WD 2005/ 056502 PCT/ US2004/ 031620 RECYCLI NG OXYGENATE- RI CH STREAMS | N
OXYGENATE- TO- OLEFI N PROCESSES FI ELD OF | NVENTI ON 100011 The present
i-nvention relates to recycling oxygenate-rich streans in

oxygenat e- Y2 87991 ocesses (e.g., MIO, etc. BACKGROUNEETAESIMWEITIOON
10002] A efins are traditionally produckd from petrol eum f eedst ocks by
catalytic or steam cracking processes. These cracking processes, especially
steam cracking, produ s e{ A s C et By b e and/ or propyl ene,
froma variety of hydﬁ@% dile] ?‘J i ﬁ‘{é opyl ene are

| nportant commodity petr SERBERO Bl s PROCESSES ¢ processes for
maki ng plastics and other chem cal conpounds. ]0003] An inportant type of
alternate fee N ,jon of light olefins is oxygenate, such as,
for exanpl e, : arly nmethanol and ethanol, dinethyl ether
(DVE), nethyl I ' ; [ ] al 8, et hyl

f or mat e. I\/anyl@mrhegﬂz&?a%%z%@h%ﬁyagﬂgs 6?5%%%% 855 e@%ﬁ?nc?a%@gﬂs 1@}3 from
synthesi s gas oghgiehatedo-bledii piedesseale. gaMT@eewcol eum | i qui ds, carbonaceous
materials, including coal, recycled plastics, nunicipal wastes, or any
organic material. Because of the wi de variety of sources, alcohol, alcohol

derivatives, <18 e prom se as an econom cal,
non- pet r ol eunmﬂmw production. Methanol, the preferred
al cohol _for | 1giss) 0! ehikfind 2R UedaliRially SproiddhiCAbinY pe¥SIEMAS ieBllolsOBY ! he

catal ytic reaction of hydrogen, car nonoxi de or carbon dioxide in a

met hanol r eactamlytiiot $ieanp caskeing @rakesses.hTheseagehaguiocessdsaespadiallyléiesidl The
preferred process for converting an oxygenate, such as nethanol, into one

or H,nrore ol ef i erackings@roduse lightrqlefn(ek maheas sthyirme end/er piopylene frann e yarety
contacting the.feedstock w.,th .a catalyst conmposition, .typjcally cantaining a
mol ecul ar si e eg%(g?‘éﬂr&g} ..feeﬁ’{gc]%gf f ?hﬁ'ﬁ\%epﬁdﬁg@@%&@ugﬂg@aﬂf%@%& a

conpl ex  m Xt iR chiRhls Sisesl il @%ét}(;ed? pro&dbesOfo? hilding ?IEEBEB’%& Sther
oxygenat es, by-product oxygenates, heavier hydrocarbonhs and | arge anmounts

of wat er. Thechengea vempounds.
10003] An important type of alternate feed for the production of light olefins is

oxygenate, such as, for example, alcohols, particularly methanol and ethanol,
dimethyl ether (DME), methyl ethyl ether, diethyl ether, dimethyl carbonate, and
methyl formate. Many of these oxygenates may be produced by fermentation, or
from synthesis gas derived from natural gas, petroleum liquids, carbonaceous
materials, including coal, recycled plastics, municipal wastes, or any organic
material. Because of the wide variety of sources, alcohol, alcohol derivatives, and
other oxygenates have promise as an economical, non-petroleum source for light
olefin production. Methanol, the preferred alcohol for light olefin production, is
typically synthesized from the catalytic reaction of hydrogen, carbon monoxide
and/or carbon dioxide in a methanol reactor i1n the presence of a heterogeneous
catalyst.

[0004]  The preferred process for converting an oxygenate, such as methanol,
into one or more olefins (MTO), 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 treatment,



WD 200S/ 056502 PCT/ US200- 4/ 031620 2 separation and purification of this
m xture to recover the light ol efins and ot her valuable by-products are

critical Wo&&r%mﬁé@%& all efficiency and cost effecti Venes%F&&J&zé)Op%q% cess.

100051 For exanple, the hot vaporous product froman MIO ch
contains light olefins, unconverted oxygenates, by-product oxygenates, -and
| arge amounts of water is nornmally condensed in a suitable condensing neans

such as a quepahtidwRl puhaition os NG grikture kesdtovkruhe lighi oRfiys tdothepnat or  or
other suitable device, to provide a m xed oxygenate/water stream This

st ream can t hahabke bysprodide aretagitigalitpdbe pvanall efbrienenvand enst efentvenass obper at ed
to separate the unconverted and by-product oxygenates as an overhead
stream and fth‘?P’loﬁesﬁure wat er as a bottoms product. The fractionation tower

over head str hS t ¥ g&l | ock) .

G ven the | aﬁg(?aggétrmulr":ﬁ]1 0 v%?etggﬁltﬁ{ ¥?ﬁ$¢}’?ﬁg§§‘fé2§ﬁ gﬁm%‘\?ﬁeﬁﬂg{é&ﬁg%e t ower
i s typically @uale light @it ihcdnvéted daqygéhatds,ebppioanctad%FmssgrAﬁ@nargyt y.
Further, there are nunmerous |locations in the overall MIO process which
produce st r eamugtsiafevatéroh nprnnathyt donderised bua swilabls copdensing meanssuch a8 m heavy

cont am nants such as t al rticles.or ions. These. streans tend. t be
CPquid, Tt wORFREEMSEeel elchenges, fash A, pREEE TrRATORAGE OF oM Shidlers to t he

MO react of T@lic@arvRiEPY FhixBd oxfendRAYNeC QAT TR Sreat dabheibe &l | ¥

foll owi ng vapori erelrs a a desire e recycle of these

streans as etdvidddend asfp@imatibe, tover Sdesizned i dnidt ioperatbde i@ ysephratd qhover al |
process. 100061 U.S. Patent No. 6,121,504 to Kuechler et al. discloses a

process for upconverted agd dysnyedust @xyganates i ansoverhead dimeaot apd daitdy tpugrienchi ng

for heat recovery nd, to inprove, heat .integration. ,100071 U.S. Patent Nos.
6108, 854 andvAEr A8 g TSR PRIIGEo ThESAEOTRE ks vertegy g i BPcaBiver 1 ng
oxygenat e tonjndsﬂmnéglluﬁfol s uffcbileridR TS .%ivéx?ﬁﬁ"l&fg>é,ar&&ﬁffbf%§fé}

ef fl uent streans” and 1 nproved waste recovery which mnimzes overall
utility requitieefrastiomatidih owerafetd)rtheidwerasttypicallyupriehlargevwvith averadtighous
streamin a two-stage process to facilitate the separation of hydrocarbon
gases from aehpilenandeqndgnsendulyy dturthen dhere are puameroysslocgionsip ke uerall and any

heavy by- MTO process which produce streams quite rich in methanol, but also containing
certain heavy contaminants such as metal particles or ions. These streams tend to
be liquid. It would be beneficial to recycle these methano! rich streams to the
MTO reactor following removal of the heavy contaminants, and potentially
following vaporization. There is also a desire to make the recycle of these streams
as efficient as possible, to save utilities/energy in the overall process.

[0006] U.S. Patent No. 6,121,504 to Kuechler et al. discloses a process for
converting oxygenates to olefins with direct product quenching for heat recovery
and to improve heat integration.

[0007] U.S. Patent Nos. 6,403,854 and 6,459,009 to Miller et al. disclose a
process for converting oxygenate to hght olefins with improved heat recovery
from reactor effluent streams and improved waste recovery which minimizes
overall utility requirements. The reactor effluent is quenched with an aqueous
stream in a two-stage process to facilitate the separation of hydrocarbon gases
from any entrained catalyst fines, as well as to remove water and any heavy by-

products such as Ce¢+ hydrocarbons. A portion of the waste water stream

withdrawn from the bottom of the quench tower is recycled to the quench tower at



products such as C6+ hydrocarbons. A portion of the waste water stream

w thdrawn fromthe bottomof the quench tower is recycled to the quench
tower at WD 2005/ 0565(12 PCT/ US2004/ 031620 3 a point above where the
reactor ef WORMY¥2 nt roduced to the guench tower. The PFEUSZEM®200 not

appear to teach the use of liquid stredns that are substantially free of
catalyst fines for treating reactor effluents. (00081 U S. Patent

Appl i cat 1 on Pyt Rabor M. (RORALZORTSn RUBHARES 0 tikueddh 1AM gl scl oses

a process for separating oxygenated rocar bon omolefin product of
oxygenate to edfeiehtes doemtajpﬁfhr 13 heacp tiaduet ofi liqusd Bireants thaicarelsubgantiylly such
as a quench tower from which cooled olefin product is separated as an ol efin
wvapor stream frenef osalyst finenfositnenting nsestersfBuaits eam can be recycled through a

heat exchanger f cqQl.j and/ qr rempved fromt | g I a first
separator, s UEQPOEL ao(g‘iss ? %Fma‘gﬂgf?aé?ﬂnﬁﬁﬁwﬁ{imbESV?@@@%M&;/B@EE‘E% July

‘hydr ocar bon t Nl a
bott ome. pr oducg 2 e SREER Bt T tepalhg Blodiied SPRGPADS MKELLRT T, 4
second separ apidutthofCoxygpiiaw talekfiag reaksdn. n Thaposduor dsent taactodlihg aujtd
oxygenat ed hydrocarbon containing stream which can be conbined with the

wat er cont ai niusy asatqusneh towee Eamovhickireded plefia prdact is sepasated assan elefar at or to

provi de an oxygenated hydrocarbon product recovered fromthe first
separ at or thai’/&]‘% SHEHBC et Wa‘ﬁbf%rflg'%‘ﬁt foms re&‘ancaﬂeb%?@ﬁ‘:l“gg‘rf’ aor

co-feed for t g, QBB o EAAIEORANORARved IR M Aldolifly e 18 hOKRs

ref erences are 1 ncorporated n by reference in eir- entirety. SUMVARY
(0010] I n onescpsfaest} sudhhas b niigillation colarindspiovide pr oxygenated hydarudohi Ng
oxygenate to ol efins which conprises: contacting a feedstock conprising
oxygenat e wi t Proguetf apdpsed watep coRiEnngd refppiaing) atersasa ottgmedirodetdilbE ons

effective o BhoUES: uAPst Wanplod!sla GHIALASND sLfgokslifiy, wiither and

unreact ed ) nsing e vaporous pro ovi‘de I'i qui d
streamrich ipgoliaes aNvdiefih vapst prodeRched 1RGN 2EetePRvliredarinedoniinihy Ch vapor

stream introducing at least part of the liquid streamto a feed tray in a
fracti onati onsttcamewhvdhi cin pe eoimbawd with the water containing bottoms stream or

directly added to the first separator to provide an oxygenated hydrocarbon product

recovered from the first separator that is reduced in water content and can be used

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

[0009]  All of the above references are incorporated herein by reference in their

entirety.

SUMMARY

{0010} In one aspect, the invention resides in a process for converting
oxygenate to olefins which comprises: contacting a feedstock comprising
oxygenate with a catalyst comprising a molecular sieve under conditions effective
to produce a vaporous product comprising the olefins, water and unreacted
oxygenate; condensing the vaporous product to provide a liquid stream rich in the
water and unreacted oxygenate, and an olefins-rich vapor stream; introducing at
least part of the liquid stream to a feed tray in a fractionation tower which provides
an oxygenate-rich overhead product and a water-rich liquid bottoms product;
providing a liquid, oxygenate-rich stream compnsing at least 20 wt% oxygenate

above the feed tray; and passing the olefins-rich vapor stream through a recovery



an oxygenate-rich overhead product and a water-rich |iquid bottons product;
providing a liquid, oxygenate-rich streamconprising at |east 20 wt %

oxygenat e _above the feed tray; and passing the ol efins-rich vapor stream
t hrough a YOARYM0 2005/ 056502 PCT/ US2004/ 031620 4 t rRGTAUS2804Ba@er at

| east some of the olefins. Typically, the oxygenate can be a C, to 4
al cohol , say, an oxygenate selected fromthe group consisting of nethanol

and ethanol, @ to rERMBAROkast S6the BF BRUGRUTPPIRESy, thd6xypRRAY QY bé kN
conprises one or nore of gas conpressors, suction druns, distillation

col ums, net hanG} alcabslpsdygas oxlygapatedselectydi fdomdbo plvap sonsixtyngeofimetharglect i on
tower, caustic/ vva&ﬂer wash tower ropani zers, denet hanj zers,.

de
deet hani zer s, aMbEaNgh; €% melhgnal JFqrreser! puFpOses, the fepeyesy tram Comprises one

equi pment used re he_vari ous.fro axyge C r§i on,
oxygenat e by-%rr g@%ﬁt@é% ctﬂﬁﬁéeasc Té’d%%‘%e%&i&%ﬁ%ﬁ? ‘T[bﬁﬁrg?\s’eng%'g?ﬁent of
this aspect ofpshRRrHNRERNEQUIDMBHIHAE, oxiyBénatd fijécion tOWMY ARk TG Wah eam
conprising at | east about %0 wt % oxygenate is introduced at nore than one
| evel above t tosvet,edepropanizers] @emethahizerandeetizanizend) albwtenizer, {3; $pditets, 1Gy0

l'i quid, oxygenate-rich streaps conprising at_ |east about 20 wt % oxygenat e,
are i nt r oducetPl8ty Eict Hee--f @dprpgrhpsed toprseaver | the yaneys pradedte pf exygsarieent , at

|l east two liquid, o -kl C risi t | east about 20 wt %
oxygenat e, ar%Ongsghg(n%lﬁf)?%hgtg@H‘pg?d%tg{sggggpracg @wpié%ﬁgg%‘ove said feed tray.
100141 Convenjgapiy V. Iﬁttanle@sﬂ%dirﬁernwftthi@rhs?éawahé el inPentiBRNHeQiquigh Stream
conprising at |east about 20 w % oxygenate is the sane oxygenate-contai ning
f eedst ock usedkygenate-nick streamgomprigiagat kessttaboot 20 wi%. oxh@eddid i mtrodeced

embodi ment, at |east a p?rtion of tge | i quid, oxygenate-rich stream

conpri si ng at3tmaere thanpngdexed abaysthg teed ¥2¥ieri ved from the bottoms product of

a net hanol ab‘?ﬁi er t[ﬁ)v%?thﬂl%&ljogéidéééaﬂ%mrnﬁnﬁgﬂgﬁ?%%gﬁggkﬁaﬁ%a&%port i on

of the |iquid, ~0OXygenate m-conprising at i ygenat e
is derived fremgridengidénFbont 201wk ox?%enﬁte' hUhtoduced asbva lidfeb@ray. 100171 I n

still another enbodinent, the process urt her conprises treating the
[0013] In still another embodiment, at least two liquid, oxygenate-rich streains
comprising at least about 20 wt% oxygenate, are each introduced at a separate
level above said feed tray.
[0014] Conveniently, at least a portion of the liquid, oxygenate-rich stream
comprising at least about 20 wt% oxygenate is the same oxygenate-containing
feedstock used for converting oxygenates to olefins.
[0015) In one embodiment, at least a portion of the liquid, oxygenate-rich
stream comprising at least 20 wt% oxygenate is derived from the bottoms product
of a methanol absorber tower.
{0016]  In another embodiment, at least a portion of the liquid, oxygenate- rich
stream comprising at least 20 wt% oxygenate is derived from the bottoms product
of a liquid-liquid absorber.
{0017}  In still another embodiment, the process further comprises treating the
olefins-rich overhead from the condenser in at least one suction drum to remove
liquid from the olefins-rich overhead, which liquid is directed to the fractionation
tower above the feed tray. Conveniently, the process further comprises

compressing the olefins-rich overhead taken from the suction drum.

Conveniently, the compressed olefins-rich overhead is treated in an additional



ol efins-rich overhead fromthe condenser in at |east one suction drumto
remove |liquid fromthe olefins-rich overhead, which liquid is directed to
the fractiQpation _tower above the feed tray. Convenientl t he process
further co%"r"gﬂg“’(gorrpr essing the ol efins-rich overhead I%ICJI%??"W(BiﬁzPhe
suction drum Conveniently, the conpressed ol efins-rich overhead is treated
I n an additional WO 2005/016502 PCTI US2004/ 031620 5 suction drumto renove

liquid fromt Q&d&he&rhﬁsw }egrgf@}’lﬁ{uﬂ?%m Wi Giefihd ALk gvérﬁeadgiwc]ﬂa% gguihoisan

upstream suction drum 100 n one enbodi nent, the |1 qui genate-rich
st ream conpri diragedio anlpaséannbatibn dfumvt % oxygenate is provi ded as refl ux
above the feed tray. Conveniently, the |liquid, oxygenate-rich stream
‘conpri sing at (00385t dbowe gubadimentosheghaitd.coxygemtontl sucun emprisegiaed tray

to a reflux drum associated, with the. fractipnati aqn tqwer fro ich reflux
drum an oxyge[F&f‘e-%g‘?‘Eh&@v‘@‘?/he%g%%dﬁtpm‘é’g?‘ga%{ “l‘a@?ﬂ’(? %n@@ﬁ?@ﬁf’l y, the
f eedst ock co L Sk X .S T Yy V. oduct
Stream aken PBiTRUS 4PN o ARHETED suPit SERPISAE o bR BN e
f eedst ock conpiygehatg iopyasdudt shove thepfded amyttbes roflng alramneaskodidted wethhdad

product fromthe fractionation tower. [00201 In another enbodi nent, the
| i quid, oxygefragtiongtiom tayrer Seam odualy fediun giruratan| eygenathneh overheadoprosiyayenat e

' l'iquid bl . [ t ti.ng the feedstock ' t
the cont act i nrBm thifkPibe SABEREUE i Jfalbpek PRPde BYPRILFARPES| of i ns
conver sion. [Q%Lt hatk RicBB9LMRELd O;%M SEER tak&rhﬁoffﬁh@feﬂhk%%xﬁ.‘ qui d bottoms

product from fractionation tower contains at |east about 99 wt % water.

100221 I n yet [(@00} herln estibdnothert entbodingeny,g dreatfeedstockh conpribingdopygedatet from
the fractionation_ tower contains no nore than about 50 wt % water, say, no
nore than abeunprisss ihesxuggnate-richpiegheaag produet frem éhe freetiondinmtowsr. wt % wat er

The. oxygenat cliPRlR o J8 AR BRSNS Ml 0Ropiekals troPE CORRR BNt af no.
5o V£ ek o 4B AR Wl SO O AR B s 200t
treating the feedstock prior to the contacting of the feedstock with catalyst in the
oxygenate to olefins conversion.
{0021]  In another embodiment, the water-rich liquid bottoms product from the
fractionation tower contains at least about 99 wt% water.
{0022]  In yet another embodiment, the oxygenate-rich overhead product from
the fractionation tower contains no more than about 50 wt% water, say, no more
than about 25 wt% water, typically, no more than about 15 wt% water, e.g., no
more than about 10 wt% water.
[0023] In still another embodiment, the oxygenate-rich overhead product from
the fractionation tower contains at least about 25 wt% methanol plus other
oxygenates, say, at least about 50 wi% methanol plus other oxygenates, typically,
at least about 75 wt% methanol plus other oxygenates, e.g., at least about 90 wi%
methanol plus other oxygenates. In another embodiment, the oxygenate-rich
overhead product comprises liquid.
[0024]  In one embodiment, the fractionation tower comprises a fixed number
of actual stages, typically ranging from a condenser at the top as the first stage, to
a reboiler at the bottom as the last stage. The feed tray is typically located at about

the middle of the actual stages. The liquid, oxygenate-rich stream comprising at



at | east about 75 wt % net hanol plus other oxygenates, e.g., at |east about
90 wt % met hanol plus other oxygenates. |In another enbodinent, the

oxygenat e-rich _aoverhead product conprises |liquid. 100241 I n one enbodi nent,
the fracti¥RPIEIBwer conprises a fixed nunber of act BEI/USRYYE31620
typically ranging froma condenser at fhe top as the first stage, to a
reboiler at the bottomas the |ast stage. The feed tray is typically |ocated
at about th ' 0 |; RS - | S WRERA B <faben Stream
conpri sing atel e%‘;g%\&%\g&ﬁégﬁgggﬁﬁs 04h}ﬁ génl%%&%ﬂl%erghg? ngout 2% s{f\%g/o
oxygenat e i s doyspaiding tonbondides dypidallyrabalt @085, sheatmat 26, &g ageout 96%,
correspondi ng to about 60% typically about 80% say about 90% e.g., about
96% wher ei rwhdreinfthe §irst staggsomespedpiorabeut P0band thedesy sase qomsspaads st age

corresponds to.abous, 0% of the actual..stage positiagn., The nunper of actual
stages typi cdP13Pout gé’g%fs/ghﬁ%h‘\agﬁgﬁ? p%“?’ba&ﬁoﬁfms%(?? HSPAFP@E?SQB'B&Pﬁéo to
about 80, or R Whout 90 14 AP, of FronSbbut PRMUboROZ0, 0P Fdmiatdilt 6Ot her
aspect, the predent invention relates to an apparatus for converting
oxygenat es t qoabeitiGOssayhaledut 60npri ses: a reactor for contacting a feedstock

conprising oxygenate with a catal yst conprising a nolecul ar sieve under
condi ti ons ef[PBi veln @netherd aspscta thea prsentsinperdigicielatesnior peiapparatvs fof ef i ns,

wat er and unreact ed o%gen tes; ]a condenser for _conder}si t he vapor ous
oroduct  to [FPBYFHEE PVEGHG © PEGHT MISh FAMPRES AL TGOt dOr, FlagHg i
oxygenate, a o) LS | ; r@ang,s ' '
conprising a edggbc%(r%ogﬁé‘r%?]g’ ngrchee?‘%?ﬁgmzia | ea tt%p%ﬁlﬁﬁgifgogﬂgb |(:}%Jl?§gg?ream
and an inl et under ¢coa@étions rfeetivel tguproduce axyapersat eroduchcahprésimg therglefirs| ng at

| east about 20 wt % oxygenate above the feed_ tray, the fractionation tower
provi di ng an WAEIRRdAnEcacted pxygamaicsIcqndersgt for sandensing dheyaporeus prodyst d

bottons prodyct. a: . [ al 0 ' | ef ] r t he
Dot tome.pr ooyg eeo A UG RE BN AL SRESARR! SRR A of P
a schematic pigReTichi vapurditaam m deRtichitiog W&antdin&\lrﬁﬁigeﬁt feedf trhyIopr ocess
and apparatus of the invention. DETAI LED DESCRI PTI )

receiving at least part of the liquid stream, and an inlet for receiving a liquid,

oxygenate-rich stream comprising at least about 20 wt% oxygenate above the feed
tray, the fractionation tower providing an oxygenate-rich overhead product and a
water-rich liquid bottoms product; and a recovery train for recovering olefins from

the olefins-rich vapor stream.

DESCRIPTION OF THE DRAWINGS
[0026) The FIGURE is a schematic process flow diagram depicting certain

aspects of the process and apparatus of the invention.

DETAILED DESCRIPTION

Molecular Sieves and Catalysts Thereof for Use in OTO Conversion

[0027] 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 [TUPAC Commission on Zeolite
Nomenclature. A framework-type describes the connectivity, topology, of the

tetrahedraily coordinated atoms constituting the framework, and making an



Mol ecul ar Sieves and Catal ysts Thereof for Use in OTO Conversion 100271
Mol ecul ar sieves suited to use for converting oxygenates to olefins (OTO
have various chenm cal and physical, framework, characteristics. Ml ecular
si eves havBOB¥SHEE | classified by the Structure Conmi sBEHYSHO4PHE20

I nternational Zeolite Association according to the rules of the | UPAC
Comm ssion on Zeolite Nonenclature. A framework-type describes the

connectivity, : %lgé’{ A i Sdoal tituting
t he framewor ka,bggn Oﬁa%gitﬁgg%e%n&gr 051?58@&1832-;13 M%%%OB?LGZ‘S’E@%&?E% raction
of the speci fand Zeobpaype anldcolar sibosefofahivh abBuctinedize beek edtyhishedzalkd te  and

zeolite-type nol ecul ar sieves for which a structure has been_established,
are assi gnedssignes e durelatier cedsnd nel descaberbinctheh@disiaf Zepbitepfnagrewotk Zeol it e

e s SOl el S BT R A

+these nol eculiﬁ‘goﬁ‘gﬁfégq,gq?ﬁreh@@ smal | pore nolecular sieves of a

framewor k-t ype sel ecte romthe group consisting of AEl, AFT, APC, ATN,
ATT, ATV, AWMOHIK, Nbbslinttig eCihpleDAC thdsOoleddlar siéfes,ar€SD6e sisal pokdV, LOV,
LTA, MON, PAU, PH , RHO ROG THO, and substituted forns thereof; the

nedi um por e rdleeidragieves of a frapfewark-fyproalsetrd fippe thessspur eansisting of 44, gr oup
consi sting of E , I T ) d

ubst | ut ad IR GoR TSy AT ATV, ATy B A5, pt i, BAo 0K el

f ramewor k-t yprys t fym qred Pves sp st oR M B@Nn

substi t ut ed %I’ngj(ﬁ’erﬁgé’f e %Qg’m)l ecul ar P;J?g\’/ggnhave ’aR?rag\rrgv(v%r -dt ype

sel ected fr cobdtinged fart thoash deimedimh paiimoBEdlar sieves dflaGraredrk@pe, LTL,

MER, MOR, MAW and SOD. Non-limting exanpl es of the preferred nol ecul ar
si eves, par tselected fropm thergrewm casisting oh MGk A aEdO¢ iR MEbeMdtlock into

oLl 050 RIS, I b IR Sl ol b 0 0P

MOR, MIT, MiAGesTéM Baflewol-typdscditbedoiéth €id @dup ebeulumgf EMNEFAD] aul ar

sieve of the invention has an AEl topology or a CHA topol ogy, or a

conbi nati on tiestioéd forosttherpofe Othen blojecalaCisiavesohaleagframework-type selected
from the group consisting of ANA, BEA, CFl, CLO, DON, GIS, LTL, MER,
MOR, MWW and SOD. Non-limiting examples of the preferred molecular sieves,
particularly for 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 preferred embodiment, the molecular sieve of the
invention has an AEI topology or a CHA topology, or a combination thereof, most
preferably a CHA topology.
[0029]  Molecular sieve matenals 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 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., Jntroduction 1o Zeolite Science

and Practice, Second Completely Revised and Expanded Edition, Volume 137,
pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).
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si eves have fLommhé rorgh Of ﬁtoeh a?ooaewt@gs @ wnﬂaﬁ@i pref@PEVRRtoAMBR; tHen 2
preferred enbodinent, the zeolitic nolecular S|eves have 8-, 10- or 12-
ri ng struct uremsleonlat aiayes aildedirin aheriagention) @refenabky smcmzﬂu’mrmpgaphétef rom
about 3Ato 15 A In the m)st preferred enbodi nent, the nolecul ar sieves
utilized in tmelecwarsiaven hape Stanesind ap |aVeigas WeTeh 613R ST than abewt Sdul ar

si eves have 8-r aver.a | ess._t out ef erably
I n the range %‘Ffeﬁ@ﬂ i 8&82&03’5%‘39%?‘?3"‘ é?‘efné’lf Bﬁe&’%ﬂ%% 3@5"”3‘5‘&5 4. 5A,
and nost prefggAablyg ﬁ,Bgrprgeéﬁ]ytfgnﬁggmmﬂabgﬁ4j.}}OSlJ Mol ecul ar si eves,
particularly zeolitic and zeolitic-type nol ecul ar sieves, preferably have a
nol ecul ar fr aj@e3ur k dMolecadar pmeéser;mbthqplaﬂw zemhtrmrand zmhne{ypehardmgk{rTM]
tetrahedral units, nore preferabl@‘?é, tvxg_ nor e {A104] and/ or [ P04]
tetrahedral UBEVES, Pr&ff'damﬁila"?)@elﬂ ’é!ﬂi“y E“'BF‘G’ﬂl]k of M‘Blﬂreféf?@ Y PF‘DA’}' MAEr ahedr al

units.. These sil.i e eves and
metal cont ai mo%ergﬁ%%i‘iﬁg]‘ s ﬁ‘ggﬁhgﬁgﬁ%ﬁagﬁ%@nﬁﬁ ﬁg’sj ’si eves
have been de e I {e d rﬁﬁfg)%dp ki srfd r
exanpl e, U. Ss[wlgg?e%%wﬁom‘ﬂg&ﬁ%éw( M;APO V\ﬂ]lear eﬁ rﬁlﬂ? [SI(@J%HM@] agg Co),
U. S. Patent NBOs},tautdhedral (lmﬁPO)'hesEumhp@an al%atmmn /qnpl ph@aphomuEPba&ed) 159
624 (ELAPSO where El .is As,

zn), U S. pdpelReulpcsieves 584 “?ﬁi@ CPF@W C?‘EP'S a’hpamm %“dr\lb‘osﬂlll\%ﬁ‘isl\g#d

?’zﬁigézo,ﬂ’ Indi8tu1A87evE 5V en dBRBed intdailirn@Rdotd pibliEadtl indWding - 935 216
for example, U.S. Patent No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or
Co), U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159
624 (ELAPSO where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti or Zn),
U.S. Patent No. 4,554,143 (FeAPO), U.S. Patents No. 4,822,478, 4,683,217,
4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSO,
EP-A-0 161 489 (CoAPSQ), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg,
Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO,), EP-A-0 158 350 (SENAPSQ),
U.S. Patent No. 4,973,460 (LiAPSQ), U.S. Patent No. 4,789,535 (LiAPO), 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 (CrAPQ), U.S. Patents Nos. 4,758,419,
4,882,038, 5,434,326 and 5,478,787 (MgAPSQ), U.S. Patent No. 4,554,143
(FeAPQ), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No. 4,913,888
(AsAPQO), 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 (MnAPQ), U.S. Patent No. 4,737,353
(BeAPSO), U.S. Patent No. 4,940,570 (BeAPQ), U.S. Patents Nos. 4,801,309,



EP-A-0 161 489 (CoAPSO, EP-A-0 158 976 (ELAPO, where EL is Co, Fe, My, WM,
Ti or Zn), U S. Patent No. 4,310,440 (Al P04), EP-A-0 158 350 ( SENAPSO),
U. S. Patent No. 4,973,460 (Li APSO), U.S. Patent No. 4,789,535 (Li APO, U. S
Pat ent No.w@é, 2880680 (CGeAPSO), U. S. Patent No. 4, 888, 167 scaaf\R26d+/03H26-
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 APSO), U. S. Patent No. 4,554, 143
(FeAPO), U.S. #aB4AI1T Nod 4888920 FTi ABSS) PatantssNopa, 20,6 Ne 4,551 336 a8ds
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4,824,554, 4,744,970 ( CoAPSO), Pat ent No. 4, 735, 806 GaAPSO) EP-A-0

203 937 ((QAPSGH78h814 €79%98 rfb.ﬁ%ﬂﬁfk AR5HEIT ., 917,8%8R] 4.952384et, 95&;1564,1. S.
P No 9, 4 4. 4 801,
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described in Eg082]888 CtBer Mdleclan Sievaaonolude ¢hiose tazkdribae iRy 188BNIBIPB AL es,

SAPO4 (U10-6)), U S. Patent No. 6,004,898 (nolecul ar sieve and an al kal i ne
earth netal), (Digoppeusrarystglling malbnhomatpal SABOs (V16-6)), d48. Patenti Neebr uary
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nore pref err eccasdlysty; ®CT W@rﬁlmﬁﬂalpdbbsheﬂfﬁ@wﬂﬂfeﬁﬂ$ 200N (thorfamgcontainigg ul ar
si eves, and al um num phosphorous, and optionally silicon, contai mg,wg

mol ecul ar si eveelerwal sigee)aandRnSzrstakp Ferdbqok Bdfolesnlar Siexes, Yiap\Nas
Reinhold, New York, New York (1992}, which are all herein fully incorporated by

reference.

[0033]  The more preferred silicon, aluminum and/or phosphorous containing
molecular sieves, and aluminum, phosphorous, and optionally silicon, containing
molecular sieves include aluminophosphate (ALPQO) molecular sieves and
silicoaluminophosphate (SAPO) molecular sieves and substituted, preferably
metal substituted, ALPO and SAPO molecular sieves. The most preferred
molecular sieves are SAPO 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 IIIB, 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, VIIB, 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



si |l i coal um nophosphate (SAPO nol ecul ar sieves and substituted, preferably
nmetal substituted, ALPO and SAPO nol ecul ar sieves. The nost preferred

mol ecul ar ﬁrbe:Y)%o%E@ SAPO nol ecul ar sieves, and netal substituted SAPO

nol ecul ar Si €ves an enbodi nent, the netal is an al kal FCHES2PH0628 oup 1 A
of the Periodic Table of Elenents, an al kaline earth netal of G oup 11A of
the Periodic Table of Elenents, a rare earth netal of Goup II11B, including
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europi um gadolinium terbium dysprosium holmum erbium thulium

ytterbi um andf bubetiulan sievedthemrghdi etnalosdral tuniti suohofs [MeOPeanidoctiryy Tabl e of
El ements, a tranS|t|og netal of Goups IVB, VB, VIB. VIIB, VIIIB, and |IB of
the Periodic chaisf deppndingesn: esvalgice siate of the ‘BPtabﬁSbs%‘Fe’E‘h Sk exupgle, Hbeci es.

I n one preferr I f p

consi st ng of ° em@ﬁ?&%ﬂﬁ@ren u%éég Hg}elﬁ; %Jgnt?)% 'E%lf%ﬂ Jtﬁg?o?ﬂg § 2 35 and

m xtures ther gpks, thein@tRiiae bf Heat@iieash] Wi RARE/QE658R1 PLT/ US2004/ 031620 10
enmbodi nent , these netal atons di scussed above are inserted into the

framewor k  of [003db] edunlone esibodentiity thegholacul@t siaiecel déscubéd in sianh ofithd Me02] ,

and carry a net char ge depend| ng on the val ence state of tLhe met al
substituent. %@E%ﬁ)l’@mlpﬁe abrvee A srprerenied tntba amparical fgrmulapenianuent has
a val ence Statlﬁ] (agm % ; +4, +5, or +6, the net charge of the tetrahedral
unit is bet we8HYEPY 55552 (0034] In one enbodinent, the nolecular sieve, as
described in many of the U S. PatepRs(MER, yOed above I's represented by
the empirical fornula, on an anhydrous basi's:” R (MA P,)02 wherein R
represents atwhemsst Rorrepresamtd at i lngstamttc;m][damlgraaauy mctfemb@aramc orgasitpl at i ng
agent ; mis the nunber of npl s of

val'ue from 0 {EBPRINGageRs B syt ?)DP‘GbB' ‘%emoalﬁ%lo o %‘r"%ﬁéﬁ@@@%? i ?’Qag. g;
ok . b RO D1 o e o AU
| VB, VB, VI B, y\ht @ repredeht theanoleirotibmof Ak P ol Mhetdﬂahe@dl sxidey et M

El ement s, preferabl ¥ |V|el S sfrel ectnedf frogm omla]AofIBt he group consisting of Co,
Cr, Cu, Fe, Q8,2 mstal mglectrs fram ongmpf Gioup 1A, 1B, 1VB, VB, VIB, VIIB,
VIIIB and Lanthanides of the Periodic Table of Elements, preferably M is selected

from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti,

Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y and z are
greater than or equal to 0.01.

[0035] In another embodiment, m is greater than 0.1 to about 1, x is greater

than O to about 0.25, y is in the range of from 0.4 to 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 t0 0.5, and z 1s from 0.3 to 0.5.

[0036]  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, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34,

even more preferably one or a combination of SAPQ-18, SAPO-34, ALPO-34 and



Zn and Zr. In an enbodinent, mis greater than or equal to 0.2, and x, y and
z are greater than or equal to 0.01. (0035] In another enbodinent, mis
greater than 0.1 to about 1, x is greater than O to about 0.25, y is in the
range of fwen0@s/eFe86@ 0.5, and z is in the range of fromE:R6sM0e/831820 nore
preferably mis from0.15 to 0.7, x isifrom0.01 to 0.2, yis from0.4 to
0.5, and z is from0.3 to 0.5. (0036] Non-limting exanples of SAPO and ALPO
nol ecul ar sie ' ' j ; ' ' ' PO 5,
SAPO 8, - 5AP0 A5 OZIbaE motdl ERelnfl MRHAARE (e SREBL P AR ool

SAPO- 35, SAPGRBh,combiiition 7of SAPO-U0andSARPOILS, ShAPfaet? cobhiffihg 4ndletuiar Pat ent
No. 6,162,415), SAPO 47, SAPO 56, ALPO-5, ALPO 11, ALPO 18, ALPO- 31,

WALPO 34, ALPEie®®6 these®O 37, ALPO 46, and netal containing nol ecul ar sieves

thereof. The '69 e preferre eol{'t -type rID| ecul ar sieyes include.qne or a
combi nation ol r§APC}I‘183,“ R ‘%,“@iﬁ’é@gf’“ YNPEY9 LS 2BABKIEWWUNIBEENE and
ALPO- 34, ' ' foar 34,
ALPO 34" and v TB08/DRERE BelyeF B85 P REH R OR iRl On ool et

cont ai ni ng modj@edonipositRYER faenaR! int@pdwip siolRURFE 61e0éd te d8&tribed irfthe

conbi nati on of SAPO-34 and ALPO- 18, and netal containing nolecular sieves
t her eof . 1003U]S. PateahApplicationSanal N @d9fId4d 61fded Aignst 7 20 randRET §¢@wt h

material havj t i re distinct ases.qQf crystalline structures
within one rro?@giﬁggﬁ’“%g?@eb‘mgﬁﬁoé% B&.ﬂ olsfh’” ‘g"rQTF'E'E‘[eH"r, Ly incarpgrated Ry

nol ecul ar sie e ' ' e, | cat i rial No.
09/ 924, 016 firl\égege'%égﬁt%@?’b‘gg’g?b@ﬁ%nﬁé}fy \’f@’ie@‘ 1@‘%1“&@9%%’?%&336%??‘? 16,
1998, both ofinwhireWnapise@TARI tnd ICHA repidwrRtgds bFor egingslensAPOLTB, anot her
enbodi ment, the nol ecul ar sieve conprises at | east one intergrown phase of
AEl and CHA fABR@wSr snd K¥%-18 have an A framesnpio®, and\SABO34 hasla RHA 18 have

an AEl frarrevgrk-tége, and SAPO 34 has a CHA franework-type. 10038)
Thenol ecul ar 7%} 8 eful for oxygenates to ol efins conversion processes

are synthesi zggy@nd THEBREQACsicved Wil 78 LRYAn&RL AbY SkefindXonversion
processes are synthesized and then made or formulated into catalysts by
combining the synthesized molecular sieves with a binder and/or a matrix material
to form a molecular sieve catalyst composition. This molecular sieve catalyst
composition is formed into useful shaped and sized particles by well-known

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

Oxygenate to Olefins Process

{0039] In a preferred embodiment of an oxygenate to olefins process, the
feedstock contains one or more oxygenates, more specifically, one or more organic
compound(s) containing at least one oxygen atom. In the most preferred
embodiment, the oxygenate in the feedstock is one or more alcohol(s), preferably
aliphatic alcohol(s) where the aliphatic moiety of the alcohol(s) has from 1 to 20
carbon atoms, preferably from 1 to 10 carbon atoms, and most preferably from 1
to 4 carbon atoms. The alcohols useful as feedstock in an oxygenate to olefins
process include lower straight and branched chain aliphatic alcohols and their
unsaturated counterparts.

[0040]  Non-limiting examples of suitable oxygenates include methanol,

ethanol, n-propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether,
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oxygenat es i ncl ude nethanol, “ethanol, n-propanol, isopropano nmet hyl et hyl
et her, di net hmethendler, di et hyl ether, WO 2005/ 056502 PCT/ US2004/ 031620 12

di -i sopr opyl her, formal dehyde, di nethyl carbonate, .dinmethyl_ ketone,

al:e!t i cp a(F:)iyd, l%ﬁ%l i )ﬁ‘ér @@Q“Iﬁgg"égﬁt‘?‘;@Oé’&g‘FS?‘ﬁ Are, nB%"f‘c';b‘g'iY e%l rféﬁf%odi nent ,
t he feedstock is. t | et hyl
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di scussed above, particularly a feedstock containing an oxygenate, nore
particul arly modweddton khecfeedstacki tymcally have diom 2 ta3@ carbonatentse greferablyr i | y
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preferably a feedstock containing one or more oxygenates, the amount of olefin(s)
produced based on the total weight of hydrocarbon produced is greater than 50
weight percent, preferably greater than 60 weight percent, more preferably greater
than 70 weight percent, and most preferably greater than 85 weight percent.

[0044]  Increasing the selectivity of preferred hydrocarbon products such as
ethylene and/or propylene from the conversion of an oxygenate using a molecular
sieve catalyst composition is described in U.S. Patent No. 6,137,022 and PCT WO
00/74848 published December 14, 2000, both of which are herein fully
incorporated by reference.

[0045]) The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water

being particularly preferred.
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m xtures thereor.

preferably from about 250°C to about 860°C, more preferably from about 250°C

to about 750°C, yet more preferably from about 300°C to about 650°C, yet even
more preferably from about 350°C to about 600°C, most preferably from about
350°C to about 550°C.

[0048]  The pressure employed in the oxygenate conversion process of the
invention can vary over a wide range including autogenous pressure. The
conversion pressure is based on the partial pressure of the feedstock exclusive of
any diluent therein. Typically the conversion pressure employed in the process is
in the range of from about 0.1 kPaa to about 5 MPaa, preferably from about 5 kPaa
to about 1 MPaa, and most preferably from about 20 kPaa to about 500 kPaa.
[0049]  The weight hourly space velocity (WHSV) is defined as the total
weight of the feedstock excluding any diluents to the reaction zone per hour per
weight of molecular sieve in the molecular sieve catalyst composition in the
reaction zone. Typically, the WHSV ranges from about 1 hr ' to about 5000 hr ',
preferably from about 2 hr’! to about 3000 hr', more preferably from about 5 hr’
to about 1500 hr”', and most preferably from about 10 hr' to about 1000 hr”'. In
one preferred embodiment, the WHSV is greater than 20 hr'', preferably the



100471 The tenperature enployed i nthe oxygenate conversion process of the
I nvention is typically in the range of from about 200C to about 1000C,

preferably from about 250C to about 800C, nore preferably from about 250C
to about 78OCMYE6Spre preferably from about 300C to abdiiT/630¢/03§e even

nore preferably from about 350C to abolt 600C, nost preferably from about

350C to about 550C. 100481 The pressure enployed in the oxygenate conversion

process of t h&HEV\BNidneersivaro\aafksds@eR contaiMitiemehags and dimethpethertiogenous
pressure. The conversion pressure is based on the partial pressure of the

feedst ock excthegangs difronnalyout 20 hento atioet 80hr ' Typi cal |y the conversion

pressure enployed in the process is . in the range of , from ut 0.1 kPaa to
about 5 MPaa, lﬁﬂ} eriheys‘-‘PP’EfWi [E8% v eloeip3G V) BP ﬁ'ﬁo‘ngsFoc 8&?‘8%803%&{

ferably f . : 500 kPaa. : inght.__hour |
P hace vol e ¢ 7 e HEale R B2 HGeuor s I® prerd MY Sherciei B e L1 1Y
excludi ng anypgishsleails sicvelcaflyseashpicrORRhiR QA reftooh 268 in the réidtor Ofhe

nol ecul ar sieve in the nol ecul'ar sieve catal yst conmposition in the reaction

zone. Typi cal BGV irhdha\pessarpgasufarhynwithinuthelrdactor tspsterbomiors Gitidularly |
preferably fromabout .2 hr" to apout, 3000 hr'', nore ferably from about
hr-' to abouPithmotieqnser reactorfisis #r leagt & bimetst B %@H ?‘I‘gea prefegblihout

oreferabi y ¢ nEee BUBSR0RRS I e riEBbl At bt B et o of
feedstock congahe Mghn™e G860 lyePBEErdinBRS Pickerstih Qreatet thih 3tMAet2nemest from
about 20 hf-1to about 300 hr-1. 100501 The superficial gas velocity (SGV)

5

of the feedstmekerablylgrelitergtldinl denfsec,ang., rgreater GranpatmoiticltSs nwsdchiSees lier r eact or

systemis preferabl ufficient to fluidize th | ecu] ar, sj eve cat al yst
corposi tion \Aﬁ”’tamﬂge'ﬁj-ge%‘ﬁ?‘i"dﬂo-ﬁ@agw ’Prd{énfl%fa"étaﬁrgﬁ‘fﬁés TP MROIPALSS ocess,
particul arly yxte?érﬁnc}ehe reactor system nore particularly wthin the riser
reactor(s), is at east 0.1 neter per second (nmisec), preferably greater

than 0.5 nf seposIPr e 9! Gfec padieited! eabRmeAtanf | the! proeess €teBoREngdrf er ably

greater than 2 msec, yet even nore preferably greater than 3 nfsec, and
nmost  pr ef er apygenate 40 @lefinfsinusingnassiicoaduminophpsphate malérularagiovs catalyst sec.
See, for composition, the process is operated at a WHSV of at least 20 hr' and a
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, preferably less than or equal to 0.01. See, for example, U.S. Patent No.
5,952,538, which is herein fully incorporated by reference.
[0052] = In another embodiment of the process for converting an oxygenate such
as methanol to one or more olefin(s) using a molecular sieve catalyst composition,
the WHSV is from 0.01 hr’ to about 100 hr'', at a temperature of from about
( ~ 350°C to 550°C, and silica to Me;O3 (Me is selected from Group 13 (IIA),
Groups 8, 9 and 10 (VII) elements) from the Periodic Table of Elements), and a
molar ratio of from 300 to 2500. See, for example, EP-0 642 485 B1, which is
herein fully incorporated by reference.
j0053]  Other processes for converting an oxygenate such as methanol to one
or more olefin(s) using a molecular sieve catalyst composition are described in

PCT WO 01/23500 published Aprii 5, 2001, which is herein incorporated by

reference.



exanple, U S. Patent No. 6,552,240 to Lattner et al., which is herein
I ncorporated by reference. [0051]. In. -one preferred. enbodi nent
of the_ .process for converting an oxygenate to olefin(s) using a

si | i coal unvoaopdzaspdeat e nol ecul ar sieve catal yst conposi peps2dolvesgi®cess i s
operated at a WHSV of at |east 20 hr agd a Tenperature Corrected Nornmalized
Met hane Sel ectivity (TCNVS) of less than 0.016, preferably | ess than or

equal to 0.01. See, for exanple, U S. Patent No. 5,952,538, which is herein
fully incorporl@934 by Thefcepemeien presgspaan be sHpehonl anBdinedeind RPCashea pr ocess

for converting,an o nat e suc met hanol to.one or, nore olefin(s) using
a nol ecul ar si ‘{}‘élzﬁcg%g‘?ﬁ?ceﬁ%r%ggaﬁyoﬁ,CO'%WQHW?? s?%moﬁ?ﬁfiaﬂ(i mt%sg about
100 hr's, at ; 'd C, and silica to Me233
"(Me is sel ect 2"5&1?%%%&%’3’“%8%?%@? M&‘%ﬁﬁfg%‘fﬁé‘é%ﬁd 10 (VI11) el enents)
fromthe Peri q0085]TablThe oéaciibe pricesses camndkaplaooims varéty of oitalytiofeadftPs t o

.2500. See, for exanple, EP-0 642 485 Bl, which is_herein fully incorporated
by reference. sugn38ihybrifeicaqiprsclbalsbaver o dersgniiadr o1 Higed bed apgen andioss fash as

t hanol t » .ef i ] | i eye catal yst
Comost i on anbidige PR Ecedtieh =Btey oo bt Fatu poblreadhiged Fdrekom, wni cn
is herein i : 0 1S
10054] The conver Eras i oe ThERERte i Rk ey e e 8.
f1uidized bed enampRs §1.S.pPaém N 4/076, 7960 Ul.S Jaitent Nouicdigzesd2liadairiseneasd and

nost preferably a continuous high vel QCiaé&/ fluidized bed process. 10055]
The reaction ffledisten Ergineexive, g?-aé"émiln V@r iLevenspiel,c Rokeryt Ec Kreeger or s

i o zed” bed RRERE Cortptey. RRYOYBRCTRETE, B7r offich ARgef Peeen Fay peg ~°
reactors, riSgdorpSiafcl ®ySefertée.t Ne I'ike. Suitable conventional reactor types
are described 1n,”tfor éxanple, U S Patent No. 4,076,796, U S. Patent No.
6, 287, 522 (dudbo3d]ser The pneferréd méadior aypes rar&nmgem esaciony geridrailyudéscribedd irD .
o e e ot Rt Remcipty Figeation and Flud-Pariscle Sysroms, pages 48 to 59, FA. Yenz -
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
Serial No. 09/564,613, filed May 4, 2000 (multiple riser reactor), which are all
herein fully incorporated by reference.
[0057]  In a preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor systern, a regeneration system and a
recovery system.
|0058] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) within at least one
disengaging vessel, preferably comprising one or more cyclones. In one
embodiment, the one or more riser reactor(s) and disengaging vessel is contained
within a single reactor vessel. Fresh feedstock, preferably containing one or more
oxygenates, optionally with one or more diluent(s), is fed to the one or more riser
reactor(s) in which a zeolite or zeolite-type molecular sieve catalyst composition
or coked version thereof is introduced. In one embodiment, the molecular sieve
catalyst composition or coked version thereof is contacted with a liquid or gas, or

combination thereof, prior to being introduced to the riser reactor(s), preferably

the liquid is water or methanol.



I ncorporated by reference. 100561 The preferred reactor types are riser
reactors generally described in --Ri ser Reactor, -Fluidizationand
Fluid-Particle Systens, pages 48 to 59, F.A Zenz and D.F. OQhner, Reinhold
Publ i shi n@V%&P(F(}i‘Q{Oizon, New York, 1960, and U.S. Patent PRE/US300#8316287
(fast-fluidized bed reactor), and U. S.¥pat ent Application Serial No.

09/ 564,613, filed May 4, 2000 (nultiple riser reactor), which are al

herein fully alimjgg]r porgdReRY Jrefild epBRenakORefidinidy BfebdsedR’ Rfbretpoginent, a

fluidized bed process or high velocity fluidized bed process includes a
react or syst dmroductiegeaneahea o ggensiygstpeote fmdcanverssmoreactpr syt kereqiiedap The
reactor system preferabl¥ Is a fluid bed reactor systemhaving a first

reaction zondemovanpan-yplilgcopgminantsser reactor(s) within at |east one

di sengagi ng v I, eferably ¢ [isin e or. _nore cl.gnes. |In one
enbodi ment , _t'ﬁ@&@ne 5?’3 n@?‘gPW¥s%ﬁéﬁ)"§a§}eo%€§@r as&atexaai geﬂ%i%?‘ﬂ?j QPQ%’?@?& s
contained Wi RiinAorShg! f the FrétFeadtSSsdile: infol s%ﬁs&sseeﬁru@ﬁmapelﬁéﬁnp@' y
cont ai ni ng orle or “‘nore “oxygenates, optionally wth one or nore diluent(s),
is fed to thelisungaging vesse alorgewith 4 esledmidlsjularsieveicatalyat congiositidonOln the

zeolite-type nol ecul ar sieve catal yst conposition  or coked version thereof
i s i nt r oducedreferred smbedivesnt, ravalonefshwithisl theudisengaging vessehargl designedrposi ti on

or coked version thereof is contacted with a.liqui as r . copbination
Chereor . pr1 oPbaEeBr e Girte s crmppfie Treliely f ke holeeilie) 't he
liquidis watseheOladiH ositi¥f) 3'9915(&5&9&?%&}%2%1%%% ortfhdr@059]
Treat nent of the oxygenate-contalning feedstock prior to i'ts 1 ntroduction

t o the oxygerdéfin(i)owithif thaslisengapings tare. (Batdnes anapreferedehoweet, gravity enove
non-vol atil e contam nants. 100601 The feedstock entering the reactor system
i s'pref er abl \effeetswethindhe disenspging vpssst willplsp separatethe Fatglyst GoBWeSidieny one i nt o

o 9ese0ue. ! sl sk SR On o B IARp ROPE St o
cyclone(s) Wigd fhelddSeds SARBAGHBIAY BRI8E ofpRIcd SSibE MibwisOand P fikat € t he
nmol ecul ar si eve catal yst conposition, preferably a coked nolecul ar
[0061]  In one embodiment of the disengaging system, the disengaging system
includes a disengaging vessel, typically a lower portion of the disengaging vessel

is a stripping zone. In the stripping zone the coked molecular sieve catalyst
composition is contacted with a gas, preferably one or a combination of steam,
methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from “the coked
molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSV) of from 1 hr' to about 20,000 hr”' based on the volume of gas to volume

of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.

[0062]  The coked molecular sieve catalyst composition is withdrawn from the
disengaging vessel, preferably by one or more cyclones(s), and introduced to the
regeneration system. The regeneration system compnses a regenerator where the

coked catalyst composition is contacted with a regeneration medium, preferably a



si eve catal yst conposition, fromthe gaseous effluent containing one or nore
olefin(s) within the disengagi ng zone. Cyclones are preferred, however,
gravity effects within the disengaging vessel will also separate the

catal yst oQopesidsips fromthe gaseous effluent. O her pprRR%HHH620
separating the catal yst conpositions p-fromthe-gaseous

ef fl uent -i ncl ude-the-use of plates, caps, elbows, and the like. (00611 In
one enbodi nent of the disengaging system the disengaging system includes a
di sengagi ng vgassedntainipgi @aigery endep\gsnerporageneraiin cheditionse ahdgmprratessel i s
a stripping zone. In the, stri.pping zone the coked nol ecul ar sieve catal yst
conposi tion i REEY A ENdscE Hgig' gas, preferably one or a conbination of

.steam et ha@@eycar Wﬂ-l%ﬁé{gd&mﬁ%b&ﬁtﬂ@ Eheifion AP thol e Bl Igpert gas

such as argon, preferab eam 'to recover adsorbed hydrocarbons Tromthe

coked nol ecunafe &l Bygert; B3PS, NAOMEOs NO,ON,Ohalir, ki dilited with hiteigef@rt 0 t he
,regeneration system In another enbodi ment, the stripping zone is in a
separ at e vessairbdr dioxidheoxygens anywaien fU-be Eateht Mndb. 2% 7¢scarborpmopexidat a gas

o1 hie. vo ureAriHor dudraggi Dl REenesRoncseBEh R e hase SBNE S frmpgicoke
conposi tion, f s f’e‘?ﬁﬁ r r ut 750C,
pr rer1l‘3er ably f rﬂ;%ﬁatﬁéggk%%%!?% c@b@é@fhﬁg er:_e t ei’é%i)llée]gw;r]n)lﬁgepctﬁ?grﬁ%?’ee ?cat al yst
conposi tion. [PEaR batbe dokied toml eweiphtr ofi thee coledamoddcul@ngiosd tdatulyst S

w t hdrawn fromthe di sen_ga%{ ng vessel, preferably by one or nore
cycl ones(s), compositionsrigtiag thegegeneratioagustemaihe poksfl saddesularisievieagtalyst at i on

system conpri ses a. .regeperato re the caqked catal yst, conposition is
contact ed P poR B A OB ReEeBTaInE SO Rt SebE R Rp sieve

PCT/ US2004/ 0 contai ni ng oxygen, under general regeneration
condi tions oﬁ%%‘é‘%’é?‘%@n pressure and residence tine. 100631 Non-limting

exanpl es of t{peed]egeMhe aégendratiord teniperanore islén diterange offiiom aouo2PgeM to 03, SO3,
N20, NO N2, N20O5, air, air diluted with nitrogen or o car bon di oxi de,
oxygen and weabert }3905C, praferahly Npom aibouts3G056) 1o-akaub JA0GRER drergcprefembiy r

YO 09en: TR SAR, O BNk ARRC B R P ol SRS A
wei ght 700°C. The regeneration is in the range of from about 10 psia (68 kPaa) to about
500 psia (3448 kPaa), preferably from about 15 psia (103 kPaa) to about 250 psia
(1724 kPaa), and more preferably from about 20 psia (138 kPaa) to about 150 psia
(1034 kPaa). Typically, the pressure is less than about 60 psia (414 kPaa).
[0065] The preferred residence time of the molecular sieve catalyst
composition in the regenerator is in the range of from about one minute to several
hours, most preferably about one minute to 100 minutes, and the preferred volume
of oxygen in the flue gas is in the range of from about 0.01 mole percent to about
5 mole percent based on the total volume of the gas.
[0066] In one embodiment, regeneration promoters, typically metal containing
compounds such as platinum, palladium and the like, are added to the regenerator
directly, or indirectly, for example with the coked catalyst composition. Also, in
another embodiment, a fresh molecular sieve catalyst composition is added to the
regenerator containing a regeneration medium of oxygen and water as described in
U.S. Patent No. 6,245,703, which is herein fully incorporated by reference.
{0067) In an embodiment, a portion of the coked molecular sieve catalyst

composition from the regenerator is retumed directly to the one or more riser



percent based on the total weight of the coked nol ecul ar sieve catal yst
conposition entering the regeneration system The coked nol ecul ar sieve
catal yst conposition withdrawn fromthe regenerator forns a regenerated
nol ecul ar woeuwss/seskal yst conposi tion. 10064] The regenerpaiiigod@3nRnat ur e
Is in the range of from about 200C to 1sabout 1500C, preferabl-y from about
300C to about- 1000C, nore preferably from about 450C to about 750C, and
nost preferably ion is i.n the range

fram about 550C to 700C. Th egener at
O T o Bbou TCAGOREh 57 (OB oERRalY PIG-coBBRLIE A (BE Ferdriank T 4oRtrting Mather anly

from about 15 i Kk s/ - , re
preferably frfé%&ag,&qﬁlcg% %g\?e)ac%t%%(gtbgﬁgg '?0 (;B a%rgﬁ?rﬁ%géép\gﬁgag ( i%@gr aﬁ%aa) .

Typi cal ly, thgoRcsiaf Wievel GatdlRs Scohlpasitish Wit a G9okd i ragdnéiafed Randculat A6R1 The
preferred residence tinme of the nol ecul ar sieve catalyst conposition in the
r egener at or i satalystchmpositige describedbalewout one minute to several hours, nost
preferably about one _m nute to 100 m nutes, d the preferred yolunme of
oxygen in theld0ble gddicj gaspops; ¢flluenifem efQﬁﬁ\ SRR 150 Worhdisme rpay thent t o
about 5 nol e;. t n one
enbodi nent , rdelgeg]r gg; g%fsgﬁag%%éﬂpgﬁdt f%k'?:g?‘lr";‘}%? gﬁté'@gl;l%g? ﬁﬁeﬁg&@%%ounds
such as pl atijeWn ﬁ@birc?f“s?ﬁhﬂﬁlde&lhﬁqdd’s laad saquenadetaigt dre Jdsbfl e 9eiaetRgOr
directly, or indirectly, for exanple with the coked catal yst conposition.

Al so, in anotlafn(skabddiumdying defin(s)s fromp thec gasgouss elflnentc Rexbyeay systepssi tion

I s added to the regenerator containi ng are ner.atiog medi um of qQxygen and
wat er as descHNEEHY| FOMPISE OPS R MNG, B,azﬁg,lg’(b‘?,tw%? hY 3NQUus, SJERALTY| | v

i ncor por at ed ﬁ’é’ctirbﬁ%tg{n)els or didPadib !t@h\/@%r g@nhzﬁﬂg,nﬁﬂhersaop?rraHsofbr%ftlcttiBﬁ coked

nol ecul ar sieve ca conpositio egenérator 1s returned

difectly to tditemBauch asremglbensne M¥BuBRADE 0B85 0RemMIT6 USA06)978)3%hA 2her 1S
reactor(s), or indirectly, by gr e-contacting with the feedstock, or
cont acti ng widenivativee proogeies ciclirassaldchydest katones andnpder masnfacyre (Uil acti ng

ith I I ' | . : iti | ed
egener at od TN, SaTe0at), dioyper HrEED: ERBRmEL, S pltnlel Bt 00681
The gaseous efchlidRBls, hEARNcASNFO réRRE#a6n is§stéhnd RETAND ttafRMedlifressors,

knock-out drums or pots, pumps, and the like.

[0069] Non-limiting examples of these towers, columns, splitters or trains
used alone or in combination include one or more of a demethanizer, preferably a
high temperature demethanizer, a deethanizer, a depropanizer, preferably a wet
depropanizer, a wash tower often referred to as a caustic wash tower and/or
quench tower, absorbers, adsorbers, membranes, ethylene (C,) splitter, propylene
(C3) splitter, butene (C,) splitter, and the like.

[0070]  Various recovery systems useful for recovering predominately
olefin(s), preferably prime or light olefin(s) such as ethylene, propylene and/or
butene are described in U.S. Patent No. 5,960,643, U.S. Patent Nos. 5,019,143,
5,452,581 and 5,082,481, U.S. Patent 5,672,197, U.S. Patent No. 6,069,288, U.S.
Patent No. 5,904,880, U.S. Patent No. 5,927,063, and U.S. Patent No. 6,121,504,
U.S. Patent No. 6,121,503, and U.S. Patent No. 6,293,998, which are all herein
fully incorporated by reference.

10071]  The reaction products that are withdrawn from the QTO reactor
advantageously can be cooled and separated from water, a by-product of the

conversion, in a quench tower before the olefin products are recovered. In the



di sengagi ng system and i s passed through a recovery system There are many
wel | - known recovery systens, techniques and sequences that are useful in
separating olefin(s) and purifying olefin(s) fromthe gaseous effluent.
Recovery dyaeeiwsegeneral ly conprise one or nore or a coRGTf&atioen3iete vari ous
separation, fractionation and/or dist#®llation towers, colums, splitters,

or trains, for reaction systens such as ethyl benzene manufacture (U. S

Patent No. 5,47 8)_.and .ot rivative processe des,
ket ones and eg'_feglp R ZP&‘%%T &gftuofgﬁg( W"g&s CBB%eé’ﬁ?d A eg],og?g?g%(li?? Bgt}@l' gﬂ%r
associ at ed eqihentl Rdwerl Whef48 iR Bght W@Hi&%on&ﬁﬂﬂﬁ@ﬁ%@geﬂ%&%tar@mer S,
refrigeration systens or chill trainsS, conpressorsS, knock-out druns or

.pots, punps, had thheop ofktbe gh@REIPwedoas-ani aviethiead) steeamnpV ater indveé frent theer s,
colums, splitters or trains wused,6 alone or in conbinatjon include one or
more of a dentigRghiorer coppasessamedissolvad §ahtihyarsatbony andsary RyRTodects a

»deet hani zer, a ropani.zer referably a.wet . .depropani wash ,t ower
of ten referre’(ﬁm(’!@Bl SE a%xsytgfngat%agfg"t 5\%%]?0]%1%9 (}?e &aﬁeﬁg Cﬁft(;)a,v‘\’é?a, nglfg%%rbers,
adsorbers, nephfigdESint Slelivl 8128 of Satial fPVAtk! A1 wIRER B B RmovEPSDy StRpping e’ -
butene (C4) splitter, and the like. (0070] Various recovery systens useful
for recover i nie pratatdrinn healy\by-prbdifcisngrh lightree$esrsadih gs geanmer mtrogénght ol ef i n(s)
such as ethyl ene, propylene and/or butene are described in U S Patent No.
5,960, 643, U.1807Hat edt thesopesaipno of scpnversions) quenchasystempgisedign, olefig,  pat ent

5,672,197, U.S. P No. 6,069 8, U. S. P ) 904, .880 S.
ot ent Mo, S Bsaven 3 largkdropoaloraf e wad: Withafa§n T W bottam S Gpengh
6,121, 503, angwek ﬁ-cogféﬁ?ﬂ}bicflgyogﬁiina%ct%& exWiirzB, Adahékdol W&iii‘pmfd&bhy

i ncorporated by referencé. ] The reaction products that are w thdrawn
from t he OTO twehetaprof thelgaenchdewers injarcoperdmnoadibdd "pudparemat.'atThdred arem wat er,

a by-product of. the. K conver.siqgn, in_a quench tower, before the . .olefin
products are %’Gé%ﬁ%‘ﬂ?esllﬁﬂaﬁ@m\@e?@b?ﬂ(%éﬁ ap Oﬂﬁlﬁb;}@@atel@equench
tower. nost o | S r 0, t he
quench {over - RELTR Blot B DARACEE 3801 FRRRY Wy Rl nel el
removed fromrblide tipolefing-Hich Guit Glreird e fan @aveBad pyducedhdsd iQAd stridh er

renoved fromthe

rich 1n water as a bottoms product.

0073} The liquid stream rich in water will contain various other materials,
typically unreacted oxygenate feedstock, e.g., methanol, and other oxygenates
created as byproducts of the oxygenate to olefins reaction, for example, but not
limited to, ethanol, ethanal, propanal, acetone, butanone, dimethyl ether, methyl
ethyl ether, acetic acid and propionic acid. The proportions of these oxygenates in
the liquid stream rich in water may vary widely dependent upon the nature of the
oxygenate to olefin reactor, including feedstock, catalyst, WHSV, temperature and
pressure, among others things, Further, the proportions of these oxygenates in the
liquid stream rich in water may vary widely dependent upon the specifics of the
quench tower, such as the pressure, temperature, height of the tower and nature of
internals, and pumparound rate, among other things.

[0074)  Regardless of its exact composition, the liquid stream rich in water will
need to undergo further processing to provide components in an appropriate state
for use or further treatment, e.g., provide a water stream low enough in organic
content for typical water waste treatment, or provide an oxygenate stream low

enough in water content for use as fuel or for addition to some point in the



guench tower conprises sone dissolved |ight hydrocarbons and heavy
by-products including heavy oxygenates, e.g., alcohols and ketones, which

have a norpal ili.ng point greater than or equal to wa which can be
removed by tzp(f%%lﬁ?% the water from hﬁ)avy by- product s w’t')t?ﬁlﬁag%\jmb@ges such
as steamor nitrogen. 100721 In the operation of conventional quench
systens used in olefin recovery, a large proportion of the water w thdrawn
from the bottoxgehatt he olpdims girocesooe nppaatonol Ty ptogpssimgl typichlly imdudesct  heat

exchange, and the cool water is_provided  to the tog of the quench tower, in
an oper at i on water-e¥ygenatg figshiopatian towescyvich rssparales the ayidy stream gighni de t he

h , h hed whj facgili . h ' f h
Teing vapor Wtk B an Peerialer iy etBhia) Bl B Gub dnafint Bl S o
ol efins-rich MaREboSHEEEYRRaB WARTHE 8Tene BGHE tarsdlyl vardr) Bt § wih&&aR rich

in water as a bottonms product. 100731 The liquid StreamTich in water wll
cont ai n var i oliguidboaomapteiucaitgpicallyyqintahing more ekant shbuo 2§ getiatvatet,eagst ock,
e.g., nethanol, and ot her oxygenates creat ed as‘e({tx)g/prﬂoducts of the oxygenate
to ol efins remete han ajayt S@ xaimpvaer, B e than abpy ° Wadthnol , et hanal ,

ropanal , ace . butanone. . di net.hyl. .ether thyl ethyl ether, acetic
gci 8 and pr opfomﬁc aci'd .pr:ﬁ?gt B?VC?B%?'%/i"?)tﬁosJ&g?g Pﬂgeggy%w%p%tg-qcﬁ suieﬁ@ liquid
streamrich i \ o t Y

oxygonat e o b ARt Aot Y AAARICRTa MRAn ol the Waif B fhenalt®

t enper at ur e afiscliona@Esiomer aboverthe ddedaray dt lvingstheRiguidstreant Heh jir witer isi ons  of
t hese oxygenates in the liquid streamrich in water may vary w del

dependent upoWmtrodeced e dief water-exygenate figelianaton tanear, Adding the okygenple re,
tenperature, height, of the t [ .,an fur f ~internals. and, punpar ound
rate, anong o%}ﬁeég’st'ﬁi%ﬁescl.aoﬁ %ﬁ“ﬁe@ﬁ&g %s %‘F fﬁc mlé%z%?&to?gﬁ'ﬁ%jﬁ%?ﬁ%, t he
l'iquid streamgdpdenser BuifiThe Whiet-oxyiRAkke fRACHOKIRICH Qo at! WRAE réfuem@SRithi 0
provi de conponents in an appropriate state for use or further "treatnent,

e.g., provi dehavyabrtamgtantsasoch aswmetabisgh, metabpagbelecor scalatsach asf rust flakes,cal

wat er waste treatnent, or provide an O%genate st.ream |, ow, enough in water
content for udecatplyst fIBes, of thecixyReRf 16Kl streamnang yppanzing theoxyesnatais/ 056502

PCT/ US2004/ 03%'%@]%%%2@*8@22&20&&3% ﬁlfoidﬂ& process or apparatus. This

processing t
|06076] Introduction of the liquid, oxygenate-rich stream above the feed tray

can include introducing the stream to a reflux drum positioned at the top of the
fractionation tower, or to a tray within the fractionation tower positioned above the
feed tray. The latter embodiment provides removal of heavy contaminants by
vaporizing the liquid stream at some point in the tower and forcing the heavy
contaminants down the tower in the liquid, thus providing an overhead stream
{ reduced in heavy contaminants.
[0077)  Vanous embodiments of the present invention introduce the liquid,
oxygenate-rich stream to the oxygenate-water fractionation tower on a tray that is
typically no more than 30 trays, or no more than 20 trays, say, no more than 10
trays, e.g., no more than 5 trays or even no more than 2 trays, below a condenser,
the condenser being considered as the first tray at the top of the tower with a
reboiler at the bottom of the tower considered as the last or nth tray. In general, the
closer the liquid, oxygenate-rich stream is introduced to the condenser/reflux
drum, the greater the energy savings, given a composition of the liquid, oxygenate-

rich stream which is similar or higher in oxygenate, e.g., methanol, content than



wat er - oxygenate fractionation tower which separates the liquid streamrich
in water into an oxygenate-rich overhead product (typically containing
greater than about 20 wt % oxygenates with the bal ance being largely water)
and a wat &0 208056502 qui d bottons product (typically contBCTURZpOHOFI62G han
about 90 wt % water, say, nore than aBdut 95 Wt % water, e.g., nore than
about 99 wt % water). 100751 The present invention introduces at |east one

te-rich str i nj t | t ,.abaut 20 % Az
Seeti on of 4 M EER egiien 2raolf coarBASk PERRY Bdintlatl WRERS btibe, 2y o
whi ch the |iquig SEMSAN donfts ApR@iE prévide iirwréa@eweﬁé#%)t nga\tings yehifl-gyygenat e

fractionation tower. Adding thé oxygenate-rich stre to a section above
the feed trayntafdutébfaithecawayfaim dre domdenser/edlug@lsuthhe  condenser duty of the
wat er - oxygenate fractionation tower, while reducing certain_ heavy

cont ani nant s [8W/8h aslmanegmhogimentphedrachapation tewengonaprises aixed nisbenst

the oxygenat &1 bEstasst el ey EBR el ohdeobal Becop pb BRChrsT Ragrad -
'ntroductlonagéb&if&?ai tﬁglﬁbﬁ‘om%l’t%elﬂﬁtsﬁ i Phe Rl 3N iv,@#eigem@&aﬁaﬁcfu@y can

i ncl ude introducing the streamto a reflux drum pos at the top of the

fracti onati onhd pidille of thet axtunl istagys. Whehliquid,hex yiereurd-ictn str¢adm compHsing@si t i oned
above the feed tray. The latter enbodi nent provides renoval of heavy
cont ani nant s l¢apt ahoab P ivtPnerygharate isgiypisaly inteaduesd owabpys the 4cknal Blege oner and

forcing the heav .ont am n own..t t r in.the,d,lquid, th provi di ng

an over head §PF%S§H{‘&'P§§1?1@€H?€¢1%h%8V§II¥gﬁ?‘g%ﬁ%’aﬁ?ysgboﬁ. 7,%%:?t?061&§§% .

embodi ments GQfhe}dh§ (Y SRERhgd EOHRADORIR tb NbHRTLS, bitPiHel 18 isthge Bi¥GRMAL - ri ch

streamto the oxygenate-water fractionation tower on a tray that is

typi cal | y no teabeuttMtarof3be actaslsstager positionn et nsmbep 0f tactagk stagesytypicallyor e t han
n no nore than_2 trays, below a

10 trays, e.g., no ngre than 5 trays qQr eye
condenser, #Ees BamAbout 20,tg; alh?@“’c’cﬂq}s/ PH%PE’CF\QQH‘ e abputf0, oy Fomabophdl t op of

the & ower W aBou a0k, Shaiisol NEs 0L ALY ulermh OB COBRLASERdefigy Lhe, |2

or nth tray. Tn genefa closer , oxygenat®e-ric amis
i ntroduced toihjie £Ondenuférchaigkably t6riean phwidl @aktastinghdeveaR! chsayi ngs,

given a conposition of the liquid, oxygenate- rich streamwhich is simlar

or hi gher i nbohblgeagplatesor gieve wraxshwel knowarie drose skilled in0he 8851e8 datde

PCT/ US200470 l}c6s gll of a fractionation tower to effect fractional distillation.
[0079]  Alternately, the fractionation tower can comprise a suitable packing as
is known in the art, in lieu of or in addition to the actual stages between the first
and last actual stages. Such packing comprises suitable material that facilitates
intimate gas/liquid contact. The gas/liquid contacting material may include, but is
not himited to random packing and structured packing. Examples of these include,
Gauze, structured packings such as Metal Max Pak® Mellapak®, Flexipac®,
Gempak®, Goodloe®, Sulzer®, or random or dumped packing, such as berl
saddles, Intalox® saddles, raschig rings, Pall® rings, and Nutter Rings™. These
and other types of suitable gas/liquid contacting equipment are described in detail
in Kister, H. Z. Distillation Design, McGraw-Hill, N.Y. (1992), Chapters 6 and &,
the disclosures of which are incorporated herein by reference. Typically such
materials are packed to a depth ranging from about 2 ft to about 40 ft (from about
0.6 m to about 12 m), say, from about 4 ft to about 20 ft (from about 1.2 m to
about 6 m). The efficacy of the packing material is related to the trays which it

replaces or supplements in terms of height equivalent per theoretical plate



21 the desired overhead product. In contrast, liquid, nethanol-rich streans
havi ng | ower nethanol contents typically provide increased energy savings
as they are introduced farther away fromthe condenser/reflux drum 10078]
I n one enBYAPMWEMQESSOE he fractionation tower conprises a fiPk@@SAUHIEI620 of
actual stages, typically ranging from% condenser at the top as the first
stage, to a reboiler at the bottomas the |ast stage. The feed tray is

typically | ogatef) almahar of hbe-windth efffiedcheinacpaskbd Fisklason ddlemhnl Ui d,
oxygenate-rich streamconprising at |east about” 20 wt % oxygenate 1Is

typi cal |y i nigthdhertit af pankinghihuemakes agssparalios equjualentoortbatpfredthagretical about
60% typically about 80% say about 90% e.g., about 96% wherein the first
st age correspéfds to about 100% and the | ast stage corresponds to about 0%

of the actual ge Ltion. -Th tu st.ages. i vipl . ranges
from about Zéoq%g?abolﬁﬁ ob, aoF““Fﬁ%%u&ggéﬁk%%g a %u%igoj&do)rﬁ%f S’gk%lé%out 40
to about 60, safricdiRve Volaiifities stABIRINS and BwAESS Melligald andivages” and
act ual "tra&s‘ are used interchangeably to nmean physical contacting

devi ces, sucEffdendyudanl leest bp apdeated sbeomeaisenfeplant apdymneein thermame seovitd)ose
skilled in the art, used inside the shell of a fractionation tower to

ef fect fractmadals ssaled frpmyx sush. colpmns 1soimags madglsybased corr dafat freiRatebn t ower

; it ; . i the art. inli f .
Cadi ton t o enutils dancaPREtath i e IR 007 ok Bt ual stages. |
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gas/liquid contact. The gas/l1quid contacting material may include, but is
not |imted HETParthomgenekl nide,aondt canrassume ot rpadom pgckifigaap HETRO O {8ese

i nclude, Gayze, structured packipgs such as Mt al x Pak(r) Mel| apak(r),
Fl éxi pac(r), mceﬁﬁﬁaw)lzﬂt%@r%(? inc EFIE)éP,"e éﬁ‘éﬁi\ﬁﬂ%?a edha ki ng,

such as berl . | . ) ' - | r.) .rLngs, and
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equi pment  ar R3S krichQinmp}. [¥einchds foi 0.5KneH efimpHandZ33 M. Sbi bhédincReribRSi gn,

MGawH I, NY. (1992), Chapters 6 and 8, the disclosures of which are
i ncor por at ed Additinal (gpidastereancde foyppdcul (Ghesinah Enginearing, sAprik p8%ed to a
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[0082] The liguid, oxygenate-rich stream containing at least about 20 wt%
oxygenate can be obtained from any suitable source including from the recovery
train of the OTO process itself, or outside the process, e.g., from the same sources
of oxygenate feedstocks which are converted by OTO.

[0083] In one embodiment, the invention utilizes a liquid, methanol-rich
stream which is derived from the bottoms product of a methanol adsorber tower.
A methanol absorber tower is typically a column whose upper portion receives a
methanol-containing feed and whose lower portion receives compressed olefins-
containing overheads containing residual oxygenates. The residual oxygenates
and water contained in the compressed olefins-containing overheads are absorbed
by the methanol-containing feed which is removed as bottoms from the methanol
absorber. Conveniently, a liquid methano] feedstock can be introduced to the
process of the present invention by addition 10 the methanol absorber tower.
Typically, the liquid methanol feedstock comprises at least about 95 wit%

methanol, say, at least about 99 wit% methanol. Any conventional contact



repl aces or supplenents in terns of height equival ent per theoretical plate
WO 2005/ 056502 PCT/ US2004/ 031620 22 (HETP), a neasure of mass-transfer
efficiency. In a packed distillation colum, it is the height of packing

t hat makeswve 2eepEezki on equi val ent to that of a theoreti ear/uspioansie2¢ 00801
HETP is a function of packing type andsi ze, and the physical properties,
relative volatilities, distributions and flowates of the liquid and vapor.

Ef ficiency can_best be assessed he n pl.an ol u in anme
servi ce, nnc?é’lpgmiuéa?‘gdpq‘cﬁﬁif@%ﬁ oégﬁge osh?';‘g’o’fsgﬂg?’bge ﬁ%%%tshaﬁ%]sareﬂ’gori’ﬁr'dat a
from such cofhdmesovedy ofRemtid HM & sithaed seRehled. YwitBY Arbe 5&%&&&@
particul ar packing type and size can be categorized by a typical TP. As a
.general rul e,anyne thamsaad suethodsoin pamidelar prci flpshiag ofiEfielighid 148 a lovwadnes f or
one inch packings; 26 inches for aope ,and a half inch packings; and 36

i nches for tiRsessHEeh (Pdwertingrup oFthe hquid en tp s iempeeatuisdevel @l pichimethanel are 9
,Jgnches for-0,25,inch LR 418 .Lnches fo . inch crinp; and 33 in. for
one inch cri rﬂf.s'orbi\a%ﬁ]?ﬁ)erlu%\n& 8?11?8%W§Ié’a§%rh0{)tg%eouﬁdn%o%hem cal Engi neeri ng,
April, 1989, Agbéllst' AnB e BmbBAiHERt (HiRAR 2 &RARRIIIHEh sBRirh whicPRCAEHeff0! UMMS”
by Mark E. risson of Tennessee Eastnman Co., and John J. France o
ditsch, |nc.fr¢fiQB2 bofthms|producd of axligwddiqaid alsdorisdrr ebiquidelijuad absuybat | east

about 20 wt % oxygenate can be obtained from any suitable source including
fromthe recdyRiedlly aredispd &g trepidwonmmysgblediuidss epg of bigheisperidis gadtHr ocess,

e.g., fromthe sanme squrc f n - Ich. ar nverted by
OrO. 100831 (S oRaTRAlE ) °&“834?3§M$§RP§£15?’%§8§? prriEe “iq&ﬁ’l“ﬁ?g fowet
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met hanol adsorf ber tower. ~A methanol abSorber tower is typically a colum
whose upper pfoorhiaofractismeiinvg soveer, miroteced at ahedaier pogtitre efl tiencblwinns §hé ower

portion receives conpressed ol efins- cgntainjng overheads contai ning
resi dual oxydividseare mgmued; %&ravaﬁ%&@@ abaab \(BRIE TespErH Ve MEhIe ¢ he

corpreseed oL BieRPghgl HLHBRY 56 AR S, GkegRoTAL Wit bt bR s
absor ber. Conuebiefini-yntaiming Sitath. ThE bRfiak-comeiisigaleatpfiolevhich WatiGed to the
extracted is then passed as overhead to, say, a lights tower used to separate lighter
hydrocarbons from each other.
[0085)  Typically the liquid-liquid absorber is used to treat the bottoms from a
first cut fractionation tower, which the treats olefins-rich overhead derived from a
methano] absorber tower. The first cut fractionating tower provides i) an olefins-
rich overhead stream which can be further processed in the olefins recovery train
and 1) a methanol-rich bottoms stream which is directed to the liquid-liquid
absorber.
[0086])  Still another embodiment provides a liguid, methanol-rich stream,
which is derived from a unit serving to vaporize feedstock methanol for
introduction to the reactor, e.g., a liquid blowdown from a methanol feedstock
vaporization flash dram.
[0087)  Yet another embodiment provides a hquid, methanol-nich stream which
: is primary methanol feedstock to the reactor/vaponzation system of the OTO

process. Such feedstock can be taken directly from tankage or a methanol

production unit.



process of the present invention by addition to the nethanol absorber tower.
Typically, the liquid nmethanol feedstock conprises at |east about 95 wt %

met hanol , say, at |east about 99 wt % nethanol. Any conventional contact WO
2005/05650‘20%#0&5@@)04/031620 23 apparatus, e.g. packedPEHUFAHEFTI639 at e
colum, is suitable as a methanol absdfber. The recovery of nethanol froma
saturated solvent, e.g., water, can be achieved by any of the usual

met hods, in ﬁarsts'?culmro ©¥han(dne ECilﬁ@,hJ) efbte!iif et flay BeAifeRlBI 10 REESSUT €,
(2) heating-up of the rlqwd up to a ténperature level” at whi ch nethanol

desor bs conplfiatednation t¢Br @ morebthamtonepotrdt dbbes ¢he feed tray hAllsma(@dB4f Anot her
enbodi nent utilizes a nethanol-rich streamwhich is derived_ fromthe

bott ons pr oddesireds a givendigui, iox ygenateamiostisam mey e iappariepsdand shitseisd e
typically are used. to.treat fwo imyscible |iqui ﬁ% e of higher specific
gravity, e. 3?8,1% @Hamyg}v,er{or{p?rggg%b@e&mng%ﬁ% rfe‘% Yton of a col um and
a liquid of awe) SPREI Sdyeeli@Mtl Yorerfe ef iR M water-

oxygenat e- corLt al Irjli ng%t%ﬂﬁ%@r acti (())n rt aaﬁeﬂﬂoqurcom af ract‘?%%ra?%yﬁsn@tt(emer,

i nt roduced affratfiendtionaowpocdn be taken tasea aaditional [idued prddact fismathe reflier mi xed
by gravity effects and absorb their respective mscible components from

each ot her t @runfercas ahqwddrawi! omeanytray abayerke ey Ganapreferablyrfromhe

ol efi ns-cont ai ni stre he. ol.ef i ns- cant ai ni ng stream from.whi water is
oxtracted |'s enaoyaviechthesl 36uf " Bish gL LOReRe SO sk i A,
separate lig alVialg &h ﬁi;&%k i fidns
I'iquid-1iqui gi lgt[;%ag%g’r ﬂﬁégﬁggﬂ%ﬁ&g&{‘?g&{;{i td ﬁgag%%ttng f roérfg% Fpfiiiﬂro’gt cut

fracti onat i othd reflax, drufaj ehwhbteistimeainsasoparfialneondenser operativnndr deri wapdr f rom a
met hanol absorber tower. The first cut fractionating tower provides i) an

ol éfins- ri cHraNef Fempnytirayahovaihe feedrpyprrefarrtly Siomy Bewahong thehighgst of ef i ns

t i_n. et [ -ri { Lgh | di ted t
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vaporize feedstock nethanol for introduction to the reactor, e.g., a liquid
bl owdown f r omhat isgkrivavmods hixed sowdsnsenaepstationaol vapof had hiquid wxygenate-rich

overhead product may be taken as a drawoff from any tray or trays above the feed
tray, preferably from a tray or trays above the highest point at which liquid,
oxygenate-rich stream is added. Of course, more than one vapor, or more than one
liquid oxygenate-rich overhead product, or more than one of each may be taken
from the fractionation tower.

[0090]) Typically, at least about 10 wt%, or at least about 15 wt%, or at least
about 20 wt% of the oxygenate-rich overhead product from the oxygenate-water
fractionation tower comprises oxygenates other than methanol.

{0091] The oxygenate-rich overhead product of the oxygenate-water
(methanol-water) fractionation tower can be used for various purposes, including
as a fuel, as feedstock to the OTO reactor along with the primary oxygenate
feedstock. If the oxygenate-rich overhead product is taken as a vapor in a partial
condenser operation, this provides vaporized methanol/oxygenate feed to the
reactor with virtually no incremental heat input beyond that already required in the
reboiler of the methanol-water fractionation tower, with no incremental heat load

in the primary feed vaporization section.



[ 0087] Yet another enbodi nent provides a liquid, nethanol-rich stream which
Is primary methanol feedstock to the reactor/vaporization systemof the OTO
process. Such feedstock can be taken directly fromtankage or a nethanol
product i oWQUHIH0S6WR 2005/ 056502 PCT/ US2004/ 031620 24 10DEBUSHE4/@316Man one

| i quid, oxygenate-rich streammay be @frected to the fractionation tower to
nore than one point above the feed tray. Alternatively, if desired, a given

i quid, Oxygﬁa@g&;i@%&téﬁ i, Rfe 2BRRNEdOdtele eﬁgﬁez{é@ﬁtts%m[g%fggl The

fractionatio 0 nore an 6ne polnt above t tray.

oxygenat e- ri glieg@med vetthenagotiationa thb erinvkie bx penge feddetock,r g1 bppati on
tower can be taken as a traditional liquid product fromthe reflux drum or
as a |liquid drmecseat exahangeys.t ray above the feed tray, preferably froma

cdiea: ALt ol ver e st en ok e B il BRicen” s
operati on. | of oao RbR T iEbond s i OTC MG Yo RREaSe e ARAR Rl

preferably f tigfed priodytoahe\catalyse bbinghesztl to@nért ioRygenudei wholefifidli Such
oxygenate-rich streamis added. Further, both a vapor and a-liquid
oxygenat e- r i relipunaryeltentipg dduocreassy theecarkem coplentt iseknayn ax "grespaoling” what i s

overhead pr odtish FlyEE deskitird s USARbRoR SRR 1Py eI 295 bove ¢ he
feed tray. Bhgherabes b OFVAidH SbcOhich NKEnRROYS 00 RUPE SloolRAiba at whi ch

|l iquid, oxygenate-rich streamis a course, nore e vapor, or
nmore than onaerelr Byirefexygemgprally, othenvesed aadopracdemtilysth pre-peolidpgat one of
each may be taken fromthe fractionation tower. )0090) Typically, at |east
abbut 10 wt 9gleast about FQ 3d%o aftbeoxygnateggchopveshead product eoreanise Oxygenstes t he

oxygenat e-rich ouerhe oduct fromthe oxygenate-water fractionation
tower conpri s?gfrﬁw eﬂ@?@i ot her than methanol. 100911 The oxygenate-rich

Cover can be el 1 o g Eou e o HEFhEligd s SR 1ot ock
to the OTO r efchompresentninvention tatee dppictedrin @)xsglpamaiceprocess flow sheet. A
substantially liquid oxygenate feed in line 10 is drawn by a pump 20 to a vaporizer
30 which provides a liquid oxygenate blowdown via line 35, and a vaporous
oxygenate feed to a reaction zone 40 which receives catalyst from a zone 50 which
takes in catalyst via line 60 and optionally receives oxygenate from' line 70 for pre-
pooling treatment of the catalyst to increase its carbon content.

[0095] The reaction zone 40 provides a hot stream of vaporous product
containing olefins, other hydrocarbons, water, unreacted oxygenate and oxygenate
by-products which is directed to a condenser, viz, quench tower 80 wherein the
hot, vaporous product is condensed by contacting with liquid water introduced to
the quench tower via lines 90 and 100, heat being removed from the water via heat
exchangers 110 and 120. The quench tower 80 provides a bottoms liquid stream
rich in water and unreacted oxygenate, a portion of which is recycled to the tower
80 by pump 130 via line 140 and another portion of which is directed via line 135
to feed tray 160 of a fractionation tower 150.

[0096]  The fractionation tower 150, which can be operated with a condenser
pressure ranging from about 7 to about 1723 kPag (about 1 to about 250 psig), or

from about 69 to about 1033 kPag (about 10 to about 150 psig), or from about 345



feedstock. If the oxygenate-rich overhead product is taken as a vapor in a
partial condenser operation, this provides vaporized nethanol /oxygenate
feed to the reactor with virtually no increnental heat input beyond that

al ready r 2006456502t he reboil er of the nethanol -water PCAAIR@HABIEH t ower
with no increnental heat load in the ¥rimary feed vaporization section. WO
2005/ 056502 PCT/ US2004/ 031620 25 100921 I n one enbodi nent, the condenser of

the fractionapiaBputt GBEKPAS (dbat S0 tdabeit A0echsig)] bayt dduv 3PP KPaai(kkyat g5 t he
pri mary oxygenate feedstock, e.g., by one or nore heat exchangers. 100931

| n anot her erpsig)i commprises 5@ aokphsingasemcludingapadensat 1§} assaciptetirwith reflaix
fractionation to is contacted w t.h O catalyst to increase the_ carbon
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2003 and are incorporated herein by reference. Typically, when used to
cont act cat alcpbimi paching iscobstitged for actuelisays shenthe 6@d wonidbe inteduced to
oxygenate-rich overhead product conprises oxygenates ofher than nethanol.
100941 Ref er rtht gragiéonayen HoweRat P@?Bﬂtﬂ“ﬁﬁhtﬁée § FREAHEB NG, APRVLAPIMANt us  of
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substanti al | enate fee

vaporizer  3QGinirihidekeuiif@slafiorl tdltheCtobreddRamgcachlad Wi pyvorWvitich th§ a2, - and a
vaporous oxygenate feed to a reaction zone 40 which receives catalyst from

a zone 50 whisubstitetaées in catal yst via |line 60 and optionally receives
oxygenate fr jne 70 f re. ol i treatpent qf fhe catalyst to
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condensed by contacting with liquid water introduced to the quench tower

via |ines 90 cxpgenaoricthevarhésdi mroduct maydd takeprfrarh dheweflux drim ¥i@atia line
220, instead of or in addition to the liquid oxygenate-rich overhead product via
line 210. The highly concentrated methanol and oxygenates in the oxygenate-rich
overhead product, as either the liquid in line 210 or the vapor in line 220 or both,
can be removed via line 230 and/or recycled via line 240 to the process as
oxygenate feed via line 250 and/or via line 70 to be contacted with catalyst prior to
oxygenate to olefin conversions for pre-pooling of the catalyst.
[0098] In order to reduce the condenser duty of the fractionation tower 150, a
liquid, oxygenate-nich stream comprising at least about 20 wi% oxygenate is
introduced to the tower 150 at a point above the feed tray 160 via lines 260 and
270. In one aspect, the liquid, oxygenate-rich stream can be added to condenser
170 at actual stage 1 via line 280. Vanous sources for the liquid, oxygenate-rich
stream are found within the process as will be described below.
10099} Olefins-rich vapor stream is taken as overhead from quench tower 80
to suction drum 290 which provides a liquid, oxygenate-rich stream as bottoms in
line 405, which is further directed via pump 300 and line 260 to the fractionation
tower 150. The vaporous overhead from suction drum 290 is passed via

compressor 310 and heat exchanger 320 to suction drum 330 whose liquid



exchangers 110 and 120. The quench tower 80 provides a bottons |iquid stream
rich in water and unreacted oxygenate, a portion of which is recycled to the
tower 80 by punp 130 via line 140 and anot her portion of which is directed
via |line 190 20000%8ed tray 160 of a fractionation tower P&a/uske®@B1s20he
fractionation tower 150, which can be Dperated with a condenser pressure
ranging from about 7 to about 1723 kPag (about | to about 250 psig), or
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st ages, including condenser 180 associated with r ex drum 170 as stage |
.(whi ch recei vesotfonacirne aligticdno tsosten drvmr 3dbdhilanit distiargeedruni 6Grhaadsisage 50,
which provides a purified water streamyvia |ine 192. Reboiler 190 can be

bypassed via |difrstefoia limp 363 wdhe lowsy pamioniod amprdhanelabsorbeh 3R st age 25. | f

«col um packi ng, ubstituted.for, ac |, trays.then .t he f ul d be

i ntroduced to m#ﬁgsf ractfaof‘u%‘ﬁl %etlﬁm:jgeélt ‘Spv%fﬁé?‘ieﬁoﬁsnﬂ? ?ﬁg“\é@}?eum%at i on,
i.e., about m d Al ) a ets in a
packed col umm I?A%ﬁ?‘% Oggheg??nh%ﬂgflagﬁﬁgﬁa%ggw%Qtrraé({tla%g%dagu oS frﬁrg @gréraglgﬂf)sgndi ng
actual trays fwhta&ﬁhgmachmdaxreeeivanbsmd Uveet. pdifioR 7df theqmhethahslogbsogidr ux drum
170 can be directed back to the u&g;g t;))ortion of the fractionation tower

via line 200 abraughlline, 3¢hnd/Tbe maf @bgorieay, hatlemsr are @skiquid, exygemate-pich as
tivel
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t he oxygenat e-tpbilirie 268y and émtic imddaded teshe fitabigonatibe 1dwerUI S0 dbové theefed 0 or
the vapor in line 220 or both, can be renoved via |ine 230 and/or recycled
via |ine 240 ttay: hEhepi@salesenrees ob)lipgelfiflt pravadal ayliguidi waygeeteaicly sireama | i ne
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duty of the fragh h@fﬁHi\ﬁ’dhallg%E%t%ﬁ%qlﬁmﬂénﬂPi d, oxygenate-rich stream
conprising at least about 20 wt % oxygenate is _

[0101] The overhead from the methanol absorber 370 is directed via line
415 to compressor 420 and heat exchanger 430 to the middle of first cut
fractionating tower 440 to create a first cut tower olefins-rich overhead stream 465
via reflux drum 460 and condenser 450. The first cut tower olefins-rich overhead
stream 465 can be further processed to create high purity oléfins, such as polymer
grade ethylene and polymer grade propylene, via methods well known to those
skilled in the art, including but not limited to caustic washing for acid gas
removal, drying via molecular sieve adsorption, removal of acetylenes and dienes
via selective hydrogenation, and additional pumping, compression and
fractionation.

[0102] The bottoms of the first cut fractionating tower 440 are directed
from reboiler 560 via line 580. Reboiler 560 can be bypassed via line 445. First
cut tower bottoms are directed via line 580 to heat exchanger 600 and further to |
the lower portion of liquid-liquid absorber 610 whose upper portion is fed by wash
water via line 620. Liquid-liquid absorber 610 provides a liquid washed olefin in

line 640 as an overhead and a liquid, oxygenate-rich stream in line 630 as bottoms.



I ntroduced to the tower 150 at a point above the feed tray 160 via |lines 260
and 270. In one aspect, the liquid, oxygenate-rich stream can be added to
condenser tual stage 1 via line 280. Various s f e

i quid, o&%é‘ﬁg@é@rﬁ?ch stream are fougd within the pr ocggi@?m\ﬁ@l{qé@e
descri bed bel ow. 100991 defins-rich vapor streamis taken as overhead from
quench tower 80 to suction drum 290 which provides a liquid, oxygenate-rich
stream as boti0d®d i n | Theebet®ys whlinh 636 afaialséprovidedetot factionatigusgpveg00 and

line 260 to the f,ria.ct i g(?at i.on t‘gmgr 150. The_ vaporous. over he_aci_ from suction
drum 290 is pk¥sddhps 260,@8 discused abeyven Hiedigwdivadhed Risieitreamondpeddd; i on

drum 330 whose i Qi / . . 0 re
directed to scugtbfgﬁh]gﬁrrte%%gs%g\}\ﬁ?ﬁggﬁlgﬂ(‘/’é@%’g‘gﬁ(‘c’i és)h%gégglel 7‘3\1/1!‘12'%)15)t gﬁgﬁn%‘%essor
340 and heat pxGhRefER, 3alnétBodt weMaheem A6 URds36RIINAGH ehd biUindludR@t hans are
directed to suction drum 330 while the discharge drumoverhead is directed
via |ine 365 oo linneed tovwanstpowashomg édr acidrgah enodvahlasyinpona gidleculd s560& A

| i quid nethanol feed is introduced vi .ine 380 tq the upper. portiqn of the
methanol - abs GSEPLIHGeREvA Bl ﬁafaxle%w@g s Vfﬂrﬁ?iﬁ%wreﬁmr%awgen,e@ﬁpwni ng
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| ine 365. The ne absorber ons are a oxygenat'e-r stream

above 20 wt . %omfi¥&sidntang febtiglatiean be directed (using a punp, as necessary)
to suction drum 290 via lines 390 and 400 and/or via line 410 directly to

i ne 260, andM®lnce i rkheodWHE thelavhesels avt iconditipum andveampcBdicasofor t he
feed tray. The total sources .of ling 260 provide a.liquid, _oxygenaje-rich
st rean][ ~conpri2EPHYy strganse ang G%B‘Hfmz?)teu}e%‘@ @@ﬁéﬁé",ﬂbegﬂ’f‘ Hgﬁé'.[‘g‘%gl Wi gil "
respective s Seonllf . | e
over head fro%“{eﬁg e 1gﬁgﬁygggg%&%ée?{cgﬂg%reﬁE%Jﬁﬁgﬁe%ﬁ{ﬁaﬁgéﬁé

conpr essor 43RisardmpRa theepsd Fo0Afeafiz(BS, 05 had HB0 dreastiméd (6 be ¢ofo. The
fractionating tower 440 to create a first cut tower olefins-rich overhead

stream 465 -iguid sttdanx rich imwasy 138dfroorgiendetowss B0 iTiprovidedsto methanoker

ol efins-rich overhead stream 465 can urthe rocessed to create high
purity ol efi ﬁ@%‘ers’?ﬂfﬂo%mﬁé?‘yﬁ'elr& %%’ﬁ?‘fwiﬁﬁefa@ﬁaﬁov@wmgm&@% opy! ene,
via nmethods ek, AR pddubti@$4ken from reflux drum 170 (thus serving along with the

condenser 180 as tray 1), and no hquid oxygenate-rich overhead product is

withdrawn. The bottoms 390 from the methanol absorber 610 provide a liquid,
oxygenate-rich stream that is directed to the fractionation tower 150 on tray 8 via
lines 410 and 260 (and pump 300). The reboiler duty of the fractionation tower
with a liquid, oxygenate-rich stream provided to tray 8 (above the feed tray 25) is
72.58 gigacalories’h (288 MBtwh) and condenser duty is 27.22 gigacalories’h
(108 MBtwh) which shows an improvement over a comparative arrangement. The
comparative arrangement differs by adding the liquid oxygenate-rich stream
directly to the feed tray at actual stage 25 along with the liquid stream rich in
water (instead of providing the liquid oxygenate-nch stream to tray 8), which has
reboiler duty of 74.34 gigacalories/h (295 MBtu/h) and condenser duty of 29.48
gigacalories/h (117 MBtu/h).

[0105] The TABLE below sets out conditions and compositions for the

varjous streams of the process of the invention.
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For this reason, then, reference should be made solgly to the appended

claims for purposes of determining the true scope of the present invention.



with a liquid, oxygenate-rich streamprovided to tray 8 (above the feed tray
25) is 72.58 gigacalories/h (288 MBtu/h) and condenser duty is 27.22

gi gacalories/h (108 MBtu/h) which shows an inprovenment over a conparative
arrangenment. The conparative arrangenment differs by adding the liquid
oxygenate-rich stream directly to the feed tray at actual stage 25 al ong
with the liquid streamrich in water (onstead of providing the |liquid
oxygenate-rich streamto tray 8), which has reboiler duty of 74.34

gi gacal ories/h (295 MBtu/h) and condenser duty of 29.48 gigacalories/h (117
MBt u/ h) . XOKLABMISThe TABLE bel ow sets out conditions and conpositions for the
various streans of the process of the invention. WO 2005/ 056502

PCT/ US2004/ 031620 29 TABLE Stream (wt. Cam 380 365 390 135 220 192 415

H2, CH4, GO CORprobksh fdbcddvEing bxydehate o didfinsGvitich EdiprisedH 38.59 0.03 tr.
0.10 37.83 (C3H4, CH, CH39.03 0.47 0.01 0.27 38.24 C Hydrocarbon 9. 39

0.16 0.03 0. 37 oniagingasicedyepksonppsing oxg@nate 3Gthg @pal st pemprigeg a H20 0. 15 0. 81

Qi her Oy QARG yRdey g B R Srely e Saborsbe baddhel Bt o0

702, 782 18aPdlefins] BBteDAR dritdaci@®xie®Bf; 300 716,761 Tenp (F) 80 110 96 217
256 328 90 Pres (psig) 80 65 61 .100 75 85 60 101061 Whil e the present
i nvention has BeB#ENGEESridpyaporansPrirl &t pravide abiguid-sitapra rish dbsadWaEF t i cul ar

crbos Tt g s ARG Plr @A, S gendid g g || o eciate tha
herein. For thiistrecesgray leakiqurt of efidliquidatrednowl dfebe trapiea fadtivhytidno t he
appended claim fior purposes of deterining the (1ye scope of the present
from the group consisting of methanol, ethanol and a combination thereof to the
fractionation tower above the feed tray;
fractionating the liquid stream and liquid, oxygenate-rich stream introduced to the
fractionation tower to form an oxygenate-rich overhead product and a water-rich liquid
bottoms product; and
passing said olefins-rich vapor stream through a recovery train to recover at least

some of said olefins.

2. The process of claim | wherein said oxygenate comprises methanol.

3. The process of any preceding claim wherein said liquid, oxygenate-rich stream
comprising at least 20 wt% oxygenate is introduced at more than one level above said

feed tray.

4. The process of any preceding claim wherein at least two liquid, oxygenate-rich

streams comprising at least 20 wt% oxygenate, are introduced above said feed tray.

5. The process of any preceding claim wherein at least a portion of said liquid,

oxygenate-rich stream comprising at least 20 wt% oxygenate is said feedstock.



30 CLAIM5S 1. A process for converting oxygenate to ol efins which conprises:
contacting a feedstock conprising oxygenate with a catal yst conprising a

mol ecul ar sieve under conditions effective to produce a vaporous product
conprising said olefins, water and unreacted oxygenate; condensing said
vaporous product to provide a liquid streamrich in said water and

cont ai ni ng unreacted oxygenate, and ansplefins-rich vapor stream
introducing at least part of said liquid streamto a feed tray in a
fractionation tower and a liquid, oxygenate-rich stream conprising at |east
20 wt % oxygenatThe pedoesst cfdiny breoadihf elaom odipreimon $dast 4 pgtiaf ofwaidianod,, et hanol
and a conbination.thereof to the fracgtiopation tower above the feed tray;
fracti onatPHEERRaEh FSpE copPEsnge ahlgagt %IW ,Oxéfﬁ%@li\é\ﬁ%r-“fqd(f FP‘”%f}}ESJQHP‘inFIt roduced

to the fraghicPhed meRat@WBiorb® t696M an oxygenate-rich overhead product and a
water-rich liquid bottons product; and passing said olefins-rich vapor

streamthrough a recovery train to recover at |least sone of said ol efins.
2. The progess .gf claimJ] wherejn said. oxygenate conprises methanol. 3. The
bt ocess. of -any THFQEEATIR At DSTEP SIS (PHOCRIR JUBRATE P REN st r eam
conprisin I@&5§g@&hnagtw@%uqmygﬁ@aﬁgoﬁér%Qkﬁoduced at nore than one |eve
above said feed tray. 4. The process of any preceding clai mwherein at

| east two |iquid, oxygenate-rich streans conprising at |east 20 w %

oxygenat e, , are 4.ntroduc above..sai d. ray. .b. T Qc .of any
precedi ng 8(:‘I ai R é?céelgsn&gatny:%geﬁg?lﬁgcgloé %eN ?‘grr?}no%{%ag?adp?rp%blgf ,alCF@ uﬁ‘genat e-rich

st ream congdye&iafgriét stte@mSdompBising U Rt 38 RAYoxlygertidd id dESRQIStASR khe bdktom6. The
process of any preceding claimwherein at |east a portion of said |liquid,

oxygenat e-Rrpéist at 3 baid-Handrabsqrhey- at |1 east 20 wt % oxygenate i s derived from

the bottons product of a nethanol absorber tower. 7. The process of claim®6
wherein |iquid nethanol feedstock is introduced to the process by addition
to sai d nmeg.hancrhegbsesdelcldimviwherein a first cut fractionating tower, which treats

olefins-rich overhead derived from a methano! absorber tower, provides i) an olefins-rich
overhead stream and ii) a methanol-rich bottoms stream which is directed to said liquid-

liquid absorber.

10.  The process of claim § or claim 9 wherein wash water is added to said liquid-

liquid absorber.

11.  The process of any preceding claim which further comprises treating said olefins-
rich vapor stream from said condensing in at least one suction drum to remove liquid

therefrom and directing said liquid to said fractionation tower above said feed tray.

12. The process of claim 11 which further comprises compressing said olefins-rich
vapor stream taken from said at least one suction drum, treating said compressed olefins-
rich vapor stream in an additional suction drum to remove liquid therefrom and directing

said liquid to an upstream suction drum.

13.  The process of any preceding claim wherein said liquid, oxygenate-rich stream

comprising at least 20 wt% oxygenate is provided as reflux above said feed tray.



8. The process of any preceding claimwherein at | east a portion of said

| iquid, oxygenate-rich stream conprising at |east 20 wt % oxygenate is
derived fromthe bottons product of a liquid-liquid absorber. 9. The
process of claim8 wherein a first cut fractionating tower, which treats

ol efins-rich overhead derived froma nethanol absorber tower, provides i) an
olefins-rich overhead streamand ii) g nethanol -rich bottons stream which
is directed to said liquid- liquid absorber. 10. The process of claim8 or
claim9 wherein wash water is added to said liquid- liquid absorber. 11. The
process ofl4any The poedssng aoy prenediing dhinf wherarsacldimpid, seggenneatdhrsgesai d

ol efins- rich vapor stégam fromsaid co%ﬁngi ng i .a({j | east gne suction drum
to remove PIMGUFAE Ak IR & MO SN BEIGi8 QIAVifF I BP ¥ %a}‘ﬁf&F trgptodie U A8t i onat i on
tover abovgss3itdd igtdid fr_@éfdionlé{?on tbRer RERAGRIh @ﬁufhl%h{@aicﬂoﬁy@eﬁﬁe-fri% ther

conprises conpressing said olefins-rich vapor streamtaken from said at

| east one oyerbeadoprodyanig takeneat i ng sai d conpressed ol efins- rich vapor stream
in an additional suction drumto renove |iquid therefromand directing said
liquid to an upstream suction drum 13. The process of any preceding claim

wherein saisd | iThdipthce@OfARN pieBedih€ Mafi WBa@In GRIMBEdsEICR GompribBdsigefBet %0
oxygenate is provided as reflux above said feed tray. 32 14. e process of

any pr ecedichvethaadprofet &om sl faqtiopalian 0wk genat e-ri ch stream conpri sing
at | east 20 wt % oxygenate is provided above said feed tray to a reflux drum
associated with said fractionation tower fromwhich reflux drumsaid

oxygenat e-I6. ch Thepeschsasd apy pebdeding SlainlsBereinldaid Witer-peok@as bedondny precedi ng
cl ai mwherein said feedstock conprises oxygenate- rich overhead product from
sai d fractAreshst sORRIPTdsast FpWFREIeHr ocess of any preceding cl ai m wher ein
said water-rich liquid bottons product contains at |east 99 wt% water. 17.
The process of any preceding clai mwherein said oxygenate-rich overhead
product coift ai e mpoocesy & anharecBdingkldgm phefear akl gxygenatorieh d¥ainead5 W % nost

r ef er abl o nore than 10, wt 9 ter . The ocess of an recedi n
(F:)| aim V\,he)r/@f’ cg%qnglwgﬂgttgar}{(iwwﬁmﬁq@ig no morer% an sz wt"/?, most pr erak():ly g

no more than 10 wt%, water.

I8.  The process of any preceding claim wherein said oxygenate-rich overhead
product contains at least 25 wt%, preferably at least 50 wt%, most preferably at least 90

wt%, methanol plus other oxygenates.

19.  The process of any preceding claim wherein said fractionation tower comprises a
fixed number of actual stages ranging from a condenser at the top as the first stage to a

reboiler at the bottom as the last stage.

20. The process of claim 19 wherein said feed tray is located at about the middie of

said actual stages.

21, The process of claim 20 wherein said liquid, oxygenate-rich stream comprising at
least 20 wt% oxygenate is introduced at or above the actual stage corresponding to 60%,
preferably corresponding to 80%, most preferably corresponding to 90%, wherein the
first stage corresponds to 100% and the last stage corresponds to 0% of the actual stage

position.



product contains at least 25 w% preferably at |east 50 wt % nost
preferably at [east 90 w % nethanol plus other oxygenates. 19. The process
of any preceding claimwherein said fractionation tower conprises a fixed
nunber of actual stages ranging froma condenser at the top as the first
stage to a reboiler at the bottomas the |ast stage. 20. The process of
claim19 wherein said feed tray is |located at about the mddle of said
actual stages. 21. The process of claim20 wherein said |iquid,
oxygenate-rich streamconprising at |east 20 w % oxygenate is introduced at
or above t2Re adhegrocsssaafeny one elspaindilfidgo 2 bwbein sapt mhareabf ycteadsragespondi ng to
80% nost ref a 9 wherein the first stage
correspond’ NER " fﬁggﬁﬁﬁg m@g ﬁ{P@? géOg rresponds to 0% of the actual stage
position. 33 22. The process of any one of clainms 19 to 21 wherein said
nunber of actual stages ranges from20 to 100, preferably from40 to 60.



