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solid catalyst in each riser must be the same. To achieve this, a roughly equal

amount of regenerated and non-regenerated catalyst must be introduced into each
of the multiple risers.

[0005] U.S. Patent 4,364,905 describes a single riser FCC reaction system for
improving the separation of entrained product vapors from spent catalyst. . A '
stripping gas is flowed through the spent catalyst as it passes through a baffled
region. All of the catalyst is then sent to a regenerator.

[0006] What is needed is a system and method for improving the separation of
gas phase conversion product from catalyst solids. The system and method should
be compatible with reaction systems having multiple risers. The system and
method should also allow for roughly even distribution of regenerated and non-

regenerated catalyst particles into the multiple risers.
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separating solids froma gas-solids flow Aplurality
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of the solids contained in the correspondi ng product
gas-solids flow The solids fromeach higher density
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the transition zone. Preferably, the transition zone includes one or more layers of

baffles. A plurality of standpipe entry locations are se}ﬁarated from the one or
more displacing gas inlets by a separation distance. Catalyst entering the
standpipe entry locations is returned to the plurality of oxygenate to olefin

reactors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 schematically shows a reaction system according 1o an
embodiment of the invention.

[0010] FIGS. 2A and 2B schematically show a portion of a reaction system

according to an embodiment of the invention.



according to an enbodi nent of the

i nvention. 2006B032-PCT - 3 - [0011] FIG 3 shows
wepeaisa’ perf ormance characteristics for an apEHDS100%004116

according to an enbodi nent of the invention. [0012]

Fl 4 tically shows another portion of an

aﬁgg?%q:%r' cording to an enbodi nent of the invention.

[0013] FIG 5 shows results of operation of an

apparatus according to an enbodi nent of the invention.

[0014] FIG 6 shows results of operation of an

appar at us according to an enbédi ment of the invention.

[0015] FIG 7 shows results of operation of an
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aressel oan bedesirgbleq §'of p¥nple, a single reaction system with 4 risers allows

a roughly fourfold increase in processing capacity without having the same

increase in equipment footprint. Using multiple risers, however, raises concerns
not present in a single riser reaction system. In particular, the catalyst circulating
through each riser in the multiple riser reaction system should have roughly the
same catalytic activity. Otherwise, gas-solids flow conditions that provide
optimized performance for one riser will not correspond to optimized performance
for other risers. An ‘additional concern is the removal of product gas that is
entrained with the solid catalyst. Using conventional separation devices, the
solids separated out from the gas-solids flow can still include from 2—5% of the
desired gas phase product from the reaction.

[0018] The 2-5% of gas phase product which is entrained in the solids flow is
in an environment with a large amount of catalyst surface area. As the solids flow
is routed through the system to return to the riser reactor, the entrained gas phase

product can continue to react. The reaction also continues as the entrained gas



is routed through the systemto return to the riser
reactor, the entrained gas phase product can continue
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of the transition zone, to allow time for the regenerated and non-regenerated
catalyst to mix and/or distribute evenly. At the bottom of the transition zone, the
catalyst passes into the standpipe entry for each riser. To facilitate the flow of
catalyst through the reaction system, the bottom of the baffle region is separated
from the standpipe entry locations by 2 minimum distance.
[0021] In various embodiments, the structures in the transition zone facilitate
improved separation of product gases from the solid catalyst. As the solid catalyst
travels down through the baffles, the solid catalyst is contacted with a gas |

introduced via the gas delivery inlets. In an embodiment, these inlets can be



I mproved separation of product gases fromthe solid
catalyst. As the solid catalyst travels down through
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gas introduced via the gas delivery inlets. In an
enbodi nent, these inlets can be2006B032-PCT - 5 -
pB96BP3BETj ust bel ow the last tier of baffles. The
gas introduced by the gas inlets can be steam
nitrogen, or another gas that will not react in the
separation vessel with the SO|Id catal yst or the
product. [0022] To facilitatedthe flow of solid
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I's then flowed into the riser. As the
f@éésﬂabﬁkﬂpE’acts and flows up through the riser, solid
particles becone entrained in the feedstock flow The
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the feedstock flow. The solid particles are then preferably removed from the gas-
solids flow after exiting the riser. In an embodiment, the riser can have a diameter
of at least 1 meter, or at least 1.5 meters, or at least 2 meters, or at least 3 meters,
or at least 4 meters, or at least 5 meters, or at least 6 meters. In another
embodiment, the riser can have a diameter of 9 meters or less, or 8 meters or less,
or 7 meters or less, or 6 meters or less, or 5 meters or less, or 4 meters or less.
Note that the diameter of the riser can vary over the length of the riser. For the
purposes of this invention, the diameter of the riser refers to the diameter of the

riser at the location where the riser is joined to a termination device.



or 7 meters or less, or 6 neters or less, or 5 neters
or less, or 4 neters or less. Note that the dianeter
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For the purposes of this invention, the dianmeter of
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entrained with the higher density flow as it exits through the dipleg.

[0027] After exiting the dipleg, the solid catalyst from a higher density flow
(and any entrained product vapor) is received into a transition zone in the
separation vessel. The transition zone includes a fluidized bed of the catalyst
solids. The solid catalyst bed is the source of solid catalyst for feeding the risers
or standpipes to continue the gas-solids reaction. Preferably, a portion of the solid
catalyst from the catalyst bed and/or the higher density flows exiting the cyclone

separator stages can be diverted into a regenerator. The location in the transition



separation vessel. The transition zone includes a
fluidized bed of the catalyst solids. The solid

w@ at0al1ys67 bed is the source of solid catal yst POF/US2007/004116
feeding the risers or standpipes to continue the
gas.- i.ds. reaction. Preferably, a portion of the
sﬁpég@ggpaﬁ@st fromthe catal yst bed and/or the higher
density flows exiting the cycl one separator stages can
be diverted into a regenerator. The location in the
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is optionally provided with a catalyst cooler 160. Regenerated catalyst can be
returned via conduit 165. In the embodiment shown in FIG. 1, regenerated
catalyst is returned to the top of the transition zone to join the catalyst exiting the
cyclone diplegs. More generally, regenerated catalyst can be distributed at the top

“of the catalyst bed in the transition zone by any conventional catalyst distribution

device known in the art.



returned via conduit 165. In the enbodi nent shown in
FIG 1 regenerated catalyst is returned to the top of
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cyclone diplegs. Mre generally, regenerated catalyst
can be distributed at the top of the catalyst bed in
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- Transition Zone Structure [0030] In an enbodi nent,
the transition zone includes a plurality of baffles
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through the transition zone. A variety of structures
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[0031] In an embodiment, the solid structures used to form the baffles can
have various geometries. For example, the solid structures can have a rectangular
profile, a triangular profile, or any other convenient solid geometry. In another
embodiment, the baffles can be in the form of “sheds.” The sheds can have a “v-
shaped” profile that is inverted so that the catalyst approaches the point of the “v”
as the catalyst moves through the transition zone. Preferably, the sheds can also
include a small vertical surface at the bottom edges of the inverted v-shape.

Various orientations can be selected for the sheds. All of the sheds can be aligned,



profile, a triangular profile, or any other convenient

solid geonetry. In another enbodi nent, the baffles can
\Vaemhnrmbk formof "sheds." The sheds can haveP@r/us2007/004116

vshaped profile that is inverted so that the

catal proaches the point of the "v" as the

?§ ves through the transition zone.

Preferably, the sheds can al so include a snal

vertical surface at the bottom edges of the inverted

v-shape. Various orientations_can be selected for the

sheds. Al of the sheds can b2-ali gned, 2006B032- PCT -
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Noher e of a superficial velocity. The superficial
veIOC|ty of the gas energing fromthe gas spargers can
bd08R4ler nilie dlowyrates stepne Hitregana Pr pihsnggsaub optheaes spprgers

dioVh YebalabrchYed {heteﬁﬁé)ﬁtz %?ﬂ&%el@cﬁ@a TRE shp&ficial velocity of

separ atl on vesse ansition zone.
Dithe gas emeiiging fromitke g@r&p@wm hegdegerrinsg hyatakingdhe tqigl flow
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Cross- e“transition zone. referably
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SeCc or greater.
erdupelrfmltv,elocny of the gas mtroduced by the gas spargers is 0.03 m/sec or

greater, or 0.10 m/sec or greater, or 0.15 m/sec or greater. In another embodiment,
the superficial velocity of the gas introduced by the gas spargers is 0.30 m/sec or
less, or 0.25 m/sec or less, or 0.20 m/sec or less.

[0035] FIGS. 2A and 2B schematically shows an example of a transition zone
210 in a separation vessel according to an embodiment of the invention. FIG 2A
shows a side view of the transition zone 210. In the embodiment shown in FIG.
24, 5 levels of baffles 220 are used. Each level of baffles is oriented

perpendicular to the plane of the drawing. The baffle structures in successive



the superficial velocity of the gas introduced by the
gas spargers is 0.30 msec or less, or 0.25 nlsec or

wo e®3/117367 0. 20 nmf sec or | ess. [0035] FIGS. 2A podugB07/004116
schematically shows an exanple of a transition zone
210 in a separation vessel according to an enbodi nent
ofVOPRA33-REntion. FIG 2A shows a side view of the
transition zone 210. In the enbodi ment shown in FIG
2A, 5 levels of baffles 220 are used. Each |evel of
baffles is oriented perpendicular to the plane of the
draw ng. The baffl e struct urd® - n
successi ve2006B032-PCT - 10 - levels are offset from
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FIG 3 .
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The transition zonme of the separation vessel s
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t hcﬁstance (height) increases between the gas inlets (spargers) and the standpipe
entry locations. The lowest catalyst flux shown is 100 Ib/ft**sec (488 kg/m**sec),
which corresponds to a typical minimum desired catalyst flux within the
standpipe. At a typical commercial standpipe diameter of 46 inches (117 cm), a
separation of roughly 10 inches (25 cm) would be required between the bottom of
the gas spargers and the entry point for the catalyst into the standpipes. At the
same standpipe diameter, maintaining a desirable commercial value of 250

Ib/ft**sec (1221 kg/m**sec) requires a separation distance of about 40 inches (102



di stance (height) increases between the gas inlets
(spargers) and the standpi pe entry | ocations. The
wo oaea1736at al yst flux shown is 100 I b/ft2*sec P@&BBS2007/004116

kg/ m2*sec), which corresponds to a typical m ninmm
desired catalyst flux within the standpipe. At a
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[0040] The catalyst flux within the transition zone can also be characterized.

In an embodiment, the catalyst flux within the transition zone can be 100
Ib/ft**sec (488 kg/m?*sec) or less, or 50 Ib/ft**sec (244 kg/m?*sec) or less, or 35
Ib/ft**sec (170 kg/m**sec) or less, or 20 Ib/ft**sec (98 kg/m**sec) or less. In
another embodiment, the catalyst flux within the transition zone can be at least 1
Ib/f**sec (5 kg/m?*sec), or at least 5 1b/ft?*sec (24 kg/m>*sec), or at least 10 '
Ib/ft**sec (49 kg/m**sec).



(210 kg/ mB8-m) or less, or 3 Ib/ft3-ft (158 kg/nB-m or

less, or 1 Ib/ft3-ft (53 kg/nB- m or less. [0040] The
w@at0ahyss7 flux within the transition zone can PCHUSHE7/004116

characterized. In an enbodi nent, the catal yst flux

Wi L .hj ransition zone can be 100 Ib/ft2*sec (488

kd#ﬁég%%gﬁj%r | ess, or 50 Ib/ft2*sec (244 kg/ n2*sec)

or less, or 35 Ib/ft2*sec (170 kg/ne*sec) or |ess, or

20 Ib/ft2*sec (98 kg/ nmR2*sec) or less. In another

enbodi nent, the catalyst flux within the transition

zone can be at least 1 Ib/ft213ec (5 kg/ n*sec), or at

least 5 | b/f\2*sec (24 kg/ n2*sec), or at |east 10

| JPP41+ s e Anptier regtie thee e3n boveEis thepesidence2ime pOGUAlst within

: et S lsithe. residence ti

o e Sy 13} e, 1 3h R OARE R o0 dicf ohEop ERER sl inTRe

- erttroditivarrone tirebe 63 mbanteeot lesg of 00 ndaiita ysless, Br ttiginute or

t ransi;tion,zone can be .60 mi.nutes or |ess, or 10

Bt dB 2BhFELEbodmeRt, therefidense frag gan b iR Rpoonds, or at

erteaxd il (B&donds, loe at RasidB®@eohds® can be at least 5

Sﬁ@@ﬂgs’ %g at | east 10 seconds, or at |east 30 )

s s. PHYaspther mefricyis she amopiafi“defluidizationnefithe solid

" dafdlyhtdAg %lli@@é.'talﬁgt ﬂ(ﬂﬁs sablvdne ?ﬁﬁ'lnl/e? (suchSs §%Ia% ggarger), the

catalyst flows below the gas inlet (such as
spaichampuntiafgas By eantagtaith thesolichsatplystowitk becgradmally tetheced. If
SQhd by sis i r I L the .

i ATV Bl a0 oRE R B Tplatel BTk shipec Tt

| dhddizatien propeties.oThis tveoufld wisdlt mpbomflew bpleviidrefor thEhdagalyst in

' . avjor,.for the catalyst in-
(U e Lt Do DRl L S s
diagti s entheloestémstid thegamdpiises ghosld ded1dsb @nedt $6 that the solid
ns to the st.an be.cl ose eno

I [ . pi.pes..shoul ugh so
¢ RER S st o gRS RYI R RS ER, 0 083 saanenyily ek teve of
f Ifluidiizatidn e catalyIbda) the Odemabizafivn’t d@hé eMBlysOéan be expressed
fluidiz tio? of. a q%g;éi hed, the "defl uidization"
ofS hfeVlumg tipction ghe Eﬁsé§ Shscatalystrelativg inthe total volume of
f HRE pashintfst GisnRé bR 85ethBodifnt MAdARLidiLSh G dMEe tQlid catalyst
the total volune of the gas/catalyst mxture. In an
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Oxygenate to O efin Reactions [0043] An exanple of a

cpge 49 Qledm Reagtiopenefits fromthis invention is
2Fgmgg2%&:e;xt§fhggé ?fe da%talg%c%f S%lse’m that [‘]enae%tsa frgr%ttnfasr}g\l/er}t%n is an
oxygenate-to-olefin process, such as a methanol to olefin conversion reaction.

r ~!-nam'_ RaH.C

Conventionally, oxygenate-to-olefin processes are carried out in a fluidized bed,
fast fluidized bed, or riser reactor configuration where a fluid (gas) flow of a
feedstock is passed through a bed of solid catalyst particles. More generally, the
processes of this invention are applicable to gas-solids reaction systems where the
solids are separated from the gas flow at some point during the reaction process,
including systems where the gas is inert. The examples below describe an
oxygenate to olefin reaction system that can be improved using the separation
process of the invention. A

[0044] Oxygenates used in this invention include one or more organic

compound(s) containing at least one oxygen atom. In the most preferred .



Conventional |y, oxygenate-to-olefin processes are
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composition. In one embodiment, the amount of diluent in the feedstock is in the
range of from about 1 to about 99 mole percent based on the total number of
moles of the feedstock and diluent, preferably from about 1 to about 80 mole
percent, more preferably from about 5 to about 50, most preferably from about 5
to about 25. In another embodiment, other hydrocarbons are added to a feedstock
either directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see, for
example, U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,
preferably propylene, butylene, pentylene, and other hydrocarbons having 4 or
more carbon atoms, or mixtures thereof.



[0046] The diluent is either added directly to a

feedstock entering into a reactor or added directly
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catal yst conposition. In one enbodi nent, the anmount of
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concurrent riser reactors-as described in Fluidization
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(WHSV) of from about 1 hr™! to about 5,000 hr ™!, preferably from about 5 hr'.to
about 3,000 hr!, more preferably from about 10 hr! to about 1,500 hr!, and most
preferably from about 20 hr! to about 1,000 hr”'. In one preferred embodiment,
the WHSYV is greater than 25 hr!, and up to about 500 hrl. In this invention,
WHSYV is defined as the total weight per hour of the gas flowing between reactor
walls divided by the total weight of the solids flowing between the same segment
of reactor walls. The WHSYV is maintained at a level sufficient to keep the catalyst

composition in a fluidized state within a reactor.



Publ i shing Corp., NY, 1960. [0049] In one enbodi nment
of this invention, the gas and solid particles are
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a recover SyS em n such a process the reactor
sysmgisting of various fast fluid or dense fluid beds in series or parallel and a

second reaction region within at least one disengaging vessel, comprising two or
more cyclones configured and/or operated according to various embodiments of
the invention. In one embodiment, the fast fluid or dense fluid beds and
disengaging vessel are contained within a single reactor vessel. Fresh feedstock,
preferably containing one or more oxygenates, optionally with one or more
diluent(s), is fed to the one or more fast fluid or dense fluid beds reactor(s) into
which a molecular sieve catalyst composition or coked version thereof is
introduced. In one embodiment, prior to being introduced to the reactor(s), the

molecular sieve catalyst composition or coked version thereof is contacted with a



conveniently includes a fluid bed reactor system
having a first reaction region consisting of various
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temperature of the incoming oxygenate feed. The ratio of ethylene to propylene

produced in an oxygenate to olefin reaction can be referred to as the Prime Olefin
Ratio (POR).

[0058] One of the factors that determines the POR is the temperature at the
top of the riser in an oxygenate to olefin reaction system. Hi gher temperatures at
the top of the riser will increase the amount of ethylene produced, potentially

allowing POR values of 1.2 or greater if the temperature is increased to above
950°F.



MPa, and conveniently from about 20 kPa to about 500
kPa. [0057] In another enbodi nent of the invention,

wo b@7net3sd of et hyl ene to propylene in an PCT/US2007/004116
oxygenat e-to-ol efmreaction can be controlled by
controlling the tenperature of the incom ng oxygenate
f 28ePBOBRLGlat i 0 of et hyl ene to propyl ene produced in
an oxygenate to olefin reaction can be referred to as
the Prime OQefin Ratio (POR). [0058] One of the
factors that determnes the POR is the tenperature at
the top of the riser in an ox¥genate to olefin
reacti on system Hi gher tenperatures at the top of the
ri[8@39]wi | IOnennétad Eortihereasing the taﬁ?aﬁhiyé eﬂﬁlemk‘i?g&tﬁ&dt];eedstock
otentially all ng POR val ues of 1 r eat [
P NebPcie Peli e Hseeavbuied vapavised A stiuraied vapor fed
9200 B2 ¢98RRBA-aigh prebdure shd0RA2 5@ (IO ). OWhile this is
increasing the tenperature of the oxygenate feedstock
v&ﬁ@ﬁtwesfqr saigingdhetemnerajprenidas feedstogdgyanost the prespise of the

gor KasSa by éch?c@d gﬁBP{o, ﬁm&?&'u&f%% iR& the %EP Ia}ﬁsnl%a&! BRooling

pre sure such psi a
efof ¢legt Vamr,f\@hlch émsts*tge abidityt orasbicat lfurehfwfmctrh@eﬁ seldsipeture.
\Y € t C
ok reshfachi R bR fhes gREenfiNRR 2 AP B8 DEHERE gt
c dotreangs fetetlstov}apmd/or rigeir odp fehpetagutebe ability to

AR g Ast-BEny BEGRERerS KBS S prem AlleBeh 5T

| dackedsing ﬂfetfbedsmdkowa@aﬁempefanﬁxeedﬁd digdctigbothe Whﬁ(ﬁ'rat a lower

es cordi ng to embodi nents of
tr!%e%SH a%ﬁm 981&495@% mévmr‘ a saturaledk e ygensfe vapor, the
f apgst @&%é’%@fheﬁ%ﬁ'ﬁ@ b ip&atue &&hdas € fefahafsdtoeﬁhztda@), or at

vapor at a | ower pressure. In such an enbod I nent,
afleast 325T(163°G), sertat leas e 0BR { B D e Healiog of t}he'apsapwﬂl lead to

can_be, superheated tq a tenperature suc

3%096:'1_"191]( Eﬂﬁ‘g }?ressurea £ fhe é)srfsssljw%i gg}ar 1S Bed%g?(? fo erggtf:ﬁ' t[he riser

35fedsulelptidr)to itdedductign. oHotveeery gigaimoninkt bf t@Athgtionch less than
smal]l rise Jn essure, t he essure of the VnB
20 RS RIERR 254 VAR P XEEIS ARy 5T SR FIsep op Fmpgratire

| RichRAEE! ID8h etiBy@MRAt, shft@heHtMgrif thd oXRRhkte Feddstodl @an be used
| ess than in the pressurlzed vapor exanpl e above,

hlte ﬁ‘@li’le?'? a34ep fléf‘ﬁ t?‘éﬁ?}'éfruﬁ‘t ﬁ@ée@&ﬂ?ﬁg (égﬁl(‘?)v'@ﬁat lF%ﬁt éﬂOOOF
C an@gdd‘sEQIt 1§é§??b%ﬁ~t C5§Q°Cgboxt DAY B @cbRdSt ock

e use to achieve a p riser tenperature of at
| 8861]975FIG52 4bematicallit sHosast pdr€ion 0F ax 68BEnateap oktfin reaction

! es?'gtte Oc%grcggg {05812Cr}1b0(?1men oil He %ve:rli 1c5>x9.oﬁl %%?n odiment shown

in FIG. 4, methanol vaporizer 410 is used to vaporize methanol (or another

s can be

oxygenate) for use as feedstock in a conversion reaction. The vaporized methanol
is then passed to a heating unit 420 to superheat the vapor. The pressure of the
superheated vapor is then reduced to the pressure level of riser 430 for
introduction as feedstock.

[0062] FIG. 5 depicts data showing the change in POR as a function of the
temperature at the top of the riser. As shown in FIG. 5, increasing the temperature
at the top of the riser leads to increasing values of POR, corresponding to

increasingly higher proportions of ethylene in the product vapor as compared to

propylene.



[0061] FIG 4 schematically shows a portion of an

oxygenate to olefin reaction system according to an
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in FIG 4, nethanol vaporizer 410 is used to vaporize

met ha&%lrﬁéor anot her oxygenate) for use as feedstock

i 4P04B sion reaction. The vaporized nethanol is

then passed to a heating unit 420 to superheat the

vapor. The pressure of the superheated vapor is then

reduced to the pressure level of riser 430 for

i ntroduction as feedstock. [‘6@62] FIG 5 depicts data

showi ng the change in POR as a function of the .
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[0065] ' The feedstock entering the reactor system is preferably converted,
partially or fully, in a reaction region into a gaseous effluent. In an embodiment,
the reaction region is closely coupled to a plurality of separation devices, such as
cyclone separators. In another embodiment, the gaseous effluent enters a
disengaging vessel along with the coked catalyst composition. In such an
embodiment, the disengaging vessel includes cyclone separators configured
and/or operated according to the invention. In still another embodiment, the
disengaging vessel also includes a stripping zone, typically in a lower portion of
the disengaging vessel. In the stripping zone the coked catalyst composition is

contacted with a gas, preferably one or a combination of steam, methane, carbon



product produced is greater than 20 wei ght percent,

such as greater than 25 wei ght percent, for exanple,
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than 35 wei ght percent. [0065] The feedstock entering

t r { systemis preferably converted, partially

o&ﬁPﬁﬁﬁg?Séﬁ a reaction region into a gaseous

effluent. In an enbodi ment, the reaction region is

closely coupled to a plurality of separation devices,

such as cycl one separators. In _another enbodi nent, the

gaseous effluent enters a di séfgagi ng vessel al ong

with the coked catal yst conposition. In such an
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weight percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. For example, the regeneration
temperature may be in the range of from about 200°C to about 1500°C, such as
from about 300°C to about 1000°C, for example, from about 450°C to about
750°C, and conveniently from about 550°C to about 700°C. The Tegeneration
pressure may be in the range of from about 15 psia (103 kPa) to about 500 psia
(3448 kPa), such as from about 20 psia (138 kPa) to about 250 psia (1724 kPa),
including from about 25 psia (172kPa) to about 150 psia (1034 kPa), and

conveniently from about 30 psia (207 kPa) to about 60 psia (414 kPa).



[0067] Non-limting exanples of suitable regeneration

nmedi a i ncl ude one or nore of oxygen, O3, SO3, N2O NO
WOBR7AINBES, air, air diluted with nitrogen or PEF/DS2007/004116

di oxi de, oxygen and water (U.S. Patent No. 6,245, 703),

car bon nonoxi de and/ or hydrogen. Suitable regeneration

cHi§PP3bRSTare those capabl e of burning coke fromthe

coked catal yst conposition, preferably to a | evel |ess

than 0.5 wei ght percent based on the total weight of

t he coked nol ecul ar sieve catal yst conposition

entering the regeneration sysX®%em For exanple, the

regeneration tenperature may be in the range of from
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psia (172l cPa) to about 150 psia (
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P$d f}gfeﬁl‘]}f} a{(ﬁ:’%)t 'agQQte’l%%Iep ﬁce‘nt,zﬁeferz{b@yoﬁ_a]eas-f!aﬁout 20 mole

resrdence tine of the catalyst conposition in the
r pgeant, ahdmonaprefaably frdve abawid melefnemenkhisroupp@ mole

m_nut f ijaut e
e
r §o@693r at The blunire gfakeiin the, regersratininciter] isanexothiganic reaction,

regener at or) ..nma jn the r I

SRR b Mk s 0 Bl R ARGy a0

t @batroNeal byreariius tdvhngass infihe aanocintingffealiyg e wooled igheto the
gas used to regenerate the coked catalyst (i.e., fresh

O PR Y FTE B 46 PP s rO ARE 25 oot Eots
PehER) br a B6RPREABH theddofl Pagiefeafedutchiiurtheolpey withdrawing the
and nore preferably fromabout 20 nol e percent & o . .

S BBRATeTe b AT YPEPEFFIIOD fER oy SEEReERIoR ™ Bpd Pessing it

I §Hfigh th;'ta@mysg 8Solte@ fHhan R olagdepalcali@d cathl9QGRmptRRion. The

burni ng of coke in the regeneration step is an )
exatabyst gpeler, enen PRodigat ik aé\ﬁate%b%ngﬁ’éﬁla? islpgated either

t laf 1Y o ' erating a
camRraf pegRetiol Ul RS Ao R BRI for operaing

f gegénsmptioncysikmcrg is diselostbUre Fatrat Hoop,20884 6 ((controlling
oprggg{ug% either in a batch, continuous, or

sem -conti nuous node, or a conbination thereof. A )
pri@Ped)r ed Thectgungrated eatalystawmpiositignavithsgaw érom the regeneration

B O e PR e A gt e

f asienecacOpdt edmpegjaoe nad/edrecitailatsd nodevpbsistave rataliise
composition and/or feedstock and/or fresh gas or liquids, and returned to the
reactor(s). In a preferred embodiment, the regenerated catalyst is returned to the
transition zone in the separation vessel. This allows the regenerated catalyst to be
combined with the non-regenerated catalyst for even distribution between each of
the multiple standpipe entry locations. In another embodiment, the regenerated
catalyst composition withdrawn from the regeneration system is returned to the

reactor(s) directly, preferably after passing through a catalyst cooler. A carrier,

such as an inert gas, feedstock vapor, steam or the like, may be used, semi-



catal yst cooler, in an enbodinent, is a heat exchanger
that is located either internal or external to the

WO e@enenati on system O her nethods for operatP@yus2007/004116
regeneration systemare in disclosed U S. Patent No.
6, 290, 916 &cont rolling noisture). [0070] The
r ePeRBIHPEd catal yst conposition withdrawn fromthe
regeneration system preferably fromthe catal yst
cooler, is conbined with a fresh nol ecul ar sieve
catal yst conposition and/or re-circul ated nol ecul ar
si eve catal yst conposition ar’d/or feedstock and/ or
fresh gas or liquids, and returned to the reactor(s).
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catal yst conposition described in M
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¢ gg%r%h He 3P tld BBIcL G, Gonyer si on process and

rmming its carbon content. gpl cal levels of coke
onlﬂﬂﬁb] nolTdeigassousireactoredilugny 4t witbdysuay fromaihe disergaging system

CRISHRILAN Ry AN AU el LT 3 ecvors

0. systemisgichpiguesemtd sequerivesithal Grevwsiefii in prnavasing ol¢liK(s) and
purifying olefin(s) from the gaseous effluent. Recovery systems generally
comprise one or more or a combination of various separation, fractionation and/or
distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture and other derivative processes such as aldehydes,
ketones and ester manufacture, and other associated equipment, for example,
various condensers, heat exchangers, refrigeration systems or chill trains,
compressors, knock-out drums or pots, pumps, and the like.
[0074] Non-limiting examples of these towers, columns, splitters or trains
used alone or in combination include one or more of a demethanizer, preferably a

high temperature demethanizer, a deethanizer, a depropanizer, a wash tower often



exanpl e, fromabout 0.2 weight percent to about 5

wei ght percent, and conveniently from about 0.3 wei ght
w@ercansst o about 2 wei ght percent based on t heCTERZPNT/004116

of the nol ecul ar sieve. [0073] The gaseous reactor
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generally conprise one or nor 2or a conbi nati on of
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systens IS the production, generation of accunul ation
of[084di t i dmpikally, dulcotvertifgy enr aduoteoxygettadés to olefin(s) having 2

t ' I ith t f d I. ts. .
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use i n.deriyatiye nuf act uri ng processes su as
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recovery system al so i ncludes "a purification sysfgerfﬁ)

F P“é%@ﬁﬁ&? dotak weleht gfhe sfflyeny gay withdravmdom dhe Progessr | y
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system that renmdves 1 ow | evels of products o
c GMITEAFATHAR Syst¢ae fag| comyerting the/ Cat impuottiesite usefulopreduaats.
nore oxygenates to olefin(s) having 2 or 3 carbon

at Qi tior] !!&#oimuﬁgn g%st@%gr ocarbons, particularly
ol efin(s), having or nore carbon atons is al so
pri®R{7d ed. Tire techmgues ofthisGnverticgrase aoteotially sseful in any multiple

riser reaction system for performing reactions involving solid particles entrained

in a gas-solids flow. Non-limiting examples of such reaction systems include
reaction systems selected from the group consisting of catalytic cracking reaction
systems, transalkylation reaction systems, isomerization reaction systems,
catalytic dewaxing systems, alkylation reaction systems, hydrocracking reaction
systems, systems for converting paraffins to olefins, systems for converting
paraffins to aromatics, systems for converting olefins to gasoline, systems for
converting olefins to distillate, systems for converting olefins to lubes, systems for
converting alcohols to olefins, disproportionation reaction systems, systems for

converting aromatics to higher aromatics, systems for adsorbing aromatics,



normal Iy | ess than 20 wei ght percent, such as |ess
than 10 wei ght percent, for exanple, less than 5
wowioght73per cent, and particularly |less than 2 MeT/R1007/004116
percent, based on the total weight of the effluent gas
wi t hdrawn fromthe process, excluding water.
13096812 8CTt herefore the recovery system may i ncl ude
one or nore reaction systens for converting the C +
impurities to useful products. Additional Types of
Reaction Systens [0077] The techni ques of this
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Typical reaction conditions for such include a temperature of from about 230°C to
about 510°C, a pressure of from about 0.5 atmospheres (51 kPa) to about 50
atmospheres (5.1 MPa), a weight hourly space velocity of from about 0.1 nr'! to
about 200 hr*, and a hydrogen/hydrocarbon mole ratio of from about 0 to about
100/1;

E) The catalytic dewaxing of hydrocarbons by selectively removing
straight chain paraffins. The reaction conditions are dependent in large measure

on the feed used and upon the desired pour point. Typical reaction conditions



space velocities of fromabout 0.1 hr 1 to about 100
hr 1; C The transal kyl ati on of aromati c hydrocarbons

WO poorhe73pr esence of pol yal kyl aromati ¢ hydr ocar POTES2007/004116
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of from about 10°C to about 200°C, a pressure of from about 1 to about 30
atmospheres (about 101 kPa to about 3 MPa), and an aromatic hydrocarbon
weight hourly space velocity (WHSV) of from about 1 hr! to about 50 hr'l;

I)  The hydrocracking of heavy petroleum feedstocks, cyclic stocks, and
other hydrocrack charge stocks. The catalyst will contain an effective amount of
at least one hydrogenation component;

J)  The alkylation of a reformate containing substantial quantities of
benzene and toluene with fuel gas containing short chain olefins (e.g., ethylene
and propylene) to produce mono- and dialkylates. Preferred reaction conditions
include temperatures from about 100°C to about 250°C, a pressure of from about

100 psig to about 800 psig, a WHSV-olefin from about 0.4 hr to about 0.8 hrl a



fromabout 2 hr 1 to about 2000 hr 1, and an aromatic

hydr ocarbon/ ol efin nole ratio of fromabout 1/1 to
wW@bwat11387 1. The resulting products fromthe rReUSZINT/004116
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subsequent |y sul fonated have particul ar application as
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hydrocarbons with |ight olefins to provide short chain
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1Gntial boiling pTings ahwve abeRAPOSE to premiupisiiiate and gasoline boiling

o'r%éenﬁroﬁﬂgcé OF a0 fiftthrer YN Ghemicals processing steps. Either
stage of the two-stage system can contain catalyst, which contains molecular sieve
that is susceptible to loss of catalytic activity due to contact with water molecules.
Typical reaction conditions include temperatures of from about 315°C to about
455°C, pressures of from about 400 to about 2500 psig, hydrogen circulation of
from about 1000 SCF/bbl to about 10,000 SCF/bbl and a liquid hourly space
velocity (LHSV) of from about 0.1 hr'l to about 10 hr'l;

P) A combination hydrocracking/dewaxing process in the presence of a
catalyst that contains molecular sieve that is susceptible to loss of catalytic activity
due to contact with water molecules. The catalyst generally further comprises a
hydrogenation component. Optionally, included in the catalyst is zeolite

molecular sieve such as zeolite Beta. Typical reaction conditions include



reacti on conditions include tenperatures from about
425C to about 7600C and pressures from about 10 psig

wo eooahoss7 2000 psig; N) The conversion of | i ghpCDUSI00TIB04116
to gasoline, distillate and | ube range hydrocarbons.
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about 100 psig to about 2000 psig; O Two-stage
hydr ocracki ng for upgradi ng hydrocarbon streans having
initial boiling points above about 2000C to prem um
distillate and gasoline boil i A¢-range products or as

feed to further fuels or chem cals processing steps.
EiteRBpragwegonfabonk3 1676-te nhow 4998 amessaresdfomb about 1400 psig to

C ' N uhar sieve that is
o B Ly Bao s, TEOTBB DAL S L a0t heltind ahvarogen
c sircaiationifitom alxsve 13000 keahdue SOOT$OF ML, r eact i on
condi tions..i ncl ude t.e rat yre f fromabout 315C to
Zbout asgte Nes of aOe pifiRlatienio BBt Griaedabems0E. the
pstaptionyd hagkinot witiisathitet Hi/driespeaabto FRVMSEELPL butyl
to ab%%rﬁgf% 000 SCF/ bbl and a |iquid hour space

[

vERsE sgfordramyl spsthystier STAMI). | Toipicah poanersion penditions
1;indthdefeebipEitiae i) By 964 iyt dEuex ?&%Is)\]ﬁg% ﬁr?rzle {ohbout

the presence of a catalyst that contain

50t WMHS ¥ (sigarelsfinties howr gramszeofite) ditca ghout 0.1 hr' to about
Ao\t ¥ndUg afcl t | ter. nol ecul es.. The .
cat al ﬁli%t “gene (caPFf;eafcgﬁ%}eMP I%ggn%rr?égg) A %@caﬁg)glégﬁcf syt 5713
conpokent Thedisporrrtignation off achedhatics, ¢. e theadighrysdrtiosation

z qglhkﬁ?tormgl?ecy%n%r nd ilr? nﬁ%‘%ﬁ@%%%@%h iﬁ;*té?;tigr? %%id_it-{gr%i igcallude a

reaction conditrons i -
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pressures about, 14 sig to about 1500 psi
P DD GRAT B Sporf O atipstit (0! 1R, ISV of from
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SCF/ bgé; (PL The reaction of alcohols with olefins to
provi 3¢ nilREGORYSIEPR of gaphtha (e, CeGew)iapd similargnitimey to highly
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met hyl - t - but i et,hée’ﬁlro?hw?r%%)%gggﬁpﬁtn? g%fﬁ?rneetdhri?’ldr%:taﬁbé’ﬁ“’
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. gIeaREREly Femactingghe hpdnerabon fded' with & oncléoldr sBH@ catalyslat a
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o b 400, 0800 ARS8 A P o
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g%ﬁ?%}lﬁgﬁeg 1 nglgg)g %éé‘]%éihf%%%uﬂ; YBLEA 1l SBE L UEV) of from

0.1 hr'! to 15 hr'l;

T)  The adsorption of alkyl aromatic compounds for the purpose of
separating various isomers of the compounds;

U) The conversion of oxygenates, e.g., aléohols, such as methanol, or
ethers, such as dimethylether, or mixtures thereof to hydrocarbons including
olefins and aromatics with reaction conditions including temperatures of from
about 275°C to about 600°C, pressures of from about 0.5 atmosphere (51 kPa) to

about 50 atmospheres (5.1 MPa), and a liquid hourly space velocity of from about
0.1 hr'! to about 100 hrl;



tenperature of from about 2000C to about 7600C, a
pressure of from about one atnosphere (101 kPa) to
wW@b@ail1B87 at nospheres (6.1 MPa), and a WHSV of PE€T/0R2007/004116
about 0.1 hr 1 to about 30 hr 1 ; S) The conversion of
htha e C-CGo) and simlar mxtures to highly
%{3(}8 xtures Thus, normal and slightly branched
chalned hydr ocar bons, preferably having a boiling
range above about 4Q0C and | ess than about 2000C, can
be converted to products having a substantially higher
octane aromatics content by €dhtacting the hydrocarbon
feed with a nol ecul ar sieve catalyst at a tenperature
of fr o amhablig«ﬁkﬁ@zﬁ‘zaﬁonaﬁamigﬁﬂﬂﬂrbram}mﬂe:haiml ofefimsdmving

out about . 55Q0C, pressures fromon
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reaction conditions including tenperatures of
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fuel s,Wy. dhe CQH%FIPH ot be vasyyamtnd drenaghs fgfhxiepe rnd/or
a"h@eﬁ'm f‘(ﬁélﬁ)haﬁ@ €5 ‘PJ é.lgéﬁ?ﬁ%b gid b&ﬂe&[@cﬁﬁﬁalﬂ&ydes to the

generally carried out by contacting the olefin
f@&@ﬁmuﬂmcangﬂm@lﬁsa@ﬁam epREsse with a nol ecul ar

T
hr101)°<t3<§o abou{768%, larprassuzenaf frorh plowdht bomospherei(4 kPa) to about
ﬁ#&?eﬁiﬁé { QLN =St back DR TR B

atﬁ)m hﬂ @@hasayz P80 bskd to ol i gonerize the feedstock

\é\lgﬁp‘é C][ in ﬁ%g;t)agr% E?nle }letﬂqltlgs () th%l’llxlnge 1lggsére pargcularly suited to
large, commercial scale reaction systems. For example, the separation techniques
of this invention are particularly suited to reaction systems that require a catalyst
loading of at least about 1;000 kg of catalyst, based on total amount of catalyst
located throughout the reaction system. In particular, the separation processes of
this invention are particularly suited to reaction systems that require a catalyst
loading of at least about 10,000 kg of catalyst, more particularly a catalyst loading
of at least about 100,000 kg of catalyst, and most particularly a catalyst loading of
at least about 250,000 kg of catalyst, based on total amount of catalyst located

throughout the reaction system.



zeolite catal yst. Thus, when the ol efin feedstock
contacts the catalyst in the liquid phase,
wo esoparBasur es of from about 100C to about 25CO0ECTrHS200E004116
used; W The conversion of C2 unsaturated hydrocarbons
( ene_and/or acetylene) to aliphatic C6-12
ﬁ%@%%€3§1§hd converting said al dehydes to the
correspondi ng Ce-12 al cohols, acids, or esters. [0078]
In general, reactor conditions include a tenperature
of from about 1000C to about 7600C, a pressure of from
about 0.1 atnosphere (10 kPay28o0 about 200 at npbspheres
(20.3 MPa), a weight hourly space velocity of from
Hogscriptiorgofolid Partialesut 2, 000 hr 1 . [0079] The
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| Rh@yagh B Por AR MRRble. { ik ﬁ@\kf{n% xﬂ?BéénCJeﬁx%v‘é@ﬂ)eK}ﬁaer articles,
catal yst particles, such as nol ecul ar_sieve cata ysP
paith éeé%r.gel[ patiales beingpetainisd di therrup. Lhentoseusl fitrer dhimble

T e AR o A AR el S the
sithimble. The fihe partiolesiremoinidg iDethie tomblendpresenttchtdyst THae has
P ol kol P Vot s The AR i's measured by
ad@P$? 6. Ohe Qitfoggndlove pasaingsthrough ithegateritfuar dupdk enabitaiged for 1
LR BIER ORE G e S50 %0518
nii¢ rotpdlad.g@ke catalyst left in the attrition unit is attrited for an additional 3

hours, under the same gas flow and moisture levels. The fines collected in the

thimble are recovered. The collection of fine catalyst particles separated by the

thimble after the first hour are weighed. The amount in grams of fine particles

divided by the original amount of catalyst charged to the attrition cup expressed

on per hour basis is the ARI, in wt %/hr.

ARI = [C/(B+C)/D] x 100%
wherein
a. B =weight of catalyst left in the cup after the

attrition test;



bubbl ed t hrough a water-contai ning bubbler to humdify

the nitrogen. The wet nitrogen is passed through the
w@raoritti3enh cup, and exits the attrition appar ap€BEUS2007/004116

t hrough a porous fiber thinble. The flow ng nitrogen

renoves the finer particles, with the larger particles

b#0/§93%Faf ned in the cup. The porous fiber thinble

separates the fine catalyst particles fromthe

nitrogen that exits through the thinble. The fine

particles remaining in the thinble represent catalyst

that has broken apart througf®attrition. [0082] The

nitrogen .fl ow passing through the attrition cup is

mai nt ai nebl KbF wWeight of colictrsslineatalystarticies after thy fgst bour of

are renoved fromth [.t,.sand a new'thinble is

i nstall ed. fﬁggggﬁrg gls?i’lag t inthe attrition unit is
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flow and noisture levels. The fines collected in the

thi nbl e ar e W8t My ed. The collection of fine catal yst
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hour are wei ghed. The amount in grans 0{1 fi Te .
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whbowsiOd wi%Br= wei ght of catalyst left in the cup
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B Ml R LRI o T in e sl abacion can

f ibe syntherizedoby aveniéty odmethodat Imem embotdment, Catalysf pagii¢lesare

of treatnmgnt in .hours.after,t i it

¢ PbRan oy oBa e LRt St Raip b b e to make
s iaavgtec edtallyytsdongfositioh smakingnt shony fram the wiRir-adalysst

greater,_than about 0.6 w% hr.. Preferahbly, .th -

TGP AP Pr oM P e gy SR ghied gpdgpudgr sieve

t RanlyaboThe hetholt fdttidularipRvides farab k¢ naatfagtugiakerecycling or
than about 0.4 wt% hr. | 084% Mol ecul ]zé\,r si.eve C tal.é/st
partTeEKiEe of gricd 98 syhtantighy dugf FPruaiyrdris AR sieve
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catal’yst particles are synthesized by conbi ni

ng. a
f ior snangifdcsereoP esbiiraperieears vsvalb g}@smﬁfi@ﬁtemﬁ{eé‘%eéénolecular

n%lfe%e catalyst is calcined. These properties include acceptable particle size,

particle size distribution, particle density, and particle hardness.

[0085] The catalysts of this invention can include any of a variety of
molecular sieve components. The components include zeolites or non-zeolites,
preferably non-zeolites. In one embodiment, the molecular sieves are small pore
non-zeolite molecular sieves having an average pore size of less than about 5
angstroms, preferably an average pore size ranging from about 3 to 5. angstroms,
more preferably from 3.5 to 4.2 angstroms. These pore sizes are typical of
molecular sieves having 8 membered rings.

[0086] Conventional crystalline aluminosilicate zeolites having catalytic
activity are desirable molecular sieves that can be used in making the catalyst of
this invention. Non-limiting examples of zeolites which can be employed in the
practice of this invention, include both natural and synthetic zeolites. These

zeolites include zeolites of the structural types included in the Arlas of Zeolite



a water-catal yst conposition, making a slurry fromthe

wat er - cat al yst conposition, and drying the slurry to
w@e@dacssa second dried nol ecul ar sieve cat al yBCT/US1067/004116

nmet hod particularly provides for the re-manufacturing,
recycling or re-working of dried or substantially
d?%%ﬁ?x%gc artially dried nol ecul ar sieve catalysts to
yield catalyst particles with properties that are
acceptable to the user or manufacturer. Such
properties are usually observed after the dried
nol ecul ar si eve cat al yst i s -@8Ici ned. These properties
i ncl ude acceptable particle size, particle size
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se the catalytic achV|ty of "'the zeolite, it may
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nt redu wn

ggﬁ%ﬁlgg étéaxgyfetg;?gﬁrhaeﬁg 2nc)ile?c’culfaq AWl Qrettng @bl pof@aﬁlxof%@ular sieves,
AEL AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR,
EDI, ERI, GOO, KF], LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO,
and substituted forms thereof; the medium pore molecular siéves, AFO,A AEL,
EUO, HEU, FER, MEL, MFI, MTW, MTT, TON, and substituted forms thereof;
and the large pore molecular sieves, EMT, FAU, and substituted forms thereof.
Other molecular sieves include ANA, BEA, CFI, CLO, DON, GIS, LTL, MER,
MOR, MWW, and SOD. Non-limiting examples of the preferred molecular
sieves, particularly for converting an oxygenate containing feedstock into
olefin(s), include AEL, AFY, BEA, CHA, EDI, FAU, FER, GIS, LTA, LTL,



with one or nore cations selected fromthe Goups IIB

through VI11 of the Periodic Table of Elenents (the
w@eo70ti3s7 Tabl e of El ements referred to herei nPCHU§I008004116

i n Handbook of Chem stry and Physics, published by the

Cheni cal Rubber Publishing Conpany, C evel and, OChio,

AHORBERR-FEEn, 1964 or 73rd Edition, 1992), as well as

wi th hydroniumions or basic adducts of hydroni um

ions, e.g., NH +, capable of conversion to a hydrogen

cation upon cal cination. Desired cations include rare

earth cations, calcium magnédium hydrogen and

m xtures thereof. [0088] In another enbodi nent, the
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containing feedstock into olefin(s), include AEL, AFY,

BEAVOIdHA "EDI, FAU, FER G 'S, LTA, LTL, 2006B032-PCT 3
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preferred enbodi ment, the nol ecul ar sieve o

i r{mpp@ﬁuﬁa@sfaﬂlmet@kia@mgw%% SAR @4#(1{19;5@)09% PatentNo.
’ { PREAIOY.

[ Shaus 415@%(1%1)(: %ve H8Sh amfa@lfn@ c2ith }he@alws

ar sieve nmaterials all
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¢ PR iSRRG SR, rpstak
siKewethoak af W(ncaerS]eude,s‘ém Nestrand Reinhdd gNeweorki Mewofork
t Rx? %je}ng that defines a pore, where the size is based
? ‘nunber of T atons in the ring. Oher
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gffﬁéfﬁg‘%%hglg‘?et& Ilnoc{ erlpura}xix(x:uxg phos;r;llgor\(l)\‘\;se, gm i%pxglly,tsmacon, containing
molecular sieves include aluminophosphate (ALPO) molecular sieves and '
silicoaluminophosphate (SAPO) molecular sieves and substituted, preferably
metal substituted, ALPO and SAPO molecular sieves. The most preferred
molecular sieves are SAPO molecular sieves, and metal substituted SAPO
molecular sieves. In an embodiment, the metal is an alkali metal of Group 1A of
the Periodic Table of Elements, an alkaline earth metal of Group IIA of the
Periodic Table of Elements, a rare earth metal of Group IIIB, including the
Lanthanides: lanthanum, cerium, praseodymium, neodymium, samarium,

europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium



channel s, and the spaces between the cages. See van
Bekkum et al., Introduction to Zeolite Science and
wer@ciise7 Second Conpl etely Revi sed and ExpanP@&rius2007/004116

Edi tion, Volune 137, pp. 1-67, Elsevier Science, B.V.,
t herl ands (2001). [0090] O her nol ecul ar

el e ooe desari bed | n EP O 685 187 By

(m croporous crystalline netall ophosphates, SAPO4

(UO6)), US Patent No. 6,004,898 (nol ecul ar sieve

and an al kaline earth netal), U S. Patent No.

6, 743, 747 (integrated hydrocafbon co-catal yst), PCT WO

01/ 64340 published Septenber 7, 2001(thorium
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i #1, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y

-

and z are greater than or equal to 0.01.

[0094] In another embodiment, m is greater than 0.1 to about 1, x is greater
than O to about 0.25, y is in the range of from 0.4 t0 0.5, and z is in the range of
from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x is from 0.01 to 02,yis
from 0.4 to 0.5, and z is from 0.3 to 0.5.

[0095] Non-limiting examples of SAPO molecular sieves useful herein
include SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20,
SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41,
SAPO-42, SAPO-44, SAPO-47, SAPO-56 and metal containing molecular sieves
thereof. Of these, particularly useful molecular sieves are SAPO-1 8, SAPO-34,



one enbodi nent, when the netal substituent has a

val ence state of +2, +3, +4, +5, or +6, the net charge
wo@toorhersset rahedral unit is between -2 and +2.P¢DOSAP7/004116

In one enbodi nent, the nolecular sieve, as described

in._many of the U S Pat ents nenti oned above, is

re?ﬂp@é =8 by the enpirical formula, on an anhydrous

basis: nR (MKAIyPz) O [0093] wherein R represents at

| east one tenplating agent, preferably an organic

tenpl ating agent; mis the nunber of noles of R per

mol e of (MKAlyPz)q 2 and m hag3a value fromO to 1,

preferably 0 to 0.5, and nost preferably fromO to

0. 3APR-35 SARGH44, SABOeis@md mbigl ealt@ningaterivativef théeof. FSAPO-

ahe raI oxi des, where Mis a netal

%Mggc&?ﬂ efiGouplA IA 1B, II1B, IVB, VB,

VI [Elpm]l ]Ic B, I? Vhdnhsr anﬂom?rehhgﬁmd @venfibn, Itth@ cﬁgry}sﬂﬁjdeﬂ in this

Tabl e of .El ements efera sel ecte rom one

of Y FPIOY eI PRIBHS] @HQ‘F’H’QP ps (éilgobﬁ‘o qenlar gigvesseThagg,

MmolNeulaStieveli canR i8Q1dded as sleBarﬁfé @UH9d oy, calllbeSntermixed

greater than or ual to 0.2, and X, y and"z are

grsik ether ﬁ’a'ﬁtaélfnee%wrurﬁ%swh @3 by poomiatsrewtinstotchae. Examples of

e@%iﬂ&%ﬁésphmés?in&ﬁ&élkﬁ‘o tshﬁ'i‘P@ 1|315k|‘i’1;é Qi 1Bo. 3 'A§P0-34

greater than O to about 0. 25, & rang
fr@lﬂQﬁﬂuﬁH’Qﬂ&amleﬂé |n the range of from 0.25 to

0 @29’%‘” e Ig roﬁg gfn%gbﬂnéﬁt,otﬁi %tglmét 1€%1§1d£s a coxpgmla}lg%og tgeast one

rom and
t SSAPG anfl @0%};‘: dvenA IPOnirolaeglae xiang | vésereih tEABAPIDIseeletd from

S e A B S AT SR I

SARCPQE,8, SAPO-36, s&m&ﬁ&&@@gtﬁpow@&ﬁo 38A88pH237,

S d t
cotabdag, SEAPR AL s RROD R AT e B0 Bh it Bath-56. and the
uSRPO iseleetdl fBdm Shey s @bﬁsls‘iHP%flﬁpo 5, AIPO-11, AIPO-18, AIPO-
SAPO 4, 2006B032- PCT_ - SAPO. 35, SAPO 44, 'SAPO- 56

PQr34 MPQ-3 rfglP&Pe?? ad NBQ 46 cFhepticves mpmbe ggmbined as
pad’eEzéxﬁté' @ydtiis R 8 &b @fowh B]96ls. |If}ef§?:ﬁ>t1§‘ etﬁe QERRAISTEABO-18 or

he invention, the cat aI yst use I's Tnvention

9&4@?@%P@f@ﬁbheﬁ1¢o%mlseﬁlf’ﬂ-?@r ARQRAS ar si eves.
T 598 ol @ik ﬂ{at §AW§ 8 Cﬂﬁ’(p s AH@ g%h?%%\ﬁegﬁa@f Famework-

crystals or they can be’ interm xe
criyBe.andl SAP @8 has @@Ammkhypaa and thag poefemedmolecular

A W A Db & O RIGR AR S g et ana e

framework-types especially where the ratio of CHA framework-type to AEI

framework-type, as determined by the DIFFaX method disclosed in U.S. Patent
Application Publication No. 2002-0165089, is greater than 1:1.

[0099] The molecular sieves are made or formulated into catalysts by
combining the synthesized molecular sieves with a binder and/or a matrix material
to form a molecular sieve catalyst composition or a formulated molecular sieve
catalyst composition. This formulated molecular sieve catalyst composition is
formed into useful shape and sized particles by conventional techniques such as
spray drying, pelletizing, extrusion, and the like.

[00100]  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



Al1PO 36, A1PO 37, and A1PO-46. [0097] In one
enbodi nent, the catal yst includes a conbination of at

wo e@sti1Bae SAPO and at | east one Al PO nol ecul aPCHUS067/004116
wherein the SAPO is selected fromthe group consisting
of SAPO-5, SAPO-8, SAPO-1 | SAPO 16, SAPO-17, SAPO-1
g2008RPI3-BET SAPO- 31, SAPO 34, SAPO 35, SAPO- 36,
SAPO- 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, SAPO- 47,
and SAPO- 56, and the AIPO is selected fromthe group
consi sting of AIPO-5, AIPO1 1, AIPO1 8 A PO 31,
A1PO 34, A1PO 36, Al1PO 37, ar?’&'AlPO 46. The sieves can

be conbi ned as separate crystals or as intergrown
cpylyatiged Rrofmmabiojefinshpargaparly polystioiag asd pohymrpmyiene.

"G00 B g e g U iy o coic

Afockgsasrematesirgh ePart o aPARSIRA diametallOeifne, Ziegler/Natta and acid

framewor k-t ype d that  preferre 1Sy VES

uSHalyHe ﬁ@?fﬁ%ﬁaﬁ E%Ww%ﬁeg%& Nghh 2 Jé% ERIGMED

phasge, 100, ﬁ,@b:z angl 4510, 6853 RE0VE.dos:; 3 [5aS5,992 54,802 a65,yanuher e

the rati o of CHA framework-type to AEl _franmewor q\ij}yp
S

a4-248161 mm@atabgﬁt ELPISCRIS-RSORIRTIAPA OGP e
P%c%%orﬁ@@'h'efe?ﬁ b?fbf?ﬂém:é Cﬁ‘lt ge%@raMhes%QlQé{h&ﬂsQEO&ge cbftacting

great'er than 1: 99] The nol ecul ar sieves are nmade
othef Qipﬁnl Pradagt ’Wﬁh@ p@b}t@q:fyyf@nbyg eAlYFIAt dgpresyare and temper: ature
S enl E"ﬁ| ?ovcﬁé with a binder and/or a

% rix rrté?g eé:o%@gﬁ a rm ‘ecul ar sieve catal yst

corrp05| tion or a fornul ated nol ecul ar sieve catal yst
cmgﬂd:rilcﬁmboﬂhhmtﬁor nmul at ed m)l ecul ar si eve catal yst

Tt : 2

gg{ﬁﬁq@h els,q‘g‘fl tes BH@Q% o h{.‘jﬁ 13%1 gif orr]1I V\dﬁu es u u er L gleﬂe%?e% and tested

dOrﬁ]J.’x’ 'b.l%zldl ilm@Jvh&t hlzphalﬁ@us eddidat Stnmlsphautdpxtehm;rd: amb?rﬁbﬁﬁtl(&ﬁ]peratme
e skille e W al so _appr eci a

olUBImE M Tt Beicizet) B ioh S h SeE E B Sr e L BB T b ipined

r Q@@%th&']n Afsyltb@ Iﬁﬁrﬁfgaffﬂmglg\é@ﬁﬁrh@cﬁh ‘G@Belb@ﬂ@z@ﬁ:ﬁ%&& Pﬁa'Eter
34 - polynerized to form pol on efins, particular]

&l%réﬂﬁsfl Sirevarnacdst eropaand EHEpes gy IgHs esihgige risers
!ec?{He'l% {rh08n odssdiivis a%&@lok@ MM rd:Br. t'f}fé @Fﬁer density ﬂows

alytic p ocesses are deSired. "Particularly desired
areeutm diplegs efe cyclorayieppyaternasseAr AP vaE I & Heagiljen gone

S RhETEne ?qg‘,'eé"re fiiakls %’Sczlyo%e 8’4&& '63%59H6E’§g§“4%1§ & e
3,B48ig8lintal3 g@izs sBlsvelawith tm_e@@m eagh paig mtaﬂegisbo' ofrdpgrees
PIofEe tod BRGhLRY ih%ﬂsad?afcex?t%@r HALNGs SRS 5 h:Xir, the sheds were

positioned so that an opening in one level of the pair corresponded to a shed

location in the other level of the pair.
[00102] To test the ability of the gas spargers and baffles for removing
entrained gases, helium was injected into the gas-solids flow as the flow exited the
- diplegs of the cyclone separators. The removal efficiency was determined by
measuring the amount of helium remaining in the solids flow as the solids flow
entered the standpipe entry location, as compared to the amount of helium in the
solids flow at the top of the bed. FIG. 6 shows the impact of various types of
baffles or sheds on the removal efficiency of the helium from the gas-solids flow.
The types of baffles used are noted in the figure. The grating baffles are similar to

a subway grating consisting of mutltiple narrow metal slats or strips placed



i ncorporated herein by reference. In general, these

nmet hods i nvol ve contacting the olefin product with a
w@odogolBsfm f orm ng catal yst at a pressure and PCT/US2007/004116

tenperature effective to formthe polyol efin product.

| ary Enbodi ments [00101] The techniques of this

|Wgﬁf’?%¥1 Chere further inplenented and tested in a
cold flow test apparatus at near atnospheric pressure
and anbi ent tenperature using MIO fluidized catal yst.
In the test apparatus, five 20 cmrisers were joined
together in a syst em havi ng ~23si ngl e separation vessel
with a roughly 1 neter dianeter. Air was used as the
spapgidigulantd the fospand spgees abpubewerekadhi wish ppeinch gperings

SRS AP ERE TS PRFSpEeAher Vol Sessiel s
S elpaalls ateosnrrnhs sceﬂledb\shedsnbm mdttmaﬁy baoma zemtieal surface at each of
PR T TR Y T
| g%(ﬂospasy\kﬂrbuQMe%h&ﬂ SMiultigd@ edwpal affled ﬁtn&dlsb& D4l of the

acen

degrees relative to the s n.an .adj

ek SPoWR I b SoPe e A el G SO e SN AL &5 spareers
t Rodi1 8ikeQRESVRS 0.5 fORE (D23 %h/s&). the pair corresponded

to a shed location in the other |evel of the

[ ml@@] Th FK&16, thresteppipg efficdenoyof thmeompiantiest gf bffles and
. b@fr@gﬁ% dé;ﬁrfr&ﬁ ée&gsg%%% sAik BRSO BSSve 0&he HOX W§atalysdt passing

|ntot |dsflowas he fl ow exi
t lulaodglptmgmnsftlommncy Strippingseffiaieacy rssdeffmé ap Brenesgentage of
ef.fi
b4 P S ST RGP BRI LS B B nc
emtbey a6l cnle thé aadcﬁpxpseawhe byttém @ditthamansasorcmnpaﬁéhﬂet @l of the

t he nt o min the so | o t he
{ Rerabop ettt in ForRRtipe ey Rt i PrEeels sheas
Eau}afzé &ﬁ:fhlghé‘sh pelsemngd faalmdgan?xfnab 1x§jfsn|€:]tb(t helay fm‘fm tbueesohds flow.
elitumfrom a ol 1 ds ow. .The types.o a
1 TV IR B SHRUFY BLine ST Y R RS ingrgeses
si Whhc@lrco}ﬁés?orﬁiékiw itré@dst ROtHe NS intthé Stafdpipes dsivadlp.
narrow netal slats or strips pl.aced2DU6B032- PCT, - gg}?

pdPOEMAi c HIGr 7 showhikie eftsg %ﬁ&%ﬁ&m@se’weala&wyy i
. hggxg%egasr&nhe RERLNA %fmw@e& 1BaE& 1ih Hokh thmehaa ﬂow The

represent inverted v-$§ aped struct.ures,
< ieierfisiad velonity af thepprging gassEgsponsis o Hidpial Ses rnav "of the gas

h %‘f@id@d Eg thd Gaks SUEERE arAlofRRC L pafatiiS et Q1eln tﬁg&e s of

ped structure and are perforated wth hol es
t oneasummcgm theol3psisls shedsough uste Ahskhwivinl FiG 7ethegpmoval

Ofefggi L(L)ﬁg’pp%zgc%ey §5‘9«'> fop aft ltrjansq{mlrl ane solid flux values when the
sparging gas superficial velocity is 0.5 ft/sec (0.15 m/sec) or larger.
[00105] In various embodiments, the stripping or displacing efficiency of the
stripping gas can be at least 50%, or at least 70%, or at least 90%. Alternatively,
the stripping efficiency can be 99.9% or less, or 95% or less.
[00106] FIG. 8 shows the effect of incorporating an embodiment of the
invention into a pilot plant for performing a methanol-to-olefin conversion
reaction. In FIG. 8, gas spargers were incorporated into the separation vessel for
the pilot plant, but no additional baffles were used. FIG. 8 shows the impact on

prime olefin selectivity (POS) and coke selectivity from that in a baseline pilot



cases shown in FIG 6. The superficial velocity of air

injected by the gas spargers in all cases shown is 0.5
wo edogac73fD. 15 msec). [00103J In FIG 6, the sPei/ppiongoo4116

efficiency of the conbination of baffles and stripping

gas spargers is shown relative to the

qu06%§£2%€§Iyst passing through the transition zone.

Stripping efficiency is defined as the percentage of

the vapor conponent entering the top of the transition

zone that is displaced and does not enter the

st andpi pe at the bottom of thé8%transition zone. Wile

all of the baffles show sonme effectiveness in

se"ﬁ‘é’FH{qeﬁb $raeqtivatyrip definddensdlg vgight pfithe pRoduve dsmpeneat divided

t he in ect
£ e gl 30 Gl B BRI Ming bl TG ipecop o dh the
asbaselénef ¢xperimicnt ionlyt dmitimah ot Gfmpz@il@ LoV EABSSed through the

( s t.0 a |ncre in e flux_ in_the
vﬁ;“ S'E‘F%gs ?CS‘P pggmg fhegas rk‘F b?' %ﬁf?g%% PeFicless flaergasing the
of supenficiai g/eldtt&yﬁbtﬁ stpafglﬁé gakab@c2 by o Sff/Aleq oA Y. (ﬁgm/sec)
0 éhe regﬁ%: eff|C|enc¥v£f the heliumfromt
s o‘?rPH@ P oRHC uGress indha POPavhile elyo é'#pnrhs;ngmkg sﬂgctmty.
g @Jp’éﬂﬁcﬁﬂ&&%ﬂi‘ﬁest ol 0.3 Pt& (Ofdgi’xW/sreQ} ?ongevéxh &9t appear to

d|V|ded the cross sectional area of the Separa

ve¥ewd %httrﬁ@@é)mw@he ROS andydid 18t Strthee sigiyects coks e
ug@ﬂmu shown in FIG 7, the renoval efficiency
apBroaches 90% for all transition zone solid flux
dPOEL7Iwhdm V@h@umb@imgmg,a&owmgars‘mppmg gaethoeidhythé Gansition

0. 0105], | [
erinar e sl fo el E R naS el Halo. g Biipsst SR e o Loas
t He0%t rAqumniItg/egasﬂowang betr@blﬂmtthﬁﬂ% tlﬁH trétsiti®Bfohe can
{. oternatlv estrl
ertFodite o R YO8 ofty o RE8.0r %k opleis o pokEemBodiments,

[ Cﬂl)lzﬁﬁk aEh@plﬁg gkﬂ)ﬁ?ﬁodghﬂh@frﬁ&@ﬁorpioﬂe%ﬁ B RE 'arlﬂcx%gse in coke
nt of thﬁ& invention into.a pilot plant for

peSF%S{‘Yh het o lhast r(&lortableéﬁt& ?%‘ @b‘ﬁ\)@#sé il Fe.r Alteriatively,

| rﬂdﬂ'lﬁg a8ufiHing P (AESh RS Raik f,@fe%ﬁ g)réducg ald3rease in coke
& fratlon vessel for_the pllot pl ant
a

Ehat Barariless. g% oudess. FIG 8 shows the i npact

onoerosTe PLRLhSEWEH gehlvity

f?on1t at in a %ase |%%M%?¥%J§S§%E32%:g%$%eﬁ§%

eilb%ﬂfl Igatinns ney kecmpds toythe prededtiimenhting Wlﬂemlvde}gdnﬁng)from the
R84 Y&dpe o f

?lr pr od uc?ﬁgﬁ% Pl%gént%‘)@nﬁgl? g‘)ée ggl%gﬁﬁn‘é S %scgé%qel%erem are

| ﬁnqaﬁét%’élluisﬁﬁglmé}' Rmrbmould)nld)t)beaakmrnsrt&hltfnlgohé fafvention,

SRAG R% drough the gas inlets to

pr e\;ent g gg% %hJ O%Mn%as |5?1I ets by catal yst

particles. Increa3|ng t he



superficial velocity of the sparging gas to 0.2 or 0.3
ft/sec (0.06 or 0.09 nmsec) provided a noticeable
WO p@raese7in the POS whil e al so suppressi ng CORET/US2007/004116

selectivity. Superficial velocities above 0.3 ft/sec
nm.sec), however, did not appear to provide

(%\08%%932 Pﬁ:ﬂ?roverrent in the POS and did not further

suppress coke selectivity. [00107] In various

enbodi ments, flowing a stripping gas through the

transition zone can produce an increase in POS of at

| east 0.1% or at |east 0.5%3%r at |east 1.0%

Alternatively, flow ng a stripping gas through the

t ZhAIMSSn zone can produce an increase in POS of 5%

or },gts&c[gme%%or | ess. I n other enbodinents, flow ng

a stripping gas through the transition zone can

prioduc eA medieat masq:arﬁmcgoéoexds EloaCh p¥d-§lidR it cdBpSting:

0.1% or at l.east 50/ or, at |least 1,0%

Al t er nat i VIPJUCIRE B\Hl‘l‘fﬁ ity ot 8as- %gst%@fﬂtfﬁé‘mmg an

t rexPgedatOn AOME cERAbY tldeBoR e f!h%ﬁﬁﬁ of fba@@f@
selectivity of 5% or |ess, or 29 | ess. [00108]

Per sons of SSHR@HAGEYCISRE the Plysalityef pradugt pas-5adiss dlowsdnto a
t
Q@heﬁﬁﬁﬁdlr@m% ér%hblgnﬂomd? %sﬁ}oppﬁa ?&gﬁ‘ggﬁ& density

i nvention w thout departing scop
offlavneorpprsieg & majotétytafdhe sotide contawidin thescatespondingl product
h ag_sghgsr oWeant to be illustrative only and should

be taken as limiting the invention, which is
def i ned byrel:themgdhd: mhdsgﬁ@haaﬂsh@ﬁ&&&ﬁi% BGW in a3fansition zone,
CLAI M5 Whah | s

r separatin
solids froma aﬁ%‘%ﬁ’ﬂ% gy %anﬂ‘b?’f@f’ﬁg‘%s proagernyids
p [witkdih itltqdrzﬁfmtmncnfdme,t c@x&fer&ﬁ’kdrﬂl%’ tfﬂo@‘gﬁ tiyrepEWVE® Fdﬂd@lgv}ﬁl'é
enaetooe nv on reaction in a plurality
FEceived sofi a? (‘}H@ué}jﬁ tnsitiqe zpneiaadi 1y of
pr OdUCt gagnifingdbe fdcoied kOl B tROPIEIRP Bfli‘élgtopé gila%fandplpes
ow and | ower density flow, each highe

SI t
Ps?qtgy ]Topgwné 6'%§qc§| sﬁ@ldal}ﬁdiey}g qeya@fedtfm;n dhag pmor more

C%Hpa)ddikegigdsrinkﬁeo)P@Eép%ﬁé%%Qilﬁgnd%r oduct gas-solids
flow, receiving the solids fromeach higher density

flowin.a trﬁﬁ‘i };l on zone; flow ng a displacing gas,

f Pom ondiegrethod ef elpim |l awihprsingthe transidies zane AOMPESRS a plurality
t mﬁgfﬂellgybrgone countercurrently through the received
solids while

3. The method of claim 2, wherein an orientation of a first baffle layer is

rotated by 90 degrees relative to an orientation of a second baffle layer.

4, The method of claim 2 or 3, wherein the one or more displacing gas inlets

comprise a lowest layer of baffles in the baffled transition zone.

5. The method of any of claims 1 to 4, wherein a superficial velocity of the

displacing gas within the transition zone is 0.03 m/sec or greater.

6. The method of any of claims 1 to 4, wherein a superficial velocity of the

displacing gas within the transition zone is 0.15 m/sec or greater.

7. The method of any of claims 1 to 4, wherein the displacing gas is steam.



passing the received solids through the transition
zone; and returning the received solids to the
w@baralizsy of reactors via standpi pes, the entP@I/US2007/004116
| ocati ons for each standpi pe being separated fromthe
0 re displacing gas inlets by a separation
d?§W§%§§3K§j The nethod of claim1, wherein the
transition zone conprises a plurality of baffle
| ayers. 3. The nmethod of claim2, wherein an
orientation of a first baffle layer is rotated by 90
degrees relative to an orient3ion of a second baffle
| ayer. 4. The nethod of claim2 or 3, wherein the one
o8- nor el mpibad ohgnygelcliimset to 4ovpreisdhasdpavation disaree is at
oﬁmﬁ?§§k s in the baffled transition zone. 5. The
nmet hod of any of clains 1 to 4, wherein a superficial
velocity of the displacing gas within the transition
z8ne i sTl@ ethod o€ anyof ¢aist kto. 4,6vheTeia thetdparhtioh dimncefis at
Chéﬁf§0$nf° 4, wherein a superficial velocity of the
displacing gas within the transition zone is 0.15
nm sec or greater. 7. The nethod of any of clains 1 to
4 10wherBiemethed of sy afélaignsgla® 4, vistreianh? PaRK3dR -dREhce is at
38 st §0 cr']I('lhe nmet hod of any of clains 1 to 4, wherein
the separation distance is at least 25 cm 9. The
.method of any of clains 1 to 4, wherein the separation
dildt ancléhe methbd b€ asy ofdlaiom 1 104, Wikeeinwtdedeing theasd¥id®from each

COA hnd, oy YO R SRR B SL s 5

whegeaeratorecei vi ng the solids fromeach higher density
flow further conprises receiving regenerated solids

retur ned. f :egenerator. 12. The nethod of any of
e e peBeol gREREORARRL 0 synerfin F qapis B dach
stsmndpippés aideastt 4B Agim*48%. kg/ nR*sec. 13. The net hod of
any of clains 1 to 4, wherein a catalyst flux in each

standpi-pe is,a east. 976 kg *sec., 14. The et hod  of
ar%?/ " of ]gTeal?lﬁt'go“&L Ok gyof ‘aﬂé‘}sg {‘i’ng %}P)?sclatJYS& o in each
t standpipk dnatdemne 976 kdBE*+kg/ n2*sec or | ess.

14. The method of any of claims 1 to 4, wherein a catalyst flux in the

transition zone is 488 kg/m?*sec or less.

15. The method of any of claims 1 to 4, wherein a catalyst flux in the

transition zone is 122 kg/m**sec or less.

l6. The method of any of claims 1 to 4, wherein a catalyst flux in the

transition zone is at least 5 kg/m**sec.

17. The method of any of claims 1 to 4, wherein a catalyst flux in the

transition zone is at least 49 kg/m>*sec.

18. The method of any of claims 1 to 4, wherein a ratio of a distance from a

center of the transition zone to a center of a standpipe versus a diameter of the

transition zone is at least 0.2:



15. The nmethod of any of clains 1 to 4, wherein a

catalyst flux in the transition zone is 122 kg/ n2*sec
wororasss57 16. The nmet hod of any of clains 1 toP@I/US2007/004116

wherein a catalyst flux in the transition zone is at

| east 5 kg/ nmR*sec. 17. The nethod of any of clains 1

th%}BO%ggg, n a catalyst flux in the transition zone

is at | east 49 kg/ nR*sec. 18. The nethod of any of

clainms 1 to 4, wherein a ratio of a distance froma

center of the transition zone to a center of a

st andpi pe versus a diameter o¥the transition zone is

at | east 0.2.2006B032-PCT - 39 - 19. The nethod of any

ofl9c| aiTis ndethad 4f anphefradaimsal toak, ivderdin a ratic obm distaneo foa a

center he .t.ransi tiaon 20 f

s f%’ﬁarp?fgtge I?@P?fign 205 R A58, rerof 5‘3@%?%%% o0 Sa o) r&tznéer{gr of the
attrah€ifish zOnedis aRRastThd. met hod of any of claims 1 to 4,
mherein a catalyst resi dence tine mﬁthin t he

TR0 moCHBdmBPoLAy ot SRR Bk oAt a ek Eenf e

r eﬁuﬂﬁﬁfe&rdﬂsmnvmhb ifroMes socands toilOnmars. i s 1 m nut e
or less. 22. The method of any of clainms 1 to 4,

rein.a catal resi,denc N..hh
tenet TrBonRLer e ot o eERy Pt Sheind iR pmiconse g
ofwighly 11&f tr&dsiioiBzobe i1 sinwdeet ddss. a catal yst density
gradient within the transition zone is 525 kg/ nB-m or

|l ess.- . hod f, an f . clains

et yothoBREpd St grhaf eafit R iR Ry e Sk Bt
| Switidn g s zdnesSat 185t 30kecoms.nod of any of clains
1to 4, wherein a volune fraction of vapor bubbl es at

|08 oL SRRty LPRRE o b el o RGN, e

f refhinGhe Riny@ROzomRUDBL B S e/ai’-he lésts.andpl pe entry
| ocations is at |east 0.0002. 27. An apparatus for

f ol
D o TR oS ok S | A et RS Py S B, ldiien

S epahialth® GaNgS&erodedk 5B &gRhtinngr lasspr oduct gas-sol i ds
flow fromeach of the oxygenate to olefin reactors,
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26.  The method of any of claims 1 to 4, wherein a volume fraction of vapor

bubbles at the standpipe entry locations is at least 0.0002.

27. An apparatus for perforrriing oxygenate to oleﬁn reactions, comprising:

a plurality of oxygenate to olefin reactors; and

a separation vessel for receiving a product gas-solids flow from each of the
oxygenate to olefin reactors, the separation vessel comprising:

a plurality of separation devices;

a transition zone;

one or more displacing gas inlets within the transition zone; and .

a plurality of standpipe entry locations for returning solids to each of the

plurality of oxygenate to olefin reactors, the plurality of standpipe entry locations



a plurality of separation devices; a transition zone;
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32. The apparatus of any of clains 29 to 31, wherein
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31. The apparatus of claim 29 or 30, wherein an orientation of a first baffle

layer is rotated by 90 degrees relative to an orientation of a second baffle layer.

32. The apparatus of any of claims 29 to 31, wherein positions of baffles in a

first baffle layer are offset relative to positions of baffles in a second baffle layer.

33. The apparatus of claim 27, wherein the separation distance is at least 25
cm.
34. The apparatus of claim 27, wherein the separation distance is at least 50
cm.
35. The apparatus of claim 27, wherein the separation distance is at least 90

cm.



