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[0003] Oxygenates such as alcohols, particularly methanol, dimethyl ether,
and ethanol, are alternative feedstocks for the production of light olefins.
Alcohols may be produced by fermentation, or from synthesis gas derived from
natural gas, petroleum liquids, carbonaceous materials, including coal, recycled
plastics, municipal wastes, or any organic material. Because of the wide variety
of sources, alcohol, alcohol derivatives, and other oxygenates have promise as an
economical, non-petroleum source for olefin production.

10653 In an oxygenate to olelin (OTO) reaviion sysiem, as oxygensis in an
oxygenate-containing feedstock contacts a molecular sieve catalyst composition
under conditions effective to convert at least a portion of the oxygenate to light
olefins, which are 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



and are referred to as catal yst fines. Due to their relatively high surface
area to nmass ratios, a portion of the cajalyst fines in the reaction system
may beconme 2 undesirably entrained with the reaction effluent and exit the
reaction system therewith. Conversely, due to their relatively | ow surface
area to mass ratios, larger particles tend to be selectively retained in
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processing hi &)%DG]HH al é)gg ggg\iierliiti%%alf t%gl(ljnsiagg ?osr'removing undesirably-sized catalyst
particles includes non-selectively removing a fraction of all of the catalyst
particles in the reaction system to make room for the addition of fresh catalyst.
This technique for removing undesirably-sized catalyst particles is inefficient,
however, because a significant portion of the desirably-sized catalyst particles are
removed from the reaction system with the undesirably-sized catalyst particles.
10007] U.S. Patent No. 5,746,321 to Hettinger, Jr. et al. discloses the
combination of a magnetic separator, a catalyst classifier, and/or a catalyst attri
ter, which wears off the outer layers of catalyst, yields more active catalyst of
lower metal content with closer control of average particles size, and narrows
particle size distribution providing improved fluidization properties and better
activity and selectivity. The process is especially useful when processing high
metal-containing feedstocks. _
[0008] U.S. Patent No. 2,573,559 to Friedman discloses replacing a bed of
fluidized catalyst, which has become reduced in activity during use, with fresh
fluidized catalyst, the average particle size of both catalysts being in the range of

40-400 mesh (screen openings from 37 to 420 microns). The average size of the



(0008] U.S. Patent No. 2,573,559 to Friedman discloses replacing a bed of
fluidized catal yst, which has becone reduded in activity during use, with
fresh fluidized catalyst, the average particle size of both catal ysts being
in the range of 40-400 nesh (screen openings from37 to 420 mcrons). The
average size of the 3 fresh catalyst differs fromthat of the partially
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SUMMARY OF THE PRESENT INVENTION

10010] The present invention provides processes and systems for

maintaining a desired particle size distribution in an oxygenate to olefin (OTO)
reaction system. The loss of catalyst fines from such reaction systems may result
in undesirable fluidization and hydrodynamic characteristics. In one embodiment,
the invention comprises replacing lost catalyst fines with less reactive co-catalyst
particles. By adding less reactive co-catalyst particles to the reaction system,
desirable fluidization characteristics and hydrodynamics can be maintained
without affecting the overall (or primary catalyst) performance and product
selectivities. The invention is also directed to a population of catalyst particles
having a desirable particle size distribution well-suited for realizing ideal
fluidization and hydrodynamic charactenstics.

[0011) In one embodiment, the invention is directed to a process for
maintaining a desired particle size distribution in a reaction system, preferably an

OTO reaction system. In this embodiment, the process comprises the steps of: (a)



having a desirable particle size distribution well-suited for realizing
ideal fluidization and hydrodynanm c charfacteristics. 10011] In one

enbodi ment, the invention is directed to a process for nmintaining a
desired particle size distribution in a reaction system preferably an OTO
reaction system In this enbodi nent, the process conprises the steps of. (a)
4 providi ng moyidingsd pluyalny of astalygsparpiales iig Iae'safnivnazqneawhemn ﬁmr;ﬂural\ihyar ein
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Qptional 'y, tRFEh tB BEjecH f®s an oxygenate and the product conprises
li‘ght ol ef i ngppi£j015] @Bﬁbx?d?@' kne ﬁﬂshﬁ;e@idﬁﬁdﬁ:&% RimeR} ¥ YalveBRPEi e has a
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cobalt, nickel, ruthenium rhodium palladium
enhance combustion of coke from the plurahty of catalyst particles.

[0014] Optionally, the feedstock comprises an oxygenate and the product

comprises light olefins.

[0015} Optionally, the plurality of catalyst particles has a first ARJ, and the

co-catalyst particles have a second ARJ, and the ratio of the second ARI to the

first ARI is from 0.1 to 1.

10015.1] Optionally, the addition of the co-catalyst particles increases the
( lifetime of the plurality of catalyst particles.

[0015.2) Optionally, the co-catalyst particles comprise a metal selected from

the group consisting of: iron, cobalt, nickel, ruthenium, rhodium, palladium,

osmium, iridium and platinum.

[0015.3] Optionally, the co-catalyst particles enhance combustion of carbon

monoxide to carbon dioxide to a greater extent than the primary catalyst particles.

{0015.4] Optionally, the co-catalyst particles have a fourth median particle

diameter of less than 50 microns.

[0015.5] Optionally, the co-catalyst particles comprise a basic oxide or

hydrotalcite, and optionally a rare earth metal component.



osmum iridiumand platinum [0015.3] Optionally, the co-catal yst particles
enhance conbustion of carbon nonoxide to Tarbon dioxide to a greater extent
than the primary catal yst particles. [0015.4] Optionally, the co-catalyst
.particles have a fourth nedian particle dianeter of |ess than 50 m crons.
[0015.5] Optionally, the co-catalyst particles conprise a basic oxide or
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catal yst particles enhance regeneration in the catal yst regenerator. By
adding |l ess reactive co-catalyst particles to the reaction system
desirabl e MQIFRHNON characteristics and hydrodynam csPERAS2en4wae3At ai ned
wi thout affecting the overall (or prinfry catalyst) performance and product
selectivities. The invention is also directed to a popul ation of catal yst
particles ha\[omf]a de DR PRIEEDDESCREPFION OB THEI INVENTION | -suited for
realizing ideal fluidization and hydrodynam c characteristics. Ml ecul ar
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AEl , AFT, APC,. AIN. ATT, ATV, 131K, .CHI, C, , EDI, ERI,
GO0, KFI, LEVS AB&‘} 1 rReexed %r@ﬁﬁ%‘}lg %% %Za‘f‘ﬂh a‘?&ﬁg’@&%%?l& ed
fornms thereofg, tRe{aBdi um pore nol ecul ar  sieves, AFQ, AEL, EUO, HEU, PER,
MEL, MFI, MIW MIT, TON, and

Moelecular Sieves and Catalysts Thereof

[0019] The present invention, in one embodiment, is directed to adding co-
catalyst particles (also referred to as secondary catalyst particles) to a reaction
system, which comprises primary catalyst particles. Preferably, the primary
catalyst particies are molecular sieve catalyst compositions comprising molecular
sieves. Depending on the desired activity of the co-catalyst particles for
converting oxygenates to light olefins, the co-catalyst particles may or may not
comprise molecular sieves,

[06020] Molecular sieves have various chemical, physical, and framework
characteristics. Molecular sieves have been well classified by the Structure
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,



substituted fornms thereof; and the |arge pore nol ecul ar si eves, EMI, FAU,
and substituted forns thereof O her nol ecul ar sieves include ANA, BEA,

CFl, CLO DON, GS, LTL, MER, MOR, MM and SOD. Non-limting exanples of
the preferred nolecular sieves, particularly for converting an oxygenate

containing feedsto | nt fin(s), include AEL, AFY, BEA, CHA, ED, FAU,
PER, d S, LTE( i %kﬁkﬁd?%@? MOR, MIT, MW TAM and TON. In one preferred
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100241 Mol ecul ar sieves, particularly zeolitic and zeolltlc type nol ecul ar
si eves, pref@ﬁﬁﬁ%@ﬂﬁﬁﬂ@ a nol ecul ar framework of one, preferably two or

[Tglr (ca)4f0m[9rAl 04;662'2?9 [ Ttbiebbf GBGAhMHerdld dishavB B GnRhSbALAPINewb O OF Mmore

structure of comner-sharing TOj4 tetrahedra, where T is any tetrahedrally

coordinated cation. These molecular sieves are typically described in terms of the
size of the ring that defines a pore, where the size is based on the number of T
atoms in the ring. Other framework-type characteristics include the arrangement
of rings that form a cage, and when present, the dimension of channels, and the
spaces between the cages. See van Bekkum, et al., Introduction to Zeolite Science

( and Practice, Second Completely Revised and Expanded Edition, Volume 137,

| pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).
10023} The small, medium and large pore molecular sieves have from a 4-
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) to 15 A (1.5 nm). In the
n';ost 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 SA (0.5
nm), more preferably from 3A (0.3 nm) to about 4.5A (0.45 nm), and most



and/ or [PO4] tetrahedral units, and nost preferably [5104], [ALQ4] and [ PO4]
tetrahedral units. These silicon, alum nufy and phosphorous based nol ecul ar
si eves and nmetal containing silicon, alum num and phosphorous based

mol ecul ar  si eves have been described in detail in nunmerous publications
including for exanple, U S Patent No. 4,567,029 (MeAPO where Me is My, M,

Zn, or Co), breferabiatfanih 3R (@1351@.,)83%@%&@ (OE:!Jnmpean Pat ent Application
EP-A-0 159 624 (ELAPSO where El is As, Be, Ga, Ge, Fe, Li, My,
M, Ti or Zn) )0034EMoleeiamgeves. p axllesarlnzmltl(:ra@ﬂlrz@llmme moleearsipres,

4,822,478, 4,68 7.4, 744,88 P P- 75 d U S Patent
No. 4,935, 216P {éﬂﬂé%@“%ﬁ“lf”%’“%sé“ﬁ@&@g %d‘)’a"ep"’ééﬁgt@" PEFs go ’("Ef_Agoen

where EL is '\[lA&QS]Otemhe&Hal urlfs, Fdte ?\Iﬂgféablgaﬁﬁ& Mere [4iGAH0¢ !@i@g( Al PA) ,
EP- A-0 158 350 ( Pat ent 73, 460 LLAPS Pat ent

No. 4,789, 535a(:d_/o¢{|?@4] tenraScdrﬁéumm, anmmosupr@ﬁrzalﬂmS@Mm@ﬂ ang, [804Pat ent No.

4,888, 167 ( GcAPQO 057,295

4,738, 837 EQM&& ’%‘S °éﬁf‘ib%§?“m‘£“‘7‘5§”‘§§§ Spﬁﬂg?“&gé%ef °€‘eF APO) ,

U S. Patents BRges ﬁ]d@ﬁ&ﬂl"@o?ﬂalﬂu‘%&au%%lunﬁmﬂﬁﬂn@ ﬁo%@r&x’s‘iﬁged?ngz cMppPSO) |

U. S. Patent No. 4,554, 143 (FeAP U 5 Patent ) 4,213 (ASAPSO, U.S.

Patent No. 4, 9&8¢Q@e(oé&A@®)cnbbﬁBldetmétremmerMSpubhtﬁaenmﬁludmgafm 956 and

1755 0 (R0, RS o B e R S, S

Patents Nos. 41 80HaeitNo. 4,488 ALUEAPT, Edr %M&&%ﬁmm}sﬁﬁ 0 gL s Nos.
4,500, 651, 4,551,236 and 4, 605,492 (Ti A 5& & atents Nos. 4, 824 554,
3

4,744,970 (CO@Is@)’SOuv@e PiieAs, Bo B, Qr v/ Fealhi? 30y, M, Ti or 203Ud%7

(QAPSO, where 1) . ts
Nos. 4. 567,025’,g H’,S@ ‘6?55%%S%‘r‘?'@&i?%}%%ﬁ’gwﬁi’,“ ’14,%@5:,2 4%@@9
4,917,876, 4, (BeARS), E@rﬁﬂﬁlﬂ@?ﬂs dnPOR. Pafent Ko94.935 356 (Zi2ABYOD, BBA-05, 493, 066
and 5,675, 050. O her nol |'ar sieves are described in R Szost ak, Handbook

of Mol ecul ar FE¢RE(COARSRDIER And 1RESARGFHAPReWNYE KL 15C0NES MBI, Ti002)

90251, T 106820 9 /AU 50 aal U018 90 BRIS 0 o 11 1
Patent No. 4,973,460 (LiAPSQO), U.S. Patent No. 4, 789 535 (LIAPO), U.S. Patent
No. 4,992,250 (GeAPSQ), U.S. Patent No. 4,888,167 (GeAPO), U.S. Patent No.
5,057,295 (BAPSQ), U.S. Patent No. 4,738,837 (CrAPSQ), U.S. Patents Nos.
4,759,919, and 4,851,106 (CrAPO), U.S. Patents Nos. 4,758,419, 4,882,038,
5,434,326 and 5,478,787 (MgAPSO), U.S. Patent No. 4,554,143 (FeAPO), U.S.
Patent No. 4,894,213 (AsAPSOQ), U.S. Patent No. 4,913,888 (AsAPO), U.S.
Patents Nos. 4,686,092, 4,846,956 and 4,793,833 (MnAPSO), U.S. Patents Nos.

( 5,345,011 and 6,156,931 (MnAPQ), U.S. Patent No. 4,737,353 (BeAPSO), U.S.

Patent No. 4,940,570 (BeAPQ), U.S. Patents Nos. 4,801,309, 4,684,617 and
4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651, 4,551,236 and 4,605,492
(TiAPQ), U.S. Patents Nos. 4,824,554, 4,744,970 (CoAPSQ), U.S. Patent No.
4,735,806 (GaAPSQ) EP-A-0 293 937 (QAPSQ, where Q is framework oxide unit
[QO3)), 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. Other molecular sieves are described in R.
Szostak, Handbook of Molecular Sieves, Van Nostrand Reinhold, New York,



cont ai ni ng nol ecul ar si eves include al um nophosphate (ALPO) nol ecul ar sieves
and silicoal uni nophosphate (SAPO nol ecul &r sieves and substituted,
preferably netal substituted, ALPO and SAPO nol ecul ar sieves. The nost
preferred nolecular sieves are SAPO nol ecul ar sieves, and netal substituted
SAPO nol ecul ar sieves. In an enbodinment, the nmetal is an alkali netal of
Goup | A of New YRaki(p992). Tabl e of Elenents, an alkaline earth nmetal of

Goup II1A of the Periodic Table of Elenments, a rare earth nmetal of G oup
BI B, includi nf028k L ahbemerepisiered s lieon slunispm and/ qyrpé@wwmm neodym' um

samarium eu '- y m

thulium ytt eér P dﬁj{ﬁggﬁ@gﬁhﬁ%ing@h@%un @%rbl'tqgt’ @ﬂﬁ?b?nrg?lﬁ 5'] olrrjll odi c

Tabl e of El engdtitfining méleaulsd diéves inathdd ale‘mﬁWalté/B\LF@) m¥ldulaYlsleBes VI | | B,

and 1B of the Periodic Table of El enents, or m xtures of aqg/ of these netal
f

speci es. I n owd silieqadumisgphesphalai(BARO) molecar ueves and shbstitused referale gr oup

Xt ures. hor BoR! iUl AT sATQ kit ietks Thbmbe mEReRda oms T

di scussed aboyg]hRr 566y ire $ APT foldtRldrisivRYQink m@h] sabsRLeay oS eve
through a tetrahedral unit, such as [ Me02], and carry a net char ge

dependi ng on miolecular sices. dnanenrodimenttheanetalis eniatkadirmetalaf Geovaripl of, i n

s e T e s

]0026] In OneP&idHi¢ TaRBlof Eléifert®)|agaH @irthSheidPof Gfoupa¥®, imdstihg tigny of the
U S. Patents nentioned above, is represented by the enpirical fornula, on an

anhydr ous baslanth mdqawwﬂmanzmemr @awqﬂmmgmlw, samatunane tenpl ati ng
t, f f
Riper ol o of SRt 30 AR, AT, B dsRe Rpimily S, BURR MBerpl® £5 0o

to 2, and nosandedtmingng stadind otguhumfthypeﬁadcz"abhmrﬁeﬂémﬁhe mol e
fraction of M Al _and P as tetrahedral oxides., where is_a_ netal

sel ected f roW%‘%m%BBGF%PSIWR » il VI, gIIQEVH% a""’JIIB ofighq Beriedig | | B and
Lo a0, B UL i GRS oo £ 0
embodiment, the metal is selected from the group consisting of Co, Cr, Cu, Fe,
Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. In another preferred
embodiment, these metal atoms discussed above are inserted into the framework
of a molecular sieve through a tetrahedral unit, such as [MeQ,], and carry a net
charge depending on the valence state of the metal substituent. For example, in
one embodiment, when the metal substituent has a valence state of +2, +3, +4, +5,
or +6, the net charge of the tetrahedral unit is between -2 and +2.
( 0026} \ In one embodiment, the molecular sieve, as described in many of the

U.S. Patents mentioned above, is represented by the empinical formula, on an

anhydrous basis:
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;Al,P,)O; and m
has a value from 0 to 3, preferably from 0 to 2, and most preferably from 0 to 1; x,

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



Sn, Ti, Zn and Zr. In an enbodinent, mis greater than or equal to 0.2, and
X, y and z are greater than or equal to { 0l. In another enbodinment, mis
greater than 0.1 to about 1, x is greater than O to about 0.25, y is in the
range of from0.4 to 0.5, and z is in the range of fromO0.25 to 0.5, nore
preferably mis from0.15 to 0.7, x is fromO.01ltoo. 2,yisfrom

0. 4t 00. 5, andz'ﬁss; ! O#ﬁl?ﬁiéc?e%’ écm[ 91%23%} gg?%gj\g#é&,g;ﬁ, BT BS \%, viB, ALPO

nmol ecul ar si eves I nvention a conbihatT’on of O- 5,

SAPG- 8, SAPG- VIIIBSARD LahthanfOo0f the IAr{adiB, TabRPOf ZemehtsOprelferabAPM 31,
SAPO- 35, SAPO- 36, SAPO 37, SAPO 40, SAPO-41, SAPO-42, SAPO- 44 (U.S. Patent

No. 6, 162, 415}¢lectghfromone sithogsaip mnmstisg oACROCTICu, AlepGar e, MexdnaNi,

ALPO- 34, ALPQ-3 LP 7, ALPO-46.. and netal_ ¢o inin | equl ar _si.eves
Chorest.  prosh M4t ind 27 i st epifeiotBl ot Breef2ib ) Bt Sal o 62 B a0
consi sting of aphPQ@régreaterantor eqfilQoll01. SAPEhckher smitidirhént, 2AEQrédter $ARO- 20,
SAPO- 31, SAPO- 34, SAPO- 35, SAPO- 36, SAPO- 37, SAPO 40, SAPO- 41, SAPO- 42,

SAPO- 44, SAPQ14D abepPloxGis graares tham Qito ahwvt 8i23i wds ahermangh of &om 04rtd 0f.xt ur es

thereof. The re preferred ol i.te-ty mol ecul-ar, .si_eves i e e or a
conbi nati on of™ &A @5,’3@&@@ 0&&5@@5’, mgr{ﬁﬁe_tfﬁ?b]%ﬂbﬁé%rpr@ﬁ’% Qg’]ﬁnd
ALPG 34,  evels igh9.0T & @2 APisYrdn ©.400 (BS Cadiy 18 FHon®0.3ab 0FAPO 18, SAPO 34,
ALPO 34 and ALPO-1 8, and nmetal containing nol ecul ar sieves thereof, and

nost preferabll902Fhe oMNen-imitingremplessif PO agd ALRD mobwulag siexasiofitieal
contai ning nol.ecul.ar. sieves thereof. Opti , l.ar «Sheve is

sel ected from"f\ﬁghﬁl? br{fiu BEST &P %l%q‘n%%ﬂ;g}@%) '%t ﬁéﬁlﬁe%ﬂg@ﬂﬁaﬁfﬂp g forns
thereof, and ngxsapes1,isarenfis, SAPO2R], SAPE31c8APALIE S PGS, SAPECIY,ar sieve
g an intergrowth material havi ng two_or nore distinct phases o

crystal | i ne sSARQ-G7eSARDt, SASKE b ARG, SARQ-¢4 (Bohpstant N9n§s1]1c53»415),
No. 6, 815, 372 A BETSRBUGE (oA9h S hhnt b GO BB S ol o
SAPO- 18, ALPOAIPG3d, RUROLS7, MdVRO-316, did mictad penwining yipkculansievésARéedfl has a
O o e RSl S o bk ok B L o
AE SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-

34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.

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

even more preferably one or a combination of SAPO-18, SAPO-34, ALPO-34 and
ALPO-18, and metal containing molecular sieves thereof, and most preferably one

or a combination of SAPQO-34 and ALPO-18, and metal containing molecular

sieves thereof. Optionally, the molecular sieve is selected from the group

consisting of SAPQ-34, the metal containing forms thereof, and mixtures thereof.
|[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 descnbed in the

U.S. Patent No. 6,812,372 and PCT WO 98/15496 published April 16, 1998. For
example, SAPO-18, ALPO-18 and RUW-18 have an AEl framework-type, and
SAPQO-34 has a CHA framework-type. In another



and CHA framewor k-types, preferably the nol ecul ar sieve has a greater anpunt
of CHA framework-type to AElI franmework-type, and nore preferably the nol ar
rati o of CwWA tmsMlo73 s greater than 1:1. Ml ecular Sieve pyqfi’esimio;3£029]
The synthesis of molecular sieves is dascribed in many of the references

di scussed above. Cenerally, nolecul ar sieves are synthesized by the

hydr ot h | tallizati f f '
cource of " pHrELREtfE B0k SiThen 2Cleed HEAETRE AGHIE A & et a
containing  GRANOMAGframk¥Rbilkatypes, prefERBR MethéBelhr SOM EASa Bfecafeh hindat

al um num and phosphorous, optionally with one or nore tenplating agents
and/ or one orofrfghld frameworkclype b Aﬂd%l&ﬂmmhﬁw, ang myre eeeferzhlysths eadlad

pressure vessel. jonalLy.. lined,. with an inert plastic such as

pol ytetrafl uJ?%%Pﬁ%@,‘L‘%Kﬁgiﬁ e s an L‘Hder a crystallization pressure and
tenperature, untilMaleeliebavk Sgthegkecul ar sieve material is forned, and
then recovered by filtration, centrifugation and/or decanting. [00301 In a

preferred entl®82%ent , Thee symshasisulchrmelegilas sigves dy rdepediedeid pyenyfof theng a
reacti on produgt _of a. [ SiL rce. of alumhu squrce of
phosphor ogs, rgﬁeac;ncg s gﬁégskéa(g%?@&ef e%?%g ﬁ%g%gt%g‘#?f glﬁrgeesf IF ﬁwté}egz?ﬁ)F grﬁen

contai ni ng origaRbheineehatdligtios @fone bhinfor@af & isewcanf Mupiighf) 4 sar@ndgrodi ment
results in the synthesis of a silicoal um nophosphate crystalline materi al

that is therphospheroesd Hyoyrre of HilieoR, actemmatinggaganbnanshd/ wetal sertAmingg.

["0031] Non-Iljinmti e I f sl u I nel Sid i S..4 unmed
Silica for comsd ISRMD. 8 oahbingish 37 4EEks B stEGy  ahT l  " Reuy
York, and CABpHosphdrodd, mptishdllycwith oasReunsts tsuplatifg agaits al/kybdne or more
orthosilicates, _for exanple, tetranmethyl orthosilicate (TMOS) and

t &t raet hyi or t Wk} IcPpRRingng veippyunds a5¢ |IMACd |10 < padeds PEssSusR) Yees6h piepallysi ons
thereof, for pxanpk u - HSS I | : 0

Nenours, W/I m ngt ont%=l Jﬂeﬁgféﬁtégﬁé?cﬁsﬁ g@%ﬁ?ﬂog?%}g?&%ea%lglﬁgtleﬁ E%c%egf% or any
conbi nati on t trystebizatidih ressefee and demperatee,0finkl lai costallire ancdéculac asiea .
[0032] Non-linmiting .ex les o | um num spyrc i ncl ude al umi num

cont ai ni ng coWﬂE?g‘iaPil n’g’r‘%‘ﬁ‘ih a'éi tg?‘hrﬁeﬁ%‘fﬁr‘%ﬂoﬁ’dxﬁﬁg%nfmf FEnEfugatics 8o num

decanting.

[0030] In a preferred embodiment, the molecular sieves are synthesized by
forming a reaction product of a source of silicon, a source of aluminum, a source
of phosphorous, and/or an organic templating agent, preferably a nitrogen
containing organic templating agent. This particularly preferred efnbodiment
results in the synthesis of a silicoaluminophosphate crystalline material that is
then isolated by filtration, centrifugation and/or decanting.

{0031] Non-limiting examples of silicon sources include silicates, fumed
silica, for example, Aerosil-200 available from Degussa Inc., New York, New
York, and CAB-O-SIL M-5, silicon compounds such as tetraalkyl orthosilicates,
for example, tetramethyl orthosilicate (TMOS) and tetracthylorthosilicate (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
1s a silica sol.

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

comaining compositions such as aluminum alkoxides, for example aluminum



WO 2111151017073 PCT/US211114 /111 9 3 5 1 12 isopropoxide, alum num
phosphat e, al um num hydroxi de, sodium alum nate, pseudo-boehmte, gibbsite
and al um suoedesiochizori de, or any conbi nati ons thereof. /Acvesesmaezssour ce
of alum numis pseudo-boehmte, particularly when producing a

si |l i coal um nophosphate nol ecul ar sieve. [00331 Non-limting exanpl es of
phosphor ous sources, _which_ nmay I nc] ude al um numt cont ai ni ng phosphor ous

| so
conposi t i ons,SIPRERARIE, HHYEINGRoDROSPRY R AUMIAYE hydreyssi sodhumy akipinate,
conpositions R ' ' : & 42h SLAE i et hyl
phosphat e, ar]%l.'l'gt{rby-gtt%:!tjﬁl %?lgmg)%hgﬁ%ﬁgﬂ@fnggﬁl?n@rﬁ%bﬁ%sBhaotq%bslﬁ%%g’%zgw L PO4,
phosphor ous salpteferred smuwebhohalinomsn §hpseedd-boelifinee, paricelatydvaLproducidg

phosphorous is .phosphoric acid, particularly when producing a

si li coal um ndpfi @&iﬁ?’é‘."p? ae W‘Qﬁ‘iﬂﬁ%rtsi"?’f& agents are general |y conpounds
that contain ghgsent s 19én-1:11; NAmBles t dreniRabh Qe _ ol

particul arly lgi ﬁ]ggen, p olsp]) 0 lfs, Bz‘;:l?senll:)c g%%gg%tsﬁﬁlg% Qi%%eﬁféfga#lior ably
ni trogen or picisghclwosuneochtanstg plersphepadlcympbsitioge inclugeiphasphoroge! at i ng

agents of Group, VA of.the Periodic. Table .of ele nt? al.so, contain at |east
one al kyl or CRAMIGECHErEHIc Pk PERHs SPBRSYANSGRCA % PROSROES 94 FEFHT om 1 { o

10 carbon at m@%& NQich PALT GlcARA Y phb@iad, t Gnd CAKEAIMe 2bPMEmorphBus

preferred te I ng agents are ni'trogen-containi ng conpounds such as
ami nes and quatminogphys riuginas g @B osphoaBS Salfh eor uearttemationy thareafni um

conpounds, in.one_enbodi nent, ar r.epresent ed the.general. fornul a RANt,
where each R 18° H\}%fggg‘gnsobwcea&k@'ﬁ’?@?g?%yfs (S’S(’gﬁ%gf’ i ¢ ’eHaWHWXaﬁVP group,
preferably anp@h{ﬂhgg@g;cba-lugﬁn@fjhowk& group having from1l to 10 carbon
ations. In one enbodinment, the tenplating agents include a conbination of

one or nore qlMBdk nar yTemplsting agathere geerrally campowds that confam dementsrofio-, di -
Cetranl kyl oS o eompammgie RE AT R polfladin B B0 hsbRie: ny)
anmoni um  conpeeiéiSanidn@htiioRy, w@dré Sprefeeib®PTnitrd@dn’ det fokplasToRy)i 4@ aigpounds
including salts thereof, tetrapropyl amoniumincluding salts thereof, and
preferably nitrogen. Typical templating agents of Group VA of the Periodic Table

of elements also contain at least one alkyl or aryl group, preferably an alkyl or aryl

group having from 1 to 10 carbon atoms, and more preferably from 1 to 8 carbon

atoms. The preferred templating agents are nitrogen-containing compounds such

as amines and quaternary ammonium compounds.

[0035] The quaternary ammonium compounds, in one embodiment, are
represented by the general formula RN+, where each R is hydrogen or a
hydrocarbyl or substituted hydrocarbyl group, preferably an alkyl grown or an aryl

group having from 1 to 10 carbon atoms. In one embodifnent, the templating

agents include a combination of one or more quaternary ammonium compound(s)

and one or more of a mono-, di- or tri- amine.

[0036] Non-limiting examples of templating agents include tetraalkyl
ammonium compounds including salts thereof such as tetramethyl ammonium
compounds including salts thereof, tetraethyl 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,



t et rabut yl ammoni um i ncl udi ng salts thereof, cycl ohexyl am ne, norpholine,

di -n- propylam ne (DPA), tripropylamne, triethylam ne (TEA),

tri et hanolvagizaes/m7qrd peri di ne, cycl ohexyl ami ne and subst i tRETEES2004019351

cycl ohexyl am nes, 2-nmethyl pyridi ne, W332005/017073 PCT/ 1JS2004/ 019351 13
N, N- di met hyl benzyl am ne, N, N-di et hyl et hanol am ne, di cycl ohexyl am ne, N, N-
di net hyl et han 1p: 5 1RE NN &l | Zi / : ~

di azabi cycl of Igr%ﬁgt(}:l ?%g%ylﬁﬁfneN'W%ﬁﬁgﬁdﬁg% yF“?’( ?F%fﬁe%éﬁ%n%mlqﬁlg,

met hyl di et handimethylethahblamirtey| - et khobheni ne, NW'rdiniesHylpperazingi ne, 3B4ret hyl -

| peridine, N, nethyl l.ohexyl am ne, 3; hyl pyr i dj ne,.. 4- net hyl - pyrj.di ne,
gyipnucl i di ne, dﬂ?wlg}fﬁﬁ%@ﬁ‘lﬂépg 'a- dirll]g;ai\{ g@r%‘(&%gﬂ&lﬂ"&p@}lg.}:fglefti]@.ﬁx,ll?ef)y NS
+di - n-but yl ani Hﬁthyldﬂ@%ﬁ&taﬁ{ﬁﬂnNlﬁetﬂ%ll—‘eﬂfaﬂgl%ﬁlllé’}nN[}ﬁctth; Pg{?ﬁeﬂllegmrﬁ%hyl-

t-butyl -am ne, €thylenediam ne, pyrrolidine, polyet I m ne an

2-i m dazol i dopipenfide37 N-Fiethyyelobex ¥aminenpBatethylpagdnt, od-methphmidines a

*t et raet hyl anmoni um. ,.co n u tetrae anoni.um hydr oxi de ( TEACH),
ot ract iyl - aARGHFRprObnaneBYE Lo ek R it RERT JOF| s bitaegit
anmoni um _br ogigeentyighirRet hy ldi-apmaidnmen! or igde aidahek! aet hphnaammp um

acetate. The nost preferred tenplating agent is tetraethyl amionium

hydr oxi de and ethylansdiatrheg, pufroligine. tpotysthyldnymitecandi-ooidaialigone.

si i coal um no hat e lecul ar. sieve. In one epbodi t caonbi nati on of
two or more ol of -AHE PRIgTE elini easg™ SOEmPEY & LEBAhTRERREIRL:  on

W th one or mMgp@pBind Sidh GRNtetradihyM HhkMoniud thyd?bEae NOTRAGEL) S Qetfdefhyl [ 0038]
A synthesis m xture containing at a mnimuma silicon-, alumnum, “and/or
phosphor ous- eoWRpUENM| Fhosphalg, detrashipl aarnmgnige niiuoridee Lietadihyie ammopiunn t he
range of from?2 10.. er ah [ n.the range of, from4 to 9 nd st
preferabl r}?'?rhlglef geﬁré‘g{h i“‘f [ o#}ﬁgl t@ 1cl)ltbgffnj éléﬁg?e%‘ﬁ[h 1y S %dgtsa?es Sture is
seal ed in a vesselprefendd hempheng pigeiteisatehyietind ammieHiggehyiioxifé @88 Walts t0 a

tenperature in the range of from abqut SQOC to about 250C, and nore
preferably frdhareefe Partieybelyt wheppieducng acsiliqepdummephosphate (Taellegwart devs: t he

crystalline pn | ' : Mypag=ta] ‘ eks, the
duration of m@@ﬁ&%@égﬁ%ﬁ,&% (:‘l’?p?éé\%@ﬂlc’fgn ?H@E‘?gﬁpﬁgﬁ t:i}? éﬁ&ﬁ{g&lﬂﬁﬁgﬁ%r t he
t enper at ur e t hgesthas tused trh eodbinatiem with TorE aiahioye of a silicon-, aluminum-, and

phosphorous- source.

[0038) A synthesis mixture containing at a minimum a silicon-, aluminum-,
and/or phosphorous- composition, and a templating agent, should have a pH in the
range of from 2 to 10, preferably in the range of from 4 to 9, and most preferably
in the range of from 5 to 8. Generally, the synthesis mixture is sealed in a vessel
and heated, preferably under autogenous pressure, to a temperature in the range of
from about 80°C to about 250°C, and more preferably from about 150°C to about
180°C. The time required to form the crystalline product is typically from
immediately up to several weeks, the duration of which is usually dependent on
the temperature; 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
centnifugation 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.



‘the crystalline nol ecul ar sieve product is forned, usually in a slurry
state, and is recovered by any standard technique well known in the art,
for exanplveo eemarazdugation or filtration. The isol ated arcseRaraiiess
crystalline product, in an enbodinenti4is washed, typically, using a liquid
such as water, fromone to many tines. The washed crystalline product is

t hen opti onal ried referably in air .200 .017 3 .

PCT/ Us211114/l h%‘?gssl Moleawprz 9§V footave fithier & § e&& tonahumingn dAlsi | i con
(Si) to al umiuRc(a¥d or éltld%msﬁmbﬁftd AuBfimBn laQMiS irhti S WOwePerh 4¥l, RUEL adtfom C
rati o, however, a low Si/ ratio is preferredfor SAPO synt hesis. In one
enbodi ment, us\erafw@i:mraﬁrAE@ syethhsis dn o8k eatbodeénd, the swolehvdar Yev@Hhas a

Dt of o abl 3 | Sl AR s5Ren TES BEREBIL IS AR R AL R areetatly Teslte has a
Si/A ratio igni, %drrﬁ@ﬂ réferablyP Bs Bkt 0.80.6 I bRoBOBhb&ident Meghsleabhy from
about 0.40 to about O. ) rmrezﬁreferabl from about 0.32 to about 0.10, and

more pref er atsigvefhragm Sl%htatl@ ig Ahe ganggftfram ehout] @63 da 2l &). th ereferabbul ar
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into a nol ecqhafepié@mhegbl@la}jsm@gmmpﬁjohtgr]%as described in nore detail
bel ow. The nol ecul ar sieves synt hesi zed above are made or fornulated into

nol ecul ar si eiP84®at al ﬁmcecéhﬁpd@qﬂwdhrs siyvec onbivAthegizehens  dgserihedi ahoye.

nol ecul ar sie aI

optionally a eﬁ)g%amg ﬂ\h%mﬁ%ﬁrér}ﬂf&t% pglﬁwggir?%gs r&oé P FE?B%A% lt% Irzlﬂ%r
material s ar esmqeplsalaéd fbrmﬁfawdtmufa nfolécthy Giave oawhfsabbmﬁad]@drysst descisdd, act as
thermal sinks assisting in shiglding heat fromthe catalyst conposition for
exanpl e duri n§ FOiedeaH PERY- ddAsimoiesrjan mevesasthesized ahove i ars aade; ¢icr easi ng
catalyst ot enghliaRlin@® sl MAROLRRA Alliokiioll bPoLaRGE vand 1o

C
control the Trate 01%!1 conversion In a parti cul ar pr ocess

imting
exanpl es of rrgtmhemzaﬁmlccaﬂla& sigve(s) dptiomdlyowithone odfmore ammematdmllnamﬂi S,
non-active, netal %es I nc ud| titania, zirconia, magnesia, thoria,
beryllia, qua?ﬁtgma YF‘ alepio Hﬂ@aﬂ?&?%?%%‘“i%reof for exanple silica-

magnesi a, sil [(fﬂﬁ%]z' I COfafhix ﬁl'a{e'nﬁﬁ drk @Ry SfrbdtcR- 1ﬁ|rbﬁﬂcﬂ?g &5all catalyst

silica-alum na-thoria
cost, act as thermal sinks assisting in shielding heat from the catalyst composition
for example during regeneration, densifying the catalyst composition, increasing
catalyst strength such as crush strength and attrition resistance, and to control the
rate of conversion in a particular process.
[0042] Non-limiting examples of matrix materials include one or more of:
rare earth metals, non-active, metal oxides including titania, zirconia, magnesia,
thoria, beryllia, quartz, silica or sols, and mixtures thereof, for example silica-
magnesia, silica-zirconia, silica-titania, silica-alumina and silica-alumina-thoria.
In an embodiment, matrix materials are natural clays such as those from the
families of montmorillonite and kaolin. These natural clays include kaolins
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.



1n an enbodi nent, matrix materials are natural clays such as those fromthe
famlies of nmontnorillonite and kaolin. These natural clays include kaolins

known as, {(&j@¥aimte, Dixie, MNanmee, Georgia and Fl ori dgcghaYdirsoNasr
e

limting exanples of other matrix matenkal s include: haloysite, kaolinite,
dickite, nacrite, or anauxite. In one enbodinent, the matrix material,
preferably any of the clays, are subjected to well known nodification
processes suchoedd]cal cilmane preferaeti Fmbodiniedt, tthe atatren matanchl ¢ sadévear foalits

treatment. WO 2 15/ 017073, PCT, 2004/ 4119351 15 04 [,Ln on referred
enbodi ment, t ﬁ'ég%‘?’}tf‘?{t ?{gﬁ g"i"i’% bﬁ rE%tPéc?P 3} gy ’t“sl’r%ﬁ‘i' e’&‘@ﬂf"eﬁlep% €a Group
VITI netal, syghasidg OBharhdleriide! of0 teONaRERst NBofPttio O[RUSEd-Efalyst
characteristics of the catalyst conposition (or co-catalyst conposition),

as described icompesitioh), me|deecribafi tinrdetaii balbwy, Ahemative)y,che clayyer gipetype
conposition has a |low iron, caobalt ickel, titanium .palladium chrom um
and/or plati rﬂﬁ’mp(%ﬁf)@ﬁ‘laf ajlow 3o, 8‘?&5’8%”@% t“ﬂnﬂﬂnrfﬁ’ﬁ%?&% " Y clay
or a clay-t yP?latﬁﬁﬂP@&it&ﬂtpf]n%ﬂ@eﬁ%&inﬁhé‘fﬂ% ARtk thierifEs hickay & £EhRtypls
kaolin. Kaolin has been found to forma punpable, high sol'id contént

slurry, it hasomposiofrand nest pfeferablyathe anatek dngterigd ag keolinogatlar haslsdeny due
toits platelet structure. A ferred. aver article siz f the matrix
mat eri al , _rmstftoﬂ?ci:f%%ﬁm ?H?E}?E{’ﬁ E1§ §o}1§rﬁo§§egxgglu%_y1 ltrﬁast%ﬁ’é’f)gﬁgh 51.’r2306un with
a d90 particl exrgd, 2Ad i puckd tidbtheineefly 8s fo #$plhtehd QiictireM A bedfEireDapigecul ar

Si eve Catal yst Conpositions 100441 As indicated above, once the nol ecul ar

si eve is synt Hsshidegize of ghremairngmateriah mast pipferell feelinfis fiem gaut Odurmr
conversi on pr I . S | S I [ a nol ecul ar
si‘eve cat al ys?‘ Sé%gﬁ%o%??f“ omﬁltggﬂﬁfgisagr@%%gdilsﬁlbt‘r%@?ﬁ O{Eiie%% W%@ﬁ‘g&mﬁhe nmol ecul ar
sieves synt hesi zed Bdiaigr Motecig Sicve Catvaioatpoditions 0 nol ecul ar si eve

cat al yst conpositions by conbi ning the synthesized nolecular sieve(s) with
a matrix a bi n@8#4and o%% iiBePted apavas anke thatr Bolesplap osietsy F asYEeRdPdt i on
conposi tion. Thi : lhat 198 F il | ' S %ﬁ?age and
si zed particl e‘igp%r;&lﬂ W%\*ganﬁ} r‘?@%ﬁ%?gﬁé?%ﬁ?ﬁrfggﬁ‘%gsg?ﬂaeltogﬁééi ﬁé?ﬁ%e etizing,
ext rusi on, andsiéveeis|thdreformplated idtoya nmpldeelangievh eatatyst comppositenr asdieséribeds al so

preferred that inaI'rfo?er dgt%lagelgv{/y ! Elgc frr%legﬁg}'ngle\?est sby%%hetsiggd above are made or

formulated into molecular sieve catalyst compositions by combining the

synthesized molecular sieve(s) with a matrix a binder and optionally a matrix
material to form a formulation composition. This formulation composition is
formed into useful shape and sized particles by well-known techniques such as
spray drying, pelletizing, extrusion, and the like, spray drying being the most
i preferred. It is also preferred that after spray drying for example that the
formulation composition is then calcined.
[0045] In one embodiment, the weight ratio of the binder to the molecular
sieve is in 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 (.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



formul ati on conposition is then calcined. 100451 I n one enbodi nent, the

wei ght ratio of the binder to the noleculigr sieve is in the range of from
about 0.1 to 0.5, preferably in the range of fromO0.1 to I|ess than 0.5,
nore preferably in the range of fromO0.11 to 0.48, even nore preferably
fr'om0.12 to about 0.45, yet even nore preferably fromO0.13 to |l ess than
0.45, and nosf, st bpetifichtione range of from 0.15 to about 0.4. In another
enbodi ment, the weight ratio of the binder to the nolecular sieve is in the
range of frof@086]11 t olnDanpEhergmbbdimagitythe malémilarsigys catalyst somglosuron®ri2 to

| ess than 0. 4, r eferably in the range qf from0.15 tq about 0.35,
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I n anot her enbodi hent, the nolecul ar sieve catal yst conposition or

f or mul at ed nohtesti? Spexieny earapedfgrabl ydihgeosint i even more prefembbpds pexant, ace ar ea
(MBA) neasured jn nR/g- ml ecul ar..sieve that s ahout 7 rcent, preferably
about 75 per c@d‘,"oﬂ[ﬂrgﬁ’% abep Py ngfeﬁé?’tc]@ﬁM§%\?gﬁ‘ermf’gccﬁﬁé§’&”56'|5€lf85
percent, andTHRRS RLPIHIAbleYuidPA e HaIPS cERIPbsiAb iithe Y5AI RIS A I ! ecul ar
sieve itself. The MSA of the nol ecul ar” sieve catalyst conposition is the

total MSA of tdmposttoompdivideddry the fractesh dfythe hldoulertsieve cohtdied imohecul ar si eve

contained in th&c ggl ecul ar. sieve catal yst conmposition. [0047] There are
many di f f er enfOMfCHRESEVE (AAIYSE EOMRASUAN- i n forming the ol ecul ar sieve

catal yst conpggishj on. Nplreldrdlinah{ diffr e fferOhaliR dRE R N RfrmAk £heus ef ul

alone or in conbination include various types of hydrated alunina, silicas,
and/ or ot her malecylenisicve xatdlysteimpa@iizon r¥érehmatangexamples ebbindémnithay asol i s

al{um num chl or hydr ate. The i norgani.c ,oxi de. sol acts,|ik lLue. bi ndi ng the
aynthest zed nETEEO T o8 sueToD ARl FFRS b of ppeklediing, Ficas

t oget her, pamid/@wméﬂiﬁoag‘ahfbroxcidr@gdr.abnkrpeﬁeﬁemhlunhh@aorhmmf@l id he inorganic
oxi de sol, preferably having a |ow viscosity, is converted into an

i nor gani ¢ oxi dumigum chlorkydrpien die nqrganie pxidsise] acin like gluebandiBg tha | | convert

L5, a0 i A L Bl RASE e bt o
particularly after thermal treatment. Upon heating, the inorganic oxide sol,
preferably having a low viscosity, is converted into an inorganic oxide matrix
component. For example, an alumina sol will convert to an aluminum oxide
matrix following heat treatment.

[0048] Aluminum chlorhydrate, a hydroxylated aluminum based sol
containing a chloride counter ion, has the general formula of
Al O,(OH),Clp*x(H,O) whereinmis 1 to 20,nis 1 t0 8,015 51040, pis 2 to 15,
( and x is 010 30. In one embodiment, the binder is Al;;04(OH)2Cir*12(H;0) as is
described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-
144 (1993). In another embodiment, one or more binders are combined with one
or more other non-limiting examples of alumina matenals such as aluminum
oxyhydroxide, y-alumina, boehmite, diaspore, and transitional aluminas such as o
alumina, 8-alumina, -alumina, 8-alumina, ¢-alumina, k-alumina, and p-alumina,
aluminum trihydroxide, such as gibbsite, bayente, 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



-containing a chloride counter ion, has the general fornula of Al nOn(OH) od p

x(HZO) wherein mis Ito 20, nis Ito 8 ois 5to 40, pis 2 to 15 (. and

X is 0 to\ggadsiang ermbodi nent, the binder is Ali 304(O—I) 643 as is

described in GM Wltennan, et al., Sud. Surf. Sci. Cat al . 76 pages

105- 144 (1993). In anot her enbodlnent one or nore blnders are combined

with one or nore other non-Iim'tinig exarrpl es of alumna materials such as
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bayerite, noriggégerned peepattoy@k ot alunandm Iﬁh)@owtﬁﬁlst Meseditnitid® edthplenofinot her
-enbodi nent, the binders are alumna sols, predom nantly conprising alum num

oxi de, opti orreqmryencwélwwaﬂ@lgsﬁléol dal|shymma SPH? lyélﬂldaml%%m\zddm &rerp73
PCT/ USZLILLA/ QU300 enh L ERONAEN, 1ol BAPRA 120 RSBDYZ o oRiptE g, Mede by

‘treating alumna hydra as pseu ob acl preferably

an acid that H9swl Naho Teth]ogies, Iivd| Addund, Maspickpgie. sol s or al umi numion
solutions. Non-lLimti Rﬁu exanpl es of caomercially available col] oi daI

al uni na sol s [998PLde 17 @BWHEVHt ﬂ‘ﬁﬂl"&d%ﬂ@ﬁﬁmﬁ‘ﬁ%ﬁm}ﬁcéﬁr sigye and

Naperville, I})linals, Iﬁlnﬁ()

Technol ogi es, h‘If:n]{(::]fg}t,h§ & gﬁg‘m sac %t 3)\{‘@% bg%(ﬁ 2 lrll onewﬁ‘go%l men t he

bi nder, the symhhestazado Ifmleauioaaercuhr emee amlysttdmmpmitmnxwmehe ahowt of

conbi ned I n the presence of medium s as water to form
a nol ecul ar spioger is ffom 9}%‘{“36?@6@'?‘@ bie, 2 %\%ﬁ(@gtbﬁé”%i%uﬂ‘te?%? 1y BroRbhout s from
about 2% by wed we 026D Yoy \Wod: B and sl by
wei ght to abolt’ 20% ‘ﬁ‘&*ﬁ%ﬂ‘?‘, PRy p?’éfgfgarblpm{?%bf by Bl e {%Om. ght
t o about 15% Wwpightitghabpubaskdbyoweigis, bmeélowmegtmmoﬂmngheOﬁiﬂmamdemhm

nol ecul ar sieve . and matri x, materi excl.u the I quid. 100511 Upon
conbi ni ng theWﬁ’éé}eﬁﬁnmaMaﬁmglr EXFlu ﬂ%l 1tel"}g]“t’J ‘nder, optionally with a

matrix nateri ghos1jn a UpeHi @oltRnih®mR ysthekized nmeehrag,sweem ! Yindérl gor ous
m xing i s needed to produce a substantial |y honbgeneous m xture cont ai ni ng

the synt hesi zeptiomsllycvitiae matgy eatetsh-inianiiquiditp érampisleryomising; prbfesably
rigorous mixing is needed to produce a substantially homogeneous mixture
containing the synthesized molecular sieve. Non-limiting examples of suitable
liquid slurrying mediums include one or a combination of water, alcohol, ketones,
aldehydes, and/or esters. The most preferred liquid is water. In one embodiment,
the slurry is colloid-milied for a period of time sufficient to produce the desired
slurry texture, sub-particle size, and/or sub-particle size distribution.

[0052] The liquid containing synthesized molecular sicve and matrix
material, and the optional binder, are in the same or different iiquid, and are
combined in any order, together, simultaneously, sequentially, or a combination
thereof. In the preferred embodiment, the same liquid, preferably water is used.
[0053] The molecular sieve catalyst composition 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
weilght 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



-liquid slurrying nediuns include one or a conbination of water, alcohol,
ket ones, al dehydes, and/or esters. The nost preferred liquid is water. In

one enbodmweddos/riohe slurry is colloid-mlled for a peri edTais2boemyss
sufficient to produce the desired slumry texture, sub-particle size, and/or
sub-particle size distribution. 100521 The liquid containing synthesized
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enbodi nent, t ame lrquid, preferably water 1s used. 100531 The rol ecul ar
si eve cat al ysbmpaosingsd triodsvulan sievpr eftendesdarehbpttinalinta masixmdenbly apdepari ng a
slurry containing a.nol equl ar siev a matrix material and a hinder. The
Sol i db cont orEUsF MEHERYISIR Lhe aes pLEPR: TIRLI 20eEia Breamdn cood A0 e e bout 805

by wei ght mgﬁmherméﬂeegﬁfer%lgfiﬁrm@ﬂsnéé SMEARRE Wo W%* PeRBRUL, S50t Y Wei ght
mol ecul ar sieve, nore preferably fromabout 35%to about 55% by wei ght
nmol ecul ar si evaghtipeorent leyen ns¥e prefabhiyin 8&%angyr ef FormBSywd gliperenito &2 t o

about' 25% by wej ght of binder, and 0 0% to ut . 80% preferably about
V0 20115/ 017 B RST9eB A0 5a5¢ Pragagh OB uE5E HoiE ByrR G ROONRL
mat erial . [ O0pftyelght FRALDE yelBSEn Hﬁ@ieeﬁrefegaquﬁ%m&soge bherofiPh dReispnt ent i n
a slurry conprising a nolecular sieve, a binder, and optionally a matrix
mat eri al , ancpezcent taqabadit #@diveight pereentt dnd mastgquefofablly onthalrenge S0rowi Ifht

percent to about, 80 wei 9ht ugg# cen nore preferably in the range of from 30
wei ght per centeB RESERE to4po gﬁ{gthbg?rg t, even nore preferably in the

range of fronjg@Ssiwei ghks BSERAL s haixEd the®ilAb in ﬁr%rsﬁggx agofdgatel profABIVRY €

prief erably from about 36 wei ght percent to about 5 Wiei ght” percent, yet
even nore pref @oulsl whira thhesluray genwinsf saie 8Pleguiaghsievepeatalysit campasibomt 49

wei ght percent_ ..and St efer b} I n_the. range of, frrqm 38 I ght_percent
to about 48 V\%qraﬁf’s'pg‘r)léﬁ?fer#g%% ﬁ}f_éetpﬂ%mgﬁs ﬁgﬁnﬁag aﬁ?j"@ ?atlﬁgf_%ggﬁl S in the
slurry aggr egdik@ibatiéd SickPihit the dspdiafietdr ofiftesse phiR1es il [dsy tHaAM0ASmeed | d

nol ecul ar sieve catal yst conposition particles. It is preferable that these

particles arepisfrahly daw Hioneld mimi pog et Aeferbly dessubpprlOsyen tiRaeng he d9o
di ameter of tgﬁﬁgdu%%ﬁlt, k}gé ﬁﬁrﬂr ?f Itl?esﬁwgﬁm (.209111:9{&3 APleGst 90 percent by volume

of the molecular sieve catalyst composition particles comprising the molecular
sieve, binder, and optionally matrix material, have a diameter of less than 20 pm,
preferably less than 15 ym, and most preferably less than 10 pum.

{0056} In one preferred embodiment the slurry comprises a liguid portion
and solid portion, wherein the solid portion comprises solid particles, the solid
particles comprising a molecular sieve, a hinder and A matrix material; wherein
the slurry comprises in the range of from avout 30 weight percent to about 55
weight percent solid particles, preferably from about 35 weight percent to 50
weight percent, and at least 90 percent of the solid particles having a diameter less
than 20 pm, 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 fornmng 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.



‘preferably | ess than 15 gm and nost preferably [ ess than 10 gm In one
enbodi nent, the slurry of the invention conprises at |east 90 percent by

vol une of widmoswizerul ar si eve catal yst conposition partiedtessnoiprisi ng t he
nol ecul ar sieve, binder, and optionalhy matrix material, have a dianeter of
less than 20 gm preferably Iess than 15 gm and nost preferably Iess than
10 gm [0056] In one preferred enbodiment the slurry conprises a liquid
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550C, and a c jned outl et tenperature ranging from 0,about 225C. In
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drying chamber. Atomization is achieved by forcing the slurry through a single
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nozzle or multiple nozzles with a pressure drop in the range of from 100 psig to
7,000 psig (690 kPag to 48265 kPag), preferably from 100 psig to 4,000 psig (690
kPag to 27580 kPag). In another embodiment, the slurry is co-fed through a
single nozzle or multiple nozzles along with an atomization fluid such as air,
steam, flue gas, or any other suitable gas with a pressure drop preferably in the
range of from 1 psig to {50 psig (6.9 kPag te 1034 kPay).

{0060] In yet another embodiment, the slurry described above is directed to
the perimeter of a spinning wheel that distributes the slurry into small droplets, the
size of which is controlled by many factors including shury 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.



to about 250 m nore preferably fromabout 55 mto about 200 m and nost
preferably fromabout 65 mto about 90 mj39l00591 During spray drying, the
slurry is passed through a nozzle distributing the slurry into small

drgopl ets, resenbling an aerosol spray, and into a drying chanber.

At om zation is achi eved by forcing the slurry through a single nozzle or
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a nol ecul ar sieve catalyst conposition are described in U Pat ent No.
6, 509, 290 ( spmesiecisrisivyepaialist sompesiited nol ecul ar si eve catal yst

comest{1on) . R il Ine R ST STRESLRA Bl LTRSS 0,
about 10 %  dry or dried state, to further harden and/or activate the formed catalyst
composition, a heat treatment such as calcination, at an elevated temperature is
preferably performed. A conventional calcination environment is air that typically
includes a small amount of water vapor. Typical calcination temperatures are in
the range from about 400°C to about 1,000°C, preferably from about 500°C to
about 800°C, and most preferably from about 550°C to about 700°C, preferably in
a calcination environment such as air, nitrogen, helium, flue gas (combustion
product lean in oxygen), or any combination thereof. In one embodiment,
calcination of the formulated molecular sieve catalyst composition is carried out
in any number of well known devices including rotary calciners, fluid bed
calciners, batch ovens, and the hike. 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 carned out for a

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



to about 90% nore preferably from about 10%to about 80% even nore
preferably from about 20%to about 70% and nost preferably from about 25%
to about W@adoymwwerght of the nol ecul ar sieve based on tpetstmbowasght of
the nolecular sieve catal yst conpositizen. 100641 Once the nol ecul ar sieve
catal yst conposition is formed in a substantially dry or dried state, to
further harden and/or activate the forned catal yst colr;Bosition, a heat
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about 30 minutes to about 5 hours. 100651 In ©neé prefierred enmbodi ment of the
i nivention; thd08ebdlecul ks disenseed atmival ihstcoemumglpssipartoriesountilized nuilthe patsend| ecul ar

si eve catal yst. conposition conprises_a nt hesi zed | equl ar sie LN an
amount of 11 orPARHE T SrBRE 8o comgE KM e c ORRonal i e et

anmount  of .frogsa&i&eg ShnedhbleARAICANos, BIChSy c&ﬁfaﬁéexa BRERE ightfrfioamount
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contained in the primary catalyst particles. In this latter embodiment, the
molecular sieves contained in the co-catalyst particles optionally are less active
for converting oxygenates to light olefins than the molecular sieves contained in
the primary catalyst particles.

[0067] These various types of co-catalyst particles containing molecular
sieves may be formed in a manner similar to the processes for manufacturing the
primary catalyst particles, described in detail above. For formation of the co-
catalyst particles, however, a smaller amount of molecular sieve and/or a different
less reactive type of molecular sieve may be added to the slurry during co-catalyst
manufacture. g

[0068] Co-catalyst particles not comprising molecular sieves may aiso be
formed as described 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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silica, alumpa, alpymnosilicates,.cla
B ydrocarbons o remove straight chatn parafﬁrys ébsorp%lon of for example alkyl

aromatic compounds for separating out isomers thereof; alkylation, of for example
aromatic hydrocarbons such as benzene and alkyl benzene, optionally with
‘propylene to produce cumeme or with long chain olefins; transalkylation, of for
example a combination of aromatic and polyalkylaromatic hydrocarbons;
dealkylation; hydrodecylization; disproportionation, of for example toluene to
make benzene and paraxylene; oligomerization, of for example straight and
branched chain olefin(s); and dehydrocyclization.

[0u70] Preferred processes are conversion processes including: naphtha to
highly aromatic mixtures; light olefin(s) to gasoline, distillates and lubricants;
oxygenates to olefin(s); light paraffins to olefins and/or aromatics; and unsaturated
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).

10071) 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
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processes are canversion processes ipcluding: na ha, t hi ghly .aromatic
mxtures; |igff™BPFeMR(¥®) r%f@ygﬁ@gfei’ﬁ zyi'aﬁ?lg’isgﬁuﬁgtagg%@%t&yfﬁ%ﬂ’ gﬁ#%l eifict
oxygenat es to ldehét{itiyl It} anaﬁtlﬁﬁfuesmcwasqh%;mgmaﬁdé ahd afylrehlofids, and
unsat urated hydrocarbons (ethylene and/ or acetylene) to al dehydes for

conver si on i ntadkylaictamiesisuch axtieneing kewse.closmaliipydessandprasioas eids prebaosss of
the i nvention d'c%ﬁcaacigrocess directed to the conversion of a feedstock
conpri sing one OF hofe oxygenates to one or nore olefin(s). [00711 The

nol ecul ar si evip0THt al ydh £qiplefed i itvdiiaanrébdwt phrvs af ahe Haventicn thel ¥
useful in conversion processes of different feedstock. Typically, the
f eedst ock cont BFROENEOTBPIISES  AIeaPT PIPES CXYRHAIERI IOFR) SRyRcAliYd §n¢ (5t meTsc| ude

VO 20115111707@@5@ éb’.ﬁ%%n“d(&)%%ﬁ&m&%t least one oxygen atom. In the most preferred

embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic
_alcohols and their unsaturated countesparts.
[0074] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethy! 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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m Xt ures whensafizo7dhe aliphatic noiety of the aliphati c-gOnigEoniM®ss
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al cohol, i's [0077] There are many processes used to convert feedstock into olefin(s)
including various cracking processes such as steam cracking, thermal regenerative
cracking, fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking,
and visbreaking. The most preferred process is generally referred to as gas-to-
olefins (GTO) or alternatively, methanol-to-olefins (MTQ). In a GTO process,
typically natural gas is converted into a synthesis gas that is converted into an
oxygenated feedstock, preferably containing methanol, where the oxygenated
feedstock 1s converted in the presence of a molecular sieve catalyst composition
into one or more olefin(s), preferably ethylene and/or propylene. In a MTO
process, typically an oxygenated feedstock, most preferably a methanol containing
feedstock, is converted in the presence of a molecular sieve catalyst composition
thereof into one or more olefin(s), preferably and predominantly, ethylene and/or
propylene, often referred to as light olefin(s).

[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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and most preferably greater than 35 weight percent.

[0080] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents inciude helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive parafﬁns (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.

[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  to about 50, and most preferably from

into



[0078] In one enbodi nent of the process for converting a feedstock,
preferably a feedstock conprising one or 20pre oxygenates, the anount of

ol efin(s) produced based on the total weight of hydrocarbon produced is
greater than 50 wei ght percent, preferably greater than 60 wei ght percent,
nmore preferably WD 2005/ 1117073 PCT/ 11 S2004/ 019351 25 greater than 70

wei ght per cenghoud8qo BBt 28r ef erably greater than 75 weight percent. In
anot her enbodi ment of the process for conversion of one or nore oxygenates

to one or nor WOSRES i n( b’,l ong prabodimgnt, odifer dyiisacarhens at addeg top feadaiock pr oduced

based on the t.qtal drocar ed is te t han
65 wei ght per%‘g}ﬁrdrﬁ?tb? 1§g1r§°q r 821 B P"lcﬁacﬁe%ﬁ@f’&gﬁ Ggﬁ&iﬁ? "gf‘)()é% for
preferably geamiRe U Sahidh N U@t 220! tedition 8N aroRitics Wrehtdbd theplogat er than
78 weight percent. [0079] In anot her’ enbodi nent of the process for

conver si on of preferably pmmdcna;hyb’bma,tlwltylon@mad@ﬂhmnh&éromh@bnsnhg\)mgﬂhne anount
of ethyl ene produce ased on the total weight of

ht n
hydr ocar bon pmﬁiuﬁrg?ﬂﬁtﬁ i rﬁf‘g}ﬂﬁq than 30 wei ght percent, nore
preferably 9" ARiss] tha%éiraeggmc&%ﬁﬂ afé’é@l@to@?sés asﬂs&-&%%%cﬂreat er than

40 wei ght per In yet anot her enbodi hent of the process for conversion
of one or nor eommylggrmieex naore@nggamataspinahe beefscm(es)f a mhleculanmewt cadlygtr opyl ene

produced in g‘g t based an the  total t?ht of hydrocarbon product
produced is gf EO“‘W@PBM‘S FAFICE QLT N3 PARENOILPIPCESS IR AT EACqThan 25

wei ght perCentvhe%@gﬂfc@ﬁﬁrs%m%d%gg}&reﬁ Q%léﬁe&"ﬁlﬂg éﬁi%'mdcs a@nd nost
preferably greater t wei ght percent. [0080] The fee stock, in one

enbodi nent , cbmb'dbn@ednnom%hmeéerdblbfmm)lous ﬂvylplzcdbboj'pmst and meduce t he
cancentration_of. the fee 5_5 5 ar e .erahl non- reactive to the
feedstock or WoTHabHYAcoD 89%“5 gL yser %gﬁﬁig‘%th egrPr h-1initing exanples of
di luents incl jgb84pel i UrDhe3eA®dn phiceisRdtn tkaphte 1%%&%1‘65&&&” di oxi de,
wat er, essentlally non-reactive paraffins (especial al kanes such as

met hane, et hal‘ﬁélctoa‘:ﬂ%!lcbraé|1)'1:3(h’é91 reastosethat havea dese bediot %K%ﬂ bedbreaetian zpapounds,
and - m xtures,t{)er Ex?tf ﬂl%d 'EF.& E’eag{u?); %ﬁ'eg%gblle!f o etndd Qrilitiily ARG bdPIeN:

with water being par
reactors, riser reactors and the like. Suitable conventional reactor types are

described in for example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522
(dual riser), and Fluidization Engineering, D. Kumii and O. Levenspiel, Robert E.
Kneger Publishing Company, New York, New York 1977. The preferred reactor
type are riser reactors generally described in Riser Reactor, Fluidization and
Fluid-Particle Systems, pages 48 to 59, F.A. Zenz and D.F. Othmer, Reinhold
Publishing Corporation, New York, 1960, and U.S. Patent No. 6,166,282 (fast-

) fluidized bed reactor), and U.S. Patent Application Senal No. 09/564,613 filed
May 4, 2000 (multiple nser reactor).
[0085] In the preferred embodiment, a fluidized bed process or high
velocity fluidized bed process includes a reactor system, a regeneration system
and a recovery system.
[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



100811 The diluent, water for exanple, is used either in aliquid or a vapor
form or a conbination thereof. The diluent is either added directly to a

f eedst ock wermesiingzsi nto a reactor or added directly i ntop@r/(Saol/ee3s10r
added with a nol ecular sieve catal yst2ronposition. In one enbodi nent, the
anount of diluent in the feedstock is in the range of fromabout 1 to about
99 nol e percent based on the total nunber of nples of the feedstock and

di | uent, pref @essbl i5 eomdamnethuthin at gnglo reapirevessslc ehtesh feedstoskeprsfaslly from

about 5 to ab d |y . ut 5 t. u .
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-aromatic(s) (see for exanple U S. Patent No. 4,677,242, addition of
aromatics) or oficekes eaysiondhaenf 1s ipredusedb iy ong smbrdiment,ishe ymaleralar sieNey| ene,
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' 0083] The process converting a especr a

cont ai ni Ng onec@bINMMibe theryef: pabLSa béifg liltoduced eNaR: Afer deiBibies) UpRlersilgye
catal yst conposition of the invention, is carried out in a reaction process
in a reactor, thekend it Waepegaethanglsand the gasds BRiNSH; grssueh asmipgandi zed bed
process (i ncl a t I -ef-ar, i

Pl U di zed bed B0l ass, 1Ak oiBbahib MO SR oPAELEECR O RLIEY Sy
fluidi zed bed jpinfgesith a[vap8e feediteck,atact reattopsgstansieSinahe rirdecofpfrancd.in a
variety of catalytic reactors such as hybrid rai’ggigrors that have a dense bed
or fixed bed rEABRRSFFeRbRAPOUANVEIEht prseent NiFigrapExITRRAbPRGE Wetght PaREY

coupl ed toget her, [ - gt el r j , and
fho 1 ke, - ot 1B aRt it A EoEeiaEl) 16 A0 R Sl Blrob R, ol e
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Fluid-Particle Systens, pages 48 to 59, F. A "Zenz and D.F. Qhner, Reinhold
Publ i shi ng Corfperisénckoyith thewanye pkdiffegmd dilegnt U. S. Patent No. 6, 166, 282 (fast -
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partially or fully, in the first reactor zone into a gaseous effluent that enters the
disengaging vessel along with a coked molecular sieve catalyst composition. In
the preferred embodiment, cyclone(s) within the disengaging vessel are designed
to separate the molecular sieve catalyst composition, preferably a coked molecular
sieve catalyst composition, from the gaseous effluent containing one or more
olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity
effects within the disengaging vessel will also separate the catalyst compositions
from the gaseous effluent. Other methods for separating the catalyst compositions
from the gaseous effluent include the use of plates, caps, elbows, and the like.

[0089] In one embodiment of the disengaging system, the disengaging
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



‘May 4, 2000 (rmultiple riser reactor). [0085] In the preferred enbodinent, a
fluidized bed process or high velocity fluidized bed process includes a
react or swybems/aréldgenerati on system and a recovery syspenustid@8opBsiThe
reactor systempreferably is a fluid besl reactor systemhaving a first
reaction zone within one or nore riser reactor(s) and a second reaction zone
within at |east one_di sengagin ,vess%%%HPreferabLy conpri sing one or nore

cycl ones. | n oEmenHbanatksien el PBITG 018 &F 1Ny 3epaKq osel frgm the

di sengagi ng / Y/ | ' W t hin
a single reagﬁg%&@;@%@r gs t%{gégg:}é%%,%%é:aéf% gﬁﬁéﬁﬂ&oér@gﬁ%%gjcgbﬁgyor nor e
oxygenat es, OfFHSNAloff Yronk 1 rdnealsout 26,060 di baset! (om)the ivelufrebf gastd helumae or
nore riser reagto ) in i ch. a nol ecul ar sieve catal yst conposjtio or
coked version® h@‘ééf m%eq\m:%fr ST € .tﬁl"ﬁ B?F@p%“’t‘r"_b%i Hfﬁi‘?‘%bltyhét_ éLEHP‘_é?E si eve
catal yst conpaghidfifired oﬁxoiﬁfdc"tﬁfa%bﬁ’tnﬁohéfﬁ%?qrhlﬂyggﬂ%gglﬁdss‘ﬁbé% g5bdcgui d or

gas, or conbination thereof, prior to being int to the riser
reactor (s), ppeéehabbdked mblechlagsievt datalysicempositioet hanol , and the gas is an

[ t it . [0087]. 1| nbodi t, th t of liquid
feedst ook T edlUBBhr at elJEGon PRioR, Phe A HE UBIBYRA s b CORNERIb PROSeBhe or
systemis in iﬁ@aﬁlgewﬁﬁinf e Pefetdr sYWRINEs iRSMMEGRhgd Of FRAYLLAR MBPOhD

percent, preferably fromabout | weight percent t0 about 75 wei ght percent,
nmor e pr ef er ablayoutrl&A0 Y B.qurefetabhefrgimtabpur 24RE to eba®GO°C,a6onegireftablyciarnt

based the tpotal,wejght of Jfeedst ock i ncl pdi | t ai ned
Cherei n The Pt 2ot aibon 700 abe oot ora pietirebein fhost 00T tourbBH ¢ he.
same conposi t ig80°C, 0fetC @ERioréapiekdasblp’ RBBI hbANRS3sd°Ct he ARUE covecliher ent

feedstock with the Same or different diluent. [0088] The feedstock entering
the reactor syseerblystromebentaiOjCéoabantb8efC. partially or fully, in the

first reactor I nt @,a gaseous effl|uent that .enters the disengaging
vessel al ong \Xnaﬁﬁa coag‘ﬁ g%qw&%?%rprgs!sg(fe eg]zftl%ﬁegstm c%’ﬁpﬁ%rfvtef%?{ pf%egsr he
preferred embegedimadlly Y@ NGE Steatibt Hyfteinh evatiics @R 04 NGideCRmet iasladidesi gned
to separate the nol ecul ar sieve catal yst conposition, preferably a coked

nol ecul ar  si @REOZERAS BISISUED P FRVETFION PISsHihs psedhomn thecpartigprgssweai ni ng
one Oor nore

the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.

[0092] The weight hourly space velocity (WHSYV), particularly in a process
for converting a feedstock containing one 011 more oxygenates in the presence of a
molecular sieve catalyst composition within a reaction zone, is defined as the total
weight of the feedstock excluding any diluents to the reaction zone per hour per
weight of molecular sieve in the molecular sieve catalyst composition in the
reaction zone. The WHSV is maintained at a level sufficient to keep the catalyst
composition in a fluidized state within a reactor.

[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'. In
one preferred embodiment, the WHSV 1s 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'.



olefin(s) wthin the disengagi ng zone. Cyclones are preferred, however,
gravity effects within the disengaging v&ssel will also separate the

catal yst conpositions fromthe gaseous effluent. O her nethods for
separating the catal yst conpositions fromthe gaseous effluent include the
use of plates, caps, elbows, and the like. [0089] In one enbodi nent of the
di sengagi ng sye%in t hdidisspadiedil gas velpsite (8Gviptiude Secdlstbick emgdadingdientsel |

typically a Iomg;rép{)rtig)g‘ Otf(gv;[ﬁig]e' g]_imsengtagé(r)sg3 \_/essg?FI bils gmsgtrit%)pian%_zone. In
the strippingd® CHAEPTENE 18 &R Bacier e W FAFEIDLY & 5 L9 DRIQIZE
contacted wt : . [ ' t hane,
carbon di oxi d&eayggrﬁg%lﬁp %&%Q@%&XI ﬁ%@@’ﬂ‘%&%‘ﬁ’, ‘gg’ﬁma"ﬁg‘ﬁéﬁ@ﬁtﬁészﬁ gﬁ?ﬁ“ﬁ? ar gon,

preferably st qageiSQVin eePredesfdRanidadalywilhiche Baskr kyaom! horepkeidulaig! ecul ar
sieve catal yst conposition that is then introduced to the regeneration WO

21H) 5/ 017073 PRI (EBOWRSE). 198! legs lehimelen perigeonrd (rafspadprederablyt he

trippi is i t | th i ' | and th
gas 1o passed axteter Garth SERRLE ork BrEiably Seetan § AR ot r om 1 by -+ to
about 20, 000 hfeferaBsegeBr thaf 2AlsbiByeDbv@nmotehrafeldb e greaier @pdreTmigcecul ar

si eve catal yst conposition, preferably at an el evated tenperature from 250C
to about 750Cangmoseprgfirgbly coeatersben 4356. t redouasample bk S thatendBked nol ecul ar
si eve cat al ys% 5(‘5?% sition. [0090] The conversion tenperature enployed in

t he conversion”process, specifically within the reactor system is in the
range of fromiegsyt 20Qf ohe prétbred erhBO8imend bethe padveys for @BhvdMaHE agS0C t o
about 800C, nore preferably from about 250C to about 750 C, yet nore
preferably froxveasstatosdef@(chusnsy silicegiomingpbosphgtampalseelapsieresatlyst f rom
about 350C to e Rr ﬁﬁ?v -1 out 550C.
[0091] The coﬁve?g%lggg’ggeegg%r&és 130 F%E/égdg‘lt?én e ?oaa(r?\\l]l/éearsglggg& p?%@gss,

speci fical |y VietriperatireeCorseddiNonyaizedMathineSelavieity {TONIES Y affigss thae | udi ng
aut ogenous pr The conversion pressure_is_ based on_the partial

pressure of ﬁf@% g@é%’?‘?)‘é’llefé%%%ﬁ savtabo QR dea forprampleLinPategtdNeq| |y t he

conversi on prasgyradg §ARhA%E erhBodifenPbPhE Prodessel Tbrtéaﬁvér@iﬂg%n%(xt)&é&@& about
0.1 kPaa to about 5 MPaa, preterably fromabout 5 kPaa to abouf ™1 MPaa |,

and nost pr ef sucbisyméthemoldbount or more olefin(s) using a molecular sieve catalyst
composition, the WHSV is from 0.01 hr'' to about 100 hr', at a temperature of
from about 350°C to 550°C, and silica to Me;Os (Me is a Group IIIA or VIII
element from the Penodic Table of Elements) molar ratio of from 300 to 2500.

See for example EP-0 642 485 B1. Other processes for converting an oxygenate
such as methanol! to one or more olefin(s) using a molecular sieve catalyst
composition are described in PCT WO 01/23500 published April 5, 2001 (propane
(, reduction at an average catalyst feedstock exposure of at least 1.0).
[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



20 kPaa to about 500 kPaa. [0092] The wei ght hourly space velocity (VWHSV),

particularly in a process for convertingopa feedstock containing one or nore
oxygenates in the presence of a nolecular sieve catalyst conposition within
a reaction zone, is defined as the total weight of the feedstock excluding
any diluents to the reaction zone per hour per weight of nolecular sieve in

the nol ecul arregiystidiAhadifi incEPBAE bt Afdré Bf &Ngen! ©2E0,0N,@0R®), Niig WHSV is
mai ntai ned at a | evel sufficient to keep the catalyst conposition in a

fluidized staNgumirhainddutedadthoritrop@oe]artigmpiiozideyox yiger anHSNtardbighs from
about 1 hr-1 to ut 0 f prefergbly.fr about..21rr1 to.about 3000
hf', nore pre‘lt"%?'gﬁﬁ?‘i/ belgr#bégdiﬂb%‘ 'HPm'aﬁ Q{B{Jg{;gfg%" HEDE TegeTEraHstYy
preferably fr ' UhniAQ 00k rom the i

enbodi nent, t%%\g/taf%&é)%ﬁpgge?’ggn ZIOQhr "y 0]'|cr)1rtef g?%gf\c;p{lﬁfé%%gi}n? %’r
conver si on of praferabdyi st o ddvetlent thian Orfigwamghhperoentdrasediémibse iythl weipht of hei n t he

range of from about 20 hr-1 to about 30Q .hr-1. .29 100941 The superf.i ci al
gas velocity ¢ Jeculysigvecatal St ROMRLHHAR ABCHNE thefeeensrionsysteMy nT B oduct s

wi thin the re@&&@mgahmév% oa{a?}s%@%ystiﬁaﬁ Withidein ermfthUi'e%Elﬁﬁra%o&]g@?%sac Cor

nmol ecul ar sieve catal yst conposition I'n a reaction zon
The SGV in t herggemsresd molecularcug ardatal et chimposibienr eact or system nore

particularly wthint riser reactor(s), is at least. 0.1 te r second
(m sec), pref@0ZHy g&gﬁf@e"?rﬁgﬂ" !ﬁ“y’qgﬂ%'é%‘,s‘ é'aﬁee‘l’[e’%%fﬁlagg ri%’igérmt han |
msec, even ngdey 1%@@?%&%@{%%0&%@% t%ﬁ&&lobﬁ“c,‘?i{&? fably €f er ably

greater than 3 m sec, preferably greater than sec. See for
exanpl e U.S. Pamebohiod50°C, 16 5RoR4B0°Coa8Bhosprefesabdy Sbmrabedt £54f6dionrent of t he

process for conyerting an xygenate .to ql efin(s).usi .

si | i coal uni noﬁ@o?pm}%‘:ﬁme&a&#‘gﬁm?}‘ﬁ}é 183{‘%11' 0}@'8%%“? FORI3(HB process is
operated at axP¥IpN SouRB0d 8518 (3443 Faal HefRrable FRAT Mowf 20 ﬁ(?ﬂl@fha?:l%nﬁ'ized
Met hane Selectivity (TCNVS) of less than 0.016, preferably |ess than or

equal to 0.013boge25Q psia €k wa)ynmre paeferpblngom abogt 25 psig. (172kEaabtmer
crbod Tent oL ey 8 GETFRS i SR YR HRAA AR S0 oA B 1
about 60 psia (414 kPaa). The preferred residence time of the molecular sieve
catalyst composition in the regenerator is in the range of from about one minute to
several hours, most preferably about one minute to 100 minutes, and the preferred
volume of oxygen in the gas is in the range of from about 0.01 mole percent to
about 5 mole percent based on the total volume of the gas.

[0098] In one embodiment, regeneration promoters, typically metal
containing compounds such as platinum, palladium and the like, are added to the
regenerator directly, or indirectly, for example with the coked catalyst
composition. Also, in another embodiment, a fresh molecular sieve catalyst
composition is added to the regenerator containing a regeneration medium of
oxygen and water as described in U.S. Patent No. 6,245,703. In yet another
embodiment, a portion of the coked molecular sieve catalyst composition from the
regenerator js returned directly 1o the one or more riser reactor(s), or indirectly, by
pre-contacting with the feedstock, or contacting with fresh molecular sieve
catalyst composition, or contacting with a regenerated molecular sieve catalyst

composition or a cooled regenerated molecular sieve catalyst composition

dcscribed‘bc]ow.



conposition, the WHSV is from0.01 hf' to about 100 hr"', at a tenperature
of from about 350C to 550C, and silica tx Me2O3 (Me is a Goup II1A or VIII
el enent fromthe Periodic Table of Elenents) nolar ratio of from 300 to
.2500. See for exanple EP-0 642 485 B 1. Qther processes for converting an
oxygenate such as nethanol to one or nore ol efin(s)y using a nol ecul ar sieve
catal yst conp@eR}ion gne wlAfRg bPeske iB aedothEhriit reatbon, dihiaghed April 5,
2001 (propane reduction at an average catal yst feedstock exposure of at

| east 1.0). [ombediniEnt tholeoperasimscuthin thy regeneranen systent tgeosplipdhyi s

w thdrawn from.th | sengagj,.ng._vessel referably.b ng Qr nore -

cycl ones(s), gﬂ'&f)qsﬁ?&‘ﬂbﬂ?&gﬂfg {h(?gmt'ﬁé uﬁﬂ@éﬁ%‘ﬁﬁ?iﬁfﬂ"%ﬂéé?ﬂ &fﬁ%gqné. Meration
system conpri $8gel2op@HRARUtRETH BRI contlifi o kit demlcBhiiffous ABARSHL4 ON 'S
contacted with a regeneration nedium preferably a gas containing oxygen,

under gener al corabi@aromthensofc dnpriefdneddeahhiqgueanpalves withdrapneg the regenarate
residence tine. , Nop-limting exanples of the 30 regeneration,nmediuminclude
one. or or e oMCISKBE eV sat3HER e TRBRAQUAroRaD TR OB A ARd ARSELy it b
nitrogen or Cg{et}@éhn@i‘é?&ﬁ ARlechivY 9R\e 2RIyt Shpdsion thrétghS latd)pst c@ol%f'ﬁm?O?’) ,

carbon nonoxi de and/or hydrogen. The régeneration conditions are those
capabl e of bufarmsg coled regereratbe moddcuthr sixva lcglyst oomppasitiomrlhe talfstr ably to

a level less than 0.5 wejght rrcept based on.the total .weight of the coked
nol ecul ar si eQ@qgaf%?ngbg‘SWg i‘??gﬁatéﬁfs'@qgﬁ_bthtan’é 1?%%41%'&%{ ﬂ‘gﬁmg Ttem The
coked nol ecul gktefiafNAKE fégen¥mtiol YNEH! Th B WinbBEHRNE the eéﬁlérf}%gér%zﬁe&r ator
forms a regenerated nol ecul ar sieve catalyst conposition. [00971 The

regener at i on melgratasigve cp@lyshcarnpositionyis refurnedgmtihregeng@oOn pcomdisyons 1500C,
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regeneration pigefiérdfed méletulat ﬂ@vd@@?st@ﬁmfpbgimibﬁbﬂt&urﬁéd fstha rdgkfleratdePaa) to
about 500 psia (3448 kPaa), preferably from about 20 psia

, 138 kPaa) to
about 250 psi ¥essel7n4 qepHayousfyLcls, padpnathes porfiened thesoeled @%@quéar(swzkpaa) to
about 150 psi r r.abl v ' 07
kPaa) to aboﬁetg%%ét%g !ﬁg&?gﬂ]ﬁ%a; .&]!f‘ﬂggiﬁjﬁg%lgp ?fé%fe?tg?g%’g);‘%gﬁg ?Hnéé‘%?ktéhe
nol ecul ar si edaectlyadrahgisé¢ctiypapapottioarofithe ftelgencrageé meyledudar sieveicatalyse range of
from about one mnute to . e

composition or cooled regenerated molecular sieve catalyst composition is
contacted with by-products within the gaseous effluent (PCT WO 00/45106
published August 24, 2000). In another embodiment, a regenerated molecular
sieve catalyst composition contacted with an alcohol, preferably ethanol, 1-
propanol, 1-butano] or mixture thereof, is introduced to the reactor system, as

described in U.S. Patent No. 6,441,262. Other methods for operating a

( regeneration system are in disclosed U.S. Patent No. 6,290,916 (controlling
moisture).
(0100] The regenerated molecular sieve catalyst composition withdrawn

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

sieve catalyst composition withdrawn from the regeneration system is returned to



several hours, nost preferably about one mnute to 100 m nutes, and the
preferred volunme of oxygen in the gas is3in the range of from about 0.01
nol e percent to about 5 nole percent based on the total volune of the gas.
/100981 In one enbodi nent, regeneration pronoters, typically netal

cont ai ni ng conpounds such as platinum palladiumand the |ike, are added to
the regener atiy rishr r@scdrys) difecilopiRmblly afitPpasin@rBictghid fatdlyst ésdied In
catal yst conposition. Al'so, in another embodi ment, a fresh nol ecul ar sieve
cat al yst  compae embodiment,adeden sudhtas anagem gaa tfendsiochvapon slgam ordhedikeat i on

di f d vat d ibed.in US. .Patent No. 6 245 703, |
Vet  anot her * SHBGEATHEMPOIS op GBpRBiPusly: drliBistahe iTasBtlion of Mt FPERAPeRrers:
conposi tion fpeiRdule s_ié&gﬁ%??tc%hﬂﬁitfoﬁttklrtﬂ@%a‘éio_’i‘%%lleﬁﬁ, Epefelfasnowuﬁroﬁmr e

riser reactor(s), or indirectly, by pre-contacting with the feedstock, or
cont acti ng wi ohnforesserredcten(d)ar si eve catal yst conposition, or contacting

with a regener nol ecul ar si,eye catal yst 0 sitjon qr_a cooled
r egener at ed mﬁféﬁﬁjl ar j-]"e‘?/@_ EH‘P&%%‘?“‘C Hpﬁ@?qq?lﬂf{?%&eeébﬁ quﬂjﬁef‘?ﬁﬁ[’erﬁed_
(0099] The bumfiinGiAT siePk Coataly@NesiPéIGST g EGAE rEfbn IHoRBulaf AR ment

the tenperature wthin the regeneration systemis controlled by various
techni ques i n catalystcompngihionli ingmf thedieggneratiaoispderyay the tdator egystean,ather

vessel , operated eitGgr | batch, continuous, K or sem -continyous node, or
2 combi nat i o PURRLIGYS! of SoKke A e Maleritar RAYE SFiDASI CaEPoTaILIe BT IR
regenerated nBRLEGULRINtEINGYE TRdrala¥e Im&RTRRAhiGLAN i bt BELHBHADE QN

system and passing the regenerated nol écul ar 'si eve catal yst conposition
t hrough a cat aglequlasonévs cathlyst cémpeosition dessinbgd rie JdicbehleugnokExrarimentali eve

catal yst conpgsiti.on e tal yst. .. ¢ er, An an,enpadi IS a heat
exchanger thafis W%"lﬂ%eéat E“Z@l“%eﬁ'f‘ﬂ%& ﬁ%?ésmérag&téyﬁbgp ?‘i@?%‘)v@%n‘é 2t i on
system | n onglakixdooR836-88%). CHOMRIthéregetidiméndtheoptipfiith déved iof\cokée ahal yst
conposition is returned to the regenerator in _a continuous cycle,

al t er nat i vel y thq gioieculag siqugt eatalyfiocongpasitipoRtherepdian zaneoks mpmtaiped by
regener.at ed . | 0, 141 [ :

r egener at or n@é‘?@é'lﬁé rﬁﬁéamégnﬁ?%ggég%@c@ég%g%o‘ﬁ]"érﬁé gé??éljcr)é gkg'??{é acooI ed
nmol ecul ar si epertiat expenenatiord Gukedewdlaonsthe nnleadal syste catatps siompasitics is

returned to the riser, reactor(s), . .
measured by \Sithd?'a\gnrkg from the conversion process the molecular sieve

catalyst composition at a point in the process and determinming its carbon content.
Typical levels of coke on the molecular sieve catalyst composition, after
regeneration 1s in the range of from 0.01 weight percent to about 15 weight
percent, preferably from about 0.1 weight percent to about 10 weight percent,
more preferably from about 0.2 weight percent to about 5 weight percent, and
( most preferably from about 0.3 weight percent to about 2 weight percent based on
the total weight of the molecular sieve and not the total weight of the molecular
sieve catalyst composition.
{0102} In one preferred embodiment, the mixture of fresh molecular 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 10 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 1o about 10 coke or carbonaceous

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



directly or indirectly, or a portion of the regenerated nol ecul ar sieve
catal yst conposition or cool ed regeneratse¢d nol ecul ar si eve cat al yst
conposition is contacted with by-products within the gaseous effluent (PCT
‘WD 00/ 49106 published August 24, 2000). In another enbodinent, a
r'égener at ed nol ecul ar sieve catalyst conposition ¢contacted with an al cohol,

preferably etdpnigdsitiohs. BeeFon@lample 18! RARht No. 5]0281008. tihey ﬁ-,%gmhéd that
i ntroduced to the reactor system as described in U.S. Patent

6, 441, 262. Ctthermeletuardsieyo calgjst @pmpgsmonrnegtbnéf:@moonzowsxsermm @pltrf a

di scl 0sed U S Bk eRireRier e 300 Hish FARLNR. bbRDcq BT iR O hatl®

regenerati on $y¢ihgMevely 6f @rBdH ¥nd EABLENRe GRpSNitSE. g C@BKET Thé SncaQirRiNAR] Wi th
a fresh nol ecul ar “si eve catal yst conposition and/ or re-circul ated nol ecul ar

si eve cat al ysof thespalspositn spadifionlly ewdte; cepresantl/ en dvessge @disther levelguenls, and
returned to th ea tor(s). |n another embadi nent, the regenerated

nol ecul ar ’é‘gﬁ’ ‘i‘&fm"é&ﬁ“ 8§P&a}¥§h°%’?%? ar?? 5™ t he regeneration system
is retur ned t183) t heTBé ﬁﬁ'srcoﬁ?@fﬂd&h( S wihdiawh! fom A 4R8F¢dgih@dysfim BAF S| NI

through a catalyst cooler.” In one enbodinent, a carrier, such®as an Inert
gas, feedstocis paspask threegam mcovéry $yskes). Fleare m;onmnw&wéll knamvncrem\«icrwousl Y,

facilitates the |ntro uctlon f the reg nerated | ecul ar. V. at al yst
conposi ti on t SIS st BRCArS Seeful e Sepaling oS, pad
reactor(s). 19&;%‘&@ ele@iﬁh@s)eﬂeﬁﬂltﬁsrgm&x effiiehe! | Reeo\tew dysRMsOetdiflly

regenerated nolecdlar sieve catalyst conposition or cool éd reg€nerated
mol ecul ar si ewnmsm eriey ot mmpvsatqombmatm ohe vasgusecparabon,siactiosation t he

rgactor syste m | eve of co cul ar si eve at al yst
conposition i %ﬂq} té@‘@{ Vet q'@“ﬁﬁ'&?hﬁﬁmhg {}a‘?ﬁ’ef"é"’%?’é #3 %hf’ﬁ ques
for controllié® llbbﬁ?zeflhOfﬁaﬁtfxfa@turmtBSUPafenﬁIWGSMBWB§IMOMSlddrﬂratlve

described in M chel Louge, egdrl mental Techni ques, G rcul ati ng Fl uidized

Beds, Grace, WPFeRPs &y Rh@ldehydes, deetones a aé&&?remamgng(sﬁ $3hateny NOanot her
e e 879G M NP e B At BRSRUE NL
of oxygen cone:a:lhamgegs,gmugEfammmrsgstbmstdnehﬂbgane,rmmessers knock—out drums or
pots, pumps, and the like. Non-limiting examples of these towers, columns,
splitters or trains used alone or in combination include one or more of a
demethanizer, preferably a high temperature demethanizer, a dethanizer, a
depropanizer, preferably a wet depropanizer, a wash tower often referred to as a
caustic wash tower and/or quench tower, absorbers, adsorbers, membranes,
ethylene (C2) splitter, propylene (C3) splitter, butene (C4) splitter, and the like.
( 10104) Various recovery systems useful for recovering predominately
olefin(s), preferably prime or light olefin(s) such as ethylene, propylene and/or
butene are described in U.S. Patent No. 5,960,643 (secondary rich ethylene
stream), U.S. Patent Nos. 5,019,143, 5,452,581 and 5,082,481 (membrane
separations), 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



partial regeneration. Coke |evels on the nol ecul ar sieve catal yst
conposition is neasured by w thdrawi ng ##om the conversi on process the

nol ecul ar sieve catalyst conposition at a point in the process and
determning its carbon content. Typical |evels of coke on the nol ecul ar

si eve catal yst conposition, after regeneration is in the range of fromO0.01
wei ght per cerguperfragtionation, amdilbﬁtpatga?bé@r&@%g?%& tpredsiie Swingaddoopiion).. 1 wei ght

percent to at&%bséo weight ﬂercent, nor e greferabl éﬁf rom about 0.2 wei ght
percent to a wei GIPCTRRY CEFRMPANE MISt TEORFRY BISISY 1SOTHE IBAHCIE NS
wei ght Dercef%enkfbtig’ﬂmﬁr Zaae@mgmioﬂerq?e%cm@%ﬁ BPoc‘utcEe tb?Lp?J)dM QQﬁdJEﬁt the

mol ecul ar si eve and not the total weight of the noleclla Sl eve cat al yst

conposi tion. ddifRibahts alnsg prief elie peefemrtad girmpe tprodutes. M Rieu peefaired pesie

nol ecul ar sieve, catal .(séj corrxposition and/ or regenerated nol ecul ar ,si eve
e Jight glefin

catal yst conpRyerustst dolugh 25 sfuirncANPIOBY eaed 4 tupigally BuRbed st
>r. oo e SheT™ ‘ o
50 e ght per 1o URE if ERULER maRRE bk Btftested Sudf IO AL |

preferably frerefose)tin Zhd mostipeeferréd embbdifrient pEtieertovandyii@a] theredienpl y

fromabout 2 to about 10 coke or .carbonaceous _deposit based on the total
wei ght of t hesystemt @se Hicludss o praficationy sysigpal J6F examples e dight glefin(sbe for

i ove. cat al yotroaise Afiedalfh RO phodcS RRCABN Blollfs puhlifulBh ST . o1

regener at ed athdt fehtsies 16w dewdlnof by-prriucatal omtarminames iNompimithed exudes
varying | evel s_of carbon and carbon-1ike deposits, e.g., coke. The neasured

level of theXecopipainants auddormrpdunts jndlpee eepeishiseries campavrdsagichors t he
| avel's on ing ¢t Ao LEBPLAL: R4 BMEA! EhrSh oK RITBARIfuk BbmpRids ShéiPas 1 0103]

The gaseous effluent 1s wt fom the di sengaging system an | S passed
t hr ough a r ecloxdeogerssdfiéen caftioayksudfidesnandymesdiaptaks,.cammonaoandrothersnitbgers

t echni ques and sequences, that are useful in s rating ol efin(s) apd

pur 1 Tyi g of GRS SHpEs RogBEs A0S EHOTdEh: O1RE ASPEIYEYS Ob R OIS |y
conprise one atludel fy@ogén COP I H}Akdcafbonk @uél-ﬁrdso%et?lf“eﬁéf hiRPr dckfdnleOnat i on
and/or distillation %lowers, colums, splitters, or frains, reaction systens

such as et hypropadienss butadidng@nd betype). S. Patent No. 5,476,978) and ot her

derivative [0106] Other recovery systems that include purification systems, for

example for the purification of olefin(s), are described in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Volume 9, John Wiley &
Sons, 1996, pages 249-271 and 894-899. Purification systems are also described
in for example, U.S. Patent No. 6,271,428 (purification of a diolefin hydrocarbon
stream), U.S. Patent No. 6,293,999 (separating propylene from propane), and U.S.
(, Patent No. 6,593,506 (purge stream using hydrating catalyst).
[0107] Typically, in converting one or more oxygenates (o 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



-processes such as al dehydes, ketones and ester manufacture (U.S. Patent No.
5,675,04]), and other associ ated equi pnent for exanple various condensers,

heat excharpgsosei74ef ri geration systens or chill trains, sEIREABSOI9S51
knock-out druns or pots, punps, and the like. Non-limting exanpl es of

these towers, colums, splitters or trains used alone or in conbination
I ncl ude one or nore of a denethanizer, preferably a high tenperature
denet hani zer, udliget hani zer, a depropani zer, preferably a wet depropani zer,

Abvar ber o, ool < RS EEeaITR RS ARSI RRR TN By ReNE 3y
splitter, but ?Qfse&%%u RhirkddE r%@(‘émtﬁ}%dﬁdnl@on bR SS)\@ Eonbmifif Y

systens usefu or rec verlng domnately” olefin preferably pFine or
| i ght ol efi n( stremso@h as ;ﬁu'hfydlamea three pgt enre acatbon atbnut é@a+prydoeadbonbed i n

U.S. Patent No. 5,960 643( on rlche l.ene trea U. S. Patent
Nos. 5,019, 148§0n3inigg stegam 3613’2g %hﬁ%‘m ocaghon Copfaiig Sregmds pat ent

5,672,197 gR
(hydr ogen E gn@é%wﬁgﬁ Q%gﬁ%%ﬁ%&tﬁg%ﬁé prfsdgblg?r eag%rgg ce%l IT)“}'(rirlrg)l:@ ﬁgﬁlg Im%?g

hydr ogen and €#rtbbydrdtarkin sontainorgestesiany jthe U48. hydaoaanionNoont&n@g A8 is

d th | .t t t d
6. 121, 504 (aiPFEEE BiORct SerdEn pioahan FBa SIS b CTide SOISBIEERBr ¢y
ol efi ns wi t hoyhd 34 5-SHRRbEABGT édafh@ﬁlh%a}ear@"ﬂhé#oﬁr oPBlofddarbh hfdrearboRSS

(pressure swi ng adsorption) . General | y acconpanyi ng 'nost recovery
systens is thenqimbﬁdh@tcmﬁn;mh gebetena-1 end butene-@ ubnthdienespsatirated diutanes; ahd
products, . by- R cts and/or contam nants along with the preferred prine
products. The ff?bé‘? APed prime products, the light olefins, such as ethylene

and propyl ene (0009 tYPi Chhd offiRettighé Rfhove@TronP S chivedQbh }Sﬁfcbééeﬂﬁﬁ&bl&@?huri ng
processes such as polynerization processes. Therefore, in the nost

preferred enbd\dﬂ“@emocgﬁs, tthpicallit base yirgrsmvnt of bydrecabens/having ¢ @mnzgre o

i ncl udes a pur| | cat.ion ste ol he I| ght_olefin(s r.oduced
particularly i anl\ﬁ'lt@‘f)ro a'%né &S’ rTErlbﬁf?oug ?frﬁnfaf Pénn)‘@?gtlém t hat

renoves | ow | &yplbsllpfn Qymﬂéﬂdu@h%a@rzmﬂgmaaﬁm SpreiHEHbi)} jess than g0 veaghpl es  of
cont am nants and products include generally polar conmpounds such as
@gr

wat er, al coholpsTceahrpereyreferahly lass than pavesght paiceeln ang mesipreferably lese B¥pounds

such as 2 weight percent, based on the total weight of the effluent gas withdrawn from a
MTO process, excluding water. In particular with a conversion process of
oxygenates into olefin(s) utilizing a molecular sieve catalyst composition the
resulting effluent gas typically comprises a majority of ethylene and/or propylene
and a minor amount of four carbon and higher carbon number products and other
bv-products, excluding water.

{0110} Suitable well known reaction systems as part of the recovery
system primarily take lower value products and convert them to hgher value
products. For example, the C4 hydrocarbons, butene-1 and butene-2 are used to
make alcohols having 8 to 13 carbon atoms, and other specialty chemicals,
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 exampies 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



hydrogen sul fide, carbonyl sulfides and nercaptans, ammoni a and ot her
nitrogen conpounds, arsine, phosphine an® chlorides. O her contaminants or
by- products include hydrogen and hydrocarbons such as acetyl ene, nethyl
acetyl ene, propadi ene, butadi ene and butyne. (0106] Ot her recovery systens
that include purification systens, for exanple for the purification of

ol efin(s), arandlésts3idI8d carbokilakefohsdrofonnylatiowedihighef ofgfai wiah carbon
Technol ogy, 4th Edition, Volume 9, John Wley & Sons, 1996, pages 249-271
and 894-899. PiNidq angd hydrogen makngsarbany comnpaunipe 8-S, Patenk Nex 4992252y, s.

Pat ent No. 6, (paed ficatl of di 143, h b t uU. S
Pat ent No. 6, g‘é&‘éé&"(@@ﬁ%@t i%ﬁig‘%gsr)bply]laséngg#ﬁ%n%@ %r §§H§%§§4 gﬁl&ﬁ&@% ent
No. 6,593, 506 r¢denes, sid' €389mdsi.ng diy Praddst JolCBpatadfip) C3,[ 04k Gy iefhicy. in
converting one or nore oxygenates to olefin(s) having 2 or 3 carbon atons,
an anount of W@am&,arB@insg Goalt Mol 37| Wo| £f(1RPS) (dimepaimgadt pligomefizmgs)
having 4 or nore Ecar blg)n @tom; ar{dl other by-products are fornmed or
produced. | ncPIRRYENEPYIYlENe 2R3 pERYIBEL s of the i nvention are reaction

systems for ¢@MMerti norHehSrerrRAUEIR JIORN(S) Q@guw by 'ﬁn% lofe Wi the PAbcIaS

wi thdrawn fromthe reactor or convertingt e products produced as a
result of the desribediebowy preferadly o805t 0GY RBHET/ WShighp oty 35ime Bkefin(s)

utilized. [01081 In pone enbodi nent, the effluent_gas w thdrawn fromthe
fenctor i s @Rt BR oGS $ BBElsaP R SR SEHOR MATHA et Ban 50

hydr ocar bon c¢ LNl Eﬁ,g(e'f ' : Ll on

at om ( C3+) hygre}gggtpggﬁﬂagf ntal ni %%adstg? %ﬁﬁtfﬁ#ﬁn&ﬁg%ﬁﬁrﬁ? @éﬁgp%a

hydr ocar bon c@&ftweighihpersemte and irsost gasfeeably moolegh theanf abrost 9r wetghopetdeaty zone

rcoduci ng a crude C3 _.hydrqcar.bon d C4+ hydrocarpon contai ni.ng stream
P Gy dr oPBRIGHT 5 CIA P ETo0E Bt (g ABaGH: SiELBUAG Prime
fractionation om?s)%QQ%:BHuBQd th ﬂchﬁSc&G OTHRE RRRREGH at ﬁ{bdolag% mﬂrsmgr bon

contai ning stream "The four or nore carbon hydrocarbons 1nhclude butenes
such as but enperldayn grafenablyegr2atenthan diOcigpsr dayt moz préfenahily geeatersdhan 20 kg

| sobutanes, | 33083y, HHEnkl bHLbH ek 8BS 40 e P ha§ O ShbEF eRhSERR
high purity ethylene and/or high purity propylene is produced by the process of
the invention at a rate greater than 4,500 kg per day, preferably greater than
100,000 kg per day, more preferably greater than 500,000 kg per day, even more
preferably greater than 1,000,000 kg per day, yet even more preferably greater
than 1,500,000 kg per day, still even more preferably greater than 2,000,000 kg
per day, and most preferably greater than 2,500,000 kg per day.
[0112] Other conversion processes, in particular, a conversion process of an
( oxygenate to one or more olefin(s) in the presence of a molecular sieve catalyst
composition, especially where the molecular sieve is synthesized from a silicon-,
phosphorous-, and alumina- source, include those described in for exampie: U.S.
Patent No. 6,121,503 (making plastic with an olefin product 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 No. 6,441,261 (high

pressure), U.S. Patent Application Serial No.



MIO process, typically has a m nor amount of hydrocarbons having 4 or nore
carbon atons. The anount of hydrocarbons Baving 4 or nore carbon atons is
typically in an anount |ess than 20 wei ght percent, preferably |ess than 10
wei ght percent, nore preferably |l ess than 5 wei ght percent, and nost
preferably | ess than 2 weight percent, based on the total weight of the

ef fluent gas veg/belr,gamfifed TebruarPB® POCT Ebsaedefeadsiikn;jettiba), anl U SaPatest| ar
wi th a conversion Erocess of oxygenates into olefin(s) utilizing a

mol ecul ar si evioctad H.4%x (aeetapoed-f4ddn the resulting effluent gas typically
[ InQL bt f hy| . / . .M t._of

corr ses & TR * M SAON ) HERPLAHcsEL A ag o R

excl udi ng wat efight| S&Afs) Jrdrh ap! 16,006 akbdi FREHSIRRC tprefersbly t£ T dAtaitdnt gaé t he

recovery systemprimarily take | ower val ue products and convert themto
hi gher val ue feedsienk morgprefesrbliyphethanehandsar ¢thaireo cBherbnst stepun theeprocesads

but ene- 2 d t k having .8 t0.13 han_at d oth
apect ai ty. chenfang the fBEAREEN nritraRY g hRiplrayeg w0y Ratetiedhve s
met hyl -t - but yl @8y prddubAsh @Bfe 19 pradeRl & Cyntfesily S840 B ads) Ostredfl t fSG@Fas

converted into butene-1 and butene-2, and butane is useful as a
Non-1imting epmdpition gfwelbkoownnand tymesl symgasitrmper8urepaarerin thilgangs, 065, 640

(converting a four,ca product . A but ene- 1 U.S. Pat ent_ No. 774,375
(i sobut ane and Bﬂta@ﬁg{%ﬂt& P ?ed(g)tiﬁo rf’yggﬁ%fzgfsélrﬁsaaé'gll? ﬁbe)r,angf of ﬁJ‘:’Igéltent
No. 6,049, 017 fxbuire MEatd sbdubl o0 MRYE. YS@iiRdsis khsStreBaisand pfidtced! réfmmatidd] 36
and 5,763,678 (carbonyl ation or hydroformul ati on of higher olefins with

cargbtz)nz gi oxi deasanerieum diguidsnend paybenaceews matesiaoel 5 cor), scypigd arlastice.
4,542 ' i i .S, 4 .
et oyl oo RTS8l R o FEERE i, prRFLE) Vel B il 1o

(ol efin-hydrogen "recover pgra
C3, C4 and C5 giodficedivia st&irnaefobmirgedf nafurabgds, GeleralBy a hidterogened@alalyst,

(dimerizing or_oligorerizing, propylene, butylene and pentylene). [0111] The
preferred [i ghWPWﬁYi%GQ?P%rB%fﬁéeigﬂyStaﬂ§ %iacm% P Br s 825 SYEIPhed

above, prefer afnicafonition Qb GAE SGFborP Mfortixsde BH&iﬁ)bﬂr&%én”% QB (£

products that contains a single carbon nunber olefin I"'n an anount greater
than 80 per cesicohqlr afrefembly mebanel; oftem 180 combyglatiopemetntwateror e pr efieer abl y

greater than embodiment, the synthesis gas stream at a synthesis temperature in the range of

from about 150°C to about 450°C and at a synthesis pressure in the range of from
about 5 MPa to about 10 MPa is passed through a carbon oxide conversion zone
to produce an oxygenate containing stream.
[0114] This oxygenate containing stream, or crude methanol, typically
contains the alcohol product and various other components such as ethers,
( particularly dimethyl ether, ketones, aldehydes, dissolved gases such as hydrogen
methane, carbon oxide and nitrogen, and fusel oil. The oxygenate containing
stream, crude methanol, in the preferred embodiment is passed through well
known purification processes, distillation, separation and fractionation, resulting
in a purified oxygenate containing stream, for example, commercial Grade A and
AA methanol. The oxygenate containing stream or punified 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



95 wei ght percent, and nost preferably no | ess than about 99 wei ght percent,
based on the total weight of the olefin. k& one enbodi ment, high purity
prime olefin(s) are produced in the process of the invention at rate of
greater than 5 kg per day, preferably greater than 10 kg per day, nore
preferably greater than 20 kg per day, and nost preferably greater than 50

kg per day. | leHié)hethy?eH0sHdBNbropylérigh Néhilinitiakhedaatiflendd/ibis iteghatedir i ty
propyl ene is produced By the procesS of the invention at a rate greater
than 4, 500 kg ppesesyisydesenbsidaniR-B-¢P32845. mamotharoponofpilygnisgratehprocess; e

Phan 1 000, QooPhEnalby S he i Eemis, B ceritd Mg S Ap® Radhcdd 38 000
kg per day, stdidebte8VR) iADbRe R{n%&ﬁﬁéh% %%ee%} %o;ehamﬁné}%ﬁaﬂopﬂgﬁsg?@rfofday,

and nost preferably greater than 2,50 0 kg per day. 10112]
conver si on pr eeebeerg various potyodeflingr (See fowrewampiedh SpPatcptNo06,660,813)ygenat e

to one or nor fin in the. presence of a, nolecul ar sieve catal yst
conposi ti on, 32}3&5. al I( Qlmenzat ' FCERGT él'?"héqe_ewuﬁ‘%“’s%"rﬁW@Fz H”Vr%ﬁf%
silicon-, ph%ewighl§ress@&q)rgée¢eesnar aBHHbHFatioh rHEE Pﬁk@i%ﬁlaﬂ?%ﬁéfeﬁ‘é&' ign for

exanple: U'S.  Patent No. 6,121,503 (making plastic with an ol efin product
havi ng a par afaf gas pghase ot 2flunmryghiagt pohatérzatiers sf vhaor oore gledin(s)mt Geadbdne U. S.

Patent No. 6,187,983 . (el ectronagnetjc e tQ reaction system,. PCT WO
66/ 18055 pub 1QIREICR s, FYIEDE O OgoPylsasvy T Revh BUEPETALGY BIFEHERIIEE & od o
anot her react GolyR&TaW0h BHABAT 1hapekl iinhiage AgUshe 26 a2Q0hbaRtcN. S gRat ent
No. 6,441,261 (high pressuré), U S. Patent Application Serial No. 37

09/,507, 838 fi |elerdbr uiayey catalysaoigussadapone.fhevtyen dke prifemed poalymesiastion S,
Patent No. 6, 475 cet.one cqs-fed)...10113] | n._enbodi pent ., .an

i ntegrated pr ocgta?zs?%ﬂ% %regﬁ?s&#}gﬁlef'g\]ak‘?b%'t‘f@fq’?éyp‘]r’i‘@ﬂ?ﬁ%ﬁe«gﬁ mE@jlogersype and

hydr ocar bon f emdaicealpolyahedi et catatydty, dn eakfuees Bazof. The pbhekers prvvdaced

pref erably nmet hane and/ or _ethane. The first step in the process is  passing

the gaseous fd¥d&to@RIYmaTEREPRDPrPcesies Getrtbadi dhovei ingludendinear low dgmsitit o a

syngas productg t hgsi : j*ﬂf&ﬁ r as
production is ﬂ@%@%maagﬁﬁgﬁgelé&éﬁﬁg{fﬁgg@t(%%rr%éé t ! es}]gir?éé mdhegﬁagnge
of  from aboutpolgfiG/lene, apalypropRE amdl pojyracysyleiee sopoigmesas.e The tprepylemege of

from o . .
° based polymers produced by the polymerization processes include atactic

polypropylene, isotactic polypropylene, syndiotactic polypropylene, and
propylene random, block or impact copolymers.

[0116] In preferred embodiment, the integrated process comprises a
polymerizing process of one or more olefin(s) in the presence of a polymerization
catalyst system in a polymerization reactor to produce one or more polymer
products, wherein the one or more olefin(s) having been made by converting an
alcohol, particularly methanol, using a molecular sieve catalyst composition. The
preferred polymerization process is a gas phase polymerization process and at
least one of the 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 sysiem comprses 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



about 2 MPa to about 100 MPa. Synthesis gas streans are produced from
natural gas, petroleuml|iquids, and carbonaceous materials such as coal,
recycl ed pwasieggi170tsuni ci pal waste or any other organi c nma¢eusalesopaef erably
synthesis gas streamis produced via gteamreform ng of natural gas.

General ly, a heterogeneous catalyst, typically a copper based catalyst, is
contacted with a synthesis gas stream typically carbon dioxide and carbon
nmonoxi de and Tﬁ?@ir%@%?ﬁbﬂb&ﬁ@éﬂ%@laﬁmnmm pr ef er abl y met hanol often in

combi nati on -wat er A6 “’gﬁm L t %ﬁi]% &ﬁ:‘i@ at a
synthesis te té? ure |¥1At9 e gnan g‘? Hﬁ]o%mtaegﬁut h@: to a ut 450C and at
a synthesis piredsmues fromttheokfinggresbvdredany adwoatf the phdasdes dedeaitied ditbviePa i s

‘passed through a carbon oxide. conversion zone roduce an oxygepat e
cont ai ni ng stI?"é'%"lla‘]lbi@4‘]°nTﬁ‘iS’§’nd¥?/‘§é§?§st‘B°’€?d?ﬁ%‘?‘ﬂ?rhgt @t&%@lﬂm%?s %"gfﬂgﬁ

met hanol , I r od
'corrponents Sﬁﬁ&@%gye'{lﬁéégﬁﬁ‘élﬂ%aﬁopfgﬁ I%?Pgﬁlaﬁfan% ‘éﬁehgﬂ% Xﬂ%g%l(s)aﬁglgé%lfjdehydes,
di ssol ved gaskseas uaipha soléfyml; ogeyl acoiiéjanthylenar dioholorde eandnelingyl tchh;gxala and

fusel oil. The oxygenate, cont ai tream cr de net hanol, in

preferred enb%ylf?ﬁ enggethylens gxi Frr%’qu‘Pea/\}é?lPrc’PXn"g&ﬁmﬂnﬂ‘F‘? F’é‘at‘lllﬂﬁ’h esses,

oxygenat e comSTREng Cafth, 23 bBR, LADRNL IR fubbile iy B S

met hanol . Thetrimerg enditienare of ethyleng psctpy&ammbupﬂmeﬁl ed oxygenate contai ning

stream optionally W|thone Qr 1 d .th one or nore

mol ecul ar SI eve catti4d geSCH+ et 238 e HOE he
processes Fms ed aIE?\éecorrl%rfﬁ'bﬁﬂb'@?oareﬂcﬁ{dnei)ééte‘ﬁ{ aomo%uﬁf gféuetcaalyst
pafticularly ol efin(s), ethylene and/or propyl ene. Non-liniting
exanpl es of thmrnpmsmmfagraamws pﬂcnooce@seiase-dmmmmnlged‘wdstcﬁl?- Bndero38ndtiGns | n
another nore fully inteqgrat r oc ptiona t he integrated
processes desf# %’é’& 368’%’5’“ %q"@% Wf‘g?w?)?](c)ﬁﬁc?éé{g%ﬂa mﬁ‘? SXYSERE SOMPHI
enbodi ment, oRRJIKbITRS ﬁgmtwmr | Z8theGBedRtRE @5ARSts thE mddScQIHY Gigv8 ciRlysOUS

pol yol efins. (See for exan‘gkge U S. Patent No. 6,660,812.) 101151
Pol yer i zat i ofoiBpesensedt| highumeigho| awbn spaces Vsingsties ondir pydepheitemeand a

N1 gh P esSUr & REASERACH oo UONIAGH QTboLAST 8P{ye ERIMCULALLYORE el Ted 1

a gas phase or urry pnhase I'on of  one" of
| east one break up, e.g., attrite, to form one or more smaller attrited catalyst partlcles Some

catalyst attrition particles are very small in size and are referred to as catalyst
fines.

[0119] As used herein, “catalyst fines” means a collection of formulated
catalyst composition particles having a deg of no greater than 44 microns.
Conversely, “catalyst non-fines” are defined herein as a collection of formulated
catalyst composition particles having a dog of greater than 44 microns. “Catalyst
coarses” is defined herein as a collection of formulated catalyst composition
particles having a median particle diameter of at least 120 microns. As used
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 dsg value for
a specified plurality of particles. A d, 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 d, value. For the



of which is ethylene or propylene. These pol ynerization processes utilize a
pol yneri zation catal yst that can include any one or a conbi nation of the

nol ecul ar woewasraaaral ysts di scussed above, however, the ppef/esiotnlyist

pol yneri zation catalysts are those Zia@gler-Natta, Phillips-type,

nmet al | ocene, netall ocene type and advanced pol ynerization catal ysts, and

m xtures thereof. The dzmers produced by the polynerization processes

descri bed abomép@m |0ﬁ<91@5| Heision, they nadiede sige distiution, (PSR used tosdeding the
plastoners, hygh, Qe ”1|§' Héaﬁﬂ%@/ ki b Wh Ci%%?'stcxtte Q! Ye%hﬁ%h&“gsm
| po p%l yners

pol ypr opyl ene "an ypropyl ene opoﬁ ners. ene ase
produced by tthrpﬁh@/rMbﬁelaSB@Oﬁ) pancEs s amjrmdeframaMlcmtraﬂomcpr(dm;goene,

i sotactic pol ypropyl ene, syndl otactic pol ypropyl ene, and propylen andom
bl ock or i npa éﬁ’“@@éof?ﬁ@f’@ diameter’ ag Hsﬁﬁr’éffrémr@ﬁa@n@édi‘%ﬁﬁf of ﬁe‘PP?ig%%r at ed

DO e orPr RicA pRRITSE fe GqRLAGRS 3ol b1 hollBier B LaRichs w8 | he

presence of a I'TE I za cat yst systemin a polynerization reactor to

produce one omeafured byl Juser scapterng aistng \whdfiedorat Melodeie SBO0Mpaicidsefize( S)
havi ng been nade by converting an alcohol, particularly nethanol, using a
nol ecul ar si e#@al¥Tal yst conposition. The preferred polynerization process

53,995 Phasfype| YTeT kR QRPEARRSS, MR sBiracd &80 RS Aliod NEp@lish bRS(S) 1

ei ther ethyl ehe of propylene t he rrerl zation catal yst
systemis a sthepmatdlesd firxe‘saﬁlﬂmcmacetmma&;ateyrsmawmbm Undemﬂably ergrziedi widint ,  t he

supported netall ocene [ a st, system conpri ses suppor ., tal |l ocene or
met al | ocene-t eéEﬂﬂS’o afﬁgta iTGAH9R, SYBIERY &SBPB‘P& h@taﬁﬁhg‘a Tl is a
non- coor di nat 'ggag/ BhRe Qi eHW?@gen@fat&oﬂm pal bR bt 6% SRIm 1RO 2005/ 0 1
707 3 PCT/U 4/019351 39 nost preferably the activator is alunoxane.

[0117] | n addisystem viothp ohtahisegensratow riéerogselyt Hee tootheif reiatdeiy lmdsupfaoduct S
are formed fromthe olefin( rec red .an e of the sse crlbed
Sbove. par t | BIHeP FYERE RENGB AT BRI 45 A0Eh 68 SURTHHBrSES I A0 08 e

process or MIQitaped®s IO ToRE6n 's?ﬁérHQeTh'%thele@ﬁ@e Réntion Ot i8fhet 9art1%1e‘§%1yd€$
al cohol s, acetic acid, Ilinear ggha ol efins, vinyl acetate, ethylene

di chol ori de amdrticukyly appblemcfer highbyrajtrition zesiantpattiglesne oxi de, cumene,
i sopropyl al C(wﬁ‘l'] acr gl eln@ ematlod}/men(ihlh%r]')rggent invention 1s directed to processes

and systems for mamtammg a desired particle size distribution in an OTO reaction
system, preferably containing primary catalyst particles, by adding co-catalyst
particles to the OTO reaction system, as necessary, in order to compensate for lost
catalyst fines. Thus, in a preferred embodiment, the present invention is directed
to a catalyst system comprising two or more catalyst compositions. For example,
the catalyst system optionally comprises two catalysi ¢compositions, one catalyst
composition being more active (for example, more active for converting
oxygenates to light olefins) than the other catalyst composition. In the two
catalyst system according to this embodiment of the present invention, the more
active catalyst 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



propyl ene oxide, acrylic acid, ethylene-propylene rubbers, and
acrylonitrile, and triners and dinmers of ethylene, propylene or butylenes.
Processes dYR2M581WAE for Mintaining Desired Particle Si PETHISZOWI0NBE] ons
[0118] In a conventional OTO reaction sffstem a nolecul ar sieve catal yst
conposition contacts an oxygenate-containi ng feedstock under conditions

effective to . e ty t i

oxygenat e- con?5 é"w@?arﬁﬁ»gn %bedgd@ég%t?gé Ili%ﬁtoﬁneﬁﬁgé%?ﬁge'f gg%g? %a(t: { tg%nt acts
t he nol ecul ar kgj,eihe madeadcyise thecaugipsiis fanonasrtihg grspesifightedeont kye.gpace

vel ocities and under extrene tenperature and _pressure conditions, a portion
of the catal ySKYESHSod? aimspduct inc Ehligdk offfinse ."gl?";n 4§ indigated Berey thabhe or
nore smal |l er Il ed: | I L 0 I it rticles
e very smal PepRisl R0 sERbE! 4P boRBdgloaRan L Fprofifed K pRabl okt BeBE"
used herein, 'semtalfysic fehdias'x Twarte eonvetttdcd ippeduof yfiar thel wrieehce adttad yst
conposition particles having a d90 of no greater than 44 m crons.

Conversely, " @aﬁa&s‘yst non-fines" are defined herein as a collection of

fornialated  §ftohys! oSRRRNEAL ARMALER DAY ifed S Sbpdlangiofng han 44

m crons. "Cat coarser" 1s I ne er&fn as a col l ection formul at ed
cat al yst conpagsiel bbactiigrd pkesatabet exhibitsrelliishighbr désivbed ticht aleefiakinfm at
| east 120 m crons. As used_ herein, "catal &SMOI’]- oarses" are defined
herein as a cGPPEERIPBAUBRE hsRgASHICEENt 15089 %&ﬁ%ﬁ@ﬁ?%ﬁ’e’&# PFEFELO havi ng

a median partibeadhafPtBloditibl iR cRadickbasultnfehPfiSultd, Ol el Ner i .

a "median partic neans t he a a specified plurality
of particl es. haraih rpfr tto cd psaidedirfiorrdennpiesamsaht télcwlatedt entthe dpdpdvwicgt i on
anfl appended cl ai i means that x percent, by volume, of a specified
plurality' of FP#¥% es have a particle dianeter no greater than the dx

val ue. For the WD 2005/017073 PCT/ US2004/ 019351 411 purposes of this
definition, the particle size distribut i_onnges‘gé] used to define the dx

val ue is neasured using well knownk]ase ng techni ques using a

M crotrac Mddel S3000 particle size analyzerf fromMcrotrac, Inc. (Largo,

Florida). "Particle dianmeter" as used herein neans the dianeter of a

speci fi ed wherein X is the maximum observed conversion of a specified oxygenate
feedstock, e.g., methanol, and 7 is the residence time in the flow reactor in
seconds, which can be calculated by multiplying oxygenate molar density at
reaction conditions (in mol/cc) times the volume of active sieve (in ml) and
dividing by the oxygenate molar feed rate (in mol/second). Conversion is
calculated on a water and coke free basis from gas chromatographic analysis of
the products and unreacted feed.

( |0123] Unless otherwise specified heiein, any reference to a Ky In this
specification or the appended claims refers to the activity of a catalyst (primary
catalyst or co-catalyst) for converting methanol to light olefins. For the purposes
of this invention, when the k.« 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 nsed herein, the WHSV is

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



spherical particle or the equival ent diameter of non-spherical particles as
nmeasured by | aser scattering using a Mcrotrac Mddel S3000 particles size
anal yzer. WORNME0IBUTE to their relatively high surface arepctRsimeaidzati 0S, a
portion of the catalyst fines in the #x2action system may becone undesirably
entrained with the reaction effluent and exit the reaction system
therewith. Catal ¥$t fines al ?:‘TO m%g becone entrained wth regenerator flue
gas and be | 84 PLURVEFEVEdR RS 6% yst em via the catal yst regenerator.

Conversely, ¢go6{0 thein {n%lf&%édv%uodiﬁl\éhé Yné PeRen@iRRulidh TRAUFEBL 1O% | arger
particles such as catalyst coarses tend to bé selectively retained in OTO

reacti on syspersss fimenaiotauing \sedesiree peitiste sife distrfmtiopaint 2 céagtion system,

particularly a prpblem highly attrition.resjstant particles. [0122] In
one enbodi _rre!l?fe,fgrtaﬁg’ ﬂéﬁﬁtrew&?@nﬂ%ﬁmi éncfﬂ’rse%r{dé _T’Snbrtgﬁé&c@gn sy st ens
for mai ntai niyagedbHesbmBAsRALicaitRnS k&R ShStar HRbAiRMg BoRd) COfid pRREsd ON
system preferably containing primary catalyst particles, by adding

co-cat al yst ipdudesa sfep tof feedin@OF@lurakityt pHeatalysit patticlas smgcessmry catalystor der to
conpensate for | ost . .catalyst .f.ines., Thus,.in a, preferred. embodi t, the
present i nvemfFisi™i gdiﬁﬁyegglgans?g 180183‘9% J8e S%???%ﬁi COMPI Ry ! %Bﬁr nor e
catal yst conmpesdibh Wdse. FPhe PradRlyCof cdthl9stCRirAtI¥S bompib@NtARYEOfMs! ahd
conprises two cata' _ys;. conposifions, one catal yst conposition being nore

active (for extayst sonmes and hps e frgrkogovaies fardight elsfipen dthesinventiongigo

ol efins) than_the other catal . 1.1.1.0 he t stem
accor di Z\g t o PHIPES Sn%gt(ﬂ) ncton%'? E?%glrépﬁérgyﬁ't icr?il%ﬁsit ipgﬂ%c efsh‘gﬁﬁﬁ?l%é/d%%g?’%/ve
cat al yst com@sichalBn cofpiefiigy a8 dotygehae il the réactidhi BB/ wmdéalysditiognd t he

| e§s active catalyst conposition is referred to as a "secondary catal yst" or
a "co- cat al ydfectivendo coBMeThat deast at pritipe rafsthe feedsinsir 1o PEAGHFY Pptionally
"co-catal yst" . s SV a ' . . ur poses
of this speci FHIEFiT AR B, J1te pRALC AN EE TN BE coparpduORE plt P
(e.g., the prdirsted fomstheordaion eaicaloythe disshagihgIbné.s Lx pfRs@edtreant er ns of
the pseudo-first order rate caonstant, kmax. kmax _ is cal cul ated based on the

peak WD 2005/ WHERERRtiras2c0Poozshe Pipdugigmgat drasha sRTion by eralvd 1o
light olefin gonversigl RoM tht BiserddBind BAL S0 LAG1yst particles, having a second

Kmax value less than the first kpa, value, are added to the reaction system. In
various embodiments, the co-catalyst particles are added before, after and/or
simultaneously with the feeding of the plurality of catalyst particles into the
reaction zone. At least a majority of the catalyst non-fines are directed from the
disengaging zone to the reaction zone.

[0127] Tn a preferred embodiment, the plurality of catalyst particles, e.g., the
primary catalyst particles, has a first prime olefin selectivity ranging from about
75 weight percent to about 95 weight percent, “prime olefins’ being defined as
ethylene and propylene. The co-catalyst particles optionally have a second prime
olefin selectivity, which preferably also ranges from about 75 weight percent 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-



kmax, the nore active the catalyst is for converting a specified reactant x,
e.g., an oxygenate, to a product y, e.g., light olefins. Wien it is

i ndi cat ed hgpewss/dibels a catalyst is "active" for convertiﬂtqﬂ,ﬁmg{gﬁgklx to
product y, it is neant that at |east sgme of the reactant X can be
converted to product y in the presence of the <catalyst. [01241 The
condi ti ons under _ which kmax is measuredffgll ,dep%nd upon the Ilevel o

) f
activity a gi $aRbELPaTtgies I’é@b’nﬁlﬁ‘f"tt@? ratg of Lormagian el §oks padhe HE’E“a’t'Yn‘étmi mum
conver si on U NG IEAA S Rbcrlch SR FHierbaRbud ia1Rt Wimbloi] GHRE
percent to provide nore reproduci bl e”and accurate neasurenment results. The
rates descri behkeretnededirabiyeiereates the pftintoe f thegtluralitieof catlgstpartideant.g.,
tal cul ated by the follow gﬁ eq ation. lé.--@(nélz. I%]s max wherein X is the
mexi mum obser VRUPRBADEGAIYH PARICESsPEIARGIIE USArgeitnl @5t kedst ock, e.g.,
met hanol , and 1134y t he 1f EGldeRBEdikledE e Seakty QW Eﬁ?i%tobm‘ti@les,sﬁg.?_“ﬁé, whi ch
¢an be cal cul ated by nmul tiplylng oxygenate nolar density at reaction
condi tions (i rprimmrycalalyst pesicteheccomypinsam mbleaslar vievs cempogifion, ral Yindarcind
di viding by the oxygenate nolar feed.rate (in nol/second). nversion is
cal cul at ed” on SPURAREY 2aMEUEoRatA ed"a’ﬁs?%cét?laﬁﬁ garc r%ﬁ%{@&j &PAPESGRal ysi s
of the produqﬁaﬁin%ﬂ&;ﬁ%ﬁg%a@e% Difik? Shnd/y %ﬁoﬁ&ﬂ}erd"‘xﬁ@e&ﬂﬁc'sfdv%d ,
heiem any reference to a kirax in this specification or the appended clains
refers to the aoiposition. oThaceaatallystspariigles nptignallyatomiprise wosingle-watpahgnst ) f or
converting nethanol to Iight ol ef] n‘ﬂé‘i For the purposes of this invention,
when the kmax %\tI’B%y?rp’PaX ﬂ'\}’é’ratrflﬂlﬁc f&fol to light olefins is discussed,
di net hyl “et herjof3E) | PreRpdiydemtheded gatdl9stefatkivik eathitio dmedbanadtivity CRpveni ent
cohdi tions for measuring the pseudo-first order rate of nethanol
di'sappear ance @nEcHngpxygenaegdo Welk\olefins than g pjuxalippokeua]ystpagiedasiesin a
mcro-flowre . |.th . I 1] o.he readily. d
dependi ng upgtﬁé 1% F;%n a?i%t".a@ﬁggp%&‘&t% ﬁ'ecéc{{alg ﬁOQ%%%%%é%p?’gﬁaga e%sééeﬁgher ein,
the WHSV is themghaik &id axyeesatehsied a higher atiditiacupAlystipagticldss Aed into a

react or per hour per WO 2005/017073 PCT/ US2004/ 019351 & . . .
result, desirable catalyst flow characteristics can be maintained in a reaction

system at a relatively low cost notwithstanding the loss of catalyst fines from the
reaction system due to entrained catalyst loss. In a preferred embodiment, for
example, the second kn.x value for methanol conversion to light olefins is less
than about 50% of the first ky.y value, preferably less than about 20% of the first
kmax value, more preferably less than about 10% of the first k. value, even more
preferably less than about 5% of the first kmay value, and most preferably less than
about 2% of the first kn.x value, when tested under the same conditions. In terms
of absolute numbers, the first knuy value optionally is greater than about 40 Hz,
preferably greater than about 80 Hz, and most preferably greater than about 150
Hz, when measured at 450°C, 400 WHSV and 25 psig (172 kPag) pressure. In the
case of the co-catalyst particles, the WHSV is based on total particle weight, while
for the first catalyst, the WHSV is based on the included sieve content. The
second kmax value optionally 1s 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 WHSYV and 25 psig (172 kPag) pressure. In
one preferred embodiment, the co-catalyst is inactive for converting oxygenates to

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



42 gramof active sieve in the reactor. [0126] In a preferred enbodi nent,
the present invention is directed to a pwocess for nmaintaining a desired
particle size distribution in a reaction system preferably an OTO reaction
system In this. enbodinment, the reaction system preferably conprises a
reaction zone and a di sengagi ng zone. The process includes a step of

feeding a pl updhést delchieabisley fr eRampie; b§Ted6oifg thePdptitha) siedé abiieht irP@et i Cl es
(ideally conprising nolecul ar sieve catal yst conpositions), into the

reaction zoneco-Gatelyst partities {0 bﬂelééﬁl@h\y&m@mﬂlﬁ@h@lﬂ%éﬂphﬂsbm’tlem al yst fines
d t al yst f nd h k | ue f ht. ol Th

Mventton a s@138bnpr; 1356 BT RapsteimPehe pRlircel bieds ety

particles w thofechRedfdvedptionPIB} [s9eddctol FBMPME Lréih BohsHINGTAEALPOD, lahe

reacti on zone under conditions ™ effective to convert at |east a portion of
t he feedstockall ellmaa@uhte (ecga,t therZBMy5 analogusssiineplité §land sllhlitesIl), thdenseoduct

and the pluraljt t al rticle re re .on zone
to the di sengBRfs ﬁ@ &i@ne ﬂﬁ“@??ﬁalffé‘m S&@énﬁ&gﬁpéxgpng Méét gé‘&’ﬁ)aj ority
of the produciyagdpat:s,esRPORNYAPOR 0TS AR 3025APGRES, §AP€§36'§APOe§ﬂed
from the disendagi ng zone. Co-catalyst particles, having a second

val ue | ess t h8APOR40,f iISARO4], ,&APOa42.|eSAi’|€b4®.dc$e°d’@-d7t HeAP@e, i AED%C)HAem I n

various enbodj nents, .the c -cat al articles.are added_bef ore, ter
bl or o mul VHTBEERS WA CHuEPIE I GRS APGTEIP My oIS, Sessqs and

particles intgdifes theéRset.! THe RBon 6f sieP@bnt@indBiiRthd Yo-taf y?@?zﬁ-ﬁ&l@é %t
non-fines are directed fromthe disengaging zone to the reéaction zone.

[0127] Tn a phywieilyde lomepdharethat cmmempﬂmmlll& pymery eatalabtysartiplgs.t iAslwsed e. g. ,

DT B2 LS o SR, ke s

ol efins" bei njavigg hf’fﬁﬂnaﬁorkﬂielﬂhﬁlt)eflﬁe afshbeF @Dﬁétrﬁlﬁtﬁﬂraﬂ')ha)&@mﬁfkﬁaf-ﬁﬁﬁnmrt icles
efin selectivity, which preferably al so

optionally have a, second

ranges from aﬂ)@Qﬁ A gﬁm pbr SemBaerdochsp dokl., dMeighi WM., Slsae A-H. alAtls ugh

e conver s o ok TErBRUHET AL el i, B 24 pncpycant | | over o

di scussed abo[m.‘szl 0125]Ad&1ﬁamdliyoul Ateringivelyi, thoplutdiiy pmf earhist panieles) ag,l s

that the co- C&t alr}/mary catalyst particles, comprise a molecular sieve selected from the same
group of molecular sieves recited above. Optionally, the primary catalyst particles
and/or the co-catalyst particles comprise one or more of silica, alumina,
aluminosilicates, clay and mixtures thereof.
[0133] The relative flow rate of the co-catalyst particles that are directed
from the storage vessel to the reaction system will depend on various parameters

(- such as the particle size distribution of the total catalyst particles in the reaction

system, the relative attrition index of the co-catalyst particles and the primary
catalyst particles, the particle size distribution of the co-catalyst particles to be
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 1o 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 descnibed as a make up rate and ideatly i1s

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



particles added to the reaction system preferably are active for converting
coke precursors to relatively inactive conpounds. As a result, the addition
of co WO 20abz0i#40e3 43 PCT/ US2004/ 019351 catal yst parti ptesstmyodizow t he
rate of formation of coke on the prinmany catalyst particles contained in
the reaction system This reduction in the formation in coke thereby
desirably increases the lifetinme of the plurality of catalyst particles,

e.g., the praprpximaalymaieh tharateof dess of shpidartyctizedparides Bam the Feasier em
[0129] In one di .l I L f : I t he
primary cat al Ss%a?ﬁﬁ%ﬁ%é@ pg%sgbtﬁ%gtgethlaﬂnﬁcglcggﬁ{lgér |nes\9% é%rﬁrp%aﬁ%gg?nda bi nder
and optional ti-catalyet pariclkacefithimed i e reactivatsybigst wilhadvantagsosiyefeataabl vy
‘conprise a natrix material, optionally a binder and/or, optionally a

nol ecul ar si eg®entiadlypeanstanpn It meonteoplated; haveysar WEP@%‘CBE{ID’O‘%HIM neSonpri se

a single conmpgne 3 u | :
Preferably, tgggbgtggtbg{lvg%}y %&;{Pt I C teisq‘&%aﬁ | ti‘”trmz;i):Ir oilvgg{ g%!t Il%ét?rtnigh?é?pte
converting oxygéaet esitho simiddily-siteef§ icosatahan pditiclpd Weadisey swdh @atcalajyst
particles (e.g.,. . the primry catalyst particl es&l. Such cog-catal yst
particles ar ePgdgles aypyldelikely rimmpdidiely el ther Eeaghien sysiemotueado onbaiRed ve as
hi gher acti vi Egtaté/gttlg%)g_/st particles. As a result, desirable catalyst flow
characteristics can be naintained in a reaction systemat a relatively |ow
cost notwi t hsguddi ng t Mbel fossionfofced-adtylyst partieles finoenseinble pfaled ipoimasy st em

due to entrai ned, cat al.yst Lrgss, In a r.e{er.retcrj embodi nent , f?r exanpl e, the
second k.. vaFH8FLPATHERRRHSICOHRY BPUHSIeE R MegierCHRGPRE! PRETGFEE 1S $tha
about 50% of {fiarfiby Sfrdm about 1 (¥abEE: 20/KEHEMBR MrefeBibly HBANaRAPY Aoyt Of the

fixst k,,,,,, value, nore preferably |less than about” 10% of the first
K, ,,,, val uelOewth, mndemogtr prefaraly \irdne sbouthhrto adbout 5584%f Thpcdlly, she km , |

val ue, and nost preferably |less than abhout 2% of.the first k . I..val ue,
when 't oot ed uiehor REPARAY R BreRip ek ol S ehiieh Sheimtte (e
first k,,,, vaoyueviop! e reacioP sQHAR & the Rarlyabebktickkd ifiZhe rddb@d syaRnY

greater than about 80 Hz, and nost preferably greater than about 150 Hz,

when neasur ed 2 entBelg, Privgyy vHglysepraticles. pds thepripmrk petglysippasticles atrite and he
case o L1e, Sy p R B M SO OB Sh AL
si eve content .weifle raiéadnfdinkary catalystbaigiclepttb @oakatayyst pattieted ihhbe reedod 30 Hz,
preferably | ess?rst:[arrr]laywil?bb%ugeduced and eventually stabilize to a desired target fraction
determined from the relative attrition. resistance of the primary and co-catalyst
particles and the retention efficiency of the cyclones. At steady loss rates, the
fraction of co-catalyst particles will eventually stabilize to a nearly constant value

that is referred to as steady state. Thus, it shoulsi Le understood that during reactor
start-up, the plurality of catalyst particles contained in the reaction system may
mitially comprise virtually entirely primary catalyst particles; Bowever, as co-
catalyst particles are added to the reaction system, the plurality of catalyst
particles contained in the reaction system will comprise both primary catalyst
particles and co-catalyst particles.

[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



15 Hz, nore preferably less than about 5 Hz, and nost preferably | ess than
about 2 Hz, when neasured at 450C, 400 WHBV and 25 psig (172 kPag)
pr.essure. In one preferred enbodi nent, the co-catalyst is inactive for
.canverting oxygenates to I|ight olefins, having a second k,,,,,, value of
about 0 Hz. These relatively low kn,,,, 44 values are achievable, for
exanpl e, by r edutirngatblyst paptidles)dhe miditien Howtratetofithe tdreatalyst patieley 84 from
particles to | evels boel ow those in th prie‘ﬁar.g glat al }/st particles. ]10131] If
the co-cat al y&#boHat Mitél leabeshpdf savmohihcceqiuen o ate of g pnpary eatalyst ar

si eve optional Ly I St 0 al |
i1 ca seol |t SIS, SRYEEHGRpL LR Sl HEWFANS] ol 80 s & thE Safiibn 1)

dense phase dloysiatd of thepaimany cnslyst saticles, SIHAGhGst pfefiabl§, frdmBEbutld0 weHPO-

16, SAPO- 17, SAPO 18, SAPQ 20, SAPO 31, SAPQ 34, SAPO 35, SAPO 36, SAPO 37,
SAPO- 40, SAPOte aboutABwifs of theesidinon djgvorate of Sapprimary gatalysyparticles svhgnowt hs,
met al cont ai ni . - ' , ) S

t hereof. The ra%‘i%% tl][g‘:;ﬁg]\?crerycﬂor{r%% g.lé%ggw:ﬁ-ﬁé Fe}r?e %r{)%get%gfsytgfék g%dr EHI §+Igél%w |

typically be lapwast 1m0hat, fhed withatpairtield didndtbelesy thamay migbad.yst particles. As
used herein, a "dense phase crystalline alum nosilicate" neans an

al umi nosi | i catl®136lavi ndn orer embodimentiethsi plurglity eof casalest partieles has el firsty v

coordi nated T- 'y : I r : rlocher -
Vorer. i, BT oRfde biaier g R SatcAel9], Selucler Bl SO, el <.
Edition, pp. Pakidaidineter] Whih|isAdsh thagnhe lfiystafiedibr parialel dittert MEhepedsr al ity
of catalyst particles, e.g.,. the primary. cat alﬁst_ particles, conprise a

mol ecul ar si evatabyst patiglgs PPBﬂ'?%"fi’ehaé’&r?emeé‘raﬁlPﬁ“ e figmetey o4 dessthannabqut 30 e
atove. OPUI ONhuyons '4hE pRITLABIY1EQHANBLUPA) TElRS. BIHelling RiatRag Shithy St
particles conprise one or nore of silica, alumna, “alumn $ifica es, clay
and m xtures tcoamtdyst pphit B3 Jto Tieraaetion systerh) the flomt ehapdctdristics of gt cHtatyst

particles that are directed fromthe storage vessel to he reaction system
BT Gepent o aees SR e Gotgn SHHge SR be GEn At Bt SaetCdEBbE! on of

the total cat %M&.’&ioﬁéﬁémlheﬁnamfgttﬁ@ I8 chlyst ¥ed B8 thb feabBbRk{tEmate’ I L1 On
I ndex of the co-catalyst particles and the primary catalyst particles, the

particle size tdeswrainélicataysidpss. Hdigber medianysrtighadiamnelessare desived fod theico-
reacti on condit
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catalyst particles is greater than that of the primary catalyst particles.
[0137] In this invention, attrition resistance of the plurality of catalyst
particles and of the co-catalyst particles is measured using an Attrition Rate Index
(ARI). The ARI is used over other measurement methods, since many other
methods are not sufficient to measure very highly attrition resistant molecular

‘:\ sieve catalyst particles, which may be implemented according to the present
invention.
[0138] The ARI methodology is similar to the conventional Davison Index
method. The smaller the ARI, the 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 “-120/4270” and is used as such

herein. Approximately 23,700 scc/min (smL/min) of nitrogen gas is bubbled

through a water-containing bubbler to humidify the mtrogen. The wet nitrogen



reactor effected by cyclones and the like, the addition rate of primary
catal yst particles optionally added to4é&e reaction system and the
characteristics of such primary catalyst particles, and the target

equi libriuminventory fines level desired. This flowrate of co-catalyst
particles is described as a nmake up rate and ideally is adjusted such that
the fines copiged of the thus admtted co-catalyst particles will WO

2005/ 017073 PCT/ US21104/ 1119351 45 approximtely match the rate of |oss of
simlarly sized particles fromthe reaction system Thus, in this case, the
total fines content conprising primary catalyst and co-catalyst particles
contained in the reaction systemw || advantageously remain essentially
constant. It is contenpl ated, however, that particularly small fines, e.g.,
on the order of fromabout 1 to about 2 mcrons, that are | ost m ght not be
replaced with simlarly-sized co-catal yst particles because such co-catal yst
particles would likely imedi ately exit the reaction systemdue to entrained
catal yst 1 oss. 101341 The fraction of co-catalyst particles in ensenble of
the primary catalyst particles plus co-catalyst particles in the reaction
system preferably is on the order of fromabout 1 to about 20 w.% nore
preferably fromabout 1 to about 10 wt.% and nost preferably from about |
to about 5 wt% Typically, the fraction of primary catalyst in the reaction
systemw || be very high, approaching 100 wt.% during reactor start-up as
the catal yst particles in the reaction system are entirely primary catal yst
particles. As the primary catalyst particles attrite and co-catalyst is
added to the reaction systemaccording to the present invention, the weight
ratio of primary catal yst particles to co-catalyst particles in the reaction
systemw || be reduced and eventually stabilize to a desired target fraction
determned fromthe relative attrition. resistance of the primary and
co-catalyst particles and the retention efficiency of the cyclones. At
steady loss rates, the fraction of co-catalyst particles will eventually
stabilize to a nearly constant value that is referred to as steady state.
Thus, it should be understood that during reactor start-up, the plurality
of catalyst particles contained in the reaction systemmy initially
conprise virtually entirely primary catal yst particles; however, as co-



catalyst particles are added to the reaction system the plurality of
catalyst particles contained in the reaction systemw || conprise both
primary cawayesni7particles and co-catal yst particles. [Ogdplstini®igs)
enbodi ment, both primary catal yst partuzles and co-catalyst particles are
added to the reaction systemto nake up for |ost catalyst fines. For
exanpl e, in one enbodi ment, when the co-catalyst particles have a particle
si ze distri btirpegh amngetlelpanmmmg failta theatiaten appatns drongh arpdraus 98T of

about 44 mcrqns co-cat al artl have I‘OXI ely the same
attrition i ndgﬂmgge tg]éh wﬁ’?g s f’Ba{ st b%r?’?%l% éfgathf 1 ow
rate of the c?aﬁmealaeﬁ g RAdihdCiethel cap frn{s ?@’Gﬁy‘ﬁbér nﬁ&fbteoseﬁame& 0 @nit % of

‘the addition flow rate of the primary cat articles, nore preferably
from about 10cuabest paristast fred the onite Etnhﬁlaacﬁmtﬁltbwug]flltbw themhie. of Thehéinpr i mary

o the: add 11 BRERSIPPAPRER (hEEb Ryl PAADR hathes trdler Spedibiob” ™

equi libriumigughabery fines level in the reacti on systemis targeted to
contain at least 10 w% fines with a particle dianeter |ess than 44

i crons. [0136?134% one TaaBtizee flow nas@nsrﬂerpagh the %mt@atcapysmammdcﬁom has a
first nedian 1A t C | es .haye second
medi an parti (}I di gfnkllft glr]é%n@ 1ﬁgtﬁfi”}ﬁ] ﬂﬁ ess f %%qjﬁ%%%?ufg‘{ %{Ht :%gzl e

di aneter. The tgigml€ ai ey Shstilvedt | Theecatalpiti lefleihhk(e At Gor uidb aﬂnféﬂffbt ghe

di aneter of |ess than about 50 mcrons and preferably | ess than about 40
mcrons. By diaf@itionslg3 rhuzs, iupdes thengame gas flost and groipiire ilevelss The tines
reaction-syst KA

cohtained in ?H]eeért%gg{ P%\r/l\f systega% g%h%e delg{erédg\%‘:&%algﬁ Zl:-el’?g SE %Jggll%?abl e
condi ti ons notsepdrinsd apdi:enmxrhble alﬁesme@ifrstctmhahms:trmghealesnfermunhﬁa greme of on

systemdue to entral ne | oss her nmedj an partjcle dianeters are
desired for tHBeRtdes l‘@@fﬂﬁy&ﬁ‘lﬂ%‘? 381 nt OEJF%‘éityétr chagggd Wot%ﬁlagpgﬂ% when
the attrition dpdayraled BR {2 notpbaliy st RAARL]; oA PRbRG: AREWaRfagt of
the primary cacklg ?{ partfI ho F01§7 I'n t slﬁfl"vez/t?%gﬁhatrt&??l C#\d&@

resi stance of mhespmlndr\mth hlghm‘fratesmﬁmyston) p'ﬁhus, tHeawlcaludionfof theeARbmepbal yst
particles is neasu%rﬁs%ﬂ%? an Attrition Rate Index (AR). The ARl is used

over other med¥HFE since many other nethods are not sufficient
to measure very highly attri t| on resi stant nol ecul ar

(]
AR]:_@_i_C_L.loo
D

wherein,'

B = weight of catalyst left in the cup after the attritidn 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

freatment.

[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



(. sieve catalyst particles, which may be inplenmented according to the
present invention. 101381 The ARl nethodology is simlar to the

convent i ongb 2mes13om | ndex nethod. The smaller the AR, powuUsSBR®01BS] St ant
to attrition, hence the harder the catu#&lyst. The ARl is measured by adding
6.0 0.1 g of catalyst that has been screened to pass through a 120 nesh US

standard sieve of ron but I ned an 270 US
st andar d scregﬂtgjé'isé%ﬂﬁg}gggjeaﬁ %‘H&hﬁb‘% Coﬁ‘? 1|y8t a}—tl(ﬁﬁsﬁl?asverasseﬁ%nnven ‘i onal |y
described as ‘and 2@ riBié BT th1Skcofid WFEItkoaEe Fit MRINGIRIA abARIY. PXd BRI I190E,3, 700
scc/mn (snib/mn) of nitrogen gas is bubbl ed througrg a water-containin

bubbl er to huprdemhinfemabevtogerrborh HI0Remors prefrgany malméé&amté%lw

/111 7117 3 P 1 h n.c

exi s the att Pt e o atysiy a1 ASRLE AT, Sibepii e ecthBa ROl
ni trogen renpyagicldzeattiite emopratdadillethan vihé phifakityl af getalyspPattioldses Ihehizg
retained in the cup. The porous_ fiber thinble seﬁarat es the fine catalyst

particles fr ombl‘?élwfttrtégéﬂ‘ﬁmt ‘I’fébe é%oﬂg Wrtﬁd?ﬁf shaRE HTW@Y iTgeeater Han

particles re I pﬁ? 2 apart
through attr r&%}nrtgl fﬁ%%% t{f%le rogen ag}ﬁngg@grp‘{r\%ta roug &aﬂ rition
cup is maint al(agr;l phigary &athwpartTdsies)fhanes ARG | olf éine sbgud 0100 ewéi Bitrpekeenbpe

renoved fromthe unit. A new_ thinble is then installed. The catal yst |eft
in the attritihoHr ihisboyis2 §rveishleRereent pes hogngprefesthly fonkghew 0.0hdightne sane

gas flow and g}%t%ﬁjégﬂoﬁy%l ot '8 Wi %erc%ﬂﬂ ee%g(]d in the thinble are

recovered. Th ction o | ne ca al'yst parti separated by the
thinble after [0b#1]f i r StInhener pmfmedeexgbmﬂmeﬂihdaeamnamlysmpgnms cohpriké e

partrcl es divided t.he unt of catal yst char t he
attrition cupfek ﬁﬁé’s%‘é‘é‘e gﬂ'dge?“c’ﬁ% dRd B8 ?‘ﬁ@YAﬁP’I’O‘? &76’?1? oxidegher
ARl val ues C%&F%O%S‘Mﬁtéﬁ Hhohskrdtates Omtefhaﬁréryome Jlayerysr harticles

cal cul ation of the ARl nay be expressed as
comprise a basic oxide or hydrotalcite, and opt1onally a rare earth metal

component, but does not comprise a molecuiar sieve. In another preferred
embodiment, clay and an inorganic oxide binder are combined to produce a
particle having very low catalytic activity for oxygenate conversion. In yet
another embodiment, the co-catalyst particles comprise a component selected
from the group consisting of: silica, alumina, aluminosilicates, clay and mixtures
thereof.

[0142] Co-catalyst particles comprising hydrotalcite, optionally with a rare
e=rth metal, provide some catalyst benefits to the primary catalyst particles, snch
as reducing the coke yield on the pnmary catalyst particles when used in
oxygenate conversion reactions. Hydrotalcites are naturally occurring, porous,
crystalline mixed metal Mg-Al oxide materials with an empirical formula of
MgsAlL(CO3)(OH)6+4(H,0). As a result, the materials 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



ARl _ [(B+C) 0100 D wherein, B = weight of catalyst left in the cup after
the attrition test; C = weight of collect®d fine catalyst particles after
the first hour of attrition treatnent; and D = duration of treatnent in
‘hqurs after the first hour attrition treatnment. [01401 In one enbodi nent of
the present invention, the ARl of both the primary catalyst particles and

t he co-cat al ySéridlaNd.i10/63%, 35Mm Gl August $D2003. 0S€Elalt® U. SuRdiEnt N6 6)1 ®b19.
percent per hour, preferably fromabout 0.01 to about 1.0 wei ght percent
per hour, andimensemhadimentying corcaiplyibpariclesgompgseMaR- 0.5 wei ght percent

o vy o 2180867071 MBchysatiof chSha, By GRbHbesd BB fioBforit fhey "
first AR, angartibR seR-digtiBliish optietdatdl s phad¢kes dpeeaahld inhdingdMindriendat i o

of the second ARl to the first ARl is fromabout 0.1 to about 1000,
preferably fregrcatBlyst particleshisonieined0o, thageactionesysican| Jdeallymtkd manitoring about

100, and nost_preferabl.y from about about, 10. Optj onal | t he

co-cat al'yst puppReesatoularle  HEDH & bited OF WhiweP e 2D b 06 viugs REhs s
particles. |ncithiyst pafidies coMRinedihehd pdacBoydidif. SERONENNGHng Prefétablyl fsst AR
preferably is greater than about 0.1 and | ess than 1. In one enbodi nent,

the pl uralitypaformeddiyalasgnseatienag papticle size pnplyeerysuchtas| a/Microtree Model) has
an ARl of fro 0. Wei ouf. t o about 2. I ght
or cont per | hoNOD Fepikip siE' ARbLRE S Mol Ind UAREL Fopdalh o TR,

about 1.0 vei glhitpeRE aitly S&ur RiMEr obiteddd offlin@nén Piisfepibolimenth @b sleptof t he

co-catal yst particles conprise a _nolecular _sieve, hydrotalcite and a rare
earth netal ceWerdingrihe corcatadyst paRicdes tonthy flyidized esector optonally isyespensivei t e.

Alter nat i vel vy, 4 b £RrEALALY He MBhELPRe OB $Eoiel 281 exModed

hydrotal cite, and op nalI'y a rare e nmponént, oes not
conpri se a noh @eedesarmenegvimit. NThe prddeterminddelimédmay vandividaly depérdyngion an
norganic oxi g8 Dl s hal & momored. but to da preferably is greater than 120 microns,
between about 100 and about 120 microns, or between about 90 and about 100
microns. Optionally, the monitoring is performed by a laser scattering particle
size analyzer, a Coulter 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 charactenstics in the
reaction system over time.

[0144] Catalyst fluidization can be expressed in terms of a fluidization
index, which 1s defined herein by the following formula:

0.00508-
e f

= 4% jon®®

FI
wherein,
FI=Fhudization Index;

[ = weight percent of 0-40 micron fines, based on the total catalyst
population;

d = surface-volume diameter in microns; and



particle having very low catalytic activity for oxygenate conversion. In yet
anot her enbodi nent, the co-catal yst partisel es conpri se a conponent sel ected
feomthe group consisting of. silica, alum na, alum nosilicates, clay and
mxtures thereof. [0142] Co-catal yst particles conprising hydrotalcite,
optionally wwth a rare earth netal, provide sone catal yst benefits to the
primary natal yst partidéedeaveragechulk dengigdlgal)g the coke yield on the primary
catal yst particles when used in oxygenate conversion reactions.

Hydrotal cites are naturally occurring, porous, crystalline mxed netal
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and can cat ajaaeryoAsiogshydrocarbon transformations. Hydrotalcites are
commercially available from Sasol/Condea (Pural M5 and from Tri cat
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catal yst conpositions is described in U S Patent Application 49 Serial No.
10/ 634, 557, f edtahlished)from BistzaBdatscmdaitens take tPensure thed flugdigatncivdex | n

one enbodi nent, t he -catalyst .particles conprise, MjO,. [0143 he i nvention
optional Iy fub???é}Otg%hﬁ?a]f’g’e egug 'oﬁﬁdﬂ’i"l%??’nﬁ’hlf\% “"[JéPF"r‘bF]éegws of

di stribution ofsdtiapsCai %ieyi?ﬁ_ Q2. LChaR, ( behe! ablaYioh NEatieghd) JetRl)i MBg¥mand
co-catal yst particles) contained in the reaction system I|deally, the

ng(ni toring cowpaplans nahimitng vglugs spfe fluidizatipn indgkere atsy shewmds, Teblg. L, t he
d50 val ue, fo e._.¢C . rti.cle ptained in the reaction system The
nonitoring pr‘é?légagf E;l/%'l{n?lx%é;?ag?lﬁ%tdxgéerg’g?‘aser scattering particle size

anal yzer such as a Mcrotrac Mddel S3000 Particle Size Analyzer from
Mcrotrac, Inc. (Largo, Florida). The nonitoring may occur either online or
offline. In this enbodi nent, the step 5ABIF Iecting the co-catal yst
particles to the W]l . A j I i

determ nation i nE;’{ftaaH ‘% I lo“?t?i%g{'%[ %‘g‘P eg?@'{%%‘leg%le%?éﬁgg%&?ﬁ%g ﬁ(sa Yas
exceeded a predeternmined limt. The predetermined limt may vary w dely

dependi ng on{ tdw, giecvall U withato-46 |nogirhiviasd, put T8I dSo|prefdangd v |i S
greater than| 120 m cron$, micron

0.74 | 74 0.106459 -4.3

0.74 5 71 0.111228 "Minimum”

0.74 10 68 0.116922 5.1

0.74 12 67 0.119114 7.1

[0146] Using a hypothetical case (5 weight percent 0-40 microns) as the

minimum value, it may be seen that operating at 1 weight percent fines reduces
the fluidization index by 4.3 percent below the minimum value which would
likely result in circulation problems. Increasing the fines to 10 weight percent
raises the fluidization index by 5.1 percent over the mimimum value, which would
improve circulation in the unit. In general, this can be carmied aver to operation of
finidized beds (regenerator, stripper, catalyst cooler) where higher fluidization
values would give smoother fluidization with reduced by-passing of gas.

{0147] In one embodiment, the present invention is directed to a process for
maintaining desirable fluidization characteristics in a reactor. In this embodiment,

the process includes the step of providing a first plurality of catalyst particles in a



bet ween about 100 and about 120 m crons, or between about 90 and about 100
mcrons. Optionally, the nonitoring is perforned by a | aser scattering
particle WOWENENIzer, a Coulter counter, device for dePerwsmiowgiast e of
sedi nentation, or a nechanical screenfhg device. By nonitoring the particle
size distribution of the catalyst particles contained in the reaction

system co- catabieslwRGbhitht 8 pARaING of BERG: AbicIBCEbxsas BLESK: AR Nt Al n

consi stent fluidization c aracterisfics in the reaction systemover tine.
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di anet er |n mcrons and 50 den = average bul k dénsity :

Rat er man, , seqoad ﬂmﬂmasngm irfexdens olbilar ntner gl dhuidipation (DdIGX& Ga@awém nal ,
January? 1985.. 10145] .The fl udztlonln ex. 1 s used, i |onvmth
hi stori cal dalpﬁmcg il faldg cf(t) g’epﬁeraf ion, Sy§em P 1 foprg q‘ﬁ?@cgglfﬁgéso C(#alys’:
difficulty of tpﬁi'tfcfdé'xﬁ“thé)féaétﬂr tigereifithe thd SlavaBhy st capll PR QaiticRS Habanmed A

m ni nrum acceptabl e fluidization i ndex may be established from historical

data and st epéhmdik%wnt mdex gueatert Han ﬁhr:Lﬁcmrzﬂaﬂudnzaﬁlnuendcnméﬁmnother fitst bel ow
t he m ni num T

ue..i,s. unit cific us var.i |ons in
desi on (o, ey OLHKE PciEs M = ARC B BFEOY Safher. ‘B0l
non-1imting ‘alaWespaticlet Havl # Sdcbfd medRRRIcH &aﬁﬁwﬁﬁwm@h'ﬁ?éfbﬁblly,ls 1&3@' ow, as
a function of catalyst properties. TABLE | Exenplary Fluidization |ndexes

for Several Cdbanthetirstmadignnarticde digmetdden, g/cc f, wt. %0-40 d, microns FI
% ¢hange [0148) In another embodiment, the invention is directed to a process for
maintaining a specifically defined particle size distribution in a reaction system.
In this process, the invention includes a step of feeding a plurality of catalyst
particles into a reaction zone. The plurality of catalyst particles has a d; of at least
about 7 microns {preferably at least about 20 microns), a dyy of less than about 45
microns, a dsg between about 75 and about 100 microns (preferably between about
75 and about 90 microns), and a dgg of less than about 150 microns (preferably
less than about 120 microns). The plurality of catalyst particles contacts a
feedstock in the reaction zone under conditions effective to convert at least a

portion of the feedstock to product. The product and the plurality of catalyst

nariicles are directed to a disengaging zone. The product and a portion of catalvst

P

fines are yielded from the disengaging zone under conditions effective to increase
one or more of the ds, the dyg, the dsp and the dgp to provide an increased d;, an
increased dyo, an increased dsp or an increased dgg. One or more of the increased
ds, the increased dyq, the increased dso or the increased dog are then decreased by
adding co-catalyst particles to the reaction system. Thus, the co-catalyst particles
preferably have a éecond median particle diameter, which is less than the dsp.

[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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a first flui dPaticleshamelge s inprepsed 4o atseeand medan pagisleghamefer by xieMigg or f | nes
are yielded f t . I L LY ~Qf I .
particles in h%{eﬂgrggﬁ%%gﬁf%tf\%%teabg% ﬁﬁ{s@é@xgé@%ﬁggnﬁﬁéwﬁ dt“% o) ecsgﬁﬁ%ylé?&lﬁ%rt i cles
has a secondpittivleddiambiepris demteased ésa thinhmddien pdrtisle didmietelt Bpkiding icodex.
Co-catal yst particles are added to the reaﬁ%i&n systemto forma third
plurality of eaekypyBarticles to; 18 dgaqliqn; &tepeadp dfis GRBPEMSS Hhe criRBISt ural ity

of catalyst pga&ﬂzfe& %?ti@ﬂﬁlﬁrﬁrg o elurthh k@%&ﬁ}ﬁ?@ dlansieer, %ﬁﬁtiﬁ ﬁeisé bl tho'e

second fluidization fndex. s, the rstt plurality of catalyst particles
has a first miditanediar particle dlametet ePrefasainys the fourth omtimhymitighadtamekeess have a

second nedi an_particle dianeter, i r ef.er abl is less than the first
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shown, an oxygenate such as methanol is directed through lines 100 to OTO

fluidized reactors 102 (two are shown). The fluidized reactors 102 form a reaction
zone in which the oxygenate contacts primary catalyst particles under conditions
effective to convert the oxygenate to light olefins and various by-products, which
are yielded from the fluidized reactors 102 into a disengaging zone 109. The
disengaging zone 109 is adapted to separate the primary catalyst particles from the
products of the OTO reaction process with cyclone separators (not shown) or
other separation devices, which are well-known in the art. As shown, ar cizfin-
containing stream is yielded from the disengaging zone 109 in line 104, The
olefin-containing stream in line 104 optionally compnses methane, ethylene,
ethane, propylene, propane, various oxygenate byproducts, C4+ olefins, water and
hydrocarbon components. Additionally, olefin-containing stream 104 may
comprise a minor amount of entrained catalyst fines. The olefin-containing
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



‘I'n this process, the invention includes a step of feeding a plurality of
catalyst particles into a reaction zone. The plurality of catalyst
particl es wases0azof at | east about 7 mcrons (preferabbkygras2dosapizsabout
20 microns), a dlo of |less than about 4% mcrons, a d5o0 between about 75
and about 100 microns (preferably between about 75 and about 90 m crons),
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particles to th eact i.qn stem .Thus . the co-catalyst particles . .
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reacti on zone,thetetalyish composifydnsr eontaigedoin digengagig pwet 109 isswitbdrawnd@dof at

| east about 7 mcrons, a.first Lan article diangfe eferably between
about 75°m or TR RIS P drifids Ransoner i b et s tiindegas
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product, e.g.,cdtdlgdtconlpotitiofs. Aieshowag ygippiipdmediom {3 maatided 6o cailadtyst
particles are directed to a di sen%agi ng zone. The first median particle

di aneter is i n®npREdd4thronghdEwndomand b FrEpiting séinped ficap B¢ iireleasedg or
| osing a porti of § Negy.f: t |%ggﬁ.g . e ond
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the fluidized reactor 102.

[0152] During contacting of the oxygenate feedstock with the molecular
sieve catalyst composition in the fluidized reactor 102, the molecular sieve
catalyst composition may become at least partially deactivated. That is, the
molecular sieve catalyst composition becomes at ieast jartially coked. In order to
reactivate the molecular sieve catalyst composition, the catalyst composition
preferably is directed to a catalyst regenerator 138. As shown, the stripped
catalyst composition is transported, preferably in the fluidized manner, from
catalyst stripper 134 to catalyst regenerator 138 in conduit 137. Preferably, the
stripped catalyst composition is transported in a fluidized manner through conduit
137.

[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



particles optionally have a fourth nmedian particle dianmeter, which is |ess
than the first nmedian particle dianeter. Preferably, the fourth nedi an
particle dWOMMI¥ME | ess than about 50 microns, preferabCHUSHW01%3N about
40 m crons. 10150] The Figure illustrafts one enbodi nent of the present
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catalyst regenerator 138, the temperature of the catalyst composition may increase
due to the exothermic nature of the regeneration process. As a result, it may be
desirable to control the temperature of the catalyst composition by directing at
least a portion of the catalyst composition from the catalyst regenerator 138 to a
catalyst cooler 143. As shown, the catalyst composition is transported in a
fluidized manner from catalyst regenerator 138 to the catalyst cocler 143 through
conduit 142. The resulting cooled catalyst composition is transported, preferably
in a fluidized manner from catalyst cooler 143 back to the catalyst regenerator {38
through conduit 144. In another embodiment, not shown, the cooled catalyst
composition additionally or altemnatively is directed, optionally in a fluidized
manner, from the catalyst cooler 143 to one or more of the fluidized reactor 102
and/or the catalyst stripper 134,

[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



fluid conmuni cation with fluidized reactor 102. As shown, at |east a portion
of the catalyst conpositions contained in disengaging zone 109 is w t hdrawn
and transpare8piiprief erably in a fluidized manner, in coRdlUB2MEB1%BFom t he
.di sengaging zone 109 to a catalyst stffpper 134. In the catal yst stripper
134, the catalyst conpositions contact a stripping nmedium e.g., steam

and/ or ni troggf.catdEparticREGrd bRARtEA Wothld ¥RnkDinkSHHRHSM! FACR 28 hittdgdh or
hydrocarbons from t'he nolecul ar sieve catalyst conpositions. As shown,

stri ppi ng nmediagen; vhich e ducedicedttbraiigh dines i 10.st Typpaly. Ipweviar, oltigh nidtne 135,

and the resulting strjp tr,eam 1 I s released ..from catal yst ri.pper
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fluidized reactor 102. [0152] During contacti ng of the oxygenate feedstock
with the nol ed®58 si d\seneedediiopsnatalyspeticlas RS iare witbdrahvi fgomdhe stemge or 102,
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conposition, the catalyst conposition preferably is directed to a catalyst
regenerat or 138 comgtaiysbmarticlesefram thp siaragec wesadlydo tedthpaeictionrsystem. As

transport ed, rabl y i Lyl dj.ze t.stripper 134
to catal yat r Sty B ol bttt Sl BNR (hé BEhede G os o b8

cat al yst conpahsehgfping Sord anfipidideddeddioral §2. uindbiaederibitigientsNhowgkr,ciadui t
137. [0153] In catalyst regenerator 138, the stripped catalyst conposition
contacts a reé@r?é?aéﬁ}/%"“ﬁ?ﬁia{ﬁrﬂ“%‘@‘ torthp FeactempINes £-8g 1o egaser reastoss, of
conditions elhehbiafa (Bl a0aahol REEIhOG: RER!Rh.HORs SRS TLakANR) ! O
at least partially regenerate the catal yst conposrtion contalned therein.
As shown, the systgmndicatexemplADti0dbeARadlyd pasidRESTdptiSASl ] dieG93hited Dito wadi um i S

i ntroduced into the t al r rato 38, throu l.ine 139, and.the
resulting r egéﬁé’i‘%f?é’g?.’&‘ﬁ? i?%rsp%ggg%o’sqlzt 5%%3“%?%{‘{011*2 Bﬁﬁ%"?‘é’df CHoAAHI y in.a
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109 through conduit 141. Utinmatel’y, the regenerated catal ysts are
rei ntroduced ilHBpand/or the catalyst regenerator 138. By mntroducing co-catalyst particles 105

into the reaction system, improved fluidization and circulation properties can be
advantageously realiz.ed.in the fluidized reactors 102, the disengaging zone 109,
the collection zone 111, the standpipe 112, the catalyst stripper 134, the catalyst
regenerator 138, the catalyst cooler 143, as well as in one or more of lines 133,
137, 141, 142 and 144.

[0157] Additionally, primary catalyst particles optionally are added to the
reaction system through line 101, which, as shown, introduces primary catalyst
particles to the catalyst regenerator 138. In 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



the fluidized reactors 102. The gaseous conbustion products are rel eased
from the catal yst regenerator 138 through flue gas stream 140 after

separ ati on WO MSORY73 cat al yst particles with cyclone sepafGTHSMM093s8hown)
or other separation devices. Flue gas ¥tream 140 al so may conprise a minor
anount of entrained catalyst fines. In another enbodi nent, not shown, the
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due to the exdOh&9Ini ¢ niataFedated embedimeghibe avieaHopivdisenied msa plyrdaylal, |t

may be desirab Q rQl.the t er at - of .. tal yst C Qsition by
directing at ag'i%stE pgﬁlggérsth%lglrl\]grc%f Saeﬁle%c%a?tgcll%gltzgg cl)strrt%%%tfot%r gfflnn Sof Qtfr&%gn%t al yst
regenerat or 138etfarticle Gadeadiygibutionlcemphided: (A asdowvn at 16t GBbR| ¥ Shicrons

conposition is transported in a_fluidized nanner from catal yst regenerator
138 to the cat(@l‘%fgllabg'(%llféﬂﬁ abogt 26 micrgns); o mdhip of lesp thappboy arefty; tdol ed
catal yst conposi,ti,on | r-af Y oard f;l uidi zed r from
cat al yst cool et d?ﬁ“ﬁ%ezjkﬁqogp? ﬁgﬁ%gﬁcé‘f@lsot% @gg@ﬁé%‘% gcrl)aalgg’ “J’fﬁ?r Satlglaf%ﬁdui t
144. 1 n anot hedboatiadi mididns. ndt mbdwen difvevered! #et ahd abysfied GarmRbs isizeon
additionally or, alternatively.is directed, optionally in a fluidized

manner, from tHatribgten 9"5%“"@6%4@” qopyably fﬁh@zﬁio%ﬂ}aéa%ﬁfmpﬁ-’elm PUPFesdigny eact or
102 and/or t sféﬂ'fsal yst stripper 134. [0155) In order to conpensate for

| ost catal yst Tines and nmmintain desired fluidization and hydrodynam c
characteristic@160] t he Ineactiosn pegfdtredn endmdonditnghé artidie gizee siemdbutiouent i on,

co-catal yst particles are added . to the reaction stem _As hown,
co- cat al gst Ba‘f"c"‘i‘msé%‘ (115)5 ‘gr‘g "étl’fﬁsba{’]‘?“ﬁ SECRES @i@s‘ﬁp of dess t&ﬂ \f%}’h‘éﬂpy, t he
WD 2005/ 017073, REJIMBA004) GLBRRE aboar PP amPb6 n¥ishonRakdd () &5d.fof nblgpdlist ed

wi th a bl anketi ng rre?f%um such as nitrogen or
than about 120 microns.

[0161] In another preferred embodiment, the particle size distribution
comprises: (a) a d; of at least about 20 microns; (b) a d,o of from about 40 to about
50 microns; {(c¢) a dsg of from about 70 to about 80 microns; (d) a dys of from about
90 to about 100 microns; and (e) a dgs of less than about 130 microns. In
simulation studie, this particle size distrnibution, containing about 10 weight
percent fines, based on the total solids weight in the reaction system, performed
particularly well having highly desirable fluidization characteristics.

[0162] In these embodiments, the plurality of catalyst particles preferably
comprise primary catalyst particles and co-catalyst particles. The primary catalyst
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, SAPQO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,



-argon, which is introduced through line 110. Typically, however, it is not
necessary to bl anket the co-catal yst particles, particularly if the

co- cat al ys%, Wih6fses are not active for converting oxygarpusmidmesiight
olefins. [ ?522?{,0\5 needed, co-catal ystsparticles 105 are withdrawn fromthe
storage vessel 106 and are transported, preferably in a fluidized manner,

in line 107 to fluidized reactor .102._ Fl ow cont.rol device 8, such as
a val ve, cont Hﬁ@ﬁ‘émfe}'%w"ﬁﬁf m@@f Etaping fogus %ﬁe’éﬁfogs‘mﬂ%?ﬁ"f‘ ff%méstjt ?Iﬁ@fz vessel
106 to the reqplingRnt¥StheBof AThe ScBQ:‘Mhlystt fﬂ»ﬁrtfc%sc@étﬁhéﬂﬁt ccﬁ}ﬁﬁﬁéeci fvlethiar

directed fromthe storage vessel 106 to the disengadging zone of fluidized
react or 102. IsmvetshleﬁtEé%bﬂdlmmmcdm@mv&ﬂfan hé.P(; en @itsdicpseolpara darises are

.directed to the reacti,on zone 0., of e.[i r r f h

flui dized readti® THRe ARG SAD o SAREY, é@@i&@%@"?héﬁ ©-
regeneration 1$¥S§A?O-I§,OSAP®6‘I(D|S?§P®J3¢, SAPeRtAl yRPOR! tSbﬂ@'Cﬁ%,OS’APQE@,' y are
introduced into one or nore of |ines 133, 135, 137, 142, 144 and/or '141.
Optional |y, tHARG40atSARGH4], p3AROA2eSSAPO-44nt BAROe4 8APOeid, y AEMCH A he
catal yst stri 143, .and/ or .the catal.yst

pper 134, the catal.yst ¢oole y
regenerator 13 Fr%ﬁ’lw_ﬁ’ﬁi Pb‘%ﬂcfﬂ@a‘ﬁ'&gpg SySEr r{qtgrgwriégnnq eeafth@deact i on
system i nprovgidnirkdtiheicdft A9 QeRBed in ddidiPABRR, E %ﬁ{a&; &tal ﬁg;aﬁﬁ:les have
advant ageously realized in the fluidized reactors 10Z, thé |seg,g?(‘c};l|_ng zone
109, the col lachst bax ¥ahie and the edreatskysirpnsiigies have a sdvend kialvpbie, hpper 134,
t he catal yst ,reggenerator 138, .the catalyst cooler 143, as well as in one or
nore of I|ines 13@3{%@@%5;1?5%&%%@&%2 and 144. [0157] Additionally, primry
catal yst partijoi6¢q optiOnanallyahe caddedyst Qatiietes Wwidloadti dAtafy ke Moldchlapugh
| i pe 101, which, as shown, introduces pri mar%{@cat alyst particles to the
catal yst regerfigvat 6Pmp@ENL | nlptthisr emhediaicrbnthe, coreatatysty padicigsy aptionslyt i cl es
are added to q | hing . the . el
reactors 102, J(Z)S?np?ﬂée :)E'? éogrrlggrneeg‘ih gerll%t%? Prtg ﬁ:g{h?,eoréﬁg %gﬁgghngz%e&&ghgb Z&?d S t he
catal yst st ri(opdraslddmirdahendiatsilioakta claploeclald3andamiiaes chiteeodr THasethef | i nes
133, 135, 137, 142, 144 and/or 141. [0158] In one enbodi nent, the,
co-catal yst paiofRongRt eptionally % pelerted, fromy the, graupespngistne ohalisa APYNS at al yst
particles priafy, Lt Lied ' I B L GACT waple, the
primary catal %?ﬁj%g?@%%;&g}ngﬁco%grtegl ygt&ga@tgglaggﬁé%gﬁegﬁgf F%‘glrﬁe&adm xed
and i nt r oducecembtdimeiie thee ac-titelysispatieles \comphise @nd Q. mbre of the following:

hydrotalcite, a basic oxide, a rare earth element, an inorganic oxide and/or clay.

Improved Catalyst Regeneration

[0164] It has now been discovered that poor fluidization in dense-bed -
catalyst regenerators is detrimental to unit operations in general and catalyst
regeneration in particular, Poor fluidization in the dense bed of ih2 regenerator
disrupts solids flow from the reactor side into the regenerator and out of the
regenerator and back to the reactor. Consequently, poor fluidization in the
regenerator can propagate and upset the entire circulating fluid bed process.

[0165] Poor fluidization in catalyst regenerators occurs due to msufficient
fines in the solids inventory and introducing excessively 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 moncxide 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



-WD 2005/ 017073 56 PCT/ US2004/ 019351 anot her enbodi nent, the thusly adm xed
primary catal yst particles and co-catalyst particles are introduced into
one or noipg ffeskiiees 133, 135, 137, 142, 144 and/or 141 .PCORiS20tiv3sl t he
~adm xed catal yst particles are introdused directly into the catalyst
stripper 134, the catal yst cool er 143, and/or t he catal yst regenerator 138.

Preferred Partlcle Si.ze ,Di st ri butions t he
Cnventf on | o BiPECRRICRIE, ety Mot Eed prban mauftenBrd B PRI oL

speci fic par tdfienmeaeligled o watmedu edﬂambm aadecsﬁwaiomw dué feafitatiirhigke Si ze
di stribution conprises: (a a d2 of at |east about 7 mcrons (preferably at

| east about 2ipserkeddidow. (Aso.qthgitwrging|afcoke wihob s atdwst fendsdade k689  a dso

b b h
about 150 m ¢F nlsﬁpﬁ?ﬁﬁéﬁé%een RN o e Waepl PZBR oL 21

di stribution gk @esved Gohythdeatalyshl Podrl fuiidizatidn 50 @bfass!tee pobhisini n OTO
reaction systens. [01601 In a nore preferred enbodi ment, the particle size
di stribution thebpgalystewill pass threpghothearegeresator Frthgnt Velﬁﬁcfﬁlﬂh§egf{q§§at¢9 dl o of

| ess than aboyt ns and
(d) a d9o of Sghésrsbeyéﬁgesrﬁgyﬁan&%% 619%(:%@’?%%1 %gﬁ%ﬁq{r% ano‘itﬁ%g%greferred
enbodi nent , tdmnagerddectcebslhlgehajkﬁ-aprmbuth)mmdynmﬂw desdlszonea‘caugh?’ af tat | east

about 20 microns; (b) a dio of fro about 40 tQ about 50 mcrons; (c) a dbo
of from about FEEENEEORFEENItIRY HFnS%Ei“ ntly donger qesidesice g WHGtTEEGISAY about

100 m crons; gngd he véta Pesgienké @b ] O%@F&g%er&tﬁp rﬁrg;i) l’]@n%ﬁ‘uor? bﬁ‘t’ﬁé‘t ' on

stndie. this partic stri n ntal ni'ng per cent
fines, based oanalykteregmcadtoxsnhprdsemes; gfficienty} hovdre anmlidsioms Syistupis th@ewrﬁnr med
parti cuI arly well hh VI %{é{%SI rabl e fl UI di zati on characteristics.

[0162] I thelses éﬁ%B’aﬁ prrundesined bydposhermaltressest ¢l es preferably
conpri se pri npyggpat al psa f%taoahﬁéo@nm&Mg{r&t:ysgs SRA ! 6L B0 Fiesd | mary

catal yst particles have first nedian part | anet er,
co-cat al yst pprocess| e tegemeraied slacdwmgmldhmnecpaotadhgh—mmmre finid-bdd

f bl | th th | di t Th
ot al yat. par t FERSE PRSI MYErE JHp FPEE IROHBrb ot e & FEReEtPB My om ¢ he
group consi st LRAgEhGrefSABE R.seRORPHom MR comifiidy of 0, O3, SO;, N20, NO,

NO;, N;Os, air, air diluted with nitrogen or carbon dioxide, oxygen and water,

carbon monoxide and hydrogen. During combustion of coke, the carbonaceous
species comprising coke typically burns to form carbon monoxide. Typically, the
carbon monoxide is subsequently oxidized in the vapor phase forming more
benign carbon dioxide and releasing a considerable amount of heat. If the carbon
monoxide is oxidized in the vapor phase assccinicd with a dense phase of catalvs

in the flmd bed the heat of combustion is absorbed by the nearby solids and
operations are smooth. If the carbon monoxide manages to channel from the
dense-phase region into a region lean in solids and then oxidize, the heat of
combustion produces localized hot spots that are disruptive to unit operations; this
phenomenon is colloguially referred to as “afterbuming.”

[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 umit. Addition of combustion promoting co-

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



16, SAPO- 17, SAPO- 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPCO 37,
SAPO 40, SAPO 41, SAPO 42, SAPO 44, SAPO 47, SAPO 56, WD 2005/017073 57

PCT/ US2004WO01068M7073El / CHA i ntergrowt hs, netal cont ai ni ngPEHYHRPOYNEIHof |
sintergrown forns thereof, and mixtured?thereof. The co-catal yst particles
optionally conprise a nolecular sieve selected fromthe group consisting of

SAP0 5, sapo A r48d ot Sopdhe AT P IRIR BidipiR B P Ay °' ©
SAPO 34, SAPOI3SoncSARPoRnesBARIT] wERCpdOsnt ARG, (BARR:rt BrouPARTILAA,

SAPO- 47, SAPO- 56, . AEl/ I nt er ovvt hs, ntal ning forms thereof,
i nt er grown f ortFAESRERGAL) suppprted; t%‘t‘@’?atoﬁ “ﬁ%OIH%@B?"It‘Bé(?OTcﬁt St |

‘above, the prijRLy (5agg! ae%&u&ﬁr%gtaige%amven tﬁeftb{ tw ﬁgﬁxoy%y%o fstidge

co-catal yst particles have a se kmax val ue, l'ess an t he
first kmax valpremofifig 68}-cAplysoradtied , tot fiee creautmnabystempant brdee stowicbhtraiot
contain any nol ecul ar sieve conmponent. In this enbodi nent, the co-catalyst
particl es opt ﬂﬂ?étl’qr?mgconprl se a conponent selected fromt he group

consi sting of. Oi@ﬂrga”'ﬁre%éée%omﬁﬁé{ﬁﬁ FRorAbHE NR3- ARV *T%l b&ﬁﬁwrc?al ay or

cl ays, and mxtures thereof. Thus, the "component optionally is sel eéted
fromthe groupvedalde ¢trongh hﬂersatllnca(SeeaGum}ﬁIaundaltmdemmek pucht 8 CORBSH, and

o catal yst pa O Dl A« b e, Faftl, CodRe GaP sofi e CRPAGRT i 1o

a basi c oxi de, jpafe@hfhodhéM ﬁE%HﬁBhstmﬂrbrbrﬁ@ﬁ@&H-Eat&l&ht%a@d’é‘&’t@rth&'eﬁéhon droved
Cat al yst Regeneration [0164] 1t has now been di scovéered that poor

fluidization isysgenteptewiie framaabpgt Oﬂégéﬂ@bamto‘i weight geroeniygmelatablyofromi t

operations in gen |, .an ner at | ' arti.cu 00r

f1ui di zation i ﬁ@%&e‘ﬂs"g%’e o pee? gé‘?\%rFé’f%?m"EY ’SP’iﬁ‘p%bS“Lgioﬁ&g PBO% £ 1 om
the reactor Sl@eWdﬂélﬁpbﬂﬁnf@ﬁﬁdiﬁﬁ&i?fonﬂm@g@ﬂicaﬁfysi Rhe FROSHEERIR, basid back
to the reactor. Consequently, poor fluidization in the regenerator can

propagat e and Qrpthﬁtotcahéfem iof Ehecsolids inyentaty T the seasden pystaes Jhe [ampesq ofPoor
fluidization i C%&%&Ys%g ﬁg) gfngt A etal 06 Uhz 9 Lﬁaoﬁnérﬁo Lafx'geg# catalé;g[es in

the solids |nv tory an I NQ Excesser vel
e.g., air, intgrefdigblyagererRbraboBo0N foasion SlOS@hi(ghebyrcéht§ et préferaplyoper

f1 ui di zati on
from about 0.5 to about 3 weight percent, and most preferably about 1 weight
percent, based on the total weight of the combustion promoting co-catalyst added
to the reaction system. Optionally, fresh combustion promoting co-catalyst is
repeatedly added to the reaction system, say on the order of once every 3-14 days,
preferably about every 3-8 days. The need for the combustion promoting co-
_catalyst is determined by inerzased frequency of afterbuming episodes or by rising
CO levels in the regenerator flue gas. The need for adding a Group VIII metal on
alumina combustion promoting co-catalyst may be reduced as the average age of
the catalyst (amount of time it has spent in the process} increases due to the
accumulation of metals such as mron, which also promote combustion of carbon
monoxide.
10169] 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 JUPAC

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



of catalyst regenerators and have simlar detrinental consequences.
Specifically, carbon nonoxide |levels in é¢he flue gas fromthe regenerator
i ncrease during periods of poor fluidization because such unstable
operations increase the probability of carbon nonoxi de channeling though
thée bed without being oxidized WO 2005/ 017073 PCT/ US2004/ 1119351 58 to
car bon di oxi deuckehestheninnr, ebsbumepaibdinmpooniude 1hdwal andpiatiaumr dddbwevdrpt h

environmental | y due to undesired em sslons and operationally due to
af t er bur ni ng, SRFESEINSKICY MElabiSUCk| &% £otdy SINEF 9F (FGPBST BN boppedhi Sege for

catal yst tends,hahe pcassuniRhd Gheikailh Weshapaidiados o1 Paee! i dnfhen as

nore air i s nee per gfam o on renoved fromthe catalys oor
fluidizati on akans atnhe easae dfhanpabpatitleithyn parlidpatedh theycdtalviit komdastidohr ough
the regenerator. wi thout being fully regenerated (solids_by-passing) or
unnecessar i | y of s8jaostBenaxade ihe Gredn Yall metalssarcprafepdy dispersed nregbineie to
bei ng hel d-up 1n. ) - enerat of )
resulting in s?ﬂé’nﬁ?fs Pﬁ%f@éﬁ@n@e&ﬁgggﬁﬁ%ﬁ(@z?%@hf}ﬁh%gﬁﬁeﬁéﬁgﬁaﬁ &{ han

the average r gfidtaleie @ged inmheirdadtiod. rBgcnef dlatier ddeo el plaly W dpdifich® ol inf he
catal yst regenerator inproves its efficiency, |owers em ssions, disrupts the
unit |ess, ariorpeons thescorustian Afyearben gmngxtissindetherpfercotancberany fairksses.

[0166] Cataly | | Wi.d-b . 0 e s the, OIQ reagtion
process are rZ;&%‘{ng?ﬂﬁ?@h’ ﬁé%géisrﬁgadg?tic\%garlgéc t%’f)f:&gp Elgﬁﬁ%téaﬁrr% rg B?‘én%f {oui - bed
catal yst regenphdimitinghifs eftdxemplite ihért leurrias cofprised tlays ageRe, aitartis,

medi um  whi ch pr,eferabl¥] s selected fromthe group consisting of 02, 03,
S03, N20, NO, Zepliss, aRdios hydrofalcitgsy di|uted with nitrogen or carbon di oxi de,

oxygen and ""agﬁivo] car ke FORAY dG Al ‘Ei{ﬂpogﬁé‘- F{?Wei %C%%pﬁt in%oQLdeCOke’
t he carbonacedus “speci es conprising coke typically bunms to Tonn carbon
nonoxi de. Typicoaibluytiort ey beribgmegmanmix odethies fineth sdncleratre yadded dozthd sohidt he

vapor phase farning re. benign carbon dioxi.de and_r.e| easi ng, a consj derabl e
anount of heatvenfory il aHpigehed %miﬂuerqdeg 19 BTy l@ﬂ%ﬂ-viwﬁeq&wa %

asseci :1ied wghéy ﬁnﬁ%%%a%@hﬁésecaﬂfseﬁ%t@bmﬂiéﬂla S mbkdVifly BchydhsdyRaRicsOf |

conbustion is absorbe the nearby solids an operations are snooth. |f

t he carbon nordxhelsystrmmeages(2) belpirenmenager thmcombustiemekbcashers moneyiden Thet o a
region lean i r}ne%)ll ciag%ee}lrlltcxj'o uf}:%g t§ ﬁ'xie(_jﬁrfe% ’thrtorl}gh gre]?tof %];e techniques known to those
skilled in the art (such as incipient wetness followed by calcination and reduction)
or prepared in a manner similar to the commercial combustion promoter COP-
850. Since the reaction is structure-insensitive, the small size of the fines
impregnated with combustion promoter is not anticipated to have any deleterious
effects on the metals ability to promote the oxidation of carbon monoxide.
(\ [0171] Iron is one of the least expensive of the Group VIII metals and
therefore is an attractive candidate for promoting carbon monoxide combustion.
In test reactors, iron has been observed to accumulate on OTO catalyst with
increasing time-on-stream. It is believed that the iron deposition on the catalyst in
test reactors comes from the erosion of the stainless steel walls thereof and
through accumulation in the oxygenate feed. Thus, the need for platinum (or
other Group VIII metal) on alumina combustion promoting co-catalyst in OTO
reaction systems will be less and less as the average time-on-stream of the catalyst

in the reaction system increases because the iron content of the OTO-catalyst (e.g.



conbustion produces | ocalized hot spots that are disruptive to unit
operations; this phenonenon is colloquially referred to as "afterburning.”
[0167J | n waizsmieshsure | ow | evel s of carbon nonoxi de i RETHS&24AE3gks
leaving the regenerator and to stabili?& operations by reducing the
occurrences of afterburning, conbustion pronoters are added as co-catal yst
to the solids théPﬁﬁﬁiﬁéa\(al?ét}ﬁlﬁie@ﬁds%dts&%y%a ESYBbWRbh profisted | on of
conbustion pronoting ‘co- catalyst greatly enhances the probability that the
carbon nonoxi €174 oxi dinzanpther emingimeuts/itpry 67 htetipneldy rdd¢d 0 8B1s0188 dense

phase regi on as._oppos t [ . LIy oxidizing.i | ean_phase region.
" one. onbodi nBNeTOg g ATRIHHPE Skfenp &Rt Brra B PP SO
transition met@korsHoRe%ide tofBbudidhTin theOxdialgstCRFbMFALAN GHHRNEMY, Mebn (or
co-catalyst is added to the reaction_system based on the total weight of

t he conbust i orenofies ksewmy 1IE setd) is by addediedhe cyalypidinesarhirlbmay psrddgd ton or der

to control afterburning.. ! Py ef ti,0 ' ONo} | cp-catal ysts
are comrer ci allwrmé?vg#el aB]Iszgglﬁlgs)olggthglcﬁ °£é§‘§3§0‘?ﬂ§§.s°eﬁ Sglgg rt‘%dqﬁ%naﬁ%d)ér trade
names such as fHethabivlly, tHeoni5edd«dib a3y of tHeQhreBlnibn chiapSdfts 2O Sedlyst

COP-500s, and CATNA480. In one_enbodi nent, the conbustion pronoti n@
co-cat al yst i smalgifedhe slayhthertindari oh to Apsaciivetoleren sever feegn 8ABA349)-001 to

about 5 wei ght t. t, 0. '

porcent, v, ARERER roPETERBRat TR0 Y achiddido BRI, ulfoh il
conbusti on pr oadding) ok Qe ¢l Binyert map Hehignpraaichl. o Prefyrablgmhebedsedsedoss thiae t ot al
wei ght of the solids inventor){ In the reaction _system, The anmpunt of the

combust i on pr ofAALYH g Aate '@%ﬁ’%@%@%??l&ﬁe%fﬁdﬁtﬁeﬁgv‘é}@—}%@t 1Py, gqntent
preferably r a”&eﬁrdfe{)%nlﬁgﬁ’&{e. gﬂﬂoﬁ nRRUHe é%gﬁ‘@s‘tigﬂtwﬁ’i?éf' ﬁeﬁbinyﬁ}ér &tﬁ&%f erabl y

from about 0.5 to about wei ght percent, nost prefera about wei ght
percent, basedregendrdter.t otal wei ght of the conbustion pronoting co-catalyst’

added to the reaction system tionaglly, fresh conmbustiqn promtin
co-catalyst is Olf"gbeat edl §PeER "P’Smb?kﬁ ﬁ'@’édf Pé&?dsg?g'gﬁrﬁ‘at%"éﬁ%ﬂ’ NEIEr der of
once every 3- 1g.A@WSknowt &f tRb@WIRRA e £V ﬁ‘!h?z{h 25 B @ﬁ&?ang%jgtg&a?ﬁ{jthégfa t he

conbustion pronoting co- catalyst is determ ned bi/] I ncr requengy of
af t er bumi ng epbpsidpminganpyteps kemyto remove it. Most natural clays have quite high iron

contents, e.g., on the order of a few thousand wppm or more, and the specification
of iron content in the clay used for the catalyst formulation may be altered (raised)
for the benefit of carbon monoxide combustion. Another manner in which iron
could be introduced into the OTO catalyst so that it can promdte CO combustion
in the regenerator 1s to specify/allow a minimum iron content in the OTO feed
(preferably methanol). Iron in the feed would accurnulate in the catalyst matzix
{ until a saturation point and could assure a substantial quantity of iron availabie for
promotion of CO combustion.
[0174] Thus, in one embodiment, the feedstock comprises a regeneration
medium and the product comprises combustion products. The co-catalyst
particles may enhance combustion of coke from the plurality of catalyst particles,
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



CO levels in the regenerator flue gas. The need for adding a G oup VIII
metal on alum na conbustion pronoting co-catalyst nay be reduced as the
aver age agwions/rie7icat al yst (amount of time it has spent pCT/i2e04pEESS)
increases due to the accunulation of Mdtals such as iron, which also
pronote conbustion of carbon nonoxide. 101691 Catal ytic conbustion of

car bon nonoxi LS, - Lo Iy . i te per
exposed net al 9‘3‘?‘%‘% (?‘éaﬁ#’{at :f’rg{-(gﬁ&n Jjg%@ﬁ E}entrlljlt0 Mlg?en;%’gdr:}% F&(’: P‘r‘ekal(ygﬁaerﬁg]?g g}re?é}ﬂgel?c rystal
face of the nedraprisead abmbustipnt trchaneiagtmern) selewded Sropr tHeegrehp \consiatigd yzed by
Goup VIII transition metals (Groups 8, 9 and 10 in the | UPAC. systen),

speci fical | y, Tabmspha tssB’rcgE]t’ eﬁ%%‘?ﬂ‘t H@C‘%F‘%ppﬂl?ﬁ%t OFgIER, RGN @@falt, 60
ni ckel, ruthepj r hagl] J=Yel S L4 di and-nl at i 3

towsver ot hepif R BF: Bt Thedls Be Myehlof pARCAS Saliiihe,
used. See, fodesirklnfRidiza@6T apd lovs bhisatactpyisdtics an iaarOTO 2G04 yéRm Ahile Si nce
it is only the atons at the surface of a netal particle that participate in

the catal yti c2lsesRRAREINgFatalyst gegepefatipn pharpgdenstiche Group VI netals are
preferably di ed o ' ' ' '

maxi m ze the g@fellggi ency%%t H{%mi (S:%nqgﬁ%lgéngﬁgrbﬁea?g?é#?eggaggrﬁnﬁ&?ﬁéed pgacti on.
The inert car réferencioes panticybdraymbodingmid i thaset of airéinary skitloitthequrt el
conbustion of carhon noxi.de and therefore can be any fairly _.inert,
typically por GBBIFc%tﬁltggF &'ﬁéfw%‘toél ?’E“?%“ﬁ?{)@p‘”’\ﬂalufmﬁrﬁ? pece istagdi 0. A
non-limting ki o] Laer [ ' \/ ia,
titania, zeo Flt%sans', ?gﬁgﬁg?éaﬁ@%rtg?glfgﬁ?ggﬁ S?%?nggj]én%%igﬁe Itl% %gtagﬁg{a\?ﬁui ch are
active for cachans foypuriodes oiocdetdrmsting thenmye Ssepé ofthe gresemdnoantivhe fi nes whi ch
aré added to the solid inventory of a fluid-bed systemin order to inprove
fluidizat'ion. Consequently, such inpregnated fines can serve two functions:
(1) inproving the hydrodynam cs of the system and (2) hel pi ng nanage the
conmbusti on of carbon nonoxi de. The netal can be introduced to the fines

t hrough any of the techni ques known to those skilled in the art (such as

i nci pi ent wetness followed by cal cination and reduction) or prepared in a
manner simlar to the commercial conbustion pronoter COP- 850. Since the
reaction is structure-insensitive, the small size of the fines



i npregnated with conbustion pronoter is not anticipated to have any

del eterious effects on the netals ability to pronote the oxidation of
carbon nonoxide. ]0171] Iron is one of the | east expensive of the Goup VIII
metals and therefore is an attractive candidate for pronoting carbon

nmonoxi de conmbustion. In test reactors,,iron has been observed to accunul ate
on OTO catalyst with increasing ti me-gjh-stream It is believed that the
iron deposition on the catalyst in test reactors conmes fromthe erosion of
the stainless steel walls thereof and through accumulation in the oxygenate
feed. Th{LAIME need for platinum (or other Goup VIII netal) on alum na
conbustion pronoting co-catalyst in OTO reaction systenms will be |less and

| ess as the average tine-on-streamof the catalyst in the reaction system

i ncreases because the iron content of the OrO catal yst (e.g. WO 2005/0171173

PCT/ US20Q4/ 11193 8dess R} nidiRaidirgBlaridetiad diskibulisitineasalion RS WikTeiR thed
conbustion pronoter. 101721 I another enbodinment, iron is intentionally

added to F{l@ssﬁcﬁtﬂgﬁgesth?%t@%ﬁ&fy of an OTO reaction system e.g., as the

co- cat al yst, er ohote carbon nonoxi de conbustion in the catal yst
regenerator. tJd onal | i.r 0 0 anot.her G oup. VI 1| tal.) . s,be.added to
the oat al yoi (Deeiika el BB BRAR R o d3pHid he T IS RPEITof ¢ he
ci rcul at iongathlystipdrtied hay s fiesmedidd iphitiRRaliAieter, a dabf fldast dboed Ymidrbte, A QN 1S
added to any of the three main conponents of the catalyst matrix (the clay,
t he bi ndéf lespihan ppus AS grerppe ady) kedtisearabaiteland abgpt 10&npenony pyd a daddii ng t he
iron to yhewmlb Ilgb Er%}{f-; may be detrinental to catal yst function and
e bin

adding iron tot er may be inpractical. Preferably, the clay used as
t he cat al yst (lWabntagtingsthe pluadlity sf eypedyst partiales with el femslsedk frothe reastioretomti vel y

high iron content. in.order to prqonote carbo oxi de conbustion while it
5%t nanddeardions PieBlifich so B R SRR RS RPTRE (ron s added
to the matri x(dywiireétird the!fiodgct afiB i10skS a kBRIWA of thetphfralfty Df chthigt paftidlddeo ar t

(such as ion exchange) or left in the clay by skipping any steps taken to

renove i tdiSeNgGINGYR®r al clays have quite high iron contents, e.g., on the
order of a fefhgus BB B TR Son BGANL RAERIN kAlilMBanifl adieon, cont ent
in the clay ugje) : orgt e‘wgat a%s@(g or atl%ﬁ lmay (l[’)e }gﬁa‘j{er 0g€ Y ged)
under conditions effective to increase one or more of the d,, the dyy, the dso and the dgg to
provide an increased ds, an increased d,g, an increased dsp or an increased dgo; and
(e) decreasing one or more of the increased d,, the increased dg, the increased ds; or

the increased dgog by adding co-catalyst particles to the reaction system.

2. The process of claim 1, wherein the dsg is between about 75 and about 90 microns,

and the dg, is less than about 120 microns.

3. The process of claim 1, wherein the feedstock comprises a regeneration medium and
the product comprises combustion products, and wherein the co-catalyst particles enhance

combustion of coke from the plurality of catalyst particles.

4. The process of claim 3, wherein the co-catalyst particles comprise a metal selected
from the group consisting of: iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium,

iridium and platinum.



for the benefit of carbon nonoxi de conbustion. Another manner in which iron
could be introduced into the OTO catalyst so that it can pronote CO
conmbustion in the regenerator is to specify/allowa mninmumiron content in
the OTO feed (preferably nethanol). Iron in the feed would accunulate in
the catalyst matrix until a saturatio&tpoint and could assure a substanti al
quantity of iron available for pronotifon of CO conbustion. [0174] Thus, in
one enbodi nent, the feedstock conprises a regeneration nediumand the
product conprises conbustion products. The co-catalyst particles may
enhance 6onbu¥he procesk of olkien iy winertihehapdodadlyst partitles attahyséonastiorcdfes, f or
exanpl e, by inproving fluidjzation in the regeneration system Optionally,
the  par EREPRMBMOUIGTRGFOR AP B arsieretentiian treprigary Faplas Pasiisnsat e 1 or

| ost catalyst fines, as described in detail above, in order to facilitate

catalyst fluidization in the reaction system Additionally or
al t er nat Pvel yThe precess o€ eleim ¢swhasein thecdreaingpfthe ewtal pn ehecoriatpdyst partieles car bon

pets uszofiiie] BB 2be 5 e A dbRpERenC BT by WeAal (RO AN

co- cat al patticlearti cl es preferably conprise a conbustion enhanci ng netal
sel ected fromthe group consisting of: iron, cobalt, nickel, ruthenium
rhodi um palladium osmum iridiumand platinum Thus, in one enbodi nent,

the inventi onTRE poteisDf Lidim MakvRdréth M @edsHRR IchbRBl&esfah bk fichateiand uand 1 ow
characteristics 1n an OTO reaction systemwhile also enhancing catal yst

r egener aPlagucteampasesdighteletiss. [ 01751 Wil e the present invention has been
described and illustrated by reference to particul ar enbodi nents, those of
ordinary skill in the art will appreciate that the invention lends itself
t o vari a8i onsThoprooess ef slain [7ywhdréin shier at@athlydh paréicles hdvera sebost maetimon, t hen,

ref erence should be de.sol e o ,the appended «clains for purposes of
det er ni nPHGC ‘??ﬂéagﬁgﬁ%gﬁﬂk%héeﬂﬁbsent invention. 63 CLAIMS 1. A process

for miintaining a particle size distribution in a reaction system wherein

the process conprises the steps of:
9. The process of claim 7, wherein the co-catalyst particles have a median particle

diameter of less than about 50 microns.

10.  The process of claim 9, wherein the co-catalyst particles have a median particle

diameter of less than about 40 microns.

11.  The process of claim 7, wherein the plurality of catalyst particles has a first ARI, and
the co-catalyst particles have a second ARI, and the ratio of the second ARI to the first ARI
is from about 0.1 to about 1000.

12. The process of claim 11, wherein the ratio of the second ARI to the first ARl is
greater than about 0.1 and less than 1.

13.  The process of claim 11, wherein the ratio of the second ARI to the first ARI is from
about 1 to about 1000.

14.  The process of claim 13, wherein the ratio of the second ARI to the first ARI is from
about 1 to about 100.



(a) feeding a plurality of catalyst particles into a reaction zone, wherein
the plurality of catalyst particles has a first nedian particle dianeter, a
d2 of at |east about 7 microns, a dlo of |ess than about 45 mcrons, a d50
bet ween about 75 and about 100 microns, and a d9o of |ess than about 150

m crons; (b) contacting the plurality 8; catal yst particles with a feedstock
in the reaction zone under conditions effective to convert at |east a
portion of the feedstock to product; (c) directing the product and at |east
a portion of the plurality of catalyst particles to a disengaging zone; (d)
yi el di ng 16he phopuctssaifidlaan porwhevein die ratd af e tecbhd AR 1o thefiriteA Rl is éomagi ng
zone undﬁr q&nd%%%qﬁs effective to increase one or nore of the d2, the duo,
the dso 4RYt¢rR? ‘0 provide an increased d2, an increased dlo, an

i ncreased d50 or an increased d9o; and (e) decreasing one or nore of the
increased d2, the increased dlo, the increased d50 or the increased d9o by
addi ng cdfcat Ahyprocessiof Fleined, whereindhe plnkalinyodf catpbtsepartidles ase fgstidoecelust cl ai m
1, wherei ( ' 5 . L Cr an e d9o is
ess  hanlBce S sLpRBlterhea it (5, 30fe A0RLh X0k THAT P Brot KBk

feedst ock conprises a regeneration nediumand the product conprises

conbust i praoducts, and wherein t.he co-catal yst particles, enhance
combust i 32 of %g%R@c?WﬁF‘FH’é??ﬂ le?eé?‘llt%v SB?O@EH“Q‘I c ‘f)gfﬁ ﬁ‘@? égqmgapqrﬁ@“pr ocess
of cl ai meBtheWh&Ikg,valyee co-catal yst particles conprise a netal selected

fromthe group consisting of. iron, cobalt, nickel, ruthenium rhodium
pall adium osmium iridiumand platinum 64 5. The process of claim 4,

wher ei n e COnealALAS ARty ikt MARGRAIQTNURIK O sOfhan SALRIY piRRXI de L0

carbon dioxide to a greater extent tha Brimary catal yst p es. 6.
The procefthedirstdaivalué, wherein the anobunt of the metal on the co-catal yst
particles ranges fromabout 0.1 to about 10 wei ght percent, based on the
total weight of the co-catalyst particles. 7. The process of claim1,

wherei n tibe f eRepioREds of BIATH il §,85hedéin eSS, Aflictifi Rss MaR dbiik 5poRBltioTes
light olefins. 8. The process of claim7, wherein the co-catalyst particles

have a sd&idifet kvedfad#e: particle dianmeter, which is |less than the d5o.

20.  The process of claim 16, wherein the first ky,.x value is greater than about 40 Hz.

21. The process of claim 20, wherein the first k.« value is greater than about 80 Hz.

22, The process of claim 21, wherein the first ki, value is greater than about 150 Hz.
23. The process of claim 16, wherein the second kmax value is less than about 30 Hz.

24.  The process of claim 23, wherein the second k. value is less than about 15 Hz.

25. The process of claim 24, wherein the second Ky,x value is less than about 2 Hz.

26.  The process of claim 7, wherein the co-catalyst particles comprise a molecular sieve
selected from the group consisting of an ALPO, an all silica teolite, a dense phase crystalline

aluminosilicate, 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,



9. The process of claim7, wherein the co-catalyst particles have a nedi an
particle dianeter of |ess than about 50 microns. 10. The process of claim
9, wherein the co-catalyst particles have a nedian particle dianeter of

| ess than about 40 microns. 11. The process of claim7, wherein the
plurality of catalyst particles has a.éérst AR, and the co-catalyst
particles have a second AR, and the ratio of the second ARl to the first
ARl is fromabout 0.1 to about 1000. 12. The process of claim 11, wherein
the ratio of the second ARl to the first ARl is greater than about 0.1 and
| ess t haSAPO-443 SAPIR4 hrSed¥s-$6,AERCHANtkdgrowdhermetal doheirtimg foomethetdo€ second
ARl to the first ARl is {rom .about, 1 to about 1000. 14. The process of

cl ai m 13nigEEwMe; farms theregt. ppd gyixtpges thegobing AR to the first AR is from
about 1 to about 100. 65 15. The process of claim 14, wherein the ratio of
the second ARl to the first ARl is from about 1 to about 10. 16. The
process 8f- cl Zhawprpcesgnéelainy 7 whergin treaplinalityotf catatyal nasticleseqomipgisesst has a first
kmax val L he - t rid a which is
aes 1 nafojsslFbseRied it 8 erl b iy SPRADCRs GO, SHPO-HTkMBo- 10 B
second ki6)SARD-UE, SAPO-d8sSAPAHR0aBARO-0 SALEBH SAPER-3 1, IBA FO-B6 1 SATR7val ue.

18. The pgr.qce f, cl ai 7, [ sec X e.is less than
about 1o§a§?>£@§31’&4ﬁ@%-#@ﬁ@éﬁ%&%ﬁ%@@ one, ﬁﬁmm&?gfemsm 18,

wher ei N e S6RANMe RIS tHAkSS int& gloRhFolniAtRcREDUAd MiNtBres Bdteof the first
kmax val ue. 20. The process of cFa|n116, wherein the first kmax value is

greater than about 40 Hz. 21. The process of claim20, wherein the first

kmax val is ROKM e . : f GlAl ,
wher ei n ? ﬁ'e ngéEI%E%éQ%\E}E uZ’ I'S aggheﬁ e?rallﬁéurf C%%@ﬁfﬂaﬁgsﬁl}ag an%ﬁﬁﬁ@‘pr ocess
of cl ai maidiit 0\t evedghn pedcentpechaa td atsoat 2.8 wetght pedcertpet han. about 30 Hz. 24,

The process of claim 23, wherein the second kmax value is | ess than about 15
Hz. 25. The process of claim 24, wherein the second kmax value is |less than

about 2 bB. 2%he faBeshbPEIBMS 29 witekd@h Me Hlurit® o tialyiabiRtiGHad by ARI BAfrbiC| €S
conprise a nol ecul ar sieve
about 0.01 weight percent per hour to about 1.0 weight percent per hour.

30.  The process of claim 7, wherein the plurality of catalyst particles has a first prime

olefin selectivity ranging from about 75 weight percent to about 95 weight percent.

31.  The process of claim 7, wherein the co-catalyst particles comprise a basic oxide or

hydrotalcite, and optionally a rare earth metal component.

32. The process of claim 31, wherein addition of the co-catalyst particles in step (e)

increases the lifetime of the plurality of catalyst particles.

33.  The process of claim 31, wherein the co-catalyst particles are active for converting

coke precursors to inactive compounds.

34.  The process of claim 7, wherein the co-catalyst particles comprise a component
selected from the group consisting of silica, alumina, alumninosilicates, clay and mixtures

thereof.



selected fromthe group consisting of an ALPO an all silica teolite, a
dense phase crystalline alumnosilicate, SAPO 5, SAPO 8, SAPO 11, SAPO 16,
SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37,
SAPC 40, SAPO 41, SAPO-42, 66 SAPO 44, SAPO 47, SAPO 56, AEI/CHA
intergrom hs, netal containing forns thereof, intergrown forns thereof, and
m xtures thereof. 27. The process of claim7, wherein the plurality of
catal yst particles conprises a nolecular sieve selected fromthe group
consi sting of SAPO- 5, SAPO 8, SAPO 11, SAPO 16, SAPO 17, SAPO 18, SAPO 20,
SAPO- 31, 3SAPWOCWtaiSﬁ@@-p&&iClmiﬁﬁbuti(ﬁﬂiﬁ@rd@ﬁio&%‘kﬂﬂyheme42,
SAPO 44, SAPO- 47, .SAP El /CHA intergrow hs, nmnetal containing forns

t her eof , f‘?‘ff’se?r‘:ﬁ%%esft ‘?ﬂﬁpst ereof, and m xtures thereof. 28. The process of

claim7, wher gi rd\mn@hpnaélnyhsfcﬁtaly@&)aﬂtu&& 1Ipaﬁfehd:tiﬂn%n8aﬂ1e?élnﬂﬁ|phﬂﬁhzr om
about 0.01 wei percent per hour to about 2 % ercent per hour.
a8 P

The proc@g@tﬁyg@ﬁﬁﬁc}?ﬁbesawféfraéi%“tah@mﬂl micgnss 4/figst mg %‘Pleﬁléﬂmqt‘?ﬂ@? has an
ARl of fr i ercent
per hour W ¥R than e 138 shblonbiah SkrcRthe Bk B A ppr ok Eblbised
particl esprlmasy ateﬂystpmip}eisrre olefin selectivity ranging from about 75 wei ght

percent to abqut 95 weight .percent. 31. The. C of claim7, wherein the
P catal yor -l erRRutiBlhrRey SR ptids Wik b seiSer infs Setiom 2oht

opti onal luMde cblaﬁ@o@aalffebnmb@bn@ﬁrﬁwaaratponm} of thefeBdRERSS peiduét, ai m 31,
wherein addition of the co-catalyst particles in step g i ncreases the

lifetime of tkddipeiing the productand af loast a pertion of ke phgghty? gatalygpagiglesfo &| ai m
31, vvher(aisgnég cRa&at al yst particles are active for converting coke
precursors ﬁactl ve compounds. 34. The process of claim7, wherein the
co-cat al yst pa:lr)tlmawasmgcthmﬁrst siedian patiplo démeterse h sextoed nfedmmpatt&legilmuger

consi stl of silica silicates, clay and m xtures

t her eof . glio Singd pog! %%ﬁé‘g@yq ﬁpes‘:fﬁqrﬂr}% ?eﬁéagéngp%{’t"ﬁ a&de size distribution in a
reaction syst &mdewbﬁirfg the 5d26nd RicBiaR portiCR MMM &8I0 hliEirEnedian pirticleAlanittedvi di ng
a plurali ty of cataly particles in a reaction zone, wherein the plurality
of cat al PERI¢ag £¢- &Mé‘é’SttP&glcéPsdQﬂlﬁ’ffe%ﬁt‘oFéﬁéﬁé@cmabout 7 microns, a first nedian
particle dianeter, and

36.  The process of claim 35, wherein the first median particle diameter is between about

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

37.  The process of claim 35, wherein the feedstock comprises a regeneration medium and
the product comprises combustion products, and wherein the co-catalyst particles enhance

combustion of coke from the plurality of catalyst particles.

38.  The process of claim 37, wherein the co-catalyst particles comprise a metal selected
from the group consisting of: iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium,

iridium and platinum.

39.  The process of claim 38, wherein the co-catalyst particles enhance combustion of

carbon monoxide to carbon dioxide to a greater extent than the primary catalyst particles.

40.  The process of claim 38, wherein the amount of the metal on the co-catalyst particles

ranges from about 0.1 to about 10 weight percent, based on the total weight of the co-catalyst



a d9o of less than about 150 m crons, and wherein the plurality of catalyst
particles conprises primary catalyst particles; (b) contacting the primry
catal yst 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 p&%tion of the plurality of catalyst
particles to a disengagi ng zone; (d) creasing the first nedian particle
dianeter to a second nedian particle dianeter by losing a portion of

catal yst fines front the di sengagi ng zone; and (e) decreasing the second
medi an paaticleb.e di aneter to a third nmedian particle diameter by adding
co-catalyst particles to the reaction system 36. The process of claim 35,
wherein the first median particle dianeter is between about 75 and about 90
m crons, 4and ThepBsssios clafin 95 SAicRdin tHeaBeddtdol torhpisedaf bRYenatd 4nd tHae process
of claim 35, wherein the f eedst ock conprises a regeneration nediumand the
product et copprisestight okebns.pr oduct s, and wherein the co-catal yst particles
enhance conbustion of coke fromthe plurality of catal yst particles. 38.
The process of claim37, wherein the co-catal yst particles conprise a netal
sel ect ed42f r offh¢ hiwceps ofiplato A S, whereig thefco-datatyst partblas havera fokmh mediab heni um

r hodi um I iu osm u L ridi and. pl ati num 39. The process of claim
38, vvherEgﬁcteﬁga%%ércgggﬁ’)}gcssp%ﬁ ﬁ’fllggg "é%fér?@gm&%%ﬂgtﬁ'on of carbon nonoxi de
to carbon dioxide to a greater extent than the primary catal yst particles.
40. The process of claim 38, wherein the amount of the netal on the

co- cat al $3t pAhe process of elajmy Ak, whessin hsggreatplyst pastiglspbave adowith gediaper cent ,
based on t i f - alyst 68 particles. 41. The process
of clainP%@?kﬁﬁ%@%?ﬁﬁ?ﬁg%Wﬁéﬁéggyﬁﬂggﬁ%rises an oxygenate and the product
conprises light olefins. 42. The process of claim4l, wherein the

Chan t he 91 r S "hReeE obaren ar-oirenutap. TmeBih porf Bl el gy ' ° ' °°°

wherei n bhbhsuta0nfigbad.yst particles have a fourth nedian particle dianeter of
| ess than about 50 mcrons. 44. The process of claim43, wherein the fourth
nmedi an particle dianeter is |less than

45.  The process of claim 41, wherein the plurality of catalyst particles has a first ARI,
and the co-catalyst particles have a second AR and the ratio of the second ARI to the first
ARl is from about 0.1 to about 1000.

46.  The process of claim 45, wherein the ratio of the second ARI to the first ARI is

greater than about 0.1 and less than 1.

47.  The process of claim 45, wherein the ratio of the second ARI to the first ARI is from
about 1 to about 1000.

48.  The process of claim 47, wherein the ratio of the second ARI to the first ARI is from
about to about 100.

49.  The process of claim 46, wherein the ratio of the second ARI to the first ARI is from
about 1 to about 10.

50.  The process of claim 41, wherein the plurality of catalyst particles has a first kpax



about 40 mcrons. 45. The process of claim4l, wherein the plurality of
catal yst particles has a first ARI, and the co-catalyst particles have a
second AR, and the ratio of the second ARl to the first AR is from about
0.1 to about 1000. 46. The process of claim45, wherein the ratio of the
second ARl to the first ARl is greateé than about 0.1 and |l ess than 1. 47.
The process of claim45, wherein the r %io of the second ARl to the first
ARl is from about 1 to about 1000. 48. The process of claim47, wherein the
ratio of the second ARl to the first ARl is from about to about 100. 49.
The proceshkieend theabatabyst pdrdcles inmve haeecoatl ke, obluejnehiske csdog tWd the Grst kg f i r st

ARl is fro about | to about 10. 50. The process of claim4l, wherein the
plurality?8f catalyst particles has a first kmax 69 value and the
co-catal yst particles have a second kmax value, which is less than the first
kmax value. 51. The process of claim50, wherein the second knmax value is

| ess t har fabodhe prycpsof glatm 5B whesein the sgeondrae Xakiea less than gheut 3P pereey of

cl ai m 51, rWhsf & thgesecond kmax value is | ess than about 10 percent of
the first kmax varue. 53. The process of claim52, wherein the second kmax
value is less than about 5 percent of the first kmax value. 54. The process
of clai m230, erein the first kmax val ue is greater than ab 40 Hz. 55.
The' proceds. oft NE PEFTISSA ST oy AT R ier G KemeseT i i (18N bR oot about
80 Hz. %ftheTiter KpLoahres of claim55, wherein the first kmax value is greater
t han about 150 Hz. 57. The process of claim50, wherein the second knmax
value is |l ess than about 30 Hz. 58. The process of claimb57, wherein the
second kmgx v oSl : : Tuel f iJp 58,
whorein Chb bRyl ehih o8 R H et kg ) R P B 8 ek T o

cl ai m 41 thenfirst leinivaliee co- cat al yst particles conprise a nol ecul ar sieve

sel ected fromthe group consisting of an ALPO, an all silica zeolite, a
dense phase crystalline alumnosilicate, SAPO 5, SAPO 8, SAPO 11, SAPO 16,
SAPO- 17, S$APOTHS prood3@f 2im 50, wherein the first kyq value is greater than about 40 Hz.

55. The process of claim 54, wherein the first k,,,« value is greater than about 80 Hz.

56. The process of claim 55, wherein the first ki, value is greater than about 150 Hz.

57. The process of claim 50, wherein the second kn.x value is less than about 30 Hz.

58. The process of claim 57, wherein the second k., value is less than about 15 Hz.

59, The process of claim 58, wherein the second kp,x value is less than about 2 Hz.

60.  The process of claim 41, wherein the co-catalyst particles comprise a molecular sieve
selected from the group consisting of an ALPO, an all silica zeolite, a dense phase crystalline
aluminosilicate, SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20,
SAPQO-31, SAPO-34, SAPO-35, SAPO-36, SAIPO-37, SAPO-40, SAPO-41, SAPO -42,

SAPO-44, SAPO-47, SAPO-56, AEI/CHA intergrowths, metal containing forms thereof,

intergrown forms thereof, and mixtures thereof.



SAPO 3 1, SAPO 34, SAPO 35, SAPO 36, SAI PO 37, SAPO 40, SAPO 41, SAPO -42,
SAPO- 44, SAPO- 47, SAPO 56, AEI/CHA intergrowths, netal containing forns
thereof, intergrown forns thereof, and m xtures thereof. 70 61. The
process of claim4l, wherein the plurality of catalyst particles conprises a
nol ecul ar si eve sel ect ed fromthe gr ouz consi sting of SAPO 5, SAPC 8,

SAPO 11, SAPO 16, SAPO 17, SAPO 18, %O 20, SAPO 31, SALPO 34, SAPO 35,
SAPO 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, SAPO 47, SAPO 56,

AElI/ CHA intergrowm hs, netal containing forns thereof, intergrown forns
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about 95 wel ght percent. . The process of claim4l, wherein the
co-catal yst particles corrprl se a basic oxide or hydrot alcite, and
optional Iy a e eart panent C of cl.aj.m.65
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65, wherein the co-catalyst particles are active for converting coke
precursors to inactive conpounds. 68. The process of claim4l, wherein the
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consisting of silica, alumna, alum nosilicates, ‘clay and m xtures thereof.

about 0.01 weight percent per hour to about 1.0 weight percent per hour,

64.  The process of claim 41, wherein the plurality of catalyst particles has a first prime

olefin selectivity ranging from about 75 weight percent to about 95 weight percent.

65.  The process of claim 41, wherein the co-catalyst particles comprise a basic oxide or

hydrotalcite, and optionally a rare earth metal component.

66.  The process of claim 65, wherein addition of the co-catalyst particles in step (e)

increases the lifetime of the plurality of catalyst particles.

67.  The process of claim 65, wherein the co-catalyst particles are active for converting

coke precursors to inactive compounds.

68.  The process of claim 41, wherein the co-catalyst particles comprise a component
selected from the group consisting of silica, alumina, aluminosilicates, clay and mixtures

thereof.





