WD 2005/ 105955 PCT/ US2005/ 012186 WET SCRUBBI NG AND RECYCLE OF
EFFLUENT- CONTAM NATI NG CATALYST PARTI CLES I N AN OXYGENATE- TO- OLEFI N
PROCESS BACKORONDSYSF- | NVENTI ON [ 0001] The present i nverrGTaB206H081186
generally to a nmethod of catalyst conservation in an 5
Oxygenate-To-O efin (OTO) Process utilizing a fluidized oxygenate
conversion zone and a relatively expensive catal yst containing such

2 o ELARC Ol SRR BN R SO AR N L LU PG ha
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with the production of light olefin materials for use in the
production of nunerous inport gRcEGRHSE O rqu&f‘}moﬂ_i ght 10 olefins

i ncl ude et hyl ene, propyl ene a%&mxtures tﬁer'eo . The nmmaj or source

for these materials in present day refining is the steam cracking of
pet rol eum 088k . The proasent frveniionglates gerrrally todgugteed oftcpialyst gpapervation in an
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f or cat al ytdlatvelyyexpemirerckialygt contepgenstck as suEhARS maledwéaneleve midoihe hee of a

desired light olefi ts. Th ' f tes 15 ..
b otuce t hebseliedi Ritos s it e huind gRRe RS 2 fvbPos e

t echnol ogy [0003 A- Th3 &62@FiddPetbehsascal indedryi 18 cdymed wiBaRe propeiibs ofilight
series of experinents with methanol conversion techni que? usi n? a
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a maj ofp f Oﬁﬁﬁn%cﬁh@eﬂl%ﬂé]%@?%ng hRChBGEEs theRBf. Q0 thajor 838e R these materials

et hyl ene and propylene reporfed in the '263 patent were acconpani ed

by subst antn peserbdayaefinng tsfthitepve pragdionged petraloum fHerls. Blrearblidsdong sought a

hyd b T 4.t | . I [l
patent oes S e i pel BB OME L Ohalthal Bl ol SRl APL A A k! oin
t han 80% ofnatdhielsnElichaivolart hadifocged oh diffdient bi@edwesfor sitdpticlypotvedingby

necessitatin ans for _recoveri nd .r.e | .n nat -onl y.unr eact.ed
ot hanol - bBTREEE St BHERIA LS egr e Sl Proiftd e maist JpER G foues
The '1363 popedicetidddghésirad Bt oddTths hed e eh neetlidnbliongersibe pechiidlogyz USgAa
wat er solvent in order to 25 efficiently and effectively recapt

the unr eacleiT26e phisioyasdilel BRdaY oI ORAEBPER & SRS Of RS R NESamod 73

teaches theoReREbn efnijuddelinds BSHIY-§pREELAPE s Hiih W HERMERE ?fc%lem of DME
equi pnent to mai ntain reasonabl e equi pnent Sizes and mass Tl ow rates

Whi ch i n t tacgicle inpsmejor ficssel the feoknolisyslissisech tThalsoeflisields of wbylete aNE i n

t he heavy h i | - . ' .
nydr ocar boR By PEaIsP AT A F PRk feze AROARBHESY LATMR b otpighor
pat ent20al s elighatic babaemdiio/kydsomrbons. ToHamibréhte paobictifreaithis dle:;thr npEEial the
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charged to the MTO conversion step thereby necessitating means for recovering and recycling

not only unreacted methanol but also substantial amounts of a DME intermediate product. The
’263 patent taught a DME and methanol scrubbing step utilizing a water solvent in order to
25  efficiently and effectively recapture the unreacted methanol and the intermediate DME.
[0003] US-A-4587373 teaches the need for higher pressure when operating commercial
equipment to maintain reasonable equipment sizes and mass flow rates Which in turn causes
dissolution of substantial quantities of DME in the heavy hydrocarbon oil by-product
recovered from the liquid hydrocarbon stream withdrawn from the primary separator. The *373
30  patent also discloses diversion of the methanol feed to the DME absorption zone to recover

DME and thereby reduce the size of the scrubbing zone.
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WD 2005/ 105955 PCT/ US2005/ 012156 [0004] US- A-5095163, US-A-5126308
and US- A-5191141 teach the use of a non-zeolitic nolecular sieve as
a catal yti cWAalBAPAPS t o reduce the amounts of undesir ed PCFAUS2005/012186
hydr ocarbon products produced relative to a ZSM5 type of catal yst
system The non-zeolitic nolecular sieve generally conprises a netal
al um nophosphate (ELAPO) and nore specifically a 5
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reaction zenkecudhohryews & hatalyfit mattkizkd redage themetoiuis of wmiesias] €4ithydrocarbon

preferred co rcial soluytion he prohl.em of effectively.an
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probl em of sol|d-vapor 10 separatjon tqQ efficiently separate the

parti cPes Bhcoahanireriperhpiedndatdaryiere (34 he vapor™ conponents

exi ting theofHO CORVSEEHMBLZ08% 6168260 BLO6ZH257NGYE »GnbE theskeSF a HNBRA
cyclonic separation neans to separate spent OIO catalyst fromthe
product effchetimntzost slemgwith TiHgidized régeherpidonaons asithe prafersagnomamar¢ial solution to
pr obl em of Q. or I ' ' fort | P2 .
0t roam w thaPR SRR RN R ST B R ifa R system n
US- A- 57446800dkes/dde0SRsusk o€ thiseclofolarywiites sis¢ iokimubgartiabprobient dfsoclidohped

effluent streamfrom.an OTO conversion ne.ta re e, ELAP

mol ecdPar @%EQ%@#g%lﬁ%deﬁ?tﬁl s}:lam“g"nﬁé ﬁtelet@‘%‘ﬁ?erdo‘%?aXW Eo@ft% VRt
st ream but cdmRioabMs baBEHES GIE cBhiddspxbb. 105-AL 6B5608¢ sHowataseBEl Firited g
bottom stream fromthe wet scrubbing s%glf)qlf or further unspecified

t r eat ment . CYOEMIL WREABBYMmeRS fossepatetesp e gatalyst diganibip Pigacistilpept pifeam.

stream frog g i?ét%@ Q\@@fﬂugﬁmﬁ%@gog%& RO 6l ORMhRRiSE Bgcrﬁé;]éroduct

which is recircula to tthe wet scri ng streamexcept for a
st r eam t hatffluensesan witbdrewp fionythe dnilided copigrsposaese.of heat recovery.

US- B- §4038 Xe i fi ench

str oarr ccli8ied Fond RS ORS R, bf MSRISET e bF o B o) MLy
renoves cagtakayston binOF Cesvhwakios donato réreovyerRIARD mefdhlaesitvestontdning catalyst
US- B- 6870072 . di scl gses_t he probl em of. product effluent .contam natian.
wiih oot ol yEicIReR Sroeryi et ba e B e BT hn e et Hng
these contgdfioRpitics) R tHeGldd ScribbindStef R RGtHRF uisPERNET teatfiht! BSFL6TH1504
the catal yst particles. [0007] A substantial econom c prqoblemfor the

OTO pr oces¥seh ¥et saubingiin duaich fefHue siggapsiom thede Tehaenvesonyerge gnd produce a
the O orydl il izBdGaMUeEcicRRt A Pheivibt YrEiing QredR REG: PorldBag stream that
catalyst 1nventory iIn t]he O conversion system when the product

ef fl uent stnte@amstippingizose Hupsipases iofhead GearmyliSBdi408 & exeimplifigsrguench

I Licles.. Thi bl f ' ' .
caalyat pareraran s BulaiBa st Rogtil AT AR eyt

or SAPO noitgeith@irerio ey estalystGittes entdivedtih eheguoduetefBnent cvetm.AFS-Br6870072

ELAPO-cont gi ni ng cat gl yst .system,s expect.ed. to.cost.5 to..
(E:'liisc oses the prc?bl%/m of p%auct effiuent contamination with ca%alyst particles and uses a wet

25 scrubbing zone io remove these contaminating particles but no means of recovery and reuse of
the catalyst particles.
[0007] A substantial economic problem for the OTO process is the amount of fresh catalyst
that must be added to the OTO or fluidized conversion zone in order to maintain the catalyst
inventory in the OTO conversion system when the product effluent stream. contains substantial
30  amounts of contaminating catalyst particles. This problem of effluent contamination by catalyst
particles is because of the relatively high expense ELAPO or SAPO molecular sieves.

Currently the equivalent cost of an ELAPO-containing catalyst system is expected to cost 5 to
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-2 WD 2005/ 105955 PCT/ US2005/ 012186 40 tines that of a zeolitic

system This invention addresses the problem of reducing the | oss of
cat al yst par®rwhes93y om a fl ui di zed OTO conver si on zonePCHUAHOF/@IZERE

t he consunption of relatively expensive catalyst thereby inproving

t he econom cs of the OTO conversion process. [0008] The sol ution
envi si oned and provided by the present invention to this catal yst

| oss 5 probl.em.i n s 1 i !

rocover saRdiis PR Y50 Sy R 2% Buckn S64HIRR AP TR HESURRG NG fos of
cat al yst patatystpatclentiorh @ finidixddddT@ cavarsion 2ohe tchdsrageathatynstmption of

particles in.a,scrubhing liquid,such as ter with b ent _rec

DF" at 1 eadturels Preavo iy eterd il gt Foptiblel oF PERABIE el bR Bss.
resul ting [ﬁtﬂg_r Y T doifioWERVisiensdamd nedvidedns thé present h@entRBse diiadaeadyst loss
deacti vat ed O catal yst regeneration zone thereby recapturing t

cat al y3i c prebleminvpltey theruse REa WelERLAIREAEPIdeESResia repeyersHPT4LR e
di m ni shi ng, 4 ieefRed cgﬁﬁzggfelﬁh#‘&tﬁlﬁs@?&ticﬁ%@d %Throtlid 4Bty BPhER catalyst

catal yst I'osses. It has ound that the catalytic activity of
these ef flaveids-ic o ntrabhingtiquid swhitaa wpter withrsubsshesst wicydle gfigtveagea ppstion of the

only the h ot hernmal shock. associ.at j t i | f

t hese rel a“tya E\P’é"% ]f/arhgi?s %Oéll: |el§ |1%§“"5§5§1¥t§‘ %gléwl t%r&f%(?’gop??}é& E%widé“? ;& f EbetH%

st reamI [ ntagsc&ilaé@i_ dhttieted OTObatuipit rsgggptbﬁ&Tg)m%wemb@mmgthqcﬂgﬁtﬂuese
particles by 15 jmersion.in a scrubbin i guid.which is o]l

aqueot® bACHERSR e Cﬂ?tﬁlé‘glatl?%?%?q}‘lﬂ@?mf’%%%’é‘g éﬁﬁ'ﬁ‘?l% E‘g}w%‘# %’g?&i]ﬁg Hesh
optional CQRRERNJ BN BF SRalyd: TosSdst MEas bbh fosh@thhMBe Yatilotic 43Tty of these
conversion zone or to the relatively hot spent OTO cat al yst

r egener at i aSfluentrenteiinatig caiyst aerdries BHbsuryive aetAkt the hysppihgrmal shock

surpri si ngloy, they Gl Efgﬁtho?ggtgc%n'ho\fitﬁe)é ﬂ-:g ﬁggﬁgﬁg g&ﬁ@l;@é éﬁn%éa%h iy sloduct

particles survives t erma . soci ated wi t i
i nt r oduct i efftudnn stocanhimtonetelasivelylobdlvpt seonbing zangiwhichscaptisesese partiggs bY

shocks_associ at.ed. w t h.ret yrn. the  OLO,c0 ISl

assoc iat ed"ATHPY EL? Scpg’é E’ﬁg‘}qﬁfdlt 01?1101% 5 ic uag}{%’él? bﬁtﬂaébzo&?fg g&%%egmya&ﬁhg &
to show t hertides si@fanbppan] pnaehtatior fibp,ue aithar drtralativay hotgD @ tahvesion zone
particles in qrder .t ecapture their catalytic actjvity.

i nvention ‘trﬁi’,lgi%ﬁlﬁ’%‘(eg}ﬁ{‘?tépgﬁléf%?"éﬁ%% reﬁeﬂ%ra%%%%lﬁiw ého?)tf%?' ﬁ@}ﬁ%ﬁr‘ Hpgtment.
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[0009] Thehygrathermpl displecassapintedoviithimtiprecsion inte Fipetat SEHYRIRS EoReds 3¢
technpgal :*%F%gaﬁgﬂ##g?ﬁsgﬁﬁ%ir%ﬁﬂ 1Bt RV EB LEPeRioncRAhabY Rlthd K8Scidted ddidyst

product e reaction zone wutilizing a fluidized
react or sysp@rraiod zand.el ati vel y expensi ve catal yst system A

secondary .30 jecti.ve is..to inprave th } r . QS S1vst

that uti |1 DRs T EF skt Ec e R e Faled Br BERARELES offucibol AR g ERlys
particles in order to recapture their catalytic activity. The invention thus substantially improves
the economics of the overall process by diminishing the need for fresh catalyst make-up to

25  compensate for this source of catalyst loss.
SUMMARY OF THE INVENTION

[0009] The primary objective to the present invention is to provide a technically feasible
solution to the problem of catalyst loss in the product effluent from an OTO reaction zone
utilizing a fluidized reactor system and a relatively expensive catalyst system. A secondary

30  objective is to improve the economics of an OTO process that utilizes a fluidized reaction zone




WD 2005/ 105955 PCT/ US2005/ 012186 in conbination with a relatively
expensi ve catal yst system contai ning an ELAPO nol ecul ar sieve by

di m ni shi ngwpI2805183p5% r enent for nake-up fresh catal yst. HOOOB)05/Dkd186
i nvention solves the problem of the | oss of expensive

ELAPO containing catalyst particles in the product effluent stream
wi thdrawn fromthe fluidized OTO conversion 5 zone by the use of a

direct recycle ret t i . I i
oot o CH bRy BhOR | LU A LERR cRRPEM RN Pt SEMAS bcue
t he OTO catiwvebygidininshitg the retjoirdnivat foa asbeuptiesh cagesier at i on zone

t hereby r uri the actiyity of these catal yst parti . An. .
associ at egﬁﬁfqadi ngl%? LOVERERN SQYe é&lf@ 8&5*2‘?33 Q%%’?P@B%}Ser#];ﬁkﬁ@ﬁaéamng
catal yst %éﬁaﬂ;%ﬂ%;zﬁﬁ&l@é AttBSploBsst efhiehiGtBah FathdaRetiond 8B aRidi00 7O thnvehgon
wet scrubbing step which 1s typically run at a 10 tenperature

consi dér atiope brilisruse phndirardreckipErmiorPabAt leaska Btien pife EFRIfng fatalyst
stream andshﬁ‘hff?omtt@é ShALE §néa?§?'5t}§%@ﬁilxlfg §QP G eifRP eI S HoWetstbn zone or to the
recycling at Jl'east a portion of the relattvely cool slurry of

cat al yst pasddiati¢dosgdmcition gondtberbiop re@pOrigiherdiviy of heage wetalysbpartided dmn

catal yst regeneratijon. zone ha e i vity.of

ol ocul ar EFSVRCLOISH 1l cp B dued I il sePatple otersos the
scr gbbi ng H)jdﬁmhdim‘dh%ﬁlclﬁ m&@&iﬁécrl] with kheaved @crgbiﬁi‘n'g viep Wh;dchris Obiceldy hmrmieous
15 deposits. It is believed that the carbonacegus deposits or coke
depos 10ed %Wpflﬁ@f%%néﬂidﬁ@lﬂ‘b‘ﬁ?rﬁ A tE% (e perfEe O e EBiTAS SHEURt SR gl lso

i nsul at e t{RdAROHIRLA GHoRasRIA WillaBrychife afeMeE portish begit $el@ively cool
imersion in a scrubbing liquid that is typrcally aqueous_ in nature.

[0011] A fdlwss ofeoatsdist pashielenback fethe hoRTO sANYSSsIaN NGOk fxsthe Bt qafpdyst

catal ytic S] 0 - i D . . .
cont att | g BeReffiSh OB g Thar MRCEEHE AN SN oA s Y AANALS Piicle
fl ui di zed smoniverisieEsicone scribbugiliqgidvédrovevarediwith pprofedtize fyer of carbonaceous

i L . |.ys. i.cl f d ffl.
com g e o ULl o Lo B e S Lok sl g
t he feedstgidRihiie OTO cbherdby aohe ealydahybite ihe BLACJ invletilziesdeve from the

conversion zone gt cgnversion condjtions, effective.to forma m xture
o e ooy e afitess Sty B AP aLb s BASEaRe s bPieAlL Sk g et o

In a vaporpgpl)i d AepaiiddendPBLme BveRidH 189 pRIdessTbr 1B ERaIYAP S TvERldndf a
25 cyclonic separators, at |least a portion of the deactivated

catal yst plapdsitetre sonipiaingan xyzeagteby sANta¢tNg a@ialyst povpinng ey FEAP melepylar
a stregam of: I i C] [WaYaB AoTaT= 1
P odugl er T ant el B o A A B S A R AR catalyst
oxygenat espartil€ franm kerprodist tifloent speapdwitbdrawn droumitie Sinrdiagd gomention e, The

contam nati ng catal ys articles. he. resul ti Droduct. f
stream pas%r_Bgesf 80“33%%%6 E??fiﬁbeﬁfnn“élﬂi%ﬁ glu dﬁzﬁ H_tc tgﬁ%% ’% t%eofg]\%%%%é;éog VH§i2h zome at
scr ubbi ng ddngersidn YoiEfio3 G fEaivelb g catxdirt bOthe actfaedtdatatyst parficesnand olefinic

substantially, cata)] yst-free vapqrous overhead stream contai ning,.
i ght ol e FAUION FFRAEEL Bt GRPHRINL SERAT B PR RUBYLE PRRSTITEC AP AN

and askiq U(i,ﬂlqnhzlosrefnﬁﬁﬂo%t, hEIBA% ggarggﬁ Emg dBackivatb &l ERaldt phitiR]es artl sopiraed F68

catal yst particles and the scrubbi . ) .
the resulting mixture to form a stream of deactivated catalyst particles and a conversion zone

product effluent stream containing light olefins, unreacted oxygenates, HpO, other reaction
products and undesired amounts of contaminating catalyst particles. The resulting product
effluent stream passes to a wet scrubbing zone and therein contacts a scrubbing liquid under
30  scrubbing conditions effective to form a substantially catalyst-free vaporous overhead stream
containing light olefins, unreacted oxygenates, olefinic by-products and water and a liquid

bottom stream containing a mixture of the contaminating catalyst particles and the scrubbing

4.




-4 WD 2005/ 105955 PCT/ US2005/012186 Iliquid. At |east a portion of
the stream of deactivated catal yst particles separated in the vapor-
sol i d separw@ifig/1g¥dme i s passed to a regenerati on zone &ad/UShBs/@12086
contacted with an oxidizing gas stream under oxidizing conditions
effective to forma stream of regenerated catalyst particles. At

| east a portion of the quuid bottom stream produced in the wet

St ;Fg;[‘gr@gﬁé& ot 2R 0P T8 o B S A TP DHALSL QBRI Ho VRS-

freshly regpdeipatabfle Seteas p(aﬁ‘sﬁedﬂa@trtgéhﬁﬁtldremv enidthefcirorontdeted with an oxidizing
regeneration step is recycled to the OTO onver si on_.zone. ["‘ﬂ@a%él'ﬁ

second enigse sFRsAY undpr xddiging copditions effprive i StreR ob fPeeY
| east a Qﬂfﬁcﬂe@ nAPlfeasrt b golltﬂoﬁ Wefhe @ﬂﬁfd%ﬁ%rsﬁ'@éﬁl PRIGAYAI S thef QR tBEn#Edne is

scr ubbi ng “zone d-solid” 10 separati hg zone contai ning one

or nmorg | |rq¢whbd§dh¢rdo %@T@ngrsmm o sy atadypt ipgERaTatipEsiaPad f 685t a portion
condi tions ctlv

oy AT A Ll SR G v
liquid ande@cteﬁltathemcycmdetsebdz@am stream cont ai ning scrubbing

|00 9 bRt RSP el R B B S pd 85l ¢

regener at i s &Rhd Myl Etﬂfoxﬂ QrehRGaqIvEIEe ﬁbhethawe't senibbingldony & dléquid-sdlite
contam natiing particles. [0013] A highly preferred enbodi nen f the

preseh® i rﬁ@ﬁﬁi@ﬁflﬁrﬂoé@ﬁ?ﬁ?l@és OpROIIrEYe lighiduaetd SHRraing sisaas oper fhed
above in téa?ar %n&ﬁ %g ?(fcﬁxb@a thRi- Mﬁ%ﬁlﬁ%@n@ﬁﬁmﬁt}va}é tiB®slurry

f eedstrea ether or a m xture thereof

wherein t m"cammatmmem zaﬁh@scexbémgdlqaldgnr:b@1%11‘&&1{:&&%@@1@@%&%%@
its crystal Iur n

wherei n trﬁé@ﬁ 119 | qU| gnsogl I%iglr? St8 %ﬁﬁ%?ég%&g%?%légpg@ro

opti onal | ycon@dttian Btbﬁlgr arhaddeativane ocnahgeorperrmtpatsich Ineomlﬁtﬂa T8APOrSthe aﬁiifity
SAPG- 17 in an nount sufficien to neutralize a significant portion

of any® aci@ﬂ@%@lw&m’ﬁ@ugﬁ’ Soxygenate conversion reaction that

are presenjoig) tha W@Q%@fm @f fehb8titneat dmm@hﬂwamnfcmpnﬁéaenom
conver si on zone. 25 0014] A heat integrated e

present i rPSKEBIGR PIOSeSIay é@sc{lh@ abppebdhe Hut ey OP‘ﬁvePﬁt@ present

first embodifen Emﬂﬁ:%%&& f%ﬁ LueRin 1Hé EEARO
which is altﬂ a tédﬁgg%?u@ghgﬁlgpmgﬁ%g%gﬁgon exit f? omthe OTO

conver si onmalemdai sieve $1bSARQmIGleduer sigwt ayingdtasersinl shectuigsoErPPRtng e p
and t 2@ t Wﬁ%ﬁf& 3';2[ §%g'gs {’Pﬁldt%%ey%ﬁ th%fscﬁgﬁﬁg;hg&?%@é 'tﬁ’@w@t@gﬁgﬁlggione is

i ndir dgal ns treamin or
30 recapt ukgebdptiofslBicontajitiig mmikaimetrdfagaﬁ)compwbh with SAPEN34 el ARPr17 in an

lib d he OTO
vapar | zo. APSASHTHCHGE BFOFIET® FR T LB PR Ak Dl e AP of B oxyenate

conversion reaction that are present in the product effluent stream withdrawn from the OTO

conversion zoie.

25 [0014] A heat integrated embodiment of the present invention involves the process as
described above in the first embodiment wherein the conversion zone product effluent stream
which is at a temperature of 350° to 600°C upon exit from the OTO conversion zone is
substantially cooled between the conversion step and the wet scrubbing step by use of steam
generation and/or by indirect heat exchange against the oxygenate feedstream in order to

30  recapture at least a portion of the exothermic heated reaction liberated in the OTO conversion

zone by using it to preheat and vaporize at least a portion of the feedstream charged to the

OTO process.



OTO process. -5 WD 2005/ 105955 PCT/ US2005/ 012156 BRI EF DESCRI PTI ON
OF THE DRAW NG [ 0015] The FIGURE is a process flow di agramof a
preferred W alsaes enbodi mnent of the present inventi 8GT/USERNMB 2D
CONDI TI ONS DEFI NI TIONS 5 [0016] The following terns and conditions
are used in the present specification with the follow ng neanings:
(1) A "portion" of a stream neans either an aliquot part that has the
sane conposition as the atmi@§ obtained by
elimnating a readily sep\agrikgi% ﬁ%&%tﬁfﬁggwom ?2) An
"overhead" stream neans the net overhead recovered fromthe .

speci fi ed (@5 affleFIGEREGS e pucemsfiovpdagranf noraftreedApiserategrembetlinipat ofthe
any other reason. é3 A 10 "bottomt' stream neans the net bottom
stream fr SHEHEEPRYIf i ed zone obtained after recycle of any portion
for purposes of reheating and/or reboiling and/ or after any phase
separation. (4) A "vapor TEBMSANMEGNDIHIQNS BEFINGAONSNI ng one or
nore conponents in the gaseous state. (5) The term"light ol efins”

th , d m xt . 6, . i
TBeArG bR AP ER e REs Bl bt HEEH n e ESSREARR v e
M cr opor oyglickeng frd AEHES: {<1)|$5I }‘pwﬁdﬂl"@f afstréﬂnfﬁ]EL paﬁg&ﬁh%ml szl;ﬁtﬁ pgftﬂ_raahﬁcthmame

ts h the enmpirica ornmul a: X Pz .wher e .S a
Tt o col comeeEToTAN ke BhgE SUGTLTCTEk PGS BPiER] P aiar: foeri Somle

iron, co b S rﬂ.@%ﬁ%@ hefd @Ak McantkhThtove@sad fesveaid, from i
the nol e ?rg}g%??égln oféﬁEL nd is 1:31{3 | east 0. 005, é is the nole

fraction cpeckiedave peratcyclsadanypation tq the gons fatnewr pray oer gFasel fhd

is 20,at lgast ,0.01 an +7, = ' W XL A E ohinPB L8 Secvile of
repr eggnt s%?ﬁoént U %%érjrdl]@%% 1%% bo“t%ﬁleéﬁyr%gltga n%hgtsﬁerégﬁegrzgéeﬁt . 111Pr ef é_r ?ng °°

net al s ( Elzhy pogiogifbr prepvsesafgelesiingrmsiin rdwiizigtandior htersiy pbasa seraratign. (4) A
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[0017] In the instant OTO process, the feedstream conprises one or

mor e oxygemAARS” mplecularsiens My pdnaleEal haging WB?@@%@PB#M@FPWH ude

al cohel s I - ; st :
» BINST s R BF RPOY IPELHRAGHTSStefrBheral uiitieRngaks edsitiod @smula:
car bo%l i c acids, sand the i Ke).” The oXygenate feedstock preferably
contains at | east one oxygen atom ar(rgL%MYp Y&, carbon atonms and, and
preferably, contains from 1 to 4 carb atons. Suitabl e oxygenates

include | ougr. &f &l Rk YecWadRnheR iR Dndbdidn@kicon, fagnesium, zine, 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
20  atleast 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

silicon being especially preferred. (7) The expression “SAPO molecular sieve™ means an

ELAPO molecular sieve wherein the EL element is silicon as described in US-A-4440871.
DETAILED DESCRIPTION OF THE INVENTION

25 [0017] Tn the instant OTO process, the feedstream comprises one or more oxygenates. The
term “oxygenate” is employed herein to include alcohols, ethers, and carbonyl compounds (e.g.
aldehydes, ketones, carboxylic acids, and the like). The oxygenate feedstock preferably
contains at least one oxygen atom and 1 to 10 carbon atoms and, and preferably, contains from

1 to 4 carbon atoms, Suitable oxygenates include lower straight or branched chain alkanols,
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WO 2005/ 105955 PCT/ US2005/ 012186 and their unsaturated counterparts.
Represent ati ves of suitable oxygenate conpounds include nethanol,

di met hyl etWer0sMWE3S et hanol, diethyl ether, nethyl et h@CT/US2005/012186
f ormal dehyde, dimethyl ketone, acetic acid, and m xtures thereof.
[00181 In the OTO conversion step of the present invention, the
oxygenate feedstock is 5 catalytically converted to hydrocarbons

containin i phatic ieties h_as

e, "Shb P AP e e T P A0 B S e
al i phat i csnekianols Biniettil bther (CHEEY, eeind] atidthyli difver, ametEyIARE, ﬁtmmﬁhlﬁlmdﬂgdunethyl
catalyst. A diluent may be used to . maintain the selectivity of the
catal yst Keiopggesiic@cid gk mpfes thereohar ticul arly et hyl ene and

propyl ene 8f at IIRSeAd TS o eBid stporIRNBtant inQeklioh; e BRYRBat0 foedstock is
di | uent. ?Pe |Ior eferred dIC| uent is 10 steam [00191 The oxygenate

converssi onatslyipallyfconyrated tehyshecarhone pantaiping gliphasie soiticy such 38 diethene, ethane,
such that g ONaea  Sod Gd SRtk SnFRRACLAT i bRANERRNDNBAAIC By 2

reacti on 20 ufar 'sieve catal yst at effective
conver si omom@crtdngttha)ﬁasdst@kpmhdmﬁﬁd?@tomﬂmmgwyﬁb@t &r &lvant may e usedip

effective tenperat r
5 and, oprBnasAaegviBr et oL apecaridhl iR Bog i ddntere i)
af fect ed fradpyfend &f fafék ¢If1 thblEef osygkiidtes t6 . 1 5anglensiudtiaeritEhedesienedidiluent is

| ight olefin products. The oxygenate conversion step is effectively
carri BY oft®aver a wi de range of pressures, including autogenous

pressures {% 01'3;? rsm S]gl‘[eﬁ)ér g@'ﬁ%’f@ﬂ'e\fsﬁﬁﬁgﬁoﬂ% ‘ﬁﬁ@éﬁt GhvéniRn 1D pRIAGERS cdrictdd

kPa) and é@ referred pressures
bet ween 0 sﬁclammbwefgemte( ds@ockowonémpdzg aé{ﬂpﬁwﬂsﬁ@ﬂ%@ﬁ(@@ e ity 2

The pr esswgmleﬁ assl agg%t%fﬁaﬂ%o{l YOI ol &R%re%%m

(101.3 to ressures referred to ere| are
excl usi ve hgfiroamdsomti 1.¢1emt ef&nﬁiverterhpmam pfassmfameu@t hoptegecs eleity (HESV)

oxy gehit o dpapE Sty oa ot Sy 1o R0 P8 EERBERy) Bt tforime
gener al rapgRidht Predle tRnsie0{ght 2bfih PRAOts. PreforysmdiechdRBianttad st s

have rel atlvely snal | pores and a sub tantlalelaé/ %Héform por e
st ruct ur e, efisctiely eind o PY IR WideHNES PIATGSSWIes.daCTUgTRE BHASRIGUIBFE R h

an ef f ect 'P‘f@ss@e??&fe Q;mgelbgﬁx%eﬁ hﬁf‘atﬁlo@ﬁ]:&&fsr(m KkP4) 228 ef0erabfckphtrtQ0. 1

nol ecul ar siI eve which the elenment (E z content varies fro
0.005 to cMEa)mitbprqfqmdlpmsraﬁﬁbtheqmpém@wph@re% 50i6cee) uigs B8 pingospheres 2.0

refersgd. @?%STheSAl‘g&%e]\thn BRIt bt P 1556 ahéphlies (1095301013.3

i nven y any escribed in"US-A-4
US- A- 51263@8) maqudsﬁfms&ammmlﬁs pecixalubiye pf afyelilnett agAruder to ﬂmaﬁwé

the SAPO 3% 209 (P Q) dentte HER LS Sl PARR Rk e ARSbydY fi b " S
oxygenate conversion step may vary over a wide range depending in general range from 350°
and 600°C.

25 [0020]  Preferred ELAPO catalysts have relatively small pores and a substantially uniform
pore structure, e.g., substantially uniformly sized and shaped pore with an effective diameter of
less than 5 angstroms. A preferred ELAPO molecular sieve is one in which the element (EL)
content varies from 0.005 to 0.2 mole fraction and in which EL is silicon (usually referred to as
SAPO). The SAPOs which can be used in the instant invention are preferably any of those

30  described in US-A-4440871; US-A-5126308, and US-A-5191141, Especially preferred SAPOs

include the SAPO-34 and SAPO-17 structures with SAPO-34 being most preferred.




WD 2005/ 105955 PCT/ US2005/ 012186 [0021] The ELAPO catal yst is
preferably incorporated into solid particles containing one or nore
mat ri x mat e¥P aros/19345snvhi ch the catal yst i s present i n anP&RBISH05/012186
effective to pronote the desired oxygenate conversion reactions.
Matrix materials are preferably selected fromthe group consisting

of binder materials, filler materials, and m xtures thereof in an
anount 5 te i i LeS . e g i .
catalyst AT onrbRERE oA HIFbicReaRY RRRbIfR inf i pABRLL Katyning one
parti cl es.or Suehmaabrhxenids mrvlatistha caalysias presdpt in pomoust ¢ffechiag (orpzoaeld the

ma contrjhute to o ronote one or. .more of.the desir.ed
co%ver si o eFléeél(fF‘iy%‘?’f’?{ HYEFELTAEF t%@mt’:(&ﬁ% aiﬁ %ﬁng?ér#&{ ﬁ%ﬁ%&?@ﬁ %WE
I'f matriXx dedpedondikisng &Fbéhder RiRESE, fkeHateribls| ddmixtaésahéradfin ant@ount

included in the catal yst conposition, the nolecular, sieves preferapl
conpri ke Beleeted & Wovide desiise propeities. Sreordssizad Gptatyst @?Lg@np@p%éwf:algﬁang?h, ahd
still nor &ﬁfé I ' SRR LR maBials FRSSefBhbiRrd@tdhature and
conposi ti glrll Oﬁfﬁg#ﬁg%@yggsﬁgtﬁe conn\}gr_s??)n fpz%ctai Iéfﬁldeposai',t ’eaaé ey
car bonacecwsirivatego bapromotecane ot oloes ofi the desived pxiganate CONYeXsIPNTEACHERSS - %)

and nore cQ I . 5 . 59 F : i (P71 I
Feduces. ¢ FERRORBR T ork el T gk IO BVER I QUARRUEIAERTE Hhnae PR e
t her eby afifigiefisls, taheeindlnde@dih ¢int caclyst benesitiony the omwleciar siogps phefer@ilcomprise 1

conversion step a portion of the coked catalyst is .w.th fro
Che Ot 1 dadb perenomereamtrepasey Docer g atl Roroie el St esil by
regener at gdadiok hedRtaleyGRELERNt i ni ng medium (e.g. air) to renove at
| east a portion of the “carbonaceous nmaterial and returned to the

oxygenat e [88%Rler sTemotvsaras eMmveisios reapisnsdapory. 2 GHBPPACHYS !S%wcqalz dra pOke; in
catalyst aRdfORYS oM mdst- AR B6reRBREIRN £5 1o HURH MRS ShiohalRDIGPosit
the 20 carbonaceous materital e.g., to less than 0.5 mass-% or only
parti al | y matgeriecdces thheuroberal yetlableactiye siteoorf the gatalysiovigclntheggbypmifects the

b s L

car bonac eoyshdiaye frodl thd OTE. reactiok edne ddphssgd teqpepencattionntep vder: itan be
addi tional oxidatjon of sulfur and in _sone instances i.trogen..
Compounds SEGHGHH PR SHEBEHEUAERE AP ik A RAREoR At ERap e

fromthe 251AkdoksiatcREIGRANERIEO D 106 B dohB SorbarkidiereMdioh echel Dpgsndingg
upon the type of ELAPO catal yst wused and the type of cont_aﬁi n
3 M

t
materi al pires R PanOAr CARlYSERNGICORYeIiN, #mahe %eé%r/ blg osabsiptig fe%?%ﬂ%ﬁ
A Tl upgi Ze&{lﬁ)@%@éﬁ%}%&@f‘iﬂs& 1T sE HRA 0P mhdA®, USH AU Ep R 31 18FBnSHate the catalyst,

recovering cataf'yst particles f rom t He product effluent ~
stream A é.guicdiaed ts§ staeniomrionacsousingterialy Brefydrly,she meeperaierotialwt will

finely divided talyst, particles r Ig 30,
regener at i ?S’H?%ﬁ go ?ﬂ:‘é s-Yopng ﬁ%orﬁrﬁer?agoﬁﬁ%nﬂ? gf}%&%rﬁ 9%1 ?Inﬁgee%@\%ll at?%%?ﬁg'
oxygenat e dokef Slukiag fgefleratioh there umi badiditionalsoxtdative nf erifur yndiaasme @dstanpes

ternms of a WHSV cal cul at ed on_t he basi f ss. hourly fl.ow.rate of
the sum of MEARPNFREY OB‘?d%cﬁ‘i%’i‘@@ﬁg’t tge F%&O&?@‘H’f@y ﬁ%%@%@a?tdn?eﬁﬁén%ﬁl@ls fionh e
25  catalyst. Regeneration conditions can be varied depending upon the type of ELAPO catalyst

used and the type of contaminant material present upon the catalyst prior to its regeneration.
[0023] A fluidized bed type of system creates the unique problem of recovering the
ELAPQ catalyst particles from the product effluent siream. A fluidized system continuously
transports large amounts of finely divided catalyst particles between a reaction zone and a

30  regeneration zone that in the OTO reaction zone are admixed with the oxygenate feedstream in
an amount which is conveniently measured in terms of a WHSV calculated on the basis of

mass hourly flow rate of the sum of the mass of oxygenate reactants passed to the MTO
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-$ WD 2005/ 105955 PCT/ US2005/ 012186 conversion zone plus any ot her
oxygenate or hydrocarbon reactants present in the feed or recycle
streans di wdeashyssshe nass of the ELAPO cat al yst presercTius2dobe12a8O
conversion zone. WHSV in the fluidized OTO conversion zone can range
fromO.1 to 100 hr-1 with best results obtained within the range of
0.5 to 40 hr-1. The strongly exothermc reactions will 5 increase

t enperatures across the OlQ.reaction z

7206 and ORESESERe pUE a0Y P Seeis SR trdintdiebint et
r egener at Gecybiel stre@figditided by tHeensebf the EAAPA dataiysipilesant in the OTE} ebnversion
average coke on _the ELAPQ catalyst entering the copversio ep_i

the range&oBs WHEY @@erﬁﬁ%@z%@?éf%"eﬁ&q %Pé‘g CHYPae SHt O'rslntoglqgij% aﬂ%ﬁt

and nor e RE&fEbRinYd WithiniBe rah 30890, 9fo 4 1h-1. TR stdESy SeothbhRicibddtiohsaeill
catalyst recirculated to the OTO conversion reactor is_ 10 intimatel

admi xell wiindreashtenypepontotieoTes: JirePhO ecastion samsibig 0P elod0 e BB0F & 740R and the
tinme dict %él%%rsp%ﬂncu{aﬂgn ga%éﬁétﬁ?en\%@}éa&gp qﬁé f'e%faﬁe%toﬁbﬁl Sr@RilbRYet at a
vapor - sol i xture s quickly separated in to provide a stream of
deact i vat afiniatmllerst tothoht avatagé eckstonitie BaAPOicstalyisbenirethetie ednmersion step in the

regeneration zqne her e l.eti.ng t.he.cat al [ '

To achi evé’mﬂ‘ﬁccf‘gek toletedmfﬁ%f’ftg‘gg Vetni’éecié?_lﬁ °¢ 5‘%41} (A ngé)ﬂ% ?%E]e%‘}l%gj%e

cat al %St Rahdd oF BS 129 ﬁlaés%%'l Tid flyidized eatddhast ]fréoﬁl‘cﬁla&ﬂl@thd :O|§IIO tdnyvtision rﬁfcto?c is
to 150 15 m crons with the average particle sjze us set in

r ange 1&f ZOtlmételi’GGnWeé‘r"GﬁkthﬁH%Por‘ﬁ%sé’wgeélﬁqeff’ﬁlmrﬂefg?%ﬁ@aéx fﬂr%&mf‘%éjgéted by
mcrons. |l gasaes WiV eI BERaRANRL SRR ApbE LGN ARLDBINRRY sl HSlo

particles and equi pment surfaces w ]grade t he garti cle size |

di st ri but i wovideestreaimef deagiiratyd natplystdha atlegsiin pabischygelivthereeensraiopgene
fines. [0024]. A fl uidi t By frRshizahibh b el

react or sy@f‘%‘?ﬁ e Pg%t? ﬁ@%?agaﬁﬁsﬁﬁg'@é%%?@?g%%ﬁ%é l55} own nzafnwb%é #APO
US- A- 6166 28&lysThateh, tietiamiydt paticlkyst typjeilem opartitle size disgivnfionoialp 158e
several stages of _catal yst separation.as shown in t X At

| east lone B di s aystage lﬁ%b*ézeﬁa%ﬂﬁéaaii eam%%ep(glragtt%%%rrngcg‘sﬁgé el

Al though ag¥refdlyeih ed raB PN 64 10®3 monbdnieartlon bitwperoamtdlyst partitlesimsigetween

of separation will conmprise a cyclonic_ separation action.that, enpl Qys
a tangentdalysipaEeiss gl apippmeat W@@F?&‘r‘@uc‘ﬁf“’g’iﬂ@%&‘f’ ipgﬁlc%rsgg hb“é‘ﬁﬂ oVer time

catal yst paftdefil fida BncthPGCtaRRt Rhesseparation may invol ve
cl osed- cou%lr eéecf%%gr?ig%ﬁ ba I nputting az%lpar at ed vapor stream from an

upst r eam ciffR4ine difhadizedbadsaelyst weigrsvieafstiieiBadreagieuiteig PaHchAdy
exact i1 ui di zat j on | t1c0RS;, i Y2 SRR of

The 28" oAtpERb Bl st D16 AR TN RRP S st it UPRIIRAMIOH fhay use
particle ceneendtigt bbHentalgstgipagtibn esstowdin the ‘@82 paterd sAvkeash onawfrtkese stages
typically fromO0.0

5 to 0.05 nmass-% of..t he product effFJ
These quanfiP{icdeatl 13 Sﬁi‘ﬁ?ﬁ%ﬁ%‘? ‘é%?ﬁ-a‘}%&‘r?&g'? %&’ ‘@gaﬁ%ﬁt V¥ aﬁﬁ‘? hai}aé@?e@
represent QURAILY éRE sBgSbORpdrbiEankill REHried a tytoriEtaphiiatied sctioaxipeanplogs a
ELAPO cat alyst system ] ) . .
tangential discharge of the mixture of reaction products and catalyst particles. Multiple stages
25 of separation may involve closed-couple cyclones by inputting separated vapor stream from an
upstream cyclone directly into a downstream cyclone. Depending on the exact fluidization
conditions, reaction zones of the type shown in the ‘282 patent can produce product effluent
streams with a catalyst particle concentration ranging from 0.01 to 0.1 mass-% and more
typically from 0.015 to 0.05 mass-% of the product effluent stream. These quantities of
30  effluent-contaminating catalyst particles represent over time a significant loss of the relatively

expensive ELAPO catalyst system.



-9 WD 2005/ 105955 PCT/ US2005/ 012186 [0025] The present invention is
further described in reference to an MIO enbodi nent wusing a
preferred 3P®034059Fhe MIO enbodi ment utilizes net hanol Pas/uSh®s/012186
princi pal source of the oxygenate reactant. The SAPO 34 cat al yst
ordinarily used in a fluidized reactor system has an average
particle size of 65 to 85 m crons. 5 [0026] The qui di zed Mro

&E?fﬁhi ?Rg 16051 o it aBeseiRetfof %&’@ﬁ%f%g%%a@%gg? %ﬂ&ﬁ@ Hﬁ%‘f:m f
us dQAHBG UJOe@iM)ﬂn:ﬁ t i Finet tlegsincipal goere o

P;\etﬁ;rﬁ/ﬂ'ol?gﬁ\g;gerf??&on st 4 el mn t.he ?an% i{p . Q h

P (501 oo sparpacii. TrsrARO AR soR iRyt Godn & Fuitdtihct sl hes

psi a). V\H%\(a@é}a éﬁa@tldléls1&é1@fd¥fﬁ6>ssmaﬁ§l on zone can range from0.1 to
100 hr-1 % best results obtained in the range of 0.5 to 20

hr-1. SThe I@G&ﬁér naThecfau@ms;dsMT& TPRCHIOR EPRAVSmg a SAR- 3W@a1ryéfdét35‘?rrat8 &t t he
regener at %nala?ﬁsh%}m% a%aﬁg erRERVdr3484 ¥ 6@@@@ gdabeféy 11[1@61-% Z\}nﬁﬁ@plefefmd

regener ation s conversi on st ep W | di na use one O
the pr evwwlbymée%@? foldsa°© R48atd V22t cHird m@ﬁésrefueﬁ:d méWT®GQM@SIOH step is

necessary ano f coke f

t he convgr@?lﬁaﬂﬂ’z%ﬁ? féagfn C@ﬁlkg%%%ﬁggﬁ ca%eé‘h&%%lac q%l!lféﬂo gsﬁ@a
again pri @4'7kds@ﬁél@bwm\ﬁﬁ)rhﬁﬁnﬁhd’mc&tdnwrsi"oﬁtzenetmhmm ftolmaO 110 100 hr-1,
conversion zone and the regeneration zone %%A& é

syst eb® r OFitihe best ssuleehdsgd ip t léetm%%ﬁﬂfé)r@io% I"e ?%Xt?}'fla W Cl??uzi’ﬁg? for
and resul tyd YR £9k6r ARARe f&Fe&r&@oﬁ@ﬂﬂs@aﬂe B e QbudEPdane.

equi val ent and nore typical mass- % of met hanol _equival ent.
Pr ef er abl y0927 rrerlmmnerarae@ ateg farddRDiconossiemstenwl erdmatiy, e paeefdhe

O iRy @Gk SR AR IR o %ﬁo&ﬁﬁg% AN ST ke HofPthe

can use a'd escri nar i uent W |
conpri se datneysaptﬁ@ge musﬁlthmrto dimdvsnuea mneﬂﬁhe mmawulsv&bﬁe Qﬂ\i’@kﬁ on catalyst

reactions in, the Or ti form tr

Feaul £51n aEfio PG PTG Sk R I WP i (G op P

mol s of reiderabn E&SﬁiatanﬂS@@U—i’;@ba@é@ﬁwﬂ?st@})&emé%hlq&lt@:lsdcu&aﬁlﬂya‘econvelsion
benefits the control of the_ methanol ta(?% pﬂgéi al a??r%ss re of

the met harl@YGlﬁf‘éfa%?/a?ﬁmgheFa%ﬁ@é‘&@’é“r"f‘t%’&%ﬁ@ R R e Ty \Wﬁd@%

25 the re inI&ntZ %&h&ﬂ?g 1816 Gl dsd-9NGH m SBRARI écﬁﬁvdl&ﬂmréﬂeﬁgly the metha:nol
separation romt e pro preferred diluent for th

conver si orfest gypaings 89 el Qj@ﬁsv"é@lﬁth'@ﬁi #H@oyEh the mefignol; fFFéi\ﬂOFléBlPaﬁ?ged to the
cont a%% natﬁ%%c%%vé{'g’ bhan e {:fﬁ\f &%C L ugéerﬁ%emti%’gglgf(f'ﬁ EJ%ﬁ)Spllhg XN SIGAREAIL comprise

strea cases, stream may contain
up to 20 whe %mgéneﬁslﬁpﬂ}dmddlstdam e lsmumsaﬁ theatactiphainthe MiTht iagtien zone form

system j]gl\éé%x%rgg%{y asSt?a?l rels:.. §29 9‘1?1/51 1180ne mol of a steam diluent for every 2 mols

of methanol that react to produce DME. While diluent use benefits the control of the methanol
reactant partial pressure of the methanol reactant, it disadvantageously increases the volume of
25  the reaction zone providing additional material requiring separation from the products. The
preferred diluent for the MTO conversion step is steam derived from the water that inevitably
contaminates the methanol feed stream and the recycle oxygenate streams. In many cases, the

crude methanol feed stream may contain up to 20 wt-% water and will bring substantial diluent

into the system.
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DETAI LED DESCRI PTI ON OF THE DRAW NG [ 0028] The attached FI GURE
schematically shows the interconnections and interactions between
t he si x zorw@2004059f0rm a preferred enbodi nent of the | BCEMUSLON012A86
line 7 charges MIO conversion zone 1 with a nethanol - cont ai ni ng
feedstreamthat preferably is a 5 substantially vaporous stream A
line 21 charges zone 1 with a stream of fluidizabl e SAPO 34-

contai ning catal yst part.i i b y added to
line 21 via an intercon@%ﬁﬁlﬁng@@kgﬁgﬁ]ﬁﬁﬁaﬁﬂgmum

sufficient to replenish the fluidizable catalyst inventory that ]
ci r cul at e30028] andrichittacigh FIGURE kclaamuhticdlyeshdwh fhprintarsonsictionsdgnd interactions

regeneration zone 4. Zone 1 operates | .fast=fluidized

oper at i on PSFEeR H‘A‘“tf’PS/ZCE'Q’f &‘@t form gfpéeg He?% e&fnbg ?%%1% Bié%e e gfcjz%oglf Agglggh%gr “n
US- dA_- ? 1663870 c4PR8s i(gnl Qﬁg_ﬂaﬁiﬁﬁa ingthtamx@bﬂdamg féédsheetnhlﬂlaﬁﬂrgem@vﬂ’ msi on
conditions previously discussed to produce a mxture of_, deactiyv

cat al yst pubstansiply vanetpus SEeaTh A ReH IREESS 2958 g streppyy & fﬁ\lq%%aﬁf:‘%gﬁ 834

travel s u %oﬁtﬁﬁﬁl{é c’iﬁ_‘aﬁys?ﬁ%?él?ﬂ Fatsh ngﬁiyét‘?@gj?icggy @8 td PR 2 1SAUIntftEmecting

goes through a™series ree stages ] or-solid separation
oper at i ondinkgngisbeiaddn an snpwd suiitientde aerl¢nig thel fluidizablp satalyalinyeafes thahd

a conversion zone product. effl.ue tr i DI -
3 Comver s A0 RODHSL SELI ARl Al ARMAARIANN R Snd , Zone
undesi r ed GpERWRISa Ghst-flgidizEdmodabi sgratiah pefetblp asing Gedsst-MMktizadibgh kgactor

exotherm c_MIO reaction i one 1 cpats the outer, .s ce of .t -
catalJar (EPUREN O3 AP L8RP Zae cBreRarRARaG e e LG g Ssich Bnditions
deact i vat 6gcif\Rly Hidtusded 38 piR@hidd (ihRGr@bs deaddiatddtapdyst parfill 28 oMfinie@@sdtion
a portion o? these catal yst particles have their activi é%rrests)re i n

catal yst rRoductsgBive reixiusiirarel ap fhe eer secupy ot the feaghion 0n¢ E16f dhoag) &
between zaqpe, hgg&-eg QPR Yels &Mﬁérﬁs%%d% atioh-opEAlibRWh BEAGNLA it of
separation, a east a p Tt

ortion o e deactivated catal yst material
is stri ppdetivhtedchtatys! prtnfeirand acbovessiomzone peodnctaffivgshsiEeam enRiningkeht

22 to,regeneration ne 4 in I O 4F | i of
Che. odF boriduy e TRy enals iR DR riabi5H nelatihlal6aled BADMOBr
stream of dopgenieiiapestatstatijdds. Py il esothbims MTQwastion ih zene 12doafsghe outer

reuse in zone 1. 25 Despite the _use of pne or nore vapar-sali

cycl oni ¢ s-‘élﬁfé?ea?f&h%?at%yg P@ﬁ‘F]F’F E’Eﬁtﬁ@’r%B%a%b?“a‘ée%%m?{ﬁq%%trsdt%?c&q%tses fee
present i ny.tde: prAcEeh 184f ARt stream These contam nating catal yst
particles present a substantial risk to downst regm conFressi 0

[ nmeans
and t her ef 909Inusht estaaesicad! these ertalys pattises Rrve IBFbRRINTTY FEtostrePyaianst

downs tzbeange%& Pa}%%l %on‘?e@g AP SR P ARBE Detwlddh ZBR0T 8 208¢ 4 via lines 22 and
contamnation o e product” e uent stream by these catal yst .
particl es ZoFobepiapdgclomc Spditiag a trag aportignsofdhadeattiiatedoplalyistynaterial is
product stream, [.0Q3 The oduct eff 1
gsteippeg o& g&]ﬁﬁ% %]?%%EOI%S T Zoe. 1 1146 Ak LE ST RS Send:h z%ﬁ@@d

via line I'ng step pertformed I'n zone 2 an
contacts aywp&Eivlabieag afsigniftbahiporitomafehd daebanacdonsrilepatitsrge oxiddilvely removed to

produce a stream of regenerated catalyst particles which flow via line 21 for reuse in zone 1.

and goes

25  Despite the use of one or more vapor-solid cyclonic separators, a signiﬁcaﬁt amount of catalyst
particles are present in the product effluent stream. These contaminating catalyst particles
present a substantial risk to downstream compression means and therefore must be removed
prior to olefinic product recovery in downstream recovery and purification zones. The degree
of contamination of the product effluent stream by these catalyst particles corresponds to 0.01

30  to 0.1 mass-% of the effluent product stream.

[0030] The product effluent stream passes from zone 1 via line 8 to a catalyst wet

scrubbing step performed in zone 2 and contacts a scrubbing fluid to remove the contaminating
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WO 2005/ 105955 PCT/ US2005/ 012186 catal yst particles contai ned
therein. The relatively hot product effluent stream preferably
under goes ovobiorgoPsi or to entering zone 2 via one or NMPCEUSBONMI20H4ES
(not shown) such as passage through a steam generation vessel (i.e
a boiler) and/or conventional indirect heat exchange against the

nmet hanol feedstream Preferably the cooling will reduce the product 5

effluent streamtenperature_below th oj nt ,of .creati exces

fl ashi ng &ftalysigagicl eﬁBﬁ?t?ﬂﬁe‘?’f}\e{ﬁlh\elpﬁreg%ﬁgfyg“%ﬁrtc’dﬂ%t ﬁh‘l e?%é)re 1a§1y
poi nt of {firsde B TInkPriBf RVRRKin 6 Phikdht Hnére t@o&h@ub%ot @awm s:icESs
and the formng of fouling deposits on the walls of line 8

product epssegsritrosgh aatem [Seasy@onysel G-ecx bojler)@ngar sanyrFritqual in ec|t E%e

of 350 to s I

o e R AL Rl Sl eangactaoin e gl

t enpersat uefluefit strasm penopbuattredeoftba poigt ¢f@a¢atmg excegrie fpshipg 9f§1§ S@@bbmg

o 1 uont - BPgihepned PRl pgS tiheR R Sg e R e RS PL AR Sfhater
liqui d schipbiedand fhy ey effoffigaieosis ot HiRewallsegiinng dJThe pmmet &fluera stream
line 9 and flows countercurrent to the g eff
stream zdpsEeszonghyt § IEIDGHETE i} the FAnge %‘? g¢dgf%r"i’t‘}$§%?£‘?r y sufficien Coopmg
vapor-1igq ‘s‘tegs %ﬁﬁfeéﬁée 1@%%&&@99 ANl ?G°6tb BOoFIZRRenlibeh ZeheiR Tk Ng

materials a as swtabé designed trays and/or baffles. Zone 2
pr ef ef@bl yemm@re@ﬁﬂ@qm@wse Beng simmgwﬂbmqitof evrserberedueed unped ar ound

zone 2 in Wo&qrﬁp ]g%!rlgcq,tl ggpﬁ Q@%dcomémﬁéﬁé% e?ﬂuéﬁ?kﬁdﬁ&rs&% ng

sol ution goes su cbo not shown Ine 9 prior
to reintr @dmmcttedamth a déswendmg areamaofﬁnquﬁu saﬁublqmg lahl wiich héel\sazp@pmn gegion of

effluent prod enterin N en t
porti on o1|5‘)°’El V\?VA]PB ‘3%18}”58?}3’{&%&?& fteﬁé éa%%)ﬁge)ogl g g{}]‘?eﬁlteéat%t%& O%@ne 2
in zone 2nQfy bltsdlucﬁa sﬁ&ﬁ%ﬁl;é hicBdy !t'o_l_zﬁ‘ﬁ%eémgsmpbr-?@ld ?m?aﬁ stgr?gs rappjopnats]}y semd
aqueous scrubbing sol ution. e roducts o ve

Jone Ean ispkd pssigReatesials apovell B siARLy SRREBPS HPYs2atier HUTios. G 4 DGRy
whi ch are uQéseaE%gaéleE B&ﬁwlﬁgédm&ﬁh tRdt id SASfediafouR@zbne/l B a fule-2dehd loop

to the aqueous scrubbing f of a suitable alkaline nmaterial that
i s conpat irtgresentedl bl link 8. Erirerabingrobitips undaeenrsuhmtastial popling @At shogm) in

neutral i z %ing b 3P§a§0 LreRudiRELAN tadieROL birBR c%fe?c%%f ox%ﬁé gi‘ﬂﬁent product

materials prevent corrosion and fouling
scr ubbi ng sgeqe eﬁSrmg/\Binb 2a€otdeasatiomnSatresana porton ofjhduiiates b}a-mbduct from the

equi poent i s al kal i ne. reagent, such 483

addedit o MEBeErTBBIHEATIGT o R AP T 1Rl G 22l LR rfenish an
reagent iagh&fk b&ﬂbﬂmé\ﬁ)lﬁt{&t Tﬁéﬂ%bduﬁ@ﬁﬁhamémveﬁiwatzoﬁ@ cambhﬂm@ one or
conditions ‘effective to produce an t head v?g‘g‘i stre 1"8 V\/ql chg&1
subst ant | an9rgy a«flfh@én%maéalmaépwa%dﬁ %lff&lﬂ& rEterayyhqpiralieed al leastdn payf, Hia
essent i al |y, CONRRIS RS éqﬂ@olﬁ|s&§bﬁh§ﬂﬁﬂ%f@%ﬁi@iblehﬁlﬁdlﬁh@@ia@i’ﬁl ih&pﬁldﬁﬁ'@atﬂﬂe

the MO conversion reactions occurring in zone_ 1 plus al] or

subst ant i avittpibe SAGR-F cataipst by ameustR rfficies tenenipizes Faﬁrrﬁrséh@{ﬁéﬁl portion of
oxygepat ey such 3%, TERAMUrad %ip%t Lol ACHATRARY of BleSwdTREBEHiARE zone as

well as the downstream flow conduits and equipment. This alkaline reagent such as a suitable

amine can be added to the scrubbing lquid circulating in line 9 via an alkaline reagent
injection line (not shown). Zone 2 operates at scrubbing conditions effective to produce an
overhead vapor stream 10 which is substantially free of particles of the SAPO-34 catalyst
30  system and essentially comprises the olefinic and other hydrocarbon products of the MTO
conversion reactions occurring in zone 1 plus all or a substantial portion of the by-product

water and any unreacted oxygenates such as methanol and DME that accompany this material,

-12 -



-12 WD 2005/ 105955 PCT/ US2005/ 012186 The |iquid bottom stream

produced in zone 2 conprises a mxture of the contam nating catal yst
particl es WoOeMW&1&¢eubbi ng |i quid. Dependi ng on oper at i RgTASHAF 012080S,

a portion of the water by- product produced in MIO conversion zone 1
as well as a portion of the water soluble products and reactants may
be renoved fromzone 2 along with the contam nati ng catal yst

particles _yia 5.,li e 9. Zone.?2 al.so f nctl

zone redu#‘ﬁ@q‘l‘lﬁé LA EFP%“"S? OeIIeve{;B{)n %Q%vgﬁlﬁgue{%bf@% gﬁégmﬁt%&%ﬁ

via line 3@ribdes #hé Q:r@ﬂﬁ?z% liglid Depending srhepetatinp evaditiors, a:)ﬁortlhleofthe water by-
material entering zone 2 via line 8. Theéhcl:e%lrcul atjon_rate

scr ubbi ng Pradyefi RIOGeRl MMARE R B FoneAqiavell a5 2 RoTioRe T4 V?’ac;?ﬁf(?]élg le products
mass rati Qg@fea&gﬁs 32y 80 Rinfdrel 5G4 £hnk 0 ald%@ vATH 1B b@ﬁmﬂh@tdigcdatawsf pmaes via

st ream of to 1 and preferably of 0.8:1 to 1.5:1. Prefer?,
wet sc ubbingg. Zewe a@sovﬁmquomeamﬁ@éﬁ@muénqm@ne@@H*F% Eh%%ﬁlﬁlw %WPW

that the clleulabing pré‘%ﬁera’{l T By EARIRIRS Bhtive tPthe MR Burdlof the

cat al yst 65? mass- % cat'al yst
particl es mdsreil ettahigyzohe Peiallfre Sc&‘he mmndniushyatmf fodirbbing liquith aagunsiand drpugh

fgr gnmdt P Ihztzgqlle; %&g%@%&%ﬁigﬁ% )}%1{0 %f%# e,c b rdlt tﬁ gllle;%:}r’t]éﬁ)ng %[dcﬁci! defifent

further Ceﬂeﬁﬂbf@m té Bllﬁmd?fdfélﬁb’ly@f0(881tta|1y531 mabfabmvea sernbisiog wdatei2ngill
flui dygrlor toits recirculation to th conve b@n 15 one

t o r ebfenercangeshaty Wa@lyswgess@p@ Bt 'ﬂlﬁ cg ging clatba YSHERLY sqptap s 0. } {05 mass-
condi ti ons, Eg’cglﬁrst rp%ﬁh':lcts greﬁ‘e@ﬁ)ﬂ/ bas 0‘95 Has@%ddﬁ@sﬂﬁaﬁlélﬂé PraFargbly e 16

addition of wat er can line 9 via |line 25.
[0032] Theontitewhgpwithdmws asirag@ammé@@v@#wcﬂlﬁmﬁ @erhbmﬁ fiid g5 Gatabystslugry)

line 10 is.passed it ef fl h;? rhtBni
vapor st r ¥ zf?jéir%@"\‘}e Seelér(em %MQFPpor %%5# E%hnéwotﬂﬁger%rggéeéc °
wat er not shegofeatlysi parmﬂés i e¢rublking guzzl(mer  itsrrebieniation b M onyersion
flashed off in zone 2. Line 10 one or.,nore

| oat £8 ¢ HEPb] AF OHBEmeRENmS etk et o ? Bera st PR ot osult
of the ovepheathstihg emduwghﬂlﬁe aiéthe S€diiGDoMgatapmakupwdteatindw dddat to line
integration with various other streams charged to one or nore of the

conversi orP ¥iahiee25.The quenching fluid used in zone 3 is preferably
wat er and Jbb 2A5| "f‘]hee&;eﬁ'@a&{?fgﬁ r MRS RB& erddSBin® Ser@iibindzone R6/i3ling 1Y i€ padsed to
rrent n

counter ¢ y contacts ascendi ng vaporous stream entering the
zone via dfflmamt q@ncﬁme@tjbﬂd‘mﬂmy coola dietvaperS AR R HmeNE theges@rbpatigp af the

o1 uh <orBe R pOER el el RRRL R RoROA My S B8 g B oft n

efflu her uce er content and Unreacted
oxygenat e askehite 0 mtah fawt sreamfons intdréauerd DeatFbibered (poodhowaythapcan further
olefin-rich

er head va str ont ai ni trac
unr eact ed 183’{’9]9%% STy OV Bad Sap s e gt ﬁ%b%%élég hﬁiag& AL e
via line ligg Fﬁh@ﬂ’%ﬁ%&@@t@&t@@ brddniseBarfped tof diktoh elorgofithé taatision zems. The
recovery of the ht olefins. The |jquid bottom st{ﬁamfrom zone. 3
is an ag ue@@gclq}@@ﬂp@ﬁ upRg in zone 3 is preferably water and 1t Is injected into the upper region of
25 zone 3 where it counter currently contacts an ascending vaporous stream entering the zone via
line 10. The quenching conditions maintained in zone 3 are sufficient to further quench the
yaporous portion of the product effluent stream to further reduce the water content and
unreacied oxygenate content of the stream form line 10. Zone 3 produces an olefin-rich
overhead vapor stream containing trace amounts of unreacted oxygenates (primarily methanol
30  and DME) which is passed via line 12 to downstream facilities for further purification and
recovery of the light olefins. The liquid bottom stream from zone 3 is an aqueous quenching

stream that is preferably pumped around zone 3 via line 11 through pumping means (not
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streamthat is preferably punped around zone 3 via line 11 through
punpi ng neans (not -13 WD 2005/ 105955 PCT/ US20051012186 shown) and
further coovedoogiiessgool i ng nmeans (not shown) to produce paTasenshi2ngg
medium with a tenperature of 20 to 75C prior to injection into
guenching zone 3. A water-rich drag streamis withdrawn fromthis
circulating quenching fluid loop via lines 11 and 13 and at least a

portion of this drag stream.is charged to the 0] r.eqi .
oxygenatesng)ﬁﬁgﬁﬁ%%?@? Vi3 ﬁooé%ﬁ%a%sa@%t %ﬂﬁ‘glrlgl% géldeucggg%erc gﬁ%%g] edim
consu r2re Wilﬁl.ra teﬁpelrgﬁae%f 2@; gm5°gq13io@ Eo(%j;%ﬁoﬁihﬁ@@hf@o@g B. paser-rich drag
zone 2 via lines : .and 9., ) ate, strippi zone
strips anyireas sadihsvaiyes His eisculaiing %@C%@mo%ﬁ’&inﬁ\%oﬁg% at“ﬁélt feast
aqueous st i iscBhr@bd %8he/ upef RMALEL hﬁamrafﬁin' Boheé6. In
wi t hdr am%p??%%%ﬂgggtgg%%}%‘s Ctﬁ%ﬁxg stri p%fieﬁg %’%e v)if};éel ine 14 gna is
avai | abl e thieorasé wherh eonaibeperatestth eopmmeareser, atdeasta Pgsomef this deagetipgm can pass
operated at_oxygenate .stri ppi conditions effective to produce an
over head %?/5%&9‘3?’%%#\’/\%’2&3@%?15 zone 6 via line 15 and conprises a
S ihg ni ; } f:ar[ooaspr ti @Kyg]?ﬁaté kieippiet zonerG ey angt lmgeman@,znatmvle peicthansiand
the e uent _streamfrom zone 1 in.zones nd 3 _an aval l. e i

r eci r cul at™gF Hogn the gguepus stepams ﬁ%pr?guc&qre]gﬁvejygtgp £1o5H S%?“%V}’é?‘;ﬁé% Iiffravn
stream 15 gy k@ ottdR bt 8 shppiR28nsvialink M4 énd isAeailkBle fot Authérauss trethe process.
|l i nes (not shown) to consolidate the unreacted 15 oxygenat e?j{ ecover

and rbeyclSainingrzaneé itenaaed Bar TRl IERINEHMGHORS TG R ISAUSE PRAYfFhcad
in line %%Eor[s?rrga ]gvé;\g{ﬁ%éxﬂp%necﬁat}ighﬂéis é:ldlLHohif)ﬂg%VﬁIiﬁﬁﬁdﬁﬁtﬁ&?g of the net

further conten e catalyst particles” recovered in

scr ubbi ng unemnete@ opygeoates wervweraidian dfe effiwpbstreamdiam senedainzpagsesandd and
conversion_ .zones 1 or .regeneratj on.zone . Lol N

amount - of REFRRERG- AT R v b M8 Al pL P o b e 5 may e
cat al yst paiited & ®8e 340180 Bnani 4, viactemmpfiet Eees dnctahovad) tonensolidateribe mnreacted

solid-liquid separating ans. operating in seri.es_.or | aral le :
conbi Kat | GRYERBIRABIOVRmA Eople i Be é%‘?%ﬁ“ﬁ%‘? PB’F%‘EW“ P %Eﬁgﬁ%dssﬁaﬁ‘{é iff
upper regiRef zone 5 via line 16. Suitable liquid- solid separating
means i nclude hydrocyclones, filters, centri fugﬁs, slurr ettlers

and conbi r{_aﬁ?pdd ns @pﬁqmbca{galy%],ugy@pwgﬁg%zcg@égp gr ﬁ@an;giaﬂéq tfle cat-alyst particles
Li qui d-sol ﬂeéjovfi (G0 Qfgtsaﬁﬂfbb%%l ) gﬁbﬁctb?_ 1R theld RESFet R aft@lesith bénversion

application.” I'n sone heavy 1 oad operations zone 5 nmay _connect
t oget her aosey1 eregdnertion eonerfp Zent § dinpigishds the zyadunt ebicrubbingdivach thst

Li ne i t hd lid-rich i Line. i
= ol 20 ' srmpRe R el e of GO ot R 7208 Sbynse e d bIGHANT,
from | ine ddrepslidBiiill Yepoamipg insass difveating iresriss ecinyphbiaileipr alchupbirdtions thdreof

cat alyat _(RAEvSer G ARPBULE B op HERE MR PLAON Rt o1 PR

conver si ony7@RealatingSndahEMERES hydrocyclones, filters, centrifuges, slury settlers and

combinations of one or more of these separating meaus. Liquid-solid cyclones or

25  hydrocyclones are preferred for this application. In some heavy load operations zone 5 may
comnect together a series of one or more trains of Hquid-solid cyclones, Line 18 withdraws a
solid-rich stream from zone 5. Line 17 withdr-aws a solid-lean liquid stream from zone 5.
[0035] The solid-lean stream from line 17 primarily comprises the aqueous scrubbing
liquid used in zone 2 with trace amounts of very fine particles of the SAPQ-34 catalyst that

30  contaminated the effluent stream withdrawn from MTO conversion zone 1. As previously
explained, at least a portion of this overflow stream is preferably passed via lines 25 and 9 to

wet scrubbing zone 2 when zone 2 is operated with net water consumption. A drag stream
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expl ai ned, at least a portion of this overflow streamis preferably
passed via lines 25 and 9 to wet scrubbing zone 2 when zone 2 is
oper at ed wWw6 2008103888 er consunption. A drag stream - 14 WOTAGOBERDIS55
PCT/ US2005/ 012186 taken fromline 17 prevents the build-up of fine
catal yst particles in the circuit between zones 2 and 5. This drag
streamis passed downstream for recovery of any unreacted oxygenates

contai ned therein,. a for suitahle di.sposal, of t i

particlest né‘&fngﬂ?gtq PEERY; elal%df"}?eqiiﬁﬁ Pg‘ﬂl{sgf Péﬁ%eéﬁfhé ﬁfrslpr?%%hﬁ]een zones 2
wi t hdr awn aﬁc([j 9.n1|rt9§mg @t]?éagﬁis @sged &ﬂﬂﬁ&eéﬂllﬁﬁ: ré&vb?rcﬂanﬁtm’eéc@@]quyger}ates .
concentrated slurry o APO- 34 cat al ys articles .in scr ing. l.igui
and the caouipiped thespin and) fagsuitgplp rilsewg?étég"%? e patiglasel ‘i?ff’g?“ Pefyiggned
underf| oWk Ol Jﬁ@ﬁlg&fﬂ AN @i%cﬁ&&@ﬁﬁhjeﬁwﬁﬁﬂﬁ?mﬁ 5 Gakad V8 ise rSARRI B4

material that is reused In pronoting additional MrO conversion i
r eact i%ns cotdeeiratby stsurpef IKPO 4| optalystpratitlergn serabbing iguid and the gatglyst particles

catal yst that is.necessary.t j I :
i nvent ory ‘0 CSIPP}&ﬁ%gtPi%ﬁén%%@?f}g% uﬁlg%{?g‘gggé%%%hﬁ rﬁgérll%htg‘mgg%g lgg%lletgn.sl’
and 4. Thicstalfic SAGEr-34 uteribirbais wasedrin propeding nddtenat HEKY comydrsivatredofions

particles at a nunber_ of different ipLs, in.t circulatin

cat al yst §1ﬁqr@§’rﬁubﬁt%aﬁ§jiqs??“§ﬁd£%%?}ﬁg OE%?F&’&%W&E@“AS nelcﬁigssa}yn%t% 4 o gone 1 to
can be  digiehin)nd ﬂb&ﬁ&@@fbﬁé@aﬂg@aﬁ@@m&@ams zoi€ thtoaeH 2omes 18nd 4. This
wherein the water contained in this streamwl| serve as diJuent

to,
the MI® condeflewsheae suricorect feerieresied crialeRITdes 4 f FUPRE erent points
conversi Ogrll GGl ﬁnléeé;{a?ai%t %é&rpﬁéwfﬁ% TORR AR o8& VAR 42 TRRmiat@ial Ehehe

% Ridna )
cat al yst sengage zone. Alternatively or in conbination, this
i nj ecti on directlhingected ayte METO cartvatsysizoge viadive d & wheeessthe gates gpyt mpdhnghis

t he regeneration,zone via |lin 1 . 10):Ce

nj cot ot Aagtn L ESTerilReue ARy R0 B AhibE R RECEEARY BIQHGE imto o MTO
conduit i rboiﬂ?@sdif)@idﬁeaé ino SitApsipg penewrtiichseirees atpart af thelcattalysiedisengagpment
tenperature and contai ns, regenerated. particles. Line 20 schenati cal
1Lk ot E8npAteRB gy OF i SRS BIBHOR P RS eI el b e Bf pes
for this pif-ROFRd BRFESRGhiFontzond Piadind RAPL P ledDf8Rired\thoice injects these
oxygen-cont ai ni ng regeneration enters gas zone 4 via |line 24,

. AL L
oxi dat i on resayeasticatalystpapiniosiiveldy i 3 wien ensitdnthe e of agtandpipeguich is at
sufficient, r%f%gaﬂ S}g?lﬁgﬁ%ﬁm&e%d%&mﬂﬂéggﬁbratb@pﬁﬁ&@d? enRI1000hGRARay

t hereby converti eactivating carbonaceous deposits into water
and CO2 whilastrass @ashgenofitkis enhteiiabfrompize p B trlees? 1aghiph Eéﬂgagump%@ TEPIESRES 2
23. L'Qe 2 iJl also 25 typically contain an anpbunt of very fine

cat al?r t ;fgar“\f%’(?f:'es that are rempved fromthis flue-gas stream prior

to its releas® i nha okfenajonmaipieregenst-ibh zitary ganrineusvis bpalhtinorkidation
techni ques. Flue-gas |jhe 23 cagnstitutes. the i nci pal ans..fo .
el i m nat i FRAGHUOBA Hqﬁ@nﬁ?dr ‘EGF%EPFWBO%QD&I%)}’E lzgjtgl’gg%ﬁenﬁ?)&g?%{e’é’g‘as?aﬁhgzhogﬁ’énsbuiﬁon
and 4 of aRy.MeENd] Afe AIRdrES) Ravitiag theideadivaiscrebohyceatd ddpbsitrintarvehter
fragnentati on of the SAPO 34 catal yst system The, present_inv nt.'i op
recover ed adiQxivhigh atoeliminated from the process as flue-gas via a line 23. Tine 23 will also

25 typically contain an amount of very fine catalyst particles that are removed from this flue-gas

stream prior to its release into the atmosphere utilizing various separation techniques. Flue-gas
line 23 constitutes the principal means for elimination from the circulating catalyst stream
utilized in zones 1 and 4 of any very fine particles that are produced by attrition and
fragmentation of the SAPO-34 catalyst system. The present invention recovered approximately
30 75 to 99 plus mass-% of the catalyst particles exiting MTO conversion zone 1 via line 8 for
recycle to MTO conversion zone 1 and for further use therein. This stands in sharp contrast to

the prior art schemes that utilize the wet scrubbing zone but discarded the resulting recovered
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30 75 to 99 plus mass-% of the catal yst particles exiting MO
conversion zone 1 via line 8 for recycle to MIO conversion zone 1
and for furw@eeosasswss herein. This stands in sharp contr ET/0S2005/D12e86
prior art schenes that utilize the wet scrubbing zone but discarded
the resulting recovered -15 WD 2005/105955 PCT/ US2005/012186

catal yst particles into a waste stream apparently not recogni zi ng

that these catal ys rticles  retain substantial YS! :
pronot i ng CHARS! cﬁeé %%R/I?CY 28 ATEFL FW?@ & % %ﬁc’g"%@ﬁété{%g%ﬁ%%‘] pagticles
denonst r at-Qait Reyspmakieetivivefoe bioatting thealekieedddTOaLivedsion teaction.
activity-stability 5 characteristics of an MIO catal yst-contai ni ng
SAPO- 34 when it is imrersed in an a crubbi ng solution in
accordance with the wet scrubbing SW% present invention, an
experinment was conducted in which a sanple of a typical non-zeolitic
MIO cat al ygg37pas TosddaionstR6the @raectiog vifen o1 tokerosienronshe gotinitystability

W thout the protective benefit of a layer _of_  coke deposits. |n

addi t 1%on, CBmbEeRNES SURMBD il etanaE SABOT SR BT BLRLIRETY
the 10 actyyiiids §51€t?dngh LYo REMEO IR REBv@scrdbbink Sreh bLRe pRbélt idlentidig bn
had not been SU%] ected to an aqueous _immersion step. [0038] The

conposi t i erpaimdnhwas sopiducttd imoruslea kamnle ofarigrical nongzeplitigM ThYCatalys wes
SAPO- 34, 40-nBss-% kaol | 0w 0% si 1 ca ol und | AOEhver of
The PG, SHTRARLP; e bt Pl ion 3 wih b bl inE Brofici, el Xityer o
met hodol ogykspekifsi BrhddhiohS: csiddohtidl caldlyss wentested &1 order ta baghmark the

coke-free formhad.a piece densit f 1.075 9/.cC
par (114 o SFREOFaOAT AP arRace 11 ¢ wkerteg PP Hi beBl a8 neons
been used iﬁ,glegﬁg@gt?tg_e I\/Eodconver s: on (rjeacti ons in a f: ui di ze]g
reaction zone until it had accunmul ated an u riym.ilev of 0
whi ch  corlP@bondBie compesifiars ol e %%B?%@Gﬁgc %ﬁ&ggﬁffﬁ%ﬁt Wﬁﬁgb ggﬁ%’l%‘&;&o
was then %ﬁ%h@?ﬁgs-?)fkaxﬂ bl bl 20RE-97 didda-AnHink Beided THE §AVOL 3 atdrial was

e first p

portions. ortion, hereinafter referred to as Catal

st 20 .
A was a sgmibbsizedfn tdrordokevigofiearaeglasearoyisd S da 0l THip GPDHAR o
Cat ol Yot APl Fleg bl dobty F 1 22D BlsP i aPL RIS of 3 microns

Cat al yst en an toa s nce of a water
i mer si on (gé.epicfonletes)eThibyatalystdgé besmatsediv tabyredbHA gonstsiongationhe a

condi tions_specjfied bel ow repare oke-fre d
testing i rfl"th%éedar@?‘it’\?fltz%es'frﬁ%%l aff gec ;afclquaénl e@&{iﬁb‘f‘ﬁ%ﬁg‘kgéﬁ%ﬁ‘ﬁf&‘&‘%ﬁhon of
the start id&gfeé-‘p%héédytﬁtﬁmﬁ@-l"/_@Ea&%ﬂaeéou@@E}ﬁfs_fted‘hb@a@st@%s&hgsﬁtﬁ@ed@ﬁvwwﬂe
subjected to the regeneration step desce(re%bed bel pw t o %re a

coke- f r ee metesliand thepdivided iate nestions DhedusideriqR: pereinalierd E‘ﬁﬁ%rcﬁ%’ﬁt
step ggsc [:é,b\g\%séjsgﬁgl@' of e dicBichtaol dafifyst adhBEcera i the ShelizedpiloDplat

Cat al yst jected to the regeneration step described bel ow in

order to pmitdThee seperkesF gram seuples ok Eatalysich wreestherekenandistbiesied to

the activi ste ﬁésntcg Q - elni;vgt r fnfiférsion step followed by a regeneration step conducted under the

conditions specified below to prepare a coke-free catalyst for testing in the activity-stability
test below. The second portion of the starting catalyst, hereinafter referred to as Catalyst B,

25  was subjected to the regeneration step described below to prepare a coke-free material which
was then subjected to the aqueous immersion step described below. The third portion,
hereinafter referred to as Catalyst C, was subjected to the regeneration step described below in
order to produce a coke-free catalyst which was tested directly in the activity-stability test
described below without any exposure to the aqueous immersion step in order to provide a

30  fully regenerated control catalyst for the experiment. Catalysts B and C are both control

catalysts.
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descri bed bel ow wi t hout any exposure to the aqueous i mMmersion step in
order to provide a 30 fully regenerated control catalyst for the
experi ment . wCatwiigssz B and C are both control cat al ysteeT/us1@®50¥186
2005/ 105955 PCT/ US2005/ 012156 [0039] The water inmrersion step in
this experinment subjected a 50 gram sanple of the particular

catalyst to imersion in 100 to 500 grans of distilled water at a
tenperature and a_ holding ti.me which.is specified. i.n ble 1. 4 ||
cases suf fP83%8nt Phewdfy R S{FR PP SEPBHRCTE ﬁ"gojer?lte%taus-r%a ot °Ca I<531Ira’§c/se
and wat er o diir bty t8 ihindMiod-iReG & S00neichd eflidifled watr per temgerafurdand a
i mrer sion.” [0040] The regeneration step used in_the experinent. .

subj ect ed hobding Bire wehinhria neeiigd dmT ahig L+ In all gasss enffigient HpsHiTG§Yas mptained on
i nvol vi ng - “%? 8- Q&K for SHe Rriod of

t enper aturtgégﬂ%&%g’f%}%ﬂ%%@{ et(?%lé%ﬁ;ﬁ} %gé%gipg%ec%glt}dgl yst sar?gl e was

t hen sfibj eiotneddsibm a treatnent with an air stream at coke conbustion
condi tions i.ch ipcluded a t ratuyre . 0, s
conbust i on[(}ﬁ@]i odjrgef regenehiiion S%Hn}% %ﬁpquﬁea xﬁg%é%etg%gé%fz ?% ééj%%au%]%g catalyst
renove  sulasip®tbiadhivg alep imvblvilpeexpoduee Wephg phsstrefrf@erl] toTl2dionmstikt i ng

regenerated catal ysts were then subjected to an MIQ conversion

br eakt hr ou§RPEESH® ‘Efé@pg%]c?()t E) ﬂi?a‘@%’llhg‘ eﬁlcfrté@s@é’?'&ﬁ‘ﬁf- ?Uasbl%le?t% toa
whi ch i nv%éc/? orkt QA Ak oarfl BEBke QbmbiSioh SGRINEIS htbhaatiadess temperiugs of
into a fixe ed pilot plant reactor and charging 15 ther

to a
vapor ilfed §¥8G foronoki spmbnsgion perssl alpSthourartseh Bl coers s SURicKnLioTFReYe

water (i.e, iluent. During the test, the
react or m%ubﬁ%%tgﬁgaﬁgga%%%e%%g&%re of 138 kPa (5 ESi g9), a WHSV of

2.5 hrl (bi@odt] onThe reseltiof rayetdiatedbatdiss weu theorsubjecie ‘g?@MT@fGOS)ﬁ@@Oﬂ

34 present i he ,reactar nd a reactor inl.et

(8155 ° mosReetroRg e ehed P ek ANPL sbfy st S SRith fo10ha it 10
The tes: i,@r(a_&'s bfehast nmiﬁd@ag?mmgm?ﬁﬁimm?aeemwgz?wgr mrﬂ_rcha]f[@@
oxygenates (i.e. methanol_ and/or dine et her ete . e,.

pr odud® eﬂﬂ%ﬂ%ﬂ?@aﬁ?‘?da@%ﬂslﬂgdg&&ilef W@E’%%@E%Z? B’r?sﬁ'%c\fg’f%qeﬁ “faﬂeé (e
reaction Z&Q&eﬂﬁ'gse RARREMeAOD I KB &3t, WeQbadidiavapidianatd ahargsetre of D3SkPa
poi nt of oxygenate breakt hro;lnj%gﬁl nto the effluent. stream was

measur ed i € nsig)eWEIS holi-8 hih (seemeremest mahana! shargerhprs LoyriFaas e A7 O-
h | | ' i Jorvel i ar the
toot Che rif R @RI B8 rdabioh 38R G flddihfordureldf 4537895499 kicabipuitiar

test the tude © er 1's a good reproducCi bl
measur e of péiheofantrodubtion sftvabiriet feedf Thetestparll tased wias eoatudtgduntid gagimass-%

|1 2N, SPRveLE o0 SRRl £l boRe UER) TNyIGR 18 BlechasflShuc

acti vity- st@ibhtist¥ar® bt Whieh SARGhS dobRisidnyistel &eaifip keastidmszome had duoppeditn 99

Table 1. mass-Y% of the methanol charged. This point of oxygenate breakthrough into the effluent
stream was measured in terms of hours on stream (HOS) and the number for each of the
catalyst samples is reported in Table 1. In this breakthrough test the magnitude of the HOS

25  number is a good reproducible measure of the activity-stability of the particular catalyst sample

in an MTO conversion application.

[0042] The results of a series of experiments assessing the effect of an immersion step on

the activity-stability of the SAPO-34 catalyst samples is set forth in Table 1.
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-17 WD 2005/ 105955 PCT/ US2005/ 012186 TABLE 1 Effect of Aqueous

| mersion on the Activity-Stability of SAPO 34 MIO Catal yst RUN

| MVERSI ON REGEMNERAPFON | MVERSI ON NO. CATALYST STEP STEP PLTAG26068@1241586
HOS hr 1 A Yes Yes 40,48 3.4 2 A Yes Yes 90,3 3.3 3 A Yes Yes
110,3 3.4 4 B Yes Yes 40,48* 3.1 5 C No Yes None 3.4 *Catalyst B
was regenerated prior to the immersion step so it was coke-free in
this step. 5 [0043] The activity-stab?i L)E#est results presented in

Tabl e 1 denpnsirate.the expected adveise.ge ct. of
i mrersi on step &Wtf’ﬁé‘qbeé’r”f g?ﬁ‘ﬁ’ﬁif’@ oBh Ctﬁ’ﬁ%’?%? é% &4 S%%@%ﬂgﬁgf (aplyst

Evi dence to support this is found bv comparinagthe HOS—-t-es54 f
run5(i.e.RT-(%ﬂr3 or med wi t pINEER F@W%gi%tm sed. t o
t he aqueous NOmef SAGAINED) wiSTER he | resPTEP for rlud: ZC epeh f or medP
with Catalyst B which had ho protectiive layer of cdke ddfosits 10

when subj pctdd tp aqueous | mei&son) |wher e ¥esdecr edse 89,48 8 ms34%
in HOS was racorfded. AThis| HOSYeasurle i s &esensitilve i99d3 cat or o8
relative pactigvity-stalility andrea dedrease Yds 8. 8%| coit®&Sponds 34 a
substanti e grop|in agtrvify-stahi I1tly. [0044] Quitle s4or pg+ singl y.1
runs 1, 2rand 3 @ramegical [y degpnsirjate {hgds (e gquedtne | Mier skon
st ep does ot~} i Smi EW g3 ; Olecl

A that were %& agg?e“}(f dg?g%g%bféwﬁgfﬁg ese rsﬁ%@&g‘%iﬁgs}s&% el%(e%ede aﬁﬁé .
protective | ayer of coke deposits at a |level of 6 nmass-% when it was

subj ected to the aqueous immersion step. The, | esults for the
three Ssani0ddl of Teaediwiysiahiliy feghiegpits ﬁ’f‘?\%?rft‘?fhllp_‘%hg Ir&jemonsmte the expected

activity-stahili Sn SfdBhs Hn@Siof QBPS BB peféihanbd6F an unprotected MTO
activity- s’técg‘%%s}eie%a\#e?as%d SI nr ur%OS %r Ca arl ystanC whi chpi s the

control  catailysit Exifinch tosugporhthis is fpwd by comparinedbeHOPsosulindiraie A (st ep.
Data present ed i ¢ | ‘th th
convi nci ngpeéflol 8@ E:”gtﬁt aaath;s{ Fﬁﬁé‘?@éﬂfb‘ag’f?@g ?edgt? rﬂgéq g%ﬂlss @lﬁ%ﬁ{gﬁ S(t)e ) g%.l’]:]t ©
be avoi dedresiltsfor anIAPEHBheVahdZtalysy Bt wisylshashno frotebidvedgyes ofisoke deposits

I mersion i s conducted with a cat.alyst that contains. a,pr Lve
cont o CoRBOHBDEEII AERAHEETSSPRURSTS 1 (CoBien &b rarpn HE b agrded.
of ther mal TERORHS MBasArSh seGitive Mgy DO dt@ivalayidtityt drattility and a decrease of 8.8%

corresponds to a substantive drop in activity-stability.

[0044] Quite surprisingly, runs 1, 2 and 3 dramatically demonstrate that the aqueous
immersion step does not damage the performance of the three samples of Catalyst A that were

15  tested since all of these runs Catalyst A had a protective layer of coke deposits at a level of 6
mass-% when it was subjected to the aqueous immersion step. The HOS results for the three
samples of Catalyst A clearly show that their activity-stability was equal to or comparable to
the activity-stability measured in run 5 for Catalyst C which is the control catalyst which was
not exposed to an aqueous immersion step. Data presented in Table 1 for runs 1, 2 and 3 thus

20  provide convincing evidence that the harmful effect of aqueous immersion can be avoided with
a SAPQ-34 MTO catalyst system if the aqueous immersion is conducted with a catalyst that

contains a protective coat of coke deposits.
EXAMPLE 2

[0045] In order to study the effect of thermal shock on a wet scrubbing MTO catalyst that
25  had been withdrawn from an aqueous immersion step, an experiment was conducted wherein

two 50 gram portions of Catalyst A were exposed to an aqueous immersion step conducted at a
-18 -




25 had been withdrawn from an aqueous i mersion step, an experinment
was conducted wherein tw 50 gram portions of Catal yst A were
exposed to WO 2aei@803S | nmer si on step conducted at a - 18&0MIS2005/012186
2005/ 105955 PCT/ US20051012186 tenperature of 40C for a period of 48
hours as expl ai ned above. The resulting wet scrubbing catalyst in
the case of run 6 was subjected to a thermal shock step which
essentially invplved, . .au ckly. gl ac he . | :

nasw t ndr SRRSPRSEECHEC e rdicB TR Bt AR SR R Kok acklfBne
mai nt ai nedcaAdlys 50Ge and ol AurBdrivhedubepicé ssalthermadl shodiestaporhici esSertiahyitneslved
5 These condi tions, were chos to sinulate a.wrst case scenari o, when
the cat al y&¥ickinglacipg dhe etsay catalyshtih & w&:‘@@ lﬁﬂ“hﬁ‘eé‘fl@ﬁrsfoél step 1.2
i mredi at el ,,E3RAMRH wh®nRinkisHA d 850PEr Al Uh BmbRAGHEisAR at b PedidtPof¥hBinutes.
conversion step or the regeneratjon step of the present .invention.

The t efiper Bhase eondifidns sreemetioasn tpainuiee a atory chssyenage wheptheicatabptigpt was

e mror sy ERofihl KELeckBoiad i e SRRE Yo by 1 EHRH A SRH AR, bityiion

t he r egeneinahé DTG tepetsivatstepas tidesgmilatioh §tep Echerplesent invenfionu hhe7temphrature
sanpl e of al yst A no iected to the t.hermal .s ut
was in fac&%ﬁﬁﬁé@faé&g?% all'ﬂ’g{ QQ#BSQHJ% 1Y acﬁoﬁ}?\ﬁa@% oSnObﬁcggglfi%ﬁ#gdowe

byb_t he r Sg%ﬁysﬁWaﬁﬁ%ﬁéc%ﬂ to@&_iihm@@gsiélhfslﬁfoﬂaﬁ?ﬁﬂ Bs tiefthambbdhyslt stypfotiotb@by
subj ected to the MIO conversi on breakthrough test designed t asyre
act i vilfy- sthapraeperphionperthatas dgessibp PR b 1 é‘&Fp%%E“P .Of%%irtt’?ﬁgg‘e‘yas

The result §,Qf,k8E M@ﬁbﬁﬂ%h&ﬁc%ta?%ﬁ%é@' dhadt Qubf e Bro P& BiBbinb €
| shock wth a

run with the therm i's contrasted run in which the
cat al yst wasmersion sisp fotkowed byHriegetieration sigp. Biie o5thess semples Phpatadyy weppethen

H0S nunber S iledid e MPOIBIPA:A5n Bl bR Rl désiBh hARALLE livAYrablity's

there was Ho & h erna step
acti vi t y- stvath vk esfibtdheboSAR(EB4aplebnt ai ni ng MIO cat al yst. 20 TABLE

2 Effect of Ther Shock a Wet Scrubbi ng Ml al.byst. . RUN .

| MVERSPON Eq!lé%\mf%ﬁxﬁﬁ% e R@e“%ﬁ‘%ﬂ%?sﬁ%éﬁn gﬂ%& rerein the gu with the
HCOS |STEP ﬁlﬁﬁlﬁf@ﬁocm§c(ﬁﬁna§t8dd faf-itﬁ ar@ﬁﬁﬁ&:?&@cﬁ@lyﬂﬁm&.x@%_ ﬂngfﬂj]aﬂ?jfshb&]&d. As can
catal ysts that were tested for purposes of prepari able 2.ypere

al so sent begech domplableagiHeS E'r‘lé@trﬁg’ﬁthﬁtwpé%yﬁﬁgﬁg@wsﬁ%ar&é%%hﬂiaﬂd

whet her or thﬁh%he}ém c?@ﬁﬂe E¥nat kighk fieh 3R tihe a%ﬁvgﬁgtamw o th'SAPO-34-

nor phol ogy e results of this SEM anal ysis showed t hat
appr oxi mat ednfaiding 8TO catalyst.
20 TABLE 2
Effect of Thermal Shock on a Wet Scrubbing MTO Catalyst
RUN IMMERSION THERMAL IMMERSION
NO. | CATALYST STEP SHOCK T,°Candt,hr | HOS
STEP
6 A Yes Yes 40, 48 3.4
7 A Yes No 40, 48 3.4

Both of the catalysts that were tested for purposes of preparing Table 2 were also sent out for a
scanning electron microscope check to ascertain whether or not there had been any significant
25  change in their morphology. The results of this SEM analysis showed that approximately 1 to
2% of the catalyst particles in the sample that had been exposed to thermal shock step were
fractured or cracked by this procedure. This low rate of fractionating of the SAPO-34 catalyst

particles was viewed as a result extremely favorable to the practice of the present invention.

-19-



2% of the catalyst particles in the sanple that had been exposed to
thermal shock step were fractured or cracked by this procedure. This
|l ow rate of fractionating of the SAPO 34 catal yst particles was
viewed as a result extrenely favorable to the practice of the present
invention. -19 CLAIMS: 1. A process for the catalytic conversion of
a feedstream contai ning an oxygenate to light olefins using a

fluidi zed conversion zone and a relatively expensive fluidized

catal yst containing an ELAPO nol ecul ar sieve with recovery and

recycl e ofgLmmat am nating catal yst particles fromthe product
effluent streamw thdrawn fromthe conversion zone, which process
conprises the sté&hBrogess fgythe SalEE coryetrn efedaadstieam apniainingyan

f1ui di zed w@gelaysto light dl8siusihig @ fRAHZedCRRVEEISh 9O SMEa Allatve) LRHSHsRB
conditions, effecti Ye to forma _m xture of deactivated catalys

0, , . t
particl es "WtiFreg catalyst containipg A8 FLAPEINdeansjeve uithragqvay aie re@sstofa
portion ofcohkenickting chiabeshriad oo thed@bdict bfiseht's08hhathdfamUtdnh
mxture in a vaBor-soI e se({))ar at i ng.zonrge cont afl ning at |east one
vapor - sol | §SEPAAPE: YOITRPLTGERY CHBRTRES 5 9187508 stream of deacti vat ed
catal yst parti d)esontauting theCasdtreborwithane fipidiesd citaigétlin therfluiditceeam

taini light ol efi t ed tes, H2O. oth ti
o oduct s and  ancRa PRI FRBEAL © 4p SRBA AT ARG Ed 1A TRAPEREI cor

C) passing the codeeetigitethcaalps pprtiotd ahd efcfihicesrctist peanetso a wet
scrubbi ng zone & ere| t] the effluent strea ith, a
scrubbing | i quib& lgjkg)g[égri'% gt@ﬁ%ﬁ% n%E%“oﬁg*i“? 1 Naet‘?éj(é%?]yéémﬁggs\ﬁom the
substanti al | y cat @syiting hmixbee gvevireadolidsiapestng aotadcantaigng aigbastohef i ns
and a liquid bott > LN r ' e n jnating
catal yst particl e%ﬁgﬁ%&tﬁ?\@:lg@%gﬁ}%g%l 'ﬁ%%’{.yéétf‘gf” %%Téesaﬁgf oget C{i‘%gggltq a
portion of the steasivsteprticles adéaspnveaisien zow ribguwt effiaentistreas cohtaimined

. b . H . H
in step (b) to a IfﬁgﬁieﬁﬁéhhlﬁﬁcégB?%g%ﬂgteg,h@%(,?,'cﬂhé:rqget:cﬁlﬁﬁ P%u&t@%nger

deactivated catal yst particles w an oxidizing gas streamun
oxi di zi ng condi t reiesirest Jraeunts ef qoptaiinaing catalvshwarddles, egener at ed

catal yst parti ) esasshl theswbristd 2Bhe bRABE! HIRAE bt £fa W& HHBIHgGone
bott om stream produced in sg%ﬁé%?e to step (a); d fa) assli ng at

| east a portion ofdiHgredyos EBIsat Hteam Wi %S‘Q@Pbib% iquic prder f r om

step (d) to step oMbbirg cohbBof SERETe BFomeh sivdaritirtAbRatkewhRESERd

the oxygenate is &I%a%xgo%?a?ﬁing light olefins and a liquid bottom stream containing a
mixture of the contaminating catalyst particles and the scrubbing liquid;

d) passing at feast a portion of the stream of the deactivated catalyst particles
formed in step (b) to a regeneration zone and therein contacting the
deactivated catalyst particles with an oxidizing gas stream under oxidizing
conditions effective to form a stream of regenerated catalyst particles;

e) recycling at least a portion of the liquid bottom stream produced in step {(c) to
step (a); and

f) passing at least a portion of the stream of regenerated catalyst particles from

step (d) to step (a).

2. The process as defined in claim 1 wherein the oxygenate is an oxygen-

substituted aliphatic material containing 1 to 4 carbon atoms.

3. The process as defined in claim 2 wherein the oxygen-substituted aliphatic

material is an alcohol, an ether, an aldehyde, an ketone or mixtures thereof.

-20-




substituted aliphatic material containing 1 to 4 carbon atons. 3. The
process as defined in claim2 wherein the oxygen-substituted
aliphatic material is an al cohol, an ether, an al dehyde, an ketone
or mxtures thereof. -20 4. The process as defined in claim1l wherein
t he oxygenate is nethanol or dinethylether or a mxture thereof. 5.
The process as defined in claim1l wherein the ELAPO nol ecul ar sieve
is a SAPO nol ecul ar sieve. 6. The process as defined in claim5
wherein the SAPO nol ecul ar sieve is SAPO-34 or SAPO-1 7 or mxture

thereof. 7. The, prr@c&§§esa%s@efmémﬁic;amn @k@bfe,ﬁtm\eﬁwy@n&é.Q%qeftﬁéﬁb%rzed

conver5|on zone is a fast-fluidized bed reactor System

process as digethyislgr pra E'!'%‘l‘rﬁlﬂl'efﬁ\ﬂ’ferel n at least a portion of the
liquid bottom eam fromthe wet scrubbing zone is recirculated to
Lhe.scr ubbi ng Zontha ROcess 48 SStRs e B § NBSEIhEeARD BRcBHS Sigre & a
cont am nat$ARD erflealipsstieparticles to increase in the bottom stream
9. The process as defined in claiml1l wherein at |east a portion of
the liquid bot& Ofhegtro@amas defrveriediafni 6Mhkhn ivelSARD tokichigr ioRSsi S

passed to ng.zone contai ni ng one or nore

| i qui d- sol%%g §?Ph an% 2% @1 Bet%Ed under separating conditions
i ective o ol soli etd‘%ﬁcr%% T R TR
rel ati vel yagidluidized dad rea;:ttcrresastemont ai ning scrubbing liquid wherein at

| east a portion of the underflow streamis recycled to step (a). 10.
The process as &efffiernsecdsn ag Kafinadin e &whetdireatdeaah bipioriipnlof thei liduids ed

in step (tﬁ'toh"n%tl‘@ﬁﬁieﬂ‘om li’% WeT@@ruBBHQ §r§e |§$eéilr%[|1'a{é%qo tHe s%lrtﬁ)'bmg]zoy}@ﬁ{ ein

the scrubbing liquid I's water contal ning an

al kal i ne r%ﬁ%{éﬂﬁll%t‘?ﬁ&@n%ﬁr@amﬂ ?ﬁh%éorﬁ@maw catalys hariges i increase in the
suf fi ci entpgiigmn@dbmal i ze a significant portion of any acidic

by- products of the oxygenate conversion reaction. 12. The process as

defined in claigntheWiedeeh Bs HBfneEOMERM NahRgh Qﬁé@t)ﬁﬁhmoﬂ%ﬂﬁe%ﬁ@
contai n dea t| tlngFﬁcoke dfe osits in gn anmount sufficient to revent

any subst SreARTRERY SIS f VL SEUPPING ZaRg is\PRpSPAtA &ridbidespl
exposed t (sebhnetlhryﬁbr@tdmﬁfarmﬁg o &raHore fliqeit 8plid Sapagdting %aﬁb@ﬁé@ied&ﬂ@&k

of step ( ds)eparatlng conditions effective to produce an solid-rich stream containing a relatively
rich slurry of contaminating catalyst in the scrubbing liquid and a relatively solid-lean
stream containing scrubbing liquid wherein at least a portion of the underflow stream is

recycled 1o step (a).

10. The process as defined in claim 1 wherein the scrubbing liquid used in step
{c) is water.

11. The process as defined in claim 1 wherein the scrubbing liquid used in step
(c) is water containing an alkaline reagent compatible with the catalyst in an amount
sufficient to neutralize a significant portion of any acidic by-products of the oxygenate

conversion reaction.

12. The process as defined in claim 1 wherein the contaminating catalyst
particles contain deactivating coke deposits in an amount sufficient to prevent any
substantial damage to their catalytic activity when they are exposed to the hydrothermal
shock of step (c) or the thermal shock of step (d).

21-



-21 13. The process as defined in claim1 wherein the conversion zone
product effluent streamis substantially cool ed between steps (b)
and (c). 14. The process as defined in claim1 wherein the conversion
zone product effluent streamis at a tenperature of about 3500 to
about 600C upon exit fromstep (b) and step (c) is operated to
produce a liquid bottom stream having a tenperature of about 1000 to
about 135C. 15. A process for the catal ytic conversion of a

f eedstream cont ai ni ng methanol to [light olefins using a fluidized

conversi on zongs apsd @oée%ls@&ldgﬁrl@a Iﬁé@ﬁﬁlswﬁréﬂ ﬂh'e%ﬁ\?é#s.oﬁ%xfé a@uct
contai ni ng a SAPO nol ecul ar sieve with recovery and rec

cont ani nat§ Nt BERaT Fstbpaniale peded bepematepy Guaed (1 f | uent stream
wi t hdrawn fromthe conversion zone, ~which process conprises the

steps of: a) cbhtZERALPSERS detinaddp Fim WNEFF' e CoNYATeiP: gNedHPAY st i n
the fluidi éfﬁfbnwﬂ'@anﬁ? @raxgrt@m@érammw@f a%bu@SBW% shau 6@ adigoh @R frefnfe&d iby e
to forma més.l%:t(g gag tivated g yst particles and olefinic
reaction 9 )'St?)oe %gtf’&’tr‘? & gtliapig poftoy BerMiNgHng A terResrature of
deact i vat esboopt Gl ystbquangicl.es fromthe resulting mixture in a

vapor-solid separating zone containing at |east one vapor-solid
cycl oni ¢ separti i Agrosesssr the chiafyiic aozs;terskamfm‘fedmtzinvm:eﬁung:mbmbyatto

I ff
Bont ai ni nd ot Aot IR Bed R aBRF R rousel SBherdieriretion
products daietystideniginDyE SARD motkesiar elelveawmuretcevew acdrecgee nBtdntgninating
SAPO- cont g P?rﬁggghés;@ﬁheoggoah&'e%@eppétre%ﬁb@&ﬂa%&morwfﬁ% EROMEIR AR

zone product zone “an erein
cont act i ngvii¢iepre¢dssieontprisesrtbasiens ofi a scrubbing | i qU| d under

scrubbi g oondich! giacihf el bkl iha n5hss bl heSRiRITS T oo

over head strea cont al hi ng efins and a ms ream
containing a m xeQwersgn mn@atmwarmompnwgor@aaf@pwtomrrnta oixgeahd t he

scrubbing i quid; dé@ctl%é@bé?&yﬁtpa}'t%%%tana ofé‘ﬁﬁfc'réﬁb g plddBcsl r eam of the
deacti vat ed catal yst particles formed in step 5 to a regeneration

zone and t her eit tPREHPYAh§asterorirmeeiithe agactvated edtglyst negiclasdioasthai t h

an oxidi zing gas @%ﬂlﬁﬁ@}n%ﬂsfn é)ifégsbr%bﬁtgsep%%nﬂ &br%"'&)r@c{arﬂtﬁ&ht M&stlReform
a stream of regenerated cataly BP%B‘%artIC es; recyclin | east a

portion of the bofdPSFPIERN gy W’ﬁa":,st"@ﬁor(’b% Stfe@”%? aC"Q“&’}Gd and

catalyst particles and an MTO conversion zone product effluent stream
containing light olefins, unreacted methanol, H»O, other reaction products
including DME and undesired amounts of contaminating SAPO-containing
catalyst particles;

¢) passing the MTO conversion zone product effluent stream to a wet scrubbing
zone and therein contacting the effluent stream with a scrubbing liquid under
scrubbing conditions effective to form a substantially catalyst-free overhead
stream containing light olefins and a liquid bottom stream containing a
mixture of the contaminating catalyst particles and the scrubbing liquid;

d) passing at least a portion of the stream of the deactivated catalyst particles
formed in step (b) to a regeneration zone and therein contacting the
deactivated catalyst particles with an oxidizing gas stream under oxidizing
conditions effective to form a stream of regenerated catalyst particles;

e) recycling at least a portion of the bottom stream produced in step (¢) to step
{a); and
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-22 f) passing at |east a portion of the stream of regenerated

catal yst particles from step (d) to step (a). 16. The process as
defined in claim15 wherein the SAPO nol ecul ar sieve is SAPO 34 or
SAPO- 17 or a mxture thereof. 17. The process as defined in claim 15
wherein the fluidized MO conversion zone is a fast-fluidized bed
reactor system 18. The process as defined in claim15 wherein at

| east a portion of the liquid bottomstreamfromthe wet scrubbing
zone is recircul ated to the scrubbing zone in order to allow the

concentration gf bé@m‘gcﬁme@lg’! DBbiOYoGRL atrysh op%éh&éea c%\féfisp&frﬁcf?ésefrd
the bottom stream process as defined in claim wher el n at

| east a portion oftep K o Figai %i) bott om st ream recovered fromthe wet
scrubbi ng zone ssed to a ui d-solid arating zone

cont ai ni ng one %%%%C%Sﬁaadaﬁ%‘%ﬂ? H'ag‘éﬁ%i“’g?m Rﬁ@é\?@ DpleruletevErivtler
separ at i ngsArmdiior AP0 @Cd inkeuré thepgggduce a solid-rich underfl ow
streamcontaining a relatively rich slurry of contam nating catal yst

i n the scrubbitiy THequocksand dafireal iatiainel § wheelr tie faidize8 MTEREONversion

cont ai ni ng_scr ubbi 1.0 gui d rein at least a portion of the
solid-ric Ongt'srae%%{]ﬂgd‘?%g@ f&aetf’rsyé egb (a) or to step (d). 20. The

Process as defféqeﬂue';g?_c?el $ﬁg‘d%§ne‘M§ I%MH%GJ el% eas %gor’n ggg\ﬁiﬁlgglnn

step (c) is wate rocess as derThedin ¢
t he cont arfiotiami stgaBSARD tfeow:ttacnmbbigg cateaib yatircplatedite fresscodibirgizone in

deacti vat 'cf?@e aQ 'éﬁ’omgﬁlg%hcg&tﬂaﬁorﬁ& tﬁ@B&ﬁémﬁlH{u{q &dt@%@l Ra{tﬁle@'&oelylgr%%seaﬂ%e

substanti a mage t elr catalytic activi ar e ‘exposed
to the hywtomiéieaa shock of step (¢ ) or the t her mal shock of step
(d). 22. The process as defined in claim15 wherein the MIO

conver si on zon®- Thedueress ap deplinashin sleine Abrivherei aideash e ipartioy ot beligeid

bet ween stiRRem(dkamNecdveled freddthe wet scrubbing zone is passed to a liquid-solid
separating zene containing one or more liquid-solid separating means operated under
separating conditions effective to produce a solid-rich underflow stream containing a
relatively rich slurry of contaminating catalyst in the scrubbing liquid and a relatively
solid-lean stream containing scrubbing liquid wherein at least a portion of the solid-rich

stream is recycled to step (a) or to step {d).

20. The process as defined in claim 15 wherein the scrubbing liquid used in step
(c) is water.

21. The process as defined in claim 15 wherein the contaminating SAPO-
containing catalyst particles contain deactivating coke deposits in an amount sufficient
to prevent any substantial damage to their catalytic activity when they are exposed to
the hydrothermal shock of step (¢ ) or the thermal shock of step (d).

22. The process as defined in claim 15 wherein the MTO conversion zone
product effluent stream is substantially cooled between steps (b) and (c).
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