

-Methyl—2—pe11tanone 0.0003 0.0514 19009.5609

t-Butanol 0.0001 0.0000 -100.0000

Methane 1.2653 1.2563 -0.0000

Ethane 0.5437 0.5308 -2.3655

Ethylene 30.6933 29,9435 -2.4430

Propane 0.9249 0.7663 -17.1554

Cyclopropane 0.0031 0.0000 -100.0000

Propylene 35.4988 31.0685 -12.4804

Isobutane 0.0849 0.0587 -30.8560

n-Butane 0.2579 0.1672 -35.1748

Methyl cyclopropane 0.003% 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 (.0022 0.0000 -100.0000

1.3-Butadiene 0.4457 0.0280 -93.7131

C5+ 10.3408 4.0294 -61.0339

H20/CO/CO2 0.0000 0.1403 Undefined




3-Meth | -2-butanone 0.0042 0. 0000 -100. 0000 3-Pentanone 0.0021 0.0000

-100. 0000 2-Meth | butanol 0.0002 0.0000 -100.0000 2-Pentanone 0.0022

0. 0000 -100.0000 3-Butenol 0.0003 0.0000 -100.0000 3-Meth |-2- entanone

0. 0003 0. 9IAG@T0®. 5609 t-Butanol 0.0001 0.0000 -100. MOOUSNBYMEN 1. 2653
1. 2563 0.0000 Ethane 0.5437 0.5308 -233655 Ethylene 30.6933 29.9435
-2.4430 Propane 0.9249 0.7663 -17.1554 clo o ane 0.0031 0.0000 -100. 0000
Propyl ene 35.4988 31. 0685 -12.4804 |sobutane 0.0849 0.0587 -30.8560
n-Butane 0.2579 0.1672 -35.1748 Meth 1 c clo ro ane 0.0039 0.0000 -100. 0000
Tr ans- 2- But $#073. 1322 Iswill bg seepdoa dzble 1-thafithemethapgbwash warses albthes34

| so-Butene 0Q.7129 0..5469 - 23. 292 1 S-2-But ene 3. 8081 2. 6364 .- 3Q, 7689

| Soment ane. BhEEaies 1408 frsesSaat Hit Sty Biteth et of Sk dial 0000
Pent ane 0. 058ikr, 4cOBRBhydD) Qe AN and kB 1 &RARAE. 0. 0022 0. 0000 - 100. 0000
1. 3- But adi ene 0. 4457 0. 0280 -93. 7131 + 10. 3408 4.0294 -61.0339

H20/ CO' CC2 Q01880 0. 1AWBiletlaepiesrnd] tWenO A badcdesPiied BRDIBKDA6d By 33
[0107] It wil]J be seen frgm Table. 1 that the.nethanol.wash renoves.all the
oxygenat es FHAE® 1?‘? r%"t‘Il%‘gﬁroﬁHR@&Weﬁ'&nﬁhg % 8£rﬂr5’é]§'é’eﬁk‘\if6‘? &t Sl he

di met hyl appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended
claims for purposes of determining the true scope of the present invention.



et her, acetal dehyde, acetone and 3-net hyl - pentanone. [0108] Wile the
present invention has been described and illustrated by reference to
particul ar enbodi nents, those of ordinary skill in the art will appreciate
that the in j S itself to variations not nec ' j strated
her ei n. For\(f@itzg&r%ggg%g, then, reference should be rragé%g% Qgif/dl%ioﬂt he
appended clains for purposes of determning the true scope of the present

i nvention. WO 2006/ 007066 PCT/LJS2005/8946174 34 CLAIMS W claim 1. A
process for producing a C3 olefins streamand a C4 hydrocarbon stream
conprising: (a) providing a first vapor effluent streamfrom an oxygenate to
olefin conv%'LsA. reaction, said first vapor effluent streamconprising C2
and C3 ol ef s+ hydr ocarbons, and C2 to C6 carbonyl conpounds; (b)

adj usting t g dlgmer ature and pressure of the first vapor effluent stream
to produce a second. vapor effluent stre having a . pressure ranging from
100 psig told50 peirgogesddor Froduring pdys aﬁgna Sﬂfgﬁpf@‘rdaﬁl}?deh}’%fﬂg@ragnfrom 70F
to 120F (21 4 sai.d second vapor effluent stream containing about 50
wt . % or nnr%&%fmtg%paiﬂf hydrocarbons in the first vapor effluent stream (c)
washi ng the secoia) vapaovilird aciirst shparasfinenthsteeab droird anl oxygealate t@nt ai ni ng
streamto produce_a third vapor efflue i_ streamqﬂ&g‘%l washing the third vapor
ef fl uent stream RI§H F?Qfﬁ%o%‘?aépmﬂvom‘g 157 V@ROL® k {regah R ent
stream said fou | IS .% or |ess
&2 to 05 car bony | Eaasoneiis Y 2trockidoB A A TR (B oo i 1" ohi o
fourth vapor eff(lpent adjuséing ths tgmpaalves and3pussurai of tbe sfinstampend a first

CA containing stream 2. The process of claim I rein_sai d _adjusting (b)
pr_(gduces sai d segﬁﬁﬁmt CHEBR [é’fﬂ‘)glgﬁ S CFQ%%VW?rh%S?teQEWE%P%i%g from 120
psig to 290 pressure ranging from 100 psig to 350 psig (790 fo 2514 kPa) and a

temperature ranging from 70°F to 120°F (21 to 49°C), said second
vapor effluent stream containing about 50 wt.% or more of the C,
hydrocarbons in the first vapor effluent stream;
(c) washing the second vapor effluent stream with a liquid alcohol-
confaining stream to produce a third vapor effluent stream;
(d)  washing the third vapor effluent stream with liquid water to
provide a fourth vapor effluent stream, said fourth vapor effluent
stream comprising about 1.0 wt.% or less C; to Cg carbonyl
compounds; and

( (e) fractionating at least part of said fourth vapor effluent stream to

produce a C; containing stream and a first C4 containing stream.

2. The process of claim 1 wherein said adjusting (b) produces said second
vapor effluent stream with 2 pressure ranging from 120 psig to 290
psig (928 to 2101 kPa), preferably from 140 psig to 170 psig (1023 to
1273 kPa).

3. The process of claim ] or claim 2 wherein said adjusting (b) produces
said second vapor effluent stream with a temperature ranging from
80°F to 110°F (27 to 43°C), preferably from 90°F to 100°F (32 to
38°C).



psig (928 to 2101 kPa), preferably from 140 psig to 170 psig (1023 to 1273
kPa). 3. The process of claiml or claim2 wherein said. adjusting (b)
produces said second vapor effluent streamwith a tenperature ranging from
80F to 110F (27 to 43C), preferably from90F to 100F (32 to 38C). WO

- 2006/ 007066 VWERMUNGOH1016174 35 4. The process of aRFTRIGBMEALAL4cl ai m
wherein said second vapor effluent streamcontains at |east 60 w.%
conveniently at least 70 ww% prefer y at least 80 w'/,), nore
preferably at |least 90 wt % nost preferably at least 95 w% of the C4
hydrocarbons in the first vapor effluent stream 5. The process of any
precedi ng clai mwherein the washing (c) is conducted at a tenperature of at
| east 80F (27C), preferably at |east 90F (32C). 6. The process of any

precedi ng cl,aim i erature of no
nore than lﬂoF ( ﬁ%g?séggf“ﬁgﬁgcg‘%é’ aﬂﬁés‘%"h%g%%%@gﬁﬂ%’&%%?@“%‘ ef erably
no nore than 100ktref@8tdntalhs diheapy G0e88.90f cameniitiyedi Nerse |70 Brwherei n the
washing (c) is conducted at a pressure of from 100 psi % to 350 psig (790 to

2514 kPa), pref erefsraply @breasb §0put, F&PTQQEUE%SQ bly (a9 dgast F02wth, meff | nore
preferably from i’f'&e b Jaf Raa%‘th@s R3d.d ogjrﬂ% d}‘?c?lﬁth% thé- ﬁr% {'OCESS of

any preceding cl e| n e liq -~ containing m conpri ses
met hanol . 9. Theefleaessenfi. cl ai m 8 wher ei n the anmount of met hanol enpl oyed
in the washing (c) is from0.03 Ib to 0.5 Ib, preferably from0.05 Ib to

0.2 1b, nore preferably from0.07 Ib to 0.1 | b, nmethanol (as pure nethanol)

per | b of the se d f 1 e 1 frany precedi ng
Prni m vvherelgn seqggd gﬁ@e&r (’? Mwﬁ%e&hg 8iim L QherkRE 1RE ALEIT PPN
¢ conducted rll a temperarurc of at least 80°F (27°C), preferably at least

X
90°F (32°C).

6. The process of any preceding claim wherein the washing (¢) is
conducted at a temperature of no more than 120°F (49°C), preferably
no more than 110°F (43°C), more preferably no more than 100°F

(38°C).

7. The process of any preceding claim wherein the washing (c) is
conducted at a pressure of from 100 psig to 350 psig (790 to 2514
kPa), preferably from 120 psig to 290 psig (928 to 2101 kPa), more
preferably from 140 psig to 170 psig (1023 1o 1273 kPa).

8. The process of any preceding claim wherein the liquid alcohol-

containing stream comprises methanol.

9. The process of claim & wherein the amount of methanol employed in
the washing (¢) is from 0.03 Ib to 0.5 Ib, preferably from 0.05 Ib to 0.2
Ib, more preferably from 0.07 b to 0.1 1b, methanol (as pure methanol)

per Ib of the second vapor effluent stream.

10.  The process of any preceding claim wherein the washing (d) is
conducted at a temperature of at least 80°F (27°C}), preferably at least
90°F (32°C).



conducted at a tenperature of at |east 80F (27C), preferably at |east 90F
(32C). WD 2006/ 007066 PCTI US20051 016174 36 11. The process of any preceding
cl ai mwherein the washing (d) is conducted at a tenperature of no nore than

120F (490)’(@%%9‘%@26 no nore than 110F (43C), norepgyg \Azdoa}awﬂgo nor e

t han 100F . . The process of any preceding clal mwherein the washing
(d) is conducted at a pressure of from 100 psig to 350 psig (790 to 2514
kPa), preferably from 120 psig to 290 $sig (928 to 2101 kPa), nore
preferably from 140 psig to 170 psig (1023 to 1273 kPa). 13. (Cancelled) 14.
The process of any one of claims | to 12 wherein said first vapor effluent

streamin (g), a”dn&agﬂ?dcché %tfcgﬂr @n&}e&ir&' Rihith! WARAG Uhé h.gésénﬁ%gﬂi' ige Cot

hydr ocar bons and ‘sail I rst taining streamis su o further
fracti onati on to coagacted et E:ctemhgrdmmafhonnorettham éE@?Prr(@ﬁﬂ),cpreﬁzd)m 4
hydrocarbon product stre rocess of one of clains 1 to 12
wherein said fird® mﬁ%fﬁa&e ré‘é?ﬁei We{e{;;)q ’I’ﬁ)rlir@eg di net hyl
ether (DME) and whegfyein fractionating the fourth vapor effl uent stream
produces a C3 contai'ning streamand a first C4 and DVE contai ning stream
and said first C4 and DME containing streamis subj ected to further

fractionati enove di neth ethr therefrom a roduce d first
cont ai ni ng SET r;[fhelgmcﬁ‘?eng ‘Hﬁ’e?g”'c& Mgn f g‘f’r W an@ Z@ Wherei n sai d

adj usting (b) sepadRies afaSRe@ift bf dentl 104 dps@gtt@lsso ig{79%atp 5 said
first vapor effluent stream and said secon containing streamis

conbi ned wi t h sak®a),quefecbly &ivnnil 30 mgigta 83‘9(113512 (92803 04 Jia)s otz

rore pref orably PROEPRACERE R il Ry (oo (e T

13.  (Cancelled)

14.  The process of any one of claims ! to 12 wherein said first vapor
effluent stream in (a) and said first C; containing stream further
comprise Cs+ hydrocarbons and said first C4 containing stream iz
subjected to further fractionation to separate Cst+ hydrocarbons

therefrom and create a C; hydrocarbon product stream.

15. The process of any one of claims 1 to 12 wherein said first vapor
effluent stream in (a) further comprises dimethy! ether (DME) and
wherein fractionating the fourth vapor effluent siream produces a Cs
containing stream and a first C, and DME containing stream, and said
first C; and DME containing stream is subjected to fuwther
fractionation to remove dimethyl ether therefrom and produce said first

C4 containing stream:.

16.  The process of any one of claims 1 to 12 wherein said adjusting (b)
separates a second liquid C; containing stream from said first vapor
effluent stream and said second liquid C4 containing stream is
combined with said first C4 contaiming stream to produce a third Cg4
containing stream comprising less than 5 wit%, preferably less than 1
wt%, more preferably less than 5000 ppm wt, C; to C6 earbonyl

compounds.



conmpounds. WO 2006/ 007066 PCTI US2005/ 016174 37 17. A process for producing
ol efins conprising: (a) contacting an oxygenate feed with a nol ecul ar sieve
catal yst to produce a vapor product streamconprising C2 and C3 olefins, C4

hydrocar bong, water and oxygenate conpounds, includi n% C2 to C6 carbonyl
‘conpounds: (B 20458197988 sai d product streamto condensECTHSRMASOIHATE | i qui d

stream rich in water and oxygenate conpounds and produce a first vapor
ef fluent stream conprising C2 and C3 o}efins, C4 hydrocarbons, and C2 to C6
car bonyl compounds; (c) conpressing said first vapor effluent streamto
produce a second vapor effluent stream having a pressure ranging from

about 100 p$hd Al GreRBQY aPE B4 : 4 kPa) and a tenperature
rangi ng fror%?'al')oli(artct 70#%@@82%# 112%%%3%@{% "49C), said second vapor
ef fl uent stream confami ni egntactimgitarb xypertdtoricedr withf at hwl@4ildry disgear bons i n

the first vapor effluent stream (d) washing the second vappr efLfl uent
streamwith a liquid rref’ﬁt&hﬁ? ?%B}ﬂcgzcﬁianﬁ‘pé’f EAHCE SURE APEPTSME 2 d vapor

effluent stream and a |i ghhdcoxyggmnate; %&Efﬂoﬁg,_ kAR oSiteae (e)
washing the third vapor effluent streamwith |iquid water to” produce a

fourth vapor effluent stcempounts, mehulingEnte € cabemydicompgunds; er stream said

fourth ffl t i Si bout 1.0 wt_ %qr | to CB
carbonyl - compoundst®) and R 1% A POl FRGLlo paidepss gtctom Sdiapd | ©

oxygenat e- cont ai ni ng wat greans HcE AMAARY a8l ok fambtel®mipdindS @hdlproduce

oxygenat e-containing nethanol streamto produce a first oxygenate-rich

over head a first vapor effluent stream comprising C; and (5 olefins,

( C4 hydrocarbons, and C; to Cg carbonyl compounds;

{c) compressing said first vapor effluent stream to produce a
second vapor effluent stream having a pressure ranging
from about 100 psig to about 350 psig (790 to 2514 kPa)
and a temperature ranging from about 70°F to about 120°F
(21 to 49°C), said second vapor effluent stream containing
about 50 wt.% or more of the C; hydracarbons in the first
vapor effluent stream,

(d) washing the second vapor effluent stream with a liguid
methanol-containing stream to produce a third vapor
effluent stream and a liquid oxygenate-containing methanol
stream.

(e) washing the third vapor effluent stream with lignid water to
produce a fourth vapor effluent stream and an oxygenate-
containing water stream, said fourth vapor effluent stream
comprising about 1.0 wt5% or less C; to Cs carbonyl
compounds; and

D fractionating at least part of said oxygenate-containing waier
stream and at least part of said oxygenate-containing
methanol stream to produce a first oxygenate-rich overhead
stream and a first water-rich liquid bottoms stream, at least
a part of which first water-rich liquid bottoms stream is
recycled for use as at least part of said liquid water in said

washing (e).



streamand a first water-rich liquid bottonms stream at |least a part of
which first water-rich liquid bottons streamis recycled for use as at

| east part of said liquid water in said washing (e). %/O 2006! 007066
PCTI U82005/ 18. The process of claim 17 wheregj i xygenat e
feed conpri g&}@f%iﬁ;& 19. (Cancelled) 20. The pr oggi&%&’sgﬂé{’% 17 or

claim 18 wherein at |least a part of said first oxygenate-rich overhead
streamis recycled for said contactingga). 21. (Cancelled) 22. The process
of any one of clainms 17, 18 or 20 wherein at |least a part of said liquid
streamrich in water from(b) is fractionated to produce a second
oxygenate-rjgh_overhead r a second wategr-rich |.iquid,bottons
stream 23.lghgﬁﬁ%%cggssof)#hﬁg?%Q\ﬁ%ﬁé’ﬁ{gﬁ-‘t&q ggfoﬁpﬁﬁﬁgtm%mﬂi d second
oxygenate- rich overhead streamis recycled for said contacting (a). 24. The

process of claim22 or claim23 wherein at |least a part of said second
water-rich liquid bottons streamis recycled for use as at |east part of

said i qUiij.Vﬁfag{cehEh)Sai d washing (e).

20. The process of claim 17 or claim 18 wherein at least a part of said first

oxygenate-rich overhead stream is recycled for said contacting (a).

{ 21, (Cancelled)

22. The process of any one of claims 17, 18 or 20 wherein at least a part of
said liquid stream rich in water from (b) is fractionated to produce a second

oxygenate-rich overhead stream and a second waterrich liquid bottoms

stream,

23. The process of claim 22 wherein at least a part of said second oxygenate-

rich overhead stream is recycled for said contacting (a).

24. The process of claim 22 or claim 23 wherein at least a part of said second
( water-rich liquid boftoms stream is recycled for use as at least part of said

liquid water in said washing ().





