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eferred process for converting an oxygenate, such as
neltehdcdlcompotmisone or nore ol efin(s), primarily
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other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an oxygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Other known syngas
production processes include conventional steam reforming, autothermal
reforming, or a combination thereof.

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

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



purification of this m xture to recover the |ight
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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 C4t+ olefins. The light hydrocarbon

stream is passed to a demethanizer zone operating at a temperature greater than
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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
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content and remaining water as a bottons product. The
wWObk@bion7oé@por streamis conpressed to at | eastP@DURBIH016174

(207 kPa), preferably 100 to04500 psia (689 to 3447

kPa), and directed to a second separator that provides

an ol efin vapor product and a |iquid oxygenated

hydr ocar bon-contai ni ng stream The |iquid oxygenated
hsfreamccaniiben boenmabinedigih theavwtieneonisiamehwtiomsisiraan onilirpctly

B T AR 2R SO Rh R b
hidsReat RO tRE B GbpR60MET Beeducedid Weatet témbntSARBRRHEO hised

that is reduced in water content and can be used as
f ase fuedrorc oo-fepdd forothet drygomate anagtionr preesson Befare eers after the

Before or aft the conpression st the ol efin vapor
CPBESSIRISTHeR g SR RIERLESAR Os AP Wb arthgpofandlor Walet at a
 REpRFAIELE 400 46DFq4 29 1bferfbBPED to PIRF 2 2R 40°89)
tom%gOF (27 t@fg 490C$. [gjg)l ’]4pAI Iaq;gf t he abose y

r M0&bknces Alleofithe abperrafeeshcereareiincongoraistl detaie by ireference in
their entirety. SUMVARY [0011] In one aspect, the

i RS- r el ates to a process for producing ol efins
conprising: (a) providing a first vapor effluent

stream from an oxygenate to ol efin conversion
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d C3 olefins, C4 hydrocarbons, and C2 to .
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a second vapor effluent stream having a pressure
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and a tenperature ranging f.r 700F to 1200F (21 to..
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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 C4
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 C¢ 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).



(d) washing the third vapor effluent streamw th water

to provide a fourth vapor effluent stream said fourth
WO a@eno®hé | uent stream conprising about 1.0 W PE&a/0B2005/016174

less Cto C6 carbonyl conmpoursds. [0012] Conveniently,

said adjusting (b) produces said second vapor effl uent

streamw th a pressure ranging from 120 psig to 290

psig (928 to 2101 kPa), such as from 140 psig to 170

p£01§3§ 1023 Conmﬂ@ﬁlyPaealct mdm}lnz:o(rw ePﬂOémdSy said apagond vapor

P el ik & P SRR PaRETg: P ancadB | [ gBRC), such

(azﬂbﬁ%ﬁﬁ}mwgm% 8gogm 90F to 1000F (32 to 380).
[0014] Conveniently, said second vapor effluent stream

ctfild] ns at Ooeasllerﬁbv wrid ecandcvepas effluent sixeany @om% at least

¢ 8D &Y GmprE s BL2D v fprgeaiible adesh B0 i st iegt 90
t By ifhs Exdffi’pﬂ@ rat 9€dst WeNkto5t heam i Q&Qf&ﬁﬂca@@ﬁé’ ‘?ﬁ”tﬁé’"ﬁlréf »vapor

t he washi ng is conducted at a ténperature of
| eEBieniSORREM( 27C) such as at |east 900F, and generally

ol Bk SR il edRerBss L EBetd or
Convesteri1on), &bk fax\@ﬂ%@ Qoﬁﬁ)ana gﬁm%reﬂﬁ%mﬁlzw (49°C),

pr essure rangi ng from 100 pSi g sig
25uch dsaBangre shemhl 18SF {4356)), ]felf)e)mmmje mmmbgfﬂthps |1 gO°(P9(28°(f)o

si&iiébga%( Pagj%;lf%’g%*? l %&5{1{73 %E‘])ﬁg IC A OCFQ%Z“%, pre%su(re ranging
alseah Mo fé??ttébﬁdé ?gig > an P54 Sﬁﬁhﬁtﬂkﬁﬂ%o sl B0 psig

or a mxture t rray oplona ycontaln wat er
[ (I2BZD 20OhiBa)| fontekymplefomadhpsig td )0 psg COAdte 1278 kita)a

tenperature of at |eas OF .(2/C such .as at | east

9 ang gSRBYENenfly, ﬁlﬁoﬁgmfiﬁawo @c&?%tae%@) streaipt CoRyprises
n f
1%6?%5%@)%%8%5?‘5@0%%%3%‘? Y SPRORIA SRy HAD
ccptmia]:t ed aCoav@ﬁaﬁlw e washingn@) fis oondiidfedps iagtetnpedhfie of at

psig (790 to 2514 kPa), such as from 120 p3|% to 290
pseagt {05842 1 @)ZS’PGhakaalFaStP@rF énd Beneealbrmsmeroha { 3°F(49°C),

ER AT A TPt o0k R 8 9055

our vapor ‘eam corfpri ses ess t
[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 wt%, for example less than 500 ppm wt, of
methanol.

[0022] In a yet further embodiment, the process also comprises
fractionating the C; and C4 containing hydrocarbons in the fourth vapor effluent

stream to produce a C; containing stream and a first C; containing stream, wherein
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than 500 ppmat, of C2 to C6 carbonyl conpounds. [0021]
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[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, Cy4
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



(a) contacting an oxygenate feed with a nol ecul ar

sieve catalyst to produce a vapor product stream
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oxygenat e conpounds, includiffg C2 to C6 carbonyl

conmpounds; (b) cooling said product streamto condense

therefroma liquid streamrich in water and oxygenate

conmpounds and produce a first vapor effluent stream
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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,
olefin, diolefin, acetylene, or cyclic variations thereof, or in appropriate cases
aromatic, hydrocarbon molecules having the number of carbon atoms represented
by the subscript "x" Similarly, the term "Cy-containing stream" means the stream
contains Cy hydrocarbon. The more specific molecule is represented by a more
explicit term in place of "hydrocarbon", so that, for example, "C, olefin" indicates

butene-1, or butene-2, or isobutene, or combinations thereof. The term "C,+
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aﬁ%g%ﬂﬁéb %dﬁwg{ kiR OTSAOBYhon at ons represented by

t pgu3dpbscri pls us¥d nQbind iR A ¢, oot &F Sehtis js defined

h)T/‘g)ro]éar bons” uvsvou 1|n%c ['ude 0240 ¢ an H’fﬁ/lig%mg ca?hs yec 8

nurbrEng lopd oo crrd «mﬂecuﬁ:s reohtairliyg G- 2 oy @ carban kammé that further

i ndi cat es those nol ecul es. not ove haV|n
nGFBBRSCA 1l RO BiEsrate Bt L afenas © R vRR bits Aptble bond

" Yo a QrbbEWm 128 nyﬁﬁﬁ hQ@% gfngled}mﬁﬁrtg GRE RS cABofl %fom and one

contal n an oxygen nol ecul e an us are not to be

¢ bydrug@dateind lor kialent €oxygex Yige had double boisd tas caben awne that in
fic fo , ,such_as_al cqhol, ether, al dehyde,

<big éswmsl%@aﬂw cachse 5457 ORET cAIen Hames) WolHhe term C

to C6 carbonyl conpounds is defined as neani ng one or

nore nol ecul es containing from2 to 6 carbon atons

t BRIEFUDERERIPTHON OF EHE DRAWINGS oxygen atomin an

al dehyde (oxygen t hat | has a. dqubl e bond, to a, carbo
a{Qﬂ%l hat i RigUgE A 1§ad sshanailg Bogotiasen Hetralingep process for

L

a SI ngl e bond to each of two ot her car bon atorrB)
noi et y. BRI EF DESCRI PTI O\l Q THE DRAW NGS [ 0031]
FDELAILED DESC L BVIE iNL8trating a

pf\/f’oﬁ&i?arfs%ves and Catalvsts Thereof for Use in OTO Conversion

[0032] Molecular sieves suited to use for converting oxygenates to olefins
(OTO) have various chemical and physical, framework, characteristics. Molecular
sieves have been well classified by the Structure Commission of the International
Zeolite Association according to the rules of the [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



produci ng an ol efins stream according to one exanple
of the present invention. DETAILED DESCRI PTI ON OF THE
WEMBRDVVENTS Mol ecul ar Si eves and Cat al ysts TheeE0b2008016174
Use in OTO Conversion [0032] 9Mbl ecul ar sieves suited
to use for converting oxygenates to olefins (OrO have
vari ous chem cal and physical, framework,
characteristics. Mlecular sieves have been wel |
classj Bthedditipns AidseSier,u&oodan, Ginglanss (M1t whish is herein fully
I nt ern%%i%al Zeolite Association according to the
r TC@POBHSY WEref e Commi ssion on Zeolite Nomencl at ure.
Apfd@@]few KNbYREnifiRS ekihSISs bhescanbREh1hVdiéves atid@lsREN pore
of the tetrahedrally coordi nated atons constituting
t tneldenlaneisvesof afrdmewkilatypascleded frant thorgrap edusisting of AEL

FRT e A ATeAT Lom ol AN, Bt S5, GHE (HleRAGyDDR, EDL
SERYC&0R KIMNIIEHY, a 61T gt oz se Ree PHES RV, | ROEY THD Cand

assigned’a three l'etter code and are described in the
Asttatitutdd Bend itteecdfy theenalikipossmokrilaesievdsod,a framework-type

FErse oo B6 e camsrng of AtCS ATlo0uSS, Kl M vy, Mrr
ﬁo ecafvgﬂf TORE $Rd TRDLEHLR FortlsMNER oA TR HHHE 1:&%@ breP@bRcular

sieves of a framework-type sel ecte romthe
gsievgs afanfimdworl-tppe selkictedAFTm tIPGouATO)SiNNE of BNT, IAMA and

Elg)}%stigcx?% focm:thegHmt}I: Og}éﬁno%?qg’lar E&es% a%})aeégrlk’-tyﬁ%lected
S YRR tﬁeugr%qp fcefla&imlgﬂgf aafA, Bha, Tatl e ADONTHES W, MER,
sieves of a f rk-type selected fromthe grou

rame

p
c MGR s MWFV odndABOD. ABNon-Eli@ingHEkEmPIER of MBE , prifeired Nfglecular
MIT, TON, .and_substituted forns thereof; and the .| arge.
pBlekesmopsigHary SPB\GGRIng. AR AESTHS ma%geg?e@atoclg mto

f Bfélﬁ‘nfs?,ﬁ i&ﬁl?(#éo t%%@s h3ihf % Sj]frargé\w_orkﬁﬁ% 8Rdted URSH tkd efoup

forns er eo her nofl ecul ar si eves hSave a
f comsisting loft Alple, ABYe &Fd CHAMBIASFATD iERG ¢5S| $iAnd-131, MER,

ST MR M VI W AN o R iy rpetinith Sl Pglecular

S SIS0 R pOREFRR ISP ooy

hay h bemBbinhticumhezok piryforabbed €HAepblogyn t he group

E%&’Sﬁi% n J N%Eglé:%%ér sﬁ\é:v\g' mEt%ﬁ'als Ca'ﬁAhavEeD?!-Hingé?\lLsJionEE%ourgso%hected
framework structure of corner-sharing TO, tetrahedra, where T is any tetrahedrally
coordinated cation. These molecular sieves are typically described in terms of the
size of the ring that defines a pore, where the size is based on the number of T
atoms in the ring. Other 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



MFI, MOR, MIT, MWN TAM and TON. In one enbodi nent,
t he nol ecul ar sieve used in the process of the
wO0 powsnbioenn has an AElI topol ogy or a CHA topol oBgT/USI005016174
conbi nation thereof, preferably a CHA topol ogy. [0034]
Mol ecul ar sieve materials all have 3-di nensional,
four-connected framework structure of corner-sharing
T tetrahedra, where T is any tetrahedrally
c SisVeN Wfﬁ&fl dgreimbavers-, Hhesd 2nHng eiciures m@l@wr gnéan average pore

LG rd. bedzin of wiheusig
i %ﬁ{e 3?319 f{’oli)‘ﬂ SA t\M%é % e ‘Q’P%‘“}’ Le&ugxﬁ sxteﬁees%uhzed
n thﬂﬂﬁH mefan%nats@ém ad BilitGumind@hosphhe rmél’é&ﬂﬁ\/\ﬁé‘%st Y@ 8-rings
characteristics include the arrangenent of rings that

f eRdraR aﬁ%rgge parpdizatess thaneddnsuch akén therrargs afrfrarh 3A to 54, for

h t t:h S
poRRte fopt 3R AR BRGR RS LA 4245 ence and
5 @036} Ce, Smeauﬁoﬁp&e@t@w heew g@%aﬂp%&a RRBARGmore [SiO4],
Edi ti on, Vol une 137, a@; 1-67, sevi er Sci ence,

BIAIQs] Ansdier d BRI Néetredediah dunigs200hyse [903B] Fhmigiral lapd/or

NERAIbERS bplufoRe SRuE i Hhed] Gining sficbh iy and

eg’ﬁ%ﬂﬁﬂ% babdiemoRlcRH kRK 8! B¥RShdtaCbstficai il (B iBnumerous
1 or 12- ring structures or |arger and an average

p@ubh@ilzes ineludieg iﬁzrr@@mpﬂe fiJ.SmPatent dol9,567,008r @1eAPO where

LML 28, R B R et R o bALBAEISAR) dBumngen Patent
S'A%lb%andﬁaﬁ’f&A% 159834 @L%mmf@gﬁs G BeSBZ@r 8564, Ge, Fe,

than 5A, such as in t range of from 3A 5A, tor
eLangeMm obn @AZn) uS5R§tepHN.OL &\ f5dy 149 (’FBAM @/S tRatents No.

R ¥ A A Cﬁ%@f%’fﬁéﬁf AN %Ez%ﬁ’& 3. 'Phtent No.

t ﬂb?@'l@@r@nAlP'SU SEP- Khﬁsl%lsllég ?@@AP@@)}J r@:mm) a1r5c§/ 976 (ELAPO,
phosphor ous baséd nol ecul’ar sieves and

c wibierd BL fig Csj Fé,0d@, Mal TironZm), AR8L mwmmmcﬁw A485@dPOy), EP-

ndvidighsphENEESCRnE o BautRRg P g dad BiARSTI e patent No.
F’agﬁgtw B\WLAP@W{%%&M&ARQ M%ﬁzé\& (58APEO), MY.S. ZPate No.

tent No. 4,440, 871 (SAPO), European Patent
ABBSBAET i ((EEAEEFD)A IO)SlSIBatﬁﬂ4N(>ElSAESQ9\5hQ3AP$3D) i §.9AsPatBat, No.

o4aR3RAC AP sl s Sapiadie b 01 Sand S Tgs (ckaro), Uss.
4;%1%?33&% Szﬂﬁsgz@le P 347§\b2_‘,‘0378‘}45,§331?32(6F§1ﬁ1°§,®78,7§5"(MM, US.
Patent No. 4,554,143 (FeAPO), 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 (TiAPO), 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 [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,




4,935, 216 (ZnAPSO, EP-A-O 161 489 (CoAPSO), EP-A-O 158

976 (ELAPO, where EL is Co, Fe, My, Mh, Ti or Zn),
wa2@s/oPmbent No. 4, 310,440 (A PO4), EPA- O 158pr@B0S2005/016174

(SENAPSO), U.S. Patent No. 41B73,460 (Li APSO, U. S

Patent No. 4,789,535 (Li APO), U S. Patent No.

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

U S. Patent No. 5,057,295 (BAPSO), U S. Patent No.

44,938,1647 4966 ABSOR,976,785, B 4003, NetO3,0667a8] $1675,09Ad all of

4,851,106 (OrAPO), U S. Patents Nos. 4,758,419,
4?”2‘%?%‘, B3 ?rggl, @géi?l%"?é’oéﬁaf @Y Eefg%‘,%%s( MyAPSO), U. S,
Pegeani No.  biredndidid R4 nclude TrosBAb&MbA EP-0 888 187 Bl

4,894,213 (ASAPSO), U.S. Patent No. 4,913,888 (AsAPO),
U(tBicripmranst srydaBine 4n&8Borloephatiess £\ FI%6(LA6H6)Y), 103, Basnt No.

( HRREZFY olscuuat st s glkplie 34 risalley: PRy Apptcaton

P t . 5 W) -
(380 N 0 2 0 SR OB on

Peatelysty, INesnatidonalORatGH PubUgabisn N8 6Varid /a13a0 pubkished September
i A ..U S Patents No. 4,824,554, 4 744, 6 97
g&&%@ow@ COLPRRS m??lecma%s%?vsegeﬁlede&p%@fta%pfwébook of

213 o SNES O a5 artd REinhOIRMRER Ko X INSGy WO %1[9% which
1), as well as U.S. Patents Nos. 4,567,029, 4,686, 093,

4ar’E&1],1831€11;1 fdllyriegop8utedhydeferdsd, 4, 853, 197, 4, 917, 876,
4.9 384, 4,956, 164, 4,956,165, 4,973,785, 5,241,093
5!%’3%1, 066 andesMors, BERrTes) | siligonyhplumingm ARY/ar npiqsphgrous
I . . r- .
 PABLBRISHA N, I R06R, oA oG (O b Roy i
( silicoadpminophosphytet SAPQE mulealliroplrosy kat esybsBARQ, Jpreferably

Uo.6)),. US Patent . 6,004, 898 I | ar, si
gﬁ%ﬁ’%ﬁ@ﬁ%&?‘irﬁ@@%ﬁ@@%ﬁ?ﬁ Woswg%erﬁ&”@ﬂﬁgsﬁ@g?lﬁ‘géﬁg RAPO
Sﬁ{o'lé%hla?bsiggﬁ/ Stk %’%alf Il 6indEe rS@;’b 2fble@?O0 sieves. In an
(rntegrate ydrocarbon cocatal yst), Internationa

Pambodintéul) | the aidtanis Na. alkd0 thitab 43 4Gopp bAi cfhihe PSepdieriteble of
2001 (thgri,um cagntainip sieve), .an

é@%?éﬁe&ks aafkaling kardy e @%%FO%'@%'@@L@, PepiericNEbly g%%%einents,
R‘i'r%%a h W pr}lfougrl\g%’ﬁégﬂggdi%é%@Lmtﬂﬁﬁﬁ%égﬁh%, cerium,

herern tully 1ncorp ference.

npragequyafien| edesdymiom), samarivmymearogiumi, ppakbihtmnusterbium,
cont ai ni ng nol. ecul ar si eves include alum nophos&)hat e,
( AYSPEYSIYR, Relpiyp, gppipedhulium, yiterbium and lutetium; and scandium or

yttrium of the Periodic Table of Elements, a transition metal of Groups IVB, VB,
VIB, VIIB, VIIIB, and IB of the Periodic Table of Elements, or mixtures of any of
these metal species. In one preferred embodiment, the metal is selected from the
group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and
mixtures thereof. In another preferred embodiment, these metal atoms discussed
above are inserted into the framework of a molecular sieve through a tetrahedral
unit, such as [MeO,], and carry a net charge depending on the valence state of the
metal substituent. For example, in one embodiment, when the metal substituent
has a valence state of +2, +3, +4, +5, or +6, the net charge of the tetrahedral unit is
between -2 and +2.



si | i coal um nophosphat e (SAPO) nol ecul ar sieves and
substituted, preferably netal substituted, forns

wo b@wceafos6 The nost preferred nol ecul ar si eves PCEUSAIPEN16174
nol ecul ar sieves, and netal $Zibstituted SAPO nol ecul ar
sieves. In an enbodi nent, the netal is an al kali netal
of Group I'A of the Periodic Table of Elenents, an
al kaline earth nmetal of G oup DA of the Peri odi ¢ Tabl e

00039k nent s ane am@Oélmdnh the mellecptar GiayapasTdesgyibed in many of

pﬁ}fls@?dg %{ H{:‘?] S nt 4 %{e Sésallﬁgl%tp%ﬁ?& &P}? rulnl)'ll ibal formula, on an

g anlpldraliswakist er b| um dyspr osi um hol m um erbium
thulium ytterbiumand lutetium and scandi um or
yttr| um of the Per| odi cniRa@MAlR)B, enents, a

nsi t B. VIB VIILB

3 2 eEsas | Hafoeet Bas domplatin Akl PSRRIy, g quganic

ofte nddltin ade€ 36 9Bk FunitRE 6T Bdles bR RO lﬂaefoer(wm P,)O, and m
enbodl ment, the metal is selected fromthe groupy

cbasi yalug g’rom 0Go ], pj:efer&bly OFe 0.5zand mst p@feralﬂy fiim 0%m 0.3; X,

d Zr t t .
o e+ s b OH o R T el 46 M B el g, were M
a50Y G HhICsclORR h6f bt OF Lty [AMEAOTE 9, qvnnlxeﬁ,iim VIIB,

si eve through a tetrahedral unlt such as [ M
aivdlIBand \L aathasides hbthg @ cdedie erbthf dilernérs, \patferably Mtiaselected
of. the ?é%e substituent

e SBLTHo h Hp Sreiora a7 COuSECat BenbarGe. ey M eSn. Ti
STRlHd r. I‘r'12an eitbodifhent! B is %‘Eeafé thdn & ﬁﬁl t%rUiZ %d‘%;f yia@ z are

tetrahedral unit is betweén -2 and + I n dne
elgtnathrlimto,reqmwﬁloecul ar Si eve as descrl bed i n many

DU O SR R LR T S nan
-6 oAl X%Zl)n%e rMpRT7 fﬁ%nﬁg 1900SS G 3 iddn the éaéfge%@eom 0.25 to

tenpl ating agent, prefe an organi c tenplating
agénmorerpra;‘erabﬂg musrrem @15 tmO &sx af fréngedl bm02, pfis from 0.4 to

and m has a value fromO to 1, preferably
OOt5 a‘@fiP% %‘Hﬁon%@to Ppreferably fromO to 0.3; x, y, and
esent O P
t : aL I\fotﬁ n% v\%&ﬁ@ﬁ% 5 APQ and"ARBE Mogeg %ar os;sves of

edr al OXI I's a netal select
OItlﬁe ofvefdian pndlu@de blﬁe orBy cbiBinatidB,of \EAPOIBSSAPEE, SAPB-11,
and Lant hani des_of the Perjodic Table of El enents,

OSARL-A6| $ARG-475SARQLE, SAPO-20, SAPO-31, SAPO-34," SAPO-35,
SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No.

6,162,415), SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31,
ALPO-34, ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves

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

containing molecular sieves thereof.



fromone of the group consisting of Co, Cr, Cu, Fe,

G, G, My, M, Ni, Sn, Ti, Zn and Zr. In an
werdedoToent, mis greater than or equal to 0.2pCcEDS2005/016174

y and z are greater than or @3ual to 0.01 . [0040] In

anot her enbodi nent, mis greater than 0.1 to 1, x is

greater than 0 to 0.25, y is in the range of fromO0. 4

to 0.5, and z is in the range of fromO0.25 to 0.5,

mi®@42br ef er dblap embiodirhensmihe . melecwdarOsigye is ansinfergromih Giaterial

to 0. 2, is from.0.4 .to O. z is from0.3 to

o Raving 3w of Hraeh AiAet pEewsCmalin pirduss Sifhitnppemolecutr
MR1eQ6 YbAposiiicl &8 R&fﬁchi@ﬁ ihﬁiga%{hqﬁoleeﬂhﬂgsvéa%e @&scAbed in the
conbi nati on of SAPO-5, 'SAPG-8, SAPO-11, SAPO- 16,

SARD- RatentsApylicegon Sablcain Sarzp210165ABDP8Ulisted R aHber 7,
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sie i ncl ude .one or, a comyi i of PQ 18

SABLCA Bamaoeh e mef ssimipih g saspB0 IR BRtRUW-18 have
AL PR FranfN@ik eCatld sAppad)y Was%@{ﬂrﬁﬁl&%@tﬁﬁt i on of
SAPO- 18, SAPO- 34, ALPO 34 and ALPO- 18, and et al

cd043] ni ng rTibk evolearlassievaasusefid fenbxyganatesrtss blefins conversion
preferably one or.a conpipation of SAPO 34 and
RERSFRES. iR P78 o i gt € ORG el dito catalysts by

t RemBRfind B8 @gathé&ea%éﬂ@aﬁgi GBRL witheoilBlrSatlodh éﬁa{ﬁx Shaterial

is an intergrowth material having two or nore distinct
phadesn af motegskalsidavaecagtlyst compesitiont This mokeculel eyt amatalyst

S PMBTIIOn 35 Ut ko gBofl |shierdt fnd HizSy Bty by well-known
R rarcy STevEs ats , b
RRhhiAEd QRh % g;&zrag ﬁ%&% Pl%i@euz%&? 8&9&@&9 894 {%hﬁes e

Novenber 7, er nat 1-onal Pafent Publicati on
No. WD 98/ 15496 published April 16, 1998, both of

\Mgi ch al%e Bgr i n S’w)lé i ncorporated by reference. In
a L : C888| ecul ar si eve conprises at
I

one | I | )
(P lor k. 1 yuEaeUaR RO 2R S Bl ta M o syratige one o
Ruohbird 8xygmmetes mdiElspéaificaiyp vke diymere @gahiSANp3dndigiscoataining

CI—|AjfrarrEV\ork-t e. ) , i
at least one oxygen a¥oen. 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 useful 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 ethyl ether, dimethyl ether, diethyl ether,
di-isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic

acid, and mixtures thereof. Typically, the feedstock is selected from one or more



[0043] The nol ecul ar sieves useful for oxygenates to

ol efi ns conversi on processes are synthesized and then
woree/00T066 or mul ated i nto catal ysts by conbi ni NnBCT/082005/016174

synt hesi zed nol ecul ar sievesl&ith a binder and/or a

matrix material to forma nol ecul ar sieve catal yst

conposi tion. This nolecul ar sieve catalyst conposition

is formed into useful shaped and sized particles by
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uRuHe ular Satiedsiofieconsiiamg: hplcoHolofra REIVCEEH QYL R moletular

I ud
5050 IBLEDSHSAM 55 O o UEAL SRR LOPOSIUATY or e
vabaomeks)s produedd fromother f2addtooke typivatlf fHans f(‘c&ﬁ e o 30! garbon
al kanes f“UCh as net hane, ethane, and propane)

e¥EBHt TUSh 135 2B - GoERa04ieras JPOREOTRLe ¢ dorpsathes alomy especially 2
Mo &E[rﬁ&lsqﬂ@rhg %hd preferably are ethylene and/or propylene.

[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.
[0050] Similarly, the present process can be conducted over a wide range
of pressures including autogenous pressure. Typically the partial pressure of the
feedstock exclusive of any diluent therein employed in the process is in the range
of from 0.1 kPaa to 5 MPaa, such as from 5 kPaa to 1 MPaa, and conveniently
from 20 kPaa to 500 kPaa.



The nost preferred diluents are water and nitrogen,

wWth water being particularly preferred. [0047] The
waléoamntoss f or exanpl e water, nmay be used eit hePCT/OHSB05/016174

liquid or a vapor form or alkXonbination thereof. The

di luent may be either added directly to the feedstock

entering a reactor or added directly to the reactor,

or added with the nol ecul ar sieve catal yst

ci95dki t i onThe 0vedglit Inurkyhspa@T @elocity €BFISYhedefined aaghe total

cBFteR) A oS ERREne ore Groe R pet e Bt Bt REPRIGRy seve

Sirfih8 chidlydl dcthposiidn 2688 Phr "Ry 000/ 18 | B hs fr
The olce |y§ (s) %ors ol g%{b#a%%w%sr (s) produced fromsnit(cheS on

f 2du$to3000 iy Galexgmplavfeont 6dwm 2o ﬂﬁ)(Bth 'c aotenieatly fiwm 10 hr

SR ol e o B iy AR & BT i ) B SRR pere

arRdably é&ﬁﬁn@ﬂfé&%ﬁopﬁrﬁwlcﬁﬁ@mﬂ &ﬁé‘lgls ihhge PJI%% @Pifrom 20 hr!

process can be conducted over a w dé range o
tmﬁiﬁ)rla'tures such as in the range of from200C to

AR SRR L e
@g&e%él% égggm PRt %&%&&‘mﬁg qﬂﬁa{ttah& %a@ﬁ!}ﬂpfoﬁﬁ&b within

OC to Simlarly, e present process
cﬁre tbactaosydtent, ead qpaeticudarkyi \dﬂhmaangmr aéacparéyssragdeast 0.1 meter

Lg%&%&:ﬁggg?);?%g gea&saer ess Pésl%:@lég?fllclgﬁt he Fal‘tl J m/sec,
‘ ?%m ?ﬂg%k&&eﬂaﬁ ) I\l;{ggg‘i’ @éﬁl}%ﬁ%glﬂ& g?ég%rtéﬁ‘fl 3 804E, éHd typically

aa to 5 Paa to
VBater rad 4anfseeni ent |y from 20 kPaa to 500 kPaa. [0051]
The wei ght hourly sp veI ocity defi ped as
t H9SPbt al ﬁamowﬁs PeasrroRoR st éweﬁ naw%&q%ﬁérﬁssa fixed

R ey L LR
1prc$elssb1, sash hs @ nmlﬁlﬂ‘mbuslﬂiudlzﬁﬂ) 06d procdss, fumt pa&haﬂmlyea tomtimuous

hr 1 to 1500 hr 1, conveniently from10 hr' 1 to
1@@@W?}Oclyﬂluifiléerﬁ]é°e@r?é%“&?§rent the WHSV is greater than

SRR, 0 ]SRN L BB SR a0

- hitbrid reactors that have a dense bed or fixed bed reaction zones and/or fast
fluidized bed reaction zones coupled together, circulating fluidized bed reactors,
riser reactors, and the like. Suitable conventional reactor types are described in for
example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and
Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977, which are all herein fully
incorporated by reference.
[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



[ 0052] Where the process is conducted in a fluidized
bed, the superficial gas velocity (SGVY) of the

wo e@d®0v6k i ncl udi ng dil uent and reacti on prodRCT/ES2005/016174
within the reactor system 4dsd particularly wthin a
riser reactor(s), is at least 0.1 neter per second
(msec), such as greater than 0.5 nfsec, such as
greater than 1 misec, for exanple greater than 2
rHesial Noc 00166064 Atfilyd Maat e2000hémulsplef dese reapter), which are all
typically greater than 4 nmsec. [0053] The process of
thezein AYbHPPIROTACIRIHGERFSRt | y conducted as a fixed bed

ss, or iGal f it drgRds B8 dcdridasedsas a

(OBEAS: ng 14" PhF gYELEF cotpoRimdy, e Prods 18cod
CAAtized ®88 prddskslioz dilgtb eelogityo feslizeddred pracess cufiliing a geactor
conti nuous high velocity fluidized bed process. [0054]
THystepy, 8degsaciaian fykean pRGR EPCPHFTE S et y of catal ytic
r ors sugh | eSieRBLinkRde a
o 1ed be Sr“ggé‘ﬁég%ésg%eggg‘g%%g{rep‘?tﬁ?@ﬁ’f di zed bed _
r g@idt hedNred@0E Syst@n (Haethgt o gestheactioni zane| witthingorfd of gioze giser
bed reactors, riser reactors, .and thle Iike.d.SuitabI € essel
Crsneiere) Bhp socaed aractioh ons, e HR S 1Pt P1e dipgigalie vessel
exa e US..P 7 t e or more
oS BRRUE sompicing bff by More Sycfits | BF one bMoalieRE thelne o
Drisdfwétictor@) endUistipagingpiesde] alBebetainet witkin e gmgle reactor vessel.
Publ i shi ng Conpany, New York, New York 1977, whic

h are .
aFtesh deadisiock.upteferatly sPPigiiig A 9T PIre OXHesRates ooRt haffy, ith
preferred reac y LSer =101, ligdol Which
o Pl pie (R Cy ISR p 3hE op S oS ARS rEack M0 Tialo) which o
FlisiduRa sicve lcatalKs bafPositiagescekdd erse tHeredf igénrodaeel. In
D.F. QG hner, Renmhold Publishi ng Cor par at i on, NemeYorr, 1
1060 smhpdimgnt privie reingointraducsd to dse piperJeagqipr(s)y Higeppolccular

bed react or and. U. ept..; ' 0 j -a liquid,
o5PEn aas! FomBRR o SBORER RhrE R ISRRRIAGE vl faui
V\’gféf&aﬁzewﬁkﬁ o @fidthdhol, Urldyori 21gas;, ffor akapley an éhert gagsuch as
[ 0056 one practical enbodi nent, the process is
coiithgened as a fluidi zed bed process or high velocity

fl uidized bed process. utilizi . - cuid
ré@ggker ati or* & SPE %g%%ltt’atlhre éa%ﬂg)\%le}??/f g%?géﬁ&{%%g@? aﬁia fiqui

_Sldﬁclﬁ}’oga RESGES Shd RAcloe aysian iSinsthe fanyewf dron Grvieweight pgreent to
include a .
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.

10059} 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



fluid bed reactor systemhaving a first reaction zone
Wi thin one or nore riser reactor(s) and a second
W0 e@ed™re zone Wi thin at | east one di sengagi ngpeEESBI5/016174
typically conprising one or ire cyclones. In one
enbodi nent, the one or nore riser reactor(s) and
di sengagi ng vessel are contained within a single
reactor vessel. Fresh feedstock, preferably containing
ofteds within tha disergaging vesseli eanadlss bgiusad dpseparatenthe cafalyst

di nt. ( is.fed to th ne or riser. r.eactor(.s

" s, g gieconoR gl B et o IR PisTBBL O Stk e
C eiaRstvhipodftioh FRMe e vapor frbaRA 4§ &Hn iftludeABe use of plates, caps,
enbodi nent, Frlor to being introduced to the riser

r eowsr gnlithe tike nol ecul ar si eve catal yst conposition

ok ed version thereof is contacted with .aliquid,. .
IR b1 ) “TReBP GHEbrindre CamRe Ea e, plyeka Stripping
e%ahd bically ih A86WeFtttisH 6N1IR Uik AHE Vesst0ARhe stippig zone
embodi ment, the amount of |iquid feedstock fed as a

| thguicokesnctalystacompesitiqno ist hentaeted twith 9y gasemrefsrably vhe or a

range. of. fromO0.1 i ght percent.to 85 wei ght. percent,

<8R biabhon gl eepisHitper Bt TOsidceaBry MoK BehidroRen, or
8k Gndry BhC fldhYas! 4860, Soréfiy sR&MC & FecbPerOnisvRed tydrocarbons
percent based on the total weight of the feedstock

i frohu thenepkad ycatilyisti eompevtemilmeds tiverigiroducei do | theuéggneration
and vapor feedstocks may be the sane conposition, or
nﬁyu?%ntain varying proportions of the same or

diddeajent fegdsbpcKsiaMdRolBEsiENR Wihdhkh Foihe disengaging
diluents. [0059] The feedstock entering the reactor
syssseimand iptreflened btoy theo megmertion psysteimal The aegdnetdtipn $ystem
the fi.rst reactor zpne jnt vapo roduct stream .

¢ FOIRPESS arseviieEalon Warig AR frked cEEBE! BRIt 1§ cpp@cied with a
c 26 OpRASHBI 4 RohiRiky 8kfghe ional
oA i PRASHIIY Al Soh R Sefien”ipder conventions
diregengagomepndasse lof temeepareapressuheacioksdencatimies st

R3] ror o Novai s SKADAIeH A HEi N S agTe: Pedeandtde one
Aot BRHALE YL SO ATRS GO N85t USRS Skt hkhighn or

e di seng g vesSel” can al sO be used to separate
t barboadadxydt oxypmanasidtwaier f7.SnPdtte Na 24557039, ucarbon monoxide

strea O her t hods for separating the catal yst i
caﬂ@egbwre%m r BYHADHR TRESRERILGN SeRstiions: e Aase fapihie of Ruarning

Ug&kd o] ﬁ{eeéokeﬁacpﬁalys@l &%Siﬁ%ﬂ,dpfet?&aﬁlglkt%' a level less than 0.5

weight percent based on the total weight of the coked molecular sieve catalyst

composition entering the regeneration system. For example, the regeneration
temperature may be in the range of from 200°C to 1500°C, such as from 300°C to
1000°C, for example from 450°C to 750°C, and conveniently from 550°C to
700°C. The regeneration pressure may be in the range of from 15 psia (103 kPaa)
to 500 psia (3448 kPaa), such as from 20 psia (138 kPaa) to 250 psia (1724 kPaa),
including from 25 psia (172kPaa) to 150 psia (1034 kPaa), and conveniently from
30 psia (207 kPaa) to 60 psia (414 kPaa).



[0060] In one enbodi nent, the disengagi ng vesse

i ncludes a stripping zone, typically in a | owner
w@onobioome©f the di sengagi ng vessel. In the strPEPUEY0S/016174

zone the coked catal yst compo&ition is contacted with

a gas, preferably one or a conbination of steam

net hane, carbon di oxi de, carbon nonoxi de, hydrogen, or

an inert gas such as argon, preferably steam to

r 063k r adsdhbecsidepde diowr bbths databyst ichmpositienl i dicatogsterator

co si.tion that.ls then.introduced . to the .
¢ BB e in 1eings O {56 o SuRYle 1 SSVEEA UiSaRigh,ps from one minute

CRJTPOS Miﬁlﬁ@s,iagd \hd DAERED£ k9B Rk iré%&lgﬁ%ﬁ‘ a¥ BR§¥e in the
and introduced to the regenération system The

r e of dtono A.(d yisolepeomnptol § ewlapewgermsat on thvhtta vohene of
cqked catal yst conposition is contacted with a

r Bfer¥@r ati on medi um preferably a gas containing

Oyougap undef. aRRYERL e ' copgli;t i ansx :
ten‘peratur e,qihgr essﬁa1 edfgn rlcgls?lgg%ggﬁétrﬁrbél. 9‘?@(#’62/()?1 thermic
Nozaetionyiand g ae xabpdiesny thestevpatahere mathém theat gamaratiod isgstem is
i ncl ude .qne or nmore of oxygen, O3, SO3, N2O NO NO2,
NBe5trolled by eariougiFaclipiahes,int e it IGlgineclecting opoled gas'to the
di-Qxi n U t ent .
e o R R i3 ot Cfg (B, Br S Lohitmons
cordk} dromeombigatidiothereofi pAlprefeatd bevhnigng itvekteesfwitnirawiag the
coked catal yst conposjtion, preferably to a level less |
t FRERneratsd GAlyHY qoamosion biaQadths rreesrerdtionasysigdt gre Rossing it

t B0 g atIRAEGM Ao %%rﬁlvg c8@1%<?gér’ﬁ%hg‘é&ﬁ%§il sk g{)}n{)%s(ietion. The

entertn t regenerati on Sys or exa

r egelysyr addlen) ihespembbdinentyay Daecatnetdhengeantst i3f ldcaed either
200C to 1500C, , such as from 300C to 1000C, for exanple

f Hiprakben extegal (e, regeneration, wistcaht Qs pathedpfer ensrating a

IPRRRanIE PO PSS P 6 o4 oA
s iplistas), fwldoh ROiepsi Aillyiddridtar)l byeeRffcasi a (1724

kP@%) including from25 psia (172kPaa) to 150 psia
( [¥993] K Paa) Thandescaerpisai catalyst f cOmPaLeN| Withdmwnk fiem  the

o ab gt 0 SO LRSS e

I alodeeull sfevornialyet ¢onpositiohnd@r e@e-alrciilated Snolsdiddy sé&e catalyst
fromone mnute to 100 m nutes, and_ the vol une

o%9IEBesitien ankor fsedstaok anilion figals Samgr liguids, and, éemmgcfi 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 reactor(s).
[0066] By controlling the flow of the regenerated catalyst composition or
cooled regenerated catalyst composition from the regeneration system to the
reactor system, the optimum level of coke on the molecular sieve catalyst

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



range of from 0.01 nole percent to 5 nole percent

based on the total volunme of the gas. [0064] The
wbroosione©f coke in the regeneration step i s apCT/US2005/016174

exotherm c reaction, and in & enbodi nent, the

tenperature within the regeneration systemis

controll ed by various techniques in the art including

feeding a cooled gas to the regenerator vessel,
openteplling dhe Hiow iof a detalysh,compasifinnodeserikad in Michael Louge,

S -cont. i us .node, .or .a.conbi nati.on, thereof. A .
SEsrapral dedie. | eeneus W REd B g, Avidan and
r EReRabA! @ds.Catiadiist 199MYISE-83 DN Whieh {shBereBO SRRFIrhied by
system and passing it through a catalyst cooler to

f taferencecool ed regenerat ed catal yst composition. The

TS, 208h i RS, i o8 SRR v
I QEBORKAAS OtheS YoataBiBt E3STsitiPRl NBGIA I  QRREAIIN %r@l\cbess and

regeneration systemare disclosed in U S Patent o
6 detemiaing ite ombooldontegt. ndiypicalr kyels wii elreian thermplecular sieve

fully | ted by reference. .[ 0065] Th .
el SRR et YedspBLoh: B iy e arasnor Ao O weigh
 BERBAT @ 1| SNVEAYE! S8ter® SlcHr AP E¥nf DAMWRIARRKASE to 10 weight

cooler, is conbined with a fresh nol ecul ar sieve
cacsbntstfor orrpoyile | Domafd/ oveighd- pencentl & el woigbt deagent, and
si eve catal.yst conposition and/or .feedstock and/or .

£ PESRNGALS G5 PoOTHER e B oot perehcbisedan (e weight of
I 8RGLOEESIr sidyr. One enbodi ment, the regenerated

catal yst conposition withdrawn fromthe regeneration
sYO68n i s r &her vepdr tpyoduse striesmr isr wathtiems Yrodi rthe tdisengaging
preferably after passing throygh a catal yst caqal er.

C Sfsiom And Dt AoV SV 10F SRACPUE I PO theflefins
Olnd bt hidtful BéndBaHe pR@RLisueat | nuously or
cont?ﬁﬁous y,cgtﬁ%)of acéljl [ t%{)e theS i ntroduction of the
regener ated catal yst conposition to the reactor
reﬁerabl;i)to the one or nore riser

et RecoeyIPreeess ont rol 1ing the flow of the

r eaets .
r r at ed |t e :
RO CombBaprofRTRRGI o fhe SRRLER: LSGERELBRIon
t pocesaddsoribaly sioee)is tahengéx mixtutevahpriding dkee desired K& to Cy4
m)lgecul ar sieve catal yst conposition enteri.ng the

r 8lgking upconygrtedl gxyadiatesh By t%ge%hﬁpgu@gg Cy to Co

f Qfd%%g ?“:dhﬁ%/?%%gellt‘éagigﬁ g{‘g’d?oc&%ﬁé YRR AhndaiiRE) and large

P

desc
amounts of water.

[0070] On leaving the OTO reactor system, the vapor product stream is 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.



Experi mental Techni ques, G rcul ating Fl uidi zed Beds,
Grace, Avidan and Knowl ton, eds., Blackie, 1997

W@ 386408869, which is herein incorporated by rebPer/esmesni6l174
[0067] Coke levels on the cat@l yst conposition are
nmeasured by wi thdraw ng the catal yst conposition from
t he conversion process and determning its carbon
content. Typical levels of coke on the nol ecul ar sieve
ci@yst cofpesiatdreich tafttoers stregrfematheoquengh ¢ower willecontain

range of .from 0..01 wei ght. percent to 15 wei ght
| Sty othef, GRASEAE - Brmafaitioh ooy MiAiese Fugh 2% SiFbctss; grgcnate

PRt &8 RXBARIChd %e?-&y%?ia@é@t crefted et b%ﬁggéucts of the

wei ght percent, and conveni ent fromO0.3 wei

pexygenatetio defives phttique ifareetanipis doht o1t inatedeiog lethanél, ethanal,
mol ecul.ar si eve. [0068]. The, vapor duct reamijs .

PR Pi R, Chmgg) TS yadthvh i GhersatPiegreid and
g?s@ycﬁﬁa/ 2SS UM E)nggﬁﬁﬁﬁ@rcﬁtth% sl fYihBOwitBerich bottoms

efi ns and ot he eful conponent's in the product

s streammaYTRrPrwideiyt dégendant upoPrthe astmrd 0068 oXygenstagorolefin
product, stream fyromthe oxy e to olefin,conversio

DS 202 BA0GY b SeOhet g SO e
C P HoBbAGnt e thl&s '(J{ngrgerfégestiﬁ tfré v2h &I S hotREC R¥GH ﬁ%%z vary

oxygenates, by-pro oxygenates (including C2to
amdédly deperalant k@inothe specifienvf the duedclot@vdrpsgch as the pressure,

i ncludin ropmat i and | arge ampunts of water.
f eyt atﬂi’?gqngi’\?{gﬁofﬁ)é LK) a.ﬁa AeuE; 0 %@?ﬁr l?tﬁ@a@apor
o] t str j ' |
DAL o | SRR ReTbr 18Rk QbR Hhe WAIE PR BRI Sheam
t ovilt meedrpd anydengp Wather paeedsirg Queovide ethponentd in 4rheppropriate

guench tower, npst of the water (generally at | east 90 |,
wtE§e o5 usseotpfithat treaiinedhng 8-s PEQHR ASKYCh Alledny 19\ fipugh in

L SPRRaL Ot PR ARE B8, bOU IR} Pl s
0Xyvg enalighsini wateheorpéra due tiseSisr fiahvmlfoe additiovad sbmenpdifdten the

top of the quench tower as a first vapor effl uent
s OKBeeRplEL to ol plinss progess < AP aratiy7 1Exappples, gf sjicly fregjment can be

bR B At NOSE 611213081608 R4% Tanh d 5 EOY A US 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 wt% 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



various other materials in addition to water, such as

unreact ed oxygenate feedstock, e.g., nethanol, and
wobdenomsygenat es created as byproducts of therPCT/US2005/016174

oxygenate to ol efins reacti ol for exanple, but not

limted to, ethanol, ethanal, propanal, acetone,

but anone, di nethyl ether, nethyl ethyl ether, acetic

acid and propionic acid. The proportions of these )
oXiethanglt-water fragliamaiion éywerj withiet inoemential beahload/invthe primary

i.dal ependent. up t nat ure of the oxygenate to
%%ﬁi%p @%@P%F?Ct“ioﬁc??ﬁbﬁ(ﬁgof%”ec tock, catalyst, WHSV,
t eoUyay at ur e TRB dirdd RS WTBuedt Hi!’rédi& Exitih@ 8s VPR ASA %heoc{uench
t hese oxygenates in the water-rich bottons stream ma

y
viarweris epilcally ap e ddstrmressprnoft fiemslppsig ¢ 460 psigt(heS truddkPa),

he. pr. , d. hei ght .
¢ R a5, 53 80 I B BEERTIE D 60 Rl B ofisto 30
Rpgiar(@v®@ss 308 kPae CxRfehichBYPAsitéhpdtatutd 8 WRLEET Tigoh effluent

bottonms streamw || need to undergo further proceéssing
t 8irgaw s deash BRPTINEALES) pmd gencegdlyr mpmioret thag t120F (4% Clysech as
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in water content for use as fuel or for addition to

suit, pbCato Cp cathenyd xpmenunds and mol mbierthap 1 0 wa¥s farexample no
appar at us. a es of such treatnent can be found in
(RERE i3 v Roth & 19 ek hang il M- and 6. 459, 009

apgb7s) S Pat aer ARRINGLGRE Ig@BndNOtowkP/ tﬁg%r%ﬁtﬁ |etﬁﬁ1eent stream is

Novenber 24, 2003. [007 hi one ‘enbodi ne
watrepressed andodootady cetveasmtly isitigr mottiple stagas of compression and

wat er - oxygenate fractionatiop tower, e.q., a )
WEOUFIZ S WEFICS (4 ST 209 U5l Pireatth dn'ong opkedipegf, the
t @oﬁﬁlg.g%@{ San'ae%‘@l?g o®Nhe ORNET vAN6Y GGAALRS s@éan?rballlms%shpartial

over . 0., ater than 20w % oxygenat es
t bendsatadino sobwitnprodcgel secumt effjuentaliqhid stredrarin iaddiipn to the

pure ter as. a bottons stream  typically, greater |

{ FeRnd R FHseRr iy, Tecsteerd vRRT Jautits MigakicFontains the
e t %% \ '

o SRRl IR AR BB e TR A IR s,

usedinf partimdan musafy cootams at laastl 300wnp, asclaad sddast 60 kwitq for
t he O reactor al ong vviththeéﬁrimar oxygenat e
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The second effluent liquid stream contains the heavier components, including
some oxygenates, as well as the remaining C4 hydrocarbons from the first vapor
effluent stream, and further contains some Cs 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
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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 C¢ carbonyl compounds.

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

first washing step comprises methanol and/or ethanol, and preferably methanol,
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of methanol employed in the first washing step is 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 C4
component of third vapor effluent stream and (2) prevent the formation of a third,
aqueous liquid phase in the first vapor-liquid contacting device. In addition, the
amount of methanol employed in the first washing step is generally no more than
0.5 Ib (as pure methanol) per 1b of the second vapor effluent stream so as to limit
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 Ib, such as at least 0.06 1b, for example at least 0.07 b
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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 Cs

carbonyl compounds. In addition, the fourth vapor effluent stream conveniently
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[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 C, 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 C4 containing stream prior to separation of C,

hydrocarbons from Cs+ hydrocarbons. In this embodiment, the separation is
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CRirthdY HaLEHRANS LABE & s+hydrocarbons and produce a C4 hydrocarbon

product stream containing 80 wt% or greater C,; 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 Cg carbonyl compounds. The C4 hydrocarbon product
stream can be used in the same applications outlined above for the first Cy4
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 C4 hydrocarbons contained in the
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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 C, 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
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ether. The separatjon of dinmethyl ether can be

c SHieRTb I dn ene gBbodisresf at Bird{fad PME ¢qnigining sieasn Thg third
SRR3R, 306 5 L BP0 R g T Uity

r dayecthe ditttibuieh ¢isted @bbeacdrithe first I8 coAthitiygl stocaat badithe first Cy
streamresulting fromthe separation of DVE fromthe
f apd DN coRipimVE SEea.aicapsTlvalyr @hsansby pagd 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
C,4 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 C4 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,



considered a first C4 containing stream characterized
above. Additionally, the C4 hydrocarbon stream

wo eadlooiong from the separation of dinmethyl ethepCT/@smhos/016174
C5+ hydrocarbons fromthe figgt C4 and DVE contai ni ng
streamis al so considered a C4 hydrocarbon product
stream characterized above. [0093] In a nodification
of the process described above, the second effl uent
| ngegnyeged methangl, dytpredice dxygenates (ineudipgdtewsChgldebydes and
S rate C3. and. lighter.c onents .from C and heavier
ciﬁ%&‘ﬁs@’?{’e&vwég}wgﬁqgﬂisl (ym?tﬁ?%g @8’5’&?%5 iaﬂn%w %‘i occur in
a [6097] PPET  UGMRYroduth Si&inp ckiRCE GERAA 1©f thtdiRAlide! Ak is fed
is provided to the top of a staged distillation tower
h&wianguench eloviet dib, beltere she pruiant streanT Hs syuse@mdatvithnwater to
W ll. create g second CA contajning stream for exanple
2 SORGFESS TGT hegRip RSP SIS TIch RO peaRoREIch oxifs the
U hdberNBSthYRIpH lidel§2 nd R R8% b ivaRlSxye RO B8 chatib? 4,
exanpl e 5. Og&t . ‘FA) or less, or 1.0 thy%) or Frgss, a5§ E)?‘ﬁer 8
wilhewwerheaskfomFug tomer 16 & 4 fifst hapoa piitueaf ftieamn tvhidhrawatains the
wi,l |. he produced, for .exapple as.the overhead product
oftexited QPR BRIt g 15 b ABORgBE 1§ I ArkepRrRISyr 20 The
Wegiabessi ROREhp%suRAN: HRE vhyRer bt
enpl gygd and H%)e Scondietli onsyat %@E&%ﬁgh&epaﬁsﬁﬁéﬁm 2
c sershuds kigher Phhesstirefanii thearpsultaat first eompsssedamponelfflubmrstream is

e le, . co i se aconsiderable portion of the C4
btBieh TR B2 e & BCGRe Nert CRBREST Pui d, say 10 e . %

0 ater, 0 r 0. I

O econdc P ticub i 2 SR eclp! Aombbete Fir Sffuen
| efacam angthetreontant fitsheorfipretdad wa@ovoled fapoe rifflwint stgenm & then

SBERIRAR Bl B Rt e el
pe&ne(ﬁ% sendinybgu #eaﬁﬁ f od arafe%nm{ gt deBbha ‘v%)o‘?ré}ﬂﬂ&ﬁ stream,
the t |r% vapor e uent gtreaw1 n suc a

emthodh erétst the tdnem @8nthivvell cedead liva30y asd b lsueotid Bquié @ffluent
and fifth vapor effluent stream (or, portion thereof)

p PRy e X isdhe 1711FJ§1|5 2§ Hepughdotionss limg §8ai nsI at | east
5 % %
78)0\??% 9 S uﬁ“ﬂe as%cg?ﬁd[ evgg(?r[ é:gﬂlv?}% " é’tr]pgrﬁr ccﬁff:ﬁﬁ? tfie a&qsirgc?sc;leﬁn

such as a or exanpl e at east

9Produbts anddb fed batlinkexsto Bb bottdm of a tthe ouhpeheat Bagtsonal
[ H t.he first vapor effluent stream Conveniently, the
f AistiHatiogp spluary phethile @r Hawr dpohal-centaining, eirgang,hpreferably a

CMaﬂgﬂco%%ﬁﬂiﬁg stream, is introduced into the top of the column 34 through

line 38. The alcohol-containing stream removes C, to Cs 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.



vapor effluent and fifth vapor effluent stream has

the sane ranges of tenperature and pressure noted
weaoosioeToes or t he second vapor effluent stream p¢DOSHP5/016174

In addition, part or all of 8fe first C4 containing

stream and the second C4 containing stream can be

conbined to create a third C4 containing stream or in

one enbodi nent at third C4 and DVE contai ning stream

THELO0hi r d CAVateris ahtridygedsinteiimtomeidthe helumni 42thongh dige 44 to

cont.ai ni n ty ea onveni ent | ve th
atep SRt B o aNpef PTG Y il i o goarbom
stompouRdrdhend thiditvabér afffhefNercaRnNdstit ToR8 piwaBdiMhrough the

respectively, and can be used in the same manner and
sqolusnr 42 toHs phesyhrelipe ceygenatepantzioingdwalsp viredmrexits the

B SpBR 2 B0 B FE LGSR b S
aBiledalVExiePiheab R bNtheo@@y2 HiebugXMPLE TRE ok$EnAR-Rntaining
fuel or as a feed after a subsequent fractionation

stager sfrogn gfq thRefled by h'ge #o t(FtIng@tellgxygqmte fiiagtionation tower 84,

il th [ . ti .Net h I

+ SR e RBRn ARy PSSR Ted Bt 2 e A SuEBiur ag

L Q101e examph&notaukhie sbiyigRt isOtrobiflceddhinto &%&BRL&ic tower 50
nmet hanol is fed through ine 10 to an

oilygeginline 62 tokehdvescartmacdioxide Frapw theafouithgraponefiflsent dream,
i eve catal yst i ch converts the nethan 0 a, vapo

o P PO s S i Y RS v 0 b ER%Sa. A

OtﬁzLdbﬁl&w%ﬁﬁ% S dRLARRALam R¥HPIHRAYRE, X YNEEHM Bfe 56 and

(including Cto al dehydes and ketones), heavier
hisdpzssat lwnsmplenelau dieng adswbert $& syhamdvatert &r renfoded from the

T duct _.streamexits the reactor 12 th h |ine
PP eAgren R et Hrsoroee, IARGROY OB
sfo1a i s qe&eaﬁaﬁﬁmmltd_apﬁmﬁeﬁt%%&%%ﬁé ghrﬁf {Vlaga}bte%s through

product stream a water bottons stre Ich exits
t hise t6@ward 1k6fetitp UGl fractemn8Rorabwvdr H64 etleteoprapylene and lighter

ter-o enate fractionati tower 84, The overhead
{ PufiorHBOT A T s pvpTheRd H%lb%brhr@r 9 fp I pEagessing and

i _ _ . Lefi .
R AR g6 6t Bl s 0 o o o
c fingd I smd DMiecdnitaising wapan ieflieh fedito s DMBrdctiomatian tower 70

first pressure to_a second, higher pressur

d
r &by igmOvey disgetind ehice 8% 8y ovaperd séreﬁmut@mugﬁtlﬁggﬁqt @E use as a
F k1 bPEYUBEydid REnE ZedcRrad. IR ¢ ACH AR stR4ANRNER 742 0m the

fractionation tower 70 is then fed to a Cs+ fractionation tower 76 which separates
the C4+ stream 74 into a C4 overhead stream through line 78 low in C; to Cg
carbonyl compounds, and a Cs+ bottoms stream through line 80 which is also low
in C; to C4 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 C,4 containing stream and a fifth vapor effluent stream.
This separation ensures that most of the Cs and lighter components in the second

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



[0098] The heat exchanger 24 cools the first
conpressed vapor effluent stream and the resultant

wo 2oosomesrpr essed and cool ed vapor effluent strPeBIB2085/016174
then fed by line 26 to a flash drum 28. hi the flash
drum 28, the first conpressed and cool ed vapor
effluent streamis separated into a second vapor
ef fl uent stream which exits the drum 28 through
othenHedtly line 230 theafidt eowswaromeent ifgctichad fistillatiin etlnueadyd for

ich.exits the drum t hr ough bottons Jine 88. .
[ ols6 e dBr xRy b OPERCh oSt B ED T BPTO0 e liquid
deskdRd s@L&h iR R1OWGhS i@Bekskd tbfthd? Yvith W FPstt@, LilE DME-

i.
bottom of a fll rst count er?urrent fractional
deattaihingtstreamdo linea8 BxthaIME fectiompiiod tower 70.
al ¢ | -containing stream preferahly a )
ntqlﬁgﬂol - corlt’&i Y 3‘@@’8% ifréCti“?ﬂafle%ué%We’i ntd EERSIEsp the
O{)X}tégn%ﬁ e QHIhiR¢ ABHIRedrh N8 B& 36NBom Ec%e first coun}:ercurrent
al ¢ o?- contar nt ng streamrenoves to car bony
¢ fraptomabidisfill aiiont dodurse 84 antl tha paygatid-comtdiniag medenstrsam tin line
fl ows upwards through the calunn. 34 so that a liquid
oﬁé &@ﬁh@@ﬁ@%}@wﬂnﬁ@:ugﬁ@ofmﬁw%&qn rdé%ﬁ%asszm pRlupREZy khedfver 84
0 I t ' g - :
R R e R S A R
c tihe186) veHich by @ugtied forthe AQctoll h2, dnidraewdibr bettohss dtiearnt iniling 96,

vapor effluent streamtq the bottomof a second o
CBibersc URPEHY 18l ndhie BHCeRd (PR EBHIER Erﬁﬁﬁ%@! distillation
b

i t ' 38 4F - it aigRi Ng
S 4 B R S on
t (0¥05] 84. [ OIBO] invéihitdon ivelli ndéwobleicadre pasiculaelyt dgscabed with
the columm_ 42 through |line 44 to_renove the al.cqghol
f referenggtortherdionnapracticdd prangtiapt o presess shormdn Figure 1.
conmpounds fromthe third vapor effluent streamas it
fl ows upwards through the colum 42. As a result a
| Edinpl©Xygenat e-contai ning water streamexits the
bott om of the columm 42 through line 46 and a
wi196] washed Pidrirmlentyagar the progesstshewpdn Avigue d svasrronducted
t gpwﬁ{chttﬁee Se¢3 ll(kj gﬁhﬁ‘ég’c stt@%ﬁl{rgz@ Vl’ASHgd 48, H&Sti nacl1 djstillation tower
oXygenat e &ontarni ng water streamis TheR T& by fiHe
46812 atptessuid 6f 1 SXYPeNal3s kPHeind analkilanol fuwrra@dof 151b/hour.

while the fourth vapor effluent streamis fed by line |
48he sompesitieniaf theviepongoeffipentostieamy atigh theapstijagol-washed third

sQl4t i .S 1ntrodu i-n t he caustic tower 50
tﬁhﬁ%ﬁﬁ%ﬁaﬂleargihcg%n %?T\g\}rétrglglggbn di oxi de fromthe
fourth vapor effluent stream




whi | e spent caustic solution is renmoved fromthe tower
50 through line 54. A CO2-depl eted fourth vapor

webdocoente stream exits the tower 50 through |iper/b820amclic174

is passed to a nol ecul ar si e%2 adsorber 58, where

wat

and,

er

af ter desorption,

is renoved fromthe fourth vapor effluent stream

is extracted through |ine 60.
[0102] A dried fourth vapor effluent streamexits the
adsor ber 58 through line 6Takkdlis fed to a C3-

fra orn—tower—64 ye—apa—H Fy
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t hel ¥Methyl-2@4ntanant DMECoND8003i ng st redfildn | i ne |6800D.5609 |
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is operated to separate these streans into an

oxygenate-rich overhead streamin |ine 86, which is
woeayobmdst o the reactor 12, and a water bott OPST/EE20850M6174

inline 96, which is partial33d recycled to the second

countercurrent fractional distillation colum 42

through line 44 and is partially purged through |ine

98. [0105] The invention will now be nore particularly

di9367] bed wittwillibefsesrefion Table hihaf thelmoethany! prasic taneades all the

exanpl of t.he_proces own in Fiqure Ex I )
[ROBTAS 1 P T GHOTEr S e SEe: BROELdar BB (o dimethy!
FLELS Scelai@sas OREMEE 86l 3 i1 sRnihgns econd ef f 1 uent
stream was shed I1n the fractional distillation tower

2[188] a pr eVéileethefprebblt ipsermiof I8 HekPalpscaibed andelisimatid by
flogw rate of 151b/hour,. The conposition of ,the secon }
TRERS T PREAR G U AE N SR - e ST D St B Wil
Séﬂxﬁ@cq&t@rtﬁatstﬂg‘i‘ﬂvegﬁbﬁ‘l‘éﬂdg itkeR1t6 vhrid@sHsCnok[fxb&Ehrily iltustrated
wl'l be seen from Table 1 that the nethanol wash

r bereine sFal thig teescon Yigpen a¢fesncastiduéd be msddesmiadndo the appended

ef f]l uent stream. except for part of the di nethyl.
oPIRIRS 05 pUPAPSHIl ai T Ring B NS AEPPS Y RFFSSTE R iR

[0108] While the present invention has been descri bed

and illustrated by reference to particular

enbodi ments, those of ordinary skill in the art wll
appreciate that the invention lends itself to

vari ations not necessarily illustrated herein. For

this reason, then, reference should be nmade solely to
t he appended cl ains for purposes of deternmining the
true scope of the present invention.CLAIMS W claim
1. A process for producing an ol efins stream
conprising: (a) providing a first vapor effl uent
stream from an oxygenate to ol efin conversion
reaction, said first vapor effluent stream conprising
C2 and C3 ol efins, C4 hydrocarbons, and C2 to C6
carbonyl conpounds; (b) adjusting the tenperature and
pressure of the first vapor effluent streamto produce
a second vapor effluent stream having a pressure
ranging from 100 psig to 350 psig (790 to 2514 kPa)
and a tenperature



rangi ng from 700F to 1200F (21 to 49C), said second
vapor effluent stream containing about 50 wt.% or nore

wobomle7o&sl hydrocarbons in the first vapor effPOEDBE2005/016174
stream (c) washing the secofd vapor effluent stream
with a liquid al cohol containing streamto produce a
third vapor effluent stream and (d) washing the third
vapor _effluent streamwith liquid water to provide a
fﬁﬂée[.M.S/apor effluent stream said fourth vapor

efit| stream conprising about 1.0 wt.%or less C2

t%‘;—eégﬁé»%rbonyl conpounds. 2. The process of claim1l

wher ei A pgadeds fudtjpusiucing abloleffsgtteanr sompiisingecond vapor

effluent streamwith a pressure ranging from 120 psig

to 290@si gproyuking & figsf yapqrgbilyent siredra dkom yn pryganaiedo olefin

psi g tgonjvzgicfﬁsliegct%}lo q st Js%étlgir ﬁgﬁgﬂt sﬁeaxg Q?g@hgﬁlgg% a?lfd Cs

claim1 or claim erern s justing ces

sai d selefing Cydpdfocabbhdjend Csto €acarbbiyh cempeurdes at ur e
r angi n@)@f rom8Q0F to 1100F (27 to 430C), preferably
from 9MF t #jugoerhe sempegatysrind prepsie of dbe disstgrapai gifluent

preced; cl ai rei i c a f.f n
Gt 7 cart oot 1 OS] £ el P EO RN R onl VT proseure
| east réfgitt%rori@Dessabioy3 50 pligd$o0 8291 A/KPaPLR a temperature

preferably at |east 90 wt % nost gr eferably at |east

95 wt vangingt fiemc/ KYdiooéH Hordd ton4PHe, fspidssecongaiapor effluent
ef fl ue t . 5. G f r LN I
oher of fheeReCGRTHing o0 B ST SREERE oflre FEAP LKAl e

of at fisasipoB@Hlfedi/deampr ef erably at | east 900F (32C).
6. The g)r ocess of any preceding _clai mwherein the
washi n@) ( c) weshieg Heutacer] yepy ¢f8nper sitcamewsth b qwigralcohol-

mor e parap et B PUR I AR e s d )

proces@)of washifs &6 &didehpet affieiitfcamivitBquia sWtdtdo provide
is conducted at a pressure of from 100 psig to 350

73, (150 S0 okl o iy g,
PS| 0] a r rerera ro
psi o et 13 F B 58 Bl ELBSAN bl

2. The process of claim 1 wherein said adjusting (b) produces said second
vapor effluent stream with a 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 1 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).



8. The process of any preceding claimwherein the

i quid al cohol -contai ning stream conpri ses nethanol .
w@2006e70ps ocess of claim8 wherein the anmount BPET/US2005/016174

met hanol enployed in the wasid ng (c) is from0.03 Ib

to 0.5 Ib, preferably fromO0.05 Ib to 0.2 Ib, nore

preferably fromO0.07 Ib to 0.1 Ib, nmethanol (as pure

net hanol ) per Ib of the second vapor effluent stream

149. Th@h@ mmsss obfinyapiecpdieg ethimgwhérainnsaid eeeind tdper effluent

washi ng is conducted at a tenperature of a

80F (2%@1 containg plalsps) © gt‘m’r /ea%qnvgelem?x ablegst P, Wt‘%}h@refterably
proces y iR (

i s con u%%sé avt‘lp/;q{t;en‘ﬁggfglt%hg)eml £o0 n‘%Jt r/ge hﬁ%\é\%%%ﬁgly A)east
(490) , 9PpmaTee b itk V4 mydrpoaboniarthd O v Effluenbstesam.

preferably no nore than 100F (38C). 12. The process of
any preceding claimwherein the washing (d) is

c nduc : '

o SERtpeR A5 Bl ARG O ka0 R
p3| g (928tehpeibidt ok Bd}ast BOTR(20GPEY, predlaiahlyfat trastIMOF 132°€).
to 170 psig (1023 to 1273 kPa). 13. The process of any
precedi ng claimand al so conprising fractionating at

| gast pRLl, @fessi @@anﬁ,ﬂd%ééeﬁl $aRAm \%g# ﬂle@k ﬁésﬁ%%%} R conducted

prooduce a contarni ng stream an I'rst

cont ai @i agemspdaratars ofldh mbhethandResE (48°(Q)] piefardidy whanererthan
said first vapor effluent streamin é b;oand aid first

c4 cond B0Hi A3 @H"é’ﬁ‘?ﬂlﬁ?ﬁm?épo By ead 0 F+(3I§yé}‘ocar bons
and said first &4 containing streamis subjected to
further fractionation to separate C5+ hydrocarbons

t her ef TagpesdsToatygrecedhghiladnoehehinthprwahing (8) semmducted
15. The process of claim 13 wherein said first vapor

ef f | ueft @ raseumal irqua)l 09 prigHer3 Vais (S¥stodk ﬂétlﬁ’;?v proferably
h
ether wolEl g%gpr ol fid ggagttb%%ﬁ'@q Gre! kb BBAT 140

effluent s cont ai n| ream a

first odigand7@dEgcmoBas n2TgkBL)r eam and sal d first C4
and DME containing streamis subjected to further
fractionation to renove dinethyl ether therefromand

PgO duc The %'rgcesé & ﬁny%ege%ﬂl aél&h{] ArefefEHD liquid alcohol-containing

stream comprises methanol.

9. The process of claim 8 wherein the amount of methanol employed in the
washing (c) is from 0.03 1b to 0.5 b, preferably from 0.05 Ib to 0.2 Ib,
more preferably from 0.07 1b to 0.1 Ib, 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).



16. The process of claim 13 wherein said adjusting (b)

separates a second liquid C4 containing streamfrom
waasod/obioset vapor effluent stream and sai d secPOmUS2005/016174

liquid C4 containing stream3é conbined with said

first C4 containing streamto produce a third C4

containing streamconprising |lessthan 5 wt %

preferably less than 1 wt% nore preferably |ess than

5000 pphe phdcess@E anyg pBRediagwbaiyl wherainohe deashihg (d)As conducted
rocess for producing olefins ¢ rising: (a

bont acth hTHIFFON QiR BORBERAZDT AR osbi payeore than

cat al y?%);ﬁi%@f(g,dﬁ&%{-’e Cﬁe%;f/‘a%% n@{m@?élﬁl%n %bé%ﬁ%’ﬂp rrsing

C2 and ol ef I’hs, rocarbons, water a

oxygenat e conpounds, including C2 to C6 carbonyl
conmpounds; (b) cooling said_ product. streamto condense

t her ef KBRPECRISRS] aalqusg%grqlaéﬂl Whergiy the washing (dhis ropducted

conpou r ki I

compri i EBRgnEREHEP 1M pHETD Rl o0 e SR pterably
to C6 Ganmbil(ypsigao200mdip; (928)to Q0P A®a)imoregaefdrably fom 140
vapor effluent streamto produce a second vapor

ef f | ueRHE &2 F ELpRBEARAGe ézjér]ég?gur e ranging from about

100 psig to about 350 psig (790 to 2514 kPa) and a
tenperature rangi ng from about 70F to about 12Q0F (21

t ©3.49CThe padddsssetandpreaquintg elafrh uddtalsi ceapnisign fractiunating at
about 50 wt.% or npre of the C4 hydrocarbons in the | |
first Vaporareef hedRirtl vapensilpent sisam; Rgprefiesebe qantaining

vapormgt%éawgﬁg 8l e“a?‘l}’ﬁ HEH‘ anle'blgyi d net hanol cont ai ni ng

strea 0 produce a por effluent streamand a
i qui d oxygenat e-cont ai ni ng net hanol streanm and (e)
mashin%bthe third vapor effluent streamwth |iquid

t

wht-er tLBe prasaesed ceimold whergpwid Brst vero elilyenbafsaghim @)hand
oxygenat. e+ in .G f :

or 1 uomiE THRL MRl Gl AHEEATn SR s HficfabBRPind said
to C6 @igdt l@nydntatng etieuahs is subjected to further fractionation to separate

Cs+ hydrocarbons therefrom and create a C4 hydrocarbon product stream.

15.  The process of claim 13 wherein said first vapor effluent stream in (a)
further comprises dimethyl ether (DME) and wherein fractionating the
fourth vapor effluent stream produces a C; containing stream and a first C4
and DME containing stream, and said first C4, and DME containing stream
is subjected to further fractionation to remove dimethyl ether therefrom

and produce said first C4 containing stream.

16.  The process of claim 13 wherein said adjusting (b) separates a second
liquid Cy4 containing stream from said first vapor effluent stream and said
second liquid C,; containing stream is combined with said first Cy4

containing stream to produce a third C, containing stream comprising less



18. The process of claim 17 wherein said oxygenate
feed conprises nethanol.19. The process of claim17 or
W@ bk@ieonh86 wherei n at | east part of said PCT/US2005/016174
oxygenat e-contai ni ng water si*eam and at | east part of
sai d oxygenat econt ai ni ng net hanol stream are
fractionated to produce a first oxygenaterich overhead
streamand a first water-rich liquid bottonms stream
20. ThihapriowtSésprsferahlpiless thamhertéh,imate prefesably lgsa thany$000

said first oxygenate-rich overhead streamis recycled
f or sa?ﬂné@n@a@t(?ﬁw‘bﬁlw‘fcﬁwufﬁ% process of claim 19
or claim20 wherein at |east a part of said first

water-rich liquid bottons streamis recycled for use
at7.at Agustesporprasfucogiadefiispoingpriganger i n sai d washi ng

(e). 2 The process of any one, of..cl ai .Q 2

wher o at | FRlEEg Bty Miste o OErddbRrS plys: t
wat er Liamd B) vhsorf Rﬁﬁhbto@ﬁ%ﬁﬂ ESsPEHIa® angeCpndlefins, Cq
oxygenate-rich overhead stream and a second water-rich

| i qui dhjpdrocabenss twasemand 3oxypkeatpr oweppsngs, gickidng L2 to Cs
wherein gt | east a(g_art of said second oxygenaterich
over heSHOA EFHPPEdSecycl ed for said contacting (a).

24. Theypr OEﬁ&g%fai%@Hﬁ&t%%e% 16 |c8hdBnds thekeirodh B IRfuid stream
| east part of "sald second water-rich |liquid bottons

st r eanrich i @atec hedl ok ygenate @onponnds andgrogueeta st wanog effluent
H1qui dst\llf\elaa&r? rcoillgrigi%igd(j%%gi(?gg ofe%}l's, C4 hydrocarbons, and C; to Cs
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 C4 hydrocarbons in the first vapor
effluent stream;
(d)  washing the second vapor effluent stream with a liquid methanol-
containing stream to produce a third vapor effluent stream and a liquid
oxygenate-containing methanol stream; and
(e) washing the third vapor effluent stream with liquid water to
produce a fourth vapor effluent stream and an oxygenate-containing water

stream, said fourth vapor effluent stream comprising about 1.0 wt.% or less

C, to Cg carbonyl compounds.

18.  The process of claim 17 wherein said oxygenate feed comprises methanol.
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19.  The process of claim 17 or claim 18 wherein at least part of said
oxygenate-containing water stream and at least part of said oxygenate-
containing methanol stream are fractionated to produce a first oxygenate-

rich overhead stream and a first water-rich liquid bottoms stream.

20.  The process of claim 19 wherein at least a part of said first oxygenate-rich

overhead stream is recycled for said contacting (a).

21.  The process of claim 19 or claim 20 wherein at least a part of said first
water-rich liquid bottoms stream is recycled for use as at least part of said

liquid water in said washing (e).

22.  The process of any one of claims 17 to 21 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 water-rich 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 bottoms stream is recycled for use as at least part of said

liquid water in said washing (e).



