FI NES CO FEED FOR MAI NTAI NI NG EFFI Cl ENT REACTOR
HYDRODYNAM CS FI ELD OF THE | NVENTI ON [ 0001] The
wonres@to7anvent i on rel ates to processes and sysCems200a/019351
mai nt ai ni ng desirable partitle size characteristics in
reaction systens. Specifically, the invention relates

to selectively ggdpg égmc]%@dﬁhgﬁ\%m%(ﬂt 0
C I TRODYNA

reaction systgg in
reaction s_ystgul,C] mof gef to—frat Ht o ..wlwl e

'Mﬁﬁ&ons t herei n. BACKGROUND OF THE

Paphhch T i S

NTTHON 0002 —Ttrght—ol efi ns, defined herein as

etjopbene arTheprigycheni@vedny e@es f &L ASolQkest NBA  systems  for
production of nunerous, chem cals. defins

t rRAFaUERE | (dgsizabie ppatigicedsipy plaracséristios cimckdantjon  systems.
Be§€éé L te I /[or_the high cost of
pet'r oﬁgﬁfr}r?’s%%reiggéé@oﬁlh%@%ﬁb %?l&glr%ce)lou%ldﬁngg 8?’%?’%&@%’?%&163 fo
petadioausystms; pesfehbly brygeasised slkfadedcyion [9060Rk, in order to
()(r\é%g at gs.s ch as_al.cohol s, .particul arly nethanol,

di RXVI‘ SRR Patiile degdissbutionsdhereiver nat i ve

feedst ocks for the production of I|ight olefins.

A BACKGROUND O P TeHt B ERYTTION Ment ati on, or from
synthesis gas derived from natural gas, petroleum

| [909%s, caigdndeben slefined hierlis as itigllendi ngl poalylene, serve as

r | ed .pl.asti€S.: i ci pal _wastes,.or .any organic
e B9t Bl o™, Bl PR gl cdonaty are
alprotekd byl peobindencMag| Besausa i (R h@lte @XM A& the high
have &gl?ﬁm ?e as an econom cal, non-petrol eumsource

f SPSlopleRsiielewmh RIEESSo fie ¢asbok produciag olpfipg drram eetreleum sources
oligf irdad¥Qted®R. 3ys sm a oxygeru-te in
. oxygenate-containing feedstock contacts a nol ecul ar

© siled®]cat alOxygemtaspush tab afvoboldepartiansty ieasnel Haaéthyeether,

to convert at |east .a portion of the oxygenate to
| iaﬁﬁt %?‘é"ﬁ’i 7 a&ﬁﬁ“&ﬁvearfo eﬂ{ﬂ%?ae%r fiAS rATPREtiPB ek ilight olefins.
Syt &Hvld ﬁla?]l He8s6ducen ‘tﬁfffehﬁ&ﬁﬁtiorﬁ%lr & Eﬁﬁl@eﬁs_o derive(ti from

contacts the nol ec_ul _ar Sl eve cata yst conpositions a
hingRralegaghpetrdenm Jiqujstsc earbehaseousi matesald, inobdinget@il,ateegcled

t : ssure conditions orti of .t he ,

o SRS e B RIS B b SRk T BBkl o wide Barieny
f of sownes, alcohalf glcstivdldefivatblet,dnt @fhes Rk ahttes Bavd Fﬁ)lnﬁ§e as an
Sone cat %LI?{St attrition particles are very small in

s P UOIHER Q- Pediode i P ures 195 olelingrgdyiction.nes. Due to

t heiayy r el aff ¥eby-0hgb . SULEas S0 Imes ratios, a . .
p(rgrti on of the catalyst |,1%é§Ti§‘)2? Se 't g’%cﬁ"(f‘ﬁ‘ OSVé’t"e‘q - an
mayygsaetorontaiesg fedibipcle vbnatts edmolectiai bieve eaglysOBomposition

effluent and exit. the reaction syste
undet Cohdifions effective 16 convert at east)él portrl%n of the oxygenate to light

olefins, which are yiélded from the reaction system in a reaction effluent. As the
feedstock contacts the molecular sieve catalyst compositions at high weight hourly
space velocities and under elevated temperature and pressure conditions, a portion
of the catalyst compositions can break up, e.g., attrite, to form one or more smaller
attrited catalyst particles. Some catalyst attrition particles are very small in size
and are referred to as catalyst fines. Due to their relatively high surface area to

mass ratios, a portion of the catalyst fines in the reaction system may become



therewith. Conversely, due to their relatively | ow
surface area to nmass ratios, larger particles tend to
woeos@iaosi vely retained in OTO reacti on syst eReT/USh®4/019351
selective retention of larger particles is
particularly a problemfor highly attrition resistant
PaiddeSitB%y @Rl Wie thuiddibp Phud @98 Gat &H-l%/ $Laction system
particles in an OTO reaction system produces two
uriberewithb| €orvdreaty,sdueFor their relativelly dbgesuptict iagdaetor ingds ratios,

r ton.syst the circulating fl ui ed will not
opart B Rl 1%, RIGRL)lihen iefatragtion sysems. The
Cigelidtiod redentvh crahidby Sirtived 1 phrdi | iti
wWith regard o gas@gi el N Shehlftad 8ERYRATOLAGNR Afftion
ba@sisiggidRsidcles. he | arge particles that are selectively

r paed i e | systemw l.I. tend ose .

¢ ARBOSICE ot SuilaCRP b e YRS ircigh BT B IR Frtign system

wirtrbdudesrewo Tindesitable dffeetsbuiitst iwupa Qﬁ'%é 95@@16&%}1 fel‘éétﬁﬁl dyRtem,
ecause the |arger

t reacti.on systemis undesirable _

pgﬁ? cgpulating | Fid ded Vil BelcPRaae aseely spmicularly with regard to
efdRalti¥gnNss 100l hect.d . a t rticl.e
SRR DG L S R S
c shistebetionaithinecfividized bédr Secenypthe tarpn fasiclealtay asi seRetively

‘catal yst. rticles inclu on-sel ectively renoving a .
¢ PA B in BFE Linfig sysfiin SAF Tl 1986 Mot ateelneneie 0., acitvity
I ead tselRbtivNs VA iMe TaINE FOMN YU Jph gﬁfg@ Sdr@leLhn the €8tion

catal yst. This technique for removing
urffEsiriaBndesifiable eeamsa thedergemparticles will ¢eridrtefdbtreaserihe overall

h e Lani f4 cant port.ion of the . .

aetR e CEEAE B L SEb el BEPE Potaidin thgrpeaction

t Ibgsterwact i on systemwi th the undesirabl y-sized

cgb%st pgiti cles. [0007] U S, Patent No. 5,746,321

t t i ngéfhe copvengional techmique) 195 semeving spdasirablyistmed ehtalyst

a t ] t : I I i fier, ,andlor a

o R Al A RlerFIF k¥ ale Rk S atPEUL et

ofbageies| ipsthe redcebulsystem do acdki reomafoaltlystddifiol ofvtesh catalyst.
1GpNLent wi_th cl oser cont verage particles

I f
i e S G L e S A

| mpwevedbédauseli gighifiefnt HoRRAY JfitRS dééﬁ%gﬁéi&e%fca@ﬁ%ét }Sicnrt')éles are
and selectivity. The process is especially usetu V\]/hen
preaeey fim phegisastionsystew it the nyddsaeblytsizskd satalyeORBHicles.

U. at en . t0 . Fri ednan di scl gses ..
ré@ogi)i ng g.%'gga%?ﬁﬁ Uf%g%z% 1C<£;1°t de)t/téqg,er’ i ceg ﬁaéhscmses the

becmbmatien wf @dnbgnetic tsepairdtyr, AUdatA1gst USasifat, tdhdfdr @Séhtalyst attri
fluidized catal %(st, t he average particle size of bo¥h
c EFaPLEsWVEE RIT s Qe laxrg of sptalot. a0eldpeadie avtiee catalyst of

SRR s 4 A o g A0 s
s bawickensizp rdaftebattriny piRSidines mprohel fluekintion properties and better
activity and selectivity. The process is especially useful when processing high
metal-containing feedstocks.
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fluidized catalyst, the average particle size of both catalysts being in the range of

40-400 mesh. The average size of the fresh catalyst differs from that of the
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maintaining a desired particle size distribution in a reaction system, preferably an

OTO reaction system. In this embodiment, the reaction system preferably
comprises a reaction zone and a disengaging zone. The process includes a step of
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value for light olefins. The invention also comprises a step of contacting the /
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particle diameter (preferably between about 75 microns and about 90 nﬂicrons),
and a dgp of less than about 150 microns (preferably no greater than about 120
microns). The plurality of catalyst particles comprises primary catalyst particles.
The primary catalyst particles contact a feedstock, preferably an oxygenate such

as methanol, in the reaction zone under conditions effective to convert at least a
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[0016] The present invention will be better understood in view of the

attached non-limiting figure, which illustrates a schematic flow diagram of one

embodiment of the present invention.
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Commission of the International Zeolite Association according to the rules of the

TUPAC Commission on Zeolite Nomenclature. A molecular sieve’s “framework-
type” describes the connectivity and topology of the tetrahedrally coordinated
atoms constituting the framework, and makes an abstraction of the specific
properties for those materials. Framework-type zeolite and zeolite-type molecular
sieves for which a structure has been established are assigned a three letter code

and are described in the Atlas of Zeolite Framework Types, 5th edition, Elsevier,
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pr I m | ecul.ar si eves,
S%@@%J o %ng sl r“a gf&g%ﬁr& oV3Ee | Es ¥ A% n hpherally

rrng an ave

5/&,oonh1ea‘tﬁf e?d‘bioyl ﬂheiehﬁoléaﬂgﬁléifes fafé)mfaﬁﬁl geggrﬂgﬁa) 1ntt%ns of the
rom n

b 0.5 f bl
oA oA g lSleiays « Rns. Mot Rt renslisac omile, Biber of T
( %ins MhelrBgaOMmEr éarﬁévél : ?’%e GH%B.C'[LI‘%Q%LQHCWC%E%J afingement

sieves, particularly zeo zeo
noifaings dhat ooy @spag@ ra@fl eWIa“:lnI preseay, eha dimdneounl dfrchannels, and the

Co?ﬁce\é\%éﬁaeog ngn ] GES/%]? E}fﬂ‘rﬁ’l et&L ]{;Jgf 8'11{361108 to Zeolite Science
pragfi rradilcy, Séovad WorARIER]Y R&Hd axlid%%nd@@dm](on[ me 137,

tetrahedral units, and nost preferably [SIiC} [ Al O4
arsysAcR 7 tasevigiSaiense, BVt dmsterdem, Vetherdands (2000) num

QGOBJT osphei,0 léﬁlaﬁ al%g&’ipfﬁo a!ln%clu | g%:%)sf% %2\; j%chlga]r g{fgesoggvgofrom a 4-

nt ar ni ng S| um nu
ring to a 12-ring or greater framework-type. In a preferred embodiment, the

zeolitic molecular sieves have 8-, 10- or 12- ring structures or larger and an
average pore size in the range of from about 3A (0.3 nm) 015 A (1.5 nm). In the
most preferred embodiment, the molecular sieves of the invention, preferably
silicoaluminophosphate molecular sieves, have 8- rings and an average pore size
less than about 5A, preferably in the range of from 3A (0.3 nm) to about 5A (0.5
nm), more preferably from 3A (0.3 nm) to about 4.5A (0.45 nm), and most



nol ecul ar sieves have been described in detail in

numer ous publications including for exanple, U S.
woeavwmi7aw. 4, 567, 029 (MeAPO where Me is My, MRCTAIS2000/019351

Co), U S. Patent No. 4,440,871 (SAPO, European Patent

Appl i cation EP-A-O 159 624 (ELAPSO vvhere El is As, Be,

eq"grablﬁgron{;ﬁl SAG@ 355 labo A/g@ 47 r Zn), U.S.

4,554, 143 eAPO Pat nts No.
4[(8]22] 478, 1\/14),1@813%;( M@esApMdulSﬂﬁ Z@ﬂdﬁ@@) zegliticAtype 115@1ecular
975 and 1 . 1 7%&5 216 %nAPSO fEPblAt%
486V CBIPY y eA? Bofecylag 7R BT Qe PEiERDlY SVe 0T “more

F r P t 340, SiO
i opicfokish i St 48 g 500

4[AIB] zﬁ@O/O( [PRRSEIrahedrd, wmiy end mest Mefeblis BHOyL i [AQ)], and

o B D Ry e

Undleditt 8fdvedNand thed 8o 3iAin g ARSOunlikndn aRdtphoéshoNas based
4,759,919, and 4,851,106 (Cr APO,. U.S. Patenpts Nos
Anyguler 916% gy bogs essrlh@ﬂzuns@éaﬂalﬁdmslem Wh}rcatwns including

p%xt%%o 8 4’ 885@‘?@5( %S!gﬂjég %UA%% %g«?xgﬁ\t@: is ¥{e>-Mn, Zn, or

4 (9),37.88Bat ARG 440873. (SRRO s opias Paten6 36pHgion EP-A-0 159

RO RS A U oL o 2

403 T pest N%G&F’ﬁ@m;Ubl% t enk. Maiend, 1%045872@ 4(7@8&%@)3,217
U S. Patents Nos 4. 684,617 and 4 880 520

( HTAPSEY, (FQAISSOPéiPeAt%lﬁ&Qﬁ nb&US. Satent Nos4935380 LAPSO,

SRR Y Ao, Fr KB BH Do apt SAbPRL is ok Me.

ERIA-190293), Q;BS P@%RSQ 4@1&4@0%1}504); EHEAAOHKSG)’SO(QSENAI‘PSO)

| 20s Lhison ok T SarbBh 0 Pt 1o %28 seony U
: Pgﬁt %gg 4 2929%5?0 g(%éAPé‘G?E’@ St 904188161 RRAPTISUS.

and”’5, 675, 050, al I’
f Watept INte o, I, 295 @BALEE),n LY. Patbrtr Nncé 73&&3§r(CrAPSO), U.S.

f R R LB Kol N T e e W A I
quéez'%@w \écxrslﬂ 059843 5 41'9‘8'7@7 Krh ghwkbyY, Urstopmeﬁtamd 4,554,143

herei n y ref erence. e nore Ebeferr

si(Fe4R(n), EiSunfatenh Hndﬂ@&%ﬁés@w@@@@ Pt BRigRinglo. 4,913,888
ggﬁ%gégﬁ‘l N e M AldifloBs M sABISPNAN UiFes E vmARSO),

cont'al ni'ng nbl ecul ar si’evés ‘i nc
altugi matt@mba‘l 845,6P&)d 61;11)56391[11 avinaPey,ds.SaRgtent No. 4,737,353

si li coal um_nophos hate SAPQ) ol e Si eves._an

SUBSAFEUb e BREPLNED oo d] B! Lot cOEieHt BiS*ad01.305,

5&%@4’83'7%%1'4&&88552%@%1)%? tﬁfBSPatEﬁ@fI\ﬁJsf @‘éo@f@k?wkﬂmé and

si éves§ are cul ar’si eves, and net al

S WEI5,490t GHARBIPOU.S. Patents Nos. 4,824,554, 4,744,970 (CoAPSO), U.S.
Patent ‘No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO, where Q is
framework oxide unit [QO,]), as well as U.S. Patents Nos. 4,567,029, 4,686,093,
4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164,
4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of which are fully

incorporated herein by reference. Other molecular sieves are described in R.

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



nol ecul ar sieves. In an enbodi nent, the netal is an

al kali nmetal of Goup IA of the Periodic Table of
wahkesmntw3 an al kaline earth nmetal of G oup | LACoOfUSRdve/019351

Periodic Table of Elenments,%9a rare earth netal of

Goup B, including the Lanthani des: |anthanum cerium

pr g - r r
PN (199 RN ATy SR herBlt Pl e

t h[0026fm  ytThe bimote aprbférrddet dilican, anthnsigandi AW@T phosphorous
yttrium of the Periodic Table of Elenents, a ) .

t r SIS AEPURT Vs Bihalumipm.\miosRiqsousyapg optipnally silicon
an f fatal] 3 S, ] .

o Coutnle RS M iadaR Sufiindph SRRSO LG sieves
entysisiberaluminephesphatt (S APOR nedtomthr fsiavns tivbsigrstitiped, preferably

TSGR i dlea a5 B0 mefeye s timorthrmost prefered

prebRetRe akedirBEIAPO! RRIRUIE! 3bved! AAE HLREUSE8Futed SAPO
above are inserted into the framework of a nol ecul ar

si Bplecular sigyes. Antaatquaiediment, thaimetalgs eh abeli[me® 4f, Granp IA of
C : r di n.the val ence . state

cRUBIR AR, 1o Qe RS AN B KL SRR Eh of
whisriddie Tiableabf Sldasdnits, Le idre hagth ame@l @A0@rosh AEB, Oindidding the
+3, +4, +5, or +6, the net charge of the tetrahedral

ni +antanidasye Lthasigy d camumy opraefodymithe RIpSHEYRAL Samarium,
t NG IBLRC YhlinR it b ilReHol i Rerbi
Pat éﬁitgs r’rg nti oned gpgg"@% , (gllg@%%l{é%f g%lgﬁ‘tngg&%ﬁ’ I:ﬁltélhﬁm%’J yﬁérblum
enidr lwetiunf;oamdilseandom an ymiuyd o6 ube Pasivdic TiHRil¢ Mf Aflefents, a

5y PN B BB D80 88 P
NuTERE 0P 1S R miRuP& oM eoOheddMnbtay Bpdcidsand dReh@eferred

a value fromO to_3, ?referablg fromO to 2, and nost
pr @pkadimpet, fheomel isoselecied fomhel groupeqomsisiéng of Re, Gnl @u, Fe,

fractd f d hedr al.. oxi des, ere
QRSO BN 2007 24 SB35 g
VB;mbddimeM] tHase Metal Btoamddikanrtddadbionie ate @bertdaeinflethe Fhintework
Tabl e o enents, prefer aligxle%t Mis selected fromone

of© t*hBlOEﬁDB SEESRdiretethg tefrahegyal eyit, spgh apgMe@al, amd cangy a net
Myha¥e: de?@mdiﬁg onéhe ¥Encer statk Bf Ak dﬁgﬁp gﬁﬂgﬁgﬁant. MedSexample, in
greater than or equal to 0.2, and X, y and z are

gr @wtestbodhaentowharthe metad sebstilnent hasanaiidrer serbafdiaeds +4, +5,

mis eater, than.0D. 1.t out..1, x is greater than 0O

t oorgt?gtlie rﬁ?ﬁ%‘a,rgiloﬁtge fleﬁag?fgrgr“élﬁdébweﬂ b%%?r%f??'t o 0.5,

an@oze]i s i Mntohe emdoditent, thd Q6Luldbsit R, 9s éescﬂpédgiil many of the
0

preferably mis from0.15 to 0.7, x is fromO.
0.9.S. Pafeytst mspiioned abeve. 5, reprgepnsed; By flheo mnpirgat forgudy, on an

[Ok}%gglmhpgégig.m ti ng exanpl es of SAPO and ALPO
nol ecul ar si eves of the

mR:(M,ALP,)O,

wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M;AlP,)O, and m
has a value from 0 to 3, preferably from O to 2, and most preferably from 0 to 1; x,

y, and z represent the mole fraction of M, Al and P as tetrahedral oxides, where M



i nvention include one or a conbi nati on of SAPO 5,

SAPO-8, SAPO-11, SAPO- 16, SAPO- 17, SAPO- 18, SAPO- 20,
WeARBK31073 SAPO- 34, SAPO- 35, SAPO 36, SAPO- 37, BAPOSA®4/019351

SAPG 41, SAPO 42, SAPO- 44 (0. S. Patent No. 6, 162, 415),

SAPO- 47, SAPO-56, ALPO-5, ALPO- 11, ALPO 18, ALPO 31,

Ai‘sp%)rrgef‘al s%k%’%ld%o %@%f%rou@k%olﬂ@; TRANARMRVAl VB, VIB, VIB,

cont ai ni'ng nol ecul ar si eves' thérecf. "Preferably, thé
nyIEBUbt Isihémeides ok ltlecPedodic dhabld @f gélompnts,o peifathlpgM is

f SAPO- 5, SAPQ-8, SAPO-II.,. SAPO- 1 AP 7, SAPO ) e
gﬁ\@@t%gfrow fhe gﬂp@%@%ﬂﬂé&é@% 2{% és&ét% 5%@; G@ﬁ@@ @31 N,
?ﬁgofnﬁ%a anfarky ﬁi,an%ﬂ%dﬂ%mtgﬁl%@gﬁéater%ﬂb AdnuabRR$ 5id x, y

containing forns thereof, and m xtures
t hed eafe grehter thener pqed ¢v PAY. Zeehother- enyhrslimohtenuis greater than
si.eves.incl ude one or copbi i on of . SAPO- 1
SR3OS 38 Celan 5 R8s Rt Ao 04 10 05,
ALRO, 3din 1BY 84hoBRF Goll @D & 1A DI5Y ndRepRfersblg ety fdth oo 1910.7, x
SAPO- 18, SAPO- 34, ALPO 34 and ALPO-1 , and net al
c imfremdl. Hgtorfbl.ecia fam &1 684, skt Bdfom dido Pt
pr abl ynQns: of: ' ' SAPRY :
AT S, AN R £ AR B SAPOPIRLEO Mo fillr sives of the
t herertibn ifahidecon@! drya cdrieinaiinecfu$ APOsS, SAPD-8, SAPE:t B SAPO-

framthe gro onsisting o PO 34, I
T S s g AR B S ER O
| & ;a5t) 8Ahegdb ARiDt 5 APDEs ITRIASILArS APEME (US. Ptent No. 6,162,415),
intergromh material having two or nore distinct
pISAREF-40f SARGHE) |AIROS r AEPOrEls WLPRI-B8,0Ad-BidB bic HIAO-34,

Si itL0on articular, |jnt.erarow .
ey RLPLUE e e B corl T Al sigres thereot.
Appbieadly, ot Belcbdbr Sove R%eR21d Gl thd gdupogussiing of BOPD-5,
and PCT WD 98/ 15496 publ i shed ril 1 bot h of

6, 1998,

WSAGTO-8 SAREr Hi, SAPQ-1§ SARG por b @d 8oy APEF & S -3 FoyAPO-
e I P, i\ ) E _
ATBAP S SAIS . BP0 31 0K GHA0, SAPIE, SReR, sapo-ds,
| 18 RO UNeRARDOSH, he inetdl henmbling dbars thervs adnpitses thEreof.
| east one inte ) h AFEI d .

f TR NI T oTes ZeobicsBr ARG HAR SISt BELTE Png PLo Soligation of
Or&i G s2GRPEY. 3 1S Bt 35T 8ABWIK - APE-560 MNPO-18 and ALPO-34,

framewor k-type, ‘and nore preferably the nolar ratio of
Crdtens moAEprefesaljy ent erra ¢dvalbination. of MARQ-I B a5 ARPSAe ALPO-34 and

Sy IS 029] The .synt hesis of nol echl Si.ev [
RGO Y TP e TR REL oL BBty one
Caned abmpinati®y o€ WATO-Si ema SABPO- 18y nhi asdtzlecormininhamolecular
hydrot hernmal crystallization of one or nore of a

sourvee thereal urPiinrella SisupeiscBiar pF§piofderied drogp he group
Of cosibibiafe28h s A b BUPhE hicRS c835AIng BAfs AefBE, 3hd GRIMASMEDT.

[0028] In an embodiment, the molecular sieve is an intergrowth material

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 Application Serial No. 09/924,016 filed August 7, 2001 and PCT WO
98/15496 published April 16, 1998, both of which are herein fully incorporated by
reference. For example, SAPO-18, ALPO-18 and RUW-18 have an AEI
framework-type, and SAPO-34 has a CHA framework-type. In another

i



conmpound. Typically, a conbination of sources of

silicon, alum num and phosphorous, optionally with one
wonroisma78 enpl ati ng agents and/ or one or nore RETAIS2004/019351

cont ai ni ng conmpounds are pliaced in a seal ed pressure

vessel, optionally lined wwth an inert plastic such as

p

DEYRE % YOG ORLIL 805 oS3 Rl A0 9RE e of A5

cansCalA Mewoﬂetypbzarprsﬁembiy thetmeoleallai siefeohaseal greatwd amount

then re overe i | ntrlf ation
det &Rt @memg%@% 5\%%%?% 1%‘1%%9{? prqfﬁr@g y2the molar
MR Cdfkjﬁ,?%d RYES AERerSinRg hasi zed by form ng a reaction

product a source of silicon, a source of alum num
a sourmm@_ﬁgmmgé and/ or an organic tenplating

CBRPL P g et RREME DR, o Bp Gl many of the

e pdradhdm Mtiscugsel| dbsvé. N deheraflyMinbRsulr efevés are synthesized by the
si |'i coal um nophosphate crystalline material that is

t hedrothsonaltcaxstailizationtaf snp @n mase /f 2 ispwgact slmupynot source of
O5fohinas 4 305 ofgldd'd LAGIBKATBEES Bld 8 hbEPonaining

__4

es I ric € Silicates or ‘exa
Aebm’pbﬁndZ O0rypvaillyakl eohbimatidegissairdescof, sidevn Yalukn,mlhb wand
Yor k, and CAB-O S| L g/LS, silicon c ngounds ?%ﬁ&as
t ehesphproys. teRELY Witk Aneor mere ts&aaﬁﬁ £ 28§14 PRA or more
OEIIL Sdolrﬁa tx% staﬁg P15l a8t N¥tDEd PR3 GRERI, optionally
id silicas or aqueous suspensions
t ﬂme@mﬁth ﬂmmeﬂxp]aﬂicesmhd@xpollﬁeﬂ@ﬂmbetb)ﬂam, il eheptegnimder a

bR S5 ETHEelAS\RR, CERGTEE: oAl e

t hes&@el - isThemiEcTa8d r @En SR eRedbysifllirgtin, | @n@tifSgdtioaaand/or
sol. [0032] Non-1imti ng exanpl es of al um num sources

i Wesapdiggal uni nuncont ai ni ng conpositions such as
um a e Bl PLORORhEzed b
SR SO ARR LPboRIRIPLS, AL aRk oRgtb R
alfbmmlngh&eacnsﬁ peaiuboeharsdiece of dibeirt e sawmde af alwimoum, a source
tri chI oride, or any conbi nat |eg{§zéﬁt her eof

CRARER e Peaaot et ggenbap{ef%alpelgr Pymgrogen
V"Q:%Htaﬁﬁt?%‘é? a]'ﬂgs ?enﬂjléthfgoﬁééiﬂ" NORR OSRIA £1yTRl@& I d@Embodiment

si eve l'imting exanpl'es of phosphorous
soesudtesn thhlsmhmomwhmabirmdeplmwﬂmtm giisedimeampicrgl that is

Eﬁ@&ﬁ@ﬁ@ﬁi@%ﬂ@“' Fer Rl QLIS oo o

009gi t i ONRNSHAHina expRPERNENT silic@C ls@hrc@;f @anide s1hcates fumed
phosphat es such as triethyl aE}hosphat e, and cr aYI [ n?\l
orsiliggo frhenaspid, heraB bR phaitable BomnDasussy Pros ork, New

PRESRNAIPEA RSBl MY, FIRHR! RAHARS LRk @‘i’é‘traalkyl orthosilicates,

for example, tetramethyl orthosilicate (TMOS) and tetraethylorthosilicate (TEOS),

colloidal silicas or aqueous suspensions thereof, for example Ludox-HS-40 sol
available from E.I. du Pont de Nemours, Wilmington, Delaware, silicic acid,
alkali-metal silicate, or any combination thereof. The preferred source of silicon
is a silica sol.

[0032] Non-limiting examples of aluminum sources include aluminum-

containing compositions such as aluminum alkoxides, for example aluminum



The preferred source of phosphorous is phosphoric
acid, particularly when producing a
weizbismeal7sim nophosphat e. [ 0034] Tenpl ati ng ageRCT/UAR@4/019351
general |y conpounds that canrtain el enents of G oup VA
of the Periodic Table of Elenments, particularly

ni trogen, .phasphorus,. arsenic_and antijpony, nol.e .

or PP B PERER BhospRRSpROBUET BYHoRp sodium eluminate,
prbedabbahniltd bBSRe ardAlsdunt BRI AdeNS A9 hbidtions thereof.
Goup VA of thé Periodic Table of elements also

cohpzeiprred sdusesof dnmimink id psendaabgdhnytepppticplady evhab pyoducing
an ai(I)( ag or a]iﬁcyl %rou(ﬁ C&?vi n? from1l to 10 carbon

at DHECOALNGRRSPRAE AISGHAT SIE¥ 8 1 t o 8 car bon at ons.
Thpogsief er rl‘@cﬁl-ﬁﬁﬁmig’@lfekﬁﬁplageﬂtﬂlo@}alﬁ)rous sources, which may also
ni t rogen-cont ai ni ng conpounds such as_am nes and

qUAEIBAR AYNIRHROANFIIBE nROSPRSOUY owBBRsitions, durdudsr plgsphorous-

i . d . ' . t :
by PR BBRRH S otef G FRALR TSI, 8 oL BREERET, Sftenic
or plevsphatkrso csuchy | asortristhlyb t phospratehyaiido caybiyllingr astp, amorphous

AR S I RAT A
ageRy $rdfBeéd d8uRteCOMINBH LR Ofs FRRpREridTRER, %&gzlﬁﬂf ¥vhen

jhB
ammoni um conpound(s) "and one or nore of a nono-,
or producingaibiecali@o@phospbatel i ni ti ng exanpl es of

te ting ents include tetraal kyl amoni um _ .

ol has  TRa e ARl Ee b B SbtnoRPE B Fuata plgrents of
anTRIip WA\ CTERe PREIS dic MTdbldd NBlefhiss pArtielI8AY nittdtehagidRihorus,
amoni_ um conpounds i ncludi ng salts thereof,

t cUPNT B | AR, uROTh Preferiably sHTogsn t ¢prepbesphorpyg, and most

{ . . } . | o
SRR DD $IRSLHBORe IS Yot gt Ta
t r ol @psritasnlsed bentainrat Etakiydnanikye of dridigroup, rprefetdhodmatkyier aryl

i peridine, .cycloh | am ne and bstitute
gly pBﬁIJ] I&\ﬁr}pglﬁqo Lto EI‘%)( %ar%on atoms, an Ilillo?e Il)regerabqy from 1 to 8 carbon

2- ety Y hrckeR8a Mgkl Jevds té?@ﬁﬁ(ﬂo%@ﬁ-@&ltaininﬁ compounds such
N, N- di et hyl'et hanol am ne,” di cycl ohexyl am ne,

Ndasasihgd andrpmatsieary pamagiigh cergpounds.

SII’ Q{?%g]: gg%hﬁ%&%ﬁ%{] gﬁ]g%dnﬁl'fm compounds, in one embodiment, are
N rebdierited gmeiehgbndrhl, GrhiekaREN-ARHRE: each R is hydrogen or a
Nmet hyl di et hanol am ne, N-net hyl - et hanol am ne, N net hyl

i Pedrpeartyd or subsited Bydsearlyyl geoup, preferably an alkyl group or'an aryl

N- %Pﬁﬁa?%lglr? ) xy kg .rbearboﬁi' %‘%g?’llﬂyoﬁlle dérﬂ‘rﬁ)’diment, the templating

Y
4- ne, qui nuc
N, aenthi imdtifie h combidiier abowsyal 2, q2at2inaoge tranmenivom pompound(s)

di - n- butyl am ne, neopentyl am ne, di-n-pentylam ne,

i s%‘ﬁ#%}?ﬁ?{é‘?ﬂrﬁgam%‘ﬂt’ﬁil rﬁlh@}mé’c hyl enedi ani ne,

py[)(ro@ls] di neNoR@INEid Vdx@miplEsNer aBflptih SRR 1A tetraalkyl

[0037] The preferred tenpl ati ng agent or tenplate is a

t eemmentyl sampATLn including salts thereof such as tetramethyl ammonium
compounds including salts thereof, tetracthyl ammonium compounds including
salts thereof, tetrapropyl ammonium including salts thereof, and
tetrabutylammonium including salts thereof, cyclohexylamine, morpholine, di-n-

propylamine (DPA), tripropylamine, triethylamine (TEA), triethanolamine,

piperidine, cyclohexylamine and substituted cyclohexylamines, 2-methylpyridine,



conmpound, such as tetraethyl amoni um hydroxi de

(TEAOH), tetraethyl ammoni um phosphate, tetraethyl
wamaminwTtsf | uori de, tetraethyl anmoni um brom deCcT/us2004/019351

tetraethyl ammonium chloridé and tetraethyl anmmoni um

acetate. The nost preferred tenplati ng agent is

t efyr h

P G a G e foBfb RS SR NN
noflisethdethenadsmeine) n oneh@llrbodl meiy,N' ahmetﬁp]pq&tazm of 14-

Rl N R ST QAR n
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anl?}P@iF dippospPhosbilsyclebmptisiing,ond -ty pyriding | o4-imethyl-pyridine,

oS N G 285 e P famine,
prﬁopemiylaynma t hedirgpaaylmiid, om Sisbfrofylafg@ier al |tybut}lléﬁl1ne
syng;lem s mxture js sealed in a vessel and heated

pr &reragligmpsdarrolidinsgpolyeiby sriayne ped 2 imidazelatoper at ur e

B L S e
r eqpuipromidds osufch)r as tthgaathiyls tainidnhen phodiseidei $STEXOEDAl thtyacthyl

fromlrmed p.to veral weeks, the duration of
whie© ’Plémh 1{}‘&6 elSEATRY: aBIqmkan  Shprdent (riraethylh @mmonium
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Typi cal I the crystalline nolecul ar SI eve product 1S
f onAEdpretiTedl feyplating agent rl?y tettagthy] aamdomnismyr hjzdrmaldedmbysalts

oL R E R RE AR Yo Pl PR sRinoRRahars P ey sove

s elmmteﬁtbod[mﬁit?zi tamign@tiodaifaivo or Mcd of BRPEN B Rbove t§mp1at1ng
washed, | cally, using a liquid such as water, from
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”}ﬂﬁ)s rb@]blyedried, preferably in air.[0039]
Mol ecul ar sieves have either a high silicon (Si) to
al [0A33lum ( A\ pytheni mixtaticontainig htomsiitiuens silidon-, aluminum-,
aI u 'nug] aqt_hgmc ratio,. however, ? Jow Si /Al ratio is

SHAQFOUEABE RS HioHe A ds2 teiplating agrothonishiave ppEl in the

Wmaﬁg‘deiafroﬂi' ?Mﬂmgfef&aﬁyﬁﬂherr@ﬁéé)oﬂ £6m 4 tla@n an ﬁl%strpreferably
preferably | ess t .40, nore preferably’less

0.132he gage @b &onpf & &r éﬂ@ngrallmhe s¥ydlesis 2ixturk s smatedhien vessel

e t i eve_has

© RRQHIRE b RE TP LR b Bogiol! Bisie o Syebere i Rabdmmge of
f rﬁmabomtxo@%@ ab@lt@lSO‘lG a8d hibre PRITEaPRatSH abbt 156QMo about
about 0.32 to about O. 10 and nore préferably from

abld@fCo. Fhettimatoquired. tDSfon[nOtmogcryﬂnHmetp‘redmbl1ecty1b1azﬂly from
I bed ove di ng an

e AR G v ko R ol Lot A B datisdent on

t e n@hRE 0B, the higher the temperature the shorter the duration. Typically,

the crystalline molecular sieve product is formed, usually in a slurry state, and is
recovered by any standard technique well known in the art, for example
centrifugation or filtration. The isolated or separated crystalline product, in an
embodiment, is washed, typically, using a liquid such as water, from one to many

times. The washed crystalline product is then optionally dried, preferably in air.



sieve is then fornulated into a nol ecul ar sieve

catal yst conposition as described in nore detai
woebwwi70fhe nol ecul ar si eves synt hesi zed aboverarasawde19351

or forrmulated into nol ecul a# sieve catal yst

conmpositions by conbining t he synt hesi zed nol ecul ar

Si s) o n W th one, or r,e trig..materials
SBUE: ) on BirigetRen et havE FoRe e ATRPR(GR A aimBbfh (D

c C&‘mﬁﬁlrﬁﬂl@ Br a [P GilikorMRY dlimidid 8fohfé Satid] Bowakk,CallolwSi/Al ratio

effective in reduci ng overal | catal yst cost, act as
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B SoTR Y010 1ok 16ROl R Sin About (PR 4BHHY. 10, and

non-active es |nclud|ng titania,
zimmmrdprabi@gﬁmmahoutt(}ﬁﬁuoabobm y$.lia, quartz, silica

or s, a m xtures thereof, for ampl.e .

o PP R gnaticl. M rlstafiy Sip ots” ST GRS, rfogoribed above,
Siddpedting URtAeqilfbnSdnkd SRha baifcHRr EoiBfetston procds, the molecular
enbodi ment, matrix materials are natural clays 'such as
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Thgsl% Ie Ei%a?loc% QY S+ Qllolf%:e ial§as%"vegs XYQec?%box{ oﬁre made or
ex an‘pl0 Wena 'a an or d

Nofohrxlateidn Gnte X amjddctiar okie0d h@nalgmt compositi@tsi dlys combmmg the
i ncl ude; haloyS|te kaollnlte di.ckite, nacrite, or
ara@hesiged melesnler sisned) priinally mathaie Prampte BAi| materials and

Egﬁiﬁﬁhn{%%{ Pﬁl@& Bffotl & f&lrrﬁﬁfacuonayogw%kﬁﬁbﬁﬁ ed to vel|

I cat1on processes su as cal ci nation
ani@®0é4t] aci Matrizanatendls andtypicalljeaffectve tr sdueieg tovp@l43jalyst

RSBl TSR BB R i T Bl cfpsion

SUfel eR8mpleQltirink Ge%h@fhﬁloﬁ Od&@ﬂfﬁ'ﬂg &hd Bﬁal@@t@nﬁfbﬁiﬂ@ﬁt indfkasing
characteristics t he cat al yst COITpOSItI on (

c ocatalyHisirenste engdoas qruaihatrenath esirition desisianges &id to control the
bellag)e\’\éf cAln{/&&ﬁggﬂ %8%11')(1Cu151h ofly or clay-type

t i on cobalt, nickel, titanium
pa[doaﬂ] um d-Himiting amdipd)afs q abiriurmtenas énflude @reor more of:
enbodi nent, the matrix materl

cla r.a . .
ol B Y Bt GSF bYF. AT DS P S RUT IS R genesia

Magfik aberyﬁlakﬁ 7 s1lf’6§QJ"'§3lsh%ﬁd %&ﬁuésomeﬁéof Orof ekme silica-
punpabl e sofid content sl urry, it has a

f r mgpnesia fsdrce—zanaaa, gihch-fitanjpasiticatabgeinhend @dmam}'umhmerthorla

to its platelet structu A preferred ave
pabt 8 BTy Tl Tl Wt Bl Snd SRS s g e
kafiniiles bf rhérMoAloMte Snd KaBiit.0 PRGN tnafirf MYyMrichid@ kaolins
particle size distribution of |ess than about 1 mm
known as, for example, Dixie, McNamee, Georgia and Florida clays. Non-
limiting examples of other matrix materials include: haloysite, kaolinite, dickite,
nacrite, or anauxite. In one embodiment, the matrix material, preferably any of
the clays, are subjected to well known modification processes such as calcination

and/or acid treatment and/or chemical treatment.



Form ng Mol ecul ar Si eve Catal yst Conpositions [0044]

As indi cated above, once the nolecular sieve is
weoeypnmisiezi7zaed, dependi ng on the requirenents of PCNAIS2004/019351

particul ar conversion procd$ss, the nol ecul ar sieve is

then fornulated into a nol ecul ar sieve catal yst

conposition as described in nore detail bel Qﬂﬁl

. The .
mol0983) ar  dnapsPreyed swbodimerh e matiex mgiRiah s selected for its
f og:my! i | i ! i
e
matombustingi mtekctandicsptdfortht | yamlysht compostiar i &r te-catalyst

forma foroul ati on conposi.fiaon. This forpul ation

c TSI By PO SR BOBTal ALRPEY g DT clay-pe
PagdrhdsRfonas Welbiv-ikdH0 Wb 1€ Guke ) Wi eH Chhl 8 ush) 'cBddomium and/or
drying, pelletizing, extrusion, and the |ike, spray

dr platigurhsprignt Ha one smbpdiafest, iteeimairix iaterlss aplast ara day-type

that after spray.dryving, for exanple t .
ot SRR SRy e FRTEAReIT, KholBy ipotihes been
onguadhe dofie At punigableyii ghiolidaddnfen® fsiurtye itthaz e tovt Gretih@urface
nmol ecul ar sieve is in the range of fromabout 0.1 to

0. Feapndfibpasks {peether ersily dugéo B PRidghshudtuice 4 preferrgigyerage
0 . in f : ’
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nmotoeaboned.6 pabivith b rdanpatid8 size disggsitivhakhileds than abowd 1rpms.t

preferapl in e range fr(% 0.15.t0 about 0.4. In
anot her lar %Lgéé—ﬁabﬁ—la%—é—'@w L OSIGHS { he bi nder to
thepoam| ecul ¢ pERYRd | Sodve, tdiRe r RBIMoMcufal Oe®d 4d dydthesized,
0.45, preferably in the range of from about 0.12 to

| edepenfiiag o thoreqnineraetys ef teagiticuan comersiemprocess, the epalecular
0. 15 to .about 0O ,..and S r r ' . I .
o Srbfh G052 ip RO g R 5 € BBk (il ik 3 Hescrived
I afif eforérdtaiinbdlone e dThe trhdlscipat sibvesspatickizedtabove are made or
[ 0046] I n anot her enbodi nent, the nol ecul ar sieve_ . .
cafarmjdated g0 Nelp@ATo sV Er APRBle FORBPEHOMSADYs coidining  the

L . : ¢ _ .
((: ?E%‘cﬂeﬁzeﬁ %gcﬂlﬁr' ﬁé\;ég_@snvgﬁh M HaHB04 Sizdél 198 %p?l%ﬁ%gfu ? matrix

measured In m ecular sieve that I ‘
70npenizknd foym ef ermblatiomlvomposiGope rBen fornmbaten composition is

D B kP ShoH e A DUHGE Y SRR o piapferuch a6
VS4yaf ldrﬁﬁg,ﬂpéll%ﬁkﬁh?f BB, 1408 aht 1ikENSrMPArRhg Mg the most

mol'ecul ar sieve catal yst conposition i's the total MSA
of praferasonpbds wisonprgferiedethabyafich epfay advingniasf exanwle that the

nmol.ecul ar si eve .cont g e% I: he nol ecul ar si eve

catf%\Ifny}ls‘f 108(‘)’%%1 g?lﬁ?nolﬁ%{}b 21‘1‘}ﬁ1]ec£rhere are many different

bi peesy t haln @fecenitsoddindbnt] thef weightn@tic € tiobiade @rths nelecular

cat al yst. conpositjon. Non-limting examles of bi dera

t h&kevesdn the range of from about 0.1 to 0.5, preferably in the range of from 0.1 to
less than 0.5, more preferably in the range of from 0.11 to 0.48, even more
preferably from 0.12 to about 0.45, yet even more preferably from 0.13 to less
than 0.45, and most preferably in the range of from 0.15 to about 0.4. In another
embodiment, the weight ratio of the binder to the molecular sieve is in the range
of from 0.11 to 0.45, preferably in the range of from about 0.12 to less than 0.40,
more preferably in the range of from 0.15 to about 0.35, and most preferably in

the range of from 0.2 to about 0.3. All values between these ranges are included



useful alone or in conbination include various types

of hydrated alum na, silicas, and/or other inorganic
woxde®130B. One preferred al um na containi ng se8CTiUS2004/019351

al um num chl or hydrate. The %6nor gani ¢ oxi de sol acts

l'i ke glue binding the synthesized nol ecul ar sieves and

ot her, materials such as the matrix together,

panhis Brigpf speeification her mal  treat ment. Upon heati ng,
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m xtures thereof. [0049] In another enbodinent, the

bi aldminnaralothydrisisa Jdkesinorgesigomidarsel ycksolike igdienpinding the

al um.num oxi de, -opt.ionally jncl udi il .

oL DAL B REL P L o PRI, SR PA i W,
al parivdalRadgich thémeat traagnedtuniUpan Myediing, ethesinohgaai oxide sol,
pseudobohemte, with an acid, preferably an aci.d that .

doBigiehly dBNing # 1V Hascogen, 1s tcanrﬁr@gdp@ gfbﬂ%orszfmc oxide marix
al um i O LN w11 doh tods Lbes, Ahmi id
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Magsagiiiset bs. chifRdd] doinene iembodisTemie tdegerdl Ndedmula  of
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natdrOdOHAE, a 0A riderrein 1 kel fordsanct tod, ais|J Quidp is 2 to 15,
slurryi [ t ol l, -

i SLX P R bR G oo AT B TR e Q) o
i s dégcabedboGtM2 Yilter@aghdt al.0 SaldoBtirf38%0 yd @eiaght6, pages 105-

preferably fromabout 5% by wei ght to about 20% Db .
vveilé‘i‘u(l99§¥vd"’hlﬁ]ﬂ ds priereinapppratsdolny mfesRoey ofpgpother elnbodiment,

one or more binders are combined with one or more other non-limiting examples
of alumina materials such as aluminum oxyhydroxide, y-alumina, boehmite,
diaspore, and transitional aluminas such as q-alumina, B-alumina, y-alumina, 6-
alumina, e-alumina, k-alumina, and p-alumina, aluminum trihydroxide, such as
gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.

[0049] In another embodiment, the binders are alumina sols, predominantly

comprising aluminum oxide, optionally including some silicon. In yet another



wei ght to about 15% by wei ght, based on the totai

wei ght of the binder, the nolecular sieve and matri x
worbwsroial73 excl uding the liquid. [0051] Upon ceabiuszewg019351

t he synt hesi zed nol ecul ar sli7eve and t he bi nder,

optionally with a matrix material, inaliquid to form

a Sl.ur XN referabl.y.rigorous .m Xi .. neede

R e R R e
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Non-limting exanples of suitable liquid_ slurrying
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i SNalod IGHethi¢nl |Ce dNbpervidie pBiings il Niyam] ALFGEWe atailable from
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about 30% preferably from about 5% to about 25% by
werigdrouo fmizingdésr neeted @wbopradu@d% sabsédndially d@¥gogeneous mixture

pref er.abl y. about 30%.to abagut .60% wei ght matri X .
et WA PO RORRERT HEYE DU Sl pible
t hEqEe S/ ifOmeditins it l@eSdnelor ¥ coRfibiMatidh b watd¥Dil6sHal, &etones,
sieve, a binder, and optionally a matrix material, and
a #ldefuidgs.rasdion estess. iTheminst prefgeeddiquid BivapoUn opg embodiment,

wej C . . ) AR . .

o S AhupP b Rl BuaoAE o b o MaPSIRERRe (oRbce e desiced
abguiry Téxtuve] gibtpapieele gné, andvesubapartclp sk disatibutionn t he

ran of from 35 i ght . percent to 60 i ght percent, :
stlR2Ey en' Fi i \Ef‘?@?_ ge TR R gitve and matrix
PefagRh], tHdeReWptelaVGh@h! aRCHCAR san¥Ebr %%?eﬂfqﬁfli% oand are

preferably in the range o’f_ from 37 wei ght percen o
abownbinged weaghtordser together, sintiltanetusly, eéquentitlly, ion atdembination

oleet 1t b Sk b ey 6 bunRdud: beft g AL oo

t hposBUrry eegmetRrbiar ewf @tadt ¥oiosition in a preferred embodiment
is made by preparing a slurry containing a molecular sieve, a matrix material and
a binder. The solids content of the preferred slurry includes from about 20% to
about 80% by weight molecular sieve, preferably from about 30% to about 65%
by weight molecular sieve, more preferably from about 35% to about 55% by
weight molecular sieve, from about 5% to about 30%, preferably from about 5%

to about 25%, by weight of binder, and about 20% to about 80%, preferably about



a point where the slurry contains solid nol ecul ar

si eve catalyst conposition particles. It is preferable
woheds/oifese particles are snall and have a uni POTMIS2102/019351

di stribution such that the 18 aneter of these particles
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M than 20 pum, preferably less than 10 pm.
[0057] In one embodiment, the slurry of the synthesized molecular sieve,
binder and matrix material is mixed or milled to achieve a sufficiently uniform
slurry of sub-particles of the molecular sieve catalyst composition to form a
formulation composition that is then fed to a forming unit that produces the
molecular sieve catalyst composition or formulated molecular sieve catalyst

composition. In a preferred embodiment, the forming unit is a spray dryer.



to about 250 mm nore preferably fromabout 55 mmto

about 200 mm and nost preferably fromabout 65 mMmto
wahost018903nm [ 0059] During spray drying, the BCUAUSY0HS19351
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20P4p & 27580 K0435.2] InQirdoeier pinihoaEnas, fherslfirgy i Be-féd through a
nol ecul ar sieve catal yst conposition are described jn |
U. Snglpaiagale Spphitivlt nowrlsserlpag Wil apgfogizatippaflyid) wgh as air,

Ju 7 | j
21l 542000l SB1 SR L D0, QIR S TR e
i neogpof fbed fys efOrpsipc@.9 FIB@63] 034kRarpt her

e tjrent, the fornul ated | ecul ar sieve .catal yst.
oMLl T orinoih e b oGt SEobt G GU5d b gR4e directed to
pr gkgeaReter b @ BpiaRiaptvhbe] Hatt BstAb@YS thd Ay TRIo&mall droplets, the
preferably from about 10%to about 80% even nore.
size of which is controlled by many factors including slurry viscosity, surface
tension, flow rate, pressure, and temperature of the slurry, the shape and
dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are
then dried in a co-current or counter-current flow of air passing through a spray
drier to form a substantially dried or dried molecular sieve catalyst composition,

more specifically a molecular sieve composition in a powder or a microsphere

form.
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nol ecul ar sieve catal yst cadposition. [0064] Once the
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e}nlg‘?orﬁéﬁ d&’ﬁ' "¥&¥i ces including rotary
Cc a[GDGB]E rs, Td dhéthbeembaligloRer he RAGRRY altecudi ds15\%e catalyst
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t herefohlgy dtam abm@é%:mtabmsm% mmoﬁcbslt peaferiablyfeah ablout 05% to

nitrogen at a tepperature of fromabout 600 C to ab
7080 G124 @Wn\@elﬂgpeé%ﬁ BRISGUET PSS Ropssr o Aot Weght of the

tym&&luia‘fsife(/é’ﬂﬁtﬂ-@streoﬁﬂ)toﬁﬁoﬁo 15 hours preferably from
30 m nutesto abodt hours, nore preferably from about

30[0A6ALt es Oocatibritm@etdar sievé 0@@5}]st Icronmmltpnefselfmd in a
t.he ol ecul

R Ry o B SRl 37 B RS B 2 GGy ape formea

cat:ﬁhl)ystt cE@PPStbL,i @Nh@OMpddnses suchy At heNigebn ok efl | idvated
sieve in an amount of from 20 wei ght percent to 60

wefgrRerPeieds prefergblyi pragrmpdy Ancanvsufianabraleingliersenvirogment is
we | [ n t. of .
fr gi?hn%attp%f) %gl%\ﬁ c{ﬁﬁgﬁs ?Jdegg&elgt as e(g{ JW%EG VQ ot ?ﬁ\g\éi Cﬁ%tmatmn
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catal 0 ving weight ratio o i nd

or et opofd dhvgout § Eeg"é"itrﬁ%?ﬁ péefsfablynfra@d@hqubﬁotqw@ about
cayehs prFQAPESih tal &%lﬁtlohréhﬁlrm&‘g 'sﬁ@ﬁﬁs NP $itfhelY] v 12, flue

a contai ned sieve basis of the nolecular $ieve
i t e fCOfntb@ﬁﬁl%qutiwtgleﬂm lire oWy gem),séreany t@nEb@iom thereof. In one

ngggé%? pg{, %lcma? Ort ﬁ%@%? Taé?@gageg@gr %%\%Ccéq lﬁ 8gmposmon 18
coemraitdbyisin @runee8f Well lkha®fl devicdsiBcIRERE@Bary calciners, fluid
bed calciners, batch ovens, and the like. Calcination time is typically dependent
on the degree of hardening of the molecular sieve catalyst composition and the
temperature ranges from about 15 minutes to about 20 hours. In a preferred
embodiment, the molecular sieve catalyst composition is heated in nitrogen at a
temperature of from about 600°C to about 700°C. Heating is carried out for a

period of time typically from 15 minutes to 15 hours, preferably from 30 minutes



I nvention may or may not conprise nol ecul ar sieves.
Optionally, the co-catalyst particles conprise

wounbwsmatEas si eves, but they conprise a snall er PaeiUgHi04/019351
fraction of nolecular sieved than the prinmary catal yst
particles. In another enbodi ment, the co-catalyst

parti cl es conprise a dlff rent of nol e uIa SI eve
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angofdcifat sRSed Qfﬁﬁﬁﬁéd il fhe QOEcaBITRY PaRMs: optfdBally are less active
co-cata ySt partIC es conprise a basi ¢ oxi de or
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[0068] Co-catalyst particles not comprising molecular sieves may also be
formed as descﬁbed above, but without adding molecular sieves to the slurry. For
example, the co-catalyst particles optionally are comprised of a matrix material,
with or without binder. Optionally, the co-catalyst particles are selected from the
group consisting of silica, alumina, aluminosilicates, clay, and mixtures thereof.

Optionally, the co-catalyst particles consist essentially of a component selected
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produce a pol ynmer product; reform ng; hydrogenation;
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as hydrocarbons (ethylene and/or acetylene) to aldehydes for conversion into

alcohols, acids and esters. The most preferred process of the invention is a
process directed to the conversion of a feedstock comprising ene or more
oxygenates to one or more olefin(s).

[0071] The molecular sieve catalyst compositions described above are
particularly useful in conversion processes of different feedstock. Typically, the

feedstock contains one or more aliphatic-containing compounds that include



acetic acid. [0073] In a preferred enbodi nent of the

process of the invention, the feedstock conprises one
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olefinﬁ The ol ef r .ol ef i nmononer (s) _produc
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nonomer.s and cyclic olefins. [0076] In the nost
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isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid, |
and mixtures thereof. In the most preferred embodiment, the feedstock is selected
from one or more of methanol, ethanol, dimethyl ether, diethyl ether or a
combination thereof, more preferably methanol and dimethyl ether, and most
preferably methanol.
[0075] The various feedstocks discussed above, particularly a feedstock

comprising an oxygenate, more particularly a feedstock comprising an alcohol, is

converted primarily into one or more olefin(s). The olefin(s) or olefin
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[0078] In one embodiment of the process for converting a feedstock,
preferably a feedstock comprising one or more oxygenates, the amount of
olefin(s) produced based on the total weight of hydrocarbon produced is greater

than 50 weight percent, preferably greater than 60 weight percent, more preferably
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[0081] The diluent, water for example, is used either in a liquid or a vapor
form, or a combination thereof. The diluent is either added directly to a feedstock
entering into a reactor or added directly into a reactor, or added with a molecular
sieve catalyst composition. In one embodiment, the amount of diluent in the
feedstock is in the range of from about 1 to about 99 mole percent based on the
total number of moles of the feedstock and diluent, preferably from about 1 to 80

mole percent, more preferably from about 5 to about 50, and most preferably from



[0084] The reaction processes can take place in a

variety of catalytic reactors such as hybrid reactors
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[0086] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone
within at least one disengaging vessel, preferably comprising one or more

cyclones. In one embodiment, the one or more riser reactor(s) and disengaging



contai ned therein. The |liquid and vapor feedstocks are

preferably of simlar or the sane conposition, or
woanisainrrsar yi ng proportions of the sane or di PEeUSHI04/019351

feedstock with the sanme or different diluent. [0088]
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system includes a disengaging vessel, typically a lower portion of the disengaging

vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst
composition is contacted with a gas, preferably one or a combination of steam,
methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from the coked

molecular sieve catalyst composition that is then introduced to the regeneration



[0091] The conversion pressure enployed in the

conversion process, specifically within the reactor
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pressure. The conversion pr28ssure is based on the
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[0093] Typically, the WHSV ranges from about 1 hr'! to about 5000 hr’,
preferably from about 2 hr”' to about 3000 hr’', more preferably from about 5 hr™
to about 1500 hr', and most preferably from about 10 hr'! to about 1000 hr'. Tn
one preferred embodiment, the WHSV is greater than 20 hr', preferably the
WHSYV for conversion of a feedstock containing methanol and dimethyl ether is in

the range of from about 20 hr to about 300 hr™.



conposition, the process is operated at a WHSV of at
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[0096] The coked molecular sieve catalyst composition is withdrawn from
the disengaging vessel, preferably by one or more cyclones(s), and introduced to
the regeneration system. The regeneration system comprises a regenerator where
the coked catalyst composition is contacted with a regeneration medium,
preferably a gas containing oxygen, under general regeneration conditions of

temperature, pressure and residence time. Non-limiting examples of the
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regenerated molecular sieve catalyst composition described below.
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orEsZEREat FRohEoulag siexF FRtalyst commprsision gp poled feggagated molctular

fegdwd %&Hﬁ%@%@&pos‘%ﬁ&?% QonfabRd | WHE by HBla&E %ﬂﬁ# ot%‘l(?] L@éseous

or contin facilitates the I ntroduction o
r egﬂﬂmemta@’éﬂ“ NﬂDeﬁﬂM%OG snuehshedaemgtytsm,clﬁﬁﬂ)swhlcmmt @ll herein

t h %ﬁé&gﬁ%rgﬁ%ﬁy rg%eﬁ%d ﬁbolg t o : gg}“‘%@%} Pergsgllerated molecular
cogltswlchﬂan@t tcBepbdiun Qfontabted rREENEI alc8RblreetdbRl ethanol, 1-
si eve catal yst conpaosition or cool ed regenerate
rmp@@aﬂmf 1-dugapel eniaripss thesrpbolsi infrefiord g thpgeactor system, as
y syst
OERSEQN LD VPR AR ol SIS, Y M PRLID i,
COQWSI Wwhioh isnhdréia figlgcricopozaaeit biySref@bideai r@ttler Tieghicels for

are many techni ques for contr.ol w of_.a
nopef‘eaql asfee%eg%taqnaﬁxﬁﬁm s 1§‘iq?§ﬁd 3@8{ et Np- 6,290,916
M elglrohinl %13t@&&%ﬂ15@ﬁt}1@{elﬂ_ ﬁﬁl@’rih ate@b&%‘ﬂe%hbé‘ g

Fl ui di zed ace, Avidan and Know ton, eds.
{0100} The regenerated molecular sieve catalyst composmon withdrawn

from the regeneration system, preferably from the catalyst cooler, is combined
with a fresh molecular sieve catalyst composition and/or re-circulated molecular
sieve catalyst composition and/or feedstock and/or fresh gas or liquids, and
returned to the riser reactor(s). In another embodiment, the regenerated molecular

sieve catalyst composition withdrawn from the regeneration system is returned to



Bl acki e, 1997 (336-337), which is herein incorporated

by reference. I n another enbodi nent, the optinum | evel
woRosoia7en t he nol ecul ar sieve catal yst conpoBCTiUSzoHM19351

the reaction zone is mainta2ned by controlling the

flow rate of oxygen containing gas flowng to the

regener at or arti al nerati on. evel
¢ HBe ﬁé?re‘i?ﬁ?tﬁlf(s)sﬁﬁ&ﬁé%%ﬁé’l‘lg%x {E?frﬁﬁ‘é%‘% %ﬂug}ga ceiabt egler. Tn
by NG, L4 AR F&t% £ ELBERNREQEESPapbl Rteam o the like,
? cular sieve catalyst conposftion at a 3 In the
preeoesentmobudiyt @ravintinwmsiyt §acdaatb© rthecmtmémuoanﬂdhc: aetgenerated
Ieve of .coke n t he nDIec r sieve
HelsrIR e it mmuntea e e ReSbr s BiRlsmbpy to the one

fr&%&e%eﬁn@h‘gm (sppercent to about 15 weight percent,
preferably from about 0.1 wei ght percent to about

wei0gft] per celt on&mméomn@mé rl?ebb pgntfqlbm alvo flowo o thee regignerated

PRt GRS A SF Monl i RBbel REA e

petatandt dvagRAitA frbxﬁ thet @gen@eat@ht syfent he tHE|rez£‘dﬂ(bra§ystem the
si eve and not the total ht of the nol ecul ar sieve

c RRiiywn levshpbeqke; arihe [r@im ar pigV @ FrRfalyfleromtnogigion in the reaction
cg%)&ﬁgl e RintalQ. MKt e anfyrt@cc’lﬁmg}ys el oc‘lhﬁg Ghe flow of a

yst conposition and/or "regenerat ed ecu
si mekctlat aleys tcatatysp osmposivradeicobed [IDIl\/ﬁdhe’l dgeges Ekmﬁmental

nol ecul ar sjeve cat OSi |on n.the re ct|
RGeS GErAe, & ¥ dieed HRSs Dokt o BEM, cas,

vepikicP IR H36- ﬁﬁ?f\ﬁlﬁ@l@ by héréi‘ﬁnih@&?&tate% 15}9 re36reM@. Il another
percent, nore prefera y from about 2 to ‘about 20

weérgbedipenic ethe, optirumptvebradt egkeh lopfheo mlcdb@dnr Sieye catalyst
about 10Q. coke,aqr I e
t ofCHPRE Oé]h]tn %11@ rede 610% Xt%gr g LIJI(I) r%gl%? | a rn%r%ﬁm%nthg '}?ow rate of

Cab:ajops tconmpess Lhoflswingee the rre@ﬁéﬂtﬂrea \Paflial Pedeppiatidin. Coke
6, 023, 005, which _is herein fully incorporated b

r efeuels macthe Irpolpalretieigniaial it (REPOPIHEN b MsatHTed glw@rawmg
gfafrgllnycﬁé c ?ﬂ éﬂo&%s 'tﬁ]:: ﬁlgﬁcﬁl %‘}eod} I%% 1 E?Wa’tlﬁ oint in

a m xture egener at res ar sie
cathalgtstess an@@ktdrmumg ttatca:ﬂnane:on‘anyl ﬁgpicellblvslsaff coke on the
coke.

car bon carb n-1ike

meROfch |Sws|cafa yst ﬁf&ggosg aftre regelpﬁ%%t 19 ’éa}PltPe &ﬂgs of from
I eQ0ESRALIT pRiteAMBI B8 B whibBt vk Sroferabfeir¥incibdht 0.1 weight
mol ecul ar sieve catal yst conposition particles. [0103

Thperg@é ¢oakpuell f wgtght prisenii mprgrmaeisrabhoembaboe G2 gl peyoent
Sy t gd I1§htpae§cseﬁ a&lla1 ol's{{g Ere?eralﬁg%/er gﬁﬁ%’:e{peggﬁg ﬁ%f%ent to

ar nown~ recover ecnni que

SegptRif Q&Selghtalberadrﬁ besedfdnl the Rotslewaigdt bNtheGhaibeui{rSsievanahd not
purifying olefin(s) fromthe gaseous effl uent.
Ret%@\ﬁ@ﬁanglﬁét ¥rtae gelrERar FigV YS! SemBPRliet nore or a

COffipBRt I ON B offt YiefehRH EnBERRAL RN mifil AU RRAN Aeular sieve

catalyst composition and/or regenerated molecular sieve catalyst composition
and/or cooled regenerated molecular sieve catalyst composition in the reaction
zone contains in the range of from about 1 to 50 weight percent, preferably from
about 2 to 30 weight percent, more preferably from about 2 to about 20 weight
percent, and most preferably from about 2 to about 10 coke or carbonaceous

deposit based on the total weight of the mixture of molecular sieve catalyst



and/or distillation towers, colums, splitters, or

trains, reaction systens such as ethyl benzene
woamsfrantrsire (U.S. Patent No. 5,476,978) and oPO@mUS2004/019351

derivative processes such & al dehydes, ketones and

ester manufacture (U.S. Patent No. 5,675,041), and

CoRERaITas. R ERANET ¢ Phal RH TR Sflornpersin sty

Chiﬂcbrﬂd&ﬁb@i’oy CHABERSS W &, rdcbGiKed that Cthél MBolegul@Osisve catalyst
punps, and the like. Non-limting exanples of these

t ORRIFROSIEQ) Wirh reasiipn £qners myge up zﬂf adniygwe ofregpeerged pid fresh
pr g@er aH Osqe‘/len Eét%‘lg/?tenp Etlcﬁ[P ﬁglt (Hav anl 7 eé HQ\;EISZ BF carbon and

hi'g ure
de*bdﬂ‘hnn—ilke de;aosde,mg)mklez Ehe Irmaafred Babblyof&hmtdeposﬁs specifically
deproqpanl zer,c a wash to en re&grred to as
c a5 CCRRAORS BWaYeragay An iggiidualimelsorlar sieve catalyst

adsombsdiBon ganes, et hyI ene (C2) splitter,
propyl ene (C3) splitter, butene (C4) splltter and the

| i K8.03] 0104] Tyargaseess reéﬂwengl vssghsltaems fiosethel disergaging system

ETTIE el e e -
bub@iemar ectdegifes | 8 dsdqierdeS.thdladre Nise® - in 5568%‘511% 3lefin(s) and

(secondary rich ethyl ene streanm), U S. Patent
5, Owoiying olefinfs) frgwn the, gaspops efidBant( ndtespyge systems generally

SERARIERL o s B bl (S BH Sy, osomstin

( hynld/og distitl etinay @hwers, ldoﬁimrfs’atlﬂnterm:r tfa.il&O:ﬂea%B’&l systems such as

gﬁgﬁ%{}?gle%uggt{l@q?U%dﬁg n&g&% bR Vagz:dg)a(’lch%? depwative

”Ebﬁﬁ‘:@@es sﬁclg as AdthDadie keRWe! aﬂél %@fe} ’mﬁﬂ?ac'&!lrcc' urat }eﬂént No.
504 (direct product quench), U S. Patent

6 52317,55X43) (@hi gkhep @xsomgatedl aghipmeent for example various condensers heat

t h t U. S. Patent .
6, 569 0B8 SR PiBEPE Dbl B Tstteo ot Kel-cpf rums or
heﬁo@tsn IpI hlipls,y and € Bied. athesh-Bivitinel exemaes of Mdddltowers, columns,

Cenerally accorrpagciu ng nost recovery systens is t he
pr RIS o traéﬁévs iacopr 48 cepriiinationn nsfudgdens iopriapre of a

?ng}lﬂg@? 1ery n@; ot o é%{c Otém {'u?én &?{Ettl’?‘an? png H\étflg}nzer a

e pr erré pri epre erre
pr «ielpmpmlzetrhprefargﬂy ao;l/cﬁfdepmpamlﬁh aazsashtth\yéxemi&nanaf‘erred to as a

ropyl.ene, .are t [ I rified for use in
| e RAsET vt ey Ryl [y o SORBF g dsorbers, membranes,
poleﬁwnle 5@2) NtBY, 9@&%@ (CINeNiREObSend (CzI) RE1IARSInd the like.

pref érred enbodi ment "of the recovery system the
r ed@M] y systVeiﬁlpm sr@sqvnlm gyitens qgelffui ffor ap¢oyarisy gredpminately

OO petlf e BB R LRR A R PR At anaor

SY%h%ﬁbtah}atdeE@iﬁé\ieﬁ chN Pavel Noofs,9o0;048 0Qesdin8a9T rich ethylene
cont am nants. imti ng exanpl es of contani hant s

andtr%%m)prgcﬁjc]t)@emn&o&dé HarldpalN452ptilarnd chPButtis (Bgethrane
separatlons), U.S. Patent 5,672,197 (pressure dependent adsorbents), U.S. Patent

No. 6,069,288 (hydrogen removal), U.S. Patent No. 5,904,880 (recovered

methanol to hydrogen and carbon dioxide in one step), U.S. Patent No. 5,927,063
(recovered methanol to gas turbine power plant), and U.S. Patent No. 6,121,504
(direct product quench), U.S. Patent No. 6,121,503 (high purity olefins without



wat er, al cohol s, carboxylic acids, ethers, carbon

oxi des, sul fur conpounds such as hydrogen sul fide,
woanismnyl73sul fi des and nercapt ans, anmoni a andPoruseo04/019351

ni trogen conpounds, arsine,34phosphi ne and chl ori des.

O her contam nants or by products include hydrogen and

Bﬁ)ﬁ g € ﬁgﬂﬁg%:f %1 ?jé{"[ﬁ\?yn%ﬁt%\fo@fa Ce&t Ls?wq}?g adsorption),

r egiichraye slyﬁéremsfulmaﬁcotmhteaiey Befeiehdecat i on systens,
for exanple for the purification of olefin(s), are
de@épﬁbed i nCrpgrRl b@?ﬁ?@%paawegéwb&fpaerwsy@ﬁ@mltme production,

%{épatfagy,orélt&cg%faggg o° o&u JpQEJhCYA“ ég%o&%%s and/or

pages 249 I'S he
[ nomrtzpmmamsdalhzyg rvefle ithen peaferF&dr pﬁma;bnodlﬁbtsys'ﬂ&‘r@rﬁbreed prime

I d ed in_f xanp U. S, Pat
6. BPStcioahe haht PIEGAT U o7 U e el prOPHRAP oW ikaly purified
st fRaR} in He%atﬁ%trﬁﬂ{ufwumgg gx%gcsgws&ﬁea@ atlon rOCesSes.

proEerne from propane) Paten ca
@ofoB8 9n §E3N6st [peeferded cmbwdlmﬁm ﬂob)i)re@puﬁrg eysid:m,etamrecovery

hydr at i cat a her ei
o OBRpbFetreler & Bribion THGR ' Frpi cmple, thp light olefin(s)
Cc oproaii¢ddhridigarBy in®MVET® ﬁycﬁefbadreﬁﬁs@d Hr8hgH § huRAVitRE sPstem
or 3 carbon atons, an anount of dr ocar bons,

patbet rmoyes Jovp el af) by-proguess ar pgnt@n@mm(ss)thmﬁglmex@mples

MOLE ¢ Gﬂgﬁﬂﬁncl d egy 9%1% ?ﬁ{ch@é n%gallll oli?tlrr ?m? nd%i fbn as

produce e recovery syst
| nwem |admhalsecarb@qﬂncmmdsyah@mafm oxiifey esmlﬂuﬂgorhﬂilﬁmds such as

4 SR b e et e
asccﬁnﬁcﬁﬁqﬂé tar@he tﬂ?l%sﬁlﬁﬁé)é(rﬁf ShiSY s € Bthéd doﬁ%lg&gg gﬁi)y bfoducts

one enbodinent, the effluent gas wthdrawn fromt
r eliclude hsdrpags eadhdt Myduegirbeny ewolv easy asstyleaen pn@higdc Iangylene

oarePitPR B EhP B BRNETC Carbon atom (Cor |

hy 106 Rr bon Ot afebb gy SdysRaN thah ihdlhde UEBAIRNGystéhE for
C3+ hydr ocar bon cont ai ni (%_ streamis passed through a
r

f i AN 280F | Gatiusificslinne Gr oty e cdesgebads in Kirk-Othmer
hyﬁﬁ%fﬂp@@i &néh%m TQ&]S%R)%? Qﬁ’lnE(ﬁHQﬁ aVQlluﬁ% § t 5' O%rq?\hley &
t he on contaln

hydrocar stream’i s
t hBonsghl 9965 Qxagassd 2892061 i amht894>r$99 ON\&uqih’ @:dl]rerei@ 1ac@xpuﬁeed by

droc n and a C5+ hydrqcar. cont ai ni.n
stleeg%rﬁaw% ﬁtronosrysﬁﬁ’rsé“% FHOCH IBcf%’iﬁ@ﬁ? ?agéﬁu%eé“m Ne.

bUSQ‘??ﬁZ@‘{%ﬁnﬁ@aﬂ%Ht sNe- LiAdrth BYHRREHEn s@ﬁéﬁﬁ\ﬂe $ 2 Patent No.

saturated butanes, and isobutanes. [0109] T uent
ga6,2PBADY agpiretng aropylene rfmnbnmpar@,e&ml U{Saﬂ)ﬂteoUlAsapllgatlan No.

09/689,363 filed October 20, 2000 (purge stream using hydrating catalyst), which
is herein incorporated by reference.

[0107] Typically, in converting one or more oxygenates to olefin(s) having
2 or 3 carbon atoms, an amount of hydrocarbons, particularly olefin(s), especially
olefin(s) having 4 or more carbon atoms, and other by-products are formed or
produced. Included in the recovery systems of the invention are reaction systems
for converting the products contained within the effluent gas withdrawn from the

reactor or converting those products produced as a result of the recovery system



MIO process, typically has a m nor anmount of

hydr ocar bons having 4 or nore carbon atons. The anount
wofhodsdrosar bons havi ng 4 or nore carbon at onsPCS/US2004/019351

typically in an anount | ess35t han 20 wei ght percent,

preferably | ess than 10 wei ght percent, nore

preferably less than 5 wei ght percent, and nost

pﬂéﬂ@ﬁébly | ess than 2 wei ght percent, based on the

wei ght 1,0 r
p?@ibs excludi etn%%v\cgﬁrg%ﬂe@n par T Y\%L%j‘g?ﬁavga fPJH1 tidror s
cqmsembﬂhmughrme«sx&rpﬁysmnygmdatmg onabo nmlrehydr@sarbon containing

utilizing .a nolecul ar |eve catal ys sition the

r edipem 159 i8f PHGENED gt %?pPE arpPy 86%’8 é%f&yg{%;arbon

of co‘?ﬁrﬂﬁﬁlng @ﬁ'eﬁﬁdehlsoén%ﬂluﬁ&ﬁ @e¢3a Hydmar%ﬂ%ﬁialrﬁﬁg stream is
four carbon and hi gher carbon nunber products and

ot pessedothrqughduittst fractiooatinhi zegewaeducing] Daredd CSiydedshibon and a

r,eact i n sSyst ens .as r f t e re avery .

oCE 5 DR SRRl SR 02 PR hyBhedf S REREER e i

hedgsddOthbedes s¥ednd efr fxieakHonSzonk Qiro QX b Q:rrudeh€4 4hydrocarbon
hydrocarbons but ene-1 and butene-2 are used to make

al BHCEH hadiongben eQntaining sHeER 2he L O& MPreeathen hydrocarbons
S p%quﬁg thlte gl {ﬂc\f}gals %uteh (1)%{136 & 2I tldﬁl% Qatg%%ﬁ lﬁtanes and

gasol 1 ne a yle ButGdiene
S elselnftanes. hydrogenation unit is converted into
bu@ 1 and, E , _and bytane is useful as a fuel
lm ti ng'e% F@sgaéfeni“e%? B 2 SPRYEHIEN PFROFSF garficwdarly a

Pal Aty phRess>: %ﬁaﬁ’ﬂ Had £AONG a{rh(‘ilglt %f fiy Hfoc%ﬁﬁ’@ﬁaﬁﬁé)q W tmore

into butene- S. Pat ent . 774,375 (isobutane
anohrbmt etogas? 'Bher gmn’errtrozfelofdt@aﬂmnalhkvmgt%ogmm tarbdn atoms is
i on. of.

o SaicoNe Hn Mout 1B i A0 EleMEb GBS SRty lese thap 4 weight
( Cerbetyinatd Iﬁefe d>h e ﬂifal@b' I%ng{t 'P@fbeﬂtf ahd ﬁfd}@fpl@fe@szlﬁ fess than
e

wi th carbon di oxi and hydrogen nmaki ng car bony

%wegmsrﬁrcem Baseppnehe 9@, W@rg15t4czf thszf Yot gasswg@cgawn from a
ol et t4r6e cfgg ogﬁﬁuc‘&l lxba‘?er Pat ﬁ%}t@?ﬁ éfltﬁ34 c%fféerflon process of

ggen ré dover y),
Pr o;q%eﬁatém fintopalefinls N gtilkidng @4nﬂ)frmtuﬁ5 sﬁlvef ca‘ualyst&itmmmm,on the

Pet. & Coal, Vol. 37, . No. 4. (1995) (dinerizin

ol TeguiHeR® ?ﬂl%&t E?So‘éfvlrcelh‘/econ&ﬂs%f éﬁ%% Yi‘rn&??é‘& or propylene
Whintda &iforedhouh€ befdr Eér*obly aﬁmﬁghaora%&pln&yb& SEENRRGRAd other
[0111] The preferred |ight produced by any

onb“pﬂthe @ﬂbﬁb@S@@B@escrrbed above preferably

o BATRES T b S S RS nitaBvitntringed § B froovery

| NsyRfend Rl g naat Rivet Rahe §lo@etsand copveef ﬁfeﬁb |tcy higher value
greater than 90 wei ght percent, nore preferably

gr Bdustst FeR cxample; ﬁ€4p1@rda<znarfbon&rhyt%sk ang} brtém‘a%ragﬁ ¥gd to
| e59Kd rﬁ%h@ﬁoﬁé\/ll?gg SW&J ggtcaﬁﬁ{ %hxs and other specialty chemicals,

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 (converting a four carbon product into butene-1), U.S. Patent No.
4,774,375 (isobutane and butene-2 oligomerized to an alkylate gasoline), U.S.
Patent No. 6,049,017 (dimerization of n-butylene), U.S. Patent Nos. 4,287,369



based on the total weight of the olefin h one

enbodi nent, high purity prinme olefin(s) are produced
wonodshe7gas ocess of the invention at rate of grearais2004/0193s1

than 5 kg per day, preferal¥6y greater than kg per day,

nore preferably greater than 20 kg per day, and nost

P 8! agt $@rRehtigayf highanelhgs with carbon
e%ﬁ%giﬁgﬂgqﬁiﬁgﬁﬁgﬁﬁﬁt y 1gfhrr}yl eneaaind/ or{ghih]gah purit

pdipydeems! hlrpganduelddg isgrbonil propandsef-3. Lo (4347252

at a rate gr.eater than,4 0 ;. d f
oteRRE - TEHE, ootRy EY aiP e e Rhp4paF, fgtydrogen
IrERYVER),LHANCESRs, 0008t K, PeEcsdayr UpgadingoCs 04 aheiGibDiefinic

greater " than 1, 000, 000 k er da . even nore, .
prSafeamsbl Petgrée dtast, Vh‘an37%, ﬁ@of‘o@é%ﬁ ai@reﬂaléﬁ, org phigqmerizing
even re.preferahl e ; ; db
Gy IR RBL S B erB SRl RSl 1S AR porated by
dayferdn®d.12] Ot her conversion processes, in particular,

a conversion process_qf a enate to one or re
2 6Ht 1\|i( 3 [ i ﬂh%%efﬁg%gﬁ]&teoqegﬁ%)gﬂrg ueed by, any; Oé\;eof%)e processes
caf.al ik aBQ&@%?éféﬂan  coBPREoh Arbdksi¥ieire HidlepurRl eitteaslefin(s)

sieve 1s synthesized froma silicon-, phosphorous-,
andodicunthazcontmsrcengle natbod eutnhebelefie it an aeuntgreagsr than 80

exanpl e: S, Patent No.,.6, 12 ' [
wiEFEah ErTERPY BEaRuEEniog P RgTs Pysrdy BOK ProRisfl efeater than
WejsORkichBbbRehte 88d itk pesferBlyaho ess Ghdibpbout). 9. wlighe percent,
No. 6, 187,983 (el ectromagnetic_energy tc?i reaction

symsehpn tROPaN g ghisebe mafi s e enagmppdipsnt, agippurity prime
(h hydr ocar j . k
R, MBSO B A5 st B neSeeliBh o PrS0PREREr than 5 ke
U.13r dBptpeeferabppiieaat tham 1S&gipat diyo m@ pE2dtae3 4rdatdrdben 20 kg
July 28, 2000 (high pressure), S. Patent licati@n
Serer dpy.Nedoogss orefgalyigrsate tﬁ%b?(fh% YRRy 3861@8‘35% %’aa%%ﬁmem’
f i SReed | i {cR8s PR R f
Sgtrﬁg}gltpgﬁé,. étgglf %%%@%Pghl li?ﬁ)élgtyégrborgﬁar y Slgn? 2001 Y ac e%rgcnegs °
cotht édyentiohiathe sate gadaterhibemidsd 00Uk ywer davsrpyefesabdy gpgater than

reference. [0113] In a odi t InAt

or UL ot Bicats TralepPaaer TG Lo P SEHeE B yep more
hyﬂ%&?ﬁﬂf%&aﬁ&&ﬂﬁi Q00,000 &eperhlay, sethydn anaehmefegdly greater
f eedst ock, nore preferably nethane_ and/ or ethane O(-)FJ]SOO ke

f i thet 15308900 ket pes dey.ovdk vansmpresRIpfripblh 8regics

f eedst ock [ ' [ ' j wat er

st P& 8 ngosg @%g%@% ﬁt%&eg% nﬂg%dﬁ@bt%g };pe? S 2\{1 ce a

sy{mmg}si S gadttes yoip@siors proeesses, Sy pgasular, cdcmiversion; grocess of
wel |

SRS SR RO Gt DG TBGHeRS0 Al Gy tiguec st
TS N G S e e
naphosphogas, apktinired seuiceuneade thede desciibethivelon sxample: U.S.
na%e?tré;lt l g’. a&lf 1?5&9' (rrcl:a?{%%g pl%gtﬁ:cy \%{tﬁ‘ gin %lle%%t Igrgduct having a paraffin to
olefin weight ratio less than or equal to 0.05), U.S. Patent No. 6,187,983
(electromagnetic energy to reaction system), PCT WO 99/ 18055 publishes April
15, 1999 (heavy hydrocarbon in effluent gas fed to another reactor) PCT WO
01/60770 published August 23, 2001 and U.S. Patent Application Serial No.

09/627,634 filed July 28, 2000 (high pressure), U.S. Patent Application Serial No.



muni ci pal waste or any other organic nmaterial,

preferably synthesis gas streamis produced via steam
woebwrorrarg of natural gas. Generally, a heterogenasu®4/019351

catalyst, typically a coppe¥” based catal yst, is

contacted wth a synthesis gas stream typically

Copbeh, X5, a0 3t oo aier s IELSgEn 10
COKP}%IE@Hbﬁ"’SéﬂaI NYeiBT85,400 GGl FERASYTRAL 2061N Bacetone Cﬁ)-fed),
synt hesi s ?as stream at a synthesis tenperature I n the

r awgishefe 41t bereiadfolly inteporated bibeitrent50 C and at a

sy is pregssure, in the range of, fromabqut 5 MPa to .

SRS o° \palt B bl A A B irbiRe g Affeorée 16 Prociing
coligter slefif(sy din t D hytRduden afte@Xy@e At RrBAN A LYIRAGarbon gas
stream [0114] This oxygenate containing stream or )
crisadstorks MRRoPretershly adthape @pd/orpihane neheafitsbstep inpthe grasess is

BRI g s o

di symghsv prbdgeties zencho asoduyeraogenhesist fan@ynga) kavamxi Sengas
and ni trogen, lﬁgﬁl fusel oi]. The ox%genate cont ai ni ng
stHBARoR 8 el vgh gind YRicakh§yIgas feaineaursh el itiin range of

PagSRAbbit st t¥abhdut KPOWMT R é}fniggﬁlje&ﬂregra‘?@ ﬁ§§l@§f’l%%enog from

distillation, separation and fr onation, resu

i rebaupd M4 lediboxdylddidPe. Synthesin gasgtseme arg prbduced from natural
exanp| 0 rcial .&rade A and t hanol . .The _ _ :
RS BT RRLE hg SafPBarol malemaF eul Bxgipintapesied plastc,
C aniuditiphngasé bEARY opt bi@aRic atWidlpreReatdy sh&is gas stream is
diluents, .is contacted with one or nore nol ecul ar
siREQduced via sheam rdprpang of pawabewdy i ragrallyow beterogamspus nealyst,
of, ks r,0 ' ab roduc var| et

or B RLE RO RRE Dot B 8 e ieled Riflc “Fply e ac8 ! droam,
etthyicaliye cardh odioxpide plde caaborNaedoxidet it hedigph @6 {@bduce an

this,integrated prqocess is described iin EP-B-O 933
Szf’é?c’h\ﬂgi B%f‘?r belP{e ?}}?nf’fal Pi}eq nBoFREPiRAERR pYyith efvaicencdn one
| renddd@iigdt, Mersenthedis ¥ad St &t £ gwﬁﬁé%&:tgﬁlgke)%\%é 0@l Mnge of

with the int gﬁr ated processes descri
olfedmrgbgut d 58w tedboat 45ACr andtatd synthesinpepairemibd ramatof from

oo B AT VL SRl DGR 8 Bk i o

Appbraiaté anoSeehat cotaindy Hkbm376 filed July 13, 2000,
which is herein fully incorporated by reference.)

[ 9484 Pol yrig¥§ Payvgeshtepratuningssiens) aerads meflonol, gaically
PRB&A nsSIHAr hi¥ ddaf B biRP Y SRR+ as0
D8R r i ARoRITASIA . YalihCORER ol BhATE ER oshper,
ppageubarlyalisktiyt gthpb kstengmn bidekydez adissolvedfgassasuch ashydogen
olefin(s) at |east one of which_ is ethylene or -
pﬁ%%%“%n B?T%% BB MLORF At %ﬂénﬁla?loqstsﬁ% UPBPI3R cgntaining
PRUYATE! bk i BahaRAAlY He bRATLABMbARILAE i@ PYssON Bl well
conbi nation of the
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 variety of prime products, particularly light



nol ecul ar sieve catal ysts di scussed above, however,

the preferred polynerization catalysts are those
wdaizegloarodat t a, Phillips-type, netall ocene, PCT/US2004/019351

net al | ocene-type and advand8d pol ynmeri zati on

catalysts and nixtures thereof. The polyners pr oduced

nerlza cess escrlbed
. nefe%&@ SRR B on GrOIG e o SRRy e EX TBp S o s dntegrated
?ﬁatc@ﬁ%sdes&ﬁ&ﬂ Hepsid-y 939' 8t %h&ﬁ% héréiﬂ’ ﬂﬁ?%h&dfporated by
of yethyl ene, pol ypropyl ene and pol ypropyl ene
Cc op&ﬂi‘lycnm sln afihthep mopy fidlyanteartad motepsymptiopalyouitie theiytegrated

PRy TERED| B R e SRR R TE) binutns sprpdiment

pow@bxomfeemm&m@ht@ﬁ PRYJeRE forane@i¥ingdl Bioks p6lybI¥BAE T (See for
copol yrers. Id[][‘0116 preferred enbodi nent, %

i nteéfgmlt: &S pél@ﬁpm Seaigl HOpQﬂ/ﬂéa}%zm@@ Jphydée%@%whlch
resence of a

po f%%?ﬁ?g &%ag§%92gf}ﬁ&§§e, in a polynerization

r ea[mtlsl to pPo@mZ@m plrocmassemplaﬁy sElutig, g @hsse, slurry phase

in the one or nore ol ef havi ng been. npde b :
co ﬁ(’fg P DISRPTEFFUER BIGRTECS: GRA PR 1%?1% thggRan lcn@élwrpggfsﬂed 1s
0ol %‘iy Fﬁa{se r 8\%PurFRbRsY¥ PhlyrRRARIH 6 fQWhe oFHorRICEIRN(§)EH least one

I zation process i S a gas phase pol yneri zat’i on
pr of edschand etityldneasit propglens. tTf@S@Ipef}mf(ra)atwrs pedoekres utilize a

et hyl ene_or ro I and erab

poPuNPTZr setist 4, S8 (RIS 63 ooy sgmbination of the
mehallécate RRVE %ﬁtﬂl}léﬁstdl&)!@ieﬂ Mibovd) hbteGertHe GEMREBY polyhRrization
supported netal | ocene catal yst systen1conpr|ses a

suppalysts age thesalicgleeatiar Phillipattynscestallogess, wsiabecang-type and
an r

. %d\%l%g %ﬁélﬁ?ﬁeﬁ&aﬂoﬁ & a%'/:s?sb la%(du}rnl%gg%g ttﬂe‘é(!?)tfc d rlrl’S %oglmersh produced
t héyet, pcﬂﬂdﬁi@ﬂtloﬁr @foeéﬁéﬁ dedchiBedd@bowatioludes linear low density

al unpxane. [0117] ddition_to polyolefin nu ous
ot ﬁe’rye@w@pﬁm elﬁ’é‘iOWé?zl ISP%%‘E}ETFS highe QFRsy ROy FBHicRholow density

o SHEBSEC UBRRINARL 80P fohpkhSIE CER8RREESShL ity

arti y the conhv esses
pabtsedupalymers heo@ed pby ctbs spdymkfi@tpno pawsssed hipslade  atactic

i nclude, but are not |i ted t 0,
aCQPﬁeroaa{ﬁ b, PIRRt e R e s SRS caflyf@pTtete, and
Evd [éﬁe@lzhﬁllaﬁi @[dcﬁ%r@ﬁphcvbmdlyrﬁaborlde et hyl benzene,
' ene oxi de, cunene, isopropyl alcohol, acrolein,

aI I§416Ehl or i &e, Prpfcasd| @ﬁbodémme thecintperatechgrecess comprises 2
?ég%ﬁzﬁf YeED6r & ém ol sg% me%}ééeﬁbé §f a B99merization

s And |ners 0 erne r opy
b utythlgsie systden does w@nmndaﬁys tean®r fio rprh&m&t aenongnore polymer

Desired Particle Size D stribut 18] h
oAU R A e e, A et T ¢ Sl DAins B ol R eRpyerting an

c ataﬁ:BMélt P(&rﬁ@iﬂ%y ﬁﬂe@r&nﬁp %lﬁg LSS E P %ER B %Eﬁw%@ &Srﬁ;bcﬁitﬂﬁ The
f eedst ock under condltlons

preferred polymerization process is a gas phase polymerization process and at

least one of the olefins(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



effective to convert at |least a portion of the

oxygenate in the oxygenate-containing feedstock to
woigisto1zi7ef i ns. As the feedstock contacts the roTas0a/019351

si eve catal yst conpositions9at hi gh wei ght hourly

space velocities and under extrene tenperature and

pressure conditions, a portion of the catalyst

c HiRsbBRIIGTaMY ﬂ&"a?’P“EY?-t@?éi@ AUPNORENG. | attrite, to formone
Orﬂﬁlg;e smmaly, &fafbh i ?)8810 hel HisterB bthél §i8fin @eAFed products
catalyst attrition particles are very snmall in size

anrk formed éfoer thedlefo(gsematat pay ofig néthe 1rodes9ys descrihséabove,
herein, '"catal yst .fi nes" neans a collectio f

£ Grrearlyce Gotiepion BSResos CiocnomaryRar i G rpeess gFMTO
N &H8at §hedBRIAS, Bt GFOASt lBREY &, SBHehydes; Al@hYIS] acetic acid,
non-fines" are defined herein as a collection of forr

ulliaeed ahﬂﬁabkeﬁns,c smpbgicetrisn efaflencc disholeside ngnda vatyl chloride,
t 4 i . " n H . .
O gt B S b OB SRl 9801 e

ecti oh o
CompRabid Oxideadckyliel £5d, vawilaig-@opyenarubbpearst bed &crylonitrile, and
dianeter of at |east 120 mi_crons. As used herein,
" demgrsand dimsrscl sthyiane, pPRYIeRSF OB IERSSei n as a

col | ecty gp sgés. efn(ar o %1‘ M?i'il@aliﬁ{ﬁ D r}it18Rize Distributions
parti clvﬁmm%m%‘eﬁ%m—_k‘r_*l ameter of Iess

t Han8]20 ni lor»osnvehddR0 DTS razstan kystaihng neoléawiatiseave catalyst
particle dianeter” neans the value fo specified ..

D IGOPRORHigN o CORAFS| B O VBRIHCSEPEIEIG EPONOt e rgugiions

Of oS RALRNEL @PIRASt G PbHRA AR GBREAASH Gk dkFBenBRadGtaining
that x percent, by volume, of a specified plurality of

paeedstdclsoHight olefipar Ais dhefegiltipnk eantarts teanelesularfagyotopialyst

d | ue... > f & hi L0t ]
parRmrienf e AR PRRR aflthael et aapd, By, cyrome

vV abiielafirRAS Wreurd Sdonditivgd, la fortivn df akecatalyat tempasitions can
techni ques using a Mcrotrac Mddel S3000 particle si z§
artiPafz e, S-S éo Brmane of more gmaliey gitrifgd gafalygy particles. Some
" Paphig! fa " G D15l BRANSe L BR il 3T BE Ratalyst
of&gatlgsgeagﬁ .°§?‘§gﬂe§r*?%£{éﬁgar?1{?é eS gr theeequi val ent i
di st er of non-spherical particles as neasured by

I r scatterin sing.a crotrac Model 000

pgﬁ)ﬁ%]l es s géwg(hﬁ?rﬁ%r .Cat%ﬁtz FESDIBCA 4 ﬁ‘gfercgon of fOIImUIated
B e o et i oy ions.
beGomesrsghd s'shinbisl yonefinesiareedelined Merdiie ag & gellpasign of formulated
effl yent and .exit th e i.0 r e “
et eop e oh ek e pERER s B BRI cFons. Catatys
r egRAREatOMefihete hgamh and ddlettist of rfommilhed reagtyst @omposition
system vi a the catal yst regenerator. Conversel dugS used

t oparfieles hawingtd (iefign|nawicds, fameter of at least 120 mickéns

herein, “catalyst non-coarses” are defined herein as a collection of formulated

catalyst composition particles having a median particle diameter of less than 120
microns.

[0120] As used herein, a “median particle diameter” means the dsy value for
a specified plurality of particles. A dy particle size for purposes of this patent
application and appended claims means that x percent, by volume, of a specified

plurality of particles have a particle diameter no greater than the dy value. For the



area to mass ratios, larger particles such as catal yst

coarses tend to be selectively retained in OTO
woeenstoian3syst ens. The sel ective retention of Par@seoo4/0193s1

particles is particularly aoproblemfor highly

attrition resistant particles. [0122] In one

enbodlnent t he present invention is dir

privERasse el Hiudeiutamihy BirtiRk; sacd i Rgtien FPraser to define the
pay L V&lh% iS1 Bashted! ﬁélgéjtvll&f‘ kinBwaN1a Oscfa?c@l‘fﬁ% QEEhANR E% Nking a

préfera contal ning primary catalyst particles,
ad\z{mgtraooM@ieiaISB@OO pearticle| @se tanalyher GP@ MMiasttiaon Tnc. (Largo

syste essary,,in order to co te for .l ost
2, “Freods SHe” o Bed Hereul e ABoRel of erpecified
Pr&seidal | PUBALT BN the Huiveldddiameter Cot aioﬁssbhmt §fitticles as

conpr|3|nghtmo or nore catalyst conpositions. For

exaepheed bydasat weijerings ysingna ddidreirael MedebBgpPoe e@ﬂtfﬂw size
calasés* conposi tions, one catal yst conposition being
note "4t i ve (for exanple, nore active for converting

oxygenat es Dge td Bbir relbi¥dlNSight fidface Aaad hekss eaios) zypdsrtlon of
conmposition. In the two catal yst systen1accord|nq
t Hihg catebstifirenin 1Bf TeagHoR SELER M hesorcomdetiFk e gained with

aCk L Y€, £idh %lf \Fetnt Qﬁ(ﬂ@ﬁ? 'tﬁe%q%f:ﬁén Etah rﬂ?éijevt’lﬂl h?faﬁa‘lﬁt FRefalso

prinmary cata ess active catal yst
c ompyp Hiet oo enisam@f wuthex@gd:r[eraer flut ses end deylogafra@hythe teaction

or a "coc used _her ei

P ORI ey seenehr CoTt -yl To Ik TRathisly Iy girfece
angled B phshanesaibyr piegdes §ilkha3lcafaPfst BobrRQ IR 18fbel Riecdtively
speci fication, 't he catalytic activity of a specified

caltemﬂ?@t in( @T@ reatttma ysternsr yTlor sej,@@@ﬁ aeleyicpoeiclasgst particles is
gl'?% BI'OI%) n({l'%?g%‘in 'Iatrgl‘ltii enrre 1s nt Cpagt?clgseu‘jo first

s ca ed on the

peﬁiiQQPV er Sinosne BmBAdiMeK1g &Héibﬁ‘asérﬁ ihigition Gk @firetted to processes
conversion profile. The greater the the. nore active

t h@ldow@f@w pr méln%ﬂneéﬁe@fe@.mglc&e Ypedisiibaion ’é‘a?éltqﬁ@ reaction
N

i Spte PR 2Rl PBRLNERK il ) Bl el

iSpmHCEsuemetﬁK)ummmawﬁmmghaeaakamwxxnbmwpknumumnynqﬂxlom

e THG% i ORI FROTHE T dEERh vERion 1 firected
catord Yahly st[s?gtgﬁh] coldpBising b o Pitsie UAEBAt dMlpokitiénd. SFor example,

measur ed” wi depend upon the | evel of activity a
gi therratrdyshisysem é»phplnﬁlkysoomnnsra% 13 gwnw**dmwﬂlonhaﬁnet%éalvst

TR YES, S0af 608 (0 MR SRR kit fr merns

MobLydeateo dodight elafing) dmeuthat ethereesslysangmipasizonl t &1 the two
The rates described herein refer to pseudqQ-first
or ERIPLYFtatyEleRoMEPRIE Oathis gmaasipyt qitfle prsemiRYRgtion, the more

eqH&Ne%talyst composition is referred to herein as a “primary catalyst” and the
less active catalyst composition is referred to as a “secondary catalyst” or a “co-
catalyst.” As used herein, the terms “secondary catalyst” and “co-catalyst” are
synonymous and interchangeably used.
[0123] For purposes of this specification, the catalytic activity of a specified
catalyst (e.g., the primary or secondary catalyst particles) is expressed in terms of

the pseudo-first order rate constant, Kmax. kmax 1S calculated based on the peak



- [In(l - X)] T wherein X is the maxi num observed

conversion of a specified oxygenate feedstock, e.g.,
wortdsanwl73 and T is the residence tinme in the PCOWS2004/019351

reactor in seconds, which can be cal cul ated by

mul ti pl yi ng oxygenate nolar density at reaction

conditions (in nol/cc) tines.the volune of .active

S ICQU¥ETRIPR O 9 GBS 0y R By %@%ﬁ%&%{?]&?ﬁmﬁﬁ? gFealsy the

rate Gid'mBR! 496 MdatalRNY ErSdertific Gabeditiad ehcRAt B e.g., an

wat €r and coke free baSis from gas chromatographic .

analygsiate, 66 atpredynt o aet,dighh @lafing.e dFhadit fie nglicaieh bagpin that a

Unl ess, ot her.wi,seg speci fied heie an f er.ence t

e R SRR T Ba P e (Rl AR P g M el st
t R@nRCHT Wiet deabthntdx Gah ey SénveRed MBpyodudt @l istheOpresence of the
co-catal yst) for converting nethanol to |ight ol efins.

Fowrtalysé pur poses of this invention, when the k val ue

f nver t4 1.ght [ { Sl

i EyY o RS Rhobr e B 3 Flckilied 3 aE5RARn e
nﬁ&heg rwlfactiﬁqna/ ggu'eﬁ rhtabysh elffchibim ﬁItﬁS)highBadmirbdl that tige maximum
pseudo-first order rate of  net o] di sappearance are
atconsesien dygpe Wegveathe et bssqogtrgf_f@flzat p?pizglf?vp‘?igg Epfifient to
gl ﬂs}(bfigg nidr® %pf’@cﬁl%fb@é anPAdHOUOR RLRS enf RV | BRSral®Yescribed

e readrly used dependi ng upon the activity of )
t Hergintrafeysto bgisagloehnst oyded . ratdscanstadt hdedpied bihaehanfgipwing
is the granms of oxygenate feed (e.g., nethanol) that
i CHBTnto a reactor per hour pergram of active sieve
in the reactor. [0126] In a preferred enbodi nent, the
present invention is directed[h@-axpyocess for
mai ntai ning a desired {Sg;xti:d—e—s'r‘ze—di stribution in a
reaction system preferably an &TO reaction systemh

this embqodinent, the reaction, system preferabl,
CONPTTFRed & ok SRR ESHE SORNCERR i AoheEhed Phgenate

PrRe&ssckl R UdRRaBoS Rl Pfis fiRedisin@ Bldér A ey fiBv reactor in
catal yst particles, primary catal yst particles

e.g., _
(i sheandsy vwduelprars ibngcaﬂlm?@@dj |bar myltiplying axmgspete molar density at

co sitiaons into the r.eaction zone. .The pl [ i

or hdton YR np: (. PO, KRS 08 VBT 5t PRyt e o) ana
Cadigldysd b?oﬂhef 6088n@8dnblas faed rAtst(ik vdllsecndpr CogVdrsion is
ol efins. The invention also conprises a step of_, i
covrleidatedh gn enwatst anchpekey e beshy HpRpsgas shramatpgapkie iapalysis of

f egd3t Qs LRLLAAALK YecOMPY [ 51 N an oxygenate, in the

reaction zone under conditions effective to convert at
| epatsjp poritiless ohetwise fmetstloldehpamy ocforehge to a Kpax in this

opLLLY, SOprLSLog LGN oLl |15 JTOG PLPENEL) A hrinar
catalyst or co-catalyst) for converting methanol to light olefins. For the purposes
of this invention, when the kn.x value for converting methanol to light olefins is
discussed, dimethyl ether (DME) is considered to be equivalent to methanol.
Convenient conditions for measuring the pseudo-first order rate of methanol
disappearance are at 450°C, 400 WHSV and 25 psig (172 kPag) pressure in a
micro-flow reactor, although other conditions may also be readily used depending
upon the activity of the catalyst being employed. As used herein, the WHSV is

the grams of oxygenate feed (e.g., methanol) that is fed into a reactor per hour per



directed fromthe reaction zone to the di sengagi ng

zone. An effluent stream conprising at |east a
waoapwroitor3 of the product and at | east a porti orCofuSkdoe/019351

catal yst fines, is yielded4#2romthe di sengagi ng zone.

Co-catal yst particles, having a second value |ess than

the first. k value, are added to the reaction system

I grapnpl Y signs i heneast ort he co-catal yst particles are

@) bef oneq AEEled AR ddim &t TiHet @i&m&hvmt\ﬁohhstdiﬁcted to a
f ing of the plurality of cataly articles into
t bmcegafmr inggintaimeg aAlesiredhpartigle rﬁéﬁe&lﬁ‘f‘suwn {1h@ Teaftign pygiem,

non-. fjnes dir cte 0 Z 0
i e T A
tl@@ef@ﬂablyabd)ﬁlynws £ataltipat zopardndch edisengaging 1dme. pilhergrgcess
catadst particles, has a first

S ARG \A @typ pgrf@qdﬁg plpélﬁplétydtftca%ywlaa}f{lesp 80 e[mmztrg catalyst
SBH{ e%s hEorﬂﬁrg py?tmolecﬁﬂdr”ﬁe@ ehtagt cBﬁbBﬁulﬁ‘@Pl fifesl the

nd p ene. The co-catal yst part es
Oﬁéacﬂnﬂlﬂoyle heliee ﬁlmﬂrtwﬁf qatalyse pettisidsncagpréses ioptalypt fines and

c r ef rabl Iso r es
n?% %s ?Ngf ﬁ{?n é’i fg% %gg ]ﬁggs V\%b% %en’uon also
C%ﬁﬁ)ﬁ%ésoi‘ st@f) o@’%Eﬁ‘@@tﬁlg the ﬁ)ﬁdrﬂh& o |c@ffaly@6pzﬁ’&yleb evith a feedstock

signrficantly lower for the co-catal yst particles th
f amptiphalyp rcpmnymgaml qr@gerpéq- t¥nc fhies redgonyj g s Weter con ttions

bay 128
arfg ?Y%g ill\{eﬁgla? rl rtl&e'a? fgé fé@;dtstltog? tB rlgfg L, ¢ opt1ona11y
t N@nieREy Biht Y&iRMm 'D]ieeﬁﬁﬁa&:tl %ﬁd&he pdiﬂhlllt\yeoff ctalyst partlcles are

converting coke precursors to relativel y in
c oirslscBomAbe Ao Fomet I AT EEP L F %cz\naPi@Fnt stream,
arotnlg)ﬂsﬁ%r mXas§L19ﬂ\% xl?tgf ﬁ@Pﬁﬁuét%ﬁﬁﬁ¥ 136 apf)or'ﬁeﬁ ®f ¥ catalyst

articles contained in the
I efugds] BYidyst fom thdmengegluguom (Emcathlevstfmrtm@@q, bavinga second

coke thereb S I ncreases t

pl %W&IVF‘ sgs gxé{x %IE]FQ{F}%IHI i Sare ngé %(% e P?ct?gn yyté?em In
c a@fﬁld(éten%dﬁrh%t@Sthec\%?&a':lbﬂj}ﬁdpdrﬁclbsh Qrd aa@éd beoSe}{ Satf&m and/or
[0129] I'n one enbodi nent, the Iurallt% of cataly

pasitiughepusly. with the éegﬂ,mgngf yibe plualityt ofpsgtelyel ggmcles into the
o p{?ﬁ%t:],]ozlle%cgpe mz‘%};zlf Wl ar Pﬁ&oﬁﬁ@%ﬁfﬁﬂ - ﬁﬁ’?sbdrg dfEctedom the

I‘IX e co-cat

paﬂisér@éa?ﬁlg%ﬁé &y tAbkdactionporese a matri x materi al,
optiona a binder and/or o

I
si &7k OITDOT§I g prgferred smbegdiment, élp%,og?rab\éf(?ﬁ cg?aé%s% pal%cles e.g., the
Op{)h na) J;&fal?&(iﬁ%ﬁ'ﬁ(ﬁ@s RaSh @ﬂitg)rﬁx%@ﬁﬁ REjetinaty ﬁﬁ m@ rfrdi@ ¥bout

e a no ar Sieve 30 PreferabI% \
CO7§ atcighyt Hterqeat td ebey 9éxxmlglnttpeacelnbv‘\ienn@c@1c g ybemﬁ defined as

COREL 1 USRS 0l LSRRI s prim
;:hg&%ﬁsﬁ&&g&g gdr/lﬁv?’ﬁ pre%éiﬁﬁy@socﬁhgésmm pdbLi T3 @&1@1{ @ercent to
about 95 weight percent, although the conversion of methanol to light olefins may
be significantly lower for the co-catalyst particles than for the primary catalyst
particles, as discussed above.
[0128] A particular benefit of the present invention is that the co-catalyst
particles added to the reaction system preferably are active for converting coke

precursors to relatively inactive compounds. As a result, the addition of co-



manuf acture and are not as expensive as higher

activity catalyst particles. As a result, desirable
woav@loyat73f | ow characteri stics can be nai nt ai nedTius2@4/019351

reaction systemat a relati#dely | ow cost

notw t hstanding the | oss of catalyst fines fromthe

reaction tem due i . ) Ratal
FELAPBRL AR 1 B LEARBHGRELIS ol Ry e
f QhrtiERish@ARincddn ViR  shdiontsgstbm g Hhixledfidtivn ih $hd fesmatidnan coke
about 50% of the first {; val ue gré)?fer.abl

1 ss tha
oty Oop g Rercriep dee [ Orbp SNSF BRI BERTs o8,
t 0 ] i . re
o B R o Bl colebiedn YR oo RUORERD P | e,
anjo12mst pieferabhjodiesst, ttharplatabit of%satdlysthparti¢leste.g., the
val ue, when tested under. t he slama1 candi ti ons .. | natb%{dg{sand
ofPTiERE Y ICAtaLyShORTEICS, COPMPEISE A EP SRUGL PG SPPRYCHAlT & 'S
ggjgwﬁ%ﬁéslgﬁ Elzaxﬂaﬁﬁoﬁfateﬁgl. HzphePéRE 51981 YarfitRatpeéfetabBNcomprise a
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, and nost preferably greater than about .
150atHx, nvherslnegptonadly at bisiec, amiow watnallyd 25 mRlpqylar sieve

(172 KP. essure., l.n thg c t - gat:
baptmerigh. {HE Sy e Biforllty Gl aTY Somponent
Whhht@ndpér f1B@ nbt Hest motwlysdve. t he WHSV i s based on the

i ncl uded si eve content. The second k val.ue og)%&i, onal .IX P
i dOR3Ys ¢ hdtehrdlt Be spcatyyds BREEley PO @ BV Lyl or
Hz p Ly 1 SiuiifZof ‘ e.g.,
N T E e S S
ASQE prisfy \MkSlsapatidls)p sTugph (ch7tR pu gertiplessayaigenerplly easeer to
preferred enbodi nent, the .co-catalyst.i.s inactiye.faqr
CORUBHESTHE Sy TSl &S SXRFRTGAY DUST Frbi Sy pificlf As a
S%F\ﬂg, Hestrat¥R! ¢8alst i tehBratieristidies belmdintagleyl ihowreaction
kval ues are achi evable, for exanple, by reducin

: ! y th
opdyistenaht s radstivetylovesnst hofwithetarding ttealojs of griglyst %né% 3961 the
| evel s bel ow those in_.th L[ c I rii
G i 8 sl F RIS 3 R ke,
mé}%’rﬁlélrthgisf@&md lt,,l%,@ﬁalhh dormplethandlaconsemion oplighd mddfing is less
is selecte romthe group consj stj of an ALP
al thagjabpetad e 6F fhedirpickngy Valyg, @#@i@iﬁéﬂg%ﬁ&%‘g 3%‘&1% 20 e firs
silicaljite b i , %i@lk%g’ﬁ/l,
cr i§‘§af‘ gﬂu%h%lbg urgnfeﬁdgy %?gcﬂgtglz ?}Bdé?&ég}%S(?ﬁgiP6 8, SKF]}CG} (Iﬁie,n more
SAPfféably 3R EhanlaboutSHROL the, firSARG pdue, InpPOral pre&aghdy tpas than
SAPG- 35,  SAPO- 36, SAPO- 37, SAPO-.40,. SAPO-41, PO- 4
SAPG 3% S 1T ke stes s henseteds e e e PR g forms
copt gbdoinie nhiRibeR, HeH: 0k . Walhe ogtionlyf iorgreatérhsre aout 40 Hz,
and m xtures thereof. The fraction of sieve contained

i nptefieraloly- greated then apeut tS0d s ndimRest pygprehly greger hapabout 150
thap that cont aj é ' red S

¥ b RO 0800 B ASV B G fe R kichestn o
al WpdersIshd & adtalystipaaRiesathe VHFVnobaded oattetahzaviicigwaight, while

e et ononst i SV sl of e RE ddke content. The

second kg value optionally is less than about 30 Hz, preferably less than about
15 Hz, more preferably less than about 5 Hz, and most preferably less than about
2 Hz, when measured at 450°C, 400 WHSV and 25 psig (172 kPag) pressure. In
one preferred embodiment, the co-catalyst is inactive for converting oxygenates to

light olefins, having a second kmax value of about 0 Hz. These relatively low kmax



1000 A3) l|arger than 21. See Baerlocher, CH , Mier,

WM, dson, D.H, "Atlas of Zeolite Framework Types,"
woétsRewi7sed Edition, pp. 3-4 (2001), the enti pergsefos/019351

whi ch is incorporated herei4# by reference. [0132]

Additionally or alternatively, the plurality of

catal yst particles, e.g., the primary catalyst

pavalues| ase achieyable, for examlle dyl wAugng the epblopal seyefqotent in the

th V,

? éﬂﬁ?ftﬁiaﬂ esocg l%ﬁ%?o%%cﬁ Ehaol% ﬁ} fhe ghp%fef @a‘{ialgﬁ %}ﬁgrrcletsh o
cofmal]al ystprcae tdocdaeeSySI qmmls& oom@nsrr anmoicolar sidvecéhen the
alum na, al um nosilicat nd m xtures there
[ Omelepuleh sieye PREGIRRY i é?iﬁqi%éc Efoalft OGS Oeélﬁ%mgjeie & ALPO, an
Pagfi ko8 SeditE (fb! @l’ﬁat ZSIM 5 Qfhib BEesSEREBRET YRES8EalfO TH L dense

reaction systentw |l depend oR various paraneters Such
asphatsecpataihrrelaéummsllchts,tSA]EiDtﬁ SAPEF-8tHP@dil aPAPO-16, SAPO-

a I r [ r j e
ol e ¥ SholR marcERo; Skt SPRo23. SPLFIR S A oec g0,

ansjAPtbewr BAROY4 CabAPYSS2 PAPICELLS S APTE4DAISIAIPC-66,S IAZE/CHA
di stribution of the co-catal yst partl cles to be added
r etderEow e nabte] cABtaINREG doBRS dhorpali dntergsewn PR fheeof, and

ar t
B s RSt 18 el 87 sfePRELAG B Bl PR wi
patypicalle bedpiveoihah khyat @dniathet] dn tinepriagt oatnﬂryss yaitetasank used

t he characterlstlcs of such rlmar?/ cataly
paheElh &, depte Rhaee CaYSRlinG glmipgyi e | @R yalpmipgsilicate

! eﬁ@\hng qrorlgﬁ‘érﬁltg AW nher 6f teg%leﬁ?atll%l beidiRAES T %ltcﬁﬁs per

i s des as a up rate an deal'ly i s adj usted
squ(l latg&et}fan Aés Scelﬁaerwch@f GHe Mdiers Walthi ©tsen) D.H., “Atlas

of of Qe PraaRiark g SodC BT RS p ot (01 B by of

SY%%EHSﬁﬂ:@ﬁmrdtéﬂlﬁé%ﬁb@@é&rerk@e total fines content
conprising prinmary catalyst and co-catal yst particles

co 1§2hed i Additiendlbyaen 41¥?ﬁ1%19’§]t}’e towlpralitobentdye aagices, e-g.
VF% Vﬂhrﬁ:ﬁ { #%{1181% ﬁ{;ﬁqse 5%&1?01&8‘%6%@%1&1@&@9 *frop}]the same

or gesup@ff nfdlémlﬂﬂ bieués rkcitaal fbooeit Optionatlyoths pntﬂma)t catalgst particles

| ost . m ght not he replaced with simlarl ed. . :
coaa%(Praﬂp%tCOp%ﬁt%ly%| PALIBIEE AP C ARG O c B yﬁft silica, alumina,

PapfinGh&sli ! day hdeEhknBiBAiRkel Y exit the reaction
system due to entrained catal yst |oss. [0134] The

f r §ex33bn of Thordatival fow rp’@rcnﬁ thleec@ -Gatelysh periisias bt ahedirected

Are A T
f I QIRIAROME phrtick §b® Histrﬁﬁtl% ofothd @it cBlaBkepattlys {0 8@ reaction

about 1 to about 10 wt and nost preferably from
abeytten, the tgisdive asnupwomgwp@fcﬁm G- cattafhést fhegitolgsoandothe primary

ﬁlr SEL’%T ] gﬁ{lgile%.sthe pgrtlcikesﬁg %?Sttljlﬁﬂloﬁy(ﬁ{tﬁglcw%h al}gte péﬁ%@és to be

ppr oacHi ng
added, reaction conditions, reactor diameter, efficiency of particle retention in the

reactor effected by cyclones and the like, the addition rate of primary catalyst
particles optionally added to the reaction system and the characteristics of such
primary catalyst particles, and the target equilibrium inventory fines level desired.
This flow rate of co-catalyst particles is described as a make up rate and ideally is

adjusted such that the fines content of the thus admitted co-catalyst particles will



100 wt. % during reactor start-up as the catal yst

particles in the reaction systemare entirely primry
woav@lgat73particles. As the primary catal yst pacriuskms/o19351

attrite and co-catal yst is 4&dded to the reaction

system according to the present i nvention, the weight

rati o of rlrmr cat al I t
bR RS e A 20 89508 Bl gt
S"s?&&ﬁ’lalfﬂﬁs SthaRis lch g€ tﬂeocoﬁl i8S doBfint BBSsing ﬁﬁﬁq‘aﬂfbatalyst and

ermned fromthe relative attrition resistance of
t ve- qatalymWrtaiuﬂ cootagmtlah st rqamcm fisem will ad taatageously remain

reten n efficiency of th ycl ones. st.ea | os

- @Rt sSpatiy (oY P EBPRTARGEP Baltl oreE ) AR s
even! sitleyoratabf frbmeatont @ teBelt fReAsAfMat \wed Lst tofigHt not be
is referred to as steady state. Thus, it shouH be

urrdlelacsqdocmth fﬁemll@rllbr-ﬁlﬁ@i reoeatalyst spagieles phecawse shelr gorqaiplyst
cat al r

n,éi;lrti\cr%es ¥v 'ﬁ PR ?‘%8 n%ii%cﬁ%@l&a FQhé e Hgn ?@E(éltn 81516 %3 $hfifhed

caiaadwgmospartl cl es; however, as cocat aI yst partl cI es

are added to the reaction system, the plur

cdPbddist pdtei Epeionceheqicaiglyst patises r’é‘aﬁ‘%sf“’%&'? ?gttﬁ‘?‘npnmary
W dobag fc?e% &-Blrh198 6%5[%5%13{1% redddhdd %J ?fé%rabl is on

co-cata st particles. I'n one enbo
prtherarder oﬁfraﬂnWt)uqo]atOt aboh‘eﬁ) wh% mr@meﬁrgldy ﬁ[@at @b%llt é4o about

added
cotargoe iheen pisEaERBrD MRl un® IRSEA ek TuREHD: e

t hﬁadﬁ@n QAtpainsy cRakb i@l RS rdastiéh &/sat Wwiltbe Véﬂyzlﬁgh approachmg
di stri bution range spanning a of about20 m crons and

of l(wowummﬁng rrwgarasmt vihes ds-eatalyt patticlarinithe eercher éystem

BRI S S FATRALAE! 1L OGS s R RRc an

COcocedtallystst addudtto Ctheﬁfbactsonf sr}@mrﬂhmmtdnfg twotthe pmsaﬂttorﬂzenh@ﬂ the
w % of the addition flow rate of the r| mar catatb}%
lwatmn

paWFllgBY B0 HoPTEpY cF3EA BT IR S P A9 R >1% P\m* Soin,

})é'f efd Hint B r éﬁ%& |21 E\Leﬂ‘t’ﬁaﬂ?t &atfifizd S PULIRAY target fraction
cat'al yst partic nost preferably from about 20
Wt §étermindsb ﬁbnﬁﬁlev\te%wé altthtaomdchlmr@n of| tbev prianazy afad tdeecatalyst

i n{),agﬁ?lé cﬁ?l?.%getef aélteff ﬂel%clg(e rtglg tyi%8ﬂ u | b{% ilf% loss rates, the

t afrgﬁfo%doftc@ déﬂﬂ’%s@ biytidfes Ivﬁﬁl%{'eﬂﬁﬁé}'lgfslta{bﬂ&e\/bb tahhearlp st @alue
di aneter |ess an 44 m crons 136] I n one

enthatiismelerred tchas sigady atafe: yIhes, lt:%hOal ysetlllﬁaﬁqoell thaf dygigg geactor
fi gt?LIt-u{]Ee ‘Eﬂe uﬁfﬁ a}; bf l;f?ta gktﬁéﬁgﬁcﬁgs %}gaﬁ%f It C[@E&io}ﬁsstystem may

partic secon lan parti arret er
V\hirﬁﬂi‘alincdrﬂ@‘ﬁset hﬂnalt;heniinelyspnme@l @aualparlialrtmdla dmavweleras co-
The cocatal yst partic tionally have_ a
pa?att?‘lé’f’tepﬁi“é]ﬁ%t%? agle é% ?HS?FUQBO tegy Wcﬁgg@%éﬁé catalyst
?&%El@?lcﬁn aﬁfﬁa hNae raRedh Fefll GNIPBSmpR% Bothestithalg catalyst
atively small co-catalysf particles to the reaction
syparaniesalhdsw-bamlysﬂmrtw&@serl stics of the catalyst

[0135] In one embodiment, both primary catalyst particles and co-catalyst

particles are added to the reaction system to make up for lost catalyst fines. For
example, in one embodiment, when the co-catalyst particles have a particle size
~ distribution range spanning a d, of about 20 microns and a dgg of about 44 microns

and the co-catalyst particles have approximately the same attrition index as the



particles contained in the reaction systemcan be

desirably nai ntai ned at desirable conditions
waabosiifes andi ng the | oss of catal yst fines frearwiseoo4/019351

reacti on system due to entr4ai ned catal yst | oss. Higher

medi an particle dianmeters are desired for the

cocatal yst particles, e, g., greater .than 40 m crons, .

WHRHI RISt patigies theddlit 9% Tl e5 e Pt ialut PP B is from

| S NeaRE, 18k NBD vAD, b BiePIdiTRLYNGRT&E %Tithe primary catalyst

particles. [0137] In this invention, attrition -

r ergtles arorefprefembiy fhoad ahopt AP wtdb ad pboutpdl withl efStharaddition

BT ErE A kst R PR S & RROS Bty Boar hoptag %
MERSAHoEHTEN byt P MBd B difioR FRWRIRY o P tHaedriri®Y athgysebertioRE when
sufficient to neasure very highly attrition resistant

nothe egnidibrigmeipzerderyfines tleyshin fhe|reactioptsystamnigyargeted to contain
i npl i Ry ion. [0138]
TR IGHPR SHARES Wbl el SR RIGIER SRR, L

Dajoi136n | ndaxoneetinbodimehe thegillralityt b c&Rlyst pheichdrias a first
resistant to attrition ence the hard?r t he catal yst.

Theedry nasticle sigmear BYd dbciicAgarlst nerteles bavesarsqpqngy median
t é&ézné}ﬁéer, i GEREEss! o ﬂ?esﬁltsr HRHER ﬁr&&@ d rUShe co-
st andar 125 C

Sl evé (screen opening o rons) but
r etadidlpgpagivles dution@ROhdyS ashedigtapatisierdanctst ale¢ssthareaput 50

openi ng of, 53.m.crons),. This js conventiqnal | . , :
oEi Phuthoaeraply S o i 4 SR Siisanbaatipely smatl
ADPEY-BathIFBt Rkl d3to RO reasGdIiyRteR], thd HI6WABRraBREisticy of the catalyst
bubbl ed”t hrough a wat er - cont ai ni ng bubbl er to hum dif

t heartitles equémnedrinethpaeactipn pYstrah cayplsdesirably wagintgined at des%/rable
at f riti . exi idi r

B SR BRI i b T AP BB e due
I etooan@ainet eatalyselos ailighed sdiamparticle igarheiérg @re @usired fofr @ co-

being retained in the cup. The porous fiber thinple
sofAfaRtaeTtols, F8n & RHT AP0 1PicFense WaSD thegiiritiqa index of the co-

ni 2% 1 hi :fiine

e RS R S PP

t hE13fhs brinkdns apention,hattritifn adsistance aof. theOpBedlityTrod catalyst
nitrogen flo assi hr h.the attrition cup.i

P EEER e PR S Kalifst RArBFT sl hsied i g0 AR Rate Index
t hjale ane ArMRVIadd favemotiee neaklirementnSidtHolds,"Bh&@ nSny other
then installed. The catalyst left in the attrition

uniethods gra ppt affipisr! inmeadire iverahigBlvhaitniten tasigant oiedecular

sa h Sk U l,ev f . col | act

B AP YV o SR ROl AL on

catmakmtsdn. parti cl es separated by the thinble after the
ghed. The ampunt in grans, of fine

Léi‘flﬁélhgg " ek 'nb%thqdﬁ@gafrlﬁ @ﬁnﬁﬁ toyMisurRnvetipat Reyisqn Index
chafard. tetshRnat fik i AROthe more resistant to attrition, hence the harder the
catalyst. The ARI is measured by adding 6.0 + 0.1 g of catalyst that has been
screened to pass through a 120 mesh US standard sieve (screen opening of 125
microns) but retained on a No. 270 US standard screen size (screen opening of 53
microns). This is conventionally described as “-120/+270” and is used as such

herein. Approximately 23,700 scc/min of nitrogen gas is bubbled through a

water-containing bubbler to humidify the nitrogen. The wet nitrogen passes



cup expressed on per hour basis is the AR, in w % hr

(hi gher ARI val ues correspond with higher rates of
wanbesion7os) . Thus, the cal cul ation of the AR Ray/usen04/0193s1

expressed as follows: (B C47ARI = 100 D wherein, B =

wei ght of catalyst left in the cup after the attrition

test; C = weight of collected fine catalyst particles

afthequghtea tirition tpupndbexit theafiriHan EppFaNE darough g moreus fiber
d [,Qn t ' e he,_f.i1.st hau
CLBHNES, 20 RRIEA kS M hab S B e
prlﬁﬁiﬁﬂés beivg I’iféﬂa'fmd it hh; é\ﬁﬂ @he ppotdus titber imbber separates the fine
catal yst particles and the co-catal yst partic|es
r aifdfa¥st FRastislah Siem dheonitioge dlalt exzt.So%mggh@le &@%‘éﬁ-t Py fine
h . . . i h
L T e
t catebiont 0.5 wei ght percent per hour. In one

e iment, the plurality of cat st rticles (e.d.
T o R St B s ae 15 ¢ Pk eyt mighyflned for
t he hetr. Cahaliiet chRéctddCinethe MRvd 1@ afekpitfedRom @dutine A new
ratio of the second ARl to the first ARl is from about

0. thimbleabdhan o@lsd. pitae eriabisylofi Bribatsgition uny ialsgtted for an
100Q0.... no ref erabl r a
ot PRl & B hRE it B 226 o) sbf ARtk VB, "t fnes

t hevlleoted dh ahy Stimp&y ire abasresddt r Theecslivedon @8 dink ycatahgn particles

the plurality of catalyst_particles. In this |
entsoaiiRdY, the Hambl 3ftsr Hre fRehos dbsuiahgd. B paoyat inygrams of
Al . . V4 . "
DB g ORRA A RO ik LRk 8 on
pacup ekmssseé.ay. perphourdbagiscat the yARI, piar wi ¢b/bs Xhigher ARI values

ARl of from about 0,01 l.gh rcent per hour..to

P betenons ik Gneriog e i n ok B b iR rel OART mey be
aboyfreRedds BLFEL percent per hour to about 1.0 weight
percent per hour. [0141] In one preferred enbodi nent,
the co-catal yst particles conprise a nol ecul ar sieve,
hydrotalcite and a rare ear[thGretal conponent. A basic
oxi de may be substituted fqrghydyptalcite.
Alternatively, the co-ABIaI(B4y ] ¢i0® es conprise a
basi c oxi de or hydrotalcite, dhd optionally a rare
earth metal conponent, but does not conprise a

nol ecul ar sjgMEin, | N anot her preferred

B = weight of catalyst left in the cup after the attritic;n test;

C = weight of collected fine catalyst particles after the first hour of
attrition treatment; and

D = duration of treatment in hours after the first hour attrition

treatment.

[0140] In one embodiment of the present invention, the ARI of both the
primary catalyst particles and the co-catalyst particles ranges from about 0.01 to
about 2.0 weight percent per hour, preferably from about 0.01 to about 1.0 weight
percent per hour, and most preferably from about 0.01 to about 0.5 weight percent

per hour. In one embodiment, the plurality of catalyst particles (e.g., the primary



enbodi nent, clay and an i norganic oxi de binder are

conbi ned to produce a particle having very | ow
woav@logti7e activity for oxygenate conversion. PATSR2004/019351

anot her enbodi nent, the co-48atal yst particles conprise

a conmponent selected fromthe group consisting of:

Si I S 1 xt

b AT SIS 61555 Rl B Ar

hy giidbthalratié of thepict@@aARY tombielfirsgt ART & ®Smitabon®Ed. dko about 1000,
provi de sone catal yst. benefits to the primary catalyst

pap#%ﬁlelg frogy,epuhd 1o abad il AY)- orge prskaaRly dromn ghput fdo about 100,
Pr LR Yost irédeyidly BRLT 126b&S 1 Waehhdtted. | rbﬁ?%gﬁ}mafh% co-catalyst

conver si oﬁ}rr eact’i ons. %fot al cites are ‘natural
ocparticies gattripo mors, re@chibsﬂalnl theeplnratigd otﬁe:tawlyslvg}aﬁticlfcm de this

ettt tetaBl £ T i A Ciodht fish AR pektehf i grpater than

Cabipduy 261 Biabless MAATIOCR! RN b RMAER! TRIIAATy of catalyst particles
Hydrotal cites are comercially aval | abl e from

Saémg / Gimagzcafabi aammg;) leaq@anleffrqm apour &d11j weight@eiaent per

of t [ e i ncor
Bl BeelR R RERTEC pe nd e BIRRUAY ity abqut 00} weight
thperaatt@et &burd@esouwto \ha‘gﬁt pefcenep@indui.t s crystalline
nature after calcination in order to retain its

callkt pefr eneriFdered ebedment hg se-catplyst padiclss comprise a
hy o9dcalaf iste Szé hﬂir cﬁg%ﬁ &k\pg tPﬂIet%h xgﬁlpl acfH?.ﬁéA b 9P Sxide

i s descri be Icatlon
106ag4bS 54 stftutleé dfoAllgy(dSQtalﬁl,te 200 ermaheclgnthier eb-y:atafyst particles

whi ch i.s in ora ed herein b referenc See al

U, €ompsie 67 RO o R4 TG orE Fath metl
i Neshpeat, eﬁlth&de‘é' ﬁbtbé/orﬁﬁ{s%r £NRSlecdldt §BEe. enogh Jidt preferred
the co-catal yst particles comprise MgO [0143] The

i newhedioent pﬂﬁ% aad [ap fn@rgam@r oxidaphindsesare copbineds to produce 2
gnlﬁlgfel Hagmtl Bfg Rxltd Fa% er a (fthfllt?’t folr bﬁggrﬁgnrﬁte coglve?smn L In yet

St par
comhal Mﬁbodiﬂlﬁeﬁﬂ ahesp- emm;tsa|paﬁd:1esncddm19eeacebn@ﬁnent selected
system |Ideally,. the ponitoring copprises noni torl ng
sp&ery the ggoupatansisiRe ohisifics; algmgna, aumeneaaicaes, flay apd, enxtures
capalygt particles contained in the reaction system
The nonitoring preferably is perforned by a | aser
scfimddl i ng ﬁardatad:isépsntmbs anaipyigieg hydiokelcte, apM)r[aﬂlgth&ca rare

0 Particl f M
o e R ORI ST RO E T By b Y Gy Dafichesy sueh
onhkd RERInOd icolee yik1d s tﬁ%ﬁ%a@%ﬁtalﬁsﬁ%aﬁi&& Qhen used in

directing the co-catal yst rticles to the fluidized
r eaeygﬁnat@ptommranonyreaosnones pialsiten arg erdwrelyriasenrriog, perous,

te)lzg é,"%ﬁ grrn'b}?eg deega? rlr\}lg ?&é c|>x1 ?rpa eﬂ]aﬁg gv?thg e@l ae'm%?rlcq?sfonnula of
| i Mds ADEGOY)ROM) wi4dig] ). depe pekungthe Mnaterials have basic properties and
can catalyze basic hydrocarbon transformations. Hydrotalcites are commercially
available from Sasol/Condea (Pural MG) and from Tricat Zeolites GmbH. One of
the main advantages of incorporating hydrotalcites into the co-catalyst particles is
that the material does not have to retain its crystalline nature after calcination in

order to retain its catalyst performance as a co-catalyst. The use of hydrotalcites

in molecular sieve catalyst compositions is described in U.S. Patent Application



the d value that is nonitored, but for preferably is

greater than 120 m crons, between about 100 and about
wa205m1076ns, or bet ween about 90 and about 108CT/US2004/019351

mcrons. Optionally, the no®itoring is perfornmed by a

| aser scattering particle size analyzer, a Coulter

co et erm r te of  sedinent ati on

S giaT ot RS ke gt oD, B it SRy s hesthorated
paﬁérbi‘fql‘t%l Rirgenc@dl Hekiytiz SNpAtnt NS, @@I(ﬁdiwtthéjﬁ{tfret‘}lo?%vhwh is
containéd in the reaction system co-catal yst

pamcopotet herebebuddiesttnas dredeenirodimendr the cormialyshiparticles
conS|stqu éIU|d|zat|on characteristics in the
r eSCERGY "6¥5t em over tine. [0144] Catal yst

f| [o1dBgat i oThe atvehorL¥RIREBL GurtHer boMmpPEHsedfa fep of monitoring the
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96 gétélg %’t &1@56 ntdinéd \Hefhg WL B I(IpegﬁQ, f&p grﬁgxﬂtonng
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sucdmpmsesxohmm&ndgmqieeiﬁcl &, vales ons'aluas;ohdgnth'e ajyjerahge for the

bul k densi t /cg See Rat er man, "FCC.Caq
Pl SR gr et Brie Tehelipn &4 j%*ﬁrrﬂ%mtonalgma%ftﬁvbly is
7, pr BB edtyea BRL src%téhr%fpa\f’ﬁul@ Rizk Snh1psQr ek at %q\/lﬁ%tﬁdchodel

by reference. [0145] The fluidization index is used
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Characteristics “den , mcrons

% sh@a@ym,@r@@ulter counter device for determining rate of sedimentation, or a
mechanical screening device. By monitoring the particle size distribution of the
catalyst particles contained in the reaction system, co-catalyst particles can be
added as needed in order to maintain consistent fluidization characteristics in the
reaction system over time.
[0144] Catalyst fluidization can be expressed in terms of a fluidization

index, which is defined herein by the following formula:

0.00508
e S

d0.568 i deno.663

FI=
wherein,
FI = Fluidization Index;
f = weight percent of 0-40 micron fines, based on the total catalyst
population;

d = surface-volume diameter in microns; and
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specifically defined particle size distribution in a
reaction system In this process, the invention
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about 45 microns, a d o between about 75 and about 100

m bk gequbl af @'fcgbqtiyn weelamp Jpergasing the fines to 10 weight percent
raises the fluidization index by 5.1 percent over the minimum value, which would

improve circulation in the unit. In general, this can be carried over to operation of
fluidized beds (regenerator, stripper, catalyst cooler) where higher fluidization
values would give smoother fluidization with reduced by-passing of gas.

[0147] -

maintaining desirable fluidization characteristics in a reactor. In this embodiment,

In one embodiment, the present invention is directed to a process for

the process includes the step of providing a first plurality of catalyst particles in a
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preferably have a second median particle diameter, which is less than the dso.

[0149] In a similar embodiment, the invention is to a process that includes a
step of providing a plurality of catalyst particles in a reaction zone, wherein the
plurality of catalyst particles has a d; of at least about 7 microns, a first median

particle diameter (preferably between about 75 microns and about 90 microns),
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11dongprise a minor amount of entrained catalyst fines. The o eﬁn-contalmng
stream in line 104 is then directed to a separation sequence, not shown, in order to
separate the desired components, e.g., the light olefins, from the olefin-containing
stream. The primary catalyst particles that are separated from the olefin product
are directed by gravity to a collection zone 111 or a plurality of collection zones,

which direct the catalyst particles to one or more standpipes. As shown, catalyst
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[0153] In catalyst regenerator 138, the stripped catalyst composition
contacts a regeneration medium, preferably comprising oxygen, under conditions
effective (preferably including heating the coked catalyst) to at least partially

regenerate the catalyst composition contained therein. As shown, the regeneration
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[0155] In order to compensate for lost catalyst fines and maintain desired
fluidization and hydrodynamic characteristics in the reaction system, according to
the present invention, co-catalyst particles are added to the reaction system. As

shown, co-catalyst particles 105 are stored in storage vessel 106. Optionally, the
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grisgicess to b caiplysit regarmrapc sln’ other embodiments, primary catalyst
particles are added to one or more of the disengaging zone 109, the fluidized

reactors 102, or to other regions of the regeneration zone, e.g., to the catalyst
stripper 134, the catalyst cooler 143, and/or one or more of lines 133, 135, 137,
142, 144 and/or 141.

[0158] In one embodiment, the co-catalyst particles are directed to and
admixed with the primary catalyst particles prior to introduction into the reaction
system. For example, the primary catalyst particles and co-catalyst particles

optionally are admixed and introduced into the reaction system via line 101. In
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m crons; (c) a of fromabous 70 to about 80 mi crons;

(d) a of fromabout 90 to about 100 microns; and (e) a

of |l ess than about 130 m cro I n S|g11pjll ation st

di e.
t hnsthsa prpedigeat, she thpdy AdBue @ﬁma&ﬁ%‘f Singclesag coatalyst
agﬂélespgtreqﬁﬁ%ducé@ﬁﬁo of?@‘%le{:flopé"oit fé‘ﬁ‘e tl@t?vall3§ q|3’7d§42’\’q|4@ Rhd/or
e reaction system performed particul’arl
haviIngOptigidlly, tesadnaikéd caitallystdpem«;lem arecmalodmeérdlwptlr snto the

[01 Inthe od nt e it f cata
bt sinpPer g TR o PTG e phy R iy speieloF b
parti Ck’?e?e@é!ﬁPaﬁr@cl@SIz%'Dﬁﬁle@Jﬂsl cles. The primary

catal ySt particles have a first nedian particle

di @iBQler, alnda raheied ombedinteys tthp iveniiorets desptedaoseplyrdity of
nmedi

t hcgﬁa%/% é)%%}clles h%w %mﬁ)teglﬁc pvéﬁztl c‘fé~I d].% q s‘?ﬁ‘tﬁﬁ’ }éhllﬁ tﬂrug %ﬁlbodlment

St ed
Cathal pasticlp aidel ﬁlhmu@dﬁefceﬁl@ﬁhes Q‘@)n’@rdzsef at mbﬁabdmw mlcrons
sieve selected fromthe gr S&ﬁ’ [ of SAPO- 5,
SAPtsigrablggbdsast abogglmiorgns)s mo%aagbO%Aﬁ@lmns ©

08tk SR S0 R IR £ e o

i ndbengriéMt mscromeet dt heo rbtealil rdisvgvéred ntbatt ber epdcified particle size

QB progicRt pis BTt T iAol e BT g LA agaction

emel ected fromthe group consisting of an ALPQ,
an'all silica zeolite, a dense phase crystalline
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particles have a first median particle diameter, and the co-catalyst particles have a
second median particle diameter, which preferably is less than the first median
particle diameter. The primary catalyst particles preferably comprise a molecular
sieve selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-
16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,



hydrotalcite, a basic oxide, a rare earth elenent, an
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c s to be.less efficjent durin ri oqgs _of
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regenerator. Proper fluidization of the catalys
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] ration
skl 5Ky EAL SO SONES
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wiih nitro or carbon, di oxi de, oxygen and water,
nes in %he “Bfds mventory and 1ntroéucmg exce>s/sglvely high amounts of vapor,

e.g., air, into the regenerator. Both factors severely disrupt the proper fluidization
of catalyst regenerators and have similar detrimental consequences. Specifically,
carbon monoxide levels in the flue gas from the regenerator increase during
periods of poor fluidization because such unstable operations increase the

probability of carbon monoxide channeling though the bed without being oxidized



car bon nonoxi de and hydrogen. During conbustion of
coke, the carbonaceous species conprising coke
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phenomenon is colloquially referred to as “afterburning.”

[0167] In order to ensure low levels of carbon monoxide in the flue gas
leaving the regenerator and to stabilize operations by reducing the occurrences of
afterburning, combustion promoters are. added as co-catalyst to the solids
inventory circulating through the unit. Addition of combustion promoting co-

catalyst greatly enhances the probability that the carbon monoxide is oxidized in a



percent, based on the total weight of the conbustion
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accumulatlon of metals such as iron, which also promote combustion of carbon

monoxide.

[0169] Catalytic combustion of carbon monoxide is a structure-insensitive
reaction (the reaction rate per exposed metal atom is fairly independent of particle
size of or the crystal face of the metal catalyzing the reaction) and is preferably
catalyzed by Group VIII transition metals (Groups 8, 9 and 10 in the TUPAC

system), specifically, a metal selected from the group consisting of iron, cobalt,



metal can be introduced to the fines through any of
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in the reaction system increases because the iron content of the OTO-catalyst (e.g.
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for example, by improving fluidization in the regeneration system. Optionally, the
particle size distribution of the co-catalyst particles compensate for lost catalyst
fines, as described in detail above, in order to facilitate catalyst fluidization in the

reaction system. Additionally or alternatively, the co-catalyst particles enhance

the combustion of carbon monoxide to carbon dioxide to a greater extent than the
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woav@lyat73particles with a feedstock in the relCriusmo4/019351
zone under conditions effedokive to convert at |east a
portion of the feedstock to product; (c) directing the
Product a0 ifast | - AtHl&?d {¥c16§ preferabl
a5t e (est 988 R bbb, (OC DA il preferably
| RoRPASE AGonitrisfion shhameliganetphsdléatdde frdinathet goup cossisting of:
second nedi an particle diaggﬁer b fgsing a portion of d
c d¥o y“é?.tbakti e W?Iﬁ%md!r g ﬁ%i%’éa Ok R Ipejratum An
dﬁﬂtgﬁﬁi.ngrﬂda? i &he rléi’nﬁ("j{ﬁ%é}ﬁ, PR trlvehor bANRARY ok Anintaining
third nedian particle dianeter by_addlqgoco-catalyst ‘
patetirable flutdization anddttw oharsgtstissies 112 an THEO pragtionssysfem while
claiml, wherein the fir.st di,an particle dianeter is
béﬁlﬁﬁe@#a%n trielyY TR RPGHED Cga‘r%f’]‘:tmfggf"_s no greater than
1_2[@17940 onsyhie the PFR&GR Sifivdrion Tk Meah Aestgibad PaAtilgdteited by
size distribution in a reaction system wherein the .
r saferinon toyparmilen eprbodimsents, rthegst Pbprdiony skl & the art will

di sengagi one, the proc 0 L:S] ks
(Aporea fg: BRORyPIR, FhEr REdE P VRIEA ol P RaRS itiated
I a@edih.OF of AR rebES hef fehgerek Whahltdthe mhde sdlelyytetthe appended
particles conprise catalyst fines and catal yst .

noRaifs fRpurpeRss AhestaTHIPE AhIis SSPPE 9‘d the Ptﬁa?*ﬁﬂ%e&lﬂon-
particles has a first k ¢ value for light olefins;(b)
contacting the plurality of catalyst particles with a
feedstock in the reaction zone under conditions

effective to convert at |least a portion of the

feedstock to product; (c) directing the product and at

| east a portion of the plurality of catalyst particles
fromthe reaction zone to the disengagi ng zone; (d)
yielding an effluent streamfromthe di sengagi nhg zone,
wherein the effluent stream conprises at |east a
majority of the product and at |east a portion of the
catal yst fines; (e) adding co-catalyst particles to

the reaction system wherein the cocatal yst particles
have a second k value, which is less than the first k

val ue; and



(f) directing at least a majority of the catalyst
non-fines fromthe di sengagi ng zone to the reaction
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wherein the feedstock conpridses a regeneration medi um
and the product conprises combustion products, and

r St he co-catal yst particles enhance conbustion
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process of any of the preceding clainms, wherein the
cap.cat asSprocess of claim 1, wherein the first median particle diameter is

between 75 and $0 microns, and the dog is nio greater than 120 microns.

3. A process for maintaining a particle size distribution in a reaction system,
wherein the reaction system comprises a reaction zone and a disengaging
zone, the process comprising the steps of:

(a) feeding a plurality of catalyst particles into the reaction zone,
wherein the plurality of catalyst particles comprise catalyst fines and
catalyst non-fines, and wherein the plurality of catalyst particles has a first

Kmax value for light olefins;



particles enhance conbustion of carbon nonoxide to

carbon dioxide to a greater extent than the primry
woav@lyat73particl es. 11. The process of any of PCNAIS2004/019351

precedi ng cl ai ns, wherein téHe co-catal yst particles
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cocatal yst particles, wherein the primary catal yst
particles have a first k value and the co-catal yst
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oxygenate and the product comprises light olefins.

6. The process of any of the preceding claims, wherein the plurality of
catalyst particles has a first AR, and the co-catalyst particles have a
second ARI, and the ratio of the second ARI to the first ARI is from 0.1 to
1.

7. The process of any of the preceding claims, wherein addition of the co-

catalyst particles increases the lifetime of the plurality of catalyst particles.
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A process for maintaining desirable fluidization characteristics in a reactor,
wherein the process comprises the steps of:

(a) providing a first plurality of catalyst particles in a reactor, wherein
the first plurality of catalyst particles comprises catalyst fines and catalyst
non-fines and has a first fluidization index;

(b) yielding a product and a portion of the catalyst fines from the
reactor to form a second plurality of catalyst particles in the reactor,
wherein the second plurality of catalyst particles has a second fluidization
index less than the first fluidization index; and

(c) adding co-catalyst particles to the reaction system to form a third
plurality of catalyst particles in the reactor, wherein the third plurality of
catalyst particles has a third fluidization index greater than the second

fluidization index.

The process of any of the preceding claims, wherein the co-catalyst
particles comprise a metal selected from the group consisting of: iron,
cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium and

platinum.

The process of any of the preceding claims, wherein the co-catalyst
particles enhance combustion of carbon monoxide to carbon dioxide to a

greater extent than the primary catalyst particles.

The process of any of the preceding claims, wherein the co-catalyst

particles have a fourth median particle diameter of less than 50 microns.

The process of any of the preceding claims, wherein the co-catalyst
particles comprise a basic oxide or hydrotalcite, and optionally a rare earth

metal component.

The process of any of the preceding claims, wherein the co-catalyst

particles are active for converting coke precursors to inactive compounds.
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The process of any of the preceding claims, wherein the co-catalyst
particles comprise a component selected from the group consisting of

silica, alumina, aluminosilicates, clay and mixtures thereof.

The process of any of claims 1, 2 or 4-14, wherein the plurality of catalyst
particles has a first kpmax value and the co-catalyst particles have a second

Kmax value, which is less than the first kmax value.

The process of either of claims 3 or 15 wherein the second kmax value is

less than 20 percent of the first kmax value.

A plurality of catalyst particles having a particle size distribution, wherein
the particle size distribution comprises:

(a) a d; of at least 7 microns;

(b) a dyo of less than 45 microns;

(©) a dso between 75 and 100 microns; and

(@) a dog of no greater than 150 microns.

The plurality of catalyst particles of claim 17, wherein the dso is between

75 and 90 microns, and the dgg is no greater than 120 microns.

The plurality of catalyst particles of either of claims 17 or 18, whercin the

d, is at least 20 microns.

The plurality of catalyst particles of any of claims 17-19, wherein the
plurality of catalyst particles comprises primary catalyst particles and co-
catalyst particles, wherein the primary catalyst particles have a first Kmax
value and the co-catalyst particles have second kmay value, which is less

than the first k.« value.



