- 1 - FLU DI ZI NG A POPULATI ON OF CATALYST PARTI CLES HAVI NG A LOW CATALYST
FI NES CONTENT FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates
t o procesweoben73dssui di zi ng catal yst particles, and nor ecparstecobmady to
fluidizing a popul ation of catalyst particles having a | ow catal yst fines
content. BACKGROUND OF THE | NVENTI ON .- 0002] Li ght ol efins, defined herein
as et hylene and propyl ene, serve as feeds for the production of numerous
chemcals. Oefns traditionally are produced by petrol eum cracki ng. Because
of the limted supply and/or the high cost of petroleum sources, the cost
of producing olefins from petrol eum sources has i ncreased steadl ly.
[ 0003] Vari ous oxyHBEHEDESING e ROPUIATHAN QF GAT £ e/ ol |
HAVING A LOW CATALYST FINES CONTEN T

FIELD OF THE INVENTION

[0001] The present invention relates to processes for fluidizing catalyst

particles, and more particularly to fluidizing a population of catalyst particles

having a low catalyst fines content.

BACKGROUND OF THE INVENTION

[0002] Light olefins, defined herein as ethylene and propylene, serve as
feeds for the production of numerous chemicals. Olefins traditionally are
produced by petroleum cracking. Because of the limited supply and/or the high
cost of petroleum sources, the cost of producing olefins from petroleum sources
has increased steadily.

[0003] Various oxygenates, such as alcohols, particularly methanol,
dimethyl ether, and éthanol, are alternative feedstocks for the production of light
olefins. Alcohols may be produced by fermentation, or from synthesis gas derived
from natural gas, petroleum liquids, carbonaceous materials, including coal,
recycled plastics, municipal wastes, or any organic material. Because of the wide
variety of sources, alcohol, alcohol derivatives, and other oxygenates have
promise as an economical, non-petroleum source for olefin production.

[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
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operate as well due to the loss of the fine particles, particularly with regard to
circulation of catalyst within the standpipes and also with regard to gas
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.



[ 0007] One conventional technique, for exanple, includes non-selectively
renoving a fraction of all of the catalyst particles in the reaction system
to nmake rwormden73dsee addition of fresh catal yst. This technisgus/oksio

removi ng undesirabl y-sized catalyst particles is inefficient, however,
because a significant portion of the plfgi rabl y-si zed catal yst particles are
renmoved fromthe reaction systemw th the undesirably-sized catal yst
particles. - 3 - [0008]U.S. Patent No. 5,746,321 to Hettinger, Jr. et al.
di scl oses the conbi nati on of a magnetic separator, a catalyst classifier,
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catalyst withdrawn is separated by particle size into fresh catalyst, which is

returned to the reactor, and deactivated catalyst, which is regenerated. According
to the ‘559 patent, the complete replacement of catalyst can be accomplished
under normal operating conditions in from 20 to 48 hours.

[0010] U.S. Patent Publication No. 2005-0245781, discloses processes for
maintaining a desired particle size distribution in an OTO reaction system. In one
embodiment, the invention comprises replacing lost catalyst fines with less active
co-catalyst particles. By adding less active co-catalystlparticles 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.



[ 0011] The need remains, however, for inproving the fluidization
characteristics of a population of catalyst particles that is depleted of
cat al yst wonees/07864§. , has a high particle size distri burconsesosmesdisan
particle dianeter, w thout necessitating the addition of new catal yst
fines. - 4 - SUMVARY OF THE | NVENTI ON [ 0012] Thi s invention provides novel
processes for efficiently fluidizing a”popul ati on of catal yst particles
having a | ow catal yst fines content in a fluidized bed reactor. The

popul ati on of catalyst particles is fluidized in the fluidized bed reactor
to forma fluidized bed. In the fluidized bed, the popul ati on of catal yst
particl es coryag Pr IRVENFIOGt | ng menbers, e.g., baffles, under
fluidization : nvention is particularly well-suited
for fluidizih@l2] popul Shissinveitiongiravided ngpat piocksss fiepiffdiadlyofluidiaimg y st
fines in an oxygenate.to olefing (OTQ reactor. and/or catalyst_ regenerator.
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bed; and (c) contacting the particles with one or nore primary obstructing
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conprises t h%x%e%gte% olefins t(&fb5 PShefor and/or catalyst regenerétor.

[0013] In one embodiment, the invention is to a process for fluidizing

catalyst particles in a reactor, wherein the process comprises the step of: (a)
providing a plurality of catalyst particles in the reactor, wherein the catalyst
particles have a d; value of greater than about 40, greater than about 50 or greater
than about 60 microns; (b) contacting the catalyst particles with a fluidizing
medium under conditions effective to cause the catalyst particles to behave in a
fluidized manner and form a fluidized bed; and (c) contacting the particles with
one or more primary obstructing members while in the fluidized bed.

[0014] Optionally, the process 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 feedstock.

[0015] Alternatively, at least a portion of the plurality of catalyst particles
are at least partially coked, and the process further comprising the step of:
contacting a regeneratibn 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



feedst ock conprising an oxygenate with the plurality of catalyst particles
under conditions effective to convert the oxygenate to |light olefins and
wat er. | nwohne/as@ect, the fluidizing nedium optional | ypcongseeosesssshe
feedstock. [0015]Alternatively, at least a portion of the plurality of

catal yst particles are at |east partiakly coked, and the process further
conprising the step of: contacting a regeneration nediumwi th the plurality
of catalyst particles under conditions effective to at |east partially
regenerate the at |east partially coked catalyst particles. In this aspect,
the regeneration nediumoptionally conprises air, and the fluidizing nmedium
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[0018] Optionally, the reactor comprises a reaction zone and a separation
zone, and the fluidized bed is situated within the reaction zone. In this aspect of
the inve;ntion, one or more secondary obstructing members optionally are situated
within the separation zone for at least partially obstructing the upward flow of
entrained catalyst. Optionally, the one or more secondary obstructing members
are situated less than 2 meters above the fluidized bed. The reactor optionally
comprises a catalyst regenerator or an oxygenate to olefin reactor.

[0019] Optionally, the catalyst particles in the fluidized bed, e.g., the
fluidized catalyst particles, have an axial gas Peclet number of from about 4 to
about 100, preferably from about 8 to about 30, and most preferably from about
10 to about 20.

[0020] Optionally, the catalyst particles comprise molecular sieves
selected from the group consisting of SAPO-S, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,
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



[0018] Optionally, the reactor conprises a reaction zone and a separation
zone, and the fluidized bed is situated wwthin the reaction zone. In this
aspect ofwoheodars@ati on, one or nore secondary obstruct iPQE/USRIBOHIB40
optionally are situated within the separation zone for at |east partially
obstructing the upward flow of entrai ngd catal yst. Optionally, the one or
nmore secondary obstructing nenbers are situated | ess than 2 neters above
the fluidized bed. The reactor optionally conprises a catal yst regenerator
or an oxygenate to olefin reactor. [0019] Optionally, the catal yst particles
in the fluidized bed, e.g., the fluidized catalyst particles, have an axi al
gas Pecl et npREL@én h QAL PrlferdblyO caiptidind Off, R edeeFiafidedl hMuaBGuUt 8 to
about 30, and nost preferably fromabout 10 to about 20. [0020] Opti onally,
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SAPO- 31, SAP@@Q,“ RaRsdEs3 P@‘Kﬁ%’s@? sl ,,l%éi%ﬁi‘ﬂ?lzgkﬂgﬁh%“@&% 42,
SAPO- 44,  SAPRQIefilim ShfiSisiRg thdks daEAtibRhRETEOWM hs, the netal containing formns
t hereof, and m xtures thereof The catal yst particles optionally contact a
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a catal yst regenerator. In this enbodinent, at |east a portion of the
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area of the fluidized bed. Additionally or alternatively, the one or more primary

obstructing members comprise at least one subway grate style baffle, which
covers a portion of the total lateral cross sectional area of the fluidized bed. The
subway grate style baffle optionally covers from about 60 to about 95 percent,
from about 70 to about 95 percent or from about 80 to about 90 percent of the

total lateral cross sectional area of the fluidized bed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] This invention will be better understood by reference to the

Detailed 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;



- 6 - regeneration nedium preferably conprising air, in the fluidized bed
under conditions effective to at least partially regenerate the at | east
parti al | ywocked7s@sal yst particles. Optionally, the catacyais:@aniiseé es are
fluidized with a fluidizing nedium conprising the regenerati on nedi um
[0022] Optionally, the one or nore priogaLy obstructing nenbers conprise at

| east one inverted "V' shaped baffle, which covers a portion of the total

| ateral cross sectional area of the fluidized bed. The inverted "V' shaped
baffl e 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
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DRAW NGS. | [ oTSSLrRerts pu/BHCRR cohBft dse RlfSo it R Vb e o
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attached draw ngs, wherern: Figure 1 illustrates a fluidized
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Figure 3 pregagavihgiveBed Hedbhfflts, saheky & Figate i nment as a function of
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Figure 9 presents a graph plotting dynamic bed pressure drop
measurements at low fines content as a function of time for a fluidized bed reactor
without any baffles; and

"Figure 10 presents a graph plotting dynamic bed pressure drop
measurements at adequate fines content (8-12 wt. %) as a function of time for a

fluidized bed reactor without any baffles.

DETAILED DESCRIPTION OF THE INVENTION
L INTRODUCTION

[0024] This invention provides novel processes and reaction systems for

efficiently fluidizing a population of catalyst particles having a low catalyst fines
content, and hence 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.



Figure 4 illustrates a fluidized bed reactor or regenerator according to

anot her enbodi nent of the present invention; Figure 5
i 11 ustratwe 2a06id7864di zed bed reactor or regenerator accordiruy2a05/0s330¢ her
enbodi mrent of the present invention;, - 7 - Figure 6 presents a

graph plotting dynam c bed pressure dr®p neasurenents at | ow fines content
as a function of time for a fluidized bed reactor having 2 notched grated
baf fl es; Figure 7 presents a graph plotting dynam c bed
pressure drop neasurenents at |low fines content as a function of tine for a
fluidized bed reactor having 1 notched grated baffle; Figure 8
presents a glaph pl ot t FhIBLOENG CCAJALY SE PARTIC LESREAYINGoAt EOW [ oW
fines content as a fu | ' or a fluidized bed reactor having

i nverted "v" shed baff I%lC(BN ENT in Figure 5; - Figure 9
presents a gjoaps] pl ot tinng Rydiasd bebadapionsprocessdcaplyste paticksaohicat | ow
fines content as . a function of time for a fluidized bed reactor w_thout any

baf fl es; andiluidizing mediunpisgely @s @ fegdstackinder cgpdifpnsyeifetive o dphsene bed
d f - 12 .
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DESCRI PTI ON ¢dtalydtipattididsNire Cbhverted into an expanded, suspended mass that has many

properties of a liquid. For example, the mass has a zero angle of repose, seeks its
own level, and assumes the shape of the containing vessel. Catalyst fluidization
processes are well known in the cherﬁical engineering arts. See, e.g., Robert H.
Perry & Don W. Green, Perry’s Chemical Engineers’ Handbook 17-2 to 17-18
(7th Ed. 1997). Examples of several reaction processes that typically occur in
fluidized bed flow regimes include, but are not limited to, hydrocarbon cracking
and reforming, oxidation of naphthalene to phthalic anhydride, and ammoxidation
of propylene to acrylonitrile. Fluidized bed reaction processes are also often used
for the regeneration of spent catalyst particles.

[0026] In a conventional OTO reaction system, a molecular sieve catalyst
composition contacts an oxygenate-containing feedstock under conditions
effective to convert at least a portion of the oxygenate in the oxygenate-containing
feedstock to light olefins. As the feedstock contacts the molecular sieve catalyst
compositions at high weight hourly space velocities and under extreme
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.

[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



1. I NTRODUCTI ON [ 0024] Thi s invention provides novel processes and reaction
systens for efficiently fluidizing a population of catalyst particles

havi ng a wowowat7ad4gst fines content, and hence a | arge pamitiseédos/osisae
distribution (PSD), by contacting the particles with baffles, preferably
within a fluidized bed under fluidizatBen conditions. Thus, the present
invention is well-suited for fluidizing a population of catal yst particles
having a | ow catalyst fines content in a fluidized bed reactor. As used
herein, "fluidized bed reactor”™ nmeans a reactor or catal yst regenerator in
which a fluidized bed of catalyst particles is fqornmed. The pre eni

i nvention al S&alyplosarerasitioepartitles Rdyinga median paatidde diamet@pidessdhans 124 oss.

Pref erably, &ro Lui-di zed bed reactor conprises an oxygenate to ol efins
(OTO reactor or a catalyst regenerator. The invention is also directed to
a popul ati on[@i28tat al y#s yedthendies hasdiag paticlewdibmoes’ seadsethe dsowtlue
exhibiting efficient, fluidjzatjon, char cteri.s{i GS. 8 - FLU DI Z| NG

CATALYST PARTo spscifiedinlesality ehreriolgss gigple %l%ﬁ)fé’si’}lwoaesfq dhig PRt bed

reaction pr Oggﬁ&gggg}aﬁa ] Clafth® heaMhact g@rcteﬁt‘ﬂb?iv%rdﬁ%,%?qis Rifbeh as a

f eedst ock un ective to cause the catalyst particles to
behave in a blurality of partieiesdiave Apattiokydiametef ha gaaiee thantthed,cedlad. yigdr thar t i cl es

i G FoPuBashA bt GRS HRacls st CRap s P o8 BB Hhe «“oun
| evel , and agsumlg (henslbgRe &fm% RR1ICRASW Nh&d asRls t&eRhRLYSsing a

fluidization processes are well known in the chem cal engineeringarts.
See, e.g., RdMierdirael. Medel B380Omartitie Gizseanalpesrt from Bfierviresl IendLarges s

Handbook 17-2.to, 17-18 th. Ed, ,1997). anpl es of. several reacti.en

by ocesses t nEoRh chprplediatetarn of e PSR BERne T BERH el STREARRL. but
are not |im tsBReric@l JAKKIOCHT RN egiibalehh Hidneter affo ﬁaﬁ@@e@ﬂ Gattichs aé

napht hal ene to phthalic anhydride, and ammopxi dation o ropyl ene to

acryl oni tri | encapimgil dbyz deseb esgaticwimgt nong ;i distdtag Moéelasgzgo%fp@@wlqss@aef or the
regeneration of spent cat al yst particles. [0026]1n a conventional OTO
reaction systag?‘rlryzé' nol ecul ar sieve catal yst conposition contacts an
oxygenat e- corjo@eda)i ng f aegtstoahdir tetulivelycid gl biirifars siref tb @adsk Yatios 0a partivebf  at

| east a portion of the oxygenate .in the oxygenate-caontaining feedstock to
li ght ol ef i ndhe paalvﬁeﬁmeééagtb@éq@c%@hﬁéﬁ&r% ]y, %méd@ﬂaslrablyw%%@aw&t

composi ti ons gl ol Wi P Ul heRAGRNSLRAI oRBNICURREL i hge

tenperature and preéessure conditions, a portion o e catal’yst conpositions
can break up,m®y Yeconad titrdined withaegeneratorofluengae asdrhk llest fadrhrthe eghction al yst

articles. Sone catalyst attrition particle re ver, |l jn size and are
Fr)ef erred to éé{StElgtVéql gmiétca*a?)ﬁégqgeneratog éonverse'f ,duetot e%ll' réslgt?velly iow surtace

area to mass ratios, larger particles such as catalyst coarses tend to be selectively
retained in OTO reaction systems when the partiéles are attrition resistant and
when only make-up for losses is practiced. The resulting catalyst population has
an increased particles size distribution, e.g., dso value, and exhibits poor
fluidization characteristics in the reactor as well as in the catalyst regenerator.
[0030] In one aspect, the present invention provides the 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 inventién 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,



[ 0027] As used herein, "catalyst fines" nmeans a collection of fornul ated
catal yst conposition particles having a d90 of no greater than 44 m crons.
Conver selwQ 20@at7ad4gst non-fines” are defined herein as acralsb@stiuzsno of
formul ated catal yst conposition particles having a d90 of greater than 44
mcrons. "Catal yst coarses"” is definedifperein as a collection of fornulated
catal yst conposition particles ‘having a nedian particle diameter of at

| east 120 microns. As used herein, "catal yst non-coarses" are defined
herein as a collection of fornmulated - 9 - catalyst conposition particles
having a nedian particle dianeter of |less than 120 m crons. [0028] As used
herein, a "n#gibsacipact e mrestinhmyertion are awefoldiahel bfdsetalinkenfion ninisRgs i ed

plurality of tti.cles dx particle.size for purposes of this patent
appl i cati on %rﬁl%"*aespgﬁa@aﬁ&?sgi ﬁ@“i‘?e&}%“{lﬁa’tg e dfuidigtionp gharegterssics off a
speci fied pl xendiiihy chlyBfaki Qb shdb Qe BRI GSs 04 AP ST NO greater than
the d. val ue. For theeglurposes of this defihition, thé particle size

di stributi onl00FED) useln ers erabodimenty éhedpreseal ineventionrisadivsoesdl 6 pocwl | known
| aser scatteglng.kt: ni.gyes using a Mcrotrac Mdel S3000 particle size
anal yzer frgfr(r)1k W&élgﬁgaéca?ﬂysicpmﬁl%r Po? TECHY; grpferabls s fimdizedghedniseetor. as used
her ei n neansThdprodéssrinéladesothe &t irb¥iesh Sﬁ?ﬁf& ' i

equi val ent di anet er, of, non-sghe?%gr plar tgi cles lggbﬁg%é%mééﬁ @2@?
scattering USAHEL vVhareindhe setalyslieartides bavepards ivelvesofsgrestentinh yabert. 4(,0029] Due

to their rel ati ' u a to Ss. ratiqs,...a rtion of the
catal yst fi n%rgét%{lﬁéh%{%gb (rggg?t {;ll;%g%ss g%a%V%E&ISWS'u%Q§1°P WIGPHOEES ned wi t h
the reacti onnelifiésuthat stmdf&mhﬁactﬁﬂgeﬂfee@@atlyﬂfpa?ﬂcﬂ&se%&h&&lﬁﬂiiiﬂ% it Y 5!

e

fines also ma be(g%rlre entrained with regenerator flue gas an ost from
t he reaction‘“é%? §ons effestivetosapse theeqptalist paviclesCorbebaweainyg floidizetio t hei r

relatively | ; S ' ar.ger ticles such as
cat al yst coar sesy'?lfé(ﬁ%%glgg %@dgzg?@ i r\r/fé ﬂo?%ts glisﬁengﬁw'le%gﬁft%ﬁ $RFIRE St ens
when t he parthé phréisleamathadrierdr trhara priefiys blsiucnmemn®Brs QMils HRkEAMBIAEET | 0Sses

I's practi ceq). The resulting catal yst popul ation has an increased particles
size distri bt?fii on, e.g., d50 value, and exhibits poor fluidization

[0030] 1 n one. aemect, ChE e aain SFcatlct pRRicle habfiga. sk g
microns has a much lower catalyst fines content than catalyst populations
typically employed in fluidized reaction systems. Populations of catalyst particles
that have a low fines content have heretofore proven to have highly undesirable
fluidization characteristics. For example, as a population of catalyst particles
having a low fines content is fluidized, large “bubbles” tend to form within the
bed. These bubbles hinder the flow of the catalyst particles into standpipes,
through which catalyst particles exit the fluidized bed. As used herein, a
population of catalyst particles having a “low fines content” means a population of
catalyst particles having a d, value of greater than 40 microns. It has now been
discovered, however, 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



mnimze entrained catalyst loss froma fluidized bed reactor. Al though the
present invention is directed toward mnimzing entrained catal yst |oss, a
certai n awoundc/0B64ent rai ned catal yst | oss i s unavoi dabl eciRasesisheisess, as
catalyst fines are lost fromthe reaction and/or regeneration system the
invention also provides the ability to intain desirable fluidization
characteristics in a fluidized bed reé& or, such as a catal yst regenerator,
having a fluidized bed forned of a popul ation of catalyst particles with a
relatively |low catalyst fines content. Thus, - 10 - the benefits of the
present invention are twofold: the present invention mnimzes entrained
catal yst | 0Sgoeditbild, ETHBX R Flifiged D& feabtoflinZils HboIRAER ChRIpkisds éhSO*PF

remai ni ng catal yst particles, should sone catalyst fines be lost. [0031]In
one enbodi nerractor.hB thiscembedimente the eatalyst paitictastpseferablyacqpnprise gsolearar

fluidizing cataly rticles in a reacto e uj di bed
reactor. Thegﬁfegcsgltg%@&mh](fsgr?%cosﬂsgﬁn%f’f ﬁ%@r%m}ép%}g h’;ﬁ@ “cat al yst
particles inigeAPOAT; FAPOMIES SAROLIE SAR@I3YSBAPEL14, & £0NRY & AP (136 val ue of
greater than _about 40, greater than about 50, or great er than about” 60

m crons. AddPAPERE | JAPOHO, pSALER4L,i BAPGHEL SAROs44p SEPQ4ht SAPIRG6,t he

cat al yst par i Lt h i di 7] di up.under ceonditi.ons effective to
cause the ca%g?/ﬁA }é%érrﬂ OSY%;S’LE % {Gaﬂg%ngﬁpwggb ‘F‘?S&ﬁifﬁ%‘gan‘?naﬂ’ﬁws i?ﬁeq%tt)r m a
f1ui di zed bef03dhe progasmativelg, dtnedstisl@ortiol&f Hhepluriitye ONEAMYit Partida
particles with one or more prinmary obstructing menbers while in the

I

fluidized betfe ¥olsas] parialbuicakedndngds theaproresst fugther cempssingvihagter of val ue

greater than,40, w.cr.o . r i cont.ent t han

Cat al yst  popdi ol o feeclisdh M) MABF TS of KASSCRRUFR yoddn:.
Popul at i ons odnditinaleffettipaid iacllest phaialln avgenarateo el atnRastCRuMidRt coldde

heret of ore proven to. have_hi ghly undesirable fluidization characteristics.

For exanpl e, C3dYst B3gislesat ol psnesh ey regencrptioncmediumaontinnally comprisass
content is fLuidigzed, al; . .t hi 0 _the . These
bubbl es hi ndéél?! *tqiﬁeﬁl? | %%ba{g?% ﬁ%ﬁﬁﬁl ??"yl%‘?a?‘ggﬁ"ﬁb{{%i ﬁ}eméég}s‘%}%‘tr‘\%pf‘%gg@'t hr ough
whi ch cat al yEhuspathei fiidizedx bed tivectdt ndihiedniiedimés oeapriseer @i eatalgst

popul ati on of cat gl yst i cl avi "low fines content” ans a

popul ati on o’fegﬁlg‘f%ﬁ]/?f‘efgrgﬁm ac‘fagaiyﬁé?ﬁeﬁgrag)réF?aQ/QItrlﬁ)ereG‘Ft“&rsé@"te@r éTa_rﬁE%tMSMO

mcrons. |t Rasnet@iin}R6dbsstseONI8H BebcribR\Rlail Hell3y. bY 1 npl ementing one or

nore obstructi ng} menbers, e.g baffles, preferably within the fluidized
I

bed, desirabl083§] ui di zBrefeseblghthe dvidizadshedeacterobpriadsaeaat@prsieyand

mai nt ai ned not w fhstandin heyr.el atively. hi . value of the al yst
particles fl %%eé’la}zag n%%%%ragflhbe f}tggltzﬁ‘ii)%cfléngtg(rW%thﬁﬁﬁe?a?F%%]& %g& Conal 1y,
the process fliiidizee bpd esefl id H¢aalykioRgéiérdtbie theGRRRHONSRRe IR fGAR0 Ak 2
contacting a feedstock conprising an oxggenate with the plurality of

catal yst pariegeleEyioneae. deniie masiesugetsise thevisagtipncusaveing inttke Bxidizedat e t o
O O TP Rl dturs! Anddl SxERAGEYin' R {ehitieH £6RY ek BRB 0N 1Y
products, which are transferred to the separation zone by pneumatic forces. A

portion of the catalyst from the reaction zone may become entrained with the
gaseous products and enter the separation zone therewith. Preferably, 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



feedstock. Thus, the fluidized bed reactor in this enbodi nent conprises an
OTO reactor. In this enbodi nent, the catalyst particles preferably conprise
nol ecul arweizesmar3@el ected fromthe group consisting of BAPDS2005848® 3,

SAPO 11, SAPOL6, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35,
SAPO- 36, SAPO- 37, SAPO 40, SAPO- 41, O 42, SAPO 44, SAPO 47, SAPO- 56,
AEUCHA intergrowths, the netal contaiting fornms thereof, and m xtures
thereof. [0034] Alternatively, at least a portion of the plurality of

catal yst particles are at |least partially coked, and the process further
conprising the step of: contacting a regeneration nediumwth the plurality
of catal yst: particl gﬁj&' } fehibeR ih theddephration zqage theal | y
regener at e ?%%p%%egpgigf&ggcﬁe?a jg%%ggﬁliéat al yst parti gl es. In this aspect,
the regener gicbaduryebittinting hicmbet(s)yortonplly sesithited Tapuahont0 PR A% *ng medi um
optionally conprises the r nerati dium, AT t (W ed
reactor in mﬁt%saéﬁ%cﬁrﬁ@?"ﬁb%ggrﬁﬁ‘r ?‘%"é’g%ﬁ"af‘%?‘ﬁ}s Hllrégéésér?gga é)slrt”?gépfglgﬁlglr)abl y a
catal yst regene, i RAfove thesstefaesof Batfhlidiséd beigdndemis on
processes a%gﬂla{b?gpg'gstgralﬁ@’gccimlgﬁ{edet ail below [0035]Preferably, the

f1ui di zed befl upparciange dimmptiosssthe seeanderyo ADSBIRENG ARETEDEEH Mt iIPOH Fone, and

the fluidized bed is sjtuated withip the ctl f i di zed
bed react or thezeod, epitogp %?Iersétt}%t\é\%ieﬁﬁ?? trﬁét%fségelcs:éf)@gﬁaggﬁeeﬂsiogqé}g ea%l?ed to as

a regener at | 0R..Z806 tHATIuidiSedRAE Ssuggests, the reaction occurring in the
fluidized bed reactor occurs al nost exclusively in the reaction zope to

f or m gaseougogashduct s Thahingrovede fluidization, phagacidristice ofethsr BORUAIOZAE by
pneunatic forces, A.portian of t ISRl LParfedy 6 MRY
becone entr&iﬁ“‘l“‘rg’c‘lf Rﬁlﬁlef ﬁ?@“ﬁ%géfmlﬁn&g%éﬁdg%(é&g%gggﬁéﬂea?e{lﬁ?qsepar ation zone
therew th. E‘iﬁﬁl@fs?‘bw,onfehﬁsp%&f)Qﬁ@tﬂuiﬂizﬁibneaﬁiﬁtyeqﬂiappephlaﬁcmh obwetalyst ror e
separation devices, e.g cl one separators te the separation

., t it
of entr ai negartixies| iy@tﬂﬁidixﬁﬁ? g%fﬁa@éﬁ%b%f‘%@é’%’a{l}g%%‘@lyﬁfwsf%S351{‘1 | yst

back to the reacfi geg ﬁ\ﬁ{/bee&r iﬁg Fg&%ﬁgﬁﬁt&{lﬁa'&%ﬁ%’ioﬁﬂ&é nhifBePthes@kcts

i nvention, WAPEH 54 U within the fluidized bed, also
preferably 3ng relativatRgaititet fremr phigt Flow, zwhieh genetablygerreaspondsowidh a

bst ti b d “Uct.i, .enh it t it hi
Che. Separ at insmuiaine of sHalp! PN PREFANRY Broaver eSSty % ow of
entrai ned C?ae%i%?é{“g%pgf %ﬁﬁ{yuq;zyae&isﬁérmﬂ) q6l i@Al hRighasweaidb)ew Peks. |f the

fluidized b onprises One or nore secondary obstructing
menbers in thentseenayddss dmnzb describben motormaplytebsited seactes. FerpiEPe

¥p

optionally are situated from abo .3.to abh I eferably
from about 0°f5the PregsBLInVENLRD, Zli‘es %?ﬁ%merpgg%)eéa%%ﬁé ?’8 rr%ﬂgggltlfgwlgl% to
about | net e{q%a%)[pve the surface of the fluidized bed. In terns of upper
range |inmitations, the secondary obstructing nenber(s), or a portion
thereof; optionally are situated | ess (Bad{l} neters, |ess than 2 neters or
| ess than 1 neter above the fluidi Zéd” be 036] The i nproved fl uidization
characteristics of the popul ation of catalyst particles having a |ow fines
content may be char act ehéid Ugnisatheagisesupedficiatamelosity thraughdheadsdaf, the
fluidization ability of a population of catalyst particles in a fluidized
bed reactor can be ref Pédlygs by the catal yst system s axial vapor Pecl et
Number. The Peclet Nunber ie%eftfnqu lighb&sad; Auaber that reflects the
relative departure fromplug ow, ich generally corresponds with a
popul ati on of catal yst Dpiathid axiatgas dispersior abéfficiept.i n a gi ven fl ui di zed bed

reactor. A Peclet nunber of, jnfini.t ro di rs ES. | I flow,
and a | ow Pel037] nunbefr,he?éﬂ?i @lé%egSlPﬁﬁﬁ(’iéﬁ?le gé%lgf ergt‘%relrl]%or %Sd@gr%&!age y m xed
reactor . For JBH{ROSES rifer: AnRinfS 6ireh/AKRNAADIS prdfbiabiyietimincibyttemcer (Pe) 1 s

defined by t OW ng equation: per (U L)
experimentation as would be appreciated by one sl%)lleé in the art. Preferably, the

population of catalyst particles haviﬁg 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



wherein Ug is the gas superficial velocity through the bed of catal yst; L
Is the depth of the fluidized bed; and Dis the axial gas dispersion
coeffici emD.2006003#4%The axi al di spersion coefficient, D, palras2eosiessaed to as
the axial gas diffusion coefficient is in units of areaRinme, and is
preferably determ ned by tracer experifentation as would be appreciated by
one skilled in the art. Preferably, the popul ation of catal yst particles
having a | ow fines content has a Peclet Nunber of from about 4 to about
100, from about 8 to about 30, or from about 10 to about 20. Such Pecl et
Nunbers are characteristic of a population of catalyst particles within -
13 - a fl ui da Abidibed bed ori Her readoni Histesy dreimg hpartiadarbabod fludikatiomood
fluidization char ac},eri stics. [0038] Thus, in another enbodi ment, the
i nventi on i sCHEACKETHGS a1 ity of

[0038] Thus, in another embodiment, the invention is to a plurality 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 having one or more primary obstructing members situated within the

fluidized bed.

[0039] In another embodiment, the invention is to a reaction system,

comprising: (a) a fluidized bed of a plurality of catalyst particles in a reactor,

wherein the catalyst particles have a d; value of greater than about 40, greater than

about 50, or greater than about 60 microns; and (b) one or more primary

obstructing members situated within the fluidized bed for at least partially

obstructing the upward flow of the catalyst particles.

[0040] In addition to the Peclet Number, the fluidization ability of a

population of catalyst particles also may be reflected by the flow rate of the

catalyst particles through a standpipe associated with the fluidized bed reactor. In

a fluidized bed reactor, catalyst particles are routinely added and withdrawn from

the fluidized bed for various reasons, e.g., for catalyst regeneration, for directing

regenerated catalyst back to a principal reactor (if the fluidized bed reactor is a

catalyst regenerator), to make room for fresh catalyst, etc. Typically, catalyst is

removed from a fluidized bed through a standpipe, which in one embodiment is a

substantially vertically oriented conduit in fluid communication with the fluidized

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.



fluidized catal yst particles in a fluidized bed having a (12 val ue of
greater than 40, greater than about 50 or greater than about 60 m crons and
havi ng arwexo@lo7g@s Pecl et nunber of from about 4 to abeot/usA@swmsa0 t he
particles are fluidized in a reactor having one or nore primary obstructing
menbers situated within the fl uidi zedng}f [0039] I n anot her enbodi nent, the
invention is to a reaction system co rsing: (a) a fluidized bed of a
plurality of catalyst particles in a reactor, wherein the catalyst
particles have a d2 value of greater than about 40, greater .than about 50,
or greater than about 60 microns; and (b) one or nore prinmary obstructing
menbers situ Wi t hi : e

obstructing Eﬁogg]upwar dR? Ituglgvc%%&l eV% cgtpg a’fi&{ g?%at%l?ﬁsﬁarﬂ?%%sz%ﬁt %’M’éddl tionto
t he Pecl et I\mmeﬁuldﬂzﬂnhf}t willllesateiffosierdlyi lrattsﬁercﬁatadwqu»puicﬁmtorth@ﬂuuhzeall yst
particles aI
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fluidized befyfieasiiey.. 'plﬁtsaltuatﬂo@@rrttbctfealeaeaaatsfaw}m@m@dmﬁ@ (Wi t hdr awn
fromthe fluidized bed for various reasons, e.q., for catalyst

r egener at i onstafdpipeg) risctdingetly eeparadated e‘@ d¢he apqmltlat@ac loft gatalyptr i pactiqhes
reactor (if J, di ze bed [ cat S ene to nmake
room f or (f re@H%ﬁzﬁi’ linq ﬁcqu%ltg? |prese at'af 5 tﬂ%e ﬁg e‘??%rt?

fluidized beg tdhrms seanap@edmnﬁ)esﬁbmbewa aqmngqujnﬁreétg peeféably a
substantial ly vertl calflﬂ_é ofiented conduit in fluid communication with the

flui di zed besbshatitilyvergcaly gpratidigstoal cdihe stendnips, satherghan pdifiling thptzed bed.
It is conte conduit may be inclined fromthe
verti cal bynglag}%gqﬁsocg%@bthegecahgg the catal yst particles behave as a

fluird in a floo4d] zed bEHus, tlh&neaérﬁtbq&memaasﬁthellﬁ&em idvehtier] the fluidived nto the

st andpi pe opem ng and fl ow downwardly (in_the proxinmal direction) through

t he standpi pbed t53eton Aathey COtrtpélSESatatayétlpt Rerng an) qreplg siyatsd delasy heessel

through a i ns rectly

i nto anot her Et?rgdgg:t& tﬁé fgfé&s}géec} BE@ Agg,r o}tlcﬁlog uH %\é’;c%igécf?tﬁ%&:ﬁaﬁfclél’

popul ati on ohaviag alows fingeaeriiérs kiesoptchmig femhttttelﬂmdlpelbbedfdmdlfwvmhrdughyham |1

| ess efficientl transfer at al icI s to the fly di zed bed reactor's

standpi pe t hSAMPIRRHAA STRBHCIRV %&lgp‘tﬁ aowcT Ao Eheat S ees BOGd

f1uidizabili yefera-t;ly%mﬁ Bt 1024 1038t nfem%s/gat ﬁic%%sttﬂ?éféfhﬂﬁr & Bbandpi pe

(or standpipés) is directly correlated to the popul ation of catalyst

particles fl Qisdozhbit|2 meterd/sect thls(eta@peh;r embocﬂltmnpra@@emn mfrthepopldaﬁom he flow
n.of. the st hat doe fting
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st andpi pe. [0042] Thus, in one enbodi nent of the present invention, the
fluidized meters/sec, more preferably from about 1 to about 3 meters/sec, and most

preferably from about 1.5 to about 2 meters/sec.

1I1. FLUIDIZED BED REACTOR DESIGN PARAMETERS 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.



bed reactor further conprises a standpi pe having an openi ng situated bel ow
the surface of the fluidized bed. A portion of the popul ation of catal yst
particl eswbaveang3@sl ow fi nes enters the opening from t hecfriuseeisnest4bed and
flows through the standpi pe at a superficial velocity of fromabout 0.1 to
about 5 neters/sec, nore preferably fresmabout 0.25 to about 3 neters/sec,
and nost preferably fromabout 0.5 to about 2 neters/sec. In yet another
enbodi ment, a portion of the population of catalyst particles having | ow
fines enter the opening fromthe fluidized bed and fl ows through the
standpi pe at a superficial velocity of fromabout 0.5 to about 5

met er s/ sec, [G9dd] pr ef eCatalygt flualizationuthatactepistidsoedn 1B imppreved st catalyst nost
preferably fromabout 1,5 to about ters/sec. .FLUI DI ZED BE OR
DESI G PARAVEREHE AR T EpeshidEREs e e PRI ITGOHST R DI B E QBB e, t he
present _LNVeBld 9Radisr, db.gs%ﬁgl 50 rbddterbichl Nehvin P QBELIAL | QAT FaRiRdtuS!
particles having a [ow fines Content in a fluidized bed reactor. Ideally,
the fl ui di zedisbesded belowpand/ocby dasfidlyemonitorimgetho loatelyscflowgegipreban ¢hesi t uat ed
within the fluidized bed to facilitate.t.he fluidization of the popul ation
of catal yst E&F??‘H“gss.ep%ﬁ?ﬂf‘B’r‘?aP!F@‘e&fm‘ifF?de‘?‘?ﬁlu&F?‘i}%ﬁ-y_, the fluidized bed
reactor is oppjssjed at TREHLRAiZLdWRA T84dRpreRAMIY indRted & redcHEH zée 4Hd M ze

the fluidization characteristics of the catalyst particles contained
t herei n. Thes¢magttionrzede.f Iyithti veaetidrezonee Hist esitalyis sofactp ar Andizigsmadigm

ti diti Wi | d i bed .i af € il., - 15 -
Dol Catar v BnderSiGsths s B RGOS PLRERS ooV Eh Ko REbBRbdense BRL,
trai t 8F Hhide? tiong 4.0, tthe Bhd ipRaseut) aR DYy ab :
Tl al ped beg P o & B R et g1
P?r aneters, dffedivedecitber evnverrtbe ldjgrmtsan%hlun|(yfhwb;nr@f9ra lc?lﬁ_éniiﬁ‘étaal ést
oW r egl nes e | e 0, -Ne e
react or%J [ooﬁ‘%?‘?’%@gf foui%%e?gg p%@@lc?.eggp%réagr élé eé} g@f‘% ?xtrllécgzl tll} e(géngé Epgla%%ji on

zone and a seadied Gsdyzadeforhs af ditute Asse] whichoseends Hone dicadurfice oftlicact s a
fluidizing medi um under conditions effective to forma fluidized bed, which
is a turbul edensgghate todhe & phihisseparpigoneeg tThsrispargtion zonedspdantedife and

pressure, al r f i ft . ui.4i zi ng
ed um (it c R L A e B ik Bt T
gaseous pr odusttunaké tisirdifeel cheabyst tpthaseactibh womk. zed bed) and forns a dilute
phase, which t ends f the surface of the dense se to the t of the
separation zéﬁ@.GTThe sifgg':eéi] 1%&:(&%3@r‘?agio&fampgaest%cgtglggrxgggleg Br’éﬁ‘?“r ai ned
catal yst fromd REEASEMESs PERAESE o h)a trBEnBiatibh ol aBLhiRBHb6AhehS) thdre
entrained catalyst to the reaction zone:

contacting in the fluidized bed is effective to at least partially regenerate an at

least partially coked catalyst and form regenerated catalyst. The regenerated
catalyst may be fully or partially regenerated. In this aspect, the fluidizing
medium preferably comprises a regeneration medium, described in detail below,
which converts the carbonaceous deposits (coke) on the catalyst particles through
combustion to various gaseous products of the regeneration process. Thus, the
“product” 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



[0046] If the fluidized bed reactor conprises a catal yst regenerator, then
the reaction zone is referred to as a regeneration zone. In this

enbodi nenwo 20éw078@at acting in the fluidized bed is effeeCiws2as/0ads4d east
partially regenerate an at |east partially coked catalyst and form
regenerated catal yst. The regenerated.g¢gtal yst may be fully or partially
regenerated. In this aspect, the fluidizing nmedium preferably conprises a
regeneration nedium described in detail bel ow, which converts the

car bonaceous deposits (coke) on the catalyst particles through conbustion
to various gaseous products of the regeneration process. Thus, the
"product" i nregheeratiomigst Ubpenelyathe @asqous peeductsorfpthe segeneratip psoogsss eous
products of the.éggféﬁ%%bion pr.ocess s%ih as wat er vapor, . carbon nonoxi de

and carbon dff&xft & SDB{LIOB £ARR A 1C &5t i onal Iy with entrai ned

catal yst andfgag7pnr eacigghd QaSIERBA MR sSEBSHIbAL vaytity dfiBe Gﬁﬁ'}‘g/@t RRasa& and
forma dilute phase, which extends fromthe surface of the dense phase to
the top of thethseisparatiom monmiselowth thagepanoavendionzlofheidized hed prastors.o Aepar at e
t he entrai ned tal.yst from.th aseous.conponents _in the dil ut hase, and
oturn e cteRaieres tareERiAs R NS RS RS el o Bl of e e oty
the gaseous pogéleedtionObf hheeséed BENEERicifbA EleRaRAS B Coperfingeshder Qswbhe
separation zone as flue gas. [0047]1n one enbodi nent, the superficial

vel ocity of sunsriiaelayelenitiqsdan theseparation gowe, sgineria)of gagtbrespecsive eotelyst han in
conventi onal i di I 0 ) erficial.velocity
nmeans t he avgéljggfgqgglged%eg ogf)ﬁ%&?en&’? h%é?%r?%ﬁ 9’6‘%@&%&6@@%{: ‘%03‘?48{5 ngf vessel
at a speci fi adideiedVisdd feactoBy Apsdadtionginuadetinddovuedlyst Upsy fsi lehlidedwehaci ti es
in the separation zone, the inertia of each respective catalyst particle in
t he separ at i SHperiamd Yalodityderedypseddagsansgiondy thopesadids phape terminghvalgitional

fluidized begd.r r i L - [1ad ; Lass . eal i zed
when superfi grlea vie?(g)grtléssi@g?g}?ug%db@g%%?%ﬁﬁtf%@ééég%Ib?dﬁgltll\%glgé'e

t erm nal vel Baiticles hasing termiahl veloditied grestet than thégagapesfigar felaiitgl willel oci ty
continue to be entrajned. Particles having ternm nal velocitjes_ greater than
the gas supef¥ddp 5‘\‘1?{9@?‘&8it€?/rwtllqn ’t’cg]ﬁd\l[{hﬁ gle [?%E‘ai/ YelPHEY Isafupetin zone.

The particleqf ﬁferﬂelﬁé‘ilty WEFR&ck Yhelweef the!PaiibRMNrAf tht gﬁ%dgﬁﬁg irﬁaang{l bhgwgnce

bet ween the particle "and the fluidizing nedium an e particle dianeter

squar ed. [ 00a8titlealidthefedsquertdbed reactors of the present invention
preferably h ertai p,desi gn par.aneters .and/ or erate at.certain

oper at i on comafs ons t#&?ﬁé‘gﬁdﬂfe&rga a8 olfl_ HF?Q?B’H_HH?“ Wﬁfeﬁﬁ% farticl es
having a | owcéid3€ SdeSRAt fithmetoty bkifd/ad DPedfcoui dbrdin dfpekdiR! Sordit®dNs that
characteristics in the separation zone for reduci na entrai ned catal yst

| 0ss. [ 0049] Tasditate thaifhedizaion ofeeptalpst nortidles bdling prewdres centeshowhibn zone

I nto also providing desirable flow characteristics in the separation zone for reducing

entrained catalyst loss.

[0049] The fluidized bed reactor preferably includes a reaction zone into
which a fluidizing medium and catalyst is fed. The reaction zone has a first lower
end, a first upper end and a first major length therebetween. The fluidized bed
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



which a fluidizing nediumand catalyst is fed. The reaction zone has a
first lower end, a first upper end and a first nmajor |ength therebetween.
The fl ui dvoedodnese4seact or al so i ncl udes a separati on zoReTHISEMSMEIS44 O
separate entrai ned catal yst from gaseous conponents, e.g., products of the
reaction or regeneration process occurfing in the fluidized bed reactor,
and return the entrained catalyst to tlhe reaction zone. The separation zone
has a second | ower end, a second upper end and a second mjor |ength

t herebet ween. The separation zone includes a swaged region adjacent the
second | ower end of the separation zone, and the second |lower end is in
fluid communih@akhieh régenbratdiecdtalystcan hpeiked dod thefreadtionf (regedératioh)zoder eact or
is a catalyst regenerator, the fluidized hed. .reactor. also in¢cludes a

catal yst r etagddrom which the ﬁ%&?nm’%eéwa@@&ﬂa@r @&C@@t%ﬂ@%{eﬂ@aﬁ &C%‘i’l&gf romt he
reaction (r i ; 1 jof &ndityigt can be
directed toettg E’ggr%lglgg (@?n%’zgf%rggggﬁﬁ%ﬁﬁeﬁg%%gﬁgﬁg %ﬁgﬁ?&? ioof the
second maj orgrbstagthantio0,t hesf 1.5s2.0p8j0pr4.0 ength Véheye dadieated hensing these1. 25,
1.5, 2.0, 3.0, 4.0 or, 5.0. \Were indicat erein, t e ratios are

excl usi ve ofT2HpRATE REGEHVE QBFIEﬁWag?‘{]W&O% ﬁPP‘ﬁoﬁoéﬁglgﬁt?g’te‘ﬁ@h{hﬁ?e@éo? 4tios are
i ncl usive ofbligys WAARE svagb®Begithl Fhickiill be fiaeeaia® el Roditentfizond

maj or | ength. By providing a ca% al'yst fluidized bed reactor having these
char act er i stlength. @ysprowiding 4 tatplystAuifised bérhreactor higng these ehnargrseristies.eved,

while mnimzing entrained catal yst |oss. 050] The, separ ati o
optionally |%F€F%&82f“éfﬁ§"%é)§e%a¥a§ “csa%%gﬁtﬁlﬁﬁgi v@glgarp%?rpgz%ngr %&‘f“ g{r%a The
swaged regi opyrdipghsrdes a narrow end and a broad end and increases in

| ateral cross-sectional area fromthe narrow end to the broad end. The
narrow end i 9060 ent edThe sepaeatinozangedptionallyoincludes avirpead regipwand 38 | e t he

br oad d i i ent ed. ad] trt N ' . g Th
or oad end of "tk ShAEieR Eagort oo e st ey R AR i CRAR 10,

with the uppgid SRIPAERAdR " IReHaDEossTRR it ey feordl thesnardveahdth thdjbamdnt t o
and is in fluid communication with the reaction z? The .ing¢rease in

ne.
cross- sect i oenl. Hrerarray sudiscerientsy #ths Bropimealicad @f ithe Byased reon sthilee t he

super fi ci al Ml%lbgée;dd})éﬁdq Ogﬁ eg:gﬂﬁgerﬁ%ﬂigﬁf ertPof 6 staL A r%%i%nf)%%%%oafdr om t he

narrow end to 't roa swaged region. The upper Separation region
pref erably i end 6fftheswadedaefiohlivadjsoeht tockad in fnjyl gonamunibaticarwitketiiseipperthavi ng a
uni formor substantially uniformlateral cr.oss:section area 1t ogg{dovi de

| I (
uni f or m supePIPREFIGN TPEI%Bei| trghecﬁ%}?'%‘ﬁt%}di 5 PEEntf‘é)ra F’?ta?%é‘&d cat'd
contai ned t hegeh i {005 Gl ihg r}@ététl}{'m Zohe MBRCHERRAsZANErobRsechondl a8da AVEr age
di aneter and the separation zone has a second average dianeter. The ratio
of the seconswagedrragiends prosided ih@rddndo féduse thevsuperfisialivaloeite of prirained east

about 1.1, at least 1.4, 1.7, 2.0, 2. 2.6 or 9 ere indi.c her ei n,
these rati oscﬁﬁlﬁs%%q%ﬁsqa@sgﬁ’afsﬁﬁ ﬁ?\%g'@dnaf@é’f 8?1‘.?’“? Fhe\rﬁ%ﬁoa‘ggnﬁ?ﬁgis‘%ég%d, t hen
these rati os &iig i Pb WppMesephratibg rsi6id pebféraeliydn foMdddcsE avhblloweyfinddror ed in'
determ ning the second average dianeter. [0052]In terns_ of cross-sectional

areas, the reactd tibulaomeerhizes, having e tuniforn oy substayinlly amifosn dpterl SE0sind t he

separation z ggc?ioga Saréa tsoepcrggl e Mitofd esupcerrﬁaal' velocity characteristics for entrained

catalyst contained therein.

[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-



- 18 - sectional area, and the ratio of the second average cross-sectional
area to the first average cross-sectional area optionally is at |east 1.2,
at | east WOQpocA786484. 0, 5.3, 6.8, or 8.5. Wiere indi cat edThise@snd3sthese
rati os are exclusive of the swaged region. If not so indicated, then these
ratios are inclusive of the swaged redgigon, which will be factored in
determ ning the second average cross-sectional area. [0053]Optionally, the
catal yst particles have a first superficial velocity in the reaction zone
and a second superficial velocity in the separation zone. In this aspect,
the ratio of the first superficial velocity to the second superf|0|al

vel oci ty optseaivaiel grep,sandithe edisrofithy second jaxerage orogs-segtignalarey toshgfirg g or

8.5 here I adleated heteh o SRR 0PIALa 168 Y6 06 40 super! i cial

So |n i‘cat’ed, tUhén f ese
ratios are iga@®l3iSWheredhditired heeii, these ﬁdtloyefecmdchmlvlemft}tbasvﬁ@a@e&gmsregifon
which wll be factored into determ ning the second superf.icial veI Qcity.

The second 99pee indicatgd, veanothpsaraips pronargive of thessvagsd segipnuvhich willet er s
per .second, bte‘?‘?&oﬁeﬁ%[ﬂdgteﬁn \é O?&{oﬂga;erg%éﬁ 3 aFﬁoﬁF%Qd If so indicated,

t hese veIOC| i'es are exc e su ocity in the swaged
regi on. [005493%]cor di r@tidhaﬂﬁ&h@ cetabst partivlenhaveny fitsh eupeoficiblatal anitydh
catal yst particles have a |ow fipes c nte These catal.yst particles
exhi bi t desithaBiagtion Fong; andig %?ﬁOIéﬂ%Hpg fciglivelaeity i, GCSSH%T%%/ Corf8 B ror e

baffles in tf g&'ﬂﬂb %tgogslf éﬁ%%stﬂwér n%ﬁe“/efolci{y% ?lﬁdse@?‘xﬂi GRRFA vmo%hyr ably

i ncl udes one more obstructing nenbers, e provid
obstruct t heoptipnaiydisfdtdeasofl. 2erat teasin20, 34¢ élOy§t3 ior8 oh8. SdeWbereplhdmeted

(fluidized Rhed). and/or .the dil utep truc nber s nthe dilute
phase oper aﬁ@&gl{lntr}]‘?s&dﬁ@%s WHEXEIUHNG © Ei?ea?’y,%{f %é’gfocﬁgg aSBY a‘ﬁe

obstructing lmﬂper Ifl SotP&S hﬁdl@a@&ﬁ théh Ttlﬂe%e%tn@ﬁaﬂ%hﬁt%ﬁs1vésoﬂlﬁﬁdsdﬂ@ffﬁﬂdl the
terms "dense phase” and "fluidi zed bed" are synonynous with one another and

are inter cha\ragmﬂylly thesswhgefl 06561, Byhich walhbe rﬁfg:tqrh@mt@d@tﬁunmngjhﬁémd in the

Can' be. advarPRUGSULGioF A B SR N LTy ba v ekt el S 5775

popul ati on OfOCIﬁét@fSY?ér fR6Ad, Cﬂe@sstﬁaﬁva) 59 oasl Qw (.1 Hﬁéen@opﬁredbbondThEIf s0
obstructing nenber so can be situated in a position where it breaks up

| ar ger bubbliadicatag, @aeareemlwtle%meggplﬁgwa@é thexsuperfipial velpgity in the swaged
region.

[0054] According to the present invention, the population of catalyst
particles have a low fines content. These catalyst particles exhibit desirable
fluidization characteristics by contacting one or more baffles in the fluidized bed.
Thus, the fluidized bed reactor preferably includes one or more obstructing
members, e.g., baffles, provided to obstruct the upward flow of entrained catalyst
in the dense phase (fluidized bed) and/or the dilute phase. Obstructing members
in 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



entrai nment can be reduced. In one enbodinment, a plurality of particles is
flowed in a tortuous path around at |east one obstructing nenber in a dense
bed phasewoRo&fes@Bl y, the catalyst is flowed so that tireT@Se®sa433H@SSUr e
oscillation within the dense bed of not greater than 1.0 inch of water.
More preferably, the catalyst is floweggso that there is a pressure
oscillation within the dense bed of not greater than 0.9 inch of water, and
nost preferably not greater than 0.9 inch of water. [0056] Additionally or
alternatively, the obstructing nmenber can be situated in one or nore of the
reaction zone above the dense phase surface, and/or_ in the separation zone

(e.g., in thenteivapen crebp oduaert/ ronerembedimeniet Peglity af pasticleslsitawed | f t he

fluidized bed reactor include i If’ﬂxﬁgs.of t i

menbers, sit¥at god&f’gﬁg?@ﬁ??fﬁf?tae%tté ﬁgro lle’é%uecg]%gto one uér'ﬁlo(f g‘??éif%%dr%geach

| ayer i deal | prefalsly 20g @aRysist flow@bietat therd issa prdjsaeeodcillatipe within the
obstructing nenbers. By "staggered" it is neant that one layer is |aterally

y .
of fset with denspbed of sohgteatsyihandl. ¢ dnah ol Hte eMore presgrably; e catalyst iy
exanple, ill : i: di QAL -havij
hoai Lubul ar oNEEsE T ﬂ{‘%%g lésjé g‘%% :Eg)rﬁ‘&?gﬁgg?%ftﬁgﬂsgl@gié%}%gr)géd:érﬁgﬁogtééaéeerr ed with
respect to ofh@ndI0inbEbf wWateqradé imdsopifeloritle hot gdatecthen 0 9dnetedf watnal yst | oss.
A third | ayer of hem spherical obstructln? ng_,gbe sisillustrated in the
reaction zonf05fbwever Addiionalln @rj aiteragiieha) Hgifr‘ﬁcﬂﬁg UEMBCIpCRR 1S ty of
| ayers, whic f:er abl . ' dj acent
| ayers, [o0s rRELEAR Y pthEpERRRIEH b ihoBIRPEinel BraDSutice P
accor di ng t oir the spp&skeit zomevery,i iarnthe Seagedategipansaidldran dhes tippec tsepegatimnber s
are illustrated in Fig. 2A:2E. |In a preferred di nent, t obstructing
menber Gonpr ISR orle 00 TAgied st SRt yinelte P AT o LR S CUSEHBUIS 201
as shown in Hehbetd\sitldied NGB Wi TEPEst #0dndafdtBERheh ERA By 2
proxi mal | y-facing concave end 202 and a distally-facing convex end 203. The
hemi t ubul ar idealheis 2feeradywitle rdspeattalite hdjecrnt dayerof ebstructizg membensalByy
ext endi ng strycture s. sho hy.linear hem.t ubuyl ar nber 204 i ch
optional [y in ?%ﬁi’éesd%oﬁelsofne r %Bpoélﬁi Y i detgiey oofEs owﬁ?ic,rﬁple{:ta\é\g % he flow
of gaseous cRANGRALDY LBRE&TH hﬁ}%.gmiﬁ.l DAQHSH S&mptatagditiRata flullzedbsdd ucti ng
menber conprises one ‘or nore hem spherical nmenbers 206, each of which also
preferably i macioddgviagpwoslayess dihemibibuipr aasvebeyein the separationzoand These
distally-facing convex end, 1.0 a e adi t. e u menber
forms a ri ngllaélgﬁ, %F%%geé?% o lﬂlnégscéé%s{oa%g?oa%f’{nﬁg Inﬁ-#rg%ﬁ rlqog rﬂé%%?al%g{l%end and a
di stal | y- f aciefgais@vgulyenibss.[ Q088Id myanef hemisphtrindl GBsttuctihf enedhitsers Gct i Ng

menber conprises one or nore |laterally extending inverted "v" structures
207, as showilystraefgn threagtiomzongy cHpwavery thegeagiion zoe alse Mpeisiuss 3,

i ncl udes a di y-faci ' i r QX1 j.n | yst
back t ot he PRty ’ST B RRE braBRbh o eyt 0ith Fpb Bl B11
formed of twadjudislaets. al |y planar surfaces, as shown by "v" structure 210.

The inverted "v" structure, optjqnally includ one or nore openings
therein, not [&Fhn, si Y vaiety %@HPW&‘“?@EGI@ ggype lmlerﬁ%e‘ﬁ%?éﬂ‘i

there! , . .
acilitate t[e(ﬁ gté O@@geﬁa& 1ﬂéﬁﬁ&95§§§gﬂ?§§ﬂt§ JoRBAGINR AL ers bRt ARALN&] in

enbodi nent , structing ne nprises one-or nore conical nenbers
211 or pyr anmRi@l2 Ax2Bb & s pfefereed, enttmdiment} the ahsfulciing nember egmprises angot ar |

pent agonal or other geonetrically, shaped base tionally_ . t tructing
menber | acks TP Q%te'faﬁwﬁﬁ%a@%n@ﬁlmr%&%ﬂigﬁéwv f%kBLC% Sh_é’%‘olﬁi n?ﬁ ?ﬂéﬂ
inverted "v" paffMGhIdF griefélﬂfeﬁs 261 réTeraBl2inciab & pRfxfRally fakdeonBave end

di stally-faci ng apex
~ 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



[0059] Fig. 2C illustrates another enbodi nent of the present invention,
wherein the obstructing nenber conprises one or nore laterally extending

t ubul ar meohescn72d4d. Each tubul ar nenber 214 inherentlypPcmaiscass4m46 ounded
surface to divert proxinmally noving catal yst back to the reaction zone. The
t ubul ar nenber 214 optionally include§2§pe or nore openings therein, not
shown, simlar to openings 205 in Fig.72A, which openings facilitate the

fl ow of gaseous conponents therethrough. In another. enbodi nent, the
obstructing nenber conprises one or nore spherical menbers 215. | n another
enbodi nent, the obstructing nmenber conprises a tubular ring 216. [0060]In

anot her enbogi B » d‘ié@ﬁgﬂﬂéiﬂ B ch® e an6BBIEMBEENRAE (B hemitebulat eral | y
ext endi ng pl anar surfaces as shown in Fig. 2D. Each planar surface 217

preferably i membeeforamsprong 280, yhichelsegneladesra proximallys facingcwngaie ddi st al | y
faci ng maj or anar s%rtace. The shape of the laterally extending planar
surfaces 217 1SEUVIRCIRG PORVeX Pl ¢l e 218, triangle, quadrilateral,

square, rect gfwhp 219, 1PEnGRY LEMRImEMOthE IoBBIASHAR aherfiRe Bdhiprisesshiape. Each
| aterally - - extending planar surface 217 optionally includes one or
mor € openi ngsotekatazilly, extonding dwerted (Vi siectures dpe s shawp s Figy 28. gBachia. | n

anot her enbodi nent .. .f he obs ctin 0 ' . [ 20
havi ng an opgwgﬁ@‘{ t‘ﬁe%]%‘cﬁl_re nggiﬁf?lﬁblgﬁg@ﬁ&eﬁscae%g? 2%%1& ﬂiﬁ%e%gbté tdgk%gtz i ng
menber Conpr hgRmAREMOVingRatITE bed torherbattor?2dne. dEhesihosted v BtrgetuE. | n
this enbodi ment, the one or nore screen menbers 221 preferably coyegr the
entire cross28teptiondly iafermest of o sehstagHally PlapaksYrficGhiasHsIPWB WheV or nore

fs g;'? EP ersre g?e%%%c%%r%egfe(ﬁ ¢ sihdahded AP0 G RYure "RURRERY 1iHAuBEE ot JFOEBrL! the

openings therein, not shown, similar to openings 205 in Fig. 2A. The openings
facilitate the flow of gaseous components therethrough. In another embodiment,
the obstructing member comprises one or more conical members 211 or pyramidal
members (e.g., having triangular, square, rectangular, pentagonal or -other
geometrically shaped base). Optionally, the obstructing member lacks a laterally
extending base. In another embodiment, the inverted “v” structure forms a ring
212, which also includes a distally-facing apex 213.

[0059] Fig. 2C illustrates another embodiment of the present invention,
wherein the obstructing member comprises one or more laterally extending
tubular members 214. Each tubular member 214 inherently includes a rounded
surface to divert proximally moving catalyst back to the reaction zone. The
tubular member 214 optionally includes one or more openings therein, not shown,
similar to openings 205 in Fig. 2A, which openings facilitate the flow of gaseous
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



invention, in addition to inproving the fluidization characteristics, the
entrained catalyst |loss rate realized can be | ower than in conventi onal

fl ui di zedwbedoa@a@Bi on systens. | n one enbodi nent, the earalsyabs/ok3sde rate
is less than 0.146, less than 0.073, or |ess than 0.0365 grans catal yst

| ost per kilogramgas fed to the fluidpred bed reactor. |V. CATALYST
REGENERATI ON PROCESSES [ 0063] As i ndi cat ed above, the invention relates to
fluidizing catal yst particles in a fluidized bed reactor. In a preferred
enbodi ment, the fluidized bed reactor conprises a catal yst regenerator, as
di scussed above. The catal yst regeneration process will now be described in
greater det afxtendig®pkhpusurfaget2d ertoary includss wae of amorefophyined erdinns t o
vari ous product . Qs th thee ¢ rs{ on. o xygenates to.light
olefins (t heﬁ&%"&% 0%&%@3{ %céﬁin%hréc%@su??go%&'t ;in a%: O@T%I%?nbe(’dgﬂe t’héhecat al yst
used to promebstructits @EMBEr Sindtises 8 planering 2 (SleEng @i dPenirgtBerbiai | d up of

t hese carbonaceous deposits causes a reduction jn the capability of the
catal yst to fQ9§&ti on ekr anathastempbodiraentothsAhplaucting rmembepronprisesedrs oran
excessively ! oG o] [ e enate feed to
light ol ef] n‘sn.%%;%q?ﬁ @E‘%{éi&%?ﬂt %%S@g{“aﬁ@g %Esl %ﬁ?%‘?é‘%é‘lalgﬁﬁ%ﬁ?ev%?eeﬁ When a
cat al yst cannge regemenibanded2 proferdbyyl covanixoentire ctdie-se@bnbegepoOehect , t he
catal yst is considered, to be fully deactivated. The catalyst regenerator of
the present TSSRSRLZERe BY Whigh gha eu¢F orangye sereeh mewhess 281 gy ifustedof t he

car bonaceous Sits o . artral ey atal osition
to forma reggﬁgfat ed %&t @@%F@I}:%Ar%gglétc}}o%{ohﬁ\?}fntggﬂégtg{a%ség tl)ée;ttpzﬁ%g (e
activity oveinvehtgomtn laddition paimpeiving thekfddiesticnl ghmtaceoistiosithe extrained 22 -

[0065] I n a regeneration system catalyst is withdrawn from a hydrocarbon
conversi on af)‘ggl%’ shlpss rpigcs l}zeg ogn, eio"i’%d]éﬁlb‘ln CBPV?né‘éIE%Yin hdiged g‘?@ ZAthang
directed to g Ml #Sbnd GHBORHRAL the E’étlslfy@trﬁ@ Yafe ishl?s'\%_'gﬁnmr 16 WA oro

reactor, and nost preferably a nethanol “to olefin reacf or.

catal yst is P&73,llésy thanf0.0365 graiisyatatystjosiepeatkedgiam gasded it the yidized
regener at Or'bB&;/j retgener ation, it is neant that the carbonaceous deposits
are at | east % ag y renoved fromthe catal yst. Desirably, the catalyst

W thdrawn frpwm t he RCACAT AL YETREGENERATIONIROCENSES t hus, at | east
partially deacti vat ed. e remarning portiron of catalySt in the HCA is

recircul at ed[0083t he HCAsvindisated #hoyendreainventionTielatee denluidizing catalabtyst
with or wt hBﬂIticl%g ?rl b Piqized l;er&eljéaé’tgﬁ Uhe gre%e?rehhe%lblggf‘ment, the fluidized bed

reactor comprises a catalyst regenerator, as discussed above. The catalyst

regeneration process will now be described in greater detail.

[0064] During the catalytic conversion of hydrocarbons to various
products, e.g., the catalytic conversion of oxygenates to light olefins (the OTO
process), carbonaceous deposits accumulate on the catalyst used to promote the
conversion reaction. At some point, the build up of these carbonaceous deposits
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.



[ 0066] Desirably, a portion of the catalyst, conprising nolecul ar sieve and
any other materials such as matrix materials, binders, fillers, etc., is
renoved fwormadne3d@€A for regenerati on and recircul ati onroaals2aos/oeiseo RCA at
a rate (catal yst weight/hour) of fromabout 0.05 tinmes to about 1 tines,
nore desirably fromabout 0.1 tines tgpabout 0.5 times, and nmost desi rably
fromabout 0.1 to about 0.3 tines the total feed rate (oxygenate

wei ght/ hour) of oxygenates to the HCA. These rates pertain to the

formul ated nol ecul ar sieve catal yst conposition, including non-reactive
solids. [0067] Desirably, the catal yst regeneration is carried out in a
catal yst red@WHlat or iln aregenprativesygen caalyggenehdtaranioradihydroceppncal |y a

| | th i dant f t h
O dant o1 néentoop appaams Ao e s eterior Bt herter s S ruets % 85 sos,
N20, NO,  NOZatalNaPdegedBdtd )@rla'fe?a%l}t hBE SA cOMpriddadarfOTH}dabtbe hndi thBstni t r ogen

or CO2 are particularly desirabl e regeneration nedi uns. The oxygen
concent r at i aieferabli a moetharsd to otifine@MTO) acastont rBid eadalygvielpattially] ffi mitze

catalyet cartbp-agboeFabilr APan PRt fon 55 wEhdr SR Bolles or

hydr ogen ancafsphbeousaasosits Gre 28t fetialfticuiivee ﬁroﬂﬂuféldaalﬁasgésuaﬂ;Q%S] The
catal yst can be regenerated in any nunber of nethods, such as batch

conti nuous, Begstalysinvithdrews from 'fhﬁ ReADF ahleagmartisdivecoked aathtthususilsagiat al yst
regenerati O’r})a&t?allﬁ gge'fbh(r gd Merho q‘%m&?ﬁjg g%lt%n Bﬁt%a g,t st e% Stﬁ? ﬁ%%e%ener ated to

a |l evel of froma wei g t ™15 wei ght

- 23 - per cemtculamdrm mreelf{eAablthodtrleg&th Orﬁblrdg@n@rbteutcaﬁdml @iih ager cent,
based on the total weight of the re enerat ed catal yst conposition. ‘
[ 0069] The ca‘YlgF%POQIB@eWéP%WW?@?g e shoul d be from about 250C

[0066] Desirably, a portion of the catalyst, comprising molecular sieve and

any other materials such as matrix materials, binders, fillers, etc., is removed from
the HCA for regeneration and recirculation back to the HCA at a rate (catalyst
weight/hour) of from about 0.05 times to about 1 times, more desirably from
about 0.1 times to about 0.5 times, and most desirably from about 0.1 to about 0.3
times the total feed rate (oxygenate weight/hour) of oxygenates to the HCA.
These rates pertain to the formulated molecular sieve catalyst composition,
including non-reactive solids.

[0067] Desirably, the cétalyst regeneration is carried out in a catalyst
regenerator in the presence of a regeneration medium, typically a gas, comprising
molecular oxygen or other oxidants. Examples of other oxidants include, but are
not necessarily limited to, singlet O,, O3, SO3, N;0, NO, NO,, N,Os, and mixtures
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



to about 750C, and optionally from about 500C to about 700C. Preferably the
contacting of the coked catalyst with the regeneration nediumin the
regener atworo@mares48ccurs at a tenperature of at |east alpowtusa@3C43sat | east
649C, or at |east 710C. Because the regeneration reaction preferably takes
pl ace at a tenperature considerably higher than the OTO conversion
reaction, e.g., about 93Cto about = 150C hi gher, it is desirable to cool at
| east a porti on of the regenerated catalyst to a | ower tenperature before
it is sent back to the RCA. One or nore catalyst coolers, preferably

| ocated externally to the catal yst regenerator, optionally are used to
remove heat fdréui,trh6reReRABIRHEE dbdtind P$to alﬁchﬁrs weighteserfi€ bavdd ditthewn from
t he catal yst' regenerator. \Wien the regenerated catalyst is cooled, it is
optionally c'@tﬂl@’Glghéoﬁtheéﬁwp@ﬁf@r@t?tYﬁgﬁomBoqlﬁl% about 70C hi gher to about

80C cool er tfyggi he t eFREL ANGE oAlncl ity SahALUSFe WAFECHR S0 3RPCHCA.

Thi s cool ed yst 1§ rne er sone portion
the catalyst torear)@emsmcs)and opndm.nga froVish ehsbult 5609 eabont 7eatCr ARrafeyebly theom t he
catal yst regenerator is returned to e RCA it can_be returned to any

portion of ténataRtiag ofthe wkadppialyst Wﬁh@ﬁrﬁgwat@éﬁn%umé%l theregenetione at al yst

t t t t
cont act | prodiF et {enfiSPARE of  loksl Mt B8 B AR P A -
regener at i on7MCurBechusetthe rg@hahict reactimnpreterably sdkea p]xceasmtmpw’ratﬁneom about
5 34.5 kP, t 50 45 kPa f bout 15
psg (103 kpeRypidepohbBahetan g O omyeminy actith, o prer Ll dBIoR om
about 20 psi gsded3FeePagis d 1r§99%3 ccﬁ)@ aPRhg a(p%QtYo%ﬁEe\, reg}%ﬁ&aﬂ%ﬂ%ﬁt‘aﬁ@t to

regeneration pressure€ is dictated by the pressure in t CA. Hi"gher
pressures are 1gxeereteaiple;at1|medfeé’mnead if sgnt Ib@vlertcv itlge H@A prﬁnﬂ osimpee eatelystat al yst

i nventory, however, Eﬂ%erl r%ﬁ res | aset ]S,ltr pover nd_cost.
[0071] Desi r aff? ers,c Be e ?gaé 8’f§‘f“ia8¥| eeﬁ?ﬁ g {?@Fneef?tf’é Op[tlﬁga #Ceast
partially dedgli (alchfdve Hedl Hom RSrePARFatsd EAtBRSCafdr IBME$ bodn WitBdfa®adi ly
removabl e organic materials (organics), e.g., interstitial hydrocarbons, in
a stripper ofrom the catalysti rsgenRyatoh anen thrnregenerpiedpratysialn doeledc i isved by

oS 2y BB PR Enbend AP BORSIRR o R B BARLEeERL S

ni trogen, hetddien thad ﬂ@nemﬁaﬁtw@efm%alyaavlmﬁm tmrmicm Xﬂhisr@ﬁ)lddher eof .
A preferred gas is steam The gas hourly space veI OCIt of the

strippi ng gasatalysisésy tham weipmed tor eher s@me draghen g tﬂ’&nﬂaté]dﬁ"e is

from about O t

stripping ar e]gfﬁ%%ﬁoéboa% 58@%? B%E%e ﬁ‘é&ﬁé@pﬁ%%tﬁgg g&ep%out 400C

to about 600§ refwneptahhe HCA] fipcangbreamed eo myepdrno:mcﬁuheltH(EApng (34.5

kPag) to about 50Q psig 344 kPag), nore preferably fr.om about 10 SI g (69.0
e R

'Tag) to abo@¥ampleptegcatal i Catplysl EQHpPIReRt 8557 4B AWRIDO psi g
(138 kPag) t Qoﬁgﬁ%ltﬁ%g%&, (a]-Ze[?pa{‘a? @ﬂ)zony}@ c%hfchde&c@r(ﬁsﬁlHrﬁed orlargely

dependent upon the pressure’in in the catal yst regenerator.
[ 0072] The catahpmhtioregebwh.at or preferabl y |ncI udes a regeneration zone

[0070] Ideally, regeneration occurs in the catalyst regenerator at a pressure
of from about 5 psig (34.5 kPag) to about 50 psig (345 kPag), 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



and a separation zone. In the regeneration zone, the at |least partially
coked catal yst contacts the regeneration nedium preferably as a turbul ent
dense bedwono@nas&s under conditions effective, e.g., tecpasatsnessand
pressure, to at |least partially regenerate the at |east partially coked
catal yst. Specifically, the conditionsypreferably are effective to convert
the at least partially coked catal yst and the regeneration nediumto
regener at ed catal yst and gaseous byproducts of the regeneration process.
The regenerated catalyst may be fully or partially regenerated The gaseous
byproducts, optionally with entrained catal yst and/ or unreacted

r egener at i onstrippliing gharelért Thisestdppisg chbs achigvdd by pessingh stripping masiaymmwhi ch
extends fromthe surf.ace of thg dens% 8 ?}’S to tpe tgp of the separation
Jone. The seplr dt TBRPIDE ¢S &eR 4R PRSP (BHDBhar 1 Evpied drmperptiEy CHP% yst

from the gasgpuslcCBIBRPEHSIntNdS BRafl hitoReR NREEm, 8dn! ﬁfeﬂfaﬁe,tmz,%t_t){ fi ned

catalyst to the regeneration zone. 0073 The dense phase density w
depend on t hkydsegdngendmixturdsdheteolsi A prefaded pas is $ipenyt | Theagasdomrlyspacs t y.

(160 2 kg e SSABERRIBVAGT B a0 Ry Rartey. vIREr Qo lor Folnsttt 15
[6/113 (240 Gurigénid bkctioukoRSabdat 108 16566, Bodud/ moras mosiccpigleer 201y

fromabout 20 Ib/ft3 (320.4 kg/nB) to about 30 b/ ff-3 §480. .
kg/ nB) . The teuppsratyres af stranping exp framy shoug @49 fhakait ofS0PGnand desiablyo

t th f : han. 4 ft/ 1. 22 :
o eat or 1 hani3rypBERGG R B0t A8 Hie iRRiE PosRES BB AL or no
great er thansGsfy Bi/sskRag) Go Lboutl 30) psiy€bpCkPigySmorechreftiratls frdnabout ffot / sec
(1.22 na/s) wll result 1n a transition froma turbul ent dense bed to a

circul ati ng PE&(6%9 kP %B)H@dlbglﬂtr?q Rsig 6205 kRagheand magsy praferablyffom |gbow er f i ci al

vel ocity of ¢ I I t . Q. C: ns),

at loast o, 2BE(PRORFEABAR0LS BOR (112 Pa! IETRliphind priasiffig el 7,

| east 0. 75 f dépeadent Gp@Btheiptassuren éfed@Aland il therdratyst fdgengupar f i ci al
velocity in E(ﬂﬁ dense ﬁzﬁase anges from1l.5 f}/se (0.46 ms) to 4.5 ft/sec
(1.37 m's), W20 f %é&ta{Yét. epgrator (sefaraglyt imcludss @qregenggation zese fr om

2.5 ft/sec (Ghd'§ sreg fiot Qore. > Thith§ &6 {n%rfﬁ% Yond, tl{eog)[?l%hélf%r{iﬁgp@gﬁeﬁt hon
zone includes one or nore catal yst |% ets Por recei vi ng at °l east

partial | y cotatalystabatagtstthé regenerhorhyedinog poeferablyraser sirmriem pleaseabadsor( RCA) ,
typically a rgactor,or r%z%ctiog unit. I n one enbodi gent, the at | east
partial |y coRecHpdgrycanditions %BB‘F% &8 i FMRCTAUNS 1A PIETHET yioc¥nifditt . e. g. |
a tubul ar nephghlly fregRethe thEAat0leagt phﬂiaﬁ?n&ﬁUe&t EatA9&S el Spebifldally, et al yst
stripper, to the regenerator. In the catalyst supply conduit, t¥1e cat al yst
preferably cevnsitiang peefarabbt argi effectave tou¢aiverd theoat laase partialiyieokebeatalystons

effective to idize the catalvst contained.therei,n. A nan-|i i | i st
o evermtar ved HeefSelafnifedin ™ SR SRS Sliastol Wmo i A e
argon, car bothedfeg¥icigtion pfoicsisl aThe NefdneASE Satallenfadt B8 Ylly S RRktargondui t
recei ves the at Ieastlﬁ%rtially coked catalyst fromthe H or from an

i nt er nedi at eregengreted:s gasequschypaodpsts, optienadurwidh anigiined exfalyst ang/athe

catal yst reg . cat al. I onduit includes a first
end in flui dﬁ@%@%ﬁ?&éﬁg&gﬁo%%lﬁe%@eﬁﬁﬁ }e{?%e%l a oé-md%\%llﬂgfeé, &éaﬁ%r second
end in flui dwhivhinexénclatfionn thd slrfich efrikeg demveaibas toz hizetop [ITAHS kdpaeatioat al yst

supply conduit preferabl%/, enters the regeneration zone of the catalyst
regenerator &M$- r Breetspamelipn gong is) adapied 40 senagate fheceniiagned patalyss fromnths ¢ he

regener at | one2aB LBpdRARIRIRE A RedRAOS b rEIRY AL col 8 Bhabpla PPV

conduit opti es a plurality’of sSecond ends Tor e y
di stri buti ngrdgererationl zast partially coked catalyst in the regeneration
xtends into the

zone. In one_preferred odi nent, .t he second end :
regener at i on[@;‘éb, pr eiﬁgamsyrﬁ%awg@qna@y Wéﬁ eperion 1 & $plids; particle densityt al yst
regenerator, ,atheRApStRial 'BaOVOBCiRy.| PHEEAblYY tHXdeBEH} BPthe 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




- 26 - distributor grid, described below In this enbodiment, the second
end rel eases the at |east partially coked catal yst conposition into the
regener atworo@mares48t a positi on above the distributor grca/usidvsomsshk of the
regeneration process preferably occurs in the dense phase of the
regeneration zone. The dense phase opigsonally conprises fromabout 2 to
about 45 vol une percent, preferably from about 20 to about 35 percent of

t he regeneration zone, based on the total volune of the regeneration zone.
On a wei ght basis, the dense phase preferably conprises fromabout 45 to
about 98 per cent optionally from about 85 to about 95 percent, of the
catal yst in kg’ ) ebenapatficinl velooiy itf ﬂﬁmp%phﬂS@dptmﬂymno' aigt thadiSnal "

T ator ol mebiide L Beh g et it RaVaeor parmelap Gorigy ul2 g Ol AN
horizontal . g, ndeR%te Bhan P@ﬂ'se@f(OQOIQ/Q)QEhO atdaeehaﬁpotswgébco@ltsm/squ ect

that is neares to gr ade. distal"” end of an object is t ortion of
t he obj ect tHalocmssﬁmmhﬂagherrtWéﬂsebr(d)ﬂﬂgﬁféhé’ﬂlm in apfransition| frgmfaaci ng"

56 pr ef or abiryRdeERRe e e RbRE FEguRii BN g eSsRE #mt heone
receiving a ﬂﬁ%ﬁ@&ﬁiaﬂ %ld&ﬁ&“olﬂ'ﬂle Béx%%qih'abﬁ Mpt@dﬂallyfi@hﬂ‘ddbtam 1 GsEge0.030r a
m xture thereof. One or nore regeneration nedium conduits carry the

r egener at i onnvBditieast 0k B/see méd)i nleasd @i ufdseo (- b%m/@u@hatd§asé 0.75

R e e A AT L

inlets. In Ofwlgesnﬁ@ﬂllmemsecm@ms)m@w ﬁY@ébZ(HBSm/s),Iﬁ@duzeft/ibe(Oégaﬂe)r ation
mediuminto the regeneration zone. Pre regeneration mediumis

i ntroduced i m%Oﬂ‘@c&w&w@» o Egfa et ﬁfSS‘F (OaYG @/Sr)é‘? éﬂ5<ff/seél§b19g me).t 0 about 500
stendard cubigvipel (5L soka el GBROUL 31 ahal, e ot andar
sc e

cubic neters kg ¢o urne nore pr erab rom about to about
400 scf/l b cekeiving aedt (edsophrtially cbbechbamtysi?&oﬁl ﬁmrﬂﬂydyoaadim tonvessibn, and

nost preferably from éggut 200 to about 350 sof/l|h coke ur ned gﬁtbout 12.5
to about 21. SPREHK dypiGalhefyeactay®r apaciion Hults i ORF o8y Pofinat of - the

St e s iy N g o (1
process Wil | tubmddr esansbenniiorh |thevHIOAy oughintermediate vessel, e.g., a catalyst stripper,
to the regenerator. In the catalyst supply conduit, the catalyst preferably comes in
contact with a fluidization agent under conditions effective to fluidize the catalyst
contained therein. A non-limiting list of exemplary fluidization égents includés:
steam, natural gas, nitrogen, argon, carbon dioxide or similar inert gases. The
catalyst supply conduit receives the at least partially coked catalyst from the HCA
or from an intermediate device such as a catalyst stripper and directs it to the
catalyst regenerator. Thus, the catalyst supply conduit includes a first end in fluid
communication with the HCA or intermediate device, and second end in fluid
communication with the regeneration zone.
[0075] The catalyst supply conduit preferably enters the 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



- 27 - the dense phase in the formof bubbles. These bubbles rise in a
suspended-sol i ds phase and burst at the surface of the dense phase. The

bur sti ng wotzo@m7edsst he bubbl es throws | arge anounts of tPrhe/ysasisiosiskat e
solids into the dilute phase. Coarse particles tend to readily drop back
into the dense bed. Thus, the solids dgpnsity of the dilute phase decreases
with height imredi ately above the dense phase surface, as shown in Fig. 3,
which is a graph plotting catalyst entrainment as a function of height
above the dense phase surface. At a certain height, however, further

i ncreases in height have a negligible inpact on the solids density of the
di | ut e phasedistfibetop gridt deséritiddebetw .ulnethjsheagwdanenihthe lsenliedd radessesihament
remai ns substanti alall‘% fyons]it(%{n W]'(tgout regard tto further increases in
height is rettelers PRl cake satabish CPMRALN (18 LEGEEHFY We it 2 #DH). The
decr eased ef {Reon0bpdyaCHRATRIIIGIRREI a'Te bEkobE (B RYEerehfiof Dhtobsssal so
illustrated Tn Fig. 3, wherein the decrease in catal yst entrainnent

appr oaches aprafendbiyiovems imihendamse phisa@f (thesreghesmetionapqneo XTheadansy phase1 | b/ ft 3

for the base dianeter and 0.125.1b 3 for L.5x% the base di e

regardl ess quq}one"ﬁ%gglggn?eﬁ %@@H?ué%g%éb?%é%fﬂ)i}}mf @6%?%@5%%%?&9&% one
aspect of t hgqRf 26 ehbdul B8 Hek @Mt of 1he rdpenbrlies zZbed, Wasdd éthed6tab folphese
surface and the separation unit inlet, e.g., a cyclone inlet, is greater

t han t he TDHf thatagensration zons. ddmariveisht basis; the deassophase preferes compuiesser |

Lo a poi nt bEPGVICDHGH Bt Ao P yeiEat pRRoY et B e WRB Rlectfar Vet ¥

[ 0080] I n anopime cﬁm@mhmﬁegeﬁéﬂﬁidmaerati on nediumis released into a
distribution zone prior to its introduction_into the regeneratjon, zone. The

di stributionl0930ke is aAseagedrhergini clongitedinglagngans sextending &y adirestionhe
regeneration : i1yt I r.ak k i LSk QL | eased
prior to i tspiéﬁ%hg%c \l{}%ﬁ {) %&ileh? 'g"tvﬁgﬁrggaﬁié%efra%tr ?g%ié%ggngﬁe%uﬁ%??% '%1 ?f%(ﬁ%havi ng
one or nore pgeaitdlnggrdde) eke hatikontal. (Ther prixtimalifendpdanrodgect isaths portwher red to

herein as a distributor grid, separates the djstrihution zone fromthe
regener at i onoﬁ@ﬁ@blelchﬂ‘lah}ssneéﬁbm %Fé‘%',ﬁf%g‘ﬁﬁtﬁ eBd #@Pé’?’éﬁﬁéfﬁ tﬁ@goﬂ{?ﬁcti on as
one or more gf tr%p‘g%é&%gﬁsaﬁirmestm%ﬁio%a IR loBadRY EThus, MRt BIn} 'faﬂﬂlé”ge

regeneration ne Into the regeneration zone. The distributor gri
optional ly i meinsdesgitudinatlyfasing therp:imapémahar surfaces, and the openings

extend betwe e two posi ng .maj or_pl anar _surfaces. In one - 28 -
erbodt mont | RRE7H st 11 BAE GREEHTHGoAMY 280 gt g ipdr <O groBie
vel | - known t gothQsigorsieliiugf il&ts tiheradivingAs rddeRerRHi @S fietiRmy) fpréfRbLyegigner at i on
medi umincreases wthin the distribution zone due to the influx of new

regener at i onmedagilamoxygen,t ¢reaonixtoe thereef. r dener adre Fegagralion mpdE®, t he
ti i th h tf i LN, j i but id d
Crters the r SUELS SPP R Enetiti iaecin 2GR RRpL A R Rellull Kl Blondl O

feed rate toadhe glessufizOdt fegBnetativn Shedin Bentainfriehti widbdly ii whichother event
the back flow of catalyst into the distribution zone. The distribution zone
and the di st regsnerationympediugy ig\sfered, the thegie o more seggneratipmmedivihislets glner at i on

medi uminto the ' -QII% [
regenerati on%%?'n%rbgc glr%l{lgto%lggr ﬁlﬁpﬁe%@%gzla yggé @éée%ggéﬁg?%ﬂlﬁéﬁ%ﬁ% buti on
zone and di skdgeheration gonal Prefutably, e regankraticn aleday dn impducdd moiedi ng a
| ow superficial velocity, discuss bel ow, .in e regeneration zo as well
as in the sepdlpkist igaeneHE" at[*!)@@l?éﬁ@%?%ﬁ? gbout %EO @%@%&@%&%dﬁfé}r}@ from
the r egener athon bﬂfn%ﬁe(saﬁout 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



optionally wth unreacted regeneration nedium (collectively, gaseous
conponents) flow fromthe regeneration zone to the separation zone for
renoval fwormadne3eat al yst regenerator. Due to their |igrCcTasc@sogssssoral |

vol une and correspondi ngly high surface area to weight ratios, sone

catal yst particles, particularly catalyst fines, may becone entrained with
t hese gaseous conponents and undesirably enter the separation zone. In the
separation zone, a first amount of entrained catalyst particles desirably
fall back into the regeneration zone and, ultimately, are redirected back
to the HCA. The separation zone al so optionally contains one or nore

separ ati on diheidenss, phasin ths foye pHbikblese pehreas bukbles tiget igrassuspended-palids

i npi ngenent devi ces,, plates or .con ich facilitate the a jon of
entrai ned calSy&pd attﬁﬁe §g§@8u§s@8 8?1%3{1%861 nhﬁéurggé’b%tagﬁ%oéﬂzﬂgne. The
separ ati on zZgQaPhiaRa ke | Mfdunele 51 ahd peietlathedlidsaitto ahdldanenphugé.une for
col l ecting gaseous conponents fromthe one or nore separation devices. The
pl enum shel | Coarsé parficles dercbtonteadlidydrapnbagks intoatheedensg Bed. o dhrstthe spléfdst he
gaseous conponents eferably are rele dq f.r the.. j t hr ough
an exhaust 0@?}5{2}’ of ﬁfl‘? ﬁgugelﬁ}éf%fif’%rﬁasf gﬁi}ﬁlalslélﬁfr?\{n&'"g‘&é?g’:&?@ﬁ%ﬂg g@%r ding to
one aspect OphdsBSurface2$ showhas BiY. 3| WHRALE & Braph hiotinDenilytfengainmehinad

catal yst that exits t he separation zone through the exhaust outlet with the

gaseous conpafinstien of height shoxre theldryse phasg ghdace. e esitain heighty however,

accor ding T BHe Hrpaerane-ig e Bt FEEES oh bk SHER UGHEEY bFRRS O
flui di zed bedilileanhel The poiaBbthesdilneghaseraatudiich geidsreatrhiymmatreyratsed 100,
al t hough the features disclosed in catal yst regenerataqr. 100 C(%ul d, al so be
enpl oyed in FdanBEybneongtast withgpiresat We%“‘ﬁl%%ﬁage.s 3 Theelmdaioy st

regenerat or ORI Lo G Fridl VienkRGfk SERAHIEDIND. The (LAY oliEhUEN 110,
one or nore regeneration I um 1 nltet , one’or nore regeneration nmedium
f eed condui t incledding aegenintardeightibbete the TDHiidalso Hlusirhted @i FigOB, wbereke, t he
illustrated catal yst regenerator, i s purely exenpl.ar nd th? 8]I§aczerrent of
regenerationt {FAse Weatal it gnirgieme Bt approgehys A q"@&éi HIRE Y8YC %t al yst.

return 110 o fsw . i ttaky 8fanlcRY RBIERII bMEYfoyarsk W dely
dependi ng onghesfgd:qp%?(ga%r@g’nm%g}s?ﬁ/ghgﬁ ﬁl?(?% i ncludes an inner surface 102
and an out er tsthabadiemtes) regandledebf mersases geheighttabovie theddHO04, in which an at
| east parti al oked catalyst, contacts . a enerati.on di 4m

condi ti ons eﬁ‘#@g ive tocserding, g oﬁgratsP%th%ft?‘gggﬁseenguévetn 8n’coeeadllgl%§{eal yst .
The shel | 10e@fesR tteddnSEfhare BiFatlel 0 tHORParkfSn it WECE ggaseluse fsponent s
are separated fromentrained catal yst. The shel| 101 al so defines a

regener at or tfogregar than theDH6 Inerdasintg:the dipsmaer-afdhe srperabian pane, hoWeYer117. The

regenerator preferaply is.a."col: " j i i nner
meul at g 1 Higie seted (i <R by ro4E5RE e FREMCG 0GRS ol | T
shel | 101. AgpeRyw @8 tdrinindl velosityof sonecefihaenirdidtcatabyst.shel | 101 be forned of
a material capable of w thstanding the extrene tenperatures, necessary for

efficient calbi8Mt regdmanethergmnb ethe regaeratipn mediug i elpaseddntpes’
di stributor ggj 18, d Is [ﬁgmjer- 1 Fe%%’(% : megyp of al | oy
steel, e.g., %‘%@s,z&%a@gﬂﬂe‘é (L)'i?é WThst éndilﬁtg ?ﬁe 1 g rgttléglerrﬁg?%t ur eés)
necessary f ordigébh@lonsiont ége naiad, ivdiich pRfddjliRégenarat beowzbe ecgefitatiorc| udes a

first lower end 113 and a first upper end 114.,. Thﬁ first ypper nd. 114 of
the regener atZoBh @weein oliej Eeggperatiens gnedium 1s initially released “prior fo its

introduction into the regeneration zone. A partition having one or more openings

(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



distally with respect to the first Iower end 113 and is adjacent the
separation zone 105. As shown, the first |lower end 113 of the regeneration
zone 104 we 2d@fi7a@d by - 30 - a distally facing surfacecofUsdiostounishut or
grid 118. In enbodinments | acking the optional distributor grid 118, the
first lower end 113 of the regenerationgzone 104 optionally is adjacent the
i nner surface of regenerator bottompartition 117. That is, the inner
surface of regenerator bottompartition 117 optionally defines the first

| ower end 113 of regeneration zone 104. Preferably, the regeneration zone
104 is formed as a hollow cylinder, e.g., a tubular nenber, defining a
const ant or embsdiseht, sid distibnsr ritl compsisessapipe @nid! disigbutony vegllelnavir tughout
its longitudjnal l.ength, altho t he cross-,section of regeneration one 104
may form anyhgfe éhﬁS‘?i”étﬂ}’e 8t s‘Kg SPISBRURC 8§ he Eeig%eir%t,mno@’g&,m% YHyhyegcs
hexagon, et Cy;tbhh Mk WitbiitbiPzdni@aRIBEb dhé HTIEOSENeYH fegbiothtich MeGARS froml
cross-sectional area throughout its |ongitudinal |ength, however, desirably
uni f or m cat athgsener egeree atgamraioo peedimsinleds,gthe reggnerationi medivey pessesy, can

be realized. ,[0085] The catal yst r erat.or of the,present. .inventipn also
preferably i H&‘i"l‘.@g’e‘i‘e ERYBER }%@‘Fi‘i@’qﬁ@%@ i%% egﬁefsutgg SFREGYEn Sgnebe ow dense
phase surfacgd 3giboliiinéht PRl RigkRFateIHb EIHTRD teed) @dte ID0HB, di§tHButdlIS Lot | NY
menber is situated in bel ow dense phase surface 133. Eé situating the

obst ruct ing ?mvbbr‘t;ewisufﬁdﬁmlﬁe}ﬁ@bn@e ppevest tha Sack nlowi plesatabyst dnied the
char acter 1 st P 2hner iy BB AEREF 5910 ASTHUSP I P ABEMAD <1 o,

upwar d i nert i@distibuteohe @égeatiation Ardiveaimd et repadrdtivaaone pnd thubpt®sde f or med
in the dense phase 115. By inproving the fluidization characteristics of a

fines- depl et e Epalyst i leacnsFation: shafagtenigics | |y g calalysbIsesgrioTng Hshber 134
B i _ _ ey e
Such ae cat alpEiBf, PR 366" liohiYE, R Cpt¥iach el abaifindl dvaliaph 3pED, Pe

[ 0086] The obstovidihg adowsubeaticihBdelogity, disalidsyd bslofwgimthd regenaratibatzene a8 sc,
grid, conical nmenbper, screen or a "donut" nmenber, e.g., fornmed of a nenber
(preferably #eHiasayihgseparaiongd®Ber) havi ng opposi ng maj or pl anar surfaces
and one or 1ppeni n bRN M GashSi BRAo AN RBROHE BeociRIafbn RrGRad

surf aces, om(ﬁsy?ot her g>c%leef\elll)élc@r’]cap bsl e Sof .s?owi ng the sggeed aan%leirhus t he
inertia of eoptionallyd withal weeactdir oragenehtien ueddngm c dnoliastivel Fx e gpdeans
obstructing nenbers ﬁr il ustth!riat ed in Fi 8 fﬁhg di scussedrfj n_det aj |
above. The OBQW%ﬂt %#Bglr éﬁgeélF'éaBOHiZ B o TE SR PSRRI Y 4 nd
unreact ed r egRRALHRL IcBRAIY¥RFbgtRbratdr. @Me to their light weight, small volume and

correspondingly high surface area to weight ratios, some catalyst particles,

particularly catalyst fines, may become entrained with these gaseous components
and undesirably enter the separation zone. In the separation zone, a first amount
of entrained catalyst particles desirably fall back into the regeneration zone and,
ultimately, are redirected back to the HCA. The separation zone also optionally
contains one or more separation devices, such as cyclonic separators, filters,
screens, impingement devices, plates or cones, which facilitate the separation of
entrained catalyst from the gaseous componehts 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



-31 - toward separation zone 105 and, ultimately, to exhaust outlet 112.
Theobstructing nmenber 134 preferably has a simlar cross-sectional profile
to that oWoth@/oad4al yst regenerator 100 adj acent the poPCriuseosi4ishe
obstructing nenber 134. For exanple, if the cross-section of the catalyst
regenerator is circular at the positiopgof the obstructing nenber 134, then
the obstructing nmenber also preferably has a circul ar outer shape, which
may or may not have angled surfaces to direct catalyst particles back to

t he regeneration zone 104. Conical obstruction nenbers are particularly
preferred, preferably |acking a base as shown in Fig. 2B, wherein the apex
of the coni cplesatbsnventiviLothe merevat of enteainedcatalyst that ¢xigs die separalion gerfer t o

di rect entraj,ned t al,yst i s froms rati.on zone. 105 back to
regenerat i on{hf%?@%%ﬁ’fﬁ/aﬁﬁte&g{e% Wgtbgheagaisr%cfusﬁgﬁ%gﬁ%ﬂ\;\%lsfl%lfu%ﬁzg@i ty, preferably
are provi dedjgos2pt t achFiduee Qbsibionet 4 Partiab Maritudiadl tss-festibndleriews wiface 102
of shell 101, thereby supporting the obstructing nenber 134. The angl e of

the conical pesfsead pidizedebedingacka eserding o yenenbedimepb of Fhe) | pipfebar al | el

to grade prefer j J i i fined
herein as belmnge%t? % %%P%‘grﬁttgéngﬁ@%ﬁ%? géeaagg,ggsl ??ggﬁgﬁqéggﬂe%?fg?ﬁ%% ticles
mekes with adbgratedntu, aibodghcibe deatige diBalobédinecutays rpguneatbra@oacule

surface. Preferably the angle of the conical nmenber is greater than about
300, nore prébebasmplayied i1 Ben-fagaperalen fluiduasd bsd geagioss pref erably greater

t han about 6 087] 1 i . L 21 nbers
134 are prov?ocj)ggpto crgg?gggﬁggg%reﬁ%tgﬁr\x,ﬂg@gg{/sa%h%t%{%?ﬂ;ggt??g%a i/g?w’cegﬁt acts
a plurality o#ftalst feturasl 100 oheror eeredegéressioni hediimeinistall 1 pdrieoor. mbhe :
| abyrinth also provides a path for directing. the gasepus conponents in the
catal yst reg&BSRERUen g@g}u%&?qdn%ngwﬁ 134 apyfexhgpst O_g‘ﬁ?tnglr aggﬁaﬁ%ﬁﬁﬂgi devi ces
123 and to tig &haliShe C%Q&ﬂtéd %a%iysfﬁrggérn@fat&o B ey 'e&%r_n?fé?ﬁdéﬁ@ fifes Of

| abyrinth obstructing nenbers are Il ated In"Figs 2 ."'In order to
prevent st agphicemestaf] iggenchationduglinm foerk canduite @4, egplyst Seaf candeit| 1@Byr i nt h,
one or nore obsiructing nbers of the | abyrinth ionally are formed
havi ng a domﬁ%ﬁtyat eq%%‘el{fglpr P&ﬁﬁocé’gfpgﬂﬁlgﬁ otbe cﬁapgg# irﬁ%en8’iﬁ¥°§ll§}§¥ Bk to
t he regener atyi@dly aepddiPorPdesinOnBietdhctd. OShell2A¥1 AfciudétCantiRhérRdhcdl pymvar d
sl ope preferably forns an angle froma plane parallel to grade, which angle
i s greater tlanthasobiedsurfateul(3) anthdélines regengretien z@reefQehy abwgmhra@ Adgpse of the
downward slop 1.S..- 32 -.qreater .than about 30.. npr r .abl .eater
t han about 4%?“%“&0 esc%caf)g%{tjgf’%%‘ftfl aé?%egrrgﬁo% ﬁi&ﬁlﬂ%%%&é%ﬁ{l&{%c%@gﬁlﬁm ess
ot herwi se ‘i ng Gal&e: paeigRy abiaRradoR ddkedi daedlystesTie sheligeo argideindd6 and
an upper separation region 120., However, in portions of this specification
and t he apperseragationazans, 10ananvhigh igaspors caaporents 8 sgpargiep diom eoiaipethe” i s
excl usi ve of d gi 6 r.e raki an, 1Lqi 20.
[0089] The. o RAAE  aatoHeRELOT abP s arlcRberkr R0BANAR" ICEAE T | o
and i ncr easesegenetatrebctont pasisiof €ldt7i oThd regenerafor gnefetublinéy & voldnetall’07 to
the broad end 108. The narrow end 107 _is Qri en%%gr at the p,roxit([:‘r%‘lg end of
the swaged r &§sssh meaBingihre & amiangisgtatiednen sl resragioremaietiah apeHD- ¢ he
distal end ofnkhfadHeosd he@hen M0 vt i & nok nebditrs URGGHe HRA AN BOO 1 S
25 an wh a

bet ween broken |1 ne broken T1ne "126, IC e provided for
i | lustration fpmgaosfesmateripl cdpablearf withstandd§ the peraneEnpeieds negssary 106 and

regeneration zone_ 104, and broken |, ne 6 separates s ed region,.106 from
upper separ atffz)‘brF%ﬁ%‘&i‘to_r‘fatf 6t TeBRuSERLPRow N VED 7 thes SSParr%{?fg’eglegﬁ?Sac@ﬁt to and

is influid ?{tﬁgﬂ%g%ga P18, Whi BbdtARtihg iisbURASH sﬁ&ﬂd%@‘foﬂeﬁd&?géﬁ%&?r ation

zone 104, an d end 108 I1s adjacent to and is in

conmmuni cat i ore.gy BR4HhES,upgpmbles ep avithistanding et omgh Aempérabugra nedessany Zone 105.
The increase in,cross-sectional area in swaged region 106 is provided in
order to redf@BIYSHhEPSERFRIIY ci al vel ocity of entrained catal yst as the
catal yst pas S[@ésﬂr om t Ne-BASHOM 861 1047 inkRidbe fRsORWeLRAd 1908 268 asirped

region 106. [0090] The upper separation region 120 preferably is fornmed of a
hol | ow 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



cylinder, e.g., a tubular nenber, having a uniformor substantially uniform
| ateral cross-sectional area to provide uniformsuperficial velocity

char act erwetzn@#78@8 entrai ned catal yst contai ned t herei RCThIS2005/0@3840
separation region 120 includes a first end 121 and a second end 122. The
first end 121 of the upper separation.gggion 120 is adjacent to and in
fluid conmuni cation with the broad end 108 of the swaged region 106; the
second end 122 of the upper separation region 120 preferably is laterally
adj acent to the regenerator top partition 116. If the catal yst regenerator
100 i ncludes a pl enum shell 127 and a plenum volune 128, as shown in Fig. 1
and as di scus slisthliynfacingeswtfcaidf distributor tgrignltthe Is epthodimends 1&King thehe - 33

- upper separation_.region 1 r ef ly is Jatera]ly adjacent tao the
proxi mal |y f‘?ﬁ}oﬁ‘@l ‘Bﬁﬂ'lg}‘to% ﬁ’flégég’ @F%{Iﬁgoélﬁe?ﬂ?nﬁéh‘gﬁbe %‘ﬁﬂl‘!’r B0 4e_x haust
outlet 112, ywhimBiy & KExest he IENe saith@ ofGepdidpdidrdbiBhPguGlsn 207 passi bl y
unreacted redeneration nmediumfromthe catalyst regenerator 100, is openly

j oi ned to this, thepnnst safese of regsneratos pattom;partitaniild eptiondly defisesthedustt 129 is

openly joined to shel | 127. Pl.enum vol 128 is formed within the
boundari es og’wﬁf Sﬁ%mﬂtﬁegeﬁﬁ%m&zﬁn&lﬁgdglf%gﬁaﬁg?glgdg%e RSP %P8, A(iﬂ’sti tion
116 defined fymsheak!a Hellow TORinALE NS SNeIblilat 2ferdbid, AERMUD & @bikiEnt1@8 are
provi ded to col |l ect regeneration co_r‘rf)ustl on product and possibly unreacted
r egener at i onsubs@htiglyexpnstany erass-sostionalt hollpw are Hireeghout Hist longitedipal to the
exhaust outlgt 112.. whi IS 0 Iy j©olned u ri,geparat i on ion 120
in the vici nﬁP%ﬁoF“%ﬁuéhﬁﬁ? \%cfsﬁﬁggﬁ%éﬂﬁ%%gfﬁéﬁncuo?’?e]toall'%gy ?%%39\2 %? e

regener at i onv&{i Bs shapes Buetd us tascitdlée] B Sqhhrg, benagast &d Bgeradihg@n nedi um
away fromthe catalyst regenerator 100. Such plenum designs are .

parti cul ar | yregeesraiion AorsidOdi hasing aepstant rosszaertigpab farege Hirpughodh itfevi ces
123 are utilj £ .ar 0l : of

cycl one sepairoglgg?délfl%rlg o’lniﬁie‘gev?% %Qg%mr}éIuglfgigﬂgt%%%y%%fﬁgag%&iw{/@gh%ﬁenum

vol ume 128. dhe sgmsficandlodity, daadbeaptlizedal |y are all openly joined to the

pl enum shel | _127  -and sing|l e, secondary product exit,conduit, e g.,
exhaust out | K083k " | ﬁhﬁﬁﬁ@#@hfee?&nfratoe it the ERERISTY ORI He reeahly

possi bl y unr ﬁﬁﬁfd@ﬂg"{ 89&1‘!1%&1'%% R HER 454 SBNGY R 0 8t lt)aswq%@é ¥idse sGRder at or

100. The plenums | 127 optional 1 n the catalyst regenerator 100 of

the present 133 ekmad pefeasdsmbedsag, it shown dhe chstpctinggmemberis aitmated/iml oni ¢
separators, filters creen i ) ngenent,. deyi ¢ | at es ,or cone

unet fon adelHavalPse e ariie [ Has BO G0 Higalt OoRaIf0A e Go 33 de

| ongi t udi nal gelisstyaage1 PE e ehet-a8plbicl SopliRMBH o RetalkdB partidick idafitextipper end
114 of regeneration zone 104 defines first major Ieng h a of regeneration

zone 104. SedesitabloafluigizatidnechargstaristivonThoehstrucBgmembeonbleis proddediiong

swaged region_ 10 nd uppey. s rat.i reqi. ' rred. to.herein
s 'l udi g 22y S1A P BE} mERRT BRoR rEREHAR R ahd orek L BlubRe i ce
i ndi cat ed hefghied i iR dasOpithst QWBr Bstithprditidthe TRiidigaMoRshatdEristicssofaged

region 106, and the second upper end is the second end 122 of upper
separation r&gfodeplete@population of catalyst particles, the obstructing member 134 also

facilitates the transfer of the catalyst particles into a standpipe, such as catalyst
return 110, and ultimately back to the HCA, not shown.

[0086] The obstructing member 134 optionally is formed of a plate, disc,
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,



120. The | ongi tudi nal distance between the second | ower end and the second
upper end of separation zone 105 defines second major length 13 of

separ at i on0200w073€¥8. That is, second major |length f3 ispPorasarsd4issom
vertex 130 of swage angle O longitudinally to the proximally facing outer
surface of the plenumshell 127. If thg catalyst regenerator 100 does not

i nclude a plenumshell, then the second najor length p is neasured fromthe
vertex 130 of the swage angle to the proximally-facing inner surface of the
regenerator top partition 116. In one enbodi nent of the present invention,
the ratio of the second major length (3 to the first major length a is
greater thanowaid, sgpiitivnalzbye gi0dated, uhmmatdly25¢ dxhBust2o@let310. 4Theor 5. 0.

0093]In a preferred enpodi nent e, separation zone 105, preferabl.y the
Upper | Separ SOREHIGREMbEAR RITEREYN, has s uiss ceseoRtmo e it
devi ces 123zthéﬂ’eét&1§s@{egeﬂé§£9r 1o AfRRAPHE pRGiibAIorek Srtabis mbmea pRseous

conponents in separatfon zone 1 e separation devices 123 optionally
are cycl oni Fosepxampleyri§ thd ictdsesection cofethnsqatalyshiragenerter esirandas, atphhat es,

cones or any other device, which would parate eniral ned catalyst fromthe
gaseous con‘;ﬂ?ﬁ’@ﬁflsoqdﬁh% éq%mgnmg@ﬁgr fgg’ e eﬁéﬁiﬂicﬂ% 1839? e%ltS(lZS, shown
in Figure 1 I}ﬁéi‘é,ra‘ﬁl&%é%rﬂ Sr&eRVudl Qhdpe, R HAYbNBaP nsERVeahbRA stifhdesi Nl et

e

137, which cei vés gaseous componenfs and entrained catal yst from
separ at i on zZomlredi0ftalyst partictestbatly nt the eegeneratipprery 16, Conical lobefructions

Separated catal yst partj.cle roxi mal | i, & espect _to.the . raf1on unit
inlet 137. [@@gﬁﬁrfrﬁ% @é@g\ﬁ?{fyaﬁrgﬁ%rﬁgf%f%#l%r%@&aﬁtﬁlge é%%’g%lﬁﬁggﬁ% known
to those skiyh&enithe b6k 8f the foal bBYnR¥aIEembeliSadiREshe its di¥tal dndGA8, 695,
incorporated in its entirety herein by reference. hi the operation of a

cycl one separderoto, diragoentraings taselygr partieles dinm wepaaliane gonedBhdmagk ten
medium if an rroceeds the cycl on epar. ia gas
condui t 129,reé?ﬂeFa§1°thé’n8 &p 21 y(gr%e %rlglgfe)eeggn%tjg(\?\tm&ttoﬁé @ggﬁaﬁﬁé ptsr%g%%g{)%r}é t hr ough
cat-al yst retpbhided fd agachdbe obxiridting méthberdi3d tortherbirer efrfaepk2 cfeghallat i on
regi on 120, swag]ged region 106 and/or regeneratjon zone 104 Q}?ither above or
bel ow dense KHadkerehy suppertngsthe opsieptingmeapbinl 34 nehe angle v iths genieal di pl egs
136 extend i , ' ] 1 Qg i i per
separation ?“ggﬁ‘@%?&é’mﬁ?—bﬂg‘% ,Ob%lu%td-lél gééd-ﬂl)égtﬁer em%%%it Pre&lr%%lér foblg{ddghom,

t he cat al ystprefiablyisiirpitegthad 8 amgofirapaseonbkichis dafimed bEresmesgeing thgi on 106
and/ or the regeneration zone, 104. tionally, one or..noye.of the _catalyst
Feturn di pl CHRMTELEEREH f ARG R s TEes Pt DR S e
regener at | 0N, Z@PGakfdest J}@?oh&da&@c\/ thel R8N PRrBBSARd hRgle!oF thdlbsnical

enbodi ment, not shown, one or nore catalyst return dipleégs 136 optionally
ext end t hr ougkmbbs isr gretten thapl abost 384 mdra pyeferablyogisater dranochionbdd’, ande

catal yst return diplegs 136 extend thsrough shell 101 and act as the

catal yst ret®PHPIg ?a%%h%rFatle"s&mBﬁQo%%ere of separation devices 123

optional ly ajgpghn direff ofid eadbiinfeatpd prirdlltyicl shRttRIgCRAEMBErs Vi Iharehe HCA -
(or with one or nore internedi ate vessels, e catalyst coolers). In

ot her enbodi prenidsd tagreatd kdahnriathewhenehy eg@ﬁaé«gbémhsﬁmma@i@almgft i oned
externally to the separation zone. 105 [ t.h ell . i ni ng
the separati WkafS%é) @%é?r eFreﬁsec%%‘F%%% F@?\i&g'f %gi?afg?ﬂalﬁnl @&’aé#a‘”?‘g%ae %gll l'y
posi tioned sgpafirtiifeOfsous components in the catalyst regenerator 100, ultimately,

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



[ 0096] According to the present invention, an angle O, referred to herein as
the "swage angle”, is fornmed in a plane perpendicular to the outer surface
103 at vewoexoclBB848The swage angle is the angl e betweenpChaseaspusssur f ace
103 of the swaged region 106 and an imaginary plane, a portion of which is
shown as broken line 139, which planeshs parallel to grade. O course, in
order for the catal yst regenerator 100 to have a swaged region 106, the
swage angl e nust be less than 90. Preferably, swage angle O is greater than
the solids natural angle of repose in order to prevent the buil dup of
stagnant catal yst particles on the inner surface 102 of swaged regi on 106.
Preferably ihatsvage angke30°s ngoreapreferdtiipngraiiontth80 abowtr 45pr @fde madst -y
greater than about 45', and nost preferably greater than about 60. By

provi di ng apeieablyareaterdbaeakaubp0100 having the discl osed swage angl es, a
desirable d se in rfqd Cl : i R 108 i BaRR AR laked zone
104 and the?@{)sgilr Sepﬂ[ﬁ%ﬁ@g&ﬁéﬁ{g&%%ﬁ%ﬁ%@d,%ﬁ}ﬁa@%& obt gilggéﬁ Thiﬁsq degr.ease in
super fi ci al ragbod06andl drowppdrareparatiore asgich é20.r diloweleratmapyrtiony eEdvery and a

te decre t] . [.0097 | es,
ey o] Cascuigaee anHhibe BRI SR R 5o indterensh JBE hertt SOEHERE %1 1 1 ow
swage angle zgg?qgie%géigeé ?Hﬁ% s%éédi‘é@ioﬁfmé?aﬁﬁfbiigl*g t&_@ép%l-a‘ﬁ%h 1§36t 120.es al ong

the inner surtface I ning swaged region 6 - can be controlled
and reduced [6989%)r ovi diThy svragedreghmr K6 includeszandreny pad 20%and mbroad kthn, in

t he swaged regi on .106. The flujdization nozzlgs injiect flui g [ on agent
into the smé@gdmae‘@?%??eié%lﬁf’ml ﬁr@s§-ﬁqqﬁpnag@|rqaa ml@é%tagoﬁae&dﬁﬁa@gh{e he flow
of catal yst ypaddfl ®R. fTRMARe sieaeds bagitenatklé phatkal@droggenaiagtidon zone
104. Thus, the swage angl e optional léﬁai s less than 30, |ess than 20% or

| ess than 10egiBy 196owhilerihe droasnensihvdefe ispdenied adiacens ihe distal earl ofdthgt h of

t he swaged region 102 re ed reby. PRV € QU te
decrease in St“%ge Fe(gbq}’cf@nﬁce%@ g’utg gvg%?eg‘itrgg% \l}mﬂtoﬁ\{%)g%ﬁqgfﬁg&a caé1 glligsslt
regener at or RQaR6kENENd 024, Rehibh @ELplovided €ot 11stratjdd0@iBposes anfyt eBokerd
enbodi ment, the catal yst regenerator 100 includes a di strig tion_zone 119,

whi ch i deal 1ljnej 125geparates awBetdiREione 00gd Fegscaeraban Zerke 1 Wp and prakgh ling j ¢ s

i ntroduction 4nt i 4 i i i

i ntroduced t Posﬁg?f%%gesgvgggdr]rgérgg&dr gjghe%(g@gltp ;,grnse &ggﬁlgn%gg%%%cbdn g? %’l és‘TPr(I?LVg4 into
t he di stri budndoin74eoeedttd adjhcetit3d andistiorfluid canthibBicspawith ¢lse fitseupper

di stributi 119 f th t] .The di i but id
118 1 nol udesenéni doit TRoFREeRERnL Aot D, ML M) ol 0818 Sael it g ©
plurality of; ﬁg& NG kIR i He%ﬁ%ﬁse]aﬁga}iontrgéieﬂgbo‘Mi‘?'s@;kbrzltﬂﬁ zone

0Tl

regeneration nediumis released into"the regeneration zone 104 fromthe

di st ri but i on1Bon&hd Ifcreabhen caosstsgstionak geeadn awaged ndpieti et is pieaidedrsl udes a
di stributor grid provides for_desirably even r ration di,um

di stributi onQr_@FFa‘ioarE WS _?iSEI%‘?rﬁel*ﬁ Ve&i‘?céfty?/qfﬁﬂ'trﬂfj‘ﬁgg%_rﬁ]@?tlaféﬁ%ﬁ%%afts}faf?eﬁ_ut or
grid 118 progbiand her@iidhd 10N thaeNAALADSODS! dHdped gkt PO Ow super fi ci al
velocity in the regeneration zone 104 as well as in the separati on zone
105. [0090] The upper separation region 120 preferably is formed of a hollow

cylinder, e.g., a tubular member, having a uniform or ‘substantially uniform lateral
cross-sectional area to provide uniform superficial velocity characteristics for
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



[ 0099] A catal yst feed conduit 109 preferably is in fluid conmmunication with
the regeneration zone 104 and directs an at |east partially coked catalyst,
pr ef er ablwoi2no6278d48i di zed manner, into the regenerati onprzons2d8443ishe ough
catal yst inlet 131. The catal yst feed conduit 109 optionally is in fluid
communi cation with one or nore of a HCAz_a stripping unit, and/or a

catal yst cooler, none of which are shown in Fig. 1. As shown in Fig. I,
catal yst feed conduit 109 extends through regenerator bottompartition 117,
the distribution zone 119, and distributor grid 118. Thus, the catal yst
feed conduit 109 preferably rel eases the at |east partially - 37 - coked
cat al yst di r eppérysepatation hregioagEiie peférahly ziorletetadly adjadent o dhel prsémplliase 115.

Optionally, sone catal yst regeneration urs within catal yst feed conduit
109 as the at@R&RYfe fp%%f"f’%?f@‘ %ﬁgg%}st transported therein contacts
the fluidizatggy)agent THeYddnaddt! outidl 112, U\E}Hi%h ﬂelegézest@gaﬁafoﬂr&n@dwnm essure
conditions. 10100] I n operation, the at least partial coked catalyst in

dense phase rlcﬁiuctsntaadt 90$1b1§§gam®a@t§d orcgmmnn rm@bumecfrcun aﬂmeqeitalysat i on

medi um i nl et&%g ;gﬁer con dltlo({:l% ﬁ quve to at ea ar.ti
regenerate t e&?ra L 19D 15 PEIHE PO GLAG top L a’lnygfmoﬁseﬂ)ﬁ@lf”é 8“8‘?5 on uni t
100 does not GRWoHES 3291i$ bpédiijbiabd 9 PRndh%shellNEN. t PRuGAl WINAE 10886
conduit 109 passes through regenerator bottompartition 117 and rel eases

the at |east fqulwmy thokamdenessefypdenum shebl 127 asdeiped tetheaggenerataritem zone
104toformth 1 ut S| r di st ri bu rid
118. 10101] AP Y“&Pﬁ? PG o 1Ry g Pl oH 88 427 e Blhoflohale 18, 20,

with the regereprivided 18 WollediOdgentiionadoibustion pioduet dntiOpeksib®E tiirehdied at
| east partially tgﬁgener ated catal yst away fromthe regeneration zone 104 of

the catal yst Tegcgeispnme 1111@0@@1%8 96 tmm1é|199 e irech thﬁfema@mal A tBhown,
catal yst ret %f(ﬂal&éguﬂacl'l Rich 13%%1343(?13%?%& ﬁépe}féﬁpaa%@{oill%‘éﬁp dleglqpt g at

D

| east partially regenerate cat t he
cat al yst r et widinilyl Of iplenum fvbhmré C28MmBxhadt |ont1ew\41121 cansss ithS regena@ﬁdrw ts
that direct the_ at Ieast par t aII egener at ed cat al yst, back to the

hydr ocar bon CRbEstOndROdysY WS%F&?qa geperation; mediymcakai Ko bt a

catal yst coolgsiysGhedia Pm 166, sfsql\eﬂ fil%r%lﬁh?ﬁ%si%-l AN oulaBl e G ext ends

t hrough regener at or tompartition , Istribution zone and

di stri butor gmbddﬂﬂ@is wheh pphﬁdﬁabtfyepmttbndbvicm 23 eregsilizhd Sor é:da'&;pldnut

bel ow t he dense ase_surf ce 13 i n oth r _enbodi gents
ik 3

shown, the caFAM%R 1 Eiglis, ﬂberaiwgﬁaté ﬁyﬂa@%S%Pﬁ@%éﬁgeelom? 8 aip ace 133,

and opti onal leynhgxt ik 1'1Qtv(i1a ﬁl&ﬁmﬁrvdﬁﬁﬁ@l@é trhe Qbéxﬂﬁtggﬂ%ﬂh&ﬂﬁl d&dbe
region of the regeneration zone 104 above the §ense phase surface 133; the

swaged r egi onllig@nlygjetiedrtotthe plgnyor sl@élprﬂatandra singleosecondary Prednict exit al yst
QuLT el 192 oBiSELly SRERSol AN, 20W SESAE TRL ARib EATIIRRAERRS, PLoce
133, the Smgﬂﬁhlﬁl?gh@hcﬁbﬁ@eg@iéfﬂt@ﬁ rhdiRurkl R R AA¢dtalfstI e gineihtdr2(DO.
The plenum shell 127 is optional in the catalyst regenerator 100 of the present
invention as some separation devices, e.g., certain cyclonic separators, filters,
screens, impingement devices, plates or cones, function adequately with direct
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



-38 - [0102] The distal end of catalyst return 110 optionally includes a
fluted nmenber 135, having a narrow proximal end and a broad distal end. The
narrow prwpiznedo7esid i s attached to a tubul ar conduit thacTfuseevsoemsual yst
return 110. The broad end forns catal yst outlet 132. The fluted nenber 135
provi des a catal yst outlet 132 havi ng-gfcreased receiving capacity and thus
facilitates catal yst renoval fromthe catal yst regenerator 100. The broad
distal end optionally includes one or nore grooves 138, which further

i ncrease the receiving capacity of the catalyst return 110 by increasing
the receiving area of the catalyst outlet 132. [0103] The geonetry of the

catal yst regbHer dherlongitnding) disiangeeisesn thersecond lovess dindedid tha sefepd 1, t he

geonetry is conprised of a.first i | C , ' e
regenerati on" 2 eenid)% , SeBarSg?I? 73 gg%idggﬁéssgég?ﬁ %?(\%h]ie}g%hfcé;rp Erggﬁaeﬁoglwaged
regi on 106, gz 1S5S EORNsh, G¥ddnddnajorlenglin® & méairedrfonh aertét 2BELE swaged
cross-sectional area than the first cylindrical nenber which forns the

upper separ atign Orlergiginefly to tar proREnly facme Qi utfage %ﬁthﬁriéefblim file of the
regeneration n 4 { i r r ation
egi on 120 1 R0ttt UGRRRCY RS ke Hit in: Apibilhy SRBE AERRY 2

sui t abl e geogebhd mapdrdp@sh ipric medsyred filonathe veetkx 1B0rof € dwage tanglang thear

prisnms, and frusta of pyram ds, rectfa gul ar and square,wedges and frusta of
pyram ds, anBroyEpilligheaie, ek siders) © @eepfe&@%aqoré% PSEiORo K- PRi What oi ds
and frusta-t i . = | bk

'l ude: vari GaoacieppaaE Breslin}irh, tb IR mPRRoh Reldrlth IR 183
dodecahedr onfirst neajor length lveid repeaterahah ¢ Onbptidnalp lyesates thaxdl 2phks;j 2.8) 3.8ect or s,
and torus ang barrels in their circular, elliptical or parabolic fornms, and
frusta there 1O,°rg?é)neral and right. Miltiple occurrences of any of these

geometric _Shﬁmgg%def i ni[rf‘QpEH?&réHerﬁRfcﬁm@ﬁt, {HeSepRIBAES el 108, prafgabt) the t he
swaged region 106 and/or {he upper separation region 120 are also within

t he scope of upperappeatinusgioh 120dhgeafs metudesnornol more separaiddeviets483of t he
catalyst, SRR 0Py Ak ACEAL PR3 NPT ERL AERST 5 GBI
regener at i onggRpdoht Yortf 10be caleakdfatationdesseat 129 dPHRasIHS ard NoyclRidr esent
invention, the regeneration zone 104 desirably has a height from about 6
' separators, filters, screens, impingement devices, plates, cones or any other
device, which would separate entrained catalyst from the gaseous components in
separation zone 105. The separation devices 123 shown in Figure 1 are cyclonic
separators, each having a separation unit inlet 137, which receives gaseous
components and entrained catalyst from separation zone 105, and a catalyst return
dipleg 136, which directs separated catalyst particlés proximally with respect to
the separation unit inlet 137.
[0094] The design and operation of cyclone separators are known to those
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



- 39 - feet (1.8 m to about 30 feet (9.1 m, preferably fromabout 10 feet
(3.0 in) to about 20 ft (6.1 m. The upper separation region 120 desirably
has a heiwbt2odwmosa4about 20 feet (6.1 m to about 50 feetCTAB250)3840
preferably fromabout 25 feet (7.6 m to about 45 feet (13.7 m and nost
preferably fromabout 30 feet (9.1 m._g9-about 35 feet (10.7 m. Thus, the
total sunmed hei ght of separation zone 120 and regeneration zone 104 w ||
be from about 26 to 80 feet (7.9 to 24.4 m, nore preferably from about 35
to 70 feet (10.7 to 21.3 m, and nost preferably from about 42 to about 55
feet (12.8 to 16.8 n). The height of the swaged region 106 depends upon the
di ff erence i othei embodimebts; weteshowme theegrsalzstirowrn ditdegs2IBGaontnt ity ereyemer at i on

fei ahi s and BOEE: SFESiE5EBE PR AL e S PRBLEns 104 o DRATPHRE B ¢ he
catal yst reggpgs &tRE cﬂt@%sﬁ%ﬁﬁﬂgip'@sQB6b 6 P HRIdeRe FIRKE U1 T@ithé Wilort O be
regenerated therein. [0I105] One aspect of the present invention can be

expressed byof like reganerasiont trmef 1@y thatt is afoveathel denseephasei HG. t Ha ig al yst

regenerator to . the |len of the regene ' Z0 n . .th tion
zone. In oneelgh%(g eﬂ’gﬁg%, é}toﬁren’ Pat PS¢ ga as¥ g?%?lhd;@egs’. g&%@@@f&%&f%

kg/ sec/m), opirb@ihobbstrugfif@ip@ite IBAN Hh. Yt ldAbGeE ehibolindnt kg sagly¥) réewech
optionally greater than 6.0 [ bs/sec/ft (9.0 kg/sec/m, based on the total

| engt h of  t héiplaggdAeérextandrihrongh shelht Gk prshadi @sdbe cqtalysiopeiwin dh@ daetiscul arly

preferred embodi Feite otfhs%g{rgﬁén‘? dgxgicés?gzg]?ét%g}fraggzar% qgﬁ%ﬁ&i‘él@éeﬁﬁ*}%@g y105 to

t he hei ght of™% Re regenerati on zone e pre

great er t hanfldid2&omrhubicattod with. e HICA (of withOond O &ibkd Mnterheedénd ediseBNt  of
the present invention, the ratio of the average crgss sectional area of the
separati on zB8e %MYsiocQi@shy dpagfber embedigisats, divh illysteateds rthe fePatadther at i on

zone. 104 is yB : t about
3.0, and mspé‘ggég?%??hlg} 0{1‘%&0%}%%1@? tg?%%eg&gg%g% yréef L@qoﬁgﬁeéroréthgfs ltl‘Tmower
range |im t atdbndefinirde the geperatidn aone A8, bP4a rambindtionsof @wtereily and

cross-sectional area and the segﬁration zone 105 has a second average
cross- sect | oHEFMANEROSTHONPSARATMIAN 29N} { he second average cross-secti onal

2152 L7 11 00, 210, MRS R A g st it b

o the ‘-‘sw1age -anéle”,-is formed in a pl;me perpéndicular to the outer surface 103 at
vertex 130. The swage angle is the angle between the outer surface 103 of the
swaged region 106 and an imaginary plane, a portion of which is shown as broken
line 139, which plane is parallel to grade. Of course, in order for the catalyst
regenerator 100 to have a swaged region 106, the swage angle must be less than
90°. Preferably, swage angle @ is greater than the solids natural angle of repose in
order to prevent the buildup of stagnant catalyst particles on the inner surface 102
of swaged region 106. Preferably the swage angle is greater than about 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



[0108] Figure 4A illustrates a partial |ongitudinal cross-sectional view of
an fluidized bed reactor according to another enbodi nent of the present

i nvent i orwoAsocatteeus, the fl uidized bed reactor is a cat acyats2e00sgesses at or,
general |y desi gnated 400, although the features disclosed in catalyst
regenerator 400 could al so be enpl oyed3¢n non-regenerator fluidized bed
reactors. The regenerator 400 of Figure 4A conprises nmultiple |evels of
obstructing nenbers 450 spanning a fraction of the dianeter of the
fluidized bed 415. Thus, each obstructing nenber 450 forns a "notch,” or a
conpl etely open area opposite the baffle within the_plane of the baffle.

[ 0109] The cataal Wonﬁelj@fgem.tbr@uc@cbhx)PI%’&BH&%%P%WE@( flpidization AeRAES, B00, a
catal yst retyrn 410, one Qr. re g | . i i Nl : e or
ot 6§ egener v i Tinell adEiof A8 T, BfenAuSE Sbats S B idpa B O
shel | 401. OhoepiPiiits the switzedl rédisn 166 atithe diush goifadecif@rtefadilitatd the flomedfy

exenpl ary, and the placenment of regeneration medium feed Qonduitsgﬁz4,

cat al yst ~ f eeeatalystoparticlas grom: he syaged: gaginmn 100 aglk toregenealiam 3Bt 9%0f t he
catal yst reg 0, \ r i P11 desi HLn@es. Shell
401 i ncl udes%gﬁiﬁenéwiguﬁgec%p@r? f %S %gs?glrggggr’flg%g?ﬁg%gr’lggﬁ%%es the side
wal | s of denpg pphiadiag4low swagehhgle, tha latgithéiasl lepgth bf did ywagod exgiamt(Y yst
contacts a regeneration nmediumunder conditions effective to at. | east

partial |y reg&hbs deduceddherghy Providing,a commsnsiape qecrggie 4 &b pradupiian
separation z i ! S f

cntrai ned cabary Spocisfhd" B b ARG LA ATRACE RS BRRRBE Ab R0 IO ¢ on
416 and the imgati@rator bottom partition 417. The regenerator preferably is
a "cold wall" vessel, ani there i.s an_jnner insulatingJ.i.ner . of
refractory n'éqoé)g al, ndt2 PRI FWE?&IFWQ{;IHEI alﬁjiée%eﬂgfaforg]&f.lmﬁgd?aresult,
it is not negeaaRtivnBAL 119)avEBRidealtP s Hifentddr bBISky Phe RegtRérlidrAoneamabl e of
W t hstanding the extrenme tenperatures necessary for efficient catalyst

r egener at i onPribbeite intraduetiore pue dhé mgenkrstianezong2iD4, segeneration sredgmn ds 418,

and obstructing e rs 450 should be forned of aldoy steel 4. ... 304H SS,
capabl e of Wil @P&%&‘ﬁﬁl@r@eh‘?@ﬁoﬁe@ﬁ%@}eﬁa{tﬁpé’%e‘{\‘é%etlg%%??}ldfl@? 1%}{;%1%? 3}1%
regener at i on giskibdioh F8he $MPON BRGIbut@NERIdOT18Ndeparath thd@iseidbution ebhdgl grenber s
450 are refractory lined to protect themfromerosion, - 41 - [0110] The

| oner. end of fiohethtemgenepiionezonesl Ods Hesr distributonyerid Widsingludgs pug phgosr f ace
of distributor grid 418 ..10n. odj t cki . i L d] i.but or
grid 418 (e. &g’eg?r 1?nerrrneercll%+lr1191 1[a%%sgialr a{egrii,olv?’ng I{ﬂ%maege%ﬁ%tgg]?&?%oend g%ﬂgulgpphase

415 opti onal liyetsS 180 aesticht Rdidhnnks eperettion ofnedimpe nisr adlessed dhtoorthe

partition 417. That 1s, the inner s _r%i%ce of reﬂlg)ner tor ﬁé)ttom artition
417 opti onal IrsecaerRfipegonhd04 Snsr thendisisputdh s s o The gatalxst LgERRAtoT he
dense phase 415 s £07 iBf @Afna shQJ' R n%‘?c{ ’gﬁvﬁes Rrt HoLBE, TeaPer
defining a constant or Substanti a |'y constant cross-sectional hollow area

t hr oughout i tregenerngoh uekidhah digtripation catdetauigticst hEhe disgBusien zown 1 ¥ ankknse
phase 415 may form any, of a variety of .shapes such as cirgle, oval,

squar e, hexagj’é?‘if,lblg%’rc.g“@y %gopﬁ'oﬂiq_%g}ﬁ}f aéﬁ@egaghai@n%é ﬂg\ﬂrﬂﬁ‘ EcBnStant
Cross-sect| O@ﬁéerﬁﬁﬁﬁvélgéi hREtedehsraliO SbdeUdianal wdiPadinhne BpARNBh zofE ST I abl y
uni form catal yst regeneration properties, e.g., superficial velocity, can
be realized. 1068111] The catal yst regenerator of the present invention also

preferably i es a pJurali f obstructi nber s, 450 situated above
or bel ow deng&)%ﬂase su*Fﬁ@i?’SEl)é?.a °R§9%1}1&§2Pfi?%%g@b‘étﬁ’éﬁ?ﬁa“' W8P 450 are
situated bel qyy %&ﬁ&t@aﬁoﬁéﬁeam 4B dirBots Shta¥abdsD Paifally WBREd bathiyRy

menbers 450 within the dense phase 415, the fines-depleted popul ati on of
cat al yst par tprefemblychna Sutdizedtmamst,rintol the fr¢ggheration £ene t(}i’aﬂmxggrqa@ﬂysts. The

pwar 4 1 mor 1 PRIEL ot DR GRaLEs v oneaos AP e il i Bl tbERe SRR o, o

in the dense plasendtd 8f 2 BCA, myteyiingutinend/loth ditabi olehameof @hiditares of a
fi nes-depl eted popul ati on of catalyst particles, the obstructjng nenbers

450 al so f acishowatie Higel .t Asndhoen isfFighecaalys fped congduiti K)9extends jhrgugh

st andpi pe, such as . cat st._return-440, ;. J1 11 At : - HCA, not
shown. The dirggg}%aéorg%cﬁjc\,%%%aﬁtlglgéi ]tqgﬂlilh%a ‘?@g‘éﬁ‘}ﬁag‘% Fﬂoybs zriluc tlltlﬁlg&rr}gnn‘gers may
vary widely deggenpigiHercatiyy féedcdondsit 10 picterabll telchdes thih sitlease patbiellyveen

| ongi tudi nal | y adj acent obstructing nmenbers is greater. than about 0.5
nmeter, greater than about 1 nmeter, greater than about 2 neters, or greater
than about 5 neters. In terns of upper range limts, the distance between

| ongi tudi nal |y adj acent obstructing nmenbers optionally is |ess than about
10 neters, less than about 7 nmeters, |ess than about 5 neters, or |less than
about 3 neters.

-




- 42 - [0112]In the enbodi nent shown in Fig. 4A, three obstructing nmenbers
450 are shown, each forned of a plate or disc, which covers a portion of

t he | at erwb 20060053648ect i onal area of dense phase 415. EaebTalsseosmoaeisisng
menber 450 has opposing nmajor planar surfaces shown including a plurality
of openi ngs extendi ng between the opposiyag maj or planar surfaces. The
obstructing nenbers 450 al so direct conbustion products and unreacted
regeneration nedium if any, toward separation zone 405 and, ultimately, to
exhaust outlet 412. In the enbodi nent shown, each obstructing nenber 450 is
formed of a "subway grate" style obstructing nmenber with nmultiple

i nt ersect i ngCoksd; Oﬂé}ﬂ%ldlrmtb’c@ Hisgagaeiionyzonp &M HyPrmmn dense phersrl18f a few

i nch b 4 : . : _
g a8 showorioti, S8 Cr BB Gon RotR ARl RObEM 1654 ong
line 4B-4B. A sthiexdl,padttdly ciked reatlysngranspoped tA&eini ConfiwidTae Mihidixation

substantially planar surface having openings therein to allow the passage
of catal yst P& typigallsgin vaderdygh temneestwieapd pemsswiacrrdiiersaki ng up bubbl e

formation in e phage.415: T RuE '

| aterally ex!@mfng pl gﬁ%p%?hoa{l’ g%v%ﬁéagtga??%&%kg&%% erlﬂszfg,ge I?Hr%%(% EJ% ng the
open area 452ontagtt iaoregéieyation mediatereckived vad oegen&@tion priedien dhley(s)ot Eat er

t han about 70% and npst f%[gef,erabl greater_ than about 90% of the area of

cross secti oHAferatoBAIions PSP BrRiL AL iyt Pekally dggsneralt die ablpastneartielbs
mul tiple | evebigq( {168, Qf]glezjggé’iﬁ}atﬁfn Uit %‘éf‘%{%es%ﬂﬂ&'&&e‘ s 6h $ofte 0

spanning a fraction of t se phase 4 aneter so each obstructing
menber 450 f di9%s then” thet citilystr fapde cormtuita 14% Zassis ethcarghl edgehgrapebotianea 452

in the plane of..an ghstructin r 450 is preferably, less. than 75%

preferably | Bg"gltlf)ﬂaﬁ% b ¢ %&W@%P@F eﬂagl?ily @F&é@ﬁkgﬁbgﬁfm%“&ﬁdh%bout
25% of the t adcherafi® $08€ADE ABAorAT B Rhsd Pﬁas‘éeﬂﬁf Wile phdsing E}%I%%{ ably
adj acent open areas 452 defined by adjacent obstructing nenbers 4 are

stagger ed wi distnitsdgregrid 118. one anot her as shown. By "staggered” it is neant
et 2 acemoRgn & 098 I9unol Ll AL RUER 2 BOS PRGERm bt noVT
sone extent. tfdiekdloMtidioraie AOVIhASathigbt@teH | 110Hikce@! thé At Tk DartiNg,
regenerator 400 optionally has a swaged region as discussed above. ~ -43 -

regenerated catalyst away from the regeneration zone 104 of the catalyst

regenerator 100 and, ultimately, back to the HCA. As shown, catalyst return 110

includes a catalyst outlet 132 for receiving the at least partially regenerated

catalyst from dense phase 115. Ideally, the catalyst return 110 is in fluid

communication with a series of conduits that direct the at least partially

regenerated catalyst back to the hydrocarbon conversion apparatus, optionally

after it passes through a catalyst cooler, not shown. As shown in Fig.1, catalyst

return 110 extends through regenerator bottom 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.



[ 0115] The separation zone 405 preferably is forned of a hollow cylinder,
e.g., a tubular nenber, having a uniformor substantially uniformlateral

Cr oss- secwoanalo7a648a t o provi de uni form superficial vel ®@CiItUg2005/043840
characteristics for entrained catal yst contained therein. Optionally,

catal yst regenerator 400 includes a pleggum shell 427 and a pl enum vol une
428, as shown in Fig. 4A [0116] The exhaust outlet 412, which rel eases
regenerati on conbusti on products and possi bly unreacted regeneration nmedi um
fromthe catal yst regenerator 400, is openly joined to the top of .one or

nore separation devices 423. Plenumvolunme 428 is formed within the
boundari es of0182kenum shb¢ idisgs Zndved etalyss rptgi 40 vptienedlyr ingladesr atflatedt op

partition 416. The num shel | 427 an | .enum yol 28 .are provided to
col lect r egewg?éfli l)ﬁ ’318’%53[ ?%O%PBO&HE% eﬁ‘ﬁ‘a"“@oasé‘iOB‘%‘@?%ﬁaﬁr%&ct@ﬁ 7H8&ner at i on
nedi um exi ti p@xiRfanatis eadhel 6 8 uidad dRduit tHae &rishatalyst&iial 10t OTHene

exhaust outlet 412, which is openlgﬁsm ned to separation zone 405 in the
vicinity of ploedgns vemmenta]pg outlethBizs t The flited mambesdidvayevitderea cadgpler at i on

Che oat al yst ORibokia ARGPEa BB et NEisRAE PabaRoaRE Tk Rt RGN, (71

i n embodi menfesndMaE Fromn Rhellcatalyisy rOfensrpaT BI0. OITHieBioad sdiédB ead ®pubhdliyzed, for
exanpl e as shown in Figure 4A, where two sets of cyclone separators are

joined to a BichypeoakRRore grrovey 138 swhich figther insredse theregeisinggapagityenum
shel | 427 is i ‘@uH‘ : t

i nvention asogg}ﬁe&se Szgrra I 02@3&,’%&%@%@8&%&%&@%aﬁ%g?g&gﬁ%%@%goz‘?g{ ors,
filters, scrégns, inpingement devices, plates or cones, function adequately
wi th direct gaseous proguct rermv;;ll. [0&%7] In a preferred errbogiérrent, t he
separation zBHE3kos5, plBe graBFly phibe Fpigorst FeggRURior he? BBy vaphwidedesone or
nor e separ at | ; - 4P L : LAl at al yst
from gaseoustH(:%(r)érrnf)l)g)ﬁieI{ril(t%;t ‘?ﬁﬁgéé%\dgkg'??%%@yzféﬁgﬂlgg%é&engEe elflg]%l?agn evelg’ces 423
optional | y amhiahyfolronihe reggeraiporzene 104, tagrastial soniealsctiomypihichefoems tievi ces,

pl ates, cones_or .any. ot devi ce, i ch woul d separate enttai ned catal yst
fromthe gas@‘g_ﬁﬁ?dc@ Bnﬂ(ﬁ s'mﬁr? §%ﬁ%¥2¥ﬁ%%ﬁﬂ&“ﬁ’6§%€ﬁ@a§é;S‘é?Péﬁf?fo?P evi ces
423 shown i nefos@bdcBiofid) /6L tRMCIRNMIGt SPRRRRALIBmMbRAC WhidY Fddhsahs ’ppsat i on
unit inlet 437, which receives gaseous conponents and entrai ned catal yst

from separ at separationeregi® 120d Optiomally.sther geomeiryli ¢fl ege 486 mohiathtldi r ect s

regeneration zone 104, the swaged region 106, and/or the upper separation region

120 is comprised of a single, right frustum of a cone. Other suitable geometric
shapes include, but are not limited to, triangular prisms, and frusta of pyramids,
rectangular and square wedges and frusta of pyramids, and pentagonal, hexagonal,
septagonal and octagonal prismatoids and frusta thereof, general and right.
Further non-limiting examples include various polyhedrons, such as a tetrahedron,
an octohedron, a dodecahedron or an icosahedron, and conical spheres and
spherical sectors, and torus and barrels in their circular, elliptical or parabolic
forms, and frusta thereof, general and right. Multiple occurrences of any of these
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



-44 - separated catal yst particles proximally with respect to the
separation unit inlet 437. [0118]1n a preferred enbodi nent, the catal yst
regener atwo 24@078638| udes a di stributi on zone 419, whi chpcaamsbkéogoszs4@ri ent ed
bel ow t he regenerati on zone dense phase 415. Prior to its introduction into
the dense phase 415, regeneration nediygis introduced through one or nore
regeneration nediumfeed conduits 424 into the distribution zone 419. A
distributor grid 418 separates the distribution zone 419 fromthe dense
phase 415. The distributor grid 418 preferably is forned of a grid or
screen, which includes one or nore regeneration nediuminlets 411 (as
shown, a pl ufeat (1.§ nof tor gtgrin SOafeetof®. iImad)j preférablgtfsond hbput 10 feet.Owh) th t he
regeneration nediumis released into the dense se 415 fragmth

di stri buti on2b3h@044@.1 me Wt‘&’?ﬁ%iepﬁl@ﬂ%é‘?gé‘?rb}ﬂgaﬁb@b]rl}‘e‘ﬁﬁ 3 éﬁ%t%%‘} udes a
di stributor ggifoproyi rabgRSS0 ARt Y SOVER FERRRSS AbiUbolBLY BBt (7.6
distributiong%%gggggi#?g??ig“lgﬁi distgibutﬂg% zongyg%@ aﬁ distrgbutor
grid 418 prow)de abbe 4rdfhet (Iham)adhdanvstgeefofablyr Gromdabogt 80|feet (SUpm) to ci al
velocity in the regen iQn _zone_ 4 as well as.in the dense se, 415.
{0119] A" car aPgS 35364 (LRt (1B fepGRmEnod eahet shair eBGRRE PR AR on i ¢
the dense ph?ég%ngr%éorgagn@ OEGHR RNk ARABL6RSIH0 Akl 3(7.9%%.4:@%%%&,

1
preferably ina ur di zed manner, into the regeneration zone. e catal yst
f eed condui t pt@@alytframabbyt 3% ta A0 ffeeli(d0.2 dmAld vat drshmaest prefmably fronbr e of a

Fo an ns ShefAdin skefl oo Bl looles ma W etad SR o aten e fodgn
regenerat or '&@ﬁénﬁﬁhg&{ tHetdiffBreftide/in difvBetet Bétﬁ/ie&Uﬂ'ie%?ZrQﬁ& A, 120N8d the

distributor grid 418. Alternatively, the catalyst feed conduit 409 can
enter from t hegesérdornzon £04 @sd aipom ilasy desined weivale anglens@f gorrse 1atEsr omrhus,

the catal yst fegd.conduit, 409 preferably rel eases.the at |east p jally
coked cat al ygwa@?rrh&%g@arfdhﬁgmfe % 3 rp%gﬁgﬁ%lﬁngrﬁte; Zx}]teheF %V?r(i)oru% %Er’l%se%&%se 415.
Optional ly, SeEFsCaég@n¥stor! @@E%Eaid'iﬁg"l oA el smblikithof doitbd ! datdlyst aedbeondui t

409 as the at least partially coked catal yst transported therein contacts
the fl ui di zat¢gsneratpdiBereitypi cal |y air, under high tenperature and pressure

condi ons. uRPELCT ESBBLAgEhe Bhyligulon B PP ARESA ] gfggel | <09
| east parti althe floakeste ofitcatajyst ehteting dhdicatabyst repgheantonftotthe lemtisefthase 415.
L92201Tn oper ot Stion Pond mnd/ae e Bantation 2bns.C s ong enboitment, theane 128

greater than 0.3 Ib/sec/ft (0.45 kg/sec/m), optionally greater than 1.0 1b/sec/ft (1.5

kg/sec/m) and optionally greater than 6.0 lbs/sec/ft (9.0 kg/sec/m), based on the

total length of the regeneration and separation zones.

[0106] In one particularly preferred embodiment, the ratio of the height of

the separation zone 105 to the height of the regeneration zone 104 is greater than

1, preferably greater than 1.25, 1.5, 2.0, 3.0, 4.0 or 5.0.

[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.



contacts a regeneration nediumreceived via regeneration nmediuminlet(s)
411 under conditions effective to at |l east partially regenerate the at

| east parwoabdep7scaked catal yst. |If the regeneration uni tcEa32e50338001
include a distribution zone 419, then the catal yst feed conduit 409 passes
through regenerator bottom partition 44p/.. and rel eases the at | east
partially coked catalyst directly into the regeneration zone to formthe
dense phase 415, without passing through distributor grid 418. [0121] A
catal yst return 410 also is provided in fluid comrunication with the
regeneration zone. The catalyst return 410 directs the at |east partially
regener at ed [0208] yst dRigyref 40 tlushretes egeanéal dongitndingh erasé-sediionalayiawyadt

regenerator 400 and, ultimtely, back to the HCA. sh , wcatal yst return
410 i ncl udesffia fb‘é‘?é‘?‘ﬂ/g’Fdo{ﬂaﬁ@f "’fCGPrad&%éP vt ?h%’ngi%plgﬁg\t,\&pg‘ret ipiﬁsg'é
regener at ed 6ol oS tad AWHIRRTRBES SedRctof HRlkalyst riifnEAlah] Yirdllgt urn 410

is in fluid conmmunication wth a series of conduits that direct the at
| east parti addsignatedeifer asitteugh dheafopbreshdistlosed intvetatisti ragsnerbion 400 998ldsi on

apparatus, optionally after it passes £ hrough .a catal yst cool t shown.
Ag ps hown in ?0986 9}}5&?%@,’ S‘E el 9%‘%‘“?%’9%? rﬂi‘ﬁf%%étgoeeﬁlcfga ?%r bﬁ%’ﬁ r?%%‘gﬁaé?ra or bottom
partition 4l4sp @A%ﬁigﬁﬁéé RRIENS Gevelk S adttraétaier inbbers 4F0i shaddi8g aand

e

preferably extends into nse phase 415 bel ow t he dense gQa,se surface 433.
However, in fadien ofibodiemeter of theoluidizedhed #he Thusargeht obsreling MeWbEXt ends

Separ ot on Ao orG8. & i ke satapyRl Safl sk BhoiisTE e b M

receives catﬁllaﬁégf&legmﬂehe dense phase 415 or the separation zone 405.
[0122] Preferably, the catalyst return 410 opens into the densetnghase 415

bel ow t he | old0%host obke catelyshiperesrpier copPHRSA catalyy fgpd Gpndint,#9% A

Al ternativel t he cat gl,ys . . f the
obstructing @%&rrg&ﬂéglm hn%(r?#)t dg?%ég%lgﬁlﬁgﬂﬁ?&l%gﬁ%gbt gp@s@{erée%rgrneo4lo
forms an opepigBferhtior Medivfefded4dhduits 424, aatexhinest sudet 412, thé awhsBd0]. and is

in fluid comuni cation with a downwardly angl ed conijuit, n1|0t shown]:.r - 46 -
[0123] The di Sfatouessel the 1Busteatsrs catabst FReReMIGpts BRI PXehRianyedd th yt ed

menber 435, BRtbAghbeiBtddiigh X dih Bafl.qildice 4D) Qathifh S octied0DCN for s

t he catal yst arrow, proxinmal end is attached to a tubul ar
condui t t hat citalystretwhad )5 br pétenrcompdfent d the welysheegsaeratt@Smpy owiydes a

catal yst outlet having.increased rgceivin apaci t.y.and thus facilifates
catal yst rem¥esly 3%??%{%@% M’F%@ﬁ%eﬁﬁoﬁdﬁ@.&deﬁh@ IBP%fasa‘r%F%?‘h‘f end
optional Iy Igglifes _ Qhd MRfiBeOheQYRSwalbE Berdst phhRT 41564 dS¢h bt
recei ving capacity of the catalyst return 410 by increasing the receiving

area of the tasapysillpeoket cathlysajrticys agAgimeraiion medsma tcogditions

I ongi tudi nal eftbctive tsoeavtlleé)s?%lartlxgll?r#egéne%‘ate the coked catalyst. The shell 401 also

defines separation zone 405 in which gaseous components are separated from
entrained catalyst. The shell 401 also defines a regenerator top partition 416 and
the regenerator bottom partition 417. The regenerator preferably is a “cold wall”
vessel, meaning there is an inner insulating liner of refractory material, not shown,
that insulates the shell 401. As a result, it is not necessary that 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.



fluidized bed reactor according to another enbodi ment of the present

i nvention. As shown, the fluidized bed reactor is a catal yst regenerator,
gener al | ywoeséaadsed 500, al t hough the features discl osedTius2@ataisyst
regenerator 500 could al so be enployed in non-regenerator fluidized bed
reactors. The regenerator 500 of Fig._gA conprises nmultiple |evels of
obstructing nenbers. Specifically, the obstructing nenbers illustrated in
Fig. 5A conprise shed-type baffles formed of nmultiple inverted "V' shaped
menbers. Specifically, as shown, the obstructing nenbers conprise central
obstructing nenbers 551 and side obstruction nenbers 550. [0125] The

catal yst regpadht or 5UBe dowgpr émlesf thecdunat phesef #kdiscbordaietl 1508 disialbyat al yst

return 510, one or re enerati o diuminlet 511 ne Qr r
regener at i onfaE&i ﬂf#ﬁ@e‘b‘r 8%Hﬁ35‘ﬂrsg‘§g4ﬂ§anﬁl &ﬁgﬁ@gen%%{lqc&n%%, gl%a%ho ah shel |
501. O cour ggyithfts ddd 4S8 (AESImpRuRMES argg% O lovidy ddr 6t theaiasm! ary

and the placenment of regeneration nedi um f nduct 524, catal yst feed
condui t 509, plest dil§ optipeally is aje0esrthoirmer surérep of segoseratorthotiompagiiyan

regener at or vary w del epepdi n i gn_pr.ef erences. |1 501
i ncl udes an ?ﬂﬂe;ﬁéﬁﬂ‘?’éﬁ% a0 Sé'ﬁg%eﬁ?’gFe%g?rg{éé%%%gﬁldp%éﬁﬂgsﬁ? hog’%gln@g&/al s of
dense phase gdfnesithe Wivse@ o lleds8 Ghhsa14.i ald shovak etk daiselpiate dohtacts a
regenerati on nedi um under conditions effective to at_ | east partially

regener at e t femedkasda dallomy sylindpnee.ghed ubsidar mewber dafigmg 8598538t 8h zone
505 in which gasequs conponents._ar p i ts. The
shel | 501 al & Sgaélﬁflﬁ%scogg tg(gBOgF'a?cglro ﬁ?‘og&%"??ﬁr H gﬁ%@%&gnggﬁ %@ﬁlgg%ﬁer at or
bott om par ti 1dngth, akilougithé exdas-bettion bEd@Rephasb @15 insayi fortlaay efla varidty afi - 47
- inner insulating liner of refractory material, _not shown. Separation

devi ces 523, skHpss SutusoR cPledOwrlgsquaNee hergoBLYE T bt PIRYIRHBIPRSCNBH d be
formed of an,al lh%)(/ing aséo?lgljantf Grogs-secﬁpéalléreas%hroﬁ lis R;ngml&iﬂ:ﬁt ﬁﬂ?ﬂﬁ‘g the
hi gh tenperatures nécessary for catalyst regeneration and optionally
covered in ehowbwt, rdesirsilaninifoehr eathlysty regefdratdl hppoparties; , e.gndupérficlab dense
phase 515 is bordered by a distally facing surfaced of distributor grid
518. In enbocYPWéﬁYsscaPQEK?%eQ'he optional distributor grid 518 (e.g.,

i npl enenti ng ar ger pnet Dyl @Wegen8Rtoro8f RS raQRAE tnRAASE altbSprertdvpnal |y is
adj acent the [@nlﬁir surpélge&g?wr egéeerrller atror boﬁ% ompartiti Orﬁil Si)p?. Tt@? is,

t he inner surficodesaf pluedinef abstrudtiog troemipsas ¥50 isinatsd 2boys pohelpwydadss i nes

the | ower end, of depse phas 15. shown.. the dens hase 515 .i s fornmed

of a hollow ppsengierace & S 1§s ?lﬁmﬂ_’ iﬁe ﬂlésﬁ%‘g?r}g s f%gsgar@o ??%?_ﬁtbe 1
substant i al | yjc6QNSRAL ulhRsSH3 3 eBylsﬁaahnymbI@mta% BB &g B0t withis the

| ongi tudi nal |ength, although the cross section of dense_ phase 515 may form

any of a varidense pliass He§e thesfings-depletedcponsilationoefasatalys pariclemeatagnbitet c. By

provi ding a dgns as 15 havi.ng. C t i

i oughott -1 (e FONGARCOFRAR o BRERe o nbgar B ipRbtt usp e fofRed o,
regenerati on {§raBRMHIsesp arkl Eteal&%kﬁ&tfﬁﬂv@drdﬁne\tﬁﬂmbﬁ(yn of atraiveedr @edlyst edd

[0127] The cat al yst regenerator 500 of the present invention also preferably

i ncl udes a plhueaki up Sbubbleghnrmad in thy deasrshase 413 UBY sBpPNMEdhe HUdEaHRR dense
h f 533, . t i : i ral
botructi ng rimaiegtoRes St nest UpIAE0GEACAbOERERES BafRRR WP BORARLEE, . |

are entirely méhbét ago bidoofacitiens heptuster sfitieaatal i3 artBjessntoumstamdpipdye
obstructing nenbers within the dense_phas 15, a fi - depl et ed ul ation
of catalyst paehias|catplyshgetashtH) andad lmafﬁerg% iOdihfaﬁéénne shoy e&ggti cs.
The obstructi ] . Ik -nefadial

not i on of ent@%ﬁ%%gp %ﬁ%?g@#gﬁgﬁ%}gg%%%nﬁg&%%% (ﬁ%égfﬁng‘ d‘lla!rﬁy ?‘rﬁgélgense
phase 515. Bydépeidinyidignidng fabtoisdi Gyitionally hihe adistendes betweenm flozgitudinally

fi nes-depl et ed | ati on of t al yst ti ~dh bst i
b S0 Tact || t sAdikeREoTIpEmepPos ISeaPEgR AR B By AL tholtb pe
such as cat al ysf, T ELHENGR QNS MelehiT et hin iBolthP ridehy.  BPterb o

[0128] In the e ment shown in Fig. 5A, three central obstructing
menbers 551 auppesheongs ledtsh thordisehoef betweemengibdinally adiagsat! obkiutting pe
baffl e,

members optionally is less than about 10 meters, less than about 7 meters, less

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



- 48 - which covers a portion of the lateral cross sectional area of dense
phase 515. Fig. 5A also illustrates three | evels of outer obstructing
menber s 580,20adni76d38ar e situated between each | evel of centrmsbkooshsisaucti ng
menbers 551. That is, in the enbodi nent shown, each | evel or |ayer of
obstructing nenbers preferably alternag®es between a central -obstructing
menber 551 and an outer obstructing nenber 550 creating a |abyrinth through
which a catalyst particle nust travel in order to reach dense phase surface
533. [0129] 1 n one enbodi nent, not shown, each obstructing nenber is fornmed
of a "subway grate" as di scussed above with reference to Fig. 4A and 4B

[ 0130] Fi g. SEQ%%WS a Bethgi qrekpdiment,showy ipWigs 44, Heen pl@gtrugggg meEery menber
551 and an o 0 u h t ructing
mamber's 551 S precaBun Sl bR e phle of Tl WA, LRER Belin BBl

regener at or h@faltcpossizectiinabsirea Bf &éx&e phhye, 416 adacl ebginktihy memlieenswb&t ructive
menber 550 extends al.ong a chord which, over.l aps ag adJ acent central
obstructing PRAPBEE mAiar PlegH suripces SHPRR llﬁ*&{éﬂ opluryH of 9per@a&srﬁ)<&f‘élﬁmga|
obstructing pryba! b rises a
plurality of openlﬁgs gg%ﬁg%%yﬁgggnﬁgégégﬁlsg{ gﬁ g@%rse the edges
of the obst rdiedct mgmivestiver prodoctb andlummtedtmgertemmh mpdlufn lif) by, etewaml dense
phase 515. [0131].Prefer y, .the r enera nf% es mJI Ie | evel s
of central offORIAHER ZRBC g‘g%@é‘ﬂsu%@? %vatt?he uﬁM‘ﬁ“ ﬁté ef?‘& Bl t he
dense phase gl AR WstriiftS éntle? 500 FR&ILA2bLS « 3/ gf ”eE@fé' y is
overl apped by an adjacent outer obstructing nmenmber 550. 132] The

separ at i on zobsrubiidg presiter abith multipler indetsesting Hvooizbotal cwdcemdepa,rated by

openings on the order of a few inches to break-up larger gas bubbles formed when

fines content is low. Fig. 4B shows a detailed lateral view of an obstructing
member 450 along line 4B-4B. As shown, each obstructing member 450 is
formed of a substantially planar surface having openings therein to allow the
passage of catalyst particles and or gases therethrough while breaking up bubble
formation in dense phase 415. The total open area within the entire laterally
extending plane of a given obstructing member 450, including the open area 452,
optionally is greater than about 50%, preferably greater than about 70%, and most
preferably greater than about 90% of the area of cross sectidnal area.

[0113] Preferably, the regenerator 400 includes multiple levels (three are
shown) of internal obstructing members 450 spaﬁning a fraction of the dense
phase 415 diameter so each obstructing member 450 forms a “notch” or open area
452. The completely open area 452 in the plane of an obstructing member 450 is
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.



e.g. a tubular nenber, having a uniformor substantially uniformlateral
cross sectional area so as to provide uniformsuperficial velocity

char act erwetzn@#78@8 entrai ned catal ysts contai ned ther eiPaT/USpaosomsid vy,

catal yst. regenerator 500 includes a plenumshell 527 and a pl enum vol une
528, as shown in Fig. 5A [0133] The ex{wmust outlet 512, which rel ease
regenerati on conbustion products and possi bly unreacted regenerati on nedi um
fromthe catal yst regenerator 500, is openly joined at the top of one or
nore separation devices 523. Plenumvolune 528 is forned within the

boundari es of plenumshell 527, which is - 49 - joined to the regenerator

top partiti do1Ed]6. TheTl sspanatiemedne 4357prafetally isnformedpfiarholen cxindesr ovi ded

t |l ect i mbyst i duct i bl
Fogener art off Ged M merRRg oush s Ends ol s MR-BRIT Wi ERAFHRE o
to the exhaughyois hith 18 bfovithinforhSsupREMidl veRiciigEhinactesigtidsabt otraigsde 505 i n

the vicinity of plenumvolune 528. Exhaust outlet 512 conveys the
r egener at i oncatapd wentaimed grevefnc Qptignally seialyist segonareiar #QQinchigena PEOI®N nedi um

away fromth | yst regenerat or,,500. | epym desi gns are

particul arl ysifﬂg‘#&a}{&ﬁpL‘?’?E%’dY%H?ézgma&ﬁEoS‘gﬁgTﬁlrgaF#t y on separation devices
523 are utiljoagel for exaeRhfst 86t1&hOM) whicH ir€leased\regweracion wombastiorof
cyclone separators are joined to a single exhaust outlet 512 via pl enum
vol une 528. [oedugss emnsn pissibly Bareactedo Fegansrationn madium e forkr he o£Fa8BYEE of t he
present invention as ne se i | I hC
separators, FEPRper 4@; Fse%eél?}? °§{pﬁdﬁg g%rrgtét) %g é{l/? §re%?repﬁ%§%§6%9&§§éﬁ 32 B
function adepiat@lwiwhé I gistesicdonisigatise rundudds af@iamual shell 323 4hich &
preferred enbodi nent, the separation, zone 5()1_2lé rfref er%tﬂy he_ upper region
t her eof , i ncjoiiers tonithe geeansratorstoppagtitiogh4 ey The plapam shghi Ah7 3p to
separate and_trai f e SRENG o §%RP1§&Eiib zone
505. The sepg?la |eg4r?%(fg€f)%)é’g&§§%cé%%%g%g‘l%ﬁggg cycl g{rﬁ){: sgpara orsgn
filters, scregRscted Tpichg@EEN tmettivmcedting sedaeationcdeviees o423aand dirhelr thaevi ce

whi ch woul d separate _entrai ned catal ysts .from.the eous_conpone in
separation zg}@gef@b@ ﬂ‘?ﬁéh%bﬁl"%?tiﬂﬁﬁ %’B‘ﬁ%déé’pgﬂ@%‘ﬂ ﬁHa\ig]ﬁan@%lE 2(#5;
cyclonic sepgf %Qrvgicinﬂ'gcg'f Eﬁéﬂgﬂg VIERPAURL | opxiiakt ouétet123donvedl Gie

recei ves gaseous conpohent d entrained catalyst from separation zone
505, and a cadgehgration eombustidnppregudsend wossiblydinreastesl rgpraration mgdany st

particles proxi ly wt espect to t ration unit inlet..

101351l n a p?@ﬁg‘rale%% ﬂé"rrﬁ%a\ryﬁtefﬁg,enetrﬁtgr égﬁalsﬁgﬁ @g@%&ﬁg%ﬁ ar%d%rpﬁggr%es a
di stributi ongafeinidhodiby wheealphatality TseRpitesh dsiewibherd allizsgfat i on
zone dense phase 515. Prior to its introduction into the dense phase 515,

;eggner a'éi on emplamsisho‘ivﬂtim Eégllt@ézgs wheteiivooiRts of cyifiane serajalnes de J¥Rctedi um
o e T M TGS Y
sggar g? gswt :130 di Sétlglil‘?tﬁ’aﬁuﬁtﬁo‘gigﬁg{%ffétélrglgmmﬁ &ﬁ@nﬁ%ﬁ%%%ﬂ%éfgﬁ@% 9]'.}#%‘7 ifl 518

distributor gpiigndllfh HRE|cHEBSt GBEenRfatsOHO0 r & eite padsentn invediiomdsnkahs 511

(as shown, a plurality of regeneration nmediuminlets 511), through which
t he regener atsepaatinsuidayinesse-ge Pertaie @yslpnip sepasators, filters, screéns, impingement

devices, plates or cones, function adequately with direct gaseous product removal.

[0117] In a preferred embodiment, the 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



- 50 - dense phase 515 fromthe distribution zone 519. The catal yst
regenerat or enbodi nent that includes a distributor grid provides for

desi r abl ywewess/a7egener at i on medi um di stri buti on char act eciratsc@s/0438ae

di stribution zone 519 and distributor grid 518 provide the additional
advant age of providing a IOM/superfic[gﬁ_velocity in a regeneration zone
504 as well as in the dense phase 515. " [0136] A catalyst feed conduit 509
preferably is in fluid comrunication with the dense phase 515 and directs
an |east partially coked catalyst, preferably in a fluidized manner, into
t he regeneration zone. The catal yst feed conduit 509 optionally is in fluid
communi cat | Oébtpﬁe@a‘téﬁ BAIELYSY pARERs YoMl WD kbR to BB \¢eprhtidh apipanlet us, a
stripping unit, and/or "a catal yst cooler, none of which are shown in Fig.
5A. As shown43h Fig. 5A, catalyst feed conduit 509 extends through

regeneration ompattiti 517 I St i [ 5k -

di stri butor Bﬁﬁgf 518. kf ?@F%g??%gﬂ)é&}ﬁﬁg{’ ?Jzift zflteé}igttqg%eégﬂgognﬁﬁilﬁaggﬁ %xt ends
t hrough one @istriBaki6n 9b8d 4 1% tihich idB4TREK Sriedivd Belot e ecfeatritién @rMeasndui t
509 preferably rel eases the at |east partiall ydcoked catalyst directly into

t he regener aphasa 4idne Rriprs tor its detresichom detosths. danse hpge dd8.arsgenerp@enrn 510

al so i s provi W] id.c pcat i 1 : i e The
caal yot r ot tihtish § bGPy e bl ReblFpf SOERERA 10A &8s |
away from t ha24 egeneratdianbativie zofie 1419. caA adiyisibutor ggrid r 480 sefablesarthk
ultimately, back to the hydrocarbon conversion apparatuys.. As shown in Fig.

5A, cat al yst disgtmtiansagneed i depm 1the glegse pBgenalat of b shsiabHten erid: #h 517,
the distributj i LUt O G Leturn
510 pr of er abPiTARFINE Stk ARl Gt Sk ol BhicHiphadl Bne DR By SiOR

surface 533, nadishadets 41 &sothoemn, antlodilitye of regeatratibiwmedivthanlets 41 M)st

return 510 extends through one or nor.e of the obstructing ne )
Optionally, ffﬁeuigawéa%he Feéf"_ﬁﬁrﬁl@l@e Yiods gelegsy HH@ the; tiQS%B]F@gHE%E@EI surface
533 and ext eﬂ%sdi'sﬁoggéﬁ&aﬁgwn ﬁ%%%&%@g%@ﬂ@ra@r%odﬁﬂ&t QhatGALIAKSS return

510 optionally In es a flute Y having a narrow proxi mal and a
broad di st al destributdri gtidfprowsles Her dedizblys evaiutrégsneratien desiivh bdistribboere.

[0138] The total open. surface area defin by.the.pbaffl es ji.g the.dense phase
525 obt i onal CRASBERiSh AL RisBEST Zapbro B uranar syt R ARTgBaRE Cabot .
51 - to aboufd@itidnaledian@sd of bRIVETAL aYlow! @ngbmtvefo%%tiﬁ tBd dlen&afiorof the
total lateral cross sectional area of the dense phase 515. Thus, the
obstructing menbédkaswell ey mbhgdgsephasg4pdrtion of the total lateral cross
sectional ar the fluidiz e honal I ut 80
percent - troftiibut a4 5 abACRBE pRE LD PR R LAY bt RaBBE o
percent of t RetH Bkdbndedihascad1 Scandstiresis @hiadlvast partdly @bkédentdlysj sreeblped.
Additionally or alternatively, the one or nore primar obstructi,ng menber s
conpri se at leasividiged smapnery inie heeregenpratiopaonpe Thaiataiyst fedconduihfP? i on of
the total | ater. . Jnfhak : (e bed. . Sibway
grate style 5 glﬁaéﬁélgﬁl?gﬁgc y cov%%ﬁﬁlgfﬁgﬁur%b%oﬁta?gﬁbggm Sgﬂlgercént,
from about 7Qnt/rabeatalySScquderc aohe of wWhichmasbshowiBth Fig. abfoutAD6hgver aient  of
the total |ateral cross sectional area of the fluidized hed. The ..
obstructing Hoghés §attaf§’é gsd d ﬁ%grﬁéfqngsélgﬁﬁgl? IEECREFRIOL Dottomy REHUGR | i ces
ext endi ng t hefet ”?l'}r@' By f 5 r%ﬁi b &R Mhetddaifense
phase 515 thglqé{rhg orn@%ng&g&??’taﬁg%ﬁgjvw?n S @?n@%ﬁ%ﬁy {ehepopu ation of
cat al yst par tfeed esmdaiid0ficae entenfrorh éhalsids ef thh aswmebab®ve 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



V. OXYGENATE TO OLEFI N REACTI ON SYSTEMS [0139]1In a preferred enbodi nent,
the present invention relates to inproving fluidization of catalyst

particl eswbaveang3i@sl ow fi nes content in an oxygenate toParafSews0GBa)
reaction_systemor in a catalyst regeneration system associated with an OTO
reaction system Preferably the OTO reggction system conprises a nethanol to
olefms (MO reaction system which is described in nore detail bel ow
[0140] I n an MIO reacti on process, an oxygenate, e.g., methanol, contacts a
catalyst in a HCA under conditions effective to convert at |east a portion
of the oxygenate to light olefins and at |east partially deactivating the
cat al yst t o shell 0 @ttoligastucp diect dt ddaktypatidat dokad eatalyat imtoyshigher. rggiona coked
catalyst. The at least partially deactivated catalyst is directed to a
catal yst regétherdensepasedldi ng to the present invention, wherein the at

| east parti deacti .cat I t : ngkat ed

cat al yst. Aﬁb#%oz!st a pﬁéﬁ)lg%ﬁgngtﬁ% ﬁ@%*r‘%gélﬁﬁgg? g%ﬁccga?a aﬁ'@é‘ﬁ eiéﬂs&giﬁﬁgct ed to the
reacti on unidoniatfiea eg@atiatian enediah abystedopini regererationomedivtrs indetés) ilppi ng

di - 52 - tripping unit und di ti fective tQ.
"t ersti i alumgu PRk S g o e GerADetreEarary be 5% S Y pe o
HCA that is 40@&“ g&%@%@dﬁ%& ?%gggaaﬁaﬁ ahiY 9100 [dBEEAEY bR of disthButiire SRt

i nvention w e descri in nore detail. The reaction processes can
take place 419 ther ith¢ ywatdflyst afead yaonduiH@Q9s passeh throuply regeneraier: bortemt hat
have dense bed or fixed bed reaction zone nd/pr, fast fluidi z d
reaction zor@é‘l%hﬂi’é&n@(ﬁ]@?‘f‘?értge@?rl?ﬁﬁ B?‘?l @yfcf’%iddf% ]t?(Stbglaec?l alcgoorﬁlg riser
reactors, an}fég&%?astioink SoncUbt AL (EOMMASS ighag 418aGHilout YRasingr threlgscr i bed

in for exanp . Patent No. 4,076,796, U S. Patent No. 6,287,522 (dual
riser), and dktbdioz gtiddd8Engi neering, D. Kunii and 0. Levenspiel, Robert E.

Kri eger Publjshing Conpan New Yor k. - Ne: . 974 .: 1WAI -aherein
filly incor p@gi d byngeqaé'l%sﬁge\gpm {@ﬁ% l\gl'ﬂ{%;lé?dé eﬁ?lggg"ﬂéﬂln?{/aggﬁil“}snhsel ected
fromthe risge fpatdsion 96mer atey calggar idnad 410 Rirsets tReattlosst fartidllyi zat i on
and Fluid-Particle Systems, pages 48 to 59, F. A ZEnz and1 D.F. Ohner,

Rei nhol d Pubtegsirraigd Catalyst awep Aromnhg regeneratipg ggne of dha catalysFegneraley,

6, 166, 282 (f - f | ui di e %ﬁf : ' a 'yg,]clg s H&kei n by
reference. I\/g@ a’f)‘*fé#‘%‘?é%ﬁ'}’/%‘ﬂ%@ﬁ |An'cIA\t,J¥29eh§QJ§1’ %@ﬁ a |P§H§?brq?cser Sr eactors,
as di scl osedcitilysl cutlePedrerateidipp|the att feast paeiailyl redimer:08! sB4ly§1lBorhidenst May 4,

2000 to Lattner et al., the entjrety of l.crhi.g i ncor 0{.ate herei n by
ref erence. phase 415. Ideally, the catalyst re 410 1s in fluid communication with a series

of conduits that direct the at least partially regenerated catalyst back to the
hydrocarbon conversion apparatus, optionally after it passes through a catalyst
cooler, not shown. As shown in Fig. 4A, catalyst return 410 extends through
regenerator bottom partition 417, the distribution zone 419 and distributor grid
118, and preferably extends into dense phase 415 below the dense phase surface
433. However, in other embodiments, not shown, the catalyst return 410 extends
through the dense phase surface 433, and optionally extends into the separation
zone 405. Thus, the catalyst outlet optionally opens into and receives catalyst
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.



[ 0143] Fresh feedstock, preferably containing one or nore oxygenates,
optionally with one or nore diluents, is fed to the one or nore riser
react ors wo 2a06gi7s&8 reactor unit in which a zeolitic or powreSze@slosisue

nol ecul ar si eve catal yst conposition or coked version thereof is

I ntroduced. I n one enbodi nent, the nnlﬁfular si eve catal yst conposition or
coked version thereof is contacted with"a liquid or gas, or conmbination
thereof, prior to being introduced to the riser reactor(s), preferably the
liquid is water or nmethanol, and the gas is an inert gas such as nitrogen
or steam [0144] The feedstock entering an individual reactor systemis

preferably comysrted, PRy kst ldd OF chidysy rethih M’(ﬁoﬁtﬁdn%}lxriﬁaﬁ&égra faRa i nto a
gaseous effluent” that enters the diserigagi ng vessel along wth a coked

mol ecul ar simemberad3dl, having anporomt propimili enld dnd aabrohe distal padtwidth Jorms )
deactivated._ I n the preferred enbodi nen - b3 - cyclone(s ithin the

di sengagi ng Q}E&%B’S%ﬁ?‘&%&egﬁa H%OW@I%B’&} g?de%sta%técbmlté&ﬁ“ﬁ?l(“%% llt(,tg?tal yst
conposi ti on, fophefcampt Yetancaked TR Attt ahemb&VEI T BtAdSt 2 %_%TBQE ohdign, from

t he gaseous effluent containing one or nore olefin(s) within'the o
di sengagi ng eyt ingigasedrieeciving cppasity and thushacilitates, catplysy irempoe oot thewi t hi n

e o senosal g RSl doc B8, BERRIANE, AUERRAEHY o GETRG 408 O
conposi ti onsgrbowdy) WhithgRsBaUmcrbid thertkcdivial Yapacithoruhe cathlyel A8 410aPs,
el bows, and the Ii1ke. [0145]1n one enbodi nent of a .disengagi ng systemin an
i ndi vi dual Heyincreasing the receiving area of the catalyst outlet.
[0124] Fig. 5A illustrates a partial longitudinal cross sectional view of a
fluidized bed reactor according to another embodiment of the present invention.
As shown, the fluidized bed reactor is a catalyst regenerator, generally designated
500, although the features disclosed in catalyst regenerator 500 could also be
employed in non-regenerator fluidized bed reactors. The regenerator 500 of Fig.
SA comprises multiple levels of obstructing members.  Specifically, the
obstructing members illustrated in Fig. SA comprise shed-type baffles formed of
multiple inverted “V” shaped members. Specifically, as shown, the obstructing
members comprise central obstructing members 551 and side obstruction
members 550.
[0125] The catalyst regenerator 500 comprises a catalyst feed conduit 509,
a catalyst return 510, one or more regeneration medium inlet 511, one or more
regeneration medium feed conduits 524, and exhaust outlet 512, and a shell 501.
Of course, the illustrated catalyst regenerator is purely exemplary and the
placement of regeneration medium feed conduct 524, catalyst feed conduit 509,
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



t he di sengagi ng system i ncludes a di sengagi ng vessel. In one enbodi nent, a
| ower portion of the disengaging vessel is a stripping zone. In the

stri ppi ngvoan&/d7B@sat | east partially coked nol ecul ar sipevarsc@sak3ssd
conposition is contacted with a stripping mediumwhich is a gas, preferably
one or a conbination of steam nethane, carbon dioxide, carbon nonoxide,
hydr ogen, or an inert gas such as arg&ﬁ: preferably steam to recover
adsorbed interstitial hydrocarbons fromthe at least partially coked

nol ecul ar sieve catal yst conposition that is then introduced to the
regeneration system ldeally, fromabout 2 to about 10, nore preferably
about 2 to about 6, .and. nos Ly t I ppi ng
medi um e, g PRCL {RSHIRHNE I 8%/ Feﬁagio? %%?%éeha:sit Itrlézpsgllgﬁg usﬁpglgﬁé‘x?ﬁgﬂgﬁs;ﬁfmo

pounds of caisahpifér gdds B8 AL eHe stshoctinpanembers shsuld ibp fomgedzafie alleyiofi a
separate vessel fromthe disengagi ng vessel and_ the strig%leggﬁrredthUm IS

passed at astgab elgauF0di S¥perrad |wi%§|ta@émgyth€ &g\ fpogeragyr 1'°f o about
20,000 hfl b d, on the.vo . . cul ar sieve
cat al yst cor‘?ﬁa%g’ﬂ ’fe§ﬁr,ler|%t%°é* Ael}%ar%f[lgg%lgﬁior‘{%%fi\e{@gt e n?r E%%tgllrftgtgﬁége% rom 250C to
about 750C, [prxg]er abl yIHer Rmeakaditof 366 Aehse HHRE516\iebotdeeed bk @ddistellgcul ar

si eve catal yst conposition, [0146]|n one preferred er%odi t of the
process for fednysptiperd ah d@%&a@%‘{] ¢3S0l Plﬁggémlﬁgisn cgnﬁﬂe opLonal

silicoal umn . I I ' F b4 Kd8erREOCESS 1S
operated at a&%@@?%@ﬁa{% @%’t ﬁ?&&hﬁ#ﬁgﬁ%k@&%@%p@?ﬁ%ﬁ&%? rféct ed

Normal i zed NphkesEs Gsdeatly v sdjadeiOivBinafsutfessof tegenedaton Botiqm phwitiahl y | ess
than or equal to 0.01. See, for _exanple, U. S.th%'g ent l¥o 37952 53@ whi ch
is herein fuilly ThetolpHicanBer BHrfaceQd  Tegenerator beffor nagtioh 1T ORYERN o

mul tiple ri S(%ﬁnMeSIOQJer thg ' RAGphdsBVABL | RF sAHWNnUERI dbnsd PhaeBlSCk nDSt
any hydrocarbon conversion process in which a fluidized catalyst is

enpl oyed. Typbimed ofemdibllowscylindeniceg. & dnbwgmmsmher.oflefiiing ian ceistashar si on

reacti ons, oxygena to olefin conversion, reactiqn p tions),
oxygenat e tcfuég%mahﬁec r%?%nsqpé%@ilbﬂ?,w 4 r%‘?aagf@uéglﬁﬁgdtrsi igg o(ﬁ&rrﬁl ati o)n,
vapor phase jggiafiflousll Het@sds SectihloTabhde phaty sirs siey foamnanyaifiaariety cher

Tropsch reactions, and acrylonitrile formulation, [0148] The process for
converting oshppenschsstaocitilafaysl, sapreykexasqe &tF- | By RN AGSandaRs gh#st e. As

used herein, _t t.erm " ox nat e" i fine incl : i
necessarily ﬂﬁ?‘@ﬁgtao?o?ﬁ&% bsgﬁtzonggn éz)ill ﬁFIr)]‘gghg%ggﬂgg gﬁﬁn%%?@gﬁ,

foll owing: ahdwhidt, destabBh@hForn®t dutdlgst Rgeh@mydn pospreatissds. . abupetfioids,

ket ones, carboxylic acids, carbonates, and the like), and m xtures thereof.
The al i phati%elmt}’e?%nbl%ﬁak%ﬁﬁ}y shoul d contain in the range of from.about

1- 10 carbon and e g L.t r car bon
atons. Repr e@telggﬁt ive @ég%%%?%s%ﬁ?%@é, gﬁ%t@pa?ge ﬁé)rf éé;rllggiggglgg)}lll 3?1% mted
to,. | ower nopehisly ineliddta pluralitghf obkimictingrmbmbers hsédated iapbrat dxcbelbwohol s,

d thei t ted t ts. Exanpl ._sui t gbl t
el udde, bt Gaee oK HEGESSAPT 43 TN SP PORRURS SRS G B RAHOR,
ethanol ; n- pgp&ﬁgﬁh% %@%&%ﬁg@hﬁl oftér SpsHudifofiRinbers 0o th Iflicte hieer |

di ret hyl ether; die ; éli-lsopropyl et her; net hyl f or mat e;
f or mal dehydeegntitelynsitiaydd belowodease phaset suyface 5Byl Bursbuaitngethepbstraeimeg and

m xtures thereof Desirably, .the gx te used in, the conver sg action
s sel oot ed MEHHFHEGILUR SUHEIRPFRG o1 & TarBloted PoRlvi &t RalpbE

m xtures theha@ifdek/b&fn dsRibitaRbairablRe ANYSEBAT EharfcteritibanoThe ToBthetiml char ge
of feed to the riser reactors may contain additional conmponents, such as

di l uents. [Oma)tOne acy pravideddid abrptynsigp bwwaedl inetielhotios eof prigginesk s wit h
the 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,



oxygenat es, such that the total feed m xture conprises diluent in a range
of from about 1 nol % and about 99 nol % Diluents which may be enpl oyed in

t he procewe 200wl7Bele, but are not necessarily |imted topchalscensiosmagon,

ni trogen, carbon nonoxi de, carbon dioxide, hydrogen, water, paraffins,

ot her hydrocarbons (such - 55 - as rreéféjane), aromati ¢ conmpounds, and

m xtures thereof. Desired diluents inclUde, but are not necessarily limted
to, water and nitrogen. [0150] A portion of the feed nay be provided to the
HCA in liquid form Wen a portion of the feed is provided in a liquid
form the liquid portion of the feed may be either oxygenate, diluent or a

m xture of t\%i@lac {tﬁs Llispgﬂ'io% AR iRalfrodshecti@atla@R T Bensdiphest 15, iMg.ect ed
| dua ri r

into the indiv er reactors, or entrained or otherwise carried into
the riser resktabsosilivstrates Hbreealowels pdravitemobstructieg fragmbays 530s Whicbp® carri er

gas/diluent. By providin orti.on .of e feed t i luent)
T the 11 qui StvetsaderesmacheB ARG af QP gorf REar iR aeT, dBh. et
control I ed. EXSANGAE, BERAL 168%] 0B ARYEOBT QbsBUNHRN Alenteey pesfeiably i s
partially absorbed by the endotherm c heat of vaporization of the liquid

portion of taleriatesdbet@sem raotdniial obstmicing pasrmbesndf and gniautd SRS nEapor

feed fed to the.re or Ls on ossk bl e . f i :

t enper at ur e ’inﬁmpﬁre%r:(i:g@f‘%?g gﬁ%yﬁﬁﬁbtgﬁqggl%?ﬁlgnca eS?ﬁ?Lét%ir)el Jpgggﬁg?f;m [0151] A
liquid feedsyekioqRidhitakd Yhdss sirBeSeparately or jointly with a vapor

f eedst ock. The amount of feed provided in a liquid form whether fed

separately of01p8} ntly i ene empodimpns; ngtshenyn, egch pbyugiing megber {formaegd o about

85 wt. %of the.total oxwgen i - eed. More

desirably, tHhe?® 83yig§g{¥r%sﬁ‘sé%8%§%&\%w%o 8&%%%‘%%%5@‘“5&@%%0]: the total

oxygenat e pl [{ﬂsdjsl uent FieesB showts npdétaidebilatedal widvhefr angetralsoistroctirgoout 5
wt

w. %to about 6 . % The liquid and vapar p ti%s of the fee ﬁgay be
the same conmssiber 331 ¥ gayoWeneRsTHoYRg PRFRPSEr Difor tAD AR TfeC, or

di ff erent O?‘Xﬁgﬁgﬁﬁﬁgnﬁ er¥H fkh g&‘h{)jﬁsreeii‘ltapgk 598 B5$ extERB PGHh bhé bhdbt ¥

effective |iQ uent 1s water, e to I'ts relatively high heat of
vapori zat i onthewktigederatbt 608 16 dhe atlter.gtPrefepblyt, cach trénpectemcowser obstpetiee ur e

differential with a_relatively snall rate. her useful dil

descri bed abH%Pé‘%beP%(bé’Fte%%? "2%‘%/8 %ﬁ%@“@@?v@ Bt 4 @%ceaLaen&a}ég%ﬁﬁg%g any
appropriate gxygrpake ﬁd}fgﬁg ofifel LGS OBliRAITeEachacehiifl saGERHg Mehlbeensur e
at least a portion is in e

l'itquid phase aS it enters the reactor and/or
comes into c6ht and/oneadh diter awmtrattingtmember Spemises b pinralitytHOPPRBES and/ or

i vent {0521 L0060 BGRB8 o

al ong the | engdiiaffthé BRak up of bubbles in dense phase 515.
[0131] Preferably, the régenerator 500 includes multiple levels of central
obsﬁ‘ucting members 551, each of which spans a fraction of the dense phase 515
diameter so as to form an open area, which preferably is overlapped by an
adjacent outer obstructing member 550.
[0132] The separation zone 505 preferably is formed 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



- 56 - riser reactors. This may be done wth either the oxygenate feed, the
diluent or both. Typically, this is done with the diluent portion of the
feed. Anowbenosnpsé4s8n is to provide a nozzle which introstgras2daosme4ises al
liquid fraction of the feed to the riser reactors in a manner such that the
nozzle fornms liquid droplets of an appa@priate size distribution which,
when entrained with the gas and solids introduced to the riser reactors,
vapori ze gradually along the length of the riser reactors. Either of these
arrangenents or a conbi nation thereof nay be used to better control the
tenperature differential in the riser reactors. The nmeans of |ntroducing a

mul ti plicityjosted togilie deganstpterotont Rariitionn 5 e a dihe lenuny skelh A2 h gnd PISIYM d f eed

nozzle to contyol | et si i i i i . i : and is
ot d seussedbiiihe 28R By e Fo LBbE AU Do ButBiior BIBHEkeS hd 81
oxygenat e- t ouslegited) r&RAYRIiGH ANediBACKiNihgi sephraties deviced 628 dieev ¢heand

m xtures of nol ecul ar sieves. Ml ecul ar sieves c¢can be zeolitic (zeolites)

or non- zeol i Materighinthe exhausk eytlet i es whichds apsaly $o1pgd togeparatian geRe P f r om

m Xt ur es of | ti:C d - fo & ec i ) S| I he

( fyF @P l?lﬁlq&l& Haust' ouft FY thd N€
catal yst inc ugiéés ‘g&no _%f;g;?? I C ‘,r(r)t[l) e%u ar ;‘]Fe\?lel. %esi&r.g rr%qneg}ﬂl ar sieves
for use w t hregeneray@e oambudtionopreducts and possitsy amreagtedt fegendratadnunheditsmal | "

and "nedi unt' pore nol ecul ar sieves. " 1, pore"” nolecul ar sieve re
defined as n@Wa¥diom thy %Vgé’swegﬁneﬁ%t%ggﬁa\ﬁ“ﬁg ey JEYIERS a RAENYIERAn about

5.0 Angstro M di ¥ 8 i : | ar
g nﬁseful'\ﬁhéﬂf%d?ﬁgﬁtg .V%lr@‘éwlﬁagﬁ/: gié %ﬂﬁn%&ic@? 428 d RiRseH]

sieves with pores having I amet e t 5.0 to about 10.0 Angstrons.
[ 0154] Usef ul faremxkinples asrshosouindiig st Awelsere hwd sedeof eyelongrseparetord drajoinefl t o,

nordenite, chabazite, .erionite SM ZSM 34 M 48 d m xtures.t hereof.
Met hods  of nﬁ%?ﬁﬁlgi%@%uﬁtﬂ%hﬁgv’é‘i Wﬁ?éﬁ?ﬂ%ﬂ f]ﬁe S]ng rsf‘?]irﬁ?ﬁseed not

be di scussed bgsf int thdClebitratby BOS &f thMBlebenP AhPertdhesd ke SHefatfort hat are
suitable for use in this irnvention include AElI, AFT, APC, ATN, ATT, ATV,

AWN BI K, CASevicrA e.goHbertaip\CyclpbR, sepgtorss Biltersgaeyeed [IimpirRementOIeviesFA,  MON,
PAU, PHI,

R T T
include MFI, [084 MW nHEL@refbhied HabbdifBR, tiFeparitibn zdid\s 050 pebfatiblgtthd ut ed
forns thereof. - 57 - [0155]Silicoal um nophosphates ("SAPCs") are one
group of nonlppetegics thereof, include one or more separation devices 523, which are used
to separate and trained catalysts from gaseous components in separation zone 505.
The separation devices 523 optionally are cyclonic separators, filters, screens,
impingement devices, plates, cones or any other device which would separate
entrained catalysts from the gaseous components in separation zone 505. The
separation devices 523 shown in Fig. SA are cyclonic separators, each having a
separation unit inlet 537, which receives gaseous components and entrained
catalyst from separation zone 505, and a catalyst return dipleg 536, which directs
separate catalyst particles proximally with respect to the separation unit inlet 537.
[0135] In a preferred embodiment, the catalyst regenerator 500 includes 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



nol ecul ar sieves that are useful in an oxygenate to ol efins conversion
reacti on. SAPGCs conprise a three-dinensional mcroporous crystal framework
struct ur ewof2068178, [ A102] and [ P02] tetrahedral unitsPCThms20EW438i0 i S

i ncorporated into the structure can be determ ned by 29Si MAS NWR See

Bl ackwel | and Patton, J. Phys. Chem ,_ 582, 3965 (1988). The desired SAPO

nol ecul’'ar sieves wll exhibit one or nore peaks in the 29Si MAS NWVR, with a
chem cal shift [(Si)] in the range of -88 to -96 ppmand with a conbi ned
peak area in that range of at |east 20% of the total peak area of all peaks
with a chemcal shift [(Si)] in the range of - 88 ppmto -115 ppm where
the [(Si)] abesw prdseshid tiwoni eherdistabetdrerzond X168t r dhaecdtslysti tegrmergtons) .
[0156] It is desired that the silicgalum nog{_%)s hat e r’rPI equl.a 1si eve used in
such a procégbofimat athap| ineludes 2 | WE?"PN algmﬁl.deff n%GeABTEPY (FE | ower

|
the Si/A 2 rald 0.y dgyl\ﬁr -%ﬁﬁ] - Aldfied ©Phé 8lsButivh t¥ne B2Y kheul arly
pr opane sel é%eilngrla%@ﬂﬁké | &1 réﬁno&éﬁ%%ig; t han 0.865 ils deg?rabl e, wth a
Si/A 2 rati disifibutot gyidedt 8r proviade GhedQudisiong pdednéageedf movidmgSiaAlow ratio of
not greater than 0,32 heing particul arl ef er.red.

[0157] Si i CGHP‘?IF?‘FWB}S%B%}EH&@&@WG iop2nd 58 B0ve] & PeIr PiEralE 1 e as
bei ng m Crogﬁmjs mat e icglafysh A NGnBuit 509 peéferbBlyRTREHEE comithnsdativgt ur es.
These ring structures can Have an average pore Size ranging from about

3.5-15 angstwithmthe denssfphasedil Seand diteetssurdédst pastiallyousied getebist prdersbldv@s havi ng
an average pore. size rangin romabout 3.5 to a r , . ef erably
from4.0 to asﬂﬁldézr?és‘fl .m%’ngkeereﬁg?eéé{éqnz%%leargé? ﬁ%lg@tgﬁ eo%§ G0 ‘élggpgr si eves
having 8 merhgibasly 0168 - Mli@ Letihinieanar #ith shé iog aablenbh alh egihetbonol ecul ar
si eves conpri'se a nol ecul ar framework of corner-sharing [5i02], [Al02], and
[ PO2] t et r aledversionrpparatuFig siripping voit, fpdderenertalystsoaler.aione vk Whichc@gver t i ng

vari ous oxygenates Lntaq,ol efi 0 .S.<10 kt.ab :

silicoal um Wleﬁhg{ge%r%| Asun%&%?%\%é ?%’r g’%[glé'ﬁrﬁetegnéog%%esr?gt eeXt?ngsol efin

conver si on Qhﬁﬁlgﬁsréf@ﬁéru@(ﬁl SROND pafifiidn- 817 SARO distrib@AROZbe SAPGnd7,
SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO ?5, )
distributor grid 518. Alternatively, the catalyst feed conduit 509 extends through

one or more obstructing members. Thus, the catalyst feed conduit 509 preferably
releases the at least partially coked catalyst directly into the regeneration zone to
form dense phase 515. ‘

[0137] A catalyst return 510 also is provided in fluid communication with
the regeneration zone. The catalyst return 510 directs the at least partially
regenerated catalyst away from the regeneration zone of the catalyst regenerator
500 and, ultimately, back to the hydrocarbon conversion apparatus. As shown in
Fig. 5A, catalyst return 510 extends through regenerator bottom partition 517, the
distribution zone 519, and distributor grid 518. The catalyst return 510 preferably
extends into dense phase 515, but below 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%



- 58 - SAPO-36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, SAPO- 47,

SAPO- 56, the netal containing forns thereof, and m xtures thereof. Thus, at
| east parwoabdeyp7scaked cat al yst regenerated by the cat al petr/use@siessas or
optionally contains nol ecul ar sieve particles selected fromthe group

consi sting of SAPO- 5, SAPO 8, SAPO 1151SAPO 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, netal containing fornms thereof, intergrown forns
t hereof, and m xtures thereof. Preferred are SAPO 18, SAPO 34, SAPO 35,
SAPO- 44, and SAPO- 47, particularly SAPO 18 and SAPO- 34, including Lhe nmet al
cont ai ni ng toebentt(08h.catd mesdprefstehly dkom whedot>% A8 about Shidr @fi the PiRE term

m xture is nonympus Wit h _conbi [ ' e SURRSS | on of
matter havi %e %O%Srse%‘?léal%ﬁ%ghﬂé%ﬁeégéj%ﬁ\gg?%ngﬂl%?g%o({rbt% ﬁ%ﬁg& regarr%ll ess of
their physi wéfe@bl?&&vef 9 16R]dnr &fthe adthlylatetdierat sbetimnl ped of el fuidiakded
catalyst that is fed to the catal yst.  regenerator has a d50 particlgf si ze

from about bedt eptignally fron ahpel Hhio abeys Wxpsresnti fPe dopk M oPhat x
percent by vaql - r t | { t daGl: have a
particle di gﬁ%’? I(rla?t’s nggoﬁggégr%g%%&gﬁhgﬂ °§1§| Oufgt;i‘uérlr‘ggtr§1 % ltégap(%?%soés? gtlé&%% this
definition, atdacoffrie fluidigedsbetle Additiondblyt orarte(raRER}lyLtecbne®radedre peintdng dx
val ue is nmeasured, using_ well known | aser scatterin tec}ani %Jffs uhsiﬁlg a

M crotrac MSQEFUCHDEOMEEPEISCPANRTSealaleatty Pt SYYVERY, ﬁ?aé‘? St & battfe, Jvhic

(Q earvat er oofl 0! fidhon ol Helib! BudthiABsScriditl B br MY AhiiABBRS. the

di aneter of a spe ed spheric particle or the equival ent di anmeter of
non- spheri caubway tgtatt etylabaffieaspiiosallibyoveas foms alacut é0i togabowt A pardehicr ot r ac

Model 3000 particles_size analyzer. 161], Addi.ti onal efin-f in
nol ecul ar s!oféfif'é aﬁﬁ‘!tem fa %b%%s)t/ﬁﬁr 3(8{1 %botuggostf)lalb%fa% Wwwh%;@ﬁa? e
catal yst if GapIh& crosy 8EcibndlYRES oPtheMIigicEd BEd.S ITREEHsRUtRlg mEBBs Of Whi ch

exhibit different properties. Structural types of snmal| pore nol ecul ar
si eves t hat thermsedvastaptioraltyo corapsei holesharsothenasifides gxiending deergliroughta, APC,

[0/ LTA NORREBAIDH by in i fensh asiodo ke SHse s 1o

Structural tiyRegn®f corislit W tRO pepili®r bf ddtalghieyeticled @bntained Switiabimef or use
in this invention include M-I, R/EL, MIW EUO, MIT, HEX], - 59 - FER AFQ
AEL, TON, amhasubkt.ituted forms thereof Preferred nol ecul ar sieves which.
can be conbigyjed with k) | ] [ } de ZSM 5,

ZSM- 34, erionite, and GE - qﬂ.‘ﬁ &ﬁ‘tl \\ slm a cl ass of
nol ecul ar si Y8y knownnas ‘pMFé&EDsnibodinatly, alie mesat vsedntioni relitbe tpr esent

i nvention. Processes_f.or making APSOCs. &rge known jn the art. SAPGCs with
subst i t uent simpseang fvideaiesn of caialyst patficlss haying g low dnes, Caniept {h@lpr esent

i nvention. Suifabl [ 1VE cotd , BRkioneGESHari |y
i ted o, SVBRRHE o3 UL (OTCh cockh svsbrl or %, oot e GmeNoR
magnesi um basodimed avith aalQT@ reactlibe sgstbmt | Prefmetdy rthy OO irerctiopeysierad duri ng
synthesis of the, MeAPSOs. Alternate he substituents.may. be.incorporated
after synt he¥qUapises 9@@@%91 %%P%&Mr]s‘@iﬁeaﬁﬁ% SW‘F‘HO&’&CW&B&CW@BH%S

i nclude, but, areqjigtpdigwessarily limted to, ion-exchange, incipient

wet ness, dry m xing, wet mixing, nmechanical mxing, and conbinations
t hereof [O1[AW0Desi r eth MMTSDeagtian proedss, PorxygiaiPS@s, thethined, qootaetssi ze

N han_about 5 . Sl | APSCs i nel ud
necescari 1y nERRDRGR HACR) RS co e ARG (st o G off® 00

m xtures t he[))@}‘;genate 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



[ 0164] Al um nophosphates (ALPOs) wi th substituents, also known as "MAPGs, "
are anot her group of nol ecul ar sieves that may be suitable for use in an
oxygenat ewpao@lBéss conversion reaction, wth desired MpAP@s2msiomy4smal |
pore MeAPGCs. Processes for naking MeAPGCs are known in the art. Suitable
substituents include, but are not necggsarily limted to, nickel, cobalt,
manganese, zinc, titanium strontium magnesium barium and cal cium The
substituents may be incorporated during synthesis of the MeAPGs.
Alternately, the substituents nmay be incorporated after synthesis of ALPGCs
or MeAPGs using many net hods. The net hods include, but are not necessarily
linited to, inamntéppihangie undﬂmOpdlémlS wleetiiesto Tempverintenstitial iedraeasbong,
mechani cal and ¢ ions thereof [0165] The nol ecul ar sieve may
al so be i ncg%a%td@ t}Vﬁ{ﬁ‘g a&#l d conposition, preferably solid particles,

I n which thgojmphecul arTh%'t?ﬁ/eeoﬂHCNtﬁﬁtel@tlmbl"érrﬁaﬂteafmﬂﬂmleafa@ﬁt kegenératogat al yze
t he desired conversion reaction. The solid particles may include a

catal yti cal lof thé Manmvanmwlﬂfn%@erﬁﬁs@@l@ﬂam siogs detald  The gepctiopmt r i x

mat eri al, preferabl ast one e

mat eri al , @r%%eSWd%“Zalﬁeé oA p?’a%é}'t Y C%ra yﬁ"o%@f"tsr aith a@ﬁgbﬁdgb&%E
catal yst dl |t ke dBRENRAIdE FHxed bee Rgictiom Bshes had/or Kt ﬂtlmhzteﬁ&)eﬂ(réaodon
conposition. Such matrix materials are often to sone extent porous in

nature and conencovmled together sireelprg flyidizedibed reactorg.criseyireariqr, te the
formation of unﬁeitlg]il;l% CSﬁ\{/@Elggﬁélﬁ‘eng&l‘ tgyélma?é d%ﬁb&?{n jBfl 3 m[ngtU gq)b pl’ onot e

t he desired lgcr?e rsron and
material s i ngb.udsn76{796, E¥BIPP&tents WG, h 61280, samd(chm umlr) yamd:cmmdlzagmn

bst ance net al oxi de cla lic m na
::J| ;Sca rraéne@%@eenﬁé:ﬁ)clgu@l ?It% I]éé‘l’enléﬁlF 38 g}ﬁggger}u}) tg?‘P Zs
silica-ti ta%ﬁévoﬁk 'N&@Y% M@ﬂaxih@aﬁ 81 he ?hﬁaam@aeasgawfa%m@nd
e The s

m xt ures of se materia 0 al yst conposition
preferably ciom]i ses dﬂmjtpréi%red) HﬁAutty;&Q% sahp‘edpﬁeﬁlerthﬁalqseatmwtOIS% to

b 909 d | b % t 809 h f
ﬁnlogfzul ar@ s?gﬁ&’érsai Ié(n‘EFS%E"P 3??6'&%‘8?;'[ 111%1%38‘/ %{qtaﬁg'g‘i%h%éi g%ﬁ%ﬁ%?agl 3

about 5%to g&g@yus%% angl zelu nd®® @ﬂﬁ{e@rﬁbihholdmﬂmsﬂaﬁﬁ’o@&p@bﬁéﬁ 80% by
wei ght of material. [0167] The gbe parati on of solid cataly

conposi t i onsNee. Jork, sl@bD,daJphM ScPetsnt s 1661283 ¢let-Tivirdieetubed f@ﬂcéif)a and

matri x materi i s. conventj.onal ;and.wel | refore,

is not di scu?,’g’é’ﬁ aringerpgrated igren b[ydf%éﬁnfﬁek/ﬂ’s e%é}%ﬁlﬂhethg?{ ?}-getrlu&gg%t ain

bi nders, fi |i)1%fa311ty QF el @Eachdit esd dlsclosed in U.S. Patent Application Serial No.
09/564,613 filed May 4, 2000 to Lattner et al, the entirety of which is

incorporated herein by reference.

[0143] Fresh feedstock, preferably containing one or more oxygenates,
optionally with one or more diluents, is fed to the one or more riser reactors in a
given reactor unit in which a zeolitic or non-zeolitic molecular sieve catalyst
composition or coked version 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,



to provide better catalytic performance, attrition resistance,
regenerability, and other desired properties. Desirably, the catalyst is

fl ui di zabWe 200ueBe48he reacti on conditions. The catal yst pemaskabshassao
particle sizes of fromabout 512 to about 3,000p" desirably from about 10.t
to about 200p, and nore desirably frog about 20i to about 150p. The

catal yst may be subjected to a variety of treatnents to achieve the desired
physi cal and chem cal characteristics. Such treatnents include, but are not
necessarily limted to, calcination, ball mlling, mlling, grinding, spray
drying, hydrotheinmal treatnent, acid treatnent, base treatnent, and

combi nat i ongydifiex$okithia 6O liResgagaty yess¢lraradesigyeseivasepatate Bleanplecdhver si on

reaction conducted in one or, nore . s enpl.oys _a.gas._superfi.ci vel ocity

in the risefleYyeagatdys sompestipl Hrﬁ%%‘%ﬁy rf’é?g eéefnoég%@ﬂd_sf& s)c.gﬂag)sSt used

herein and |0 b0l HoRP thelghSeob € Effluent dohtainiig dfic stird dlefs) withiaahd y, s
e

defined as vol urtetric ow rate of vaporized feedstock, and any
di l uent, di disemghging tére. ofgolonesaateqreformod.sheveser.ograyity ects BElundRe t he

te i ted t duct . i pcl udi | i [ ' flow
Ui ough « ediseagEars vend kBt fbpre LS Brybbn Oy B Wliopfe, 1 10

| ocat | ons Wighiche { Bihof BRAGRS fs1aRRNINANG Yataliet dopiysitiouistiem b gambes of gas
present and the cross section of a particular |ocation in the reactor,

t enper at ur e effpreasmchele taanseof platesy edpsralbawy. ead thedikepar anet ers. The gas

superficial velocity, .including an il o]y t. .0 - : nock, is
mai nt ai ned & l‘g?r ate JROLP gp'bf)%gﬁn{oﬂ%gfé?ﬂ%glrn&sg%tgﬁ n(a%i&sl glélﬁ‘glgﬁg point in
t he reactor .thpggeﬁgg%lhyg sydiéin dactudedPe disengaping/ ebssel t In iose grbatienenthan about
2 nits. Mire desirably, the gas superficial ,velocity js é;reater t han about

2.5 n's. Evdowappatidesf theplisengeging yessclsis JetiRRIPRIONFe| PE §TPRIOGZ8P er t han
apout 4 i n/ %&%%@%ﬁt%a?ﬁ'ailg%fed fectidp siébb"&&{uq&! c%|mpé§]kieﬁ lid Yortfotdif waher than

about 8n/s. ni-ng e gas superficial "velocity at these rates

i ncreases t hes@ppmeanbdi@ which i laogush phdarblolly @fe ¢rhe cgabtibh ofistagm. n t he

riser reactors. As the gas superficial vel oﬁ}i#rg i ncreases .above 1 nis, a
4 P om a

reduct i on i rmetkimg, cartondipside.ofarbet RORPXidey Hle Of AT 535 Fgh
reduction in k&% %@ﬁabffﬁiﬂiﬁ,‘%%é&@r softRl iARrstivihl IBfirécaiiohs Gden Wetdd t hem

(1 deal plug FEow avicor occurs when el enents of the honogeneous fluid
reactant novieastpaalally cekedanleonlansiept ogslysiosimppsiiondhitels then infredycsdct or

is). Mnimzing the back miXi th in th ' th
el ot vi Uy PoheResaiesPRAYIPE NEHLH e AR e o BE AL, BERDRAREEne e e
reaction. [O}71] Wa&gP&H%, GRBmOMRRERbIAS (o SRR IStpouadpsDaghag hrvidiusn,or

hi.gher, a substanti portion of the catalyst in the reactor may blg
entrai ned wi¢.p., steemgisprexided togthe Neippingamitrfereyesy 4 00poynds of cafalydh tlpon of
the catalyst exjting.the riser reactors js.recifc tact the
feed thr ough®MHerc§ P(Ei ent, offg, fEPOWE Zorle” is ' & et Vohel ﬁfé
disengaging vessel and the stripping medium is passed at a gas hourly superficial

velocity (GHSV) of from 1 hr-1 to about 20,000 hr! based on the volume of gas

to volume of coked molecular sieve catalyst composition, preferably at an
elevated temperature from 250°C to about 750°C, preferably 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.



10172] Desirably, the rate of catal yst, conprising nol ecul ar sieve and any
other materials such as binders, fillers, etc., recirculated to recontact

t he feed we 2bdsmB@bBout 1 to about 100 tinmes, nore desir abirystosmumbout 10
to about 80 times, and nost desirably from about 10 to about 50 tines the
total feed rate, by weight, of oxygenas4es to the reactor. - 62 - [0173]The
tenperature useful to convert oxygenates to |ight olefins varies over a

wi de range depending, at least in part, on the catalyst, the fraction of
regenerated catalyst in a catalyst m xture, and the configuration of the
reactor apparatus and the reactor. Although these processes are not limted
to a parti cu0¥7lt errper"ﬁlmppt,iombsltlﬂﬁbl§m1&e§%§?é’soﬁf Hinprpserft nHAPROEBSS i S

conducted at_a erature fro 00 . 000 ferably
fr om about éﬁﬁ@tl ?%B%r@ﬁtjm?%@y 2%9(? alfﬂ%yco y%%o%&%ﬁ%es%gbg c(l)ﬁgg@lgg egOOC, and
nost desi r abjayalfst 0 alaployd@0C TopiedloutadbivlS. inchue) f@Neamaplel eslefianer al |y

result in |lower rates of reaction, and the formation rate of the desired
|i ght ol ef i rinjsresaersionppctinnso pEYSPRRR da gleldn somversippweastipns (821 MHRr at ur es

greater than_7Q0C. t e . not n 1 n Lght

ol efin pr odurg?gfogghd%@gr%gt gosa%g; g [ cﬁoégégbgnﬁﬁgﬁrqgg{zg#att&g@dﬂgkm on the
cat al yst nmayfobaglatien,t e4pohi hase [niktilahbl isghthedid, ephthaliovahliydiide nformulatiédjough not
necessarily in _optimum anounts -- at q Vill goe range of pressures including,
but not | i mikigeher Sropselereaghiens, adpaerdpyirile formulatoR. t 0 about 5 MPa. A desired

pressure is about i about
D0 kPa to a0 kbt HieRerrol Eatertn bR BT bIGRS RS FRE "ot o
di luent, if imoldingnah o&fgenateo tAseuspdrhdreih, freetesur ‘Gxygenate fsedafined tot

rel ates to oxygenate. conpounds,and/.or, m xtures thereof. Pressures outside
of the stat CHCRARCNE iR ASECHRIY LEHIPA 4P e IERCAEoRF CORATIIEHYERE "SR Be of ¢ he

invention. L@WerRREnd!PP&liptc! SIEBR0IS efRERS SUHRHITRYcoafhoahde|(Maatydest
selectivity, conversion, coking rate, and/or reaCtion rate; however, . I|ight

ol efins wil | ketonds) cdrboxylimnatids; carbohates, rrod gbe likehanéd mixturemthsreof. gihessure
are consi dered rt of the esent,inventign. [0175LA w,de e.of WHSV' s
for the oxygéﬂ&gﬁc H%S’h%rdﬁlbaﬁ?i% é}f&lﬁ(} (c')(?Jrl?{alBél? ﬁ}?er&h%%ogbpgha(bo& Ii’?ggzﬁb%xygenat e
fed to the riggk LHRAGAGESIRSELROW tReraNk ORtfreh ERI@CUUaBarbbe Vo t he
catalyst in the riser reactors, function with the present invention The

t ot al = oxygenBeprefesthtive eXygenatese inaledee thvf Sre mot ungsessaily bsajtgérias OWH bot h

i er rrs anielsclilh B Gttt (AL o "B XRbnIRY SRR el BB o

usi ng only t higsaweatgdicoahterpatte.CBkaipled 6F euitabld beygeahtes ysdluden buharer hater
reactors. The WHSV i s desi rably hi gh enough to majntain the catalyst in a
fluidized st Bewssardelimited to the following: methanol; ethanol; n-propanol; isopropariol;

C4-C10 alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl

ether; methyl formate; formaldehyde; di-methyl carbonate; methyl ethyl
carbonate; acetone; and mixtures thereof. Desirably, the oxygenate used in the
conversion reaction is selected from the group consisting of methanol, dimethyl
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



- 63 - reaction conditions and wthin the reactor configuration and design.
Cenerally, the WHSV is fromabout 1 hr-1 to about 5000 hr-1, desirably from
about 2 hwelodan7adasut 3000 hr-1, and nost desirably fromcalsodsH4isne 1 to
about 1500 hr-1. The applicants have discovered that operation of the
oxygenate to olefin conversion reactigp-at a WHSV greater than 20 hr-1
reduces the nethane content in the product slate of the conversion

reaction. Thus, the conversion reaction is desirably operated at a WHSV of
at | east about 20 hr-1. For a feed conprising nethanol, dinethyl ether, or-

m xtures thereof; the WHSV is desirably at |east about 20 hr-1 _and nore
desirably frasnfsBB0e): Aomatia qompoyads, agdomixtumes ftheteps] THesied HiMeRs naki ng

the preferr ﬁﬂclﬁhﬁfbhpargBBgH{cteséaﬁ%lgﬂsllﬁ?d&';V% k%grgﬁ%g&pcl ude the additional

step of making the oxygenate co | ohs Tr ocCar bons such as oil,
coal , tar sdnt§0]shal e,A Ipocivass thadeadahay bd pwaiied Ve thoHE A b ligud dotgn. t he

conposition re known in the art. These thods include ferpentation to
al cohol or etH&} ?pﬁﬁﬂnrﬂfn@fl E?e}ﬁle‘é iprovyded lntﬁqplggmﬁh¢ Hguidmortigmefibei s gas

o al conol akhhobe AU HIE3LAABNEA S AAUUP BV RRY BERGRSTeS SUCh

as steamreform ng, autot parti al oxi tion.
[0177] One skh¢ Feed may behdirently injebled ahte chadividuahtisertreadtoisher @itefriedor pr oduced

by the oxygenate-sto-olefin conversion reagtion of the present_ ipvention can
be pol ymer i ZUFTET GBI dfeF erareagiors T i YApop 8P Yist gf Bdeeher 2
pol ypr opyl engitabie @&ees 88s/diffent. OBYpRS/idMAL Y Yot dmsr the 988

dO@ﬁ%ééﬂgte%s/g nown in
the art. Catalytic processes are preferred. Particularl eferred are
met al | ocene,dilBerty iretheNguidphase, the tetnssatateym the risgs tean®rs Gache dontrokedanpl e,

U S. Patent Nos. 3. 258,455 .3 305 538: 3. 364, 190, 5,892 Q79: 4, 659, 685;
4,076, 605 3 BRoRHRIE PP br Radlion crikyesile oty eriarbis BAUAlY DSHRET BY ocoss
descri pti ongheéndvtdmichdag oL ¥iHoeisstion dMESTPAE PbRBNTERS feelY c%ﬁfrag]iﬁgcei I'n

general, these nethods involve contacting the olefin product with a
pol yol ef i n- ftBe wreppriden of Jignidafeed tor eaperfecdafed toethseteastor és efé possible to form

ot al | ovene "hapdy § kgl (5] Golebu e AR Fd Hr B URd IR ST | °

bet ween 50C ramdor240C and t he ‘
[0151] ‘A liquid feedstock optionally is fed separately or jointly with a
vapor feedstock. The amount of feed provided in a liquid form, whether fed
separately or jointly with the vapor feed, is from about 0.0 wt. % to about 85 wt.
% of the total oxygenate content plus diluent in the feed.‘ More desirably, the
range is from about 1 wt. % to about 75 wt. % of the total oxygenate plus diluent
feed, and most desirably the range is from about 5 wt. % to about 65 wt. %. The
liquid and vapor portions of the feed may be the same composition, or may
contain varying i)roportions of the same or different oxygenates and same or
different diluents. One particularly effective liquid diluent is water, due to its
relatively 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



reaction can be carried out at |ow, mediumor high pressure, being anywhere
from1 bar to 200 bars. For processes carried out in solution, an inert

di | uent o®o0 20&/0736484 - used, and the preferred operati ng@Cpriss@snesi@nge i s
bet ween 10 and 150 bars, with a preferred tenperature between 120C and
230C. For gas phase processes, it is qfiteferred that the tenperature
general ly be from 60C to 160C, and that the operating pressure be from5
bars to 50 bars. [0179]In addition to polyol efins, nunerous other olefin
derivatives may be forned fron1the ol efins produced by the process of the

f rom These jnclude, but are
ot it o0 15t FeAp o dBis May BERONE with StHEE Tt Ao s dasd, Abe AoHE OF | n

vinyl acet at&the’r &ﬁﬁﬁﬂﬁé W&%Ivﬂﬁl R iMbAD ortdH thhégc gﬁ%@éfd ity 0 allyl

et hyl ene oxi de, Ey ene glycol, cunene, 1soprop
chl ori de, prlﬁ)tglp@ﬁ eoxnatale whmhlmitocmcc&iﬂleémthlyll@néﬁpmqnybfeﬂm feadbloeths, and
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exanpl es.  introduced to the riser reactors, vaporize gradually along the length of the riser
reactors. Either of these arrangements or a combination thereof may be used to
better control the temperature differential in the riser reactors. The means of
introducing a multiplicity of liquid feed points in a reactor or designing a liquid
feed nozzle to control droplet size distribution is well known in the art and is not
discussed here.
[0153] The catalyst suitable for catalyzing an oxygenate-to-olefin
conversion reaction includes a molecular sieve and mixtures of molecular sieves.
Molecular sieves can be zeolitic (zeolites) or non-zeolitic (non-zeolites). Useful
catalysts may also be formed from mixtures of zeolitic and non-zeolitic molecular
sieves. Desirably, the catalyst includes a non-zeolitic molecular sieve. Desired
molecular sieves for use with an oxygenate to olefins conversion reaction include
“small” and “medium” pore molecular sieves. “Small pore” molecular sieves are
defined as molecular sieves with pores having a diameter of less than about 5.0
Angstroms. “Medium pore” molecular sieves are defined as molecular sieves
with pores having a diameter from about 5.0 to about 10.0 Angstroms.
[0154] Useful zeolitic molecular sieves include, but 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.



Exanples 1 and 2 [0181]In Exanples 1 and 2, a popul ation of catalyst
particles having a |l ow fines content was fluidized in a fluidized bed
react or awvoaosagsa&s vel ocity of 0.15 ft/s. The fl ui di zedChad200smaisar was
generally of the formillustrated in Figure 4, but inplenented a sparger
and external separation devices. Examplee 1 included 2 subway grate
obstructing nenbers of the type shown in Figure 4 in the dense phase, and
Exanpl e 2 included 1 subway grate obstructing nenber of the type shown in
Figure 4 in the dense phase. The specific particle size distributions for
Exanples 1 and 2 were as follows: Table I: Low Fines Content PSD Particle
Si ze (M cr dAt35) Ex anplSkicaelgnimophasphate ('SAF Qs " pare pme grogp of non-zeolitic

molecular sieves that are useful in an oxygenate to olefins conversion reaction.
SAPOs comprise a three-dimensional microporous crystal framework strocture of
[SiO,], [AlO,] and [PO,] tetrahedral units. The way Si is incorporated into the
structure can be determined by 29Si MAS NMR. See Blackwell and Paiton, J.
Phys. Chem., 92, 3965 (1988). The desired SAPO molecular sieves will exhibit
one or more peaks in the 29Si MAS NMR, with a chemical shift [(Si)] in the
range of -88 to -96 ppm and with a combined peak area in that range of at least
20% of the total peak area of all peaks with a chemical shift [(Si)] in the range of -
88 ppm to -115 ppm, where the [(Si)] chemical shifis refer to external
tetramethylsilane (TMS). o

[0156] It is desired that the silicoaluminophosphate molecular sieve used
in such a process have a relatively low Si/Al, ratio. In general, the lower the
Si/Al, ratio, the lower the C1-C4 saturates selectivity, particularly propane
selectivity. A Si/Al, ratio of less thén 0.65 is desirable, with a Si/Al, ratio of not
greater than 0.40 being preferred, and a SiAl, ratio of not greater than 0.32 being
particularly preferred.

[0157] Silicoaluminophosphate molecufar sieves are genérally classified
as being microporous materials having 8, 10, or 12 membered ring structures.
These ring structures can have an average pore size ranging 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,



45-75 -42.6 - 65 - 75-120-46.6 120-200 [0182]1In these exanples, dynam c
bed pressure drop neasurenents were taken over a period of tine of 0-1200
seconds. wbeoswesdsss of Exanple 1, shown in Figure 6, sirowusbas/otiseo
pressure oscillations in the fluidized bed were on the order of +/- 1 inch
of water when two baffles are inplenegged. This data represents generally
good fluidization as |ower pressure oscillations generally correspond with
better fluidization (less bubble bursting), notw thstanding the |ow fines
content. A fluidization density of 42 Ib/ft3 was achi eved. [0183] The
results of Exanple 2, shown in Figure 7, show that the pressure

osci | | at i onSAPR-3G e SAPQ-3T,z SAPEEA0WSAP DALt SAPE-d2r S(szPCS)-A4, SPQAdhes of

AR RN HERRE e SE LA

partially coked catalyst regenerated by the catalyst regenerator optionally contains

—

molecular sieve particles selected from the group consisting of SAPO—S, SAPO-§,
SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34,
SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, metal containing forms thereof, intergrown forms thereof,
and mixtures thereof. Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44,
and SAPO-47, particularly SAPO-18 and SAPO-34, including the metal
containing forms thereof, and mixtures thereof. As used herein, the term mixture
is synonymous with combination and is considered a composition of matter
having two or more components in varying proportions, regardless of their
physical state.

[0160] Preferably, the at least partially coked catalyst that is fed to the
catalyst regenerator has a dso particle size from about 20 to about 200 microns.
The d, particle size means that x percent by volume of the formulated catalyst
composition particles have a particle diameter no greater than the dy value. For
the purposes of this definition, the particle size distribution (PSD) used to define
the dy value is measured using well known laser scattering techniques using a
Microtrac Model 3000 particle size analyzer from Microtrac, Inc. (Clearwater,
Florida). “Particle diameter” as used herein means the diameter of a specified
spherical particle or the equivalent diameter of non-spherical particles as
measured by laser scattering using a Microtrac Model 3000 particles size analyzer.
[0161] 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,



Exanple 3 [0184]In Exanple 3, a population of catalyst particles having a
|l ow fines content was fluidized in a fluidized bed reactor at a vessel

vel oci ty wD 2006%078¢48s. The fl ui di zed bed reactor was genecalisyoosiniishe form
illustrated in Figure 5 having 6 layers of inverted "V' shaped, shed type
obstructing nenbers, but inplenmenting g sparger and external separation
devi ces. The specific particle size distribution was as shown in Table I,
above. [0185]1In this exanple, dynam c bed pressure drop neasurenents were
taken over a period of tinme of 0-1200 seconds. The results of Exanple 3,
shown in Figure 8, show that the pressure oscillations in the fluidized bed

were on t he RERIAFOfARL - TONS ahdsubsftutdiCidras thardoer lére[fél'%e?l hEREASEHERs

particularly good fluidization notw thstanding the low fines content.

Exanpl e 4 [ 0186} Exahpicembined witl gnilieaaiumisophespipite catalyshinchude Z8Mif, at i on of

cat.al yst parzg'l\g_lﬁsellf&\{{en%l cﬂaB iIei nes content was fluidized in a fluidized
> vel 0Cl (

bed reactor at a Vvesse 'y of 0.15 ft/s. The fluidized bed reactor

did not cont[aié2] Substituted SAPOs form a class of molecular sieves known as
“MeAPSOs,” which are also useful in the present invention. Processes for making
MeAPSOs are known in the art. SAPOs with substituents, such as MeAPSOs,
also may be suitable for use in the present invention. Suitable substituents, “Me,”
include, but are not necessarily limited to, nickel, cobalt, manganese, zinc,
titanium, strontium, magnesium, barium, and calcium. The substituents may be
incorporated during synthesis of the MeAPSOs. Alternately, the substituents may
be incorporated after synthesis of SAPOs or MeAPSOs using many methods.
These methods includé, but are not necessarily limited to, ion-exchange, incipient
wetness, dry mixing, wet mixing, mechanical mixing, and combinations thereof,
[0163] Desired MeAPSOs are small pore MeAPSOs having pore size
smaller than about 5 Angstroms. Small pore MeAPSOs include, but are not
necessarily limited to, NiSAPO-34, CoSAPO-34, NiSAPO-17, CoSAPO-17, and
mixtures thereof. , t
[0164] Aluminophosphates (ALPOs) with substituents, also known as
“MeAPOs,” are another group of molecular sieves that may be suitable for use in
an oxygenate to olefin conversion reaction, with desired MeAPOs being small
pore MeAPOs. Processes for making MeAPOs are known in the art. Suitable
substituents include, but are not necessarily limited to, nickel, cobalt, manganese,
zinc, titanium, strontium, magnesium, barium, and calcium. The substituents may
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



- 66 - any obstructing nenbers. The specific particle size distribution was

as shown in Table |, above. [01187]In this exanple, dynam c bed pressure

drop neaswoenenisc4ser e taken over a period of tine of OPL208208me33ds. The

results of Exanple 4, shown in Figure 9, show that the pressure

oscillations in the fluidized bed werespon the order of +1- 4.0 to 5.0

i nches of water. This represents very poor fluidization due to the low

fines content. Exanple 5 [0188]Exanple 5 is another conparative exanple in

whi ch a popul ati on of catal yst partiglesdhavhng g fIﬂEf con{egt g;ngout
-12 wt. percent was fluidized in a fluidized bed reactor at a v
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I nvention have been _ ) _ i _
to promote the desired chemical conversion. Such matrix, e.g., filler and binder,

materials include, for example, synthetic and naturally occurring substances, metal
oxides, clays, silicas, aluminas, silica-aluminas, silica-magnesias, silica-zirconias,
silica-thorias, silica-beryllias, silica-titanias, silica-alumina-thorias, silica-
aluminazirconias, arid mixtures of these materials.

[0166] The solid catalyst composition preferably comprises about 1% to
about 99%, more preferably about 5% to about 90%, and still more preferably
about 10% to about 80%, by weight of molecular sieve; and an amount of about
1% to about 99%, more preferably about 5% to about 90%, and still more
preferably about 10% to about 80%, by weight of matrix material.

[0167] The preparation of solid catalyst compositions, e.g., solid particles,
comprising the molecular sieve and matrix material, is conventional and well
known in the art and, therefore, is not discussed in detail here.

[0168] The catalyst may further contain binders, fillers, or other material
to provide better catalytic performance, attrition résistance, regenerability, and
other desired properties. Desirably, the catalyst is fluidizable under the reaction
conditions. The catalyst should have particle sizes of from about 5u to about
3,000, desirably from about 10p to about 200y, 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,



descri bed above with reference to various exenplary and preferred
enbodi nents. As understood by those of skill in the art, the overall
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flowing through the reacfor, the gas superficial velocity may vary at different
locations within the reactor depending on the total number of moles of gas pfesent
and the cross section of a particular location in the reactor, temperatuie, pressure,
and other relevant reaction parameters. The gas superficial velocity, including
any diluents present in the feedstock, is maintained at a rate greater than 1 meter .
per second (m/s) at any point in the reactor. Desirably, the gas superficial velocity
is greater than about 2 m/s. More desirably, the gas superficial velocity is greater
than about 2.5 m/s. Even more desirably, the gas superficial velocity is greater
than about 4 m/s. Most desirably, the gas superficial velocity is greater than about
8 m/s.
[0170] Maintaining the gas superficial velocity at these rates incréases the
approach to plug flaw behavior of the gases flowing in the riser reactors. As the
gas superficial velocity increases above 1 m/s, a reduction in axial diffusion or
back mixing of the gases results from a reduction in internal recirculation of
solids, which carry gas with them. (Ideal plug flow behavior occurs when
elements of the homogeneous fluid reactant move through a reactor as plugs
moving parallel to the reactor axis). Minimizing the back mixing of the gases in
the reactor increases the selectivity to the desired light olefins in the oxygenate
conversion reaction.
[0171] 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.



2. The process of claim1l, wherein the dense phase has a density of from 10

I'b/ft (160.2 kg/m to 50 Ib/ft (800.9 kg/m. 3. The process of any of
t he precenslOngosl7ai4ss, wherein the reactor or regener at oPCiias2@is/okasast t wo
obstructing nenbers. 4. The process of claim 3, wherein the reactor
or regenerator has at |east two obstrggting nmenbers in staggered
arrangenent . 5. The process of claim1l, wherein the catal yst
particles have a d2 val ue greater than 50 m crons. 6. The process of

claim5, wherein the catalyst particles have a d2 value greater than 60
m crons. 1AMENDED SHEET30/ 10/ 2006 .
[0173] The temperature useful to convert oxygenates to light olefins varies

over a wide range depending, at least in part, on the catalyst, the fraction of
regenerated catalyst in a catalyst mixture, and the configuration of the reactor
apparatus and the reactor. Although these processes are not limited to a particular
temperature, best results are obtained if the process is conducted at a temperature
from about 200°C to about 1000°C, more preferably from about 200°C to about
700°C, desirably ﬂOm about 250°C to about 600°C, and most desirably frdm
about 300°C to about 550°C. Lower temperatures generally result in lower rates
of reaction, and the formation rate of the desired light olefin products may become
markedly slower. However, at temperatures greater than 700°C, the process may
not form an optimum amount of light olefin products, and the rate at which coke
and light saturates form on the catalyst may become too high.

[0174] Light olefins will form -- although not necessarily in optimum
amounts -- at a wide range of pressures including, but not limited to, pressures
from about 0.1 kPa to about 5 MPa. A desired pressure is from about 5 kPa to
about 1 MPa and most desirably from about 20 kPa to about 500 kPa. The
foregoing pressures do not include that of a diluent, if any, and refer to the partial
pressure of the feed as it relates to oxygenate compounds and/or mixtures thereof.
Pressures outside of the stated ranges may be used and are not excluded from the
scope of the invention. Lower and upper extremes of pressure may adversely
affect selectivity, conversion, coking rate, and/or reaction rate; however, light
olefins will still form and, for that reason, these extremes of pressure are
considered part of the present invention. .

[0175] A wide range of WHSV's for the oxygenate conversion reaction,
defined as weight of total oxygenate fed to the riser reactors per hour per weight
of molecular sieve in the catalyst in the riser reactors, function with the present
invention. The total oxygenate fed to the riser reactors includes all oxygenate in
both the vapor and liquid phase. Although the catalyst may contain other
materials which act as inerts, fillers or binders, the WHSYV is calculated using only
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
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wherein the reactor or regenerator conprises a reaction zone and a

separ at i omozosw73@8d t he dense bed is situated wthin tireTrS2@6i00334@0NE.
8. The process of any of the preceding clains, wherein the reactor or
regenerator further conprises one or mgy.e obstructing nenbers within the
separation zone for at |east partially obstructing the upward fl ow of
entrai ned catal yst. 9. The process of claim8, wherein one or nore
obstructing nenbers are situated |l ess than 2 neters above the dense bed.
10. The process, of any of the preceding clainms, wherein the catal¥st
particles arteadtiop\geadisions apdsyidun fgdraetop configwatipn; #ndi depignni Hrnegally,

superficial HE I\)‘ﬂ%(’%s ?rfomoab]()u]i ?h?—lr{graﬁ&ﬁ/ 5986 hr-1, desirably from about 2 hr-1 to
about 3000 hr-1, and most desirably from about 5 hr-1 to about 1500 hr-1. The

applicants have discovered that operation of the oxygenate to olefin conversion
reaction at a WHSV greater than 20 hr-1 reduces the methane content in the
product slate of the conversion reaction. Thus, the conversion reaction is
desirably operated at a WHSYV of at least about 20 hr-1. For a feed comprising
methanol, dimethyl ether, or mixtures thereof, the WHSYV is desirabiy at least
about 20 hr-1 and more desirably from about 20 hr-1 to about 300 hr-1.

[0176] The method of making the preferred olefin product in this
invention can include the additional step of making the oxygenate compositions
from hydrocarbons such as oil, coal, tar sand, shale, biomass and natural gas.
Methods for making the compositions are known in the art. These methods
include fermentation to alcohol or ether, making synthesis gas, then converting the
synthesis gas to alcohol or ether. Synthesis gas can be produced by known
processes such as steam reforming, autothermal reforming and partial oxidization.
[0177] One skilled in the art will also appreciate that the olefins produced
by the oxygenate-to-olefin conversion reaction of the present invention can be
polymerized to form polyolefins, particularly polyethylene and polypropylene.
Processes for forming polyolefins from olefins are known in the art, Catalytic
processes are preferred. Particularly preferred are metallocene, Ziegler/Natta and
acid catalytic systems. See, for example, U.S. Patent Nos. 3,258,455; 3,305,538;
3,364,190; 5,892,079; 4,659,685; 4,076,698, 3,645,992; 4,302,565; and 4,243,691,
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



11. The process of claim10, wherein the Peclet nunmber ranges from8 to 30,

with a superficial velocity of 0.25 to 3 neters/sec. 12. The process
of cl ai mwob,2omngs@sn t he Pecl et nunber ranges from 10 t @C2aiS20ustiEsa0
superficial velocity of 0.5 to 2 neters/sec. 13. The process of any

of the preceding clainms, wherein the rg@actor or regenerator has at |east
two obstructing nmenbers and i ncludes an obstructing nenber that extends in
a plane and has an open area of greater than 50% or includes baffles with a
total surface area defined by the baffles of from20%to 80%

used, and the preferred operating pressure range is between 10 and 150 bars, with
a preferred temperature between 120°C and 230°C. For gas phase processes, it is
prefetred that the temperature generally be from 60°C to 160°C, and that the
operating pressure be from 5 bars to 50 bars.

[0179] In addition to polyolefins, numerous other olefin derivatives may
be formed from the olefins produced by the process of the present invention or
olefins recovered therefrom. These include, but are not limited to, aldehydes,
alcohols, acetic acid, linear alpha olefins, vinyl acetate, ethylene dichloride and
vinyl chloride, ethylbenzene, ethylene oxide, ethylene glycol, cumene, isopropyl
alcohol, acrolein, allyl chloride, propylene oxide, acrylic acid, ethylene-propylene
rubbers, and acrylonitrile, and trimers and dimers of ethylene, propylene or
butylenes. The methods of manufacturing these derivatives are well known in the
art, and therefore are not discussed here.

VL EXAMPLES

[0180] The present invention will be better understood in view of the
following non-limiting examples.

Examples 1 and 2

[0181] In Examples 1 and 2, 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 was generally of the form illustrated in Figure
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
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75-120 ~46.6
120-200 ~8.8
[0182] In these examples, dynamic bed pressure drop measurements were

taken over a period of time of 0-1200 seconds. The results of Example 1, shown
in Figure 6, show that the pressure oscillations in the fluidized bed were on the
order of +/- 1 inch of water when two baffles are implemented. This data
represents generally good fluidization as lower pressure oscillations generally
correspond with better fluidization (less bubble bursting), nétwithstanding the low
fines content. A fluidization density of 42 Ib/ft> was achieved.

[0183] The results of Example 2, shown in Figure 7, show that the
pressure oscillations in the fluidized bed were on the order of +/- 2-3 inches of
water when one baffle was implemented, reflecting generally poorer fluidization.
The fluidization density was 42 1b/ft>.

Example 3

[0184] In Example 3, a population of catalyst particles having a low fines
content was fluidized in a fluidized bed reactor at a vessel velocity of 0.5 ft/s. The
fluidized bed reactor was generally of ‘the form illustrated in Figure 5 having 6
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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any obstructing members. The specific particle size distribution was as shown in
Table I, above.

[0187] In this example, dynamic bed pressure drop measurements were
taken over a period of time of 0-1200 seconds. The results of Example 4, shown
in Figure 9, show that the pressure oscillations in the fluidized bed were on the
order of +/- 4.0 to 5.0 inches of water. This represents very poor fluidization due
to the low fines content.

Example 5

[0188] Example 5 is another comparative example in which a population
of catalyst particles having a fines content of about 8-12 wt. percent was fluidized
in a fluidized bed reactor at a vessel velocify of 0.07 ft/s. The fluidized bed
reactor did not contain any obstructing members.

[0189]} In this example, dynamic bed pressure drop measurements were
taken over a period of time of 0-1200 seconds. The results of Example 5, shown
in Figure 10, 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
due to the presence of fines. ‘ '
[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.
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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 having a d; value greater than 40 microns 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, and at a superficial velocity in the dense bed of no greater than 5 fi/sec

(1.5 m/s).

2. The process of claim 1, wherein the dense phase has a density of

from 10 1b/f® (160.2 kg/m®) to 50 1b/ft* (800.9 kg/m?).

3. The process of any of the preceding claims, wherein the reactor or

regenerator has at least two obstructing members.

4, The process of claim 3, wherein the reactor or regenerator has at

least two obstructing members in staggered arrangement.

5. The process of claim 1, wherein the catalyst particleé have a d,

value greater than 50 microns.

6. The process of claim 5, wherein the.catalyst particles have a d;

value greater than 60 microns.

1 AMENDED SHEET 30/10/2006
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7. The process of any of the preceding claims, wherein the reactor or
regenerator comprises a reaction zone and a separation zone, and the dense bed is

situated within the reaction zone.

8. 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.

9. The process of claim 8, wherein one or more obstructing members

are situated less than 2 meters above the dense bed.

10.  The process of any of the preceding claims, wherein the catalyst
particles are flowed at a Peclet number of from 4 to 100, with a superficial

velocity of 0.1 to 5 meters/sec.

11, The process of claim 10, wherein the Peclet number ranges from 8

to 30, with a superficial velocity of 0.25 to 3 meters/sec.

12.  The process of claim 11, wherein the Peclet number ranges from 10

to 20, with a superficial velocity of 0.5 to 2 meters/sec.

13. The process of any of the preceding claims, wherein the reactor or
regenerator has at least two obstructing members and includes an obstructing

member that extends in a plane and has an open area of greater than 50% or

' includes baffles with a total surface area defined by the baffles of from 20% to

80%.
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