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fluidizing catal yst particles, and nore particularly
to fluidizing a popul ation .of-catalyst particles
having a | ow catal yst fines content. BACKGROUND OF THE
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petrol eum sources has increased steadily. [0003]
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formone or nore smaller attrited catal yst particles.
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[0004] In an oxygenate to olefin (OTO) reaction system, an oxygenate in

an oxygenate-containing feedstock contacts a molecular sieve catalyst
composition under conditions effective to convert at least a portion of the
oxygenate to light olefins, which are yielded from the reaction system in a
reaction effluent. As the feedstock contacts the molecular sieve catalyst
compositions at high weight hourly space velocities and under elevated
temperature and pressure conditions, a portion of the catalyst compositions can
break up, e.g., attrit, to form one or more smaller attrited catalyst particles. Some
catalyst attrition particles are very small in size and are referred to as catalyst

fines. Due to their relatively high surface area to mass ratios, a portion of the



| ow surface area to nmass ratios, larger particles tend

to be selectively retained in OTO reaction systens.
wab@esededst i ve retention of |arger particles iBCT/US2005/043840

particularly a problemfor highly attrition resistant

particles. [0005] Additi ona}I2 catal yst particles,

particularly catalyst fines,” may be |ost froma

catal yst regenerator associated with the OTO reaction

system In conventional regeneration vessels, coked
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distribution within the fluidized bed. Several processes have been disclosed that
address this problem.

[0007] One conventional technique, for example, includes non-selectively
removing a fraction of all of the catalyst particles in the reaction system to make
room for the addition of fresh catalyst. This technique for removing undesirably-
sized catalyst particles is inefficient, however, because a significant portion of the
desirably-sized catalyst particles are removed from the reaction system with the

undesirably-sized catalyst particles.



metal content with closer control of average particles

size, and narrows particle size distribution providing
WO pqueov3sds f | ui di zati on properties and better arCT/UB1095/043840

and selectivity. The process is especially useful when

processing hi gh netal containj ng feedstocks. [0009]

U S. Patent No. 2,573,559 to Friedman discl oses

replacing a bed of fluidized catalyst, which has

becone reduced in activity during use, with fresh

fm di zed catal yst, the average particle size of both
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f | Gty awitesiawn ois apwiiedt by pagicle sgspuiiesh ctalyst, which is
Catteﬂlrﬂxﬁf toRﬁé héa‘&{g?santd%ﬁ iv%tegeog{agsss‘? %ﬁ h? gélyeﬂteé.' R&ording
I ofi or nedian

article size o stri
panot thel ‘éSQilpatmt eﬂhca ooirtplietel treplemasat todtdatadyst fvan dddadcomplished

of new cat st .fines., SU 13Vf VENTI ON

1@%@1 n@\fmai opeTaing FEOnS g@@%&@?ﬁ hoPEcesses for
ef foogaent Iy USU'PQteﬁ{ PQolﬁ:aﬁ’&PNbaﬁ(b@nOﬁSﬁ?tcﬁédo?es processes for
partlcles having a | ow catal yst fines content In

f | mpigtaigidg beldsiralauiioee sith élspdpmmum aun Ogio matiatrysystem In one
ized in the fl.u ed.reacto

ar t IQ?“%?‘E}:’ ﬁ} lelgge B Comrlﬁﬁgeﬁlﬁﬂpg &atﬁgfat ﬁ]Eﬁh‘: with fess active
poéﬁibélﬁlblﬁrbﬁﬁcléﬁt ByY&iding less active co-catalyst particles to the reaction

system, desirable fluidization characteristics and hydrodynamics can be
maintained without affecting the overall perforrriance and product selectivities.

[0011] The need remains, however, for improving the fluidization
characteristics of a population of catalyst particles that is depleted of catalyst
fines, e.g., has a high particle size distribution or median particle diameter,

without necessitating the addition of new catalyst fines.



particles contacts one or nore obstructing nmenbers,

e.qg., baffles, under fluidization conditions. The
w@e@s®nie4s nvention is particularly well-suitedPdDUS2005/043840

fluidizing a popul ati on of catal yst particles depleted

of catalyst fines in an oxygenate to olefins (OTO

reactor and/or catal yst regerérator. [0013] In one

enbodi ment, the invention is to a process for

fluidizing catal yst particles in a reactor, wherein

the process conprises the step of: (a) providing a

p! s'ﬁMMM@bp@g% WSVERATON! €s in the reactor,

wh n es have a d2 val ue of

gr B2y t hanThisanrention pgreddserovelhanceabmufor Bfficmtly fluidizing a
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b
to behave in a fluidized mannér and forma fluid
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prinary obstructing nmenbers ile in the fluidize
be%a.r}ﬁf%% 1"41“% i Balf yoth é)b\évg%cé%s G Her ©€o n‘é?t?]&%s under
t hetidiz@Row fcon@iiBhaCt TRY presbiRefvbAtdn SOPRicEIaNY RBl-suited for
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[ O@DE3] Al t er labhe empodidient, s tinPenbioh tik A0 OprdcB for fluidizing

plurality of catalyst particles are at |east partially
c okaselyst prati¢lese i Roteaster. f whersiay theaprpesss i aemprises theepiepfof: (a)

co i | r afi [ .t h pl ural i of
COBPEb S MESAEDP AR ARBAT b PUALAL b S
| epesticlpsihdviead dayvahegefgreattrethb ebait 40.e@sitedbdh aBdUtY50 or greater
coked catal yst, particles. In this aspect, the .
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of from about’ 4 to about 100 when the particles are
f | fgpdiitockdcamprisingeae Oy geavierwitio te plnrakity ef patalyst particles under

obstructin nbers._si ted within.t ui di zed bed. ..
CoFrH e R Bt REvEthE f elplenti fud gt G wis
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plurality of catalyst particles in a reactor, wherein
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abgyt at%astgﬁa%aﬁlﬁr cgigéacf? and the process further comprising the step of:

contacting a regeneration medium with the plurality of catalyst particles under

conditions effective to at least partially regenerate the at least partially coked
catalyst particles. In this aspect, the regeneration medium optionally comprises
air, and the fluidizing medium optionally comprises the regeneration medium.

[0016] In another embodiment, the invention is to a pluraiity of fluidized
catalyst particles in a fluidized bed having a d, value of greater than 40, greater
than about 50 or greater than about 60 microns and having an axial gas Peclet

number of from about 4 to about 100 when the particles are fluidized in a reactor



about 50, or greater than about 60 m crons; and (D)

one or nore primary obstructing nenbers situated
waowdokiorsete fl ui di zed bed for at | east parti al PET/US2005/043840

obstructing the upward flow of the catal yst particles.

[0018] Optionally, the reaci9r conprises a reaction

zone and a separation zone, and the fluidized bed is

situated within the reaction zone. In this aspect of

the invention, one or nore secondary obstructing

menbers optionally are situated within the separation

z omyirfgo onebr neas tpripeary ichbtiyctiolg smembers rsifusthe wifhwathe fluidized

fl oeg of entrained catalyst. Optionally, the one or
mo? "secondary obstructing nmenbers are situated |ess
thpo17 Metery aRANG tmBodildéhtli the dinb&flion TReto §a%h@lon system,

optionally conprises a catal yst regenerator or an
oxsayaprising: t(e) ol fbfidined bedobra. pluadity of Cptalysh akttiglestiner reactor,
catal yst,particles.in.the fluidized bed,, e.g. e
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about 8 to about 30, and nost preferablé‘?from about 10

t oobsbueting mentpoy Gituaed i witkin| the flnidizedt bed, dor phrledst Ipagtially

co | I | ar e S fromthe group
conpraidBs FBU o8l SLRR SRIREEA " sar0 T,

SAB018]7, SAPOpilénallp/ MRS réibtorSiiprists a $EdGon 2onSHRD, 8éparation
SAPO 36, . SAPO- 37, SAPO 40, SAPO-41, SAPO 42, SAPO 44,

sarneqd Bardtyidiged bed iseippates athin His teactiontyengre fmthis aspect of
co | N f I ] r .

OB 100 G TF 9SS U b OEERR i
c owjthinsthe gseparatioty gareafoe at edsh artially dibzteuttingdtheingetrd flow of
condi tigns effective 1o convert the oxygenate to |ight

o SRR APLOPALY S oBe ;S’éé’?‘?retsﬁ%g/ YaPYpiicting members

pakti L [ I i+l -\t qa Ldizi .
o0 A oSt SR, Thotalh ol Spgonay
t heomrises o catalyspregeesatar @analxygenategerieimteactor.l n t hi s

i t, at.l t i f_th I lit f
oaBtOLT " Bt B BRtehibBetisies fhofhey fidiesy Boy o, the
t hjl§ideeR btalyst PertieRl ahyset arpgﬁhgl: SdselectR tufibel by feR/NEBRE 4 to

aregeneration imedium preferably conprising air, in
t habaut 409 preferabdyd fronahoug §ridiabrein0, aihfl anast peefereblytfrom about

l e artially regenerate the at |east partially

co@z_&) %Dé)f’lga?@st particles. Optionally, the catalyst

pa[eo20] es ar @ptibnill] ztad ‘htalyse C}_fdrﬂiﬁléﬁ ZdoRgpri¥e dhddMBcular sieves

conprising the regeneration medi um 00264 tionally,

t heeleptied Hommicesrprp wapystoigsof §4PhY »S i 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,
AEI/CHA intergrowths, the metal containing forms thereof, and mixtures thereof.
The catalyst particles optionally contact a feedstock comprising an oxygenate in
the fluidized bed under conditions effective to convert the oxygenate to light
olefins and water. In this aspect, the catalyst particles optionally are fluidized
with a fluidizing medium comprising the feedstock.

[0021] Alternatively, the reactor comprises a catalyst regenerator. In this

embodiment, at least a portion of the plurality of catalyst particles are at least

partially coked. In this aspect, the catalyst particles optionally contact a



at | east one inverted "V' shaped baffle, which covers
a portion of the total lateral cross sectional area of

wo b@oefbisiugli zed bed. The inverted "V' shaped baP€T/852005/043840
optionally covers from about 20 to about 80 percent,
from about 40 to about 60 percent, or from about 45 to
about 55 percent of the total lateral cross sectional
area of the fluidized bed. Additionally or
alternatively, the one or nore primary obstructing
menbers conprise at | east one subway grate style

bafehératithi ﬁfédﬁﬁ’{ epfef@atl9r dongiti sﬁfg talte ih othal flhidized Med under
cross sectional area of the fl zed bed. The subway
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enbodi nent of the present invention;
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ac e%e% g @nsa%%ﬁ{ 1 RAY 'SWQ&nPEEtﬂ%eto&ﬁ ¢n&at crosi sect10nal
entr’on; ure presents ‘a grap | otting cat

e Nared bﬁtherﬁuld&edi bedin Atddbionaity hlealngrnatazlelyy dleaordaeansmore pnmary

se bed; ure 4 illustrates af ui di zed
%t%? ting: corBrise &t Lash ABS 8 ‘é{%ta‘i%tf“‘ %ﬁﬁottﬁf% nyvhich

R @%&%glgfofk&vﬁ% hA%a1 &oéeRtiondl latddIf'tRE BRidezed bed. The

fI ui I ze reactor or regenerator according to
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t b d
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grated baffles; Figure 7 presents a graph plotting

dynam c bed pressure drop neasurenents at | ow fines
oﬁﬂ-ﬂmﬁwwﬂ ui di zed bed
@6& I havi fﬂls 1n@?ﬁtf&e%1ﬁr@et %gttgra%%&stoga %efgrence to the

s a graph plotting dynamc be ress
Detalled Description of the Invention when taken together with the attached

drawings, wherein:

Figure 1 illustrates a fluidized bed reactor or regenerator according
to one embodiment of the present invention;

Figure 2 A-E illustrates obstructing member configurations
according to several embodiments of the present invention;

Figure 3 presents a graph plotting catalyst entrainment as a
function of height above a dense phase bed;

Figure 4 illustrates a fluidized bed reactor or regenerator according
to another embodiment of the present invention;

Figure 5 illustrates a fluidized bed reactor or regenerator according

to another embodiment of the present invention;



measurenents at |low fines content as a function of
time for a fluidized bed reactor having inverted "v"

W@ b@d/osig | es, as shown in Figure 5; Figure 9 PCEESIS043840
a graph plotting dynam c bed pressure drop
neasurenents at low fines content as a function of
time for a fluidized bed reactor w thout any baffles;
and Figure 10 presents a graph plotting dynam c bed
pressure drop neasurenents at adequate fines content
(8-12 wt. 9% as a function of tinme for a fluidized bed
react or wit Hiigereahyprissehis asgrapie PAotimD dYESCRI bd Orpsge drop
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fluidizing a popul ati on of cat al}ﬁSt' particles having a
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i nvention also praovides the ability to, m nim z&
entrained cakgips? Pigsats pr grph &A@%pgt%ammba AESSBREdrop
I e Cl Qi enfdiPst! léﬁsffn%g cORUASR Al een dtRBnYr e Br & Alfdized bed reactor
reactor or a catalyst regenerator. The invention iIs
al wahalitaeyg beffles;and popul ati on of catal yst particles

- having a low_fines content, bu i biting.efficient
i A zat | onFighE: 10 Reriea & eribh DMt oS Sad Areaire drop
PAREA b darentM! ;{\@q&atb@ﬁéf EME&tWE\bE %P%@]ﬂlﬂcﬁoﬁ‘ of time for a
fluidized bed reaction process, catalyst particles
c ofitidizied hed raactor wiithguirangibaflesuch as a feedst ock under
conditions effective to cause the catalyst particles

LopBaNaY Sin BISCRIMTCE GFFARINVARTION a'e

S he yst—pafttctes are converted into
anp.expanded, ISYRODUETIONSS t hat has many properties

of a liquid. For, exanple, the mass has a zero angle of
ref934] seekShistinveken nsQufes peigl REACEPASS and acasHam sygems for
th e . I : i- i i

B ARG o R PGB
e. gonterlBold thehte a large particle size distribution (PSD), by contacting the

particles with baffles, preferably within a fluidized bed under fluidization
conditions. Thus, the present invention is well-suited for fluidizing a population
of catalyst particles having a low catalyst fines content in a fluidized bed reactor.
As used herein, “fluidized bed reactor” means a reactor or catalyst regenerator in
which a fluidized bed of catalyst particles is formed. The present invention also
provides the ability to minimize entrained catalyst loss. Preferably, the fluidized
bed reactor comprises an oxygenate to olefins (OTO) reactor or a catalyst
regenerator. The invention is also directed to a population of catalyst particles

having a low fines content, but exhibiting efficient fluidization characteristics.



Perry & Don W Geen, Perry's Chem cal Engi neers'
Handbook 17-2 to 17-18 (7th Ed. 1997). Exanpl es of

W@ ewelzde4s eact i on processes that typically occRCT/US2005/043840
fluidized bed fl ow regi nmes include, but are not
limted to, hydrocarbon cra@d ng and reform ng,
oxi dati on of naphthal ene to phthalic anhydride, and
amoxi dati on of propylene to acrylonitrile. Fluidized
bed reaction processes are also often used for the
regeneration_of sent cat al art| cI es.
cdhvent i onalFLd ATA PA; S| HAVINGy o
catal yst co cLeJ acts an oxygenate cont ai ni ng
f eedst ock urrdet %G%f@gﬁb effective to convert at
| §e825]a por th cn fladdizedebek yeretiah erodess, h@atalyst part1cles contact a
oxygenat e- cqnt ai ni ng f%edst ock to |ight oI

idiging SpeHRmeHich A5 & Teedstopts uaden sondiions Ié‘ﬁt“éff {Rpause the
C%g&gfst %w'aﬁﬁ?es% BUnge Weia0fhidlbel rh¥hmPacks Ok (i Bized, the
and under extreme tenperature and pressure conditions,
a S iofes tahec oan paided.onspaded rasa as many
cptaiysi partiofes ateecaaeaéd tto en reppaided aded lox khatlh

e. attr orm on m)r smal l er att
© PPaorREs i e o 0T SR, She e ho ArHeT ASHE PLieppas sk is
Al VYL mhtsuhfes %ﬁ@ﬁlaaa dr ﬂ[eecdn%ﬁhg %ssfep etaGAt Aliddlation

fines. [002 used herein, "catalyst fines" 'neans a
cqird)cmstascame wfellﬂmowml intthel Chmmaly@tglrtﬁ@npgusrtu Sre, e.g., Robert H.

N o

a (¢l Eeciogm. afxahipldibRécReral adaativis précesses FhdtitPpically occur in

partl cles having a dgo of greater than 44 mcrons.
" dhtidizgd bed Gawvsegimesdneluds, ateemcéilmuépsi tq, Bpdrpessbomperacking

of for | at ed al a
£y B Gl RRE LR UbHEES pf i Riacion
us(ffq) ré8/i@iento alSBndrY& t Flnflizeddidesction heocdsdel BRthlfiesfdnused
as_a collection of fornul atedcatal yst conposition
pPt theiregenpeatiph gf epepbertaliistparticledl e di ameter of |ess
t 20 m
‘ gapmbl e di gﬂlrre &nygﬁe%ﬁﬂso?ﬁ) llégégo hﬁ{ﬁ%{]fa o@olgé@%]e%&%el ceola Lyt
pI dofrglositipn Ofcoptactt i ah eexyginabe-coatafring efesdsteckf amder conditions
pur poses of this pat ent appl cation and @gpen
cl ATerBVeof0avehak legst B@P%Wto %?OWGH% m oéy%??@@"tqnéadmng
Pl e @kd ek q{%hpﬁrehggl a3 m@ye%daoa@asaﬂtgdtﬁﬂ@hﬁ&%ﬁ& e catalyst
greater t X val ue. For the purposes of this
deforyiokitions  4thdigharwéighte hoidy spase r vélagitien a(lﬁsm)ldms @dtreme
to define the dx value_. is neasur.ed | N ] known.
| deBperefite eaf PR YEHATRS Aiag0 £1he Fublat oo ions oan
(Sﬁ%& BRI d. CAt@it StoZBrrR BAé WEZ Blord AN dMafifiRl'cAflyst Particles. Some
ar
cataglyst attrition particles are very small in size and are referred to as catalyst

fines.

[0027] As used herein, “catalyst fines” means a collection of formulated
catalyst composition particles having a dgo of no greater than 44 microns.
Conversely, “catalyst non-fines” are defined herein as a collection of formulated
catalyst composition particles having a dgy of greater than 44 microns. “Catalyst
coarses” is defined herein as a collection of formulated catalyst composition
particles having a median particle diameter of at least 120 microns. As used

herein, “catalyst non-coarses” are defined herein as a collection of formulated



Florida). "Particle dianeter" as used herein neans the

di aneter of a specified spherical particle or the
weowewadeesit di anmet er of non-spherical particl eBCEES2005/043840

nmeasured by | aser scattering using a Mcrotrac Mde

S3000 particles size anal yze9- [0029] Due to their

relatively high surface area to nmass ratios, a portion

of the catalyst fines in the reaction system nay

beconme undesirably entrained with the reaction

effluent and exit the reaction systemtherewth.

Cataaly¥ tcoppRaidion pagic Jlaﬁwme@ﬁ{l P&FW&:@SW r of less than 120
re&?&@ﬁsat or flue gas and be lost fromthe reaction
systemvia the catal yst regenerator. Conversely, due
t o[00RE) r r el Asivgead HeremyasSmddinepaticda dianetes sneams itles dsp value
| arger particles.such as, catal yst .coarses tend to_he
s ik ausphalfigd PLESHH o4 PRRCISTOA LABATITR 525 dpEREPYISE 1f e patent
pa{lﬁedli%t?(ﬁq A Paehldd L19ihs B tRR . Tﬁé’f@e SN vORIY, of a specified
maKe-up for |losses Is practiced. e resulting
c aplatafisy oppgutitles have hpesticln dianwateawegteygar thae tesd sialve. For the

di stribution, . d | ue,. and, exhi bi
£ | Diape s e Biiop P el sind A inag (SR8 defige the
| ngt Reueatsahtaduré® IRMGT WER knowR0 3Mkr |sBatRiigga®RRE uest ing a

present invention provides the ability to mnimze
enMietiotree! Madell §3000 pawicter sive aarfalyzer|ifpavnl Méetotrasaclnor (Largo,

2 AP, DGR R AL R g v

of sieticall padictator! et eln@ssents didhdst® @8bhdh-spherical particles as
Nevert hel ess, as catalyst fines are lost fromthe | )

r eEeesuserd dydlaser seajierBg disingn aslySeretrpc tMedsln§M0; particles size
al iﬁ’af{e?\’i des the ability to maintain desirable

fl uu!i zation characteristics in a fluidized bed -

ref00R20] , sucbuaso thefrathtiyaly highgmmncatres to havs ngos a portion of
fluidized bed forned of a popul ati on of cgt aI%st ) )
patie; qafadyst dinen i teeteagiopelytephmay deemys tndesyally entrained with
Comeexl%?tio -ﬁgéﬁltuhllgeanﬁe&?tf th §eé2:ftiolti @gst%.elﬁ%.{’viﬁlnv@zﬂﬁl Qc.nﬁneg also

are two present invention mnimzes entraine
c ahalyytstcome sentraiseil | veithmeegeneraton dluchgasf dndi bk kst ifiom the reaction

characteristics, of renaini cat al yst t.icles,
S hauRen Siabe Rl ek Uhet Pistly SosB it fdtBkty tow surtace
embedin®idss iR, RERS Phiticled\s8EH hPEtAIFstHoaRed REd 4O bé selectively

process for fluidizing catalyst particles in a _
r eactained ipiQEFQ@ redsitipn ssy$temi dvheadthb auirticlesc angr attrifios resistant and

process jncludes the step of.providing.a plurality of.
Ca e SRR B £ Frrer RO Reidhio e iR Ghe o e pobufRlion has
catAl #tcah tpaftlchs By edigirbuian,ue.gQf dgr @alul ahflagkhibits poor
about 40, greater than about 50, or greater than about
60 fhwidizasion chavatieristinsan thy reacker a wesdleas Sn fecatpliess raghrerator.
fslt EWL ﬁgnt Cit %ﬁ aglbb%t,Cﬂlteahaye%ntp%\;ehﬁ&? SprMiEiQs 3he ability to
minimize entrained catalyst loss from a fluidized bed reactor. Although the
present invention is directed toward minimizing entrained catalyst loss, a certain
amount of entrained catalyst loss is unavoidable. Nevertheless, as catalyst fines
are lost from the reaction and/or regeneration system, the invention also provides
. the ability to maintain desirable fluidization characteristics in a fluidized bed
reactor, such as a catalyst regenerator, having a fluidized bed formed of a

population of catalyst particles with a relatively low catalyst fines content. Thus,



under conditions effective to cause the catal yst
particles to behave in a fluidized manner and forma
wo baveaivwesl bed. The process al so includes the BCEPSWNS/043840

contacting the particles with one or nore primary
obstructing nenbers while imghe fluidized bed. [0032]
A popul ation of catalyst particles having a d2 val ue
greater than 40 microns has a nmuch | ower catal yst
fines content than catal yst popul ations typically

| oyed in fluidized reaction systens. Popul ati ons of

cat @ bsusfitpel the presentt mmntma.\aee twafold: thermeseﬁﬁﬁiv&ﬂﬂiodhﬁﬂﬁmmes
ave sjrable
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poamhmingoamalfst 9a1ttﬁle‘ésslhoﬁmrsbhfélcﬁﬁlﬁ@ﬁhébgoe%étow fines
content is fluidized, |arge "bubbles” tend to form

wilP 1 t he H@@ne'@i@@élmilhes)rmentjmwemtm i | dinsrciofl tb laeprocess

c o uEhoiBe hBE DRl 1 CPORP s bt  Moidivd ded reactor
héfhelplocas ﬁm:muieatth@éte@%f ﬁﬁivi’dlﬁ§ta ﬂlﬁraht}%ie@atzﬁ?éf Iﬂ& cfes in the

"l ow fines content” neans opul’ation of ca
pAFAcFE| WaCreHYy Fh?gcaéaIMSt\P&mFée anraeéi @&111@ Imérgrembrrthm abwsut 40,

I or st (RAVAHIRE S0 ddr%‘f&\{e%rtﬁ ﬂ%(}( frﬁcéro% ﬁ%@‘? glonaélyg the process

i mpl enenting on€ or nore o

badlides , the rsedpeofbontacting the chfal?ysf Iptitidles Ot %dﬂmdlzmg medium
desi, r abl ggfl UI zat| on characteristics can

24049 Rydiions ¢ ﬁ‘&?"ﬁttﬁlcﬁﬁ"’& thétcwabﬁtsp@rﬁgieﬁgo bﬂewe in a fluidized
r %@hbﬁ/ﬁd)’foﬂh Qrﬂlg&’izé’(?’!)é&e e aﬁgceesé: 9 LR e? g}?tslt{pdgsﬁjltactmg

fluidized according to fhe present |nven

Oths pawtadlesywith loge pr ooesmimirytdbetrpstiganémbety @Mile the fluidized
flg her conprises the step of: contacting a feedstock

conprising an oxygenate with the plurality of catalyst

p§og32gl es u Mﬁs lﬂﬁfbﬂ' df 'c%ﬁfs?%egﬁ@l%é H§V11t1§a 99 (}Xlﬁé éreﬁ e ttha,n 40

oxygenate to agt ol efins a
t HUCIPNS i hes 22 iguehedowien opelysindinky coatent Itha&S catalyst pogulatlons

T b e T A o
ettao tavees ﬂow tﬂnes Caiitghtylive Mfdib BlEHroRE L I h AR M%ﬁy'ﬂﬁdési%ble
| ecul ar sieves selected fromthe group cons

shpidizgtion; agterigiigso. Fpr exgnmrle, 462 opRBLid, ofSAPchsl&xamcles

SR 108 R BRI B 0 o L i

Abed. CiPheben beblyjeo hirdsr tlidh BoWebRtheC Odthl ?St%a{}ggﬁsg{iﬁ esta.ndplpes

E‘I '@glsfvhécrfipaﬁf@rtéﬁ rpg'fstlciqg Z‘g’g{)[ﬁh%lﬂ%?sg@ﬁ bedt alAysused hereln a
B?%%dégs&ﬁf??ﬁle}rég Agﬁn'grég }é Vi gft :% alolvyft'lrfeg léggtbnti glﬂetatgﬁ? pﬂ@,llaanon of
r ejepsrmrticdes g mdyiviloe tolﬁ%r@kdﬂrthén 49 nfiérofi@t & Bedthow been
pglséév%{'e N hlcj){’]v%\ger that by implementing one or more obstructing members,

e.g., baffles, preferably within the fluidized bed, desirable fluidization

characteristics can be advantageously maintained notwithstanding the relatively

high d, value of the catalyst particles fluidized according to the present invention.

[0033] Optionally, the process of the present invention further comprises

the step of: contacting a feedstock comprising an oxygenate with the plurality of

catalyst particles under conditions effective to convert the oxygenate to light

olefins and water. In this aspect, the fluidizing medium optionally- comprises the



conditions effective to at |east partially regenerate
the at least partially coked catalyst particles. In

w0 bios/oapect, the regenerati on nedi um opti onal PET/US2005/043840
conprises air, and the fluidizing nediumoptionally
conprises the regeneration dium Thus, the fluidized
bed reactor in this enbodi ment” conprises a catal yst
regenerator, preferably a catal yst regenerator in an
OTO reaction system Catalyst regeneration processes
are al so described in detail below [0035] Preferably,

t heedstdek dIThAS, thE AuidEA id reaVI0Y ih IWS eMbbERnt CHMBARE an OTO
and a sgﬁaratl on zone, and the fluidized bed is

sitedere dnvthisrembodinaent o e tcptalyst particles preférably|coimgpirize tholecular

b ' | . , '
SR b udef AP A AREINA G SRR S50RTT savo
nare; SARIBER! SAPOLES, ' SAROI20N SAPCUBT,i SWPOBAL I8AH(-95 A5 Zpd-36,
bed reactor occurs al nost excl usivel in the reaction

z P QB 7§ o¥AR Getde oBAPBrtel UBARO-42hi TAPQré4, t SAROF4T; r S4PO-56,

to ' ‘ i.c ftor . ortion
PABEHASRAA O, B BUBIRE s OGS, snduBh Bl
erfpoxd]ned Wi Alkerhdtévelss e st PFatloe bEthe purehtyest dabiyst particles
separation zone therewmth. Preferably, the separation

zGhe & deash i fplted. shd e nrpgss Juither aeqrapTisies, itk step of:
_ _ < _ o o
i@ L B ARARE RN by AR L A SRR e

r aonditiond effectival tpstt leastkpdrtialtyh ecgeraratei the at dest phfiklly coked
obs%ﬁu ti nigl msn;ggg% of the present. i nvention,, which i

i 8 XS§ PEHEICS B ARPENING TesRRCrAlaN dRediym npgonalfys gomprises
Pr&f @hakhy MfidzmbiMadiefh bitidnlfy rcSﬂl@%’%%Qtrhs wggene?i&op%g&um.

additional obstructing nenpers (se structing
mekiyer dhe rflyidized sheduatastbrwin Hhis embodiepat atdngriseone catalyst

f t | t tial bst ti t d fl
b Rk o b bt Bl OFIBUGER it
Catginefitioh Edtessed atelsd deddriicasdl diatl bEgACt or conpri ses

one or nore secondary obstructing nenbers in the

sdBl¥dt i on Asefsrabldhe Buidived byd siastor gemprisesraamehaiiofisione and

optJd . re_sj ed fr.om.about 0.5 .tg about 4
o B ey AT S SR e Db D forone. 1000
melgdized Betcren®ist ist &ftslyaREgentraty) b @etctiOn BoddisabRHEd 1o as a
nmeters above the surface of the fluidized bed. In

t dPSFECROn 2R Asribenpmeisugacstsnibe reastion eegnting yn the fluidized
0 r j : t] eof .

oTHOREHp! SlET IS cxeifiPih he ReddiBh R, o, fop, ggseous
2 preduetss which exestrasforred toethe semibaiion idne Uy phelinzeid beds. A

{ RO S EREIGH Boeiip SEACDAR 0BF G AGoRS SRR with the
T g36%us Prbitls Y Bfie MY 6P £AtAE Jodd" therd@Hth. Ot ¥rétirably, the
separation zone is equipped with one or more separation devices, e.g., cyclone
separators, to facilitate the separation of entrained catalyst from the gaseous
products and return the catalyst back to the reaction zone. The obstructing
members of the present invention, which ideally are situated within the fluidized
bed, also preferably are situated in the reaction zone, although additional
obstructing members (secondary obstructing members) may be situated within the
separation zone for at least partially obstructing the upward flow of entrained

catalyst, thereby further limited entrained catalyst loss. If the fluidized bed reactor



manners. In one aspect, the fluidization ability of a
popul ation of catalyst particles in a fluidized bed

wo e@etdessan be refl ected by the catal yst systeol/BS2005/043840
axi al vapor Peclet Nunmber. The Pecl et Nunmber is a
di mensi onl ess nunber that reflects the relative
departure fromplug flow, "wWhiich generally corresponds
with a popul ati on of catal yst particles'
fluidizability in a given fluidized bed reactor. A
Peclet nunber of infinity (zero disperson) is ideal
q°es ns SWhe Ao sbANRGIbRirudtinBlfEmb&an hesspdrition zbne, the

es a nore conpl étely m xed reactor. For

Fﬂéé@ﬁl‘aﬁsolﬁfrutﬂnﬁg memben() aptioeaily ase situated fremaapeit N iyghout 4

Is de ed the.fo n
imeies, poropiigebye et he GaoBiadhet, e pioptpifiufly
1? Guttd‘ t@%ﬂou@fl RAbR|BEVe the sufaddef te Alufdind Hetie In terms
zed and D is the axial gas dispersion

C@feﬁlﬁpeclrenge htr@t@ﬁﬂiis Thmsmnéarym@wtmgome &Pk OF énportion
D i ?O&prgg{l {y;a?g s %@gssqgar? ! /tef‘rg al@ssqhgrf Q‘ﬁ{e‘t)é?s or less than 1

ar ea

I%g{e?ﬁ MhéahRisined by tracer exper| msnt at| on as
e appreci at ed one skilled in.the_.a

P08B6Y abl Y, Thé enmup@ﬂaﬁuldﬂasﬁn CREECIFEtiGSa Pt e opulation of
gga\é%}g& évsolf&y?r?gsl% 80% ?‘rﬁom &@éﬂ’c%@ﬁﬁé %MM&%H 11Qfa Vfah@f? of

about t o about 30,

ft&faﬁhéfboum bfe tRpepotHe AbidiAtion adeubfed)f Nmmtasloar@f catalyst
characteristic o? rticles

| f .
Catinlea i b alusatb R sanden refiseied Py g S, wdal
-?-ﬁ%éclr %ﬁlag%%{rﬁgp dTlgolbﬂéijét ARfahtde [11&? éirn?éhtsi%hle% h@aber 10438 ects

iment, the invention is to a
piier ddlative dbpdrivné drane dlogt ﬁcb\y,swlmh tgengraldy jqerrgsponds with a

fluidized bed having,a reat e

gpepitlation ﬁfaﬁ"ﬁt@%lﬂaﬂwso?‘ tﬁ@ﬁg e%llveélb ul{ng{;b%?Eeragt% A

apd BN Afe 20k At (238 disperson) is ideal plug flow, and a low Peclet
number, say less than 4, describes a more completely mixed reactor. For purposes

of the present invention, the “Peclet Number” (Pe) is defined by the following

equation:

U,) (L)
D

wherein U, is the gas superficial velocity through the bed of

Pe=

catalyst;

L is the depth of the fluidized bed; and

D is the axial gas dispersion coefficient.
[0037] The axial dispersion coefficient, D, also referred to as the axial gas
diffusion coefficient is in units of area/time, and is preferably determined by tracer
experimentation as would be appreciated by one skilled in the art. Preferably, the
population of catalyst particles having a low fines content has a Peclet Number of
from about 4 to about 100, from about 8 to about 30, or from about 10 to about 20.

Such Peclet Numbers are characteristic of a population of catalyst particles within



Pecl et nunber of from about 4 to about 100 when the
particles are fluidized in a reactor having one or

wWOorReoe/opFsisrar y obstructi ng nenbers situated w t PCTIUS1005/043840

fluidized bed. [0039] In another enbodinment, the
invention is to a reaction spstem conprising: (a) a
fluidized bed of a plurality of catalyst particles in

a reactor, wherein the catalyst particles have a d2

val ue of greater than about 40, greater than about 50,

or greater than about 60 m crons; and (b) one or nore

pra fmidizedbbed o trisey reastibe systsint bawtiegl paiticianlyt peod fluidization
fl iditzed.bed for at least partially obstructing the
upﬁ%ﬁ?& PR of the catalyst particles. [0040] In

aqgoigion to 1hR, heehstheMNRBSIimeht)ané litWhtidAlit 9 a plurality of
ability of a population of catalyst particles also may
b flridized catelystparti¢ies inl oflnidized bod having eak ahlpstof greater than 40,

articles throu a st andpi a ciated wi.th the .
P e, i B0 0 of Rl Bk B BB 4t theingyan axial gas
C Hepley shmbar 6f FbRSabdhe4 kO duBebY vaddahe paticles bRIN@WIed in a
fromthe fluidized bed for various reasons, e.g

., for
cdeadigishaviag emer eit MOFE Prigiaryl iopesadting megbersrfueigd within the

caﬂc}%%gé g@ck to a principal reactor (if the fluidized
be reacPor’ is a catal yst regenerator), to nake room

f goo3glesh camahiysher @hbodihgm, ¢he lixventiah ak Vst a irSaction system,
renmoved froma fluidjzed bed through a st angrgi pe,
wHicETIsHEZo he) @ fivedizedebed Pk agplagalibt ghentalysty partieles dmla) spactor,

e QR gL QO UIEL PP B8, ot
ofabbhie 50] wir dgrzsicr e abduti 0 awictoasplad g8) dnevwav @fore primary
that the condyit mpy be inclined fromthe vertical by .

2 SBsiFfings ek & S{é@aﬁs@ | ﬁ?ﬂe aiuifized Bedr fotc p doast partially
bedb@&s?tﬁ% e lﬁwm %d%% gft]@llb ehdiyégshriags. the catalyst

particles w ten ow I'nto the standpi pe opening

ar{@040low dovimwadditign ¢o rthe Peclet d\imntedr, ther Sotdizatipn ability of a
th h th i pe. ' [ly, th t th
| PRIh TRt ies B i b gRNEd B hi o, FEE of the

ot daedlyst hanRAhrot Sl h s@n@ipé havsialedl valtAME i Hiddesdd r¥actor. Tn
into another recerving vessel.[0041] As indicated ‘

alfolleidized hed ueagtaroentalyst partiglepsare partinglyl added had withdrawn from

exhi bj t or, fluidizability will |ess, efficigentl .
£l dl= 800 i Ve ARisch o b ol Bl o irecting
r eegémerated satalsPbaeR tb hapridvim pedcedri @Ntheffidized B&d reactor is a
particles that exhibits good fluidizability. Thus, the

f | falyshregeeraiard te amakieyepmt iRy &igglh catalysts eten dmieallyopatalyst is
S ABFLPEB) By RS HuGR0] £Lah L PRI Ui
of subktentiiBseticaillyoerhicd onduieinf fluddvcomtrmicafien %ithehafluidized
bed and having an opening below the surface of the fluidized bed. It is
contemplated, however, that the conduit may be inclined from the vertical by as
much as 45-60°. Because the catalyst particles behave as a fluid in a fluidized
bed, the catalyst particles will tend to flow into the standpipe opening and flow
downwardly (in the proximal direction) through the standpipe. Optionally, the
catalyst then is lifted to another vessel through a lift line or other transport device

or flows by gravity directly into another receiving vessel.



region of the standpi pe that does not receive a

l[ifting medium e.g., preferably a substantially
woesbiozmshs y ori ented region of the standpi pe, PEL/NB2005/043840

than a lift line that may be associated with the

st andpi pe. [0042] Thus, in ne enbodi nent of the

present invention, the fluidiZed bed reactor further

conpri ses a standpi pe having an openi ng situated bel ow

the surface of the fluidized bed. A portion of the

popul ati on of catalyst particles having a | ow fines

enoesy the opeHandiddr Hove r@p@;ﬂdﬁtwnzﬁct:aﬁ?ﬁt %Bﬂwﬁésq}i\ﬁ exhibits

t hrough the standpipe at a superficial velocity of
f roor dbatitability widl kboefficBntitieansfes eatalysopatipies fie thebflyidized
t 0 ,about r c, .and
or SRaRsHs ARG U Sobop ARt ot SRAPIT IR cxppits good
yeﬂulalamlh@r IS diHEE Abw fatd OFt the Ncatdlyst HBroReR Whatdt@@pHe (or
cat al yst partlcles havi ng | ow fines enter the opening
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at,a,s fiiI.veI0| 5to ho
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wa{eglbﬁ/ofene stafdpip® fat o6& mfterbéewef ] Ql’tlrfgbﬁauihuﬁ} 2.4 Opreferably a

about 2 nmeters/sec. I1l. FLU D ZED BED REACTOR DESI GN

PARANENANS verivabiporsTietaegionpf theatad ppg4Bithenghan a lift line that

flr}qh}?ﬁé gsqoagt%a%vlthlti‘l§3%(ﬁﬁ$g invention is directed to
urdrzing a catal yst particles having a

| oj@od2]nes coritusnin iofle &nfblodimhnz ed the gresedicinoéntiongead fyidized
the fluidi zed bed reactor ¢l udes one or .nore
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f Ihavitigzekiwhibatsreatecs e opening &loai thel ﬂatdlzﬁdrhediand dpws dirbugh the

co ditions in order t Xi t I [

Sl 2 TS el Dol DL Gt i O L uibogh b rrgigec, more
hﬁ@fé&dbl #Bf ost 62596 aﬁédinthét%ﬁ/é@@ hnfl @RGH: Sfeféiﬁﬂ'y%m about
paramet ers and operating conditions will now be

d €8 to bleat Zrmefersister Imlmt amth[smnhqdlmtaa pettion of the population

ot fia)ﬁlé(SE pARCRIARAGE S Sk SulAe BRcl goveiF Mfhized bed and

pr 8s@athrouphent ispRdpiye af 9 viisbirfi€l alavdl dditly U f2Rs BBsht 0.5 to about 5
reactor, e.g., cata regener at or, having spec:lf

demipigrs/Ssar e dusfer zscftmae@o%llow 2o/ 8r msiprs/sec, and most
ngr%fe%ﬂly frﬁ%%boﬁ“@%ﬁ@o%t%%&é%@&ifl ow regimes in the
r ction an

Separation zones he fluidi zed bed
remgtor. [ OOFEUI]TIIEEDI B[EDIREAGIK)RIDESIGN PATCA MIEFERS AND

i ncl udes a reactilon zone and
OPERATING CONDITIONS
[0043] As indicated above, the present invention is directed to fluidizing a

population of catalyst particles having a low fines content in a fluidized bed
reactor. Ideally, the fluidized bed reactor includes one or more obstructing
members situated within the fluidized bed to facilitate the fluidization of the
population of catalyst particles. Additionally or alternatively, the fluidized bed
reactor is operated at certain operating conditions in order to maximize the
fluidization characteristics of the catalyst particles contained therein. The
preferred fluidized bed reactor design parameters and operating conditions will

now be described in greater detail.



separation zone, hi the reaction zone, the catalyst
contacts a fluidizing nedi umunder conditions

wetdoeoticwe to forma fluidized bed, which is aPCT/US2005/043840
turbul ent dense bed or phase. The conditions, e.g.,
tenperature and pressure, algp. preferably are
effective to either convert the fluidizing nmedium
(which preferably conprises a feedstock) to gaseous
product. The gaseous product exits the dense phase
(fluidized bed) and forns a dilute phase, which
exjoédd]s fr om?:tthigstsﬂmiﬂ'aae'omfchmh@eld&ms eap fhasierprovedandt eaalyst

of the separati.o tion. z dapt.ed.
C Bt B s e o BPYLT H}sttm herp R hiidized
PrigdduGlactd?, tdie ddaltdlys@ E&g%ﬁ@fatoan qla{zﬁau cifite REfehabR@theters,
catalyst to t reacti on zone. f the fI ui di zed

eﬂsmmlthdomqufqrdescaaefuay amqmonne eatalysirflow megimehin the
reaction zone is referr rLegeperati on zone.
| gl b SBeivsibnon & e RRiRR s ISR | O of ved
bemoué] ef f ectie/BuiiDedbed edustor Padttiablyl Hcli@@anRhaion e and a
| east partially coked catalyst and formregenerated

cateamygon zqe Ielerrerddion zonet BF watalyshgorsects alflwdiging medium
par t (lf#dé eegﬁcta \Fee% foﬂh tiﬁhﬁlzgé B&E twl?é}pﬁ af tlugiu%rﬁ '48%e bed

y conprises a I egenéra

de@cphd@sd The d@ﬁcﬁud)nsb%lg),\/\/tenwmwﬂfﬁv prebsird, hilso preferably are
car bonaceous deposits (coke) on the catal yst partlcles

t hetérstivie & AiskesGoprett dhe, Bridiiag mediwn Wieh grrferablyf camprises a
ﬁgﬁsg‘gs%s 3" a@%&fse %dugthusl”het Egseoﬁg ‘f)géjcﬁﬁ:t ekﬂs t’tﬁcB dense phase

reg nerat on process-conprises vario
gaﬁEMSedabmj wht Somhs & lidlutecpienerahich rxfepndc sm mecshrfaea of the
wat er v por carbqugDnOX|de and car bon di oxi de.

ga@@ee datka op i ghe SPIFUPIGORE dAE .S%Haﬁaé@nmamfapted to
an&/ elratélgl@%ﬁaaﬁea g&ﬁ@ﬁ%@ﬁ@ﬁf @B Bl ﬁ}ocﬁa fn B %gen@ese and

e and forma te phase,” which extends fr
S uretum ¢heodntiained datalyst folths eeatidort Zomet op of t he

i . Th t ‘
SolBHa o nattdfe b e Ba Stl oF Rieed e iR GigenSrator, then
CO{RRQBRMoA Zofle 'ié"l%féﬁéduﬁoeaspi‘ Apenerdich f&HeUr M thRk®mbodiment, the
entrained catal yst to theréﬁmneratlon zone.

UI cantactioRyin thé:&luidizadobes isr Sthetive topt laast pae@zlbemsmﬁe an at

S50 Bl B SN o e

v ebzﬂ&lyit)/m@f/ Behausaba |pﬁﬁiall5)afegb1€drz&5d | Nnt thes 96181, ahé Muidizing
zone I's lower than in conventional fijuidize bed

r eaiedivis prefesat]y eqmieises hregsugation eegivny degribeq idgiad below,
t h@« Ich < oo?eq’tsgtﬁé ch%Fn? e&}(s & OE].&fe cBlgé)aqn e gﬁal%gto@ﬁ‘tlcles through

seC a vessel at a evat
opesrabushign 4a dz@floﬂlsﬂg&éo&up&ﬂﬁctt@ ioéilthey ﬁdgemariticﬁﬁpnoﬁes‘sh €Thus, the

separation zone, the inertia of each respective

catRiogugt” in the catalyst regeneration process comprises various gaseous products
of the regeneration process such as water vapor, carbon monoxide and carbon
dioxide. The gaseous products, optionally with entrained catalyst and/or
unreacted regeneration medium, exit the dense phase and form a dilute phase,
which extends from the surface of the dense phase to the top of the separation
zone. The separation zone is adapted to separate the entrained catalyst from the

gaseous components in the dilute phase, and return the entrained catalyst to the



particle in the separation zone will be
correspondingly | ower than in conventional fiuidized
wheaonemat ors. A reduction in entrai ned catal yBCT/USHS5/043840
is realized when superficial velocity is reduced
because only those solids whgse term nal velocities
are equal to or less than the gas superficial velocity
continue to be entrained. Particles having term na
velocities greater than the gas superficial velocity
will tend to fall back to the reaction zone. The
paegénstasiongromen dJltivatedy;ithy ghseons praduets of tlaf regheeration process
densi%¥ ﬁg%ference bet ween t?f particle and the
1457 effesded drarR the FPHAtOn AP35 AP &R% di ameter squar ed.
[ 00481 The fiWndicatfddhrsht Baslprtcisliveldtety DIF @seitialyst particles
invention preferably have certain design paraneters
aritl/tbe serestinnezane is dower thaw je cenvegtiond rimlq[l)lz%bed reactors. As
facili e thefluidization o rt.].C
nabeh e skl dafRL ib{fae EbAp Bhe P RGRe total open
degbésaldction | sIve aBsenet ardpstifies diévatibe SBpapaiatinf wdde lower
for reducing entrained catal yst | oss. [0049] The
f i Swpenfistad Vﬁgéltkeé&tﬂ@rs%ﬁf@#@r 2o3ey the drgrtie of caghyraspeptivyncatalyst

. i . N . i .
SRR o Y O RS 00 B oo
upfbeidized bedndamork) r Atredomition ihemghined katablzelovedn realized when

fluidi zed bed, reactor al so inc|ludes a _separation zone ..
prwrdistal velogity iy igdeced beratiss enlydhess) sy&és Vhess tgayaglglocities

COFRQUEA & of1dds thdd 91@3%13 fsrl.l?érﬁtc{b? Vreﬁ)gﬁ?:cgﬁt'l Zeeg) Bee gntrained.

regenerati on process o ng Int ul
r eRerticles hawidg tetninal vicheitestgredteratiac dicagassduperdicidh evelocity will

reactio oneg. The separatiopn,zone has a second l.ower .
it b9 B o BroeSaRa Ahe o€ BBl tiaR YelgHS & Tmetion
t her @b NS/ iffERAcS BRaE HRIPARES ahd ThIHERIAnSHRERF and the
regi on adj acent the second |lower end of the separation

z apeeticle dikmetey sqpaothd | ower end is in fluid

{04 oq boiny By Bt eblont BF P ey aisrbibf ercipmpy have

f | ¢erdinZ @6siBe thak BAGER! arill/ StOopdRste Uste Serfuirt dpatash conditions that
returninto which regenerated catal yst can be fed from
t hiaciigate the fuydizagien of petadys) padistes JRinE: » tawiineh confent, while
1 . LI ec t .
ncl5) BiRi s PBHAI R PhaRBeRkiG Thfle Sl 208 S gpaucine

megrifaidedregtalyst toss.he first major length is greater than
1.0, 1.25, 1.5, 2.0, 3.0, 4.0 or 5.0. Wiere indicated
hel08A9  t hesEhe Hpidizedhed reacton aiplpeably inoliudes Rergagtion zone into

| el gDl A St L TRFRE( B8 P frstJpwer

i néral, ahférss epmen déndendra fisthgiajor 18yetiptirelsbtweena Thad filidided bed

fluidized bed reactor havi ng t hese ﬁhar acteristics,
reactor also includes a separation zone provided to separate entrained catalyst
from gaseous components, e.g., products of the reaction or regeneration process
occurring in the fluidized bed reactor, and return the entrained catalyst to the
reaction zone. The separation zone has a second lower end, a second upper end
and a second major length therebetween. The separation zone includes a swaged
region adjacent the second lower end of the separation zone, and the second lower

end is in fluid communication with the first upper end. If the fluidized bed reactor

is a catalyst regenerator, the fluidized bed reactor also includes a catalyst return



desirabl e fluidization characteristics can be
achi eved, while mnimzing entrained catal yst | oss.

WO 0@60736dhe separati on zone optionally i ncl udeBCHUS2005/043840
swaged regi on and an upper separation region. The
swaged region includes a naffow end and a broad end
and increases in lateral cross-sectional area fromthe
narrow end to the broad end. The narrow end is
oriented at the proximal end of the swaged region,
while the broad end is oriented adjacent the dist aI
eiglo ofhittheegeiagred caedysooan bhdedbfromcthe mehctibn t(melsﬁnagmdl zone
reg| on i s_adj acent cat i
t 48d fppevhich the %ﬁgplaﬁﬁaﬁe@@%a “"ﬁﬂi’ g’éﬁﬁPtg&f% TpRct . WdcBrding
Ot ﬁﬁg ﬁﬂb@dﬂn@ﬁ@ﬁfe raffo @f‘ﬂﬁe 's§co'nﬁ nhdj ot [En &R TOHR tE{rh&Br length is
witht reaction zone. The increase 1n

C lgpenter thart ildpdl.25rled 2.0, 3\@/aéé)d01r &§i oWhere pxdmntﬁﬂleblerﬁln, these
order to reduce e su rfi.cial.vel ocify,of .entyaine

e SR RO AMOBE BB 19 st AR atfts e
t B Rads e sph o INRGRS, WA Will TRefdRpel it6RRE dbdodd major

regl on preferabl y is formed of a hollow cylinder,
e length. aBy pbontiding raegritadyst ﬂuahzqq]d:ed raeatergraying these characteristics,

BB LB 8L o SRR S KPR igpy v

f%ta@ﬁ{[@g ned catal yst contained therein. [0051]
Optionally, the reaction zone has a first average
d.[aﬂﬁmer an dfheh@pwﬂan &ONY ﬁptz@r@élyriagluﬁe%ééwlaaechv&% and an

Th t t
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r eglor he At engisogignted @b e nrevmal ﬁ%‘%@p&‘ﬁtm&g cgrreglon while
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ermn cond average di ameter.
t esndf thie swagad regiai isadpdcentrte asd int fied cemptingration Methhh@ upper

a first average 0ss-secti nal ar and the
S CRERYD G, 8 HTERLERG avarald 2fBeat do, ks in fuid
ar &anm@achtioRewltR thd r&fcu@)ﬁ" %oﬁee CqRd iAE4s8AR cross-sectional area in

Cross-sect | ona[ area to the first aver ag
craveaged ee:gmmrsqbromdeé i pxdentmteklycq the supdraeisl velogity @‘tentfamed

I 8,

hic?‘aiqtlw% o ud aatpl Bissch Bom P maton o 1 el i B Stheed
FR)B THe ﬁ;Sﬁer Sepdribit AdgReh, prefeedbly e kemedtofashallos cylinder,

|nc usi ve of the swaged regjon, which will be factored

i ne.geadnbilai mgnthes hewbeny ugbf@'frhg@ sehstamsially gpifermy lateral cross-
? | ?e?{mx&qg 053]tp %%Yl naI l glﬂ)%rﬁ:c IQJGYO% tg Qﬁﬁlja&t‘éh?cﬁ:s quy&t&ned

on zone
Se@ﬂﬂgist%uﬁ@ﬁ{eu%@blnvel OCI ty in the separation zone. In
[0051] Optionally, the reaction zone has a first average diameter and the

separation zone has a second average diameter. The ratio of the second average
diameter to the first average diameter is at least about 1.1, at least 1.4, 1.7, 2.0,
2.3, 2.6 or 2.9. Where indicated herein, these ratios are exclusive of the swaged
region. - If not so indicated, then these ratios are inclusive of the swaged region,
which will be factored in determining the second average diameter.

[0052] In terms of cross-sectional areas, the reaction zone has a first

average cross-sectional area and the separation zone has a second average cross-



aspect, the ratio of the first superficial velocity to
the second superficial velocity optionally is at |east

wQa 2@6/023648 east 2.0, 3.0, 4.0, 5.3, 6.8 or 8.5.PONYERM05/043840
i ndi cated herein, these ratios are exclusive of the
superficial velocity of thel8waged region, if any. If
not so indicated, then these ratios are inclusive of
the superficial velocity in the swaged regi on, which
will be factored into determ ning the second
superficial velocity. The second superficial velocity
opRctional|arse, and thesatip 94 theatssond avesageeqrassssepiagnal areg dg the first
I han. 0, 5. 0 . . f
| Rade el e sBfipiat iSRLASE 16k BARAINIA 0, 00883, 68
sgpBiSf IWhat inddeed ligreinntheseeraivagre dxclagivoof the@0a4ddd region. If
According to the present invention, the popul ation_of
c Belagoydicaieds thep dBes A9tos:Are dRlsivRea! ths siaged regins avhich will
c : i on
cﬁé%gg%é? ﬁﬁe}t%r@l@?}g ??r]gteg%lﬁq %%ﬂ r? gp%srg S%Dﬁrbgg’bgar?%'l es in ‘
t p@05B] ui di z &ptibeslly, Treusatalydigafticlésthaved fivettsupefciab velocity in
preferaply includes one or npre obstructin nber s, .
o thp, reaghioni 7088 andha SerRSUPETGHL VFIQEEY hBe PRIy o3, B this
eglit, Qﬁcﬁra@ig_tcf}'l %S Firdt Bup AL PS6CIRN RS e (Bl Hug&dicRe Ydlocity
and/ or the di t he

ute phase. Qbstruct’ing nenbers 1n >
dioptiorellyha st laaptet 2t atdleass 2@ dlig.ed.6nd.BabBedt &5t Whee indicated

I . Preferably, the.ob ctin er. i osi ti oned.

| hein. e Seipraks el e S Rub BRI Pl atipg B9 anglRion
phagsy. aRthot fsblindicaRd, HRA" tHREE rf10R0RY TRIEsiVE OF BB &uperficial
anot her and are mterchangeaj{k}i’loéq used. [0055] By.

onelenity irgthetsevager regie; wi fapteredhiptondatermining des second

ot 2R, i3t B oo n @ ARG IR B s oo

Pars ngedrargey seediel ilessathah @.5,20.29p0t 81 aittedé peptsadondt If so
particles having a | ow fines content. The obstructing
nepdieateds | tese oiglpciftes dre gxaledve pf thepyperficigh velpeityin the swaged
brf?%ﬁ‘? up | arger bubbles. As aresult, slugging and
cat@lystentrai nment can be reduced. In one enbodi nent,

a [pd3a]al i t y Adcopiig ite|ths present dmeshtion, het population phtdatalyst

around at | east ope obstruct] menmher in.a dense. bed.

oeghoecs o Do Eeac, TR SRS e S
RIS ERIRLERTHAR PG ot i Sbits BB AR b
priffusy i Yluidited bed atactdr prefdrabiycidclodest hne or hmore pbstmicting

pressure oscjllation.wihin th ense of . not .

OB B DTIES PR 0, ekt (g OBy B B catalys

NQh tBE 8&se rphﬁgéa(‘f]u i2edi Bl afd/o¥VRHeRilutd PIRE] Obstructing members

Additional I'y or alternatively, the obstructing menber

cdn the dilute phase operated to reduce entrained catalyst loss. Preferably, the
obstructing member is positioned in the dense phase. As used herein, the terms
“dense phase” and “fluidized bed” are synonymous with one another and are
interchangeably used.
[0055] By orienting the obstructing member in the dense phase, the bubble
size of the gaseous components in the dense phase can be advantageously
reduced, which is particularly beneficial for a population of catalyst particles

having a low fines content. The obstructing member also can be situated in a

position where it breaks up larger bubbles. As a result, slugging and catalyst



situated in one or nore of the reaction zone above the
dense phase surface, and/or in the separation zone

W@ 200g/0736$1 t he swaged regi on and/ or in the uppPC€T/US2005/043840
separation region). If the fluidized bed reactor
includes a plurality of |ayer9s of obstructing nmenbers,
situated longitudinally with respect to one another,
then each layer ideally is staggered with respect to
its adj acent | ayer of obstructing menmbers. By
"staggered” it is neant that one layer is laterally
ofmgemrrwm harﬂeeslg@dmedt dn9n¢ smyPdigenh # plyrality efqssicles’is flowed

%%‘r orth p%@ { or al))/lger gﬁé&[kl&fﬁﬁeénﬂteﬁ% f‘n‘f lebrgéoezo%q phase.
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wWith respect to one another in order. to further reduce
erfiensg ofpatgroater thard.0 mch gf piptergMpregyreterably, the catalyst is
hef eSS hGalnPPR ﬁ%&éu?g ogﬁﬂﬁﬁﬁlswitﬁm the Héﬁsreat}eﬁ%f 143t ereater
t He reacti on zone. weve e reaction zone al so y

I nthaniolo imchpdfuw ik, tiyd eiost payferably ndtigréatqrriledrel. ahxlch ofmenter.

T 008561 idv\éwrftﬁg@@g%ﬁl%gtsgiaﬁtmth 1y B k{as%xacem B Gin be
Severgfgpnﬁ 6 Qﬁigf A fiife I‘é%cﬁ&?z&feefb%% tHeQiéﬁéEt 18 surface, and/or

pOSSI structing nembers are.illustrated
i ninRhe sepafatdi. zona (agp e ftler sweaged mhgidn medior int He upper separation

PRl nf Herie 6 ROHRETLThr 3 RIFALRLOF e gostructng

ZAmeﬁEB@rs h@imatté&p WriudBame &achEb%%m ab edr@bwmé@ctmﬁeeaah layer

proxi mal1y-faci ng concave end

di ideallyl iy staggenad mﬁnwa)ccemtszmacemhbyﬂmﬁ Otbammtmg maemlrss. By
201, ma J=] orne one_or. nore tera

s o 08 TRERLB0 Sud a5 AEEY drBkE Il Fagpect 0
nehgitudifdly ¥jhdeht mg'ef OrFgg. | 3A faﬁldxdm 160 liRus@rte D fuidized bed
openi ngs thereln 205 to facilitate the flow of gaseous

coﬁmﬂrem\sng tree byRiscd diemitnhulanscpbersapibriseperation zpee. These
{
oo by b DT YRR 5 B gREp PSSP R Shcuc

préﬁttaiﬁﬂd datdl9sti16¢5. CcAnthivdeclapet c&fnhierﬂlsphehb@ll d)bstﬁlaﬁing’lglembers is

convex end. 1n another enbodi ment, the hem tubul ar .
atFQ) irhﬂieareﬁthg z000. HAWSKLAhS seacien gonresalgo may include a

[ [
ex en ﬁﬁ@@?@] &fﬁ&géggl%l nﬂ'e %Eg%g%e%e vﬁ%}f‘{‘és 5dt 361018 or more
obsdjaamtlaygsrrenber conpri ses one or nore Iaterally
extendlng inyerted "v" structur

7, as.shown | .
035 e b Yoo ol sy TR P BRI Al ocording
' nﬁ)' ﬂing)ﬁ:s@ntdi‘n%rﬁ onY- §é%€fa[‘?oﬁﬁﬁé oBQfctiflg Me¥els are illustrated in

pr oxi novi ng cat al back to the reacti on zone.
ThElgL ﬁAeZE ehh d' pn‘éfesned l@m’oudlment the obstructing member comprises one or

more laterally extending hemitubular members 201, as shown in Fig. 2A. The

hemitubular members 201 preferably include a proximally-facing concave end
202 and a distally-facing convex end 203. The hemitubular member 201 may be
formed of one or more linear laterally extending structures as shown by linear
hemitubular member 204, which optionally includes one or more openings therein
205 to facilitate the flow of gaseous components therethrough. In another
embodiment, the obstructing member comprises one or more hemispherical

members 206, each of which also preferably includes a proximally-facing concave



207 optionally is formed of two substantially planar
surfaces, as shown by "v" structure 210. The inverted

w0 20068t36ugt ure optionally includes one or norePOPERINKB43840
therein, not shown, simlar to openings 205 in Fig.
2A. The openings facilitate jhe flow of gaseous
conponents therethrough. | n™another enbodi nent, the
obstructing nenber conprises one or nore coni cal
menbers 2 11 or pyram dal nmenbers (e.g., having
triangul ar, square, rectangul ar, pentagonal or other

0&AHBMA! £ BistatlySHARE CoRAskednd. Opf avliddr| tubddifent, the hemitubular

obstructing nénber "l acks a laterally extendi ng base.
| memipirHerme pivogi 2@ twhiethalse inedirdes @ proximallyfaging oncave end

f or ring 212, which, al so i ncl udes a

di@fr%q?ii'f“?ya‘gﬁcw RN 10059] Fig. 2Cillustrates .
angbswyr embagli ABHer @mbbhignedt, aBE Bbstiudtied irie@iber WoRPHIE8 one or
t he obstructing nmenber conprises one or nore | aterall

extnetsdateplly axienaingrigwpeds VB 1siruciuses 7y BS SRawihErdligr 284 £ach

i nherentl v incl ud - D di ) tar i

or BRI 1Y B E BefSHlF B b APl 200 o divert
Thetokishillyanovibgeathlygldacknb itlen@hdtioni zoab.udhs inreted vimstneture
openi ngs thereln, not shown, simlar to o eniags 205

i 207 eptiopally i fermed pfrimegibstgntially 1 E2pgSy &S ghown by “v”
gﬁﬁ\g&ﬁe %ﬂﬁ_ponﬂ{é} gnvteﬂgé 84 Ar guighre |JptiBRAL $icludes one or more
enbodi nent’,

t he obstructi ng nmenber “conpri ses one or
Modpeniigh ehidreial noesHoems siddifar th oparingsh205 enbigdRAenThe oprmings
obstructing_ nenmher conprises a tubylar_ ring 216. .
[ olpeidifaty Hicaflow 104228598 GPHBRReNtS there %‘fg_huc]{‘l‘i ﬂ%’@g’]‘ﬁé pbpdiment,
c oﬂill?r()b&ﬁﬁzgﬁg SnciberRbfiphidts $hé bl MoRXdcRRAl REnbeAAN or Pyramidal
surtaces 217, \NR Fi

as sho In g. 2D. Each pl anar surface
2 lifepbedfse (@] yhaving udesguderprsqriremlirestarigadarn gpentaigonal or -other

pl anar surface d dj.st al ac| naj or _pl ana

o eSO R En R DRSBTSl i g ey
Sugfia Bdsé. OBt iRk lehbb@iiBat, ah€ irvetted 2¥8striidtin@ghBs a ring
guadrilateral, square, rectangle 219, or any other two

di 2ih sihichedlsqyimelndes # distalladecingapsr A1t er al | yext endi ng

pl surfage J . i.onal ' 0 r : :
o e 2 BB Tt AFRAIRRRP GO RS vnin,
| Nwhb@in 24 obBrastiakhelembeib eeinpH s, ofid@r ofster lutérally extending
menber conprises a planar ring 220 havjng ?nggﬁ)l?{;i ng

t hiswbelan menaiesa £ 14-n Eagl trhaylar apgralosr md nherpathy & @ 1qynded
mepher. c ' , r

sronfice S ERg e FhoRRNG mERAE BGHRERAAFT, 3he risehon 2Bne,  The
SCubalir mesmiter 212 3pti@iatly dnchindeg onevemordepeairtgs tieerein, not shown,
cross-sectional area_of the I‘gﬁ:}i on.or aézlple in

. I ch ~
© haimise fopPerRs 205 BaE AmDEHE oppings e s o Of gascous

components therethrough. In another embodiment, the obstructing member

comprises one or more spherical members 215. In another embodiment, the
obstructing member comprises a tubular ring 216.

[0060] In another embodiment, the obstructing member comprises one or
more laterally extending planar surfaces 217, as shown in Fig. 2D. Each planar
surface 217 preferably includes a proximally facing major planar surface and a
distally facing major planar surface. The shape of the laterally extending planar
surfaces 217 optionally forms a circle 218, triangle, quadrilateral, square,

rectangle 219, or any other two dimensional geometric shape. Each laterally



[0062] By inplenmenting one or nore of the features of
the present invention, in addition to inproving the

WO baveai7wat | on characteristics, the entrai ned CRCHUFENS/043840
| oss rate realized can be [ower than in conventional
fluidized bed reaction systexms. In one enbodi nent, the
catalyst loss rate is |l ess than 0.146, |ess than
0.073, or less than 0.0365 grans catal yst | ost per
kilogramgas fed to the fluidized bed reactor. 1|V.
CATALYST REGENERATI ON_ PROCESSES ]LOOGS As indicated
alfending planaysurfere g 1 ¥ opterallyt Hclufes efe Phmosaopenjrgs therein,

f
Dot oA, Siifhetp S R0 FRCGAL th DnBRE ShBkhfitnt, the
C aﬂﬁh‘yéttngrrﬂ@ﬁmfoah@hsesaesplﬁaﬁh@ﬁd habing @n opbging eHeddiy.St
elgener ation process will now be described in greater

[ o06n]anpiher sppbpdiEncahithe pbstrickegm Mepbiep gowprises one or
MY AERGRIRA BRerkifley 351 WIHBRAM %ﬁg% 2FS: B thlstéﬁ?? (h @Y fleone or
conversi on of oXygerates to ol efins (1
prmcressjeen aasminsa G2 b psefe@phys¢dver thecamhird eross-uttibhul area of the
cat al éSt used tQ pronote the conversion reaction.

At
s JiTBIOB 8F Agne lpw@lﬁume&na BT BYOTE $EE TRARpIH A b#gsituated.
Its ca n%QHI‘fﬁ [ 0 e
gf&yst to ern e %I gllﬂaer(])tP &GEFggmgé)zafénpt{l% éf M% gresent
O'I'l@qun’tmuessadchimretocmovmgyhé (ﬂtukh’zﬂtlon a:ha!iaymns‘mhss ﬂlermitramed

convert th nat eed to Li
AL IS T reatiel e WP RRY Fhan S Pormiapiionhl duiferLied qeaction
WiSBterisC ah A SEmBRMMER, tHRNGe/1y 9o8sGhte ik N&ssHEH 0986 PREs than
to'the desired product, the catalyst is considered to

beO 0, oy lege than 00366 dEraris catelystdbsiper kidegrararzas fad tofthe ﬂeldlzed |
%erntcto nvention efficiently renoves at |east a
tfet 817'8f the carbonaceous deposits froman at | east

paNl ally cokRTAIN ST RHGENEROSTION PROCESSER2
al%ener ated catal yst conposition havi %gqtl ncreased

863kt i ¢ ach indigated, eboyhethgt inverdion jekates &0 Iflpidisigocatalyst
Cgéagt:u%/ig% ing Ihi ?hglb%@ ‘rl:a??o@.S ]In Iaﬁ)ygfrefrgcg g@ﬁé@iﬂeﬂ? iy ﬁ%n%@ed bed

rawvn rroma ocar conversion

appactat esmphikss) a @t@yst ﬁbgb@a@mr adiscesed | abdveni The adutalyst
is directed to a ¢ enerator Preferably, the
HGA%’&F&S‘PP?@%CG%W W aé?szsrl ehmcerprisitdetfilf er abl y a

"E[Pt ,@"a]| | y’ I?ﬁﬁﬁ(g r}Pé Wﬂlﬁlgagdﬁlgglg%ogg %If ﬁﬁ%cﬁl)é’a% ﬂs to | various

r qyedwtsteny., thBycataytim eomtersion of bxygenates i 11ghtableﬁhe (the oTo
car bon%ceo S de§05| ts are at I east égart |g}| aﬁ renoved

f rIJRFSS B3y PROSIS ApAunulate on dthe sptplyst Giediarpyomote the
f r&ﬁ‘l’v@r@f%n'i’%tl'oﬁ At doRfSpoiR it Bl OFBEseAQBborlabbbis d@bosits

| east
causes a reduction in the capability of the catalyst to function efficiently. For

example, in the OTO process, an excessively “coked” catalyst does not readily
convert the 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. The catalyst
regenerator of the present invention efficiently removes at least a portion of the
carbonaceous deposits from an at least partially coked catalyst composition to
form a regenerated catalyst composition having increased catalytic activity over

the at least partially coked catalyst composition.



partially deactivated. The remaining portion of
catalyst in the HCAis recirculated in the HCA w t hout

WO e@e/ne¥at i on. The regenerated catal yst, w th BCT/US2005/043840
wi t hout cooling, is then returned to the HCA [0066]
Desirably, a portion of thejgatal yst, conprising
nol ecul ar sieve and any other materials such as matrix
materials, binders, fillers, etc., is renoved fromthe
HCA for regeneration and recircul ation back to the HCA
at a rate (catalyst weight/hour) of from about 0.05
t {0f6S] t 0 abdwt rdgenénation systane, cdtadyst isovithdrawmfimiooahydrodarbon
tinmes to about, O, imes, and nmost _desirably from
- BTt SRS (OO 3% £ AdEseoh g onn Bl ) fodirected to a
( exugsnEenoMiot Nprdterdbly, ee BEWIEAAP SRS a8 OTO rEkefor, and most

These rates pertain to the fornul ated nol ecul ar sieve

c redgrphly @ oretiumiol tooelefin (M) regetenn-Theaatalysé is phuitighy, if not
[ 71...Desirabl th atal yst regenerati.on .S carri

o 13 eekEaleBi e oo Bhhpdbler, TRTRELRLURR, b o fRG 68l e
I egBoRicabuPAepIBIN atBat leyftipasddlly remoasd fr6MRE cahRSt. Desirably,
nol ecul ar oxygen or ot her oxi dants. anpl es of ot her

Ex
oMLyt IR S the FHCA 6% airleest parially pokadhande thug ot least
i nad ) S . NO, ;
Ry doufed, S the Hatkiphle) pon SR8 BEHHATs ro

pairtulated dnlthe dEGA nailiioat regaaatiad.i (Thenegdenerated Thalyst, with or
o%&?’n concentration in air can be reduced to a
C

Bl qaoyngds dhenirgfupgeditatheddeder heat i ng of , or

C r[@ﬁitﬁg/ ng h Oﬁ)éffgtgibdéﬁbrtiﬁﬁ &f ffl@tcédgﬁéfé Cclélggﬁﬁﬁé )‘E’/Ho\?éctuha}— BRve and

catal yst can a regener at e I've
hyuly otpenmatrriatsisuels aomatrixdnatgaals drindara fiifers, ey dsiteteved from

ot.he ui.t abl e reduci ng gases. [0068] Th tal yst can
i B 2h G SRR Lo AP AR FRORHBARS TECR Rt airete (allyst
batefdht/h6 @)t dNEOMSaboe BOSCAMEL R ABSut PlinfesC piE RkitBY from

thereof . Continuous catalyst regeneration is a desire
mebeisd.1 thess taathiopt 0. 5Hnesasrxl mest desirabdyyémar boeti0.4 do about 0.3

| .of i nj ke f t Q.0 i ght
R R RN IR R R AT R TN
0T0dse @ataP Pettaip YeRitih tfoalfedtmoleadied skie t d3alys®t &mposition,
wei ght. of the regenerated catal yst conposition. [0069]

Thecledingnosreaciyesdidat | on t enperature shoul d be from

a 2500CH Q- ut. .7 opal l.v fr .abo
St £ o o B boe’ Bt AREhARICICirel [ ACR Hhratys
C odgederattr dh yisd preseinbe bhe regepaatisminedinnyegdicullyi angdsN€omprising
r%gﬁner ation zone_occyrs at_a tenperature of at |east

a

feulmyesh of et oxgdas. Byarapley ehaiherrpddantainehidedut are
: gg% BESSRRIAlinRBd (o7 BREIPO,,6.2561,30)0] NGO, 125 Sarfdlmtures
thereof. Air and air diluted with nitrogen or CO, are particularly desirable
regeneration mediums. The oxygen concentration in air can be reduced to a
controlled level to minimize overheating of, or creating hot spots in, the catalyst
regenerator. The catalyst can also be regenerated reductively with hydrogen,
mixtures of hydrogen and carbon monoxide, or other suitable reducing gases.
[0068] The catalyst can be regenerated in any number of methods, such as
batch, continuous, semi-continuous, or a combination thereof  Continuous

catalyst regeneration is a desired method. Desirably, the catalyst is regenerated to

a level of remaining coke from about 0.01 weight percent to about 15 weight



consi derably higher than the OTO conversion reaction,
e.g., about 930C to about 1500C higher, it is

wale@onadshe to cool at | east a portion of the PCT/US2005/043840
regenerated catalyst to a | ower tenperature before it
is sent back to the HCA. Onegsar nore catalyst coolers,
preferably |l ocated externally to the catal yst
regenerator, optionally are used to renove heat from
the regenerated catal yst after it has been w t hdrawn
fromthe catal yst regenerator. \Wen the regenerated
C pleftelts indré pesierably, frorth absutdpdl tnatloluy 5 svedgie dhetcenty based on the
tenperature that is from about 700C hi gher to about
gdutal weighiee! thezgeneratet CABHIEEIMMROSEIONt he cat al yst
Wi awn fr i i 0
FIDORIEE" o R R trhon 2l SRR R Ve, fn RBAR 250°C
C ab abyigt 7 508C e dtionallyofrofactbout WOEE tb bonteOP@r Preferably the
catal yst fromthe_ catalyst regenerator is.returned to .
t teeniaeiing ok the sakebcatalytirvythe dessrgraten meditng o thydeggaaration
F t n o
caeaf DR Bt RGeSt S 1o, B Gy a least
f €d0;C.aBeenme dlid rgemoationt reactiontpreferabhyotilies glace attatemperature

feed, inati bot h. [0070]. | deal | 0

- GgeraraRy JHEe A e O RSLHrSP) Sfeetiaet b AV STC fp sbou
Prigde! hfj%x@lf, iff it QR ABRUHo PBoPsti16hst BpoioRFMe feBerPRbd catflyst to
psig (3 kPag), preferably from about 15 psig (103

k RPatpwer demberaturel Oefosé df {52526t kitkglo, thenldCho s Onprazfrergidajalyst

from about . 2 [ 138 kP 0 abqut. 30 psi 207
SRBJEE e el BN oo PR 0o, biidpguy are
bYustd 8o RERSE hbati forh Be HSpdnerdtedh@tal it eFet i€Basdbe&n withdrawn
generally preferred for | owering equi pnent size and

caremnytbe datplyshiregenerdiorne Veren Hiegregengseted satabist i cplgdeit is
i r_ bl . 7 ' : | 0

bR OIS o 1Mt phO i BRSCF fd ie sc

paddolenlhdn tie edliperairecbfahed edtylgst widrlrdee frosi the BIGAL This cooled

nost of the readily_ renovable organic materials
( ovagpdyit cis) the. gpturnpdhiter sifher j s paFiREa b dRS, HiA, he catalyst
st 1{??8{%?2[ 01‘8 0P bbtnP Pvign ﬁ{éq%‘gﬁferat@éa%%}?& R ket st R&senerator
achfeved by passSing a strrpping nedium e.g., a
stisi ptunmgl tpathe HESY, it van dperdturnat & way patrtian ofitleey BiIC  For
t enper at ur e. ses syitable for stripping, include .
S (P (o &ag?i{st R8R Bre R bl el eed tignentgrea to await
hy&fn%@[ﬁ}iﬂ?ﬁfé Pyl Ur parbhiG €6k tcﬁcgﬁﬁétedgl%ﬁgctg%? th® feed or a
'y V) of the

st eam e gas hour space velocity (

st canpnatipngedbotthased on vol une of gas to vol une of

20008 1 1R sprcartior ey i B G rekchofith ) 2 grepsure
f 1 9MaRoMou 3 e (3.2 RPH) 1624H86 5@ pSigdBas kPRg)Y preferably from
about 15 psig (103 kPag) to about 40 psig (276 kPag), and most preferably from

about 20 psig (138 kPag) to about 30 psig (207 kPag). The precise regeneration
pressure is dictated by the pressure in the HCA. Higher pressures are generally
preferred for lowering equipment size and catalyst inventory, however, higher
pressures increase air blower power and cost.

[0071] Desirably, catalyst regeneration is carried out after the at least
partially deactivated catalyst has been stripped of most of the readily removable

organic materials (organics), e.g., interstitial hydrocarbons, in a stripper or



from about 4000C to about 6000C. Acceptable stripping
pressures are fromabout 5 psig (34.5 fcPag) to about

wG0psTH48 344 kPag), nore preferably from aboupCWOSeH/g3840

(69.0 kPag) to about 30 psig (207 kPag), and nost
preferably from about 20 psigy (138 kPag) to about 25

psig (172 kPag). The stripping pressure is largely
dependent upon the pressure in the HCA and in the

catal yst regenerator. [0072] The catal yst regenerator
preferably includes a regeneration zone and a

s eppang drambene Thisstrifping egérachicverhby passingtaratrippiing medium,
| east partially coked cata]yst, contacts th

 ScenaPRIGTE mduicns sy St KBy B it mpomtiee Gases
beslitihle BhastBppiHp dedludeOsteinh,| M6 g&, hekirh Vagof Mlethane, CO,, CO,
tenperature and pressure, to at |east partially

r dyydrrsent adihixtares thezenl. apreferradygag ok stdam atldieygss hourly space

S i f.icC o~ L conditions preferably are.effectiyve

C ety Ry, bEing 8BS B Fab bl e, B gt 6 aiplime of
t haatdlpg endr edliep s MRt Wholid OrieGehes adbedt 26080 Yit!. antceptable
gaseous byproducts of the regeneration process. The

r dg@RepR ol stiapipgt argeljorp eabpull 2§0°6r topzhout FPP3C, and desirably

0 b ts., ' |l idh
RS8R BT RS YT, PYRLINEL G L ABA Yt o
nesdpsigy(34e8ikPaphe staus S0Rkis B4dridPagymore mibfetibly fbAsshout 10
whi ch extends fromthe surface of the dense phase to

t g O (Pagh&o depyd sAmsin(208 K ag)T red Bopkprateraily Horeaout 20
t : .
oae S BT RERRAR 2 T LRED  RETind EFUIR T opeoty

entependertiipmatthe psessiroin the HEy endinathe oatalysiregene@ioi3)

T nse phase density will depend on the solids .
pgﬁ[‘?@ e densi% waﬁ%} FRENLHPR Pf‘#%f? y 159&19%? degengration zone
Prgiie idnh Ngh t : ik | e
T 3 0 e RRliBE Do NI 1At e g ok
( SRt koitady themegéneratisnymeédiom piefarebly 3s labifbuBng déke ded or
kg/nB) to about..35 | h/ft3 (560.6 kg/nB) and nost

or PR ot RRRSHERY GELeb 4 SR R EFORS: 4t loast
3Cpakrtdifyt BedefiSitcOkIY 148) least NparfisiBe 'dokéd Q:'ata‘b%'t.OCiSEECiﬁE‘ally, the

the dense phase optionally is no greater than 5 ft/seéc
( 1conditiony prefgabjyaae efeqtivario sonverk B at easppartially coked catalyst

t 2 } , t th 1
DFRLBE e frofion phcifn 0 xlbnlafet collh R B8 ool Bppyroguots of
M thg .rejélention i @ecd¥tiC Tl géhertafedncaalidt/ Bey telfids &F g){rtially
will result in a transition froma turbul ent dense bed

t degeneratedsl dhe ggssoas byprodrefsheriionplly pathnenteinedogaésyst and/or
) T bl o] he den:

BB o, BRG] g B O A PR g
| ewlich @x2hdd fropethe(urfage of H)e daise phasettoGh® tég b €@ separation

0. 15 s), or. at least 0.7 .
( Zone. I%1he)separatlon zoneais adaptec? to separate the entrained catalyst from the

D

gaseous components in the dilute phase, and return the entrained catalyst to the
regeneration zone.

[0073] The dense phase density will depend on the solids particle density
and the superficial gas velocity. Preferably, the density of the dense phase will
range from about 10 Ib/f’ (160.2 kg/m’) to about 50 Ib/f® (800.9 kg/m®),
preferably from about 15 Ib/ft® (240.3 kg/m®) to about 35 1b/ft> (560.6 kg/m®) and
most preferably from about 20 Ib/f® (320.4 kg/m®) to about 30 Ib/ft® (480.6



ft/sec (0.23 m's). Preferably, however, the
superficial velocity in the dense phase ranges from
wa 2®6for¥esec (0.46 m's) to 4.5 ft/sec (1.37 nil sSPCT/URIINF/043840
2.0 ft/sec (0.61 nis) to 4.0 ft/sec (1.22 ms), or
from2.5 ft/sec (0.76 ms) i3 3.5 ft/sec (1.07 ms).
[0074] The regeneration zone includes one or nore
catalyst inlets for receiving an at |east partially
coked catal yst fromthe hydrocarbon conversion
apparatus (HCA), typically a reactor or reaction unit.
| rkg(m% éﬂi@csdpﬂﬁmal v¢lh@t3am the densephnse Cmtlloyalboml@ greater than 5
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an 1 nterme Vi ce-suc
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cafeediying ®Lpiplegstcantalist ciredf eatapstyfremttbe drytitogarbon conversion

regener at one of the catal egener at or
| APASES (R Ticala BRrOr By FeCU AT oG oS apbopgnt, the a
t hﬁaé’tggﬁfhﬁ}ﬁaédk@@ cafaRt ﬁ@&aﬁs‘fﬁﬁﬁ@d‘%%%l%@ gﬁ;%l}' conduit, e.g., a

r enov e catal yst supply conduit opti
i ntwbuldemerbet, fromh theyHGA csremontd:rracdistefvcsseb@ml aycatalyst Stﬁpper

1B bt off 36 Rk BRY (il PERTENETRPIARHy bohnes in

t heor3Re Qigh £NGAR%ESD Sigent ﬁﬁ&brtcbﬁdlﬁmcﬁ% {da¥e the catalyst
preferably longitudinally with respect to the catalys

r egpntained thereuan a4 mb@stntgqhas lpé wxgnplanéﬂalrhzyuon agents lncludés

ext endi n tr| h ar [

S0 AP A ety PERSA A0S Gl el s e
paédtétl%t' sV ﬂ?&@ﬂdlﬁﬁie@élyéd the @ﬂl&@@tlpfartfalﬂylcbk@i ddteﬂyst from the HCA
r egener atl on zone at. a position above the distrjbuto

gr Prifromhan pjprmegiate device gerlernei GV stgpst sal%figﬁ% WO the

oc e
o= AIERR0h A SABETELED g i i
abmrhmﬁﬁlcumbm m&thpthe deaA, orpnMrmeéﬂateydévumnaa&b satondOertdoin fluid,

about 35 percent of the regeneration zone, based on
t heomeugicates Wi thsrregeerdtioABS-at i on zone. On a wei ght

bagjys) t he deRs CaRasEpPlyoRA@Ph%rGMIP ehitfSthe regeneration zone
- of the catalyst regenerator and releases the at least partially coked catalyst into the
regeneration zone for carbonaceous deposit removal. The catalyst supply conduit
optionally includes a plurality of second ends for evenly distributing the at least
partially coked catalyst in the regeneration zone. In one preferred embodiment,
the second end extends into the regeneration zone, preferably longitudinally with

respect to the catalyst regenerator, and passes through a laterally extending



from about 45 to about 98 percent, optionally from
about 85 to about 95 percent, of the catalyst in the

WO e@eneeas i on zone. [0076] As used herein, PCT/US2005/043840
"l ongi tudinal” nmeans extending in a direction
per pendi cul ar to grade, e.ggpg.vertical, and "lateral”
means extending in a direction parallel to grade,
e.g., horizontal. The "proximal" end of an object is
t he portion of the object that is nearest to grade.
The "distal" end of an object is the portion of the
ohﬂpmhputwg’td idssdribvet helow. r. r’ebw@mbbdmngrth@j@coﬁmmi releases the

f aci sIonltudlnaI faci
R dponh Doy SR SR R 1, e sefGieBgioh Yone at 2
p rﬁ%&lﬁbﬁl bipbve Nl UGREHRRE Bfid.NDMEe NAJR NG &id P8peRBEtioMN process
lets for receiving a regeneration nedium preferably

aupmfemrblyewum inothy glense pilaseaomh@tr@g@letaﬁl@nev@ne (e dense phase
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vessel in which the regeneration nediumis stored, to

t 0 thamegeneraiionezoneg Oner weigkirhasis dihe feis§Inbase preferabiscomprises
g%ogﬁ ISEE r%t4gnt8 % ﬁ)tr 9 r?erﬁ oﬁ&l g}Le Rbf2 %%8?85 be about 95 percent,

me rum nera

PRﬂﬁEH@&Mymxﬁh&réggﬁnﬁmﬁ&umﬂ nedlun1|s |ntroduced into
the catal yst regenerator _at a rate of about 50 to
ad80761500" stAmased heran.c lppgitudmelt meeps c3ieading: Heg direction
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super vel ocity of the regenération nmedium
ennamsﬂ@gnthémaﬁy&cygthcegmmal@dr is high, rmst of the

r ration.,medi um and gaseo ct S rmsd from
tﬁgsﬁgener b ACEFPERRLER “40F aé%ali)ﬁg%&% %mlﬂc %Sw‘me or mote

Fifof HedleR RNAS forl Bedivifig faOrefeRtatidunbbditm, preFeebly air,
bub es rise in a suspended-solids phase and burst at

rmobeularaeéy@m, tonea geiniee theaeel. PRe Pumery FgcHeElion ngfdium

”‘e PR bR bRrBh? foBERY B0 Pleabl R hb Bt Trfrop, such

r eésdleﬂ Yorébsofzdda akgdnsiatioh henediins ecdiﬁainmé'ﬂftuw,esdeh elnS aviicls the
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At regeregdtionl zoreei Bieferatiipwheeregeneration medium is introduced into the
catalyst regenerator at a rate of about 50 to about 500 standard cubic feet (scf)/Ib
coke burned (about 3.1 to about 31.2 standard cubic meters (scm)kg coke
burned), more preferably from about 150 to about 400 scf/lb coke burned (about
9.4 to about 25.0 scm/kg coke burned), and most preferably from about 200 to
about 350 scf/lb coke burned (about 12.5 to about 21.9 scm/kg coke burned).
[0078] If the superficial velocity of the regeneration medium entering the
catalyst regenerator is high, most of the regeneration medium and gaseous

byproducts formed from the regeneration process will coalesce and flow through



further increases in height have a negligible inpact
on the solids density of the dilute phase. The point
wWo@bRoobloz3eds | ut e phase at which solids entrai nnePCT/US2005/043840

remai ns substantially constant without regard to

further increases in height.y7s referred to herein as

the transport di sengagi ng height (TDH). The decreased

ef fect of increasing regenerator hei ght above the TDH

is also illustrated in Fig. 3, wherein the decrease in

catal yst entrai nnent approaches a m ni num entrai nnent
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introduction into the regeneration zone. A partition having one or more openings

e?eaagelﬁ fpln%\llrv to its

(preferably a plurality of openings), also referred to herein as a distributor grid,
separates the distribution zone from the regeneration zone. In this embodiment,
the one-or more openings function as one or more of the regeneration medium
inlets evenly distributing the regeneration medium into the regeneration zone.
The distributor grid optionally includes two opposing major planar surfaces, and

the openings extend between the two opposing major planar surfaces. In one



di stribution zone. The distribution zone and the
distributor grid provide the ability to distribute the
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thus provide even catal yst regeneration

characteristics in the catalypgst regenerator. The

di stribution zone and distributor grid provide the
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velocity, discussed below, in the regeneration zone as
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entrained catalyst from the gaseous components in the separation zone. The
separation zone optionally includes a plenum shell and a plenum volume for
collecting gaseous components from the one or more separation devices. The
plenum shell is in fluid communication with an exhaust outlet, and the gaseous

components preferably are released from the separation zone through an exhaust

outlet in the separation zone as an exhaust stream. According to one aspect of the
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distributor gmd 118, and obstructing members 134 should be formed of alloy steel,

e.g., 304H SS, capable of withstanding the high temperatures necessary for
catalyst regeneration.

[0084] Regeneration zone 104 includes a first lower end 113 and a first
upper end 114, The first upper end 114 of the regeneration zone 104 is oriented
distally with respect to the first lower end 113 and is adjacent the separation zone

105. As shown, the first lower end 113 of the regeneration zone 104 is defined by



vari ety of shapes such as a circle, oval, square,

hexagon, etc. By providing a regeneration zone 104
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grid, conical member, screen or a “donut” member, e.g., formed of a member

(preferably a circular disc member) having opposing major planar surfaces and
one or more openings extending between the opposing major planar surfaces, or
any other device capable of slowing the speed and thus the inertia of entrained
catalyst through obstructing contact. Exemplary obstructing members are
illustrated in Fig. 2A-E, discussed in detail above. The obstructing member 134

also directs combustion products and unreacted regeneration medium, if any,



wherein the apex of the conical obstruction nmenber is
adj acent its distal end in order to direct entrained
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clarity, preferably are proygjded to attach the
obstructing nmenber 134 to the inner surface 102 of
shell 101, thereby supporting the obstructing nenber
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to the one or more separation devices 123 and to the exhaust conduit 112. Several
non-limiting embodiments of labyrinth obstructing members are illustrated in Figs
2A-2E. In order to prevent stagnant catalyst buildup in one or more regions of the
labyrinth, one or more obstructing members of the labyrinth optionally are formed
having a downward slope (or rounded edge) for directing catalyst back to the
regeneration zone 104 as shown in Figs. 2A-2C. The optional downward slope
preferably forms an angle from a plane parallel to grade, which angle is greater

than solids natural angle of repose. Preferably the angle of the downward slop is



broad end 108. The narrow end 107 is oriented at the
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swaged region 106. In Fig. 1, the swaged region 106 is
between broken |line 125 andzproken |line 126, which are
provided for illustration purposes only. Broken |ine
125 separates swaged regi on 106 and regeneration zone
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entrained catalyst contained therein. The upper separation region 120 includes a

first end 121 and a second end 122. The first end 121 of the upper separation
region 120 is adjacent to and in fluid communication with the broad end 108 of
the swaged region 106; the second end 122 of the upper separation region 120
preferably is laterally adjacent to the regenerator top partition 116. If the catalyst
regenerator 100 includes a plenum shell 127 and a plenum volume 128, as shown

in Fig. 1 and as discussed in more detail below, then the second end 122 of the



regeneration nmedi umexiting gas conduit 129 and direct
that material to the exhaust outlet 112, which is
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gaseous product removal.
[0092] The longitudinal distance between the first lower end 113 and first
upper end 114 of regeneration zone 104 defines first major length a of
regeneration zone 104. Semantically, the separation zone 105 as a whole
(including swaged region 106 and upper separation region 120), is referred to
herein as including a second lower end and a second upper end. Unless otherwise

indicated herein, the second lower end is the narrow end 107 of swaged region

106, and the second upper end is the second end 122 of upper separation region



4.0 or 5.0. [0093] In a preferred enbodi nent, the
separation zone 105, preferably the upper separation
WO e@bom6l®0 t hereof, includes one or nore sepaPEl/UBV05/043840

devi ces 123, which are used to separate entrained

catal yst from gaseous conporgnis in separation zone

105. The separation devices 123 optionally are

cyclonic separators, filters, screens, inpingenment

devi ces, plates, cones or any other device, which

woul d separate entrained_ catal yst from the gaseous
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vvhzi;he %I&e cat al yst proceeds down the cycl one separator

t HFoQGRVcat al yst return dipleg 136, exiting into one

[gtms e of URPEprefPRa AibodinsRIhe Beﬁh?a@lonszﬂﬁg €05,/ pRefeRibly the
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betlnmr shparbiopiegien $20 theteef,liglpdes @@%pnomg seprapation deliges 123,

¢ axtaﬁ’l ¥ a?,rgr ﬁs}szﬂrf E&E‘%ﬁqﬁﬂ]ﬁsgﬁ X%ﬁ q‘xnsta ﬁrgmﬁ %gspelpug tc%imponents in

SeRphAtioN Nzone gl 09 120e ddpuvamer , ddvivet hEX3 OHIE AieS cyclonic
not shown, the catalyst return diplegs 136 open into

on@Péﬁat%r filters, soigeRsel IPWIESMenh gledisen, dplatemecones or any other

r

Cod S, W By RH et hinR Tt 05 (B oRls Cophlifnts n
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above the dense phase 115. In this e ;;])dl
sh¥sRARIBHeosh hRe @ats%ﬂa}@’conr B, gL e&nng d‘g{’? Gecewes gaseous
op

yrOrRo ol FnC AT R SRR, B0 it calelt rotum
1 3diptegt 136 whivhodigdvts sapatatdDdatalyst mmtnclesspmhenaikyt witly sespect to
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12 eéﬁ??ﬂf?&’lwtlﬁlreﬁ%% di rect closely-coupled fluid
{miW'] cat | OWhy\ﬂééfg;l{ﬂﬁ difefationlof WyE18n® 8 afiorfBfEknown to those

nedi ate vesse

skilled in the art. See, for example U.S. Patent No. 5,518,695, incorporated in its
entirety herein by reference. In the operation of a cyclone separator, vapor
reaction product and unreacted regeneration medium, if any, proceeds up the
cyclone separator and out the top via gas conduit 129, while the catalyst proceeds
down the cyclone separator through catalyst return dipleg 136, exiting into one or
more of upper separation region 120, swaged region 106 and/or regeneration zone
104 (either above or below dense phase surface 133).

[0095] As shown, the catalyst return diplegs 136 extend and open into,

e.g., are in fluid communication with, upper separation region 120. However, in



e.g., catalyst coolers). In other enbodi nents, not

illustrated, the separation devices are positioned
wezioeomshs y to the separation zone 105, outsi deCDUS100%043840

shel | 101 defining the separation zone 105, or a

conbi nation of externally amgydinternally positioned

separation zones. [0096] According to the present

invention, an angle q, referred to herein as the

"swage angle", is forned in a plane perpendicular to

the outer surface 103 at vertex 130. The swage angle

i othdrenzhnglinaeitet n showhethe satalyst getirmcdiplegs 136 apke mto one or

swaged r egi on 106 n_i i nary..pl ane, paQr.ti on. of
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catal yst regenerator 100 to have a swaged regi on 106

t e theatpeenerglien mese 194 fhek gs tabaie gbe ahagst 115, In this
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MOste, & ?10% 8? sépad tg)?l qf{%éeg 9493 ﬁtg)qft‘éﬁaﬁ}p areB?f’logiré'éc’F\f'c?%sgg/-&upled

catal yst regenera avil e disc S

anhie sconntdsitioabivith diee HERs €ori with uperdri mbrl int@imediateyvessels,
bet ween the regeneration zone 104 and the u r )

s e Fefabrst _r@@?eeﬂ- 130 A FROUBPENIedo! Hstotedc e geparation
| YRHRE o GoHionta! XEchallyol Y SeraPitidn S AD8 domiiE B AReshell
catalyst recovery and a“commensur ate decrease | n,
opHYlatdefigingxthenseparatiof 025k  LOWeor swagabmatbrenf externally and
however. be i npl enented according to the

al sp
pr@mllxwgwﬁﬁépaﬁw&wmge angl e enbodi nents, the

bujgdodsie of shasiant i6 MePrseht Rl 85 a1OPIetdRditd NEkiIn as
surface 102 defining swaged regi on 106can be

cothereivhgalanglel’, iefuned itby piane pettiendicolae totheramtes surface 103 at
fluidization nozzles, .not,shown,, in the s ed regi
soberer o PErEPS G Biei R 08 B e Redn e R} O of e
aggidgetl REok 106 SMNESIEINdcRtirPPlaké)t Pirtibh6f Whithlis Shofwnoderoken
102 to facilitate the flow of catalyst particles from

é

t hings Wa@ewhich gilens saBralist ko eerdeedaheewss.dn orderefor te catalyst

Thus, t e [ 1Yl S .

e HFSELARA £ Q01 Q08 e, e85 bR il o 758
angbe Préfeeablyoiapeidigial id gegehthah thdwlidvagearchl argle ofirepose in
102 can be reduced. thereby providing a _comensurate

deerdenieptevient e rlfyn of Figanad sttalvaiseastitlat erthgipper surface 102

Blrjgg %}lrlékgld Eséﬁl{l ;’1‘13%%&&9&9 ALy Hoe AGERNS bRtel thanMBout 30°, more
preferably greater than about 45°, and most preferably greater than about 60°. By
providing a catalyst regenerator 100 having the disclosed swage angles, a
desirable decrease in superficial velocity between the regeneration zone 104 and
the upper separation region 120 can be obtained. This decrease in superficial
velocity allows for increased entrained catalyst recovery and a commensurate
decrease in operating expenses.
[0097] Lower swage angles, however, also may be implemented according

to the present invention. In low swage angle embodiments, the buildup of

stagnant catalyst particles along the inner surface 102 defining swaged region 106



[0098] In a preferred enbodi ment, the catal yst

regenerator 100 includes a distribution zone 119,
wobkiocl7iedeal |y is oriented bel ow t he regener at POIUKZINE 043840

104. Prior to its introduction into the regeneration

zone 104, regeneration nedi4B6-4 s introduced through

one or nore regeneration nediumfeed conduits 124 into

the distribution zone 119, A distributor grid 118

separates the distribution zone 119 fromthe

regeneration zone 104. The djstributor grid 118
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distributor grid 118. Thus, the catalyst feed conduit
1060pyrthe éq:mr:gatm@ zene 484+ Ade gistribnier sid i dnglydesiqag or more
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t he regeneratlon unit "100 does not include a
di 405.i buti on zone 119, then the catal yst feed conduit

10?0dggfses t er %fglr}]'strf%gg Shd to{09bpre%er'gﬂly is in fluid communication

with the regeneration zone 104 and directs an at least partially coked catalyst,

preferably in a fluidized manner, into the regeneration zone 104 through catalyst
inlet 131. The catalyst feed conduit 109 optionally is in fluid communication with
one or more of a HCA, a stripping unit, and/or a catalyst cooler, none of which are
shown in Fig. 1. As shown in Fig.1, catalyst feed conduit 109 extends through
regenerator bottom partition 117, the distribution zone 119, and distributor grid
118. Thus, the catalyst feed conduit 109 preferably releases the at least partially



partition 117 and rel eases the at |least partially

coked catalyst directly into the regeneration zone 104
W0 eooborisHs he dense phase 115, wi thout passing PeOT/O8ZPNS/043840

di stributor grid 118. [0101] A catalyst return 110

also is provided in fluid cogpunication with the

regeneration zone 104. The catal yst return 110 directs

the at least partially regenerated catal yst away from

t he regeneration zone 104 of the catal yst regener at or

100 and, ultimately, back to the HCA shown

c 10kpy setabyst diravtly 1000) tRe FaagBeration agn Wtwémm ardensphage 115.
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and/gor the upper separation region 120. Thus, cata yst
‘ouﬂlﬁelbumgﬂddﬂﬁonal |y opens into and recei ves cat al yst
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separation re ion 120.][0102] The distal end of

c afegeResated oqatalyst 13WaY fEque ndie| gﬁgiemrmmb@oaefl% of the catalyst
ek 00 R A9 08 SR UL, SO g0 110

t uimuhﬂes @ocataliyst blktlidt 13ar ﬁfﬁ ratigingsther st least JakQallyl Reégenerated
br oa gaforrrs C | yst qie[éft 132. The fl uted_ nenber

1 3etalyshy @sd%PSEa? §/slt15out lyg g8 Galglvity rotHey d4Qdg in fluid
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removal from the catalyst regenerator
di sgeeratad cafalysobatk yo |thm hydesarboe conversios gppecwes optionally
cei ving

138 ich furth n ase. the r capaci.t.y of

et Bies it e ol s sl RetPBRan it catalyst

ar fAurflf11bRRten ﬂﬁd’lfgh regtnlefitorbdfiom partition 117, the distribution zone
119, and distributor grid 118, and preferably extends into dense phase 115, but

below the dense phase surface 133. However, in other embodiments, not shown,
the catalyst return 110 extends through the dense phase surface 133, and
optionally extends into one or more of the following regions: the region of the
regeneration zone 104 above the dense phase surface 133; the swaged region 106;
and/or the upper separation region 120. Thus, catalyst outlet 132 optionally opens
into and receives catalyst from the dense phase 115, the region of the regeneration
zone 104 above the dense phase surface 133, the swaged region 106, and/or the

upper separation region 120.



[0103] The geonetry of the catal yst regenerator 100

may vary widely, hi the enbodinent in Fig. 1, the
wQ@e@idtioys i s conprised of a first cylindrical PENIS2005/043840

whi ch fornms the regeneration zone 104, a parti al

coni cal section, which fornmsg.he swaged regi on 106,

and a second cylindrical nenber (of greater dianeter

and cross-sectional area than the first cylindrical

menber), which forns the upper separation region 120.

Optionally, the geometry of one or nore of the
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t he scope of pparatus of the present invéntion
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pre Ar8m abot
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geometric shapes defining one or more of the regeneration zone 104, the swaged

region 106 and/or the upper separation region 120 are also within the scope of an
apparatus of the present invention.

[0104] The size of the catalyst regenerator 100, and the séctions thereof,
depends on parameters such as the superficial gas velocity, solids hydrodynamics,
pressure, and regeneration capacity of the catalyst regeneration process. In the

present invention, the regeneration zone 104 desirably has a height from about 6



regeneration zone 104 and upon the desired swage

angle. O course, larger or smaller heights and
waelraaptsis may be inplenmented in these vari ousPCEUBINT 043840

of the catal yst regenerator 100 dependi ng on the

amount of coked catal yst to 4 regenerated therein.

[ 0105] One aspect of the present invention can be

expressed by the ratio of the flow rate of catal yst

entering the catal yst regenerator to the length of the

regeneration zone and/ or the separation zone. In one

enfeed{1rient)  totdbeut a0 ifeeti(8. 1gmeatreferdbarfirotn 3bdui/ efeef (3.0 m) to

e ST ey s e eater i L0 L2/t
| bﬁfoﬁ?@d fdet §]§1 919‘?8@5@&/ S0 fectQ@5 8y Bréféiﬁblglq%c%li giéjﬁﬁl@ﬁrfeet (7.6

of the regeneration and separati on zones.
on@) paehdut disatekty(1517eneg rané dnastripredéraielyt from boutad0 eedf9.1 m) to

e L5, SERTELATD RO S o
Preb&lepion ﬂ{n%af(ﬁlr wilD®B ford Abodt: 26 12 80 fedt- @.9 fo 94Qrm), more

5.0 [0107] I'n one enbodi nent of the present
i mueferabdy fronhebowt3Sotoo?0 fask (2 tmgb3anpsmdsuestipselatably from

Setrbiate Al 3re @2 satdnary: She bR YOheRToBHERRion 100
abgipends tigdonahe difféerlbe iRldeedtetcfwédnafi s&udtioh onk @20 and the
about 3.0, and nos%ugreferably from about 2.0 to about

2. Bgenegatioar zaneof04 serperahgeddsired swegoprgle.t Ko course, larger or
regener at. 4 £i o .

c SERE Bhef AR Wil R oYL B varigys rgicps of the
Se@@ﬂ?statégéﬁ@@toﬁ I s desdndingabn aheaamewdd dheokerd icaabkt to be
the second average cross-sectional area to the first
avieggrsated digEeiBect j onal area optionally is at |east

ab .2, a : : :
SORSE2| Sonk S5 B oo p el by e s
| othgi fiewdiratel oft caislystsemtedimn e vitdwstofegenerdtbuita ithzee tbngthdof the

react or accordi ng,,to_anot her enbodi pent of the esent,. .
| nURGRRSTEIPN ARNSSHEVRT thE (EPITPUOLPEY Bbes embpgiment (e Tatio is

Cagﬁhﬁ& thah @9% n%e@ﬁfpgowﬁgr@éc%},%pﬂ&%h@r@&ﬁ& thaR 1.0 b/sec/ft (1.5
al tho I | yst

ugh the teatures disclosed in catalys
r ejg/seym) ond Hp0orcdlyl greatbrsthab 6. ysisos/Bd9ithkg/sec/m), based on the

non-r.egenerator fluidi zed, bed r.eactors. The

IS P geasmeianaf b SRERRREORES il ti pi e 1 evel s

of [@legf r uct i pgo géifarkpPrefRA b danddt Gk k@b 6f the Reight of
di aneter of the fluidized bed 415. Thus, each

ob#hersgparatien Aenvbll5 tashe heighisofdhe mgereratiorprong 104 is greater than
| et el ' h f ithin th
COTPhShPinly BRERy i3 2RI h s bfoBRS. @ W thin the

[0107] In one embodiment of the present invention, the ratio of the

average cross sectional area of the separation zone 105 to the average cross
sectional area of the regeneration zone 104 is from about 1 to about 8.0, preferably
from about 1.5 to about 3.0, and most preferably from about 2.0 to about 2.5. In
terms of lower range limitations, the regeneration zone 104 has a first average
cross-sectional area and the separation zone 105 has a second average cross-
sectional area, and the ratio of the second average cross-sectional area to the first
average cross-sectional area optionally is at least about 1.2, at least 2.0, 3.0, 4.0,

5.3, 6.8, or 8.5.



[0109] The catal yst regenerator conprises a catal yst
feed conduit 409, a catalyst return 410, one or nore

WO e@e/neeat i on mediuminlets 411, one or nore PCT/US2005/043840
regeneration nmedium feed conduits 424, an exhaust
outlet 412, and a shell 401490f course, the
illustrated catal yst regenerator is purely exenplary,
and the placenment of regeneration nediumfeed conduits
424, catalyst feed conduit 409, catalyst return 410 or
other conponents of the catal yst regenerator may vary
wil@liisy depe fiung 48nillisitgna maéfaé lengrtedinalsrepy-segtignal view of

i ncl ydes i pner surfac ter surface,
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alindeBash. AR'shdwh ! e ﬂﬁkﬁi&doﬁd%é@ér i§ @'&hﬁ%ﬁre@enerator generally

regener ati on nedi um under conditions effective to at
| e]as;lgnqjai #0Q  dlthougythecfeatuestdisslasod éuf cetalysll spgeneratpie400 could

sh 401 _al defi ne at.i
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partition 416 and the regenerator bottompartition

4 Fractizh ef thegharaetar @ﬁthp efdizedhegl 419. alhusoragh phstructing member
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hile AQHe bfHe.a result it ir's not necessary that the
sheII 401 be forned of a material  cap

bl
wi [01e2andi ngT}teh@t@ﬂtrré&@eF?é?Fp@?%ﬁrEﬁeé;‘ﬁ‘@gé% fegdycqngpit 409, a
f f
PN /3le QEARETO o BBNES s, quo or mor

i on devi’ces
Oh‘égéﬂéﬁdtioﬁgneﬁmbeﬁesd 450sts mIMdamex}ﬂannshmdleoﬂléJ drglya shell 401.

t eel , abl f t.hst [ t hi
© et eoutsar e NRTRGRr SR ERERTIOE If BRI BATHRIEY i the
m’;él Q&Ene%g‘gggégggéﬁh PHfedRfim @&ﬁ%ﬂ&ﬁ&&@ Q&ttaf}idﬁfe'ea Q:ondult 409,

refractory 1ined to protect them from
er asilgst. 1[eﬁ11ﬂ@1]10T¢reoﬂhemveompmbnta‘ of the caialyst yrigemasaton mdysvary

bor der e adlstall C|n of distributor

o s derobaPe ot e SRR, S0 26T s SR e and
di 5{ BthPEMacgr bﬂ'l &éiﬁle@ §hd side ivialseRIbhbd ghae SN8) BEWhich an at
the lower end of the dense phase 415 optionally is

ad]eas:tqvmmlheccpmeqatem’cfm@ctsf a rrg}@ﬁ@ham aedin tupger conditions

et de o diset BRalY rrdnemihdS soh i SREPRG' The shel 401 also

t hgefiR¥akpfator kokte A6S i hatteh @i&ouﬁ%oﬁbmts hﬂease@lena&ﬂ from
phase 415 is formed as a hol |l ow cylinder,

t ubutraimednestedyst. Therhell AQL alse éﬁ@’@e@irﬂ res?neg%}%ioamart&mrgﬂl6 and
" oHE BRnef R RURGT bR} AT MY efitalob bSO is by Sold wall

holig cross-secti

d ensRelphrating ilfermxanﬁmmmwmg lmen/@frreﬁaqtonyfmaibtazﬂemt shown,
such as a.circle, oval, square, exagl Ch
pr that dnsulptes the shell /,])(Hasés a result, it is not ecessary at the shell 401 be

formed of a material capable of withstanding the extreme temperatures necessary
for efficient catalyst regeneration. However, the separation devices 423,
distributor grid 418, and obstructing members 450 should be formed of alloy steel,
e.g., 304H SS, capable of withstanding the high temperatures necessary for
catalyst regeneration. In anther embodiment, one or more of the obstructing

members 450 are refractory lined to protect them from erosion.



415 having a constant cross-sectional area throughout

its longitudinal |Iength, however, desirably uniform

W@ 2108l0y®48 r egener ati on properties, e.g., superPCTU82005/043840
velocity, can be realized. [0111] The catal yst

regenerator of the present ifvention also preferably
includes a plurality of obstructing nenbers 450

situat ed above or bel ow dense phase surface 433. As
shown, the obstructing nenbers 450 are situated bel ow
dense phase surface 433. By situating the obstructi ng_
ngobHs 450 The hiwertdnd afethe alepscapleasa Y45 isthordered by a distally

e et of RSP AH 20, o ekt B FBhaSAD v
olRgtivelol REARIPE.S, cRERTY 8\ébatedh)! thealbimeptehy oftilP dense

and break apart upward inertial notion of entrained
cathmbey/415 aptiortatlydk adjpcenb thsbinaersufidegrafiraganaerpter gatiena partition

phase 5.. By, i nprovi t f | ui di j - .
PEe BB isp Yool TR $isPRte et ttor BOUGHS narttion 417 optionally
C ade@in¥s thdd Rvidr GdndSof ddnge Phader 416t | Ag shewhette dd@Be phawe 415 is

facilitate the transfer of the catalyst particles into
a formediss pe holowheyinden iy &t tubBler tpemaey; dgfiping a constant or

ul t i mat el 0 e HG: . I st:an T
R L e e
Malénpy Mihougk khe degesdioigofatensephasé 4ts mag forfipanyoot vayiety of
the di stance between | ongitudi nally adjacent, .
obgrpercUch RS rPefiBde.Ovial sgag RA<aB A 71 b B PrYidini gynse phase
gr 2 ﬁﬁvi’h?asp cofQk &ﬁ&?ge fonal 2Bl Brotdhdtt #R08heifadinal length,
neters, or greater than about 5 nmeters. In terns of
uphe@weviegndesitabhy tusifotnh ecathil gt aregencoaione properties, e.g., superficial
I ongii t.udi naL'I %l?aﬁgédacent obstructing nmenbers optionally

i sVeledly cazbe 10 neters, |ess than about 7

g t(ﬁﬁ g |ess il"h@ WiaRRP i’@r%ﬁergfo} I Sthe PreskBS ﬁlvblli\:ﬁth ilb@ reférably

ers.[0112] In the ermodi nent shown in Fig

t hiretuded stpluclitngf nbsibietisg aBMmbsredsh sifwated abstverasrbabow dense

of | ate or.disc, ,which cqvers.a partion, of

I aP%SEIS“{,fg%eS éz’ge?’tsi S&’RQ’P’ Eﬂﬁeog’sg’flaglgnlglgm%ﬁrgs‘g% 4af% 23\‘%%(}1 below
0bgérsd Phafsiurritber34 50y binsatidp RS oBgruding mdhBRaUS50 within the
surfaces shown including a plurality of openings o
extensdiphgsh 4l Helba ﬁm&%r%p@éimuhﬁp@ of atadyst patiiclescan exhibit

The obstructin N ire ' .
o GeBle HRA TEPIA 038, BhS PR pEATREA LB proviae
t Ov&EKtup By 8foptanarbredk ipad Gipwand inettil innationl of, entrained katabyst and
out | et 412. Int he enpodi nent shown, each obst ruﬁ:tti1 ng. .
meftsek upshubbley orraer rthe densg piiase 4)0a Ry nyrgyige the fluidization
ob - . s cJ _
oS DA T s S 0y RSB, s st
of ngenfleye 450 hies ficilithtethk trapsferaofithe cgatysbpdotitles irftomrstahdpipe,

V\Ih('es.lrllch as catalyst return 410, and ultimately back to the HCA, not shown. The

distance between longitudinally adjacent obstrﬁcting members may vary widely
depending on many factors. Optionally, the distance between longitudinally
adjacent obstructing members is greater than about 0.5 meter, greater than about 1
meter, greater than about 2 meters, or greater than about 5 meters. In terms of
upper range limits, the distance between longitudinally adjacent obstructing
members optionally is less than about 10 meters, less than about 7 meters, less

than about 5 meters, or less than about 3 meters.



fines content is low. Fig. 4B shows a detailed |ateral

vi ew of an obstructing nenber 450 along line 4B-4B. As
wa@ b@as73eemch obstructi ng menber 450 is fornmed PET/ES2005/043840

substantially planar surface having openings therein

to all ow the passage of cat-af2yst particles and or:

gases therethrough while breaking up bubble formation

i n dense phase 415. The total open area within the

entire laterally extendi ng pl ane of a given

obstructing nmenber 450, |nclud|n t he open area 452,

odP1al |y ils the SEDBRITioRA DO i %%A JhEeE baBpgting members

t
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byobatipcamenmembgt it mgtlpie niptsrsscimD haneomalaglgwse sepaiatdd by

respect to.one sho 'St a

ety bf 1R Rt AR B E Bl frmed when
O Viitiek 2fonRAE iA NSy .Nerig. aBtdhewgh Hétails GsrhieviRlabean tobstucting
adJ acentéﬁdoen areas 452 may overlap one another to

along1ling 43#43}0 $ sBewncash ehsirheting member 450 is

I
AL R L0y SSOEENP BRI Yo
S gssaat iof raataQBEpzﬂlﬁEIep raﬁd of gbsley thegethrugh dvidfe Wedlohg apvbubble

cylinder,  e. a tubul ar havi ng .a. uni form or
suloERaiian i Flsnse rﬁhiaé‘? i atg?eawt"j (pen ea Mgl ther gire daterally

pr&‘{érﬁﬁlg;ﬁlbﬁé’é;m HRf'o Eétﬁicﬂhé}ﬁ{;egga%k X0 Qﬁéﬁ&%ﬁéoﬁgﬁlﬁca;ea 452,

or ent ned catal yst cont t her’ei'n
C adpdidopslly m@mﬂmthamabdu@ 60%npietmtady grqalee ithem abloet 70%.2ahd most

and enum vl u 4 as,shown_.in Fi 4A 0116]
Tﬁ@e@ﬁ’img&ea%%aa%a@%"/wf ok e pLaDes sEigiAlars | on

¥Siti on pPRANMIS, @B Qe@%éﬁto%booliﬁélﬁé’&tﬁﬂln le levels Xchree are
regenerat| on nedium from the catal yst regenerat or 400,

i sshowehlojf 1}1t9maéd>bs@u¢time mopbers 4Shespanning rae fractar af rtlmwdense

devi 428 | f d hi, n
D oRSE 31 £ imeles S Rl BottRing et for 43h Tons | libch {0 Sppparea
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and pl enum
preferably less than 75%, preferably less than 50%, and most preferably between

about 10 and about 25% of the total cross sectional area of the dense phase 415.
Preferably adjacent open areas 452 defined by adjacent obstructing members 450
are staggered with respect to one another as shown. By “staggered” it is meant
that adjacent open areas 452 do not totally overlap one another, although it is
contemplated that adjacent open areas 452 may overlap one another to some
extent.

[0114] Although shown as being cylindrical in form, the regenerator 400

optionally has a swaged region as discussed above.



vol ume 428 are provided to collect regeneration

conbusti on product and possi bly unreacted regeneration
wore@cmedxi t i ng separation devices 423 and di rBCT/US1085/043840

material to the exhaust outlet 412, which is openly

joined to separation zone 4@3.in the vicinity of

pl enum vol unme 428. Exhaust outlet 412 conveys the

regenerati on conbusti on products and possibly

unreacted regeneration nmedium away fromthe catal yst

regenerator 400. Such plenum designs are particularly,

uderid in erdhodepesaiion Zonert04 p(mfgmgly isyorgtedsefirahaliovppylinder,
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o) aration devices : ey ta] ycl onic

séggu g?g?% a?%eP%rVS!&Igec?’Zeggﬁg§hqvﬁlpiﬁlr1}g ?édgt devi ces,

pliei gy Or COMNRSextatfichitlen 4ade ghivhetcfeavést fegeheretidn combustion
gaseous product renoval. [0117] In a preferred
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C tlahuts voluheM28ds éetied edtho thertoandanies eppleatmaheli 42/ which is

405, The separation devices 423 optiopally are

cyieinsdite tBe prgeReraios o Ppitition, 419y gﬁ% ?PenPWp'T‘h“?ge#gn gnd plenum
deyd { §iSvi [ ool béthand possib
oS EE B0 R 1Pk AU cAR i PRl posiy
C oumpedvesdl fegemeratiqransdivom exitivg skPbrativheleyizparddBiand direct that
devi ces, 423 shown in, Figure 4A.are cl.oni,c )
sapaeaioahe gagoreifich T CuphiSoreal G (b rsetratiop zoe 405
WL C I f %?(?hi‘(}esofgﬁﬁﬁ%_s vERIROA2R! S BihdufNbiitht N8R conveys the
catalyst from separation zone 405, and a catal yst, )

r etegenerationl exmbiB6pn \prodistsdindepossindy anrerelgd dagaicration medium

particles proxinally with r eqt. L0t h ' .
Dot b BT e 3P Shed i S0 Yy
CaflMSh ehPeenehned Wherd®PlukdliRy Ul §sparatidh Sevicbdid1304re 1ititiged, for
419, which ideally is oriented bel ow the regeneration, ,

z oewanupie g shyhves i Higsre 42 where Gwp 1ssisiodcyelane SengFALoT tage joined
t he dens ase 415 1€ at I dM Ay, | :
{ nRoh e B are 41258 ARk, PR AR i DIBRERSHAPR e
428ptidHap ihhhedbhlybtovédeneraopne00d b. tha piiesdnti inveitiongmé dsome
418 separates the distribution zone 419 fromthe .dense
phaeparalios devises, ¢ S i8N GYCIQHHG sPPAABoTS, BIeLs, 5Tepns. dmpingement
for 0 ' r ' -

B R R T
of [elagener at pp prefetirederhddimsnty flib)separation zone 405, preferably the

upper region thereof, includes one or more separation devices 423, which are used
to separate entrained catalyst from gaseous components in separation zone 405.
The separation devices 423 optionally are cyclonic separators, filters, screens,
impingement devices, plates, cones or any other device, which would separate
entrained catalyst from the gaseous components in separation zone 405. The
separation devices 423 shown in Figure 4A are cyclonic separators, each having a
separation unit inlet 437, which receives gaseous components and entrained

catalyst from separation zone 405, and a catalyst return dipleg 436, which directs



t hrough which the regeneration nediumis released into

the dense phase 415 fromthe distribution zone 419.
wab@eoaicas yst regenerator enbodi ment that incl PAEESR05/043840

di stributor grid provides for desirably even

regeneration nedlun1d|str|bq1|on characteristics. The

di stribution zone 419 and dlstrlbutor grid 418 provide

the additional advantage of providing a | ow

superficial velocity in the regeneration zone 404 as

well as in the dense phase 415. [0119] A catal yst feed

C QRpthied AQ%1pdt By ProxEmAlly iwithi ©seeiio! Hhe sépacutiond it inlet

t he dense phase 415 and directs an at |east partially

cokdd catal yst, preferably in a fluidized manner, into

t generatl on '
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fer ﬁé Rrin¥d Bngﬂflor st 4 twlgbﬁ ﬁﬁ]dd)és b 8r 1bfe regeneration

ene I on zone t dense phase 415. Opti onally,
s onmedluni aligts t41d e@e rshowt,i @ phoelshyr Gf mgemnratlmnmﬂwm infletsdt11),

condui s the at S art al | cat S

*r Biighttagh firapers tignaasiub el dee S G R gatt 5 from
t Yidk Chdthidu@id zoddWier ho @atﬁ?ﬁ‘ﬂ%%@@ﬂéﬁt@r BRfodhREE tHae includes a
conditions. In another enbodi nent, not shown, the

c adistripstorf gidi providesi for4w1relpi§n%venntegen¢mti®i thedim distribution

i b BE T M BT D31 W o
41§ddlt[1&i|a¥ Qhvarageper %{)Vﬂﬁlflé hew atpdreianl velatity ﬁi the ﬁg&ﬁatmn
ase

catal yst in dense 5 contacts a regeneration

nme@inerOdes svelleas mﬂﬁi desgpetsatldn nediuminlet(s) 411
dit | .
r eg@ag g? eI t I Og‘ﬁ%ﬁ% eas({ C%lgdruﬁto%(ﬁ R}‘Jegeg N caI{ g?{fs ommynication

t heitheBedarsaphase 48iahd dRectslaest lomt partially deked catalyst, preferably
di stribution zone 419, then the cat alr# t feed ondw({ .
4001 pAdized; MARFEHNIHE TESREBHOB GRS E%P%tale/ﬁ eg; gonduit 409

ang%ﬁﬁaﬁ?cise& ﬁlh cBinnhBf3lioR ¥ith! k¥ nfdhk Fla T‘ﬁf séﬁ%pmg unit,

nto t e regeneration zone to ormt
phaﬁdi‘oﬂﬂt&;atalyﬂt hwooter,pas®i ofywhivhoarg kshdwvat ini Bigt éA gAisdshown in

41%;gd£ gﬁl{%]ﬂ'ﬁ/_\tcégé ?ﬁ%{&,{q ag %)r(tgnc%slt aé@oreiggné?'arltgl\r/ ibgt?gmip%rtition
417, the distribution zone 419, and distributor grid 418. Alternatively, the catalyst
feed conduit 409 can enter from the side of the vessel above or within dense phase
415. Thus, the catalyst feed conduit 409 preferably releases the at least partially
coked catalyst directly into the regeneration zone to form dense phase 415.
Optionally, some catalyst regeneration occurs within catalyst feed conduit 409 as
the at least partially coked catalyst transported therein contacts the fluidization
agent, typically air, under high temperature and pressure conditions. In another

embodiment, not shown, the catalyst feed conduit 409 opens into the side of the



t he regeneration zone. The catal yst return 410 directs

the at least partially regenerated catal yst away from
W0 b@otegeser at i on zone of the catal yst regener BEDUS2008043840

and, ultimately, back to the HCA. As shown, catalyst

return 410 includes a catalyst outlet for receiving

the at least partially regenerated catal yst from dense

phase 415. ldeally, the catalyst return 410 is in

fluid conmunication with a series of conduits that

direct the at |east partially regenerated catal yst )

bagdl 400 sohe thitdfodaes thent astpertzilygokpheatalystsnto a higher region

optionally after it passes through a catal yst cool er,

nef thedgnas Phage 4hown in Fig. 4A, catalyst return 410
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Aldistribtor gred 418.t he catal yst return 410 extends through
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r efdd" Dha dtinRd! Ly thdgicyde t D&y 48Pinclud
ha@n%da&ﬁlg?d?% O%%ba‘i?‘ndé? end g&ﬁghg‘bg’r%ga %gi st al en%jncu es @
whiagdlyst @uttet foh@ecehting yirt atdedst partially eegeaenated qatabyst feim dense
end is attached to a tubul ar lg)o.ndui t.that far
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| o, tand ipmeferablyoedensisdniootease phasw4dd bslory theglensqiphnsg surface
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zone 405. Thus, the catalyst outlet optionally opens into and receives catalyst

d

from the dense phase 415 or the separation zone 405.

[0122] Preferably, the catalyst return 410 opens into the dense phase 415
below the lower-most obstructing member by about 1 to about 3 meters.
Alternatively, the catalyst return 410 extends through one or more of the
obstructing members 450. In another embodiment, the catalyst return 410 forms
an opening in the shell 401, e.g., at the side of the vessel, and is in fluid

communication with a downwardly angled conduit, not shown.



500, although the features disclosed in catalyst

regenerator 500 could al so be enployed in
woomvenegemer at or fl ui di zed bed reactors. The PCT/US2005/043840

regenerator 500 of Fig. 5A conprises multiple Ievels

of obstructing menbers. Specifically, the obstructing

menbers illustrated in Fig. 4§A conpri se shed-type-

baffl es fornmed of nultiple inverted "V' shaped

menbers. Specifically, as shown, the obstructing

menbers conprise central obstructing nmenbers 551 and
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baneateeslssy a distally facing surfaced of distributor
grid 518. In _enbodi nents | acking the opti onal
d.lgnﬁl but or Tdeicatabysgregansgator o ramptines Agatalyshleed epnduit 509,

celt'cﬁ tﬁﬂgS% (M%e Brr F@e?ﬁlo%]iﬁe gltn e’%"éﬁ oﬁe or more

a ] ace t i nier sur ace regenera ottom
paegenefation &ie'dlurﬂ' tiedd domduitsh$24, ané rexBamrsf gkt 6112, and a shell 501.
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COWES: E!ﬁd Hipsirafsfoce ta ks steesnasatonds SHBR, ckaeplaynard the
Fﬁgﬁ%ﬁﬁﬁoﬁggﬁrgﬁ% REdifn el Q:\%&)@t 'SEQ Elatal§stFeed conduit 509,

ning a constant
catalyst return 510 or other components of the catalyst regenerator 500 may vary

widely depending on design preferences. Shell 501 includes an inner surface and
an outer surface, and defines the sidewalls of dense phase 515, in which an at least
partially coked catalyst contacts a regeneration medium under conditions effective
to at least partially regenerate the coked catalyst. The shell 501 also defines
separation zone 505 in which gaseous components are separated from entrained
catalysts. The shell 501 also defines a regenerator top partition 516 and the
regenerator bottom partition 517. Optionally, the shell 501 is insulated with an



substantially constant cross sectional hollow area

t hroughout its longitudinal |ength, although the cross
WG ewbiomds4of dense phase 515 may form any of a REr/U81095/043840

of shapes such as a circle, oval, square, hexagon,

etc. By providing a dense phase 515 having a const ant

cross sectional area througﬁbut its |longitudina

| engt h, however, desirably uniform catalyst

regeneration properties, e.g. superficial velocity,

can be realized. [0127] The catal yst regenerator 500
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a standpi pe such as catalyst return 510 and ultimately
bdmmddoof hehelry oytindshewn 4 cubedgr member, Hiefiamgod gaapipnt or

Fi three cen b
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shai, iRBola thi exoshieetion 0F edrfse phaerslb amayoforh hay baa esrddty of
cross sectional area of dense phase 515. Fig, 5A also

i Ishapssrsacless ivitsls, Pealesanags, hekason, eisstBY) E’Eqvﬁbn%ré (flsasesphase
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s hewewers addirhisly e ini€irm &y(ﬁtyst)fregémtatmnt propertiesthergs superficial
preferably alter nat es between a central obstructing
jtysen bedgaligsdout er obstructing nember 550
mﬁ?ﬂ]ng a l”ﬁ%yré ttll?:ﬁ%bgﬁﬁx"\?(@h o R roeht AAVdntieh ealso
ravel 1'n or r toreac ense phase surface 533.
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ORI N E I R
S*L??D gg‘l% 59*‘3 és@taﬁa%uteflo%wrmtmg BEAbrals 505t BE Wwhitth are

an outer obstructing nenber 550. As
Sfmﬂmnelytdntaateé riele dense phase surface 533. By situating the obstructing

members within the dense phase 515, a fines-depleted population of catalyst
particles can exhibit desirable fluidization characteristics. ~The obstructing
members are provided to abruptly stop upward inertial motion of entrained
catalysts and break up “bubbles” formed in the dense phase 515. By improving
the fluidization characteristics of a fines-depleted population of catalyst particles,
the obstructing members also facilitate the transfer of the catalyst particles into a
standpipe such as catalyst return 510 and ultimately back to the HCA, not shown

[0128] . In the embodiment shown in Fig. 5A, three central obstructing

members 551 are shown, each formed of an inverted “V” shaped shed-type baffle,



obstructing nenbers 551 each conprise an apex 554 and

extends fromone end of the regenerator 500 to the
w@dven736is ef er abl y, each respective outer obstPODUS2065/043840

menber 550 extends al ong a chord which overlaps an

adj acent central obstructinagnenber 551 along its

outer edge. Optionally, each®central obstructing

menber 551 and/ or each outer obstructing nmenber 550

conprises a plurality of openings 553 and 552,

respectively, which traverse the edges of the
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separation devices 523 and rect the material to the
4 exﬁﬁalu&td/deh touget Dbstiustiog maesmbsp SA0 wo;n@nﬁ@da plyrality of openings

at zone .50 e Vi |m
g?g @é%{esga%t vgfy, g/T)ﬁ:thqBaﬁzers %dée? éfé glﬁ @r‘ag@c\gﬁk YWlmbers to
COfE@Hﬁﬁth 2113 lﬁéﬂd\?}?bﬁbtﬁmr&s IilO&é‘ﬂsb biasersneact ed
regeneration iumaway fromthe catal yst reg {at or

50[013$hch pl Brafereblys thgrrggeax%at?rafrqq ingludes puligds lgvels pt central
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exa

V\hdfaﬁxetéﬁosoS at So Oﬁ)rrﬁyzﬁri opéh a&a,am&mﬂr prﬁerabljymsne\tbr]app@i by an
sin%Ie exhaust outlet 512 via plenumvolune 528. The
pl & awx%né@rd@ﬁvwn%gﬁﬁﬁhﬁﬁéo in the regenerator 500 of

th fol3apsent TRY SO HdnFons 9% pfR1944 Rimed of a hollow cylinder,

e.g. a tubular member, having a uniform or substantially uniform lateral cross
sectional area so as to provide uniform superﬁcial velocity characteristics for
entrained catalysts contained therein. Optionally, catalyst regenerator 500
includes a plenum shell 527 and a plenum volume 528, as shown in Fig. 5A

[0133] The exhaust outlet 512, which release regeneration combustion
products and possibly unreacted regeneration medium from the catalyst
regenerator 500, is openly joined at the top of one or more separation devices 523.

Plenum volume 528 is formed within the boundaries of plenum shell 527, which is



devices, e.g., certain cyclonic separators, filters,
screens, inpingenent devices, plates or cones,

wo eoveo7sas adequately with direct gaseous produRCT/US2005/043840

~renoval . [0134] In a preferred enbodi nent, the
separation zone 505, preferadly the upper region

t hereof, include one or nore separation devices 523,
whi ch are used to separate and trai ned catal ysts from
gaseous conponents in separation zone 505. The

separati on devices 523 optlonally are_cyclaonic
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di stribution zone 519. The cataly regener at or

e n’éERPI regien theeof ineludeege ar %epafatl% BYiFE PPoWhisBare used
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nicationwth the dense phase 515 and
d| sqmraetloardelvmas&bahmwmhn ¥ig Skearecyrnycsseparatars,ezagh hyving a
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et W eER s i Brstiven SR or iR rid. EMtfained

CORRMRACRbh QBpMhtidh LR S5, AR £ cathlyétheriy diphepas 38 Rvhich directs
conversion apparatus a strlpplng unit, and/or a

c atsaiaym caglybtapartichesmroximalipiivth ramctsmdhmseipnranpg ung flet 537.
[(?Pj%\fm in Ifn g prc%A tred & goéﬁ%tentf ca%a(fysq l1Jregten§r%?or‘?5)65eincqudes a

distribution zone 519, which ideally is oriented below the regeneration zone dense

phase 515. Prior to its introduction into the dense phase 515, regeneration
medium is introduced through one or more regeneration medium feed conduits
524 into the distribution zone 519. A distributor grid 518 separates the
distribution zone 519 from the dense phase 515. The distributor grid 518 includes
one or more regeneration medium inlets 511 (as shown, a plurality of regeneration

medium inlets 511), through which the regeneration medium is released into the



t hrough regeneration bottom partition 517, the

di stribution zone 519 and distributor grid 518.
wa\bdaoeomsts vel y, the catal yst feed conduit 509 PXI/E@RIISS/043840

t hrough one or nore obstructing nmenbers. Thus, the

catal yst feed conduit 509 pegferably rel eases the at

| east partially coked catalyst directly into the

regeneration zone to form dense phase 515. [0137] A

catal yst return 510 also is provided in fluid

communi cation with the regeneration zone. The catal yst
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optionally includes a fluted nenber 535, having. a
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refera rom about 409 abo % a S
Dicistanuton 3rid § i AeTet1SYs 5 CHB eobsyatiny HE prags through
lT%Elg ' ogé ggs%ru%ﬁﬁ% Ii*l%gﬁ'ers? r’f}ﬂls%etcgﬁlﬁﬁf&ﬁ cBRAEE50Blreferably

struc menbers’ preferably cover a
paelehses tiof attlbast pattially lcakeh cdtalystshrecdpotté threategenesationfzone to

the fl uidi %led ﬁ%d optionally fromabout 20 to about
gdopR deRssPhase Ym about 40 to about 60 percent, or from

algyd714> to QhoulysOrRuRESTEAls0a¢ pidiiieidh Buid ésrdhahication with
cross ‘sectional area of the fluidized bed

AdHé tregmatatipnozong! t She aatalyst yretur & 19ndirests #hsr 8t Mastaagially

obstructi ers £o ise at l.e 0

cogreetrd Py SO0aPe Mt ur Of g Dy Methftaor
| a40Ry Hd, GlRSIel§ Sseck @0 @le 1Rfdestatfont dd@vérsish dppdtubedhs shben in
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60Figo5 Abeatalyg setpay Tiéhexterds éﬁrﬁaﬁbtﬁgewa@bbm paition 517, the
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begktendi@ndddnsd/fhdsa g1 et defow the dense phase surface 533, as shown.
In another embodiment, not shown, the catalyst return 510 extends through one or
more of the obstructing members. Optionally, the catalyst return 510 extends
through the dense phase surface 533 and extends into separation zone 505. The
distal end of catalyst return 510 optionally includes a fluted member 535, having a
narrow proximal and a broad distal end which forms the catalyst outlet, as
described above.

[0138] The total open surface area defined by the baffles in the dense
phase 515 optionally is from about 20% to about 80%, preferably from about 40%
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[0140] In an MTO reaction process, an oxygenate, e.g., methanol, contacts

a catalyst in a HCA under conditions effective to convert at least a portion of the
oxygenate to light olefins and at least partially deactivating the catalyst to form an
at least partially deactivated catalyst, e.g., a coked catalyst. The at least partially
deactivated catalyst is directed to a catalyst regenerator according to the present
invention, wherein the at least partially deactivated catalyst is regenerated to form
regenerated catalyst. At least a portion of the regenerated catalyst is directed to

the reaction unit. The deactivated catalyst optionally contacts a stripping medium



generally described in R ser Reactor, Fluidization and
Fluid-Particle Systens, pages 48 to 59, F. A Zenz and
w®@2006/0CAcksrer , Rei nhol d Publ i shi ng Cor por at i on, PC®EWS2005/043840
York, 1960, and U. S. Patent No. 6, 166, 282
(fast-fluidized bed reactor}z.which are incorporated
herein by reference. Most preferably, the HCA incl udes
a plurality of riser reactors, as disclosed in U S.
Pat ent Application Serial No. 09/564,613 filed May 4
2000 to Lattner et al., the entirety of which is
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[0145] I . j of a di sengagi ng systemin an
[ é?%rl’%gﬁgaéﬂ%r?ﬂyg%%ﬁé%ngagi ng systemincludes a
di pe4s]agi ng Frests édedstbek, oprefeeatiy dbnteiniing ané @wemorsooxyigemates,

of the disengagi ng vessel is strjpping zone., In the .
stontiopalhywith p@e o noge dflaepds, 15) tPaﬂ‘? gne 8&@&%?‘% 5gﬁcgqrs na
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c ogdmpuaitionnorotokstlewmsion thereof is introduced. In one embodiment, the
molecular sieve catalyst composition or coked version 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 or steam.
[0144] The feedstock entering an individual reactor system is preferably
converted, partially or fully, in the first reactor zone into a gaseous effluent that

enters the disengaging vessel along with a coked molecular sieve catalyst

composition which is at least partially deactivated. In the preferred embodiment,



met hane, carbon di oxi de, carbon nonoxi de, hydrogen, or
an inert gas such as argon, preferably steam to

WO ewoweIss@dsor bed interstitial hydrocarbons frpoT/URE®OR043840
| east partially coked nol ecul ar sieve catal yst
conposition that is then i.g.oduced to the
regeneration system ldeally, fromabout 2 to about
10, nore preferably about 2 to about 6, and npst
preferably 3 to about 5 pounds of stripping nmedi um
e.g., steam is provided to the stripping unit for
awelone(s) Gatho tinddisafzagmgaleyssl arq designsd He rseparpigdherapglocular

the stripping zone.is in_.a separat essel fromthe
P eSon AR CREReRtcihg PN ppioRe! BRI o Tshd cangelys
ﬂc%on%)ctggﬁ)ngﬁkiﬁll the §é’s@8ﬁ§; dffh@lt cybReAd dhe(denEdfE otdfinl(g) avithin the

about 20,00 r 1 based on the volune_of gas.
t disarehging zwhec oRydones| e preferred, dwsveyan gty effects within the

conposition, preferably at an r
rPemsescet a0 e (B sRabiEh e SRR B gsseons
t ehiime teceHtalystbmipesidansafrymtthe gaseous
c%ﬁggg??tg%ﬁ%tg%ﬁ%i&?ﬁﬁor?ggprefer?ied gﬁbgdi ment ofethe

peffinestinélode thermse ot platgs.ap% elhgeieatnsd the likeef i n(s) usi ng

a_si || coal um noph ] | Lar: si > .
CBgSLTt T oni® PRERTEIALE T2 BfeBfing bité eEpRuiaul HCA,
| gRSHis@babinglsyateeh ancharper diseipgagifar veasdl e dinNouarabedithent, a
Met hane Sel ectivity (TCNMS) of |ess,than O O:I]g:,r .

phefesmaptian ofcthe dissagREbIS WssRAILS # STPPHIE Zogge:ln]t stripping zone
exanphe.q L ’ / | ifi taBted with
I T L S5 Sy i e

My defipdifg Mhektum HAACH inh dahieprpfeeahdy tonk roventorobinalien of steam,

useful to conduct npst any hydrocar,bon conver.si on
prasskass, PHOGRidkNIde: RThoR: Berrids glfr%%qgefls empIt ?fg&as such as
iTn %or%aére"f&%l | Q% & FdclfG adbStbe® KAGHIi®al H9tRIckons from the at

tonversron réactions, oxygenate to ol efin )
C Osusepatialty caleet molesuldiesieye, catatyst compositing fhat dsthga Arfreduced

to gasoline conversion,reacktion | ,aei ydr.i
& o meebrmaspropnadeieEngl gL BbErE o bl e ooty
a@BXFtr 3 flatfoRf Bl th&d prdfeisBIReY toldbeRES bolkRaifistippinganddium,
acrylonitrile fornulaﬁlqnu 0148] The process f0{
C ey esteamgs propidadao dle SLEPRINS MK £oreqyﬁr)b Opoupgdsyof catalyst. In

i ncl ydi . ( te. i n, t

- GRolfenarbo e Griptie R BOHE 4 scbdlifie) FEH from the
N&figs3asihk Wedseridetle bRippihgdnadiamtiopassed ot aigas ingirlyxspgerticial
such as"the followi ng. aliphatic al o_hgls, etﬁers, ¢
o eyt (GHP0eeem (b y dhost 21000 REs bassd o R Fplume of gas

hd B ’ h | ot referably. al
? ﬁtlgr églf,u%ae[rﬂ ncgfczeacg ha@@&l&r ﬁe{(éy iﬁge?{s@%rr?o%‘ﬁl%eg eferably at an

I'c nol e rabl'y shoul d contain
i NelbWied RAGRrabire firoan23U5GUb abeit(75608E hpraferably from about 350°C to

650°C, over the coked molecular sieve catalyst composition.

[0146] In one preferred embodiment of the process for converting an
oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve catalyst
composition, the process is operated at a WHSV of at least 20 hr' and a
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, preferably less than or equal to 0.01. See, for example, U.S. Patent No.
5,952,538, which is herein fully incorporated by reference.



atons and nore desirably in the range of from about

1-4 carbon atons. Representative oxygenates incl ude,
whaiocarms4ot necessarily limted to, | ower nol BCTIUS2005/043840

wei ght straight chain or branched aliphatic al cohols,

and their unsaturated countégparts. Exanples of

sui tabl e oxygenates include, but are not necessarily

limted to the follow ng: nethanol; ethanol;

n- propanol ; isopropanol; C4-Cl10 al cohols; nethyl ethyl

ether; dinethyl ether; diethyl ether; di-isopropyl

el®ld7] et hyllhef eptionelemuitideraiseie Bikcfe's @fi thgerrsant invention are

te; t hyl t . ., A . .
it B ranye: Bl BB B B SRS i ¢ yigized
CQBMBASI BN cngA6¥ddon i Byedll eeéaetlods cimclude, gfopupxample, olefin

consi sting of methanol, dinethyl_ ether and m xtures
t FRiPESORVEIFPR ACrHONs: ATRECRAR to) Rlrdineqny ersion aapiens| (¢-ephM 1O

t : ar . d e L Sek Tol ) - T NE
e toBla) A isun OB gl bl SRakRs, Hle P hithiide
masenlatidae ntapormpiiadee ndedrinslo syrtieesis, phthalie aathydsdeiformulation,
t he. oxygenates, such that _the tpt al f.eed m xture

c dhgshersBopsah rgagttons,fng aprylpatnds formplalighout 1 nol % and

a 99 nol ' | '

Bkis] 19, T2 T oS TR Ll R gRRuAT) A Lirlcgs a food
hehéluding sangoxygenater ogemsed deteim the rieson deoxygemate8nis defined to

di.oxi de, hydrogen, ter, raffin ot her . .

e e i ot Sereheat  Bbiad B 2yctofiheft Siainion aryeenagh oo
Migkd UoASwinRe" eafphafie Silbadidi 4tH&8! SaibBRyIU @Smp&!tﬁdsag&deh des,
not necessarily limted to, water and nitrogen. 150]y :

ﬁ_mii,]gmbﬁxyﬁh @Cfd@e@hrh@}atﬁea?i thei H]f,fa, 51@}1 F41e) / ¢rﬁotj, The
- bt piSh et R R i B riie Tl ey PR bltbon

eidihing DgY st ®siraily U@NtheOkange oKX it aboubat-. cafled atoms.
l'i quid portion of the feed may be directly_injected

i rRepresapiativelioxygengtesy ingbydey éa%’ fisr 80t Hecespariyj lyaiedpito, lower
OLNBIUIRE WALk Stlaiofll Unbl® of | §fhcHef AR Hafic Yailbndifl®and their
vapor portion of tHe feed or a sultable carrler

g agfsahutagen tounByrp ot ix@inpiesao fosuitablenoxyfgendies fnekde, but are not

(oxygenate and/or diJuent) in_the |jiquid phase, the
t epfsessaglyrlimited fniherdpleyingemethgnal; ethAneJe neEpRATsl igpropanol;

The, exat ' nl}g@ r 1) Y . dis
C[)‘C;%gig i%ﬁgﬂﬂsgpart |1aéth}§} ags’ogﬁrgeg%y t h’e&%ﬁ%tehhg’nﬁhclsomopyl
hegtherpf methybr foratatey n farmatdebydd; qdi-thethyl t carhowdte;t maethyl ethyl
feed. Controlling. the proportion of liquid feed to .

v aBRonRtEe 4T IBRE: e BT SHE Yol Brgennlt Hig o the
f Oéon@%foﬁxoﬂehétﬁﬁhits heletRIRRINA Y Srolp cbRgstiaeHt BEthandl, dinethyl

particular In the riser reactors. .
ether and mixtures thereof. More desirably the oxygenate is methanol. The total

)

charge of feed to the riser reactors may contain additional components, such as

diluents. ,

[0149] 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

about 1 mol% and about 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



[0151] A liquid feedstock optionally is fed separately
or jointly with a vapor feedstock. The anobunt of feed

woe@viodsds in a |iquid form whether fed separ aP€l/ySmns/043840

jointly with the vapor feed, is fromabout 0.0 wt. %

to about 85 wt. % of the tet58l oxygenate content plus
diluent in the feed. Mdre desirably, the range is from
about 1 wt. %to about 75 wt. % of the total oxygenate
pl us dil uent feed and nost desirably the range is

from abo %to about 6 vvt. % The liquid and,
vahdPet s argnwc CHEPPRlS, fRY BENKe @eRel.  Desired diluents

CHBARR! "efB%arf9Hnditdd Y Ak b haREQPRYL | Ons of the

bl ndh s
same or erent oxygenates and sane or-di fferent
di[01b8ht s. Oz@epq:rabn iof theafeey nmfyquirovidedl 'thth'ecH@AI indiguid orm.
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smal | rate. O hef- useful uents are descr ove.
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t.e t d/ | t fed. .t
£ PihoP Rk BB o SERE v e adlh e yBPeH nettipd e g or
| is6itibie ShA&CsRAiTubnte 'B}ebﬁ)vid;xg% & Bé&ioflof Ql‘ihdfe%ﬂ (68)FRRate and/or

into contact with the catal or a vapor portion of
t HHugndkig the dineid riasa, dre tem[pgmme} inGie irigeratichgtorstdan be |cqmq11ed

el O, SER R O Bbv

| madomﬁnaicqmt sfhepbingion o thet lhgid §@hoﬁ a@ﬁie%&l d&htfolling
be done with either the oxy 8enate eed, the

duﬂr%woswnb%ﬁ Hauigyised 4p |¥apon fried fed tedhe reaoter ishene possible

AR O Bt BOUEI O Bk e i

flrmtomn of the feed to the riser reactors in a manner

hat t Nnozz forms |iquid droplets of an
@&& riate #@gldd*eg@%t?%wmmaﬁn it fied wrpagately orajoifly with a
{ a t; |
Wgééﬁfoﬁédﬁ%}po??s SRR SLIPEPIRE iR Nl RB5, whgther fod
r isgpwatelyae jointy vEiht thevapér febd seframr zﬂmgemémrts %to about 85 wt.

C R QL P8l nverEie somket P Effben: tadRe Rt Bfoee donigb, the
MRaps i@ frolmdoRE UGHNY, B dhelit 79wt Ok "OY tHéf totall gﬂy&nﬁﬁgﬂus diluent

points in a reactor or designin ui d
tée@amdr whostalesiseldy thd rragelissTom Qutdnwt &% v Bbouit 66wt P The

nd is n 1 di us her 0153] The cat al yst
& (gl fnd DS bR S REH HEY B b8 sl ceipestioR %7 ‘may
C @bivtains v afingepepb@ions ¢ thel §sma di&hﬁ@téhﬁ"ox?g&x\é&s afed same or
m xtures of nol ecul ar sieves. Ml ecul ar sieves can be

qrentcdifugats| | Qe pagiculsgly-oftestive liguidrdilientist watss)due to its
U?'c%t%ely high heat of vaporization, which allows for a high impact on the reactor

temperature differential with a relatively small rate. Other useful diluents are
described above. Proper selection of the 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 portion of the feed and/or diluent.

[0152] 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



catal ysts may also be forned fromm xtures of zeolitic
and non-zeolitic nol ecul ar sieves. Desirably, the

W@ 2108l0y®48 | ncl udes a non-zeolitic nol ecul ar si BUBUS2005/043840
Desired nol ecul ar sieves for use with an oxygenate to
ol efins conversion reacti on5bAclude "small" and
"medi um’ pore nol ecul ar sieves. "Small pore" nol ecul ar
sieves are defined as nol ecul ar sieves with pores
havi ng a di aneter of |ess than about 5.0 Angstrons.
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{ s 87 ol bIA AN Sy AP fdpe prt g s mot
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useaf in ap, ox ate to ol efins onverS|onreact|on
Si@égi conpr &Q% g‘%? Sle cSUfriEn ron“:i‘lt YA18E ofdr Bteeptpde-giefin
f RV KreaétidCinbuBePh nloRicthak ’s1e|'v€‘|af£}m§ﬁges[£$¢lle%ular sheves

tetrahedral units. The way Si 1s incorporate
s Malerular sieyas ciye bel eeditivi (aealites) o2 918n- zmﬁld\man -7Belites). Useful

K d.P 3965 .(1988)
TS P YO sCloar B ey EESRie 284 APBPeolliancpcular
MBieGesp ERéirably, thecaA APt iMIRdNMRnonédNitR rﬁbﬁml&aéleﬁh' Desired
[(Si)].in the range of -88 to -96 ppm and

gwﬂﬁcas}kda siguesdon neawith antexysenatete a¢ mtconwsmn zemlom include

(G4 BT oo Bl RERES, S5y Bofe RO e s e

[ (1&1)6}1 ashﬁdi]leaﬂhr sibvdstwithi pbres hbeing et @hmader of less than about 5.0
%nr anet hyI Sj | ane (TMB). [0156] It is desired that the
s Nisdrer pREr emalsrelar Figvess s\ defined disi molgerdar sieves

PLAH gneral,

i ﬁ%%s?ﬁ?ﬁ‘é%f b oAb Slefiout 79 Angh

stilodht es sUkeful zeolitic, mphectlar wleged ynchrdepdue are not limited to,
mordenite, chabazite, erionite, ZSM-5, ZSM-34, ZSM-48 and mixtures thereof.

Methods of making these molecular sieves are known in the art and need not be
discussed here. Structural types of small pore molecular sieves that are suitable
for use in this invention include AEI, AFT, APC, ATN, ATT, ATV, AWW, BIK,
CAS, CHA, CHI, DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON,
PAU, 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.



selectivity. ASi/A 2 ratio of less than 0.65 is

desirable, with a Si/A 2 ratio of not greater than
wa@2000/08u8hg preferred, and a SiAl2 rati o of nOPCTHUSENE043840

than 0.32 being particularly preferred. [0157]

Si |'i coal um nophosphat e noLggul ar si eves are generally

classified as being mcroporous materials having 8,

10, or 12 nmenbered ring structures. These ring

structures can have an average pore size ranging from

about 3.5-15 angstrons. Preferred are the small_ pore

S ol ec sumoama,n@ommg(“wg ' 9raig) 6N SrapafAon-zeolitic
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[0158] In general, silicoalum ng hosphat e. nol ecul

5§$1é)2bs{Aé@dmnds[é’Qﬂ eiTabedmb pnits ay Shfs incorporat ted into the
aﬁ’}lg e Shabr : gnec{elfm%lg i)}/ 2[9§l %S NVIR, [$EPh1abel LR aks 'PQ\l.ton J.

ype o anework is effective in

?b’ EEHang9ﬂ BI6O($98R)y JERdesiBed BABComelecnlapsivdescwil exhibit
0159] Suitable silicoal um nophos

| | -
gne\pééncvr@rpeaksem Heat?Bxiden et Elae? erptea) At §GSiH o the

RTS8k 3 ﬁgx%@g%% g%@@kgl AFROsbde in MR of at Least

AP 3he FARPE3B arcBAPEH DEaksSHRO 4lﬁhmIS¢1FSmf4KS1)qu®3 gange of -
- SAPO- 44, SAPO 47, SAPO- 5 ta i ni orajs

188 PBBY 10 arid S PRy rEReTE eBES] -ﬁlﬁ ait rhng B9 {0 efhal

Q@&&h&@l&lz&%‘@ﬂd&éat al yst regenerat ed by the catal yst

regenerator optionally contains nol ecul ar sieve
datsé]cl es delseddsadd Ttlnacb rthet h&ac«galmnmopmwp ingjeqyflar sieve used

SAPCG- 5, SAPO- SAP O- 17. S
A5, Praspo ey aaRaydy WS Rl Bk At Toyer the
AT, AQiio SHROIGMer BRPO1424 satiritest 4eleSHRE, 45%1@&8@‘ Sfopane

mstaf contal ning forms thereof, intergrown

tsleknc‘awty Arfl/Adp xatm @fsleﬁsﬁbmé@ﬁ lww@bkeﬂﬂh@lgﬂp@t%of not .
Sap . e
o, RO o G RIS oy Bl et Y eing

Iﬂﬁﬁllir @Qiq;edand m Xt ures thereof As used herei n
ermmxture is sgnonyrmus Wit h conbi nati on a%z}sgﬁied

ci%ﬁﬂder ed Siliceriypinophesy hafe Releswlar HEVSHYCtERBCBHY

one or "
RHEP 274 ARG 0 o SOREES e Bki
PEKdsk alrgystatiees cai hdvesin bveaigei paoré sitetrangihg from about 3.5-15

angstroms. Preferred are the small pore SAPO molecular sieves having an

average pore size ranging from about 3.5 to 5 angstroms, more preferably from
4.0 to 5.0 angstroms. These pore sizes are typical of molecular sieves having 8
membered rings.

[0158] In general, silicoaluminophosphate molecular sieves comprise a
molecular framework of corner-sharing [SiO,], [AlO;], and [PO,] tetrahedral
units. This type of framework is effective in converting various oxygenates into
olefin products.

[0159] 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,



catal yst regenerator has a d o particle size from

about 20 to about 200 m crons. The dx particle size
wore@a®7icat x percent by vol une of the fornul aP@mus2005/043840

catal yst conposition particles have a particle

di aneter no greater than thsg dx value. For the

purposes of this definition, the particle size:

di stribution (PSD) used to define the dx value is

measured using well known | aser scattering techniques

using a Mcrotrac Mbdel 3000 particle size anal '
S APORCI AP, mAPoc@,esAR@r@r, SAPO 4245 APORM.1 SAPO-4T,
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P FDEdET S IEeE0s Rhiesneregh hased iGfinytoe T flttuce
tR | 0 ed Bt QondWbdition of matter
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: th:fmg tted omnEral Gmpnents sinviiryingc propbeiossnivigattiesyi afh their
ag]%l( oal um nophosphat e catal yst include ZSM 5,

7RISR StIg onite, and chabazite. [0162] Substituted

15 orm Pr&érms} tHe #0le@t Partially KOS KABWD tiad is fed to the
PSGCs, " which are al so useful in the (gresent

i naxelnrﬁﬁ T9BEneRRtoT basse &5 pArtivta Rizedfrove Abss2 F%almé@ﬁO mpicTons.
H‘ES%F?E’ %ﬁpgée %{)a%l ?I#Jagr%ct éry&@tb§/t¥]o§19rﬁg o?$h : nven?d catalyst

be® 8T A resen
SUbﬂipﬁﬁlt@mﬁp@ﬁbllei tevd 5 partivly, diainsiet ud greah)&rtthat ¢hendt value For

necessarily Iimted to, nicke], co aI %n)ese
z rdm:pmwaeaﬁf this definition.i therparti }g B%‘?I} (}% #gd to define
o el Phind RE rRllBRLA HUAD! Pl YD 143 954@@ it Gebneifuby dsing

Bsi's 0 ternately,
s Mbistdtitat Vibdel rAEP0 bartiicle Gizecaratyzelr frbmeMlszy)n'ad:;eklics (@Gearwater,

SAPQS or MeAP usi ma t hods. T ese
Hianias, “Baticln diafeler pat BELIF) sdns: g diagheler of & specified
' &%ﬁpﬁﬂ le |d#C 'ttfé' eQhivieh Qﬁaﬁnetéy %o Mhotl-Sfheri¥Rt particles as

I ng, ani cal m Xxing, and conbinations thereof.
[ @ﬂﬁ’s’t}re@by lasemschtriR@sing aMaareatrac Model J08A\PBTsles size agalyzer.

p%leﬂ?l 2€  Additional olefin-forming molecular sieve materials can be mixed

with the silicoaluminophosphate catalyst if desired. Several types of molecular
sieves exist, each of which exhibit different properties. Structural types of small
pore molecular sieves that are suitable for use in this invention include AEI, AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ERI,
GOO, KFI, LEV, LOV, LTA, MON, PAU, 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,



smal | er than about 5 Angstrons. Small pore MAPSCs
i ncl ude, but are not necessarily limted to,
wWOR®ARD638!, CoSAPO 34, Ni SAPO- 17, CoSAPO 17, BEMUS2005/043840
m xtures thereof. [0164] Al um nophosphat es (ALPGs)
with substituents, also knO\évg "MeAPGs, " .are anot her
group of nol ecul ar sieves that may be swtabl e for use
in an oxygenate to ol efin conversion reaction, wth
desi red MeAPGCs being small pore MeAPGCs. Processes for
maki ng MeAPGs are known in the art. Suitable

s FBR], AFQS BT, i TON UG, substituRd Sori there6 € SSefarled nhd1SulfSieves
to . ni ckel , cobal t, manganese, zinc, titanium

Fainbe peghimst ovith paHicopumirrphesitheta eatalsteinclude ZSM-5,
orporated during synthesis of
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r@j}ié‘r g’ ﬁ é’ﬁ’? I?%‘ieséﬁnié{nﬁﬁﬁed elPs degkiel; ecabslic apanggnase, zinc,

thmlmqt GRANWRIeRLA RGusO!

may i ncl ude 1a cat §§yst| cally e?%ecc}l ve an%%n@g'yugﬁg%ay be

miicerporaied émrm&smﬂdamatqf ithe MeAES0al Alerefay,aht yutitituents may

l 89%000 nog%t%é ag’ggl .. ei}? %m% 3‘1@&? Zlélnrgmelglgxg}lf ?rllethods
d&‘ﬁbgeeﬂetﬁ@isahb’lﬁﬂe hut Bl 197 nebREHAN hﬁﬂtled %4 rlSHg;(ghaﬁgg *J}ﬁient

like, to the sol i d conposi tion. ‘Such mat’ri x nate
alvstngss; dry mixing et ﬁ)(lﬂélgt mp@aougl mixing and eombithatidrisehereof.

h one n Gat al act i 0 .pronot e
ﬂﬁ%? ]zr mat i %gg'g deS| rear é’t 5e Mﬁ&%%(; SEVIRG PG Size

berneme‘rethtm \4BoiitoS m:ﬁ;ga‘ﬁbfnst hSdefspoE@‘(M&Q%'(Dé? Mclude, but are not

conversio uch matrix filler and binder,

ARERERRC Ties GocNIOARC 346G H APO S NiSAPG- B CoS APO-17, and
nﬁnﬂ[@glﬂye urring substances, netal oxides, clays,
I cas, al uminas, silica-alumnas, silica-magnesias,
3[01|64h Zi rCAﬂllmmppIESphaie& (ADPOSS with |sum11ibﬁtsy|dléoa$mown as
‘Még titani as, si Ilca al um na-thorija
8 AT AB9ther P uR of mplequlay %FYﬁSébatcmaX b syitable for use in

MRk %kyg”énﬁte t[ooé-léﬁil c-cgﬁ‘@erﬁ%'rgacﬁ@ﬁal)v Etdetgﬂ%%%é%(?gébemg small

preferably conprises about 1% to a
ppef eMa«bPQS amIGQeS%fon nzeling MRAROsamrel kavwhlinthé art.  Suitable

f b 0% t b 809% h f
rotaRlops fatie bulite afn ity it buticksh cabeb amgmese,
9fiYe, tiTaMiBmpEtedRiuad) nagaBiuth, Bk 180 aikinAD Y EADsSlibhds may

nor e
be incorporated during synthesis of the MeAPOs. Alternately, the substituents

may be incorporated after synthesis of ALPOs or MeAPOs using many methods.
The methods include, but are not necessarily limited to, jon-exchange, incipient
wetness, dry mixing, wet mixing, mechanical mixing, and combinations thereof,

[0165] The molecular sieve may also bé incorporated into a solid
composition, preferably solid particles, in which the molecular sieve is present in
an amount effective to catalyze the desired conversion reaction. The solid

particles may include a catalytically effective amount of the molecular sieve and



preferably about 10%to about 80% by weight of matrix
material. [0167] The preparation of solid catalyst

W@ oivpo%icss ons, e.g., solid particles, conprisiPgr/UR®05/043840

nmol ecul ar sieve and matrix material, is conventional
and well known in the art am0,- therefore, is not

di scussed in detail here. [0168] The catal yst nmay
further contain binders, fillers, or other material to
provide better catalytic performance, attrition

reS| st an abilit and_ot her desired
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d{mﬁﬁpd as The sulid eamlysi eoxﬁ;b@veidnglsxefe@aibly 3BRbHE&Sbout 1% to
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r eag gutrlﬂep% ag?n total. nunber of no|les of gas
Telpily raQut e’thyo‘ﬁelélﬂtoi mpdiix metarial. | ocati on
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rel evant reaction paraneters. supet
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t han gbout 2 mcs Iljlli/br g?desn rablllg,ﬁ ?ﬁg&%aﬁlﬁsr%p(g?ciﬁ& m?tenal

v@l B’iﬂvt%‘i’ haite catalyic mqﬂﬁmnamwtatt@tlan mésistarieee regenerablhty, and

ik ol dR” BRI e £ hlificebietiet feirapction

Vﬁhﬂ@tidn‘ﬂ l%@éz&ﬁ&ﬁrslbhmnhaﬂ}é%ﬁe %5 o[f%m]ab%ut 5&1 to about

Mai ntai ni ng the gas superficial velocity at
r 208¢u,i desiraidy Gont hisout 10 to about 200p, and more desirably from about

20u to about 150p. The catalyst may be subjected to a variety of treatments to

achieve the desired physical and chemical characteristics. Such treatments
include, but are not necessarily limited to, calcination, ball milling, milling,
grinding, spray drying, hydrothermal treatment, acid treatment, base treatment,
and combinations thereof.

[0169] Desirably, in an oxygenate to olefin conversion reaction conducted
in one or more HCA’s employs a gas superficial velocity in the riser reactors of

greater than 1 meter per second (m/s). As used herein and in the claims, the term,



approach to plug fl ow behavior of the gases flowing in
the riser reactors. As the gas superficial velocity
w0 pmsp2es above 1 nis, a reduction in axial dp€T/uS2005043840
or back m xing of the gases results froma reduction
in internal recirculation o61solids, which carry gas
with them (ldeal plug flow behavior occurs when
el enents of the honpbgeneous fluid reactant nove
through a reactor as plugs noving parallel to the
reactor axis). Mnimzing the back m xi ng of the gases
i Ygas heuperSiaial orelociy e Siebined @s $he SOTYmALHS %loznv f4ie of Vaporized
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depending, at least in part, on the catalyst, the

f gzt dbont 4fn/s. Afestatcairady.dhe gas/supetfiviah velaeiby ipgreater than about
X and the configuration of the reactor

éﬂ&}lat us and the reactor. Although these processes

aneropt | i mNigdtalin@theadak isGpdracial ediRatyadt Whese ritesincreases the
results are obtained if the process is conducted at a

t eppeach tor plug flow behviior 26the gasenioving o darpuser gepctors. As the
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el B eaneigtsoh S A1 e AR AR ST 5 s o Eenate
al thougi Rotciiggcessarily in opti mum anmounts ~ at a

wi Te range o% pressures including, but not limted to,

pr[@i‘sur es  When the gas superficial 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.

[0172] Desirably, the rate of catalyst, comprising molecular sieve and any
other materials such as binders, fillers, etc., recirculated to recontact the feed is
from about 1 to about 100 times, more desirably from about 10 to about 80 times,
and most desirably from about 10 to about 50 times the total feed rate, by weight,

of oxygenates to the reactor.



fromabout 0.1 kPa to about 5 MPa. A desired pressure

is fromabout 5 kPa to about 1 MPa and nobst desirably
wo e@anadsarit 20 kPa to about 500 kPa. The for egpCTyS2005/043840

pressures do not include that of a diluent, if any,

and refer to the partial préssure of the feed as it

rel ates to oxygenate conpounds and/or m xtures

t hereof. Pressures outside of the stated ranges may be

used and are not excluded fromthe scope of the

i nvention. Lower and upper extrenes of pressure .
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making the preferred olefin
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i ninsiderefl partfithetiresent ipventioshol or et her, naking
Sylr(‘ﬁ?g]& S gag’w}dg ergng%oonf/ Wﬁé\?g f&quﬁle 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
the weight of molecular sieve in the catalyst in the riser reactors. The WHSV is

desirably high enough to maintain the catalyst in a fluidized state under the



synthesis gas to al cohol or ether. Synthesis gas can
be produced by known processes such as steam

WO edoeondensy, aut ot hermal reform ng and partial PCT/US2005/043840
oxi di zation. [0177] One skilled in the art will also
appreci ate that the ol efi nsgpr-oduced by the
oxygenat e-to-ol efin conversion reaction of the present
i nvention can be polynerized to form poryol ef s,
particul arly polyethyl ene and pol ypropyl ene. Processes
for form ng polyol efins from ol efins are known in the
amacu@apam tiprs pdbpdbEethegeecton eandigpeagion padidesignarpeperally,

| c sy %8@ fs&c?&f%'%"%'ég%ﬁf f\l%tﬁg %bﬁgﬂ{) dtbgkbz hr-1 to

3aaeaa 34)@5 hr3, a@a BB dedrabby frbBH0zbolit 8% OROabokt 4500 683 The
4,076, 698; 3, 645, 99 4,302, 565; 1al\nd 4,243,691, the
capRlicpats hava qircoresd thidseraiion SH<he X Egrmtcyis) olgfin conversion
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catal yst. The preferred tenperatufe range of opera
i sboutdfderl eﬁrdmlamcdemamohbph&(} brak tto ebow 300 he-1.
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aﬁﬂblﬁdbaﬁenhétﬁamﬂbaﬂddhgl Y etlses b 8king syrtheRiDoa; atthn téhvefling the
bars. [0179] In addition to_polyol efins, numerous

otSWéthe%ff &p$ o pdeabphor \edher. na§/y11§]éesfsog%?elal’f bemredused by known

f
S AP b Rl o DR B3 ovicvaion
i r[ﬂl'm]e butOmsr skilheat inl therhit edll tatsp @btﬁehy@mat thalotefhslpsoduced
etic acid, |inear. al pha ol efins, acet at e,

et yihs (REYEFRAE-E-PIgED 9 V?fﬁlﬁylre@‘i’Pqude@e PEETH Harﬁ&wecan be

e e

A PSSRl o emebYOIERR, Hatlarly b Ryiohe 2R JRiopropylene.
adhrytdassesdor dorneng pobyodsfins dionh ebafins Ldod dnewn dndhe art. Catalytic
acrylonitrile, and trjner ddlmerso et hyl ene,
PR Pt SRR RO 4L TP AP RCioalEy Ngtta and
t NRRECARYIY HstoffS S8 fNRKbmBROWS. I Phtdid %@rﬁ 25@@9'5 3,305,538;

therefore are not di scussed here. VL
3,364,190; 5,892,079; 4,659,685; 4,076,698; 3,645, 992 4302 565 and 4,243,691,

the catalyst and process descriptions of each being expressly incorporated herein

by reference. In general, these methods involve contacting the olefin product with
a polyolefin-forming catalyst at a pressure and temperature effective to form the
polyolefin product.

[0178] A preferred polyolefin-forming catalyst is a metallocene catalyst.
The preferred temperature range of operation is between 50°C and 240°C and the
reaction can be carried out at low, medium or high pressure, being anywhére from

1 bar to 200 bars. For processes carried out in solution, an inert diluent can be



[0180] The present invention wll be better understood

in view of the follow ng non-limting exanpl es.
waEx@aprees 1 and 2 [0181] In Exanples 1 and 2, BCT/US2005/043840

popul ati on of catalyst particles having a | ow fines

content was fluidized in a.-ghui di zed bed reactor at a

vessel velocity of 0.15 ft/s. The fluidized bed

reactor was generally of the formillustrated in

Figure 4, but inplenmented a sparger and external

separation devices. Exanple 1 included 2 subway grate

obsad; aed thegrafersd operating pressupprangh tadvetiveer-l @ emd150 baxs, with

oBYTERS IRPHRET e DO iabr Bad SRB 3T s R Brofegecs, it i
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pressure oscillations In uirdi zed re on
ooléms gecovered] theredtonnf Theteeincidenbutware badft flingisedatog aldehydes,
i npl nted. This. data represents .general | 00 X

t PP Satrd e ok et et Heras GHYGerbstlprde and
C Qfdye SRIvkide VethibBiplch & et y16H 48, | Y 1€ LS5 AUbBh &e, isopropyl
bursting), notw thstandi'ng the l'owfines content. A

f Bleobolz aerplein, adpkehlyridst prpylepe PxiRleyemsylia hdidvatltylereidflene
T resul t.,s_of anple.2.. shown.in Figure 7, show that

t he b|5’ o, &t ]sogﬁl{égtafl%ﬁ@qeﬁs £Rd cﬁnﬁ{sglo Sl \oRylgglg or
t betylsnder Thé nibthod? oBmianefetaring thesd 8érivalioss 28 Svdlaidol in the

was i nplenmented, reflecting generally poorer
f it dAReicEse apot fispyssedkareon density was 42 | b/ft 3.

nmple 3 | anpl e 3, a popul ation of
Eé?él yst pa%e@h%xvi ng a low fines content was
f [0X80] zed | Tha present imvedtide dvill s betterainddrsv@RISHI view of the
vzl ci.tg of 0.5 ft/s. The fluidized bed reactor was
gdvaEng pordiniftae eXA9AleS; | ustrated in Figure 5 having 6
| @ eme1eRf dngwerted "V' shaped, shed type obstructing
menbers, but i nplenenting a sparger and external
s¢@8lht i on de\Hxemples Thhend Peaipopulapen off chialyst particles having a

TSN T AP N

WeI'1§ fi/s. The fluidized bed reactor was generally of the form illustrated in F igure

4, but implemented a sparger and external separation devices. Example 1
included 2 subway grate obstructing members of the type shown in Figure 4 in the
dense phase, and Example 2 included 1 subway grate obstructing member of the
type shown in Figure 4 in the dense phase. The specific particle size distributions
for Examples 1 and 2 were as follows:

Table I: Low Fines Content PSD
Particle Size (Microns) | Examples 1 & 2 (wt%)

<20 ~0.4
20-45 ~1.2
45-75 ~42.6




taken over a period of time of 0-1200 seconds. The
results of Exanple 3, shown in Figure 8, show that the
WEe@s®U¥ees osci |l lations in the fluidized bed wePET/OR20051@43840
order of +/- 0.5 to 1.0 inch of water. This represents
particul arly good fl uidizatiggn notw thstandi ng the | ow
fines content. Exanple 4 [0186] Exanple 4 is a
conparative exanple in which a popul ati on of catal yst
particles having a | ow fines content was fluidized in
a fluidized bed reactor at a vessel velocity of 0.15
ft/s. The quidizéllB@d reactor d|d ndﬁ(bontalnany
obst r uct i ng—erber The—speej- partiecle-size
di stributipn was gé)% wn in Table I, %gove [0187] In
thi s exanple, —dynam c bed pressure arop measuremnent s
were taken over a period of tinme of 0-1200 seconds.
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layers of inverted “V” shaped, shed type obstructing members, but implementing
a sparger and external separation devices. The specific particle size distribution
was as shown in Table I, above.

[0185] In this example, dynamic bed pressure drop measurements were
taken over a period of time of 0-1200 seconds. The results of Example 3, shown
in Figure 8, show that the pressure oscillations in the fluidized bed were on the
order of +/- 0.5 to 1.0 inch of water. This represents particularly good fluidization
notwithstanding the low fines content.

Example 4

[0186] Example 4 is a comparative example in which a population of
catalyst particles having a low fines content was fluidized in a fluidized bed

reactor at a vessel velocity of 0.15 ft/s. The fluidized bed reactor did not contain
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[0190] The principles and modes of operation of this invention have been
described above with reference to various exemplary and preferred embodiments.
As understood by those of skill in the art, the overall invention, as defined by the
claims, encompasses other preferred embodiments not specifically enumerated

herein.



particles are flowed at a Peclet nunber of from4 to

100. 13. The process of claim 12, wherein the Peclet
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13, wherein the Peclet nunber ranges from 10 to 20.
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CLAIMS
We claim:
1. A process for fluidizing catalyst particles in a reactor or

regenerator, wherein the process comprises the steps of:

providing a reactor or regenerator having at least one obstructing member
within the reactor or regenerator; and

flowing a plurality of particles in a tortuous path around the at least one
obstructing member in a dense bed phase at a pressure oscillation within the dense

bed of not greater than 1.0 inch (2.54 cm) of water.

2. The process of claim 1, wherein the dense phase has a density of
from 10 Ib/ft> (160.2 kg/m®) to 50 Ib/ft® (800.9 kg/m>).

3. The process of claim 1 or 2, wherein the plurality of particles are

flowed in the dense bed at no greater than 5 fi/sec (1.5 m/s).

4, The process of any of the preceding claims, wherein the reactor or

regenerator has at least two obstructing members.

5. The process of claim 4, wherein the reactor or regenerator has at

least two obstructing members in staggered arrangement.

6.  The process of any of the preceding claims, wherein the catalyst

particles have a d, value greater than 40 microns.

7. The process of claim 6, wherein the catalyst particles have a'd;

value greater than 50 microns.
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8. The process of claim 7, wherein the catalyst particles have a d,
value greater than 60 microns.
9. The process of any of the preceding claitns, wherein the reactor or

regenerator comprises a reaction zone and a separation zone, and the dense bed is

situated within the reaction zone.

10.  The process of any of the preceding claims, wherein the reactor or
regenerator further comprises one or more obstructing members within the

separation zone for at least partially obstructing the upward flow of entrained

catalyst.

11.  The process of claim 10, wherein one or more obstructing members

are situated less than 2 meters above the dense bed.

12.  The process of any of the preceding claims, wherein the catalyst

particles are flowed at a Peclet number of from 4 to 100.

13.  The process of claim 12, wherein the Peclet number ranges from 8
to 30.

14.  The process of claim 13, wherein the Peclet number ranges from 10
to 20.



