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PARTI CLES FROM A REACTI ON SYSTEM FI ELD OF THE
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processes for selectively renoving particles froma

reacti on system More particularly, the present
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an oxygenate-containing feedstock contacts a molecular sieve catalyst

composition under conditions effective to convert at least a portion of the
oxygenate to light olefins, which are yielded from the reaction system in a
reaction effluent. As the feedstock contacts the molecular sieve catalyst
compositions at high weight hourly space velocities and under extreme
temperature and pressure conditions, a portion of the catalyst compositions can
shear or break away, e.g., attrite, to form one or more smaller catalyst attrition

particles. Some catalyst attrition particles are very small in size and are referred
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[0008] U.S. Patent No. 2,573,559 to Friedman discloses replacing a bed of
fluidized catalyst, which has become reduced in activity during use, with fresh
fluidized catalyst, the average particle size of both catalysts being in the range of

40-400 mesh. The average size of the fresh catalyst differs from that of the



tenperature is not substantially increased, and at the
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SUMMARY OF THE INVENTION

[0011] This invention provides novel processes and systems for selectively

removing catalyst particles, based on their size, from an OTO reaction system. By

selectively removing undesirably-sized catalyst particles from the OTO reaction



removing | arge catal yst particles froma reaction
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This process includes a step of feeding a plurality of catalyst particles into the
reaction zone. The plurality of catalyst particles contacts a feedstock in the
reaction zone under conditions effective to convert at least a portion of the
feedstock to product, wherein the plurality of catalyst particles comprises catalyst

fines and catalyst non-fines. The product and the plurality of catalyst particles is
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[0016] In another embodiment, the invention is directed to a process for
selectively removing small catalyst particles from a reaction system. The reaction
system comprises a reaction zone, a disengaging zone, optionally a catalyst

regenerator, optionally a catalyst cooler and optionally a catalyst stripper. The
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tjoe1d]i r st llar@ethenkabydimesit,rikamnvention is directed to a process for
maintaining a catalyst particle size distribution in a reaction system. The process
comprises directing a first plurality of catalyst particles having a first median
particle diameter from the reaction system to a first separation zone. The first
plurality of catalyst particles is separated into a first small catalyst stream and a

first large catalyst stream, wherein the first small catalyst stream has a second
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[0020] The present invention provides various processes for selectively

removing undesirably large and/or small catalyst particles from a reaction system.
In one embodiment, the invention is to a process for selectively removing large
catalyst particles from a reaction system. As used herein, “reaction system”
means a system comprising a reaction zone, a disengaging zone, optionally a
catalyst regenerator, optionally a catalyst cooler and optionally a catalyst stripper.
In the process, a plurality of catalyst particles is fed into the reaction zone. The

plurality of catalyst particles contacts a feedstock in the reaction zone under
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catalyst particles withdrawmn fromthe reaction
speiyshstrayn el the ogatdtgygistrpnt i on. For -exanpl e, if
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catalyst particles. Preferably, the removed portion of catalyst particles is an

uces the

aliquot portion of catalyst particles. By aliquot, it is meant that the portion of
catalyst particles removed from the reaction system for separation of large catalyst
particles from small catalyst particles is substantially representative of the entire
catalyst population within the reaction system. It is contemplated, however, that

the portion of catalyst particles withdrawn from the reaction system may be a non-
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by volune of a specified plurality of particles have a
partlcle di aneter nqQ greater .tha e dx v | ue,
WUpiRPHYRs For exammle.dé oo of Mglyl%td?aﬂl F%Wghérawn from
qhé bt 5k F’SSB}< ﬁl;&@h 1@ abngE 4 e ¥al, Ltﬁat Rrtion may
nmeasured Usi ng § | aser scattering techni ques .
usmtagl a B)llghtkyt gmatek/hdedlarssﬁﬂwl@almmttre tfsmzélemﬂganepartlcle
rac, Inc

O 5% B GG oPtarit R Sl B i e Bhbtlg! stem due to

Sdaeayst b@tﬂm?ﬁﬂ@ﬁé&@étmﬁ&ﬁﬁtl cle or the equival ent
di anet er non spherlcal articles as neasured by

| [9923] scat t&% heeg hessing Tmediay partiele divserier” $38w0150 Value for a
BRI RURHES AUARIGEL P0G S S0, PRt prten

@baﬁya&tonmﬁt ap@bﬁ&:dfdmms aneraﬁadtat RIpesaeat Bywoln O‘fecﬁpedlﬁed
tg a separatlon uni t tlonaII t he port
d%i%‘réll%? RatAleschavs a.p@rt% Gemeler b sionter E@&lﬁ%ﬁ% SalugnFer the
Lﬁ]}gBS@S bEAE! HOhiIAGN &he ﬁaﬁbl%es%atﬁbtﬁguﬁé}{“?smﬂls%h ¥& Hefine the
erator, a strippihg unit, a catalyst cooler, or a
ocbcrrbvadae |1snn®fsuneﬁetwg1 miellsknove lgser seatigriog tcdtradlqpstusmg a

oS R R e e

SEERAdA! e€baktidl® deanSdtet’| asGRb@hkiin Slchfa Meatidmatck A Fespecified
catal yst stream The small catal yst stream has a

sobetietl neadtiela parthe cq:@l‘cﬁl%we@leme s@f teamsphericat j pasticles as

gﬂ? a{sﬁl%dpggtlag T scql[ rre% smg ?1}/[5 %ﬁ@sﬁ%ﬂlcle Size

ream h iran®pa d| ams rea
t Aedlyiehe first rredl an particle d| arret er. In one
enbodi nent, at | east a portiaqn of the smal|l cataly

sﬁo%‘ﬂm i s off &wiceted ahoys, r?ﬁ?‘éfﬂylg p Hharresent yepton [PB]ﬁlon of
por t fsftnnpe@ﬁg%i' ﬁ)@l Lyre%tl E%té}ﬁt iSV 911’&3'[6@ t tOl ga?ﬁ?&?&tlon unit,

rge cat al yst streamis direct
uDptiomatle) the phdiok of oathlyst pastaded isdirsgted tnthe f@2Bjon unit from a

tional |l he first nedia article dianeter is fr

S GR D0, FHEgBIEGOTOG GVl FERIGEOTG: BPRITE Phjrss CoLalst
Qol/H d dbmBiRRicneF Ishe B, arhelRIrtidie bEcAlIfIBhRICIdshas a first
| ess than 120 m crons, no greater than or | ess than

am@ch@n p@Uckidiametsr. on thosegeratior Bnitfhe peitiontof sgalyspasieles is
aro{égblggc{ t ne llﬁngelgéldstm%ldl anfugcg é:largge a?élgggsttr%am STﬁé small

adatdlﬁ%i‘strezﬁﬂ Qiaﬁ al®Boridl £1018 pafticlabiahrRes e th%Oﬁ)rst median
m crons. [0026] As disclosed in nore detail below the
presidle rdigmetsh ctidh ihes Jaree rhafadysh rhtisagigbamapethitd gedppnparticle
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least a portion of the small catalyst stream is directed, ultimately, back to the
reaction system. Additionally or alternatively, at least a portion of the large
catalyst stream is directed, ultimately, back to the reaction system.

[0025] Optionally, the first median particle diameter is from 60 to 120,
from 65 to 100 or from 65 to 85 microns. Optionally, the second median particle

diameter is less than 120 microns, no greater than or less than about 100 microns,



preferably conprises a reaction unit (which defines a
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[0029] “Catalyst fines” are defined herein as a collection of formulated
catalyst composition particles having a median particle diameter no greater than
20 microns. As used herein, “catalyst nonfines” are defined herein as a collection
of formulated catalyst composition particles having a median particle diameter
greater than 20 microns. “Catalyst coarses” are defined herein as a collection of

formulated catalyst composition particles having a median particle diameter of at



“large" and "small," when referring to a popul ati on of
catal yst particles, are relative and refer to a nedi an
woaodsicém®4 di aneter of a plurality of catal yst PCT/US2004/028261
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zone. At least a majority of the catalyst non-fines are directed from the
disengaging zone to the reaction zone, and a portion of the plurality of catalyst

particles is directed from the reaction system (e.g., from one or more of the
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the reaction system may vary widely. In a preferred embodiment of the present

invention, the flow rate of catalyst that is directed from the reaction system to the
separation unit is from about 0.01 weight percent to about 50 weight percent of
the catalyst inventory/day, more preferably from about 0.05 weight percent to
about 25 weight percent of the catalyst inventory/day, and most preferably from
about 0.1 weight percent to about 10 weight percent of the catalyst inventory/day.



the reaction system [0035] The process includes a

step of providing a first plurality of catalyst
weoaodsiocé®™s in a reaction zone. The first pl urabPCryusedo4/028261

catal yst particles has a fiBst nmedian particle
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plurality of catalyst particles contacts a feedstock
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scattering particle size analyzer such as a Microtrac Model S3000 Particle Size

Analyzer from Microtrac, Inc. (Largo, Florida). The monitoring may occur either
online or offline. In this embodiment, the step of directing a portion of the second
plurality of catalyst particles to the separation zone preferably is responsive to a
determination in the monitoring step that the second median particle diameter has

exceeded a predetermined limit. The predetermined limit may vary widely, but



renoving small catalyst particles froma reaction
system which conprises a reaction zone, a disengaging
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desired particle size distribution in such a reaction system, in one embodiment, at
least a portion of the catalyst fines are removed therefrom thereby maintaining the
desired particle size distribution.

[0039] In another embodiment, the present invention is directed to a

process for maintaining a catalyst particle size distribution in a reaction system,



stream The first small catal yst stream has a second

medi an particle dianeter less than the first nedian
woaodsicém®4 di aneter, and the first |arge catal yBCTAIS2®aN28261
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catal yst particles are selectively separ.ated frorri1
particle diameter greater than the first median particle diameter. In the second

separation step, at least a portion of the first large catalyst stream is separated into
a second small catalyst stream and a second large catalyst stream. The second
small catalyst stream has a fourth median particle diameter less than the third

median particle diameter, and the second large catalyst stream has a fifth median



smal | er catal yst particles, which are recycled back to
the reaction system Specifically, a feedstock 101,

wohoashzeef er abl y cont ai ns an oxygenat e such aBCT/US2004/028261
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back to the reaction system Specifically, a feedstock
284 showtri, simall catpbystirepmcl§itiareianad tosepefiaratyategy kR tggatalyze

SRS o i 2B, 1 B, SRR AR
CaptidhyI$§ is recycled to a catalyst formulating facility or disposed of. In another
embodiment, not shown, large catalyst stream 106 is returned to reaction system
102 to catalyze further conversion of feedstock 101 to product. In this
embodiment, small catalyst stream 105 optionally is recycled to a catalyst

formulating facility or disposed of.



particles contacts the feedstock under conditions
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woeedgbeok 201 to product, which exits the reaeCTrms2004/028261
system 202 in a reaction efff7l uent stream not shown.
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C?‘)ENI]YSt Papt deebi®P pédn drQQAMDst PaftilesSI® {e.£ah do¥tidn of the
stream 205 is directed to a second separation system
20t petios 0T easalysti powticlesn és withdrawe fivaptie sedctan gynteng 202 and is
a t 0 S alyst - :
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catal yst stream 205 into a second snal |l catal yst
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dinadien gerticks diameter igecatar than the pgdizvpartielei digmétereisthe skeond
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r @@asi on syBhr@nenZIPcdtalysat@hni 285l igr difeted 40 Y S9c8h® Bepdkation
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sHEtam-9 06V hich) coPIRSEeLARP STrEIore SeRagtin: Unitsy adgpiedgg separate
?g%zidf {Lﬁb&l%s} a%ﬁg%l%ié@&@?}a‘ré’eraca&%@ Yitticlddr MAatBEn, second
separation system 207 selectively separates the first small catalyst stream 205 into
a second small catalyst stream 208 and a second large catalyst stream 209.
Second small catalyst stream 208 has a median particle diameter less than the
median particle diameter of the first small catalyst stream 205, and second large
catalyst stream 209 has a median particle diameter greater than the median particle

diameter of the first small catalyst stream 205. Ideally, the second large catalyst



[0046] Figure 3 illustrates another enbodi nent of the

present invention, wherein small and | arge catal yst
woanisieéms are sel ectively renoved from a reacPCoOMS2004/028261

systemto forma popul ati on8of desirably-sized

catal yst particles, which are directed back to the

reaction system Specifically, a feedstock 301, which
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C@Eé‘i‘ld/ﬁ(;rtlon of catalyst particles 303, and first large catalyst stream 306 has a
median particle diameter greater than the median particle diameter of the second
portion of catalyst particles 303.
[0048] First large catalyst stream 306 is directed to a second separation
system 307, which comprises one or more separation units adapted to separate

large catalyst particles from smaller catalyst particles. As shown, second



stream 308 has a desirable nmedian particle dianeter,

e.g., a heart cut, for converting feedstock 301 to
wonroemoes29n reacti on system 302. Thus, second BOEIUS2004/028261

catal yst stream 308 preferaldly is returned to reaction

system 302 to catal yze further conversion of feedstock
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allowing a large portion of the catalyst to settle downward with gravity and
become largely separated from the oxygenate conversion products and any diluent
or unconverted oxygenate conversion feedstock that may be present. A portion of
the catalyst particles, which may be entrained with the products of the oxygenate
conversion reaction, are carried into a separator device 509, preferably comprising

one or more cyclone separators. In the separator device 509, catalyst particles are
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line 508. Some small measure of such materials may be introduced into the
catalyst regenerator 502 due to the imperfect nature of stripping in catalyst
stripper 515.

[0051] In a preferred embodiment, not shown, the catalyst cooler 519

operates in a closed loop with catalyst regenerator 502. That is, in this
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[0054] Similarly, desirable-sized catalyst particles may be directed from
separation system 524 to one or more of the following regions of the reaction
system 500 via line 525: reaction unit 503 (e.g., to inlet zone 505 and/or to
reaction zone 504), disengaging unit 506 (e.g., to disengaging zone 507),
separation device 509, catalyst stripper 515, catalyst regenerator 502, catalyst

cooler 519, and/or from one or more of lines 511, 517, 521 and/or 512.
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separator tends to urge larger particulate material outwardly to the wall of the of

the cyclone separator. As a result, the outer vortex pattern tends to comprise a
greater amount of the larger particulate material than the inner vortex, which
comprises gaseous components and smaller particulate material, e.g., catalyst
fines. In addition to centrifugal forces, gravity tends to urge the larger particulate

material in the outer vortex downward. In one embodiment, the larger particulate
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proximal end of the hollow conical member preferably forms an opening at its

apex. The apex opening optionally is in open communication with a standpipe
which is adapted to transport large particulate material.

[0061] The outlet tube preferably traverses the laterally extending top
surface of the cyclone separator and extends into the inner volume formed by the

outer hollow cylindrical member. At its proximal end, the inner hollow
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turbulizing stream, which creates a turbulent environment within the counter flow
cyclone separator. The formation of a turbulent environment within the counter
flow cyclone separator tends to urge smaller particulate materials, that may have
become entrained with the larger catalyst particles in the outer vortex, into the

inner vortex and ultimately out of the counter flow cyclone separator with the
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0 fitei cynlane yep jagatom Hpaecrut]@bm npf@«maqlla mash tianzetertthat dppygaimates
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traverses the laterally-extending top surface of the counter flow cyclone separator
and extends downwardly into the inner volume of the cyclone separator in order to
facilitate size-selective separation. Optionally, all or a portion of the smaller
catalyst particles are directed back to the reaction unit.

[0066] Structurally, the counter flow cyclone separator preferably includes

an outer hollow cylindrical member having a laterally extending top surface at its



[0067] Additionally, the counter flow cyclone

separator conprises a second inlet for receiving a
wourodské®itng stream The second inl et optional PETiUS2004/028261

situated on the outer holl ow cylindrical nenber or the

hol | ow coni cal nmenber. The second inlet optionally

i ntroduces the turbulizing stre nto one, of_ nore
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characteristics.

[0069] In operation, as the turbulizing stream is introduced via the second
inlet into the counter flow cyclone separator, the turbulizing stream tends to
disturb the cyclone formed by the catalyst particles in the counter flow cyclone
separator in a turbulent manner. By disturbing the flow of catalyst particles in the

counter flow cyclone separator, smaller catalyst particles tend to be transferred



cycl one separator tends to facilitate the renoval of
smal l er catal yst particles that have becone entrai ned
wWoR2005/06m4 | ar ger catal yst particles in the outeCT/US2004/028261
vortex. Advantageously, if 2a7The counter flow cycl one
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i {092} uat edFigure 4t dingteates al covaten eflowyi ayhlone sygpereior.o gensally
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outer hollow cylindrical member 401, a hollow conical member 402, an inlet 403,

and an inner hollow cylindrical member 404, e.g., an outlet tube. Outer hollow
cylindrical member 401 includes a proximal end 416 and a distal end 417, and
forms a wall defining an inner volume 406. The wall formed by the outer hollow
cylindrical member 401 has an inner surface 407 and an outer surface 408. The

proximal end 416 of outer hollow cylindrical member 401 is in open



401. In operation, the inlet 403 receives a
catal yst-containing streamfroma reaction systemin a
woaongané29al manner and fornms an inner vortex, PCT/US2004/028261
contai ning small er conponer®s, fornmed about the
| ongi tudi nally extending center axis in inner vol unes
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c??@ﬁﬂ?@%%@“%%h@%@”ﬂ-i“hnd by the inner surface 407 of
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semimoeicais withh @x indetd403, rwlhch mreferabbl isneitupted. inThdangential
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counter flow cyclone separator 400, which inner vortex,

CYSARHINS BYSI9T gt % fangentisb mens! P s ai A eV B Sisn pRIHaIing
AP SRR DBl LOBREIol LhAREeRlr s i

NAnE0 wo joreex i 408 aiwhd 131 4Theaindetf dsorsrantesadl odef ivortag in inner
i nner volume 413. The wal] forned by the caopi cal )

L Bel5ES 95 S lan oo et lerese SAORSt Rt walhe QeY Hatex i
b¥o k8 Wit £1d RLLAW (RY IinBdrEe! andBEB&IkiA Mith Rh&P aki@%. The

an inner surface 407 and an outer surface 408. Narrow
powxi Helits exfidhel buter wontax arp dixmitededry thg inuer, surfaew dgh ofvficconter
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Cyeh®Be4a@epar at or 400. [0076] Hol | ow coni cal nenber

402 preferably defines a second inlet 409, which is jn
oP¥A4L onmmuniteshpwn. e irnea hellew rbulagembeiedls Wayratssthe top
43‘L§Bac lﬁr()g %hzéx@&dg tlxlfitg A %ﬂﬂl‘é& 46@'8 ThE PrddfRl 8nd of the inner
turbul'i Zing streamfroma turbuli zi ngstream source,
nhbllsh ayularanemkirr4ddt forrhdran dperting 432 (gg.s threesmalt siream outlet)

second inlet 409. In operation,. the turbulizing stream
F PR, TSGR ORI VP HeY S THOABISEDY S goRh FaEor

| RO w i tghRRYs Bbnteashphditd fdckived in th t
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vi a opening 412 and inner hollow cylindrical nenber
46xmed by the conical member 402, which is continuous with the wall defined by

the outer hollow cylindrical member 401, also has an inner surface 407 and an
outer surface 408. Narrow proximal end 414 forms apex opening 411, through
which the larger particulate materials, contained in the outer vortex, are yielded
from the counter flow cyclone separator 400.

[0076] Hollow conical member 402 preferably defines a second inlet 409,
which is in open communication with a turbulizing stream conduit 418.

Turbulizing stream conduit 418 receives a turbulizing stream from a turbulizing



Turbulizing stream conduit 418 optionally includes a

control valve 410 to control the flowrate of the
wourodské®itng streaminto the counter flow cycl BO®US2004/028261

separator 400. Control of t#e particle size "cut" can

be desirably achi eved by nodul ati on of the turbulizing

streamflow rate into counter flow cycl one separataqr
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esters. The noSt preferred process of the invention is
aproduce a polymer product; reforming; hydrogenation; dehydrogenation;

dewaxing, of for example hydrocarbons to remove straight chain paraffins;
absorption, of for example alkyl aromatic compounds for separating out isomers
thereof; alkylation, of for example aromatic hydrocarbons such as benzene and
alkyl benzene, optionally with propylene to produce cumeme or with long chain
olefins; transalkylation, of for example a combination of aromatic and
polyalkylaromatic hydrocarbons; dealkylation; hydrodecylization;

disproportionation, of for example toluene to make benzene and paraxylene;



process directed to the conversion of a feedstock

conpri sing one or nore oxygenates to one or nore
wol2edsmeed4 [ 0080] Ml ecul ar sieve catal yst conmpasius2@mas28261

are particularly useful in3onversion processes of

di fferent feedstock. Typically, the f eedst ock cont ai ns
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dihdeat hyild. et her, diethyl ether or a conbination

t hereof, nore preferably net hanol and di net hyl et her,
aHW¥983bst In a preferred embodiment of the process of the invention, the

feedstock comprises one or more oxygenates, more specifically, one or more
organic compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,

and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in



preferably nmethanol. [0084] The various feedstocks

di scussed above, particularly a feedstock containing
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an al cohol, is converted pr3tmarily into one or nore
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converted from a feedstock containing an oxygenate, preferably an alcohol, most
preferably methanol, to the preferred olefin(s) ethylene and/or propylene.
[0086] There are many processes used to convert feedstock into olefin(s)
including various cracking processes such as steam cracking, thermal regenerative
cracking, fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking,

and visbreaking. The most preferred process is generally referred to as gas-to-

olefins (GTO) or alternatively, methanol-to-olefins (MTO). In a GTO process,



[0087] In one enbodi nent of the process for conversion

of a feedstock, preferably a feedstock containing one
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used to reduce the concentration of the feedstock, and
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and most preferably greater than 35 weight percent.

[0089] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting

examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon



in the feedstock is in the range of fromabout 1 to

about 99 nol e percent based on the total nunber of
wounb@n2eM4t he feedstock and dil uent, preferabl pctmsmo4/028261

about 1 to 80 nole percent,33nore preferably from about

5 to about 50, and nost preferably fromabout 5 to

about, 25. [0091] |n one enbodi nent, other Ydrocarbons
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a .den ed bed reaction zones and/or fast
fﬁ@?&%%%@gg% %%ggtlon zones coupl ed toget her,

cifooxul at i ng 14 lowk Q'&hﬁa%gml?&l@ 6tﬁélcﬁ}¥(f?6ba%1fssaere BHESI to a feedstock
reactors, and the like. Suitable conventional reaction

uwithey direstlylen mdlnl@etéb’ iand firmrludexcelefii(e), asffikaY, ermmatis(s) (see for

, 1L ef 6,287, 522 i,zation
ExGERRE s, B I S S0HER, e ol ) Trbene
Kbusiie, ﬁ’ﬂb&ﬂeﬁ&]ldﬁg dﬁﬁﬂi’ﬂ@ﬂ?ﬂocafﬂ%‘!‘l/s Yavikg ANeM¥RY KarB&Y dtoms, or
whi.ch are al| herein fully incorporated by reference.

TH@XEWﬁﬁE@F%% reaction unit includes riser reactors:

ARUEPE o e ooy P SoAFRRERCInio N bRy I feedstoc

anontEinig @dmmloﬁemygahaﬂesPubtheqhesegcibf P arcdddubam, stéWatalyst
York, 1960 nd U S. Patent. No.. 6, 166, 282, and U. S.
PEPBROSIUNPE @sefw&ﬁﬂ@é 1% CATIR,OUtdB AERIFTIRR BTSSR aggetion unit,

2Q@@re Wi ﬁﬂ&c@ééQSad bixBEH8d Prédetd Yo FNERIROBAL Efé)c@si/é (includes a

reference. [0 The reacti on system preferabl
c@rr’pulp@tebedaplfop@ﬁs Hyefgrablae tcontinusys tfbndibed, bedyprocessy std most
r %%%ra ZC%rI]I?l{lI:.{\AOt Bl \%T\%l@ﬂlﬁ& d ﬁ; éi;%r{)c reactor(s) and

a‘second ‘reac Biie di sengagi ng

upea93] pr ef emabl adPAPploséstes O4E taie PREE ik YCh ofl d‘htalytlc
one enbodj nent, the one or nore riser reactor
reaction units such as hybrid reaction units that have a dense bed or ﬁxed bed

reaction zones and/or fast fluidized bed reaction zones coupled together,
circulating fluidized bed reaction units, riser reactors, and the like. Suitable
conventional reaction units are described in for example U.S. Patent No.
4,076,796, U.S. Patent No. 6,287,522, and Fluidization Engineering, D. Kunii and
O. Levenspiel, Robert E. Krieger Publishing Company, New York, New York
1977, which are all herein fully incorporated by reference. The preferred reaction

unit includes riser reactors generally described in Riser Reactor, Fluidization and



di sengaging unit are contained within a single vessel.

Fresh feedstock, preferably containing one or nore
woxyganees, optionally with one or nore dil ueRCTAB2004928261

fed to the one or nore reacti on units (preferably

riser reactor(s)) in which a nolecular sieve catalyst
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cnmptcmstsmdhrasrﬁméeﬁr ably a coked nol ecul ar sieve
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disengaging unit along with a coked molecular sieve catalyst composition. In the
preferred embodiment, cyclone(s) within the disengaging unit are designed to
separate the molecular sieve catalyst composition, preferably a coked molecular
sieve catalyst composition, from the gaseous effluent containing one or more
olefins within the disengaging zone. Cyclones are preferred, however, gravity

effects within the disengaging unit will also separate the catalyst compositions



catal yst regenerator. In another enbodi nent, the
catal yst stripper is in a separate vessel fromthe
wdizeBngexing unit and the gas is passed at a gaeThsoky28261
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preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.

[0100] The weight hourly space velocity (WHSV), particularly in a
process for converting a feedstock containing one or more oxygenates in the
presence of a molecular sieve catalyst composition within a reaction zone, is
defined as the total weight of the feedstock excluding any diluents to the reaction

zone per hour per weight of molecular sieve in the molecular sieve catalyst



[0102] The superficial gas velocity (SGV) of the

feedst ock including diluent and reaction products
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Elements) molar ratio of from 300 to 2500. See for example EP-0 642 485 B1,
which is herein fully incorporated by reference. Other processes for converting an
oxygenate such as methanol to one or more olefin(s) using a molecular sieve
catalyst composition are described in PCT WO 01/23500 published April 5, 2001
(propane reduction at an average catalyst feedstock exposure of at least 1.0),

which is herein incorporated by reference.
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obauh §Priser (‘8/14 lﬂiaa})r dhe quan’cd negudﬂnth titreeoft the dsmlomilar sieve
oL Gontact i ng Wi esg ) ecut ar Si exgr cat.al Yst ot
corrpéﬁ% feRs 8P % tr%l%ef’]‘ﬁ‘ W DS rangs Of St ghput one minute to
nedvesal h@lﬁrs St erefetadlyysoutEaiiutd @N 0OmAuE8drddhe preferred
ggener ated nol ecul ar si eve catal yst conposi tion
BRI PXyErb tepe 7y inhe rBrgenehiowiabeak@ Ol gnelp percent to
e t t he
ORI ARG TR el 3 O
c@06pl | ed by one embodiment, regeneration promoters, typically metal

containing compounds such as platinum, palladium and the like, are added to the
catalyst regenerator directly, or indirectly, for example with the coked catalyst
composition. Also, in another embodiment, a fresh molecular sieve catalyst
composition is added to the catalyst regenerator containing a regeneration medium

of oxygen and water as described in U.S. Patent No. 6,245,703, which is herein



various techniques in the art including feeding a

cool ed gas to the catal yst regenerator, operated
weiodsmre29m a batch, continuous, or seni-conti NROWAIS2004/028261

node, or a conbi nation theri8of. A preferred techni que

i nvol ves wi thdrawi ng the regenerated nol ecul ar sieve

cat al yst conposition fromthe catal yst regeneration

al4lly gaenspergtednley refgienes atle yehsneiben ambadimest, capaitipgtof the

hr 0 r 4i.h

COEPEIhOEA MY Htyd Mo TRLRL phe Bltahy B lcforator i

qempmﬂ dlteﬁtly td the cmatoa In)(ﬁé raaotmdremmts; or mdlredftt;o diy petontacsing

a %t exchanger that. is | oca ed ei t her. int er nal or

e‘%’tﬂeFWafFeQSH’G@{h%T eoptaghipg i haRolEgHar Ysyegialys, composition

SRR B8R Wlﬁth%eg%ﬁgd heRetar ﬁ%@@cdﬁkﬁ%hﬂ{osﬁﬂoﬁ\@ a cooled

catal yst TonpositTion Is returned to the catalyst

rregeneentert mplelcnlaaswmw;ataiust lqempysuwm desctibedbelowel y, (see

Pat ent |cat|o [ 587,766 filed .
SR> S00BY Ptk G <ot vherboaplirRby stTgpednd in o
naphiRslithadt, $hee Y@ngSehtale) $ithfO FROMgE@idrS sysedrHT B efbntBlled by
t he cat al yst regenerator in a continuous cycle, and
ayfsione tegharaues inothet #ik indeding faedieg @ spolsd spe to the catalyst

I e
" eg%{r%%{et%{ tgg @%dee?téeargi aana?%lh ?r?ﬁs?lhé(ss br g&{]?@cﬁitﬁhgﬁk Ijnccfde ora
i soalibietiohtherest. aA pwfém@tedﬁudideenvﬁgesrmﬁmﬁmﬂg]he eegencrated

si eve catal yst conposition or cool ed regenerated
neplée&}maﬁwgq evalyslatampastliondfigm it PRALSSIegERTaTedndipasiing

7%&%%%9%3%15 1 SEAE!SIS Sgltaﬁgﬁé{ﬁn sitl oﬂ%ﬁltnouglﬁgga’c\é@st cooler that

eﬁwtmsj anmoted mgelmgaae nmlwlarcdlmma@dysﬁloemo&abal yBite catalyst

ositi on ontacts. an,_al co ef er ano
et SRl “ohhERUGPET et BopraHh PG Hemal or
| drRslUue ale tatalylErde8RGhtoR N IS ¥&d Bifbodinclle B¢ LHEIEd | idbenerated
U.S. Patent Application Serial No. 09/785,122 filed
Faplegidlan sied catalyst capppashionsis etpeied tohe yaﬁaly@brqg@m@f@a in a

béﬁnﬁﬁuﬁo‘%fse gcﬁe QIQ]%mﬁWeW %osesgpﬁgt% @pﬁc ’uont S[%al No.

generat | system are

GOSQM,MICMHM i29000es mrﬂoﬁ of thy cosledrgenattd rylecular sieve
ref er ence.[Q108] The r e%ener ated nol ecul ar sieve
cRtAysy §9meeﬁﬁe% 1% jegHnsd orife SHNALYET iserrmeEor %P%tfnuous cycle,

rﬁﬂéﬁﬁﬁ%&&{oﬁ@{ %; ?ﬁea%élecf LRRLRE sﬁ%@%%&ferz&&{) lhffieculz? sieve

conbi ne resh nol ecul ar sieve cat al
onmqu |cbmpns1amml Isoretureedciortbel reteoh muit(e) uﬂlnactlys peindirectly, or a

cat rrp05| ti f eedst oc nd/ or fresh gas
GO e el AR 'S CREUbFOPEey. o frooled
?&fé@a&ed&‘ Hjﬁﬂéﬂuﬁﬁ Nfevel éh@al%s@ %H@BﬁhSﬁi iSebastb@ will BY-Broducts
al yst conp osition withdrawn fromthe regeneration

s\ylsﬂnleﬁhﬁ: gaseeufu eifant @AThWQ 80/801 npulished MougustZde 2090). In

olth%gl al EX%@TL%n d %%Zr?e:ra g(} moli %.p glevg %tgf e {ongpogltl%n cohﬁcts
fe&ﬁﬁl&@lﬁﬂ,kpﬂé&iﬁlﬂy Slic@aln 1opropﬂa&>1l 1Jbatanslem rrﬁﬂﬂfd thaeas| and is
or continuously, facilitates the introduction of t he
introduced to the reaction system, as described in U.S. Patent Application Serial
No. 09/785,122 filed February 16, 2001, which is herein fully incorporated by
reference. Other methods for operating a regeneration system are disclosed in

U.S. Patent No. 6,290,916, which is herein fully incorporated by reference.



regener ated nol ecul ar sieve catal yst conposition to

the reaction unit, preferably to one or nore riser
woeeaistoaé®4 [ 0109] I n one enbodi ment, by controbCrmug2d0he28261

flow of the regenerated nol3cul ar sieve catal yst

conposition or cool ed regenerated nol ecul ar sieve

cat al yst co osition fromthe catal yst regenerator to

t K08kact i of @mﬁgeneltawéi welecwiammsicsy sptabyst e@meoamort Mathdrawn

nﬁjoﬁlcﬁleaéatﬁksﬁvrg%&%l‘aﬁiry ef&% ﬁbltnl {2 da%ﬂ#& toD ?Cfsl &hbined

zone I's nal re ar tec ues

cmirmlra)frbémmotebﬁlaf kieve oﬁta@sﬂmmmsitmn aﬁ‘lld&)t&efbﬁt:a]la;&dtmolecular

nposi tion described in M chael Louge, Experinental
TeEHR A t compesifign | ag oL {pptons Al frogh e@g, oralfigdh and
apgy KB Wt % r&8on lﬁhﬂgk' € 1A% e %ﬁﬁ)oaﬂ?m, W GBodrirated
herein incorporated by reference. In another -
entmrb@u}ae wieye chtalyspeomporitien elthdrhwo dken dire tdgenerati@r siistam is

talyst .co i\tjion.in Lhe re ction z
et Rl Ko GRIRBT D g nark gD AAELb SR E X Gut a catatys
C @&Ilé* Th REe gﬁlﬁoﬁﬁlﬂz‘ﬂt RGcakrfer! HRh G bR IS gds EBBNEEA Rpor, dteam
parti al regeneratlon Coke | evel s on the nol ecul ar

s peths ld@: serpiseontiorpesdy of ewtameu%afwﬂl@ae%tye vilRtredncEon 9§ the
o8 %gér%ét?g n%c%%c&%ﬁgss\sf&faet é%ttﬁ%s\f %%{n%gﬁ'ﬁ?lﬁ 't(; 'tl%nreaétf)o@ lﬁrgF preferably
det @ferdrmiorg riséryegasion content. Typi cal I eveI s of coke

on the nol ecul ar sieve catal yst conpo |t|on after
r BY&Rkr at i oft PEE .qm@ﬂgn?%ngg cgpirelligs, the dlowaf ghe regenerated
pﬁfoﬁf&ﬁfarts‘?e\%be&tﬁl o Rgﬁﬁorp%rrc@(fb%d 9{3}%&@{1?&1' YodlERWr sieve
about 0.1 wei ght percet to about 10 t percent,
moatelyglr efrepesitfion firomm thb oertal gt 2regeniegdior pe r‘rrhe rutead;tipnalunin,t the

5 wei ght t, and t feraply. f ab
 EP R of £ or b IS B ST Bl e 1 Feaction
t@élﬂal is@h@finddl trheren®t afistyAfechhiGYS ﬂmoﬁabum@ethte AR of a
t of the nolecular sieve cataly
Wg@glar issiie [catelney cwrnpmteorpd@p@bc}dem Mnﬁ@él hewge, Etxnenmental
t
DTl CFRfia SRR 8 1GLE8 AlAD GARIBUIGR eds.

cBmam; 119@71 (38637, whichdsl heegehrooeded by ecfétaate.s e vlother
catg %St COﬁ'pOSI tion in the reaction zone cont al ns in
Fabedimgat, other prEEBo Vel @fo cake vt g 1pelcewat sicve catalyst

f t
DESEARY ] 1AM x5 8 MBI, BRUCERL WAy e of
anxiygm&bnkanmﬁg gaabﬂtwarrgdm theb oattlyg fegergbaiot, alifrital kegameration.
c {go ous osi.t based on e total weight of the

nCRRINE Rl ot grolfolite Jev e PG | CBBASBORE sy Sicawied by

f Qiithepadi) Qhd). rRolcBldhe RtevBlocatély 82 3oRPGsitioM i fidin | the NEdReRion

fully incorporated by reference. It is recognized that
t peocess| acubaint di élye peaeessl §rsk determining its carbon content. Typical

levels of coke on the molecular sieve catalyst composition, after regeneration is in

the range of from 0.01 weight percent to about 15 weight percent, preferably from
about 0.1 weight percent to about 10 weight percent, more preferably from about
0.2 weight percent to about 5 weight percent, and most preferably from about 0.3
weight percent to about 2 weight percent based on the total weight of the
molecular sieve and not the total weight of the molecular sieve catalyst

composition.



conposition in the reaction zone is made up of a

m xture of regenerated and fresh nol ecul ar sieve
woav@logex4 conposi ti on that have varyi ng | evel spof/us2004/028261
carbon and carbon-1ike depowits, e.g., coke. The

nmeasured | evel of these deposits, specifically coke,

represents an average .of the | evels .on individua .
0L ar  sPboR B eg{eg}seenb_eg% i P GHXWEF pf Bpshsmolegylan gieve
ThRa8s eoMBolid] URMbr irSoehblRAr AWl MidNe cdhBENeaehAGion

unit "and is passed through a recovery system “There
aped/mpgologirégeemated melsovler yievy seialyst compbsifion és thencbaction

SFHEDGTIL e 355 5 b TRIERLER, P r o
RebaM e 46 S $efilis pBRBG! Blory pESsrblySford MBodf 2 P EBuR2(Bweight

conmbi nation of a various separation, fractionation
aReceit. and mpost prefergblyoltams abaiib| 2y tmebouplQ eeleer ot catbonaceous

t gal ns, i t S as . | .

GBS ESESH] AR SULETI S DR PSRRIy, v cua
deompesitioms. [Heedosaesnie ThS. aRatert Aad Y623, 005e ivbivdiSis aiaekin fully
ester manufacture (U. S.. Patent, %ﬁ. 5,675,041), and

ol IErPORAED oV akebdienstui PrrisnEccp @iz Hinbithe ml?«dﬁ%r sieve catalyst
c @&ﬁﬁ(‘)’%ﬁi’n theRlacBIENARIE R de LE HF 'a%f(gfré Qf‘reg&'fgrﬁ% afd fresh

chill trains, conpressors, knock-out druns Or pots,
pepesulaa rrevicheataly’teconmsitlonnibiat higve wargihgdewels phiestbon and

t rs,.colums, splitters or trajn d al one or .
cEHBPRAKF BFP e le T BF nifereieVs) ofdfie Aamerspecifically
pealfes iedbien® b Shrdgerarethatieeds 8¢ imiitidialz@blecdar sieve catalyst
det hani zer, a depropani zer, preferably a wet

iclgs.wash tower often referred to as a

depRB]
R

ppaysd tineughG@iecoely Stsedn. Dhidre ag: itk weib khdwe fecoadrs siyltems,
lkkﬁ@'£0112 Var i ous recoverg systens .usefu] for
r EEEVE

| e PSR dtdl oot ERi(8)SePrinse LAEIS) pridnBugying
| bl@ﬂh(sz @b he )ga st 8 cBRicRE MXL&REry RERAY! g%?@r’a\tlgy comprise one or

and/ orbutene are described in U’S" Paten
5m960 06 4 3;onbigitioRatfen vains. sepudlion, 148;tiobatdsR pBdr distllation

0BG Zatm: SPIRor RS roRom ey ons Sucpas Al igsmzens

SmAAfa66% ((ARAPMest NEas 876, oM. arfd, HBdr, @PHatité ProcBREEBICh as
No. 6,121,503, and U. S. Patent No. 6,293,998, which
apldehyides, Hetaicn apdi pstgr mavtreireai(by. Pajent d¥e refitde41),0anti3)ther
: y A [.N er stens, is th

orade ) sABATH N OO EOE AERESIooa B G RGeneers
prefidgeration byst@no du cilsll apalhgr corapressats) aitosk-abO @eué tdr pots,
t he refgrreg prime products. The preferred prime

pad therjie; iNprlingytug; sxamples of these iavys, épBInasgsplitters or

PEARY LBEE alddk Cort ¥PLGAbIYL AV EAdE®one or more of a demethanizer,

preferably a high temperature demethanizer, a dethanizer, a depropanizer,
_preferably a wet depropanizer, a wash tower often referred to as a caustic wash
tower and/or quench tower, absorbers, adsorbers, membranes, ethylene (C2)
splitter, propylene (C3) splitter, butene (C4) splitter, and the like.

[0112] Various recovery systems useful for recovering predominately

olefin(s), preferably prime or light olefin(s) such as ethylene, propylene and/or



for use in derivative manufacturing processes such as

pol yneri zati on processes. Therefore, in the nost
wonefsarémd enbodi ment of the recovery system POE/US2004/028261

recovery systemal so includds a purification system

For exanple, the light olefin(s) produced particularly

in a MO process are gassed through a purification

SQuprsiveHisecriteondd St Baienieler $.969-063- Priodiatant Nos. 5,019,143,
CORs AR NANY §,08§!‘A§I,L{P.@‘. bhiBG SRR 8f pAANLGT RV &8, U.S.
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Null 1§ QSRR STHIER BY REBrendd. Si Ne, phosphine and chl ori des.
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hiPdtHcar bongeraielly assonpanyingmest reeevayry sageny issihe production,
p I.en epe an . : 114 her
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TRICAMSH GBS lisht pletes, sudhnas sjaylghean progiiengyare jymcatlynaurified
1 o, . ' . : y
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allswefdes or theedost prefferedestabmplireent (0f Tae Feavemy sPdbem, the recovery

6,271,428, . . Pat . 6,293, 999, d, U.S. .Patent
AT A6 oinchges aopGisales P &BF SpaPTss o dt oetin()
%}ﬁb&lﬁbeﬂ MRRQIRlyinl TWATPHIBER ArdYadsed Bir&ie pli@idabbn system

picall'y, in converting one or nore oxygenates to
aff iemosps teaw lavgls ofdry-godenthoncetaninantan itingfexamples

h , [ | ) |.ef iall
RPN, e, BB CHTEE gy v
byatpr, @tbietbls, @irtoxfytic Aeids, @thedpd, @ahos dxides Fulfleebriffouinbe such as

recovery %ystens of the invention are reaction systens
fRydregsmasHiden garppry! sulitse pad mseraiansnepR fngd ipsher nitrogen

i far r [ ]
S ke SOOI S 0T SHGL by 0
rigcloder yydysane mndt hideeatbors0ki€] dsn aoetgleasb oukitigntcetylene,

the effluent .gas withdrawn fromthe reaction unit is
rfgggaé]éel}ehg'%ﬂ%‘%n% Xy syst em produci ng one or nore

*1}3@'1430 ar bonogRNtB3EdeRY s§iteR3Mha) inddP PutiicMlA syRems, for
three or nore carbon atom (C3+) hydrocarbon containi ng
sixepia fop thei pudfbivinneit olefihes).Cawe hdesedlessl bon Kirk-Othmer

SO ALLIP 5L COASTRSTRRHy L6t ORF o clpatrr &

BuhsA 1046, byghs0229-bon HANBHM-BHAJ whiidheadNhetdi@ @ddrporated by
hydr ocar bon contai ning streamis passed through a
Jeteseges Pruficaivasysams arrealy drsodbadgndoexagmwle, U.S. Patent No.

6,271,428, U.S. Patent No. 6,293,999, and U.S. Patent Application No.
09/689,363 filed October 20, 2000, which are herein incorporated by reference.

[0115] Typically, in converting one or more oxygenates to olefin(s) having
2 or 3 carbon atoms, an amount of hydrocarbons, particularly olefin(s), especially
olefin(s) having 4 or more carbon atoms, and other by-products are formed or
produced. Included in the recovery systems of the invention are reaction systems

for converting the products contained within the effluent gas withdrawn from the



C4 hydrocarbon and a C5+ hydrocarbon cont ai ni ng

stream The four or nore carbon hydrocarbons include
wouni@nea9such as butene-1 and butene-2, but adi eO€AIS2004/028261

saturated butanes, and isobiatanes. [0117] The effl uent

gas renmoved froma conversion process, particularly a

MIO process, typi.cally has a mn apoun

HGRAHIGR AHBoRHs CHITFTIRG 0% PIRERGELS @593516?# 4t &n%esulﬁ'ﬁé thergAYery

o} # Lgcajbons having 4 or nore carbon atons is
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f our , carbon and hlgher car bon nunber products and
GORBIRY StEEisdRssed duopelit P@O%ff@?tmqﬂg% gpnegpreuginga crude
V@A lh (lﬁ%@ﬁ@oﬁ %ﬁﬁ t | é§+ fo%gﬁ’)oﬁ‘%oﬁﬁfrhn% atr&ﬂﬁ 0ROl ¥r more
syst mprimarily take”lower val ue products and convert
tdaghont lyydine ogi‘t&ms \naadlurh: lpxrtest ctch afbuterochrpl dutenke, Hutadienes,

g%droc bons eteug and butene-2 are used to make
5t uﬁ%‘?ﬁrﬁ‘ IGORWANES. - ar hon at oms, and ot her

gpernal ty chemmabi gaminc%amh{ea cbmwbﬁﬁ@ssl Sart&galy a
to make a gasoline additive, éh-t but yl et her,

kME gprepessi ypicalbl kastd men%ﬂm@géﬁ ydmcahpns haying 4 or more
Cé’lg er&tgrglsl n# oeéftl)’llij(gllle{}ge %Iygr ar%gltl Havrln%%ﬁ C?fnlglop éa? Oel’l Iaf%ms 1S

exa es orf reactlion

SypicANBinl dhCArbisiet %s&haﬂaloaﬂélglﬁﬁper&nﬂ PreferhBly MdssShalPad @sﬁaﬁght
No. 4,774,375, U S. Patent No. 6,049,017, U S, Pate

NJ&E,CGHE{ nzcgv pg@grablfyde§ thyns srpgght gergentpachwpsq\ﬂeferably less than

By M R R B GFSpBtn
Sﬂﬂ"@apmceﬁetexc&dﬁgalwate\fol In $aﬂrticbhr witlf 10 @6nversibi giio@se of

all herein fuII i.ncor por at ed refere 0119]. .The
PBRRIGS ] @]ﬁ w‘aﬂ}??%s apﬁne H SHY© ‘i?;%rﬁ}ﬁ’i[eco&ﬂ’ ifign the

REQASSS SRuSRSES tRREL IR risBy @Efaﬁcﬁ'ﬁ&)bf %ﬂﬂd’e%%sah@/%r Fropylene
processes, are high purlty prime ol efin(s) produc

tandta ooor mgn@%ﬁongcaeb@aarbblmgh@rﬂbéonmmbqn pradugis and other
rmuntgbcqr eater. than 80 percent, preferably greater
t

Mf(&]fﬁlflnﬁé)}{é%rht nor e preferably greater than

qo1v8i ght PRIRER! weBNkhdVaS redefieh afaley fOph@SE tHearecovery
about 99 wei ght percent, based on the total weight of

tspyatem) pHmALilY fake d@wm@aﬁ raspductshprgh cpert {hepy fqnBigher value
products. For example, the C4 hydrocarbons, butene-1 and butene-2 are used to

make alcohols having 8 to 13 carbon atoms, and other specialty chemicals. For
example, isobutylene is used to make a gasoline additive, methyl-t-butylether,
butadiene in a selective hydrogenation unit is converted into butene-1 and butene-
2, and butane is useful as a fuel. Non-limiting examples of reaction systems
include U.S. Patent No. 5,955,640, U.S. Patent No. 4,774,375, U.S. Patent No.
6,049,017, U.S. Patent Nos. 4,287,369 and 5,763,678, U.S. Patent No. 4,542,252,



ol efin(s) are produced in the process of the invention

at rate of greater than 5 kg per day, preferably
wgnreste629t han kg per day, nore preferably grearer/ushano28261

20 kg per day, and nost preiBerably greater than 50 kg

per day. another enbodi nent, high purity ethyl ene

and/ or high purity propylene is produced by the
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t then Jr 89498 kgspgadayi gl e gasepisserade dseaserkthan 2,000,000 kg
pr ef Ly j ' 1.t er _styeam to

b LR TR N A M DR IR ST oo
(EMRglasS) st OdrmcoByngas proceskes; tih @articalaned kokvepsbn patdss of
t%gical syngas tenperatures are in the rangg of from
atfbertySPRRie o ons AdBere olefonds)dn Marrespremel prelssilap sicys gatalyst

| SorhRRitlANE eeifgﬁr W&@ﬁ%%ol&%égc i i@*a%&{hes'l—&g 18- silicon-,

Synthesi s  gas eans are pro from natural gas,
petiasphaows-] amglualdsinaasdurcerihdnde twss desstibed &l forsualnpks U.S.

PR NS ELTd O brantlp, SbRorbaral 980 Efafa Fiptishes
PABHUCS1 9902 PETeWD D8/607T0 PebiRhedAlighd! 239 Q@?l and U.S. Patent

General |y, a heterogeneous catal yst, typically o
copplevatipa SetialcNpaD9627,684 fideshiwy t28d 2004, HUS. Patenh dgiplcation

%%‘%rioai Nﬁ’g 6% 8&,#@% flgelélle%eb%\%rrg 21{;@8@,}( %gleU & 9a€:e%{ Rglgllication Serial
No. 09/785,409 filed February 16, 2001, which are all herein fully incorporated by
reference.

[0121] In an embodiment, an integrated process is directed to producing
light olefin(s) from a hydrocarbon feedstock, preferably a hydrocarbon gas
feedstock, more preferably methane and/or ethane. The first step in the process is

passing the gaseous feedstock, preferably in combination with a water stream, to a



al cohol, preferably nmethanol, often in conbination

wth water. h one enbodi nent, the synthesis gas stream
wako@E/ey29t hesi s tenperature in the range of freoraiseest/028261

150 C to about 450 C and at4#4a synthesis pressure in

the range of fromabout 5 MPa to about 10 MPa is

passed through a carbon oxi de conversion zone to

Y REAS cleroémptmyzy@ﬁ aoeprodwicap riyRHiesis rg8s nisyLgsp streaphi sSyngas

X t.ai njin c o}

%y%cﬁlgg ﬁtl tlgllonwsn tgﬂ(z tt{érﬁc éas {eg‘g)%ef@rﬁ% %‘\f}aa n the range of

ddneaban WIOOT((’} i sbomtl CRORE a&idf@hgas mregstites ukainl the daﬂmtdf ytom
et her, ketones, al dehydes, dissolved gases uch as

D EVIGLAP e ohettid 00 P oSS SroZ B HIHTY RS GERCUCSH oy aetpral
R B L
kmmmmpaiuwasfta cadriyosthgr agass @mterthl,sprﬁferadvﬂy @ynth@eqomsattnem is
and. fr ctl nat| resul tin 0X

Bttt ring a5 b Gty s EfloBRIERR et
AfpiBREN @néﬂpper-r hascaX YAERa 6s Contatedl WithSA r§alMesik gas stream,
purifi'ed oxygenate containing stream optionall y Wi th
dmlc@lry serben dlipxidatand ¢asberomenorids eid hydiogenrtomppduce an

[ t S onpo S b bo

IR Biest Y e chadt o SRS S Ry 0o me

ébmldabﬂhﬁém the spﬁﬂhﬁﬁs paOsEnS at Payrithesis @alpyradhirghin the range of
ol efn(s), ene and/or propylene. Non-limting

é?@d’ﬂrﬁb‘@% 1é9 CE ¥9 Wouht ey Caandet rgeidsys pgesaggsnhﬁéanaerpf from
EBo & PnvB33i03hsut Miﬁ ik a&%ﬁ u%lyhlc)(rb'oﬂ%%(ﬁoc’fo%/@tgloﬁyzone
Perence h anot her nore nt egr at ed process,

dppnmm@émyomnﬁhmbhmﬂMmh@gmwmad processes descri bed

ol ef roduced .are directed t in, on .
jﬁﬁ%ﬁl nent ﬁ%éé?g%g engls gor @P%g‘{?ﬁh%ncrﬁg%é%‘g@aé?if ypically
RioARkE 0 HEBh(QUfjroﬁﬁéty phEfVafsus Sr EdfipddsalPhih b Sthers,
Pat ent gllcatlon Serial No. 09/615,376 filed July
Terticaioly, diwsthoh eiher, fretonen aldshydes; diserlpest gasetisus as Hydrogen
r ef r en%gl‘ 13;02)(3 8 e(i ¥ll O{%I@f,salglb(ﬁ gllssgf gﬁgs’ﬁ? ok%elngt% contamlng

psh@@xﬁ§ safle mEthamﬁomfbltn@tmerr&dw %frﬁ)@fhmdﬂanﬁ Ipasldedrihyough well
preferred is a gas phase, or, a slurry
d@pyfﬂewnzfa‘»@wh PEreshe ditilligee Scﬂpé‘iaﬂﬂ‘% §5ld Tracligngion ofsulting

d o§ énlaﬁél &ﬂfanﬂfl% Rtr lf%f‘ @xar%ﬂl? Sc%mmermal Grade A and

poI nerlzat n processe i'ze ymeri zation
cAahgthinol.h@he oxygehate Icunilmrmmg/stmam arpugificd rmygalatmnta‘imng

t he nol ecul ar sieve catal ysts di scuss

o POy PR Mo BT HER PSS ForpHiaetcl Yapsoug gr more
LhOR 14 §8)eatNat bompbdiidd HRLribyPEHoVETE 8hy 86€BEthe processes
nmet al | ocene-type and” advanced pol yneri zati on

clsaibedt saboaadtonpsoduee s vhrstgodf. pitme prodyeier pampiewlady light
b p nerl t|on roce r d,ab

(ﬁ%fﬁ gg)e &}}% o% g P@eliwy ﬁ\]‘sonshmﬁm% ex%glple% O this integrated
process is descnbed in EP-B-0 933 345, which is herein fully incorporated by

reference. In another more fully integrated process, optionally with the integrated
processes described above, olefin(s) produced are directed to, in one embodiment,
one or more polymerization processes for producing various polyolefins. See, for
example, U.S. Patent Application Serial No. 09/615,376 filed July 13, 2000,

which is herein fully incorporated by reference.



pol yet hyl ene, el astoners, plastoners, high density

pol yet hyl ene, | ow density pol yet hyl ene, pol ypropyl ene
wandspaépr opyl ene copol yners. The propyl ene baseas2004/028261

pol ynmers produced by the polsynmeri zati on processes

i ncl ude atactic pol ypropyl ene, isotactic

pol ypropyl ene, syndiotactic poly ropylene and

APbB3ll ene rRoipioenizabipn pkocgsseh ﬂmé sad;mﬂnymghaw Ghany phase

LA SRS, ol R G0 L BB SV S3F

?@Qﬂﬁ@e of a AuR9pyaRPotahbatieAbab)s br Bibsd 6RTIhE) at least one
po nerization reactor to produce one or_ nore polyne

pfotthichsis cihderd AT PFRPYSHE. ol hessr ROIZMERAILON PRGFSIE B@é%? a
I I

e BORISER LAOR0 b Y LhEUAL! IR Lr i

pnelcerlmedeyrodayatpsts diatusee @howe,e]scsvevsr adheasfptwisgplymerization

poI nerization, ro SS east, one of t

it % Hias S Bt RS pS R osplieng mégppoenc-type and
pid%&%ea%yylﬁé}&aﬁ&i wﬁryétg il QRixRRELIYRbT YRS Wrsqaroduced
support ed netal | ocene” cat al yst system h th
éwbdimh wehymerizhigors @msseeoﬂeﬁm@kll glraigeinghndgl lymar dowt density

es a ort,,a netal e [ oce t
GETRARET I RIREE piRolRhE higf PGt oIS 15w, YRSty
FoMgih@eny, dhdrgirbpderd iafd lfﬁlylﬁb rcb@pol@ﬁleﬁso rTbIHbabtc@ﬂ'lene
thereof and nost preferably the activator is

drageehxeghemers opreyicad Ayt mlxr@ery@nw RIPPepses ﬁWE‘o uﬂéactlc

o LroBy1Bhe C SR Al Re | Gl RHIRE RPrbotfe
qhopﬁanqmanﬂwmmlacﬂd gr 1tﬂpectaxopv1@/rr&>mn pr ocesses, m)r e

etdice, “bulh adertiet AR & AMABAFe BTooR: GHigPEses 2
W&rhgnﬁﬁg grocbésr!ﬁ%he al Rhge Qieﬁfl(sﬁ‘ﬁl th¥ipRsten@CSIt AY Symerization

et hyl ene dichol oride and vinyl chloride, ethylbenzene,
ectal:q}m reysigmi de 2 mlvmcﬂezatnogdm@ply to @redyien| oneadsr Blogd polymer
chl.ori.d ene o acrylic aci,d

FuRgos QBB ThEREP BB SRRy nARRY st RS by coperting an
tdlbdmI Spaﬁ[tiﬂllaﬁlyrfﬁétﬁarﬁﬂ @ifdyd eldsculRi @RYE eaelys composition. The
butyl enes. Mol ecul ar Si eves Catal yst Conposjtions

[ elEepd wolweeization PEsss Had &2y dhrisuBolymerizaion, process and at

i cal d r r

AT R of, BROGERATEIR b MBS b blepRtealPutl ptebeably the
Guiymei$iavion (Dﬁtatybﬁsybﬁ:trﬁrs rasupperédd 1ﬂeballa)deﬁe Aatslyst gttieon In this
according to the ru t he | UPAC Conmi ssi on on
0RO HERIPROF L T {?BP@CEﬂtgb’Sts%Yé%l gomprises a support, a

" hE@{TEMRE K&y Pr?etalggé{ér t‘r\{gg Sco‘hﬂ%uﬁ@ NARCbA Vidi¥a®f dpreferably the

topol ogy of the tetr dral I'y coordinated atdns
wﬁsaﬁot et & mgn-cherdinatingwoiok, orahmmnesomwrdbmtmcmmf and
of

most prefS g%fy tLe activator is alumoxane.

[0125] In addition to polyolefins, numerous other olefin derived products
are formed from the olefin(s) recovered any one of the processes described above,
particularly the conversion processes, more particularly the GTO process or MTO
process. These include, but are not limited to, aldehydes, alcohols, acetic acid,
linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl chloride,

ethylbenzene, ethylene oxide, cumene, isopropyl alcohol, acrolein, allyl chloride,



properties for those materials. Framework-type zeolite
and zeolite-type nol ecul ar sieves for which a

webkowsokerve has been established are assi gned aprCifse004/028261
| etter code and are described in the Atlas of Zeolite
Framewor k Types, 5th edition, Elsevier, London,
Engl and (2001), which is herein full % i ncor por at ed ,Py
pedreleecaxids, genvir adsh-cthyignermgpdsampivbersopnd paylenitrile; and

R A O T
DA ecUIBSietddl CatdliRt Compékitions EV, LOV, LTA, MON, PAU,

PH . RHO, ROG THO,. and substituted.for t hereof.. the
#BEH8m por N%F‘é%*f’l%‘fesgﬁa&% ariougrehentigal, H%@J@?L ﬁg%,ﬁaﬁ‘éﬁf,ork

MehracthibticsMI ‘Iotiohlgé[ll_far dithds R §éélﬂ5{V:eH udigdiflear 6% Eﬂl\l/?T Structure

t hereof ; and arge pore nol ecul ar sieves, ,
R mssion sxfitilss InternabnploZendite Mesasizftion @cherdingdb deuiudgs of the

A S S E S, B ol

RS eddselbd¥Dihe CaonBéctivitg ViRl topdlol Cofl the | titrdldrally coordinated
converting an oxy%enate cont ai ni ng feedstock into

GiterRsrCenstitpting dife TamewopsvandppgkeTn, alispipctiquapt thgEpecific
T M T TAM:
Shprerer P el e T oy et AR Gy foouar

isiewes foromhiba s samctid his ser wotaklithed er® pssign@A three letter code
framewgr k-t ype, - or c i natjon thereof, st.. . .
BRIV 01 OO on hergel RSl i,
1 62U6n, THoBIHIqh 60 B! WhidRYeherih Qﬁ?in@&%brefté@%el\’é%rgnce.

structure of corner-sharing T04 tetrahedrda, where T is
40327 et r ahSdomaliimtingoxavipteatod thesatriodgsulaT kisses are thecumadk pore

TR et RBEr At AR ATIRR B B, TS A
qQHL sAcUDIsK, ©bI, TERE @G0] RKFLhEEV] N@OV,.A.1ar MON, PAU, PHI,
f r anmewor k- t épe characteristics include the

HHQn T HO, randgaibstitated forms dhearfe thea fmredigpe pore molecular
: n h [ ﬁﬂ?i f a&;ﬁ S n SHac

%é%%v\ge}rgtotﬁ e&c:‘:g’g €es. ’Sgg U\?alﬂﬁge um Mef? ’ gﬁﬁz‘? 7 FON, and

Isnbstiated tfoxims thered€odndt the Saige poee anttcFacicves ENGECBAW, and

CORELSS P SO SeRREPd G50 LW, oo
NsbhRe dr ,nﬂ?L,(ﬁfﬁ@)MOﬁ{QM‘aﬂw;%ﬁ SOB! | NoBlitHE ARehpIAr ethe

por e mn? I roma Aring to & 12-ring

ecul ar si'eves have ' o
qrefgrrednerledulanseweskparyipdarly foracqrveftang &t oxygsodicnemtaining

SPrstER il GelRaF ghnile 3EE ARt Tl EROEAL, T, s
el of, MERNMEBRWIOR, MTD, W), TAOVIMIATON: Snndhe. preferred

the nost preferred enbodi ment, the nolecul ar sieves of
tepebodinenis the molensuder sicap pﬁthe invention has an AEI framework-type or a

CHA framework-type, or a combination thereof, most preferably a CHA
framework-type.

[0128] Molecular sieve materials all have 3-dimensional framework
structure of corner-sharing TO4 tetrahedra, where T is any tetrahedrally
coordinated cation. These molecular sieves are typically described in terms of the
size of the ring that defines a pore, where th:3 size is based on the number of T

atoms in the ring. Other framework-type characteristics include the arrangement



si li coal um nophosphat e nol ecul ar si eves, have 8- rings
and an average pore size |less than about 5 A (0.5 nm,
wonefsaredohy in the range of from3 A (0.3 nm POTAISL00E/028261
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4150? 3farapi3, (BeARRGE: N @67@9‘3@\%&@0 WhP4Qio1; %P% or
U.S. Patents Nos. 4,801,309, 4,684,617 and 4,8

(GoIAPsHPatent No. R44a875 (MR0), Eum@alﬁBatenMAEﬂma@@eEBn%O 159
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4,956, 165, 4,973,785, 5,241,093, 5,493,066 and

5,675,050, all of which are fully incorporated herein
woyorsabevence. O her nol ecul ar sieves are descPCiais2008/028261

R Szostak, Handbook of Mdl48cul ar Sieves, Van Nostrand

Rei nhol d, New York, New York (1992), which is fully
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nol.ecul af sieve thro tetrahedral unit, 'such as

[ lfcoalyminerfiosphate Eﬁ@@hgﬂp&@u@éﬁ@ﬁ%ﬁ #yl Bibstilted, preferably
viabieneebdihate Afpon %ngeﬁzﬁﬂ)OsﬁﬁgﬁeEﬁltaf‘ &ilves. FoTP@ X408 aﬁ'eferred
i none enbodi ment, whe he netal substituent has
vaplepider stexee ape W@Bmolﬂtula&&;e\m afid rhétel mebstititad gRAPO

0 tet rahedr al n n -2 and + [0132
Il{ﬁo O%ugar oS r?r%ﬁ? em( %éB \A?‘Sé? %‘%/%ﬁ g?‘?&%lél,fr 198k 1A of
ithe rPefiydief TAthe op. Eemeﬁﬁseaﬁ QUIEBRE | ARR dnahPY¥E. Gﬂoﬁ IIA of the
r epr esent ed t’}/oﬁt he empirical formula, on an an ydrous

digsiodic hible leme}ltmner@ rparth rmgalegérﬁrsulatIHIBeascludmg the
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TR0 ARt Ahomb! ELAIE" Ho8BahARN ShdofTRIR "Hpagum,
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most, preferably fromQ to 0.3
ang lu’?e%gm and s'?candmm or yyttrlum of the Per1odlc Table of Elements, a

transition metal of Groups IVB, VB, VIB, VIIB, VIIIB, and IB of the Periodic

Table of Elements, or mixtures of any of these metal species. In one preferred
embodiment, the metal is selected from the group consisting of Co, Cr, Cu, Fe,
Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. In another preferred
embodiment, these metal atoms discussed above are inserted into the framework
of a molecular sieve through a tetrahedral unit, such as [MeO2], and carry a net

charge depending on the valence state of the metal substituent. For example, in



y, and z represent the nole fraction of M Al and P as

tetrahedral oxides, where Mis a netal selected from
wonesmke2oup 1A 1A 1B PB, 1VB, VB, VIB, VPCBUS2004/028261
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2%@% %§ gre%‘%ég GhatPor é@ Sﬁpﬁoﬁﬁe’r eﬂbpg%nﬁml naqs greate]r than

even nore era |y one or a co
IAP® aihut AP BéaterAhRD Batmnd AR PG ik in tendngedfirom 0.4 to 0.5,

i ni | her eof
oI QB TR O A oot BT aReLambe .45 eh Al 9.

qu’ffb% U@ﬁ % 0909553&6&@91 5.8l ahis BbAMES td fisr eof .
Optionally, the nolecular sieve is selected fromthe

ol0d33 consVer-limging cx8ARGsL, SARR an@AdlPQ ol eniuiur sipves of the

ORGP por BTG 5681, SRS Mo, swvor

S1¢; SAmD-4! BRSPS ERay APODD, SNHO-3C,COAPONY, IIARMS 5, SAPO-36,
present i nvention o tlonafly contain nol ecul ar _si eves

sABRIH SAPONQ, PARY-GlipS £BRH2s BARG-4 ((ERAPtent NEABG68,415),

RS BRI A@ﬁ@% s LEhTs ﬁu’@ﬁ 0 46PORlpcl FrO-34

'SAEBD4D, ASMDB44AI_B@3¢B 4ahd 1HARCe&fiainidgl héldéular sieves thereof.
I]%p&rag)ﬁ p&lqu atrﬁggfg 2; ?e!lencltgdg ﬂgr?lrtﬂg g}roql%rconglstmg 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, SAPO-56, the metal containing forms thereof, and mixtures thereof.

The more preferred zeolite-type molecular sieves include one or a combination of
SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34,
even more preferably one or a combination of SAPO-18, SAPO-34, ALPO-34 and



and m xtures thereof. [0135] In an enbodi nent, the

nmol ecul ar sieve is an intergrowh material having two
wonroosredi stinct phases of crystalline struct BCEAS2004/028261

wi thin one nol ecul ar sieve 9onposition. In particular,

intergrowm h nol ecul ar sieves are described in the U S

Pat ent Application Serial No. 09/924,016 filed August

ALROY S, andmeaiconminias nsem1as sisves thetpoAsind mosg prefgaigly one

bot h of , whi.ch ar, i f | NG :
iRt sPSRHTEE B Brkel AARE! Shrriigp pptccule
?@aﬁes &ﬁerﬁ&ﬂ. fOptieiatly K ﬂte% ﬁﬁ).leoﬁ{)h(ﬂ dmﬁéelﬁasd atj‘r(fﬁ'rlﬁtlhe group
ramewor k-type. | n another enbodi ment, the no) ecul ar
quE%tlwfp%@ﬁ%é‘la@w il OB togg %«Ri?fpaﬁé‘sfem&fm @freof.
ﬁﬁ%@'ﬁ f r’fl’l@%ﬁﬁft i b¥itERs tllt?art g% gfr@c}i’édf/ tol 16 sRLLEBEA separation

si eve has a greatef anoun ramewor k-type to
Amlit icandingrto- theppresamdinventeonp opfieradlyl yorttiie molegnlar sieves .

rafio .o to AEl is. .great X I e
GRSt et e g0 by Tonth o CARDan SRS, ShtEL 14 §4PB%16.
K 2VE-172t SANO 8C WRPSi)L 0PAPO-ITEASAPOBAISE ABOAH, SAPO-36,
Attrition Rate |ndex (Ahl%, nmeasured i n wei ght percent
SABDYS: HORES (3 ATO1: SARG-4or SABQrd, ARAPDAT, SABO-56,

AL AR b SO aY rB TRORR b Go 0o

nindmeiR&réstherebfir dened steel attrition cup.

/}ﬁi}r oxi mately 23,700 cc/mn of pitrogen gas i s bubbl ed.
tIRUgh a eesnbesimantnithgmolasslossiavs 17 i Biqrgrop material

N RIS or-l;ﬁgrevéﬂtiéﬁ{e ﬁé%g§8%8§§t§ﬁﬁetsﬁﬁ&\i&l§ Wiftn one molecular

attrition cup, an its the attrition apparatus
tdievewgmpasipon.olispariihgar, inhérptovdh nibesutar eiev egarnidesaoifped in the

t fi L cl i t I t.i
Janb e Srntisaten s e R el Sup b r i T o
SEPEY Bk ablidhed FApe 16 21 9Bisy Béth RAkhidH £8 h&reﬁmuupsncorporated by
ni trogen that exitsthrough the thinb The fine

t e- 1
paferénsees Foenstienipty SAPORES, t ALROHES reaagr BEMt18: have an AEI
cat al yst .conmposi td t:hat _ha Kk ) ou
ai?etmrl? Oiroﬁyperh%ndnié%gg fhla gwg p@é{g‘l (r:iga r 566 t hegll? another

adribddiment, thepndlecul@i sidvai doabrikey atlledsoutie intdrgrdwmplsase of AEI
collected in the thinble are renoved fromthe unit. A
e CHAMBRBeY arkthess. prederaplydhe g KV d1as agtpatpramount
: CELL] UBit ] . ] | 1ianal 3 |
A SR PR U6, ) 0 Bl o e
Tihto bf OEL\ A EkEis tigeshtarthanhielt hi nbl e are recovered. The

SRRV T ol WAEOFRLEL 8 A LB SL T R v
| Dty RBmpbsifib & Reidukdd &nglhy iAd@RioR )R 4td grdRk | (AIRTRI measured

amount of “catal yst charged to the attrition cup
drpweighteperoent patalysd womipasitien jagiritddepeariouri PAREBjig kteasured by

]E) ag'ﬁcm%ng,_o%egf ge%glryst( \é\grilpg/sdltlilorl) ha\ﬁrl?lg ai %arrtl%férs es?z%”?ﬁ%h@’ flIOlH‘le 53
microns to 125 microns to a hardened steel attrition cup. Approximately 23,700
cc/min of nitrogen gas is bubbled through a water-containing bubbler to humidify
the nitrogen. The wet nitrogen passes through the attrition cup, and exits the
attrition apparatus through a porous fiber thimble. The flowing nitrogen removes
the finer particles, with the larger particles being retained in the cup. The porous

fiber thimble separates the fine catalyst particles from the nitrogen that exits



ARl = C/(B+C)/D multiplied by 100% wherein B is

wei ght of catal yst conposition left in the cup after
woOhersakéwiti on test, Cis the weight of coll ecped/uSeime028261

catal yst particles after tha first hour of attrition

treatnment, and Dis the duration of treatnent in hours

after theflrst hour_attrition treatnent. [0137

dheughtiboithimbte. The Wﬁl@éﬁlﬂl%ﬁ regiaiag dihg %mble %epgregent the
CAPRAS ichin $BBsifiln [iie %@}cﬁgss b %510 %ttﬁﬁﬁx% 43 MEbgen flow

conposi ti as an wWel g percent per
hessing fredgr thblattrities sup h;amamﬂum foht hoer.c&ht fines cdibpared in

re preferably | ess than 5 i ght percent er ho
Th Bl fsembed Spab i valse & Ady BEEF ghefGeindlips. The
RfaLI® Whi indRdatiRfdn RHiEk aftakl Yol Ssiditiarl 3 h¥ek dktder the same
percent per hour. In one enmbodi ment, the nol ecul ar

ﬂae\tbvc and mpstture dﬁrﬁb‘s i tT h@ fines célbackadl iat the thivthde atearecovered.
V&Hﬁeaﬁgn éf tﬁga (A% R:hegﬁsfc’ap eﬁ%sysjc}}% tthhe leaarf’%(f2 tl? first

ﬂﬁﬁl@ ard wﬂghech OUke aBiir ip rg@efrﬁsr abﬁﬂe f)ﬁmmeﬁldﬁkiﬂe(pbﬁ&le original
wei gh Eercent per hour to |less than 3 wei ght percent
paéwwbe catalysf Ghaeged ip élfee@tgmoyl FUPFHPEIS ARG Oropmh% ibg#s 1s the

hou r. REH twej@g]pg%er s%nsﬂogf %‘g‘tf cﬁa ﬁra)rz y&g{ ?{l{ep ?eﬁ'él?tgg%zlﬁﬁé \f\? qnlula'
r&Rbgni @/eB{rﬁ}a(D meudypliceld ibyi ¢6@%pneharey Be isadaghito of heatalyst
resent on W [ hout de arting fromth
2%9&1@6161&@ 18 Oy e GBS ohe 516 bigGusbidietied fine
Sllst B%cfé@ %ﬁbﬂh@&i@sﬂﬁ%ﬁ%f 5101tRR tidatHsdtr 8id v ¢ QB! dirad of
shou not be taken as limting the i nvention, which

|tsea&e¢ntmehow§f afterghe Grst bwrrﬂjtrktlloautmmnm VS Ve d ai m

cessfor selectively '
92?? cles IPrO&% &é t th%)}g? ?H elcﬁtaﬁ{]g c¥§lgc§lFl%r}1 or
Stpshelated Qﬁ(ﬂéhﬂﬁ%l@/er@%}ydt @Bmpesition aaﬂ S AR dedstfaiz 0F &veight
optionally a cat al regenerator, optionally a

csresny Ber hogh negersh ]675’1 thafh AP Weight patcantyrer hayss pepe preferably
tIP& tH{lr? ? f]g}ﬁ %a ¢ g{l@%&%ohp ©nd leFBF nﬂ)fre eﬁgralgl qgﬁs”ﬁﬂar@Z weight

ura articles intor act
ZeenaEnt ()é:r)hoa:lnrahdamosn grefi¢reblyllessahart  wefght atabnytgter hour In one
particles n the reactio

ith eedst ock zone nd r
P dets ther e Beti6E ke Saabar PomposERs b Sorhontied Ascifoular
thef @Bk 06kpb St REUSE ARTGA i faBEd bf‘ﬁoﬁﬁ @%!gh@ BeRbnt per

the plurality of catal yst particles fromt
hour to less than 5 weight percent per hour, more preferably from about 0.05

weight percent per hour to less than 3 weight percent per hour, and most
preferably from about 0.01 weight percent per hour to less than 2 weight percent
per hour.

[0138] 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.



reaction systemto a separation unit, wherein the

portion of the plurality of catalyst particles has a
woizomst026mdi an particle dianmeter; (d) separati ngCrhs2004/028261

portion of the plurality ofs2catal yst particles in the

separation unit into a small catalyst streamand a

| arge catal yst stream wherein the snmall catal yst

Q&gﬂﬂﬁhas a second nedi an particle diameter |ess than

the first median particle dianmeter, and wherein the

IWedgdainat al yst stream has a third nedian particle

di anmeter greater than the first nedian particle

di aneter; and_ (e), directing, at, | east a portjon of the .

drral | e &Fosesssior selpdiyiln ranlow@grlé%tqawsg%lﬁe#ﬁ fipm gpgaction

proce st@x?a, C\L/ﬁérgi‘nl theEIBLR Lfifent CRANAHsEO N UBhdtiohS zone, a

sel ectéd tromthe group consi'sting of: a cyclone

separ atisngaging ebid, ioptionadlyse lcatalyst tagensratandopdionally a catalyst

classifiger. 3. The process of.claiml or 2 wherei

Che spalherd aptrnD ot Slripeg o Puess S uiad steps

separ gjfor . 4. The process of claim3, wherein the

counter-fl ow cycl one separator is tunable. 5. The

proced8) of faeAnoe rhurdity pbessdlysigarticdesrinto thiveaaetion zomep
g ! DEE For .
(d) thtgfr ! Sc%ﬁta%?{%@é&o’ll\%gltlwﬁ c@%’i;@s{tj thlgfes Rxﬁ@r&)feléﬁﬁbé ei;ﬁ the

of cat'al yst par a tur I'Zi'ng stream un
condi ti ons reidiieait tone wutdek oronditioas seffdctive abd atopstrt Sitr asn a
and the large, catalyst stream 6. The process of any

of the pred®BiMPIP&IRESORNOMEPH St ep (b) forns an at
| east part 'cﬁfe,l:ﬁfnéjﬁ%}ﬂid@%?%ec?f_uﬁi(lgftof dalBysPHARARES from the

further” conprising the step o regenerating the
at | east paridtiahlsystdmatt b \wapadiioaualtywheiem theeportion of the

catal yst regenerator. to formthe rtion of the .. )
rural ty oroggyareehupefitk b% sl lflbat iR giametr
conpri(@gs @e%s&@ﬁﬁglqletmﬁm of it pRiralith & fRlathl gtk iphdticRs in the
catal yst particles fromthe catal yst regenerator to
t he separ atsepayatigii pmit ntoTh smaH oeasd kst gitregmyansha lae catalyst
clainms 1-5, rej f :
partially cfgac i \%’g\]t@ree?ﬁ glg é\ﬁélsltc%fﬁséasgf%%eﬂéagaﬁ?tﬁ?%q%lgrmedlan
conpri si ng pgaRicls URnetdr:ledsathass thid first ngedidnepaticlk elwheter, and
partially deactivated catalyst in the cat %I gst ) ,
wherein the large catalyst stream has a third median particle
diameter greater than the first median particle diameter; and
(e) directing at least a portion of the small catalyst stream to the

reaction system.

2. The process of claim 1, wherein the separation unit is selected from the
group consisting of: a cyclone separator, a settling vessel, a screen and an

air classifier.

3. The process of claim 1 or 2, wherein the separation unit comprises a

counter-flow cyclone separator.



stripper to formthe portion of the plurality of
catal yst particles, wherein step (c) conprises
wdai2o@soé2eg the portion of the plurality of cat ®Cya1s2004/028261
particles fromthe catal yst33stri pper to the separation
unit. 8. The process of any one of clainms 1-5, wherein
the process further, conprises the step of: (?) cooling .
‘heat B Prcaisyl clgim 3y cTheT§IR dhe crBnteHev o g steemaly 1s
the capgiy(st cool er, wherein step (c) conprises
directing the portion of the plurality of catalyst
particles fromthe catal yst cooler to the separation
it. A proce for. selectively .remoying | ar .
it ai R BRFES Gy ARF 2o stion: ShiiGy SHeh ARG FopRses
react | a2 el CHSTHOA SES tike @G0B ZOMfystaparticles with a
di sengagi ng zone, optionally a catal yst regenerator,
opt i onfEuizimgcsreamyeides sohdifionm affegitve daalorny the el gasalyst
stripp t [ S .5 Ng the steps of: (a)
feedi nsglre%mp grﬂg gf%% %ffa%%gpﬁa@ét particles into the
reaction zone; (b) contacting the plurality of

catal yst particles with a feedstock the reaction
Jone. UHRFSRTORTTHA @NB S Uit ITEcAd g 1A SYhFERtR Sigp (bbfpgms g at

por ti qpaRhalifif fd@féi’ﬁ%t%&‘& LR sP RIS ess HIRRS! é&n‘%p?l@' the st
pl ur al i%yfpgf c}a’tta yst pa?t %’Fes fglg)rr%slrsi ses cat ylsntg © 5P
fines dnd catal yst non-fines; (c) directing the

product. and _the pluralit f alyst. particles to th

i senddl ngesgeingdse YidastpaGrlnate iyt by aniit sy
t he di sengagbédrAONS foMh HeSlotidhef BE ity of Eﬁtﬁ%@’ﬂ particles,
conprises at least a mpjority of the product and at

| east a porvhaspinstep: (¢ cempagoey siregtingthe pogjondefthe plusglity of
at least a nmmjQLitV. t - fines . fr .
t he di sengactgg:flglr%gSE fg}rﬁt éC?{Soﬁ{}%e&r%e%ﬁ?% nlgg%lr? 5%&)1](1?(} tﬁe ge'Baratlon
directing amportion of the plurality of catalyst
particles fromthe reaction systemto a separation

zone, wherein ,the portion has a first nedian particle

di amet Bl nl8dss %ﬂéﬁfl 3ht :?)9 cldifs A%, tviflﬁ)é?%}hgsteitpg@& $ERN A hiOfdast

zone i'nto a small tatal yst stream an e catal yst

st r earpartiilyrdsiactivabed @tmyst, tbapmcystfushar ceamphisisg thesseronfl

medi an(ajaar tsitr(i\;l)p(:'\lnf,g it&rrgtt ﬁgstlp%%?alfyhggac%il\?a%eé icgtaltyst in the catalyst
stripper to form the portion of.the plurality of catalyst particles,
wherein step (c) comprises directing the portion of the plurality of

catalyst particles from the catalyst stripper to the separation unit.

8. The process of any omne of claims 1-5, wherein the process further
comprises the step of:

(a) cooling a heated catalyst particle from the reaction system in the

catalyst cooler, wherein step (c) comprises directing the portion of

the plurality of catalyst particles from the catalyst cooler to the

separation unit.



medi an particle dianeter, and wherein the |arge

catal yst streamhas a third nedian particle dianeter
wgnreste629t han the first medi an particle di amet eCT/uanm4/028261

(h) directing at least a padtion of the small catal yst

streamto the reaction system 10. The process of

claim9, wherein step (h) conprises directing the at .

1%ast A Ppsess o selectiviely whipvineclatag Grialyss pridigles tfipm gaeaction

i senaagng gongy (SRS Ghlited o RELRN zone, o

step rises rectin east a portion o

t he sridengagihglzynd, optivedln 4 catahst repradraton @mivmallyl 2. catalyst
The process of any of the preceding clains, wherei

the t rﬁOPg*f ﬁ%@ CRACHAY 1 %%taéygisgﬁ"é’teértg? TSy %E’%HHSE%E}F steps
100 migrons. 13. The process of any of the preceding
clains, wherein the second nedian particle dianeter is

| ess t(han dbeding 4 Diratity pbeatalygipartithes iptodhe ssaciodn zamg; of

t he precedi ng, cl.ai o8, .wher ei e.first nedia .
part i c(g di Ca?ﬁ{é"tcé?g ﬂ% Rl?rgﬁ,{ya%fgc&ia %g(t)p?%lcgeﬁ &}& i% dstock n the
m crons. 13eadoRr 26iRs Gnde@r conaitRb i sfedcyive apDydnvert! &r Bast a
catal yst particles froma reaction system wherein the

process corsriigeaf thefoedstagistogrodyck)whsreiyiths plyradity piaagalyst
Brttes _ _ ; . ! ’
her oi 1t n et tog iR SR Ihel PR AR RATREN%, o

a firqt) mredlimotipatid ploducti sadethe plurakity othentayst faitécles to the
first plural.ity of catalyst particles conprises
cat al yst fiHEE22PE 2t acting the first plurality of

cat al yaj Pafitiuglees eMhdht durlRLABHOGK diié%néffgt% £l WhBrein the
zone under conditions effective to convert at | east a

portion of effleerftstrdan sokptisespt dehst & majerjtydifitee pradycttdnd at
first plurali of. cat.al ys rticles fromthe '
reaction zglﬁ%st[t)‘{goglo&ioggt?%%&lﬁsgﬁ?Ssne; (d) renoving a
porti qe) of diketif@tadllyst af mARSItY lo@NhE Natayss ald@aftieddfrom the
zone under conditions effective to forma second ‘
plurality dilsqglgﬁgpgg@neﬁarthq EREYN 290€he di sengagi ng |
zone, er ei:n .1 S | i .

parti c( es hcgfskcgﬂg gclgo‘ri}/g&gné)g itﬁﬁgglﬁ?] gfe&%flgsltné)t% Q}CICS from the
gr eat er t hamadtiva sfstemtto aaelpaantiqnazcni Clvierdinghepention hey a first

directing a partion of the second plurality of
catal yst pdPtdiet patiplegigmeter;

(g separating the portion in the separation zone into a small catalyst
stream and a large catalyst stream, wherein the small catalyst
stream has a second median particle diameter less than the first
median particle diameter, and wherein the large catalyst stream has
a third median particle diameter greater than the first median
particle diameter; and -

(h) directing at least a portion of the small catalyst stream to the

reaction system.

10.  The process of claim 9, wherein step (h) comprises directing the at least a

portion of the small catalyst stream to the disengaging zone.



the reaction zone or the disengaging zone to a

separation zone; (f) separating the portion of the
woeeandeohural ity of catal yst particles into aremaisk004/028261

catal yst stream and a | argescatal yst stream wherein

thesmal | catal yst streamhas a third nedian particle

di anmeter |l ess than the second nedi an particle

dHarret Bhe prress\istadmr?, thsraimpige (Batoamsyises dirpcsingm theaat lgast 2
fourt gpdlﬂﬁgb 8RR a:ll“t%ﬁl | QPGESD B 1%36th11> %og,%” the

secon Ian part I amet er; recting at

| east a portlon of the small catalyst streamto the

r ctl stem _16. proc SS f claim15, wherein

t o 8105 T PhERY &gﬁg? Piedipger! dpisp vherelg ghe third median

roni € %drﬁaehth@ne‘i&q%ﬂeg@%cﬁﬁ 10@kditehe di ameter,
wherei'n the nonitoring optionally is performed by a

| aser scattering particle size anal yzer a Coul ter

count evic or d er i ni, rate of sedi,nentation,..
ofa ohs BRSO e AR 85, Vpe B REE fhuian
cl ai m gdeticlelaemedtsr i618PthaR hbdis 106 sHO0EE Ve L0 a

determ nation in step (h) that the second nedi an
particle dianmeter has exceeded a predetermned limt.

18, T | B | B
T ¢ TaP BRESES P Enf ' pheccl A, \BEACEL ! Bt
mcr onlsartldledlanwrosﬁsm dbont @etoeabbutvElOymicesmsyi ng smal |
catal yst particles froma reaction system wherein the
reacti on system conprises a reaction zone, a

di 5 eNgAGAGsE RIFGeclelRbdlP E@illdv)fngal St ﬂaﬁgﬁ&eﬁrﬁh Qtrreactlon
optionally a catal yst cool er and optionally a catal yst
stri ppestent, h‘élemmd“@ssomhmmaqgthers@epstoéps of : (a)

eetingya Phatehis X 8l SRR SE Bl SRR B lfon o

cat al yst path:r@ineﬂleVﬁlﬁth larzﬂleyedﬁk@tﬁlyst PartibRs MAAG! fil®N median
zone under conditions effective to convert at | east a

portion of R¥HHEClEedi@BIclEk 2nd Wherginctthe (fipt lyalityi 9 eptalyst
portion of Clg;t &Ulﬁ;%ﬂste%é%gl Lyst particles from
0

the reacti ase aralon unit, wherein the
porti aib) of d:dmeEacphg tied fiitstyplofalityad fdayed st pamt]bles wath dfesdsock in

first nedian particle dianeter ) separating the
portion of éeiﬂtlﬁpaziof“? Yaneial Q?é’fié}%%te?%‘éﬁl‘fq [ Ever & east a

separation Iggpugn bIhe féedsioBk to HBE@yst streamand a
| arge cat al yst

(c) directing the first plurality of catalyst particles from the reaction
zone to a disengaging zone;

(d) removing a portion of the catalyst fines from the disengaging zone
under conditions effective to form a second plurality of catalyst
particles in the disengaging zone, wherein the second plurality of
catalyst particles has a second median particle diameter greater
than the first median particle diameter;

(e) directing a portion of the second plurality of catalyst particles from
the reaction zone or the disengaging zone to a separation zone;

® separating the portion of the second plurality of catalyst particles

into a small catalyst stream and a large catalyst stream, wherein the



stream wherein the small catal yst stream has a second

medi an particle dianeter less than the first nedian
woaodsicé®idi aneter, and the | arge catal yst streamusam4/828261

third medi an particle di anmgser greater than the first

medi an particle dianmeter; and (e) directing at |east a

portion of the |arge catal yst streamto the reaction

system 20.snPHlecal i é@%a%hasa%@“@fm?ﬂén prigielegiggeter less than

cl ai ms, wh | 5
and the pr gg%%%om ?nefi ?aglg)%hﬁ’%%ltg Hlo ef| ns. ﬁ%ilﬁ)%gﬁp%g%éaslya
for mai nt aishiemg hascat muythtmpcaamWrakteclsuhﬂnetestgredwt than the
in a reaction s m erein the ocess conpri ses
t he steps ogtecmldé)“ %P’?B@Tlf’lﬁéhaén?t?r %‘E‘{ plurality of
cat al ygj Pafitd-Ghe St N8kt ATpéttibh et th@EQhﬁP c%wst Glr€am to the
di aneter fromthe reaction systemto a first
separ at i on rzantien Symmsepar atl ng the f| rst plurali ty of

al yst partic r,st _smal atal St .S
o e B ol Py By o R B Rl B o
smal | (gpt a|rh6ﬁ1tc§irfgeﬂ{6 Resna median dpzﬂ"ﬁéilleaﬂlaﬁﬁ[drl GilRrein the
di aneter less than the first nedi an partl cle dianeter,
and wher ei rinetormereptionallyyés performipd: b prlasgn walerig particle
third nmedi e e rot
ol an' par (] Bttt SRR FoufboRefe HPReloRTiriA She of
portion of setendntatioh, emmmbchaaical sesdenstgrdeaivel nto a
second small catal yst stream and a second | arge
catal yst stream wherein the second small catal yst
St eanTH@ﬂ?ro@esE 8¥tlalin 'T%d{x/ﬁé}efﬂasrtéﬁ ?3') S féb}%’ﬂé{v%rto |ae(fe§ertn|il§arﬁon
the second nedian particle di aneter wherein th
secondn] ﬁergéh):alnaélty@tsesorrdeamdiea%spa'tlﬁlef ﬂhmeéemlaae exceeded a
parti clredg?arret md’ eater than the second nedi an
partch% and (d) directing at least a
portion of the second | ar ge catalyst streamto the
reacti on system22. A process, for maintaining

cl al yEie nyagass ef elaigp 28 ‘ulnegelflutwreéefemned ¥1@§clﬁ beween about
syst emgg %fo?fs'&n?!a Lﬁrﬁ?ﬁﬁ@ro grrprl ses the steps of:
Irs

(a) directing urality of catalyst particles
having a first nedian partlcle di ameter fromthe

e9aCt IX ?)rdc’ ess tf%gnsctelgctgfew rresﬁ'}ov?ne sma ca%ﬁyst partlcles from a reaction

system, wherein the reaction system comprises a reaction zone, a

disengaging zone, optionally a catalyst regenerator, optionally a catalyst

cooler and optionally a catalyst stripper, the process comprising the steps
of:

(a) feeding a plurality of catalyst particles into the reaction zone;

(b) contacting the plurality of catalyst particles with a feedstock in the
reaction zone under conditions effective to convert at least a
portion of the feedstock to product;

(©) directing a portion of the plurality of catalyst particles from the
reaction system to a separation unit, wherein the portion of the

plurality of catalyst particles has a first median particle diameter;



(b) separating the first plurality of catalyst

particles into a first small catal yst stream and a
woi20mst0262a8 ge cat al yst stream wherein the firspCcsmsbkdo4/028261

catal yst stream has a secorfd nedi an particle dianmeter

| ess than the first nedian particle dianmeter, and

wherein the first |large catalyst streamhas a third

medi afd)par semprsging thagtostiony® theepluraisn of lsatalyist pertigisgiiaribe

particle dianmeter; (. separating,a east rtion
of the fir §?Pa|r%ﬂ0§1e“%§%f§f’ fn@g rCS%}X# ﬁkrgar% @gcgiaa%% %ﬁﬁa}yﬁ
catal yst skrean ahereth SRCONAI lcata8t catah Bk & bédadimedian
wherein the second small catalyst streamhas a fourth

medi an par Prgicte dipmeter dess|thaps thenfst piediap martérlerdimmeier, and
particle di , It cong: :
cat al yst sttl?égziﬁggfgﬁag%% :’Lﬁ?ﬁﬁn@a& gﬁthggr%@gﬁaléaﬁl aﬁ%tdel?meter
gr eat er t hapeatdrehdnhthe frstrachidaan pastidie diamethreamdt er ; and
(d) directing at |east a or.tior% f the second small

S

catal §Ot sOFEGHA 8t 158t ARREHPDPTs Pt large Sdalysgream to the

process of apvioREvdidis preceding clainms, wherein the
plurality of catalyst particles conprises a nol ecul ar
sieve selected fromthe group consisting of SAPO 5,

APO- SAPO- | |, . SAPO- SAPO:.17, SAPO- 18, . SAPO.2
Apo 3 BiRpes 30! Tahoes Jis PERINS solip i eing ot stock
SAPO- 43mpHéRantbiky g SRR m#dhe SR 146mpBRR g olefink/ CHA
intergrowm hs, netal containing fornms thereof,

intergrowm forns thereof, and m xtures thereof.
21. A process for maintaining a catalyst particle size distribution in a reaction

system, wherein the process comprises the steps of:

(a) directing a first plurality of catalyst particles having a first median
particle diameter from the reaction system to a first separation
zone;

(b) separating the first plurality of catalyst particles into a first small
catalyst stream and a first large catalyst stream, wherein the first
small catalyst stream has a second median particle diameter less
than the first median particle diameter, and wherein the first large
catalyst stream has a third median particle diameter greater than the
first median particle diameter;

(c) separating at least a portion of the first small catalyst stream into a
second small catalyst stream and a second large catalyst stream,
wherein the second small catalyst stream has a fourth median
particle diameter less than the second median particle diameter, and
wherein the second large catalyst stream has a fifth median particle
diameter greater than the second median particle diameter; and

(d) directing at least a portion of the second large catalyst stream to the

reaction system.
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22. A process for maintaining a catalyst particle size distribution in a reaction
system, wherein the process comprises the steps of:

(a) directing a first plurality of catalyst particles having a first median
particle diameter from the reaction system to a first separation
zone;

(b) separating the first plurality of catalyst particles into a first small
catalyst stream and a first large catalyst stream, wherein the first
small catalyst stream has a second median particle diameter less
than the first median particle diameter, and wherein the first large
catalyst stream has a third median particle diameter greater than the
first median particle diameter;

(c) separating at least a portion of the first large catalyst stream into a
second small catalyst stream and a second large catalyst stream,
wherein the second small catalyst stream has a fourth median
particle diameter less than the third median particle diameter, and
wherein the second large catalyst stream has a fifth median particle
diameter greater than the third median particle diameter; and

(d) directing at least a portion of the second small catalyst stream to

the reaction system.

23.  The process of any of the preceding claims, wherein the plurality of
catalyst particles comprises a molecular sieve 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, SAPO-56,
AEI/CHA intergrowths, metal containing forms thereof, intergrown forms

thereof, and mixtures thereof.



