DI RECT RETURN OF OXYGENATE RECYCLE STREAM I N CLEFI N PRODUCTI ON PROCESS
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates generally
to an Oxywenats4dss40 ef in (OTO) Process utilizing a fl uipdirasdoosnypenat e
conversion zone and a relatively expensive catal yst containing an ELAPO
nol ecul ar sieve. More particularly, the invention relates to the recycle of
unreact ed oxygenates and diolefins in a manner to avoi d undesirabl e coking

of the distributio Rilhﬁ j i [0002] A
maj or portion of t@elﬁ\%grl %ﬁ F@%@%ﬁflﬁ%%? Yf eéjsifékggg]cer ned with the
production of |ight olefi @ A uent use in the
production of nunerous inportant chem cal products via polynerization,

ol i goneri zation, al kyl ati i I 5 hem cal reactions.

Li ght ol efins include eth (ﬁggmlélcgﬁgﬂﬁm\}rﬁ%%s t hereof. These |ight
olefins are essential building blocks for the nodern petrochem cal and
chem cal[00eu]ust The presdhignven}ion redftey gemefallly td B OXyp@riags-TalGlefim (PTOFPiiceday

refining i s the steam cracking of petroleumfeeds. The art has | ong sought
a sour cetdizingra Ryidizedh axyasnalg sPRsiph gonead javelativeln expsnsiye sptapyshr aidIBing al s

that ar %glrﬁg.?leg rﬁ&eaﬁ’&%ke}@e.tpﬁregﬁ%ﬁ%r%'&ﬁtiﬂgﬁﬁiohir Q{es% feigﬁc ; L als. A

great de he prior art's as been tocuse e possibility
of usi nournsadted ey pamntesrand divdtfas iandnamerctogwerli Undestable cokirpaofahe as a pri ne
alternative fegdst ock. Oxygenates are particularly

source of. t.Be.necess%r b _ _
at t r act i YEPYLA fEEANS %‘%//t € MPihexYeende &4 SHF¥Mh such™ wi del y avai | abl e

mat eri al @ogh COAl majdRpitiidh o9aR workhniat lrdthanidal iduMAy isQURcRIRRIM URSt €
streans fromindustry and various products and by-products fromthe

agri cul tpredictionafiightyoleffhmatgrinls@hd theid subsequetanein thagrastuben ofaypgestatses from

t hese types of raw.materials.is.well established and pj.cal ly.inyvol ves the
use.of - ghwogrePigT PN Sia ot eho Dhap et kBTt we S

synt hesiselBRSowy cldmyical freddiionk 1ayN ol Feb MRS thMEHes Fiolpyleué an@maxtites kel or
cobalt catalyst followed by the well-known nethanol synthesis step using

rel ati vehsref dhessrlighs alefingiretessentipldpeldinghlecks den the yadern pefroghgraisalapd
ot S PgHaF L9 ARG T kB BINER O BB
t echni quesckifdéGtroEnm feeds. s aft hasibag souphtla sbace othepthan peuslesmifor the
catalyti nglgsls{ (J q%grl;lt}/t?ers toif ?a%v materials that are needed to supply the demand for these light |
olefin materials. A great deal of the prior art’s attention has been focused on the possibility of
using hydrocarbon oxygenates and more specifically methanol as a prime source of the
necessary alternative feedstock. Oxygenates are particularly attractive because they can be
produced from such widely available materials as coal, natural gas, recycled plastics, various
carbon waste streams from industry and various 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
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oxygenat es such as nethanol into the desired |light olefin products. These

| ight olefin products nust be available in quantities and purities such

t hat t heyweneododsnchangeabl e i ndownst ream processi ng wpCh/ush@smstses i al s
that are presently produced using petrol eum sources. Al though many
oxygenat es have been discussed in the prior art, the principal focus of the
two major routes to produce these desired light ol efins has been on

nmet hanol, conver si on techngl . Ther re two oL, tachni ques, for

conver S9SN PaFCATRPIOSFRSInE A (B8 hpatesfals (haCare presentV iepduced tME beiRIS Ul 0 sses

I s basegofies AhYuLemaRy oRyiEnie® hhvebeeiskussed th the pAbEArY, thepipad fsduen zone
cont ai ni nq a zeolitic type of cat alxst system US 4,387,263 reports on a

series oft rgenrostagite RroduehHiges eéwﬂ/ﬁglstmﬁqs@eﬁm%me@% a

ZSM 5-ty . cat e [ . NVEe i maj or
focus OchﬁY]eg&? %%g;ﬁ%%ﬂ%;f%ﬁec ogg(gEs{%é%%ﬁlcﬁggﬁ)ﬁﬁ‘&fr%ecau@gﬁ%ﬁ&gﬂnlgﬁgbi lity
of thi s oteftisi ThecfilMT&F theset M TOOprocsstesdl bisee oarmily Germin amtdAmierieah Wdrklwith

hydr ocar bon_products, produced by the ZSM5 type of catal yst m the art
soon deVelEpels cgnggéleﬁ&om%ﬂ@@s%ea li¢ BER Al Eaa@lystﬁagts@- PR 4REAE of o
non- zeol b g Iy & leé 8 expefifents it MEthendTRbAVrdbn telBhigud i 2EMLAGMTO art

is perhaps best i1llustr y reference to UOP' s extensive work i'n this
area as afepelystesysiem whereindhs predilaen bEDME wieydb isuSmejod S us 68 thewshmolozg, 308
and US 5.1?1 41 are representative. This second approach to MIO conversion
t echnol éj&?%ﬁ > primarily based on using a catal yst system conprising a

non- zeol[0604] NDOPBGEHB beth@¢®f afl BRBIIAY by thds 2BliAE MO Rd1e RNEsIdATHR abfuRO)
and nore specifically a silicoal um no hosghate nol ecul ar sieve (SAPO), with

a strongfpnddstedfad ydrocarboppoydistsdreduced by theZ Wiouiypa ef exegstaxsternths

SAPC- 34 al f . i iyl 0 i .

ol efins a\?\ﬁoﬁﬁ g&%%aﬁoﬁgg&gje@g@g%%gﬁl \ﬁgé%lé‘ghogg r‘?t§ ?éfeo\%le#lg h%%‘&\gas%(fdé%%%%ft y for
t he undassle@darcivveeabnidi mgertialghihis peanalk b1 the MTO arthie pebaps best ithkeatedbg. Thi s
ELAPO cat al yzed MIO approach is known to have at |east the fol|ow ng

advant ag}égr“r“éF i DOPs Gltensey e uskiie fls eise 88 sﬁgm‘?@w@me@% @t&n%frfje‘ﬂmﬁ%: (1)

great er r%é ,'o€§,1@§ : tgs ghbeah8hhd s 1 €01Al ard Pé?ﬁééeﬁﬂéﬁ\?e.qfhiﬁ’%wﬁd;ﬁigr&ﬁﬁwr ted;

(2) capability o irect recovery of 'pol ynmer grade ethyl ene propyl ene
wi t hout MIEE® cveeesienitgchobloghaevas pemafilebasedion dsingr gatalygssystem seppnisng on st eps

Lo Fear oL YL, AP P SR, LA AN oA AL L

gasol i nepedifidallyl #sfliedahirhiopbsphlitt floldchifr @1@0@1(58_;@@}, R heNRrong pREfERMEERE a

wei ght ratios over the range of 1.5:1 to 0.75:1 by m ni nal
SAPO species that is known as SAPO-34. This SAPO-34 material was found to have a very
high selectivity for light olefins with a methanol feedstock and consequently very low
selectivity for the undesired corresponding light paraffins and the heavier materials. This
ELAPO catalyzed MTO approach is known to have at least the following advantages relative
to the zeolitic catalyst route to light olefins: (1) greater yields of light olefins at equal
quantities of methanol converted; (2) capability of direct recovery of polymer grade ethylene
and propylene without the necessity of the use of extraordinary physical separation steps to
separate ethylene and propylene from their corresponding paraffin analogs; (3) sharply
limited production of by-products such as stabilized gasoline; (4) flexibility to adjust the
product ethylene-to-propylene weight ratios over the range of 1.5:1 to 0.75:1 by minimal
adjustment of the MTO conversion conditions; and (5) significantly less coke make in the
MTO conversion zone relative to that experienced with the zeolitic catalyst system.

[0005] For various reasons well articulated in UOP’s patents, US 6,403,854,
US 6,166,282 and US 5,744,680 (all of the teaching of which are hereby specifically
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adj ustment of the MIO conversion conditions; and (5) significantly |ess
coke make in the MIO conversion zone relative to that experienced wth the
zeol i ti c wetadeyabsesyst em [0005] For various reasons welpctarstéoswsated i n
UOP' s patents, US 6,403,854; US 6,166,282 and US 5, 744,680 (all of the
teachi ng of which are hereby specificallyincorporated by reference) the
consensus of the practitioners in this OTO or MIO art points to the use of
a fluidize ' ' f 1 ui.ch . [ . t he
or of or r At iR by AFFRAPE, B Ctfatl B e piatiiloAed if BACOPORNTOTOORAS, L1
usi ng ano EHeAROoH 4 fIoAIPLdt reationfzonailahy sithayfhiidiaed Rgenesatierl Zonaasidrest ood by
those of skill in the flui.dization ?

) rt, .the use of i.s technol ogy, gives
rise to Paelenpdeermpieral selyHpR iR F Pedlsmg of ‘Eﬁ“"_%‘é(p’é‘ﬁ&% e bR APO
effici enflonpe @%&veatafgfl\g}rr e, %lsff§w91f1-u§15@rlst{obg'§>9:ctl¥nﬁg of ity &l fi@PAddpe vapor

products of the OTO or reaction as we rom any unreacted oxygenate

mat er i alast, theiuse nfjthi htecl@PidgyrgikdB@ise dme entsstaptialzpoblenS izt dvdpomsdparttign in
practice for agcconplishi this.difficult. separat.i st i nvol ves it.s use
bt “one gradtep EGTEY sSRiRS s erinipeoBp B GARLAR BoSRE iab Broff o

i Il ust r ah€dTOLrtNMEOSRh&i 28 WeliChs Fontgh Punk 84t etBek yEBRAE ntes RIS &&irf thé hr ee
cyclonic separation neans are used to separate spent OTO or MIO cat al yst

fr om t hé' TP ed EYO epvention zener Standarf dobystry peaspee Br apronlishingithig dfégdt oprrent s
associated with th A P t al . 0| i i hs: there
e st P uhATsT R A BT ohe of RoBUESP OB A ult e e Belht ich T

at tr act iavewell D trafell ©h fHeGoRSE®ing GIKINEG 1 64,28Vivhae aseried b threklegclogi@ct or can
reduce yield and productivity of these_processes. Twg particular potential
coki ng PEPBREGTHEMRPAIHEEA toPgREIesReat O@EPeord\ﬂpff@%ﬁf%%qOé}ﬁhqudé%ﬁﬁéems t he
coking qf,.sirfaces as the result of reactive materials remaining in
stagnant zones within the reactor. A second coking problemwhich is the
subj ect [0006]hi sDespiterthé prondsing devedldypneresassociattd methythd Ehg PO onSkB@ct ed

oxygenate together with regycling of .various reaction by-products conbi ned
et ne R raites tdigh SERES e pilb P ie FPGnIBet B Rh ol ved as
descri bedyB8pRkt of AcbttinkibAly AAVETOTAdr MO pRREIeS. CHRINESE subBcd VAP US
desi gns, there have been consecutive stages of cycl ones Tor separation-of

cat al ystthpesattor taerefinenyigd edd produtfivibesfithgrgpro®essh. Bvdesttignlar potsatirdept i bl e
2t RSB RS TR S  FBothatmR BT cnes, |1
suscept iatfacdsQs hesie@ilt bff readitve ndf& i reg@irdhy &t stagnant zones within the reactor. A

second coking problem which is the subject of this invention can be the result of recycling of

unreacted oxygenate together with recycling of various reaction by-products combined with

the oxygenate feed stream. Both of these problems are resolved as described herein. A further

| problem has also been resolved. In previous designs, there have been consecutive stages of

cyclones for separation of catalyst particles from product effluent gas. Such a design is

susceptible to difficulties caused by pressure drop with the two stages of cyclones. In

addition, in the event of an unexpected surge in pressure, such a design is susceptible to a

significant loss of catalyst.
SUMMARY OF THE INVENTION

[0007] The invention is a process and the corresponding apparatus for producing light
olefins from oxygenates in an OTO reactor comprising sending an oxygenate feed stream
through a feed stream distributor into an OTO reactor, contacting the oxygenates with a

catalyst to produce a mixture comprising light olefins, unreacted oxygenate and other by-
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SUMMARY COF THE | NVENTI ON [ 0007] The invention is a process and the
correspondi ng apparatus for producing |light olefins fromoxygenates in an
OTO r eactwoO 20@n@psesi Nng sendi ng an oxygenate feed streampChnse@soarsieed
streamdi stributor into an OTO reactor, contacting the oxygenates with a
catal yst to produce a m xture conprising |light olefins, unreacted oxygenate
and ot her byproducts separ ating the unreacted oxygenate (nethanol and DVE)

and sone_djol ef |l ns Sald|l ht ol nd sai - product 5.~ a

ot ur o raoRls” paelibE e Brtrat B el (P R EONE R 585K Bl B Fom
oxygenatsgidi1§zh6 6 fin§ AMdDghbRprddess| andretubaag tHeamidaetedWxggdate (Fthe OFact or at
a point separate fromthe oxygenate feed stream [0008] O her obj ects

enbodi merrcer Her emeasiaboxiesnste iy sypbroyghehlsagoas dsnd nosile mtp she be cl ear
to some fﬂ&f&t93?%@%‘5%{5%?“‘}&?&5&%&@ dcﬂ al;;'lngl neering art from a

det ai | e exam n escrl ption of the invention as well
as the g0068jhedOdreavbjedts, exﬁRkElﬁexDESﬂE&rRa'ge@blnd]t%aﬂﬂEs GIRAV\bNGEt[i0GA8In RilG. 1

is a prqce fl ow di agram, sho t he reactor .with separat ction of

F ecycl e SPGINRINEOPREES RS E AR R L S RS Sl A
stream &Q&t%oﬁbﬁhe%om&v %%@ﬁéntt&wlmeﬁ%ﬁa& VR 11 dEncARRANR e st age
cycl ones for renoval fga | yst fines from product effluent and the purge

of stagnant zones wt h| n the react or. TERMS AND CONDI Tl ONS DEFI NI TI ONS
[0011] The fol | owi ng t ePREERRESSIHFTIONAF FHE DBAFVINGS he present

specification with the follow ng neanings: (1) a "portion” of a stream

nmeans ei an t I ol e
TRy g ST B b el b I SASEPORA AN B
conponentcyicharoxlyperitd @t@theiFTO heacsir lﬁeamhecﬁasetdajfmlse ﬂnyﬁrtbe@sttuaﬁs in adm xture
W th steaqhnthen after condensatlon of a major portion of the steam |t

corpri sd80HH aqhks sis garesesnil aY{dh%rﬁ?é?%&BlﬁlEﬁﬁeﬁﬁr@ﬁ%?ﬁeCY@Q’}‘C% r redthead”
stream r@%&ﬁh&%é@%on?ﬁ%dﬂ@ﬂ&ﬂﬁéﬁ%?Et%q)ufrée‘)&‘ stdpRamiRnLd tvﬁﬁlmzteétea@tt)t er

recycle of a ortion"'to the zone r any other reason. (3) a

"bot t ont stream means the net bottom streamfromthe specified zone
obt ai ned after recycl e GHERMY APIGONDIDIONRUDPESENEIIONS eheat i ng and/ or
reboiling and/or after any phase separation. (4) a line is "blocked-off '

when it [pﬁglt]a! nZhg {q\g’% te% Snedtitic;[nga% Beg th%grésggttspg& d};zﬁﬂ) S\letﬂ ﬁ)'lw

t hr ough l'in sen necessary cor
under st ofgHowhgindahinysi (51) SHPMOfﬂ’ oM reafiBedis ettﬁélaetn AlRuyt ;bamh@trm stusr @nteo a

zone of higher. pressure. (6)
composition as the whole stréam or a part that is obtained by eliminating a readily separable
component therefrom (e.g. if the stream contains hydrocarbons in admixture with steam, then
after condensation of a major portion of the steam, it comprises an aqueous portion and a
hydrocarbon portion). (2) an “overhead” stream means the net overhead recovered from the
specified zone after recycle of any portion to the zone for reflux or any other reason. (3) a
“bottom” stream means the net bottom stream from the specified zone obtained after recycle
of any portion for purposes of reheating and/or reboiling and/or after any phase separation.
(4) a line is “blocked-off” when it contains a valve that is set to a position that prevents flow
through the line. (5) presence of necessary compressors and/or pumps is understood when
flow is shown from a zone of relatively low pressure to a zone of higher pressure. (6)
presence of necessary heating and/or cooling means is implied when flow is shown between
zones operating at different temperatures. (7) an ingredient is “lifted” or “stripped” when it is

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

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



presence of necessary heating and/or cooling neans is inplied when flowis
shown between zones operating at different tenperatures. (7) an ingredient
is "liftesd2006/04886ni pped” when it is concentrated in thecowsehsassss r eam
wi t hdrawn fromthe specified zone. (8) a "vapor" stream neans a stream
cont ai ni ng one or rmore conponents in the gaseous state. (9) the term
“lightol efins” means ethylene, propylene and m xtures thereof. (10) The

expr essi ELAPO' ecul ar .si eve nmeans i havi « »

Ehr o aiIGHST GiAR FRirSh oA RS BB B Toe RSB BLARY £ oo

t et r ahednalkcilit sidvelmaeans g idieri Waving @ dhreé-ainRtsivnal falordPotbirs frarkBvorkere EL i s
a netal selected fromthe group consisting of silicon, ma nesi um zi nc,

iron, coWarre ofi Ak@p,PQpm Q2 tet@h?dsﬁln tunﬁsaﬁunaqtba urpsicalfered, x is the
nol e fraction of EL and is at Ieas@ is the nole fractlon of Al and
is at least 0.01 z is the nole fra tle and is at least 0.01 and x+y+z
= 1. Whewhdrt ELSs anmitaitsuleetedfrorreﬂlaIgsoupxonam@dmﬁlmohhmagmm aimliron,of the
metal mxture.present. Preferred nefals (EL) are silico
Cobal t \obHLGifHeE GHmgansRG, LB M i arS L X S 11 oG SLEL G- SAPO
mol ecul g 4Fj8Y ©. Ooﬁeﬁfkﬁhéﬂmo@—ﬁ?@oﬂ%%%@k a'i'le%!teo 9heieinp rﬁd?@fr@ﬂo%'&@ﬂh i's
silicon as described in US 4,440,871. (12) The expression "OIO' process
means a ipaolcas§. Oflcamd@dmbrenth N@mrﬁb;swgem&ue Of metalgy htrepresdnitnibe &oial ampuat

preferre nbodi ma met.hanol the. QTO cess

Pe e ocoh BT i gnb dEetRiH EPRAIELY ol Mokt e R an
oxygen- Sdﬂhkﬁ)hlﬂeu%%épéﬂldlw&feﬁrebﬂdﬁ))ﬂ@d’ Spiespiof FSARD MokeilansiBydGneant @n 10
carbon at ons 4) A reagent is "conpatible" with a catal yst system when

t he physkleAPO rla,q{@qwewrevandﬂeé%w gkl elepeniiesilices a%dessnbedclatlé?p §4H087 b (hdx

er nane 2l TI ON
O The | MAASRIEROT GO Ty oG dobéty il tohf8Rkn okt PP T
conpri sesmddne pﬁafemmﬁnbo@t@enmm thd beygeﬁatml ' methgrelahe O TIOspreogsk ayreterfedr ei n
to include al et hers arbog conpounds (e.g. al dehydes,

ket ones,tOéa%gﬂ%ﬂﬁpeocaﬁﬁ l&éemaﬂg ﬁih%tenpﬁe¥yg w%@%ﬁh@%?%éﬂ%s@é‘ﬁﬁde
pref er abliyn Y& Gritin r@i%?é nf%tﬁﬁ%@ﬁ%%%ﬁ?b%ﬂ%&nst 43)2%@ 99'?5 atonms and,

and preferably, cont al carbon atons oxygenat es
i ncl ude ‘fcompatitge’t mtglatcataulysbssasﬁmﬂnadienﬂmphyabadamhwalandl catabitic propsttiesoét ed

ot hanol (e SRR SO it A UL IERERL ot hyl el her

f or mal dehyde, di methyl ketone, acetic acid, and m xtures thereof.
DETAILED DESCRIPTION OF THE INVENTION

[0012] In the instant OTO process, the feed stream 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, and their unsaturated counterparts. Representatives of suitable oxygenate
compounds include methanol, dimethyl ether (DME), ethanol, diethyl ether, methylether,
formaldehyde, dimethyl ketone, acetic acid, and mixtures thereof.

[0013] In the OTO conversion step of the present invention, the oxygenate feedstock is
catalytically converted to hydrocarbons containing aliphatic moieties such as — but not
limited to — methane, ethane, ethylene, propane, propylene, butylene, and limited amounts
of other higher aliphatics (mainly diolefins) by contacting the feedstock with a an ELAPO-

containing catalyst. A diluent is not required but is a useful option to maintain the selectivity
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[0013] In the OTO conversion step of the present invention, the oxygenate
feedstock is catalytically converted to hydrocarbons containing aliphatic
noi et i es wochocam9sshut not [imted to- nethane, ethane, ethysensj3pnopane,
propyl ene, butylene, and limted anmounts of other higher aliphatics (rmainly
di ol efins) by contacting the feedstock with a an ELAPCcont ai ni ng cat al yst.
A diluent is not required but is a useful option to maintain the

I
and propiigtiif s Bl ot GRSl Mandb B M et S ' o1

equi prrerthlueﬁx%hcla@sdstédme eareproefdeiceitaif @yuiptheandozgar! thermvud kificiéncl @ddnitapgs t he
parti al pressure of the oxygenate reactants, thereby increasing selectivity

to ol ef iaavellRgdoweringthe pagtia prérsuw%tbﬁarwn@ts rgactants therghy| ingreging | uent
have beesgle ilfiy t%?éhlés RIS 16&@?15 lfsﬁk]%getng't%s 8T63g COE VRIS &rhllugﬁt%'vgg?en-rhe
e

preferr 'S s eam [ oxygenat e conversion ste
present diselead anB1n§ ugpfdfia rtla%JOTO(mndumbe teastiol Theairefelred dtyape mad:anf eedst ock

is cont or phase i.n a re ion zane with a ELAPO nmo Iar

si eve ciﬁéﬁﬂ Eﬁe g@&%tF\?Ban‘éﬂ(}‘éF@P Bﬁ%écPﬁ?fF’t“r IBYtey ‘%PYSEE%@Y &P

hydr Ocars}a%‘ﬁl’at fhe ®xy dg&@te%&?s%dk\i?c&rﬁéﬂ?&f iAlalWaPor PHa8S F4 Feact‘ﬂﬁi ke vxlf’lfh%f | y Space
vel ocity (VHSV) optionally, an effective anount of diluent. The OTO

step is %ltAlé@mecﬂldnr sa:Vpeatab'dt gfeffetting wovdrsion ennditionpogdedise vldingesi r ed

l'i ght ol efr roducts 819X e conversian is effectiv arried
out " overtsritafiath 4k, 3 oo E I paRtte R R R R R S B B
pressur %db@itmery @n Lffeé RSN 6f ihRnt ME’&DT@E@F P fRIGIRPABERS dfkind

MPa), the formation of i ght olefin products will be affected although the

opt i rum saRfisient toproguestitie desifed|lighbelefin peasuatsi The exiganate convergioregienises. The
preferr ‘i{feB{fﬁeif el Butbo‘%le\é‘ﬁ%&idé)r&gé‘hf;@gr ﬁcﬁlﬁ&g%%}q@s’}ﬂe%gm@tﬁps pheres

(2.0 I\/P ressur nore-pr y ran at nospheres

(101.3 tpres‘sﬁr]esbatvdeaal) 1 athespieesUo. e&Pa)eatrﬁlrlroedxtmOSﬂmefeel(m anPxheusi ve of
any diluent and refer parti al sure of the oxygenate feedstock.

h
The t enp@fat mn@fmrlt:rreﬁﬁo&gwféﬁ*ﬁh&ﬁ@ ?tﬁg plthough Jhscopiinaurs gpeEpksf d’r‘i"‘g{%p may
vary oveg;j %o\rrlgesraﬁgsgﬁ)rﬁteﬁ%ﬁ%&gmeétThleg,ﬂéfené%m@ésh}e ls%w%éeﬁ @ﬁ%}ﬁ@%@%&ﬂp@

nmol ecul ar si eve catal yst. In general step can be con at an
ef f ect i (60 6edpparak 20 &Irrioephnece;r(ZS‘HﬂPa)a dhepaRMre D ﬂrﬁo]re preferhidy oanggdroam ¢ to

conver si n st ntion, it i er.red th t .t he ELAPO
Cota ver Dumoeheds (103 R FERTE oa)e P o B axaed R afe iRl T ally ol y ot s
have a Sdiﬁ%ﬁ%ulr@ﬂerwtﬁ@paﬁwpﬂa@ruee &th&@i)? cBate FeclstocR URtRt Bipbtury wiidhf or My
si zed and shaped pore wth an effective dianeter of |ess than 5 angstrons.

Sui t abl emeybe¢melpyedin tho ppydesate ganRIS@Ostep may vary over a wide range depending, at
least in part, on the selected ELAPO molecular sieve catalyst. In general, the OTO step can

be conducted at an effective temperature between 350° and 600°C.

[0015] In the oxygenate conversion step of the present invention, it is preferred that the
ELAPO catalysts have relatively small pores. Preferably, the small pore catalysts have a
substantially uniform pore structure, e.g., substantially uniformly sized and shaped pore with
an effective diameter of less than 5 angstroms. Suitable catalyst may comprise an ELAPO
molecular sieve and a matrix material. 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 described in US 4,440,871; US 5,126,308 and US 5,191,141 (all of
which are hereby specifically incorporated by reference). Especially preferred SAPOs include
the SAPO-34 and SAPO-17 structures with SAPO-34 being most preferred.
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silica-al um na-zirconias, alum nophosphates, m xtures of these and the
li ke. | fclamst silisaspalvminag) silicacalyminap, silikermagngsies, slicatzénconias, silicattboriase

i ncl uded.n t he. cat.al yst i&ion, nmpl.ecul arsi.eves preferably
conpri s%llicgtbg r’@&gp}éﬁ%%ﬁ??ﬁ%gﬁg&paﬁ%rgg? é@)‘%}yassmb%a éﬁ%ﬂ)%ar gent laanadmélt‘}% | nore

pr ef er aldhpsphate, Pk toes 6£these dnd thelRe. Of mhftix th&bddls GONPEIGHér 2ad/or Tilller
preparation of sqlid partjcles conprising ELAPO catal yst and matrix,

mat er | alBatealaare ingladeddy the satalygsgmppsitiediemoleshiar sigvrs rigferablonesmprisa 1t he
Spray dr}é'9§§>e eﬁt e plREAR] 316 00 :;B%%erh% sAf nfirS pHISEH 'ﬂo%%téﬁkéen{‘% el n.
ring t 8 2 carbonaceo

[ 0017] & ‘oxygenat e’ conversi on reactions, us raterial,
i.e., cakassof thedetabsorhpubitom. The preatmtiys bf sohidgrartaiesuwempefsing EICAPO catlst % and
1.5 tp 9 -% . The carbonaceous deposit materi has t he

more co nl S |
ef f ect 3117‘39%%% W&rwﬁéngﬁ‘ﬁﬁ@?e%ﬂzwaﬁ Iyoaventiongland;wel lﬁéﬁ%scﬁr%x yst

whi ch t hgyebyrahlehbRidB et hebe Abcusf i ABMANSIAN. During the OTO
conversion Step a portion of the coked catalyst is withdrawn fromthe OTO

reacti on09bHe aburipgdimeakygonate c@yersimmacaaions,tasqarhineceus matgial. dggwekatied

wth an é)e)égg?eg%%%g éa%l?sq in an amount of 1 to 20 mass-% and more commonly 1.5 to 9
mass-%. The carbonaceous deposit material has the effect of reducing the number of
available active sites on the catalyst which thereby affects the extent of the conversion.
During the OTO conversion step a portion 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 carbonaceous material and
returned to the oxygenate conversion reaction zone. During regeneration, there can be
additional oxidation of sulfur and in some instances nitrogen compounds along with the
removal of any contaminant metal materials from the catalyst. Regeneration conditions can
be varied moreover depending upon the type of ELAPO catalyst used and the type of
contaminant material present upon the catalyst prior to its regeneration. See US 4,873,390 for

additional information on oxidation regeneration techniques for ELAPO catalysts.
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particles are continuously transporte tween~a reaction zone an
r egener ataaion zomethay drel adntiked @ifDthesmygerce feod strednein ar anadriwhéch i t h t he

oxygenate feed streamin an annu iC S conyeni ent asured in terns
ot S WS apeasH e B AEh VRV salbul sl e Brstpt e ot RlLie of
the nmass,fahe kY BEME MRS 6PGHPBhe RASRAH passell ﬁ?tmg%}’l%@ioﬁ%ﬂ@ﬁl%s HIH)US any
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st reans aheriodzeensie arthydragsdopireactratsairarea @ahefqedtor prcaslerstreams dlrveiedfba)

conver si zed ersign zone
associ attgdmv%ngst%t{’%\gﬁ f esceartl"%Li?&l?\r/eeSre\'%“gﬁh ch rSIPPgﬂ?eO%g%,O@bBSCHP Wi th
best resflidisedidtthé @qtd) YérivBisiont 2@e aeseglateafmeh ﬁetpﬂeséi& iRvention BeS tane ﬁ@hi ce

W th re\?qoect to O reactor configuration is a fluidized bed catal yst

system w1 B HOhshwith besyresalts pltamed wikynsthe sangsiof §- dardOiteth. Bestyprastise stithed. A
d | (¥
goo exgr@yggt t? O Pede R cé‘ﬁﬁgtfr?tﬁ}(%]% g."ﬂu% SRl RE g);s?erm W e[’é%ti—f?}m&@@d’m in

US 6, 16 e t eachi ngs patent -are€ speci
i ncor porrajatat syetemi beutgypar&ﬂémﬂmm)‘errel{hA@od exahpla gﬁ aprioyar &s&ﬂdidﬁz’ed (E1[0)

details such as the preferr ficial el f or prope

oper at | JRSHT FRETGTE R GG B gRenh el e Bl ol wioaRs phnd 8¢ sHeBaY ¢ hat
the Zsanﬂﬁ'b@rafed'h@f‘e‘ﬁ{ eréfél%ﬁcéﬁ" T%s@té’a@lﬂﬁﬁ@ﬁro%@@ §@$lt139&1%‘3&m shéh dsltRe dr aw ng
t hree stages of Sé)or-so id catal yst separation. A though In some cases

cover ed myfetrhé supssficaltvapen ealedigyrfonpropereperation oethet(hE@e:osverglea zown Ioie

Psor bR BB R R Ths 2R Pt eFomei B R Feoplr SPRFLLS iR e

react i ondrawiigUhiee Stap@26N vapodictidhatatiRel sdparatieghA BhciighiiR WbaE cé’JeETSO\?eﬂed W
separation vessel 22 which provides a cyclonic separation action due to the

t angent i the inglastimyprftongtt Ieant enermfitase stages qeadedocsiedin asaparateshgevassel e
particl st s-[ath% is %oWat%ﬁ%% riser zone 26 wherein the mixture of ELAPO catalyst

particles and OTO reaction product stream is discharged through distributor arms 24 into a
separation vessel 22 which provides a cyclonic separation action due to the tangential
discharge of this mixture of reaction products and catalyst particles. The second stage 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 the ‘282 patent the resulting vaporous product -
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vapor-solid separation illustrated in the drawing of this '282 patent is
the first cyclone 20 wherein a m xture of fluidized catal yst particles and
reacti on woedesmissssss shown as being separated i nto an overfusewswapes stream
and a down flow ng catal yst particle stream The third stage of the
separation is shown in the drawing of the '282 patent by the operation of

cl osed-coupl e cycl one separating neans 2 1 which receives as input the

fl froF ' - ! d
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Despite this three stage separation oggrati on provided by the preferred
f ast - f | UPefiaseutilized in ap Od6hwastanzong of By type shewn i ghe ‘382 paent the Pradeet t i ng
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48 still contains significant quantities o conversion catal yst.
Dependi nprespandimgax &l tb [0uli mhhsseol vaith & ovodk typeakvdlirabeing 6.006 itd 0.98 dhassr%aof OTO

reaction,zone, of the type sh in the '282 patent the product effl uent
Gt r oam PR RHCIHER PO ALFo e uesities DLe T ane OB s A Bunt
corr espaReidiés dpPedt-10 be RitdshallTARS, (pMhdi oRerTRAEa biRiffeaht V& MRhORIAT - 015
to 0.05 nmass-% of this product effluent stream t hough these quantities

of ef f| uxpensteriladPQaialygt sxstem (relatipely ekpdnsive apmeant to be badatiyeito sheszealitic  t hey

cat al yato it braleende i B8 e S Mk R ArElind df e tieot b FNHER P O
zeol i ti ccaciystpysitles bthe FBoduidedtilacnt£obarh gbfe risa@o pLilstandial eed!Ter 4 MRtHpEESENCE
of these contami nating catalyst particles in the product effluent stream

gi ve ri separating andyeeqisty of the satalytie valye of thesgietflyentcopapunating cardyst ecovery of
t he cat aéa)‘tﬁ]d'lgs.val ue of these effluent contam nating catal yst particles.
[0019] | as been found advant ageous to have a single stage of cyclones

wi t hi n t[6819]eacitdras beasfolindadvaatagemartahevesa siggle ssgagé cyflomey ctithie the
downst r eam of th?ﬁ‘r&fzactor to capture_.ca st duri ngﬂ,l sets, A separate

ca aly
vessel , TR YS! il asRaraic sisels spagg of svfctl%rt?ﬁgewwgfé@}? © BrGIPT REPPR8 NSt r eam
of the T&af@turifl ARUUALsehItdURREI it famd ibalin GORLEIRS Gk akYS spart i cl es

is sent out’si de the reactor vessel to the reactor surge vessel. Wthin
t he reactrovidsdidgensiregmalf tha wagbongl producigéluspt Storaesthaiorontanseatel y s parsicles he

catal yst. particles fromthe effluent. The reacto ffluyent is sent out the
Cope o RN YR B P FPireecl S ofsB \Ehet Ebin R teab e SR &% o1

further f¢oiagrStdsd cydibiesdot $pufitioh bathekRatmlyjsepatitlesRyRahbEffligat. The tdieme

cycl ones can now be recycled to the nmain reactor. If desired, the catal yst

can be Hdfldentis gnteutahs/iops pbihsesyclpags andtthanrput the top of the reactor surge vessel for
further processing. The catalyst that has been removed by use of these cyclones can now be

recycled to the main reactor. If desired, the catalyst can be held in a catalyst hopper for return
to the reactor as necessary. In addition to the removal of the catalyst by the cyclones, some 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.

[0020] The starting point for the present invention in an MTO embodiment is a MTO
conversion step which utilizes methanol as the principal source of the oxygenate reactant.

The preferred ELAPO molecular sieve is a silicoaluminophosphate SAPO system, which has
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to the reactor as necessary. In addition to the renoval of the catal yst by
the cycl ones, sone of the catalyst particles will drop out of the effluent
gas wi t hiwot2bes/ouessat or surge vessel before entering thepcyasensss7sfpong t he
advant ages of having the second stage of cyclones separated fromthe first
stage cyclones in the reactor, the diplegs of the second stage cycl ones
have | ess pressure drop to overcone than if they mnuld be in imediate

series t hi arre react.or._ v addi ti.on ng the secqgnd stage
of cyol ot edafed Aok B RurEIt spestie et it (hE ok kAR o' b
i ncr easeﬁi\mmuamterfsr VEQ EHvesidiCie atINFIghpiticting. TheBARD-DymeRstlat sisveze and
the process is operated at maxi num capacity. [0020] The starting p0| nt for

the pres@nte uwleaﬁ@mw My bhmird veithhd Binderrandfog ﬁélew@ fosmed de shrpss &Ishwpi ch

utilizes, a | source of the oxygenate reactant. The
prefer red WEE% HS F&rmsdﬁgggg?s a silicoal um nophosphat e SAPO system

whi ch hgebrdn eS’haﬁhrdsiechﬁ@ reation zongudimg € 8APORK caggstiis bperatey at al
structures., The nost, b ef erred SAPO ct for, M er. ion is a
SAPO 34 Opiiiens sunchrinalaaais bt rsa: o @ o1 TEE itk °Fdy be
m xed wibh s, el?ﬁ%’wﬁ t@g%f@(sfm {efo0ame) TRE Hﬁ%ﬁ@ﬁ&d%ﬂﬁ%ﬁﬁ&dﬁvé@mn step

extrudates; pil eres, and the i ke. [0021] The fluidized MIO reaction
zone usrmgfpapaﬂzxml@%mczﬂlﬁ&to i1 80k @0 dol 143 poarwidtprefasblyrpmh 70ne Bédle a

t enper at 3 0C (662.t0 th.t rre ge bein
450 to #@@%Q@%BS‘%% ’(‘taﬁtﬁtmep?%% ‘?ﬂ)gta\fl}\tse‘?ﬁ“ﬂf {E’e CE@F}' ’605%%&?'& on st gp
i's typi cakdsMrednin tdhi@is bRRYRHSY chizlakdd MO bKﬁ’@ofa?ﬁlaEﬂlolﬂ@ fRSA fake 8Nle sum
preferably from 170 to 345 kPa (24.7 to 50 psia). The contact time of the

r eact antef thg mnssmféhfcmeﬁmy@ltreacéarts passadiid thy sopagsipm zeue s oty etheHsv

g?l fﬁgatré%ﬁ nat«% rr%gctgﬁt? DIes gxgt ift t%ﬁf%?d Q}?l‘léégr%%e%%sraﬂh %n Lyéhjagarﬁ IF}l’lg erltaﬂe Mass

reac passe conver sl n Zone any ot her

oxygenat redeftutic it Sivitle $§Nhe masstdfahd SAHOB4 meryalhesistd Rasemnt ﬁmie MIFO
hydr ocarbon naterials resent therein divided by the nass of the SAPO 34
mol ecul a§ONEFIEPE Zppe JERB Vi i Prrénm%@]mvsrsm 2R 8ssonasd Widh thgdeesent t he Mro

conver si 190erﬁ8ﬁ%aﬁ§a?%8 'ﬁ%h?é'l e \Wt}‘? ot rﬁé(ﬁ@tob&ﬁheﬁa% t}ﬁé%lﬁ%e & (Pﬂlcp- 1to

100 hr 1 est res o talne in the range of 0.5
Si nce t hzo MO Simevtbe MT cmremmomacts)nss stoorggly esxentiodrinéc, risignificat pmirferatanat

mper 2l LG Ll ook actocs the MOt cpetion sonecpigibneri |y of
system gieexigienal 208t alnystiuiizes MR kQBtok @&ﬁe&%@@é}n&ﬂwaﬂﬁa@ﬁma@d the
regenerator will be set at a mninmumlevel desi red to hold
rate between the reactor and the regenerator will be set at a minimum level desired to hold
average coke on the total circulating inventory of the preferred SAPO-34 catalyst entering the
MTO conversion zone in a range of 1 to 20 mass-% of the active SAPO-34 ingredient in the
catalyst and, more preferably, in the range of 1.5 to 9 mass-%.
[0022] The regeneration step associated with the MTO conversion step as explained
previously will ordinarily use one of the established oxidative techniques for removing the
necessary amount of coke from the catalyst prior to recirculation to the conversion zone. The
primary factor that will establish the circulation rate between the conversion zone and the
regeneration zone is the equilibrium value of coke on catalyst that it is desired to maintain in
order to obtain the desired conversion level. SAPO-34 based catalyst systems run quite
successfully at conversion levels of 95% or higher and result in a coke made of 0.6 to 10.4
mass-% of methanol equivalent and more typically 2 to 5 mass-% of methanol equivalent.
[0023] In the practice of the present invention, there is a production separation section of

the apparatus. Reference is made to US 6,459,009, incorporated herein in its entirety.

-10 -



average coke on the total circulating inventory of the preferred SAPO 34
catal yst entering the MIO conversion zone in a range of 1 to 20 nass- % of
the acti WeoSAR@4884i ngredi ent in the catal yst and, norepprafsesiahbmisin the
range of 1.5 to 9 nmass-% [0022] The regeneration step associated with the
MIO conversion step as explained previously will ordinarily use one of the
est abl i shed oxi dative techniques for renoving the necessary anount of coke
fromthe~catalys rior to recirc thon.te t C er si Qn. The
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production separation section of .the apparatus. Reference is_ nmade tq US
B! 455 00Sh FDglegor Se e reonSied unieeCBR i Rlsigte chuin Povbren SO bl
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met hane, depropani zéer section for renoval of Eropane, deet hani zer for
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renoval qoke depratiethaneveniupll natederstwithpthe flovoaf thefegd sireant thravghetbised
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oxygenatéed $orsi Widleyirdbetolealepb B AThOdibhidufi@egris isreaned Aane&tom dfiet O

inmpurities such as diolefins within the recovered unreacted oxygenate

stream eectprandiseriss todiprericihe facd strease intgitha MilRlrepesipngrong. Inghe practieedt i on

zone thr I; he . it s that

event ualtﬁgggﬁ%rlﬂégp {el%l{ 1%%% ﬁgﬁ f"%glgv% g‘?ﬂ{t%%g eté)%gllécj% {r?lgg?ﬁ%? (raoru‘g(ﬁgféﬁi S

di st ri buinrexctegraxggenblesean diteefly tsthamehctdh eoner theuigh wezzle etk or mjdcéibnal s may
d even fo coke .deposits. istribution grid

pol ynmerize a rrm updesi r abl The.
i's |oca_tt@§esatﬁa&aﬁ%prt9&d€6% AIREPSELISOHSC h HISEPYRE NOBZ B IS 05 BIEHIENT eed
stream i (b hbEMI: SiffiicaRCAARE in e BR (RAAEKE 8o FRETRE §3R e gas

invention, it has been found advantageous to send the recycled recovered
unr eact dibwxlgewatle igdets ®amjelitioadtbep aten3 tohecman dianwterzAheght pressugchsteaya ot e

inlets or,injection.tubes that are provi ded for that rpose. The .use, of
the- sepdltiraan gy bg intiriieed B0 Iroetly ets Sirdb® priienald TGV o6 prepPiRtbe

cl eani ngwith tHeltackor@idhtifiklAg teepatd 8ROSd the protiesy. 1ta1a8 bééd fduhdCodidferddlpw. The
nozzle inlets or |nt1hgct|on tubes are 3 to 6 cmin dianeter. A high pressure

st eam orsigplseto ¢jean these noazie inlets dustead af shejting down ha reagten andscleaging the s

purpose I%th 8% é%?npq&?i%g@ hisﬁhﬁﬂon grid. In the preferred embodiment of the invention, the
individual nozzles have extensions that extend into the fluidized catalyst bed. External
valving is provided to allow cleaning through any means known to one skilled in the art, such
as blasting, drilling or reaming of the nozzle extensions in the event that they should be
become clogged. An alternative to recycling the unreacted oxygenates with the diolefins
(which are difficult to separate) would be to discard these materials, reducing the product
yield by 1-2%. Since each percent increase in yield impacts upon profitability, this solution to
the problem of coking the main distributor grid is highly desirable.
[0024] Undesirable coking of the catalyst can be caused by by-products being formed
from gases remaining for additional time in stagnant areas. An inert purge gas is introduced
into sections of the reactor that tend to have stagnant gas. This inert gas may be nitrogen, or

preferably is the methane waste product of the demethanizer which removes methane from
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with the reactor continuing to operate during the process. It has been
found considerably sinpler to clean these nozzle inlets instead of shutting
down t he weactsanossnd cl eani ng the nuch nore conpl ex feegcaivstsoshstsion gri d.
In the preferred enbodi ment of the invention, the individual nozzl es have
extensions that extend into the fluidized catal yst bed. External valving is
provided to aIIOM/cIeaning through any neans known to one skilled in the
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woul d be to discard these materials, reducing the product yield by 1-2%
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invention. [0026] The attached drawings illustrate the instant invention
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r el evantprb@uctdi@ 1ipessie @mowmmaﬁmgmactbﬁz Sepfa¢lf6in faed stedahLRIMTHs R¥{dle ng t he
top of reactor. 2 to be sent to a product separatl on zone (not shown). A
recycl e %qeae&r%oéygwgﬁgéﬂ%bwrmtswhw ddreparated frama psodust sireamnl Gintadr i ng
react or om feed stream 1. This recycle stream of oxygenates
and by- p‘% %(%%s&flﬁp{ |6(r)1e 5 is separated froma product stream 10 in an
[0027] Oxygenate stripper 6 operates to strip any unreacted oxygenates such as methanol,

DME and diolefins from the aqueous streams charged thereto and to produce a relatively pure
water stream which is withdrawn from the bottom of the stripping zone via a line 7 and is
available for further use in the process if for example it is desired to use an aqueous diluent in
the operation of the reaction zone within reactor 2. Such diolefins, even in trace amounts,
have been found to be the cause of significant degrees of undesired polymerization and
fouling. Oxygenate stripper 6 is operated at oxygenate stripping conditions effective to
produce an overhead vapor stream which exits oxygenate stripper 6 via a line 8 and
comprises a significant portion of the net unreacted oxygenates recovered from the effluent
stream and it can be recycled via line 5 which enters reactor 2 through nozzles or injection
tubes that are 3 to 6 cm in diameter in order to enhance the conversion of oxygenates without
fouling of the feed distributor from diolefin polymerization and fouling.

[0028] In FIG. 2 is shown reactor 2 with feed stream 1 again entering the bottom of the

reactor. A purge stream 12 is shown entering the reactor at a port 13. Within the reactor is a
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oxygenate stripper 6. [0027] Oxygenate stripper 6 operates to strip any
unreact ed oxygenates such as nethanol, DVE and diolefins fromthe aqueous
streans olhengewsdsser et o and to produce a rel atively purecratsesosssrsesm whi ch
is withdrawn fromthe bottomof the stripping zone via aline 7 and is

avai lable for further use in the process if for exanple it is desired to
use an aqueous diluent in the operation of the reaction zone within reactor
2. Such 4iolefin in_trace anmount haye, been, found. to.be th ause
of o gnittpiaui SeppEXER ekt EERy TN GirarfS: S5t SRS Fr e hifstna o
st ri pperpaftidié wigtih #icSstoaiict @y ge Rérhevedtbyl tARI e stapRdytlopd itBfthesdtalya t o
produce an overhead vapor stream which exits ox&:}genate,stri pper 6 via a
line 8 dwesinpapvn guethe laveipart ofthe regefor prshthepradyst gastgoing theavgha liwyddnat es
recover . I > I | i ne 5 which
ot or s reget N BHE Brac) HE Rivil BRI B el onh e R R P8 M B '
di anet erremnvarodigte dacal st fi@ncehe pheiucosireems Tha cablysofuliefiamabe eyddreuindfcanl i ng
of the feed distribytor fromdjolefin polynerization and fouling. [0028] In
FIG 2 i% S8 ar%aé%imrhoep%%h‘f_ %%algitﬁ%%w%%s wnéﬂm&hﬁgregw%&t om of
the reacige 22 AndHidfedid BaRatRr tFoSIPMINEN. @ftf&ﬁal”] thd ERAVR rma?tbealﬂeﬁﬁ{etd 13.
Wthin the reactor is afirst stage cyclone 14 to separate catalyst fromthe
product degstly Wribe neactori Thesotydlones aet mbiedirogly tdfedrebstowstvapoer-solid cpelodigct gas
are renmoved b is first stage cyclaone with t catal yst passing down into
t he IO\A/éslﬁp%?;itﬁ‘%/n'Eﬁ%ePﬁoéfu?é%aétl%?egﬂﬁé’x‘flﬁghlﬁ}l%\ﬂbﬁﬁf’e gés goi ng through a line 28
to a regod2gn surpnue s eéactiOatb@yatilgstaiart @eSdnd ViR FabildCpro@ias gt | on neans
18 for further renoval of the catalyst fromthe product stream The

cat al ystformagd ig the pastonh d hismixswre trawels vpithedses sesitied of thegeacionlzgne ansognser  20.
Th ' i t] 2 and
et ur nedeaE h 3o TARY P Pg SeRharl i g SASARERN  AAnt U0 ) b

r et ur necadilysepartiylet and & eomessidrofone Prekiet eflabitsasadcontainigg hfnatfinsy ef err ed
to as vapor-sqlid cycl oni6 separatjon. The prodyct gas is seen exiting

t hr ough Wreacied oxggeratsspldp O potheniengstiongrodnstsand \padesired ampupisiof saptamaagiag ang
ol efini ] r L i ! 3t : els
D he 1 e T ey Lo B
vapor - sakadios epag aff the reaoey alpyond ciubopacsducma@rish soasrthedbutdearfacy af thd

cat al yst a conversion zone effl uent stream contai ning

[ Tant ol GAPRLPRHRES A5 LG GRG0 sabatac B PR Ry B4R BA P BIAPY. and

e A BIEMI A S A L O B o s o
have their activity restored in associated catalyst regeneration zone 22. The spent catalyst
passes through an outlet 19 to a line 21 and then to regeneration zone 22. These carbonaceous
deposits are commonly referred to as “coke” and are customarily removed by an oxidation
procedure. A catalyst stream then is returned to the reaction zone. At least a portion of the
deactivated catalyst material recovered from the cyclonic separation means are stripped of
volatile hydrocarbons and passed via a line 23 to regeneration zone 22 wherein at least a
significant portion of the carbonaceous deposits are oxidatively removed with resulting
production of a stream of regenerated catalyst particles which flow via line 24 back to the
reaction zone for further use in converting feed stream 1. A relatively small proportion
(usually less than 1%) of the catalyst returned to the regeneration zone passes through line 24.
Despite the use of one or more vapor-solid cyclonic separation means in the reaction zone to
scrub the catalyst particles from the product effluent stream there is in actual practice still a

significant amount of catalyst particles that are present in the product effluent stream. It has

been found effective to locate further cyclonic separation means 18 for further removal of the
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reaction zone of the reactor, a |layer of carbonaceous material coats the
outer surface of the catalyst particles and this |ayer of carbonaceous
deposi t s wotsodiasséeact i vate the catal yst particles at | eastustovsparntisto the
extent that at |least a portion of these catalyst particles nust have their
activity restored in associated catal yst regeneration zone 22. The spent
cat al yst passes through an outlet 19 to a line 2 1 and then to regeneration
zone 22. r C ' fer t . "coke" and
e cusi SRR Pt Pien BORGRRYRodiERRLR Bk AINER ek Rahd AR RIS en

i s ret urbeatcdveredy o @rath wez tovated Alpstkeadsdf the dowhstesandionipiesstbmattdngat ed
catal yst_material recovered fromthe cyclonic separation neans are stripped
of vol atTheslegieg of contppinatign af B@gwcv?tﬁuwt| strgam by these caglyisepatticleh zone 22
wherein Qg § i b [ ' re

ot dat 1 v o 1 BN RE8ED: POBE KAl o SRR IRE BRILTO A BIEIEE 4! oo
cat al ystsupstartiat kesceni contihliogrcathlyst losseflr@4 thacakalys inveatory det cipculatenia dndr

furth ' ting. feed st . | atj vel | | t
Cosuar 1 yhiogeh e d RO Siopaahe iy i 2 s W Asdorl et R B ab Lo 0
passes t[pozyygh Fbmrg&ehes PE&RIpk&eht1BveH$iBn Olve BRErAH usOR i?légl;i’d cyibred of Yl oni c

separation neans in the reaction zone to scrub the cata particles from
t he prodwdrocg¢lpnescar this appdisrticveingigvs of theigetfici¢ncyrand ré¢latevedy law capitgl apdi f i cant

amount of I rticl t hat,.ar. tesent .in the prqaduct eff] uent
tream PeeRng ot Y o Pulatl (B PSR achd el Chlta ke Brdbglf et on
means 1&pbh¢atibns ifedally anmyadle. of t hecatal yst particles fromthe product

ef fl uent stream These contam nating catal yst particles can be recovered by
a quench tower |ocated upstream of the downstream conpressi on neans. The
degree of contam nation of the product effluent stream by these catal yst
particles corresponds to 0.01 to 0.1 nmass-% of the effluent product stream
and therefore represents a substantial source of continuing catal yst |oss
fromthe catal yst inventory that circulates in and through the MIO
conversion zone in reactor 2 and the associ ated catal yst regenerati on zone.
[ 0030] For purposes of the present invention, we prefer to use liquid-solid
cycl ones or hydrocyclones for this application in view of their efficiency
and relatively |low capital and operating costs but any other suitable

| i quid-solid separating neans can be used for their applications if locally
avail able. CLAIMS: 1. A process for producing light ol efins from oxygenates
in an OTO reactor conprising: a) sending an oxygenate feed streamthrough a
feed streamdistributor into an OTO
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reactor, contacting said oxygenates with a catalyst to produce a m xture
conprising light olefins, diolefins. unreacted oxygenate and ot her

by- pr oducwe 2006al4pbisng; b) separating said unreacted oxygematseooangr4ds ol ef i ns
fromsaid |ight olefins and said by-products; and c) returning said
unreact ed oxygenate and diolefins to said OTO reactor wherein said
unreact ed oxygenate and diolefins enters said OTO reactor separate from
sai d oxy RAYE. feed stream 2. The process of claim1l wherein said
unreact ed oxygenate and diolefins enter said OTO reactor through a nozzle
inlet or injection tube. 3. The process of claim2 wherein said nozzle

i nl et or injdct Agmotashforipredwming laghe blefinofrofh dxygénaten indn OT@ rgactmeess of
claiml, 2 or.3 wherein follow ng deposition of coke within said feed
means, SEP'E¢¥Re deposits are renpved to allow continued entrance of said

unreact ed oxy§endiithoAithxdighdd fddd sirfin® i ugh {FEEN SEAH Hstributorntb GRO D

systemin whi Ch oxygenates are converted to light olefins conprising: a) an
oxygen-t o- ol ef i reagtoacotacing sawdoxyggnates with asatabshiodiredudelmumintur¢ 3) f or

sendi ng an oxygenate .fe stream. nt.0_said actor: Db) a separator (6) to
separate unr eacf%lapr&%%gé@tog%ﬁg%oge&%ﬁewnﬁ?g{egI%W?”ﬁ}e dioélﬁqr%grpé?ﬁ?%gs, and c)
an inlet neans {ntR)dinddto said reactor separate fromsaid feed stream '

di stribution wherein said unreacted oxygenates_and diolefins return to said
reactor. 6. Mesqpéé?émérsa@m@meéfoxww?% apd i elinsremgisaidilight elefiangnd said
conprises a nozg%_grdg&ggt an injection tube. 7. The reactor system of
claimb5 wherein I'd nozzle inlet or injection tube has a diameter of 3 to
6 cm ¢) returning said unreacted oxygenate and diolefins to said OTO reactor wherein said

unreacted oxygenate and diolefins enters said OTO reactor separate from said
oxygenate feed stream.

2. The process of claim 1 wherein said unreacted oxygenate and diolefins enter said
OTO reactor through a nozzle inlet or injection tube.

3. The process of claim 2 wherein said nozzle inlet or injection tube has a diameter
of 3to 6 cm.

4. The process of claim 1, 2 or 3 wherein following deposition of coke within said
feed means, said coke deposits are removed to allow continued entrance of said unreacted
oxygenate and diolefins into said OTO reactor.

5. A reactor system in which oxygenates are converted to light olefins comprising:

a) an oxygen-to-olefin reactor (2) having a feed stream distributor (3) for sending an

oxygenate feed stream into said reactor;

b) a separator (6) to separate unreacted oxygenates and diolefins from said light

olefins; and
- ¢) aninlet means (13) into said reactor separate from said feed stream distribution
wherein said unreacted oxygenates and diolefins return to said reactor.

6. The reactor system of claim 5 wherein said inlet means comprises a nozzle inlet or
an injection tube.

7. The reactor system of claim 5 wherein said nozzle inlet or injection tube has a

diameter of 3 to 6 cm.
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