WD 2006/ 049815 PCT/ US20051036491 PURGE GAS STREAMS TO STAGNANT ZONES
W THI N OXYGENATE- TO OLEFI N REACTOR BACKGROUND OF THE | NVENTI ON

[ 0001] The -nvention relates generally to a net nt
coke bui l dlﬁlﬁﬁ%giﬁﬂ% Oxygenate-To-A efin (OTO Pr ocessp%gz(aoa%&\é?
particularly, the present invention relates to the use of a purge
stream of inert gas to prevent buildup of undesirabl e by-products,

i ncluding coke, in stagnant zones within the reactor. [0002] A nmjor
portion of the worl dw deUR€is GaBeTREANMS TOUSTAGNANTCZONES ned wi th the
production of |ight ol efWITH®R EXYUENATE TOMOLEFBNREAQUORt use in the
production of nunerous 10 inportant chem cal products via

pol yneri zation, oligonerization, alkylation and the |ike well- known
chem cal reactions. Light oBACKEROINDWIETBERIVENIIONr opyl ene and

m xtures thereof. These light olefins are essential building blocks

for the pett.ochem cal al

source fo &ﬁﬂl PRSP Ve O?)Feg Pésrﬁen%fgl&' eafrfl?itf'l d%lpgevcﬁt O é‘%&ﬁlﬂp 1 an
cracking @xygaﬁkd-mb@;éﬂﬂ(m Prddees. Mdre pascdlaiig mqnwﬁt Imaaﬁm etatadtbdre
t han petrol eum for the massive 15 quanti.fjies_of_ raw ter alsrgf?@l
are neededst of BRIBEE W%@fér@ﬁ%a%afww%@g@uppam e@fFaé’ll “PrR&IES ¢ NEA

great deal,,gf Iﬂgggiﬁﬁﬂz%esa‘,{qrth]ﬁﬂ@tlg%rl on has been focused on the
possibility of using hydrocarbon oxygenates and nore specifically

net hanol 48008] pr |mamw@@n@f thetyeor grpghemigal Edusiy i¢ eocepigs fratidhe
Oxygenat e;,ro%g (%»1@1%4 Ha@hib2fd h\séﬁ SRE @téfl@us%fﬁ%g uafonpaﬁqﬂ&foq 5

from suc e rraterla as ¢ nat ur gas, recycle
pl asti¢s, nmamam shmceﬂ) pwduas v mmmommmwammm Tleeswell-

roduct n ct t r,al nd tr Th f
ki ng. et AAHBE PR ST EP oo PP b PP as S miagires bt
mat eri al s These¥edhk ole@ifd a&@bds&rﬁ%ibmﬂdﬁ%)ﬁbcﬂlfﬁ tag tnobias pfetﬁﬁ:h&ﬁﬂl:atﬁhd chemical

di fferent procedures for catalytically converti n suc
met hano! - IHAUToRal REGEHST SRS SATTBSSE BieioHals URHGans SeYrRELEE 3 B tiorh GRerFne of

products mugblcRB feds.adialtaak R;ng@oﬁ@l&ﬁﬂEdu&de&ﬁh@'ﬂl@hnﬂié&bl&txﬁ&‘or&ﬁ&ﬁa&éﬂﬂi
they are interchangeable in downstream processing with the materl aI S

that &fe [grentiiss praproaterisduthatarageqsed foorepbnthisglemaad for s gy ipletivg
oxygenat eg, hay % at A %Fﬁﬁgﬂld‘ B Q‘ 0'6% Qhs l?ere{'g' fodubel oﬂrthé"ﬁdsﬁﬁﬁlhﬁ} Qﬁﬁéﬁzg

has been on net conversion tech ) ere are two
t echni queﬁyﬁmpmbamvafgsm&m auﬂ et Fm:n@lcallytmtthgtvﬂ as opehe sirceTfdhef acessaryf

oS, MO RRSRS RSl SR PNt EL TR0 TR 9B A o
system USueh Bfély263ildbnoittsale Bs cal, setitad gasofeoﬁoiaiaplasmmvanmwtchrbon waste
et ha%) | %t?ga\g?sr clngrlln u(satl(':yhar:]c{d %%guéj psrlogl%ts an%%y proc{uy g%o%{ fhé %é;r?(!,u\ftural mdustry The
art of making methanol and other oxygenates from these types of raw materials is well
established.
[0003] The art has focused on different procedures for catalytically converting oxygenates
such as methanol into the desired light olefin products. These light olefin products must be
25  available in quantities and purities such that they are interchangeable in downstream
processing with the materials that are presently produced using petroleum sources. Although
many oxygenates have been discussed in the prior art, the principal focus has been on methanol
conversion technology. There are two major techniques for conversion of methanol to light
olefins. The first of these MTO processes is based on early German and American work with a
30  catalytic conversion zone containing a zeolitic type of catalyst system. US 4,387,263 reports on

a series of experiments with methanol conversion techniques using a ZSM-5-type of catalyst
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WD 2006/ 049815 PCT/ US2005/ 036491 system wherein the problem of DMVE
recycle is a major focus of the technol ogy disclosed. Although good
yi el ds of %\Fd%'oﬁ@ﬁsﬁnd propyl ene were reported in this } 29%%0?&51
unfortunately they were acconpani ed by substanti al forrra

hi gher aliphatic and aromatic hydrocarbons which the patentees
specul ated m ght be useful as an engine fuel and specifically 5 as a
gasoline-type of material. [00041 This early MTOwork with a zeolitic

catal yst %%lﬁ&:ﬁ RHeRsn the @rbbledh bOMBIE: WP chys & hrj orwmus lof B kecanmrmsc\m;ed
al so inves |gate the use of a zeolitic cataly &ré‘rs |i ke ZSM 5
for purpastwugh gopsiislds 9ficgengaad prgyl er[eommfenﬂrfﬁ sy 283kt e of an

inability u%g rﬁlﬁhlg%yztﬁ% Witk Qchgg 9&'5@51?05%&1&%@%1‘91&&51@@ %%Hgﬁﬁatlé-&do‘fmmanc

undesi red bon products Pproduced \f@?
cat al yst shyétoemi)ommmah the peigunestpewllagsavight hfe@@ﬁd aCneia Feal epdpecifically
t echnol ogy based on t f a non-zeolitic nolecular sieve
cat al y}fl caﬁﬁ%?oq% ﬁ’?lsn graﬁch of the MIO art is perhaps best
i |'1ustrat qoodsy r'Hﬁeézely(MTD@vdﬂﬂRﬁ& agxtlsesaiatysivystem was thensfolloveead wysby the
reported in n of which US 5,095,163 .US 5 12 g
Us's, 161, ManbPl CuppREuRt by fectmEd nedie St AR PO A S e oM
conver si O%W&H@Mg\@ﬁt@éﬁﬁﬂirl | y based on using a cat al yst system
conpri si ngga non- zeolitic nol ecul ar, sieve, gle nerally

P

net al
al um nophd8¥i¥at e ](LEE@@GC@H@ Qf@ﬁ@la@ﬂ@(:‘i’ffthjé ZE WC&V.[TO route to control the amounts

silicealu I
oo cFE B AAGELLRC R Rt 00 S 2, s AR g

materi al wasn fowhged o sdvandMA Grenmyersioy feckrsfiegst Yaged 9n the ese qfiaghn-zepldici ns
the 20 e RgR ey SEEF PAASH: ARy RS BMENI oty RID0 LW RELAIMbhrl oy

the 20 und® corres ng Ti paraffins an
mat eri al s refehinge RAGPsestadiyzeotk m/ilE@ agsaemdricidsn kmmustpatmam wdgtich US

I t the foll to th t

route to 1 GSS) BFisat 0k FHEPS aiaR A B trbrre nrioterh avElp O
quant i3 i esofbersiBh eRRllogy R \Heinta€it; based) onaRBR daitdlyst Ofstesh croaqmsmgmmr y

of polymer grade ethyl ene and yl ene without the necessit ﬁ,thl?
use of extzﬁﬁmcdpﬂ]ﬁ?%arﬁﬁ'y@l ?@&Praﬁlé%&eﬁ‘% pypinephosphatg ( %%%(5) AR SHeER gAY @
and 25 prq éo@l@ﬁ:n{ro?gii@ hiel h{ol&:ﬁfaf ﬁé%{@ﬂf’@? Wil Afddd prdtakR@Tor d SAPO species

sharplyllmted S such as’'stabilized

gasol i ne; thaf)is kno@m %iSA}bej)g‘% gfha&ﬁ/ gg ngﬁplﬁbﬁﬁﬁ:foué@ ineEne v highaplprlany
el Ot 2, OFaR YRk e W0 edsick ol R i PerfT] b A6 45 et

of the Mr version condi gnificantly |es
make 20 t hedddi@d comesposigniight peraffos atd ﬂneheayletrlmtenaéaxﬁbns Eéﬂé’ébbamlymd

the zeoli cat al st va
articul at gﬁ%pﬁpwﬁém ﬁ%ﬁf?ha\r&gt ]% gg‘ﬁ %%Jfg’ %ﬁ‘{ B, g‘%@‘%ntgﬁ ttic
S5, 744, 680 daftltyst Rfutd b %gﬁt&ﬂéﬁiis ) ofeatefryiclts af IQH'B ereﬁhyamm iqhamtisibd §f methanol

i ncorporated b reference) e consensus of th g&lalctl tioners in
this OTO &Pn a2 c%bl}ﬁysot?[dére@tﬁ'gcqyg@o polymer grade ene and propylene without

the necessity of the use of extraordinary physical separation steps to separate ethylene and

25  propylene from their corresponding paraffin analogs; (3) sharply limited production of by-
products such as stabilized gasoline; (4) flexibility to adjust the product ethylene-to-propylene
weight ratios over the range of 1.5:1 to 0.75:1 by minimal adjustment of the MTO conversion
conditions; and (5) significantly less coke make in the MTO conversion Zone relative to that
experienced with the zeolitic catalyst system.

30 [0006] For various reasons well articulated in UOP’s patents, US 6,403,854; US 6,166,282
and US 5,744,680 (all of the teacﬂng of which are hereby specifically incorporated by
reference) the consensus of the practitioners in this OTO or MTO art points to the use of a
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-2 WD 2006/ 049815 PCT/ US2005/ 036491 fluidized reaction zone al ong
with a fluidized regeneration zone as the preferred conmerci al
solution t | em of effectively and efficiently 1 PO
or SAPC)tyggigﬁa&%§$alyst system As is well-understoo iﬁ%ﬁ%@gﬁgf
skill in the fluidization art, the use of this technology gives rise
to a substantial problem of solid-vapor separation in order to
efficiently 5 separate the particles of the fluidized catalyst from

the vapor RiReHdGER 6 zdnb @1@ Qifrs Ml ed e ggieiation asnc\ue e pefefrédranamsycial
unreact ed oxygenate nmateria

/ s exiting the OTQ or | conversi on

zone. St arfabifien fortbrigeblgomi sefetelyrgd efé{?@aﬂﬁ PF%%-%@{?R%” gﬁ?‘?r%? o
separati o ghgfyskVRl KSRl itichBa By 1RACOMITRIiR, MaBRiddoL theauebunisc
separating ang which are well ~illustrated in US 6,166, 282 where a
series of tedmelegysivtsaise to & ephatantial probirsmatsolifwapps separasiondn oxdgpfgeficiently
spent O _or cat.a f om: qﬂﬁg f r Y/
Despi tngt &P aﬁ%?ﬁeg I ﬁf% élf/%lF (f)%ir?éér?? gsatgiér g[om a%hgaj aém&fp E(Sdtuﬁttg OE%%]IQ(SE (grgp%],glgo
cat al yzed regtiviess wal dsifgihi aol wkemnid bhgyeaata neistals dxitng et @RQicaMTur dl es

to overcone. Cokin surfaces within the reactor. r.educe..viel d
and pr oduCPPYAHSR @%egﬁaé’élér%d?@‘@& ?%@C%aﬁﬁw‘ﬁ%ﬁ}%@sﬁ%&gﬁf? %ﬁaﬂ%rb%Png
probl ens  gf@¢hs $6 ST nd 6 @b vaporGokd BetldiopertihdiatansSviidiears whjl ect

of this 15 invention is the coking of surfaces,as the result of

reactive rttsEpiedinUS 6185 ABHYDRIF 2SETiGIRAHIICe EHBE TPAHIN THES FEAETTP. A
secong, COI@E}(S;EQatQ | 8TOCRRRS it Rk pRidub€ENEdnt 82l unreact ed
oxygenat e t'ogether wth recycling of various reaction ﬂé_?g oduct s

conbi ned VPRt heDespite/e peoneisine devclpmeninasseivtedmythdie BHEPPUBRTPON 20
[0008] The,RiH8e el MRS LRAE AERISRS AnREREPRIAECT SARYELSC AT
oxygenat es ol erins onpri'sing contacting wthin a reactor the
oxygenat esuphdeh withipahadeysidr dan rpduoelviel dnid gihiduotifyi of $hesaprdceskesr Eva parpeular

reactor conpri.ses..at |east twy zon a first zo erei .
{ravel s aBOETHACPERE PR FE Ao BB 2B aar o i b fBRotgrghis,
a sl oyer rigétienid haokse e siGicedisithd resilbghamtive raresls randning gestignag a
quantity of inert %gs into the second zgne to iﬁ%rea@e ci rcul agi on f(_1
any 25 nat7eresayidun e seastrih seapdedaeanebles fan b 115 eﬁ{%ﬁmﬁf’ {afies
accunul at i goo ofieyndast (AR& yBYne JTVAMIGESackbh BY-BrodhtgpaibindDRES thei t hi n
t he reactor %nd reduces the amount of coke deposited on catal yst
wi t hi n t heoxygegiedend steaes or upon surfaces within these zones. [0009]
O her objects, enbodi nments, advantages and features of the present
invention will be clear to S@ARQRARYHFAH navyNskin! in the chem cal
engineering art froma detailed 30 exam nation of the foll ow ng

description of the invention as wel| as the attached draw ngs., -
20 [6008] The present invention comprises a process for conversion of oxygenates to olefins

comprising contacting within a reactor the oxygenates with a catalyst to produce light olefins
and wherein the reactor comprises at least two zones, a first zone wherein gas travels at a faster
rate than a second zone wherein a gas travels at a slower rate and has some potential stagnant
zones; and inserting a quantity of inert gas into the second zone to increase circulation of any
25  materials located in said second zone. The invention prevents accumulation of undesirable by-
products within stagnant zones within the reactor and reduces the amount of coke deposited on
catalyst within the stagnant zones or upon surfaces within these zones.
[0009]  Other objects, embodiments, advantages and features of the present invention will
be clear to someone of ordinary skill in the chemical engineering art from a detailed

30  examination of the following description of the invention as well as the attached drawings.



WD 2006/ 049815 PCT/ US2005/ 036491 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0010] FIG 1 is a process flow diagram show ng the reactor with
separate iyj j f recycled oxygenate fromthe mai G849

[ 0011] FI Gwogﬁg)dé@%]grocess fl ow di agram.show ng t he segar at eoué{oé%ifn
cyclones for renoval 5 of catalyst fines from product effluent and
the purge of stagnant zones within the reactor. TERVS AND CONDI TI ONS
DEFI NI TIONS [ 0012] The following terns and conditions are used in the

present specification w tgridreOESCRIPOVORDITERBIDRISVI{GE a "portion”
of a stream neans either an aliquot part that has the sane

conposition as the whole streamoor a part that is obtai ned hy .
ol i i nat | AGVAT r edi1 i saparestARy SOSCEHIGHEN he Fer T niepaly HiegtiopRd
stream cont3tiRg oWErAE ALRANS LA fadEéhidr € With steam then after
condensation of & major portion of the stea it conprises an _agueous
portion arf@0ld] hyEcsmmsecepoiia dinprany pwing o ermieirse sy ewrforagmeval
A e b
"bottont stream neans theng%\/f@bOttgin&JﬁtEHﬁng]r@g?@%g&? ecified zone
obt ai ned after recycle of N ' f reheating
and/or reboiling and/or after any phase separation. (4) a lineis
prevent s A1 it age SR RS cfRitEnd 8kt fElbrdst 3pRPRlibPith bRl
conpr essorfsliewiny meanmpspd) B Ep artio o estdammeant dioy &D@liqﬁmwgt tiat ban the same
zone of relatively |l.ow pressure to ne.of hi s DL :
o esence. GPrpiEEes IR RIS onh 8 ARG g AR PLEE B Ry (hrabte
(7)o i ng e Gt ol o STl Dot when 1L 8. Concenttated
g X it i concentrate
0 the oveARREOEH A AEIIRTRSTITOF B1h SE LAERPTIE P SEFRNS paaonnd 2
"vapor” st @aRrbdBM§ord. @ LEA Nt ArBhi SnAREhO et BREBADRENBRA il 1h
t he gaseo&lg st ate. (9c))r9t§§e term"light ol efi ns"erreang et hyl ene, °
propy| ene sperifiadizereafess rectiele @by ROLERD tpite eomp ferd e prapy ajpey reason. (3) a
i o1 opor ous fs R pdpd il BBl g gt e B Rt e el of
uni t slfhaviangpertien Srpinposssiof fabeatingand/of febribing pad/orpfteninsirhass sepayatipn. (4) a

nmet al sel ected.fr t he o] S| St il : i i
on °cont & iR wEh D RuBR T 8tk sl SRon TRANR T Ro% RiEneh
the nol e fthididtel (S peberkk ofiteissry cainpteaast all/G@hmpyisimdeseodwhen flow is

fraction of Al _.and is a 1 a;t 0.01 z is the l, fractio6of P an(il
s 30 at 1FhoE g6 PORR ol Ielaf VoY lowprogies o 2one Loy PRSIS,{O) RipsERe o,
represent $ietdagur EEaﬁJ;g ST Yoo R médne i iipdiled Rihxi 06 igxhe R Dbtwebl gfnes r ed

metals (EL) are silicon, magnesium and cobalt with -4 . N .
20~ operating at different temperatures. (7) an mgredient is “lifted” or “stripped” when it is

concentrated in the overhead stream withdrawn from the specified zone. (8) a “vapor” stream

means a stream containing one or more components in the gaseous state. (9) the term “light

olefins” means ethylene, propylene and mixtures thereof. (10) The expression “ELAPO”

molecular sieve means a material having a three-dimensional microporous framework structure
25  of ALOj POj and ELOy teirahedral units having the empirical formula:

ELyALP,) O

where EL is a metal selected from the group consisting of sjlicon, magnesium, zinc, iron,

cobalt, nickel, manganese, chromium and mixtures thereof, x is the mole fraction of EL and is

at least 0.005, y is the mole fraction of Al and is at least 0.01 z is the mole fraction of P and is
30  atleast 0.01 and x+y+z = 1. When EL is a mixture of metals, x represents the fotal amount of

the metal mixture present. Preferred metals (EL) are silicon, magnesium and cobalt with
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WO 2006/ 049815 PCT/ U82005/ 036491 silicon being especially preferred.
(11) The expression "SAPO nol ecul ar sieve" means an ELAPO nol ecul ar

Si eve V\hergvldlzogéy(ﬁ%ﬁg eI ement is silicon as described i ri’d‘fﬁjs%o‘%%ﬁﬂl-

(12) The expression "OTO' process neans a process for converting an
oxygenate to light olefins and in a preferred enbodi mrent when the
oxygenate is nethanol the OTO process is referred to 5 as an MIO
process herein. (13) The term "oxygenate" nmeans an oxygen-substituted

?a i4 ;)h aAt ic Sihgﬂdrb@b@rebpmiafﬂy@foeé&mﬁl {11 Thd a&pme:sﬂlgn ﬂstAmo irgma\rfﬁg@ve?waﬁs an
rea cal.a S system en
binysi cal . ERAbO elyoGRREL Wirin e flereaes o doteabd oS 0.5tk 12

per manent | ’yheedxp&sﬁdn BYTONHBERE et AMbrbbest 7L cb
DESCRI PTI ON .OF qui—‘, QVENT%C]\I 10 [0 F%s S5 O poremg tamr}t %%M?roc 9le

feed streathddAp egHhedigieninghen g 9@3@?&%’5@§ methpgol the OFC mgﬂgemaefei‘red to
i's enpkoyeg Qa5 eh @r&c@ss‘ H%Fellﬂ-‘ %8 ahg! %x %%H@r zﬁean@%ﬁl ?geg%gy@%eq ?]-}?é‘j‘tlc

conpounds (e.g. al dehydes, tones xyl1c aéid
The oxygeﬁ&ﬁ@cﬂ@éﬂﬁte&kblm@ﬁ%mab Lyo lﬁoal‘bw a:tsmsat(lél)eﬂamacm& "@é(r}égzﬂi’ble”i’tvﬂﬂi a

and 1 to 10.6ar r.ef.er .contai.ns from

carbon at ons%s e ox‘{a}g’gﬂS gleghf‘%ﬁﬁl Pr%ﬂ%‘?sdﬁtthec?ﬁmb’ﬁbﬁé H@‘d
chain al kzmmlmenﬂf)alwmﬂ tbmeneracumaﬁtult}&tresgeﬁiount erparts.

Represent ati ves of suitable oxygenate conpounds include nethanol,

di ret hyl ether (DVE), e i r, | et her

f or mal dehyde, di met hyl WD%%%TE%@F%ﬁWﬁWF% t her eof .
10014] In the OTO conversion step of the present invention, the
oxygem@t e [PUSHist dokhd @stamﬁm yﬁonesafﬂieyfeed)sm&ﬁtceﬁpﬁ@s laylel bP@ ek BRPSEnates. The

cont ai nin d il ,,m)le such as limted 20 to -

net hane, q%r%a &Y%nflﬁyfs eﬁ%’ oyﬁ B&Here Hﬂﬁlﬂwrcﬁh s, eﬁ}fﬁy Peshearbospkeomnerndsde.g.
amount s ofaldehyiies, ketophe cabiydibatids, Sanamqu@} agt bfs%eﬁil@ féceﬁﬁgzﬁctl}ﬂ@fgramgt h a
an ELAPO co‘{]}t ai nllira:%Fcat al st A diluent 1s not” required

usef ul optP'GR"E B ‘it PR %ﬂf?éovéép%ém V9 eapbasratarpeandasnd greferably, m&om
l'ight ol aftb asarbbRblohRUSiakb1Y oﬁﬁé%ht%‘ﬁmﬁl'ag 10%39@%1%@ Bt b%\ﬂaleg van? afhange

between steamand |liquid water can also b age I'n
t r anster r 2AYIEE FRsaEeiad eentomart cRetsessnlativas df mn!ebhe easzgematez&mpdu‘nldm anlude

and the sepalabll @mediyl e ui.re

si npl e condensati on % h: @f er Eljticg ds]%th para é ‘%@R\Aﬁ fonfl?’lg éﬁﬂ"ethy1

hydr ocar bégigne, mﬁp@@dodndlmmmstbéremﬁ(ygenat es to 0.1 to 5 nol es of
useful, .in the OTO conversion

di luent h ed as bein

reaction. ﬁf’ﬁe]b pr e?ﬂer%?ié(g PR TPt e rent o trRE pr. Fheonyesnsiagedstock is
conver si onamquangfcomme@roegremaﬂbamewnt@mg Hiphkief Iﬁbﬁﬁéysuep&du%%ﬁot 18fited
such t he i%%/r%egtgte f eedstock is contacted in a vapor phase In a

react?o n Po ng™ o PP PTopyEhe batyleas.yaad lintited peunts geother
conver si Ohigh@nR@phdtRE by béhtREALHE FedisRER S a3n ELAPO-containing catalyst. A diluent

18 not required but is a usefu] option to maintain the selectivity of the catalyst to produce light
olefins, particularly ethylene and propylene. The phase chanée between steam and liquid water
can also be employed to advantage in transferring heat between the feedstock and the reactor
25  effluent, and the separation of the steam diluent from the product requires simple condensation
of the water to separate the water from the hydrocarbons. Ratios of 1 mole of oxygenates to 0.1
to 5 moles of diluent have been disclosed as being useful in the OTO conversion reaction. The
preferred diluent is steam.
[6015] The oxygenate conversion step of the present invention is preferably conducted
30 such that the oxygenate feedstock is contacted in a vapor phase in a reaction zone with a

ELAPO molecular sieve catalyst at effective conversion conditions to produce olefinic
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WO 2006/ 049815 PCT/ US2005/ 036491 hydrocarbons, i.e., an effective
tenperature, pressure, weight hourly space velocity (WHSV). The OTO

step is af M@%@ﬁg a period of tinme sufficient to pr%lf[ﬁ'szﬁd%ﬁmwl

desired |ight ol ef m products. The oxygenate conversion step IS
effectively carried out over a wide range of pressures, including
aut ogenous pressures. At pressures between 0.1 atnospheres (10.1 kPa)
5 and 100 at nospheres (10.1 MPa), the formation of light olefin

product s V\hydtoclaﬂ)oai ﬁeghxeeffecairé hﬁlp@fhhir&]@r@ﬁﬁcé Wﬂglﬂﬁﬁdﬁ{y e %[&WQWHSV).

t al |, pressures.. The ressurevm

Il not e r
br ef er abl yITSREA Step S Rt Mg Berin e ef Bunqionito arlbcerioa dueiod ey oldfie
pressures prediRtd €He bﬂ/g&ﬁtﬁ@édﬁv&rsﬁn%%ﬁ b USTV SR o dﬁﬁ aﬂ.{t Ioﬁ@%ﬁ@%n {)ur o

to the partial pressure of the oxygenate fee
whi ch ey BesSEisp|iesfuding sptegsaousiyepsias éi preaseesdicovech 0. lslnepspﬂlaxyss Vi YkPa)

APO

o, 71 a0 9P Al ¥ BB TS
at an ef f edthpugh th@nmigmam emeutiet p@dnct vaB Botaredes6@OCfor A1 prebsurdsh®he
t th t f d
Chat the TECREE S ERF PRl enEe PaR1TeH) iR por akd opdef arnds yhe

the smal | gn@m&e&:ﬁafﬁfeﬁ&i Eerélﬁ.\a& @cc&@w& Ubﬁiy&ﬁllhbﬁ%'ah& réfeYl th SlePaP Sressure of the
structure, %ﬁ@ré?ngta |aIIy uniformy sized and shapéd pore wt ?‘l

an ef f ect | ¥&8 fockyfhp Erraperaiung iRt hemiploxsdiin B bwyasartalogatersiony
conpriise apEhiRery SRk 86idedtinSd &8y JW okt

ELAPO nol ecSI ar sieve is onen$én 4 &fgdaﬁe el en‘én ?%_%lwd]ﬁfﬁﬁg%&%%
vari es frHVocEasst B gnealyheOTe af@p P@rbeazndductﬂdWhmhffﬁnva tsmpetahrohetween
(usual l'y s3kefgHle@Ed 0 as SAPO. The SAPGs which can be used in the

instant invention are preferably 20 any of those described in US
4, 440, 8710036} 5, 1peha3n8zamtt ddBvEsid® der dflthé pﬂeberminvmﬁﬁcm]’ut aRefelied BhYthe

specifica ed ef erence) ciall pref erred SAPGCs
hel ude. « REAPOABRSIANY B BNl SRR Rip BB i BB Aabbr TR aTD St

pr ef et¥ ed sufseafil]y ﬁh&nﬁbe@@mami ygt, substa@ﬂiaﬁlfyaﬁﬂbhmlsﬂe@ﬁrm%h%@dpdr%ﬁh
solid partic nt ai ni nore matrix materials in which the
catal yst &€ {f?‘%‘é’ Sﬁ{arqe#r aﬂg%ﬁfﬁ%? apgspraips. Spdalle catplysimay comprisem HeAP ed
oxygenat enpMYRF Sk antlQ36d0HQ Afaterih1 @, ﬁ@feirgd EEAPO%&@WTB? Flg{}é %08 in which the
catal ytic fectl ve amount of the cat alj%/aét and east one

matrix m?%FP%"I Lo ettt xayres feamp @-@%H’ 43 maletftretion @uipm Wdamhs'ilsiSiSiigom{usually
bi nder majegral 18 as gl@bﬁ ThERUAS O3 18eh Gl %e g&@&tlﬂ csl_gétgﬁr e%%lnga}rg giie?eq}i)blf? t

selected to rovi de desired properties, sire
di | utd%n, @ @aa;cnb@dn@r{@i HA4RBE; (USe, lﬁﬁk”é)Stand USn‘ElQigiM[l dalpaf which &%.

i x 30 ereedreSh e Rty B B ERTE m Biniinecl oS Ve

wel | knowBAPG- ztmammmucngemm SAPO-341aRIceh«t Srefaie@d not be

di scuss ed[dGT7]d6t %e EE%’S ca’calys%s preferably incorporated into solid particles containing one

or more matrix materials in which the catalyst is present in an amount effective to promote the

25  desired oxygenate conversion reactions. The solid particles comprise a catalytically effective
amount of the catalyst and at least one matrix material, preferably selected from the group
consisting of binder materials, filler materials, and mixtures thereof in an amount selected to
provide desired properties, e.g., desired catalyst dilution, mechanical sirength, and the like to
the solid particles. The preparation of solid particles comprising ELAPO catalyst and matrix

30 materials in a fluidized size range is conventional and well known in the spray drying art and,

therefore, need not be discussed in detail herein.



WO 2006/ 049815 PCT/ US2005/ 036491 [0018] During the oxygenate
conversion reactions, a carbonaceous material, i.e., coke, is

deposi ted . alyst in an anount of | to 20 mass-}2 :
comonl y 13§)%@§%ﬁﬁ%ass-96 The carbonaceous deposit nafgﬁﬁgﬁmﬁgéﬁghe
effect of reducing the nunber of available active sites on the
catal yst which thereby affects the extent of the conversion. During
the OTO 5 conversion step a portion of the coked catalyst is

wi t hdr awn {00d8] t héuBREDiHeanG kil baidsiddactoRs e oRaR ot £980RNALd Mie, is
step where.it is regenerated with an oxygen-containing nediuni(€.g."

air) to reffeRPsited on theeatalyst fpp ?%ﬁ%?f]tﬁ@%é%ﬁ_ﬁb&nmg ceramrenlyal.S arfd
returned t matd%, OXYGERARE UL QS ﬁhﬁﬂaﬁﬁ@ﬁk le ctzo?%%uc' g gljé%j&l]{)ﬂ&h e?f available

probl em of recovery of ELAPO catalyst particles from G
ef f1 uent 18°WE FefpRe saeH sshwhiohdharttyafomoteenteat of thncanoamionsDaring the OTO

problemth LS U uidi zed.bed . e of syst In.a

Fl ui di sed 2@“&’ piicd ted 32"’%@6‘3’5 Eﬂ!‘se GSE"‘CF?E‘%@{S@“&Y it ‘IE"&’E ﬁﬁﬁgfb peactionfoag and
are cont i Paserdsby regenmstimr teriwhet ieRg@era@Actt0M &QPe-80tHaifing medium Ce
regenerati%t one gn{illei n thﬁiOT rgﬁcti on zone . they are adm xed w ﬁ
the oxygenate feed® &t FaslaPPHion el thesamenasrousangterial arstrpaimpaske the oxygenate
measur ed i conesioR rattian 20H8V cal cul ated on the basis of mass hourly
flowrate ﬁb@S the sum of the nmass_of oxygenate reactants passed to
the MIO co si oM'IRRICR Qfgecansry of REAPOsripystpartcley frany theqradusbefiluent

[ eact a0t s fiasanihdtdiniisin bRAVTOLof REIGIBS KGR SR 1L 18, MB35 re

of the ELAPO catal yst present in conversi on zone.

use in thdyps off tgdmiarfluidined yFEMclangw emsimnoiimdy disidod tathlgst paitichs tlae

present i @Rt e 100 hrl W Lh best result

obt ai ned wi t hi ‘%?Q‘?I f 3‘3‘?%%‘35‘9@?%3@ {g%clnﬂé Uorge apd g Bgef‘ﬁféé?ﬁ 20tp 24 & PeLRO

f ound advantctigees they draedmxed it e oy ggetcdtedyiehanes Whbkb: RhtdRSs
reactor v l. a _separate si stage of cycl anes downstream of

t he react ocr%ﬁ?eg]leélglg Gre. alfla??%t‘j%a%ﬁﬁalﬁ‘g?@& gn the hags gf wags hppelx Apw rate of
referi®d tibe heu of the mmsstofloRAgdnatc rEAtt0R PYRSER) the STV OHvEREN AVRISL LEHMer
of the reactor.m%rg{g%duc effluent streamthat contains, catalyst

particl es ¥¥8&@ PLErRRn TGRCIRHEPIE AR dhe Spederarcicls stivams diisied by Sempss
vessel . Woff BerELARD ERAGHPresEA i Br\(FES ' : L2ReS
for separation of the gat%g?syst. par t c%@ﬁ%@@?ﬁ%#?ﬁﬁ%‘%ﬁq%%%lm%m&m
reactor &85 Pl@fenyessianernne gstociaied widhphegfresshbinggmtion nan mnge frverd. Diot100 hel
top of theyaret o4 Q’%&g &f,pLocessi ng. The cat al yst

t hat has belen rem)u\lltig}'r’t yeﬁse 0 th%%égeegfgygc{&o@ehg ¢can now be recycled

to t 0 mail®P20bactibas beén fesd nddntagdves diaat y singlbamgbef Beldhel WitBin the reactor

cat al yst f ur 0 the reacior as necessary. In addition
to the re%tg)s\?'gl]eingfa % aéa%%:sé]fl%f: ﬁ%ﬁeﬁ Cyf’{? SSAPEPgHEn olfgtisacipr topaptyee catalyst
catal yst panitg gisets. Asdplrats aRsbleRtd foli@redf 89 ARAMOGASW A 13 phdVided

re. entering the cyclones. Anong the

reactor suyrge.vess bef
advant agego‘g?sq\%gl%}ioﬁbletr??é}?@eé@ﬁ?ﬂugteé%‘%?nbﬁtf%h@ﬁé@ﬁ@éﬁﬁﬁ]é{ﬁmrﬁdqsmnme
first stagetsidyof doescion vihal tb eRGER%or shBEvasa! R88iahe & 0P Sﬁgwesgetl gge

cycl or}es have | ess _ 4
2 single stage cyclones for separation of the catalyst particles from the effluent. The reactor

effluent is sent out the top of the cyclone and then out the top of the reactor surge vessel for
further processing. The catalyst that has been removed by use of these cyclones can now be
recycled to the main reactor. If desired, the catalyst can be held in a catalyst hopper for retum
to the reactor as necessary. In addition to the removal of the catalyst by the cyclones, some of
30 the catalyst particles will drop out of the effluent gas within the reactor surge vessel before
entering the cyclones. Among the advantages of having the second stage of cyclones separated

from the first stage cyclones in the reactor, the diplegs of the second stage cyclones have less
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-7 WD 2006/ 049815 PCT/ US2005/ 036491 pressure drop to overcone than
if they would be in inmedi ate series within the sane reactor vessel.

I n addi tiogn REVie8st he second stage of cyclones outsi
reactor all ows ?/or he product throughput to be incre?s%e SV%AB[{%E’?G#% he

reactor since throughput is limted by vessel size and the process
is operated at maxi nmum capacity. 5 [0021] The present invention wll
be further described in reference to an MO enbodi nrent using a

pr ef er r ed PSARG @4p tmvargste hysif éry thoald eds iheediate sérakvwighetd Anlkave or
i.nvention to other

great utility. ;. The. . application of the_present i,

oxygenat elg E%St%l' tagglgf)ﬂ’%v 3&%368?11_@@,&95 ‘Ey_éfoé‘leglglf@de pisthe gaetor $llgive Firrhe
the conpebanoé tobuBpuenne itdrefedwMiah heSkididr sifde HHAG1APRT Galted by vessel size
engi neerin rt. %0022] The starting point for the present 1 nvention
in an MM B BICHER £5 FRETA{ed\ At aRakm FRPEFIST. on st ep which utili zes

net harsol  gm2ihe Phé PrkBRinv3 R CRNeE ﬁh{h%r 8%%?%&% ?eférgﬁ‘(l(;:ets tggalt'l vitd embodiment

i ndi cat ed above, the preferred ELAPO nol ecul ar "siév
si | i coal uRi'ROPPIFEEPRASAPOAPEratalyst sxstem thi leh bbausestabiished 4 bk iga Bt GitiEisy, The

OCCUr I'i NQad kil : 1 tal structures. The np

o of er r oq WRelATEE B BRAGI b or BT 055 aptPast CrtiaPQ atalysis

The SAPO- B4eaditpvibinl the canpatence afsoi@ottsEtbraih oM ekifiin FRYCHERIHAL éﬁgnwfﬁ@ aft,
into 15 shapes such as extrudates,

b! nder anﬁ]ﬁ% i eesrt?.%gg foLfor%e X ventl : 1

pills, spheres, d PPRE! DFSFE U R B M BP cpbedimegtisa MFO

spr ayl0dr yccanersigu eiop syhsdhuitilifesahetBABIs3 e W‘i s Jridhd SkyeARAL Xaciant, As
I 3’? t may be

bi nder. Anﬁ of .the inorganic oxides well Known in the

used as aTBiICHELEPXRdhe prefsTodELARGLRolseu I3 sigve s silidorlupaipophosphate SAPO
al um na- piesphwhieh had bdeh 3sBHIUAENA, one. of vari.gu
silica-rich cf ays such as a kaofllrliér?ca'gﬂqg§{nt .cr%Fgﬁé\/%gﬁﬁ &%Srg%\ﬁnimtcgﬂ?sh&%
of or di naP§stgrefarediSHARG erupture forMTQ cenyetsioniind ABOebikthubaite. tiNe: 2APO-34

active i j i ecul ar sieve .and th i nder, .
o or 11T el Hevs Sar WEsaH 00 IR R B0 o B BE Bl e 258 Formed into
st r ud® ur athapessedyras Fm@t%shlﬂ‘ﬂaapmeyssandpﬁé Iélkes mqﬁefeﬁe@ﬁeﬁoaéf@hﬁﬁl ¥tto
systemi Lnari us i enbodi t in a particle size )
st abl & P H dpoto iy & A Sn o d Rlfsndlor y/hder Avisrosges imorganic
particl e wideewell kfiSvi ih BB afiney 08 Ssed[200 2Rked Ry d: kA 284S M@u{\;ﬁ%ﬁﬁspn
zone using a S@;POI‘S’? catal yst. is operated at 25 conditions, ic _
i ncl ude aa%{‘%% AP S ca?ééﬂ% 2B ooness the rigusspcp-nigh dhays Iseich as a kaolin
r ef err edtlay'tbl g Wi RebwADS : A N r ed
p ay'tedl @& Bth thRe 8RR in l%ﬂflﬁ tﬂeqﬁ@ s to %%g@&%%:golﬁ[tgat%ﬁ% 0

in t?{g MIO._conversion step is tI\;pIC Iy 1n the range
kPa (%0 tgtvessrpdient)is hePARQBEmalseylar sieinand thethindgr Sndi@afillef Pda Botons 50

pSi a) . Singial he MEQCBRYEER oSS LEeLy exotherm ¢, a

signi ficant tenperatur DY Al afinpe bl b SalalsR e e APk 3¢ Pyt

zone or disKdem isyrghanlyerserbigrn MR embo@ et atparidBRGe(shBibld Hr2ilized N

a fluidi eact or stem an_external _catalyst circulation

rate bet \?vée‘agtr?yg@gh} eg";cp %i}@ﬁﬁav‘? pﬁ@l@ﬁeﬁ&eﬁgﬁgﬁfm%@% et at a mini num

| evel ded@028H  The flindized MTO reaction zone using a SAPO-34 catalyst is operated at

25 conditions, which include a temperature of 350° to 600°C (662° to 1112°F) with the preferred

range being 450° to 550°C (842° to 1022°F). The pressure used in the MTO conversion step is
typically in the range of 138 to 1000 kPa (20 to 145 psia) and preferably from 170 to 345 kPa

(24.7 to 50 psia). Since the MTO conversion reaction is strongly exothermic, a significant

o=

temperature increase will occur across the MTO reaction zone ordinarily of th.e magnitude of
30 100° to 400°C (180° to 720°F). In a fluidized MTO reactor system, an external catalyst
circulation rate between the reactor and the regenerator will be set at a miniimam level desired

to hold average coke on the total circulating inventory of the preferred SAPO~34 catalyst
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to hold average coke on the total circulating inventory of the
preferred SAPO 34 catal yst -8 WO 2006/ 049815 PCT/ US2005/ 036491
entering t ) version zone in a range of | to 20 =90 af fthe
active SAP %%%gﬁedi ent in the catal yst and, nore pr};e}?lzﬁsa qa@gﬁ"?g
the range of 1.5 to 9 mass-% [00241 The regeneration step associ ated
with the MIO conversion step as explained previously will ordinarily
use one of the established oxidative techniques for renoving the 5

necessar y eaemingihe M TG odevefstonohd B Lahgd of Stt% P n@ks-4f Wéétﬁ}éls@ﬁjp—@zl to

t he conversiﬁ%n ong. Tae rimary factor that w establish the
ci rcul at | SR FEEEE G ¥t el Mo SN 2 bAeana o Smaggsriér at i on
zone s fomaui Mhbkigum bR RRKA Wb BV Stn bRk dilp Lefifflned,

to maintain in_ order to obtain the desired conversion e

based cat BicyiStslk yall erdinariivsg ahe ef the extatdiskelwiddptivg teclmgmesssorenioite] the
of 95% or A ' ke made of Q.6 to 10.4 10 mass-%
of met han%%bggﬁ{ Va e%éﬁgﬁ%hmnl’é?}éea%aga&%gwrao ?c?g‘ﬂgn?}’é@&%/é’?ﬁveﬁé‘ﬁ@ﬁ&l The
equi val enprimarKfesignthattwil estatikish thercavelatianate Ghtwaed iAo vékidnl zoh® ahd e
art can tgg&ega%toabzloies.h a ci..%ul atifn %a e to the regenerator based
on bur ni nGEeERECREON 1P HES PRI TaINa 1 £9k8 o arlyr) thahjbie slssiredioansteteisl in
on the tatialtoobmbithatésied e@ﬁza:lsmtledenm@j%ddé@ga{wsttsg@te% Qmn quite

conversion zo in the desired range specified herei nbefore,
?ﬁ:/‘al%

conpar i soft @it Ly pLegnyerapmlevely aF Tl wpdf i 4 wke roide of9.6 to 10.4
ci rcubat i @iksabembMand Rl RdtlaHl H’lokletggtﬁﬁm%' IBE'SSZ‘%? %g mt\@élll?lsnag egc;ué}slrja%%iit

| ow since the hot regenerated cata ~I's not neede
to the MPOYWEREhesAkiag e, ongoDadinayy skikinghezct dGanahaf estahEisha ekerlbtion rate to

inventio ' 1] ' sect.ion of. the
appar at _ug he %g%?%hi%ﬁfﬁé mage % g&ﬁ%?g?%gghﬁg B?I%F or B laivgffigﬁ éPlé‘? W"?]r?n
its enti rthe fptal cltoratingcethal insepay atdddn thead$0lconasrsopramd Bale HaGkaaing

a denet hapj z i on for renmpval .of 20. hane, . depr.opani zer

section fasg%&lr%edrr%e\%/%ﬂ)eg?re'p]?‘&ﬁlgﬂ@?soaé‘@&ﬁ‘?ﬁi“?gg&‘?f’ %ﬁoc‘?‘ré% G egerationathe and

oxygéhat eistlbtippete fopsn MOMONANizE] cdiRégide ek ANHBRAE fow [hte HRMRACT ed

oxygenat e nma returned to the MIO reaction zone to increase the
tralfsaieBi

ef fici enc§B Cf Peheedsd tp sepnbakgat tofheM Tihieeetiong®nexygenat e as
si mply bqemes) et UniRdprh&ick Bemt pedes iiRaiin, ﬁﬁﬁxﬁfgmdﬁeﬁ A Se afg&%%lsg L8R of

such as dj-olefins wthin the recovered unreacted oxy%en e stream
it has bdRPPPEEHE Refteneaiampde todds 6452009, etiporatet haein gn ihentirenct i on

zone nay I . ally interfere .with the
low of oISk ard iR RRbMAL b Kol & el vt of
di - oP@f i meethgne dsprepanizersention V& remoyat bEpmpdne deattaniveyfop @byioRi bZ &hanthnd

even for i oke deposits.. The istributiopn grid is

| ocat ed g%( % géﬁ%&? %ﬁ}fog]fen}opé d?é%‘&??%?d W@er?g‘? %@ %aﬁ?‘gﬁ@’%atﬁwyfl@ed
stream irettroed wathé/MI'Q eacionedng PriGcredst HASHNARY off N Ahra R @ ?QH,SI:IJE 0
send t he recgé/ red unreact eld 30 oxygenate stream directly to the

react i on "PERET RREGHHC HoropE breh wiEisslo fisjfesdistrenmt Hpweverhdue tarimpurities

such as di-olefins within the recovered unreacted oxygenate stream, it laas been found that the

25 feed distribution grid to the reaction zone may collect coke deposits that eventually interfere
with the flow of the feed stream through this distribution grid. These di-olefins and other
reactive recycle materials may polymerize and even form undesirable coke deposits. The
distribution grid is located at the bottom of the reactor and serves to disperse the feed stream
into the MTO reaction zone. It has been found advantageous to send the recovered unreacted

30 oxygenate stream, directly to the reaction zone through nozzle inlets or injection tubes that are
provided for that purpose. The use of the separate nozzle inlets or injection tubes provides for

simplified cleaning in the event that coke deposits interfere with the gas flow. A high pressure
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provi ded for that purpose. The use of the separate nozzle inlets or
injection tubes provides for sinplified cleaning in the event that
coke deposi I .ere with the gas flow. A high pr essy
2006/04981gk€%%§%§§%05/036491 steam or other gas naybe | (guce
into the nozzle inlets for this purpose and maybe acconpllshed W th
the reactor continuing to operate during the process. It has been
found considerably sinpler to clean these nozzle inlets instead of

shut ti ngqdawar En!i&%r 836 86 AR duced iR M 2418 8118k 66 thB berp6RIRl axyfheed
distribution grid. Preferably, the individual nozzles have 5

ext ensi opesomipished ritvibe ferqter CoRENYNg foPpetets duming thagrogssy It hes besndaynd
val ving béhs e£% fﬁgplte?to% éaﬂw%efgh@ﬁfylﬂgtsm{e%% m%zngﬁ@mh&@% 4@ one

skilled In h as astin reanm n nozzl e
ext ensi ocﬂsamng theemet artre ¢ongtlex feed dtshbuﬁ(uil drisl. B@é@ﬁ@yﬁh@@é@dﬁﬂa{mﬁsi have

ani ch | sonpreys oA BREE ] UpET R T bE BN el PR Ko
renai ni nglefuﬁﬁg ﬂﬁl@hghlaﬁyaﬁ;baﬂslmm Sicafitiadin the aﬁrmhas umsunguermeaqnmggﬁthe

gas is introduced, through an in]et_or po |nt se tions of the
react or F?%ﬂe@W%ﬁﬂmﬁﬁlﬁﬁ93m§?§ﬁha Qg g%ﬁ??q * gas may be

ni trogenpgeak] Pr qfh%'ia%éﬁf Iﬂvéntidﬁereﬁiﬁie@&m%s%ﬁ&k]ﬁcﬂ'@%at@st Wihi€h is otherwise
denet hani zer” whi ch renoves net hane fromthe product effluent. This

met hane cavsed by py-prodedts wing fognebirew gewr Frmjeins furmddifines! fimeit stagiagk
gas 1gS | ?rtegso duGad: Bﬁrgé % sfid BB 8ced Rl %?nl&@orﬁﬁ?ﬂnt%@&tﬁﬁ@tﬁﬂﬁé‘ﬁea&Bﬁﬁ&
purged of reaction ucts. e purge gas produces 15 velocities of
4% of t hend &4 bawfstazghmt yapOlnis irient gakeaprhe nitgoger, oo prefdrebly isdlet wetharkwaste

resultin a reduce K t

and surf g‘&?glgéd]? %Eeh(%mreﬁ’ %W%l SIOVer aﬁfi& %On?ggg’%é@& E?ftihekp %? ahfi

%r: 0_(?_ llfl E t Dg%\g\}\? Nﬁésdmmm?ﬁd %ﬁnm?m?l%olgyn tThé Beppacesms ﬁDEﬁWuhmt @%aahPTl ON
e foll ow esc on e

process PESTHERE 1%%3 EF%HEWE@S R‘Hg‘?réﬁ’érea %onalgrf’g‘écfii%gjha ' gag?rocp“i’:fes[ he

I Nt efsest yQbcifkd @ 498 ¥i B rate&F (Ble Sl dah KR Anh phia 8f hie Y&uBiok. dMhe rddulting efixing

facilitate understanding, the drawi ngs do not contain represent atl ons

of heat epthe|gases redugesieaknfermationss the catalyeh pydanrfacest e rearipsnEhegygrall
ot her co £i38uck B bé Yl by K DOYBy 105 ploBQge of ordinary
skill |n9¥ﬁp&mﬁﬂﬁ$%a. engi neer| grart %xcept mh%re their presence is
essential to understandlgﬂeéhe resent invention. 25 [0028] The
attached drawi ngs il | uBEF SGRIPERN PR DEAWNGS conponent s

nunbered as necessary to understand the invention. In FIG 1 is

shown a e streg %ﬂov&lﬁ?&sagftg)?%f fHarpddah pr&%!@irs “i‘ljiadlé Q58 edfsrendtdo kighes

and i s heat ed and sent to a ri bution zZone of a reactor 2. Shown
as el ewigavhed @ramhgsdné@emerqsw*@nnplﬁwng fhe @sw@&n@f thy dventiqnga erder 1o

e)r(llot ' 2%0\%\”%6111:}11:%\8118&%;%@9%@; Sfawilie § not Eitai Pepilesgﬁ%géiﬁtof %Pé?:ur gkiton zone

oxygena es an products
exchangers, coolers, valves, control means and other conventlonal items that are well known to

those of ordinary skill in the chemical engineering art except where their presence is essential
to understanding the present invention.

25 [0028] The attached drawings illustrate the instant invention with components numbered as
necessary to understand the invention. In FIG. 1 is shown a feed stream 1 that passes through
several vessels and lines and is heated and sent to a distribution zone 3 of a reactor 2. Shown as
relevant to the present invention, is a product gas stream 4 exiting the top of reactor 2 to be
sent to a product separation zone (not shown). A recycle stream of oxygenates and by-products

30  inline 5 is shown entering reactor 2 separate from feed stream 1. This recycle stream of
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30 inline 5 is shown entering reactor 2 separate fromfeed stream 1.
This recycle streamof -10 WO 2006/ 049815 PCTI US2005/ 036491

oxygenat es yaul bygroducts in line 5 is separated from ,
stream 10 in a%g%ggléenate stripper 6. [00291 Oxygenat e&sﬁggﬁ@%ml

operates to strip any unreacted oxygenates such as nmethanol, DVE and
diolefins fromthe aqueous streans charged thereto and to produce a
relatively pure 5 water streamwhich is wthdrawn fromthe bottom of

the stri pRiAGaEORRI Biliodudtd i8ind 5 @@pdrated i eftbeéuct sireafnt( ihen ouggenita
the procesS if for exanple it is desired to use an aqueous diluent in
t he operéﬁRﬁ’ﬁr%f the reaction zone wthin reactor 2. Such diolefins,

even in t&ﬂ@gegﬁg@%{e g}ﬁ%&r 688t RURSH bty BfckhRE ofé;@%éﬁﬁe@sfuch as methanol,

signific ‘ of undesired polynerization an ouling.
Oxygenat MErhpfiokefies femdperaiceus sheansghgeged theraie pdipirmiuconerlativelyure

effective to produce, an .10 Al | ;
oxygenat 4R HEE HtRAELNG AL URRE ofb SABMEIER B Kt 7 and s
portion ofvailddes foefurtbernsait thlei pr;mgs_g cfrffat esimpdiv selegtkdito ose aorrgueduls Kikemt in
streamand it can recycled via |ine | nters .reactor

hr ough soeneation oL A rEEs s e IS e 2 rUhapsRE Bl i R Shafis have
or der t 0 RBNANEES tol RGNS RRVES Sl @NF Rt dRXGS BEdrEISsiMd fpbigtiferifaiohiang foding.he
feed distributor fromdiolefmpolynerization %i"ld foylin 0030]

. 15
In FI G DOivgeniosipnet s i eperaped gt pxyepe SEPPag FoudiRngs eféwg é‘}PfHG‘LCFﬁE
bot t g of . Ligaq &a?@ris%t@&w v{ﬁﬁcﬂ%ﬂ?oﬁ%@ﬁﬁ%ﬂiﬁpér% SNV £RtEdonipiséd Wsignificant

reactor at a por inthe reactor ' 1s a first stage cyclone 14
t o separ gogiaat dieyst wireastadtoxzegpriseitecovayedsromies sijeat strapmondiitran be
cat al yst articles w.t.hi I % 3fth S
st age cy@F%ﬁ%dv‘(n?atlﬁl%tsh“é}hgﬂa é‘%lggeta%gggg.&“r%‘ 5%56?%1?(;% %ﬁg“%&%? part of -
t he r eactindiaaieer irnh@edarnto eniehcghs canenpntdfoaygnatas Witheit £8iling ofithg Geed

reaction surge vessel. 16 having at | east. one cyclonic separation
means 18 ‘ﬁ?’ﬂﬂ%ﬁ% %&lo}eéﬂé’\?g@er‘g?ﬁof‘ﬁﬁgg% HPyst fromthe product
stregm Thesogat ahyst. 4 Blshswh raamot heits Yeddateaan dgsinantbengsthe beitorh of tha
catal yst hopper 20. The catal yst i s _shown bei n%(ﬂ%eqh %ﬁ outgh a.

r egener atTE#ICrz0 BB Strepy 12 jsepomatertng PhErarRREERT Ay d@lﬁl °FFRREr 54

Opti onal | 1S sdBYard&idiRE HoREHe Plottfichy ThOmaldhiey s1BE tdlyst
These cyc g[ne egfégér%re lsié}%;dl y r%f er rede?io astgvapor- solid cycl onji[c

separ at i qrarticks wiithén the ptoduet sgasreiremasied by s £irsh gtagqﬁyélqgﬁwgh[ther@tabéﬁ
[0031] A LA Sl I8 ko) Bh PG oA Y S ndRB b ? 8 AMhDhRIbA b Bne 28 to 2

reactionf"pa?sé11 cts 1Ts Torned e reactor. Is"mXxture travels up
t he 20 serremeioh bwpe wfssdl 16 haeng tiileast aerychnd sgeagionmesoy ks Bor fgther wmopil

vapor-solidlilse ration operations r.od a?l i :
vapor 5018, SSRRL LT SESA AL BN, 18 KGR, BEPh e A9 b abidn
cont ai ni rbgcaltaéﬁhho@bxeio. The catallgacdoth Gxingeasitbougtdre@ration heme 22 and
reaction products and undesired anounts ﬂf ont am nat Lng cat(?l '¥Sh
parti cl egeturned to the reactor through a line 24, Optionally, the catalyst may be returned ditectly to
the reactor. These cyclones are more broadly referred to as vapor-solid cyclonic separation.
25 The product gas is seen exiting through a line 26.
[0031) A mixture of deactivated catalyst particles and olefinic reaction products is formed
in the reactor. This mixture travels up the riser section of the reaction zone and goes through a
series of vapor-solid separation operations to produce a stream of deactivated catalyst particles
and a conversion zone product effluent stream containing light olefins, unreacted oxygenates,
30  HyO, other reaction products and undesired amounts of contaminating catalyst particles.

During the course of the highly exothermic MTO reaction that occurs in the reaction zone of

the reactor, a layer of carbonaceous material coats the outer surface of the catalyst particles and
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During the course of the highly exotherm c MIO reaction that occurs
in the reaction zone of the reactor, a |ayer of carbonaceous
material c ] uter surface of the catalyst parti Qp -

VO 2006/ 048'?1@"‘{5&3%1 2005/ 036491 this |ayer of car bonaﬁf’eﬁﬁ%ﬁ epodit s
acts to deactivate the catalyst particles at least in part to the
extent that at |east a portion of these catalyst particles nust have
their activity restored in associated catal yst regeneration zone 22.

The spen Ehi&ﬁ%&l of Eﬁrb&?ag%ﬁ§ _cli_%%{sﬁé’gﬁs BRI Eheje%ta'i)@‘i{ ?\asrﬁéléﬂ@ 1cadt iApekt th e

to regeneration zone _ se car bonaceous deposits are conmonly
r ef er r edeSenidhaist etk portiamdf tees eatpdysbpaaticlesymyss fexedBeih §etixiy BRicgstPon

procedure. A catalvst_ s i i .
T onst aoaREbaRY SreRhEERLARED S, By ER LIOTH shlel PR BEbLOT 1920
f rom t helisy 2zl ani ibersepageatration mman?. Hrese sithonppeds ddpowitsl aat ¢omgmonly referred
hydr ocar bons, ang passed via.a line, .23 ta.regenergation z 2 ;
wher g n o eder BEERGOT L rentT b sReR il i Bian 8R0S Bhan e s
are oxi dadiyed ¥ thermMpd zvhd. Mt 1@std fdrfieh dittetisattivaredehtalysishatedahraibovered

regenerated catal yst particles 10 which flow._vja Iin@g24 c{)ack to the

react i onfpwyiEe FYlOmq soparalion eeans JreBHRpsH Pf‘ffgﬁtﬂ%hﬁd@‘fﬁf frd pagsed via 2 line

relativeby tosféﬁéﬂerd?foﬁ Rl Ak dif YdehsY 2 ki@RiSicdd BBrithn YT tRfcathbfcedisalepsdits

returned to thRe regeneration zone passes through line 24, Despite
the use efe cxitlatively pomayed Wb ressiniedradpetiontife steqrn phrcgensratedeiatndyst partipies

reactq on wil?cﬁgfgatwoxfi% ?1%'94 éagﬁ 1§ ﬁlte%%%ég n E)oq'lretﬁ%1'.(‘f|.1.1“?1§erfugé[:’?x‘| &Q&rﬂ{ﬁé@ dtream 1. A

ef f | Uent mthere” s in ac practice sti a sigmficant
anount ofelathieBl ysilll Papottionl (esualli ddss dre 1(4) eStbacathlystrhimmsd talthe regeBeration

ef fl uent stream _It S foupd effective to | ocat.e furt:h .
Svel ont'e 2Stsraeits st e 9 e BERRARE o5 b BotOrep SRR LAl Sooration
parti cl egehfiamiidi@adiod dbtetio @dib Uedatabist Raivles Thas eheqroduanafiiadnt sigeam there
catal yst particles can _be recovered by aaﬁaguench. %o% I oca%lgd h duct
upst r eamin 2ethal reRkiee st asienEeH ABe Wt Of cailyt Bartiples tigber BEFsgy 1 the produc

cont agmi N3k, @Rk Akarh e hﬁrﬂe%ﬁ%ﬁl@%{;ﬁ%ﬁ?% BLAS ALY v eSS epSaical ii&is 18 for

particles corresponds to O. mass- % of the effluent product .

st r eam adigtieOrentoyrkdidheecatabyst partinles framghasednst ¢iEnen slipae THESCORBIAIRIRE
catal yst L o8 LML AC LRI b DfRADYor BBRL BlsiiEith B 68 abindidbim

t hrough t conversion zone- in'reactor 2 and 'the associate
cat al yst compgesiarmtimsThedagree p0 03 23miRationplitheasedicbéffinerd sprapsleythese

i ti , t | i i,d-salid,

o CTh o Bl RIS eol Rt ip G 0 s 4 h B prodWIRBEN LR NES
capig@l @[bﬂefoﬁ%ﬁ@&h&%isﬂ‘@tzﬁﬂéﬁ% ﬁmhi&tr?f aotingihf leqitas'su: Tossiftomn ihr: qaﬁatljr;sisin%rxtory
separatin neans can e use or thelr ., a l.catl on | ocal .l

o bl Bk oo g s IT OV ITEPR BB R FEr O 2 6h (5% S5Rr A sotabyst

ol ef i ns, ;§RhdaRsemes conprising
[0032] For purposes of the present invention, we prefer to use liquid-solid cyclones or
hydrocyclones for this application in view of their efficiency and relatively low capital and
25  operating costs but any other suitable liquid-solid separating means can be used for their

applications if locally available.
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contacting wthin a reactor said oxygenates with a catalyst to
catalytically convert said oxygenates to an effluent stream
conprising light olefins wherein said reactor conprises at |east two
zones, a first zone wherein gas travels at a faster rate than a
second zond AMMSein gas travels at a slower rate wherein said second
zone is above said first zone; and wherein the gas is a purge gas
conprising a quantity of inert gas conprising steamis inserted into

sai d second zone ﬁtpré’cegi fokr %61?\)%?&(5’:9@)%}(3&519&?&5‘4’8 S efins Aafll YRS B&hESsing
enter said reactor to increase circulation of any materials |ocated

in said second zone.cofactiige Withoe e steaftor | @idnokygtnatesi withaiad catabst tgas
al so conprises netha hydr ogen_or nitrogen Qr m xtures thereaf. 3.
The process of URLIHDY GHEVAE! L B dEenBich an n hiaos) dr SR PP aP Gt
by a product s@FmkafiRicit Bal réRR\empHBisNAN@seRed nds aomBt Jdnervidién
effluent stream 4. The process of any one of clains 1 to 3 wherein

sai d inert gas gpy Bovdeat afester rate Busé Sepond sanagvistein egastirayals at a slower
by-products. 5...AQ3DRALAK g&oh@z&feﬁéﬁﬁéw@éy@%@%o%% %[%e‘%&h’?ﬁe gk g
g a reactor in I ch 'sai'd oxyg e

apparatus conprisin enat es ar

contacted w t hpargaiadlcysipritiog propaiukite odinef fdsleiprishiprseam Bongrtes ing

i ght ol efins and other hydrocarbons, wherein within said reactor __is
at | east one stEGIEMNG TBW 3 SrEtifrser epigt Sy where saeh pxygepaisimenisy 8dd at

a slower vel O?n%atcyortt@ﬁ'ﬁré:ag’e Qtehioh ARe }O’M.tah 18 158k iﬁ%gl@tsgéonmﬁgi n

sai d stagnant ow zone IS above sai er zones and wherein ports
are positionedZ2adllacpmtess af daist Agrierdin fdidinerizgn elowhepeses methérew of

an inert gas conpri.sing steamc be.i ntroduced into said stagnant
f1 ow zone yIQgWg@€“§BB%1%??Vﬁ%ﬁ%ﬂ?FP%an1amay fromsaid stagnant flow
zones. 6. The @Dpﬂlﬁ@%ﬂées@f)f SlhRh Muth W ERH theBiing ah@ﬁj;aro%éﬁs Bt&Riced b
conpri ses net hane, ydrogen or nitrogen or m xtures thereof. 7. fﬁe

appar at us agrodiichsapagtaitieat epmowdineetivne had dydiedehramshe afflueet strsapar at ed
oM Sar 11 el A0, DA SRR RS p G Bos
stream l3ncrease in mixing of reaction by-products.

5. An apparatus to convert oxygenates to olefins, said apparatus comprising a
reactor in which said oxygenates are contacted with a catalyst to produce an effluent
stream comprising light olefins and other hydrocarbons, wherein within said reactor
is at least one stagnant flow zone wherein said effluent stream moves at a slower
velocity than in other zones within said reactor wherein said stagnant flow zone is
above said other zones and wherein ports are positioned adjacent said stagnant flow
zones wherein a flow of an inert gas comprising steam can be introduced into said
stagnant flow zones to move said effluent stream away from said stagnant flow zones.

6. The apparatus of claim 5 wherein said inert gas also comprises methane,
hydrogen or nitrogen or mixtures thereof.

7. The apparatus of claim 6 wherein said methane and hydrogen are

separated from said effluent stream in a product separation zone wherein methane and

other hydrocarbons are removed from said effluent stream.
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