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[0004] The catalysts used to promote the conversion of oxygenates to olefins
are molecular sieve catalysts. Because ethylene and propylene are the most
sought after products of such a reaction, research has focused on what catalysts
are most selective to ethylene and/or propylene, and on methods for increasing the
life and selectivity of the catalysts to ethylene and/or propylene.

[0005]  The conversion of oxygenates to olefins in a hydrocarbon conversion
apbaratus (HCA) generates and deposits carbonaceous material (coke) on the
molecular sieve catalysts used to catalyze the conversion process. Excessive

accumulation of these carbonaceous deposits will interfere with the catalyst's



nol ecul ar sieve catal ysts, the oxygenate to olefin
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reactors or reaction units, and a regenerator for

converting an at least partially deactivated catalyst
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reducing the number of regeneration units and/or stripping units implemented

therein. By reducing the number of regeneration units and/or stripping units, the
costs associated with manufacturing and operating the multiple reactor system can
be significantly reduced.

[0010]  In one embodiment, the invention provides a reactor system including
a plurality of hydrocarbon conversion apparatuses (HCA’s), e.g., reactors or
reaction units, and a regenerator for converting an at least partially deactivated

catalyst to a regenerated catalyst. The reactor system also includes a first conduit



t he regenerator, and a second conduit system for
transferring the regenerated catalyst fromthe
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olefins in a methanol to olefin reactor system. The method includes contacting in
a first reaction unit a first oxygenate with a first catalyst under conditions effective
to convert at least a portion of the first oxygenate to a first olefin and at least
partially deactivating the first catalyst to form a deactivated first catalyst. The
method also includes contacting in a second reaction unit a second oxygenate with

a second catalyst under conditions effective to convert at least a portion of the

second oxygenate to a second olefin and at least partially deactivating the second
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conversion system also includes a regenerator for regenerating the catalyst, and

first and second catalyst outlet lines, each of the outlet lines having a first end into
which a catalyst can be fed from the first and second pluralities of riser reactors,
respectively, and a second end through which the catalyst can enter the

regenerator. The system also provides first and second catalyst return lines, each
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catal yst can be fed fromthe regenerator and a second
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second pluralities of riser reactors, respectively.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 presents a partial cross sectional view of a hydrocarbon

conversion apparatus of the present invention.

[0018] Figure 2 presents a partial cross sectional view of another embodiment
of the hydrocarbon conversion apparatus of the present invention.

[0019] Figure 3 presents a partial cross sectional view of yet another

embodiment of the hydrocarbon conversion apparatus of the present invention.
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view of still another enbodi nent of the hydrocarbon
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Figure 5 presents cross sectional views of

representative arrangenents _and configurations of the

riser reactors and catalyst'?éturns. [0022] Figure 6

presents a partial cross-sectional view of two
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oxygenate feed to light olefins. At this point, the catalyst is partially deactivated.
When a catalyst can no longer convert the hydrocarbon to the desired product, the
catalyst is considered to be fully deactivated.

[0026] In accordance with the present invention, catalyst is withdrawn from a
plurality of hydrocarbon conversion apparatuses (HCA’s), e.g., reactors or
reaction units, and is directed to at least one regeneration unit. Preferably, at least
one of the HCA’s is a methanol to olefin (MTO) conversion apparatus. The

catalyst is partially, if not fully, regenerated in the at least one regeneration
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carbonaceous deposits are at least partially renoved
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also provides for a reduction in number of regeneration systems for a reactor
system having reactors that produce different products from one another, but
which use the same or very similar catalysts.

[0029] In one embodiment, the invention provides a reactor system including
a plurality of HCA’s and a regenerator for converting an at least partially
deactivated catalyst to a regenerated catalyst. The reactor system also includes a

first conduit system for transferring the at least partially deactivated catalyst from



WO e@a®sBseT i ng

WO 2004/ 031327 PCT/ US2003/ 016073 -8 the reactor units
to the regenerator, and a second conduit system for
the regenerated catal yst from t P€I/US2003/016073
regenerator to the plurality of reactor units. The
first conduit systemopti onagl y includes a first
stripping unit for stripping®fhe at |east partially
deactivated catalyst with a first stripping medi um
Ahs osactdnenits tosthe repandtttiot, Byl atsecondmbhdunatysien filttadefsrring
stri ppi ng | east

cond nit for stripping
pf§f~‘ fegsperpied SaiEbR pBdhe EReangretor 59 th pﬁﬂé&& ShtPagtor ppity nbe
t
e R E Bl B AR AT AL R S AISPEE o
| ldestiphatially deactivatsd catalysseith adirgtstrippmgigedining e‘\lscb rthqaﬁm

| east art|aII eact.i ted sts

b B Deticnallg TS e o it Fof SRR B R feast
' ﬁarﬁall)!ﬂﬁaﬁth\mt&f SakaA RSt WiBALIeRbnd :Etﬁﬁﬁ% nledivaA 0TH@§econd
enbodi'nment, the invention provid a reactor system

csinpplng nwgwan ¢anr bt the eame pooer d;ffﬁnen@?ﬁmﬁhfsﬁwg staippingsnedium.
It i ser act.ors,. and

Ol SRl REnL B Boin e 1o REPROY REEHAER

Vhedl it fremGapardfe rédi€orfunitst OABdr SREOFRthE RAClor OPretbiAblp is a

has a first end into which a catalyst can be fed and

angKipbEseE RRACEly ough whi ch the catalyst can exit the

r i on t

L Rl S S gt

r egmpmmg a frst wattlicet umaminl:msrwﬁm plhredmny bf nieer henetong and a
| ura of first Jine ends conmuni cilté on

vieernd seadtioBaptFoRtsnga %eﬁeidrﬁlpeilwa#alsgeeaﬁfarﬁa jeiygach

gk the ﬁrs%'élﬁ’d ScoffRAkdd MEts8Ra %’f@t QARG MY WhH &talyst can be
regeneration inlet. Areturn line is also provided

hediang asedond snd ﬂeouglnwmu thencatalxﬂt darcethiha |r@eevtlpm unii The

t he tre%, a}t on dout et, a.sec retur "

di el ﬁ%“ba 79 Psfudss; FsEsher ?Or{‘ﬁé aat‘%ﬁ %/%etge’%%a‘i%lem’f@ pada
I RgeddrAibnlitles, aRd 8l répehtatich hed wvm@ﬂluﬁuhltyesf fiRRglige ends in
second portion of the catalyst to second reaction

Ui, comumqatl% Biithhe gecopd @&Stqf & fypt andeseeeiidanegedion units

Cc h t

SO bR B g3 SRl LR o
Hezdyvided gavmg ] ﬁmitremnnemdrm dlmid ammmiitatidnowith thgeogmatation
and, recircul ation ck tot

e HCA at rate of, from
odtc] et iy Sh Prd BEecting p G EOTIORALIRG ¢V S 16 the g

t {elBifon B aiPsthirddefid &R dirdchif Qec%n& %CAlOtnl IR dtfyst to
total feed rate of oxygenates to the These rates

plbe sedond reactipre uaist al yst cont ai ni ng nol ecul ar si eve
non-reactive so

onl an i ne¢l ud
PBd1,7 " P R018 5 neion B AR bE PG Snd ol T o
s&lyl diBer mAt@fAY Qthfak BdeRefiliesd dtol isre@BeNEl fadth @ActEHCGA, e.g.,
recircul ati on back to the HCA wil |
reactor or reaction unit, for regeneration and recirculation back to the HCA ata
rate of from 0.1 times to 10 times, more desirably from 0.2 to 5 times, and most
desirably from 0.3 to 3 times the total feed rate of oxygenates to the HCA. These
rates pertain to the catalyst containing molecular sieve only, and do not include
non-reactive solids. The rate of total solids, i.e., catalyst and non-reactive solids,

removed from the HCA for regeneration and recirculation back to the HCA will
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in direct proportion to the content of non-reactive
wa@odouaszen the total solids. [0032] Desirabl ypCT/i82003/016073

catal yst regeneration is carried out in one or nore

regenerating units or regenerators in the presence of

a gas conprising oxygen or -9t her oxidants. Exanples

of ot her oxi dants i nclude, but. are not necessarily

! &aﬁl} fele fafes if 'd Zﬁ'o&%tlorpt% ,thtShteidP noMedactie®soliie othe

mxturest Air and air diluted with
motaﬂs@tds or CO2 are desired regeneration gases. The

OB | SR Be b e B00 r Ba RE YR Hph g finore
eregéﬁekéiﬂlghﬁﬁts §Pfétg§nér£\torst1h¢h d}@)@ﬁéﬂl@é of ®pas c'BhQ)rISﬁtgaixygén or
can al so be regenerated ctively wth hydroge

nothenmadantst Brpehplegend othed Oé@aw@ qumwt@ée nQhege iy
S bRELC RS, R0 ST, N AN Bt A

CRTH iNdined wiB Kitrape ot @ﬂlalaﬁe dasrre@ragemdfwammt gases. t Her exyfen
Conti nuous catal yst regeneration desi.red netho
Ceancpii it e cenbersfuncdis rORRRI L € BB e haghne
ated
FEPL AR Spdif AR Satfatly TsRalihl iR besegenerate
cﬁetiabtys&ly with Bgdidogdh enistatres of Sty drogge red earbanmpoeride, &r othst
shoul d bcef from250C to 750C, and desirably from 500C

t tag YSERERASES t he regeneration reaction preferably

t Pl agR cAfalyit ELAIREEAH ReLRING FREDRE ¥f MEWBOEY - batch,
i?IKB]%Cto 1g%C hi gﬁgéf tean tze oxygenat e

C owntmueluso aemleamttmuws pr a pembiastiondbeisof CemspLowus catalygt

t gq%lgq[ré‘tleﬁﬁé %&g%lge} %e @ ef)a§1 %1}% eﬁc!a%/a%st §%e§?dggalt@d to a level
OBEreffainTRE oleatdth Y501 Wt%lt@ r1ss Wis6ahed peotteblyalidry 0.01 tché

regenerati on g{)arat uses can be used to renove sone
hé&%aﬁf@mwe@t@ hgloptedyshfter it has been withdrawn

he 0
¢ LOBULYS, IR R ARRE RIS ARe SMARE B BOm 250G 10
c 380°C, nd cbesaablgrfpm #H00P@ taMTDBIE. | Bechnsmthé B@ehgrgtien repefion
the te re of the catal drawn fr oC
| BESeie s Blnce 8 LR cpideriny BRERLR & ¢ 857G o150

ein{JRef, tl?aﬁ’irfﬁe g%h&@ cBifiverditn fRdEd Dt is HEErabRAE BEG1 Ak ldaﬁt a
appar at us, ot h. Wen the regenerat ed cat al yst

f porhcmlmétheaggﬂmaatd ol hen dawer tersperaturg brfere it is seidack to

grttagciribr r_(grll C(gr&g%glcr t% ytchootijerg oc?@i eQ%gx{r‘]alll o ?Ié:trgg&egltlon
t RBpAiahds)ah bé asddab RemeEe si)hfbﬁhehﬂfrat\nahé catalpstadter ihahbeen

the feed, the separation zone to_contact products _of
t rethidessin GemAbersepRarEianGIPPERISEY hWWhen the regenerated catalyst is

cooled, it is desirable to cool it to a temperature which is from 65°C higher to the

temperature of the catalyst withdrawn from the reactor. This cooled catalyst is
then returned to either some portion of the reactor, the regeneration apparatus, or
both. When the regenerated catalyst from the regeneration apparatus is returned
to the reactor, it can be returned to any portion of the reactor. For example, the
catalyst can be returned to the catalyst containment area to await contact with the

feed, the separation zone to contact products of the feed or a combination of both.
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Desirably, catalyst regeneration is carried out after

w0 b@4@s13beast partially deactivated catal yst PEBEURB®OBI016073
stripped of nost of the readily renovabl e organic
materials (organics), e.g., Bydr ocarbons, in a
stripper or stripping chambd®- This stri ppi ng can be
achi eved by passing a stripping nedium e.g., a
sf0033]pi negiashlpvatalyst Rgesqativin is atiiel St afterale &llexepLdally
tenperature. Gases suitable for stripping include

cactjated Garakysd has brenistiraPed PEBISt ofdhateadily raymovable organic
1 xt . i .
DSRS0 St R B R BLEL AR Bt s
\atiiippieg ofn lgeshicved by pmingfahmlip}a'{lg mzegmgg gcg),ka?trip;ﬁing bes over
0.1 h- , "l .
Aot R S R et b et sfsrig BiRRerp iR inclnde
88, nit?dg@n,d@e?ihhg Blabn #eMA0RE) L P RP&oghD gﬁ@hﬁ)t@tﬁ%eg

alternative enbo |.rreni of the i'hvention s ane
fthereplordvipreferresl gsiinstedm. Gasrhourbnsplace veloditf (GHS WiM@sed on

EAGhEDLRR) oS JRHRPERd BS5LEER sPGPE ol 11
cat 20,00t h UndedeptabRy Winbbafifesd @i diveark Froe® %67¢ tAY50°C,
least a portion of the first oxygenate to a first
ondfdepirabhipiram feAEttopeXCal |y deactivating the first

t ' ' t he .
SO, (SR SRR IR I bon SRR e e

wiéfinsdn aenahdhol axylghn MEOMrédetor sgaaandhe atethodsihcludeer
condi tions effective to convert at least a portiaon of

.

t9QBIACHRS IR I45sY Fratiiner it Hrsk@ssnats Ma; miitsheptalystiuader
> rate” _ f
gt%am_ahé aff%c@k%é@& édéﬁ%ft raqe%;;t%_ p%ggcgﬂs’f Jﬁé‘h?slt X)?%g:é%ﬁt? g ;ﬁ&a

eactl vate secqn cat a eactiva
cdefa st at dendt phetidlyi deatiditing tlonfirsteatay stso famea déactedtedifirst

to regeneration.unit and ate regenerated.to form

Bibiney THERER R 4P atdoden ek RGERGH R tangmt ¥ dtona
rxgeaRiaiRHE aGadonli atalyst Sndék EQfdi@shstePfebi® thidoftert at least a
reaction unit, and a second portion of the

rrogécrerithe second axyasnateite a geooad pledintandah leastpadindly

r ' [ T ctl vat It st { L
RS W b Db fe il SRy, oo
fdenativatesitfirbtpyatahyst wmd deadtickeed sseond tatalpst o feeddde at o
renmove interstitial hydrocarpbons from _the deactivated

fIPgIETatign ypif apd atg regerierdind tgdop rapsheaicd saighaisc 4t BIsy st

;. t 1 } i . i
SERS ol gEnaies s, ORISR, oy

rseeandeportiinerishé tegaheritpd catelysts ondirdetavinto tthesedemt teh statnaihit.

cond catalyst.. ,Alternatively, t deactivated .
3RO Bl et BRAPRYY ESphue p Sy RG R T ediim ina s
%trlipgi&{ig; 0t udRd botBitidhsteb@citverts berfidvd iﬁ&irs{iﬂiapll@ﬂfdroéjaﬁ’gcﬁ{s from

con ons effective to renove interstitia

theidenctyaserhBrst ety sth lste dlet dengtieatiedssseonrticataly s loptionally
contacts a second stripping medium in a second stripping unit under conditions
effective to remove interstitial hydrocarbons from the deactivated second catalyst.
Alternatively, the deactivated second catalyst optionally contacts the first stripping
medium in the first stripping unit under conditions effective to remove interstitial

hydrocarbons from the deactivated second catalyst.
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enbodi nent of the invention provides a hydrocarbon

W@ oinmBsR2DN system conprising first and secondPCT/US2003/016073

pluralities of riser reactors, each of the riser
reactors having a first end jnto which a catal yst can
be fed and a second end tHrI&Ugh whi ch the catal yst
can exit the riser reactor. The hydrocarbon

CROYH' Si AhoShs ERBLHRGINY8EEe IivestionpidvaRe ahgidoairbby st
retention zones provided to contaln_catal yst which

cepnvpisionasysten qomprisinegdirstand ssewdurplitiesfirisgr wactpisseach of
|

R REOERY 4l A IAERAL GOCTHERENY oo

t &gl thﬁmghl viedidihie @btalylecahiexd thearichr s@ctnd The hyddocarbes of

RS AR AR My B RO R AR R
pgdﬁ%ﬁ‘ ¢ slo\rvhﬁlcnj cﬁ?ﬁé fegrfo B firegdl LOHAGARIUS! ﬁ%s’ef‘re‘é&@rs

first and-secon uralities of riser reactors. First
aredpestieapd Acddttmlnyﬂy, thesystensinaludesifissb apd wonﬂasbpamtlon ZOones

f ] ui dg{% ? g‘r:unl ca (fs @?S‘Eﬁf Vé{dyﬁgcémﬁqaﬁgew rrgsler gaﬁ%tors

S@)&&{Hj r&RLAIVEBS tHees'éﬁﬁﬁﬂl&ﬂz&l@i‘B&n% pRSRRALtD Y€l aYate fHeatalyst
hyd rocarbon conversi on system al'so includes a

r ﬁgmnmém(s) ol rleaetgmmrrlaaq‘tlﬁlgs endueiad #1 Yhetlirstgngd seqopd st
t t
Pl RS0t G AP PR peebRe S R oy i BisP By m

f ggidfcogiidietioh betwerf thesRe P setatidalebhration %ne@,l ®Bectively,

reactors, respectivel %/ and a second end thr OLnyH

whiidthe ik aeéﬁ%gopé catglyfit 1stenEpn £ones, TeaRpeHEs!st ofhe hydgocarbon

S L r.
YOEMA SRel ] faEfucks & ReRiflod RE IR MR coldBisl e

| fitso ahsecbndcataly st opslet lises, dach dEthefouten ltrtee haviegefigstahdinto

FRETE TR e
RIPGLLIYCING a ie@gﬁcﬂnd\(ﬁ}ou%fi QHh&H the BhaRisn&mtentdr thhe

|nv nti on provides a catalyst regenerator system
cmgpmrston glle m@anésapm@niez birss apdsecond P@t@b’ﬁfrrgﬁﬁlm lipgs, each

artia t ata
; 8§tilﬁ Lot 18],?5 b@%lfl ﬁt&:g? ngt&xv ich aoé{a%ly ?.fed frct>m the
- f plgBh@atoL BRNLEctbad eﬁ(ﬂﬂl@h}gﬁtwhlal thlewamlyst yarpénteraheaﬁgss tind
inlets for receiving the at |east partially
deesend phwraiics of HpgFdeackerpAPweiElal ity of reactor
a
QB nfe BpoRe bRbodikoR pr O AdElontbyifla [l |
ofegfeﬁaetbﬁ Bystemi,tcomphisiigra pgénrtipazenofor zcomtestlrtgaem ap ek y
?w ded for contact.i ng t he . at ast l

dBaEpl dactvesd sglyst With ea%eg%rﬁﬁl?sbmﬁgl
C bﬁhlets for receivin,

PO R form Bl L TR 8 Sy b bl Sy pogiving
oﬂte a¢ idasichantéaily, deabtévaitaivatalyso froinsa pluredith ofiregior units, and a

s eaﬁ%y a{, caqugtaot ?le‘yssfor delivering the regenerated catalyst to the plurality

of reactor units. A stripping zone or zones optionally is prov1ded for contacting

S

the at least partially deactivated catalyst with a stripping medium under conditions
effective to remove interstitial hydrocarbons from the deactivated catalyst.
[0039] In one embodiment, the invention is a method for regenerating catalyst

comprising receiving an at least partially deactivated catalyst from a plurality of



conprising receiving an at |east partially deactivated
catalyst froma plurality of WO 2004/031327
w3003/ 016073 -12 nultiple riser reacti oPCT/OB1083/016073
heating the catal yst under conditions effective to
convert the at |east parti alllzy deactivated catal yst to
a regenerated catal yst, and ““directing the regenerated
catalyst to the plurality of nultiple riser reaction
unittiple rifed SzhOliorAngitsh Reatiagitloocandndt vaflertdoaditionesldctine to
provi des a_hydrocarbon _conversion system cqonprjsing a
pToBv el ﬁ}%ﬁt deast pasballygdpaghiyaied © %ﬁ%t%rftge%ﬁﬁsg catalygt, gnd
PAitcBhd the B erelR&T cartﬁgﬁ‘? tggfht% (g)h?rgﬂlty%tf nluﬁtl?glﬁ &% eaction its.

regenerati on unit cou t he react units.
n0fr ofAnodee inbodinrent ef the inyentivreprovidana hipdroparbitver  of

regeneration units. Optionpally, this enbodi nent al so
Yl St eetiorine T offeartibn indD SR bt tpripng a
raelityosF kRl Factod) 8h@htedshEndWeBBiRIattin WfPGupRA 14 fHelrSaction
I's greater than the nunber of stripping units.

Qptiisohld nymbar toif scagtitodiiteep ereates thaprtosnumpberaf régsaeration

one,.C I ool e Qu dto the reaction.units,.
Jivc iy, GE o fRRL A Bividls ol A7 bhe Mtk i,

t d@pRUNY ee redctivatudlty, Sihee€in ey umted 0 ddactioh @igtif 8feater than

enbodi pment_ of the present invention, a plurality. of

Hepnambernf seinpieg enitsg Opjignalbaihis smbpdiment plsp prpvides at least
R ' Pt
iRt oSl pouBR8 10 theTRichof upltl et e REAEHGF Rcrjop
amgisnggreater thge e minitsen of yghlesncodleiss enbodi nent i s
particul arl ffegtive where the catalysts . ,
i@‘bf“elmsn  rlqtheriobogiipens Bgt}}‘?y’a?sé’éfa‘%%ﬁloéow@]é‘f%%Hf HCA's
PloPESRR R yRrdAfbons ?d@ﬂ@fen?bf@dh&ﬁ,lé;]@!oﬁer@ b g iR CA s

hydr ocar bon "conversi on processes. one particularly
prredecingdifierdnd giodpeis fmnpthe ogier HCAS, is heuph@itosa singe MTO
conversi on__.apparat uses.. t.i onal | a.first MQ

coR B g R Bh A Eim i T by BEci Rt

f dakB¥stLinipltratged Or the ORYO RN dRIcAlbIE lcoh@irdiOn prodesskd 418 the
ratio may_be different froma second

eI a8 FEDias forr b difEent iy diosathpn gpeieesiony pracesseso ld ORFO
Y&ﬁaﬁhf;&e%‘%ﬁ% ldﬁimeﬂﬂ%?% r&i 'oEﬁ‘{e MQ’ CeR‘FWé - BfVersion
ppar at may produce no 11y thyl'ene whiTe a secon
MpBaasee r Sptivnal ppefiat M Oreghvprsidtiapamngtday be designed to
R
| RebRAL 86m3QYEd étﬂﬁeﬁla!ifébﬁ%ﬁfenéﬁﬁ‘b ioiréexjs?@éd W&&%&P@%

to a single regeneration systemva For exanp
tdeavgsiesapparptugeihina fustddT Oewnyasionwpparatul meg préduge ,

Ry PS5 B e Fhcied Aoy
rResylede hitksughhd M T &dneeinapparatuses share a common
regeneration system.

[0042] As indicated above, the number of HCA’s that are coupled to a single
regeneration system varies. For example, the present invention provides for two,
three, four, five, six, seven, eight, nine, ten or more HCA’s in fluid
communication with a lesser number of regeneration systems. Preferably, a

plurality of HCA’s are in fluid communication with a single regeneration system.



plurality of HCA's are in fluid comunication with a
singl e regeneration system WD 2004/031327

WEAAOB3003/ 016073 -13 [0043] As used herei n, PCT/US2003/016073
"regeneration systenf neans one or nore regeneration
units, one or nore strippi Qq3u_nits, and/ or one or nore
catal yst coolers for cooling™ the catalyst prior to
recycling the regenerated catalyst to the HCA's. The
"[9@%3& ner gtsiugtd bersinefregangtation sy stomi’ nhnclers: oranére wsgeneration

uits or lines.coupling, these units, e.qg., the |
RS Bredcup b RO i 5 Bk s el cooling
aheléaalybthiRios 8 Akyding thORehdsd chaddd thé BEes. 6The
illustrates one enbodi nent of an integrated

r ERpSRERHER systensy entiompllyyinelidas variatis sonditsed lis@0goupling these
' i f th
TERECETEE HEA, ROSERIPRE) PR e 08 anBlERERor s cpitys

coolet@d to a plurality of HCA' s 602A, 602B. Although
FhmeGonlyi,llustratestV\@ HCA's in fluid )

d ni cHigUEN0 Wustateneng srelaskimenipf ap getngretediregenesption m
G0Qeml l i i nt.ear at )

Jeem Pkl o BB 05 Secobdfp} MG U8 ehibedimen gftoe
wir¢shntaduértioon dlhe HEAgrated asgedémtios Systeralbod & cofpled foun,

t he HCA 2 0 are substantially simlar or .
RHEAES STGR S0P Rr S5 o fiaGiahaligire ot ishstatas o HCA's in
diuid esreunt i i e; in

e e R T ot S SRR Db it o
embedinenis thy isteghite fegavsttivnlksy880As aB8Bfliis cohmwmication

j t f h _of th ' , 2
PR Bk a0 BlenfT o e neBer . aFRr S002AdER
aayibbtantisllyesihed dri@ertioalGamye .t AREmhOASY, (Re A @R Of

feedstock to product. An HCA product effluent

th AN ) )
é‘ff?eéﬁffﬁ fepmm cpch athgswds shewvaiim Biguret.9e pae ambedimenh eachdfCA

' Sis: f f [ r.om
058 A BEuE R RS LIS Ol o
eaiedugthe hotiom ¢fieath oSthe YA’ s[(0RASHOTMelnthe TS s ahe t he
GBOSPrR b S i E IS onlig® SUridivace epmvs8 flsagie roson
bEheTeRIsRIcRGPIMual AFBEN %:Béllﬁét o cht SRRA &8s gﬂ%\)ﬁ{eyﬁ

fromthe desired product. east a portion o
exitiaL i separatipre pongs oficachv ther BEAEa cFheHEAducteffluent lines

j r atal yst. can .include partially deactivated,
Hohr SR A iR P 1R mobtaed ey eru gt ot
gleoWwgi ni ng substantially no carbonaceous deposits.

0046] Wth continuing reference to Figure 6, at |east
048kt i ohhegirogqse ok the antggratedreganeration B¢ 660 oAl n6bE

biSsclbb A AR debiOUgR sg}%ﬂgt%nt zond o% tihg ?ﬁilg’(s) %@éfer%géz%t least

partially separate catalyst from the desired product. At least a portion of the

catalyst is then withdrawn from each HCA. The withdrawn catalyst can include
partially deactivated, fully deactivated and/or activated catalysts, e.g., containing
substantially no carbonaceous deposits.

[0046] With continuing reference to Figure 6, at least a portion of the catalyst
from the HCA’s 602A, 602B is withdrawn through conduits or lines 604A, 604B.
The lines 604A, 604B optionally include one or more flow control devices 606A,
606B. Each flow control device 606A, 606B can be of any type of flow control



The |ines 604A, 604B optionally include one or nore
fl ow control devices 606A, 606B. Each flow control
wa@leoitos13606A, 606B can be of any type of fl ow PONUSIIN3/016073
WD 2004/ 031327 PCT/ US2003/ 016073 -14 device currently
inuse in the art to control, catalyst flow through the
catal yst transfer |ines. 08Ul non-1initi ng exanpl es
of flow control devices include ball valves, plug
vizlvice suannklwin whe itvhe\aetsto cBtedlenablsy flotwvhkropglegehtalyst
i nvepti.on includes  one or nore rippers or, strippin
e B, U@é@@onw@ﬁgwmmewéﬁwc ,trcééewcemuﬂ%@agﬂ
[ . [ Q8RBnti
ol AR R O TS B R i P
HOA 0s NEHR Atripp&6 2B strippuligueds 608 A.0008Be A shopmiindfiguné 6seach

S@é@l hﬁg %3 %g@é{%ﬁ%&%{ﬂﬁ@ﬁﬁ%@& g %@gf s ag slt E?Sro i ng

neoAM  WitideSRd@ment 1 callyst RBNHe Pnﬁélﬁy bPHeUI 6024,
l'i nes 632A, 632B, under conditions effective to renove

£02Bj is directed fsothe istippl unite 688 4011885 , Indheystyipping unit, the at

[ st.itial hydrocarbons.. fromthe catal yst...Th

JFF bl Brarty A E AR g R b RleBiih hishiesg the
Ghvippigl 0ditsBrotighl 1inePsI2N BBLY, BaRs EsndifiviR alctdRao #émove at
nmore flow caontrol devices 612A, 612B. St rltﬁggr of f gas

deasba pRrtpnaA thesagmics 6/gp intsTstgal hverecerhonpi fram theciatalyst.
[+ . . ' . t '
MR RERPAR o AtGR AR PURTR naBEDB AP, |
arptiodaliyepdsest through dne ononrdtbwiedirad dodusto 10AL bLERL Stripper
ST 1 o B oA b b
tdng delitibte £0Ahet, 8328e 1y F-the §tﬂFﬁiB§ uRRPEHSL | 0RBZRARES

t her eof , erein entrained catalyst can be separated
faptionallyearp dordeted td andtdembafegrish sroductregiludnStadin die In an

RTINS RO
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being received therein. A regenerating nedi
pegsneratioh ynli#d 4 b Beerusotheregenertion uolt 644 rakives eatalyst from a

provi.de the regeneration unit .614 thraugh |ine

S enr st Chedbe Ghrto e leab g AppediS be
q&gall thah coiventibitil FQQBARNG AR iH Bkder WNAREMERIAItthO BSger
effective to at_least partially regenerate the

volume of catalyst being received therein. A regenerating medium, which
preferably has been compressed, such as air is provided to the regeneration unit
614 through lines 628. The regenerating medium contacts the stripped catalyst in
the regeneration unit under conditions effective to at least partially regenerate the
stripped catalyst. Regenerator offgas line 638 removes byproducts of the
regeneration process, €.g., N, CO,, and CO, from the regeneration unit 614.

After the catalyst has been regenerated, it is withdrawn from regeneration unit 614



stripped catal yst. Regenerator offgas |ine 638 renpves
byproducts of the regeneration process, e.g., N2,

w@®4/03n3d7 CO, fromthe regeneration unit 614. PET/EE20051016073

cat al yst has been regenerated, it is withdraw from
regeneration unit 614 WO 208[%/ 031327 PCT/ US2003/ 016073
-15 via catalyst outlet line~616 and optionally passes
through a flow control device 618. At dividing point
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TReiEdes i dgiek 6244, HB. e §Esh epHionSf therflooleg catalyst
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F ure 7 illustrates another enbodi ment of the pr esent
ednsiadipw gprdrad daviea 64t Asst4Brionscatiollingzthe flgwolf chiahsts

itﬁergl}nrect ed to a single stripping unit 702 and a

singl'e catal yst cooler 716. Specifically, at |east

fed49)al | Pigdest iliugmitesanotias ahpblinent of hb Graem hvdmbh he
s 602 d 60 B \(i a Iine§ .704A and 704B. Each of
YHICERAD FRIR §t upliy of iG A ds diseqtedin acirgle striptiagived
a A : I
e
saﬁabiselssmthdp@vmijomrtht HIDY s 683A ahd)ﬁDQB miaHirgs 764 A and Me4B.

Hash §P e tiies aBlioAmy b Rdis i il HE R0 &E gy anes
FOLARRH 7048 Rhdry 1%t 1%%1%4@%&%%&1%% HEMCA’s to

gnot illustrated), lines A and 704B are conbine
I dngle siripging Lmete7<§)21 iAssshoivh én Fignre Bdlcatdeashpartisldybi ned

SRR IR B 20 S B s
clndtagiifg anis 702.PHo WeverEidiadtheMbihbdtiRBAEnSt 1l0&rated), lines
704 A and 704B are combined into a single feed line which introduces the
combined catalyst stream from the HCA’s into stripping unit 702. Once in the
stripping unit 702, the catalyst contacts a stripping medium, which enters the
stripping unit through line 712, under conditions effective to remove interstitial
hydrocarbons therefrom. Stripper offgas stream 714 comprising the stripping
medium, light hydrocarbons and desirable product, exits the top of the stripping

unit 702 and optionally is directed to and combined with product effluent stream



stripping unit through line 712, under conditions
effective to renove interstitial hydrocarbons

wo b@aesrsem Stripper offgas stream 714 conpri sPeyUS1ve3/016073
stripping medium |ight hydrocarbons and desirable
product, exits the top of t_ﬁg stripping unit 702 and
optionally is directed to and conbi ned with product
ef fl uent stream WO 2004/ 031327 PCT/ US2003/ 016073 -16
684. In an alterabtiverenstiodireend ifhatchoen), stipper cffimaniream 714 is
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et oS e bo Fosh Micitilist, A atgridhel e otlad
fcatalyReisredfeemakionsh Hd 11684kl 10 hed i ddaSition unit 614 for further
regeneration. Second and third portions of the cool ed
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vides_the additiopal cost_. saving advantage of
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. at ol uni 4 ti
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iﬁgactor system, in order to acconmodate the increased
B HRATE CRIYFRIQNat cateligicoelar assesiated witha single reactor system

in order to accommodate the increased volume of catalyst received therein. In

another embodiment, a plurality of catalyst coolers is implemented in accordance
with the present invention for cooling each respective stream of regenerated
catalysts prior to its introduction to each respective HCA.

[0052]  As shown in Figures 6 and 7, the catalyst is withdrawn from

regeneration unit 614 via a single line 616. However, in an alternative



anot her enbodi nent, a plurality of catalyst coolers is
i npl emented in accordance wth the present invention

WO 000408627 Ng each respective stream of regener BCBEUS2003/016073
catalysts prior to its introduction to each respective
HCA. [0052] As shown in Fi gyres 6 and 7, the catal yst
is withdrawn from regenerat| on unit 614 via a single
line 616. However, in an alternative WD 2004/ 031327
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coolers. For exa n an ernative e nbnt ot
tahtertptles anbodlmeamf tbopresatt dntvestion, featatpse fdm aglirbljtyeff
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regeneration units. Simlarfy, catalyst froma
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a;ltﬁ@m@hmtse IA/ddntcggHgn er alte@tatDalyg kot@herated chlialygstie dxr&c@ed to
| east one catal yst cool er wherein the nunber of

ﬂ@@aé‘f qng cgfalyst %?tolqrwélfwr%lﬂ éhe npmpise of BICAS atsagroater thather s.
[I&Q%}oﬁ%lpgtggagé for converting a feedstock,

especi al 'y a feedstock containing one or nore
dQ‘ﬁgﬁ nat $h¢ prionesssfer gpmeerting @ feddstockpdspenidlhyra feedateck

B ond P ocuaRt i U BFSERE T B inol el ey g

tobﬁlpﬁﬁlﬁﬁﬁ o5 8% i¥eR1iok, 3¢ BArAbl YuSy e?féﬁ@cﬁ)nfﬂr&f@s}s s plurahty of
followi ng types of “processes: fi xed "bed process,
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Q:E)St?r?u%tus high velocity fluidized bed process. In accordance with the present
invention, one or more reaction processes, that is, the same or different processes,
occurs in a plurality of HCA’s.

[0055] The types of individual HCA’s that can be implemented in the present
invention will now be described in more detail. The reaction processes can take

place in a variety of catalytic reactors such as hybrid reactors that have dense bed

or fixed bed reaction zones and/or fast fluidized bed reaction zones coupled



i nvention, one or nore reaction processes, that is,
the sane or different processes, occurs in a
w@bamaBizey of HCA's. [0055] The types of i ndi vPdIrab2003/016073
HCA's that can be inplenented in the present
invention wll now be descruged in nore detail. The
reacti on processes can take °place in a variety of
catal ytic reactors such as hybrid reactors that have
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gt T 2 s BE el el ikl STRoosBBAE ety
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66, 282 fast fluidized bed reactor)
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el o sprentat; v Bingh Eietag w1 Fige. 6 and
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process or high velocity fluidized bed process
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aohllpqsitlﬁh o cakdé ver@lon thereof is contacted with a liquid or gas, or
combination thereof, prior to being introduced to the riser reactor(s), preferably
the liquid is water or methanol, and the gas is an inert gas such as nitrogen.
[0058]  In one embodiment, the amount of liquid feedstock fed separately or
jointly with a vapor feedstock, to a reactor system is in the range of from 0.1
weight percent to 95 weight percent, preferably from 10 weight percent to 90
weight percent, more preferably from 50 weight percent to 85 weight percent

based on the total weight of the feedstock including oxygenate recycle and any



conbi nation thereof, prior to being introduced to the

riser reactor(s), preferably the liquid is water or
woreaohassk7 and the gas is an inert gas such asPCT/US2003/016073

nitrogen. [0058] In one enbodi nent, the anmount of

l'iquid feedstock fed separatgly or jointly with a

vapor feedstock, to a react'd 'systemis in the range

of fromO0.1 weight percent to 95 wei ght percent,
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e.g., Steam is provided to
stripping zone is in a separate vessel from the disengaging vessel and the stripping

medium is passed at a gas hourly superficial velocity (GHSV) of from 1 hr! to
20,000 hr”* based on the volume of gas to volume of coked molecular sieve
catalyst composition, preferably at an elevated temperature from 250°C to 750°C,
preferably from 350°C to 650°C, over the coked molecular sieve catalyst

composition.



stripping unit for every 1000 pounds of catalyst. In

anot her enbodi nent, the stripping zone is in a
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stripping nmediumis passed at a gas hourly
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lift based on the volune of ‘gas to vol une of coked

nol ecul ar sieve catalyst conposition, preferably at

ajf0éllev atednd enpetiaint; eathlysinfr@b @re chad SACisepgaainy yisteyn,

from.350C t a, 650C, er the ked. nol ecul ar si eve

S al R TOR LS HE R, 1SyE5e516049 Gsipepreted stipping one.

R00631S20036R168f3red e?rﬁao[iﬁﬁ)élﬂ)f e RO sE15P BRIt g an

catal'yst from nore than one di sengagi ng system e.g.,
fmmemm ‘@ thﬁim(sbmmg—mllcwéurdmoem@hate oncderulartseaye avtelyst

PR 62 Bt oaral T AVST ek Bpu 2P0 &, o)
rﬂﬁsbrauﬁd (téx@@@édNbMQ@&Maﬁe SeleeGHtyA(TCABY of less than

cat yst conposition, the process is operated at a
i\, preferablydesstthamortaqual tadla Sevelop examnle.d) SoPrtent Mol

l\p%g%g 8zed Met hane Sel ectivity (TCNVS) of |ess than
preferably less than or equal to 0.01. See, for

ej0acd e, FiguSe 1 Paisents alvartial ro852cHaf ve96R] HEAJLO @atl
presents. a pgnil al, cross sectional view of a HCA 10
tgpitonalipisiipg eﬁ‘tquwﬁ't eéﬂ*ﬁ%‘iﬁ%‘ IGERTEiRE S}’Sﬁ?fég‘? agcogrlance

f&ﬂﬁﬂﬁrﬁégeﬁﬂﬁ%’rﬁkﬁmm@ P65 SIA0CEmphds'h PR 1 BT3GRty of

i nventi‘on e apparatu onpri Bed™a s
pliser edactoys 24, afeeds@strnbemﬁmamdao;at@ysft extakndhiOs threferebby, the

?I?%G%GHP ’ﬁl’é’ %nticg{%uéﬁeg | Pg‘f E,’fltgﬂ??gpfgﬁf & rg %@teéﬁegeng ation nt

igyk@gr ated regeneration system [0064] Wth
conti nui 5%1 reference to Fig. 1, the shell 12 fornms a
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of the HCA 10, or a combination of = externally and
| Separetien rapeddsic.i anside obiharshell bhotibe TKes 10, or a combination of

externally and internally positioned separation devices.

[0065] Optionally, the riser reactors 20 in one or more of the HCA’s may
extend into shell 12 and into the separation zone 14. By extending the riser
reactors 20 into shell 12 and the separation zone 14, the height required to obtain
the desired aspect ratio of a given riser reactor 20 is concurrent with at least a
portion of the height required for the shell 12, separation zone 14, and other
associated spaces, reducing the total height of the hydrocarbon conversion reactor
10 of the present invention. Each riser reactor 20 includes a first end 22 into

which the catalyst and feed are fed to conduct the hydrocarbon conversion
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desirably, each of the riser reactors 20 has a cross sectional area of no greater than
7 m®. Most desirably, each of the riser reactors 20 has a cross sectional area of no
greater than 3.5 m”. Desirably, the cross sectional areas of the riser reactors 20
vary by no more than 20% from one riser reactor 20 to another riser reactor 20.
More desirably, the cross sectional areas of the riser reactors 20 vary by no more
than 10% and, most desirably, the cross sectional areas of the riser reactors 20

vary by no more than 1%. If one or more riser reactors 20 have both a largest and
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entire height. Desirably, each of the riser reactors
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positioned at or above the mouth 26 at the first end 22 of each riser reactor 20.

Feed distributor 30 may include an optional flow control device, not shown,
positioned on feed distributor 30 to control the amount of feed to each neck 34 or
a flow control device may be positioned on each neck 34. The flow control device

can also be employed to measure flow as well as control it. Further, a nozzle, not
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optlo y be controlled through the use of a flow
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Fig. 1, the base 60, the catalyst returns 50 and the first ends 22 of the riser reactors
20 define a catalyst retention zone 62. The catalyst retention zone 62 is provided
to retain catalyst which is used to catalyze the hydrocarbon conversion reaction
which is conducted in the apparatus 10. The catalyst return 50 provides fluid
communication between the separation zone 14 and the catalyst retention zone 62.

To do so, the second ends 54 of the catalyst returns 50 open to the catalyst



return 50. The flow control device 56 can be any type

of flow control device currently in use in the art to
wa@omioslz2tat al yst fl ow t hrough catal yst transfeeT/US2063016073

If enployed, the flow control device 56 is desirably

a ball valve, a plug valve qr, a slide valve. [0072]

The HCA 10 further includes“d base 60. In the

enbodi mrent shown in Fig. 1, the base 60, the catalyst
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fluid communication with the catalyst regenerator 92 and which may be in fluid
communication with one or more of the HCA’s. A first line 96 provides fluid
communication between the outlet 80 on shell 12 and the catalyst stripper 94. A
second line 98 provides fluid communication between the catalyst stripper 94 and
the catalyst regenerator 92. A third line 100 provides fluid communication
between the catalyst regenerator 92 and the inlet 82 on shell 12. A flow control
device 102 may optionally be positioned on first line 96 to control the flow of

catalyst between the shell 12 and the catalyst stripper 94. A flow control device



associ ated catal yst regenerati on apparatus 90. The

catal yst regeneration apparatus 90 is in fluid
wa@eosaiosizeat i on with the HCA 10. The catal yst PCT/US2003/016073

regeneration apparatus 90 includes a catalyst
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through the heads 36 of feed distributor 30. The feed is distributed to each of the
riser reactors 20 through their first ends 22. Desirably, the feed is provided in
substantially equal streams to each riser reactor 20. By "substantially equal" it is
meant that the flow of feed provided to each riser reactor 20 through the feed

distributor 30 varies by no more than 25% by volume rate, and varies no more



conversion reaction being conducted in the HCA 10.
Desirably, the fluidizing fluid is unreactive (i.e.

WO p@a31321 t he reacti on being conducted in theP®IZBSA03/016073
In other words, it is desirable that the fluidizing
fluid does not play a part ig the hydrocarbon
conversi on process being C(Sl% ucted in the HCA 10 ot her
than to fluidize the fluidizable catalyst. [0077]
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reaction occurs and a conversion froduct‘ls ﬁroduceﬁ.
the riser reactors 20 through their second ends 24 and enter into the separation
zone 14 of shell 12. In second end 16 of shell 12, the conversion product and
unreacted feed, if any, are sep.arated from the catalyst by a separator, not shown,
such as cyclonic separators, filters, screens, impingement devices, plates, cones,
other devices which would separate the catalyst from the product of the

conversion reaction, and combinations thereof. Desirably, the conversion product

and unreacted feed, if any, are separated by a series of cyclonic separators. Once
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features, each individual riser reactor 20 in a given
woihhsopseat es in a substantially identical manP€r/USA03/b16073
this invention, it is desirable to maintain both the

reactant feed rates and the . catalyst feed rates at
the sane rates to each of tHd riser reactors 20. In
this way, the conversion of the feed and selectivity
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h in Fig. 1..Catal b d
R T T PR S R
U HARBRDEARTst id trardRSiell %m R dabiyse &Ex?bé&sﬂ 6 fthid dAeftyst94
through the first line 96. Optional t he catal yst

stegepgiaior griregenerdtion) umﬁé)Zethlg)@gbmp second line 98. The flow of
catalyst through the second line 98 may optionally be controlled by the optional

flow control device 104. In the catalyst regenerator 92, carbonaceous deposits
(coke) formed on the catalyst during a hydrocarbon conversion reaction are at
least partially removed from the catalyst.

[0082]  The catalyst regenerator 92 preferably receives catalyst from a

plurality of HCA’s as illustrated in Fig. 6, and as discussed in more detail below.



i nput line (not shown) froma second HCA (not shown).
In this manner, catalyst fromthe second HCA can be
wo c@nspoet ed by the second input line to the cRCHUSEN3/N016073
stripper 94. The flow of catalyst fromthe HCA 10 to
the catalyst stripper 94 cqr}tg be controlled by the
flow control device 102. In“The catal yst stripper 94,
the catalyst is stripped of nost of readily renovabl e
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HCA' s as illustrated in Fig.. 6, and as discussed in
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be directed to the catal yst regenerator_92. [00831 The
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I'1Tne 100. Regenerat st may al'so be diretCted
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| crz)\rlltGrgf clle%ri]ces include ball valves, plug valves and slide valves.
[0085] One or more of the HCA’s may be adapted as shown in Fig. 2. In this
alternative embodiment, HCA 110, shown in partial cross section, comprises a
shell 120, a plurality of riser reactors 130, a feed distributor 140, and a catalyst
return 150.

[0086]  With continuing reference to Fig. 2, the shell 120 forms a separation

zone 122 in which a product of the hydrocarbon conversion reaction is separated



al so provides a conduit systemfor returning at | east
partially regenerated catalyst to the second
why@aossebon conversion reactor (not shown). TRCEUS2003/016073
objective may be realized as shown in Fig. 1 whereby
regenerated catal yst exits t e catal yst regenerator
inline outlet line 111 and4’s divi ded between two
lines, third Iine 100 and |ine 105, at dividing point
106 tHheatdly awindh epdladegshe Mﬂr@aagﬂmﬂ dmvensioheeadubﬁe Shell 120

111, the_third Iine 100, and |ine y.optionally
eclbgeRn Bis end By mcoed ) 12608hPk 430 S0 st zone
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di@0BTles ®iser esatctoys 130 msegiven HOA caatetndtmto sheltl2@ hnd the
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V\%IC catal yst can be withdrawn fromthe HCA 110.

Ri ser reactors 130 in a given HCA extend into
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As descri bed above, the nunber. of riser actors 130
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dir&ddrdifHb&br 140 may include an optional flow control device, not shown,
positioned on feed distributor 140 to provide an equal amount of feed to each neck
144 or a flow control device may be positioned on each neck 144. The flow
control device may also be employed to measure flow as well as control. Further,
a nozzle, not shown, may be positioned on each head 146 to further control the
distribution of the feed to each riser reactor 130. Additionally, each head 146 may

be fitted with a screening device, not shown, to prevent back flow of catalyst into



140 is positioned near the first ends 132 of the riser
reactors 130. More than one feed distributor 140 may

wheooeopi3oyed to provide feed in various statesPCEU§2003/016073
one feed distributor 140 may provide feed in a vapor
formwhile a second feed diggributor 140 may provide

~feed in aliquid form Feed 8FStributor 140 i ncl udes a
body 142 fromwhich a plurality of necks 144 extend.
Eagyhof medsrl 44 ed ¢dedrdit@Buthn$40 atd, bwasquently, iagstmelydd df feed
qgck 1441(gach head 146 of each neck 144 is positioned
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separation zone 122 of shell 120 and the fiser
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d. 1 R nd end, 154, The .first d 152 of the
ity Dvithieed RETRN Rt st SRlbhe el bl il A%
odr asshidé bal¥@0 and the second end 154 of catal yst
return 150 opens to the riser, reactors 130. Each

daPAWly st Theernaratus B fusthgr iggludese base d pAnbpbeembadianens
f hBWh A Pig SR @g Q502 MR athfit Rhurpl $50 T@g&e gagset ehi€132 of the

first en the riser reactors
apgeareattos 1BOGlefny aicawlysthetantion zoenh?2. tTheeecorfdcmkds 154 of the

five,  six o re catal yst returns 15Q. Typically, i
st ot 0 Repes S A gstretisar 167 0 g retention
rRhbN 85 iskROviB& foseRaNEall @ viiiéh RWIREH @falyZeSBE hydrocarbon
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cRntainedtin thegatpfyst retention zone 162 and the catalyst return
[0091] A fluid distributor 170 is also positioned in or near the base 160 of the

apparatus 110. The fluid distributor 170 includes a conduit 172 into which a
fluidizing fluid is fed into catalyst retention zone 162 to fluidize a fluidizable
catalyst contained in the catalyst retention zone 162 and the catalyst returns 150.

Additional fluid distributors 170, as shown in Fig. 2, may also be positioned on



lines. If enployed, the flow control device is
desirably a ball valve, a plug valve or a slide

wQ 20403132 D090] The apparatus 110 further i ncl uPEBUS2003/016073

base 160. In the enbodiment shown in Fig. 2, the base
160, the catalyst returns 1?)8 and the first ends 132

of the riser reactors 130 fine a catal yst retention
zone 162. The second ends 154 of the «catalyst returns

1hO cagien remri(Bel abrydde additortal Anididnefltidin thehatalyst
cat al yst retention zone 162 is provided to retain
65’%“&1119)5} Oahich is used to catal yze the hydrocar bon
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e apparatus 110. The outlet 180 is positioned
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oIS rirOneer I denritn e ol OR BamRisbr By bR
tRectedae! | 120 t hrough the qui escent zone 128. The

apparatus 110 may al so include an inlet 182 through
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110.
[0096]  As one of skill in the art will appreciate, the HCA shown in Fig. 2
functions similarly to that shown in Fig. 1 and will not be discussed in detail
except to illustrate those features not shown in Fig. 1.
[0097]  With reference to Fig. 2, catalyst is provided to the catalyst retention
zone 162 and is fluidized in the catalyst retention zone 162 and the catalyst returns

150 by the fluidizing fluid provided through the fluid distributor 170. The feed is



devi ces which would separate the catalyst fromthe
product of the conversion reaction. [0094] An

wOo piogseent device 190 is positioned in the fPECHUSHN016073

124 of the shell 120. The inpingenent device 190 is
provided to direct catalyst Jeaving the riser

reactors 130 away fromthe "~ “cond ends 134 of the

riser reactors 130 and to limt the anount of
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manner as descri ove 1n conjunction Wt
desgadystpetnors 16D. t he riser reactors 20 in Fig. 1. [0098]
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[0101]  With continuing reference to Fig. 3, the shell 212 defines a separation
zone 214 in which a product of the hydrocarbon conversion reaction is separated
from the catalyst which catalyzes the hydrocarbon conversion reaction. Shell 212
includes a first end 216 and a second end 218.

[0102] Riser reactors 220 extend into shell 212 and the separation zone 214.
Each riser reactor 220 includes a first end 222 into which the catalyst and feed are

fed to conduct the hydrocarbon conversion reaction. Each riser reactor 220

further includes a second end 224 through which the catalyst, product, and



catal yst returns 150. [0099] A portion of the catalyst
contained in the quiescent zone 128 can be renoved

wo e@aoanse’ or nore of the HCAes and be sent to BCT/US2003/016073
catal yst regeneration apparatus via outlet 180, such
as catal yst regeneration apggratus 90 shown in Fig.
1, or renoved fromthe HCA™P?Y0 for further processing.
Additionally, catalyst in the quiescent zone 128 may
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provides fluid communication between the separation zone 214 of the shell 212
and the riser reactors 220. The catalyst return 250 has a first end 252 and a second
end 254. The first end 252 of the catalyst return 250 opens into the first end 214
of shell 212 and the second end 254 of catalyst return 250 opens to the riser
reactors 220. A series of arms 256 or standpipes are positioned on the second end
254 of the catalyst return 250. The arms 256 extend from the catalyst return 250
to each of the riser reactors 220 and provide fluid communication between the

catalyst return 250 and the riser reactors 220. The number of arms 256 will
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cataly retention zone 262. The catal yst
catalyst can be removed from the apparatus 200. The outlet 280 is shown as being
positioned on the second end 218 of the shell 212 but may be positioned at any
position on the apparatus 200. The apparatus 200 may also include an inlet 282
through which the catalyst may be placed into the apparatus 200. Although the
inlet 282 is shown as being positioned on the second end 218 of the shell 212, the
inlet 282 may be positioned at any position on the apparatus 200. A line 284 may

be provided to remove products from the apparatus 200.



retention zone 262 is provided to retain catalyst
which is used to catal yze the hydrocarbon conversion
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one of skill in the art will appreciate, the boundary
bet ween the catal yst retentign zone 262 and the

catal yst return 250 is flui “dand depends, at least in
part, on the level of catalyst contained in the
qales]yst A efiendf &pamﬁmd@&ﬁ@es%ﬂ atdhoanras b2g pokitiohed in the
cat al return 25 ]ﬂ@] At | east onﬁflw

FERYIA ?( atipn Qe 2 4ef FJ%F r?SEPTBTé‘Hb vices k80 pgy heyyglonic

r n t des
e ERo BRI Srdie imPRfhchletl ! SRk e oy B 0P
fdewiods nich Would dérmedid ‘éleccata&tsyﬁ'bml the productaifahe/sinversion
ret enti zone (ﬂz and %ﬁ] taIY glg turn,250.

AORo 1 4e SPIARIPIAICEICES 20 e Showpin Hig: SARGYFIgnic Sqppgptors
agg[my al so be positioned on the cat al yst return 250

to further fluidize fluidizable catalyst contained in
t[AE0Yat aldyssries ef sppo2s2P?2 4ro a3 shawie inia. 200bersiyppaits 892

0 iy B R MBS DAL SO bl s el i

sloown as be| ng positioned on the second end 218 of
t he shel | but may be positiogned at any. position

df1i¥e ag ba H% 300 pbichTs @%b@r%g @sﬁ@e@owymé@rbbto that
LR | e, SRt ML Spleleh
ZEBBongshMras bei ng p03|t| oned on the second end 218
212, . J.pnlet 282 t
ﬁﬂos.t saplz%a%ég@ﬁfgggt%ﬂ@ FoRppr rwer%&;'gl&' gly

RReh e dlife ARV AR P AUt D5 braﬂﬁ‘tﬁerkeata?lg@ L&tioh 280 262’\O
2004/ 031327 PCT/ US2003/ 016073 ~ - 35 A series of

sBpeatatdly i Gedizen e eatalyet @hmn\m@snda‘ém ngtabtstsnetqn@ne done
t.h 214 of h 212
e e B8 88T & wplien i CHE LR P00 frgueh the

fddnHﬁ@Z?WtE@ﬂﬁld dismbiResTE0! THe FloGast caldilyat fSthe €088 8actors
or any other devices which would sﬁgarate t he

202 de cpnteeHedrby the Bawconige! deices 3o eFesddnprovidgd e Bis.
1}&% ?e%ﬁ?ﬁiﬁﬂro%gﬂ ltl?eetggtggg‘[rg)ilgoéf E%Y\”;léll}einaéng&%xft oigﬁe%% gmvsided

cyc oni'c séparators
28 Zhariser aéaetorsmﬂ/\ns tlnersaﬁlegas tRat dehessedl pbwvetis c@gAnctiomewith

rely shown ustr t|ve ne possj.bl e neans
P{g? g%%BBB?I? phiget ﬁ ed gp th e[cétf‘ 3{9 ‘?’ﬁ’é‘PP@&h?Q thRAISeh
! éa&&‘é%o 'bS} thd d&mc%lﬁ BPEdIAS whiidh 15 Qfsl) Yleéc?ibEc!i‘ él'&oves hown
in Figs. The apparatus 200 shown in Fig. 3
flOhE2]i ond hB na’ra]yet product and unreacted feed, if any, exit the riser reactors
220 through their second ends 224. The catalyst is separated from the product and
any unreacted feed by the separation devices 286. The separated catalyst is fed to
the second end 218 of shell 212 while the product and any unreacted feed are
removed from the apparatus through the line 284.
[0113]) A portion of the catalyst may be removed from the apparatus 200
through the outlet 280 and sent to a regeneration apparatus, not shown, or

removed entirely from the apparatus 200. The regenerated catalyst is returned to

the apparatus 200 through the inlet 282.



foll owi ng manner. [0111] The apparatus 200 is filled
Wi th an appropriate anount of catalyst which is
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310. The first end 332 of each riser reactor 330 terminates in a mouth 335
through which the catalyst and feed are fed into the riser reactor 330. Although
the HCA 300 is shown in Fig. 4 as containing three riser reactors 330, apparatus
300 desirably contains two or more riser reactors 330. The number and size of the
riser reactors 330 is described in conjunction with the description of Fig. 1.
[0118] With continuing reference to Fig. 4, wall 312 of shell 310 and wall 331
of each of the riser reactors 330 define a catalyst retention zone 336. The catalyst

retention zone 336 contains the catalyst utilized to catalyze the hydrocarbon

conversion reaction. When the apparatus 300 is in operation, catalyst retention



separated fromthe product of the hydrocarbon
conversion reaction. The shell 310 further includes a
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first end 314 of shell 310 fromthe second end 316 of
shel | 310, and a funnel portjon 322. The wall
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catalyst into any of necks 344 of feed distributor 340 and, subsequently into body
342 of feed distributor 340.
[0120] A fluid distributor 350 is also positioned in second end 316 of shell
310. The fluid distributor 350 includes a conduit 352 into which a fluidizing fluid
is fed to fluidize a fluidizable catalyst in the catalyst retention zone 336 and the

catalyst return 338. An optional disperser 354 may be positioned between the
fluid distributor 350 and the catalyst retention zone 336 to disperse the fluidizing



feed distributor 340 may be enpl oyed to provide feed

in various states, e.g., one feed distributor 340 nay
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di stributor 340 nay provide feed in a liquid form
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QG her types of separators 360 such as filters
sf2dhs’ A support 392 is also shown in Fig. 4. The support 392 is merely

shown to be illustrative of one possible means for supporting the HCA 300.
[0125)  As shown in Fig. 4, one or more of the HCA’s includes an associated
catalyst regeneration apparatus 90 which is in fluid communication with the HCA
300. The catalyst regeneration apparatus 90 includes a catalyst regenerator 92,
which is in fluid communication with the HCA 300 and an optional catalyst

stripper 94, which is in fluid communication with the catalyst regenerator 92 and
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310. The nunber of separators 360 depends upon the
desired operating efficiency, particle size of the
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the fluid distributor 350 through conduit 352. The fluidizing fluid is dispersed
within the shell 310 of the HCA 300 by the disperser 354. Useful fluidizing fluids
include, but are not limited to, nitrogen, steam, carbon dioxide and hydrocarbons.
The choice of fluidizing fluid depends upon the type of conversion reaction being
conducted in the hydrocarbon conversion apparatus 300.
[0128] Once the catalyst has reached an acceptable fluidized state, a feed is

fed into the HCA 300 through feed distributor 340. The feed enters the body 342



device 102 may optionally be positioned on first |ine
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104 may optionally be positioned on second line 98 to
control the flow of catal yst40 bet ween t he catal yst
stripper 94 and the catal yst regenerator 92. [0126]
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differential created by the velocity of the feed
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Ctat ahiséted feebEif anpiakdtcatbved Froni e shell 310 through the lines 364
for further processing such as separation and purification. A portion of the
catalyst falls to the quiescent zone 324 in which the catalyst is retained until it is
removed from the shell 310. The catalyst is removed from the quiescent zone 324
through outlet 370 and can be sent for regeneration in the catalyst regeneration
apparatus 90.
[0132] The catalyst regenerator 92 preferably receives catalyst from a

plurality of HCA’s as illustrated in Fig. 6, and as described in more detail below.



first ends 332 of the riser reactors 330. The catal yst

is transported through the riser reactors 330 under
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other high temperature resistant material.

[0135]  Fig. 5B shows a cross section of a HCA similar to apparatus 10 shown
in Fig. 1. In this embodiment, the riser reactors 20 are again contained within a
shell 26. The shell 26 is filled with refractory material 28 as described above. In
this embodiment, the catalyst returns 50 are also contained within the shell 26 and

surrounded by the refractory material 28.



catal yst stripper 94. Additionally or alternatively,

catalyst fromnore than two HCA s may be directed to
w0 b@4oat3at yst regenerator 92. The function of PEEUS2003/016073

catal yst regeneration apparatus 90 is discussed above

in conjunction wth the descyiption of Fig. 1 and

will not be discussed in furfther detail here. A

portion of the catalyst 1in the quiescent zone 324

WOl 36])f al FigyC shbwt hgosyible sosfiguraiurefoBhe risat wattoes 220 shown

catalyst. return 338 and he_returne cont a

fiadde. 3 dadhy erpiéqclz.mﬁlil OWg IEF i S, H’Ft‘ﬁéayéhﬁt‘ﬁfl%o Is shown as

13 ¥htiorAb R 1% k8R0S SRR Bkl FQR

p%qﬁép dﬁ%@}’g an unreactmed feeroll ?éﬁgosr fromthe E:fl rstOrS

ez aEﬂié’eh@éatalytt&éﬂunﬁZiD arhcontgimed mathirea dle}fls&%r dihgrarea338

to the catal retetlo t he ca al

Hour Ga g ercutss ad e Sbal 205 5 1 WHEGEPRETY SApelods.

' ﬁséftmereﬁx&s&%ét@ﬁms afe QNG @BoVERTohRMctid WA khe

Representati've enbodi nents of possible configurations

odeseiiipgeom of fégMor s and catal yst returns are shown in

0831y 3183 S erhosipleep a5 Tiesl RERIN 20 spgon

SIAaUE, 4. NASEHbwnlin FidS T3 ledMiser Reakbiogs 350 are bﬁﬁrdllyﬂ@éated within
reactors 20 are contained within a shell

chashelhal). vt daspribedsabere ip@niyngEoR ek tb%@%é%ﬁﬂftfhﬂif Fig. 4,
:fh? Sall % %gf bP fht% ri%&dregcggrs%lg@ Ia]k'nd %l?eré ?ll 316 bib&ek ik tcgtalglst re%ugn

rac efractory materi
| 388. Ulie awlﬁbtweﬁﬁhe niser resutasi360 nat epticmbly baifigihd sithra fivat

creiaRery RasnaLiCe Teistel 10 et o B golipnatiyilisd S Epeggna
olreﬁ]é@@gy &a?halafk\ﬁ TR AR e ity HEARBN B4 d8s iRl ﬁEé\fétm

mat er | 0135] Fig. 5B shows a cross section of a
I—mjmcnnh aithtthe despeiptaenst Fig. FhoWith ¢ontirigg raferenge tohfig.

ser r.eact or.s ont aj ne
B A e e S e e
r &fd 86 b&ord tetREdr{ knaz&aag 84lesChd the darad ey @iffetant ndakrial.
enbodi nent, the cat a%% returns 50 are al so contai ned

WIOLABh t Hée SWeshows anefher poseiblesionfigeration fasdhq dser seacisiry 330
[n'%ff%\éﬁ 13:1?'1%% 5%‘%}%%%{1 %% 321l gs/e}{%gag?y B0/ g’enftrgﬁgtl%cgted

Ohe R & 5t I e configuration
r witin the siglld19. 22 €his bavodiment, BiegiseBreattors 313 searbadaimedt

RN TR R R N LT
r gf‘aie%a‘il 280t & chbhd ﬁ{eufm%e e sh%ﬁ@lén @“h& El%agaét%é'rﬁﬂle

urn 250 are contained within a shel . The area
betlleddl ofthe ns@ecaqc&aéii@)msi ﬂundvallm8si*fé1hd sez@sl $1§11f3|8t5la@3|

O 5B SR 330 AR M
second refractory material 392. Useful refractory materials are described above in
conjunction with the description of Fig. 5A. With continuing reference to Fig. 5E,
a person of skill in the art will appreciate that the first refractory material 390 and
the second refractory material 392 can be the same or different material.

[0139]  While the riser reactors and catalyst returns are shown in the various
Figures as having a circular cross section, the riser reactors and catalyst returns
may have any cross section which would facilitate operation of the HCA. Other

useful cross sections for the riser reactors and the catalyst returns include elliptical



description of Fig. 5A. [0137] Fig. 5D shows a

possi bl e configuration for the riser reactors 330
w@b@a313en Fig. 4. As shown in Fig. 5D, the riBE&F/US2003/016073

reactors 330 are centrally located within the shell

310. As described above in cgnjunction with the

description of Fig. 4, the walls 331 of the riser

reactors 330 and the shell 310 define the catal yst
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[0142]  The optional multiple riser HCA’s of the present invention are useful
to conduct most any hydrocarbon conversion process in which a fluidized catalyst
is employed. Typical reactions include, for example, olefin interconversion

reactions, oxygenate to olefin conversion reactions (e.g., MTO reactions),
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desirably the oxygenate is methanol. The total charge of feed to the riser reactors

may contain additional components, such as diluents.

[0144]  One or more diluents may be fed to the riser reactors with the
oxygenates, such that the total feed mixture comprises diluent in a range of from

1 mol% to 99 mol%. Diluents which may be employed in the process include, but
are not necessarily limited to, helium, argon, nitrogen, carbon monoxide, carbon

- dioxide, hydrogen, water, paraffins, other hydrocarbons (such as methane),
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temperature and pressure of any appropriate oxygenate and/or diluent being fed to

the reactor will ensure at least a portion is in the liquid phase as it enters the
reactor and/or comes into contact with the catalyst or a vapor portioh of the feed
and/or diluent.

[0147] Optionally, the liquid fraction of the feed may be split into portions
and introduced to riser reactors a multiplicity of locations along the length of the
riser reactors. This may be done with either the oxygenate feed, the diluent or

both. Typically, this is done with the diluent portion of the feed. Another option



feed may be either oxygenate, diluent or a m xture of
both. The liquid portion of the feed may be directly

WO 2g0eo81a7 i Nnto the individual riser reactors, BCT/US2003/016073
entrained or otherwise carried into the riser
reactors with the vapor port46on of the feed or a
sui tabl e carrier gas/diluent? By providing a portion
of the feed (oxygenate and/or diluent) in the liquid
plRas Brovidiea hieaRenktl inerodacdshike tolfl ¢iuidefeation of ﬂﬁl’feénbto the
controll ed, The exotherm c heat of reactjo
ObiSEg EpRataEs Bonpenagr speh thatdhe pozgle fprims élawls‘éiaorﬂ?ts of A2

r i on

HAPOMES T Bfaiufbn WARRI AR LR (it AVl Ot
f maddaedua o ridee e ctoes) vap:orizh grerchaaktjz along ﬂleda@th) of thielriser
met hod faqr co roII|n th erature gl‘% actor

AP pﬁgth@r efihgse qringerae ? OTpR¥RAQL) eref) 7% e
PP onﬁfol fﬂ?@t@n?%ﬁﬁirg aﬁféran@ 1 #8kider 104 cBrs VIR BRhnd ad
separately ointly wth the vapor feed, is from
Ointrodiicing/s Uﬂll'&ﬂlo.lw of Yisyuit fedvkpdints ah a reagipy ené@sgmma tqguid

PP ol B0 e 5 PSSO P e AR
dailsmggdﬁe@@_d, and nost desirably the range is from5

w. %to 65 wt. % The |iquid and vapor portions of
t Wé4$]e ed Thmtabest §1h@b¥§efﬁ’e0&§%iﬁ§mg iap pyygenate-tpwlelnopnaeision
tho PlLaRes ﬁn'opelgﬁlap ;16\; :?%rd Iﬁ&?\%rgsr oﬁ rﬂble%ﬁ!ue Ves. Molecular
genatés and sane or rén uen

pﬁé‘&dstwh be wolﬁfcf(eédlilte@ or hmqmdﬁud ichateRiolites). V\Hﬁafﬁl cachlgsts
toits relatively hig ?t of vaporlzatlon whi ch

alPB RSO bf:é?ma@dﬁr% mlﬁﬁ%to arelttiseand agerselitmplerulat vigves.
dDE% Fﬁ%ﬁnﬁ?@éa‘ca\& T "i‘ﬁ)h\é@{)jl % el:ul alw. [%SP@& molecular

use uent escrlbe oper sel ect1on
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dc%sr Ol (I, WACDDRNEDL §IRT 0 K LEVE hovgaT AMON,
SI?AIU PHI, RHO, ROG, THO, and substituted forms thereof. Structural types of
medium pore molecular sieves that are suitable for use in this invention include
MFI, MEL, MTW, EUO, MTT, HEU, FER, AFO, AEL, TON, and substituted
forms thereof.
[0150] Silicoaluminophosphates (“SAPOs”) are one group of non-zeolitic
molecular sieves that are useful in an oxygenate to olefins conversion reaction.

SAPOs comprise a three-dimensional microporous crystal framework structure of



introduced to the riser reactors, vaporize gradually
along the length of the riser reactors. Either of

WO h@3m3seT angenent s or a conbi nati on thereof negT/D82003/016073
used to better control the tenperature differentia
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sieves that are suitable for use Inthis invention
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[0154] Suitable silicoaluminophosphate molecular sieves for use in an
oxygenate to olefin conversion process include SAPO-5, SAPO-8, SAPO-11,
SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35,
SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47,
SAPO-56, the metal containing forms thereof, and mixtures thereof. Preferred are
SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47, particularly SAPO-18
and SAPO-34, including the metal containing forms thereof, and mixtures thereof.

As used herein, the term mixture is synonymous with combination and is



Phys. Chem, 92, 3965 (1988). The desired SAPO
nmol ecul ar sieves will exhibit one or nore peaks in
wo b@4898p7 MAS NVR, with a chem cal shift [(Si)PCT/NS1002016073
range of -88 to -96 ppmand with a conbi ned peak area
in that range of at |least 20% of the total peak area
of all peaks with a chem cal*8shi f t [(Si)] in the range
of -88 ppm to -115 ppm where the [(Si)] chem cal

sdunkidsred @f@inpositiex b magbr KR idgam@idtheit bampondniMB)varying
[0151]. It is desired that the silicoal um nophosphate
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SAPO- 31, SAPO 34, SAPO- SAPO- 36, SAPO 37, SAPO 4
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[0157]  Desired MeAPSOs are small pore MeAPSOs having pore size smaller
than 5 Angstroms. Small pore MeAPSOs include, but are not necessarily limited |
to, NiSAPO-34, CoSAPO-34, NiSAPO-17, CoSAPO-17, and mixtures thereof.
[0158]  Aluminophosphates (ALPOs) with substituents, also known as
“MeAPOs,” are another group of molecular sieves that may be suitable for use in
an oxygenate to olefin conversion reaction, with desired MeAPOs being small
pore MeAPOs. Processes for making MeAPOs are known in the art. Suitable
substituents include, but are not necessarily limited to, nickel, cobalt, manganese,

zinc, titanium, strontium, magnesium, barium, and calcium. The substituents may



proportions, regardless of their physical state.

[ 0155] Additional ol efin-form ng nol ecul ar sieve
WOkt can be mxed with the PCT/US2003/016073

sili coal um nophosphate catalyst if desired. Several

types of nol ecul ar sieves exist, each of which
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29&%59&1&&%% SR 2R304 G4 m'aae%al, is conventional and well

known in the art and, therefore, is not discussed in detail here.

[0162] The catalyst may further contain binders, fillers, or other material to
provide better catalytic performance, attrition resistance, regenerability, and other
desired properties. Desirably, the catalyst is fluidizable under the reaction
conditions. The catalyst should have particle sizes of from 5pto 3,000u,
desirably from 10uto 200u, and more desirably from 20pto 150u. The

catalyst may be subjected to a variety of treatments to achieve the desired physical



be incorporated during synthesis of the MeAPGs.
Alternately, the substituents may be incorporated

w@tdaoe3synt hesi s of ALPCs or MeAPGs usi ng nmanyPOBURA3016073

The nethods include, but are not necessarily limted

to, ion-exchange, incipient wetness, dry m xing, wet

m xi ng, mechani cal m xi ng, aHd conbi nations thereof.
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conversion reaction.

[0165] When the gas supetficial velocity approaches 1m/s or higher, a
substantial portion of the catalyst in the reactor may be entrained with the gas
exiting the riser reactors. At least a portion of the catalyst exiting the riser

reactors is recirculated to recontact the feed through the catalyst return.



-50 and chem cal characteristics. Such treatnents

i ncl ude, but are not necessarily limted to,
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drying, hydrothermal treatnent, acid treatnent, base

treatnment, and conbi nations thereof. [0163] Desirably,
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recontact the feed through the catal yst return.
reason, these extremes of pressure are considered part of the present invention.
[0169] A wide range of WHSV's for the oxygenate conversion reaction,
defined as weight of total oxygenate fed to the riser reactors per hour per weight
of molecular sieve in the catalyst in the riser reactors, function with the present
invention. The total oxygenate fed to the riser reactors includes all oxygenate in
both the vapor and liquid phase. Although the catalyst may contain other

materials which act as inerts, fillers or binders, the WHSYV is calculated using only
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Desirably, the rate of catal yst, conprising nolecul ar
waek@m3sed any other nmaterials such as bi nder BCT/US2003/016073
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forming catalyst at a pressure and temperature effective to form the polyolefin

product.

[0172] A preferred polyolefin-forming catalyst is a metallocene catalyst. The
preferred temperature range of operation is from 50°C to 240°C and the reaction
can be carried out at low, medium or high pressure, being anywhere from 1 bar to
200 bars. For processes carried out in solution, an inert diluent can be used, and

the preferred operating pressure range is from 10 to 150 bars, with a preferred



materials which act as inerts, fillers or binders, the

WHSV i s cal cul ated using only WO 2004/ 031327
w3003/ 016073 -52 the wei ght of nol ecul aPCHUS2063/016073

in the catalyst in the riser reactors. The WHSV is

desirably high enough to maintain the catalyst in a

fluidi zed state under the 7T¥action conditions and

within the reactor configuration and design.
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a déﬂgﬁ&%?gg$ﬁgrBﬁﬁgﬁgﬁég#%igas can be produced by
known processes such as steamreform ng, autothernma
reform ng and partial oxidization. [01711 One skilled
inthe art will also appreciate that the ol efins
produced by the oxygenate-to-olefin conversion
reaction of the present invention can be polynerized
to form polyolefins, particularly polyethyl ene and

pol ypropyl ene. Processes for form ng pol yol efins from
olefins are known in the art. Catalytic processes are
preferred. Particularly preferred are netall ocene,
Ziegler/Natta and acid catalytic systens. See, for
exanple, U S. Patent Nos. 3,258, 455; 3, 305, 538;

3,364, 190; 5,892,079; 4,659,685; 4,076, 698; 3,645, 992;
4,302,565; and 4,243,691. 1In general, these nethods

i nvol ve contacting the olefin product with a

pol yol efin- formng catalyst at a pressure and
tenperature effective to formthe polyolefin product.
[01721 A preferred polyolefin-formng catalyst is a
nmet al | ocene catal yst. The preferred tenperature range
of operation is from50C to 240C and the reaction can
be carried out at |ow, mediumor high pressure, being
anywhere from1l bar to



200 bars. For processes carried out in solution, an
inert diluent can be used, and the preferred
wop@rasi3ay pressure range is from10 to 150 baP&T/UB20$016073
a preferred WD 2004/ 031327 PCT/ US2003/ 016073 -53
tenperature ranging from120C to 230C. For gas phase
processes, it is preferred"?hat the tenperature
generally be from60C to 160C, and that the operating
PCEAIMSE be fromb5 bars to 50 bars. [01731 In addition
to polyol efins, numerous other olefin derivatives nmay
be forned fromthe ol efins produced by the process of
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art, aneFPRLFuryHsYsem fapiansiappg thegegrpertedgatalyst from the
2004/ Ot 2 tefatbtl thiSpfdi? 4R 4G or mfaés CLAIME 1. A
reactor system conprising: a plurality of reactor
unlts a regenerator for converting an at | east
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reactor unifs to the regenerator; and a second conduit

syst endifsbstrippiagstediuning t he regenerated catal yst from
the regenerator to the plurality of reactor units. 2.
The systemof claim 1, wherein the first conduit

sy.st enThegistedest daifu 2, 3theréih thePfisnéndait kydi@n nﬁiltﬁdep BISB@)nd
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wher e'%c&lﬂ?stﬁ# ?%nfe‘aﬁﬂ’x“t system incl udes a second
strippling uni r stripping the at least partially

deactivated catalyst with a second stripping nedi um
4, The system of claim 3, wherein the first and second stripping units strip at

least partially deactivated catalysts from separate reactor units.

5. The system of claim 1, wherein at least one of the reactor units includes
four riser reactors.

5. The system of claim 1, wherein the system includes three reactor units.

6. The system of claim 1, wherein at least one of the reactor units includes a

plurality of riser reactors and a catalyst retention zone provided to contain

catalyst which can be fed to the plurality of riser reactors.



4. The systemof claim3, wherein the first and second

stripping units strip at |east partially deactivated
w@atoalyses from separate reactor units. 5. ThePGHESMN3/016073

of claim1, wherein at |east one of the reactor units

includes four riser reactors. 5. The systemof claim

1, wherein the systemi ncl ud®s- t hree reactor units. 6.

The system of claim1, wherein at |east one of the
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r gact offe bydtdnh6f @hind f?,aﬁl?]ergﬂ%@{atﬁl rSRACE PbsitBhddexdidally

&
wherei n tHe nunber of the cata ys? returns in the at
| east torthe pluralitg of gsartreactorsiim the atlgasilose phthemeavbmunigs and
the plurality of ris reactgrs, in.the | east e
of -t he Pt e BmbrSSt el SR APl ih B ool or Mereactor
wher ei fnitsh@ualk theddibbe BE tHefplliriRty izt Ofeadtbistis the at least one
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syst enpbthe ggagiamugits.wher ei n the at | east one of the
reactor units further

9. The system of claim 7, wherein the at least one of the reactor units

includes a plurality of catalyst returns.

10.  The system of claim 9, wherein the at least one of the reactor units further
includes a flow control device positioned on each of the plurality of

catalyst returns thereof.

11.  The system of claim 7, wherein the separation zone further includes a
quiescent zone in which catalyst can be retained until the catalyst moves

from the separation zone.



includes a flow control device positioned on each of
the plurality of catalyst returns thereof. 11. The
wayaem3et claim 7, wherein the separation zoneCT/us100&016073
includes a quiescent zone in which catal yst can be
retained until the catalyst noves fromthe separation
zone. WD 2004/ 031327 PCT/ USZB03/ 016073 -56 12. The
system of claim 16, wherein rat |east one of the
reactor units further includes at |east one separator
sel ected fromthe group consisting of a cyclonic
separ ator a filter, an inpingenent device and
.20f . |
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meters 15. The systemof claim1l, wherein at |east
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riser reactor varies by no nore than 20%fromthe
cr oss meletstor7lmetersa of another riser reactor in a
single reactor unit. 16. The systemof claim]1,
wherein at | east one of the reactor units includes a
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singl e reac unit. 17. A reactor system

conprising: a first reaction unit conprising a first
second reaction_ uni

raljty of riser., reactor.s;
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has a |rst end I nto WO 2004/ 031327 P US2003/ 016073

-57  and the cross sectional area of one riser reactor varies by no more than
20% from the cross sectional area of another riser reactor in a single

reactor unit.

16.  The system of claim 1, wherein at least one of the reactor units includes a
plurality of riser reactors, each riser reactor having a cross sectional area
and the cross sectional area of one riser reactor varies by no more than 1%
from the cross sectional area of another riser reactor in a single reactor

unit.

17.  Areactor system, comprising:
a first reaction unit comprising a first plurality of riser reactors;
a second reaction unit comprising a second plurality of riser reactors,

wherein each of the first and second reaction units has a first end into



whi ch a catal yst can be fed and a second end through
which the catalyst can exit the reaction unit; a

WO e@afar3ati on unit having a regeneration inletPEnuSm03/016073
regeneration outlet; a regeneration |ine having a
plurality of first Iine ends _in fluid comunication
with the second ends of the ¥itst and second reaction
units and a second |ine end extending to the
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second stripping return end in fluid connunlcation
with the regeneration inlet. 19. A nethod for
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| east partl ally deactivated catal yst with a stripping
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catal ys
communication with the first stripping outlet, and a second stripping return

end in fluid communication with the regeneration inlet.

19. A method for regenerating catalyst, comprising:
receiving an at least partially deactivated catalyst from a plurality of
multiple riser reaction units;
heating the catalyst under conditions effective to convert the at least
partially deactivated catalyst to a regenerated catalyst; and

directing the regenerated catalyst to the plurality of multiple riser reaction

units.

20.  The method of claim 19, further comprising:



21. A hydrocarbon conversion system conprising: a

plurality of reaction units, each unit conprising a
wWebwnasisey of riser reactors; and at |east OnBCT/US2003/016073

regeneration unit coupled to the reaction units;

wherei n the nunber of reacti units is greater than

t he nunber of regeneration' nits. 22. The hydr ocar bon

conversion systemof claim21, further conprising: at
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21. A hydrocarbon conversion system, comprising:
a plurality of reaction units, each unit comprising a plurality of riser
reactors; and
at least one regeneration unit coupled to the reaction units;
wherein the number of reaction units is greater than the number of

regeneration units.

22.  The hydrocarbon conversion system of claim 21, further comprising:

at least one stripping unit coupled to the reaction units.

23.  The hydrocarbon conversion system of claim 22, wherein the number of

reaction units is greater than the number of stripping units.



