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| NVENTION [0001] This invention is directed to an apparatus and net hod for
separ at i ngogase73srom sol i d catal yst particles in a reaeCrws2@ysbans usi ng a
gas-solids flow. BACKGROUND OF THE | NVENTI ON [O0002] R ser reactors provide
a conveni ent_reaction systemfor perform ng gas-solids reactions. Gas phase
reactants cafPPBBOYr %ﬁ@ into contact with solid catalyst while inside the
riser to convert the reactants into a desired product. Upon exiting the
riser, the conversion product is separated fromthe solids to recover the
catalyst [0003] I n reaction systens where only a fraction of the solid
catal yst is regenerated during each | oop!through the system product vapors
generated during one pass through the standplpe or ri ser reactor can stay
with the catal yst dRROD : RY INGASgHO EACT@RSt or. Passing
t he product vapors through the riser reactor a secgnd tlng can Igﬁd tod
excess react o undesi rabl e product and possi bly reduce
t he operati n‘gﬁé‘?@ THEHY 108 ction system [0004] The above probl ens
are further BOfpbundéds invemibr ispliectedse an apsdretus and method for separating

gases from solid catalyst particles in a reaction system using a gas-solids flow.

BACKGROUND OF THE INVENTION

[0002] Riser reactors provide a convenient reaction system for performing

gas-solids reactions. Gas phase reactants can be brought into contact with solid
catalyst while inside the riser to convert the reactants into a desired product.

Upon exiting the riser, the conversion product is separated from the solids to
recover the catalyst.

[0003] In reaction systems where only a fraction of the solid catalyst is
regenerated during each loop through the system, product vapors generated during
one pass through the standpipe or riser reactor can stay with the catalyst tiuring the
next péss through the riser reactor. Passing the product vapors through the riser
reactor a second time can lead to excess reaction, which can lead to undesirable
products and possibly reduce the operating efficiency of the reaction system.
[0004] The above problems are further compounded in multiple riser systems.
In order to maintain control over the gas-solids reaction, the average state of the
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.



In order to maintain control over the gas-solids reaction, the average
state of the solid catalyst in each riser nust be the sane. To achi eve
this, a rwoghdyiiexsaal anmount of regenerated and non-regenenst@docatal yst
must be introduced into each of the nmultiple risers. [0005]U.S. Patent
4,364,905 describes a single riser FCC reaction systemfor inproving the
separ ati on 89068@82-BChed product vapors from spent catalyst. A stripping gas
is flowed through the spent catalyst as it passes through a baffled region.
Al'l of the catalyst is then sent to a regenerator. [0006] What is needed is
a system and nethod for inproving the separation of gas phase conversion
product from catal yst solids. The syste#~and nmet hod shoul d be conpati bl e
with reaction systens having multiple risers. The system and net hod shoul d
al so allow for roughly even distribution of regenerated and non-regenerated

cat al yst pasyMivVESRVOF THE INVENQIION i sers.  2006B032-PCT - 2 - SUWMARY OF
THE | NVENTI

ON_T000/TTn a nbodi nen a nethod.i s provided. separ ati ng
sol i ds froml®®is- shi %%rng?‘gwen%aﬂp?}bgﬁl fﬁwoypegf?foﬁﬁg?raa%ggbc{s%%n flows is
produced by ng@E(f)lﬂfsrﬁdw Afbl&éM?ﬁiﬂir@ddc@ g@-8flidR fRAMMe peoduRed BAGtIfomning a
plurality of reactors. Each of the pluraljty of proguct gas-sgil i flows is
separat ed i @F@Xag%ﬁ@ﬁ%@FW%I%éﬁacﬂ%ﬁ?c?lufqlﬁitivo FF&cﬁob‘ﬁNerT:ac &fd Ty flow
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ndi ng produc Th lid

the corresp t "gas-solids flow. e solids from_each higher
density fl oweasity flewand davérdeasity 8avi edchhighen denstyfey sIPrisipA@ transi ti on

zone can include, o or r I i Cd g be
countercurr er%%’f)?tyfchg]\f}\ees lﬁ%r%a{gaﬁ%t 1§ t@e%%%ﬁ%% fﬁag!u \?\ﬁ%zﬁgéoggi‘ g?ﬁgq?lhe
recei ved solsollds frbmaaagh higher Bedsityditbv ammeéeiveashinzomansitimefone a Braferablye

di spl aci ng s is.flowed from.one or nor i spl agi gas;d iLhin the
transition ggﬁ&?”%‘?‘b@”ﬁa" ilﬂ%}uil%?%eu%rﬁn?%elg)ferrgﬁglg%| on g?ﬁ%ﬂcﬁﬁg%gg%gi ved
sol i ds- ar e ngtdsunetur@ntlpglowedrtatduelt thf receiaed solidswililespasidpitpesceived entry
| ocations for_ each standpi bei ng. separated from.t ne or_ nor.e

di spl aci ng 595 Hreieh 1 3%@@6%&108r£’8?'s%%?%?égly%ﬁ%%ﬂ?%m%%?sﬁiPowed
enbodi ment, @6 2P JF BIHS displaRirpVdad @elefsavitHig el 4xisitébn zone. After passing

through the transition zone, the received solids-are returned to the plurality of

reactors via standpipes, the entry locations for each standpipe being separated
from the one or more displacing gas inlets by a separation distance.

[0008] In another embodiment, an apparatus is provided for performing
oxygenate to olefin reactions. The apparatus includes a plurality of oxygenate to
olefin reactors. A separation vessel receives the product gas-soiids flow from each
of the oxygenate to olefin reactors. The separation vessel includes a plurality of
separation devices, a transition zone, and one or more displacing gas inlets within
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.



oxygenate to ol efin reactions. The apparatus includes a plurality of
oxygenate to olefin reactors. A separation vessel receives the product

gas- sol i dsofbemiifssem each of the oxygenate to ol efin reactrassoorbhats
separation vessel includes a plurality Iof separ ﬁ't [ otnhde;n ces, t a transition
zone, and on di splacing gas inlets within e transition zone.

Pref erably, f(}?ggf)%h&rtiog zone includes one or nore |ayers of baffles. A
plurality of standpipe entry locations are separated fromthe one or nore
di splacing gas inlets by a separation distance. Catal yst entering the
standpi pe entry locations is returned to the plurality of oxygenate to
olefin reactors. BRI EF DESCRI PTI ON OF THE-DRAW NGS [0009]FIG 1
schematically shows a reaction system according to an enbodi nent of the

i nvention. 1081dhF d3G. 3 shews epBcisdmeniatnaadel qhamtmsacq)g:glagggpgfét_}_xa r gact i on
system accor venti on 2006B -
[%011] FI G 32%3C gj\}\gggoa;%}aé?g Sh{gﬁ?%ﬁtﬁ%h@gﬁghgr acteristics for an apparatus
accordi ng to[%ﬂuﬂenbdﬁﬁrémthamﬁatichhy Bhowvesnd rottner p[oaﬁbﬁﬂc}ﬂ%l&pfj;amwd@@é |y

rdin
shows anot hep, ROrtdQRmghe SInERRELALYS according

[0013] FIG. 5 shows results of operation of an apparatus according to an
embodiment of the invention.

[0014] FIG. 6 shows results of operation of an apparatus according to an
embodiment of the invention. . 4

[0015] FIG. 7 shows results of operation of an apparatus according to an
embodiment of the invention. | '

[0016] FIG. 8 shows results of operation of an apparatus according to an

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Overview

[0017] In gas-solids reactions such as oxygenate to olefin reactions, reaction
systems having multiple riser reactors connected to a single gas-solids separation
vessel can be desirable. For example, 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



to an enbodi nent of the invention. [00131FIG 5 shows results of operation
of an apparatus according to an enbodi nent of the invention. [0014]FIG 6
shows reswbteomifi7ssper ati on of an apparat us accordi ng t oram/usewodi4reant of
the invention. [0015]FIG 7 shows results OF operation of an apparatus
according to an enbodi nent of the invention. [0016] FIG 8 shows results of
oper ati on ofP¥PYaEE4&Tat us according to an enbodi ment of the invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Overvi ew [ 0017] I n gas-solids
reactions such as oxygenate to olefin .reactions, reaction
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phase product is passed through the riser for a second time. This extended
exposure of gas phase product to the solid catalyst results in additional coke
formation and other over-reaction products, such as saturated hydrocarbons. In
addition to not being desirable end products, any coke and/or other over-reaction
products formed on the catalyst have the potential to modify the reactivity of the
catalyst. This can lead to changes in the expected operation of the gas-solids
reaction within the riser. Thus, separating out some or all of this product gas and
preventiﬁg it from entering the riser will not only increase the amount of product
recovered from the reaction system, but it will also reduce the amount of
undesired products that could lead to degradation of the system performance.
[0019] In various embodiments, this invention provides a system and method
for improving the separation of product gases from solid catalyst in a multiple
riser and standpipe reaction system. The system and method also allow for
roughly equivalent distribution of catalyst to each of the multiple standpipes and
therefore risers in gas-solids reactions w.here only a portion of the solid catalyst is
regenerated during each cycle through the reaction system. Preferably, the
multiple riser reaction system comprises at least 2 risers, or at least 3 risers, or at
least 4 risers, or at least 5 risers.

[0020] In an embodiment, improved separation of product gases from solid
catalyst can be achieved by passing the catalyst through a transition zone
containing a series of baffle structures and one or more gas delivery inlef[s, such as
one or more gas spargers. Catalyst from the regenerator is also returned to the top
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



systens having nmultiple riser reactors connected to a single gas-solids
separation vessel can be desirable. For exanple, a single reaction system
with 4 riwenso7alibzsns a roughly fourfold increase in proeesdispgroeaci ty

wi t hout having the sane increase in equipment footprint. Using nultiple
risers, however, raises concerns not present in a single riser reaction
system |n BeROBOEFPAT the catal yst circulating through each riser in the
multiple riser reaction system should have roughly the sane catal ytic
activity. Otherwi se, gas-solids flow conditions that provide optimzed
performance for one riSer will not correspond to optim zed performance for
other risers. An additional concern is-fhe renoval of product gas that is
entrained with the solid catalyst. Using conventional separation devices,
the solids pesitipatdihsobelofvibelastiergddafissi dbefhpintwdncat by theigaginiete from

2-5% of the desired h d h ot 2- 5% of
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envi ronnent witt theaolidcgly@neithe pafducat al yst surface area. As the solids
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the nultiple Tiser reaction systemconprises at |least 2 risers, or at |east
3 risers, orofxatdlesidlont risers, or at least 5 risers. 10020]1n an
enbodi nent, inproved separation of product gases fromsolid catal yst can be

achi eved by passiid i 1€, GRAAYS 1l HIORM: R eh&ffSS s} zone containing a
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series of b S defrtvery inlets, such as
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transition Zgo iedsffﬁ)(iai/ lai’térae;[x?ti.ng 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.



i nproved separation of product gases fromthe solid catalyst. As the solid
catal yst travels down through the baffles, the solid catalyst is contacted
wi th a gawoiznaviadisced via the gas delivery inlets. |n arcerdseai7oente these
inlets can be 2006B032-PCT - 5 - positioned just below the |ast tier of
baffl es. The (ﬁgﬁowépduced by the gas inlets can be steam nitrogen, or
anot her gas RS not react in the separation vessel with the solid
catal yst or the product. [0022)To facilitate the flow of solid catalyst

t hrough the reaction system the bottomrow of baffles and/or the gas
delivery inlets are separated fromthe riser feed standpi pe entrances by a
m ni mum di stance. The separation distam®-is dependent on the di aneter of
the standpipes at the entry |ocation and the desired solid catal yst flux

t hrough the W03Hdpi gelderdhelsrsesndids floveleavasithe riagrgthe sdlid panivs dbet ween t he

ri ser standpj 3 hes ivery inlets and/ or bottamrow of
baffles will a Ivoc\i/]vh?%)hrﬁﬁ%a g&“@iﬁ%‘ﬂ%&tp\égn%{&{qeﬁ?%‘u R °t g&s %’F&?ﬁi‘%? pes and

r ﬁact i ondsyslﬂleqng_h}%fie oa nyirey eepamtmm@vhes,cﬁua]glat eyclomdl”lidpara}t?m Jof: 13} fiﬁU@e@@t ers for
t he standpi .1 reduce the.maxi num st abl e catal yst ux, for a given
separ ati on 2‘?; gf ig‘lnccl:eenc S §?f8%aiweﬁflﬁg§mﬁ*ﬁﬁv§ & g%l‘,‘?ssgiﬂga’ﬂ&lb’éuﬁ?l‘% he anount
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Solid Catalyst in a Miultiple R ser Reaction System I'n "vari1 ous
enbodi ment s, SCPHEKFS Farpbs erplediin asy coneeniens masmen rForexasple the fer gas- sol i ds
reactions. GRIGsRLY Youpidl foth RALL ldi | 34, Lgaction are
introduced into th}ia ?'lfilpzer : A%e%gﬁb?}rpglgl orgek [ s&%hce%seﬁlcwéﬁgi nto the
riser. As tHEetWVeadbe siskr ansaartesoranckefskpasstor Intarmrafpretifeebiodarent, el i d

particles b -aj ' fegdst ock flow. The solid rticles are
t hen prefer ggﬁi/mrcgﬁ%@?dﬂ ?rg%%?%&%ﬁﬁé‘{’gﬁ%%h SVW@WSS? e @%3??‘%845 Wi ser.
In an enboditedi surtduadinigsmviroamehipriorao dh AR e Hist sdpatRas with sy g7, or at
| east 1.5 rres%éarns%n? at, | east 2 ters, or.at. least 3 neters, or at |least 4
meters, or at 1 endf 88 Riape] Retwsen the tisek irmination dewice prd sheofissbseparbioni ment |
the riser catevivewe pleedibar®iearth®firs? al®tR08d ¥parfifch diceS tdRIGLS Or |ess, or
7 meters or less, or 6 meters or less, or 5 neters or less, or 4 neters or

| ess. Note tsl’?a?ra?%"‘&ﬁsﬁlr?@ﬂ’gfs"ﬁfesfa}i’é- riser can vary over the l'ength of the
riser. For {0026l posage ghs-bdilds AdW BsbOthrolghGnd LSRRI dlidelGnd hi3EY T ef er's

to the diamgter of the riser at the | ocation eriser is joined to a
t er i nat i on '§&REated inse)p ditghep dewsity (primarily solids) flow and lower density

(primarily gas) flow by each device. For example, in an embodiment where the
separation devices are cyclone separator stages, each stage produces a higher
density flow that exits the cyclone separator stage through a dipleg. The lower
density flow is either passed into the next cyclone separator stage, or after the
final stage the lower density flow is passed out of the separation vessel. Because

. the cyclone separator stages are not perfectly efficient, some product gas will be '
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



- 6 - [0024] Aiter the gas-solids flow | eaves the riser, the solid particles
are renoved fromthe gas-solids flow by passing the m xture of gas and

sol i ds t hwougér/ams7or nore separation devices, such as egriuse@7seqas at or s.
To increase the efficiency of renpval, the gas-solids flow can be passed

t hrough nul t%‘ﬁ)l ﬁ ftsees of separators. [0025]In an enbodi nent, a gas-solids
fl ow can be 2R%FCEd froma riser to a separation device by coupling the
riser to one or nore separators. The riser and separators can be coupled in
any conveni ent manner. For exanple, the riser can be closely coupled to a
separator by providing one or nore closed conduits between the riser and
one or nore separators. In a preferred efbodi ment, the closed conduits are
substantially sealed to prevent |osses fromthe gas-solids flowto the
surroundi ng &mgifeowitbduaving catalyst fontiversion toitbe tégeseragepandtatanyi th only a
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suitable for performing the invention. In the embodiment shown in FIG. 1, a
plurality of riser reactors 105 are provided for performing a gas-solids reaction.
The tops of risers 105 are not shown as they are contained within separation vessel
100. The exits near the top of each riser are coupled with cyclone separator stages
115. During operation, solids separated out by the cyclone separator stages 115
passes out of the diplegs 116 and toward transition zone 110 of separation vessel
100. Preferably, a catalyst bed will be formed by the catalyst in the bottom region.
This catalyst bed feeds catalyst to the standpipe ent'ry locations 126 for the
standpipes 125. A portion of the catalyst in the catalyst bed can be diverted to
regenerator 150 via the conduit containing catalyst stripper 140. Regenerator 150
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.



zone for withdrawi ng catal yst for diversion to the regenerator can be at
any convenient height of the catalyst bed held within the transition zone.
When cat avpbova73set urned from the regenerator, the catacyats2aanodies
distributed at the top of the catal yst bed. The distribution nmethod for
returning the catalyst to the top of the catal yst bed can be any
conventiona?mﬁﬁwé%ﬁé? di stribution method. [0028] The standpi pes and/ or

st andpi pe entries can al so have a range of dianmeters. In various

enbodi ments, the standpi pes can have a constant dianeter throughout, or the
di aneter of the standpi pes can vary along the standpipe. In an enbodi nent,
t he standpi pe entry can have a diameter8of at |least 0.5 neters, or at |east
0.75 neters, or at least 1 neter. In another enbodi nent, the standpipe
entry can havenstioh ZorefBruapfire? neters or less, or 1.75 neters or |less, or

1.5 neters ss. . The djaneter .of the.st ' t i d at the
Focatt on whdBtThe BT g baPRGh (R AR RSy SRS

schemat i cal kbat sbled\Gatalysepssst ar@utid @fit Movesaddvothreyst tmmsnsitiabend. ok
performng the invention. In the (gqnq%%llrre?ﬁt shown |£h§%,% 1, Z’ plurality of
riser react §REEtY®S SHHEMVESSH 8 HSTHAS Qe AT FEaRPfa eGP EEd i on. The
tops of TiSgLfesldfbadd & StBér DHAWHudErds Q@Mn%é’@peﬁ@lﬂ@l% e&sh sthéMha spep@iat i on
vessel 100. The exits near the top of each riser are coupled with cyclone
separ at or strigeer afithe tppyitiny zepreatagiven hadghtip dhesEansitiqneePrguln 8et he cycl one
separator s : s ,dPgny OiRF shifabrNSi tion
zone 110 of %gggg}%%?%ﬁﬁégg@ggwfbg; S%P%f%rtg&t)%%g?a%“égat al y§St bedlvm' Il be :
formed by t lselid stradtyxes. iman kmbbdintesmmdtiplerieveinpEbafBeatanshe wsed. feeds

catal yst to _the standpi I ' . t <P, . A
portion of tHe & %’é‘pg@fﬁ el%rtfq%éx@gggﬁ/}seg}ﬁ%%?agsae%%g |\C/i§rgt§1 %gfgts’o&?oetééﬁer at or
150 vi a t he sehdstridtuns pilaied im theaamaitipatzose¢ farphesoliUrtal Re de pessghpugh50 i s

ot urned vi TESRGGFEYE: Dot e S PSRy o B ke BhEEYS PEG P
catal yst i s pogfiatisnad be@ffsBesd.bpt e opdiings ianmietlew) of bailet aligrowithtthe cat al yst
exiting the cyclone diplegs. re generall 6 enerated catalyst can be

di st ri but ed salid sHRCHERPQIoRNef g sulpsgayent fyel-n ﬁ%éa’fr?%ﬁ%? % 5He by any
convent i onalajieairdl s bolfl sthidtite idoRibnd @Y bafleKBONE pérpehdieulas fo.eacR B8 132- PCT -
8 - Transition Zone Structure [0030]1n an enbodi nent, the transition zone
i ncl udes a pptatiagithgbaffleparanother engle. wd sl beselgcled IgaasabodimeMatas it
moves down s?ﬁngélﬁ‘ﬁfﬁa{fﬁﬁ%g&g& £008e ufedy BF hOb¥st 9f oSLN4IGE S %t Gt be used
as baffles. For exanple, the ba fFQs can be a series of bars or other solid
tst ruct ;J!’ es & loanglfdstpﬁa_rlal aIneLhe_r ﬁai@m@g Hérortleratlevynel atle F‘E‘E“é‘t"iﬁa’%f t he
ransition zgQ [ [ r

enbodi nment s,zbet gét’b(gﬁ %el\séggggngt?g S'le'eglsg,t fga?&gﬁér%gegﬂogggé?’ﬂg?ﬁlo?c%ny ot her

sui t abl e soldrhnged ircpairsest levels.aWitirbogaimefibaffimiévels the Hadiled in ape e f | es can
be used. In such a L.oen h I enhl tes: of sheds,
gratings, or®%6t é?agg%%ﬂgg%u%%ff}%se@tg g%:cggailé\r?%?'hggfransp??’?%%gé%]ﬁil or the
sol i d cat al yate Ievelpas be irbiatddl0. deghees selhiive ®itheis¢aond lpet.t Abemaiivelpabé | evel
can be aligne or the sqlid,st tur Qrti.ons. can . . t the
openi ngs in SHe% lé\f’é’leq?)‘feqlgﬁ?w gggé;tlt? Sﬁgr\gf)\no?ef?l?%semsf%feile é?{‘%@t@ It}crl§81|E)t£§rht@i ons of
t he subsequetthé¢ sacehd 1&keher arrangements, such as

[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,



aligning the solid structure portions of baffle |evels perpendicular to
each other, or rotating the baffles at another angle, can al so be sel ected.
I n an enbwoizoentiy3sat | east 2 | evel s of baffle structuregcramsde/oogee, or at
| east 4, or at least 5 or at |least 6, or at least 8. In another

enbodi nent, 10 or |l ess levels of baffle structures can be used, or 8 or

| ess, or 6 6POGRO3Z-P(Ih sti|| another enbodinent, baffles can be arranged in
pairs of levels. Wthin a pair of baffle levels, the baffles in one |evel
can be matched with the baffles in the second | evel. For exanple, the
baffles in one |l evel can be rotated 90 degrees relative to the second
level . Alternatively, the baffles in on@-evel can be offset to align
openings in one level with solid portions in the second |evel. [0031]1n an
enbodi ment , or kectsaiccessbieriensd of gwds sen be oritwednat areofiset.fsuek aga R0KKagreevar i ous
geonetries. Eor ampl.e, .the .sol. d rugt yr es | ar
profile, a toffé%%pﬁﬁrlg,rtgf Ppgﬁo%lpgé’%heoﬁ%ﬁgsf mceél(rélgzeﬁ)ig g%% ‘gfg{e?’ccf&giggéréet ry. In
anot her enbadbi@nin stilhgokiek Eindsdie@ent hecdmmefotalfycrvailatfle bstladg natckind sheds

can have a shaped. profil rofile that.is inverted s hat .t he cat al yst
appr oaches tSHER BHIALD 1tstcﬁé:p 51‘”883‘11??&}‘5’&“31“ §tuSng3se%8?¢}F6%ﬂﬁmﬁhe
transition Zgpsa) Pr¢h eh abbydinidh€ 154BaIes 35h B fdractiysteothersvi®d haveer ti cal
surface at the bottom edges of the inverted. v-shape._Variou gﬁé ent ations

can be sel ecipsingsio eliew gavispaspirorgh the balfieichis B exampte _
2006B032- PCh,;m & éaggfa(\jzg 3ChSUAASSR Y 8 chleélfi‘%}neﬁgr heftedpacearvbayldmnhed at an

of fset, such as a egree offset. Simlarly, the positioning of the sheds

in each | evdengthrof g asile, casn norethaaiswesowispresdievenly alsmgdhe epsBuelibat, a
conmmer ci al | ai L-ab ckin ' {3 FSasS4 r'i pper
packi ng canytf?gﬂ%sjgge iéglegg%na?ef%g%ﬁéf%tllggfgﬁgg]oﬁﬂa%@e odi rerltant,S t he

baf f| es can dme. Adtefmriatlgthe holesthebabsen baless apenpnfsmtar legslaparigesd t o pass
t hrough t he baff#g structure. For exanple, the baffles can have a series of
1 cmto 3 cnidiChEt BP*Hol es spaced evenly along the length of the baffle,

or in nore tjpes3pne Inheillapsbedervelimgnglonagr idvee pasnphigecd ortdibermbf | €. The
hol es can be separated by at least 2 cm or_at. least 3 ¢ or _at least 4
cm Al t er natieds %“%Woﬁtﬁlfggé“ [ o PT‘%“S‘gb é{p‘&ﬁgﬁs g'hetg c?:'?n{’%r | ess
apart, or 4 1pgated bbRWSthalewést 1dveDsBhdffleSivithin the dahgtioestindi Alesthativele or
nore gas spargers_or other gas inlets can be provid in.the transition
zone. Pref erBlggs inlelstyaRirgsfapserve 25 tralopssbiessl of s PHEhip BRESEAnSHIRRe| | of

baffles withip .the transition zone. Alternatively, the gas inlet structures

can serve as the |lowest level of baffles within the transition zone.
[0034] The flow rate of steam, nitrogen, or other gas out of the gas spargers

can be characterized in terms of a superficial velocity. The superficial velocity of
the gas emerging from the gas spargers can be determined by taking the total flow
rate of gas and dividing it by the cross sectional area of the separation vessel in the
transition zone. Dimensionally, this corresponds to a flow rate for the gas in the
direction perpendicular to the cross-section of the transition zone. Preferably, the
superficial velocity of the gas introduced by the gas spafgers 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



[0034] The flow rate of steam nitrogen, of other gas out of the gas
spargers can be characterized in terns of a superficial velocity. The
super fi civab 2oetaecisty of the gas energing fromthe gas spargse@7osdiibde
determ ned by taking the total flowrate of gas and dividing it by the
cross sectional area of the separation vessel in the transition zone.

D mensi onal P9/96th?1?§3030rresponds to aflowrate for the gas in the direction
per pendi cular to the cross-section of the transition zone. Preferably, the
superficial velocity of the gas introduced by the gas spargers is 0.03

m sec or greater, or 0.10 nmisec or greater, or 0.15 nisec or greater. In
anot her enbodi nent, the superficial vel H?:Tty of the gas introduced by the
gas spargers is 0.30 msec or less, or 0.25 m'sec or less, or 0.20 In/sec
or |ess. [0085]sFiresfiseAramdng Bustbtre sathiat ah Pyers spase imenceleuglds poytiored
transition zpne 210.4n.a separafi S o I t leyent  of
the inventi 8°VH éagf'& sérﬁ'fis%é)ﬁl tglé Bgﬂvllé'\geé\] g‘# thtaéhee ogéﬁg?ttﬁgﬁ%ggﬁga%ﬁs In the
enbodi ment  shavrdsrréifSert2dy-shapedethustunés. atfdratsdy,20@racad piesedan Bach | evel

of baffles is qriented perpendi cul to th | ane qf t.he drawi ng. The
baffle strudftgrhsd tPﬁhesB‘gtE‘EEﬁi%"eOfu%a%ﬁﬁg‘éﬁq C-turiog-sef“é%/ %ase?%'%@fsf set from
one anot her 239Gs hl3glocfdARRIBriRRAGEe IdWRDRVEEYEaff1& stp@inkes 02@d above a
baffle structure in the next level. In the enbodi nent depicted, the baffle

struct ures dreferahhsreaehiof/ths bafflestmiciuges 24 is pepprrted AlleW gas\Je PRssc al pi ece
can be at t agfiegleh d ARk OTERASpREcRI o SHARAL BLFLIGL Uiey A Series of

gas spargers 230 is also.located underneath the |owest |evel of baffle
struct ures Jdoeations &rthe blapdpipesc?0SIPy 2 Aistange 2BL structures 220 is perforated

to allow gaﬁobﬁ’?]ﬁgs?%{3%}9F%@g{sﬁqoé-td?)%t&%ﬁ%ect 1983 SPAE 92hSitidR Q0. ©

separated from ion or the standpi pes 205 by a distance
231. [0036] AGhRBdiFIct 2Bad stapdplpes2( s sosewstidiodhe spavation vesrsl thatinsi ti on

zone. As sha i,n FIG. .2B, 4 a i 0b a > t paration
vessel that l\fqﬁblfiﬁsdté%nsft?oéh%‘)lnﬁzéh' %D: gér%eﬁg%ﬁg Sié—‘f‘é gg&glp %g&%ﬁo%v\t\é&g Jg%%pﬁ%ri son
bet ween a r axBsuBod3be E¢men dfike aemiton ainet210 tb tlenaintdraf tirostenddi®s 2051 he
center of the standpiges 205, an he overal|l di.aneter 240 of the
transition zaéﬁ‘?é?‘e Pﬂg‘f“ﬂidém’é%%‘ﬁ)e%t%’ﬁga?sérﬂ?rbz%?e' tlﬂgﬁf SHfRie, ‘g’etrﬁtéo enter of
the standpi pgs ralids {18e deRbRshe Shndpifed 4RIEE Hiiet&Tahd Gafkithh zdne ot her
enbodi nents, this ratio can be at least 0.2, or at |leasf 0.25, or at |east

0.3. In stilQ-32t Fepthenersbodiments, thityagiocan bp akleastdh2.er 4t lspsti gy 08t 0. 35 or
less. [0037] k0.3 HARIC hert diOIRMRESES Aflis TR BRHTHS b AVrdess! GUIPS BElesat al yst

Flux [0037] FIG. 3 depicts the expected maximum stable standpipe catalyst flux
characteristics for various gas-solids flows i/n a reaction system according to an
embodiment of the invention. These expected flow characteristics are based on a
multiple riser reaction system with a single separation vessel. The transition zone
of the separation vessel is similar to the transition zone shown in FIGS. 2A and
2B. The data shown in FIG. 3 corresponds to a maximum stable flux for solidsin
the gas solids ﬂéw. As shown in FIG. 3, the maximum stable flux increases as the
distance (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), 2
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



characteristics for various gas-solids flows in a reaction system according
to an enbodi nent of the invention. These expected flow characteristics are
based on worméziipdse ri ser reaction systemw th a singl ersease@vioofnivessel .
The transition zone of the separation vessel is simlar to the transition
zone shown in FIGS. 2A and 2B. The data shown in FIG 3 corresponds to a
maxi mum st aBPBBLXHor solids in the gas solids flow As shown in FIG 3,

t he maxi num stable flux increases as the distance (height) increases
between the gas inlets (spargers) and the standpi pe entry |ocations. The

| owest catalyst flux shown is 100 I b/ft2*sec (488 kg/nR*sec), which
corresponds to a typical mninmmdesiredlcatalyst flux within the

standpi pe. At a typical commercial standpipe dianeter of 46 inches (117
cn), a separcat)itervad thoparhipardeds amtthestahdpipesy) Natathat toe larggaf 2ed bet ween
the bottom of the er.s and he ntr t into
the standpi ﬁggaramrp‘?lﬁt@ngea %ltvgrhatﬁfl %?%e?eéggn g’éﬁe‘ur{ﬁ h c&*%,g,1e?é‘£a3h§§tr abl e
commer ci al \glfddiehticb th@éﬁ‘ah&ﬁ@eem(rstRﬁ&ldsgbﬁwslgst)ﬂmqU| res a separation
di stance of about 40 inches (1Q2 20063032d PCT c &) ? V\B% t he gas spargers
and the stadfP3fes. Mese genaially.npyarigpsfanbpdimentsthe distanee hetyseidlie 835 2 given
st andpi pe d's?HFgEﬁr (oF 8thef g@tihlets)rana%aoéxﬁiyelo@mcﬁisysﬁ thd@tdnkipipdi eadt bost at fhe
st andpi pe entry and | oss catal yst_ fl ow. 38] Mor e generall | vari ous
enbodi nent s, 1645hé0m@9&€?c5e°%bméb}¢a$tt§@ “@%@@L&aﬁ‘jr Sserpot 2 depst | ets)
and the ent r&fhér%?rg;ddﬂﬂéntg Qhe Hﬂ?an%@: @Weﬂ?ﬁe ERNpRgeRt (ok %ﬁ}%} gﬂsoinle@é)%a (25
cm, or at le cm or at |east cm or at |east cm In other
embodi ment s, the hetryjlm’amﬁe&bé"twvé@@!m Cglabe 3p@ eegrdeysppr %‘i(h@n oF eSS 9 et s)
and the ent r%/%J n(]:%Hegns for the standpi pes can be 300 cmor less, or 250 cm
or less, or &M 57 ess. 10039] An alternative way of determ ning

sui t abl e val [0639]f or m&lednyaﬂvefWay(of &tbyivingsiiiare mgluehorpatiwst fibeds of the

catal yst be |nt nS|t|on Z0 S5 b t rate of
change (or ya‘Eﬂné eﬂ?f@%’ﬁ%f’?g‘ oq]"?)ﬁgg eat at:hg %}Elf’vv‘e&e)ﬁetﬁﬁe

spargers andpdsb@leﬁxﬂ&ﬁbé i aabieasTschhnge (o @ralianylip theﬂenslayeifehatﬂtgdystt he
absolute density within the transition zone cg‘?ﬁ}ge bet ween 0% of the

catal yst mi rPaityRsE 1hGieas sRATeEs 20 s gy Ippations SrBiRPeY: ereéé?'lbs}?"t y of

fluidized ”%@%bz%lut‘é‘d%ﬁélfy WBint tha Rhiition zaR @ndRbebRedt 509890925 thb/ & or
at least 30 Ib/ft3. I n another enbodi nent, the denmt}g%gf the flu dbgl zed

mat er i aI | n ‘E%@WW&WWW&W%’@W@T&QWSH&' Y2 gipbediment, [t densygy of fuidizad; 3 o
less. n%;ﬁ @}’@rﬂhhﬁﬂ& tAnd8hS LbYe SHnASH R MasOE SAVRT, ok heRag3oUbL/B. b/ ft3*ft

(266 k /rrB* result in reduced value for the maxi mum catal yst fl ux

that can fl owmatherembledimensatieidsnsityyefi thenfluitized mptgrighinthe FarstiRRIzRSNt s t he

t h f b/ ft3-ft
E gg‘g IkO?mSBy a%ngec b% &Hg afng?? hgftf tg'xvl?isaslgﬁsno%'lﬂzye {h%gé @g&liSSé@ gg%cﬁiﬁtl b/ ftaft

(210 kg/ 8- rrgreeter tlmssabomrS B/t (286 fkg/n 15O Widl nesal r@ducreés\@lueofpr thelp/ft3-ft
(53 kg/mB- m of &S5l egé)g }ha@ Caft ﬂr&@rgrl tgfb n&fl Ial{éa o&u@ {n al?ﬁ}a}lb%‘ zone

can al sci be characteriz an e ’qu within the
transition. zambommntmeth&mctlm fysRers een bd@ﬁemg:ﬂrth hs‘eft:a dmslﬂyg@dlemroﬁl@

| b/ ft2* ft |
o 5671 o7 B E-FaEE oAb Bl e b TR R B A AR O Lo
flux within (:m) ‘ghahai)tdrdesszarlahfiesakgnean) oﬁleh@/ofrﬂnwe ft 63Hgg/mp= sec) |

or at |east | b/ ft2*sec (24 kg/ mhsee), or at least 10 | b/ft2*sec (49
kg/ n2ssec) . “‘26’(‘56“8&32

[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).



- 12 - [0041] Another metric that can be used is the residence tinme of
catalyst within the transition zone. In an enbodi nent, the residence tine
for catalwyetoemitise transition zone can be 60 m nutes oOPCIrAS3007004110

m nutes or less, or 1 mnute or less. In another enbodi ment, the residence
time can be %@f%ﬁ%}sf’ci seconds, or at |east 10 seconds, or at |east 30
seconds. [00 71 nother netric is the anmount of "defl uidization" of
the solid catalyst. As solid catalyst flows below the gas inlet (such as a
gas sparger), the total anobunt of gas in contact with the solid catalyst
will be gradually reduced. If the quantity of gas is too low, the solid
catal yst could | ose some or all of its-flRuidization properties. This woul d
result in poor flow behavior for the catalyst in the bed bel ow the gas
inlet. To avi041} hi sAnather ra¢isic sbas sah bt weehistthereyaisneptimg of satalydt witkicent ry

| ocations to & - i : ose _.enough sp th he.solid

cat al yst ret%%E%ngﬁlggg?}rlg?’l%\r}gﬁogdf‘%%lﬁhcﬁ 73 Frbcﬁgmil%%drca@ysﬁlpﬁ‘ﬁanti fy the

| evel of f uiralsztidri zmeahn ke 68 naibyites obduds, drl@® mihefdsir tsg add omindé of he

catal yst can, be expressed,as. th ol u fraction of gas bubbles in the

catal yst rel laetsﬁ'vlgl %‘8&%8‘“&’8&‘3@”\%&%&#@‘ c¢ Hee a8 pe 4t %pysﬁseﬁp&qsup@at In an

enbodi ment, lehe 1daktondd] adtil@R: 96 sdddadsol i d catal yst at the entry location
|

for the stangﬁi Qfs (ga be 0.00005,or nore, or 0.0001 or nore, or 0.0002 or
more. Oxygenttd2l o oytdl anothes msinie issthe oowuphef ‘wellnidization” af theselidon syst em

that benef |t GudlyamdduosaloBBAl ks bEIANO ORI Cudidl £ allLocRRS:  Such

as a methanol to olefin conversion reac
oxygenat e- t oloH amoynpeleas dn eentagtevisha the setidsatalyishwill bt graduzibyl rdiaded. f Hst

fluidized begle (Qhntih e ' L.an re a flui s) flow of a
feedstock is S_actl_ssthjyt hrggigﬁggﬂ{)%gﬂ%&gg a?%%éacto ga;lg © Part ?rcﬂ}eégﬁﬁvbr e
general |y, t#Heidipatioe pepsrtss. Thisswouldeatiloin moeflapiiehadbt fortthe gaslysiahi ds

reaction sysfhe i are, separat.ed fromthe gas flow at sone
poi nt duri n;{ht %d?fé@é&tﬁ tlhtg %gfofngég'egé’,avlohdcﬁlﬂfg?l?fg&@g‘fee%w ﬁhg BPR EPYEES| s
inert. The exwhtheestrpédcationket®ahé bandyipesshgalibbeclbs @lo@bh Bo HRRald Mdsyst em
t hat can be | npnraved. using. t se atj on process of the_invention.
[ 0044] &ygen%ﬁqgeiggdgtéﬁlsi yegﬁ?cgﬁivﬁ\fgfﬁ‘i“éﬁafl?fgl Ifadete ayantifyrthe bvghed c
(2:8 (r)rg(é g g czi( IsD )CTﬂniﬂtmtiﬁn 6fa ditalyeelsdd, (Hee R UUBR tRLO BT thetatdlRt BRShe PAGEQRG S

as the volume fraction of gas bubbles in the catalyst relative to the total volume of

the gas/catalyst mixture. In an embodiment, the defluidization of the solid catalyst

at the entry location for the standpipes can be 0.00005 or more, or 0.0001 or more,

or 0.0002 or }nore.

Oxygenate to Olefin Reactions

[0043] An example of a reaction system that benefits from this invention is an
oxygenate-to-olefin process, such as a methanol to olefin conversion reaction.
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 .



- 13 - enbodi nent of the process of invention, the oxygenate in the
feedstock is one or nore al cohol (s), preferably aliphatic al cohol (s) where
t he al i phwoi2c0mmirasry of the al cohol (s) has from 1l to 20Pcaniseen’adans,
preferably from1l to 10 carbon atons, and nost preferably from1 to 4
carbon atons, The al cohols useful as feedstock in the process of the

i nvention i ntl0G8833-B%ér strai ght and branched chain aliphatic al cohols and
their unsaturated counterparts. Non-limting exanples of oxygenates include
met hanol , et hanol, n-propanol, isopropanol, nethyl ethyl ether, dinethyl
ether, diethyl ether, di-isopropyl ether, formaldehyde, dinethyl carbonate,
di net hyl ketone, acetic acid, and m xturlds thereof. In the nost preferred
enbodi nent, the feedstock is selected fromone or nore of nethanol,

et hanol , di nembgdimenhef the girateky of iavérgionptheaxygerdnite at the feddsrick of ond®r €

0045] The 1 oBE: et mvErnRy B HiR e coBafip i ne Ba G ahetusra PLBR: )
typi cal |y usaldoliai(s) Bakifrom he> 206864 dtainis Oprerablp&rdng @ ds 10 ¢krboa Athad, €
general ly non-yreactiv he feedstock or nol ecul ar sieve catal yst
conposi tion.? 9?99‘??’1%’?5:?3" L IR cyPoR Al t e Heehadreusediliag fgedstogh in

ni trogen, CaghbRodeBdeKihdenvénfiol bl WAL striBhSind &meaicgéihﬁn Hzﬂi{ eactive
paraffins (especi alallaci/‘ al kanes such as net hane, ethane, and propane),

essent i al | y Hephqleard their unseipsatedcawigspartsd SNonditniting exaneples dfoxygenatdhe nost

f d di ' j Y i.cul arl
P et orr od.  13eERE AU EnoR pRiphld0EBpobhidl, BRI A5 QLAY 211

entering i nt@her, disthotl ethenrdidshedpyd iethestfbymaldely da, diesthydrcartonatedded with a
nol ecul ar si t t S Ll on.. .| n odi ment, the amount of

dil uent in tﬁéﬁflﬁg%aégkaﬁ%ggggﬁf %‘é‘p‘?‘é’ﬁ‘dgso ‘g"f’?efgﬁ{‘g‘lbeo‘HPStlergnﬁgout 99 ol e
per cent basegnbedimiest, tht feedstacibirselettedfitons oné ot merd eRelsthacd], &hshdlj | uent ,
preferably fg. qut 1.t bout 80 l.e percent . nore eferably from
about 5 to a%g{t?tﬂ%g(ﬁhe %‘Ft?‘ﬁf%tﬁ%rr‘gﬁl %?%B%Fo %Eﬁec’g r?‘bre%‘%rﬁ{a S?Pe‘ihﬁn%lnot her
enbodi ment , atddimekiyd edeardnditod peefadblednébasolf eedst ock either directly or
indirectly, j ncl.yde. ol efin(s), paraffin(s), aromatic(s) (see, for
exanpl e, U. S@Bgﬁ[ entﬂﬁofee‘is,t%‘s}('r'g’?é‘fe M"P‘FE% Coptas ORALCT BWFe éﬁuWQi:ur es
thereof , pr efypfcahy Yise @sliesehe Bokcth@Rgon HEME YRGB ck A0 £E ggﬂermédﬁ&?—ar bons
having 4 or nore carbon atons, or m xtures thereof. 200613032-PCT - 14 -

10047] I n a cEAYERtIPShafecdrpek ArtplacslanrigTe Aatpkyaedmeppsition: dden-Hmiiting ni ng an
oxygenat e i SexaHp1&CsEA1ueRtsAnéIBAE hdi1Rihn, 29 ,ﬁitr@gehegaqv&{ m%H?;@ird@,tc gbéll\q th a

nol ecul ar sieve catal yst at process conditions effective to produce |ight
ol efins, i.edioxigg, wptepessapsialie npereactive papflasdosreciallpidkapeesuphtashour space
velocity) ange [HaTyF-1R eGlLd I iluent, correlated to
produce |ight _eo ef’iens. Lg%daﬁla {/)%{et)héé\sg%lxﬁlglg%Bgg?cg%’g%%ésm%bcn%oén&oe‘ﬁgﬁatn t he
cat al yst whemixtings theyerdn dihe mestipreferrechgiduenpears evated andmitmd gengivith water pr ocess
may be carri Jd lLiguid,or a mxed vapor/liquid phase. When the
process is c%??gg@lggltaﬁ?’ﬁr%‘éhg%ui d phase or a m xed vapor/liquid phase,

di fferent colffdéki orheatitiestiseitheniddeéd direétly wedfeedstpeloehtetingrimyo 4 esul t

depen, . b AL 0 SRR SR SR e DA o1
si zed react ocrompusitiorarid dnaleniiedithem ctht amoRacddiluent nsthe FRA4BET heinghaIVer si on
of oxygenat ersanéé) of frgl%ua %ul !l goh gbo%lt SB in?oﬁe gg%el?teba%g& <r)r|1 %gje 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.



out in a variety of large scale catalytic reactors, including, but not
limted to, fluid bed reactors and concurrent riser reactors as descri bed
i n Flui diwatzoem1B3gi neeri ng, D. Kunii and a Levenspi el , PRohmsea07/H041K8 i eger
Publ i shing Co. NY, 1977. Additionally, countercurrent free fall reactors
may be used in the conversion process. See, for exanple, U S. Pat. No.
4,068, 136 ar@@EGediFati on and Fluid-Particle Systems, pp. 48-59, F. A
Zenz and D. F. O htner, Reinhold Publishing Corp., NY, 1960. 10049]1n one
enbodi ment of this inventi on, the gas and solid particles are flowed

t hrough the gas-solids reactor systemat a weight hourly space velocity
(WHSV) of fromabout 1 hfl to about 5,0bH-hr '1, preferably from about 5
het to about 3,000 hfl, nore preferably from about 10 he! to about 1,500
hi', and rod004Hef elmblcynyentmalisayeeizte torolefin seaghomta feedoonipingds an n one

preferred e out 500
hi'. In this x&%c\a/rgﬁ |Socr?%p%§$§¥ré%t% nehg P%gm? g? %ra%?g%y%g?&h%gr of the
gas fl ow ng simiewaeiyst agpioodss wahditions dﬂ'@t&ﬂ’eb@’ptdﬁlﬂcd: bglaloledmasghe., eft t he solids
fl owi ng "bet n.the same segnent tar |I's. The \Y/ i mai nt ai ned
at a |evel \g%%ﬂl‘é? Eﬁ’ﬂpef%“‘i?egﬁsiqﬁ%q&gﬁ&?‘g}&%B§Ii’§°ea’ﬁlq\éﬁ§é ui di zed state
within a reaghihally, 40 QBB difdunt b@dﬂuérﬁo&ﬁ}éme@fmxheﬁc@mmmdfﬁm of the

invention directed toward use of cycl ones, in conjunc E on, with a riser

reactor, theJgpellyathe oxpeengtedaed isqoatackadawith Bt Alyst SYhgR thexygeaateds s

reactor systpmat ﬁa&a%l{%&'lpﬁfvtelycﬂﬁl prM@ésQ?datyYDe(c%}Qd @Lﬁ ih 8 tidlorBhtedper
second (nlfsec), Pefera 'y grea er than n sec, Preferably greater

than 3 m secvapar{aqmds:tham eV mme)prgma@mamh@ﬂuunml phase ocavaigpdul d be
sufficient t.0 Zpgg\ g{x }{Hag'elg (Sigge%ﬁftcgohgér olﬁs @nd héﬂ:&l\ﬁg& f@é@to—ﬁ%ﬁﬁét%éz)a” y in

a fast fluidi nosti ol anot her e ment, cyclones
confi gured aesdt de:pegdhxg uponghe eardyst and rcmmob@oué@dnw Awusedihierein, i di zed

De oot o P SRR o U R PR R B 83,
gas are fl owedctbhunittgdnd lak beadr ealeirdactomadtsor at a sol i ds | oadi ng of at
I YA T A E RN RN N R
lkb/ ft3 (64 keiiNBh vafikt gﬂiﬂl@(?b ‘é@il& cath%c&@ddtéi@ 1h01adinrggbmarm Dienitedltb/ ﬂma (80
g/nB) or less, or 4.0 |b/ | ess, 0 ILb/ft3 (32 kg/ nB)
or |ess. bed reactors and concurren nser reactors as descnbed in %luxdlzanon
' Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger Publishing Co. NY,

1977. Additionally, countercurrent free fall reactors may be used in the

conversion process. See, for example, U.S. Pat. No. 4,068,136 and Fluidization

and Fluid-Particle Systems, pp. 48-59, F. A. Zenz and D. F. Othmer, Reinhold

Publishing Corp., NY, 1960.

[0049] In one embodiment of this invention, the gas and solid particles are

flowed through the gas-solids reactor system at a weight hourly space velocity

(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.



[0053] I n one practical enbodinment, the process is conducted as a fluidized
bed process or high velocity fluidized bed process utilizing a reactor
system awoegemarmtui on system and a recovery system | nrPsuals2@7poaacess t he
reactor systemconveniently includes a fluid bed reactor system having a
first reaction region consisting of various fast fluid or dense fluid beds
in series orYPeR% P87 and a second reaction region within at | east one

di sengagi ng vessel, conprising two or nore cyclones configured and/ or
operated according to various enbodi nents of the invention. In one

enbodi nent, the fast fluid or dense f|UId beds and di sengagi ng vessel are
cont ai ned mﬁthln a single reactor vessell -Fresh feedst ock, preferably
contai ning one or nore oxygenates, optionally with one or nore diluent(s),
is fed to tHa0%Ne ofn mmtherfeashodimentdbfdhe twarizor dingciedonerd ssecefor (s) into

b ch 2 ol Gt S SYRGEATARL ARURRIEL 80 8 i SKI MEPLORLARIBOT |

i ntroduced. ¥R prior e reactor(s),
the nol ecul ahrovigh e gmtmhyasteaemmgmmlama gas sumkﬁdalvsalmnyr(ﬁﬁé)reeééast 5
contacted with a 200 d/,or va Iy wat er

and met hanol MeEHRLT£C 0?)’?%6‘?"31-9{5#65@3' gﬁeﬁﬁ? ﬁ}éﬂafﬁlﬁecsrﬁ’(? %gfér%alﬁy(%

1005411 n an wbodh/s@Nhnd fldst gaRibly @teatdralidn 4 agstst Qbk G2 should bei qU| d
and/ or a vapor_to the reactor systemis

the ran 1 wei ght
percent to abéutiendo majpppme heselint in %f&wﬁlzge s?aF% ’3’(98[?[" fn\fbefo 2ht per cent
to about 99 ﬂ‘ﬁﬁ&@&sﬁ?& cent, nore typ| cally from about 5 wei ght percent to
about 95 wei ght percent based on the total - ght. of the feedstock
i ncl udi ng anip081] uedn sl anethprembediment quiﬁéesl qo&@@ﬁ”&rﬂ?“%’é‘ﬁtﬁrtof@édst ocks

may be the S%P?nt? Q{EBB%&JSQJ‘W] a fR FAALRH Bey ?Jaﬁfo?glr%&lﬂ%ﬂén?&}%xﬁéntt he sane

or different ocks Wth the sane of different diluents. [00551The
process of tthesISVivanbs amlovaas B3 s¥nduct ed over a wi de range of

P e R T S s T S SR
750C, convenire rﬂdv‘;edfthmmghlulmjgasmas t@cmbaua stﬂﬁﬁﬁpadly@ b a legst Orlofthout  350C
E goggfg} mﬁPg I @Eg/f’ﬁgr‘%:ag l ar %ﬁb/%t érﬂr gﬁag Eb%p Q%}L?clfne)d %b¥er a wide

least 2.0 1b/ft® (32 kg/m ), or at least 4 0 Ib/ft® (64 kg/m®). Alternatively, the solids

loading can be 5 b/t (80 kg/m3) or less, or 4.0 lb/ft3 (64 kg/m?) or less, or 2.0

Ib/f® (32 kg/m®) or less.

{0053] In one practical embodiment, the process is conducted as a fluidized

bed process or high velocity fluidized bed process utilizing a reactor system, a

regeneration system and a recovery system. In such a process the reactor system

conveniently includes a fluid bed reactor system having a first reaction region

consisting 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 éiéve 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



range of pressures including autogenous pressure. Typically the parti al
pressure of the feedstock exclusive of any diluent therein enployed in the
process iwoiznorhessrange of from about 0.1 kPa to about PBChR®m200eH11@s from
about 5 kPa to about 1 141Pa, and conveniently from about 20 kPa to about

500 kPa. [00 &; gng;rher enbodi mrent of the invention, the ratio of
ethylene to 2 6%3? sheTin an oxygenate-to-ol efin reaction can be controlled
by controlling the tenperature of the incom ng oxygenate feed. The ratio of
et hyl ene to propyl ene produced in an oxygenate to olefin reaction can be
referred to as the Prine Oefin Ratio (FOR). [0058] One of the factors that
determines the POR is the tenperature atléhe top of the riser in an
oxygenate to olefin reaction system Higher tenperatures at the top of the
riser will i Hevidasd/orivepempiefierably watendneneethamdyaelh g fanxampley agl | owi ng

FOR val ues of, L | f the tenperature is increased to above 950F.
20068032- Pﬁiqe%és%gﬁgé%ﬂ&géeﬂﬁet hod for increasing the tenperature of the

oxygenat e fetiS#bck Mmapombalinent teatneoumt bf fBstpfeedgotiefedSatauiqlEshdapor

feed. A sat ur at ed V%FOI‘ feed gan.b.e or ned ?t a high pressure such as 325
psia (2.24 MPAFPONRIMSTeAHPE SYsiem s indpe taner of Trom Qil eightreressbta showt e of t he

feedst ock vapop wdifia fRienskueh 8f FrbRb6APDivelAs Ipta&emfora%ﬁwwl?{ hor to

introduction into the riser. This |leads to cooling of the vapor, which

limts the aBFFFRlymEEs typkrly dromypbontS weishtanpsesnt fhabas veight percast a
result, achi gyded I r : : . to.further
8 GnRhERMI VRS g Fahe fech BB 1%'11:?(1%11%D %‘P&gﬁﬁfgg%ﬁ%ﬁgg theaﬁ?ﬁ. g to

increases in_feedstock and/or riser top tenper ccor
embodi nent s &P Hipeidiand vppeiofecdyecksimayt brathe sy chbmposition, or may contain

varying proportions of the same or different feedstocks with the same or different
diluents. |

[0055] The process of this invention can be conducted over a wide range of
temperatures, such as in the range of from about 200°C to about 1000°C, for
example, from about 250°C to about 800°C, including from about 250°C to about
750°C, conveniently from about 300°C to about 650°C, typically from about
350°C to about 600°C and particularly from about 350°C to about 550°C.

[0056] Similarly, the process of this invention can be conducted over a wide
range of pressures including autogenous pressure. Typically the partial pressure
of the feedstock exclusive of any diluent therein employed in the process is in the
range of from about 0.1 kPa to about 5 MPa, such as from about 5 kPa to about 1
MPa, and conveniently from about 20 kPa to about 500 kPa.

[0057] In another embodiment of the invention, the ratio of ethylene to
propylené in an oxygenate-to-olefin reaction can be controlled by controlling the
iemperature 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.



i ncreasing the feedstock vapor tenperature is to directly heat the vapor at
a |l ower pressure. In such an enbodinent, after formng a saturated
oxygenat ewoapavii7ishe vapor can be superheated to a tenpecatuse@7ouahe as at

| east 300F (149C), or at |east 325F (163C), or at |east 350F (177C).
Heating of the vapor will lead to a small rise in pressure, so the pressure
of the vapor2008BeEdREEd to match the riser pressure prior to introduction.
However, the amount of cooling is nmuch I ess than in the pressurized vapor
exanpl e above, so higher riser top tenperatures can be achieved. In an
enbodi ment. superheating of the oxygenate feedstock can be used to achi eve
a top riser tenperature of at |east 975R7(-524C), or at |east 1000F (538C),
or at |east 1025F (552C), or at |east 1050F (566C). [0061]FIG 4

schenmati cal | p0s9pPWs Gnemethodfodincasify VgLl aiperdnire Of ¢ld dkypeaat feudsoykt em
according to an enbodi m&*nﬁ],&f1 t he invention. l? t he enbodi nent fshown in
FIG 4, met haRor I8/Q587als 2 highmressyre; saiyrated Vapesisesle Avtatwaiedivaper feadot her

oxygenate) f@m vesrasd heELHEhMréssinR sdck ANYES géig (.08 886 4) Oy hild@isigpor i zed
met hanol is then passed to a heating unit 420 to superheat the vapor. The
pressure of ¢ifestive ferasingile eppratuse offan fecdgioek daper, theerprsersiitke | evel of

i ser 430 fOfaopbh ORI feBorld? 8 RiREcdDRRZ el Rer. SreiERaAL B EftfgeShow Ng

t he change in as a functi‘on of the tenperature a e riser.
As shown i n ¢fitge vapor whichdsnhnigthelbility ipasha¢verforther inbeeasaspn tfmpenaturd. ser

| eads to inc I | f P res ' t o increasingly higher
or opor 1 ons. S Eakiiy SR BhesbinE g aler BRI AL BFha R RELRRT I Retist e
2006B032- PCTinerehes-in[fédBRicRiand/fob eidérroptemperrtmkas. Nng a ri ser reactor, the

solids partigl and, gas.are fl d thr h.the.gas-solids reagtor at a
solids to ga Ofe’rglss r ?‘iOSd’Bg?%BW'B\é\ﬁﬁfeg?Sl(% e%&ﬂ?gl?@f%eﬁaé"f‘g?% Yy, the
sol i ds partigcrasiagdhgfedadek (iponednpdrarois tb dRe@ash&dtHedtpbeadd loiveat a.

solids to gas nass fatio of about 8:1 tq about 50:1, nore preferably from
about 10: 1 tBFesE Ing .cg.w[eﬁ%ﬂ}rmti ?]'fber%%megﬁ\ﬁé%?t&ﬁ°6¥geé‘aW&P%§?°oon

feedstock, pygoRbAPbY s@pdBEM B mPBlafird shith %nﬁ 18fst IHGF @AYGENGL &S, the

anmount of ol efin(s) produced based on the total welght of hydrocarbon
produced i s lgret326PF (HETCh0omati lgast 3pRAFC@AT C). \iidatiaklof thyr eapewill kad t60

oreater " tharh 7aEREH PEIREED 1 ReSHE ehBsdeheht e ShBaHE Bt SEfny T ene
and/ or pr opypesir prictircidtrbas@idno Mdvwie ct, thehmveitPficodlind g dibAedsaRapr oduct
produced is greater th%:} 65 wei ﬁh;e ercenthitgﬁuch as greater than 70 wei ght

percent, for OdRERFSSUIZSAaRPEY X Ve P EhEteeE 1D teangratiies E3mhg v

greater thanach§evsll GhtnRAIYREHent,|SPEdhRhting of thE oRPEdHAle REMOKAnMeaEged N
wei ght percent based on the total weight of hgdrocarbon product produced,

i s greater tathiRyeRdppRiseierperture of ehleas 9P A { B4 Ehan abBasidiO§ftE per cent ,

for exanpl e, (reaf ef of R0 AsUPIIBOCPS) 6P l3pAdfidcbay, the amount of

propyl ene produced 1 n weil ght percént”’base ‘wei ght  of
hydr ocar bon [@0édlict RPiChduscksnatialy slxiwes a phaion2F aneixghénapetoodefin reqotibn as

R T T IO TR T
in FIG. 4, methanol vaporizer 410 is used to vaporize methanol (or another
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.



100651The feedstock entering the reactor systemis preferably converted,
partially or fully, in a reaction region into a gaseous effluent. In an
enbodi nenwp 20éTe11rzsact i on region i s closely coupl ed to aprpirasadoroys10é
separation devices, such as cyclone separators. |In another enbodi nent, the
gaseous effluent enters a disengagi ng vessel along with the coked catal yst
conmposi t i on20068034RETan enbodi ment, the di sengagi ng vessel includes cyclone
separators configured and/or operated according to the invention. In stil
anot her enbodi ment, the disengagi ng vessel also includes a stripping zone,
typically in a |ower portion of the disengaging vessel. In the stripping
zone the coked catal yst conposition istontacted with a gas, preferably one
or a conbination of steam nethane, carbon 2006B032-PCT - 19 - di oxide,

car bon nonoXe@8] hybrogesdimentsdnvelMimgta riges reagion the salidsarartigesedngd 2851 y st eam
to recover adsgrbed hydrocarhons.fr c G ition. After
exiting theageetg%‘?’% ﬁ%%u%let@? ggs‘glh%*/rgé&%énggggﬁ’ vg.}slaslsg}r%t?&é%%z)hgr all of

t he catal ysto.f:aro sduein 754 . iRrtfepahiy, able salida peaptsemdtgas aresfiowveithr@debe | n an
enbodi nent, at

| east a porti of the-coked tal yst, c osition is
wi t hdr awn f €859} rS?Ct?r‘g?té 58?1% RS REEREN ﬂgg{f’&gél K a&ﬁﬁt ?dni’r%%rﬁced to the
regenerati orbrggﬁq,%oﬁg%oﬁpggm% abvnarosyyst em conpri ses a regenerator where
t he coked catal yst conposition is contacted with regener at i on nedi um
o6l frefgReK. 1relg

preferably d0 coRrEng thrycaRigEaen ol mbutrosshon Ation
condi t1ons - GledIREb Al ofif B5RIKEoRMnkES ECARBuA dFbleflso@igeadi ment, &

gas-solids ow exiting a regenerator may be passed through cYcl ones
confi gured desotati thy toiel whight af/bydrpestbonbrodperst is\eseajer then PR agiehs porti on of

e e g S gl et

bypassing the te can 0 anot he esired portion of the
reaction sygieesent,and preferablyogentgr thae TGaveiplytgterdint.ebt ¢ne ¢mbestimentathel yst
cool er or allow ng.t catalyst to,rejoi i;di L reactor.
Preferably, %‘Bm&gfﬁtg%f'e 8(/"[3 §E{°|P§detnﬁé)9éde1u§g%{e)!rlslaéfj g)rn Ztﬁgt‘;a%%%?’%‘g’f“ﬁr‘gfa y evenly
di stri but ed Hydtstaf@alprofiua ppddircad iig greatbr ian6d prgighterereent,/soctaes gaster

[ 0067] Non-1imt] exanpl es of suitable regeneration nedia iLnglude one or
nore of oxyd ?F,’J7€g’,el g?rcﬁﬁt@?or , ,gr%%ggarhfffveﬁhrt P%ﬁ“ng‘t 8d' with nitrogen

or carbon d:j;ﬂéfe%ly BENEE ThaA TR WeighE pércki®. Thpicany, thoambu4bhyl€id) , car bon
nonoxi de and/ or hydrogen. Suitable re eneraitl c)r‘l1 cg di.tions are, those
capabl e of DRIPARGSY iR Bieaelt parrenhiased R ARG WFght O g‘ﬂgfsqcf“ib(?ﬁ,pr?ﬂ’“é’f erably to

a level |ess,tBaRa0is2rifiahhn BOWER PRASEE sith 48 edtef ManBSiviightof the coked

mol ecul ar si‘eve catalyst conposition entering the req%gner%%on system For

exanpl e, t heparesydrior exdnenies eraper Ben e waightnereentt Headdafinye i ampoBHChpout
200C to abO%B%gggggfﬁﬁg%ééiﬁﬂ{%&p&ﬂrbaé%_gQ)g the tRROWEtichPOOGdrd Qb anpl e,

from about out and conveniently from about '550C t o about
700C. The r egredustarédusedisegreates tham2Opueipht nereent.sHgk ay greptes thaalouveight psi a

(103 kPa) to t ' . f bian( 138
kPa) to abo u? e%g%@ fﬁg ?%n?ﬁl%ﬁr@%ﬁ%aﬁ%ﬂwcingigfﬂ% F’oa%%(a;ﬁ 6%%%&%’53%2??}(?? 721cPa)
t o about 1503psezhfp&8éntkPa), and conveniently from about 30 psia (207

lcPa) to abol.bt%g]O' psl.Lh% f(:é&s%oclf(%%éringztgg Q&Q?ozr'sgscgm 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



- 20 - [0068] The residence tinme of the catal yst conposition in the
regenerator nmay be in the range of from about one mnute to several hours,
such as fworm@bams7one m nute to 100 m nutes. The anpbuntcofUseooy@esis n t he
regeneration flue gas (i.e., gas which | eaves the regenerator) may be in

t he range of % rggl}g‘ t 0.01 nole percent to about 5 nole percent based on
t he total F 5 F e gas. The anount of oxygen in the gas used to
regener at e the coked catalyst (i.e., fresh or feed gas) is typically at

| east about 15 nole percent, preferably at |east about 20 nole percent, and
nore preferably from about 20 nol e percent to about 30 nole percent, based
on total anount of regeneration gas fed ¥% the regenerator. [0069] The

burni ng of coke in the regeneration step is an exothermc reaction, and in
an enbodi mengioxidge carbap sxanoyide, hydrbgen, ohen iregegesrsath anargys ipeefetablgont r ol | ed

Coener at or - eaefb ERoueh soB) by DeartOl o e SR e G Eomiton

semni - cont i nuddier ﬁmﬂmg thoy se@afaubh ldaaihemhd/dﬁed@@i‘gaglﬁg RSBl k&tle bLLINBF e
i nvol ves W|th @m%%h ree adted cat al st corrp05|t|onfromthe
r egener at i on“&gYFEHANAA B totarﬁeg?}tﬂﬁ RPNy st cooler to forma

cool ed regenproBpd Chiaal é&ﬁﬁodixﬁ@iikoﬁﬂ Teh1R. poliéh 6Ahalc¥Rdd SR & compBs@dn
enbodi ment, |s fb‘gﬁat exchanger that is |ocated either internal or external

to the r egenb*r‘éi wafiqrp e of mere pighp disgngaging pessels and ingradaegshierthe i on
system are i feg@h&@lios §btddh SThERIRREralBn sHstdn Qoﬁ%@séscé)%%él%lrg LPULERI GEUT E) -

10070] The regener ated catal yst conposition w thdrawn e regeneration
system pr ef 89kl qptdlyss spmpesition iy qﬂsltac&ﬁoWéh a regeneotion medliwn  preferdbilg ah

mol ecul ar  si gyE.4@liAl 9{7? rcul ated nol ecul ar sieve
cat al yst corroosftﬂ?%n “é%?j‘?% A8 sdtoggﬁrﬁ 3?%erge ?rég%n °°é§d“b°|mr?quu ds, and
returned to tEmperans pregsure anthemq@neé Bmee dn eneabodinmdnt, 4 gvs- s”ohgeﬂewat ed

catalyst is nsj ti e in the separation vess Thi s
all ows the réeﬁtggé ?%e%ilgratt(?arf’%?fs? Pe® (gﬁgg Eorﬁsf‘ﬂn gﬂ! %BWOF‘BB%F\%&& ed
catal yst for xmanoxdlAttemmuwaly;rat E@EMEpcsmeﬁ(blﬁtlﬁ’fca&d]ﬁstfwxh bt Bb®e8taB@pspe entry
| ocati ons. Iﬁleanot her. enbodi ngﬂi t he re eneraﬁ)ed cat al yst conposition

wi t hdrawn f r SR ERETAHPRSEER; JrhesptalwhbyBassmg | ﬂé‘iﬁeflﬁfafoﬁéali‘ Baflpwieddy

directly, praichatiegired p&tioRds fieGadtinyghind sﬁ@ﬁé’éﬂ'&bm&%’é Eltaly é carrier,
such as an inert. gas, feedstock vapor, steam or the e used,

semi - 200686‘15&‘3t]|5€?t° a egfalystcogler gy all.%‘rvylgdhe é%iﬁbﬁh@da@lnya ﬂvwilieéichqdlmat e the
i ntroducti ontiRfreidir. rﬁgﬁfm}a&@caﬁﬁ sg;r%mg e'ngﬁtér% oﬁl;kft e&gﬁgr system

preferablytothe one or nore reac y contr fl ow of
t he regener at\lxdisitpiad inngashiof ia@hlréhtyo standpipe entry locations.

[0067] Non-limiting examples of suitable regeneration media mclude one or
more of oxygen, O3, 8O3, N2O, NO, NO,, N,Os, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. Suitable regeneration conditions are those capable of burning
coke from the coked catalyst composition, preferably to a level less than 0.5
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 regeneration
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).



cool ed regenerated catal yst conposition fromthe regeneration systemto the
reactor system the optinum | evel of coke on the nol ecul ar sieve catal yst
conposi t iwo 2e0m@risng the reactor is maintai ned. There arPreTrmseg7eanai ques
for controlling the flow of a catalyst conposition described in M chael
Louge, Experinental Techniques, G rculating Fluidized Beds, G ace, Avidan
and Know t oR00G932-PCRH| acki e, pp. 336-337, 1997. [0072] Coke levels on the
catal yst conposition are neasured by wi thdrawi ng the catal yst conposition
fromthe conversion process and determning its carbon content. Typi cal

| evel s of coke on the nol ecul ar sieve catal yst conposition, after
regeneration, are in the range of from® 61 wei ght percent to about 15
wei ght percent, such as from about 0.1 weight percent to about 10 wei ght
percent, for{0@s&inpl Fhe festlenadtiote of tRe oasalykitcopmosition in theatsgeneronmiaght

percent, and conveni ent from about .0, 3 [ o i ght
per cent basg’a lﬁﬂhetrﬁﬂg?/\%% %?HI a%Puf‘ ¥ ot é%ﬁ)lmégkgjsall léé\}g.g’ sﬁ%%fr‘fﬁg&éggé%%g

r ﬁact OL ef f lhiaate tod owrﬁihdtrea.mﬁhé aasuhied cdd'ygem??@i nepenysitiemibiegas §.passed

t hrough a recovery system There are nan nown recovery. systens,
techni ques &3 Vdugulsprssdhg ’FF&P“%FP@?L?QY F¥‘?ﬁ%§§'ﬂﬁ‘r°{f¥g}?{ﬂ a%?‘é?é’%](#’eand
purifying ol kel & afohPFuidie palasasisebi tHeablal vilagR\Ttie Sas UEERanganer al | y
conprise one or nobre or a conhbination of various separ ah_l On’retIgéffCtl onation

and/ or di st idfloxyzeminthaersysed 3¢ grasacratsine cokgdscataystit-gr HEsh B¥ systens
such as ethyl @?1%(@9&%9{ ¥5 %cgé;g?eéxh?fm?&myﬁﬁ i SHoRAEESERE SUCh as

al dehydes, Kket'ones and ester nanu ure, and of her associ ated equi pnent,
for exanpl e,peveant,cus nown esferbly, frimarboak2hmetepascent & phq BAMeIA systens or

chill trains, ¢ SSO o’tallénoo‘hl?lﬁgﬂeggﬁ&gﬁor%eggﬁa§0 th%qg%ﬁe"ﬁ&d the |ike.

QURAr r
[ 0074] Non- | il?ﬁ"felnﬁg ae?a?ﬁl)fes 0 ese-towers, ums, ttefs or trains
used al one di0069] corithiervatiiog of naltelicehe regeneration stepis an ekatearmahicasion,

B st owerariaR AR pteREeagre S fe sGRpOARGR el 0 LESN POl

and/ or quencdonteyed by absaisiesimiquddn tiesrs incleliny fenéding astoolddegms t¢ GR)

splitter, prr%@%’r'xe??t%r 'S/e%ég}, ggf!rial‘}eglee:gthgrqg abatc T%oxgt%l oug,p()lris%;[lq?-l;:bntinuous
mode, or a combination thereof. A preferred technique involves withdrawing the
regenerated catalyst composition from the regeneration system and passihg it
through a catalyst cooler to form a cooled regenerated catalyst composition. The
catalyst cooler, in an embodiment, is a heat exchanger that is located either
internal or external to the regeneration system. Other methods for operating a
regeneration system are in disclosed U.S. Patent No. 6,290,916 (controlling
moisture).
[0070] The regenerated catalyst composition withdrawn from the regeneration
system, preferably from the catalyst cooler, is combined with a fresh molecular
sieve catalyst composition and/or re-circulated molecular sieve catalyst
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-



[ 0075] General | y acconpanyi ng nost recovery systens is the production,
generation or accunul ation of additional products, by-products and/or

cont am navoetamg7wi th the preferred prine products. TireTprsedognoads pri me
products, the light olefins, such as ethylene and propyl ene, are typically
purified for use in derivative manufacturing processes such as

pol ymeri zat RBPPBMBedEdses. Therefore, in the nost preferred embodi nent of
the recovery system the recovery systemalso includes a purification
system For exanple, the light olefin(s) produced particularly in a MO
process are passed through a purification systemthat renoves |ow | evel s of
by- products or contaninants. [0076] Typi€htly, in converting one or nore
oxygenates to olefin(s) having 2 or 3 carbon atons, a m nor anount of

hydr ocar bonspntiarduistyubraronginoduesty, ty fpilitata vheiptroduetiopfdhe raggesratgdons i s al so
produced. The, ampunt of..C4 hydrocarh [ I t 20 wei ght

per cent , suc?ﬁtag’%?fxé@go?mglﬁtol e\ﬂ%ch%ts%&g?qcéﬁe? ?ﬂ'a rtl))é%’(éa% %r,lnﬁgss than 5

wei ght per cepictor@d)d particularly less than 2 weight percent, based on the
total weight of the_ effluent gas wt awn fromthe process,..excluding

wat er . Typi d8PTA t By gl eﬂ@&’o‘s}gﬁﬁlres%?g?réfﬁdrf’&ﬁ?l?'sﬁg?ﬁagg%%%r nor e
[act i On_ Y SLRIER rbOEnckABY BithlyCkohiifos GRmTHdiTIM fcbfation saekil the oduct s.

Addi tional Types of Reaction Systens [0077] The techniques of this invention
are potent i aehgponsystan, thaoptimumleyel of eokg e thepaleeylarsievetdyY S or per f or i ng
react i ons | nylylo S tholft Llch % SAHAROL ThdRe SrelifinpRLhitlgudd o
Non-limting e>Parrp es 0 uch reaction systens include reaction systens

sel ect ed fr coontrolingrtbe flovoefs eatalygy compesitiandesaibed ae Mipkpel B8BES: on syst ens,
transal kyl atdon _react,i~on e ' I; | | QR ns, catalytic
dewaxi ng sys i %I?"Tg;;ll% glﬁﬁéﬁésf gg%?flagﬁgg{/dsfﬁ%% B@%{ﬁ?‘g{ﬁ %? i(c?j%\%hrgeacti on -
systens, syskeowltbmredsoBlakid, pg. 337, i16871 0 ol efins, systens for

converting paraffins.to.argnmati,cs tens f.or I i NS

gasol i ne, sy@Pz%)s fo(FOl??olﬁY/‘g? PR Iy dc?fayﬁ% ﬁgn?f)’glc?ff)gt%? ﬁg{%&%ﬁ%ﬁﬁ%ﬁ%ﬁé)
converting ofhelchfadyst ohpbeton fys theBofwersion puerss amgl deterotiming its caroef i ns,

di sproportionation_reaction systens, syste for convyerting aro ics to
hi gher ar oma$qmeEt- gYB’tCéHEV'aBP}(%‘E}%ﬂo‘?rbtihﬁém&?%ﬁgtsll%vsc,cap%ggﬁl %! W%Ef{e 3 -
systenms for GoBNGhGNArONNEE RileeDf (©n00.01ave gitqlesdent @ adolf i Hsveiglyst ens for
converting oxygenates (e.g., afcohols) to aromatics or gﬁsol I ne,. systens

for cili gomepdresmigsushes iz abew Osl weightpiresntde AR IOWC BRS¢kt 8Y
hydr ocar bonse g3k e d8ut 8 4feigth BeickhCiotlots 5 iesdh B¥aER g | ncl ude:

A) The catal ytic cracking of a naphtha feed to produce |ight olefins.
Typi cal reactémymenisotHiftcanoaout a1 weight peraenitio abowFowreight RaseRMt bassgEn

10”3t mospher 18 {aeanRE e etRaP e Gende t e Lt moof cont act of -
feed and/ or [058lict The gascatsiegetol cffluom iapathdravon fpm| the dissngreirSsYsEdeut 10
seconds; and is passed through a recovery system. There are many well known recovery
systems, techniques and sequences that are useful in separating olefin(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



B) The catal ytic cracking of high nol ecul ar wei ght hydrocarbons to | ower
wei ght hydrocarbons. Typical reaction conditions for catal ytic cracking

i ncl ude twopes7atiasses of from about 400C to about 700C, preasase®o4aficfrom
about 0.1 atnosphere (10 kPa) to about 30 atnospheres (3040 kPa), and

wei ght hourlyOE F}gfé |l ocities of fromabout 0.1 VI to about 100 | ucl;

C) The transal § P of aromatic hydrocarbons in the presence of

pol yal kyl aromati ¢ hydrocarbons. Typical reaction conditions include a
tenperature of from about 200C to about 500C, a pressure of from about one
at nosphere (101 kPa) to about 200 atnospheres (20.3 MPa), a weight hourly
space velocity of from about 1to about -280 hi', and an aromatic

hydr ocar bon/ pal yal kyl aromati ¢ hydrocarbon nole ratio of fromabout 1/1 to
about 16/ 1; referreddp aygeapyismsashAgnienandiér quennimtawer( absgrhers; wHenddrsf eedst ock

conponents. i r 1.0 £ ch,inclu at erature of

f r om about 2%}%%[)? %Jezsa’be??}t%%el@é %gﬂ%‘%ﬂé&é@y%%%@?)r S@%ﬂgb%ﬁ‘fg‘ﬂfe‘%‘a Qf‘ﬁﬁggﬁﬁfr es (51
]Ic<Pa) tg a:)oglﬂ%ﬁ]f Jat {ﬁ@pﬁﬁkyte&csgfgpapmmosmmgyisyhéxys li%thﬁ@@@%cﬁ@h,olci ty ;)f
rom abou 0 .abou i:....and a rogen rocarbon nole ratio
of from abou’%e]hﬁratnc()mé’ﬁgﬁ?m&ﬁﬁ?‘ff Opaddm‘ﬁja??ﬁ’é;‘]‘gﬁt g’?‘?fqég%ﬁ "ng of

hydr ocar bonsednasislntalong| witl Septefegred prigdIhtodGhial Thopfedétddsimdhe reaction

conditions are deFeHd nt in_large neasure on the feed used and upon the
desired pourPBgrHs.t %@gliﬁc%?ﬁ%a‘&q Bretayprs andoprerylent azo picatly purifigd -

i nclude a t effPREQINULIVABTIRRAHuABRYIng HROGCsaRd 611595‘3}? 1$mBfi §t§c}ﬂ to
3,000 psig and a_li quli d hourll;/ spalcg%{;/)e_l Sci ty fro ogr.nlﬁﬁr | }?89%8&%;

F) The al kyl Sesteferean thegnrestinscthyad sabodiornt obthy recdyeny systenaytlie recovery

al kyl benzenegssteaikdén : | gLl e 0. lefins,

for mal dehydgs,%ﬁsal k?/l hg{?\?d&é?’b&ﬁiﬁﬁ éﬁl%gﬁ%k%%hgé% ér%n%q%gﬁ%g%%li%&@ar bon at ons.
Typi cal r eacErodncedmadiqularhsin s T progessonp eastd teondh 4 porifiedimuntsy4eMC t o
about 500C, I bou ne atnmosphere (101 kPa) to about 200
at nospher es f?l%gxregﬁ)%/g%%v?%v\%\%%g'ﬁ? 3{8%‘%ﬁ?§/°rs%°é%%n\%3?t8‘ci ty of fromabout 1 hi"
to about 100[0876] andlypivally,dmebieertiyigione ar hord atygehates RgolRgaE) hamhgar ati o of

f bout 1 bout 20/ 1: G | kyl ation, t] )
nyar ocar bons"® 2508 Rtsemioeg amo ol B Resrboms prRiesehiplebessy dmingn

Typi cal react bomosoedbdr stofsiiNGlst Peoduct@MPEE Ahbhig FC,f
(1

r}%m&la%ns@socw
of . from about one_ atnosphere 0géj kPa) to about 200

about 200C, a pressur (

at nospher es ?%%ﬂ@yaﬁé%}“a?%w@m PEGERY Sl padess Whanold veight pereeh Bout 2 hej
to about 200ékahiple, I&RAnANS MR bbicetty HhPEATEARA 'é%fsitﬂhni?) ighfbéReftl from
about 1/1 to about 20/1. The%r%is)ul tﬂiwng pgodlqct s9llromt elﬂfréle%lgﬁrg%ﬂére | ong
chai n al kyl 2asgthaR thegiotalmeight phthe effinent gae mithgrayn fromathe grdvgsss parti cul ar
appl i cati on a&nsRg Welek CTARL ALY Sore th LR o Qmati ¢
hydr ocarbons with Tight oﬂgfi r?g to orreovfaég)ogg%%y@gﬁg%}%&élﬁ%‘% Céln?eoc’r’rfwslti c
conpounds, €M§re rCRAGHONY Rtymétfpbwrmertgmtbe G-+ minptrifiesap yisefod ptastuptsovi de
cunene. Typical reaction conditions include a tenperature of from about 10C
to about 200 ddiBoRAICSSHE Ef 'S about 1 to about 30 atnospheres (about
101 kPa to aboult OT:’ m), a%%lacfélr?ga@ry" TAL C hydr ocar bon wei ght hourly space
vel ocity (WH8WY7lof flheriechipiaves of Hiis inventadroare poentiblly useful 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,



) The hydrocracking of heavy petrol eum feedstocks, cyclic stocks, and

ot her hydrocrack charge stocks. The catalyst wll contain an effective
amount ofwetoézasissone hydrogenati on conponent; J) TPoe/wsbdoyloadiion of a
reformate contai ning substantial quantities of benzene and tol uene with
fuel gas containing short chain olefins (e.g., ethylene and propylene) to
produce nonéQ06BRE2-HCA]l kyl ates. Preferred reaction conditions include

t enperatures from about 100C to about 250C, a pressure of from about 100
psig to about 800 psig, a WHSV-ol efin fromabout 0.4 hr-1 to about 0.8 he',
a WD 2007/117357PCT/ US2007/ 004116 200613032-PCT -25 - WHSV-reforrnate of
fromabout 1 hfl to about 2 hfl and, opddonally, a gas recycle from about
1.5 to about 2.5 vol/vol fuel gas feed; K) The al kyl ation of aromatic
hydr ocar bonsystemgfor doamesing oxyginatasde.gx pleohels) imelefiapiyHemwe i, with | ong

chain olefins, e.g., Cl4 olefin | a | £.| ube base
st ocks. Typf’eg‘fer?‘g%gw%e‘ﬁa@ﬁ%ﬁ’ ?lghfs?d%@%%gaﬁg%eé g@ureéé roémfoébout 100C to
about 400C andomeRsingobsfids; and abtuis HO casiegitpuaatusted bpdpsappns to - L) The
al kyl ation of phenols with olefins or equjval ent alcohols to provide |ong
chain al kyl abjr?gﬁ‘éffss.M‘FSPpﬁpe et HCB X Hiﬁft"i‘cglr‘n ®‘i ncl ude tenperatures from

about 100C to abgut T%éfégalzﬁrce&@dkﬁ@g%ffarmpm@b@w tolproduedioght oBIspsi g and
total VHSV of from about he' to about jbgghi conver sion of

L - TI;]
|i ght par af fliypicat reagtien ronditions/ineludg Srmyaboyt 549’6 teabo%@& ¢ RTOTIR A% ons
i nclude te ; DRstho 186 aBHE 108856 gesf r om about
10 psig tongggﬁ%}é%@g%fc;%ﬁ%&g%néi%‘?%gy?on%{efrgs?onaof | i ght %)t{}gf isn_s to
gasol i ne, di(stuget 2013 kPa) dndiyesifensgsints Gimcef wwitast offasd @afl/or arpdupioyith
conditions inglude-.fe . to about 375C, and a
pressure of cTafacl?Lf‘jﬁ a%%rt]}tng% %Bgi%él?%s?‘%ng%%%%ggsﬁg?’ 0) Two- st age
hydr ocracki ng f @) ufteadiahyticyrackingebugh stoleciar weightleydregarhas O WSg
poi nts above about 200C t o emumdistill] i hoi:l i range
P oduct o or EERdbATTATPoR Hep P e} ngBidn 3R AR50 LABKRR Al "EAR
stage of thaefperafiiragef fymtaboucs0°Caobout @) pressprestoif oot abruaOrls

nol ecul ar sieve that s sceptihle to |.oss | vtjc .acti vi due to
contact wit W‘W&F@}erﬁﬂ%‘&fﬂgé%? ng"@éﬁm?f’éﬁﬁﬁsi(g{%“oz@%r %‘?dovﬂglg:ﬁ%nf(]: ulfhé
t enper at ur ess(sﬁée {41888 8E o ldteut 01O a0 prgssures of from about 400

to about 2500 psig, hydrogen circulation of frogpaabou 1000 SCF/bbl to
about 10, 000 SCHPbbIThgdensalkyatipn ohgigpiaicdydmea naél?{t*xﬂtfﬁq’éﬁﬁ" f from

about 0.1 Ji ;Ldlyélfeylm&ié&d%éai‘bons. Typical reaction conditions include a
temperature of from about 200°C to about 500°C, a pressure of from about one
atmosphere (101 kPa) to about 200 atmospheres (20.3 MPa), a weight hourly
space velocity of from about 1 hr! to about 100 hr, and an aromatic
hydrocarbon/polyalkylaromatic hydrocarbon mole ratio of from about 1/1 1o about
16/1;

D) The isomerization of aromatic (e.g., xylene) feedstock components.
Typical reaction conditions for such include a temperature of from about 23 0°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



P) A conbi nation hydrocracki ng/ dewaxi ng process in the presence of a

catal yst that contains nolecular sieve that is susceptible to | oss of

cat al yti cwacvewiir3s7due to contact wi th water nol ecul es. pPCnasc@uabysé
generally further conprises a hydrogenation conponent. Optionally, included
in the catal %ﬁ i% z&ol ite nol ecul ar sieve such as zeolite Beta. Typical
reaction cond?$P9N&PFAcl ude 2006B032-PCT - 26 - t enperatures from about
350C t o about 400C, pressures from about 1400 psig to about 1500 psig,
LHSVs from about 0.4 hr"' to about 0.6 hfl and a hydrogen circulation from
about 3000 to about 5000 SCF/ bbl; The reaction of alcohols with
olefins to provide m xed ethers, e.g., -t reaction of nethanol wth

i sobut ene and/or isopentene to provide nethyl-t-butyl ether (MIF3E) and/or
t-amyl met hyinciideer temPpanEre bFwreo aboulR00EC and A 50 dipréssms dfhupl tode000

t enper at ures_f{. t 0_abouyt .200C Seur from 2 to about 200
atm WHSV (gP%%n%gFg?%ﬁdp%&r oslgraceg‘r'e:aiﬁglgyegf’fnt(g;%‘frm%roat 0.1 hil to about
200 hfl and an aFrohbhe slkylatief bhatmlatic Hyaedaibahk e.4.] Senzehoatd 0. 1/1 to about
5/1; R%l The di sFr.oRorti onat i ?n 0 romatics, e. ? t he

di spropor t i oR&Y IPERZESE-B AR PI5STRSR &7 AR A g8 Haf-§x Prdins. forpaldeyds. eact i on

condi tions i akylReidRs beARIREESIY heviak 176 QBRI arB R ome. @9@1@51 r68Qfon 2
pressure of from ,about. gne atnosphere (1011d3a) to about 60 atnobspheres

(6.1 MPa), afepditiepiduclyde p fnpespyrg ofoframgbout 03E deiebsd SRO°C, a pressureS) The

conversi on opf 3Rt &% & e L ' hgplY
aromatic m xtures. Thus, nglpﬁglﬁ%r% lswgﬁ?%@%?g%%@dgﬁéﬁgf&%)%?F}glggr)b%ar bons,
pref erabl y h¥eighyhauhosnaca yelogityef foovaboabdlt' tOhouahdo hel sntihan about

200C, can begeanyantas ' a_substanti.al Ly, ,hi gher ane
aromati cs cont ent1 b;t¥ cc():tflljtaogg{al gﬁirﬁ?ep%;\%?%éearr 18r?% ré)gﬂa%”ttﬁ/ Iaéo%gp&g@i’r si eve
catal yst at a tefperBhealbylofiord pHaroatatiothydR&rtons,an)iben@OR  with ®her abl y from
about 480C ton romone af 101 kPa) to

50C, ~at essur.es of f spher e
about 40 atnmdsp §¥§eﬁ§1 g’(eﬂfg'icwlﬁ)é%ﬁn'a %Plfxiﬁd ﬁ?caloﬂé’ﬂpgyo%’é’é’n&d\?é‘l tS’E‘ipfg‘iaé‘ére CEHSV)
of fr ome. f1 frool atont 38 Chiol a;b]?ut 200°C]) predsurads St A6yt Ohe @ch#aéblﬁ&é QI i C g
conpounds f oy the pur e of separafi variouys isoners of the conpounds;
U The conve{sgﬁqgﬂ a@?“@@dé‘ﬁ&‘f@é’?ﬁéggﬁ THEF)(’, arsnght hopey secemelopa i,  or
ethers, suchfram abowe? by &1 &t 2000 X bid 88 Wtﬁﬁgﬁ%&a@bﬂ?&&ﬁﬁ B

i ncluding olefins and aromatics with reaction conditions iIncluding

t enper at ur es™HP G 2B/ biesaboub2Q/il o (Jibe gempdtingpreducis Eomythefreantioalderit 0. 5
at mosphere (fohgleRakh Aiey1aRGHROWRICHASRRABScduntly Witk pabifidhdd hour !y

space velocity of fromabout 0.1 he' to abou
application as synthetic detergents;

H)  The alkylation of aromatic hydrocarbons with light olefins to provide
short chain alkyl aromatic compounds, e.g., the alkylation of benzene with
propylene to provide cumene. Typical reaction conditions include a temperature
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



20068032- PCT - 27 - V) The ol igonerization of straight and branched
chain olefins having fromabout 2 to about 5 carbon atons. The oligorners
whi ch ar ewoheoprnasdtact s of the process are nedi umto heavgraisedornsstndii ch are

useful for both fuels, i.e., gasoline or a gasoline blending stock, and
chem cals. The oligonerization process is generally carried out by
contacti ng ERRIE feedstock in a gaseous state phase with a nol ecul ar

sieve catalyst at a tenperature in the range of from about 250C to about
800C, a LI-I1SV of fromabout 0.2 he! to about 50 he', and a hydrocarbon
partial pressure of fromabout 0.1 to about 50 atnospheres (about 10 kPa to
about 5.1 MPa). Tenperatures bel ow about> 250C may be used to oligonerize

t he feedstock when the feedstock is in the Iiqujd phase when contacting the
coat ed zeol (WHSYatefiryste offfhors, abaiiehhr hie Bebloéﬂhfﬁ spienallyoneaciesyeine

catalyst in orx‘r?at&@\;iiﬁh ah)%ﬁ?? 5%%W8fﬁa%ij%sfe9cf- from about 10C to about 250C
’ { 0

may be used; e conveérsion un<gat ur at ed hydrocar bons
(et hyl ene and/ oK)ac &hy hikybtiohf atdrpatit hyelr@aridhsat.de byoesge aothevenver t i ng

sai d al dehydes to the rrespondin .12 al cohol s, } r,esters.
[0078] I n ger@iede: a‘?‘ﬁ%’?ﬁi‘a&%n‘mtgil%‘%g?%Plﬁggs’ae‘%‘eﬁﬁeo?e%%?%p g‘%duf ?om about
100C t 0 "aboyikylSR& arcindlcaEB6e base@tocks. oMy sibalutadlioh cahditispharciudel0 kPa) to
about 200 at nospheres (20.3

MPa), a weight hourly space vel ocj af from
about 0. 08 Hemperajesiron about H%q)"(? t&@b@r@]“%ﬁ g@%ﬁ%&%\ﬁ%ﬁ?@m}* BS1Bf this
i nvention ang ag@ﬁttg@tﬂsga%.]l y suited to large, commercial scale reaction
systens. For exanple, the separation techniques of this jnvention are

particul arly suilf)ed The atkedasiongf phpaelsmeth elahny ergauivalept aleohelsde | oadi ng of
at | east ab : . 0 t, i Laof catal yst

| ocated thr goﬁé‘ﬁlcjc)iﬁ? %@}nezgléfﬁso}%héeé tTgE]&%F%agtqakﬁ %thﬁﬁfgﬁge separation
processes oftemipestirayfomi aboutt@°Gae abow 2500y, pressuesy frun pbenitl lorrbsyst ens

that requir @rfﬁssé %rllélﬁallvgﬁsw(%afg%rﬂ%{’g{‘“%{iﬂ BhaHL: 00 kg of catalyst,

nore partic catalys east about *100, 000 kg of
catal yst, and nid) pEretdoauwrsiohyf lightpahifsts td okdinegnd/pr atoriagigst Tyiealt

AR R NENGT RN W e RN
pressures from about 10 psig to about 2000 psig;

N) The conversion of light olefins to gasoline, distillate and lube range
hydrocarbons. Typical reaction conditions include temperatures of from about
175°C to about 375°C, and a pressure of from about 100 psig to about 2000 psig;

O) Two-stage hydrocracking for upgrading hydrocarbon streams having
initial boiling points above about 200°C to premium distillate and gasoline boiling
range products or as feed to further fuels or chemicals 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



Description of Solid Particles [0080]In an enbodi ment, the apparatus and
nmet hod of the invention are generally useful for separating any solid
particl eswonoe/gasssol ids flow I n another enbodi ment, the/tsedwdoqasticles
can be catalyst particles, such as nol ecul ar sieve catal yst particles.
10081] I n an f(g;%gg{r?n , a nol ecul ar sieve catal yst can be characterized
according to ¢Tion Rate Index (ART). The ART nethodology is simlar
to the conventional Davison |Index nethod. The smaller the AR, the nore
resistant to attrition; hence, the harder the catalyst. The ARl is neasured
by adding 6.0 0.1 g of catalyst, having a particle size ranging from53 to
125 microns, into a hardened steel attri26i-on cup. Approxi mately 23,700
scc/mn of nitrogen gas is bubbled through a water-containing bubbler to
huni di fy t hetemiperabgren fromhabant 8501Q tompent 4@°6apsemred1ﬁaugiboﬁhm0@tﬁsr i on

cup, and exi u Qys thi mbl e. The
flowing nit r%%ewg%% ésﬁflﬁgsﬁ%%gf‘goﬁlg?t% R 3 ,%gwlatt(ggﬁlﬁea’i“g? g%‘ﬁmg%ﬂt i cl es
bei nlg ret ai necbullatlom]tfeomlabouth)Optombm stDOSICFVMm‘oIhe seﬁar ﬁt esht fr;te)l fi neh

. : -
ine part! ol es rahei TS TP He CHPROVE: PEBPe SoRroVRPpd e ghaﬁe br aken
apart thr ougﬂ‘eaaidnr d)ﬁx‘n@ﬂhancﬁlﬁ@i&ﬂs&)@teﬂé &r{c@&eiﬁoﬁén%eﬁ@%%ﬁ@e R als l-ﬁ'i’—g-lﬂ

attrition Clr#) Ngﬁ}g ed for 1 hour. Fines collected int rrble are
renmoved frontPH ar temalmehyhether (TANIR3t Aypieal. COW@SI@atcahojaslbmt eft in

the attriti ockide ftemﬁeraafu}és' &8l afoeﬁt ﬁﬁc%&'%ﬂr%@"c %Q&%@ ’fﬁ‘%‘&@% altiorh same

gas flow and noisture |evels. The fines collected
recover ed. THY &8l VB Vdgram- 0ﬂ¢fnepqrdnpat gram-penlite)fran abopeD. hhthombohhe

thimble aftefod B8 fiarHla1 L9k t(?‘sl%iﬁmcggrefged %I'ar%e ?arpﬁ?u é}}ﬁé}gg\g? Y ITI e

particles divided by the original anount o
attrition cup expr es’H@cﬂlmopmﬁlohamn dfasomatics, tlgg tRRTispiopoitfondfidy . ART =

¢[31fC{ (erB- ,|[ heC) g D%ohi% : gér)] aw«;' %Egzlerr])e %nd If:'J’araxylene 'gyplcﬁfreé:c?{[oglconglltlkgg 1Inc urclltetahe cup

temperature of from about 200°C to about 760°C, a pressure of from about one
atmosphere (101 kPa) to about 60 atmospheres (6.1 MPa), and a WHSV of from
about 0.1 hr! to about 30 brl;

S)  The conversion of naphtha (e.g., Cs-C)0) and similar mixtures to highly
aromatic mixtures. Thus, normal and slightly branched chained hydrocarbons,
preferably having a boiling range above about 40°C, and less than about 200°C,
can be converted to products having a substantially higher octane aromatics
content by contacting the hydrocarbon feed with a molecular sieve catalyst at a
temperature of from about 400°C to about 600°C, preferably from about 480°C to
about 550°C, at pressures of from one atmosphere (101 kPa) to about 40
atmospheres (4.1 MPa), and liquid hourly space velocities (LHSV) 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;



2006%$032-PCT - 29 - b. C = weight of collected fine catalyst particles
after the first hour of attrition treatnent; and c. D = duration of

t r eat mentwonodmourzs7after the first hour attrition treat memus200008a8jén an
enbodi ment, the nol ecul ar sieve catalyst of this invention has an ARl of
not greater than.about 0.6 wt% hr. Preferably, the nol ecul ar sieve catal yst
has an ART cf00aB@32gPEht er than about 0.5 w % hr, nore preferably not
greater than about 0.4 wt% hr. [0084] Mol ecul ar sieve catal yst particles for
use in a gas-solids reaction can be synthesized by a variety of nmethods. In
an enbodi ment, catal yst particles are synthesized by conmbining a first
dried nol ecul ar sieve catalyst with wateéf -to nake a wat er-cat al yst
conposition, making a slurry fromthe water-catal yst conposition, and
drying the slur rV) t dlprdoeeriaatiaceiwiratight @dd beinehed drairsolefias ha\tlagyst. The

met hod parti uIa rovides for the re-ymanufacturin ng o
re-wor ki ng o&orﬂﬁ é %Fo %l{?ﬁégﬁﬁ‘i%oﬁlaf(i)n%rT &l@ﬁnﬁémg’la}:?%ﬁ?@éu%ﬁ@cul ar
si eve cat al it préRsyhlnfediahad WsdvyRaefihSWRchWrd tselflil@BEbdthaaelt N, are
acceptable to the user or, manufacturer. Such pr opertl es are usually

observed af t8asolingoRt pas@ling bleadingstagkegrd ehemirglst The oliggrasration predsss
properties iQGHd8113cae RV Qﬁx(tgétmthé 'ofe%n f@fasttd,&' ifl a a§@o£'s§1tté %)}EA&E' on,
e hardness 0085] T

particle density, and partic he catal ysts of
i nventi on cawithpgheldeulansievsfcatalysiat @tqznpﬁfram Bdhe semgs iog ront o et¥S. The

conponent s | ckiAPsGRel b1 8o RGN ASE1 b3 PRELFSBRLY DAL AERLLLES, |0

one enbodi nent bldﬁﬁg m)rec si eves are snal oré norn-ze
si eves havi ngartial messuagelf ﬁnmmabeudhl Mabcaﬁ§0tatmasphbms1(a®uamngambout

preferably a i ng.fts out roms rmre

P ot oranly frAMEAROR R Suis BRI Ga0dc o8 PR tecloloRigBn SR 1eC)

nol ecul ar si fedsotlawhagtz mﬁbﬁkddlﬂﬂhﬂgﬁmlc{ ﬂ%é]wtﬁeﬁwemhcm@ﬂhe@bmaal I i ne

al um nosi |l i cat zeoI i te haV| ivit | rab e m)J ecul ar
ol ovea that el Sy s TS akeh 52 kAR AR Satabi g FEbish it

Non-1i m tingp msamahx?sraairegepﬁbﬁl%owlmb @%Bo@t@%@'rﬂh‘g&f% is8di he pr actl ce of
this invention ude both natural and synthetic zeolites. These zeolites

i ncl ude zeol it esWaf Hheeaavpision sy ynspwaated hydraearbons EHyioneaad/ast zeol i te
acetylene) to aliphatic Cq.j2 aldehydes and converting said aldehydes to the

corresponding Ce.12 alcohols, acids, or esters.

[0078] In general, reactor conditions include a temperature of from about
100°C to about 760°C, a pressure of from about 0.1 atmosphere (10 kPa) to about
200 atmospheres (20.3 MPa), a weight hourly space velocity of from about

0.08 hr! to about 2,000 hr''.

[0079] The separation techniques of this invention are particularly 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.



200613032-PCT - 30 - Framework Types, edited by Ch. Baer'ocher, W M
Meier, D. H dson, Fifth Revised edition, Elsevier, Arsterdam 2001.

(0087] ZeoWotee/iypircal | y have silica-to-alumna (Si02 / Ac2aBpoomobais ati 0os
of at |east about 2, and have uniform pore dianmeters fromabout 3 to 15
Angst rons. geoy al so generally contain al kali netal cations, such as sodi um
and/ or potas QO8RPIBFDr al kaline earth netal cati ons, such as nagnesi um
and/or calcium In order to increase the catalytic activity of the zeolite,
it may be desirable to decrease the alkali netal content of the crystalline
zeolite to less than about 5 wt. % preferably |less than about 1 wt. % and
nore preferably I ess than about 0.5 wt -2%- The al kali netal content
reduction, as is known in the art, nay be conducted by exchange with one or

nor e catlonsﬂmmn&@oups JIB through VIII of the Periodic

Tabl e of Ele dic . Tabl e of , El egqent rred t.o herein is
given in Han@ E In%ﬁeenrﬁlbsot% ety %’elﬂﬁ%m%‘g angeﬁriﬂtﬁ%‘{]%{f?‘ﬁ)’r“‘mgo‘@ﬁ@m cal
Rubber Publ i g&nerﬁglyﬁzaﬁﬁtﬁ@r seemmgaﬂgzl solfdhparicdSirha Eal-§d158 £1019 6k Bbthésr d
Edi ti on, 199?%b s wel draoni um.i ons or basic adducts of

h
hydr oni um i o mﬁm %“aﬁ?iﬂﬂm,@r%‘f e%ﬁﬁ\)@rfsﬁ?aé)’ﬁttpaﬂb@ Loty shcdpsimelaeulesienson

cal ci nati on. cdlggitrReigad. i ons include rare earth cations, calcium

magnesi um h dro en and m xtures thereof. [0088]1n anot her enbodi ment, the
(oo

cat al yst par [908{ \Aﬂuaewn&wélrflwmewa?ﬁu&angsweta@atc@bba characterizedr syst em

of this Inveaucbaﬂ gfoeam&ﬁﬁah RatSInAUE f&ﬁiga'%%t& HUGRIBR, gogggmm onal

nol ecul ar si eve. anpl es "i ncl ude zeolite as me as non ecul ar
si eves, and @esopyentinaal Raveon Inddk metland. Sthe dmaplﬂtr thet ARE.théorord remstanng

exanpl es of I i pves ar th or ec Iar ves
AEI nrpAFT AP{ %ﬁ\ﬁ’ﬁgphﬁe"%g tﬁ‘?@% ‘%&\@9" oige %JJA %EQF n%k ERI
GO0, | CFl, L&EVg diGdtal&sTfhavN@\h patfikle SBH rangOfrdROSS 1d H3 m'i‘él'@n§ li'xl%ta' t ut ed

| ecul ar sieves, AFQ AFEL, EUO HEU, PER

forns there ore
MEL, WFI, Nﬂ'{}ﬂ‘diﬂf? steg mté PPIOK IR el 2300 s5efnaiarof nifreeenteas fsar ge pore

nmol ecul ar si Bidsed Mghm&teﬂagntﬁ EﬁHMeQQO ilﬁﬁl'i‘&if} ﬁl‘%rxﬁﬁ% enOTRMWdo! ecul ar
si eves include ANA, BEA, CFI I\/&Q and SOD.

Non-1imiti ngmerﬁgﬁ‘b1sé’§s§?ﬁ t’f"f‘i’é‘gb rﬂeff tritiap WL e@h@ats tbﬁ evreeon pmamtum arly for

convertin gﬁ‘ﬁ@ L e AEL,
AFVV BE:A (“]jclaﬁlr s FEA%S ﬁigééﬁﬁin%lgg Tﬁ%@%@{&%%&%@f‘s %sr}meré’%ﬁ R MNFI,
MOR, MIT, MAth theViarees garticles beingoistainndanghe ewp. e'ﬁltmpbrnemﬁbextthenbtel ecul ar

si eve of theg ?Q%@él%h@ﬁn@@eﬁal}@} ﬁﬁa%te%%’é% oftfo %p%'@_e&%%uoggvm 2

conbi nati on thereof, nost _
thimble. The fine partlcles remaining in the thimble represent catalyst that has

broken apart through attrition.
[0082] The nitrogen flow passing through the attrition cup is maintained for 1
hour. Fines collected in the thimble are removed from the unit, and a new thimble
is installed. The 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;



[ 0089] Mol ecul ar sieve materials all have 3-dinensional, four-connected
framework structure of corner-sharing TO4 tetrahedra, where T is any

t et r ahedrwbl2goriaessdi nat ed cati on. These nol ecul ar si eve®carus2aoypoaas | y
described in ternms of the size of the ring that defines a pore, where the
size is based on the nunber of T atons in the ring. Oher framewrk-type
char act eri sePBBAECdde the arrangenment of rings that forma cage, and when
present, the dinmension of channels, and the spaces between the cages. See
van Beklcum et al., Introduction to Zeolite Science and Practice, Second
Conpl etely Revised and Expanded Edition, Volunme 137, pp. 1-67, Elsevier
Sci ence, B.V., Ansterdam Netherlands {2001). [0090] O her nol ecul ar si eves
i nclude those described in EP-O 888 187 Bl (rnicroporous crystalline

met al | ophosphat es, BARO% wdightosfap)lectes Sne patakyst pantj.clesaﬁmtheéast bavr ekul ar

si eve and an al kal i ne rtth rre%}EafJ%, rgi S. Patent” No. 6,743,747 (integrated
hydr ocar bon co-cat al ysﬁ 1 108 &F2 1964340 publ i shed Sept enber 7,

2001(t horium cont ai gj Ny =Nbirefed e traiaest)in hanrs dRer Braltsalquridntibook of

Mol ecul ar Si eves, Van Nostrand Rei nhol d, New York, New York (1992).

[0091] The nore pref er r&EFBEME con, al uni num and/ or phosphor ous cont ai ni ng

mol ecul ar sijgygs. amdafkmiBbaibnt, RROSRIKLRY Sievadstaly@pdf thiddhlentiositas aan,
cont ai ni ng nol ecul ar si eves include al um nophosphate (ALPO) . nol ecul ar

si eves and sMRI elrdtunsaiethesphnat 8-6(wibby- Bﬁ‘lf@é‘alb’a‘iheéli‘é%%aréﬁd’e% §tt ut ed,
preferably netgl Pg*rib"zf’{é’%, giegfér 1 RRANE 5 SAPTOL € BheFErablyitR Srealdt@hdiDSt

preferred nolecu s are SAPO nol ecul ar sieves, and netal substituted
SAPO nol eculahousd.dwa$e/ht.n an enbodi nent, the netal is an alkali netal of

G oup | A of Periodi ¢ .Ta . : i.nNer: : | of
Goup IIA of[bp%g Peﬁ%ﬁ?‘gaﬁsg%‘ﬁe&gafl%&’gﬁ n&%%sf??gseﬁélr(azédgg?%lﬁﬁrfctea?%cf?&oa?l G oup
TUB, i ncl udibegyhtiesizad b aniadety: ofinsethddsn inan embodimenpreatdystipariioles areeodym um
samari um europi um ,gadol i ni.u t er,hi d rosi u } i

Shuri um vt tepBiesibs 85 eam ity i bRed Rol A AR M S Wi e Sl
of the Peri afhvateF-ala soéorch@itit, snaking 4 dnsdytfrcm theewatkr-cdtalgstoups | VB, VB,
VIB, VIIB, VIIIB,.and IB.of the Periodic,Table of. ElL.epents,, or. m xtures of
any . of thesémoéft‘%é%‘Fgg’?ng eaﬁléryptpéqrgc}qc&f Séﬁ%fb%i?%d;%f’fefh‘&f MEtal is

sel ected fromgdihg. dhURetBONSArEthlRdy Ploviles foF the@d-mdrifachiringieecybling b, N,
Sn, Ti, Zn and Zr, and m xtures thereof |In anqt he{l%gc{ﬁgfrred enbodi nent

these netal Brweaking efcdriedar subgomially driedser pastaliy, PR BRT k of a
mol ecul ar si gxg. 4l 'Ed’%&%ﬂi @at&l%tr;ﬁhi%‘i’és%itl&'?h{pﬁrt%d(iﬁht%& 1dvepdble ek €RETY -a net

charge dependi ng on e val ence state o e nmetal substituent. For
exanpl e, i n orearuheidione fuch popertich areisvally sbsssyed aftenthadiicdmolkrildte state

"2 and 2 OB B T B e A e B bed i
many of the parSeleBimteatistsibnton, ipariist: dansing, andpartégle baxdnessd by the enpiri cal
formila, on ﬂ]r68gphydf}9eu§at£9§g 3f AR iQM%Pga)nqgclude 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



[ 0093] wherein R represents at | east one tenplating agent, preferably an
organic tenplating agent; mis the nunber of noles of R per nole of

(MAl yP) O2vardomihass a value fromO to 1, preferably 0 tec@/soniin®st
preferably fromO to 0.3; x, y, and z represent the nole fraction of A, P
and M as tetrahedral oxides, where Mis a netal selected fromone of G oup
| A, HA, TB, 294883268 VB, VIB, VIIB, VIIIB and Lanthanide's of the
Periodic Table of Elenments, preferably Mis selected fromone of the group
consisting of Co, C, Cu, Fe, G, G, My, Mh, Ni, Sn, Ti, Zn and Zr. In an
enbodi ment, mis greater than or equal to 02, and x, y and z are greater
than or equal to 0.01. [0094]In anot her Qanbodl ment, mis greater than 0.1
to about I, x is greater than O to about 0.25, y is in the range of from
0.4 to 0.5 FaadeworksTipesidiited ay§. Bretlocher,0N 251 Meier, D). HrfdlsomFafihr apl y mis

fromO. 15 t%ﬁvgedféwgl%g% %St&%agl 300 is from0.4 to 0.5, and z is

from0.3 to I ng exanpl'es of SAPO nol ecul ar si eves
usef ul her ei[@08Mc| uZeolBAPOicallpARCE &)icSidaluidina @%JA&OgBN@Gmﬁps SAPO- 18,

SAPO- 20, SAPO- 31, . SAPO- SAPQ-35, SAPO- 36, 40, SAPO- 41,
SAPO- 42, SAPb\e&%F abSAb%}?w% hawo ppjfet BaRg %P%‘Frs ?H‘a?] ﬂf‘hgﬁwgﬁ QB eves

"t her eof O i %ﬁéiaﬂl?lébﬁfairyal!dﬂefri&al Rl QGUEEh &GRS &idorSARGskM
SAPO- 34, 2006 032 - SAPO- 35, SAPO- 44, SAPQ 56 and et al

cont ai ni ng @edioyalkaliae camapstnl catgmscaiehias magnesinm and/sr caledyray fngrdey 0096] I n
anot her enbggi 'uf@ggse e &ﬂ@lzﬁt X&Wl ifQﬁ’thé %lﬁ@tltailxﬁ@ e WS Gehbld ol defeabdit@Nt i ON

i ncor porates al um nophospha nol ecul ar sieves. These nol ecul ar
si eves can hékalimptatieehtest @élpmraﬁfell@ﬁ;zs@leﬁeéo &ass theaaberns Bé YonPeferaid¥d wit h

other Y= SLLIRS SN 9 AHAED a0 SO ShLes e g

Al PO- 36, Al Rfet3l/conzerd réddifefiod Gas is known in the art, may be conducted by exchange
with one or more cations selected from the Groups IIB through VIII of the
Periodic Table of Elements (the Periodic Table of Elements referred to herein is
given in Handbook of Chemistry and Physics, published by the Chemical Rubber
Publishing Company, Cleveland, Ohio, 45th Edition, 1964 or 73rd Edition, 1992),
as well as with hydronium ions or basic adducts of hydronium ions, e.g., NH,",
capable of conversion to a hydrogen cation upon calcination. Desired cations
include rare earth cations, calcium, magnesium, hydrogen and mixtures thereof.
[0088] In another embodiment, the catalyst particles which are flowed through
the gas-solids reactor system of this invention are molecular sieve catalysts, such
as a conventional molecular sieve. Exampleé include zeolite as well as non-
zeolite molecular sieves, and are of the large, medium or small pore type. Non-
limiting examples of these molecular sieves are the small pore molecular 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,



[0097] I n one enbodi nent, the catal yst includes a conbination of at |east
one SAPO and at | east one ALPO nol ecul ar sieve, wherein the SAPO i s

sel ect ed woamihessgr oup consi sting of SAPO- 5, SAPO 8, SRAPDAKY078MIs 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, and SAPO- 56, and the AIPOis
sel ect ed fr@MR&H82FCdup consisting of Al PO-5, A1PO-11, Al PO-18, AlPO- 31,
Al PO- 34, Al PO-36, A1PO-37, and AlPO-46. The sieves can be conbi ned as
separate crystals or as intergrown crystals. Preferably, the SAPO is
SAPO- 18 or SAPO 34, and preferably, the AIPO is Al PO-34 or AlPO-18.

[ 0098] Not e that SAPO 18, Al PO-18 and RA¥t 8 have an AEl franmework- type,
and SAPO 34 has a CHA franework-type, and that preferred nol ecul ar sieves
used her ei n MR, MHIpMQOR, METT, MWW ShaM, ané TEMNOWhonshprséerred eartiodzmentCHA

f k-t , i al [y wh th i - AE|
1 amovor k. ¢ JOTOLGIRE SigP P 15yl iy BRAB ROy f SERR Il B8 o
Appl i cat i.on Buididtiahitested) mo0PRFQARSASH Aitspgogpt er than 1:1. [0099] The

nol ecul ar sieves are made or fornulated . intg catal.ysts. by conbjning the
synt hesi zed [A88Hcul Molesularsievgmptetalsafi aye gﬁd‘f‘S’?mé“ah’a’EoP%/'ﬁo ial to form

a ol ecul ar RlaxeoRk A o LAIRQSHHAR TO, t@rdieaalihakadT ascul ar si eve
catal yst conposition. This fornul ated nol ecul ar_ sieve catal yst Qg&gom tion

is formed i netehedelyl cosripated Aetiast. ZEhesparlGefas Siengs REHVRMRIBASCTIP#Chni ques
such as Sprf}ﬁ tg{,pg'd}qhei SPE% {)Fﬂl'e%l glhat%tfi'i19§!f}]g§[§‘x’ef aReretthe sizk kEbask@BAH One

skilled in e art w SO appreciate t ‘he ol efins produced by the
oxygenat e- t cumbtek iofi Tadome irsthe minge Aheoframéwoiketype eBaraeteiistiasinglode ban be

200613032-PCT - 34 - | ri.zed or Lval i |y

pol yet hyl eneargﬁgelﬁf)‘i‘tj%?g%ygﬁéaﬁ > %gé eéé?éﬁé%gkr{?)?eg%ﬁ?%hfp%%ﬂteb%wé??ns from

gl ef i nz are dhﬁﬁﬂmls,iaﬂdttﬂiﬁaslﬁbés \lﬂiarléai ykioag%(ﬂbemﬁekklemdesalr, datroddgtion cul a][l y
esired are all ocene, Zi er tta Ci at.al yti£-s . See, for

a0, Ui 4 deatte Negaee gng Sagive, Spag Lgndetely RS ERERHET®

4, 659, 685; 4Ecﬂﬁ6n,6®&um%,1@4§ﬂ&&267,£18&2er%'nca,rm.\4, R43t68dm, Netkedatdal yst and

process descriptions of each bei ng expressly incorporated herein by
r ef er ence. I(ﬁogb)ﬂeral , these nethods involve contacting the ol efin product

with a pol yojogbop- f GifibtokebRl VistesdihcRdOHRES HER BB il BFIESSE 18EBEf f ecti ve
to formthe polyol efin product.

microporous crystalline metallophosphates, SAPO, (UIO-6)), U.S. Patent No.

6,004,898 (molecular sieve and an alkaline earth metal), U.S. Patent No.

6,743,747 (integrated hydrocarbon co-catalyst), PCT WO 01/64340 published

September 7, 2001(thorium containing molecular sieve), and R. Szostak,

Handbook of Molecular Sieves, Van Nostrand Reinhold, New York, New York

(1992).

[0091] The more preferred silicon, aluminum and/or phosphorous containing

molecular sieves, and aluminum, phosphorous, and, optionally, silicon, 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



Exenmpl ary Enbodi ments [001011 The techni ques of this invention were
further inplenmented and tested in a cold flow test apparatus at near

at nrospherwo 2po72a33sre and anbi ent tenperature using MO Pcuimse@medoaad al yst .
In the test apparatus, five 20 cmrisers were joined together in a system
havi ng a si tion vessel with a roughly 1 neter dianmeter. Air was
used as thengipg)g?gﬁ%g&gnd transport gas. Flows exiting the risers entered

t he separation vessel via a cyclone separator. The higher density flows
exiting diplegs of a cyclone separator passed down into a transition zone
containing 6 |levels of baffles or sheds. The 6 |evels of baffles or sheds
were organized into 3 pairs of |levels, -@th the sheds in each pair rotated
by 90 degrees relative to the sheds in an adjacent pair of levels. Wthin a
pair, the shuwkluigsiugm;sodiseangium os ptiritvatofahe BeriodinFable of Edethengla of the pair

corresponde : | KN { I of, .1,h i r. 100102] To
test the ab%{tr&/@oﬁﬁ? %ébgg;gédé)%gygéytsﬂ@ﬁ%’ S@iﬁ’l@ﬁf’&f‘dggr@\ﬁ%ﬂé‘m}? ai ned
gases, hel i uFablasf Ejnentiedr itikmrdshuf agasf solsé dretdlspwias Thheeblawrexited the
di pl egs of thegc icl opg}ii segaaﬁ at o[es. 'I;he renmoval efficiency was determ ned by
measuring t HE"AABITHS ke mEta fFiclesiedifrim gbs gropR&ordttingoiiGukraSuiife sol i ds

fI ow ent er edGhIGe Signbihi, NG, $iTH7: ARALH, @Rd ARt FATRAGEEH Iy Btttiala Of
heliumin the solids flow at the top of the bed. FIG 6 shows e | npact of

P . .
various typednbg Ligent. (tarsc gretaliptenms dicusned rlarsvas insertecingnthe fmevrskhel i um
from t he_gasofiPhbfufar i¥ve fROuIYPRERERALTE S5 ¢ ése@bx@ézj B Gy fadih®

way grating consisting of

figure. The grating baffles are simlar to a su

nul ti pl e nar$gtesdsrendiap snghevalenge stase pf teadetaPOOBUIBO8R -FREEXaBPle; in

per pendi cul a8, QntOHEMELOWIRAG very.Lnch wt ne i.nc

openi ngs bet V\r/leen eacrrrll st’\re(ll p. Tﬁg@@ﬁ&lﬁgg@} g?)srae")s(aéerﬁceisﬁa\\ﬁée? '5% J%—’ g Ha%?a’d
structures. OfES, 1ige sétclarggrod tiy wirkladralamnitie bbiweshe2iand bRt addi ti onal |y have

a vertical s e f. £ h ower edges of the v-shaped structure and
are perforat @9%&% hqh&% g(sét}}bgdléﬁngv\t}’&g%OI'f%g%eféesvet?ﬁ%ﬁ@rﬁbet B”%‘?ﬂé’o‘?trt Itiple
rows of baf fU$s Paenes estibried abbve, i reptRetad 8 ti@uPirichl ohfulabon THE

superfici al a\é&l gcit% af air ilg' ec 9 %y the gas spargers in all cases shown
is 0.5 ft/set¢O 8 P4 Sec). I kﬂl@%fy PR2FIG 6, the stripping efficiency of
t he conbi natfooo3of helidrtiaR s8hts iaPRARBBASMplARY b Bt IFerSRAL IRT S IS shown
relative to the flux of catalyst passing through the transition zone.

Stripping efYEEHEATYPIRUNG LS intermantss of plesgd Roperntelevd (kA Ba)sbnent
entering thendah nat atiRels i+h i1 O t 4 i not
enter the standpi peaat tehe&)ggtt§éh&g@?ﬁg%a?f%isdtn?ﬁl&ig%z&awgr(%ggﬁp of the
baf f| es shoWf-3ch> 8nd gcenrowentths mele feagtiomof Ad haid Mhasftepzhetdind ozidesds, t he

13 sheds hawgpdaeskd f Ahenl A | from
the solids flow T%e%%%x?gﬁ&g??{"??gﬂ;c%}e%’iI%‘ééltAath SN ViE K | e
transiti on zZ0HB. VAEBamddsnghenidsts of she Beputid Table o Elémensgaefeiably Misf | ux in

t he standpi pegca fgh! i% ¢ il oS h fect of varyi t he
superfici al velcqci ty (?}jetokg% g%%?é]r§i561§§ Oggyo\?ﬁ%’ 6%’%3‘\’/3’1%’ QFH\']\L/@( Mk&gof t he
hel i um f r om¥hdish pabZf.| byvan ethisodimpet; fii i5i grbaterethae bt yquaf td 12, &piak,gi Ng gas
corresponds .. flow rate the gas divided by the cross
sectional aratélg %‘?g %ttegé}ﬁ%nr%rﬁ i t\C/’eog(glel . In these neasurenents, the 13
styl e sheds [894] usdu andthesérobatiment-h(Gs géeatédthan oMmvabot f, ixGk @RGYer
appr oaches 0 | | t4ansition zone solid flux values when the sparging
gas superf | g%é? 63%?@%‘1%‘%/{5? g lf)l.nst_%? f‘?’bg&‘)f%f?“l 4i tﬁlos%c?)‘_d&_rls Ipthgarnge ¢f001051 I'n
STr1 pPi NG 095 ca: be. Bt | entt 00 or et eat 700 of oA oPLA 0784

Q 9 0
Al ternati veﬁfﬁm?)hde%sqgim%fﬁ‘?péit@ﬁc@ can be 99.9%or |ess, or 95% or

| ess. [0010qD0g3IC.  Sichbimildafiplac PO RRAEAREALRO AR ANRGH Ment of the
i nvention int %gllot pl ant for perform ng a nethanol -to-olefin conversion

f
reaction. | AREREE SAPQu3sSARArE SAF Gdd SSAROoH SARRA 7i BABO-H A28 i on
vessel for tsbﬁcpijl?SA@'!(ﬁBﬂ,’S%-ﬁ?sf&%-&8%‘@#?%@%&@{&6? . FIG 8

shows the inpact on prine olefin selectivity and coke Seléctivity
fromthat iAP@ALePARD-f#IHAPO-47, SAPO-56 and metal containing molecular sieves

thereof. Of these, particularly useful molecular sieves are SAPO-1 8, SAPO-34,




20068032- PCT -36 - experinent. Selectivity is defined as the weight of the
product conponent divided by the weight of the total product excl uding

wat er on wopescamsage basis. In the baseline experinent pconisgooa/ondiné mal

fl ow of sparging gas was flowed through the gas inlets to prevent cl ogging
of the gas inlets by catalyst particles. Increasing the superficial

vel ocity of ?‘PP&BQE)%%ﬁan gas to 0.2 or 0.3 ft/sec (0.06 or 0.09 m sec)
provi ded a noticeable increase in the POS whil e al so suppressing coke
selectivity. Superficial velocities above 0.3 ft/sec (0.09 m sec), however,
did not appear to provide further inprovenent in the POS and did not
further suppress coke selectivity. [O0E®BB]- I n various enbodi nents, fl owi ng
a stripping gas through the transition zone can produce an increase in PCS
of at |east BAPG-3rSARONeaSAPD-56@ndmesd chetaiting d&6atibks geralfi 8aAIPO-

flow ng a st jl%oia(rglg ga t hrough the transition zone can produce an increase
i n POS of 5% or S p’f-%% ‘l ess. In other enbodinents, flowing a

stri ppi ng gagoi] oudi dnbthet eabBHinhem of izaneaitiopl BELERIRt deerigame | N coke
selectivity of at least 0.1%. or. at |least 0.5% or at |least 1.0%
Al ternati vel JVeRIRGETROTAES HBRIRRPISRNAIH RGN maleculprsiavesi dhestone can

produce a degiodatfirsRveOks SEIRRIdeY bl Yepafatd%yRlald GStey Odn BANRmi &3S -
[ 00108] Persons of ordinary skill in teﬁg aartpy\?\)lirall re%:}(’)grﬁ ze ﬁlnerll'ltn?er?risany

modi f i cat i on¥itkejheserypialling stregiurep sedeastbyi anvigterronvthistrhute. dparplésng from
herei p are moany mosdiaBeRUE DD P L P e SRR TAEDRescT >
limting theAlPROa6t AOPO-3hach AIBOe. i ned by the following claims. - 37 -
CLAINVG 1. A fRiohPd fRlor SRARHAS, BRdaflfysf HRMdRs 928nhdids: draPaSUIRT 1 ST -

SAPO and at least one AIPO molecular sieve, wherein the SAPO is selected from

the group consisting of 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, and SAPO-56, and the

AIPO is selected from the group consisting of AIPO-5, AIPO-11, AIPO-18, AIPO-

31, AIPO-34, AIPO-36, AIPO-37, and AIPO-46. The sieves can be combined as

separate crystals or as intergrown crystals. Preferably, the SAPO is SAPO-18 or

SAPO-34, and preferably, the AIPO is AIPO-34 or AIPO-18.

[0098] Note that SAPO-18, AIPO-18 and RUW-18 have an AEI framework-

type, and SAPO-34 has a CHA framework-type, and that preferred molecular

sieves used herein may comprise at least one intergrowth phase of AEI and CHA

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



producing a plurality of product gas-solids flows by perform ng an
oxygenate to olefin conversion reaction in a plurality of reactors;

separ at i lyoeachiieds7t he plurality of product gas-solids Pcows200os1ac
correspondi ng higher density flow and | ower density flow, each higher
density fIOM/congrising a majority of the solids contained in the

cor r espondi RBPGR8EEE! gas-solids flow receiving the solids from each

hi gher density flowin a transition zone; flow ng a displacing gas, from
one or nore displacing gas inlets within the transition zone,
countercurrently through the received solids while passing the received
solids through the transition zone; and54eturning the received solids to
the plurality of reactors via standpipes, the entry |ocations for each
st andpi pe bgbhonsizsdiafet polpotefing rorieeularlyrpniretiylons and pR)YERBYIeREet s by a

separation q4j stance. of at |eas ' . wher ei n
the transit ?JS%CGf%eﬁ:foE omqgs%@y%leléff%ﬁg}nl %‘gﬁ%%]ﬁga@ H;fgq? g{fea?{é ?ja .l e net hod
Ff cl ai ][n ﬁ : fp}g‘f@&ﬁs nré desired e Particoiaely ditbsseal aeimgaljasne,Aiegler/Notipandacid | owest
ayer o a s.in the gﬁfnéed transj.tjqn ne ] I of claiml,
wher ei n t he “BRAAS DSBSz o6 Bﬁf?f?égsb§' ?’ng\goé- %%§8=6§?’§’§§§ 556,
' 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 A

effective to form the polyolefin ‘product.

Exemplary Embodiments

[00101]  The techniques of this invention were further implemented and tested
in a cold flow test apparatus at near atmospheric pressure and ambient temperature
using MTO fluidized catalyst. In the test apparatus, five 20 cm risers were joined
together in a system having a single separation vessel with a roughly 1 meter
diameter. Air was used as the sparging and transport gas. Flows exiting the risers
entered the separation vessel via a cyclone separator. The higher density flows
exiting diplegs of a cyclone separator passed down into a transition zone
containing 6 levels of baffles or sheds. The 6 levels of baffles or sheds were
organized into 3 pairs of levels, with the sheds in each pair rotated by 90 degrees
relative to the sheds in an adjacent pair of levels. Within a pair, 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



baffle layers. 5. The nethod of claim4, wherein an orientation of one

| ayer of the pair of baffle layers is rotated by 90 degrees relative to the
second | ayenowfiiitise pair of baffle |ayers. 6. The net hogcofusedoaionaile
wherein a superficial velocity of the displacing gas within the transition
zone is 0.03 msec or greater. -38- 7. The nmethod of claim1, wherein a
superfici al ZMWé?IP)g:Tof the displacing gas within the transition zone is
0.15 nisec or greater. 8. The nethod of claim1, wherein flow ng the

di splacing gas |leads to increased reactor effluent prinme olefin selectivity
and reduced coke selectivity. 9. The nethod of claim 1, wherein the
stripping efficiency wwthin the transit$dn zone is at |east 50% 10. The
met hod of claim 1, wherein the displacing gas is steam 11. The net hod of
claim1, wheegiendichinrde perfiaw ond shased pbantieverytintlewith opg ingh openings

between each strip. The I1 sheds represent inverted v-shaped structures. The I3
sheds are similar to the I1 sheds, but additionally have a vertical surface at each of
the lower edges of the v-shaped structure and are perforated with holes to allow
gas to pass through the shed. Multiple rows of baffles were used in all of the
cases shown in FIG. 6. The superficial velocity of air injected by the gas spargers
in all cases shown is 0.5 ft/sec (0.15 m/sec). '

[00103] InFIG. 6, the stripping‘efﬁciency of the combination of baffles and
étripping gas from the gas spargers is shown relative to the flux of catalyst passing
through the transition zone. Stripping efficiency is defined as the percentage of
the vapor component entering the top of the transition zone that is displaced and
does not enter the standpipe at the bottom of the transition zone. While all of the
baffles show some effectiveness in separating helium from the solids, the I3 sheds
have the highest percentage removal of the injected helium from the solids flow.
The removal efficiency declines as the flux within the transition zone increases
(which corresponds to an increase in the flux in the standpipes as well).

[00104] FIG. 7 shows the effect of varying the superficial velocity of the
sparging gas on the removal efficiency of the helium from the solids flow. The
superficial velocity of the sparging gas corresponds to the total flow rate of the gas
divided by the cross sectional area of the separation vessel. In these
measurements, the I3 style sheds were used. As shown in FIG. 7, the removal
efficiency approaches 90% for all transition zone 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



12. The nmethod of claim1, wherein the separation distance is at |east 90
cm 13. The nethod of claim1l, wherein returning the received solids to the
pl uralitywofoemacdsers conprises returning the received solrisoooats | east 4
reactors. 14. The nethod of claim1, wherein receiving the solids from each
hi gher densi f{Bl ¥vf rther conprises receiving regenerated solids returned
froma regeng%ﬂ 88.'])5' . The nmethod of claim1, wherein a catalyst flux in
each standpipe is at |east 488 kg/nR*sec. 16. The nmethod of claim1,
wherein a catalyst flux exists in each standpipe, wherein the flux in each
standpi pe is at |least 976 kg/nR*sec. 17. The method of claim1, wherein a
catal yst flux exists in each standpipe,-3fherein the flux in the transition
zone is 488 kg/nR*sec or |ess, 18. The method of claim1, wherein a

catal yst fl ugXReximans. Splegtivity istdgfided prethe wedglit|of theopriodact k3 pegéntiiwded or

e O e
claimi, WI"Ieb@'Cﬁn?emG}ﬂI oTxﬂhié ag?kﬁa;tfaw anlrga?nghig tg\j\a@hgrase iﬁﬁwg& E}gﬂﬁ%wegfebg i ng
git slt gﬁite ?rgoggaiggeésﬁ o e%%ﬁt'tc*’?éginrga‘ﬁgﬁ? g%ﬁwinge% falysicatides. oncegasipa ferpi pe
versus a di asmiceficiolf velduityt sfane kpdrGifig 2888 0.3 020.3 8R&E (Poor 0.09 m/sec)

provided a noticeable increase in the POS while also suppressing coke selectivity.

Superficial velocities above 0.3 ft/sec (0.09 m/sec); however, dici not appear to

provide further improvement in the POS and did not further suppress coke

selectivity.

[00107]  In various embodiments, flowing a stripping gas through the transition

_zone can produce an increase in POS of at least 0.1%, or at least 0.5%, or at least

1.0%. Alternatively, flowing a stripping gas through the transition zone can

produce an increase in POS of 5% or less, or 2% or less. In other embodiments,

flowing a stripping gas through the transition zone can produce a decrease in coke

selectivity of at least 0.1%, or at least 0.5%, or at least 1.0%. Alternatively,

flowing a stripping gas through the transition zone can produce a decrease in coke

selectivity of 5% or less, or 2% or less. _

[00108] Persons of ordinary skill in the art will recognize that many

modifications may be made to the present invention .without departing from the

spirit and scope of the present invention. The embodiments described herein are

meant to be illustrative only and should not be taken as limiting the invention,

which is defined by the following claims.



22. The nethod of claim1l, wherein a ratio of a distance froma
center of the transition zone to a center of a standpi pe versus a

di aneter of the transition zone is at least 0.3. 23. The nethod of
claim1l1, possessing a catalyst residence tine within the transition
zone of 10 mnutes or less. 24. The nethod of claim1l, possessing a
catal yst residence tinme within the trapsition zone of 1 mnute or

| ess. 25. The nethod of claim1l, posséssing a catal yst residence tinme
within the transition zone of 5 seconds or |ess. 26. The met hod of
claim1l, possessing a catalyst residence tine within the transition
zone of 30LA&MGNds or | ess. 27. The nethod of claiml1, wherein the
catal yst density gradient within the transition zone is 525 kg/ nB-m

or less. R8. Theetwdlfotksepirathdiondd fromtegasisolidd o adrapsiig: densi ty
gradient within the transition zqone is 53 gﬁfnﬂ-nlo | ess. 29. The
met hod of cl aiRfpducingpErality ol podnel gps-seltds Jloverox; B8 eyesnate i

standpi pe_ent ryfeAPGAVERRS rédtdt id £l 39Bors; - 40 - 30. The net hod
of claim1, wherein a volunme fraction of vapor bubbles at the

st andpi pe ent sypargogt dagh of the pluralityash prodw@o@as-solids flows into a corresponding

higher density flow and lower density flow, each higher density flow
comprising a majority of the solids contained in the corresponding
product gas-solids flow;

receiving the solids from each higher density flow in a transition zone;

flowing a displacing gas, from one or more displacing gas inlets within the
transition zone, countercurrently through the received solids while
passing the received solids through the transition zone; and

returning the received solids to the plurality of reactors via standpipes, the entry
locations for each standpipe being separated from the one or more

displacing gas inlets by a separation distance of at least 25 cm.

2. The method of claim 1, wherein the transition zone comprises a plurality of baffle
layers.
3. The method of claim 2, wherein the one or more displacing gas inlets comprise a

lowest layer of baffles in the baffled transition zone.

4. The method of claim 1, wherein the transition zone comprises at least one pair of
baffle layers.
5. The method of claim 4, wherein an orientation of one layer of the pair of baffle

layers is rotated by 90 degrees relative to the second layer of the pair of baffle

layers.

6. The method of claim 1, wherein a superficial velocity of the displacing gas within

the transition zone is 0.03 m/sec or greater.
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The method of claim 1, wherein a superficial velocity of the displacing gas within
the transition zone is 0.15 m/sec or greater.

The method of claim 1, wherein flowing the displacing gas leads to increased

reactor effluent prime olefin selectivity and reduced coke selectivity.

The method of claim 1, wherein the stripping efficiency within the transition zone

is at Jeast 50%.

The method of claim 1, wherein the displacing gas is steam.

The method of claim 1, wherein the separation distance is at least 50 cm.
The method of claim 1, wherein the separation distance is at least 90 cm.

The method of claim 1, wherein returning the received solids to the plurality of

reactors comprises returning the received solids to at least 4 reactors.

The method of claim 1, wherein receiving the solids from each higher density

flow further comprises receiving regenerated solids returned from a regenerator.

The method of claim 1, wherein a catalyst flux in each standpipe is at least 488

kg/mz*sec.

The method of claim 1, wherein a catalyst flux exists in each standpipe, wherein

the flux in each standpipe is at least 976 kg/m**sec.

The method of claim 1, wherein a catalyst flux exists in each standpipe, wherein

the flux in the transition zone is 488 kg/m**sec or less.

The method of claim 1, wherein a catalyst flux exists in each standpipe, the flux

being 122 kgfmz*sec or less.
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The method of claim 1, wherein a catalyst flux exists in each standpipe, the flux

being at least 5 kg/m?*sec.

The method of claim 1, wherein a catalyst flux exists in each standpipe, the flux

being at least 49 kg/m**sec.

The method of claim 1, 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.

The method of claim 1, 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 0.3.

The method of claim 1, possessing a catalyst residence time within the transition

zone of 10 minutes or less.

The method of claim 1, possessing a catalyst residence time within the transition

zone of 1 minute or less.

The method of claim 1, possessing a catalyst residence time within the transition

zone of 5 seconds or less.

The method of claim 1, possessing a catalyst residence time within the transition

zone of 30 seconds or less.

The method of claim 1, wherein the catalyst density gradient within the transition

zone is 525 kg/m>-m or less.

The method of claim 1, wherein the catalyst density gradient within the transition

zone is 53 kg/ms-m or less.

The method of claim 1, wherein a volume fraction of vapor bubbles at the

standpipe entry locations is at least 0.00005.
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30.  The method of claim 1, wherein a volume fraction of vapor bubbles at the

standpipe entry locations is at least 0.0002.





