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WO 2006/049867 PCT/US2005/037448 EXTERNAL SECOND STAGE
CYCLONES IN OLEFIN PRODUCTION PROCESS BACKGROUND OF
WONWBMNPRON [0001] The present invention relates generally tam/US2005/037448
Oxygenate-To-Olefin (OTO) Process 5 utilizing a fluidized oxygenate
conversion zone and a relatively expensive catalyst containing an ELAPO
molecular sieve. More particularly, the invention relates to a method of
removing catalysENarHeib\TsEA@EDICE AGKE &Y CheiNESeam. [0002] A
major portion of the poMHVEEENDEROBEGTIANTRREGES S oncerned with
the production of light olefin materials and their subsequent use in the
production of numerous 10 important chemicaé&lgducts via

polymerization, oligomBAZaKEIR QIMRSHE BNYEAEI AN well-known

chemical reactions. Light olefins include ethylene, propylene and mixtures

[oooijereotnthpseiohtelafinseinassatialpuildinobigehattor thelsRadedTO) Process
__petrochemical and chemical industries. Tge m%ii#flér/jg’urce for these1 tain
utiliging e il SsERRRRS FRRVRRIQE TARCHRY AT AR FEP R Sifplyst containing

an Ef6&0® fbRaharinyree ghitsarsceethaeiivm peliieton taethel BF removing
massive quantities of raw materials that are needed to supply the demand

catalisit prstielesy Frosiaripasticte siflueRt HRRYE SHEPBY the prior art's attention has

[0002FEN f%&%_gﬂ ?Brmﬁl ResaibilityiafidsipedyHeatasbanioxygenatesdanet with the
more specitically methanol as a prime source of the, n@gessgéyc alternative

produgsioneikigbiglindnaiesia s dir PRI e PTRAY gy gL numerous
impRHABHORS AN e WidRIY SyalaienRtelipbaRe 2aRi naluyRitiAsand the like
recycled plastics, various 20 carbon waste strws from industry

W b e Tk o R R R MRS S A e

ther@BRK MBI AR AR RIRE MY SRS KO D ESERNBs dtfr pativdieriial and
is well established and typically involves the use of one or gmre

f the,
cherpiniehindyiviseelibraaaa) sounh iRt dhe omaerrbsi BEsSHy ngmag is the steam
crackRNIT IREINAHE IR ITAlHIIRY 181 SkaL R £ohakcatadyshiallometbhin for the

the well-known methanol synthesis 25 step using relatively hig leq)reﬁgurﬁH
masgilp e aldauaaesioht e %Sleﬁ?ﬂﬁé?ﬁé’rﬁh@ﬁ{&t%ﬁ %‘f“\?&fi £ {BRys ght
olefBAHIGHIR! RroflisiS-andrineRiRorsisdAesies DAY Bekic CouyERoA IS, Wissibility of

_(3) various combinations of these techniques. [0003] The art has focus%dh
using mmm&%%%@m%ﬂvW&@meﬁwag the

nec WWV@%M&Q tighielpies predasisulbigsatiahiveeloadse they can be
prod R B HeHoH A ERBELA P U FHHE e R U i, varous
carfHE R sREACRIH SR AR RAIEWAiols products and by-products from the
agricultural industry. The art of making methanol and other oxygenates from these types of
raw materials is well established and typically involves the use of one or more of the
following procedures: (1) manufacture of synthesis gas by any of the known techniques
typically using a nickel or cobalt catalyst followed by the well-known methanol synthesis
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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WO 2006/049867 PCT/US2005/037448 sources. The art has developed
a methanol-to-olefins (MTO) conversion technology based on the use of a
WoHFeHI8¢¢ molecular sieve catalytic material. This MTO art iBEIEEapE>/037448
best illustrated by reference to UOP's extensive work in this area as
reported in numerous patents of which US 5,095,163; US 5,126,308 and
US 5,191,141 are representative. This approach to 5 MTO conversion
sourtes! thQﬂyhuﬁadaxémpéﬂyahﬁeéﬂm-uEMQfmmﬁME@D syatmnsiomtq@ﬁnbig gy based on

non-zeolitic molecular si ener met
the @Liﬁ@?%ﬁﬁoﬁ%%n e*?‘rca‘%y a s% }%9 umlﬁop osplﬁ aIrgl RS haps best
illus{fafed By, refticacstito Wﬁem@mrﬁmﬁmwe@mmmmmmwus patents

r|aI have a ve

Ofwgé‘fgﬁ %%g f&?ﬁgﬁz ];&gl?éa met ano toc€f<reIr2|Ié3 cg{%tégeu%}ﬂs approach to
MTOdhkesiba sﬁmﬂdgyfwashnmm&ylbasbdmmemnmal cedaligitsyatatiinenapusing a

the heavie terials. This APOQO cata is-known to
non-fo R RIS SRS e Ao i e el PEEA A e
specifigidl Y ligiht irfimsiophogphate myoddds af dlgm (ﬁieﬁﬂ?@)amﬁ[uahtqm@rpﬂéé@rmfce fora

ethanol converted; (2 ili dir of polymer

SATLIHE SRS IGBIE S et thel A Sab e o T D S e a very

highpijsddiityefoatiiinnkbps it ﬁ&pmmda feﬁdytenle aarddcpnquatend}fmry low
their ¢ araffin anal sha roductlo
seleg iy it e SR L EaR3at ALt PTG e RNl This
ELA@W&WMW@WM&QM ﬂatmﬂ\bdtamfaltdam WETcﬁldng a&varibyges relative
minimal ad tmen of the MT ion, condit
to g SOl e R SRR PN U A ks o coal
quaripes haethaoh dhﬁvz‘ﬁeﬂtl@aiqiybtlﬁysiémr@@m&éﬂyﬁnﬁpdym grade ethylene

|l.articulated tents, US 6,403,85 166
SR S OB Rl RS HRISENB AT s

sepaitogihyhiesldnyd mtardene fibe dmsenﬁaspoﬁdmgmaralﬁﬁnrmﬂo gs!;r(&) @Ta@ly
. .or MTQ art poi to the se okna fluidized reactipn z tp
iU A0 BHTETO SO SIS SPBIr Eae e s e T8 feust the
procﬁf@lﬁmﬂﬁfeeﬁe@m;@l&wd/ﬁﬁlmeaﬁbswmmm%@lﬁi btoSATS(il -typmifimal

catalyst syst s is well- under ood b e.of |II | the f|UI izati .
o P L e VD CERRTBIOR S TR A e e ke HHa i the
MvaaﬁwnSﬁﬂ&r&tl@ﬁva t@tﬂﬁretfpeﬁmleeﬂlyvﬁh pheatettie partiyiesydtene

|d|23gi catalyst from the v got{u ts e O O.or .M n as

[00GF) o ﬁamﬂ%ﬁ?é%%&%é%ﬂ IEH? egma(tag(r)ltgls ifi Iﬁtﬁ"tﬁé @4{%3%?
US 60166:28Dinddng S&amaaool(mmm eeabiing 66 méddcdo arp ehnéby ﬂpx&:diﬁﬂilyt

30 separation.step involves its use of one or ore vapaqr:s Cl]%@b
inccIBRATE ) FRLSFRCA MR COTETR R F ot IR ST SRR L0 art points
to 11 166 adG2fuhbredressinm ebileralonycldthia fAiidized regeneration zone as the
preferred commercial solution to the problem of effectively and efficiently using an ELAPO
or SAPO-type of catalyst system. As is well-understood by those of skill in the fluidization
art, the use of this technology gives rise to a substantial problem of solid-vapor separation in
order to efficiently separate the particles of the fluidized catalyst from the vapor products of
the OTO or MTO reaction as well as from any unreacted oxygenate materials exiting the
OTO or MTO conversion zone. Standard industry practice for accomplishing this difficult
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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separate spent OTO or MTO catalyst from the product effluent stream.
WPOD0s)P8Ehite the promising developments associated with tRETAISRPIY (37448

SAPO catalyzed routes to light olefins there, are still substantial hurdles

to overcome before an 5 economically attractive OTO or MTO process

can be fully realized. Coking of surfaces within the reactor can reduce

sepavdgishanehRsagu elivitioidhase preae SSES. cRMTItatitallpst frotetiiabaakingeffluent
problems are discussed herein. One coking problem to resolve is the
Streaé%king of surfaces as the result of reactive materials remaining in

[0005PONaDEZSIREG VM iag devitipricsBaeasotznkingifirohidEl AROLe S1EPO

result of recycling of upreacted oxygenate together with 10 recycling o
catl A QSR LR B R S T UL L T e 20
ecorBaiitallythese preldnshAVEM prvdeseparebolitdly: radigedfi Cartipg atflewnfaces

. has been resolved py the present invention. revious designs, there
Wit B AN G BC P MR8 LB o ol
potchaHlicsisApdlegiscire HisenseaseBiciOme esking prbbaeptibiestdve is the coking

difficulties caused by pressure drap with the. two stages of cyclones. |
of SURRRADA THRAESBITENC S BT P ERERbdSTRA L & R e i the reactor

A sed88tbeolsshipeebiialein besibnibsahibssynilingtafysirchbedoasgahate together with

inventign ajJso addresses this problem., SUMMARY OF THE INVENTION
e e T RS BRI O SR S L S A Fap gy, Both of

aratus for

thesPdURAG BIRNTO W e RI@ERAIes Kighifattoprobiisrpiacessrcmsyiviseby the
these ox ,gelnates wijth a catalyst.to 20 produce a I&aseo.us mixturef lones for

PresgphiBYRL rhglntpaf‘e‘ﬂﬂg%?a%ép%eaa VRIS T T TR & Sy e

sepRiALR 6YSRAR W Mﬁaﬁr@ﬁqﬁﬁgdﬁbﬁe%mﬁﬁe @aicSaahaAé&simmfbeptible to

aseous mixture and then sendjng said the to a secqnd stage cyclone.
PR L AR B8 B BB D LS RAB PLppon. T the cvent
of aflMicligneial emRva tiescatelyetiradethen fixtistepiibleridhesigatfitysit doys of

be returned to the rea_cto&%ter avin%f%een trelgted in a regeneration zone
catafyshol heREG RGOS ESRESHBIRRIP ERalyst. [0007] Other

objects, embodiments, advantages and features of the present invention
will be clear to someos&/MMAREOEKITHE IN/ EMERNSS| engineering art
from a detailed examination of the following description of the invention

oo S R B e BN SR et pal ™
fronk Ry geisatepio casediow Thigparaesh cwimnyites easctoxygehaiepwitha catalyst to
prOCiln 'eecg %Qs%us mixture comprising light olefins and by-products, sending the mixture to a
single stage cyclone within said reactor to separate said catalyst from said gaseous mixture
and then sending said the to a second stage cyclone. The second stage cyclone is located
outside of said reactor and it functions to remove the catalyst from the mixture. Then the
catalyst can be returned to the reactor after having been treated in a regeneration zone to
remove carbonaceous deposits from the catalyst.

[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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recycled oxygenate from the main feed stream. [0009] FIG. 2 is a process

flow diagram showing the separate stage cyclones for removal 5 of
W@asaistoRnes from product effluent and the purge of stagnantPAGHES201157448

the reactor. TERMS AND CONDITIONS DEFINITIONS [0010] The

following terms and conditions are used in the present specification with

the following meanings: (1) a "portion” of a stream means either an

aliquot part that h&RikF JARRCROMMEOMNHoh BHEBRAWESISam or a part

that is obtained by eliminating a readily separable 10 component

[oodgprefrene:(q-% cjfﬁ?&é&@ﬁ&@v&ﬁﬁ%ﬂﬁ?éﬂ%@fﬁ%@i@%ﬁé&%ﬁéﬁ%@injection of

steam, then after condensation of a major portion of the stea
recyednd pryeenate depradhe peradeed siFa@mhydrocarbon portion). (2) an

[0009yerneed’” §W§%B}6E€£r§o@%ﬁ§¥£ﬂ%H&%Héﬁ’f@é’%&%t@@fﬁg@ SBRGBH removal

zone after recycie of any portionto the zone for reflux or any Ot. QI‘ reason.
of catylyst Farsdions peatnchredusnhand danpramodirtaerproronpt witbisifelreactor.

zone obtained after recycle 15 of any portion for purposes of reheating

and/or reboiling anp¥RVIRe DY S S BERISHOIFING FOINE IS

"blocked-off"when it contains a valve that is set to a position that prevents
w through the.line. (5) presence of necessary cgmpressars angd/or , .
00 e B R S E e R PSP G glipn with the
follpréss uieatdr2aile of pighien po€ astreniGhepresdthes of sdpastsedat Hiaatiagthe same
and/or cooling means is implied when flow is .shqown hetween 20 zones
co O BB DTR AL 34 TPt R AL 16200 separable
comisirigtetiérefiem ifds:. ddtirenteatadontties dveibeat) airdamdrithaiawititgfam, then
the specified zane. (8) a "vapor" stream means a stream containing one
o] FOAT IR LG P BKDRE S, oy P LERn o b eGP and a
hydroesabsrepoylmg, (opytenerheadmisictasnibaie tie @) olbthexpressiered from the
‘%%LAPO" olecular, sieve means a mt?lterial hg)vin a three-dimensional

SPeCHIeAOn% T ARSESIS A IBYRATURR 0P £B%F 65%‘!‘6‘ BY g iatpshisisge: G) a
“bottot3 steadngrivarsripicalbisuoilstednl Xohyihe)specifiedreond dbtainedtafter recycle

selected from the group. consisting of silicon, magnesium, zinc, iron, .
of a3y BATEIo o5 P RS S AL SR eI A TR A RP TR ALl RE AL, S RSt sgaration.
(4) draatiesrbidckedrolfiswiidadst Shbihs ¥ valihetimole Jeactiapafiddattipaivents flow

least 0.01 z js.the mole fraction of P and 30 is at least 0.01 and x+y+z = 1.
throfgi bR s (5 NG METRS AL GRS R AR i stood when

flowniesabmixftsem resanbRetdtndd loetpiesttle) tare silie@ T Hi@nestssiran®)

cobalt with -4 WO 2006/049867 PCT/US2005/037448 silicgn bein
Pres g I Rt A L PV SR BH BSOS AP L R getvicen
zonéwoetARDaNdilfferdar seperatharei(vihe bigreltioneid i3ifdicosrastripped” when it is
conge%%r%tciet:)c? Pn i’Hml:J osvg'fﬁélz% %’c?r:émg' \ZJ\}lthdrawn 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 of ALO7, PO and ELO9 tetrahedral units having the empirical formula:

(ELxAlyP7) Oy

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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The expression "OTO" process means a process for converting an
oxygenate to light olefins and in a preferred embodiment when the
W@ 20éHa86is methanol the OTO process is referred 5 to as aRGANE2005/037448
process herein. (13) The term "oxygenate” means an oxygen-substituted
aliphatic hydrocarbon preferably containing | to 10 carbon atoms. (14) A
reagent is "compatible" with a catalyst system when the physical,
siliconereingleapet cdlniytafarrepitiosibe ¢hpressialy SSABMoi@ecmangnty” means an

red by interaction,with the r : PTIO

L R G S b s FE e Rt o7 a2
Thecomesisies H0&0F Moresxygamaasoctseieent wijigermiekjgemisoydight olefins

herein to include alcoh h rho q. .
and R S SR SR A RO RSO Brgocss fs refered
to afemdstbCkppredfsy Abtyivo(tA)rkhattemstarygenaiejemeansmmod genibstituted
alipERER N AR A0 B0 ﬂf&%{rﬂ%{i’ng?%ai%sc%%&lﬁg 4s°5€f%fR ?é%géﬁt is

Petiita e oxygenates include lower straight or branc ed 15 chain & anolls,

“compeltibleli withat wedtdysCoxtarperts. tRephysieatathesioflsuithbalytigprgrsties of
the SPQURCR RS, meihnel. i v etheh OMEk:sihangl, diethy

e ,me?hﬁe%er,a?ormgl ehyde; dimethy I1<letone, aceti¢ acid, and
mixtures thereof. [0012] In the OTO conversion step of the present

invention, the oRlgEAHE TR EURERIRTIENGM CHINE EHIENEEQDT

hydrocarbons containing aliphatic moieties such as - but not 20 limited to -

[ooTRpthang iedhasenethy(e pes IRPaREMAR¥aNRoBIIRRO RN BleExygenates.

amounts of other higher aliphatics including di-olefins by contacting the

Therfesms: SXRSARALS, A LeNSd AsrrisithrigLadaipiaohols GLif s Hut ¢
confpdisia @sefulRplanstxsaspiabths sriesivEyaRf the 10asRITHet e BIREe eedstock

light olefins, particularly ethylene and propylene. The use of a diluent

prefratlacontauis & drast SURIS*TERA My ashiein Lbehng atems ard e pesferably,
conBSARRIaSE 3 8Rr¥]lASHRVSIIRG I SxR aliatArBRINE RIVBE Y8 # Branched

reactants, thereby increasing selectivity to olefins. The phase change

chaigeallapl srnhihsioonsatiralsisorat massn B enmsrayaives o fnitablg opygenate
contfRNAMRITHRMuEe M LBENSE QithelseesaqioMHE) thentpat dicthiyi efieanttth@ether,

separation of the steam diluent from the product requires simple

forrpeldghds; imehirdciansy f6cte pcithrnthixiwss fsveefe hydrocarbons.

[ootios Bf thénoirOE hasioatas o Ole toresanolas<lidn, dilentBanadRRBstock is
disclosed as bein% useful in the OTO conversion reaction. The preferred

catalyieally cepygred GRS PEE A BeHE Aeicties SRS Thit not

limR&Y g5 Date GARYESIRME IR TdRe ik { B}BESI‘I&@J&RW@Q@%& limited amounts
conducted such that the oxygenate feedstock is contacted in a vapor
of Wéggheﬁ aipbatics ipsluding,di-olefins by contacting the feedstock with a an ELAPO-

containing catalyst. A diluent is not required but is a useful option to maintain the selectivity
of the catalyst to produce light olefins, particularly ethylene and propylene. The use of a
diluent such as steam can provide certain equipment cost and thermal efficiency advantages
as well as lowering the partial pressure of the oxygenate reactants, thereby increasing
selectivity to olefins. The phase change between steam and liquid water 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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ELAPO molecular sieve catalyst at effective conversion conditions to

produce olefinic hydrocarbons, i.e., an effective temperature, pressure,
WQRIYi14986itly space velocity (WHSV) 5 and, optionally, an effeCclifkes2005/037448

amount of diluent. The OTO step is affected for a period of time sufficient

to produce the desired light olefin products. The oxygenate conversion

step is effectively carried out over a wide range of pressures, including
[0018]togetine symmmeamnvhﬁsidmrstppmﬂthe préseht mmygrioe s pimfedbbytbenducted

nate conv te ver aW|de range de
sl T PR SR, MAABR-E T ACE AR ASBBd0Rt it o
ELAI]PIIhno@ﬁ)astﬁp\waﬂab}fmmﬁfﬁemmcameﬁacnwmdmpnsawpeoﬂewemﬁmc

350 and 600C. [ In the oxy, ate conversmor%shegr fthe gve ocﬁy (WHSV)

by dlfﬂ?/aernﬁgﬁf TCisPr pre éf‘“tﬁ% er AE&S Sur?élysfg ave relanve y sma

and,pmﬂsn&}gfenad:ﬂtgqcth& smaﬂrﬁ@ﬂéidamiyﬁhdwéﬂ‘@astqm hsaﬁfm&itj/ﬁm dqm'lod of time
suffP oret%(t)gjacact)a ce%l% Sgitr)g th%é}i Ifo{éﬁl}(c%sgz% an}gygg{?# n%réers%n step is

aCty metero esst JrOme. saitsol
effecnmbnsm'mdm%r%wntdemgarﬁlpxﬂsmamnhidmgmtmho%mﬁmm. The

temEera n]é) cular |eve| $.00¢.n hICh th%ele(r)rlll(‘a]gt I(E)IIT)S ontent varl%sve 2 wide
Rom 0700510 BlazymoIeI?Pachn an Ihtﬁf 18 Silicon f uaarK/ red

range @Sﬂﬁ@)aﬂ‘lleessmlip@& whitle sneiaclml IEeARO ﬂnmlwmtbmismve nhtalysirdn general,

bl of th e Cl‘lb in.US 4,440 71 S5
the QR RN T IR R et e i R
[00E}pecihllthp r@tyg@ﬂtﬁ,&ﬁﬁ)srsmhxﬂqﬁﬁ the ﬁé@@ﬁ&mﬂﬂ@ﬂ@ﬂeferred that the
ELA%H{TJCt r‘flgs h SAPI%l%é(l)fg}H lmost PPz rrggly[ ngInT ; grlépégt gsts have a
pre fafals y Incotporated into so cles containing on
subsmteﬂhyalmfmtpdfdsmwmle,fetge sriisbtysialypnedentiy aixahaadrhaped pore with
tiv rom de ired oxygenat reactlons..ln on
ane fts {e:c e%e 15 rd par cles cgm ?gré) a cgfa? %ca %a?}’fseéfl {& AMEURE %E%A PO
molealiﬁyste&adtmi leasitix enaterik m@mfmkpﬂrEMMﬂﬂmmde&MﬂQén which

rou isting of binder mater fil maer Is and ixtures
the gemgn{: rgl f{n t?ég l? rg g%fhr%w §1hcon

T AN ANIOUNE Saletted 10" provide eswe prope es eg Sl
(usidiliytieficried thaniSAPEIyeTher S ARQ<ivehltedm the wetidptrtitietanB inlention are

prefiann SO CH RS LGP AU 10y NIN'S, PAETIRY P SUEIIAY at of

pro f8%Re BP RSBt esired oxy ehate conve
whichagt (hﬂﬁebmtpaaiﬁrdylm ermorpxﬁmﬁdrbyfraﬁemmwl B3pgabddlyThrefpred8 AlRMs include

oe RSP CEA0 PRI ARG SR e e s
[00E5)d, thE&fEMB@aﬁnMdm@mﬁH&@ﬁmcdqwmdrmm solM/particles containing one
2006/049867 PC /US2 Cé %‘ﬁ 1%&%; 0162 Durln the OX

o more Mt ateripls 0 S R ISR TLan SRRV SHESHrd pigmote
the ﬂeelmdtamemaamoamwmbﬁfréam&&.ri[nasaé’/ﬁs@ad,rﬂweocmhpmﬁalyslc&ﬁp@se 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
strength, and the like to the solid particles. Such matrix materials are preferably porous in
nature and may contribute to or promote one or more of the desired oxygenate conversion
reactions-particularly the conversion of methanol to DME. The preparation of solid particles
comprising ELAPO catalyst and matrix 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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mass-%. The carbonaceous deposit material has the effect of reducing
the number of available active sites on the catalyst which thereby affects
WaRSWK#%66f the conversion. 5 During the OTO conversion stBETAYN3AI5K37448
of the coked catalyst is withdrawn from the OTO reaction zone and
passed to a regeneration step where it is regenerated with an oxygen-
containing medium (e.g. air) to remove at least a portion of the
[0016RrboTRGeey hnekgtahandoraktientadtionsxygertateacoomensaterial, i.e., coke, is
reaction zon eneration co can be, aried _moreover
peUp AR G DB L Ao B s OGPy 15 09
mas$ONTRYRArtcHAcBaEe rdabpms&mhnpblmmh&afﬁigﬂsmhwduwmhe number of
.Jegeneration. See US 4,873,390 [ t|o OX|dat ion..
aval(fgg%ﬁ‘éﬁ%{ﬁéﬁ %o %%%FE@RH% A OOSS T&O%} fwe bro 8&08 ersion.
DuritgCenanTof EdpABEl matedyst paﬁmiﬁﬁ“ ﬁmndhedmajaﬂyst fsfﬂmﬁrdramteﬁnm the OTO
withdrawn gom th OTO conversion Zone roblem th{;\td unigue 1o a
reactiR 7988 PP 4P QISR 2L ’é%tésrﬁe &g amounts of finely
contglififigthediahiseparic)es kmare at)rﬁaﬂtmpeiyld)mnﬁﬂwrtedbbaamﬁm materlal and
e re%jtlo zone and a relﬁqeneratlon ione and#g rea | N zone

tg fhe axyeenate conyerst Xg} 68%1 lonzone, K enera 1on con car b be varied

m in an amount W
@&W&Wp&ﬁﬂiﬂg epourde hylieUﬁEbA@(V\ﬂd&Wsiaisedaﬂnd the theeldsismédminant

ss hourly flow rate the sum aof the mass_.of o
G SRR NBTHES SOV A TR Ol e g 15 addiion
1nfofiﬁdﬂ‘ @ﬁ&tb@mmto&arégq@@s&m indind deexifor Eém(E[é satebms divided by

the fthe APO cat se t onv S|on one.
[00 HSV HaR %’00?:1}%5@ q S su%%lezsorﬁ%nésso ? u(% veftluent
sﬁemthftﬂﬂﬂéﬁﬁﬁef&mmm canvanRgs roms 1@ alp‘mlﬂ]@ﬁlhhal Wlﬂmklasttoeesﬂllsilzed
obtal d within the fO 510 40 hr-1. Sinc
ed f¥pe.p, ﬁgsé?gl 2&?0%3@{2’3% é/ﬁ]’ﬁilg (lflggg Aipounis er%rll}; lely td%gllc%grg%tz Jst Rartlcles
are @AW EHED bemeiinn zontivhiohdanddinagiyattivn magritdda the OTO

f 100 to 400C (180 t d thus uplike traditional hyd
reacBo R g e R B A I R LEE B A A

con@ﬁﬁﬁ!ﬂﬂ& Reuiieddonrerisd etV beatlandberetiddihsrnitnsativonly flow rate
that are traditionally involved in hydrocarbon, FC In a fluidized
of 5 50 (B P AR R A AT A ML e HR A s amy
othéh&s%ﬁa@afqrymucmﬁaehﬁmw et inidhie fued evet designedie dotitled by
average, coke on the c rcu latin inventory of the
the B AL SO TSR G ph T SHE By LR oppse i the
fluidie@ativesiogredientdasibe Ztaiab@balacbmm&l p)hefpmletyt mvlaﬂt'mngmahﬂgﬁ from
t 0,
0.1 E%ﬁ@ré] Ion/o s ﬂuﬁ%‘f%gbc‘ﬁ{atal e|n eCIrcul &5%8 Slnce the OTO

conPesié Fe8of33rd 48 oadn %&ﬂh&ﬂﬁ&b& signfﬂoam Wﬁiﬁ: dnereaisengill occur
acr(;cseset%es té%%mrggétﬁ)g%ggg v?/ II es %Ircc{%taerq}p Xf the magnitude of 100° to 400°C (180° to
720°F) and thus unlike traditional hydrocarbon FCC practice, the catalyst circulation rate is
not set on the basis of the amount required to provide sufficient heat to the endothermic
reactions that are traditionally involved in hydrocarbon FCC practice. In a fluidized OTO
reactor system, the catalyst circulation rate between the reactor and the regenerator will
ordinarily be set at a minimum level designed to hold average coke on the circulating catalyst
inventory of the ELAPO 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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the desired WHSV and thereafter the resulting vapor-solid mixture must
be quickly separated in order to provide a stream of deactivated catalyst
WarRA0E0483t in part can be charged to the regeneration zone PEERE3)05/037448
completing the catalyst circulation loop. In order to achieve proper 5
fluidization of the ELAPO catalyst system used in the OTO conversion
zone, it is necessary to provide the catalyst particles in a particle size
admdistrivittighd viperoanga yfchdte tottamorgrised\itietne mvarp@éoﬁayf tlmesilietated by

su n to 1l mlcronsa preferabl the range
e 4 RS AL R A B R G e
in oﬁdaveofpfouidhrasﬂﬂgrwﬁhmcﬂwatbéceta}:jmhdmmlﬂéeaﬁitmlﬁfl’@arebazuhargsd to the

associated re en rator a 10tans t lines t artlcle ize dis |bu
g U DRSNS P EPRTON SF 2 UTEHAER, I SR e proer

fluidizddtysofitesKIUARO mmae{mmmb@mnhnmmncmﬂom Zbee |[ttE5rna¢essary

to pr%r e§< Qaclaggﬁtas ar?] G euSI%itallongloogis s?eség Ctlt(i"gnvyg res#le%tot? qu(?SO microns
or contl Q}IUI‘ ion I1s a tiuidize ea cata S stem w

withfdsi-diedctize paetideosizy stanil pabtdn [ﬂmman@rd;f Bﬁetﬁeﬂr@@irﬂcgmmohadqm@eably in
ofap rt t-fluidize eactor sys show.

e B S i DR I USRI et et nave for

intetaetiaig) withredeherthe) aid dsevias loifihs @r’ﬁ(hdeaatdxdmtsrwsbdemdd mgenastor and

trangherp ﬁ%;esr{ﬁd Sarﬁ {é‘%{% P fo ¥E|OCI h %l E tlo Q ee(r)lerguon ofa

oRversion g &ie s par icu arly he no d that 1 atent

signnﬁtcam ammwmmatabatfmevehmb]tﬁesﬁm&mm atsldmmlmg thqmlsmdsrdﬂle
or SO|Id C taI n the nt| ventl it has no
mtelf% nd fﬁ(a? ?eas &% olﬁ(euoafgt ese gfages ra(%lgelgg Efas%e‘ét éepa;f? eeacmr
conﬁsgmmmﬂssal ﬂﬁhhzhttbeda@mlyﬁmymv\mb attystefiviséredonechE vystrmibeing
|xtur LAPO ata ar icles a reacti duc strea .
partl g B R A B UL s s QLR PRl 5B s
showthialtUP@Vse382 @dmoh&moﬁmhls él&R)pathm amtd{j[mctaimmmorporated herein

b gchar ftr(y?eac ure c%f I # atal st %ar éC'gé STherﬁClal

Y IS SEaNE st geeso vaporgscﬂa sepa |on us? rawing ‘quﬁ

vapoBBé’l@catgrfbrq:tbpeﬁirspezymlmneﬁﬁamuom/msxmmreonéflhlmmdtmdwlysn be noted
rtj and eactlon odu s is shown as se ara nto .an

A SO A5 BB e Sl WA SPENTRE figge stes of

vapémsdlﬁtagmb'ﬁthepwiﬂmmmm Sitebawn mndinﬂaod;at/\hagmfwﬁmeﬁmm layleast

tlon of Cltf?)ws Ie c clon se aratl an
one S BRRES HUTH S I UG AT T S SR ARG ot te

top aﬂr&eﬂzﬁﬂ@%duha&m ﬂmmmdm‘eerﬂﬁ@ﬁﬂ@w&tamcpamd&smmda@m mdnon \
ol BRI 08 Q10U SURBIG 0T 2 v
provapey atigielprayiskperbyidh eqmmiefneddﬂﬁ-fhmgbmdl rchacharg:eoasfethﬂusuateré of
reacltrllon%lw uc%g (31(13(4004?%9;[ ga%éié %%@c%iéﬁ?age of vapor-solid separation illustrated
in the drawing of this ‘282 patent is the first cyclone 20 wherein a mixture of fluidized
catalyst particles and reaction products is shown as being separated into an overflow vapor
stream and a down flowing catalyst particle stream. The third stage of the separation is shown
in the drawing of the ‘282 patent by the operation of closed-couple cyclone separating means
21 which receives as input the overflow stream from the cyclone separating means 20 and
produces a second overflow stream which is shown as vented into the overhead plenum of the

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
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the "282 patent, the resulting vaporous product effluent stream withdrawn
from OTO reactor zone 10 via line 48 still contains significant quantities of
WaR8©T86dNnVversion catalyst. Depending on the exact fluidizBG@AUS2005/037448
conditions that are utilized in an OTO reaction zone of the type shown in
the "282 patent, the product effluent stream withdrawn therefrom can 5
contain catalyst particles in an amount corresponding to 0.01 to 0.1
the m%pf%rwmiharﬁml’&ngywpaiow qmeotl&uﬁgﬁlﬁ)élﬁ so @5 dm dfahiOTO reactor

uct effl ream. AIthou these
zon g R B AL A e RO M ER T copversiop catalyst
Depegidiagent tiyexdinfhadsigtidicantdiissns fibe arelatiizhd enpar3e EasiR@d zone of

catalyst s ste tiv pens S ea t o be relative to zgolitic
the ¢ é’a)ta?ig’sot é?egs gé%r%%h ﬁf? Cié‘cc%a aly ofl{’he p%%lr ar t[tﬂfh g Tom can
conﬁ[ﬁ&@fiﬂe@bﬂnﬁskemﬁammﬁﬂg:m&agmqmgﬁol 6ihtthe. bmahse‘%eﬁ[ﬂemmore
tream gjve ris, antial need for a method.for separatin
typ1 Balleur%t)oefl?ﬁe& éﬁﬁ ass- (?e fd thi ”d ﬁ'l 17 SReA t?r gh these

t yt|c valge of these efiden contamlnatlngc
quamambsIeﬁefﬂﬁél&}dmﬂammm@tmmlesﬁpmnnlhaspbemmmadwﬁhgémysepresent

have a Sl a e C c 0 within the r Vess n t

Ove% ngFe sstéjge cyc%nes é&v‘#s re{::lvnei1 %F ﬁ?gr?évreac%?r occ?aap l??es a?lﬁifgl G%lvely

expehsivgisipseist 18 be pdatite ve she zaditireataty bieyyitems suvhaasttiie AVNES catalyst
vessel is prayided downs am of the rea uct effluent stream

Ofﬂ%ﬁgtr c5ﬁf§hi\ﬁca’tr§ﬁ/§% par%tr CIeE i€ searfuou%I tt% ? eac c{)r vestsﬁell%hof]hl gt effluent

stremagioe aufge ueabahﬂﬂaﬂtnadhﬁmem@dr@fqewpmmhgrm nefevetage the catalytic

1 ﬁgesf gg%ll{)n of t ecat é) ET%artl les from the effluent. The
valueg uen |s sen top ¥ cyc Bhes and then out the top of

[001BE 20 Iealmqyrssmganmmiﬂan hairbeemfonﬂdsi@@anfmmadyhmbatmge stage of

eenret ov db seoft secclo esc nwber rig totemaliah
cye éh&%’.‘ rve caHaEr) & n a2 oppe or feruth e
reacﬂ@ﬁl&&dﬂﬁﬁierca&]yetéﬁﬁagyupnem mtmpmmemmmmme hedeily 5 layfeactor

the c {ones S e of the cata artlc es ill dr f the effluent
S e DA ER S USBEL D D G R R R SRR Sontains
catabyh patagks m‘sh:avmgsﬂde %tmmsmwt@mwm@teebmmhhm the
first stage ones he reactor, the s of. the
rea R e T FHS S RIS I s ) PRIt O AR Aepptigles from the
efflienn diate seoesifiukiinithemauetieactosfthsssiclonedsiidohehavindéhep of the
__second stage é cyclones outside of the reactor al s for the prod
rea O AR UESE DIFT LFE BA QKT e L Sty BB B GG AT b e of these
cychyisesgehsirdanstyor@pochs s p&ratgdlﬁﬂasawnﬂm Gtabapasitbe Hedd in a
ai -stage system of th}g invention is estlmatrrfl I duce talégt Iosls h
cat Rt TR LB B RSt S S ™ gyal ot the
cataRfsiBY 5¥Q8l08¢448me of 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 pressure drop to overcome than if they would be in
immediate series within the same reactor vessel. In addition, having the second stage of
cyclones outside of the reactor allows for the product throughput to be increased within the
reactor since throughput is limited by vessel size and the process is operated 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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[0019] 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
Woa4eedHZ86Shown as relevant to the present invention, is a prdldiSgeds/037448
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 in line
5 is 5 shown entering reactor 2 separate from feed stream 1. This recycle
[Oom]eanﬂn)ﬂ?d)@yg dnatesvandieby-sireatuctliat lrasstsithsepgratedfibvesgels and lines
duct. str am O in enate stripper 6. 0) enate stri
o B B R e BE e 2 ST RSB R et
mvedlﬁxhetl mafmnrdﬂce@q B&reas dtreaamg thatge ditrecto 2mal e gnuidocepaoduct
reltatlve tvirlater treaerg ers withdrawn f om tlaeobotto u&S lnelme 5is
5P %ﬁrﬁfﬁﬁé’ oneviaa eA7r r?’(f IS S_Lf) Aallapié For funher us process
shovfrﬂ@n&xmgmdtdszjaawenmcﬁusefandamnuk di hler:tqyrclmﬂmpmraﬁommenates and
b the re ctign zqne within gga}%(g%g Su(ﬁlctdrgleefrn%el}/l%rﬁrn traé:ea Mol ef 6.
¥ 9{3 oen found’ (S BE e causé Bf signifi caa]trldegrees Stimdesired pp

[0020}lymeDigpdinntarsdippetid pperayercioatiziptaippenéastabexryigmhaes such as methanol,
tr| ing,.conditions effectiv uc erhe d va
DMg%%fﬁi WSﬁ Jen 3 sfrcan %h qutg g (ﬁ }/ uce Y reliatwely pure

i eite oxyg%nate strrpper 84 line om r1ses a
wat&rgmtmarvthnohttemmﬂtamefnmm&heﬂﬁdtoxygﬁﬂwmmmmgem fmra Hve 7 and is
Lctr am and i | can be re Ied via lin Qrsrfpe n‘teuréseraeragt%re ZuS diluent in
ava g(h nozz‘feél grlﬁleect%ﬂc?u% ?ﬁat( llf cmiin |ameter horaer
the Upa’ahatmoéﬂ’[tereamm&rm ofithipgeactte wWiindudi dbafiimg @deﬂnmf&ach amounts,
h Etnb tOI’ n‘llf legn {nerl!l% tIO nd]i'égu“ e(s)izé' l% £ za% and
AV KRB Teacto ith f‘e Ramf aga| en er|ng &' botton? of t‘h i)
fouliagcuy gepategergipeamil Bpemhinlmu entgeindetbiei ppag @oat di o efBctive to
ithin the re r actoris a flrst st ctpne 14 to ge rarate ﬁf‘t%'%ﬁt fgogn aItllae
Progit %%?1%955 &5 %ﬁgrrrt%/amf%e i ?ng esS WHRIM the product gas

conmée&@mmg&dfhmht&ﬁtehstﬁgm nyt:imreammﬂ dxggmiﬁbﬂem&shubfﬂnwﬂle effluent

rstregtgo t tI r%wef)g at Oflc-t: evraes géi ar}lﬁ’c rodrtejgt § ﬁnr' Lgﬁﬁhrough a rrl]r%ectlon

SUfge VeSS 15 hAVInG o Teast oné cyc iC Separa?
tubem&ﬁmarﬂ:& fmre‘ ety (ﬂﬁniemﬂuabﬂieme eﬂlmbm{ frerothesion ofioxlygemates without

The Is from t ﬁ cd n be stored ina catalyst hopper
fou]é@ ith g Eﬂé (Bg ]ﬁ]tltﬂ ]E}gﬁzau ener%)tron &s0ne 22 and
[002¢jurnekh IKJIGIQ igahtoriheauair 2 Wt %danﬁamallytgﬂm mai;agttmeboﬁem of the

retur d directl he reactor. These c clones re mor fer
oo ARS8 SO Aont L TS RSB AL Lo A eactoris
first Isr@gtgdsyalélme lmliwfébd%amybﬁﬁtﬁmﬂﬂqﬁoﬂueﬁgdsc dladyrahjpaitictetanchtalyst

Eernlc eaction %ﬁio gcts IS formed re Ct‘r?rt Tle |xtgre Hla\ﬁels up o
ArCe RN R B ¥R graéaagﬁdﬁn%%ne a goes 2 a%ner o8 ott catalys

pasMﬁ@thﬁ@ﬂ ldmerharl@tvm pauer&ﬁhhesdmcmioattd:&lamtrém @iscedng vhtedohldline 28 to
a reaction surge vessel 16 having at least one cyclonic separation means 18 for further
removal of the catalyst from the product stream. The catalyst falls from the cyclone and can
be stored in a catalyst hopper 20. The catalyst is shown being sent through a regeneration
zone 22 and returned to the reactor through a line 24. Optionally, the catalyst may be returned
directly to the reactor. These cyclones are more broadly referred to as vapor-solid cyclonic
separation. The product gas is seen exiting through a line 26.
[0022] 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

-10 -



10

15

20

25

30

THPIT ARt A VA 9 THitLY, e, Vil TryiAblivil pPIvyvUubie v vuiidoonss=es———
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 5
catadmaﬂ)ﬁsﬁdastmiéa anﬂvmisiday@nlefpmadboﬁ”ﬁifbmu‘ssdepmsiisrmh&img light olefins,
unreac #lvate th rtlcle(s;t%trl leas éh artdto tge ex&ear%;1 (t)r&% at %%rsljéammatm
Jig[%ese ca ys cles mdst have their ac |V|ty festored i g
cata@aﬁqwﬂieldscﬂaim thgenmmdﬁh@hgm ekhthepeitt Al ysacpasghst occurs in the
react loouzgplear}‘ %Jtlet 1%%031 elll G gfl capbd “&8@ %1% I% eﬂgf%}p'gp Gy le swf%ce of the
onaceous epos’its 576 commont y reterred to as "coke™ an
cata@&tlpartml@s pach thie dalpyrand caiblatamecld dcpcs&uets@oi&a@s}tawé&maﬂamt
partlclret r %gtio ri)he reat%tlonc%?l "?gtl e%sé&la Onilc())rp 0 tffie%e g:gta ?télcatalgucles must
Iys aterial recovered from the cyclonic separation mea
havsmppedtoﬁtymkatrbeedydrmamd catel prissgeheratimtimeR326h Hﬁ@eﬂnemtwtalyst
ass herel %t l& O 4 lne Ifl% rﬁ;lgo{tlog (e);lgl’]a Carbonaﬁoﬁlese carponaceous
P gepos are oxnfatlv ely removeaa with result proé%c? ion o ream o
depoegemeramﬁdrﬁatbﬁyefqlwﬁ ¢tess\ibokle Tliowl via tngd@dabdy kamdlvedlBy an oxidation
rodSRELOR LONR GLARCH RS RARNAALTE SUPANG € [N SN REIFL e
p propor ioh (usually jes ht?man i/ljm"af he cataeiys returned 1o the -
deamgﬁaé mdmszqumhﬁseeowmgimm ¢he 4ydivespreptvetitsenafamsener stripped of
r orsohd Ionw tio an5|nth reaction zone to. scr
ol B B e R o R B R R g e
sigrxi)ﬁaantposutbmoﬁtgn|ﬁmmoumdeﬁmmk§rsthaimkeﬂymwnamcbm1@md:s'ulting
pro&uct%koo teff'“e”% Reean: It(!? ¥ﬁ£e36rqf]1(§ dp %’vtf e i #”*P(eto the
cyc I5nic separ lon M ans Fremovalo e ca alys particles
readiiomzire oo duthafiise i stnesrtinphiesé stortanhinaticigtoathiyshgdhtrolgstion
n .be reco d nchtmmrlc ted upstream of the downstream .
o R e B D O R R 1ne 24
Despitedim metdsfas&mtaiym pqnhﬂaﬂ@oynésmmmdpdmﬁbﬁhieaﬁshmhsse%mfn zone to
s T SOy R R A Ch MR el practice il
significanatesamnand caitalysgpathie bt Tohcaeverson zothe prodadtoffhemdcstieam. It has
been %soccia L ec%%tg ersltoE% r{ﬁltlon RN S&O%Oalzfl For ? 2853 Oéu o1y removal of the
rwesentmvennon\Ne;we se liqui clones or rocy clenes
cataﬂgsﬁbatarb@ﬁaﬂmﬂampmﬂu@fetﬂhwr&fﬁﬁmy%mb redataralydtngcapalabapedticles can

be rg eratlg%ac’;%its %a%ao%%g ca%éjdtﬁ? Il@r UId Oha w% atln %&%ﬁs&&p means.

p XEHS' ocally ava .
The degree of contamination of the product efﬂuent stream by these catalyst particles
corresponds to 0.01 to 0.1 mass-% of the effluent product stream and therefore represents a
substantial source of continuing catalyst loss from the catalyst inventory that circulates in and
through the MTO conversion zone in reactor 2 and the associated catalyst regeneration zone.
[0023]  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
operating costs but any other suitable liquid-solid separating means can be used for their

applications if locally available.
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sending said mixture to a single stage cyclone system within said reactor
CLigls varate said catalyst from said gaseous mixture; c) sending said gas
econd stage cyclone system wherein said second stage cyclone
system is enclosed within a reactor surge vessel and is located outside of
said reagtproasd Yohpredusaidoseonfisiages gyelaneamsy stecrofusdt pascias
remove said catalyst from said mixture; and d) returning said recovered
CORRREAIVSE to said reactor. 2. The process of claim 1 wherein catalyst is sent

from,saidh SGERREAIaR FHGINRE wiHSEEM AR SRR 2 3astDRSRIPEERS Of

claim 2 whereinsaid catalyst is first sent to a catalyst hopper prior to
being sepyisig lishicedeiias akbyrpeskistss claim 1 wherein said catalyst

: ¢ ) " .
P B SR R Al Rl o
(2), a seupemntefsaidaxiygefatesdhibgareustroduced into said reactor,

wherein after said, oxygenates have contacted a catalyst for a sufficient
e g ISR T G T RS

hydrocafaenkyyRiefUS haldew alRkilPg ethabrliio CotadyPhRpISiFes@nsutside
separation means to separate said catalyst particles from said gaseous

mixture QY BRILTRASHIGASE YR akeHh 316 SROBE HipEReXclane ST ISR &
cycloneg, (143 Ml?&ﬁiﬁ‘l legst éﬁiﬁ%ﬂ&gr&yﬁlﬁne (18) of said at least two

stages of cyclones is located outside of said reactor and wherein at least
a podiioreoisaig seatabesivprdicitalyst tetardegh¢twsaid reactor. 6. The

appayatys of S 2 Whietain 3aid, S%%t%’l‘dtsital%%ﬁéﬁciﬁne@ A e0ciesed, clone
withifi a realtor s?urge VElsel’ e Lpparatds’o S AR ST
systaid toakaly siapeviticles are first sent from said second cyclone to a
rege;er%ﬁg Brgggsg (l)afe (]:c?ari(?n%e\l;ll?erreei;lusrgi%dczggalsy%{c}srf%?sct:ts%rﬁt_t%)za catalyst hopper
prior to being sent to said reactor.
4. The process of claim 1 wherein said catalyst is sent to a regeneration zone and
then returned to said reactor.
5. An apparatus to produce light olefins from oxygenates comprising a reactor
(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.
6. The apparatus of claim 5 wherein said second stage cyclones are enclosed
within a reactor surge vessel.

7. The apparatus of claim 5 or 6 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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