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EXTERNAL SECOND STAGE CYCLONES I N OLEFI N PRODUCTI ON

PROCESS BACKGROUND OF | NVENTI ON [ 0001] The present
wonuenusssn rel ates generally to an Oxygenat e- Te€QUSRows5/037448

(OTO) Process utilizing a fluidized oxygenate

conversion zone and a rel atively expensive catal yst

contai ni ng an ELAPO nol ecul ar sieve. Mre

parti cul arly,lE;&fE' i od of
removi ng cata %‘%&ﬁ%\’ O%Eﬁdﬁ‘g%ﬁ ef fl uent
vapor stream [@N p | e wor | dw de
petrochem cal industry is concerned with the
production of light ol efi ri their
subsequent use inBéﬁ%G§$9E®ﬁ?b%Ak§b§% ous i nport ant
chenical products via polynerization, oligomerization,
[00@ Kyl hd s ﬂwteﬁffoﬁ Lt e nbrakip @i m?g@rﬁeé-mﬂgﬁm OF0) Process
ght o I'ns I nc

ude et hyl ene, propylene and m xtures
utiliving mefbfidiz&hesmehitg konoirsén neneznd agelobyely akpangiviediatadyst containing

I s for._ the lern petrochem.cal .an ' .
o o BB 05 B Py SR Pl ot emoving

£5aNL 8B £HdrALIRSilSent Pehos b@am.cr acki ng of
Cam%@t?ole8n1feedé. The art hﬁg | ong sought a source

[0002] her Atrhainr pastipn oéthe wertdwidep pmatcabipdusiry iseonemnedayith the

58 PSS DR B85 o s

impBfth@ch&hicabprdtii@stiagivlfiasriagen digomsshtion, dlkelation and the like
gossibilipy of usi ng _hydrocarbon ox qenates %gq re

welbloeayinf ¢hsaital reastinan dighiolefing inGhlecdhyiens. Bropyfee and mixtures
ne sar, I [ . . d

e SPR B0 B LR PTG o RUAOEREES R ot n

chemlicMrRustiesM e nyaj avsvuk@fbethesd matedls impresarlday nefinimgis the steam
as, recycled plastics ri ous carbon mg;%F stre

craqkingroinaloum fesdl Tha Artus e sauait e saide B efigletm for the
f . ' ' f i .
masrsfgvt%%tra%ﬁleg %)g Eéé# h&a‘tgrﬁllls RS hée)ﬂ];crl g&r‘nﬁl{p?[e}étg@ tdefﬁﬁﬁél B4 these light

er oxygenat es ypes of raw —
olefiiratarialss Al geavalehl cfshajioranedatienton i o fgcusad oh despossibility of

the use of one or nore of the.fqllown rocedures:

usingyceGetHORQRTERIANS A0 TG SPESTcally BRFIBARD! Bt 2 PReiSRENRF of the
| | ' bh&di sahsd th b

nechSFRTHIAHERE KRUGBLL 0} el BptioLIa0s ABROAYE DEALA ey can be
protigded grane buchi widkly avaddblp metesialseis woalhnaturab pase recygled glastics, various

catal yst; (2). selectjve fernentatjon of.variou
carr A G SRR SRR ARRIUREe Bt 480 Bu e R g s
agr{cﬁlt&rapﬂlﬁﬁﬁﬁf? X8 aRIreSakiy méBinol ahd ether 6RyHRhARE Fropsthede types of

ese tec ques. [0003]" The art has focused on
rawdinfitesiale it well esteblished afibiypisallninyolvsa theyuse o0 o1 mgre of the

oxygenat es such as hanel i,nto th i i .
o) L O P E B b By BB g
typBUBY hahb 8 nidkePbiaddbhk caElyBN@LBWE by Ef Wl Rndwi@netiteyl synthesis

are” interchangeable in

step using relatively high pressure with a copper-based catalyst; (2) selective fermentation of

various organic agricultural products and by-products in order to produce oxygenates; or (3)
various combinations of these techniques.

[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 available in quantities and purities such that they are interchangeable in

downstream processing with the materials that are presently produced using petroleum
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downstream processing with the materials that are

presently produced using petrol eunsources. The art has
wdevwlagssd a net hanol -to-ol efins (MO conver sPOWUS2005/037448

technol ogy based on the use of a non-zeolitic

nol ecul ar sieve catalytic material. This MO art is

perhaps best illustrated by reference to UOP" s

extepsi v rk.in this ar & n_numrer ou
sou. A attges grylapee Bk To 3R AR TS o T Bltogy based on
the wselot anbfilzedlific MBRICERL LR catﬁqu Riaterial Mh@AVITO &t MT&rhaps best
conver si on technology was prinmarily based on using

illusgraatesl] tyfsrtefesqmt o pextensivy wodn g aicp af EeneEe @unwrlerous patents

or Y55 RTINS IEE RIS LR p0prac

MT®O c%\ﬁ@erﬁlsﬁ?@}mowgi Rya8 psibiagipbasee be using @ cﬁﬁtysﬁs;&tb‘ﬁ@compnsmg a
species that is known as SAPO- 34. Tfl@; SAPQ- 34
nonrrgokiti¢ mplognler sievm gergaling metal gl phate diARP) god pre

spe%gﬁaqféfq 041191‘ qaﬂﬁm\ﬁ”oé}lfﬁ gw S}elfb‘i'&% ar sﬁ@gﬁ %ﬂl a stronlg epéeference fora

uent1y ver ectivity undes
SARO @p&ﬁs@mﬂlm@idwlghﬁ SAROH4 This SBQKRD-Bhenehﬁml iveas found to have a very

I Thi ELAP | h k
higl g5legiiy B S0 Db SloBER BTG Y ety iahk RY-ETeETUsEIy Gopgow
seleE{l\%gt'Z@? kile dﬁ‘&g%?etgfado}i%%c{ngﬂfgq%éhﬁ? giu‘aﬂﬁfs a8l ﬁ{é Swiek daterials, This

at equal quantities of
ELAﬂE@ hauamzed: M@ apeoach i2 knowpdd hhvet at lfmfst tHe lﬁﬂhiwmg adwrtgges relative

RCNTHCN T TR S R .
quaiGRA Al it &RFeked; g?P@d'p@Bﬁt}e&Mf&f‘&c@%ﬂy Bf g&)ﬁhﬁf‘ grad§:/ ethylene

romthelir correspon ardffin anal ogs shar
and|piropyilent vpithwa e n@nessfty bf/tlpmd gf;wragubmrwhxwd isppazaigpn steps to

| d h d
seofpiptngie s ittt P Rab i S PP ARk 2 gty
llmﬁecﬁpr%dﬁ&mg 0?@yé3lr@d/uc@ ftichBl stabiligsd g@ﬂﬁn@f@)t MeiBiE) to adjust the

conversion conditions; and (5) significantly |ess coke
prodmk ethiytenefie-prp@lanewasgliratiosyaethe angeiofd . x: biq $49:1 by minimal

s R Db A b LA SEAR: R0 n

MTcdwvéidibnSofe rdiitive td @kat %%’erfblﬁdeclﬁtﬁ ﬂ?e%oﬁﬁ@ca(t@llyht s9htem.
the teaching of which are hereb ecifically

[0004{c or Fer wareads peaspes weldb atisplagaddn éﬁgtagtSOUStGr@f‘ 854;

oSSR bl SRl B i g
incH1PERALINBL fe e te @nidﬂ@ﬁf&ﬁ@pﬂa&(ﬁi@ﬁfﬁm itk & TG of MT®art points

to the problemof effectively and efficiently using a
to thee g ferlutiped Yoppriongrong @loaqu«gl@ g {lyidized rogenpigtion zon'as the

pre}‘é%l[ed c?@ﬂ?er&&l glt?%x th Iﬁ%zlﬁﬁ 8 efectivbly B éﬂﬁ‘dieﬁﬂ? akin@%n ELAPO

ogy grves rise
or SAPQUAR o fadatabysd bystem.ohs sobdlHundepsoodstepiho st mfcsklll im the ﬂerdlza’uon

to eff|C|entIy separatethe rticles f t he UIdIZ
art, b wieydthis fshelagy %{ﬁ%ﬂsepwo@@tﬂén%ql ?f - KARST &&fbration in

ordgletiﬁcetfﬁé:l%h p@ﬂa{e t#e REI"LEI@S %WheLﬁlﬁ@i%&I EfalQERR BlcSyapor products of
S ’exrti

materi a ng O conversi on zone.
the R BEMIaMIT O rehotion 3s welhat from afngmnmactadpky@mmgnathnsls exiting the

difficult separation, st invalves its use of..gne or ..
OThpre QY SBIOR OB A LpmLRtAetse TesrcoRligHne this difficul
separation step involves its use of one or more vapor-solid cyclonic separating means which

are well illustrated in the sole drawing of US 6,166,282 where a series of three cyclonic
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are well illustrated in the sole drawing of US

6, 166, 282 where a series of three cycl oni cseparation
woresd4gree used t o separate spent OTO or MIO cRCaUESH05/037448

fromthe product effluent stream [0005] Despite the

prom si ng devel opments associated with the ELAPO or

SAPO cat al yzed routes to light olefins there, are

still substantial hurdl es ver fore a
Sep @RI SIS Weetp ST SRR TGS G UL Trogh Dgeprochuc effluent
streid! |y realized. Coking of surfaces within the reactor

can reduce yield and productivity of these %r ocesses.

[0005)0 pBespitetha propuisiep devdlopokithesspeialst evith the ELAR 0s3ABO
in. One. cokj bl em.: lve is. .t Kj f
co e e Rl P B b el e P S R o

ecohdmBAIRDRRALL OO oMMIDNODrodess Eitsel fally rélised: @uttingodd sugfaces
probl eém can be the result of recycling of unreacted

witlin fhpeeadter cangedursryichl and prodpevitypidhes Rrqcgssss  oye puggular

by.- pr oduct s, conbi n Wi :
po e S BB AR D05 G B30 Bl P509 e coking
of sBffEdYs b aREsl Slkamiv asterbiyrenaiidhy Rostipnahiveonps esthiit the reactor.
i nvention. In previous designs, there have been .
A seaond eeking peobler gas botheapiligHascyclng ggwﬁ%&t%%y(gﬁnate together with
o I .parti ¢l f ;
e BB By O e U e e U8B, Bt
thes!égﬁ_&&i_bme heWeoowbidh feftdvddaa, sigidfeant pfobtem hesbsen resolved by the
addition, in the event of an unzxgect ed s.urge in £ ovel S
preysRb B eRiEon. nprevipug égs;l%q@, therechave Sa] ¢Ansequiive Stages ot cyclones Tor
L oo | ¢ , , .
e U A0 AR B SRR} Mgt o
diffi Qs lcadsed byrpesssnte droy withitlntvwestyges 9€ sydorps dnesiditamgin the event
appar atus, for producin lefins.from enates.in
of AMBHEKRCICNTES 1B RBCEUS. TiohpARSER it HECRUBIAHG ianaicay fors of
i g¥bBitMr € conpri sing
catﬁ%ﬁl@ﬁ%ﬁnﬁlgwg%%f&pfdggﬁ%ﬁg s@r}ldi ng the mxture to
a single stage cyclone within said reactor to separate

sai d catal yst frofUdVARNEOFCIHE MNYENTHOMd t hen
sending said the to a second stage cyclone. The second

ge clone .is |located .outsi f '
0B BB RS hl Shd A28 Bln s oo
froh R gdiPdEesGAbh 2batEdr. THIB pRCetsdonipRes thesd g gteast with akatelyst to
having been treated in a regeneration zone to renoy

produechrogrsceusunixtiap sempysing §aht telinsand by prodycty @qt}dhg&p fhe mixture 0 a
._obj ect nbodi .

BN I -

andStkibh keridihgt a8 b &sTh e&@doné s@EE ewtiémey The tedondstage dptland iedocated

exam nation of the follow ng description of the
outsidg ehsaidreagtor wad 1t faRctioRs toemovn Eie Céfaimt %&? fhrnpgture. Then the

cat%f?%% B2 WS 1 il rw a%@hi&g§§%an§te§ted%n hSe Qéen@faﬂ@ﬁ $8ne to

agF am show ng the react 0 separ at
renhdVie@@fboancealis d@myits Romaky galaste from the nain feed

stream i . . .
[0007] 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

examination of the following description of the invention as well as the attached drawings.
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[0009] FIG 2 is a process flow diagram show ng the

separate stage cyclones for renoval of catalyst fines
wonrawogsssduct ef fl uent and the purge of stagnaRCTASZBS/037448

within the reactor. TERMS AND CONDI TI ONS DEFI NI TI ONS

[0010] The following terns and conditions are used in

t he present speci fication with the foll ow ng neani ngs:

(1) a "portio ' | i quot

part that has %‘%@%%&fégﬁng?g@??ﬁ%@&% e stream

or a part that is obtained by elimnating a readily
[0068jpar &bGel isanmones flokhdinghmaiowingghe rdactonevitht Jepaiite injection of

nt ai ns hydroc bons | adm xture with steam then
recgg dequgg%%% r’in@élﬂ feg ﬁEF%’P portion of the steam it

[006%1”'p_r FHES, %ré) Iﬁ%@sg% (ﬂﬁ%ﬂgﬁ’i@h@%&%h% a?ﬁ@ﬁlgg@gclones for removal

portion). over stream ns t
of catatyshfnek ﬁ@mw@d@d effluent dndehespage bf sagrmoneones tiéthin the reactor.
recycle of any portion to the zone for reflux or any

bot t om ot r eam TEM AR ELGONHT OSSR IONE ) "or  er
recycl e of any portion for purposes of reheating

[002610/ OIThE @(ﬂﬂjvlflhg GeraRhe rcoﬁ&ﬁﬁ&{s B scANA SR oAt fidcHtation with the
(4) aline is "blocked-off" when it contains a valve

follpyring meanings: t1g ad’Peuinnf’ oA strerm mepes,ithes at pldyyof hatb thyk has the same

cor b8 Bl B0 ey REE BRI P SRRRNE R

comipiinaﬁtl thi@bfromael gp IfAES stécant ContaiZORIrdartiing e Adraix@Hs Wit steam, then
resence of necessary heati n% and/ or cooling nmeans
:

aft@r §01F w@a ORACRAIPT BRILIPE O5THE WisaBe it REBIRT IS AEAdYpRSOK ig and a

B0, TR A0 ) o 9586 0l o
specitied Iammhf&ir m:gmievmftahszl pastionfts e Zohe fapeftin oethyzahe. rea(s8h 3)a

. & "¥ stre%W gns a stre nlcontaln g one, or nor
boflgfiy gHEHR SieARS (e, AR SiresL e thojpecte tzé'P?er‘la}n@Htaﬁer recycle

B N e —

(4) rbaa s ‘blovkbdyoif | wheanit cantaing hvaee thatisst mraqiosmon that prevents flow
m cropor o framework structure of AL and ELQO2

torqligh Gt ) RHFACDSE WP S BRH01S QBT BTG -indersiood when

flow ELeaOWKRFon a%n%ﬁrefau%lﬂyl 1§wrdBiRlho §%ﬁ&6ﬁﬁ§ﬁ&%ﬁs&ﬁ% (6)

group conS|st|ng of ICOﬂ magnesi um zin I'ron
preseobabf necaiseydieating agtﬂmewhng Ireens rimplied whsn flowds shown between
fracgtion of

cons st ot g FreiePBert it AR hdtngicnt g Faeof e BPed when s
con@erQrJate%l 1h~°(ehe,t Mrmhh%ttfsﬁlﬁ%ﬁlﬁfhvﬁf frEmand sﬁe&fﬁéﬁ ﬂoﬁé‘s(g) B«$hbor” stream

d x+y+z = 1. Wien EL is a m xture nmetal s
mea:né ;arsérsantosnﬁahweng onedr mosicamponenthin thegaﬂeom stater @) the term “light

olefiis s B e PPy B Aeirh et Be8eR 0 O TR ERFRET HEAPO”

moleddldr si®R B¥dis @SHatenal TaNR artﬁlle@@%é‘ﬂi51&ia@ﬁﬁcro?&@ﬁ§ﬁ@tﬁework
ELAPO nol ecul ar sieve wherein the EL el enen

strugiure elohl e, Rfes and BE iteirabedia! units lvymg tha empirisel formula:
expression "OTQ'" process i ocess for
i (EeR3 &

converting an oxygenate ol ef i ns
where EL is a metal selected from the group consisting of silicon, 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 at least 0.01 and x+y+z = 1. When EL is a mixture of metals, x represents the total amount
of the metal mixture present. Preferred metals (EL) are silicon, magnesium and cobalt with

4.
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and in a preferred enbodi nent when the oxygenate is

nmet hanol the OTO process is referred to as an MIO
wonremdgsseher ein. (13) The term "oxygenate" neaRETAIS2005/037448

oxygen-substituted aliphatic hydrocarbon preferably

containing 1 to 10 carbon atonms. (14) A reagent is

conpat ible” with a catalyst system when the physical,

m. cal af ¥
Slh?toé]tebeﬂ)lgr ‘?‘?Bﬁ%%ltlf ale %ri/ @&QFFHQ g%érésggoc SéAlt,]Itt%I (ﬁécﬂkéf% ev& feans an
ELAP@Qﬁ@kculQ&TMdﬁ@r&ﬁmgﬂeﬂ\mﬂ% sTlidon laAMESNFIbENi] 09144440 871. (12)

In the instant OTO process, the feed stream conp
Thegyerespionn Pd Q)”X@rgg@ﬁgp@@ns TROCess Hps eqn)y?@]@g@pé)xyg@nate to hght olefins
andelHB ?é/fgﬂqe(lf gﬁlﬁ%%‘irr]ﬁ At %\'ﬂ&& #d %ﬁ(@%ﬁﬁﬁ%% ﬁ’leﬁlgi%ﬂgﬁ{él% OTH ‘Erocess is referred
to asanMR@lprmeas:h@iﬁm @i3) Thib eerini ‘b&ygen'ﬁteé nooayng en akyggen-substituted

gk By acarbrroRrelamP comana. toaepnarapn G5 Arheiis
coFr[ Qb1 WRthh 95‘? %ﬁérﬁ en Bt SIRRICE, Qﬁéiﬂﬁﬁﬂrﬁscata{‘ﬁeﬁtgsperﬁes of

wer stralg ranched chai’n alkanol's, and
the uwﬁ%tmaheﬁpermaner&ty@tetd byReferastien tvathi the seagénts ui t abl e
oxygenat e conpounds i ncl ude nethanol, dinethyl ether

(o aemm Sy M sElion T Mgy

m xtures thereof. [0012] In the OTO conversion step of

[00L1E PR ERIThsthiVMBTOI@bess, g XY gdaat Conhisads bAE Kr mbre oxygenates.
catal ytical |y converted to hydrocarbons containin

Thesferrp hiaxygenats & graploxedchereis to mgludg @tCthlﬁa qtherssand cagbonyl
congiﬁotugﬁgﬁe'ég.%id%gyﬁes Es%tg%é Cobo 188 ﬁrﬂ?ﬁm(ﬁn?he oxygenate feedstock

mmuns o

prefrdtd adritgifs bilehst @nd gxdien@k@h bid 1 bcy 1Coabag htoﬁg dntleand preferably,
feedstock with a an ELAPCcont ai ni ng .cat

t. A
congging e I tg qureﬁatnﬁe%ntabte I LNAFS émhlc??o%t%web praight or branched
PR AT SERSLEEIA o, R BBl B Brygona

conffeainds inchide anethdnod rdtmsthyhetha (Bivi)rethanolpdiettiytl ethes mteahyiether,
advant ages as

equi nt. cost and thermal efficienc
foraldehyge. M@Mrlrtg TODREAKHS 85id anﬂr“é‘%‘%?%t 180t he oxygenat e
[00%%]2 t 3Pk O'Ebecroﬁpé&sioﬂ%eeﬁ%z 'tt r§s‘;‘eh?ﬁ1tvbf{ﬁ&r)y tﬂecb)gi?&{dt@ﬁedstock is

phase change betwe mand |1 quid
catadysallyeorvgrtedyte dythocativandamtpening alipleatis fnesietiesguble ag — but not

bet ween the feedst and t he react r effluent, d
g e R e |Gt BiAPAR: Feri) e oPHEY e g Ged amovnts

of GEGHiEIR? aBbHERICS iLARABDSAILAR 1 cohlR BRI (LAIRRARTPS n ELAPO-

ter Tromthe hydrocarbons. Ratios of 1 nole of
contaiyige watakyst. thodibueht isonds repuired buifis diusefehoptivante nipaatain the selectivity

I scl osed as, bei.n f ul ersion
of i aBFTO phavuieh BT aRe. ity e BB B plsdiy it rhae use ofa
dilshy %ﬁ%"s SieRANBAApPoAle &drRR Qfuidhéht Rb&SEA thdrMUEEHcRACY Sdvantages
preferably conducted such that the oxygenate feedstock

as well @tdnwaung the mr@almmure ol theeoxiy genate weaetpntathershy ingreasing
sel%c&){ Apcg?lgﬁn% gﬁag El":l% i‘la{l%ecl‘b&\g%%ls éeag? %ncf laci?ug& \Wafer can also be employed

to advantage in transferring heat between the feedstock and the reactor 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.
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hydrocarbons, i.e., an effective tenperature,
pressure, weight hourly space velocity (WHSV) and,
wopbiemagtdel y, an effective anmount of diluent. TRETMEMD05/037448
step is affected for a period of tinme sufficient to
produce the desired |ight olefin products. The
oxygenat e conversion step IS effectlvely carried out
o0, B B SR R M SR onauces
such fifit EheyBSBetRe feRBMBEISTS @anta&te@ in@yapoa piasRve b réac‘ﬂoﬂ Qone with a
range depending, at least in part, on the selected
EL AP Qpmlaeilacsievercaialysy at effachys eanversiprgonditions t pr@dmleﬂmc

o G RBE 25oSRAHEL dg L R BRBRM Gty (v

and¢ opticRialy.on gleetivoimbing of dﬂﬁamtTherﬁfEGtstdpns affected for a period of time
referred that the APO ata%%%ts have rel atively
sufiagignt|to pepdase therdepis fs. The Py acRAlg| %Y@Slﬁa\s@p is
[
effe%blg%i?\a%%{?i:%glo?& l)%er{:é%ﬂ;d%rremgeg? Er(ﬁ %ﬁcﬁrﬁgtgdé Ofalﬁo%enou§ pressures. The
tempén‘amre lwhe:hdnam’eds ennplmfyed sthe bh%enStea:ngm‘rmormtep eyt oy ever a wide

ran gt i A ) AR e 16 S SR Byl e Galypl In general,
the @m) kt@;t) Wit S@cédaﬁct%h RN rdcEve te%%}e&ﬁﬁe PERLERS3 S0° A 600°C.

mol e fraction and in which EL is silicon
[001415 uallh ﬂleroabfgenae@cdrwemmnsﬂd@@f thapres@ARBEntibmn, dhis pagfedped that the

LRl 28l iy BorsS dr et ShRatbbor® Halio have o
sub&aﬂ{%lzy]lﬂﬂ-foﬁﬁl ﬂor@ﬁrd@tﬁr@ he. &r fibSehey Lﬁ‘%ﬁhfyl Gadd ahd sh%)ed pore with

i ncorporated by reference). Especially preferred
an ¢ffectiveldiamister GARGE ﬂmnérmhgsm Britshle gatplysemancehprise an ELAPO
]g PO- 34 bei.n rmst ref
mo 8

lgﬁ i}%‘fe arng F]S]/’al %‘B%%ggégbqq{ﬁgleg Pgeve is one in which

the E@hieh@{ﬂ% c@ﬁféhﬁ{fa&idﬁ Fro€.005 D endl@Fattfor@dah vliéh ED is silicon
whi ch t he catalé st |sof3present in an anbunt effective

(usgadlypelsmed &0 ahdABOSi The Pd?@ag@h@h gaig bayeadsin de instast invendion are

e B0 AR bRt SR P08 SSTRAOE R s o

whick aﬁeihe@élgf sfﬂiaélﬁb%llsﬂﬁb&ipb@ked I%f&@él@'@) )Es?@dl feHe@ BAPOs include
t he group consisting of binder materia | er

the paPEF3hpad SARE- K s@wﬂggs witk PAF0-Bh being é?ﬁ’y’tlhltef@’@dect ed
[00%]51I 5[ ﬁ’é’n ﬁAcﬁz czritgg/ qD 1S gf’ ?%r%f)l?sfncog%c%atieﬂ ‘%1%?5 &ﬁc‘ij P%%%L Xéﬁtalmng one

or 1BGkeinthtfiR hiater adssin vauclhtmafalyst RRfresehinsnantupt effestiab ky promote
por,ous in nature and may contribute tq or rom)te one
the é\%ﬂﬁé@éysqnaﬁn@na@@mnéaa%lﬁ% dn anRaAPsHly ﬁ}esﬁobﬁ particles comprise a

cat%ﬁ?ﬁil¥%%ct%&1ﬁ&ﬂﬁ Bf ¥ éﬁ@rs?%ﬂpa?{l%s@flgs %t(;ﬁ‘r%p rﬁ&‘i’él gﬁrgferably

he preparation o
seldctedHtom dicogrpa cms«ktmgtof bmdarahetbnalb,sﬁlile] naatérials, dnd edxtures thereof

size ran IS conv i on and. wel | in th
in agamagt ﬁtctﬁfe DIoYid? 9P Prori’é@k?s’n"og B srabsd o, techanical

streﬂgl'hc hhd ERE To HIQLRA ggﬁﬂeg Bl ?n’ﬁ.‘ll)ﬁy ﬂlﬁ'ﬂégfa?s égg Efée:?érlﬁg@q)orous in

tions, a carbonateous materia
natate pod magd:onmuutaetoampaimotb oheoamosnafithe desired okpgeh@te conversion

nmass- % and noye conmonl % e
teaggng; @ﬁ%’&@glﬁlé' té%ﬁ%@fﬂ%%é\l?’fﬁ@ﬁ %D@ﬁés%ﬁfpémar%m of solid particles
corfi iy PI9A PO aiER 8hd Rhirix 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.
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avai |l abl e active sites on the catal yst which thereby
affects the extent of the conversion. During the OTO
woamesmasicon step a portion of the coked catal yBCTiUS2005/037448
wi t hdrawn fromthe OTO reaction zone and passed to a
regeneration step where it is regenerated with an
oxygencont a| ning medium (e.g. ai r) to renove at | east
a poglbl Qn the r bonaceous_nat and returne

(00164 o é)xgg %qngﬁrS}oggg?ctlgﬁs,za ocggbon%eé)gﬁ maleria g e %2 coke, is

dep&PRdbh &mté@ iR 8n ¥ROIAD TG aomss%mﬂlbﬂgcdﬂmanltjhes t0 9
type of ELAPO catal yst used and the t

mase-Gft Ewi cachmnacrmue depdsitpraserésh hasibe @ff@ﬁ@fé@dwrggsﬂw praoger of
at 7
el 5 B R A B

DurfHsARCOTE édnivetston &0 fdrtibhef me@bkamsmélygte@mmmfmm the OTO
ELCAPO cat al yst particles fromthe product effl u

reacipn e wwick H?éi*f‘élvtﬁ aftpEARFIAEn SRDVIISHR SRS a& oXygen-
con i}gl?!% edlI Q éscur?gf I%iéhgwg 91’[3 eég;tn alﬂoﬁﬁ&e&f tﬁ@garﬁéfrpd%F&;si mnaglerxi/al and

l'ar ge anounts o
retuetieditd € Bapahats borﬁz@fsﬁdrﬁﬂe@&o&rmne.dl’dglemrammi gonditions can be varied

B oL P S TS O P
matg\ﬁél&)résgﬁt QE@ %ﬁygtgﬁgr & #ER ng&ﬂe?atﬁﬁ 380URt $ B foSadditional

con nmeasured 1 n ter a WHSV calculated on
inforineti®asn 6x1dﬁtldm&geﬂem1rohmedlmuwes frEIAPQD batalygtn of t he

[00{:%?13 e&gﬁ g?p %}cé'geargfq? ngsaiégﬁt@%g{cge%gjw [Othe product effluent
stregl%ﬁ%lﬁfd% t(ﬁ'@ SorVefd6iYonk s 4 BRbIAE thalls lﬁﬁﬁié(%b @ fluidized

reans the mass of the ELAPO catal yst
bedpylﬁsdrslysuem hhae ﬂﬁfﬂﬁzedamstamslacgw angvets ofHBLY dividgd eatalyst particles
the, fluidized in OTO conver si on ,zone as

arc GTTIRIPHRY HFEREHE PRVERE P STHoBR g AP BTRECTEha"S g in the OTO
rea&fonlzoi’l\é H%s{ k&?é&drﬁ&é&‘ L) tﬁ’@égﬁﬁﬁﬂe YéekiRtrBarh B¢ af am@entGhich is

. Since O conversion reactions are
consemexrttyl memrﬁdhartﬂmts ofa WHSNVI daladaied ethsdasis of mass hourly flow rate

of g i hshasy of Bt et R uER Pl S 2 BB T )RRt Blus any
othgr?(%géna?@@r RydScattitin %&tiﬂt@ﬁﬂe&étﬁ’ Radhe Myl G adyelysticalds divided by
practice, the catalyst circulation rate is not_set on

the fitees bithe ELAXPQ h@talammen? iadthe P& envpisisn z98e.sWHS \cfas pge in the

ﬂux?}zg@ ﬁ%stﬁyﬁ) ?81}9\%&2%{ « 1e as (}%fagérdgxgglrltt ﬁgr&%é?mvent%on can range from
0.13 iooel wed b@gt@egm@b@ﬁneamtmmhen’a@gwﬁm ycs40 hr-1. Since the OTO
circulation rate between the reactor and the

convergmmaeaations ajel stropglyiexathpmyicyesignificant tempsraturg fercasreyill occur

wrSTAPOTE LR ApR B A0E G EISIR S G 8108 o sprc asono

720°8NMe) t&h@ﬁnlﬂieetfhdlﬂibﬂahﬁydrmlﬁoroFCG praxti2€) theasaalystairctlaton rate is
active ingredient in the catal yst a 9 or e E Leraé)ﬂ){

notjsat erhide basig ef He amoynt @q@lr%@spm)@derﬂg 1gien; ek foghe endothermic

reaSitid ! r@t?%cﬁ%or{aﬁg Lll%é’a]tlﬁ% Hf?))c(:é%@n% BY&R! & £fluidized OTO

reactor w t'h the vaporous
reabusy etet ehe milgsmmglaﬁelechtesbﬂwam fhereamtqreni dit wgererater will

dictated by the desjred WHSV and thereafter the . .
orchnssily bs 555 oL ORI el HOHIERT G RIHRLY AFeh ok o) The circulating catalyst
invefBaA HHRIELAPO catalyst entering the conversion step in the range of 1 to 20 mass-%
of the active ingredient in the catalyst and more preferably in the range of 1.5 to 9 mass-%.

The fluidized catalyst being recirculated to the OTO conversion reactor must be intimately
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in order to provide a stream of deactivated catal yst
that at least in part can be charged to the
woegwrnassat i on zone, thereby conpl eting the cat aCy&1S2005/037448
circulation loop. In order to achi eve proper
fluidization of the ELAPO catal yst systemused in the
OTO conversion zone, it is necessary to provide the

admtn?%ia \iyé}i i_]gpar E)IT%.% g)s(yléegat%]cgﬁtr ﬁ%r(fglm eteg f? gStee{ﬂegléa of ﬂn{endlctated by
the B&iiell WHSYI 4@ thisibatdr YheSRbuliifl Vdirisehd ﬁnﬂﬁre’c’rﬁuiﬂbe Hkly separated
m crons and preferably in the range of 65 to 85

in onde@: toprovidaugestieamt i deasiyatod &hiiaiYSb%lat 3t deast Wepagtan bpsharged to the
e 555 G A8 1B M8 e o

fluidipgtidnr EMBPBLAPO eedydt Restpankedcinghs O7© ddrﬁféfsldmztdnent is necessary
over tinme will degrade wi.th the (t;eneratlon of a

to pEqeds the caiAlySERRSUFIES Bra REtde yige disprpiion i theganggeot 1 to 150 microns
r

wit e%?%rég @5%%{6%%@1%&11@7(%2{% tglg? e o@ 2b eé(tbm%&?{argﬁ affd preferably in

the anél of 65 tle&i mt@oﬂT Due e@dtemppommﬁtlgﬂmhaltﬂw natalsyst;partmles have for

f|UIdIZ bed cat a h a fast-fluidiz
et AL e e BN ETIG FrPek 3P b et nd
tran & Al g%ﬂ@fe stle Cﬁgtflbl.fltﬁﬁltOerl‘ HndhvAf de @ GRRGHO %enera’uon ofa
systemis wn 1n US 6 , 282 (theteachlngso

mgrhﬁéhm mabemttofaambs‘pﬁmsfdwad) th,e abresoreor aomdeiiexpénenogd in the
ce) ach Qv i d add tional

B SROERLoFAET G B GLBEPT BRIy B OT i SrBet (4 OFGesctor

conf &Eﬁ{)n nen@tizen ved cétﬂ?st@?@eﬁ%‘t’k% $s2AuARRE -reddior! system being
particularly to be notéd that the '282 patent

partiowbashpwered. Mdigohd axaneple vba priesaréfast JuisirediD T r¢actor system is

o381 10856, 54 050 PR 20k S el v

by RGeS, MbsPfead BRI provige @ddlﬁm Getﬁﬂﬁﬁﬁ:ﬁ a6 @ik prefeked atygdficial
in a separate surge vessel. The first stage is shown

vapar velorityt fop prsper ppesationséhe@ TRonaemiontyenerlkisericylarly to be noted

that%? ezg%pag Q/?(:tg{é %cges! d\%{t o r@ﬂﬂor?g%e @gﬁdgﬁpglﬁﬁgﬁg\&{ng tPree stages of

vapdr-§@iiadagdly 9 Bepiesionl IrPthe \Msltahlﬂ inventior] éishas nowdeenifeund that at least
separation action due to the tangenti al d| schar ge of
onetc ithespteges @nde lpeind ingricpragsniee vapwl ddedl 1r§/tssicage is shown at the
o BEF b 2 B BRI AP AR SR o
prodtiict Strey & dist&;a@d\&lneugh dis@ibutos tathe20intd b yepshratio vessel 22 which
catal'yst particles and reactjon prog gts i's gﬁhg
ProBigEy Cydenie senagrtionastiondus/ierthe tapesnt 'ﬁg ischargeph de%fture of
r y
rea&%‘ﬂ'ﬁqé&@gp@g act%?at(ljﬁslt %Séﬁnc g "fﬂefejﬁgmﬁlt s&%a@vf\'d v% —stotﬁﬂ sgpzﬁétg(gﬁllustrated

in thadeningdyf thise2 8P paterti 1S)thedfrst(dyo]$>ﬁd 20 othptain aymk‘mr@of fluidized
separati ng 2 1 which. receiyes as i

cat R PPISLS Gp ESAFiP BIRCHS S PEPEAS PE @B arRTRS e R gveilow vapor
Iy | t
By 5 o S BYAEE MR AN bSO s v
in th@dlmv\mxg ofi thg ‘28era¢§ﬁ®by dwoapemmon@tﬁ elossd- ecmﬂlme)mﬂomt sepaating means
48, g&tethlsthr ese arzﬁlonoerat 20 and
21 whishireredves s {pat Bxeéw 2%y o (P Y IATe, SERaTTE gy 20 an

proahéeg afsra@én%dwaﬂdwstre%ﬁzwﬁﬁh @mhowtnfh% Vefied lifth Rk ¥APRE Plenum of the
product effluent stream w thdrawn from OTO reactor
OTO reaction zone exiting the OTO reaction zone as effluent stream 48. Despite this three-

stage separation operation provided by the preferred fast-fluidized reactor zone illustrated in

-8-
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zone 10 via line 48 still contains significant

guantities of the OTO conversion catal yst. Dependi ng
wonodclvgossxact fl ui di zati on conditions that areprariuse@ed37448

in an OTO reaction zone of the type shown in the '282

patent, the product effluent stream w thdrawn

therefrom can contain catal yst particles in an anount

colre ing 1o 0.01 to 0.1 S-% with re ‘
the E541 R e aperotSedpfo T Ent Hlehl s Bplihf from OTO reactor
zonRN O tinedd i B&Intshd QaniFicAlt lqianies bh RO NOBAVErsies cathlyst.

ef fl uent-contam nati ng catalyst particles appear to be

Deppoding oprthe pxact Auidizetipn eerditionsibat agg witlizgddn gy OFfQ gagetion zone of
Loss,of the r. i,yel '
e [ RELBly P F R e AR B B A R en
conZfn bdﬁhliyﬁt 1adfi Elbyitan Syl Torfaspindisg folte0 ZHN. b ness-d with a more
e prior
]

of t art). The presence of these contamnating
typieak valyesheing P Oi & f&Q 0 massreo of thisuwedust Pﬁlyém St@@%é#?la%r}éthese
i: ] . f t
e SRS A Fine AR B0 R o auER AL, dPPrepresent

ovet tnieandi graificary lasabfithestiatiasly iexpensive [HIONB) chtalystwystem (relatively
present inventiop, it has heen found advant ageous_to
eXPRBY/YS 1 Taganplogbesielagiue iy the ;zeqﬁgwerg'ﬂ ¥ RITEE IR VS catalyst
n o
o 4B DD BB B 0L A UL M Rt s
streampgvatise toessibbtantiaheed fod atneethet foir sepmsatmgrand ctamveryurfdhe catalytic

vessel i rovi ded, dawnst ream of the reactor. A

valyi e SBRAGR EPRITEInERA FRASE RAIST s cat al yst

[00P8Y {1 Gh B8R PrescRfRbetidnS|td8s Blen! Bind £RGhAEeNRSS Bhvd e?sih?l% stage of
reactor surge vessel. Wthin the reactor surge vesse

cychmes wiithgl the s¢amtye vessel andespirate ssrgbastagd eyelaples tlprenstream of the
catal yst particles fromthe effluent. The reactor

reaipt PypbRtunt el fifine BT Ao PO TPy G dS S fdhyesctor

sur@diesbd1§s prORidRll dbWBstiRBroOhe SacR. A Piskt &fflbedt Wb hat contains
processing. The catal yst that has been renoved by use

cataljstipagistesdy sdnd Awiside aif theawadier veses) 60 e reastartsurgeniepsel. Within the

reactor. |f desired, the.cat st._can he.held.in a.
reag B SR veng BE MRS gk P AR b P GufhlsPpictes from the
effllERETBeretol BffREAH it 5@ olibtht ieh sRABYAlloms ahll ehepidu@theSbp of the
by the cycl ones, sone of the catalyst particles w ||

reagipopugivessd! fonkuribes proegssingaEhegatalyH that hay beeniremougd jeuse of these

o8 B S 1L 8 G R BB BRI o e

catf9Rdopp&dof felith tdhthefrbdctdr o8 hagRsay dhadeRioh o tHe&emoval of the
reactor, the diplegs of the second stage cycl ones have

catalpg by heewlonesdogys af shasasalzs merticharviilidremet afdhy efflgent gas within
the 'é%h&#(ﬁl@%&:%&éﬁéﬁ%%ﬁ@ﬁé%’ the E%?orrce@.r@?lrog@ g*eoa{dvmﬁgefslsoif gg@ing the

havi ng the seCond 'stage o ones o

secofid §thge dﬂgl@clomf:s sdphravel fi@n therspstaghugiclanbs b pesctorothbdiplegs of
increased within the reactor  since throughput .is X
the|speandstres Py dlanssdiave fese PicsRre AROPIP GUeseme ghaéla_ﬁhgv &tpuld be in
imFRSLE A CARAD e sl el AR An AN Wvirg W8 sgeond ggee of
cydldes butside of tixonrpetoncdllosvsdoeths tpagriics thsduaip o belindreaskd Githin the

1is showmn a feed stream 1 that ses thr,ough several,
reactog gigpest%éqﬂg%ppwé mslted Y Vesse{ lee aIPdatﬁe process 1S 0 erateg at maximum
capacity. The two-stage system of this invention is estimated to reduce catalyst loss to 100

Ibs/hr in a comparable one-stage system.
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and is heated and sent to a distribution zone 3 of a

reactor 2. Shown as relevant to the present invention,
wO0wm/pyssduct gas stream 4 exiting the top of PeawmiS05/M837448

to be sent to a product separation zone (not shown). A

recycl e stream of oxygenates and by-products in line 5

is shown entering reactor 2 separate from feed stream

Thi s ycl £ stream of oxygenate nd ,by- product .
ooy | RIS i AT Pl VORIENER R R AR pnc tnes
andQX HERAPAR] sehi toRRBStributidDEb2R]3 DagaIGt xR ShbivhnRP eslefant to the present

operates to strip any unreacted oxygenates such as

inV‘ﬁ‘ﬁiOnairsger%@vEgWeGmcﬂ witing thetempt ivectard kopssest foeaprgduct
oGBS b8t R B hAH ML BBl B s i

shoSinlenfiping Feat @R séparate frarn deed steaimils Thisabdyahd grebhnrof oxygenates and
further use in the process if for exanple it is )
by-predpeta in kine Yiisscparatgd dosya Pedugietiieam OjR en gy esenaicoiripger 6.

o T . Rk . !
003 SRS S5 e B Ao SR AL S, ayn
DMHE arsi djolefinc fromn tHe gqueess sifeansdhaigeéd thepetb yne to pratiiana widively pure
foul i ng. Oxygenate stripper, 6 i s gperated at oxygenat .
walgt #7153 Yiic bwﬂeqirawg ffémf foftam oS the Yeibips éﬂn"o\’/ér%ﬁg’g and is
ava}'l%]g ForhfREHsWiH G é)?&!eﬁssif %‘r}?@&?ﬁeﬁt BtdebiPRE e %h @qfeous diluent in
Ine 8 and conprises a significant portion of the net
the operetiat efthe xsagtomras widltioveaced 2f Such dinkefies fdvar nt trace amounts,
stream and jt _can be recycled via li.ne .5 which enters
have G B9 (4 b B SRR o LRt dof s BRORITHO LB Eze & and
. b Bryig) ' dnBte® drl¥®ions effecti
ol 5SS Ope kBt ASE g v
producstani dyethsad famnstiearh edhichperity way genatei stiiprend viayling§ and

corgﬁ%%%g gl:gfqgfc:ﬁlp%&q%wléns %’fgt?.? \ga]i I%errea%%i,? rqxﬁngi a%qg.rfe%)evg{f?t S8 Melefiluent

strepfl £AM dod HeSeSRMWAVIETHE S iviicH HRerk et tAfough ReLAlesler-injection

Wthin the reactor is a first stage cyclone 14 to )
tubssihatraie 8 te Arcal ipstiarnetemntdydergp ealipnce fwronTersionwif oxygapates without

ft atal.ys articles.within the pr cf..gas are
foufig B TR R BR Fo PR gh b st o R et o

[00REE S N8 FUGVMisisAbfn k&R tdr QWeith RE lstr&dm 1 hgaih@atdrdE thdBottom of the
t he product gas going through a line 28 to a_reactjon

reaglgr depwias siegan 62 Heshiong eateringdle reaeier atyaqrashl 3 Within the reactor is a
. : -
s R0 OB 0Dt BP0 Ok O B, b fony gt caty

parfitlegwithia thy ptodoet g drec@mobed by diieflrst stage calaleysith the catalyst

hopper 20. The catal yst is sho bei ng sent through a .
paspiag daepantodhe losics pard obHig rrs%cwrﬁggahﬁt Jofiped eppgeing through a line 28 to

a réagﬁ&yﬂﬂ%@#sgaq 6%1%v'ng%tt Le%@tadr{e% bl %@ir%&rc‘ﬁl SRV 8981 further
et urne |rectly]t e T eactor. “Thase cycFones ar e
renidvaEofthe asthlystrfedra thieestothact ageana fiite-catal ysti fatlg dtomm the cyclone and can

be Fipia 26 CAPLSBIPPR 204Dt SERETT e BaSBIPRPgE S Teadheraton
LR SR R0 0 . BTt e rmed
diredilytth ¢herreantdn. heseayeloaedarg asse broadly referred to as vapor-solid cyclonic
separation. The product gas is seen exiting through a line 26.

[0022] A inixture 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
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through a series of vapor-solid separation operations

to produce a stream of deactivatedcatal yst particles
wanaae4gonver si on zone product effluent streanPCT/US2005/037448

containing light ol efins, unreacted oxygenates, H20,

ot her reaction products and undesired anmounts of

contam nating catal yst particles. During the course of

the highl xot her m Q.r ' OCCULS. | R.
catgi g bt 7u 4 2apeTlat PRt SRRl R i el Getins
unréRt R hxyperta! By0)ethetiteattigiibdses afd dlvesieal @hyglts of contaminating
particles and this |ayer of carbonacequs deposits acts

catalyst garictes\iawmng the ceursa oy te highly prothermie M seactin hat pecurs in the
t a i on:
e By Aok 4 L RB B8l Lod 8 Bt sy
catdlyst pasiolss ahé chis Biyal yfdariongesons déposits Zanty dactivde tiratilyst
cat al passesthrourgh an outlet 19 top aline 2 1 a

. )ist . Pd
partifigtetilenst AR Abs GHer hat ablpast-prpogioncofitheecakeR particles must
havd ?l?é?rsécttﬁit? E&tcﬁgm%éls%ciét% @étﬁl?'gt rfs?en%?ati'(')ﬁ 9bfke 2?.”1511&%&’[ catalyst

custonmari1y renoved by an oxidatton procedure.
passatthloygh as butbaiDtthetine 21 med thenda ragendrhton sanet220 Thewrarbonaceous

At, | east a pprtion of the deactiivated cafal yst _—
depfgifscry SomPEBRUEIERo i GHE. LB APEORERL TSR pisapgidation
proéédRres W ERASE sBEark Pl ik k@K PGHREDRNSH 251k, PASSBCa YbifioR of the

line 23 to regeneration zone 22 wherein at |east a
deasftivpted ¢atalyst npaterial oecowére Himnt the lsyelatie separaépoweans ag siripped of

' ' d. wi.th.. ti duct i f
ol B S AT 310 SRRSOk aN ergnat east a
sigifidarlt pBRioAD AR arbshab&ifus rd@g&ﬁfb AR BAMRIvER refnek I Rith ¥8Rilting

in converting feed stream1l. Arelatively snall
progvasionrof @ sieqin of sdgeyerpied satalyshpartigles whichdloyaviallipst24 back to the

returned t he regenerati ne passes .t hrou line.,.
realy i 4aR€ et ook BT Birs o5 ™) 2p Tt G4 prSiion
(usﬁdll@r' 1643l tRarS BRO £fhe @RtalyBRGurhél fohge fe@ahdrhttth ZonBatsRs through line 24.
scrub the catalyst particles fromthe product effl uent

Despite gkamseof eneof moravaper-selid gickanic separgtipp megns in the reaction zone to
vre&am . . o o
o) 0SB B PRVl ARt 0 R B prci s

sighifivad aglohiecsfi cdealiso phrtickRb ehak biretpiesenCiyiGhOpiodustesifitidit s@¢hm. It has
nmeans, 18 for further renoval of the catal ist particles
beep found stechyoipiesate furthes pyclenie sensratippdacang & femfupther rggroval of the

it .
o YR 0 0 AT D AR s o
be rEbevetieDlies qadnch eowartoceadd wpstredm ol éheplomdisttare tompestion means.

stream by these catal yst particles corresponds to 0.01
The deageerofFgatenmypagion;of dhegprofygd ﬁ% ysibeftram Ry s catalyst patticles

cor%egﬁérﬁg 93 6.01 ¢ pﬁﬁﬁﬁs% D HeEh A hﬂjduéloéﬂﬁreﬁﬁl £l therefore represents a

ontl nui ng catalyst 1Toss fromthe catalyst I nventory
subktaatial Gource bAt@sinuingatathlysh toas fiont the cABiPsicinneeosi that cenlates in and

in reactor 2 and the assocjated, catal yst regeneration .
throughdhe @gqnvp@orb%ﬂnﬁdg éfgl(:f&t 5@}3[@ %ﬁ,aég tecg ﬁ%glp{gtl rggenegation zone.
[00?%]ref Mo B%Jgg]?eisldf Gt Ses I efi¥dt, WRGRIBF tolisd rhﬂﬁiﬁgéo‘?i'aﬁczclones or

this cation in view of their efficiency a
hydredyatdneefoy thisapaatiomin wied of peirdflicigngostdselativelydyw capital and

or il SUL AR LLOU ool 1 Separatiing Means CD B ¢
apphiéaidm bf 18cdHyAviBable.
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1. A process for producing olefins fromoxygenates in
a reactor, said process conprising: a) contacting said
woxymmasdces Wi th a catal yst to produce a gaseoBET/US2005/037448
m xture conprising light ol efins and by-products; b)
sending said mxture to a single stage cycl one system
Wthin said reactor to separate said catal yst from
ig_ gaseous m xture; c) sending said gas to a second
CL e cycl one system wherein said second stage cycl one
is | ocated outside of said reactor and wherein said
cycl.oneprbekis Forgedicing SleBNEfsmiotty gatatds s b rédcen) Sid process
m xture; and d) returning said recovered catalyst to
comyuisther eactor. 2. The process of claim 1 wherein said
secgn :
sur oy TaaHR Qe AL SRR RSt dlel Byt e Wikt
cat al ysmpiisng &ipht dlefum adiby-medwrtsy st age cycl one to

said reactor. 4. The process of cl]aim3 wherein.said
ot SERmGd AR SIS st SHpRor i pf fdgtor t

bei ng %ﬁﬂ%’c £R4 3800 st £8RLAId gaeoud MxREHCESS of claim 1
V\/nerelS sa?d cat aﬁ?st 'S segr?t tuo a regeneration zone

ande)t kenlingsaid gedotasesmidsbtagsayelone sBleniwharspmsad serond stage

roduce,light olefins.from enates, ¢ rising . a .
P oot Grelpsis tadd oo OB HHISD B Rp GRS AR functions to
| Nt r OguBeE daltt QutARitdrone 84l afixtudian®i n after said

oxyq%gnat es have contacted a catalyst for a sufficient

per dodetoming said resoyrredicatelyst tgsaid 6eastari xt ure conpri si ng

light olefin 0 r r e

L oob 7B S5 o WA E RIS, Bl eBRGHS AMbRL R cplosd witin

reaftBR§IEgd ResS@par ate said catal yst particles fromsaid
gaseous m xture wherein_said, separation

conbr 19Erogess ehalgim hr 2 PRgwn GRaLEs) i SRb SO saserditage

cyc eltgﬁ'aﬁh acigeond cyclone (18) of said at |east two
stages of cyclones is |located outside of said reactor

and4 Wik girocest ofl daint 3 whpwirnt saihcadlygas first agrdilty g tatalyst hopper prior
particles js returned to said reactor. 7. The

to beigaient 9saigieqidh m 6 wherei n said second stage
cychongs c%s@@@dlﬁﬁﬁﬂlwff&em ﬁi@cdtﬁaﬁtipgqrﬁwgﬁe R&8%on zone and

8. The apparatus of claim6 or 7 erein said catal yst
thepagttuinedl &ssaid reatior.st sent from said second cyclone to a
{ :g .? %n?%p%at&sotg%rgcﬁ{cg rlieghp c?lleﬁll% flic?r}l %g(?gee%a%eg cgl%ip%sing areactor (2), a
source of said oxygenates that are introduced into said reactor, wherein after said oxygenates
have contacted a catalyst for a sufficient period of time to produce a gaseous mixture
comprising light olefins, hydrocarbon by-products and water together with catalyst particles
and a separation means to separate said catalyst particles from said gaseous mixture wherein
said separation means comprises at least two stages of cyclones (14) wherein at least a second
cyclone (18) of said at least two stages of cyclones is located outside of said reactor and
wherein at least a portion of said catalyst particles is returned to said reactor.
7. The apparatus of claim 6 wherein said second stage cyclones are enclosed within a
reactor surge vessel.
8. The apparatus of claim 6 or 7 wherein said catalyst particles are first sent from

said second cyclone to a regeneration zone before being returned to said reactor.
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