WD 2005/ 026294 PCT/ US2004/ 028261 1 SELECTI VELY REMOVI NG UNDESI RABLY SI ZED
CATALYST PARTI CLES FROM A REACTI ON SYSTEM FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to processes for selectively renoving particles
froma reN0I2895¢2em More particularly, the present i REHUSWAIBREies to
~sel ectively renoving undesirably |arge Yand/or small catalyst particles from
an oxygenate to olefin reaction systemin order to naintain a desirable
catal yst particle sjze distribution therein. BACKGROUND OF THE | NVENTI ON
[0002] Light ol efi n§,EIeE€H¥E%B§M05@N& ENERIRARL Y SLEDQ e serve as
feeds for the prodGatiAgaYST BAREIGLESIRAM A BREAGTHONSYSIEM, i onal |y are
produced by petrol eum cracki ng. Because of the limted supply and/or the

hi gh cost of petrol eum sources, the cost of producing olefins from

petrol eum sUIEIDs OMEHE ISVENEONt eadi | y. [0003] Oxygenates such as

al cohol s, part‘igjul arly nmet hanol, di.net qyl ether, and ethanol, are

al ternative [PR&dst ocksTheopresssg pHeaHOR r§l3fRs WrPTPresses for eslevitvely mWmQyRs s may be
‘produced by i S ' I : | gas,
petrol eum | i%aﬁtlf(g%?ﬁcar %ﬁ%tggeno%?rgpé@e{t ‘éﬁrgﬁghﬁ}l%??hgl?r%g%ggﬁvgﬁé%lgg%l&e{é@

pl astics, minisclepidelyeaheding andesipabbr Bege androatsenalladatalPs qasdenfroinhgn W de
variety of sources, alcohol, alcohol derivatives, and ot her oxygenates have
prom se as @FYSERHMMiodelin TeRSHOD SYFIET iimOkdsE rie empatp | 2 dpsirable @dlahsbn.

[0004] In a olafin (OTO reaction system an oxygenate in an
oxygenat e- cgjr?ﬂg%{%ﬁ%g&]?tergﬁg%?i nghc}'nt acts a nol ecul ar sieve catal yst
conposition under conditions effective to convert at |east a portion of the
oxygenat e t BACKIGROUND O THE ENVENTKON| ded from the reaction systemin a

reaction effluent. As the feedstock cgontacts the nol ecul ar, sieve catal yst
conposi ti ond082Ihi gh Vdenelelny dofingd diseery @f sHIane sangdneroprigBe. sexte ahe

feeds for the production of numerous chemicals. Olefins traditionally are

produced by petroleum cracking. Because of the limited supply and/or the high
cost of petroleum sources, the cost of producing olefins from petroleuin sources
has increased steadily.
[0003] Oxygenates such as alcohols, particularly methanol, dimethyl ether,
and ethanol, are alternative feedstocks for the prodﬁction of light olefins.
Alcohols may be produced by fermentation, or from synthesis gas derived from
natural gas, petroleum liquids, carbonaceous materials, including coal, recycled
plastics, municipal wastes, or any organic material. Because of the wide variety
- of sources, alcohol, alcohol derivatives, and other oxygenates have promise as an
economical, non-petroleum source for olefin production.
[0004] In an oxygenate to olefin (OTO) reaction system, an oxygenate in
an oxygenate-containing feedstock contacts a molecular sieve catalyst
composition under conditions effective to convert at least a portion of the
oxygenate to light olefins, which are yielded from the reaction system in a
reaction effluent. As the feedstock contacts the molecular sieve catalyst
compositions at high weight hourly space velocities and under 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



tenperature and pressure conditions, a portion of the catal yst conpositions
can shear or break away, e.g., attrite, to formone or nore snaller
catalyst attrition particles. Some catalyst attrition particles are very
small in size and are referred -2- to aszcatalyst fines. Due to their
relatively high surface area to mass ratios, a portion of the catal yst
fines in the reaction system nmay becone undesirably entrained with the
reaction effluent and exit the reaction systemtherewith. Conversely, due
to their rel@tisvahalydtofinessur Daeao ahaa relativelghiglaburdse dras g6 masariatiobes tend
to be selectively retained in_OTO reaction systens. The sel ective retention
of larger pearipelofsthe scatalysti Bogsam fhe rpacdBn efysesy miyghespma mndesieaply

resi stant particles. .. 10005] Th L.l of .l arge ¢ | yst ticles in an
OTO react | pne’gvglegm’_w“ar ul %gn?&oaﬁhalglsgﬁ%b _ét g{cf ge@f@'?ﬁ&?gfn? %?1"33” ar ge
particle richomrpely, e Y BheiielativeRy ow Skt iang tbImtiss rRRA, Yrbdr piplicleper at e
as well, particularly with regard to circulation of catalyst within the

st andpi pes. t8ed tmbk seldrsiveErmgtaipedrin QT @geachian systems. sBheseldotive yetertion oéd i n
the reaction systemw |l tend to |o their. effecti veness, e.q., activity
and sel ecti \Aa{é},r PW‘Pirgst“"l H‘H’."c%ﬁ’éw aip§$belFWef)5[]'igﬁI¥ ﬁﬁ“’é’f‘ TESiptgRt H%?SF%I es in the
reaction sys | S undegi ° : ' Il to
decr ease thfeogg%}er al | g?% gg???gﬁggﬁ?aga%t E%F@gétlrﬁ)g%%@gg%ego?ssﬁ%g?t i cles

cont ai ned i nprodeces teaaindesirahis forts] 6 1linRPr hegespaticlarrchkreavtion eystempovi ng

and regenerating catal yst. froma, reaction system For, exanple, U S. Patent
No. 6,023, 00%e;drep ingofuidy ££W11‘&QCP%% %Setjéﬁ’eP%RlFWgﬂé{ VWihiegardoto ¢ he
total reacti t gt ¥d N rﬁ{; i W th
t he unr egeneragll‘iugagio%i I)@A a@iz}]g%cﬁ%n tb/%:g%nrrcelﬁgf g%‘%"?ﬁy@’t@ qgl%% a€F£9{ar5r?ie)@
convent i onal sdietihelly remnideal i @veonciaction sgan rveill yend ita dose theiraéffitivenédsi cl es

I ncl udes non-sel ectively renpving.a fraction of al|l of the catal yst .
particles i ne-ghé"ti‘éﬁ’cﬁ}%’rﬂ%‘?’é’ﬂ%ﬂwtg tﬁﬁ%eﬁ’%‘dﬁa the Puild ap pfdarge aragles presh

catal yst. . TeSedofGRRIGHUR iiaﬁdersﬁmxibeaaagegﬁggﬁgp%mﬁakml FHaAbREreRE 11 ©! ©s

is inefficient, ecause a signi ortion o

desi r abl y- si thedbverdllatffadtiveaedsi afl the aullectiore b etdlyht panticles doneiiédoin shyst em
with the undreeg‘i:tgo%bsly%/&gli-zed catal yst particles.

[0006) Processes are known for removing and regenerating catalyst from a
reaction system. For example, U.S. Patent No. 6,023,005 to Lattner et al.
discloses regenerating a portion of the total reaction volume of catalyst and
mixing the regenerated portion with the unregenerated total reaction volume of
catalyst. Similarly, one conventional technique for removing undesirably-sized
catalyst particles includes non-selectively removing a fraction of all of the catalyst
particles in the reaction system to make room for the addition of fresh catalyst.
This technique for removing undesirably-sized catalyst particles is inefficient,
however, because a significant portion of the desirably-sized catalyst particles are
removed from the reaction system with the undesirably-sized catalyst particles.
10007) U.S. Patent No. 5,746,321 to Hettinger, Jr. et al. discloses the
combination of a magnetic separator, a catalyst classifier, and/or a catalyst attriter,
which wears off the outer layers of catalyst, yields more active catalyst of lower

metal content with closer control of average particles size, and narrows particle

size distribution providing improved fluidization properties and better activity and



100071 U.S. Patent No. 5,746,321 to Hettinger, Jr. et al. discloses the
conbi nation of a nmagnetic separator, a catalyst classifier, and/or a

catal yst attriter, which wears off the outer layers of catalyst, yields
nore active catalyst of |ower netal cemtent with closer control of average
‘particles size, and narrows particle size distribution providing inproved
Tluidization properties and better activity and _2A- selectivity. The
process is especially useful when processing high netal - containing

f eedst ocks. sde@bsty. PCThe\gpoiesatis oespPGEN YSGehd08/hén Pwokssoeg ilogh Nnetbkr WO

02/ 05950 A2, discloses separating and recovering attrition particles and
directing CPREANMRE e‘i*‘é?a&yst manuf acturing unit to be incorporated into the

manuf act ur e addi ti I - alyst i . 8., tl.&ﬁ: , , 559 to
Fri edman di é@o(%es rep ac‘ﬁﬁgﬁ%luégdpg’?{fw;gilgl%ge% gg?]g%@ , |bc ﬁ\z@ become
reduced in @agtos5950 W didch@es tjRratiniptdhdf reedlerihk Wkteition Pagtdled aed dirddiiggaver age

particle size of both catalysts being in the range of 40-400 nesh (420
m crons to 3kmiteeasatdyst Tasuiastirigeunst iebeincomorated dete bameanpdacterefdfer s from

that of th 2005/ 026294 PCT/ US2Q04/ 028261 i al . catal yst b
at aI egst 18_a ﬂ“g'i Eag‘%gﬁtdpﬂﬁg%r j’i‘%yyfgenﬁé\g%.z’%ﬁér @@rf’y“fé‘ﬁaﬁr §‘ﬁg?eg o
i ntroduced irghgcihd 8 be8 IFURIdiLIIRRal GANWhIchAAS bestile tdiaked ffadtRAG duAA

tenperature i's not substantially increased, and at the sane tine c.aFaI yst is
wi t hdr awn f nsen withe fresta fluihizest catel ysby the avetage partickesizo pf bethedatalysts heinged. The
catal yst withdrawn is at ed article.size inta fresh catal yst, which
is returnedt s ARG ?%‘Z@Q@‘ﬁ {“ﬂg%&ﬁ’éﬁm%?é& %lﬁf%sgsﬁeﬁﬁr%e 1&e ?é@@ner at ed.
Accor di ng gﬂsﬁbﬁai?,‘éﬁ@ifmgﬁa,h,mgthﬁm@npl ete replacement of catalyst can be
acconpl i she under” nornmal operating conditions in from20 to 48 hours.
[00091 In certain reaction systens, the renoval of small catalyst particles
may be desired. For exanple, if a reaction systeminplenents catal yst

conpositions having low attrition resistance, then the catal yst conpositions
may,



-dependi ng on reaction conditions, readily attrite and form catal yst fines.
The increase in the proportion of catalyst fines in the reaction system
wi |l decrease the nedian particle dianmeter of the entire catal yst

popul ati on™MA?MY826284cti on system  whi ¢h may undesirabl prme%/ﬂ-‘{Oﬁ%Zﬁl
‘fluidization characteristics within the’reaction system Undesirably high
| evel s of fines may nmake it difficult to maintain desired fluid bed

densi ti es angifihs s SLABkib A EE! |0k SCLhOPeralS) 233808 Bt h he

reaction zo resu It may esire tively renove snall
catal yst pacdtalgbtess, introgucedchitaltlys resctonamdef rondidoneanth drat shetreavtion or der
to maintain a desired, particle sjze distribution_in the reacti ?n system

[00101 In vi @Wﬁﬁ’fatfll’?elsi Reb sHstEa Y_lﬁﬁ‘ieﬁftegi rﬁ‘@nﬂgatdgéei PEBY >}1rg<,% Z8RIhty) yst
particles ing HEAGHWHORORY fe® ctoxfgi? Egﬂiﬁ{ !b¥lo\:v”thgr{nagr1%98t 6Pg1§Sl¥e?it. Che

| nproved processes are sought ectively renbving undesirably-sized
cat al yst par tatallysts withdmmnOlOsepasai¢d by patitlensize Mioefreghe cathiystlwhichiiepr oved

processes are sought that can nmaintaipn a desirable catalyst particle size
01 Stributi orfemEh Qohe Faslen fﬂ%deagﬁ}%ﬁtteﬁf%tﬁ‘dﬂt wi fﬁﬁ'ﬁ&eﬁ%ﬁé‘- BETUBE o

f1uidization.apd oaHabAEdiC aRCLINIIIEY rcpRRERELCSH tb’]@& QUW@'
| NVENTI ON [8%’15&% Thlbzﬁi nv’eﬂ%i orllﬂ%rovrieges novte(F %’%o esges and 0s tl%l#g for
sel ecti vel y undennuima opatatihy sonditens in [fesy 20 as4@lhanst hei r size, froman OTO

reacti on sys By selectively. renoving undesirably-sized catalyst
particles f rmhe or Oﬁl' ‘é%?f’t“? Efﬁ‘_c"-l%fl SYSieTRss the EFé%‘?VraEBL- g’“fﬂll &F@lﬁé??r&ﬁlseénd
Catal yuic Achhyl by GRBEACt St ShARICART B rdaBabl 28tent NfEfpRdlentd st 1 0N

enbodi nent , Invention is to a process for nmi'ntal ni a desirable
particle sizeompositidsiiavimg low aitritieaatsistancey fitea rthd yatabstecimpasitions enmy i ng

Lo 5e oot o RO Sl eR RS AR oA st e oL B egglion |
aenr ol G104 b bl i st oo,
cat al yst parmediae paitivdlodiatneter of the entire catalyst population in the reaction system,

which may undesirably impact the fluidization characteristics within the reaction

system. Undesirably high levels of fines may make it difficult to maintain desired

fluid bed densities and thus adversely affect the reaction rates associated with the

reaction zone. As a result, it may be desired to selectively remove small catalyst

particles, e.g., catalyst fines, from a reaction system in order to maintain a desired

particle size distribution in the reaction system.

[0010] In view of the importance of maintaining desirably-sized catalyst

partic]és in reaction systems, particularly in OTO reaction systems, improved

processes are sought for selectively removing undesirably-sized catalyst particles

from OTO reaction systems. More specifically, improvéd processes are sought

that can maintain a desirable catalyst particle size distribution in an OTO reaction

system and thereby provide desirable fluidization and catalytic activity

characteristics.

SEMMARY 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



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

| east a portion of the feedstock to product; (c) directing a portion of the
plurality of catalyst particles fromthé& reaction systemto a separation
‘unit, wherein the portion of the plurality of catalyst particles has a
first nedian particle diameter; (d) separating the portion of the plurality
of catalyst particles in the separation unit into a smal|l catalyst stream
and a | arge systea,\desirahle dhndizathar gidcatdptic aethvitycehasioenstics cemibe igalizedsecond
medi an partigle dianeter |less than the first nmedian particle dianeter, and
wherein the®¥i}e catal yst streamhas a third nedian particle diameter
greater thandgig) i1 St 1 BREABoRACE iflealiBh H io APrbcb® fofl dfitalrif a1 | cast
a portion of "'the small catalyst streamto the reaction systemto Intain

t he parti cl ededimabledpaticlenitd distributichen & emctiowrysyst ymseledivel Y 0driidvihge
separation unit optionally is_selected fromthe group consisting

f.

cycl one sepal¥gdFatalyst pagticleryfToms §is reagtion: sygpma Yhessin e Tepchon fysg@m
ti [y, . I i : L -fl tor,
ohi ch opt | onggiSSEAALAGT A0, ' SOaLRE S ae HUELY o Al TpARrAGRA! &' OF

conpri ses cobpi@iallpgat btalyporcoblen arfd topeomdllyr al ichtalyst stdpdry she pROtEsS| es
with a turbulizing streamunder conditions effective to formthe small
catal yst streempasingtthe stensgel:ct) degding aphuality oh catalyst pesileseinto thee

separation deyi [ I I 1) );..forms
o at 1 cast [P PR GhR e RE bl ot st Bt R it o TR

conpri ses t héheStearidt zorecgfd hiiti@nt kefettivd @asdnvear dtijahdt\a pediohiofahed
catalyst in the catal yst regenerator to formthe portion of the plurality of
catal yst pafeedsioek to Rrrdust;n(c dageting a periom efcheplpmality afcatabyspparticles of t he
plurality of I . j > e

Cepar ati on_ ufioht HEAEReROMSE) B s wilehah iEHGR Brihe pickity

deacti vat ed ofitahlyst partities haoe @ mddidr peaticle digmidter; d) deparatihgtheoportishr i ppi Ny
the at least partially deactivated catalyst in the catalyst stripper to
form the por ©of ke pluraliy qf] catalyst gartieles an e, sepapation; Wik anto 3 mrapldicy p (c)

conpri ses di etl gy tar?ﬁ'gg Uadal 2 sPEand, AEndbin"thd 5hdn QhafiRf &he4fit has a second

median particle diameter less than the first median particle diameter, and wherein

a

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 to maintain the particle size distribution in the

reaction system.



particles fromthe catal yst stripper to the separation unit. Alternatively,
the process further conprises the step of cooling a heated catal yst
particle fromthe reaction systemin the catalyst cooler, wherein step (c)
conprises directing the portion of the-plurality of catalyst particles from
‘the catalyst cooler to the separation unit. Optionally, the feedstock

conpri ses an oxygenate and the product conprises light olefins. Optionally,
the plurality of catalyst particles conprises a nolecular sieve selected
from the grd0p13jonsi st ThgsephraSopPonid, opSARaIB|s Shkie@d fram tBAROUpEONSARE 17,
SAPO- 18, SAE% 20, .SAPO 31, SAPO- 34, SAPO- 35, %@PO 36, SAEOS , .. SAPO- 40,
SAPO 41, SARD: asyclepessparatorsnsiiling vessehphsaigen ae aninclasyiBFry [Bherally, net a

cont ai ning f i r 0 - r eof .
(0014) "1 narSk AR ARESHiL HPALA"DNCNSR cyORRER parEF JThtD SpFonhlY

di sengagi ng iz anesblphdneone emboéinidniietite sépaemimgcaeprdogpsiseficahmsting ithes and
at least a mmjori try of the praoduct. Step. fe) g_ﬁt i onal l.y. conprises directing
the at | eastpogiion ofpthet plgralisy afheatalysl pattigles) yih & dpbyhzing strramyi WWeHagi ng

zone. Alterngtively, st € OR[N | ' t] I t tion of
the small ca glldytg}n)és?ffegﬁ?ﬁ tté tﬁg1 mr%eg@?ﬁ oﬁhégﬁeﬁﬁgﬁéqﬁﬂﬁa @%‘l ggtaﬁgﬁt icle
di amet er optiteanl. | i bfe &hbbdinht,aheWépatdiibn dvicOtSmpriite Samabld dRlinen
particle dianeter optionally is |less than about 100 microns. The first

nedi an par t i @peomdillanser (b)dpmioamit Ipast partialimdgpesivategeatabysiand; the pparess crons.

100151 I n on nbodi nent, ..t he, proges rther, comri ses {. st eps. of ;
directing thﬁmglle{”cgﬁpwesmthecggegl ?/ tre%grpﬁur‘at ]P%sth? 2 elﬁiep‘?ég@ i%ﬁ&?@ﬁ%d to the
di sengagi ng &RM9st inNke EARRY regecritol ¥s forhl BRSpIHiONLE TR slhrifgapiadlygpne

under conditions effective to forma second plurality of catalyst
particl es. |Ppariiples whemsdsieprc) conwpnsed dasstingthconartion el thenpluraliiypef ses t he

O N TN

cat al yst par‘f"}_t V%‘s, nerein"the in "ona _ by a
| aser scatt epltemaliddly, e ()i feenaaRlay KAkt patialGodédceivated ¢bfaBfst, tHEprccesd or

determning rate of sedinentation, or a nmechanical ) :

further comprising the step of: stripping the at least partially deactivated catalyst
in the catalyst stripper to form the portion of the plurality of catalyst particles,
wherein step (¢) comprises directing the portion of the plurality of catalyst
particles from the catalyst stripper to the separation unit. Alternatively, the
process further comprises the step of. 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 umt. Optionally, the feedstock comprises an oxygenate and the product
comprises light olefins. Optionally, 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, SAP(O-34, SAPO-35,
SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47,
SAPQ-56, AE/CHA intergrowths, metal containing forms thereof, intergrown
forms thereof, and mixtures thereof.

[0014) In another embodiment, an effluent stream is yielded from the

disengaging zone, wherein the effluent stream comprises catalyst fines and at least

a majority of the product. Step (e) optionally comprises directing the at least a



screeni ng device. Optionally, step (c) is responsive to a determnation in
the nonitoring step that the nedian particle dianeter of the second
plurality of catalyst particles has exceeded a predetermined limt. The
predetermined limt optionally is betwfen about 100 microns and about 120
m crons. 100161 In another enbodinent, the invention is directed to a
process for maintaining a desirable particle size distributionin a
reacti on systemby selectively renoving small catalyst particles fromthe
reaction sydJosign ahteesmealt patalyplegiraanpip g}?s@‘é@ﬁ&?é%r@@és glt?@aﬁﬁllﬂnﬂmne, a

di sengagi ng zone. opt i . I [ i.pnal a _catal yst
cool er and éﬁf F%HE’I"%? ‘ﬁ&?{a{{’%ﬁ@esf' f’gettagtl %E’ISPFﬁp?ﬂg‘eg}r"g@éé’g‘g@&ﬁﬁ&?@r%& tﬁﬁe st eps
of (a) feedirpgctidnowealTheYhied nfediadl peaticledidmeteeopticially it Beleagiadboup D@ one;
(b) contacting the 'Pl urality of catalyst particles with a feedstock in the
reaction zormsiciangerTheosatond srediar partclevdiametes optienallats lessathan abput 10@n of
the feedstock to oduct: (,e) directing a portiaon.of. the pl i of

cat al yst par'f‘}cﬁqr@spf}ferﬁlf# W@"’%‘M?‘S#‘@ﬁ%@%ﬁ??%aﬁyééﬁffﬂr‘?‘gﬁ%{%%‘by erein
the portion plghiesorkl urality of catalyst particles has a first nedian

particle diameter; (d) separating the portion _7p_ of the plurality of
cat al yst par{0btSles i n Ihensepodimen, the pracasso fimtlenaiomprisesiithe tstepstafeam and

a | arge catal.yst. strea ereLn e small catal yst stream has a second
medi a% parti ?leé?nﬂg aﬁi’ét g]r“"\fmgs‘)t I"Féi?qf_fsﬁep"l“i“f’& h’@{ﬂyéf\e PEFEHRE EOBF alfe®?, and
the large C@Béx'g)ﬁéi%g%h@%&?én@viﬁ@bﬁtﬁ]ﬁ?ﬁhé‘é“frBﬁf mecaieerpgtag{ﬁgtz%rne%%@% er than

the first nmedran rticle diameter; and (e) directing a ast a portion of
the | arge catanditemns stffestive tto formearssaond giurshityt efncatalyshipartidles.t Ha tas ti cl e

siize distributjon in the reactian tem 100171 Ln another enhodi nment, the
i nvention i seraﬁ"}dg‘?f’%‘dtl'i‘epp’é?cf)srso%’gi?galf%ﬁlrﬁ}?ﬁfﬂ?‘gf‘ﬁ?sn ee??eé’a? afipeytopas ¢l e size
di stributi Onmb&iaﬁphﬁﬁ:&‘é biathefer JFeH sé’%ﬁﬂ%‘lﬁ}aﬁ@%f dHAGE Atk P Whthein e steps

of. (a) directing a first plurality of cCatalyst particles ér%aw ng a first
medi an par t i mbeitalingreptematly osnpetfermeshby iadases \ssattamingopanti€lersste armbyrar,at i on

. (b ting the first plurality of lyst. particles i first
Sl cat ai yGruIGE FRSER AR e Ry iemippE HuB L FOEPetBliokir amemBnisal no i 1 ot

smal |



catal yst stream has a second nedi an particle dianeter |ess than the first
medi an particle dianmeter, and wherein the first |large catal yst streamhas a
third nedian particle di anet er greater,than the first nedian particle
dianeter; (c) separating at |east a portion of the first small catalyst
streaminto a second snmall catal yst stream and a second |arge catal yst
stream wherein the second small catal yst streamhas a fourth nedian

particle di ?ggén? §1§et h@gttl&fmgs@fé % r]?% nQi@Ett'oCaL %e%hgfﬁtnﬁfl maﬁlg. - 7B-

wher ei n t he éecond argec aflfth artic

di aneter ghaitefing teep the tﬁeCIﬁétﬁamqﬂlrﬂﬂc pﬁambmk&)fdt}&nﬁéceﬁd ﬁlﬂﬁah&jﬂ)of
directing at least a portion of the second Iarge catal yst streamto the

reaction sysatalyst pgteles hap expesdpd 2 pisHelermsd impe Thepredetermingddimiict ed to
a provess f gt L L0098 S0 LE kB4 BhS Sptsiclstribution in 2

reaction sy$P OCess Conprrses (a) directing
a first pl U[Gﬂ]'ﬁ!]y of gatapbiket eidBOAinten®Sthe AVé®nas fdifested B ﬁfbc@@sr fdrcl e
dianeter fromthe reaction systemto a first separation zone; (b)

separati ng nianthining apldqsiaahlt ypagticle asiae yéistribation cinest irmaction ysteh bynal |

catal yst stream and a first elcatal 1st str wherein the first small
catal yst st PESHHYY re&"’é’é‘l&)ﬂﬁa]ﬁ%ﬂ?a %/F%ﬁgm&gﬁ%ﬂ:@?n Plésé%mt‘f‘ig?fe’c’h ©f i rst
medi an  par fdqelign A ﬁEEi Wl%ﬁéﬂdih &b, fd rd%en#é’é}{:] z(b%al)ﬁt%na? gam has a

third nedian parti ter greater than the medi particle

di aneter; (catab,epwgalmramr aapnohaiaysa cazabm moder aofd eftenhlly atcatatysgstrippeg| yst
streami nto a second snall cat aI ond | ar ge cat al yst
stream whefRf RiOFETE CURPBRBIRGTF Braf; @) f}ﬁ%ﬁ S gatalystpaticies aan

particle di msét,dmet{iﬁr&oﬁ@aﬁ%ﬁémﬂw a@g]dﬁdt%ﬁmwsa@ia& £fecdifddy Wherein

the second | arge catal yst "streamt Ian particle dianeter
great er t ham theareadtionczamedinder mld!timiseiffmamtceq:onvancht(l@)st 3l ippBImi ofghat | east

ti f th t I t st t t 7C
BRI £ DESCRISFBRI 45 PRAECBRRUPER E0b POTIOM o LARIDGAT GRPDSERATHSkS o
under st 00d lirf EHeSleei R §)@te'}rhﬁ) a %a@dtio%%rﬂﬁ&ﬂ{eké?ﬁ ki p&Htioh o¢ tl'xé”'fﬂ%Pilh?” when

taken together with the attached
of catalyst particles has a first median particle diameter; (d) separating the portion



drawi ngs, wherein: Figure 1 illustrates one enbodi nent of the present

invention; Figure 2 illustrates another enbodi ment of the present
invention; Figure 3 illustrates another enbodi nent of the present
invention; Figure 4 illustrates a size-®elective separation device that

optionally is inplemented according to the present invention; and Figure 5
illustrates an oxygenate to olefin reaction systemand a separation system
according to one enbodi nent of the present invention. DETAILED DESCRI PTI ON

OF THE | NVENT tigNpluralitycefueatalpl pesiacles imike sepasatian pnydnto @smallocdtalyst vari ous

processes for selectively epvin ndesi rabl yl e _and/or small catal yst
barti ol es PO g adtnes el et WhTRB BESmAN calYs e hogAckemd s 1o a
process f or nqahi&ChAriEle idrREEMe SOhhiR Eitefirst AedlanarPat Widh&esr, badPMeAafgact i on
system As used herein, "reaction system neans a systemconprising a

reacti on zonatalyst sirexemhasg)a nigrd orediangprticealiametar greatexlthat thedirsheredianr |
optionally a catal yst cool e nd optiognally a.cat t stripper. In the
process, a pRUicls dametar %'}Qt@ a’é‘?c"ﬂﬁrf’ctﬁ?ﬁsfegﬁf)@mpéﬂa[}’%f%g‘? ﬁ‘galgg‘eﬁé‘fe?@ntozone.

The plurali cat Lok W T - ction
zone under Wé%&?&?ﬁg@ I!’%#%Jlggdggj}]% 82 15%59603(3%???‘%1%??%???{}@%0

convert at Isgstemn. a portion of the feedstock to product. A portion of the
plurality of catalyst aving a first nmedj.an particle dianeter,

Igarti cl es, B

i s directed 995 t he rlzothss capedunsitothe igxetion 1sgHrestid o apEossss f9Ton of
the plurall bfeiffhififl 8l kbye Rhdicfd % bBRRRAhH reabidd Syt A brefi ! {111 O
a small catalyst streamand a [arge catal yst stream erein the small

cat al yst st peedeshiasmprisesathe stbpyedti @) dh@cting b firsti pivedley of eatlyshpartiches fir st
nmedi an particle diapeter. The I_qil%ge cat aIﬁ\_‘/ﬁ,}{ta ‘iltream,has a third nedi an
particle di aWsingr aghehiraedian prtidle diarpeter i BF PPAFRPT ISestamatetaefirstAt | east

5B o, eSO T 9] B TR iy B LA B>y o
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 streamn 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



the |arge catalyst streamis directed back to the reaction system According
to the present invention, a desirable particle size distribution can be

mai ntained in the reaction system [0021] In a preferred enbodi nent, the
separation unit conprises a tunable cyﬂ?bne into which a turbulizing stream
is introduced. As used herein, a "turbulizing stream is a flow of gas
which is introduced into a cyclone separator and which at |east partially

di srupts the do rd flo er. catal icles contained in the

f ol t t
cycl one sepaV ?Tgﬁt en“@PF&IJg{get%’rég_@’ﬂr ﬁ{ﬁ%ﬁb agﬁﬁ‘édﬁ? 12 Raguclepllameler o ¢ a1 i on
etficiency Obelief YOl S6BAA3heliah ’bagtitﬁé’@Météﬁbinlﬂyﬁ’éﬁ%’%ﬁ&tﬁ%aﬁt it acxtent

of particle Separation can be adjusted. Specifical e turbul1zing stream
contacts an pottien ofthelsecend larget caatalysigtrean gethecedcibysystpar t i cl es) formed in
the cyclone seEarat or _under conditions effective . to control the cut between
the smal | cHOABYst st eapetherdembedimeng dhe venlien isdiresisd tp@oprosewssior or

Sel ectively Renmovin talvst. Particl ; 4.0 ste 0022] In a
preferred enﬂlgw?aﬁ%l gagq?a @P{gt %r e@gngffel ‘ﬁ?,‘g%? ﬁ%gn:ﬂl g?%%ﬁlf’ P%P{%P‘w‘%e’g‘@a‘?‘é yst

particles i npRcéfadhippites N Qspd 6f: [(@Bivatinghefigt pRiraatof Satdlysepiridles0 a
separation unit for selectively separating |arger catalyst particles from
smal | er cat haweg apfirytj wiedian partitier dismetert fremy o veattipnr systamoto eafieityst

particles is_an_ ..aliquot,.portion of., catalyst.. particles. aliquot . it is
meant t hat tﬁeé’“ﬁf)'?f'izg S0 SEBTY '%tthep%s? ipér%]étgroﬁﬁﬁ%ﬁﬁfﬂa%l%@%?@agﬁton
system for sepal abiaPRt Qirchdil &) a8l Yoke cRAlysl Skr&inf WABHERE o Jhy$t
particles is substantially representative of the entire catalyst popul ation

within the reaslystoviresgshama seqondsmediae @apicln ddmetes\lessethan tthefirsttmedipnr t i on
oft catal yst particl.es withdrawn fram the,reaction system my.be a non WO
2005/ 026294 Bﬁ‘?fﬁéﬁﬁ‘ﬂﬁ%_ A TR f 1988 ﬁ}écra“é?&m ‘&‘,rﬁi’?’c_‘ﬁ’é
portion of C?Mhhésdiaxﬂ&%% ipfdafy thar tHY feNmkRMpattiife BRAFED (c)S3ephRiling St t aken
fromthe bottomof a reaction unit, that portion may contain a slightly

greater nedi imastgpartion of theofinst large erislystistresraditars ssaend emnall catalysbsizeannf t he
entire popul %d g QBC%I](] ?z%‘tgg cht%fysP ?nr'éairr(f,lvﬁ'?eréixrll ﬂ;ehs%ccrn? g&%l?@at%f’ﬁ% gt%a%y ﬁast g
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 smali catalyst stream to the reaction system.



catal yst settling in the reaction unit. [0023] As used herein, a "nmedi an
particle dianmeter” is the d50 value for a specified plurality of particles.
The dx particle size for purposes of this patent specification and appended
claims means that x percent by volune ofC-a specified plurality of particles
have a particle diameter no greater than the dx value. For the purposes of
this definition, the particle size distribution (PSD) used to define the (
dx val ue i s measured using well known | aser scattering techniques using a

M crotrac Model 53000 Partl cle Size Anal zer fromMcrotrac, Inc. (Largo,
Florida). "EBRIEEDEM N s TiHHE beans the dianeter of a

fied I | e h I - i cal
spectf1ed SHRRLC2! oAy %,' g, edfl, B “meé%aié‘ﬁsﬂgrsﬁ%om Herehh 48l 13000
Particle SizftailbfadeséGptiod %@2&&& Nvehti GfeBdiaRbRVIBgetREC Wit Mk LRalf@ Present

invention a portion of° catalyst particles froma reaction systemis
di rect ed t o damawwmgsvelierein: unit . Optl onally, the portion of catalyst

particles is dir cted to the se S%]on unl&thlE roma reaction zone, a

di sengagi ng zone' ’385& 1a¥li))§fra‘reéﬁ’é gRaegment oL EBELRERLINYERYON; 4 cat al yst

cooler, or a COnBilAl} Alushhiet lee%ﬁ&mmm%mégwa&:%v&%ﬁi yst particles
has a flrst medi gn particle dianeter. In the separation unit, the portion
of catal yst partFigles3 11h15tratepamcahe1cbmhud)mantsofaht preat iyedntiohy eam and a | ar ge

catal yst stream _The smg]| cataly ream has .a second nedi an particle
di ameter |ess thE§uha l‘llulsg?‘e?réd?’éﬁ Selsfﬁf“t’? SeRargligdewice ‘B?Fdok’ti*ﬂélafar e

catal yst str; nmeter greater than the first
medi an partlgﬂ%mngﬁ§%€%égp+&ﬁﬁgﬁ%ﬂ§ %‘r’r@rﬁfm g | east a portion of the

sal | catal yst sFigasds nnusﬁlareemhmokygeﬂam medlehiy, re:hmoh systeinhghd 4 sepaidtion system
Additionally or alterpnatively, | east. a portion of the large catalyst
streamis diSYEEMAGCOTGIME tQng ey OS%WtPJWWC?%&WCBHO%ySt em [0025]
Optionally, the first median particle dianmeter is from60 to 120, from 65
to 100 or fr QYLED BRsE BN 8% THRINVENTIO§Eecond nedian particle

di anmet er |S%§Mﬁs—m or |l ess than about 100

m crons, WOla00&ictiat294 PCT/ US2004/ 028261

10020] The present invention provides vanous 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 compnsing a reaction zone, a disengaging zone, optionally a

catalyst regenerator, optionally a catalyst cooler and optionally a catalyst stripper.



10 or no greater than about 80 m crons. Optionally, the third nedi an
particle dianeter is at |east about 100 m crons, at |east about 120

m crons, at |east about 150 m crons, or_at |east about 200 m crons. [0026]
As disclosed in nore detail bel ow, the‘ﬁ?éferred reaction systemis an
oxygenate to olefin (OTO reaction system The OTO reaction system
preferably conprises a reaction unit (which defines a reaction zone) a

dlsengaglng un whi ch eflnes a dj sen , a cat al yst st per, a
cat al yst hPeP ca8s, aapeahéwgsatetya@ 9%&38% {66 yeagtion &9tecT] g these

units. Opt 'p?iﬁﬁ[ hy of dafal é?rﬁdrﬂﬂeg oﬁﬁ@tspa lfé}c?s{otc)( [ ifeAtlUsh RRE L k:les t hat
is directedto separ at’i on Ghict 'S wi t hdrawn from one of Jrore o

reaction unit, the disengaging unit, the catalyst stripper, the catalyst
regenerator, the catalyst cooler and/or the conduits connecting these
units. [0027] Conversely, the desirably-sized catalyst streamfromthe
separation wunit or units, or a portion thereof, optionally is directed to
one or nore of the reaction unit, the disengaging unit, the catalyst
stripper, the catalyst regenerator, the catalyst cooler, and/or one or nore
of the conduit lines connecting these units. |In a particularly preferred
enbodi nent, illustrated and discussed in nore detail below wth reference
to Fig. 5, the portion of the plurality of catalyst particles that is
directed to the separation unit is wthdrawn froma conduit |ine that
transports catalyst froma catal yst regenerator to the reaction unit.

[ 0028] In one enbodi nent of the present invention, the reaction unit is in
fluid conmuni cation with a disengaging unit, which defines a di sengagi ng
zbne and which is provided to separate catalyst particles from products of
the reaction process. The catalyst particles that are received in the

di sengagi ng zone preferably conprise catal yst fines, cat al yst coarses,

catal yst nonfines, and catal yst noncoarses. [0029] "Catal yst fines" are
defined herein as a collection of forrmulated catalyst conposition partlcles
having a nedian particle dianeter no greater than



20 mcrons. As used herein, "catalyst nonfines" are defined herein as a
collection of formulated catalyst composition particles havi ng a medi an
particle d»ér %F] ’é 9] eater than 20 microns. "Catal yst coarses" are defined
herein as &7 on of fornulated catal yst conpositi of FHLIVEE 4y ng
a nedian particle dianeter of at WD 2005/ 026294 PCT/ US2004/ 028261 11 | east
120 mcrons. As used herein, "catalyst noncoarses" are defined herein as a
col I'ecti on %Bn(ﬁlﬁbﬁyle?ﬁzfi Sl ek of REBOS HbHRA Ptk | fBbRfockAY! f8ddet TEMI an
particle diameter of [ess than 120 mcrons. A "heart cut” i's defined herein
as a col | ectpotion of ﬁmrnh&zﬂﬁyeobfcaatallyytspaﬁmiqspémmgnapﬁ:st imédisn hzavficlg a

medi an partlcl e d| a Ier 1(;ﬁ;i\tﬁler t han 20 m crons Iessﬁlhan 120 .m crons.
As used her &iamet F‘hés g EPACH SYSLGM {9 a SeRpy nr‘éI:PEr hportign of

popul ation gfe ?ﬁﬁ-@l&?{rs&f &?Jl?ét‘ﬂaﬁﬁ:lesafsese 5rgtelih Be & mne qnta m'aﬁn

particle diane al'ity of ayst partic ar ge"
cat al yst st memlustra!yemamdaa ﬂnrge)nﬂalysmdtﬂeamawhblysﬁt thpamaﬂlaia@éystetrgam hamat al yst

fines. Additionally,. the s rticle edln “lar tal yst
streant and &0 E‘ih f"ﬁﬁ“;l&& ng t?‘ &5’3 ﬂéﬁﬁf“ﬁ% Yame é gﬁ?t icle
size distrigytiamih stebdlRRla ﬁﬁfdeﬁﬁlﬁaﬁepah%lé%Pﬁﬁ&%legréa%r%ﬁgﬂfeeﬁme large

and small catalyst” streans. Thus, a large catal yst stream m ght not contain
any cat al ystmedmalpaﬂmle idiamyéier. pairte}eastsa rpegmont o6 rthevsmeall tatalyats seami vied di d
not contain cat

coarses. Sim catal yst streamm ght not
contai n any d?&?%ﬂ\jgﬁhefﬁeﬁgéon $yptem. hédgié‘P\éﬂy%It?@EFﬁtWF mﬁaf??%trﬁ P‘?Emﬁﬁé’ der| ved
did not congl I&r%eaé &tstn%bx&l% dlrééi@c??lclétﬁt @Fea@f@f’gvs@ﬂt Ackd@
t Ive

invention is dir a process ect renovi ng I“%t ge cat al yst
particl es fipoerent manmomra desatible panticle [size abistpbutiss can be andintaimeddnehe a "
di sengagi ng zone, t| onally a catal yst regenerator, optionally a catalyst
cool er and G?ﬁcFIBHéV 19Ma catal yst stripper. This process includes a step of

feeding a plpg o622 |ty ofm%@é@feyf%a eRfollrRR Sthb RbSarktitth {t&aeaﬁl s Q8nabld e
plurality o aI yst particles contacts a feedstock in the reaction zone

under cond|cyclons mtd adticlve twbolimingrdtrean e astroducpdr t kenusdd heeeid,eedst ock
}Pnggogﬁgt . WF L gr]s}rga?n p{suar (lwlvto ggé A/ thails)ﬁ?t;o uce& Im(%cl) %Scy(c:: rlrllgrslega?rzstto(r:at al yst
and which at least partially disrupts the downward flow of larger catalyst particles
contained in the cyclone separator. In effect, the turbulizing stream reduces the
separation efficiency of a cyclone separator in a controllable way so that the
extent of particle separation can be adjusted. Specifically, the turbulizing stream
_contacts an outer cyclone (containing larger catalyst particles) formed in the
cyclone separator under conditions effective to control the cut between the small
catalyst stream and the large catalyst stream.

Processes for Selectively Removing Catalyst Particles from a Reaction System

[0022] In a preferred embodiment of the present invention, a portion of the
catalyst particles in a reaction system is removed therefrom and is directed to a
separation unit for selectively separating larger catalyst particles from smaller
catalyst particles.- Preferably, the removed portion of catalyst particles is an
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-



.non-fines. Preferably, the feedstock conprises an oxygenate, preferably
met hanol , and the product conprises light olefins, e.g., ethylene and
propyl ene. The product and the plurality of cat al yst partlcl es is then
direct ed tWOtZAe5/04E¥engagi ng zone. The d| sengagi ng zone iRCT/HSA0044¢28261
"comuni cation with the reaction zone. An effluent stream which conprises
at least a majority of the product and at |east a portion of the catalyst

fines, is yielded fromt seng n zon east . a rity of the

cat al yst no ﬂuﬂggogﬁ‘)@ c}p %&?@BP% ?afg[h? gﬂ’éhon %08%3% F&ﬁgﬁ{f@a‘i’%ff %fLacti on
zone, and a tReédchion BlstbRSis Rhikéhakdrh ¥hPbotfoth @M&taacnaﬁﬁﬁmctlﬁs bgioflithget ed from
the reaction system(e.g., fromone or nore of the WO 2005/ 026294

PCT/ US2004/ 02861 a & ghtésacgrcm nedian pavticldi @@mg@glthgl anenechdne poeich yst

regenerator, ,.t he, ca cool d/ o taI to,a
separation Ah#Ecte Mtﬁ‘@ %’fqﬂp ’(Opcﬂgcﬁt&b' épz?rfl? ?m 5?33 O‘bgfs?‘?“)&ﬁgem anet er .
The portion dagipRRafiniee thordabfors@RAr ati on zone into a small catalyst
‘stream and a | arge catal yst st ream wherein the snmall catal yst stream has a

second medi 40033 ti cl eAduagcharein e Smedianparticte diamster’ htsdhadsqbaaluc doren

di amret er The lar, catal yst stre has a.third dlan |cle di amret er
gr eat er thar?pf:ﬁgeﬁaqﬁ'é‘?ﬂyn%ﬁgp%mdﬁ%rt ‘ﬁ‘ Bffrgﬁ]ﬁtsé?e OFG’G@EL 5 PaRhodi ment
of the pr esﬁsﬁt&mﬁeéﬁ%ﬂ ARDap f}%ﬁ&(ﬁﬁ@ﬁiﬁhéﬁﬁ tRANEperL@t: 'bg][\_%'ldﬁ{e BF Lgfad @

separation It selected fromthe group consisting cycl one separators,
settling vegdedatity sfparticles haved particle tlaasatefrumrgeatéirthﬁet}mbixyvaludwd*orﬁhqoar ation

zone conprises a couynter clone se arat di sed be Finally,

at least a pJO¥ROSH ob fhi H@@Hﬁw egﬁ{aﬂc;ﬁsw pfip @ﬁﬁie#@&%&%@ﬂ%@the

gactlon SYShe Myalfie s méAuRCudfy Wﬁ%@h&&%ﬁ&éﬁ& i quémsﬂg%ngag' ng
the catal yst regenerator, the catal yst cooler t he catal yst

stripper. Mﬂ:r@irade@cl 30aDt Rartiele | Vet yAnadyzer efien Mipotrad,olmcof(Ladge, | ar ge
stem 032 n, each of

Cheae. embod o THENGIF SRR off Gedtirarin o tat Lymeiie AR CBIHg: ot roam
(e.g., Unde%bflé’rjﬂ'!al' pARFOE Bf ﬂ’l@d@tﬁilﬁﬂaity diRdr) ofBonV@h¥rical particles as

measured by laser scattering using a Microtrac Model S3000 Particle Size

Analyzer.

[0024] As indicated above, according to the present invention a portion of

catalyst particles from a reaction system is directed to a separation unit.

Optionally, the portion of catalyst particles is directed to the separation unit from a

reaction Zone, a disengaginé; zone, catalyst regenerator, a stripping unit, a catalyst

cooler, or a combination of these units. "lfhe portion of catalyst particles has a first

median particle diameter. In the separation unit, the portion of catalyst particles is

ey

separated into a small catalyst stream and a large catalyst stream. The small
catalyst stream has a second median particle diameter less than the first median
particle diameter, and the large catalyst stream has a third median particle
diameter greater than the first median particle diameter. In one embodiment, at
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,



wi dely. In one enbodi ment, the undesirably-sized catal yst streamor a
portion thereof is disposed of. Additionally or alternatively, the
undesi r abl gz size talyst stream or a portion thereof, is directed to a
cat al yst sézrﬁ#{é‘sﬁzs&%st em wherein the  undesirably-sized RGU$20e0282¢1cam or
a portion thereof is fornulated into a new nolecular sieve catal yst
conposition. Additionally or alternatively, the undesirably-sized catalyst

stream or ' t e y S¢ cr, . ' for
exanple, a 2)65’%:: 0 1.rrg]r%{e] %Ié)gf mf‘g&g@e?@‘w& géﬁggﬁ?dlﬁg)%?%% rate of
cat al yst t haliama&erdisra ¢ésatlationt 1106 rsieras Adti least about F200micrbhs at deet abot Syst em

may vary wdely. In a preferred enbodi nent of the present invention, the
flow rate ofl5@aigIons;ortah dpast aboyt 2ULMEIORS om t he reaction systemto the

separation is fro ) . i ght i - per cent
of the cat i%isﬁt] i nven&o&?ﬁ%@d?mﬁﬁo?%ﬁdﬁr&%%#%@ @%prr %%ﬂg@g%ﬁcngﬂégﬁév\% iq%ht
percent to afbexfgeRSteWd BlfinpOTONt readtidnheystanal e OTEntaivhdestenand nost

preferably from about 0.1 weight percent to about 10 wei ght percent of the
catal yst i nwsefersbly deympriags 20 0omAgey gwitpCyhgb dolinep gp greaction [20824]21 n one

o mai nt i h SRR RERRE (Phich AEGRGEERng PRERbAEY o il Bhopklia B0, <1 cin

al though a pegehbatorof at 6Ralgat abykt, fandesonduit Nines eachneetingy fesn wis, exi t the
reaction systemw th the product effluent. In this_enbodinent, the present

i nventi on piQpiiogaldy,dhe pedvawfftbe phupliytafiratalyst patislesthrbisglirested dp yihe

Crovt 1 oo ae RIS BRSH ol Bl BT, Ffe CRPTS reh 1R, 308 roe
first pluraldideging ahigl 16 tatBBist étﬁ?ﬁé‘r, heatulfst kédeneiibst &2 daddlst ebledli amet er

and conprises catalyst fines. The first plurality of catalyst particles
contacts a fapd@sthsdendwits qeaneeiingthess unhe under conditions effective to

of "catal yot 185 o1 be G Pl B¥ucsFAATHREE ohRRS S0P gohlByeiepBbol” 71 Y
di sengagi ng uafing. urftsPof i puition thdreoft apfdnatly ikidirstedr 1© S17BY @thré bR he
reaction unit, the disengaging unit, the catalyst stripper, the catalyst regenerator,
the catalyst cooler, and/or one or more of the conduit lines connecting these units.
In a particularly preferred embodiment, illustrated and discussed in more detail
below with reference to Fig. 5, the portion of the plurality of catalyst particles that
is directed to the separation unit is withdrawn from a condnit line that transports
catalyst from a catalyst regenerator to the reaction unit.
10028) In one embodiment of the present invention, the reaction unit is in
fluid communication with a disengaging unit, which defines a disengaging zone
and which is provided to separate catalyst particles from products of the reaction
process. The catalyst particles that are received in the disengaging zone
preferably comprise catalyst fines, catalyst coarses, catalyst nonfines, and catalyst
noncoarses.
[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



-di sengagi ng zone under conditions effective to forma second plurality of
catalyst particles in the disengaging zone. The second plurality of

catal yst particles has a second nedian particle dianeter greater than the
first mediVdf 2pEYR20%He di aneter. A portion of the second Pﬁﬂl‘ﬁ?%ﬁ“?{’%ﬁs@ﬂ
‘catal yst particles is directed fromth& reaction zone or the di sengaging
zone to a separation zone. In the separation zone, the portion of the
second pl uralj f | yst rticles, j r | cat al yst
ctream and qeioht g8 SRR, Y8 uR Bk TRab L RRROMEF dF WBRhed b o3F) Y5
medi an par t icollectibrao femulfsisScdtilgnt ¢dgpstvanshriigied havipg at median pastivpd er . The
| arge catalyst streamhas a fourth nedian particle dianeter, which is
greater tharfiameter gblesnthandad aricieap ifeiheadchivetf defingd hrseipyas agolieglion a
portion of t C | yst s ' ' ih t4:0n stem
Po036] Thi s AripuE aisst CAEComiR e bleio b o b AR e ™ D
Ihe second neelit@nthdh@VeintdronsTAe] R0Ithar 1 70mMoher Al ysed hepsn f heredndy a

| aser scattering particle size analyzer such as a Mcrotrac Mdel S3000
Particl e SiZdarg&nangzemaflyowhen cesrmag to anpopulatipnge! catabyst @agticlesy are

noni t ori ng : ither _online or .off]] . hyi ' the step
of directi ngrg‘léug%?w Begé%tpeatrﬁg&gﬁe gﬁg?é’%%?%k |B? )E/l Pg@a§§t°§|°ys@&g?fgﬁﬁﬁses to the
separ ation zghwe, prefge abdtylybiSstfeafiPangi ooditdi® séme tatallr eatd)gdti pmtidles, td)e,
nonitoring step that the second nmedian particle dianeter has exceeded a

pr edet ef m nedtalystifines. THeddifienally e el Fael of pasticlasespniained i dciayge saalysiD

2005/ 026294 [ 1JS2004/ 028 e ' e L ] Crons,
bet ween abo&gg%ﬁo%ﬁc? aH(l)Lfgéﬁﬁs%%ﬁs@ﬁpgﬁybgﬁégﬁtga nohl{kaﬁ?fatg%osr%%out 100
nicrons. OptdigAgition of Bepar@mistreahnBciis sepestb@ntoRFoditeaht 4agE amdainar i ng
particle size analyzer, a Coulter counter, device for determning rate of
sedi nent at i ¢atalyst siegraehdiiugar laree catalysy seamorisht 0oB ppntieany eatalyst

i nvention is dire r Sy T i yal i |
cat al yst parPReredt HemE Sl BGRSSRRN 1Ohap ReRbd 48 dor RERYLRINGT | o
a di sengagi rgazedeSintptlypnainbl catabyat sratdi migigenecaitan ang RhiabRrakihys, of

catal yst cooler and optionally a catalyst stripper. In one_enbodi nent, the
process !  the parent stream from which it was derived did not contain catalyst fines.

[0030] In one embodiment, the present invention is directed to a process
for selectively removing large catalyst particles from a reaction system, which
comprises a reaction zone, a disengaging zone, optionally a catalyst regenerator,
optionally a catalyst cooler and optionally a catalyst stripper. 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.  Preferably, the feedstock comprises an oxygenate, preferably
methanol, and the product comprises light olefins, e.g., ethylene and propylene.
The product and the plurality of catalyst particles is then directed to the
disengaging zone. The disengaging zone is in fluid communication with the
reaction zone. An effluent stream, which comprises at least a majority of the
product and at least a portion of the catalyst fines, is yielded from the disengaging
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



I ncludes a step of feeding a plurality of catalyst particles into the
reaction zone. The plurality of catalyst particles contacts a feedstock in

the react iph 2¢RR8s2e9der conditions effective to convert , rtion
of the feedstock to product. A portiog of the plurality %T/(E:Ig@?@%tzpp

particles is directed fromthe reaction systemto a separation unit,
wherein the portion of the plurality of catalyst particles has a first

medi an par tieattbordiongtthe disdhgagingr zanenthef catdipst pbgerebdtbry tld catalysd gwilerpar ti cl es
is separated in_ the separatigon unit into a small catal yst stream and a
| ar ge cat al dasifor e cabHystFnnen ot hEEPSTRkon Z0Re.avherreinsthe aomiemSaga dustond

medi an partyghey SJa?ﬁ@E digmerd) ﬁ]‘lﬁ{ﬁo&iﬁﬁ 9§ F&%&g@é&’ it gt {eﬁgﬁllelt}@%oﬂe Ergéra _rad medi an

particle dianeter greater I'rs I'an par i ane At | east

a portion ofmilheathlysifreadt aldyushrgeicatabyst stgeant]iwteeéindhd nilheatilgstGiream syst em
[0038] This inventive process for selectively renoving snmall catal yst
particles fhasm secprdmedian pajtiale fiameter dessithan dgifirslgmedjan pagtislecdipBatesy st em

(rat 1 ! oo  SACACBATAL 1 PRYRRURE UL R BESA e

attrition rgsdiahpatile diahrtegat al yst particles will tend to attrite at a
hi gher rate than in a_reaction system that inplenents highly attrition
resi stant cl@03llyst paf iteis embodiment of She presepieinventions the separdtion gingnet er of

a reaction t i npl_ement.s: rdi.cl havi n . | ower
attriti Ion r%ﬁf@?@*c@ﬁv&%@&eﬁg}f@ﬁgéﬁ!a%g%%?tg{? qéh&ngctﬁgr%&yq ﬁggﬁgg}g \fs\g mai nt ai n
the desir egchilet dephatcrs 2 Sotling tVebd2Uy, istieend) at Glir alakeifieds] Prefersblgnthel N one

enbodi ment, at |east a portion of the catalyst fines are rempved therefrom
t her eby i $9PaIaHPH FORECONYBISET @dcquatari fove cycloae giepanatasutisewssed beB9Y- | n

i nt i i gt eG4 e BOREbr LR SRH SRl hERHE £ Pl W8 e wo

2005/ 026294eRéEonlS200d, 28&6dne dbmokhesLile reitiopr AgesStheaisaRRhGEAS zangepar at i on
of catalyst particles in a plurality, preferably two, separation steps.
Speci fi cal Ithe  gatalyskt regeRgraipy. ¢ {heofc | gealen andied dbe ¢aalysig SHIPPEFR.st nedi an

particle di apgtiGhatly of difefafferl, HMenliCa TRRG BF tRY THEDN RV stream is
directed back to the reaction system.
[0032] In each of these embodiments, the disposition of the undesirably-
sized catalyst stream (e.g., undesirably large or undesirably small) may vary -
widely. In one embodiment, the undesirably-sized catalyst stream or a portion
thereof is disposed of. Additionally or alternatively, the undesirably-sized catalyst
stream, or a portion thereof, is directed to a catalyst synthesis system, wherein the
undesirably-sized catalyst stream or a portion thereof is formulated into a new
molecular sieve catalyst composition.  Additionally or alternatively, the
undesirably-sized catalyst stream, or a portion thereof, may be physically crushed
to provide, for example, a source of more desirably sized particles.
[0033] The flow rate of catalyst that is directed to the separation unit from
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.



first separation zone. The first plurality of catalyst particles is
separated in the first separation zone into a first small catal yst stream
and a first large catalyst stream The first snmall catal yst stream has a
second nedVEOBAPI%2Y e dianeter less than the first nedi BET/H&200#/818361

di aneter, and the first large catalyst 1¥treamhas a third nmedian particle
di aneter greater than the first nedian particle dianeter. At |east a

Catalyat st M8Iand o Bosrniaryii. earoees of FRERe S mBtin el °™

catal yst stgesp Mfitdtd fiidthin e dbsidd RAkidIE ke HintiBLESn WafSn ahdhctidae second
medi an particle dianmeter, and the second | argg catal yst streamhas a fifth

nedi an part isgstemdilthguglen pogiomatfdhe ¢dtalystiiings sethsrdaction systepamay exibthsi anet er .
At |east a portion of the second .|ar catal yst. streamis directed back to
the react | oRcieyERentieab T ghdnt yrodsel RERCGF oy i SrASERETo R BESER beg
separation shwepfiof pesvides NpdcsSHS RldcAlelY Rirhowift BabedatalysOpartidles S#6RUP
consisting of a cyclone separator, a settling device, a'screen and an air

cl assifier. thrwgpehiabiyplenonwever, at | east one, preferably both, separation
steps occur in.a counter flow.cyclone separator. [00401 |.n ap alternative
enbodi nent (wdﬁe pr esé}ﬁprf’ﬁ?fém'%&q? a&WBé’E PF%‘B&Vg asﬁg} Sluﬁad?%f)ggaﬁalggtrt i cl es,
e.g., catal yafticids"@Sa rédcBioh SORY.C Aheirdt {)lufzﬂft{ TRt PartidI&Phas & Girkiowed by
separation of undesirably large catalyst particles,”e.g., catalyst coarses,

in a second msslirar patticle dtapster| and porapraged caiakesitfines. f Thetfinst phudlity yofof

catal yst partig¢les havin firs di.an_particle diamneter, is djrected from
Che  Teact | SHAE RS Sofests (= GelaPSE 11 105 cireetiom 2R pegens PR, o
tatal yst paktestivstd SonveePal fasida ipdhitord of ithies fecbRbk 68BNt The gage and a
first large catalyst stream The first small catal yst stream has a second

medi an part pbiralityi afreatalyst cpastielpmns tthen fdireeted fremti she peaction| zondi tmat er, and
the first |arge catalyst styeam.has thir I_an articl | angt er
greater t haﬁ1 heE e & %ﬁ‘ed'rpérpoﬁtéﬂ ioglat@ed?%%ggg?me? ﬁ?ﬁgn?ggtgn%omggﬁar ation
step, at |eﬂ§s%n§agﬂ§%‘ Fdreur@er Edlitidnk SFfebiVed fBah Al eéndEHILANT bEcAMRar at ed
into a second small catalyst stream and a second | arge catal yst Stream The

second snaphrtickes an yha disengagmglrese.a The gecond pduiehty gfaratdlyst padiclesdiaen | ess

ts? ?2 aﬁnhﬁ ats h Igéc:?apfl ﬁe%%%gqagﬁélte id%ln?etgx‘i g?&ﬁéret[lan %@%rgthnelecﬁgnc Banl%c{eac{ig%et%g t gl yst
portion of the second plurality of catalyst particles is directed from the reaction
zone or the disengaging zone to a separation zone. In the separation zone, the
portion of the second plurality of catalyst particles is separated into a small
catalyst stream and a large catalyst stream. The small catalyst stream has a third
median parficle diameter less than the second median particle diameter. The large

L catalyst stream has a fourth median particle diameter, which is greater than the
second median particle diameter, Finally, at least a portion of the small catalyst
stream is directed to the reaction system.
[0036] This embodiment optionally further comprises a step of monitoring
the second median diameter. The monitoring preferably is performed by a laser
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



WD 2005/ 026294 PCT/ US2004/ 028261 16 particle dianeter greater than the
third nmedian particle dianmeter. At |least a portion of the second snall
catal yst sypeRikifaey rected back to the reaction system EQ%%M%?%EGS 1-3
illustrate three non-limting exenpl aryyenbodi ments of tﬁe présen
invention. Fig. 1, for exanple, illustrates an enbodi nent of the present

I nvention wherein |arge catalyst particles are selectively separated from
smal | er cat plefedablyeit greale ShaniB0Chicas®s, betoieeh @BoA0R ah abbet 128anict@ns, syst em
Specifically, a feedstock 101, which preferably contains an oxygenate such
as met hanoPr detwesiapkaut 9?5@r@é%dogdné’r‘?’@actqmnél}bt% mONIONTRE dhe
reaction sy qué, |, ' S ' C t he

f eedst ock uﬁ%lgirgr%on i%ﬁ(s)%lﬁssrcgtréefrplgé{a:r@éele 1? {ge%g%llg%ér{‘tﬁgfe ﬁ{téeljacg'ltu ﬁ%r,p%?ic?%?of t he

f eedst ock 1Q@dtetriniiO@AtCsf setdmetifativn, bBa micbkari @A séreating etiesn 102 in a reaction
effluent strea not shown. The reaction system 102 includes a reaction
unit and opl98Thl |y orddedresest tnvshtiemds plsp IGHRFIRE to procegses ouseledy®d ng unit,

a catal yst | r rege a C S{ 160 . / or
condur ¢ 11 nEgboTBE o SAEBS Bl RIBENT HeacBpcBhRl “MuchO R 000y
second port igdation z6md, dl JisdngAgingi heSoptibhall aGatalPst Pegdneifor) bplibraallyfd r st
portion of catalyst particles) is withdrawn fromthe reaction system 102 and
i s direct egatelyskeqokgrand optispaibenratelyst sEpperatn one sypbodimentshe prsesses one
or nore se i | i te | C | yst
particles f n%)?ﬁ?&eg (rzrlgﬁt%!r)} geaefl iﬁéyagp 1“3%‘?‘?’ ;%gl%%isﬁ%g Qgﬁgé\%ﬁ?%sggar?éﬁﬁyg n%tsn;%}'st em 104

sel ecti vel y The pluralitgsof dabityss panitlesn@ntdceya eedstatiaby tHe feadtionCions ukdér i Nto a
smal | catal yst stream 105 and a |arge catal yst stream 106. Snal |- catal yst

stream 105 Rerditonpeeffestive 4o corycat atgicasiar RoTPR HE the, fedsieek fe areduchad i cl e

di anet er of : ' ! g?’%ﬁ . [ . e

cat al yst st Péﬁ%ﬂ%@@ﬁﬂ@g& g{%g%at%&%t r |§¥%{S£I%§{e¢gdr§?%%%§?n@%§ﬁﬁ{ e nmedi an
particl e di anepaatied uhinewbaetnthe poirtiowbf the phtaity 9 cpalyst phaivlekOdis a As
shown, small catalyst stream 105 is returned to reaction system 102 to

catal yze f firstmesdidnopreleidiameter. s Earipersion of dhe plyrality of eatalysbpagticleadsl yst
stream 100 SQRtONd It doBarafiGy Ghtdntca ImA' Alalk strkH'Hnd'd ed Bthhyst Y OF

di sposed of .
stream, wherein the small catalyst stream has a second median particle diameter,

and the large catalyst stream has a third median particle diameter greater than the
first median particle diameter. At least a portion of the large catalyst stream is
directed to the reaction system.

[0038] This inventive process for selectively removing small catalyst
particles from a reaction system is ideally suited for a reaction system that
implements catalyst particles having very low attrition resistance. That is, in a
reaction system that implements catalyst particles having low attrition resistance,
the catalyst particles will tend to attrite at a higher rate than in a reaction system
that implements highly attrition resistant catalyst particles. As a result, the median
particle diameter of a reaction system that implements catalyst particles having a
lower attrition resistance will decrease as attrition occurs. In order to maintain the
desired particle size disiribution 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,



-enbodi nent, not shown, |arge catalyst stream 106 is returned to reaction
system 102 to catalyze further conversion of feedstock 101 to product. In
this enbodinent, small catal yst stream 105 optionally is recycled to a
catalyst YOAMOPHy facility or disposed of. WO 2005/ 02BCBAS2004/028261

PCT/ US2004/ 028261 17 [0043] Figure 2 #3lustrates another enbodi ment of the
present invention, wherein small and |arge catal yst particles are

sel ectively_renmny fromthe reactiaon stemt.o form.a popul ati Qn of
desirabl y- smﬁel%:tgﬁlwgﬁesi)ﬁ??}’%fegs% SW%%H %ﬁn atglinteB?rgglegd&@ P%’”ﬁ% reaction
system SpegidftaBly tvo, depRAMbalstps. BPeoifivdlly; R firbr b Nidpby c£894tPaRilan
oxygenate such as nethanol or ethanol, is directed to a reaction system
202. In thehpengtd Brst syesdizanpapcle dzmgtersis diseted drorafthe agastign systgrarte iac| es

contacts the feedstock under,c i i 0 f lve. .0 convert at.|least a
portion of f % W?&gﬁ%éﬁnio?‘? %ﬁr%ﬂﬁ@fy gé\ﬁgtgllgfﬂeﬁi"%lgl_e? e S?p«?’é%?cf Hlnﬁ’f_yst em 202
Jn a reactifiest Rbhlatientzopé i8N fift® tsnRllovalysttrea@agdd 0 FrsY Rt @ tagsti ncl udes
a reaction wunit and optionally one or nore of the followi ng unitS: a

di sengagi ngsteam. The figstismallsatadyst stoeaom hasga seeond madianappstide diamsterdessat al yst
cool er, and/,or 1t lLines .transferring. catalyst particles between these
units. [004&}“&@2&%%8] ’cﬁlptqaghd%?la E't‘a?fi’ 9’%‘? t}beair'){sltﬁrgg cg%%ysfégaam S|§ort I on of
the first pard meAiAfpasiadiatidetdd Brédid! (B theShired kdiaaWardd®Matdeger! @act i on

system 202 and is directed to a first separation system 204. First
separ ati on ¥5ast @ perih elothp dirsteunalbertalyst shigrm isgparatedantoumisecond whiah ar e

adapted to separate | ar catalyst particle fr snal | er cat al vst

particl es. ﬁgtgg’ﬁg\ﬁﬁe iaﬂgta %eggﬁt?'zgrggﬁa §_k 8%?%‘40?@? 8%Ct°f1§esln§ﬁ%t gaééﬁtat es the
sécond port k@en®ha¢ atf@litbinedian phrlcRSdidMeter Mso titarf fhe SecoiBhédigRpativet stream
205 and a first large catalyst stream 206. First small catal yst stream 205

has a nedi adiamgter, endthgisesandderge estalyishstreamhbasrpefifta magdian pactide diametarer of t he
I A N O e
di anet er of 14rfecasEsHreaRqt Biredte®@badkedoahy rdactidn Bystérh C Kp%ioBAIPy, either or
both of the above described separation steps occurs in a separation unit selected
from the group consisting of a cyclone separator, a settling device, a screen and an
air classifier. Preferably however, at least one, preferably both, separation steps
occur in a counter flow cyclone separator.
[0040] In an altemative embodiment of the present invention, undesirably
small catalyst particles, e.g., catalyst fines, are removed in a first separation step,
followed by separation of undesirably large catalyst particles, e.g., catalyst
{ coarses, in a second separation step. In this embodiment, a first plurality of
catalyst particles having a first median particle diameter is directed 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. The
first small catalyst stream has a second median particle diameter less than the first
median particle diameter, and the first large catalyst stream has a third median
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 streamn. 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



[0045] First small catalyst stream 205 is directed to a second separation
system 207, which conprises one or nore separation units adapted to separate
smal | cat 3fyShodABkidsCl €s fromlarger catal yst particles. ond
separ atlon system }2%7 sel ectively separates the first smﬁ?T@ggé@%@%gtream
205 into a second small catalyst stream 208 and a second | arge cat al yst
stream 209. Second snmal |l catal yst stream 208 has a nedi an particle dianeter
| ess than t%rﬁo'[@@iaﬁﬁbt&ag{éa&'r%ﬂl FWedra Qﬁed‘i:ﬁﬁpfaﬁfcfé dbiReitr. Caltaledsit a StTeam

205, and second | arge talyst stream 209 has a nedi an particle dianeter
great er t haportina ofdbé sevopdsmald etalydl sirpameis digected dack toghe seration systemhy st

t 205. Iy, t | a t al WO 2005/ 026
Ech??ngoom éé@@gl y18 @g@gﬁ%@l@s C%‘é‘g‘f ﬁ%‘i‘%g TRy 2'?‘%%8}1%“% Phmet er |
e.g., a heakfle osent vaenﬁ'&ﬁvqflé' N fireeheiE KilkRikate® apr &HH&iudeﬁt bgagé i on

system 202. Thus, second large catalyst stream 209 preferably is returned
to reacti onpsgssmtemvzmﬂm whemmlzygecatalystt paticles e selectivetyf sepreatéd didet ock 201
to product. cat al yst

t t 206 d/ d |1
stream 208 8'5’@ lﬁnﬁPﬁﬂgﬂgrca E%i?”@% [grag]r‘?%f]ﬁfi;‘ "l“’koir*‘brtﬁ%?%??smfsé{ﬁ?‘inrty or
di sposed of gpkQ@d4ly,H %ﬁ&o&c I1b|1 Ughicht ?x%f&ﬁlﬂﬁr%tfﬁﬁ@%' géna‘i% shdle aPr esent

I nventi on, V\/nerel n - snal l'arge catal yst particles are selectively
removed fromethanehot ﬁﬁmnols;ssthmtvtetddﬁaaremtwrpmtﬂmﬂ P2n Imthedreséticabdyptesi zed

cat al yst par. cI reI dbakt e, re ct f.em
Speci ?‘/?calol b, ?@%M%& og tah@h %ﬂfbﬁ&? rg I ﬁ%ﬁ 8%t e such
as met hanol eﬁectﬁ;feha%hveﬁ 8t BhdtAGicR6ort Of ﬁae E@&%ckqml%ﬁn&&ﬁc?%mh Rxfthe

reaction system 302, a first portion of catalyst I cles contacts the
f eedst ock 30ie reackion systefii t103ris afeaction vEluent simanemota;howlaas’fheareaptm i on of

the feedstock 301 duct h. exits th t 02.]
oact on ef Frem 02l Fiactifo it Siobrodgly 6r oy BbunbEus Tollokinds
reaction  Ufhis: amls@ﬁg@sgaluhﬁ QNG st "iFpeR] atéa@al Q' leB¥ieRftor Y LatalyRt

di sengaging unit, a st stripper, a cataly regenerator, a catalyst
cool er, andtoelen andfor condurtésles nﬁmfgﬁ‘mgrqata@'st aalallcifestbemenlthetsegnhat ween these
units. [0042] A second portion of catalyst particles 103 (e.g., a portion of the

first portion of catalyst particles) is withdrawn from the reaction system 102 and is
directed to separation system 104. Separation system 104 comprises one or more
separation units, which are adapted to separate large catalyst particles from
smaller catalyst particles. As shown, separation system 104 selectively separates
the second portion of catalyst particles 103 into a small catalyst stream 105 and a
large catalyst stream 106. Small catalyst stream 105 has a median particle
diameter less than the median particle diameter of the second portion of catalyst
particles 103, and large catalyst stream 106 has a median particle diameter greater
than the median particle diameter of the second portion of catalyst particles 103.
As shown, small catalyst stream 105 is returned to reaction system 102 to catalyze
further conversion of feedstock 101 to product. Large catalyst siream 106
optionally 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.



-[0047] A second portion of catalyst particles 303 (e.g., a portion of the
first portion of catalyst particles) is withdrawn fromthe reacti on system
302 and is_directed to a first separation system 304. First separation
syst em 304WEBPEE! one or nore separation units, whi chP‘éT/@S%‘ﬁé{B%sé@ to
"separate small catal yst particles frofl arger catalyst particles. As shown,
first separation system 304 selectively separates the second portion of

cat al yst par {4 s 303 4; o ?IF% . r first
| ar ge cat al qu(ﬁ‘?f ream fdg@rgl—zla}lfgtgﬁ%%r% c%art a yﬁlﬁﬁtr%gﬁeg%ggeﬁﬁgé&gﬂ%ﬁdi an
particl e di amdicetin | sasd] tahdniatdeecatdgstaparpales | ot esethiciney eremafved hi'omstheond
portion of catalyst particles 303, and first |large catal yst sfrea 06 has
medi an parti EaStER § ?@rtogfp%@é?owmntqé{emlﬁﬁl ‘ét‘;@‘iabﬁép%‘i“& WRICBf t he
second portj el e . X st
stream 306 i gfég?l?éecé%ggg%%%ﬂfség%%%@hs%g%?{gt |§g%8ﬁ§%/1§tf eam&%sé}@l\g\z?g’ﬁ%gigﬁnpri ses
one or nore paffaublyl amtains b oxgapiaedsich sepethanel ol ethgeols & dirydéd paat i cl es
fromsnmall er catal yst particles. As shown, second 2005/ 026294

PCT/ US2004/ 03%398an ‘sygiee g8¢-at InoHesipaslon sysfend odWe 1 Yigtypostipn oft eadalyfie fir st
| ar ge cat al : 641 nd a
secgnd | ar ggﬁ%‘:rg? %Ff/c??} a?&rg{g%%é&ksﬂ%gggggﬁdsmn%lﬁ g@%ﬁ%?&t&tﬁ %Za%m?t%%gqhas a
medi an parti pbeiodicfitht égedbtesls 20 hanpiodeact, widhhasxiteahd reatiortl syt €02 ¢h at he

first large cat a(lé‘%/smtream 306, .and second |arge catalyst stream 309 has a
medi an par t | E336teR SHER! StfR@anet showdln Thicrcaeian.sysisar £9% meludgs aveacsionof t he

first large ¢a S . e , : L yst . stream
308 has. & decitt ap & RiERER e i mpeal e phishRPRANE & enghhy b o
converting fesalystostkipB&] d catglystdiegendrator, eachiabyst sysiee nanddR. coblduit, lissscond
smal|l catal yst stream 308 preferably is returned to reaction system 302 to
catal yze fulemdemipgcoiyst Bartiples betwigen HsRe B0 - t 0 product. First smal |

catal yst str 05 and/ : r O _ont | 1y are
recycled to g cafal yst A F%ﬁogﬁ’g&ﬂﬁbb?g@fﬁm t ﬁ%%q%%iizg%o(ggc?agop?ﬂ Ot%gﬁggFi gure 5
i I lustrates frstipodiohed cazhanpdrticegiiagithiraoi foomdhcteaction system 202 and is '

directed to a first separation system 204. First separation system 204 comprises

Q

one or more separation units, which are adapted to separate large catalyst particles
from smaller catalyst particles. As shown, first separation system 204 selectively
separates the second portion of catalyst particles 203 into a first small catalyst
stream 205 and a first large catalyst stream 206. First small catalyst stream 205
has a median particle diameter less than the median particle diameter of the
second portion of catalyst particles 203, and first large catalyst stream 206 has a
{ median particle diameter greater than the median particle diameter of the second
portion of cataly;st particles 203. |
[0045] First small catalyst stream 205 is directed to a second separation
system 207, which comprises one or more separation units adapted to separate
small catalyst particles from larger catalyst particles. As shown, 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



system 500 in fluid communication with a separation system 524 according to
one enbodi nent of the present invention. As shown, an oxygenate feedstock,

conprisin sone oxygenates in a vaporized form i ' hr ough
WY 1hfisinf ¢ 503 adkbi it

line 501 to a reaction unit 503. The rgaction uni tion
zone 504 conprising an inlet zone 505, containing fluidizable catalyst
particles. An oxygenate conversion reaction takes place in and products

| neluding priiBobeb N8 a&ikBk BsiaR pRAGk! BAnERRe 30%a flad GAB! @ POrLi On

of the flui e catalyst particles are carried f reaction zone 504 to

di sengagi ng emmivertin@deedstock201dtef prodwsct dit seastoryisysjerad2. SDHus, secatidderggagi ng
zone 507, catalyst particles ar separated fromthe products of the
oxygenat e co‘i%ﬁéi%’r%@e%@ i3 Frf’??H{ é%r%{P@egytPe‘iea’etH’an Iphgo%it‘ééﬁ&ia&eng zone
507 through ¢if S | 61 hsct. & HE?:‘t L&l er cross
sectional area %h%%gt?ﬁ@nr@g??égg&gglgg 5‘%2‘,;1‘% EIS rgﬁsg f%@k@lsl;#s ?Rigng t he
gas superfi cindforvescamd tsgnailncathlgstdstsanng 208 nptivnalty 267 redvdledatd evéatdyst | ar ge

portion of the catalyst.to settle dowward with gravity and becone |argely
separ at ed f rigFnpigEng &EMQFQ‘SGBW&(}Q on products and any diluent or

unconver ted fygenat e EAKes Siiiut SRR tnloBimd o Re HESF tvetigler L1 on Of

the catal yst” pa ch may be entrained wth e ‘products of 't he
oxygenat e owlnreinssoidi andldaetgdecratalpat patmitasiaeelsdlentively =ampaed timm dewviotien509,

preferably conpri si one or. nore cyclo separators. In the separator
Gevi ce 500, YAER RSHAY iP@lPé!létlaPeOf\c/\EFSZ@gg'r 26312 /nagyém/w%sgaqe 20
separat ed frg@m {enky 8RR erc&c,Qf&Y@%)%'t psg&ﬁég?yhgag?%ﬁ%cﬂ' ine ”\thrlﬁfé

unconverted oxygenate conversion feedstoc e present.
separ at ed cairefeybly comtains cdresxygehhtei sath as maethanolmrestharpll.esdivddded whiach:

direct the separated catalys articles to disengagi ng zone 507. A portion
of the cat al’§4tiop, Hified é@ﬂgaéﬁl r’rge rz%fﬁl@nswteﬁh;ﬁﬁl iiishihoraen ﬁgtqﬂ&%t

cat al yst regﬁh@éf&%ﬁi&%sl thBFecbtbek 309 unddtRIGHEHERS &fg%d'ztﬁffezg Icéﬁgev\rﬁét%eé@’f'ﬁr e it

joins catalyst comng from catal yst regenerator catalyst in
|l i ne 521 ancpdriioreobth2 feedstackt H tegaodist, whiak iekys thiet feactidn fystengd82 imki ch
enters via lriearllc%og% ﬂue%?gtrg\g]nil,cgotts g\glsl.pofrhgasregc%gn %%tgxlnyf(h itnghlidgé gtrea%%gg °05.
unit and optionally one or more of the following units: a disengaging unit, a
catalyst stripper, a catalyst regenerator, a catalyst cooler, and/or conduit lines
transferring catalyst particles between these units.
[0047] A second portion of catalyst particles 303 (e.g., a portion of the
first portion of catalyst particles) is withdrawn from the reaction system 302 and is
directed to a first separation system 304. First separation S)‘/stem 304 comprises
one or more separation units, which are adapted to separate small catalyst particles
from larger catalyst particles. As shown, first separation system 304 selectively
separates the second portion of catalyst particles 303 into a first small catalyst
stream 305 énd a first large catalyst stream 306. First small catalyst stream 305
has a median particle diameter less than the median particle diameter of the
second portion 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



Optionally, a control valve 514 may be used on catal yst recirculation line
511. 10050] Another portion of the catalyst from di sengagi ng zone 507 may
flowinto a catal yst stripper 515, which in this exanple is al so contained
within di‘é’%&@{?%@%nit 506. Catal yst stripper 515 opti oFaT/U§208¢/A2826hs
‘'various el ements to enhance strippinglaction, such as trays, typically shed
trays and other elenents well known to those skilled in the art. A

stripping ga be int uged- vj | | stripper 515
o enhance eRBar ot o8 SR ARG o Bt T iRy Ee Bt docthlq £F
conversi on [ e€béall SsodiM catadyst B €y E308e dndy gi0ad dargbeedstysic krdahpBOYhe

catal yst prior to sending the catal yst to catal yst regenerator 502,
typical |y bybegerd smpll\oatelyst seegn 208Cmsi mgdiap partielsriipgetey desstban ghermy be

used in line 517, Seous nat eri,al fl I t.al.y | pper 515
into di send%%ﬂﬁbpzoﬁ% ‘gﬁ‘?.et%gg%e Qgg%g%ﬁgtgyﬁ%éeéﬁ‘;% @% aglgtsﬁ%%%rg(%{afg@i nl et
Zone 505, i reatalyt Str@%en0) Basaf thediah piritiol: digastef SehRelthal (Edindfis parlk® er 519,
passing through a |ine 520 in fluid communication with another |ine 521,

d
and j oi ni ng digmetex plethe dstdprgetcatpdysh gtreasi306ulldeadly, therssoeyl small gatebisyagi ng

zone 507 in |in : tional | cant.r 5 ed. in line
521. &ygenébgalﬁogé/%rhgf (C)eﬁ de%@&%?csﬂﬂ &#T%Cﬁ!é dé%ég/tgrna%é" g%ﬁi\?gﬁsgugh%léact I on
in reaction capap@tind4ccdidciabyl 1o/ PrvEn Rectivrygerat 807, eTHad, @sdondl ndlEnoVed
fromthe reaction system500 in |ine 508, Sone small neasure of such

materi al s meyptakyst ishears RiSeprefaallyt igeretwaed ity Seaction etyster 802 Socainlyze o t he
I nperfect n e of I ppi L h,catal yst tri-pper. 515, 0511 |
preferred e%%@‘?rr%ﬁyérglﬁgt&sfﬁ%%thl(t%del {c% %ﬂd])‘}é[t %]‘gsglsret}am%alg'sgpsg[reg?‘egbfn a

closed | oop awiiloh seadrdl lsge cREBREsAEGN IO optidiallyi &e rebydldd $o \WOcAARGR( 026294
PCT/ US2004/ 028261 21 enbodi nent, catalyst cool er 519 receives catal yst from

the cat al ystfomeyeling facibfy omtispospdiofii rects a cool ed catal yst back to the
Catel vt 1 eqRREI.or T3y SURRIRRCEIdh 8, LRPYSRER, bPURIRR o5 |
500 are wi t hestamb00he falfd @mramtication with a separation system 524 according to one
embodiment of the present invention. As shown, an oxygenate feedstock,
comprising at least some oxygenates in a vaporized form, is supplied through line
501 to a reaction unit 503. The reaction unit 503 defines a reaction zone 504
comprising an inlet zone 505, containing fluidizable catalyst particles. An
oxygenate conversion reaction takes place in and products including prime olefins
are formed in reaction zone 504. At least a portion of the fluidizable catalyst
particles are carried from reaction zone 504 to disengaging unit 506, which
{ defines disengaging zone 507. In disengaging zone 507, catalyst particles are
separated from the products of the oxygenate conversion reaction, which are
yielded from the disengaging zone 507 through line 508. Disengaging zone 507 is
of substantially larger cross sectional area than the reaction zone 504, thus
significantly slowing the gas superficial velocity in the disengaging zone 507 and
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



directed to a separation system 524, wherein undesirably-sized catal yst
particles are renoved. As shown in Fig. 5 a portion of catal yst particles

are renov f.r [.ne 521 and directed through |ine 523 ration
system SZS‘fgo'lzﬁggazsﬁgdﬁar ation system 524.gmy be forned of o%gT}éJrgg??éﬁ'gﬁG?

Si ze-sel ective separation wunits, the arrangenent of which is described in
detail above with reference to Figs. 1-3. Moreover, separation system 524

optional |y qppimicdsrdif tRehBpehite bonvetsiBY prodlidts SdRak dilkkRcor tmeBhverRdr ticl es,
or both, fromthe reaction’ 'system 500. Selectively “separated catal yst

particl es thaygheaie convenspasiecdiioek hat angie bg. presamt.unties isepaspted gutalysin

ticle dianet d fromth ti tem 524 .th h i
E6. il e guee) 601 frubiatg o metsPalseS IR0 ARertiRe Sbealtn M oe or are
returned to ﬂaﬂ‘i’clé@&?ﬁis@ﬂ%@ﬁé 85RO PT. Vi pbitide S2the dPpst]frdtht digunghginbe

separation system 524 ilTustrated in Fig. 5 receives “catalyst particles
fromline 5zbnewh@Thmagt flows idat & yaptiopal chiglyst reeirewlationeditei hl.umnd 503,

th ti t | cl t.hat to be. t ' t h ti
syot o 524 s EReR e BRR 51 uffes Oin bl PBisRehEh ha v RekiGaREh "yt om
500 wi t hout spoVvigddhodm, aat_a@@ﬁﬁlﬁneqm tahe liRE SPER liftdivRatnsPravitpivige@nR! e, the

separation system 524 optionally receives catalyst particles fromone nore
of the fol |gasiwhichentarpmia lofe S1deandewbichdranspostsethe catelyst foonletimdne 508 (e. g.,

f i nl et 05 /or f ] 04) .. di i it 506
(e " T om Gl RO Sare 38 79 Hetra bR BB R MEFAR A, 1T oy &F ol e
510), catal ygbs@tri ppeAnét]gaéri pofiRhadfyk %ﬁ]ﬁs‘ﬂ%&h%ise’ﬁ@@gin%gz‘oﬂkm fagl er 519,

and/or fromone or nore of lines 511, 517, 521 and/or 5 0054]
Simlarly, dhsyintblaccatdlysidstuppesiiiss whioht indhissexampld e alse eontatied within

separation system.524 t n [ re of e f.ol l.ow ng.regions qf the
encton o ReERTER P AR ke 51 o et D€ JaSoR ArmenE S one
505 and/or %@ enh&re strifpid®B&ic20dich £ teSRFPIcAly Yhed triROnidotHer eléfents
di sengagi ng zone 507), separation device 509,  catal yst stripper 515,

catal yst regesibkuavar tosthese shitled insthe agodt elripping, gaamerydre introduendevialinaor e of

lines 511, 3§ inR%ke %Qt%iy%[ st%llagér 515%0 enhance removal of interstitial hydrocarbons,
entrained oxygenate conversion products and any unconverted oxygenate
feedstock from the catalyst prior to sending the catalyst to catalyst regenerator
502, typically by gravity via line 517. Optionally, a control valve 518 may be
used in line 517. Gaseous materials may flow up from catalyst stripper 515 into
disengaging zone 507. Regenerated catalyst may be returned to inlet zone 505, in
this example after having been cooled in catalyst cooler 519, passing through a
line 520 in fluid communication with another line 521, and joining with the
catalyst being recirculated through the disengaging zone 507 in line 512.
Optionally, a control valve 522 may be used in line 521. Oxygenate conversion
products from the oxygenate conversion reaction in reaction zone 504 and any
unconverted oxygenate feedstock are removed from the reaction system 500 in
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



Exenpl ary Separation Devices 100551 Any of a nunber of separation units may
be inplenmented according to the present invention to separate a plurality

of catal ystgp%rt/i clgs into a snall catalyst streamand a Iarge cat al yst
stream A WOUPYH%Thg exenplary 1ist separation unit BCTHaI00ME3826k used

‘according to the present invention include: cyclone separators, settling
vessel s, screéns, and air classifiers. [0056] The design and operation of

'S “Pat ont SRtled SadBR Bt sDBGeiRY ohtaR int . Sty ekl 933505
and 2, 535, 1402 ahd difeets@pobRidicanalat backay theosaealyss egiehatatsr, 502apor conmponent s

and optionally a mnor anount of entrained  particulates are urrged by
pneumatic pri@8Rre up Aerordipetohe PsessalIAYHIOANE dasehrghrboye tadiprBen plot | whil e
heavi er partq cl irtu f [ | @nd Nt rif r t end
to nove tOV\I;.dI)% C?T%ley Sgi) sllcgeg %%rgaar% g‘!rlé% é,rhfsﬁ)gmﬁg\h‘ig@ﬁ&r?%;{ﬂ% g&glr %@d by
gravity in alideedwardsepartiohi sgiteinnda, aviieesie unaésiably-sikdd smilgstypdriiciegh a

| arge particle streamoutlet. The centrifugal separating force f

or
accel er at | ofreEeIGVEAg s showimis Fig. Fea pgriiepiaf watalysy parjicles erparemonpd fiem | ow

resi stance I t il - QI @Al | : | hi resj stance
units. [005%%%@??%@ %ge%oéhéé{é%ﬁm?m er?%lthgaﬁgﬁéar&é%r?g%%l o%ﬂdf p fticulate
nmateri al entsgparitien eystdrprR24sepabatBimédbOue od @B oY dcbdckive @epiiad i nl et.
The collection of particulate material_ preferably conprises catal yst

particles ofunitathe agangsmeatof whieh ipdaseriesddy detailrioremd@yreterenceiio Eigsl | er t han
ot her S Tanqg_ﬂt re?ﬂér,r ¥ gfaﬁohrlgstgl%sﬁﬁu(?ptﬁﬁ lf %f)él'a eléltgtselegmeq 'r&b \?er eates a
swWirli ng acti1on 0O e gezgseous n parti culate nateri aF I nNs| de ?Ie cycl one

separ at or angtgephateldssiasll particles s bot, tiom theadehetion SREMAIRUSEECtIvRTL eX
pattern. 10058] Centrifugal _acceleration of the particulate material in the

cycl one sepepasated qatalvet nagticlesythat daye anpadesisahle sizentp ey A undgivailedl v t o
th Il of : : t t
e wall o éxgéhfaéloé%ﬁnl%fr%ie%gﬁﬁgie?)gﬁesr@ﬁ%@& ?rroHat ﬁ\%f &lpaxgﬁﬁg s st%esftt’h% %1? re ex

pattern ten reater anou er particu
mat eri al t haipet526, whiie partivléschavingh desirdblsTpize H€ InGhae patsicklipgsenhfe and

SRl Par L Cihed 16 the resction systei 500 via line 505

[0053] Although the separation system 524 illustrated in Fig. 5 receives
catalyst particles from line 521, which returns catalyst particles to the reaction unit
503, the portion of catalyst particles that are to be separated in the separation
system 524 may be withdrawn from a variety of regions of the reaction system
500 without deviating in scope from the present invention. For example, the
separation system 524 optionally receives catalyst particles from one more of the
following portions of the reaction system: reaction unit 503 (e.g., from inlet zone
505 and/or from reaction zone 504), disengaging unit 506 (e.g., from disengaging
zone 507), separation device 509 (e.g., from dipleg 510), catalyst stripper 515,
catalyst regenerator 502, catalyst cooler 519, and/or from one or more of lines
511,517, 521 and/or 512.

[0054) Similarly, desirable-sized catalyst particles may be directed from
separation system 524 to cne 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 zome 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,



fines. In addition to centrifugal forces, gravity tends to urge the |arger
particulate material in the outer vortex dowward. In one enbodi nent, the

| arger particul ate WO 2005/ 026294 PCT/ US2004/ 028261 23 material falls al ong
the wall of the cyclone separator and corects in a hopper of the cyclone
separator. The collected particulate material optionally is then directed
to a recycling facility, wherein the collected particulate material is
formul ated ipto al cat al yst corrp05| tion having desirable particle size

characteri st €S0r a portion of the |arger catalyst
parti ol o5 ar peg 1 20t ofafatk § ol LR il ORS00t AR AR
within the c e separat or e outer vortex termnates an I nner

vortex is foagtetingt méﬁmemmsemcgmempmwmhmﬂy of caslgstyrpdi¢les mto a
particul ate materi al e inner_vortex progresses upwardly through the
cycl one sepaﬁlaﬁlb?at@ﬂﬁ&éﬁep%% laggepasalysirsieamd /enerdimiting examplang igef al so

o ot achea wpop ARy My B ey FANH IS e BRRRRL iyl MRS O ¥

the cyclone cy@@/ Q’étorsT @enm@gb@belkmmtmrmélussmsa di amet er that
approxi mates the ou peri phery of the inner cyclone vortex. Optionally,

the outlet t (0056} raver %s dtehgn and pperabibp-of cyelads separaers e ksawen o6 thase
Crelone STl RS R S, ARt Ll T
Optional ly, @ldgaQR124 B@@hmnwmub@ Sblss5 1861 AhVibk Pefakioh| % Wlond rect ed

back to the reaction unit. [00601 Structurally, the cyclone sepafator
preferably i sefaraders wapoputamnpornients @McypilmllYCal minorh @moav i afg eatrhiabér aI |y

o s " o PP UAES e Vel By areURatic PREsE Blfs PRIt hiornand thionek "ong. of

the corrponenhtswastnetswm&a;ﬁ&sierbgrrM@dsy virkR VA& inertid A dintlifkaeRkof a
speci fied conponent is that end of the conponent that is furthest renoved

from grade. Tind topsovetovasd thh@utmifescmmwbwaﬁy o wihichl theyrand ergaar by er abl y

's in open CO mxﬁaat tl:lgwnm\)’vmartdh dlrecmon info %Orrflslct%%er ancrrJD ﬁlmately through a large
particle stream outlet. The centrifugal separating force for acceleration may range
from 5 times gravity in very large diameter, low resistance cyclones, to 2500
times gravity in very small high resistance units.
[0057) Specifically, gaseous material and a collection of particulate
material enter the cyclone separator through a tangentially onented inlet. The
collection of particulate material preferably comprises catalyst particles of varying
sizes; some particles being larger and/or smaller than others. Tangential entry of
the gaseous and particulate matenal creates a swirling action of the gaseous and
particulate material inside the cyclone separator and establishes an inner vortex
pattern and an outer vortex pattern.
[06058) Centrifugal acceleration of the particulate material in the cyclone

~ separator tends to urge larger particulate matenal outwardly to the wali 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



.having a broad distal end that narrows into a narrow proxi mal end. The
narrow proximl end of the hollow conical nenber preferably forns an
opening at its apex. The apex opening optionally is in open comrunication
W th a st WOEMr26$ ch i s adapted to transport | arge pareCTUSHDLFO28RE1Er | al .
‘[0061] The outlet tube preferably travé¥ses the laterally extending top
surface of the cyclone separator and extends into the inner volune fornmed by
the outer hollow Caijl i ndrical nenber. At its proxinmal end, the inner holl ow

WO 2005/ 026 29atepelrfals abmeg the avadhof the cyglpns, srpakaier srshendlectsial akrppen ot nal |
stream out | ' bl i t : r ' nts from
the i nner vgbf ec%%oﬁ%ageg)%}%r?hi%wt E‘gﬂ%ga? I ﬁ%‘éﬂ:ﬂg@pﬁ%ﬁ%%a}fﬁ#ﬁéﬁlgﬁ? gﬁﬁ ol | ow
cylindrical diretdr tdlaseedyoling dasdlitg vhekeh , thettollected patafsedmbateriekbdei ve a
particul ate | aden streamfromthe reaction system ldeally, the inlet to
the out er hdPrewated i by i ealcatibysbe FOMAPYIRILCBaVing e desiFabile| pattigfensizat r eam i n
a tangenti al A\ t es t cyvlindrical nmepber
such that aSChgﬁg{Lg%P{Ml'cg?é'toggﬁ%c?el#lgg%lppgoéﬁ]&ﬁ g%iﬂ%glrl%g%c% aliyﬁ Bargiﬁlgs (?ﬁ‘?gr

hol I ow cyl idigeicddackediRredctioh QOB an outer vortex W t hi n t he outer holl ow
cylindrical nenber. [0062J In operation, as catalyst particles are

i ntroduced ilA9%¥t he cydt ceme peiphrdtion  the Heycloae geaparateral the toyserr ¥pdedes are

urged al ong.,the_ i I rface of t.h out e, .hol |l ow.cylindrical nenber, while
the Smal er eiapBRang T PBECkHen i3 Tommith B (ealiical sl ERme PR c o
entrai ned widn shitflef paRRURtE BERSTAE N The dMtr VOFBX phGeredsB apwiAlly oMt hi n t he
cyclone separator. Gavity and centrifugal forces tend to direct the |arger
and heavi er thacytlpse separeior uaderf prishmatie poessaie ans| ererscan pndieti whe, alsmenber

through its open.en nd Into.the.hall ow,coni gal nber.. The hollow coni cal
monber t enddSEEoA P PO S AyE HRRp YR s TREE e HRERBES not | ow
cylindrical @sHartotlatdpflPHQ¥n@RERHpNarfasd vl @falds ¥hd pfoftha BiilbRe.-

Smal | er conponents that were introduced into the separator inlet tend to be

forced i nt o sepavatior. Jiheaaittebtube eptionallyi kase dinmetenikat approximaiey theadutet al

member by pr}‘)%ﬁgﬁér&(:of the inner cyclone vortex. Optionally, the outlet tube traverses the

laterally-extending top surface of the cyclone separator and extends downwardly

into the inner volume of the cjzclone 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.
[0060] Structurally, the cyclone separator preferably includes an outer
hollow cylindrical member having a laterally extending top surface at its distal
end and an open end at its proximal end. As used herein, a proximal end of a
{ specified component is that end of the component that is nearest to grade.
Conversely, the distal end of a specified component is that end of the component
that is furthest removed from grade. The open end of the outer hollow cylindrical
member preferably is in open communication with a hollow conical member
having a broad distal end that narrows into a narrow proximal end. The narrow
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



forces. In this manner, smaller particles and gaseous conponents that enter
the cyclone separator tend to separated from heavier particulate materi al s.

[ 0063] In i.cularly preferred enbodi mrent of the pres I.nv .on, the
separatioﬁﬁﬂﬁﬁ%ﬁ%g#%rises a counter flgy/cyclone separatoﬁe&%#@%ﬁﬂ%%ﬁPflom1
cycl one separator operates in a manner“Simlar to a normal cycl one
separator. However, in a counter flow cyclone separator, the heavier

catalyst pardyilifital gt meiddl #8sial Q&e%toﬁileﬂ‘@\‘ﬂiclpéaefé&%lg# $gparator,

e.g., outer vortex, contact a tur b_uI I zing strea creates a
t ur bul ent emeceivenemall wiotrdponerith eram utheemnel owrtex yakded withpar tie ocycldite

formation of a turbulent envitronment within . the,counter flqw cycl.one
separ at or temgra{q;. u Beeo'é%i{?]\i‘fw ﬁé{ﬁ‘?qré‘i?_ﬁ ﬂeé“t??ﬁtaéﬁoi @F]té‘?iesc ﬁ%ﬂlﬁﬁhyxﬂ%és becone
entrai ned W'écﬂﬁié 3t|°| REHFE 2 xﬁfaﬁif 1Rt difaRS b B GeRito rsaf‘éféfﬁ. Sfgeal1Pt © the

I nner vortex a timately out of the counter flow cyclone separator with
the WO 2005/ th2Gak4 tBGhé UmidéOHd1 b8 26lindidG] gasmelbersinaoducesethe eparticle tladax at e
conponents present in the inner vortex. That is e turbulizing gtream

] oL !
causes a por i3 ¥ra ERgeniial mapnesvithraspect detheroujerridllew elipdricalimemberg) | er
particl es) tﬁcﬂethﬁf %f;‘stf]g Jafifbulfle UiMen BREm MO t‘?&‘duc[a?ﬁ@@nﬂépgﬁﬂef oAblY, 1N

t he counter ow cycl one "separator, a particulate streamenters an
out er hol | oveytipnldioalr membenitrforns an onadrl vartes onitltial thewudee hollbanggdinidiiakl y at
one or nore separator inlets. As with conventional cyclones, tangential

entry of the‘“ﬁ@g%us and particulate material creates a swirling action of

the gaseous @faparti Cil gbeafiR] il lalld Y afolld EreC Bl Eed R4V SR

separator an st abl i an I’'nner vortex 6 rn and an outer “vortex

pattern. Cendephfattgathe Brgerl eatayst partddled bee paet i dlongptie mbeesidicel of thee

cycl one separator tends to urge Ia;\gﬁr?tﬁarticul ate material outwardly to
a

the wal | of FHE Qﬁll%a’laﬁ&c@ﬂﬁe@bﬁ rtbe smaller agalyst particles, oug & thedy t ex
pattern t endl%wteﬁnfagm%ds% l?ecgh%%\%ﬁﬁinﬁwm i@l oabdifis cbﬂ@gﬁéntg ahd T&H{ ffe®
ich co gaseous ~components and

mat eri al than the 1rner vortex, npri ses
smal | er par tinaed wirexnwitieni tht cysoge sepasdtad. yGtavityrumd. cehtrifaghdi forces tdmd to

centrifugal f.orces,. gravity tends to ur he | arger partjcul ate materials
in the Oﬂt er(LICCt the lagger andyheawer catag/s om t}? 1

t pg:[(taic}es fr e oufer hollow cylindrical
member through its open end and into the hollow conical member. The hollow
conical member tends to direct the larger catalyst particles from the oﬁter hollow
cylindrical member to the apex opening and optionallly to a standpipe. Smaller
components that were introduced into the separator inlet tend to be forced into
small stream outlet and into the inner hollow cylindrical member by pneumatic
forces. In this manner, smaller particles and gaseous components that enter the
cyclone separator tend to separated from heavier particulate materials.

[0063] In a particularly preferred embodiment of the present invention, the
separation unit comprises a counter flow cyclone separator. A counter flow
cyclone separator operates in a manner similar to a normal cyclone separator.
However, in a counter flow cyclone separator, the heavier catalyst particles that
flow along the outer wall of the cyclone separator, e.g., the outer vortex, contact a
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



vortex downward. The outer vortex, however, may contain a mnor anount of
entrained smaller or nmediumsized particles, a portion of which optionally
are transferred to the inner vortex, described below, by the turbulizing
stream [OYOA0XP23¥he point within the counter flow cycl BEEUSM0&P2EN , t he
‘outer vortex termnates and an inner ¥drtex is fornmed, which conprises
gaseous conponents and snaller particulate material. The inner vortex

progresses upwardly through the cycl one separator under pneumatic _ pressure
and “enters agsepyhand srpllespashiquiate Fomppnantijaesept &y theappen wftXo Hdtdi.n as an

"outl et t ube,'i'hge}lﬂl}{)ﬁﬁhi?g rsgegﬁlapéfﬁéeg 2 B&Itx@f h(ﬁdtﬁeoggrtilc ts?irnal‘lkLey ofits} GR.R9 tOp

surface that nes e top o t he* cycl one separator. e outl et tTube
optional Iy hagpieallly,anRillef pirtieles)ap pe axhsfatrabto th mety&texper i phery of the
I nner cyclone vortex. OQptionally, the outlet tube traverses the

| ateral | y- ext098d] ng t oppedificelbe 1Bithe RewdeuRper cYolens ssperaitie askapbsdtler  and
ext ends downy é&k%e&%;& Lhe du?é}%%llx&'c&ﬂﬁdr?g bﬁfhb%?’ ﬁf' RO xfg&%ﬁ%’énﬂ'ge@ or der
to facilitate srze-sel ectiVve separatron. 6%) iconal Py ol “or & portton of

the smal | er ta6pértiafigt atpad bﬁlmeaereFazdidfaﬁtewj Rac kithocdientieat tdyoloned)i t .
[0066] Structurally, the counter flow cyclone separator preferably includes
an out er hol tapgential prfay pEthe geagons pnhparfinyats maegl areajesey pwskimgertioapisur f ace

s b oxi mal Reripeoopn en BRRIRaf fattingce 8 Ul oSy, PhARTREC

preferably i&tiblisheean GARERbREL potterit 418 an hultdrovortanipaérn. Meheifufavi ng a
broad distal end that narrows, into a narrow proxi mal end. The narrow
proxi mal endacstlerstwnhef thsnpedianlets matersbin therrelons yegasaias tendsdpewigag  at

I fs apex. Thg apex openi tional Ly s, | pen.comni cation with a

st andpi pe wh aﬁ??ipg%cgliaﬁ? @g‘“‘?rgaltoﬁlﬁﬁ S%’rtf) q‘%rgvgagl %tgﬂeio?}ﬁgtcg ?3‘?3&5?t°ra\/\/ay from
the count er Af 1aOMssElY,Cthe utérerstert filtterr] RA6Y o LeldptitedRadrbater iiButBher flow
cycl one separator conprises a, second inlet for receiving a turbulizing

stream The lewgesnphartiilate spterohathay the inser yariew ovhiethecomprises tgasdansy
cylindrical c%emngjo%ren%rantdhﬁngfgrlp%c%?art]é %%lten%né).g[ catalyst fines. In addition to
centrifugal forces, gravity tends to urge the larger particulate matenals in the outer
voriex downward. The outer vortex, however, may contain a minor amount of
entrained smaller or medium sized particles, a portion of which optionally are
transferred to the mner vortex, described below, by the turbulizing stream.
[0065] At some point within the counter flow cyclone separator, the outer
vortex terminates and an inner vortex is formed, which comprises gaseous
components and smaller particulate material. The inner vortex progresses
( upwardly through the cyclone separator under pneumatic pressure and enters an
inner hollow cylindrical tube, also referred to herein as an “outlet tube”, which
preferably is attached to a laterally extending top surface that defines the top of
the cyclone separator. The outlet tube optionally has a diameter that approximates
the outer periphery of the inner cyclone vortex. Optionally, the outlet tube
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



The second inlet optionally introduces the turbulizing streaminto one or
nore of the outer hollow cylindrical nmenber or the hollow conical nenber.

I nsi de thqvpczg&;s?%g%f | ow cycl one separator, at |east a pof’ét@@%’éﬁ&%l

plurality 0o ysts particles in t?€ outer vortex con
turbulizing streamunder conditions effective to the separate sone snaller
catal yst particles fromthe outer vortex. At |east a portion of these

separ at ed snRéthEdndCAdANYsHen RAA ! § PFoRREPER]. CTHY senthditithe ol hbIG®T Vort ex
and exit the cyclone separator through the outlet tube with the gaseous and
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inlet. Preferably the turbulizing stream conduit i ncludes one_or pore flow
control val vsé@%l"é’&a‘iﬁﬁ‘% 1§ 6‘5)3&’ E“tg’ﬁmyoggﬁ’fgﬂcﬂm 1¢ aterAl ALEPIADEg stream

that is intrQdbeeHol OHE gLaupter flow cycl one separator, depending upon
the desired separatio characteristics. [0069] In operation, as the

turbulizing [#06FHam i s Additiashlbedhei eounter flewongclone | separattrocdhprisssuat er f | ow
cycl one separator, .the turbulizin freamtends. to distyrb the cl one

f ormed by t IRECRS: imlefdor pefering astPRRIANG SERHTL o P 6PRd dleheptaelirist or i n a
t ur bul ent Ve di Aal’ . |G ' e
counter {1 on g e loSle IBIBW Syl nEnep b e HaIRA bhBL & mbfibk:C

t ransf er r ed TH® s2OfRl R 2PdorAIl G0kt ARBAGHulizng ftream ire onetoemorerdfex to

the inner vortex and ultimately enter th || stream outlef defined by
the inner hdh¢ gucE Prilow GyaBgrcA menbengs tsi?‘i’ Pﬂn‘éﬂ%?tf%@nb‘?rnt Wedbeon of

the turbul i 2ofiged oRRAR IR sENfaRUA it BYBHCLONE PERAIS!A catall s 0o

catal yst particles w ten céntinue t e transp ough the

st andpi pe arpdrticldsi imatlel yutettvootex t domtdcty ¢ trbideming) streah . uridet i conditions al | or
a portion effective to the separate some smaller catalj;st particles from the outer vortex. At
least a portion of these separated smaller catalyst particles become entrained with
the inner vortex and exit the cyclone separator through the outlet tube with the
gaseous and smaller catalyst particles.

[0068] The second inlet preferably receives the turbulizing stream from a
turbulizing stream storage unit, e.g., é pressurized tank or other storage vessel, or
from a conduit in fluid communication with a plant utility line, such as an air or
nitrogen-containing stream. A turbulizing stream conduit line transports the
turbulizing stream from the storage tank or plant uﬁlity line to the second inlet.
Preferably the turbulizing stream conduit includes one or more flow control valves
adapted to adjustably control the flow of turbulizing stream that is introduced into
the counter flow cyclone separator, depending upon the desired separation
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 furbulent manner. By disturbing the flow of catalyst particles in the

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



.of these larger catalyst particles are directed back to the reaction unit.

[ 0070] Thus, unlike conventional cyclone separators, a counter flow cyclone
separator tends to facilitate the renoval of smaller catalyst particles that
have beconWOSMy368¥d with the |arger catal yst particles PaTiI§20041028261
‘'vortex. Advantageously, if the countel’flow cycl one separator includes one
or nore flow control valves about the turbulizing streamconduit |ine, then
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stream t hat oéfthesgihegee nitelysigeeticiel arg directedbagkrteslenteactionerit.i on may vary :
wi dely. An exenpl ary n%n-lim'tin | i st. of turbulizing streans _ingcludes:

air, nitrogetf078t eam fihps Baike; qANYRUERA CYGIRRE SERATAEL | HrOUPLEr KO | nner
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400. As shown, the counter. flow cyclone separator 400 _conprises an outer
hol | ow cyl i ndAvaEsagerBiel thpqounteriflnw syplensmseparatorareiifessone o Roreniley 403,

and an inner | | 404 o T I ter
hol | ow cyl i%(glr |°|il:§)lﬁ/l‘%¥ér$32?{ H%iﬁllﬂﬂ}g u eg a pfgﬁ‘?nntaflﬁ%n@%fgé g%gﬁge I'stal end
417, and f odiswibativaldf thefstrallnatadysti stiee, wdlichrexddthe ddumtewaflow foyeload by t he

outer hollow cylindrical nber 401 has, an i nner suyface 407 and, an outer
surface 4os.serﬁ@t0rp‘f16£h%apﬁﬁﬁae%eu . by caatr?léab?%% ctRation ghBEr 401 i s

in open VWO 2005502629 Aok CtnliSR 09440282 8lothetBoreferred embodiment, the counter

flow cyclone separator includes a plurality of hollow conical members and a
plurality of cylindrical members, preferably arranged in an alternating manner.
Optionally, a plurality of counter flow cyclone separators may be in open
communication with one another to facilitate the separation of undesirably-sized
catalyst particles from desirably-sized catalyst particles.
[0071] The turbulizing stream that is implemented according to the present
invention may vary widely. An exemplary non-limiting list of turbulizing streams
( includes: air, nitrogen, steam, flue gas and mixtures thereof. Optionally, the inmer
hollow cylindrical member is in open communication with a scroll outlet which
deviates the flow of the small catalyst stream by about 90°.
[0072] Figure 4 illustrates a counter flow cyclone separator, generally
designated 400. As shown, the counter flow cyclone separator 400 comprises an
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



comuni cation with holl ow coni cal nenber 402, which also has an inner
surface 407 and an outer surface 408. The distal end 417 of outer holl ow

t ubul ar r is limted, in part, by a laterally-extending top
surface ngg%g?%@g#é‘vi ng an inner surface and an outer sﬂ??@@é‘?ﬂg{oé‘ﬁfk]
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center axis @073he ouCmerl ilwllow otylifdeicalut @ember t 481 arie lalsgl tiad dpent he
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particul ate materials, he "outer vortex, are VYi
counter fl ovewsclirafte of elRaowed vordédOare limited by the inner surface 407 of the outer

hollow cylindrical member 401 and by the inner surface 407 of the hollow conical
member 402.

[0074] As shown, the inner hollow tubular member 404 traverses the top
surface 405 and extends into inner volume 406. The proximal end of the inner
hollow tubular member 404 forms an opening 412 (e.g., the small stream outlet)
adapted to receive an inner vortex formed in the counter flow cyclone separator
400, which inner vortex comprises lighter components received in the counter
flow cyclone separator 400.

- [0075] Hollow conical member 402 includes a broad distal end 415 and a
narrow proximal end 414, and forms a wall defining inner volume 413. The wall
formed 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



[0076] Hol | ow coni cal nmenber 402 preferably defines a second inlet 409,
which is in open comrunication with a turbulizing stream conduit 418.
Turbul i zing stream conduit 418 receives a turbulizing streamfrom a

t ur bul i zi nYOR89YBWE2026294 PCT/ US2004/ 028261 29 st ream sBGTAS200482826hown,
‘and directs the turbulizing streamto $&cond inlet 409. |In operation, the
turbulizing streamflows through the holl ow conical nenber 402 and enters
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control thefl§WoRy thQutes V‘Plﬁ"é‘-t&aﬁhlsili‘ Ts £ rROFHRT H?Gh? ghtes praculgte o

gyclone sepXine0entr Rt ! 181 ohiBP Wkl HeCrahdied’ GbronGANaRE esirably
achi eved by nodulation of the turbulizing streamflow ra?e I'nto counter
fl ow cycl onetrasfmredt tr tdd Gunédx yoreeatfer trem&radf fromRésc tommerSykinensclbli®77) As
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oxygenat e, E%Q{lél%?ﬁ%ﬁ@%ﬁ%?@c %dd;laﬁgﬁlecgtﬁg gra'%glﬁfe[{)/%g% gfﬁ‘f"%‘@@%osi tion
in a reacti ofhe fiotrate afftbe turbwivihg stooam @id the comster flow epsient safardtenddn, a
portion of the oxygenate to lLight olefins, [0078) The catal yst conpositions

to be separ dt@Hrod ¢ dhepHtclesisen cubr esichn desprablyachisked by medudationi of theyarj ety

of processes, gL uding. ' r a feed to |ight
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for implementation into an oxygenate to olefin (OTO) reaction system, which will

now be described in greater detail. In the OTO reaction process, an oxygenate,
e.g., methanol, contacts a molecular sieve catalyst composition in a reaction unit,
under conditions effective to convert at least a portion of the oxygenate to light
olefins.
[0078] The catalyst compositions to be separated according to the present
invention are useful in a variety of processes including: cracking, of for example a
naphtha feed to light olefin(s) (U.S. Patent No. 6,300,537) or higher molecular
f weight (MW) hydrocarbons to lower MW hydrocarbons; hydrocracking, of for
example heavy petroleum and/or cyclic feedstock; isomerization, of for example
aromatics such as xylene, polymeérization, of for example one or more olefin(s) to
produce 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;



produce a pol yner product; reform ng; hydrogenation; dehydrogenati on;
dewaxi ng, of for exanple hydrocarbons to renove straight chain paraffins;
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mercaptans, sulfides, and the like, and mixtures thereof. The aliphatic moiety of
the aliphatic-containing compounds typically contains from 1 to about 50 carbon
atoms, preferably from 1 to 20 carbon atoms, more preferably from 1 to 10 carbon
atoms, and most preferably from 1 to 4 carbon atoms.
{0081] Non-limiting examples of aliphatic-containing compounds include:
alcohols such as methanol and ethanol, alkyl-mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkyl-
amines such as methyl amine, alkyl-ethers such as dimethyl ether, diethyl ether
and methylethyl ether, alkyl-halides such as methyl chloride and ethyl chioride,
alkyl ketones such as dimethyl ketone, formaldehydes, and various acids such as
acetic acid.
[0082] 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



‘mercaptan and et hyl nercaptan, alkyl-sulfides such as nethyl sulfide, alkyl-
am nes such as nethyl am ne, al kyl-ethers such as dinethyl ether, diethyl
ether and net hyl ethyl ether, al kyl-halides such as nethyl chloride and

et hyl chl oWOP89S922%y| ket ones such as di methyl ketone, fBERESHOK)W3S! and
‘'various acids such as acetic acid. [0882] In a preferred enmbodi ment of the
process of the invention, the feedstock conprises one or nore oxygenates,
nore specifically, one or nore organi ¢ conpoupd(s). contajnin t | east one
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2005/ 026294 PXEPARRb 08%ToRaRs lm‘?'é’ifrfqﬁ}évlpie@%s msthyl pthery diethyl §8ehc flide | ower

strai ght and; &g,é,ﬁ] rfﬂ#'aﬁ‘a | i | SAkY Ak | n rated
count er partsfSBPO S%Eillsl%n- | %&ét}%yﬁg’aglﬁnt%ﬁes o?h%kygertlﬁa{@g&?ﬂr%é?ﬁ%fg %Ilectghanol ,
et hanol, n- piidpaniotes thaeg dpdomostrprefeyed etlbytinenh ehe fedtsreiihiglseletiedr

di ethyl ether, di- isopropyl_ ether, formaldehyde, dinethyl carbonate,
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pref erabl y npiefiaably methamshl.net hyl et her, and nost preferably nethanol.

[ 0084] The vari ous feeg_%t ocks di_scussed above Earticul arly a feedstock
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carbon atons, still nore preferably 2 to 4 carpons atons, and npst
pref er abl y e{qqyp@ﬁg(s)aﬂyoépce% om %16 ¥eedstock typ(ica y have from 2 to 30 carbon

atoms, preferably 2 to 8 carbon atoms, more preferably 2 to 6 carbon atoms, still

more preferably 2 to 4 carbons atoms, and most preferably ethylene an/or
propylene. ~ Non-limiting examples of olefin monomer(s) include ethylene,
propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and
decené-l, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-

1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s) include '
unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or
nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.

{ [0085] In the most preferred embodiment, the feedstock, preferably of one
or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition of the invention into olefin(s) having 2 to 6 carbons atoms, preferably
2 to 4 carbon atoms. Most preferably, the olefin(s), alone or in combination, are
converted from a feedstock confaining 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,



propyl ene. Non-limting exanples of ol efin nononer(s) include ethyl ene,
propyl ene, butene-1, pentene-1, 4-nethyl-pentene-1, hexene-1, octene-1 and

decene- 1, \,%%‘%rﬂﬁg?g et hyl ene, propyl ene, butene-1, pent egﬁ,{j&%mzsz 1

4- et hyl - pent'ene- hexene-1, octene-J, and isoners there er olefin
nmononer (s) include unsaturated nononers, diolefins having 4 to 18 carbon
atons, conjugated or nonconjugated dienes, polyenes, vinyl nononers and

cyclic ol efi pgicdiQO8mral Bad ReciREfed b & §ﬁﬂhéf§b€%i {HBhls ﬁéﬂa@ns@eﬂat@pk,

preferably of" one” or nore oxygenates, is converfed in the presence of a

nmol ecul ar si exygepated| fesdstocko myofsrably rropfaining methamlj ovheraitthe sixypénated havi ng
2to 6 b t f b 2 to 4 t ) t ferably, th
2 L2, B SoOORERAT el Rk ShOB B A B Bl P

cont ai ni ng a;hteweaafn%fes )Bfegglﬁ?/,ﬁp}derﬁﬁlyaétﬁﬁgﬂé andRP m}fsn@l{ee]r Wl agghanol ,

to the preferred olefin ene and/ or” propyl ene. [°0086] There are many
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gas-to- olefins” (GIO or alternatively, neth -to-ofefl a GIO
process, WO 209khea6de4plegTlchiSadtea/r62826 1o aSRelitwhifmdd)l y natural gas is
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one or nore efin refera yl ene and/or propy . I'n an
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feedstock, puaheratbodimerttaddbe podcesofor zbnvergionrd one aronereoxygemstse®, t he
amount of ol grflei gr(ns’xz)re olefin(s), the amount of ethylene and/or propylene produced based on
the total weight of hydrocarbon product produced is greater than 65 weight
percent, preferably greater than 70 weight percent, more preferably greater than
75 weight percent, and most preferably greater than. 78 weight percent.
[0088] In another embodiment of the process for conversion of one or
more oxygenates to one or more olefin(s), the amount ethylene produced in
weight percent based on the total weight of hydrocarbon product produced, is
greater than 30 weight percent, more preferably greater than 35 weight percent,
and most preferably greater than 40 weight percent. In yet another embodiment of
the process for conversion of one or more oxygenates to one or more olefin(s), the
amount of propylene produced in weight percent based on the total weight of
hydrocarbon product produced is greater than 20 weight percent, preferably
greater than 25 weight percent, more preferably greater than 30 weight percent,
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



produced based on the total weight of hydrocarbon produced is greater than
50 weight percent, preferably greater than 60 wei ght percent, nore
preferably greater than 70 wei ght percent, and nost preferably greater than
75 wei ght percent. In another enbodi neni3-of the process for conversion of
-one or nore oxygenates to one or nore olefin(s), the anount of ethylene
and/ or propyl ene produced based on the total weight of hydrocarbon product
produced is greater than 65 weight percent, preferably greater than 70

wei ght per cedipxideprveatpr, eéssentizlly gomatastive hpanafihing (eepaghall yp alkamas ,suahdasrost

preferably gregter than 78 wei ght. percent. [0088], I n anot her enbodi nent of
the process Mt aES’rﬁ}E‘F?péﬁdBfOPgH@’ EPSENHBY RN '{Rj‘&l\é‘? gomaticHampaungs, and
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total weight rocarbon prodlct produced, | greater

per cent, rmrBeiﬂgpﬁﬂircahlr]}yJﬁe&aﬁeer t han 35 wei ght percent, and nost
preferably greater than 40 wei ght percent. In yet another enbodi nent of the
process for (¥90krsi on Toke dlvenoeptianely dkyerdrrathesin pligwid asra vapos foimfom(s) ,
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preferably @fiead eéactibAnAb oreidiiell @ieectBNinto NDrEacHbE AR b a88&B W hhan 30
wei ght percent, and nost preferably greater than 35 wei ght percent. [0089]
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propane), essenti.ally non-reactive aromati c conpounds, and m xtures thereof
The nost pre%@ﬂ%@uagltﬁéﬁ?‘g re water and nitrogen, with water being

particul arly |gyeafer r ed.in HRMbodimettl, lodedithyaRicaRRak lave hddedSRda FeddiRicki N 2
liquid or a vapor form or a conbination thereof. The diluent is either
added di r ect leytherglirectly od sndrsetignan inglpde olefin(s), paraffin(s), aromatic(s) (see for
example U.S. Patent No. 4,677,242) or mixtures thereof, preferably propylene,
butylen.e, pentylene, and other hydrocarbons having 4 or more carbon atoms, or
mixtures thereof.

10092] The process for converting a feedstock, especially a feedstock
containing one or more oxygenates, in the presence of a molecular sieve catalyst
composition of the invention, is carried out in a reaction process in a reaction unit,
where the process is a fixed bed process, a fluidized bed process (includes a
turbulent bed process), preferably a continuous fluidized bed process, and most
preferably a continuous high velocity fluidized bed process.

[0093] The reaction processes can take place in a variety of catalytic
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. The preferred reaction unit includes riser reactors generally described in

Riser Reactor, Fluidization and



into a reaction unit or added directly into a reaction unit, or added with a
nol ecul ar sieve catal yst' conposition. In one enbodi nent, the anount of
diluent in the feedstock is in the range of fromabout 1 to about 99 nole
percent based on the total nunber of nebes of the feedstock and dil uent,
preferably fromabout 1 to 80 nole percent, nore preferably fromabout 5 to
about 50, and nost preferably fromabout 5 to about 25. 100911 In one
enbodi ment, other hydrocarbons are added to a feedstock either directly or
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f eedst ock, especia edstock containing one or nore genates, in the
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carried out in a reactpon process in a rgction unit, where the process is
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contacted with a liquid or gas, or combination thereof, prior to being introduced to

the reaction unit(s). Preferably the liquid is water or methanol, and the gas is an
inert gas such as nitrogen.

[0095] In an embodiment, the amount of liquid feedstock fed separately or
jointly with a vapor feedstock to a reaction system is in the range of from 0.1
weight percent to about 85 weight percent, preferably from about 1 weight percent
to about 75 weight percent, more preferably from about 5 weight percent 1o about
65 weight percent based on the total weight of the feedstock including any diluent
contained therein. The liquid and vapor feedstocks are preferably of similar or the
same composition, or contain varying proportions of the same or different
feedstock with the same or different diluent.

|0096]) The feedstock entering the reaction unit is preferably converted,
partially or fully, in the first reaction zone into a gaseous effluent that enters the
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



U S. Patent Application Serial No. 09/564,613 filed May 4, 2000 (Publ. No.
WO 01/85872). [0094] The reaction system preferably conprises a fluid bed

reaction systemhaving a first reaction zone within one or nore riser

react or ( syaIM®5/42628e&cond reaction zone within at |east oRETHSE¥HPARHOhg unit,
-preferably conprising one or nore cycdfones. In one enbodi nent, the one or
nore riser reactor(s) and disengaging unit are contained within a single
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[0098] The conversion temperature employed in the conversion process,
specifically within the reaction system, is in the range of from about 200°C to
about 1000°C, preferably from about 250°C to about 800°C, more preferably from
about 250°C to about 750 °C, yet more preferably from about 300°C to about
650°C, yet even more preferably from about 350°C to about 600°C most
preferably from about 350°C to about 550°C.
[0099] The conversion pressure employed in the conversion process,
( specifically within the reaction system, varies over a wide range including
autogenous pressure'. The conversion pressure is based on the partial pressure of
the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
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



effects within the disengaging unit will also separate the catal yst

conposi tions WO 2005/ 026294 PCT/ US2004/ 028261 35 fromthe gaseous effl uent.
O her nmethods for separating the catal yst conmpositions fromthe gaseous
effluent include the use of plates, capss el bows, and the like. [0097] In
‘one enbodi nent, the disengaging unit includes a catalyst stripper at its
lI'ower portion. In the catalyst stripper, the coked nol ecul ar sieve catalyst
conposition is contacted with a gas, preferably one or a conbination of
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and nost prefter
second (m/sec), preferably greater than 0.5 m/sec, more preferably greater than 1

m/sec, even more preferably greater than 2 m/sec, yet even more preferably
greater than 3 m/sec, and most preferably greater than 4 m/sec.

[0103] In one preferred embodiment of the process for converting an
oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve catalyst
composition, the process is operated at a WHSV of at least 20 hr-1 and a
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, preferably less than or equal to 0.01. See for example U.S. Patent No.
5,952,538. In another embodiment of the processes for converting an oxygenate
such as methanol to one or more olefin(s) using a molecular sieve catalyst
composition, the WHSV 1s from 0.01 hr-1 to about 100 hr-1, at a temperature of
from about 350°C to 550°C, and silica to Me203 (Me is a Group IIIA or VIII
element from the Periodic Table of Elements} molar ratio of from 300 to 2500.
See for example EP-0 642 485 B1. 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).



20 kPaa to about 500 kPaa. [0100] The wei ght hourly space velocity (WHSV),
particularly in a process for converting a feedstock containing one or nore
oxygenates in the presence of a nol ecul ar sieve catal yst conposition wthin
a reaction zone, is defined as the total- wei ght of the feedstock excluding
any diluents to the reaction zone per hour per weight of nolecular sieve in
the nol ecul ar sieve catal yst -36- conposition in the reaction zone. The WHSV
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unit. The SQegeneratinn wedisios sclysgraniecen meteyofigxygen ORheSO3NROONGYNOZM nore

ti I I i.thin t.he,. ti it [ t | t O t
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nore preferably greafer than 3 m sec, and nost preferably greater than 4
m sec. 10103denditionsargpthose capabilecrfidndining wokefromhtbe polbaesatalistrconposition] ng an

AV aTyet  comueryah = 167 Tohe nat 0 S g R B o B e 258 20 e -1
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Pat ent No. &ke82nsgeculam siavet katalystrbemipasiitono fwithdsawn ofrens ethef catalyshverti ng
an oxygenat eregenerator forms a regenerated molecular sieve catalyst composition.

[0105] The regeneration temperature 1s in the range of from about 200°C
to about 1500°C, preferably from about 300°C to about 1000°C, more preferably
from about 450°C to about 750°C, and most preferably from about 550°C to
700°C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to
about 250 psia (1724 kPaa), more preferably from about 25 psia (172kPaa) to
about 150 psia (1034 kPaa), and most preferably from about 30 psia (207 kPaa) to
about 60 psia (414 kPaa). The preferred residence time of the molecular sieve
catalyst composition in the regenerator is in the range of from about one minute to
several hours, most preferably about one minute to 100 minutes, and the preferred
volume of oxygen in the gas 1s in the range of from about 0.01 mole percent to
about 5 mole percent based on the total volume of the gas.

(0106] In 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.



such as nethanol to one or nore olefin(s) using a nol ecul ar sieve catal yst
conposition, the WHSV is from 0.01 hr-1 to about 100 hr-1, at a tenperature
of from about 350C to 550C, and silica.to Me203 (Me is a Goup II1Aor VIII
el enent fromthe Periodic Table of Elenefdts) nolar ratio of from 300 to
2500. See for exanple EP-0 642 485 Bl. Qther processes for converting an
oxygenate such as nethanol to one or nore olefin(s) using a nolecul ar sieve
catal yst conposition are described in PCT WO 01/ 23500 published Aprils,
2001 (propant Yeeanetherosmpodimmenty ar BYEOR a2 thes cokede maleatlarc sisve atalyst at

| east 1.0). -37- 10104] The | ev talystsC ition is
wi t hdrawn f r%?ﬂ‘p?ﬁ]%ond é‘é‘r@ﬁ&g %é% g ﬁ%‘éﬁa‘}‘.{eﬂﬁ érrg%ﬁf%bé}%gﬂg.t§rth?r§ag%i)%?r nes(s),
and i ntroducggdcfiéh nitd, W aREHEtIyO By preicdmactiie wigoaRefea8dtodk, of doRfacEipppr i ses
a catal yst regenerator where fhe” coked cata yst conposition is contacted

wi th a regenenthtfrash maldéulan sieys eftaystotomposyn, oo nortactingywithyaregeneratddr
general regeneration.conditions of .tenperature, pressure and residence

Ci e, Non- 1 FOISEHIE cisppryS SomBosiig Bheh 40716 TRECTICHAIES HEPSGRAD NS mor e
of oxygen, O03ya 5% Qiti Nd beligP5, air, air diluted with nitrogen or
car bon di oxi daefJl oxfgg% 'aln \/?/gter (U.S. Patent No. 6,245,703), carbon

monoxi de and[@07hydr ogdhe Bhming:ggneoke i isnan cexvdlidrmie sreacteort, hark inapabl e of
burni ng coke fromthe coked catal yst,conposition, preferably t evel

| ess than O. s"&e?wt,p@fec@mpeﬁ&géqwe}hlq fegenrralien gieterr 1 ﬁé““@lf’%egy

mol ecul ar si 6o ldhGhe HMAS A HLIGRAE feBlink"E LERANEESLS e AR The
coked nol ecul ar sieve catalyst conposition wthdrawn fromthe catalyst
regener at or fegeneratr; @@eaed aitlea inalbatall, aontiivevs, wakmi-wentimmus aséde, ona [ 0105]
The regeneration tenperature is_in the range of fromabqut 200C to about

1gOOC, pr ef ecampipatien thergdy A BIGHRE ‘idotc‘éJPBﬂHe pyelyes Wit wipg the regpaerated o m )
about 450C t @, 300 (R Cardd siiof fi&];ﬂ?iaﬁ] cg%gﬁ ?%H%raﬁéﬂ%g%asii C. The

regeneration pressure is In"the range o sta (1 a) to
about 500 psitle fegéntBatédPam)ecuar sfexe ablalysf canpasitoarnt thiighsd catfly8&okleadatt o
about 230 psia (1T 2de1eh Tabenermed niolEcuTar Seve Catslyst Compostior > The (catafyst o) ' °
cooler, in an embodiment, i1s a heat exchanger that is located either internal or
extenal to the catalyst regenerator. In one embodiment, the cooled regenerated
molecular sieve catalyst composition is returned to the catalyst regenerator in a
continuous cycle. Altematively, (see U.S. Patent No. 6,613,950) a portion of the

cooled regenerated molecular sieve catalyst composition is returned to the catalyst
regenerator in a continuous cycle, and another portion of the cooled molecular

sieve regenerated molecular sieve catalyst composition is retumed to the reaction
unit(s), directly or indirectly, or a portion of the regenerated molecular sieve
catalyst composition or cooled regenerated molecular sieve catalyst composition

is contacted with by-products within the gaseous effluent (PCT WO 00/49106
published August 24, 2000). In another embodiment, a regenerated molecular

sieve catalyst composition contacts an alcohol, preferably ethanol, 1-propnaol, 1-
butanol or mixture thereof, and 1s introduced to the reaction system, as described

in U.S. Patent No. 6,441,262. Other methods for operating a regeneration system
are disclosed in U.S. Patent No. 6,290,916.



‘about 150 psia (1034 kPaa), and nost preferably from about 30 psia (207
kPaa) to about 60 psia (414 kPaa). The preferred residence tine of the

mol ecul ar sieve catalyst conposition in the regenerator is in the range of
from about one mnute to several hours, 3%mDst preferably about one mnute to
100 m nutes, and the preferred volune of oxygen in the gas is in the range
of from about 0.01 nole percent to about 5 nole percent based on the total
vol ume of the gas. [01061 In one enbodi ment, regeneration pronoters,

typi cal |y nme{@08) cont aiThentggemrpied mielesuian sigse gatatysh gomppsitioadwithdmma t he

| i ke, are added to the catalyst regeneratpor djrectl or .indirectly,. for
exanpl e with H’bﬂleoﬁgﬁlyé'afeﬁe?é@tochﬁ%géﬁﬁi ﬁﬂm é&esﬁtalyﬂ that ce Hé"ldment, a
fresh mol ecuby 2 ERYP nidtcHiliev ARGS Edifbeitionddlfifst feitdifun € hivcifiar

regenerator containing a regeneratioh nedium of oxygen an

descri bed i nsigvs.cabidyst néoryposittion?4bd/60 FeedsBRk hmd/yetfreabogdseor diguidy, ravdt , a
portion of the coked npl ecul ar sieve catalyst conposition fromthe catalyst
regener at or Fefumgd i dhe gicaglaqn pmitks); helnpaBother gmbodimente t the nragsnergtedor
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nol ecul ar sieve catal yst coO 1 on, or a rege

nol ecul ar  si eséredt@ theeadtiinasists) afrecily, apienll g fice paRRpAhAThghtl @galyar sieve
cat al yst conposition described below, [0107] The burning of coke is an
exot her ni ¢ r 6eeler. oln onerrambediment, aepBiArnmish as aminerbgdse fesdsipek waRarT steane

regenerati on syst [ ontr.ol | i hnl gyes. 1.n e ar

i ncl udi ng feé’&?ﬁhcgﬁgé’c%f)qqegkgg‘ks?@% ?yhféon\é%tl;"gﬁsy tﬁagﬁlégé%g&alpgpflﬁcg'ﬁ&%ﬁ ‘é’& ei t her
in a batch, e@géhh@wwmpldamammve_(‘c@fméygw_eﬂ@oﬁﬂdﬁ,to Ghe Feac@iTahilapiepablyer eof .

Apreferred techni que involves wthdrawi ng the regenerated nolecular sieve

cat al yst con@oang Promofeer FeRSIAIt al yst regenerati on and passing the
r egener at ed ul ar si ey 2 CRIMQS)..Lh: hrough caf al yst, gool er
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that forns | ed regenera Sieve catalyst conp . The
catal yst coeddlécularn sizhe ecabslgitNEsthpoditior dnecdol@k abgdgRited hndletal Qfted

either internal or external to the catalyst regenerator. In one enbodi nent,
the cool ed r ég@hist mogposition from the catalyst regenerator to the reaction unit, the
optimum level of coke on the molecular sieve catalyst composition in the reaction
zone is maintained. There are many techniques for controlling the flow of a
molecular sieve catalyst composition described in Michael Louge, Experimental
Techniques, Circulating Fluidized Beds, Grace, Avidan and Knowlton, eds.,
Blackie, 1997 (336-337). In another embodiment, the optimum level of coke on
the molecular sieve catalyst composition in the reaction zone is maintained by
controlling the flow rate of oxygen containing gas flowing to the catalyst
regenerator, a partial regeneration. Coke levels on the molecular sieve catalyst
composition are measured by withdrawing the molecular sieve catalyst
composition from the conversion process at a point in the process and 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.



mol ecul ar sieve catal yst conposition is returned to the catal yst regenerator
in a continuous cycle. Alternatively, (see U S. Patent No. 6,613,950) a
portion of the cooled regenerated nol ecul ar sieve catal yst conposition is
returned to the catalyst regenerator irnfla continuous cycle, and anot her
portion of the cool ed nol ecular sieve regenerated nol ecul ar sieve catal yst
conposition is returned to the reaction wunit(s), directly or indirectly, or

a portion of the regenerated npl ecul ar sieve catalyst conposition or cooled
regenerat ed H18tul ar dp eve peademsd embedimsati the gHxtursolBathamolaguler sieve

by- products wi,thi h Q fil P 0] 1 ubl i shed August
24, 2000 . |ﬁa‘§ﬁ’8{1ﬁé?’s‘é%@§‘gia¥rr‘§ﬁ?, ’tegg’r?‘gé%teege%@%@agoﬁ%%u?ag?’y&s darBogten yst

conposi tion epitbAchSledtegdnefi@]l mdleciigr sibly cblienebmpdsitbP RN AR reaktiofut anol
or mxture thereof, and 1s introduced to the reaction system as described

in U S. Pateaend\eont@nsin thegangeehsermahawbd oS- weight pareent, prefagpdremi on
system are djisclpsed.in.U. S Patent No. 6,290, 916, -39- 108). The .
regener at ed ﬁh?lgcﬁfoago e p@éﬁegf’ﬁ?recgrﬁﬁe&%y 3?)9{“ \ﬁb?'ﬁd? é%v%g‘_nftr Wte_f'@t _
catal yst reg@BREAt Qhd Me&T REARINY IFE d0bat RaiAkbSit KOO or icirdoRitidigd Wi th

a fresh nol eCul ar "sieve catal yst” conposition and/or re-circulated nol ecul ar
si eve cat al ydepasitnpassd t érotheabatalo weighd defi ek maxtdreo of imadetularasicve datadystds, and

returned to the reactiog upit(s)..| t her.e i pent_ .the regenperated
mol ecul ar, si SOEPELHHENY s e%@ﬁﬁ%%’%’?]%ﬂ'ﬁ}fﬁwmr&)&grﬁaﬁheﬁ PeEeRenaed Patsyst em
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t hrough a ca yst coo n-on odiment, a carrier, suc an i nert
gas, feedstomkixtapof regeherated ard frésh inoleenlas sivive catalyish campbgition tiewritaveuous! y,

facilitates the.introducti on of .th regener ated nol ecul ar sieve catal yst
conposi tion tVB")’E’F?e}e!”%lé i °Hr"i‘i"9,°a§’i°é'f]§gea‘gqu9mﬁ’ B'gorFQﬁBrlrﬁBr“éeaF‘i‘@@ €¥&act or s.
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nol ecul ar si eve catalyst corrposM;yon or cool ed rggener%e"g nol ecul ar si eve
cat al yst conmdividualmélecouiart sieveoatalystcompegine pattislest 0 t he reaction unit, the

opti mum | evelj of, coke qg the ml.geul ar, sieve cafal yst composition in the
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 a various separation, fractionation and/or distillation
towers, columns, splitters, or trains, reaction systems such as ethylbenzene
manufacture (U.S. Patent No. 5,476,978) and other denvative processes such as
aldehydes, ketones and ester manufacture (U.S. Patent No. 5,675,041), 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. 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 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



zone is maintained. There are many techniques for controlling the flow of a
nol ecul ar sieve catal yst conposition described in Mchael Louge,

Experimental Techni ques, Circulating Fluidized Beds, G ace, Avidan and

Knowl ton, eds., Blackie, 1997 (336-33A1l- In another enbodi nent, the optinmum
| evel of coke on the nol ecul ar sieve catal yst conposition in the reaction
zone is maintained by controlling the flow rate of oxygen containi ng gas
flowwng to the catal yst regenerator, a partial regeneration. Coke |evels on

t he nol ecul antepg ave deseribeg sn U.§oRpiest Noord, %0H43e 581 Batenty Naist b @i Suliddg t he
nmol ecul ar si_ey, t aly, igion Er Version process a point
in the proce:’sdss(aettﬁjll 18 tiﬁt’%%@g: %§t885$’ggg’]lé2ﬁy$?).a?e?§Haocgkdq%efsgb ¥f coke
on the ol et Ng! 61984 BBHAUYS Patéift MRS, 9270053, 3hd &, rﬁ%ﬂﬁnatm]isgzu n the
range of from 0. 01 wei ght percent to abouf 15 wei gﬁt percent,’ préferably
from about @J.8. PeemNo. @ekded3, and bhSRatd® Nom6i2981998er cent, nore preferably
from about Cip wei ght percent to about 5 weight percent, t%nd npst

f

preferably labout (Ensrally TPMPAPLIRIMPL TEAOYETY FsiEdngiftthe peedusHpnbased on
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enbodi ment , cohRmihatitdiaboref withete priferced prinsi prriucrat Athes pref@raao ptifrieon

and/ or regenerated nol ecul ar sieve catalyst conposition and/or cool ed
regener at ed piedusts. ithe lightealefing suehy as ehylgps andinsepylene, iee typieallyapprifiedne

contains in range. of. fr ' . pref ly from
about 2 to dbF G B8Rk iR ing pldtestsy SRIP pBERAFRAOF LSS Y
vei ght  per cBitteforRDih fieShosp pasfaradbembbdiarenabDiie récdvenad@tim,tfle eis0eyr
carbonaceous deposit based on the total weight of the m xture of_ nol ecul ar

si eve cat al y¥temcalspoariidens. puslicatiop syetampl eF'es. sxamppleethe light elafings)oos. |t
o e T a4t p&g@ pg}tll?r# 4O phdeéSs &%épgk%ggh&%@g%s%ﬁf?&ﬁpﬂ shQgmr eaction

zone is nad Xxt'ure ol regenerat ecul ar~” sl eve

catal yst conhgtsieinio08s lovaleveRve bypiodudty or @datamindnts: aNoarliBhihgtexahples! i ke
deposi ts, e.s(g_., coke. The neasured | evel of these deposits, specifically
coke, represdntontaminayisrange byfpredicty acdpde geperally polar compounds such as

water, alcohols, carboxylic acids, ethers, carbon oxides, sulfur compounds such as
hydrogen sulfide, carbonyl sulfides and mercaptans, ammonia and other nitrogen
compounds, arsine, phosphine and chlondes. Other contaminants or by-products
include hydrogen and hydrocarbons such as acetylene, methyl acetylene,
propadiene, butadiene and butyne.

[0114] Other recovery systems that include purification systems, for
example for the purification of olefin(s), are described in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Volume 9, John Wiley &
Sons, 1996, pages 249-271 and 894-899. Purification systems are also described
in for example, U.S. Patent No. 6,271,428, U.S. Patent No. 6,293,999, and U.S.
Patent No. 6,593,506.

[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



t ndi vi dual nol ecul ar sieve catal yst conposition particles. [0111] The
gaseous effluent is withdrawn fromthe disengaging unit and is passed
through a recovery system There are nanY wel | known recovery systens,

t echni ques and sequences that are usefufl4n separating ol efin(s) and
purifying olefin(s) fromthe gaseous effluent. Recovery systems generally
conprise one or nore or a conbination of a various separation,
fractionation and/or distillation towers | umms, splitters, or trains,
reaction syswféﬁﬁc@udﬁcbée‘btm‘}ﬂeﬂé?&‘@ﬁ)é symapg&q}nwm@n@r e peactinn sKeiems
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equi pnent for exanple vari ous condensers, heat exchangers, refrigeration
systens or chill trains, conpressors, knock-out druns or pots, punps, and
the like. Non-limting exanples of these towers, columms, splitters or
trains used alone or in conbination include one or nore of a denethanizer,
preferably a high tenperature denethani zer, a dethanizer, a depropani zer
preferably a wet depropani zer, a wash tower often referred to as a caustic
wash tower and/or quench tower, absorbers, adsorbers, nenbranes, ethylene
(C2) splitter, propylene (C3) splitter, butene (C4) splitter, and the liKke.
101121 Various recovery systens useful for recovering predom nately
olefin(s), preferably prine or light olefin(s) such as ethylene, propylene
and/ or -41- butene are described in U S. Patent No. 5,960,643, U S. Patent
Nos. 5,019,143, 5,452,581 and 5,082,481, U S. Patent 5,672,197, U S. Patent
No. 6,069,288, U.S. Patent No. 5,904,880, U S. Patent No. 5,927,063, and
U(S. Patent No. 6,121,504, U.S. Patent No. 6,121,503, and U S. Patent No.
6, 293,998. [01131 Generally acconpanyi ng nost recovery systens is the
production, generation or accunul ation of additional products, by-products
and/or contam nants along with the preferred prine products. The preferred
prinme products, the light olefins, such as ethyl ene and propyl ene, are
typically purified for use in derivative manufacturing processes such as
pol ynmeri zati on processes.



Therefore, in the nost preferred enbodi nent of the recovery system the
recovery systemalso includes a purification system For exanple, the |ight
ol efin(s) roduced particularly in a MO process are passed through a
purifi cat i"B‘E 200742647 t hat renpves | ow | evel s of by-pr oduchT’HISZQ%’ﬂg%ﬁi nants.
Non-1imiting exanples of contam nants?and by-products include generally
pol ar conpounds such as water, alcohols, carboxylic acids, ethers, carbon
oxi des, sul fur .conpounds such a hydr n_ syl fide, carhon sul fi des and
mer capt ans, Imﬂ{@“gﬂﬂ CB’PWEtr‘n%ﬁlols%éE‘?@ggo%ggﬁ%e&?g ﬁrrg?"ﬂ ol HifSERTHE and
chlorides. GL§igh fAREAM nants or by-products include hydrogen and
hydr ocar bons” such as acetyl ene, nethyl acetyl ene, propadi ene, butadi ene and
butyne. [01{6l1&Qx her rlcoweembalinentyrthe ¢nentingdsusithdrawnf fremtthomeastion ens, f or
exanpl e foréltnge. pur iﬁéd'ccgrarti n of ol efi n*%}l, are .descri bed in_Kirk-O hner
Encycl opedi &8fSdfE OYEIL AHSPOGY SHTFR ERIPETURE VS| Qfniros BYYRFE PR ey * &
Sons, 1996, 49+ n i ) bdel Gt | S
descri bed icﬁﬁt?gﬁn%)(%rn%ﬁ(’s EU&S. Pac'?lza(r%’t ﬁo%%c (2\0%1%%, M%?ggsl%tgtﬁgn@ﬁ%.
6, 293, 999, dydrodahon Panteming\ctren59M 586. efhboditdenty fiec £13Hy hydrocarboner t i ng
one or nore oxygenates ta olefin(s) having. 2. or .3 carbon atons, an anount
of hydr ocar I58Re! %FF?%H&PWG@;E@PM §)d,f3te§?ﬁélﬂna11?‘§/ Z0R§ BFQdNEiEE ah%lvﬁﬁg 4 or
mor e car bon (& Mifocdtiich 3h 8'CAY AN Anfnl! iR EmO the G4 Ay @opAE6R .
Included in the recovery syste of the inventFon aré reactl%n systens for
convertjng tchatapring str¢asn coprssidnthrbugh tlsecontHercebhiticenionggrodicinpds ernde f r om t he
1 WD 2005/ 026291, PCT/ US200Q4/ 028261 42 reacti.on unit or _converting those
products pr édub¥drogarbgn qud a Coghydreearhon famtaining, styeam. | clibe; fowgor m9Ta 6] | n
one ool meon HYRGEHME ThelgaS h AN AS buel 1 End BAGHEO butifihed, & Passed
through a recovery system produci ng one or nore hydrocarbon

saturated butanes, and isobutanes.

[0117} The effluent gas removed from a conversion process, particularly a
MTO process, typically has a minor amount of hydrocarbons having 4 or more
carbon atormns. The amount of hydrocarbons having 4 or more carbon atoms is
typically in an amount less than 20 weight percent, preferably less than 10 weight
percent, more preferably less than 5 weight percent, and most preferably less than
2 weight percent, based on the total weight b_f the effluent gas withdrawn from a
MTO process, excluding water. In particular with a conversion process of
oxygenates into olefin(s) utilizing a molecular sieve catalyst composition the
resulting effluent gas typically comprises a majority of ethylene and/or propylene
and a minor amount of four carbon and higher carbon number products and other
by-products, excluding water.

[0118] Suitable well known reaction systems as part of the recovery
system primarily take lower value products and convert them to higher 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,



containing streanm(s), in particular, a three or nore carbon atom (C3+)

hydr ocarbon containing stream In this enbodi nent, the C3+ hydrocarbon
containing streamis passed through a first fractionation zone producing a
crude C3 hydrocarbon and a C4+ hydrocaftbon containing stream the C4+

hydr ocarbon containing streamis passed through a second fractionation zone
produci ng a crude C4 hydrocarbon and a C5+ hydrocarbon containing stream
The four or nore carbon hydrocarbons include butenes such as butene-1 and

but ene- 2, bu{&diPatest No. S£3d:33deand Gloayes 1. ghdl.i BuwseassafosdIpgrading |C3rHed

effluent gas r frgma c es shon pr S l.cularly a’ MIO process,
typically hafg‘d?"%ﬁ 1 ﬁ“?ﬁwsﬁe\{kf%z#%’a\?%]gﬁz ]ﬁgv‘f)ﬂ{ggbz?ior nore carbon atons.
The anount dr ocar PR Srelfdiddn S JIREQPBY 3hQhe | Le@kly in an
anount Iessqm?r? 20 wel gh?reper ceg%}f1 prg?@g{ol y Ies)s’ t anefgﬂ\l/\‘;'te?ﬁgﬁtES?s %oer cent,
nmor e pr ef er atdsyribessabotvhapreferatdy ghtvareion gumocesaesd armobigh prueit v pableyolés@) t han 2

wei ght percent, based on the tos al i/)vei ght of te?e .effluent gas wthdrawn from
a MO pr ocd¥educis thal,geriging Asinsle ¢arbop pumbET gletiip an amaynt, greate thagy 8 ess of
oxygenat es i | ef } b ol (7] | fo ition
the result iﬁr%&e ’fﬁge?\étb?%gé a;l%/r;)tlﬁ%l:rglgloiw @glr]rgpy}scgét’ ?ﬁéﬁ’é@f@ﬁ%g‘t eé‘?ﬁgﬁ %ﬁe
and/ or propyd%eneight mdrenty andr masopeeferablyl golrlessashan mband 99 vdighit ?ﬁt’:aﬁn nunmber
products and ot her by-products, excluding water. [0118] Suitable well known
reaction syshasad oasthpietal weighhel the alediny Inspae embedimenti highipurdy poimes val ue
products and nyver | r . ts. Fo t.he C4
hydr ocar bon 5?18§ﬁ¢é2 ha}(g-#ggﬁr’]e& : gﬁ ?}baeggl%f eéz;s?%iu@g ég{’%g%%n%lggéaqféﬁ%%h%é i k 8 to
13 carbon atpamay,a@éf@msagy@mqﬁ@i 10k beﬁii@ﬁhﬁoreh_ﬁéferaﬁbl()a%ﬂéh@rtﬂaﬁmg" ene is
used to make a gasoline additive, nethyl-t-butylether, utadiene in a

sel ective hyRFsli¥nand Basturpierably gsates thangdQ kg pepdexnk anothy epibediteent and

i ude U, 5. g puffy RbHGe qalRR g phi pRb3ine 1F pRia BB RE pRESRE,
No. 6, 049, Othé, inVerffionPaxt & thteNasated (124617 4,300 log peb da§3 pfeféably. Sreatbnttieaii No.

4,542,252, -43-
100,000 kg per day, more preferably greater than 500,000 kg per day, even more

preferably greater than 1,000,000 kg per day, yet even more preferably greater
than 1,500,000 kg per day, still even more preferably greater than 2,000,000 kg
per day, and most preferably greater than 2,500,000 kg per day.

{0120] Other conversion processes, in particular, a conversion process of
an oxygenate to one or more olefin(s) in the presence of a molecular sieve catalyst
composition, especially where the molecular sieve is synthesized from a silicon-,
phosphorous-, and alumina- source, include those described in for example: U.S.
Patent No. 6,121,503, U.S. Patent No. 6,187,983, PCT WO 99/18055 published
April 15, 1999, PCT WO 01/60770 published August 23, 2001 and U.S. Patent
No. 6,441,261, U.S. Patent Application Serial No. 09/507,838 filed February 22,
2000, and U.S. Patent No. 6,518,475.

[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



U S. Patent No. 5,634,354, and Cosyns, J. et al., Process for Upgrading C3,
4 and C5 definic Streans, Pet. & Coal, Vol. 37, No. 4 (1995). [0119] The
preferred light olefin(s) produced by any one of the processes described
above, preferably conversion processes,4é?e high purity prinme ol efin(s)
products that contains a single carbon nunber olefin in an anount greater
than 80 percent, preferably greater than 90 wei ght percent, nore preferably

greater than 95 weight percent, and nost preferably no | ess thap about 99
wei ght per cegas B tigh ZoH8 1P " “%iagﬁﬂﬁ?ﬁ“st RES &£9YBLRY). streamyneSWIEASdi ment
hi gh purity e .0 L G r I ed el tion at
rate of gr ea@é?ﬂ?hognisg&rtlé ]&26‘3?" 3‘5‘5 tﬁ%?@f %fdggf t;ag?égg@gés%ﬁg% % ﬁ(ag&g’g%gdr} day,

more pref er apbm HoaateEr*C i’maaboaomy)"’(]omd siagas predsuresirefin ehefage offr@at er
than 50 kg per day. In another enbodi ment, high purity ethyl ene and/ or high

purity propy#tsné2iMPpimakmsd0dMEHeSprtbens gasitreapiyare prasheed from naturalt e
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per day, andpmodstedpniefteambefonpumgpofnatotahga, GoErady) akyteegerdays citalyaf)] O her
conversi on processes, inrpﬁrticulglrév,gteﬁ&convers' on . process of an oxygenate
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silicon-, p ous-, al um na- source, 1nc scribed in for
exanpl e: U. SalcolRd} eprefeibly 6meibndl)3pfteh Sin Rahrbimatiia. withl 8¥3te83, IRCHn¥\O

99/ 18055 published April 15, 1999, PCT WO 01/6Q770 published August 23,
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In an enbodi ne an i ntegrated process is-direc 0 produc ght

ol efin(s) fragwoua SHyitaac abbeinl f MEPAsk paksedtheiugh abdayban byide 06@version Gage
feedst ock, nore preferably nmethane and/or ethane. The first step in the
process is [Prefves anHXYgERUS CRANPBINEKAM- preferably in conbination with a

water st rear’rlmtﬁ] a This oxygenate containing stream, or crude methanol, typically
contains the alcohol product and various other components such as ethers,
particularly dimethyl ether, ketones, aldehydes, dissolved gases such as hydrogen
methane, carbon oxide and nitrogen, and fusel oil. The oxygenate containing
stream, crude methanol, in the preferred embodiment is passed through well
known purification processes, distillation, separation and fractionation, resulting
in a purified oxygenate containing stream, for example, commercial Grade A and
AA methanol. The oxygenate containing stream or purified oxygenate containing
stream, optionally with one or more diluents, is contacted with one or more
molecular sieve catalyst composition described above in any one of the processes
described above to produce a vanety of prime products, particularly light
olefin(s), ethylene and/or propylene. Non-limiting examples of this integrated
process is described in EP-B-0 933 345. 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 (Publ. No. WO 02/06188).



--44- syngas production zone to produce a synthesis gas (syngas) stream
Syngas production is well known, and typical syngas tenperatures are in the
range of from about 700C to about 1200C and syngas pressures are in the
range of MWQRWSABHI# 2 MPa to about 100 MPa. Synthesis gRETEES204#A38261e
‘produced fromnatural gas, petroleum¥iquids, and carbonaceous materials
such as coaI recycled pl astic, nunicipal waste or any other organic

mat eri al , erabl y nt hesi s. gas stream.i roduced via steamreformng
of nat ural (!1 3lGener 1We%za|tr8$é’mf§%ﬁéb‘ﬂf§“‘fea§(ﬁ PhRg, gas P%?eci mgaﬁieopper
based cat al SOHN S car bon
di oxi de andxggr?bﬂé%h ﬁ%ﬁ%@?&g&zsgﬁg hkbﬁar oger%ﬂrﬁgjn;tpg%égeiygﬁﬁﬂh{ly? pr ef erably

met hanol , ohtgas pﬂlasecmrmslnﬂylphasevpdlmmaﬂon of one we maeibdiniy rat Ieasthcmesynt hesi s

‘gas stream a synthesis tenperature | the range of from about 150C to
about 450C Q%d”aﬁ&ﬁgalss%ﬂilbf ﬁ‘?sP%Pb‘?Péfi%‘\S FF%H@YF"S BliQe PFAOESHES Gt % MPa to

about 10 VPRolBndi36 Lo et 58" RERIOXAE oHENKETS LBbARAE drogfy oduce an

‘oxygenate c ning strea genate contalning stream or
crude net hanalleculyprie dayalystodisaisesl sHoee haodver, qhe(pdafeﬂrechmiynmnzm ot her

conponents such as ether rtic di net h et her, ket ones | dehydes,
di ssol ved g&%tég’sts‘lféﬁ ﬂ%&“%ﬂ/‘?ﬂ‘%ﬁ@r{t ﬁéﬁh&%@e dBFia ﬂce@§1 '&Etag?ﬁ?nﬁ'lti’ﬂeoﬁgn, and
fusel oil.
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met hanol . TRelYEHY, b"é‘ﬁ’atéarsl‘;%?r%u PiapgmeTs: Juah cffenﬁﬁltmq%ﬁ‘ﬁhﬂ?%e@ ée’é%‘ﬁ(t ai ni ng

oL o PG SRS RIhe bR, Sp0Eae! SRoidpoe o rore

processes Heﬁadr pbhmabomdu@dp bgdtize palynarizatign of;ropeswse ineloditl cAtactic

Earpl es. of PeRPETYIEr AFRAE pIBNBTeoY o e PiisRe ey iSRG B T

ot S ot ato
[0124] In preferred embodiment, the integrated process comprises a
polymerizing process of one or more olefin(s) in the presence of a polymerization
catalyst system in a polymerization reactor to produce one or more polymer
products, Wherein the one or more olefin(s) having been made by converting an
alcohol, particularly methanol, using a molecular sieve catalyst composition. The
preferred polymerization process is a gas phase polymerization process and at
least one of the oleﬁné(s) is either ethylene or propylene, and preferably the

‘ polymerization catalyst system is a supported metallocene catalyst system. In this

embodiment, the supported metallocene catalyst system comprises a support, a
metallocene or metallocene-type compound and an activator, preferably the
activator is a non-coordinating anion or alumoxane, or combination thereof, and
most preferably the activator is alumoxane.
[0125] In addition to polyolefins, fnumerous 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,



directed to, in one enbodinent, one or nore polynerization processes for
produci ng various polyolefins. See, for exanple, U S Patent Application
Serial No. 09/615,376 filed July 13, 2000 (Publ. No. WO 02/06] 88). WO
2005/ 026294 PCT/ US2004/ 028261 45 [0123}4%Pol yneri zati on processes incl ude
sol ution, gas phase, slurry phase and a high pressure processes, or a
conbi nation thereof. Particularly preferred i.. a gas phase or a slurry
phase pol ynerization of one or nore olefin(s) at | east one of which is
et hyl ene or prapyiene mxideTendicasidsrathylgng-popyjane doblass, and a¢rylonatrile, and

pol yneri zatign catalyst that can include any one or a conbination of the
nol ecul ar si erééf‘%ﬁ%‘?’é°3F§‘é%§§ew°8%ge08?fﬁ‘b‘9(&\?8%, the preferred

pol yneri zat i Qfiple&idrA i TA4IsticBRFoFiGB! er - Natta, Phillips-type,

net al | ocene, et al T ocene-Type an advanced pol yneri zation catal ysts, and
m xt ures thej@®6) The pddlgodnssipvesdhmedvarioys themisal, \physicalatand framoesakses
descri bed aboyve include |inear | ow densit ol yet hyl ene, . el astoners,

pl astoners, KNYRCIEREHICSt yl\JHQF%‘Fhfr’Ieé?Fe?"‘W%ﬁ?ea‘gﬁg‘%iff?asﬁ‘g"ﬁ;e?lﬁﬁh%rﬁfucmre
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produced by the polynerization processes include atacti pol ypropyl ene,

| sotacti c pollYPAQpYbransssicy ol Zedlie tNamgaadlatpreo py nesieculandeveds tymewerk-andom

bl ock or inpact copolynmers. [0124] In preferred enmbodi ment, the integrated
process conprypsdgdescribes| taegonaeety ity é‘é,‘gé@oé?g)foﬁg th teteahedmllyt coordinated  he

presence of il IRLGA O sAAAINRY oY ShAIGS My SHOPLNIIR' bE 3hE PeliRe O 10

produce one or fore po produc erern e one or nore o (s)

havi ng been el f6OMOSE Mattdiaby) Frameodek-typeaeblitedwnd eyliftaiypeilisculidi Ng a
mpl ecul ar sieve catal yst conposition. The preferred polynerization process
i s a gas phastevpofoyydich atstaetuse daebecrperiablished argassigned afthregdettgredodas(s) is

o et e S L GALARA S A 2R ORI LARhABERREL !
supported netlahiefEngladi(2009t system conprises a support, a netallocene or
metallocene- tﬁffz%] COrrpo%loqu-ﬁrql(ijtinagnexaa%pilt\alsact)f%]ésee'rr)oel];glgrbsligvésha?e the small pore
molecular sieves, AEIL, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CHI, DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI,
RHO, ROG, THO, and substituted forms thereof; the medium pore molecular
sieves, AFO, AEL, EUO, HEU, FER, MEL, MF], 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, CFl, CLO,
DON, GIS, LTL, MER, MOR, MWW and SOb. Non-limiting examples of the
preferred molecular sieves, particularly for converting an oxygenate containing
feedstock into olefin(s), include AEL, AFY, BEA, CHA, ED], FAU, FER, GIS,
LTA, LTL, MER, MFI, MOR, MTT, MWW, TAM and TON. In one preferred
embodiment, the molecular sieve of the invention has an AE] 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 descnbed in terms of the

size of the. ring that defines a pore, where the size is based on the number of T

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



-activator is a non-coordinating anion or alunpbxane, or conbi nation thereof,

and nost preferably the activator is alunoxane. [0125] In addition to

pol yol ef i ns, numerous other ol efin derived products are forned fromthe

ol ef i n(s) W@aWsd2eW+any one of the processes described ad§VeUS20p2826dul ar | y
“the conversion processes, nore particuf’arly the GIrO process or MIO process.
These include, but are not limted to, al dehydes, alcohols, acetic acid,

| i near al pha «l ef vinyl acetate, ethylene dichol ori and_ viny,
chloride, etHyiHe teFPém %P?%fl’ &R w%ﬂ??é’é&%ﬁ#éen%fnqnglg&%ﬁ _uéqq%c?ﬁglthe
acrol ein, aldpitesHErPEdrtiBe cagkl: Sé ORYREINEmD 6t 4R, InB6AYdtio 18 Teblite Science

et hyl ene- propyl ene rubbers, and acrylonitrile, and triners and diners of

et hyl ene, praodyPrantice;rSagand ComgdstelyR exdsedasndSEspanleddition t Vadomeosi? i ons
‘01261 Mbl ecul ar . si-eyes haye varpqus ,chemn cal hysic nd framework

char act eri stHe€&} 1%3? é@ﬁ?”ﬁf g??’é@eggﬁaws&égw‘lﬁ?ﬁ%‘f@éZ#qqlg'd by the Structure
Conmi ssion qgpyigye | nt ewrﬁélgmﬂmafheqzﬁﬁlahaqar@@?@fa BbleBMlaPGeMsHaRe filogn 4 e rul es
of the |UPAC Conmmission on Zeolite Nomenclature. A nolecul ar sieve's

"framewor k- ringots adbZeingbersgrehter dumeaerk-yiney dn@ psfertedggmbddimient, the

tetrahedral | dinated . at tituting.the f d_mak
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zeol i te and %eRlkiRrd MBSIME Bhigt BF fromi H6RE3 RO 3 b 5 Al YGirhY. been
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C, DDR, Elkss fabfh ab6 A5 deb)Y prdeMplylilythe Veh: 1A (0. THO,
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[0130] Molecular sieves, particularly zeolitic and zeolitic-type molecular
sieves, preferably have a molecular framework of one, preferably two or more
corner-sharing [TO4] tetrahedral units, more preferably, two or more [SiO4],
[A104] and/or tPO4] tetrahedral units, and most preferably [SiO4], [AlO4] and
[PO4] tetrahedral units. These silicon, aluminum, and phosphorous based
molecular sieves and metal containing silicon, aluminum and phosphorous based
molecular sieves have been described in detail in numerous publications including
for example, U.S. Patent No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or

{ Co), U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159
624 (ELAPSO where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti or Zn),
U.S. Patent No. 4,554,143 (FeAPQ), U.S. Patents No. 4,822,478, 4,683,217,
4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216 {ZnAPSO,
EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg,
Mn, Ti or Zn), U.S. Patent No. 4,310,440 (A1PO4), EP-A-0 158 350 (SENAPSO),
U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No. 4,789,535 (LiAPO), U.S.
Patent No. 4,992,250 (GeAPSO), U.S. Patent No. 4,888,167 (GeAPO), U.S.
Patent No. 5,057,295 (BAPSO), U.S. Patent No. 4,738,837 (CrAPSO), U.S.
Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S. Patents Nos. 4,758,419,
4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S. Patent No. 4,554,143



DON, G S, LTL, MER, MOR, MAW and SCD. Non-limting exanples of the
preferred nol ecul ar sieves, particularly for converting an oxygenate
containing feedstock into olefin(s), include AEL, AFY, BEA, CHA, ED, FAU,
FER, GS, LTA, LTL, MER WMFI, MOR er"l“1 "MW TAM and TON. In one preferred
enbodi nent, the nol ecul ar sieve of the invention has an AEl framework-type
or a CHA frarrevvork-type, or a conbination thereof, nost preferably a CHA
framewor k-type. 101281 Mol ecul ar sieve materijals all have 3-dinmensional

f r amewor k eAROYr V.S Pasre NG nhBPhd 1 TdASARS AnddSa, Patemd, BoT 4,21 3888

tetrahedrall a afyl.on I r Iy
descri bed i r@“?é?g’)g gjlf'é1 hgtg’n{sél @890‘% 6?@?% ﬂ‘g%4 tlsa%]fﬁ’?ggssﬁ W&/ﬁﬁ Ye the
si ze is basqggopateh NUsTBS45011 Tandad, P56;93 N(MAAPO)NU.S. @tdnaﬁﬁd ATBYRIS- type
characteristics include the arrangement WO 2005/ 026294 PCT/ US2004/ 028261 47

of rings thdBeABSM)aUchgRatentntionAS40578sBeAPQd).8i RetestsoNosf 4.80kAAB) s, and
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Edi tion, Vol oA (T A?fztgfsus ﬁﬂaten%l P4 Qrszic:ﬂﬁnwmﬁg‘)o {COBPY

Net her| ands (2 The small, medium and 'arde pore rmggcul ar sieves
have from a Patenti Ng. t4735,806 r(GujLRSrO)grE?aAe@ 2193300 (QARNES. wherea Qr &f er r ed

structures’ dramerggoxidiaminiQGiD: SyuEhar IS Buers Nosed 561525c4 o8 M about
A (0.3 nm tp;eh5e¢) (11?]6'39@1 4801568, 4! §t199f%fﬁf7f$ﬂségd? SEBN4 956 HE4,

mol ecul ar  si éveé of e 'i nvention, ’preferably al 'uri ndphosphat’e

mol ecul ar sigys169)a0e7H785,i Hgdl 9931, am9a\ﬂéﬁagm ;Scfﬂé (5i0ze Othes sndléanarabout 5
A((0.5 nm, preferably in the rangle( of from3 & nm taq_  about 5A(05

nn) more preves Ak deseribad i B $z9staknHpndhookindvo CB‘*‘%\S(‘U%WW"W nost
preferably f e(? old SNA, rﬁﬁ\lwlﬁo&fcg %{li?ut 4.2A (0.42 nm. [0130] Mol ecul ar

si eves, part | c ar’I y zeolitic tic-type nol ecul ar sieves,
preferably Hey®i]la nol eThe amot¢ apefordd aflicong, alurehemakingd/drwphosphorsus

containing molecular sieves, and aluminum, phosphorous, and optionally silicon,
containing molecular sieves include aluminophosphate (ALPO) molecular sieves
and silicoaluminophosphate (SAPQO) molecular sieves and substituted, preferably
metal substituted, ALPO and SAPO molecular sieves. The most preferred
molecular sieves are SAPO molecular sieves, and metal subsiituted SAPO
molecular sieves. In an embodiment, the metal is an alkali metal of Group IA 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, cenum, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium
and lutetium; and scandium or yttrium of the Periodic 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 umt, such as [MeO2], and carry a net

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



.corner-sharing [TO4] tetrahedral units, nore preferably, two or nore [Si04],
[ ALO4] and/or [PO4] tetrahedral units, and nost preferably [Si04], [Al04]
and [P04] tetrahedral units. These silicon, alum num and hos hor ous based
mol ecul ar WQ dV8926834 netal containing silicon, aluminum & @%ﬁ dus
“based nol ecul ar si eves have been desclibed in detail in numerous
publications including for exanple, U S. Patent No. 4,567,029 (MAPO where
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‘(ELAPO, wh 10, 440
EAI P04) | £p. (e g}'%@a@@ﬁ n’(egE °Ve r@’rgﬁfgfg)n y ﬁo%@?"é‘%’g qﬁ@g‘“qﬁ?%

Patent No. 4f8@ca8Badidi APO, U S. Patent No. 4,992, 250 (GeAPSO), u. s.
'Patent No. 4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S.

Patent No. 4,738,837 (CrAPSO), U. SnR:(phidd:¥ONos. 4, 759,919, and 4, 851, 106
(CrAPO), U.S. Patents Nos. 4,758,419, 4,882,038, 5, 434 326 and 5, 478, 787

(hoApso | {vehersl B beenty 3t Jegf o et et et N, g5

4, 846, 956 artemélaﬁﬁg,agé’xﬁ ml\ib/ﬁmmbertéf%aoleﬁbﬁm;&r Hﬁﬂe oB (441,00, andinf, 156, 931
(NhAPO) U S. Patent No. 4,737, 353bg§BeAPSO Pat ent No. 4,940, 570
(BeAPO) . U. Saspatadue Somdsto 14 pedarabbdl) to 45 sand most mﬁf@rablnﬁvnm@ 03 APSO)

e b B i b N R e

EP- A-0 293 93% ﬁa@ﬁ%ﬂbﬂ&dw&bﬁl &hd 6f GrowpTBAITA, dB| GEBUIVE, V) 2VIB, VEBYe! | as
U S. Patents Nos. 4,567,029, 4,686,093, 4, 781, 814 4,793,984, 4,801, 364,
4. 853,197, ANBHy aa¢6Larrtﬁ%@ nefi the ResigdicsJableson demens, preferablyshl is

o 241097 S, B G B T R, GOV o e 10
Sn, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y
and z are greater than or equal to 0.01. In another embodiment, m is greater than
0.1 to about 1, x is greater than O to about 0.25, y is in the range of from 0.4 to 0.5,
and z is in the range of from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x
is from 0.01 t0 0.2, y is frclvm 0.4 to 0.5, and z is from 0.3 to 0.5.

[0133] Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-
16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPQ-35, SAPO-36,
SAPQO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No. 6,162,415),
SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34,
" ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves thereof.
Preferably, the molecular sieve 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, SAP0O-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



Rei nhol d, New York, New York (1992). (0131] The nore preferred silicon,

al um num and/ or phosphorous contai ning nol ecul ar sieves, and al um num
phosphorous, and optionally silicon, containing nolecular sieves include
al um nophosphate (ALPO) nol ecul ar sieves% and silicoal um nophosphate (SAPO)
nol ecul ar sieves and substituted, preferably netal substituted, ALPO and
SAPO nol ecul ar sieves. The nost preferred nolecular sieves are SAPO

nol ecul ar sieves, and metal substituted SAPO nolecular sieves. In an
embodi ment, ARROMS; and metad sontpinang medacaiar sievey digpeof congrmostpsefeeablypane Tabl e

of Elenents, an _al kal i.n Yo | I the, .Periodi c .Tabl e of
fl erents. o o SomPAORFPAROTH Jnd MO, it ohtainith RElcPuaE:

| ant hanum  Gfdviel NtherRbAS COPMBRATY, REOSBIECUNY sievelid WBlecte@UBRI W8 gaglp! | ni um
terbi um dysprosium holmum erbium thulium ytterbium and |utetium and
scandi um or opnsistingrb$ APOe34¢he meiat canthingngforas ghesenfsandmixtnen shareafn net al
of G oups IV% %jB, VIR, VIIB, VILIB, ,and LB of th Periog%?c_ Tabl e, of

El ements, orlO%4dt ur esl it cal@fyStarartigles thapus directedhlo the sizenselictive separation

enbodi ment, |k i f; € obifi C LSt | . , Cu,
Fe, G, Ge,&n% ,a%,afnﬁi §° gﬁé %lgﬁqtzﬁﬁg%ﬂék%r oﬁgﬂ‘(}jﬂ% S?’ﬁ?@ts 'rrélﬂgér?fé%r?g lelwr'lq anot her
preferred ewhottidnfoin, thehgoap nehsikting offsS ARG-SU SARD-B) GAPOWIE, iISARODN6d | nto
the framework _of a nolecul ar. sieve thr(r)é%g a tetrahedral unit, such as

[Me02], and YAPPy7a BAPO-EhHaPdd QtdBeneifd-3dn $HBOGH. endBOs3 3t SAFOBRe net al
substituent. a hn SIOEEY R SeP04/,828261 Qpe
enbodi nent %Egg'ﬁe%pé@’m? stclg'tgg’ent hagéa %@?ﬁg gﬁgtazzﬁgf Sféf%ﬁgt +4,
+5, or +6, ABBCH&Y imérgreethefméthbcdnedinmigefdfms therdof, inferfroiveforms thepdtd, +2.
[0132] In one enpodi nent, the nolecular sieve, as described in many of the
U.S. Pat ent sandeppxiggethesstfve, is represented by the enpirical fornula, on
an. anhydr asi s: X | r.epr.es I ._pne
tenpl ati ng g@g%ﬂ or e]fng%ab yoaﬁ#%%’%ﬁi ?gfiaft{cﬁiap sRveSR & &@ér&o%h Rarkal

having two or more distinct phases of crystalline structures within one molecular

sieve composition. In particular, intergrowth molecular sieves are described in the
U.S. Patent No. 6,812,372 and PCT WO 98/15496 published April 16, 1998. For
example, SAPQO-18, ALPO-18 and RUW-18 have an AE] framework-type, and
SAPO-34 has a CHA framework-type. In‘another embodiment, the molecular
sieve comprises at least one intergrown phase of AEI and CHA framework-types,
preferably the molecular sieve has a greater amount of CHA framework-type to
AE] framework-type, and more preferably the molar ratio of CHA to AEI is
greater than 1:1.

[0136] In one embodiment, the attrition resistance of a molecular sieve
catalyst composition is measured using an Attrition Rate Index (ARI), measured
in weight percent catalyst composition attrited per hour. ARI is measured by
adding 6.0g of catalyst composition having a particles size ranging from 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



-tenpl ating agent; mis the nunber of noles of R per nole of (MXAlyPz)®2 and
m has a value fromO to 1, preferably 0 to 0.5, and nost preferably fromO
to 0.3; x and z represent the nole fraction of M Al _and P as

t et r ahedr Moé%"@@ng\here M is a netal, sel ected from onQYURIGHESIA | TA
IB, I11B, VB, VB, VIB, VIIB, VIIIB ad Lanthanide's of the Periodic Table
of Elenents, preferably Mis selected fromone of the group consisting of

s grenior (aneltne SRl TR poriCRes rdhainfi RO humbP BRCRIRUL 00 L)

is greater tha and~z are grea or equal

to 0.01. I n catadysoeompobicdh winthas brolengspmat groughadttritidnl The aitwgen Flowki s
greater than 0 to about 0.25, y is.in the range of frpm 0.4 to 0.5, and z
is in the r®gangthropginthg apteition cup o3 megiangt & dr hpiry The finesiolpsted 15 1o 0. 7,
X is from . ' 4 andzj LR Rt 5 3

Non-limti ngheé)%(}g}rr% eeér %#eﬁyxg@ﬂabﬁ%ttﬁfﬂ@'m‘?é%ﬂ gr s?’e@e@g%?n Stt:{%feéa' i%\l\lleent I on
Jnclude one catalyst Csftnipl thahittiorodni SARGred HBARDEJitiGAPO Hblirs, HARD thd SamSAPO- 17,
SAPO- 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO- 36, . SAPO 37, SAPO 40,
SAPO- 41, SAmes dpw epporoisturelesls. pdihg dinensollectedsm thesthimble mpeyrecpyversiipo. 56,

ALPO S, ALPOWLIALRE 18 AROIAE oA My FOIEH ARG yALEG 46, and

metal contai'ning nol ecul ar sire er eof . € ular sieve

i s sel ect ed Houphatet Weighed UPhe amsindt inngank oSARSparticléSAREI8d bPAR o ginaSAPO- 16,
SAPO- 17, SAPO- 18, SAPQ 20, SAPO 31, SAPO- 34, SAPO-35, SAPO 36, SAPO 37,
SAPO- 40, SARmount obpasalyaichargepdp Ale attrfigscruprexprggsed 9B per heurhasisl is dét ai ni ng

forms there m f 0 . lige-type

nol ecul ar s?I&Iézlgﬁvneg%%@gcgﬁteﬁ%ﬁ{oggégﬁbl};na P}(}%ﬁd?&&%%g@%%e %&J&ﬁaﬁ% SAPCO- 35,
SAPO- 44, SARRDG: CABEEYD andtipliddOb34,100%y ewhéreine Borief weight Yofoogtahist a

conmbi nati on of SAPO 18, SAPO- 34, ALPO 34 and -50- ALPO-18, and net al

contai ni ng wempesitign laff i the cup afteidhe airtionisst, (risdhe waeighy of pellectnd fine

con et | o Sl a0k A by a0 EaPaLAl 0. LA gfor o =

consi sting odeattfOiBlourt bfteritht flst hond @tritiongrdatig®. t hereof , and m xtures

thereof. {0137] In one embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has an ARI less than 15 weight
percent per hour, preferably less than 10 weight percent per hour, more preferably
less than 5 weight percent per hour, and even more preferably less than 2 weight
percent per hour, and most preferably less than 1 weight percent per hour. In one
embodiment, the molecular sieve catalyst composition or formulated molecular
sieve catalyst composition has an ARI in the range of from 0 weight percent per

{ 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.



10134] The catalyst particles that is directed to the size-selective
separation wunit according to the present invention optionally contain

nol ecul ar sieves selected fromthe group consisting of SAPO 5, SAPO 8,
SAPO 11, SAPO 16, SAPO 17, SAPO 18, SA15% 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 intergrowm hs, netal containing forns thereof, intergrown forns
thereof, and m xtures thereof. 10135] In an enbodi nent, the nol ecul ar sieve
is an interdebMMSmterial having two or nore distinct phases of
crystalline structures within one nol ecular sieve conposition. In

particul ar, WudE€raphmowt h nol ecul ar sieves are described in the U S Patent
No. 6,812,372 and PCT WD 98/ 15496 published April 16, 1998. For exanpl e,
SAPO-18, ALPO-18 and RUW 18 have an AEl framework-type, and SAPO- 34 has a
CHA framewor k-t ypé. procrr:saﬁmm@ntammsdidnamhlepmcmﬂl staibutign gvereastipni ses at
| east one intergr

nol ecul ar si eve hgﬁéS %'Pg’yesg es Wéﬁllfﬁ%'gg& i vvor karrbglt% Egmeg{,ef erably the

framework-type, apdyipr evier&h efiRbhdactiba é}ﬁ E&h Asedf aCribactiBnAkdnd, Sa
greater than 1:1. °10136] In one enbodi nent, the a trition resistance of a

nol ecul ar si eve dme@agmg zorepopiionally & satabss negederator gptionallyt a icatabyst Rat e

I ndex (ARl), neasur per cent catal yst conpositi.on atjtrited per
hour « ART 15 meastRaer B ORIARIN, Sy SuRReR e GAD COmPOME Ay SIS a

particles size ragging from53 microns to 125 microns to a hardened st eel
attrition cup. ApprOX| mately 23,700 cc/mn of nitrogen gas is bubbled
through a water-c@t ai madgngm;tnlhtaﬂnybﬁcdm]lystbdmdeshmomctreagmm zolhe wet

Apparatus. 1 hr ough(R poPHECHEDF RHER & Clflis pega G i o BEPRoRdbes  t he
P et S5 o RIS il BLEGE DAL St LD, T
nitrogen that exits WOp20ivh/dd262HbedRel 1d53004dt028261 51

(c) 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 particies has a first median particle diameter;

(d)  separating the portion of the plurality of catalyst particles in the
separation unit 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

(e) - directing at least a portion of the small catalyst stream to the
reaction system to maintain the particle size distribution in 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.



t hrough the thinble. The fine particles remaining in the thinble represent
the <catalyst conposition that has broken apart through attrition. The
nitrogen flow passing through the attri]g on cup is maintained for 1 hour.
The fines collected in the thinble are réenoved fromthe unit. A new thinble
is then installed. The catalyst left in the attrition unit is attrited for
an additional 3 hours, under the sane gas flow and noisture |evels. The
fines collected in the thinble are recovered. The collection of fine

catal yst particles separated by the thinble after the first hour are

wei ghed. The 4amufthei dolss BT Shinh | T1ewRérein HeCSouslteyiTiRe c?&’loh@esegﬁfa%rnﬁl .
anount of catalyst charged to the attrition cup expresséd on per hour basis
is the AR, in waimble. percent per hour (wt. % hr). AR is represented by
the formula: AR = C(B+C)/D multiplied by 100% wherein B is weight of
catal yst conposition left in the cup after the attrition test, Cis the
wei ght of cold ect fi taly, LCH 8 fd

attrition t resat men ,e ﬂarﬁ%sb%?s&l(y hgft ﬁ’&f‘%‘ﬂ’@r‘]’% Eﬁ{m?e‘géér?rgﬂt gtlélflr(?j]og%pg%etser t he
first hour attriticomattimatthenportipla¥] the npluradity ndfo darabyst , particlesovéthulaar

si eve catal yst conposjtion or fornulated nol ecul ar sieve catal yst

composi tion has afrhRizingsyreamapndes copdlions efisetivento frm thy small; eatalystp| y

| ess than 10 wei g@%ﬁ%ﬁ'raﬁgme 139% ‘%?% st Sgg{rﬁ_ preferably |less than 5 wei ght

percent per hour, even nor er y less than 2 weight percent per
hour, and nost preferably | ess than 1 weight percent per hour. In one

enbodi nent, the nol ecul ar sieve catal yst conposition or fornul ated nol ecul ar
si eve catal y$t corfpedire¢ass o aBy £f thRpracading slaimpgwhereint stepn(l) {asmgran Per cent

005 i gt por adtie” pupaltd PRyl e bidess FBUEr BOTPRRER s seB o

nost preferably fgrom about 0. 01 wei ght percent per hour to |less than 2
wei ght percent per hour. [0138] Persons of ordinary skill in the art wll

recogni ze that many noEBeRIMEohe atigpst partipiydeacdivaied ogtabyst in thefatalyston

wi t hout departing from 1 y t Lavension. The

enbodi nents descri bed ﬁég‘%lcﬁﬁg}r%) fto}r}'eﬁgﬁ? Bﬁrglgﬁg?he] lﬂglfa’rﬁg ;Sf\?é;attfghrﬁﬁ ag{ﬁggghoul d

not be taken as |im ti Rghdréi@ stép/ @)icofiprises directing the portion of the plurality of
catalyst particles from the catalyst regenerator to the separation

unit.

7. The process of any one of claims 1-5, wherein step (b) forms an at least
partially deactivated catalyst, the process further comprising the step of:

stripping the at least partially deactivated catalyst 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 umt.

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

cooling a heated catalyst particle from the reaction system in the

catalyst cooler, wherein step (¢) compnises directing the portion of

the plurality of catalyst particles from the catalyst cooler to the

separation unit.



which is defined by the followng clains. -52- CLAIMS W Claim 1 A process
for maintaining a desirable particle size distribution in a reaction system
by selectively renoving | arge catalyst particles fromthe reaction system
wherein the reaction system conpri ses a tleaction zone, a di sengagi ng zone,
optionally a catal yst regenerator, optionally a catal yst cooler and
optionally a catal yst stripper, the process conprising the steps of (a)

feeding a plurali of catal yst rticles into the reaction zaone; (b
contacting tHe pl JhgIRTesesypf any 8?@&‘?1’@&? IPR |CEAME,; WHFTEin fang PB‘HksnieﬁI("{g?e

reacti on zone und L : | ﬁféan?‘ -fi.on of
the feedstock to %Eeégégf;f}?ﬁ(@?%&% %éﬁ%‘%é@%é’%{)ﬁﬁ}éﬁﬁ% H'{.uﬁlépp ur a??rﬁéﬁ%%s

catal yst parti cl esafahygtfihéeandrat disi ®majority @ftieoprads@par ati on unit, wherein
the portion of the plurality of catalyst particles has a first nedian
particle dianeter; (d) separating the portion of the plurality of catalyst
particles in the separation unit into a small catalyst streamand a | arge
catal yst stream wherein the small catal yst stream has a second nedi an
particle dianmeter |ess than the first nedian particle dianmeter, and wherein
the large catalyst streamhas a third nmedian particle dianmeter greater than
the first nmedian particle dianeter; and (e) directing at |east a portion of
the smal|l catalyst streamto the reaction systemto rmaintain the particle
size distribution in the reaction system 2. The process of claiml,
wherein the separation unit is selected fromthe group consisting of a

cycl one separator, a settling vessel, a screen and an air classifier.

(



3. The process of claiml or 2, wherein the separation unit conprises a
counter-flow cycl one separator. -53- 4. The process of claim3, wherein the
counter-fl ow cycl one separator is tunable. 5. The process of any of the
precedi ng cl ai ns, wherein step (d) conpf?Ses contacting the portion of the
plurality of catalyst particles with a turbulizing stream under conditions
effective to formthe small catalyst streamand the |arge catalyst stream
6. The process of _.any of the preceding.cl ai wher.ei n,_step (b) forms an at
| east partiaﬂay dgb&EYW%F%BF@ém&ﬁy§F@g?%éwﬂﬁglg@gpﬂﬂﬁﬂhg?nﬁb atdeas & he

ste, of regener apbagn{tpelmbiaabiRetianl g RREhLALLRRatal Yot I the

catal yst regenerator to form ortion of t y of catal yst
particles, wherein step (c) conprises directing the portion of the
plurality of catalyst particles fromthe catal yst regenerator to the
separation hit. The presesppbelain Johgrsin siea (6} compnsas direstingyther atilnagt@ep (b)
forms an at | east art] i cat t.. 1he process further
conprising the st@BHloofn d@t’% ﬁ%%?gaégb’%gétgegﬁ @atg%;l%gtr'?lﬁ 5?’?‘{; deacti vat ed
catalyst in the catalyst stripper to formthe portion of the plurality of
catal yst particles, wherein step (c) conprises directing the portion of the
plurality of 12cat dhgspropesst ¢fcanys of tenpréredingt elayms, whergippthe thirdt teedian

separation unit. 8. The,process  of of. clainms 1-5, wherein the
process further (P&W;?Pe[‘%‘g'g‘ef%ésastﬁ"eaﬁ?gl}/‘.’“?gggmlﬁﬁ’“é' heat ed catal yst particle
fromthe reaction systemin the catalyst cooler, wherein step (c) conprises
directing the portion of the plurality of catalyst particles fromthe

cat al yst coolldr t dhelprocesepdranyiafrthanpireceding claims, wherein the second median

| particle diameter is less than about 100 microns.

14,  The process of any of the preceding claims, wherein the first median

particle diameter is from about 60 to about 120 microns.

15. The process of any of the preceding claims, wherein the process further
comprises the steps of:
directing the plurality of catalyst particles from the reaction zone to
the disengaging zone; and
removing catalyst fines from the disengaging zone under

conditions effective to form a second plurality of catalyst particles



-54- 9. The process of any of the preceding clainms wherein an effl uent
streamis yielded fromthe disengagi ng zone, wherein the effluent stream

- conprises catalyst fines and at least a npgjority of the product. 1 -55- 10.
The process of claim9, wherein step (e)-Wonprises directing the at |east a
~portion of the small catalyst streamto the disengagi ng zone. 11. The
process of claim9, wherein step (e) conprises directing the at |east a
portion of the small catalyst streamto the reaction zone. 12. The process
of any of thdépr ecEue prgcedsaificiaimniie vediareiniibe process fidbéraomprises thel stepdofanet er

is at | east about 100 microns. 13. The process,.of an f the precedin
clai ms, wherein the secB’r?('}“H’éHgil?Fmﬁ F%‘ﬁpﬁq’@g]&idé%?tglfXf&“’ls&g%"fﬁﬁﬁﬁﬁﬁ t 100

m crons. 14. The proces af : W la PN EF=Y : i i rst
medi an particle dianet g?tggyg@?%g%fegbgg}epééﬁq}?%h% gﬁ%ﬁélggtl%ﬂﬂglj{)ﬁsﬁh r}i‘%&et?he

process of any of the pbecedasry @hateig piitdiei sizd Aralpras as Couliet k6inter,
conprises the steps of directing the plurality of catalyst particles from
the reaction zone to tHevige fengleigrAyningneate HdsedeRBtatien, cer & mechanieals from
t he di sengagi ng zone under _.conditions effective to forma second plurality
of catalyst particles -58°MBE SYW&®process of claim 15, wherein the process
further conprises the step of. nonitoring the nedian particle dianeter of

the second plurality of catalyst particles, wherein the nonitoring

optional |y i slperf Fhepdocesyobiclabg db, whatdiestepdc)pareiponsive t¢ @ detesinynation a.

Coul ter counter,  deytce ot gt SEIl e Ahad hatell TEMAL 8P fecing

plurality of catalyst particles has exceeded a predetermined limit.

18. The process of claim 17, wherein the predetermined limit is between about

100 microns and about 120 microns.

19. 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 siream has a third median particle diameter greater than the

first median particle diameter;



17. The process of claim 16, wherein step (c) is responsive to a
determnation in the nonitoring step that the nedian particle dianmeter of
the second plurality of catalyst particles has exceeded a predeterm ned
limt. 18. The process of claim17, wheresm the predetermned limt is

bet ween about 100 m crons and about 120 mcrons. 19. A process for
‘maintaining a catalyst particle size distribution in a reaction system
wherein the process conprises the steps of (a) directing a first plurality
of catalyst particli@s havparating itilesst angutiian of ey firse bmallicaniyse stréara Thiohe
reaction systemto a first separation zone; é!(ﬂ% separating the first
plurality of catalyst p&f¢and @malj gatglyst rstream p|seconk large catalyse streamd a

first large catal yst str . rein th i r || _catalyst stre has a
second nedi an particle dﬁ%ﬁép\éﬁgl seescgnat%&%i tcﬁ{eal)fsl%rs e%ﬁ%%ﬁ ﬁ%‘i’@ @F%{pan

di aneter, and wherein tharddlé 8fanlefdrdess tﬁﬁﬁieﬁ%&orﬁih@ﬁ%?ﬁﬁicﬂ’e amﬁe@’ewﬁ&an
particle diameter greater than the first median particle dianmeter; -57- (c)
separating at |east a povhdren thé sechndflings catalyst strean hhs/s fifthtmedian paitivia

second smal |l catal yst styream and a second | arge catal yst sfream wherein
the second snall catal ys"[‘aIEFtF’é&Wf‘Wég’aé‘ 'ES&?CPHQ ‘%fhpa;'ﬂﬁlretqtlﬂ?‘%teﬁi@ﬁeter | ess

than the second negjpan B ) : WESH Ellafbet LAk
catal yst stream haghg f%ﬁ%hﬁégﬁ g%ﬁgiﬁlg? EPQSiSamt@fé%:réglzﬁgﬁﬁgﬂ t?ktllgee
second nedi an particl e dieadnaystemnd (d) directing at |east a portion of the
second | arge catalyst streamto the reaction system 20. A process for

mai ntai ning a catal yst particle size distribution in a reaction system
wherein the prgcess ' -he. : - el [ | - fi.rst drality
of catal yat patti orsEryiaet R Aiphinihe Bealilys blkich HEEbichhiobl bl relity?
reaction systemto sysfein, shefetp dfeqiroess 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 streamn, wheremn the first
small catalyst stream has a second median pazticle 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 smal} catalyst stream to

the reaction system.



zone; (b) separating the first plurality of catalyst particles into a first
smal |l catalyst streamand a first |arge catal yst stream wherein the first
smal | catal yst stream has a second nedi an particle dianeter |ess than the
first nedian particle diameter, and whereti8-the first large catalyst stream
has a third nedian particle dianeter greater than the first nedian particle
“dianmeter; (c) separating at |east a portion of the first |arge catal yst
streaminto a second snall catal yst stream and a second | arge catal yst
stream where2h thFhequoceds sifediy ofitthe ymecaling ainimas whetonrthe plailityn of
particle dianmeter less than the third nedi a rti.cle diamgeter, and wherein
the second |arge cafplyst PERICIEs HFONBRISES 13 Fﬁ‘ﬁe‘ﬁ'iﬂi %IEVf‘péFFF'gEeE‘"Hi goup
greater than the third. i t 4 ] RYL:! dich@¢d 59 east
R A S RB0L AP O SAFO TR G S SN D1 705 Ak

a portion of the se ySt Stream the teattion Sy - 58-

21. The process of agy sAp®l1e, BAROB NUSAPT-B%, SWPD-85N SAROB6 SAPOY3Df
catal yst particles conprises a nol ecular sieve selected fromt he gr oup

consi sting of SAPO SAPSARQ) SSABAPGL,1 SAPEARY) 1BAPEAPL. 1FAPOMT) SAPOSIRO- 20,
SAPO- 31, SAPO- 34, SAP SAPO- 36, SAPQ- 37, . .SAPO-40., SARQ-41 SAPO-42,
SAPO 44, SAPO- 47, sﬁé‘&égf\ infeEgTopS: TGt r SIARIAE OIS therodn Mg FoRg F8Tiss
thereof, intergrown forafsand RitaRk th&Bsk M xtures thereof.



