2 1 FEB 2007 WD 2004/018392 PCT/ US2003/ 017365 1 CONVERTI NG OXYGENATES TO
OLEFI NS OVER A CATALYST COWPRI SI NG ACI DI C MOLECULAR S| EVE OF QONAERCILED
CARBON ATERO T@D4A@3302 S| TE RATI O FI ELD OF THE | NVENTI ON [ 0GQijuskb&qrssent
invention relates to a process for converting oxygenates to olefins over a
catal yst conprising a nol ecular sieve containing acid sites and having an
opti mal coke | oadi ng, expressed as a range of carbon atons per acid site of
mol ecul ar si egONVERIING 'GX¥GISNATE hf:ologmwmbqﬁvmweﬂwgmabt ai ned by
this process. BACKGROUND OF THE | NVENTI ON [ 0002] Light olefins, defined
herein as et h;(E@MPRIﬁSIN)GIMH)I(bMQLEﬁJhAR SIE\EE@EQ(DNE‘MELEDerve as
feeds for the production_of nunerous inportant chem cals and pol yners.

Typ| cally, light olefi nsCéR@(bmdﬁ[Q @AQQ&H@ Qol eum feeds. Because
of the Ilmlg i ve petrol eum feeds, the opportunities to
Rroduce |l o m petroleumfeeds are limted. Efforts to
devel op |i gjobony ef Imeqsr@ﬁﬂeiﬂveﬁnm%mltem ;ﬁécé@@ﬁﬁ%oﬁ%rtﬁhfoﬁgbﬁhte&% feeds
have increased.” [0003] An inportant type of alternate feed tor the

product i on aéfihs gver aclatflyst somprising poeviacudar ssmmommmhgrac@&mmﬁ, al cohol s,

particul arly nethanol| nd et hapol di et hyl th et hy|, et her,
di et hyl et WEVINGRTHRPHD ﬁ % EXpIRSFe 3 ﬁﬁngerqef at%aﬁperasldtqa@se

oxygenat es ggsu@fg ?ceum sEEIAROLRYIA ol DL UM NER) pfins der | ved

from natura onaceo errals, ncl udi ng

coal , recycine,deggl astics, nunicipal wastes, or any organic mat er| al . Because
of the w de variety of sources, alcohol, alcohol derivatives, and ot her
oxygenat es have: pron se as an economi caI non- petrol eum source for Iight

ol éfin prold ROUDID G NYBNIION used to pr onot e the conversion of

oxygenat es efi r u Si ev at a use et hyl ene and
pr opyl ene at@(’% rﬂglgpt @Sﬁﬁwe 74 @?Ie]BraB& esfleb]? ]zeﬂ &"5@5‘&%@, research
has focusedyRiiuvliahereat, 3rve bS fRESIITRN production of numerous important

chemicals and polymers. Typically, light olefins are produced by cracking

petroleum feeds. Because of the limited supply of competitive petroleum feeds,
the opportunities to produce low cost light olefins from petroleum feeds are
limited. Efforts to develop light olefin production technologies based on
alternative feeds have increased.

[0003]  An important type of alternate feed for the production of light olefins is
oxygenate, such as, for example, alcohols, particularly methano! and ethanol,
dimethy] ether, methyl ethyl ether, diethyl ether, dimethyl carbonate, and methyl
formate. Many of these oxygenates 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, alcchol derivatives, and other
oxygenates have promise as an economical, non-petroleum source for light olefin
production. |

[0004]  The catalysts used to promote the conversion of oxygenates to olefins
are molecular sieve catalysts. Because ethylene and propylene are the most sought

after products of such a reaction, research has focused on what catalysts are most



21 FEB 2007 WD 2004/018392 PCT/ US2003/ 017365 2 selective to ethylene and/or
propyl ene, and on nethods for increasing the life and selectipEbB 17 t he
cat al yst sW208#M183¢ne and/ or propyl ene. [0005] The conversTars2063/ax3genat es
to ol efins generates and deposits carbonaceous nmaterial (coke) on the

nol ecul ar sieve catal ysts used to catal yze the conversion process. Over
accunul ati on of these carbonaceous deposits will interfere wth the

cat al yst' s sehictivd 1 etleyl@tcoanal/er jirbpylend eiht @n. mdthody fdeinctensiighel lifauneant ed

bui |l d-up of coke on_ the nol ecul ar sieve catal yst, the oxygenate to olefin
process i ncslestyint efthe calalstrdostisgenenngdforpronylens al yst regeneration. During

i h ke i . d f h | nh i ith
acner 2t Aons"e T8 SebVarkiBY Siyadnatd FisfiRh Beettmtind 0REE ' °Tre | -
regener at edaeitnakapab n{a*eé[%{)% 6%5‘1*}56 theEMpRAuTaPsiERd Sy fs LB vy 88 Of

oxygenates to ol efins. pically, oxygenate to olefin conversion and
regener at i asonaesionpeu@ss tekriaocutmmlataepaf thes caclsmmbanus Hepositslieitl cat al yst i s
continuously withdrawmm fromthe reaction vessel,K used for conversion to a

regener at i ofteyieEswith thecatalpgs abiity &eipromals thetreactionoh ordaniesAvpidyi t hdr awn from
th ti I d t th t] |, f i on.
{00071 01 S, bl RGBS R s e LR, Bk SR e o pigERC L 1 o, "
converting Sreyas mbﬁ;%rétesz Jé &H@hd%@fdoﬂﬁ)rﬁﬁzg%ﬁlﬁt irétnération! Bhugag bed of

zeolite catalyst, e.g. , ose activity 1s controlled to produce a
product haviegenerationpteeoke isopsryedifiioar theakialyst by gombustiommvith 6¥ygent o 0. 1: 1.

00081 U. S. t No. 4,873,390 t | t ., t h ' f
Lo o > whih Sk et ey aL B s i sbFmmed svgbevbencn: °h °
silicoal um %gﬁgg)?&g@dt% J&?&I &th%ﬁvser%.’l’bﬁﬁf&&%g%t%&)ﬁ ﬁhgss than 5 Angstrons,

wherein car aceous deposit material 1S on the catal yst. The

catal yst i sj0006pat a¥pically csxnpgansiatd bRfinohagsion kad estendtatiby ate havi ng from 2
to 30 wt. % of the _carbonaceous deposit material, with a preferred range
bet ween 4 agrhdpetediin two sepaatoyessels. Theeekad crialyst Isi@ptippously withdrawrer et al . |

di scl oses a rrettpod otf i ncr.easi qu sel ecti ;{i tﬁe of at.re%ct i gﬁgﬁ 0 convert

oxygenat es ?Bmo %?eiaﬁéono‘flesé%]r’l’\% ﬁ&nv?rf‘fé’n L8 HEOERIPR VESSE i on zone

contai ni g feeN@htbdBatAGECE bntdiucuSESwitidrawh &oad thetregeneration vessel and
retumed to the reaction vessel for conversion.

[0007]  U.S. Patent No. 4,547,616 to Avidan et al. discloses a process for

]

converting oxygenates to lower olefins by operating a fluidized bed of zeolite

catalyst, e.g. ZSM-5, whose activity is controlled to produce a product having

propane: propene molar ratio ranging from 0.04:1 to 0.1:1.

[0008]  U.S. Patent No. 4,873,390 to Lewis et al., teaches conversion of a ™
feedstock, e.g., alcohols, to a product containing light olefins over a '
silicoaluminophosphate having pores with diameters of less than 5 Angstroms,

wherein carbonaceous deposit material is formed on the catalyst. The catalyst is

treated to form a partially regenerated catalyst having from 2 to 30 wt.% of the

carbonaceous deposit material, with a preferred range between 4 and 20 wt.%.

[0009]  U.S. Patent No. 6,137,022 to Kuechler et al., discloses a method of

increasing selectivity of a reaction to convert oxygenates to olefins by converting

the feedstock in a reaction zone containing 15 volume percent or less of a catalyst

comprising a silicoaluminophosphate molecular sieve material, and maintaining



conprising a silicoal un nophosphate nol ecul ar sieve material, and

mai ntaining 2 1 FEB 2007 WO 2004/ 018392 PCTI US2003/ 017365 3 tbhkkition of

t he feedsMRKUH8I8BEN 80% and 99% under conditions eff ectAGTAI$2003/3W6Fer t
100% of the feedstock when the reactioh zone contains at |east 33 vol une
percent of the nolecular sieve material. 10010] U. S. Patent No. 6,023,005 to

Lattner et al. discloses a nethod of (produci ng et hyl ene and propyl ene by
catal yti c coRveEsngH the fegdstocknbetwerm 880 gnd %6 ieder wenditiens effertivt@cess whi ch

utilizes c [atihQn.. The process.  .nmaintains riJion_of desired
car bonaceoﬁés()%gé%tcl)g??"g&c}ﬁe ﬁggﬁg%& gtll]‘ye% e(r\%%s}éonb%?nef Sﬁglé%g‘i{?‘é‘ﬂ%‘&ﬁ I on of
the total rgaedneneahsRBulef sisRiadieRRl ecul ar sieve catalyst and totally
regenerating only that portion of catalyst, which is then mxed back with
t he unregen@dfed rgSaPuacatrNaf6,02k 05/t Latiflepetrsdibdlosey acnethbgsf m xt ure
eontains 2-30 wt, % carbonaceous deposits. ,[0011],S. Soundararajan et al.,
"Mbdel i ng oPTofu¢ing sHhylans apd pronyleneNiyoptal pigeqnysrsion of exygergtain dig f 1 ui di zed

bed reactorgjy,: ) - ._at - i.sc ef fect of
coke cont enft]m(1 \%’ 8!%6 ggena%&géﬁdgf és;»g% 3%3] I%\Y/llz |C§éa%§sr%5?ﬁ%§ﬁrragog'n@ ggﬁogtﬁssusi ng
SAPO- 34 cat gaiffidins ApbRIM®T desifedl cibRsehid deBbNE R tHe cHalysl RAY:) B cat al yst
and selectivity for primary ol efins has been observed, it can vary

consi der abl senioving omly agmrtainyafithe ¢otalreadtion vodume of cokeduhelecilar sisveev e
materials having the sane structure. [0012] Stephen Wlsan et al., "The
char act eri sE9e¥ “%F’déﬁ&ﬂ RCHFAERS OPWfthm&? ﬂéca%ﬁ??e;%l S genmikednol t o

| i ght ol efi s, Mesig ' : . - 126,
descri be thgécrk e‘iv%f&geﬁgﬁ%ggﬂ g?e%(e}glr? aCIxSSf;%‘t'agy%(ﬁ%%a lﬁgﬁggﬁgﬁﬁn met hanol
cont- ver si oncémaink 830 wi Hfdartonasrus dbpdsigi t e  structure types (SAPO 34 and
SSZ-13) in terns of _determ ning which catalyst was_ t nost resistant to

h

coki ng at olf1adti d- 8 Jemguprapangi ki Todeling ofiroethaol lte?/aﬁ:ﬁm (MaED) et al .,
"Structural hem.cal ..i nl t tion ' f
chabasi te aRtEbAR e dlsih BuERSa3Ra b, Morso SRR Bk ffagRRRs " ©

Material s 298 188%ks #eere80f ARE cohbRt (MRS L potuéiseletBlities Aofpure bet ween

acid-site strength and susceptibility of ‘chabazite and SAPO

methano] using SAPO-34 catalyst. Although a relationship between wt.% carbon

on catalyst and selectivity for primary olefins has been observed, it can vary

considerably from one catalyst to another, even for molecular sieve materials

having the same structure.

[0012] Stephen Wilson et al., “The characteristics of SAPO-34 which

influence the conversion of methanol to light olefins”, Microporous and

Mesoporous Materials 29(1999) 117-126, describe the relationship between acid-

site strength and density on methanol conversion to light olefins over chabazite

structure types (SAPO-34 and SSZ-13) in terms of determining which catalyst was

the most resistant to coking at one acid-site per chabazite cage.

[0013]  Ivar M. Dahl et al., “Structural and chemical influences on the MTO

reaction: a comparison of chabazite and SAPO-34 as MTO catalysts”,

: Microporous and Mesoporous Materials 29(1999) 185-190, describe the effect of
relationship between acid-site strength and susceptibility of chabazite and SAPO-

34 to deactivation for oxygenate conversion at high space velocities to avoid

excess catalyst activity causing undesired secondary reactions.



34 to deactivation for oxygenate conversion at high space velocities to

avoi d excess catalyst activity causing undesired secondary reatlfbhgir2 1
FEB 2007 WO 7004448838392 PCT/ 0S2003/ 017365 4 10014] 1t wepglpaisbesdesisgabl e to
provi de a process for nmaking olefins fgom oxygenate which maxi m zes primary
olefin yield, especially light olefin yield (ethylene and propylene), for a
w de variety of catalysts. SUMVARY OF THE | NVENTI ON 10015] The present

i nvention fedrfles itaveul@bedesimbleto prokided mbcddb BirmhaiRsyetins fogm an _
oxygenat e- cont ai ni ng feedstock conprising:” a) contacting the feedstock in a
reacti on zonggenatewbimhahardmizes ptinvirg slefoyipld; eipacially lightadefimyiedd eve
containing . .acid sites an avi ng ap avera cqQke | oading of no greater

t han, pref éﬁ"‘gﬁfe?e B'F‘fl’ir"cpé’ﬂ’i’gl)’%%?r%mf?ea‘fw gg?atagﬁfftﬂ site of said nolecular
sieve, under conditions effective to convert the feedstock into an olefin
product stream and to provi de unregenerated catal yst particles, b) renoving
a portion GUMMARMVOIERE INVENHION Yst particles fromsaid reaction zone
and contacting said portion with a regeneration nmediumin a regeneration
zone under [88HYi t | The pedstmtdnventiongelalasad a preageséor aakingoan elefis produst ti cl es

whi ch have an average coke l|.oadi of .no greater than 10 carbon atons per
acid site Of°rRapgx n@l‘i]‘l"(gﬁta”é’ing\fg‘?dséﬂ?g c@j’%qﬂqgoduci ng said regenerated

catal yst particl ' ' Iz roln] ' yst m xture of
unr egener at ed caasz:f’i;{sa%&np%?ﬂf?ec{dg?%gﬁggrregenle]r%g eeﬁhﬁ\égfﬂg'lssg@%%%t icles, in an

anmount  suf fdogipeRingt Ompledulafl Sieve\cnteinpeacid Kitesl2aa dhiavigig @ averapelcsiat al yst
m xture in an anount ranging from1l to 10 carbon atons per acid site of

sai d nol ecUpading pEve greatsn e, peferablyfdgodp carhon atems peyacishsitecnf spishdi ng

i ncreases wi th tinme of ontact. of the.feedstock,w.th the.catal

bar 11 o1 es. TapRpling e, unf S EhABHRR: el W ERRRIRE et riBaR A, ¢ e
desired ranggd@ass@Edh AAd iPprotide unfdRNEIaR: calddt phrticlesanot her embodi ment, the
present invention relates to the above process which further conprises the
step of repeati ng remepiga)pordion 0D4:A uhregyrratad cathlyst mamidclels fremtsaid he present

invention relates to any of . . . . . N
reaction zone and contacting said portion with a regeneration medium in a

regeneration zone under conditions effective to obtain regenerated catalyst
particles which have an average coke loading of no greater than 10 carbon atoms
per acid site of said molecular sieve, and

¢) introducing said regenerated catalyst particles into said reaction zone to
provide a catalyst mixture of unregenerated catalyst particles and regenerated
catalyst particles, in an amount sufficient to provide an average coke loading on
said catalyst mixture in an amount ranging from 1 to 10 carbon atoms per acid site -
of said molecular sieve.
[0016]) During step a), the average carbon loading 'increases with time of
contact of the feedstock with the catalyst particles. Step b) allows to conirol the
average carbon loading to the desired range according to this invention.
[0017] In another embodiment, the present invention relates to the above
process which further comprises the step of repeating steps a)-c)
[0018] In yet another embodiment, the present invention relates to any of
the above processes wherein said carbon atoms per acid site is measured using

acid site density as determined by NMR.



t he above processes wherein said carbon atons per acid site is ggggﬁ@id
using acid site density as determned by NVR 2 1 FEB 2007 V\D2 4 8392
PCT/ US200%AM4B139% [ 0019] In still another enbodi nent, PCRATSEPBHATH6S
invention relates to any of the above’ processes wherein said oxygenate
conprises nethanol. [0020] In a preferred enbodi nent of any of the above
processes, the average _content of carbon on the catalyst m xture of step c)
ranges frontf019o 9 darstidranothes gmbpdimentithe piesent dnvessioy relplestamiofsi eve,

preferably fr 4 to 7 carbon. ato f Ld nol ecular ,sieve. [0021] In a
separate en%gg?%&r?c?ﬁﬁggﬁggrgwlﬁwgﬁ??%?01}18lgﬁse‘g%gn%{hy of the above
processes wppp@) N Sajnth pREJAJAMIRAiIRAH I UT) oPHeldboVEBrdiaises, e AepiRge coke
| oadi ng of at least 1 and no greater than 10 carbon atons per acid site,

pr ef er abl y, content af earbge ondkecdtalgstimigtwé ohstep ckenges frhmnl $,9 anbomor e
preferably of no greater _than 2 carbon atops per. acid sitg. [0022] In still
anot her i nddp@sPenacid §11e af said modeuian sieyp.duelsrably fiem 4 #n7 carpgn atomsiafe above

processes is.carki gac'j' inacirculating fluid bed reactor, preferably, a
circul ati ngsgaf“?ﬁ'loilécg’ %;gélg‘ct or with continuous regeneration. In the

enbodi ment geRIpE t herps aGRfse Shbédifiehl) MR Kk @it irfveiBbn ttslePotankyHfdhd | ui d bed
reactor, the circulating fluid bed reactor is preferably operated at at
| east 0.2 nilnoe preeepsasiwlnrein sgidsegenemtdd gatalyst parti¢schave ab eséragncokef t he

e B i s L Bt o R o SRR e, oo
et anot her e badl el 10aiaR br Al efblier ARSCaR] AGRSSRTeraBl of G 3lcard POT LI 0N Of

said cataly ure exits sard”reaction zone and Is return to said
redcti on zothanW dadsot atop@eeeidd ksi). [ 0024] I n yet anot her enbodi nent, the
present invention conprises a contacting step carried out in a riser.

[0025] | n al¥28kr enbostilhennthertindepprdent embodiment pHihearpienligvention) awul ar
i whi ch di anet er . of than. 5. 9 _Angst ,
ot ecul ar  oPLEE PelehosBl T Ghid ot BE-HMNink Pud Bt SRt frlaprdhs e

group consi gfrkwlaiMY fluid bed reactor with continuous regeneration.

In the embodiment where the process of the invention is carried out in a fluid bed
reactor, the circulating fluid bed reactor is preferably operated at at least 0.2 m/sec
superficial gas velocity. In another embodiment of the above process, the
circulating fluid bed reactor is operated at a feedstock conversion between 50%
and 99%, say, between 75% and 95%.
[0023] In still yet another eml;odiment of any of the above processes, at least
a portion of said catalyst mixture exits said reaction zone and is returned to said
reaction zone without regeneration.
[0024] In yet another embodiment, the present invention comprises a
contacting step carried out in a riser.
[0025] In another embodiment, the present invention employs a molecular
sieve which has a pore diameter of less than 5.0 Angstroms, e.g., a molecular

y sieve is of a molecular sieve framework-type selected from the group consisting of
AEIL AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR,
EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and

substituted groups thereof. In an alternative embodiment, the molecular sieve is



AEl , AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH , DAC, DDR . _ED, ERI,
GO0, KFI, LEV, LOV, LTA, MON, PAU, PH, RHO, ROG THO, and sublstFRBuilBh
groups t hwiCem4/018892an al t er nati ve enbodi nent, the nol eculP@r/GNRensé1752 1 FEB
2007 WD 2004/018392 PCT/ US2003/01736% 6 selected fromthe group consisting
of ALPO-18, ALPO 34, SAPO 17, SAPO 18, and SAPO 34. [0026] In another
enbodi nent, the present invention relates to the above process wherein the
mol ecul ar sieteetedfasm shegroap donsistingrof KL BOUS, AMFKDI-B34/8APO-17, SARO418] ecul ar
Si eve frarremoréa%es e which is selected fromthe group consisting of M,
VEL, MIW I?c‘Jé 7HEU, FER, AFO, AEL, TON, and substituted groups thereof.
[0027] In ra ' Is rocess for
2@2?% or Slgea(}itoﬂ)fe% D& pBERREN hd PSSt 1%11&1'%11?}'%19%8 tet@g}% 3@9&

nmaki ng an _product om-an oXygenate-contarning t¢ conpri si ng:
i) provi di ngrodéts whésdih @e/mafecait sikyeShasapdrt disfete0MF-16 iAgsRoliBleggy! ar si eve
containing acid sites, said catalyst particles having an average coke

| oadi ng of 4 moteculbd sicae fameatookrtyneevhiclk iscselscted fpémabe gromplcensistng off eve as

measur ed usj | d. sj S| erm ne Y , I.1). contacting the
f eedst ock |W=@Q%M%Mﬁ@gs%%a&@£EgaT%@§ S“Q?HBE?é‘condi tions
effective t%’ ﬁg%%[etoft he feedstock into an ol efm product streamto provide
unr egener at dtata ySt particles, iii) renoving a portion of said catalyst
particles fpearpai d Ineaothiepasper) the Hosknt iveation RPatsdioth prickisddr Wi th a

regeneration nediumin a regeneration zone under conditions effective to
obt ai n r egemekingan olefimprpductfzom g byygearaterergtainingfoedstapk conipsisingadi ng of no
greater than 10 arboH. at ons {)Igr aci d ifie‘f:ﬁf said _.nol eculgr sieve, and iv)
i ntroduci ng sai dVFEGEfEIERTEY paqc{fgpafy parEeles cpmpgsing ampleehles 8Ve one i n
an amount - syfifikiginBid Grel! Q¥d GRalPst oAbt Havipdn Srae dORE SSHA cat al yst
particles and reg%%} ated’ é(g‘at al ?/2% (i%art i clags, sal drz(fggt al yst ?n&;(ﬁlreg) havi ng

an aver agel@ oikbon amdisger atid kit of $4d eslémiarsicvems peeasaed dissigtaeidasitet he

nol ecul ar sieve in said reaction zone.
density as determined by

ii) contacting the feedstock in a reaction zone with said catalyst particles
under conditions effective to convert the feedstock into an olefin product stream to
provide unregenerated catalyst particles,

iii) removing a portion of said catalyst particles from said reaction zone
and contacting said portion with a regeneration medium in a regeneration zone
under conditions effective to obtain regenerated catalyst particles having an
average coke loading of no greater than 10 carbon atoms per acid site of said
molecular sieve, and o

iv) introducing said regenerated catalyst particles into said reaction zone in
an amount sufficient to provide a catalyst mixture of unregenerated catalyst
particles and regenerated catalyst particles, said catalyst mixture having an
average coke loading of 1 to 10 carbon atoms per acid site on the molecular sieve
in said reaction zone.

[0028] In one embodiment of this aspect, the process further comprises v)
repeating steps ii)-iv). ,
[0029] In another embodiment of this aspect, the catalyst mixture has an

average coke loading of 3 to 9 carbon atoms per acid site on the molecular sieve in



10028] In one enbodi ment of this aspect, the process further conprises v)
repeating steps ii)-iv). [0029] In another enbodi ment of this abkpé&th 00 he
cat al yst WiOx3004/2183%s an average coke | oading of 3 to 9 BETREHOZOGIES per
.acid site on the nolecular sieve in 271 FEB 2007 WD 2004/ 018392

PCT/ US2003/ 017365 7 said reaction zone, and said nol ecul ar sieve has a
framewor k-type of at |east one selected fromthe group consisting of AEl,
AFT, APC, AFN, 1egTion zome, andwiid mellekilaCsisye @A, franeworbagpe BOR le@bbpe ERI, GO0,

KFl, LEV, LQV, A, MON, PAU, ., PHI , ) @ u i t groups
thereof ., &° .C‘Fh&ﬁ’aﬂ ﬂ}?&f@%?%l%ﬁﬂ&@é%ﬁ éﬁﬁmﬂmﬁsﬁwj;o 34, SAPO
17, SAPO 1 %&O@ﬁq ' P& I GERO 34. [0030]
| n anot herqzé%(ﬁect ot eﬁggé’gg%?’ %%’??%r@’e?%s tbtgvgm\é’géﬁgor maki ng an

ol efi n pr odON, PAAM AN, RHQ.ROG THD taatd Rubginited gadups kheeeoelsithg: A
contacting the feedstock in a reaction zone with cat WSt articles

conpri si ng moleplarcuig veris selested fiom ALRChES, &R0 St BAPQNT., BAFChB.no gr eat er
than 10 c to r agid sit under Ltions effective to convert

t he feedstwaﬂgﬁggﬁggf%?ﬁﬁrﬁp& ° que§m3‘ato provi de unregener at ed
catal yst pagps@l €S. 1Ban \ 1 RReforS@l Lalrysdss Rprticles from
sai d react ﬁon @one bg aﬁ@g}sﬁéﬁeﬂ%t@ﬁg%&nﬁe?ﬂ% Caa?%sgtﬁ tr%msS per acid site of
sai d nol ecuhaking aevkfingroduct dontars ot yzefieesohtirag dedstook oedphsindVR, to

provi de a sanpl e neasurenent value for said portion, C contacting a
portion of said Ghewyerwgdbefredsioel iisa regeian zomevith etalyst nagtifdeser at i on medi um

In a regeneration zone,ungder. conditions. .which are a functi of,said
sanpl e meactRBMTRE oI aE S Fouio P usid s R BRvRe o a0,
par(ticl es Wairbdh 16M8 paPadiy St GQd&UeBditRas efectRl 16 @oMVe@Phe feddb@Bk #flo car bon
atons per acid site of said nolecular sieve, and D) introducing said

r egener at edarcelefih peiduptstiean ansl to previdainregansated catalysieparticlesyr ovi de a

tal yst m xt f . t ed | y,st ' d
cat al yet part| ¢l BLmAYAES SRASINR OLHH FEHPIORIPIE BOTdEIRedUB R PR oke
| oading on géééuﬁn&%@ﬁ%ﬁﬁer'@f’ééf%ﬁ Al ARG R I RO shid rPle AP AsRFS PEr acid

stteof sa acid site density as determined by NMR, to provide a sample measurement value
for said portion,

C) contacting a portion of said unregenerated catalyst particles with a
regeneration medium in a regeneration zone under conditions, which are a
function of said sample measurement value, effective 1o obtain regenerated
catalyst particles which have an average coke loading of no greater than 10 carbon
atoms per acid site of said molecular sieve, and

D) introducing said regenerated catalyst particles into said reaction zone to
provide a catalyst mixture of unregenerated catalyst particles and regenerated
catalyst particles, in an amount sufficient to provide an average coke loading on
said catalyst mixture ranging from 1 to 10 carbon atoms per acid site of said
molecular sieve.

‘ [0031] These and other advantages of the present invention shall become
apparent from the following detailed description, the attached figure and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS




nol ecul ar sieve. [0031] These and ot her advantages of the present invention
shal | becone apparent fromthe follow ng detailed description, %herpyfpched
figure anWOi29@4018ended cl ai ns. BRI EF DESCRI PTI ON OF THECDRANOSCE 3¢D

2004/ 018392 PCT/ US2003/ 017365 2007 89§ 0032] Figure ] provides a di agram of
a reactor apparatus conprising a high velocity fluid bed with catal yst
recircul ation., and a regenerator suitable for use in accordance with a
preferred d8¥Ai menfimwe { peoyidesse dagramy ehe resator RDpFIEtNs FP@OFisng adigh ct s pri ne

ol efin sel | Yl tel« Veer carbo n -al yst wel. ght .i hanol to
o o=l oLl i B A0 R Bl B Jo P81

i nventi on. ake&aéﬂce%i%ﬁrekﬁ&péxﬁﬁédiﬂl@hﬂ@ftﬁbﬁéséhﬁmaﬁ%hyi ty versus carbon on,
the nolecular sieve by weight in a nmethanol to ol efins conversion process

of a prefdfidd enbdigumedtdepicts pramp obfendeldcivity versus cdrbaiBoh catalystley 4 depi ct s
prime olefin selectivity versus carbon atons per acjd _site _jn a nethanol to,
ol ef i ns conVeightipg methaniol to plehips gonsersion Brasass s azplerred embadiment o nt

i nventi on. ki .e 5 depicts prine olefin selectivity, methane

sel ectivi tydlgﬁ%g;rg# ‘%ﬁﬁgn'jsel ectivity versus carbon atoms per acid site and
shows a wel[pesigf i nedrig e Ri dBpIBd hiGink oRIfRS delecHi®itg Gbrisis Eatbas o tHeunct i on of
average coke loading Tn a nmethanol to ol efins conversion process of a
preferred enbledilaesi¢vedfy weighpinesmathanolteaitfins conBiEgiah IpEReRESGRI PTI ON' OF THE
| NVENTI ON [00@}7?] O{;]ga%oal dyri n% t he, conyersi on of oxygenates to olefins is
to maxinm Z8cieREdg genb AT the NressAt inyFRH9%hs, preferably et hyl ene and

pr opyl ene, to ;LM (e : , ane, and
C + materi ali% g.gsl'l'he rpﬁé‘ggqgﬁepwn% n ?S’n naél%rrl.lb;t&aii(urgg% %ﬁ?%&%g@ﬁﬁ&igﬁgadi ng of
t he cat al ysditeiifl aandtitobto ¢lafihd edtlvefsioh protesstolf ¥ erdfarredembiodinitat 6f fhgl ene and
propyl ene. Such range is based on the acid site density of the nolecul ar

si eve conpadnesent gventip®. cat al yst. [ 0038] Coke | evels on the nol ecul ar sieve

catalyst C%B?é]' ti O%é‘ﬁr% 5 depicts prime olefin selectivity, methane selectivity and

propane selectivity versus carbon atoms per acid site and shows a well-defined

maximum light olefin selectivity as a function of average coke loading in a
methanol to olefins conversion process of a preferred embodiment of the present

invention,

DETAILED DESCRIPTION OF THE INVENTION

[0037] One goal during the conversion of oxygenates to olefins is to

maximize the production of light olefins, preferably ethylene and propylene, and
to minimize the production of methane, ethane, propane, and C,+ materials. The
present invention maintains the average coke loading of the catalyst in a range
particularly selective for producing ethylene and propylene. Such range is based
on the acid site density of the molecular sieve component of the catalyst.

[0038) Coke levels on the molecular sieve catalyst composition are
measured by withdrawing from the conversion process the molecular sieve
catalyst composition at a point in the process and determining its carbon content.
It is recognized that the molecular sieve catalyst composition in the reaction zone

is made up of a mixture of regenerated catalyst and catalyst that has varying levels



measured by withdrawi ng fromthe conversion process the nol ecul ar sieve
catal yst conposition at a point in the process and determ ning i $FEREHNn
content. WPPMWHEW3gni zed that the nol ecul ar sieve cat alBERUSWHPOSEES on i n
the reaction zone is made up of a mixture of regenerated catal yst and

catal yst that has varying levels 2 1 FEB 2007 WO 2004/ 018392

PCT/ US2003/ 017365 9 of carbonaceous deposits. The neasured coke | evel of
car bonaceou®f daposacesus depssits. effieaneasusedovkat@rchgtcapbortabeousalepbsitsahus

i ndi vi dual catalyst particles. [00391 U S. Patent No. 6,023,005, teaches the
desi r abi | i t yERSEseHtsan ayerage of thederale ebingradyl sptalyst partielske | evel s, for

oxygenat es efin W) r Nt b . . % to about
30”08 96 basdB: ho U S e o AEE AR shE bR PE PPN o oot o

sel ectivity chfhohnh@Bhs &R5its) or cHRYRVEN, fok BRygenBies B MefindayvediiGEover ed that
obtaining particularly ‘preferred resu1 ts does not consistently depend on
mai nt ai ni ng psereksea, indkerdnge of 2 ma g ¢o aban 0 vetr?d basedtomi the yotalmeactmner such a

wi de range as_ has peen previously disclosed. I%géheﬁ, preferred results in
an oxygenat &lwWngpkeqksd catalysietogiramot figy g hehtolefuts; Howeystiths ent

funct i on of b EeKeyd SLEhcRATR AL Sl GIAY FLEHL BT AR Sblongl e

nol ecul ar sieve catalyst u € conversion reaction. It
has now beenrohauteftly Hémhd bh nhﬁnaﬂﬁﬁ@rsm&eu@emgé dlohefarV@iafgy coke

| oadi ng of the catalyst in a range of | to 10 carbon atons per acid site of
t he nol ecul aot svensack enyidaxenge o has besn prevadushi disclpseidz dthther, prefessedgenat e to
ol efins conversjqon reaction to ovi de .superi.or pr.i olefi.n selectivity.
l\/bl(ecul ar sﬁ&%}ﬂﬁs 10 A7 OXREARIs ¢ o1 WérCBBYeril%g‘??f lmﬁlgdﬁlrt%riasqoﬁyétgmsui ted to use
inithe pres [Ny i f i t j ave vari ous
chem cal an?ﬂ%ﬂﬁ}@a#% 9%65%%%¥ﬁ{cﬁg?§c@%%§ﬁwﬁﬁ@%udéé&lsa?eves have
been wel | clsise(d)ietheatalyseuttizaddh uhecomorsviasadaionofit hdssmdwbenrfatmdnal

Zeol ite Associatjon according to the rul es of tg(f I%JPAC nm, Ssi on on

Zeol i t e Nomehelihispdyantageops IRSRBHIAIN Y CRgs eokaeading @ ﬂ@ﬁ%&‘ﬁt iRty

topol 0gy, of heof IS ANGHA dion QBT HLREHEEE AL AR GRS Wbl B

O
f ramewor Kk, maki Nng an apstractiron o e specific properties for those

\Arrz_t e L ial's. FRhaeeMBikatiliRe iz @0bkjgnado sREink temicydieh ratesuicdfrosideves for
ICch a
superior prime olefin selectivity.

Molecular Sieves and Catalysts Thereof

[0040] Molecular sieves suited to use in the present invention for converting
oXygenates to olefins have various chemical and physical, framework,

( characteristics. Molecular sieves have been well classified by the Structure
Commission of the International Zeolite Association according to the rules of the
IUPAC Commission on Zeolite Nomenclature. A framework-type describes the
connectivity, topology, of the tetrahedrally coordinated atoms constituting the
framework, and making 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, London, England
(2001).



structure has been established, are assigned a three letter code and are
described in the Atlas of Zeolite Framework Types, 5th edition, {BiSemiler,
London, Ewg@ mnd01862001). 21 FEB 2007 WD 2004/018392 PCTpUBAXAR30173365 10
[0041] Non-limting exanples of thesei#ol ecul ar sieves are the small pore
nmol ecul ar sieves of a framework-type selected fromthe group consisting of
AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR, EDI, ERI,

GOO, KFI, L@41]LOV, NAimify, ex@iiglesiifithesRididledulhs sicdhdOareihd snmlliyote t ut ed
forns thereof t he ,medi um pore npl ecuIE; sieves of a framework-t
sel ected f FeRlFEHar ievssof & Srmestorkrynstse from theggoup cpngisterof AL MFI

S eves of 4 rangéﬁﬁﬁé“@}mfﬁ RS, GROL (PR EDIT

and subst igRE etdhKPE LIRS, Lﬁhﬂowgwbm RH@’R%)G‘aPHOaaﬁd amewor k- type
selected fromthe gréup consisting of CFT, DON, G'S, LTL,

MER, MOR, shb¥titated f&hs thiskeof:|theinediugn pmantpd)leaﬂarf siéves oﬁaéfaﬂ'(avmiknjqbeecul ar
sieves, partjcularly for converting an oxigenate cont aini ng _feedstock into

ol efin(s), seleeteddeom tepsgronnconsistingiof e, §hb ARy MEEaMIle group
VORI R T TN AR ’S\*?%‘%E Bras et E‘Sﬁ%ﬂl? IRee PON e oot ar

sieve of t hgeve6¢RHaRibwiiR-rAR sblebte TR B8Y/218tp Bordiling QPENIBYFADY, afd

conbi nati on thereof, nost preferably a CHA topol ogy. [00421 I\/bI ecul ar si eve
material s aubstifated formi theresk. oOthey nfadeaular siaves hadt a framewonk-typs selactedir e of

cat i on. S“aeé@%aﬁ%@hﬁéﬁsﬁﬁ%éﬁgﬁ e €37 GL 0 DTSR, ALY 05876 the i ze
of the rlnthd]&t W pq\ﬁ&h}éﬁ?{ﬁ %&aégﬁhé?s#%ﬁféfﬁgﬁ nunber of T

atons in the ring r anewor racter t he

arr angenmentsievak, parﬁgﬂaﬂjﬂair chaveming &Rgeygennd cohRinipg G%dstbck ie di nensi on of
channel s, and_the spaces between the cages. See van Bekkum et al.

I nt r oduct i gHefin(skéeglndethesd kaving a ﬁﬁmewdttyrpeéeleg@dm heEsPun el y Revi sed and

Expanded EdigQfing YPHUTE 37 or RRYER, RRTraB) FEK] Bfs STA TR, Miek,
MFI, MOR, MTT, MWW, TAM and TON. In one preferred embodiment, the
molecular sieve of the invention has an AEI topology or 2 CHA topology, or a
combination thereof, most preferably a CHA topology.
[0042] Molecular sieve materials all have 3-dimensional, four-connected
framework structure of corner-sharing TO, 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., Jntroduction to Zeolite Science
and Practice, Second Completely Revised and Expanded Edition, Volume 137,
pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).
[0043] 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 to 15A. In the most preferred



[00431 The snmall, medium and | arge pore nol ecul ar sieves have froma 4- ring
to a 12-ring or greater framework-type. In a preferred enbodi nRatFEgt
zeolitic M EB95| eves have 8-, 10- or 12- ring struc?@ﬂ’é!ﬁm}?’/ﬂllbiggzr and
an average pore size in the range of ¥romabout 3A to 15A. In the nost
preferred Z 1 FEB ~7gpi WD 2004/ 018392 PCTI US2003/0173 11 enbodi nent, the
mol ecul ar sieves of the invention, preferably silicoal um nophosphate

mol ecul ar sinebaskmerty thegnolerulgssiavas of theainyentipn, preferablyze | ess t han about 5A,

referably i.n the range of fram 3A to about_,5A, nore referably from3A to
Bbout 4. 5, SEERINTEEP PO ERE NG AR SIvES SRS b A5 A0 A0 SXEroE BORAIZAD! ol ar

sieves,  ParkiehRiboh 530 phdfbGbRMNA RERhbL bf froMPFA IPLRAN SAL matt eves,

pref erably have a nol ecufar wor one, pr y’two or nore

cor ner - sharpreferdblPfbnt BAnalabouital. 5 Anindsnosrpreferablf fesmaldl. 3A td swower.2%are [ Si A],
[ AL04] and/or $P04] tetrahedral units, and nost preferably [Si04], [A104]
and [ P04] 0844khedrMioleeniar §1.CVEF5h@QfélcgiaﬂD’czéﬁl,ﬂl%mufﬁWUﬁF'WQm orous based

based ol cueie PEEVEE My 8 e Riclmriseh O et b Ao ineRe
blicati | | f Qg.g;g? : MeAPO wh

IOI\/E i ;Cﬁ./gl, Onl\/h&),rhé%ﬁ%h'd{gtlgwc%]ﬁéﬁ . Pgﬁ l’ésﬁt%l (ﬁg .pP%%%E%,’ g@%#%%%s?éaﬁﬁ opean Pa'ta (raﬁt

Appl i cat i on[AHB,Parfd/dTPO,p2drahédrAREAs vdiedrmodlpreferably, [SBB,], BAlOG} andCo, Ga, Ce,

Fe, Li, My, M1, Ti_or Zn), U S. Patent No. 4,554,143 (FeAPO, U. S. Patents
No. 4,822, 47).] tetehedrah units. JThesa siligen, @humitm, andphosphorpygbased and U. S.

Patent No. 4,935, 2 NAPS P-.A 0 489 ( CoAP . A- 0,158 976

( ELAPOQ, V\helrﬁé)?el‘—_:glair %gfé,gaﬂi‘?a%?&t%ﬁf“gfﬁﬁéP’ ﬁ?’q‘%ﬁgﬁ?&gﬁ?ﬁé‘g b%"}%lo, 440
(AIlPO4) , EPm@1&ulkd8icdeOhdveraR 36dcribed indetBirHimdYous fubditatitiGndibiitBSO) , U. S.
Patent No. 4,789,535 (Li APO), U S. Patent No. 4,992,250 (GeAPSO), ~U.S.

Pat ent No. #Hragsmpk7 U Sdrm@t NdJ4$67,029(MeAR@whereQde iy, MBABSO)r U. S.

(& ap0) U ol schfehte TR ost Bre O bR Bientadaitadon ER R 5905 57
(Aonpso) | LR CHRERONSRerd EDIOAS R B REARD™ Gecr el S M Jd P #he. 002,
4, 846, 956 ahldS Rafé&it NaB 3, JINMIABIBEAPO), U.S. Patents No. 4,822,478, 4,683,217,

4,744 885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSOQ,

EP-A-0 161 489 (CoAPSQ), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg,

Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO,), EP-A-0 158 350 (SENAPSO),

U.S. Patent No. 4,973,460 (LIAPSO), U.S. Patent No. 4,789,535 (LiAPO), U.S.

Patent No. 4,992,250 (GeAPSO), U.S. Patent No. 4,888,167 (GeAPO), U.S.

Patent No. 5,057,295 (BAPSO), U.S. Patent No. 4,738,837 (CrAPSO), U.S.

Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S. Patents Nos. 4,758,419,

4,882,038, 5,434,326 and 5,478,787 (MgAPSO0), U.S. Patent No. 4,554,143

(FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No. 4,913,8 8-8

(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 (MnAPO), U.S. Patent No. 4,737,353
(BeAPSQ), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 4,801,309,

4,684,617 and 4,880,520 (TiAPSQ), U.S. Patents Nos. 4,500,651, 4,551,236 and
4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSO), U.S.

Patent No. 4,735,806 (GaAPSOQ) EP-A-0 293 937 (QAPSO, where Q is




U.S. Patents Nos. 5,345,011 and 6, 156,931 (MMAPO), U. S. PatentNo. 4,737,353
(BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 21 BEBL(8P9,

4, 684, 617WANOHIBIR, 520 (Ti APSO), U.S. Patents Nos. 4, 509ceak20/0255%s236 and
4,605,492 (Ti APO, U S. Patents No. 41824, 554, 4,744,970 (CoAPSO), U.S.

Pat ent No. 4,735,806 (GaAPSO EP-A-0 293 937 (QAPSO, where Qis 21 FEB 2007
WO 2004/ 018392 PCT/ US2003/ 017365 12 framework oxide unit [QX2]), as well as
U. S Pat entﬁmﬂ@ﬁ@rk‘bXWuﬁ??O@),@%@%,U.S@Zﬁﬁmm. 44%6793998486,90801, 364,
4,853,197, 4,917,876, 4,952,384, 4,956, 164, 4,956,165, 4,973, 785,

5,241, 093, 47308]4667%84% 403, 1580485 009B|4.21 876, AN33R4a#,956464s i ncl ude

ot al | ophospHat b ‘S o s, 5 LBbeaRE e RIS £°004. 896 (ol ccul ar

sieve and a kal i Is ' hal No.
09/ 511, 943 piola%]d Feb@ﬁ%ﬁ@%{%&%’“i#ﬁ@%ﬁ%ﬁﬁﬁy rgclgr 6§§%%gf}§?al yst),
PCT WO 01/ 6¢wmidfdpptousicsyitsllife Rietdlldphosphatéd BAPOo(UIOeHoUL S iPateagNo0! ecul ar

sieve), and R Szostalc, Handbook of Mbl ecular Sieves, Van Nostrand

Rei nhol d, N&@0489% (mpleenlensikve agban alkdigaprtitneetals .S Patent Applicatipi con,

al um num ang/ or .ph r cont ai ni cul ar _sj eves,, and al um num
phosphor ous® eréﬁllaﬁ’ow}igggz?%gaﬂg‘???%ﬂyr}go?\@ ﬁ?tr‘?érat?f@?)@jéﬂ‘fa&l?m’s?oéves i ncl ude
al um nophos | bl 4 ' hosphat e ( SAPO
nol ecul ar s?@g@)’%‘o gﬁ%?t? ?%5 g??bgérhg?g?%%ﬁ}e?z,e%%@g st ?’J{%ﬂ t ed,” ALPO and

SAPO nol eculmslectiaeyiese), Al RUB2bstak; Elontlbaik of fdblecuibafiesése Vaa NusgariA\PO
nmol ecul ar sieves, and netal_ substituted SAPO nol ecular sieves. In an
enbodi ment , ReinboldeNaw YearkaiNesy Xarki(1883-al of Group IA of the Periodic Table

f E t | kaly th metal of LA Of the Periqdic Table of
O 2 TS o, L < SRR Bl i kbl byt Bl B 2 © ©
| ant hanum  gRYdcHR siRvas aR8 ¥nAbmNSRAYRoBER, 2na Bpfibr4Tly silstTo Bortirgadol i ni um

terbi um dysprosium holmum erbium thulium “ytterbiumand lutéetium and
scandi um or mplacniap siewés inhludpahinudpphosplisite (ALPOEmalenlar sieyes anthsi ti on et al

f G IVB, VB,.VIB, VIIB | B, d LB of th Per i odi bl f
B ement . ofbRed bR AP OnadleSili ived gog sutnfrd drpferadly” ©

metal substituted, ALPO and SAPO molecular sieves. The most preferred

molecular sieves are SAPO molecular sieves, and metal substituted SAPO
molecular sieves. In an embodiment, the metal is an alkali metal of Group IA of
the Periodic Table of Elements, an alkaline earth metal of Group [IA of the
Periodic Table of Elements, a rare earth metal of Group I1IB, including the
Lanthanides: lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, holmiurmn, erbium, thulium,
ytterbium and hutetium; and scandium or yttrium of the Periodic Table of
Elements, a transition metal of Groups IVB, VB, VIB, VIIB, VIIIB, and IB of the
Periodic Table of Elements, or mixtures of any of these metal species. In one
preferred embodiment, the metal is selected from the group consisting of Co, Cr,
Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. In another
preferred embodiment, these metal atoms discussed above are inserted into the
framework of a molecular sieve through a tetrahedral unit, such as [Me0,), and

carry a net charge depending on the valence state of the metal substituent. For



‘preferred enbodi ment, the netal is selected fromthe group consiSFs{Bi n&} of Co,
C, Cu, Fe, Ga, G, My, Mh, Ni, Sn, Ti, Zn and Zr, and m xt ulds EBrd¥leof . 1n
anot her WPSOYHEW2enbodi nent, these netal atons di scussBET/EBHIMOLBE
.inserted into the framework of a nol &ul ar sieve through a tetrahedral

unit, such as [Me02], and carry a net charge depending on the val ence state
of the netal substituent. For 2 1 FEB 2007 WO 2004/ 018392 PCT[ US2003/ 017365
13 exanpl e, exampieydn enbemtbodiment wieen the eetad tsubstideds has avalenersiata of dence

state of +2,, +3, .+4, +5 or 16, t net charge.aqf the tetra ral unit is
bet ween -2 3%‘*432“_5, °r1+(ﬁai’ﬁn?tr‘fh65$§ 02%0@?%%1%%5 hetveenr Pnglggve, as
descri bed i y ofqt : | d ' g,giﬁistﬁ ted by
the enpiri cmtﬂ?gr nullg,&%nenlgjn(ﬁngﬁﬁél rglﬁjglgg'g?i Sg%nﬁggﬁéﬁf’?@‘d? ergi n R
represents alS.Ireasts magidretdnpbatd, igrepgaaited by eecempircalbformuaonan tenpl ating

agent; mis the nunber of noles of R per nole of (MXALYP)OQ2 and m has a
val ue from enhysiraus basief erably 0 to 0.5, and nost preferably fromO0 to 0.3;

X, Yy, and z represent the nole fractign,pf,,A.~ P and Mas tetrahedral
oxi des, where M is a netal selectedmﬁm&l@z}&? Goup IA IIA 1B, 111B,

| VB, VB, VI BheMid ’rgpryge_ln{sBatge t bﬂ@fgﬁﬁ'ﬂtﬂ@ Rt Pfe?ﬁgﬁfgr;ﬂnoﬂjg&ligabl e of

El enents, preferably Mis ecte om-one 0O oup-consi sting of Co,
Cr, Cu, Fe, tdmaplaten aghft; nMs, thiinnmb&nef Moles ahRamed mdle of Mkl BMDoadidmnt, mis
greater than or equal to 0,2, and_x and, z are ﬁ%reat er than_ or equal to

0.01. [0048Pa3yvanefrpey0 %dl!ﬁﬂ%ﬁ’ﬂl)foﬁg 3, gpdonedpreferably from Qtohdie 1, x is

at th 0, t h 0.2 i ' t ", d
0T The 1 3nge 4R oo fctigh i, Pand BEACanE AR bk el 007,
xi s from 0. @da hretaPselectsd frém éﬂe?ff'@r 18, RASIB,an®, TvBs VB, oymBO V3B, 0 0. 5.

10049] Non-limting exanples of SAPO and ALPO nol ecul ar 'sieves of the
i nventi on i NEllBcmddmsthamde'sodithe RetiodimTalfle SABnEntSARDIe@blySHHO 11, SAPO- 16,

e
SAPO-56, ALRR. %i, Z8lh@Zt. In afeRBodinfbnt,/th K ¥rdardr thah BPeqthl t0 0.2, and x, y
and z are greater than or equal to 0.01.

[0048) In another embodiment, m 1is greater than 0.1 to about 1, x is greater
than 0 to about 0.25, y is in the range of from 0.4 to 0.5, and z is in the range of
from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x is from 0.01 t0 0.2, y is
from 0.4 t0 0.5, and z i1s from 0.3 t0 0.5.

[0049] Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPQ-
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 (U.S. Patent No. 6,162,415),
SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34,
ALPO-36, ALPO-37, ALPO-46, and metal containing molecular sieves thereof,
The more preferred zeolite-type molecular sieves include one or a combination of
SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34,
even more preferably one or a combination of SAPO-18, SAPO-34, ALPO-34 and

ALPO-18, and metal containing molecular sieves thereof, and most preferably one



ALPO 36, ALPO 37, ALPO 46, and netal containing nolecul ar sieves thereof.
The nore preferred zeolite-type nol ecul ar sieves include one of 1&EB (07

conbi nat i WO 204/0B8P0O- 18, SAPO 34, SAPO 35, SAPO 44, SAPO¥oG/usibidwiifssand
ALPO- 34, even nore preferably one or 1@ conbi nati on of SAPO 18, SAPO 34,
ALPO 34 and ALPO 18, and netal containing nol ecul ar sieves thereof, and
nost preferably one 2 1 FEB 2007 WO 2004/018392 PCT/US2003/ 017365 14 or a
combi nat i 0np0f cobihiith FEA POER 13 ABPA- 1B kal nfe?d) cBhidirifp &arar  sieves
t hereof. [0050] In an enbodiment, the nolecular sieve is an intergrowh

mat eri al  hsievesghereaf. or nore di stinct phases of crystalline structures

wi thin one @{5@ ul ar_ sieve conpositi o]n. In particuylar, i ter%r,o h

nmol ecul ar s ar elnpdsmhodament, thejpolecyler sipyg is ap ISP WHY MaRTI8k | al No.
09/ 924,016 {1l. 7:.2001. an 9 | i il 16. In
anot her enb%éol‘}lﬁgﬂgggf %‘éren%?nen%gl%%eg PE%S%@%S?’{“@%& gads?t% r}%ﬂgéﬁ#t er gr own
phase of AEkjed@eo itidTA TR parteulay PefergfoWth neolédiMraieved\le deleriddiPtiesd and
RUWI| 8 have an AEl framework-type, and SAPO 34 has a CHA franework-type.
Mol ecul ar  SUeV.cPafymt tAlpplicatioh B2zl NGh@S/89h0he filal AfigusdV 21 leandRET 801 s
described in of. the, references discyssed above. Generally, nolecul ar
si eves are g%ﬁé@?‘i@ﬁh?fbAPﬂhm-W}ﬁ‘éF odupents the Molegily$ieYe” one or nore

of a source ' : $licon, a
tenpl ati ng gg%ﬁﬁ%&%%ﬁgpor?gt@?}%‘gﬁ?gli]?lsleﬁgg}%%g%{poun ﬁafﬁy%?é'gﬁ%@gs ?dgorrbi nation
of sources ekarfiplel SAPO-1E, AITPOLNS aRd RUWORPhaleSAEDRimewaik-typéi 4nd one or
nore tenpl ati ng agents and/ or one or nore netal containing conmpounds are

pl aced in aséé%@éghﬁ@@kmémwg&-mpti onally lined with an inert plastic
such as pol ytetratl uoroethyl ene, and heated, under a crystallization
pressure and tenperature, until a crystalline material is fornmed, and then
recovered byréleblliedib@Nsyrtkdlsr | fugation and/or decanting. 100521 In a
preferred empodrmemnt e 1ot ecul ar sieves are synthesized by formng a
reaction pr §@@sk] of Jheeymbesisndf molktdansievesiodescabed iraany aftle a source of

hosphorous, an organic tenplating agent, preferably a nitrogen containin
P P refaerencesg iscussed agopve. Gelgeral? , molegular s?eves a:%:e synthesized by the d

hydrothermal crystallization of one or more of a source of aluminum, a source of
phosphorous, a source of silicon, a templating agent, and a metal containing
compound. Typically, a combination of sources of silicon, aluminum and
phosphorous, optionally with one or more templating agents and/or one or more
metal containing compounds are placed in a sealed pressure vessel, optionally
lined with an inert plastic such as polytetrafluoroethylene, and heated, under a
crystallization pressure and temperature, until a crystalline material is formed, and N
then recovered by filtration, centrifugation and/or decanting.

[0052] In a preferred embodiment the molecular sieves are synthesiged by
forming a reaction product of a source of silicon, a source of aluminum, a source
of phosphorous, an organic templating agent, preferably a nitrogen containing
organic templating agent, and one or more polymeric bases. This particularly
preferred embodiment results in the synthesis of a silicoaluminophosphate
crystalline material that is then isolated by filtration, centrifugation and/or
decanting.



organic tenplating agent, and one or nore polyneric'bases. This particularly
preferred enbodi nent results in the synthesis-of a silicoal um nogphpsprfips e
crystal i YO2ed®18382 that is then isolated by filtrati onParEmg20030gesI on
and/or decanting. WO 2004/018392 2 1 ¥EB 2007 PCT/ US2003/017 36 365 15
[0053] Non-limting exanples of silicon sources include a silicates, funed
silica, for exanple, Aerosil-200 available from Degussa Inc., New York, New
York, and CHB58} S| L Mob,lirfiting eeamplesposiliden seabesdacluéd 4 sidickies, fumed
orthosilicates,  for exanple, tetranethyl orthosilicate (TMX) and

t et r aet hyl ofiigsdpr example, eos)-200 avilabledaomdPagussadings Nawu¥erks NéWs pensi ons

thereof, fo anp! - HS.40..s0l availabl e fro 1. du .Pont de
Nermours, W ?g%ﬁ?%ﬂ-ﬁ}aﬁgs, %‘W?’%?‘E‘fn%%l}ng,s su. fa??%lﬁr&?f]ﬁ!g%ﬁ’e, or any
conbi nat i on gghesgBie, tethitndhyi bRhb§Hc#E Diand dtrfe@fy lortosficatd (TEOSHO! -
[00541 Non-limting exanples of al um num sources include al um num

cont ai ni ng coligdsl dilicas or agbuasuspensiomutherebk dod edaempld budwe<HSpdOesohl unmi num

i sopr opoxi de, .al um num i)hos hat e, al um num hydroxi de, sodium al um nate,
pseudo- boeh@vaileblefromd.{ duFioat de Nemours, Wilkarigien, delavire.siljcie a¢idhi nat i ons

thereof. A _preferred.squrce of alum.num.is o-dhoehm t e kticularly
when pr oduc PHREEeal HIESE i coRbitpho Denuafy Brerdnal Bo G pBaidoh

Non-1im tings £x@eRpk&ls of phosphorous sources, which may also include

al um num cont ai ni ng phosphor ous conpositions, include phosphorous-

cont ai ni ng, [00f#]gani Nerlimitypgrexamples m ebininomsosreeh imfudsabepinom-c aci d,
organi ¢ phosphates such as triethyl phosphate, d crystal li.ne or anorphous
al um nophos [SRAPLYNE pRMPestgYssuph %E‘ﬁl‘\‘ﬁ%ﬁﬁ‘%’é}lefg?’r Wné’iﬁgﬂuﬁa’c"i“ﬁns t her eof .

The preferr 0 ' 9‘%?5’ (e ' ' arly when
pr oduci ng aq%p?%)(g eu%“ﬁ%ﬁﬁ@@%ﬁ%&’ %@Bﬁ]o ?%f)‘{"g‘%%ﬁg‘g‘é‘é‘en éﬁn%;gé general ly
conpounds  t atuduohdchintltes pBEIR shdAlumBuaipiciivride, bhanyRenibtitiond dlekrefof

El ements, particularly nitrogen, phosphorus, arsenic and antinmony, nore
preferably r prefeeed snrgrebmonends peswdorhwehmits; parieulanly when pegheng Ty pi cal

templ ating 4450t 5O GrANBnARled g SfSL! odi ¢ Tabl e

{0055] Non-limiting examples of phosphorous sources, which may also
include aluminum-containing phosphorous compositions, include phosphorous-
containing, inorganic or organic, compositions such as phosphoric acid, organic
phosphates such as triethyl phosphate, and crystalline or amdrphous
aluminophosphates such as ALPO,, phosphorous salts, or combinations thereof.
The preferred source of phosphorous is phosphoric acid, particularly when
producing a silicoaluminophosphate.

10056} Templating agents are generally compounds that contain elements of
Group VA of the Periodic Table of Elements, particularly nitrogen, phosphorus,
arsenic and antimony, more preferably nitrogen or phosphorous, and most
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.



of elenents also contain at |east one alkyl or aryl group, preferably an

al kyl or aryl group having fromlto 10 carbon atons, and nore Jpr Efgenabl y
from1l towe 20ewl83»2 atons. The preferred tenpl ati ng agenPETAIS2003/017365

ni t rogen-cont ai ni ng conpounds such a% am nes and quat ernary amoni um
conpounds. 2 1 FEB 2007 WD 2004/ 018392 PCT/ US2003/ 017365 16 [00571 The
quat ernary ammoni um conpounds, in one enbodi nent, are represented by the
general fole087p RANThe \fnefetnaepafinidniin ByRpogats, Of o enihdiliment; kel or
substituted hydrocarbyl group, pref ergblg an al kyl group or an aryl group
havi ng f r ofepreseated bydhe sereral formula FaNowhereigach Reshydogen el ati ng  agent s

Al 3 e R g T S RN
tenpl ating gﬁaimidﬁbﬁdﬁoltﬁn@ﬁdﬂbm&am aﬁb&dmﬁﬂ@ﬂétci@g i ng salts

t hereof su tetranmet hyl amoni um conpounds 1 ncl udi ng t S t hereof,

tetraet hyl ageamirichmecocmmbinatior ¢fenedir agre gastemarnamanhiuh eompemai(y) ammoni um
i ncluding salts thereof, and tetrabutyl anmoni umincluding salts thereof,
cycl ohexy! &nl pee onmepmefl 2 menoddi-er tyir @piPeani ne (DPA), tri propyl ani ne,

I et hyl am TEA l.et.h | am ' I di . | am ne,
2L et hyl pyPiihe. NN PERG L RRERE RecHs e oRlo o ne,
di cycl ohexyhamhiem dﬂ%ﬁh&?fﬂ&ﬂdﬁig&%ﬂ@hﬁe@ﬁ%mﬂﬁﬁeﬁﬁﬁﬂhﬂ ammonjum

N, N - di net hyl pi peraz 1, 4-di azabi cycl o( 2, 2, 2) oct ane,” N,

N , N, N-t et campbhyds-in¢ihydfighsaka thediodnictrasth - amahbyiudi ednypmumidaivicheding

N- et hyl - et hangl am_ne, N-net hyl  piperidjne, 3-nethyl-piperidine,

N- et hyl cy SREh@RIR0A e tRapropyl Astmonidg ingluAwe salts therensi ri di ne, quinuclidine,
NN - di met hyl- - ' . 0N, .amiae,

neope Int yl a)r%t?\%méyagrh?%%gdr{ﬁ ;‘féé'?ﬁi‘ﬁ%gahu%)é%%%%gf Cgtlr)#ér%%d m%ﬁi%gﬁxg%’nﬁ%&

et hyl enedi gibpgamine (DPA)irliRopyliting; inkityaanine (UER), HefkAdlaftie, pr ef er red
tenpl ating agent or tenplate is a tetraethyl anmoni um_conpound, such as

t et r aet hyl rapavisimessy¢lpbexytamiae rmatipyriding, 2bNhgimetaydhenzylamiph d&phat e,
tetraet hyl njum fl uoride, . tetraethy. Tonj, u brom.de, .tetraet hyl
anmoni um cfﬁ%ﬂﬁ&&aﬂ?ﬁ?@’éﬁ’ disse nyal'f‘mﬂﬁi' ﬁﬁ%&y@mwgﬂm%ﬁh@?%f erred
tenpl ati ng ROLRAImEByipFiraShd N 4-SHPEIHBRYINe4RAE NN AN tetramethyl-
(1,6)hexanediamine, N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl

piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-
methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion;
di-n-butylamine, neopentylamine, di-n-pentylamine, isopropylamine, t-butyl-
amine, ethylenediamine, pyrrolidine, and 2-imidazolidone.

[0059] The preferred templating agent or template is a tetraethylammonium
compound, such as tetraethyl ammonium hydroxide (TEAOH), tetraethyl
ammonium phosphate, tetraethyl ammonium fluoride, tetracthyl ammonium
bromide, tetraethyl ammonium chloride and tetraethyl ammonium acetate. The
most preferred templating agent is tetraethyl ammonium hydroxide and salts
thereof, particularly when producing a silicoaluminophosphate molecular sieve.
In one embodiment, a combination of two or more of any of the above templating
agents is used in combination with one or more of a silicon-, aluminum-, and

phosphorous- source, and a polymeric base.



‘thereof, particularly when producing a silicoal um nophosphatg ng ?[fnw ar
sieve. |In one enbodi nent, a conbination of two or nore of aM/ e above
tenpl ati nYyO 280M8392 s used in conbination with one or noPETAR2W3EIT3F%on-
.aluminum, and phosphorous- source, dhd a polymeric base. 2 1 FEB 2001 WO
2004/ 018392 PCTI 1JS2001011M05 17 [0060] Pol yneric bases, especially

pol yneric bases that are soluble or non- ionic, useful in the invention, are
t hose havi l8060lpH s Rolymerebases, asposially palwaeritbases that aee sobwblegiadiesi zi ng a

mhodi ment JOPRe AT ROBR. i osR BTt A Mufsis oo by & T

non-ionic, qREkRéEfoRRIMhENLENRA VG hbleb@sEsibve, 3Py S APOHolsQliMbl €
pol ymeric base, and nost preferably the polyneric base is a polyneric imnmne.

In one enisixiemdmt prefhmred einpodiment,bbespolpietin dasenis olubberorithe palymlekic n an
aqueous sol utjon, _prefere?bl éﬁ\sﬁter, fromgreater than 7 to about 14, nore
pref er abl y 138& M nofyenic, preferabiydhe palymerip base s amopzipnis and salvhlout 9 to 14.

100611 In : odi , - | . ' 1S

repr asent e By e S8 A BB R Bk Ao P W LB s RBiec T,
NDNOMEr i C 3 dmbifdahentRitfePolghéitc bdse 8T thetifveiRion dab apHPinQiiFaquesif er ably from
| to 10 carbon atons, nore preferably from1l1l to 6 Carbon atons, and nost

pref erabl y doluwiipn| pteferablyomatin froat grester than § taabowtt ldgeroré preferably drof00, 000. | n

one enbodinent, Ris a_.linear, . branched, or i ¢ pol yner, nononeric,
chain, pref éit)?}oﬁbqqtﬂéam%‘cﬂrﬁ?ﬁb?y %‘?‘r?‘boﬁta?/?ngi'froml to 20 carbon atons.

10062] 10 a@sRET CrotloR m bl TS CoRAR D Fprid Biskls T SC1 DI ©

pol ynmeri c base,” prefe I'n an aqueous solutl n yet anot her

enjodi ment , repicientpd by tiwy foembRs RINH ) viodry (RINH eisiapatemétabr méndmegicesent ed by
the follow ng general formula: (-NHCH2CH, )nf-N(CH2CH2NH2) CH2CH2 ], ),
wher ei n m i st wBere R cergaing fropp! to Zheprhon atomsepieferably ficond 10 B9 earbembl y from |

to 2000. 100631 | h mbodi t . ) . o
nas o aver S PPl R T e Ruad AprRon RosthER b Sl 4" "
%egggai’gya‘ﬁ%ﬁ{ﬁ at8BRUL iFarPRgepraRoUo ROD000An 0B embBaiRiE,F0lsk ifrdean about

branched, or cyclic polymer, monomeric, chatn, preferably a linear polymer chain
having from 1 to 20 carbon atoms.

[0062] In another embodiment, the polymeric base is a water miscible
polymeric base, preferably in an agueous solution. In yet another embodiment,
the polymeric base is a polyethylenimine that is represented by the following
general formula:

(-NHCH,CH,-), [-N(CH,CH,NH,)CH,CH,-1,), wherein m is from 10 to 20,000,
and n is from 0 to 2,000, preferably from 1 to 2000,

[0063] In another embodiment, the polymeric base of the invention has a
average molecular weight from about 500 to about 1,000,000, preferably from
about 2,000 to about 800,000, more preferably from about 10,000 to about
750,000, and most preferably from about 50,000 to about 750,000.

[0064] In another embodiment, the mole ratio of the monomeric unit of the
polymeric base of the invention, containing one basic group, to the templating

agent(s) is less than 20, preferably less than 12, more preferably less than 10, even



750, 000, and nost preferably from about 50,000 to about 750, 000. [0064] In
anot her enbodi ment, the nole ratio of the nononeric unit of they1prd ypperic
base of tWemmwamsaon cont ai ni ng one basi c group, to thectraspidionrsgs
agent(s) is less than 20, preferably h®ss than 12, nore preferably |ess than
10, even 21 FEB 2007 WD 2004/ 018392 PCT/ U82003/017365 18 nore preferably
less than 8, still even nore preferably less than 5 and nost preferably
less than ghord BRAGhLINGESS! thill s ) B8l e%ﬁ‘ﬁﬁr@%ré!@ra@&l l¥§§%ax?§5£ﬁl hég! ude:

epi chlorohydrin nodified polyethyleni mne, ethoxylated polyet hyl eni m ne,
pol ypr opyl pmfa:rahlg lestithan 42 dendriners (DAB-Amn), poly(allyl am ne)

[ CHZCH( CHZNH2) oly(l, 2-di hydro-2 I met hyl qui nol i ne and

pol y(di met A6 ne- n‘]éfﬁ%t@gleéfﬁ%‘ﬁlﬁ'ﬁtoff Roé@%%ﬁséﬁaaﬁ%trﬁp oro Iﬂ%‘ﬁ] In

D Ry P A S P i = 7

nmol ecul ar S1ev ni c

t enpl at i ng dga@ERE dentrings (BARRAGRE), %o%lmﬁamﬁ{b)iﬁﬂﬂgmﬂ SNINY, and/ or an
anmoni um hydr oxi de, in conbination with a polyneric base such as

pol yet hyl epblyi( he- dl]@ﬁhé—ﬁlz Anrimethypjuiadline),randgol W dohethylemind-eeul ar si eve, the
phosphor ous- al um num, and/ gr si I i con- containing conponents are m xed,
pr ef er abl yemm%ohyénnrw- YICReNPINSYi t at i on and/ or seeding with a

crystalli n‘fodﬁiit]e“ alh,l @L&P{ﬁ?ﬂ%&ﬂm%ﬁtﬁe AR dﬂ(fﬁldlr h%,alhagasgogl vent such as

wat er, and‘"one"or nore age S an meric to forma
synthesi s myxhefifing E&holb@ulbx@éhehﬁ‘ﬂitzﬁ% mﬁmamfgrag&h@ bi'dﬁﬁbly% d‘rgﬂﬁht i ons of
pressure and tenperature as describe U S. Patent Nos. 0, 871,

4,861, 743, t@nnl%nmglentan@SMgm%mm mnmom@méahtgnd/@om ned with the at
| east one te Iat| r}g{ ent .. andbone or . fror e E al um num source,

phosphor ou grerids. in cypbuation ¥t 'arP°A¥f§7°fd? &F SUERES oy anpl e,

si mul t aneo or nore of the sources, prem xed with one or nore of
t he sourcg’s%i ar??/l%r{rhn?lgﬁpl ating agent, after conbi ni ng the sources and the

t enpl ati ng [0@&HNt, dnd typieallsykthesi} 608 mdlendaradiéve, thetphosphtrduess,i s m xture

descri bed above is sealed.in a vessel
aluminum-, and/or silicon- contaiming components are mixed, preferably while

U

stirring and/or agitation and/or seeding with a crystalline material, optionally with
an alkali metal, in a solvent sach as water, and one or more templating agents and
a polymeric base, to form a synthesis mixture that is then heated under
crystallization conditions of pressure and temperature as described in U.S. Patent
Nos. 4,440,871, 4,861,743, 5,096,684, and 5,126, The polymeric base is
combined with the at least one templating agent, and one or more of the aluminum
source, phosphorous source, and silicon source, in any order, for example,
simultaneously with one or more of the sources, premixed with one or more of the
sources and/or templating agent, after combining the sources and the templating
agent, and the like, '

{0068] Generally, the synthesis mixture described above 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, preferably from about 100°C to about 250°C,

more preferably from about 125°C to about 225°C, even more preferably from

about 150°C to about 180°C. In another embodiment, the hydrothermal



and heated, preferably under autogenous pressure, to a tenperature in the
range of from about 80C to about 250C, preferably from about 710E8 & about
250C, noWO Wo#psdebly from about 125C to about 225C, evEBRTHSZ3IBIBHEr abl y
from about 150C to about 180C. In andPher enbodi nent, the hydrothermal 2 1
FEB 2007 WD 2004/018392 PCT/ U52003/ 017365 19 «crystallization tenperature
Is | ess than 225C, preferably | ess than 200C to about 80C, and nore
preferably kpsmlliZadon dpieritaresidderts tHLX25°COPEHratbln Iasettharz00i€rto abduadi nent ,
the crystallization tenperature is increased gradually or stepw se during
synt hesi s, [B%:,@ndmhore prefermbiysiesd thau 495 6hto dbenp&dCure i s nai nt ai ned
constant, for a period of tine ]§Lf ctive, to forma crystalline product. The
time requir 009 f or M Y§i@nether embpdiment the cryptallizatign femaperafuredis o m | medi at el y

up to sever ' - | | ent: _on the

terper at ur e SPEC ity RLAGRE oing otttV MEBRERNRRen T O
enbodi ment , téfherRieSis ddinhameR cBHMGL, fo alpRFIGR Of URRAATREM to@nhaom about 30
m nutes to around 2 weeks, preferabfy from about 45 mnutes to about 240

hours, and cnystadlingr mrbductbThe tinzawegbived tolfotrodbe ¢nystaBimetprad@t saypisallyf 00701 | n

one enbodi ment,  the synthesis of ~a nplecular, sieve is aided hy seeds from
anot her or (i %dlﬁ%é)hﬁmﬂ %VP%@’C%: gﬁﬁhﬁ?t‘%q Nghic Eﬁ)‘%‘i‘fﬂﬁﬁépq‘i‘?ﬁ?tot her mal

crystal |1 2atdQp IebBilce el N Rlooh LI cncBl HAU G IRLRE 11 0. 01

I'ng or ag

crystal | i zatenypdRRértOfle BB tdln Prattictuo fmed undédicating 8o atibbed@r abl y _
continuous agitation. Typically, the crystalline nolecular sieve product is
formed, usuminbigstmarpuad drveeks traefsrablinffomsaboutdy mimtestp abayt 240driss; d

techni que wel I known in .the art, for exanpl ntrifugation or filtration.
The i sol at efdme prfere §Q§P€§’?‘éﬂﬁ%%?€‘gﬂggg%ﬁman enbodi nent, is washed,
typically, | a | kQui t r L1 SBNW;stat The washed
crystalli ne??f}guct iHsi“d%'l g%gg%ﬁp?%n’e{'}‘\ggf derslise(g?%?%fer%a%w 1|Sn %la?]y [ 00721 One
met hod for oseydstfadrhianatheoor the yahy @amzwiletipe ngoleculagiteeus reaction m xture
cont ai ni ng an _excess amunt of a tenglﬂlati_ng_ager_lt and polyneric base,

subj ecti ng tIR87Hi xt urlhethydegthermal crystellizeton iaarried it iR wWith@Bndi t i ons,

agitation or stirring, for example stirring or tumbling. The stirring or agitation

during the crystallization period may be continuous or intermittent, preferably
continuous agitation. Typically, the crystalline molecular sieve product is formed,
usually in a slurry state, and is recovered by any standard technique well known in
the art, for example centrifugation or filtration. The isolated or separated
crystalline product, in an embodiment, is washed, typically, using a liquid such as
water, from one to many times. The washed crystalline product is then optionally
dried, preferably in air.

[0072] One method for crystallization involves subjecting an aqueous
reaction mixture containing an excess amount of a templating agent and polymeric
base, subjecting the mixture to crystallization under hydrothermal conditions,
establishing an equilibrium between molecular sieve formation and dissolution,
and then, removing some of the excess templating agent and/or organic base to
inhibit dissolution of the molecular sieve. See for example U.S. Patent No.

5,296,208.



establishing an equilibrium between nol ecul ar sieve formation and

di ssolution, and then, renoving some of the excess tenplating? agemhyjand/ or
organi ¢ baeeotsaisigaahi bit di ssolution of the nol ecul ar sipePUSBOR0TB65 exanpl e
U S. Patent No. 5,296,208. 2 | FEB 2007 WO 2004/018392 PCT/ US2003/ 017365

20 [00731 Another nethod of crystallization is directed to not stirring a
reaction mxture, for exanple a reaction mxture containing at a mninmum a
silicon-, 073kl um Another misthodrof@rysiEptimndsdirectedosattstioning aveattian

tenpl ati ng agent and a _pol yneric_ base, foqr, a period of time during

crystal | i z BE¥YFe. fossgample apsaciion mpgws CORARIBE ata mipimun, 2ghon~-{gh741 O her

met hods for,s esi zf cul ar _si . WA r sieves are
doscri bed PN BhA e siBssaral chBsRaRvll s o e fRRFEM &7 71 -
tenpl ating p@Eﬂf&ictb@sd?msﬁﬁﬁfd&@timydﬁﬂin'%%ﬁﬁﬂizbﬁen.65&0156_3'1-'5?50( use of a

nodi fier without a salt), U S. Patent . 5,475,182 (acid extraction), US.
Pat ent No01478B2pitdizhéd hedmtSp20@1.wWi th transition nmetal), U S. Patent Nos.
5,925,586 and 6,153, 552 (phos horous,r_mdifl!zed])ﬂ,2 U. S. Patent, No. 5,925,800
(monol i th [¢7bor t eBfher methodspp pynthgsizing molecyips sievey o padifYipBat ed), U. S.

Pat ent No. 6, 373 | ect [ t i fi.ed),. U S
pat ont No. TeralersiRds o8 GRECrIBFRTES ettt ltSred Gouiilind inio o
6, 225, 254 (pRRlLMAYIAIAEBEEH phodpBdrolS), D16 I6ZR NI, 0030ErS MeofH, 2001
(surfactant synthesi s?,ﬁ PCT 8\0 01/ 25151 publ i shed April 12, 2001 (staged

aci d addi t mpodifierr@ihonOa 4lt) U78.Patqu Nd. $1453,182 dacid e2BactR@)1I.SsPatenton oi l ),
U. S. Paten plication Serial No. L 09/92 4 Il ed. Au , 2001

(cool i ng né?‘@gtﬂﬁgﬂ%éi@%ﬂentf"éh WBRHIEAR meﬁé})ﬁ-"gaé?tﬁ?ﬁw gé%l‘éégaﬁ / 615, 526
filed July gL LA afql ' [ U S, Patent
Applicati OI‘16 ’ﬁg’%ggﬁ%éfgﬁ 5@5}5ﬁ%@gg’egtsg26??‘@@%92%88@?@%%}5& ive

ni crof i | t ershppoited), V.S, PRadtans. 5990,5 CatfiverinSeatdtad), NoS. RidntNb.812 fil ed
January 4, 2001(freeze drying the nol ecul ar sieve. [00751 In one preferred

enbodi ment ,6,046617 34 cleetmpnagnatig veayereated on seadified): HeS. Patent Nes6.85b7441 nol ecul ar

SESEINENT SE RS N TR e e
PCT WO 01/36329 published May 25, 2001 (surfactant synthesis), PCT WO
01/25151 published April 12, 2001 (staged acid addition), PCT WO 01/60746
published August 23, 2001 (silicon oil), U.S. Patent Application Serial No.
09/929,949 filed August 15, 2001 (cooling molecular sieve), U.S. Patent
Application Serial No. 09/615,526 filed July 13, 2000 (metal impregnation
mcluding copper), U.S. Patent Application No. 09/672,469 filed September 28,
2000 (conductive microfilter), and U.S. Patent Application Serial No. 09/754,812
filed January 4, 2001 (freeze drying the molecular sieve.
[0075} In one preferred embodiment, when a templating agent is used in the
synthesis of a molecular sieve, it is preferred that the templating agent is
substantially, preferably completely, removed after crystallization by numerous
well known techniques, for example, heat treatments such as calcination.
Calcination involves contacting the molecular sieve containing the templating
agent with a gas, preferably containing oxygen, at any desired concentration at an
elevated temperature sufficient to either partially or completely decompose and

oxidize the templating agent.



wel | known techni ques, for exanple, heat treatnents such as caﬁi Eﬁtion.
Cal ci nation invol ves contacting the nol ecul ar sieve containing ke 2007
tenpl ati ndVO#Y&RI83F t h a gas, preferably containing oxyg&@GT/USR003N7362si r ed
.concentration at an elevated tenperat¥dre sufficient to either partially or
conpl etely deconpose and oxidize the tenplating agent. 2 1 FEB 2007 WO
2004/ 018392 PCTI US2003/ 017365 21 [0076] Mol ecul ar sieve have either a high
silicon (Sil074 al unvinleevlgnsipve haveceither a higheilicon|(Pig ém aluminimi@Bhuetio at i o,

however, a |low Si/A ratjo is preferred for L synt hesis. .l.n one

enbod: ent , CHEWA e P gl ByRaRachomees Alow SDIAT ALl Prekad hos.
preferably :0. m’% : . G st
preferably %E? s%ﬁ%%sxg.- %?nﬁﬁg%cﬁg{xﬁéf; e %lgllrﬁréaﬁstlé‘{}a{e}jsgo eclur?gér}llég?eve has a
Si /Al ratithah 0.65Dgrefcstge 16k tHano0mQaoe plefBablydeaibad 08216hd mostf erably from

about 0.40 to_about 0.10, nore preferably fromabout 0.32 to about 0. 10,
and nore prigtteratiy Jess theod.2h datanptier embodient the mdecylaosieve hane Spidlof a

reaction m xt.ur.e containi a Ll mum L1 i con- al umin and/ or
phosphor ous™ lea%ﬁgsrf%#ﬂﬁn@%@ d;if T gglﬁﬁ%ﬂh PRy B Shr ?485%2 shoul
ein e rgéb% o 9,
and nost pre e?ggl Y Pﬁyﬁfg}e&#}geﬂgé fu?g% égi“%&‘émﬁéﬁdﬁﬁ%ﬁ regé.éﬁg]ont roll ed
by the addi fromrabofit a3 tcatwut 8diSdi ¢ conmpounds as necessary to maintain the
pH during the synthesis in the preferred range of from4 to 9. In another

enbodi nent , [(wﬁaf/t enplFia P @f ageastion mikeiwe putginagiat a isenyy agdired-t o t he
reaction m'lxture of e silicon source.and %gr?sl hor ous, soyrce such that the
bH of the PRI, 20T pRsphaols: GEsRae FoREEARER A%Re enbodi rent
the nol ecul ghiyRefi¥ Baseihobldhel iR (RS EANRE oRfr8m LMY, pRArbIYIn MEralge HPT € Ot her
nol ecul ar sieves. In another enbodinent, the preferred

si | i coal um frophbehané norst pleferably ph dephegeofnfibecitodd. Thepdsan be a

conbi nation thereof, are conbined wi th one nore of the follow.ng,

non-1imiti n@ont@;ugﬁﬁme fAdIHRN Richasie OracidieeomRAYRAS BRRFCERSATNt PYIPfH ng: Bet a

and 5, 783, oo Sufpe 9y siesic B R BB Bol o SIS “adcnd o

3, 832, 449) , eibbMlidignt, the templating agent and/or polymeric base is added to the reaction
mixture of the silicon source and phosphorous source such that the pH of the
reaction mixture does not exceed 10.
[0078] In one embodiment, the molecular sieves of the invention are
combined with one or more other molecular sieves. In another embodiment, the
preferred silicoaluminophosphate or aluminophosphate molecular sieves, or a
combination thereof, are combined with one more of the following non-limiting
examples of molecular sieves described in the following: Beta (U.S. Patent No.
3,308,069), ZSM-5 (U.S. Patent Nos. 3,702,886, 4,797,267 and 5,783,321), ZSM-
11 (U.S. Patent No. 3,709,979), ZSM-12 (U.S. Patent No. 3,832,449), ZSM-12
and ZSM-38 (U.S. Patent No. 3,948,758), ZSM-22 (U.S. Patent No. 5,336,478),
ZSM-23(U.8. Patent No. 4,076,842), ZSM-34 (U.S. Patent No. 4,086,186), ZSM-
35 (U.S. Patent No. 4,016,245, ZSM-48 (U.S. Patent No. 4,397,827), ZSM-58
(U.S. Patent No. 4,698,217), MCM-1 (U.S. Patent No. 4,639,358), MCM-2 (U.S.
Patent No. 4,673,559), MCM-3 (U.S. Patent No. 4,632,811), MCM-4 (U.S. Patent
No. 4,664,897), MCM-5 (U.S. Patent No. 4,639,357), MCM-9 (U.S. Patent No.



and ZSM 38 (U.S. Patent No. 3,948,758), ZSM22 (U. S. Patent No. 5, 336,478),
ZSM 23 (U.S. Patent No. 4,076,842), ZSM34 (U.S. Patent No. 4, 04dfBd8), zswm
35 (U. S. watmoinof¥ee2 4, 016, 245, ZSM 48 (U. S. Patent No. 4pd?®iis3absli7éSM 58
(U S. Patent No. 4,698,217), MCM 1 (U25. Patent No. 4,639,358), MCM 2 (U. S
Patent No. 4,673,559), MCM3 (U. S. Patent No. 4,632,811), MCM4 (U. S. Patent
No. 4, 664,897), MCM5 (U.S. Patent No. 4,639,357), MCM9 (U.S. Patent No. 21
FEB 2007 WRsd004) 3183940 0K PRRADRK02.636527231¢MASH (6K ParelNb10 (U S
Patent No. 4,623,527), MOM14 (U S. Patent . 4,619,818), MCmM 22 (U. S.

Pat ent No. 4401954 83 T M-RZIAIAL PatgnSNoP49&A3 265 MCH-a 08I @8 PatentNal S (U. S.

atem 1o st betns. st biowdstie Bl h (1
P No. 4y \ | ' ksl T 45 (EP-A- O
50 205)  ShaehVICMe O PRALIE, 325755 0N SO 9. pekfchie , ¢

al um nOph0$931@t,@S/),(AﬁP@)11(|\g<b'.§-PaE’aﬁwﬁ. 410,445 AtefipmldluminBsiticfe§S of ZSM 5
and ZSM2 | (U’S. "Patent 4,229, 424) ECRi 8 (U . S. Patent No.

5, /278, 345) ,('gfs/s@?"gAsmngmiamza%-iz%), ﬁéiawmsiliicaﬂes (5SoFae®0®)., PCT WO i

98/ 57743 ' De 23,1988 ' Fi - T ,
US. ' Pat enth A 250) dGOmTEA AP BRI AOAPDAN .S HHPRROHSPBEED. ol ecul ar
ot £ g0 PR PR g AR 7 0 22

nol ecul ar e Nos 5781346 iISAPD-34 epandAIP®S (UIS Pata€Nol 897ppe3Rf the
particul ar conversi on process, the nolecular sieve is then fornulated into

a ol ecul arPGT V@ XBA7IRY published Dsrenber, 2304P88 tubleculyr sieve anddiissheri al use.
The nol ecul.gr siev nt hesi 0 e de..or. fornmulated into

catal ysts 6@08 i'ﬁ'i%ngXtFﬂ %ﬁﬁeg%zé?ﬁjﬁ‘? eg}lteg),égégneamqgoy bi nder and/ or
a matrix | . I ' t t {tion or a

f or nul at eg%snltrg @%Iu%lggsmgagg%gﬁ%s@%ﬁ%?fﬁéﬁq%%’%%I ated nol ecul ar
si eve cat aly$08,729nposition is fornmed into useful shape and sized particles

by wel | -known techniques such as spray drying, pelletizing, extrusion, and
the Iike.

Method for Making Molecular Sieve Catalyst Compositions

[0079) Once the molecular sieve is synthesized, depending on the
requirements of the particular conversion process, the molecular sieve is then
formulated into a molecular sieve catalyst composition, partiéularly for
commercial use. The molecular sieves synthesized above are made or formulated
into catalysts by combining the synthesized molecular sieves with a binder and/or
a matrix material to form a molecular sieve catalyst composition or a formulated
molecular sieve catalyst composition. This formulated molecular sieve catalyst
composition is formed into useful shape and sized particles by well-known
techniques such as spray drying, pelletizing, extrusion, and the like.

[0080] There are many different binders that are useful in forming the
molecular sieve catalyst composition. Non-limiting examples of binders that are
useful alone or in combination include various types of hydrated alumina, silicas,
and/or other inorganic oxide sol. One preferred alumina containing sol is
aluminum chlorhydrol. The inorganic oxide sol acts like glue binding the

synthesized molecular sieves and other materials such as the matrix together,



'10080) There are many different binders that are useful in formng the

nol ecul ar si eve catal yst conposition. Non-liniting exanples ofl ﬂ)iFgﬂjém}% t hat
are usef WOZOEMB3®r i n conbination include various type®CFUS2AGINATIEH
.alumna, silicas, and/or other inorgdfic oxide sol. One preferred alun na
contai ning sol is alum num chlorhydrol. The inorganic oxide sol acts |ike

gl ue binding the synthesized nol ecul ar sieves and other materials such as

t he mat ri x peigetangrafie theFaal @eAmeD PHOVIaissabe BOTEAIRE 6RIBERAI7365 23
particularly after thernpl treatnment. Upon, heating, the inorganpi c oxide sol,
pr ef er abl y PRAGRRY having v visepsity, 15 cony Ao INRERRNIGOXIARIGERT ¢ oxi de

matrix co I -al UM R A [ .Q_an al um num
oxi de matr @%gﬁé%wﬁﬁgeﬁeﬁigt%eg Euergats!ﬁ i d@ﬁ?\leﬁw Srhal" naglr%mé}%?ﬁ%r ol, a

hydr oxyl at eghtfk $aTldwiny hReEweatbnt. cONt ai ning a chloride counter ion, has the
general fornmula of AlmMOn(OH) ol p x(H20) wherein mis Ito 20, nis | to 8, o

is 5 to 40,[0881]ls 2 tAdumdnumahtbritydrol)ahydRaylated adwnirambbaliedmsot , t he binder is
A11304(OH)24Cl, 12(H20) as is descyribed in VWl terman, et al., Stud.
Surf. Sci. “SA@Ag élcl."l?ori%ﬁ,co E?nig??—tgiﬂﬁne{%ég%‘?lapk anot her enbodi nent, one
or nore binge | ] r | L4 exanpl es
of a1 uni na Ha0SHDRCh AT OF bnlicl it o 30, KRG 038 S AP AR A L Byahnr o

di aspore, andxisR613DI ¢ dhe ambbiinamt,3hehinder i8 AlgOOHR,Cl{32@,0V bR,

y-al um na, 6-alumna, s-alumna, x-alumna, and p-alumna, al unm num

tri hydr oxi digscrthedhin §sMyipkenman, ga).eBtude Sur{obd sanddrathk 76, pages|10be, and

1 Xt t 100821 .1 .h nbodi t., .t he bi | um
U0 kegbes 109821, 0 cnter, ebedienl sLle DLt e slunina
sillicon. | %r%ﬁ&re%ﬂ%ﬁ%}lgﬁiggﬁ%%gks of El%niﬂld‘ﬁﬁﬁfhe?iaﬁrsﬁcﬂ%’élhﬁﬁ%r@ um na made

by treating alum na such as pseudobohemte, wth an acid,
pr ef er abl y axyhpdrodidehptahoni®s, inehniwendiaspore ant &angjtonal taburpinepsirch asaks or
al umi numion solutions, Non-limtj Qg exanpl es, of commercially avail able

col | oi dal aﬁlﬂf‘ﬁi%ﬂ@@ﬂ@iﬁanﬁal}%nﬂaﬁ‘ W&Wﬁa&?@@%rﬁndmﬂwr@em cal
Co., Naper leJnlnEturA {ri y@génﬁge':,asﬂ& Y Qﬁgdite?tf?}‘e}i?e? Irlgrc{sfrgﬂai?ét'ﬂo%q%te, 98& poration,

Val | ey Forge, Pennsy
mixtures thereof.

|0082] In another embodiment, the binders are alumina sols, predominantly
comprising aluminum oxide, optionally including some silicon. In yet another
embodiment, the binders are peptized alumina made by treating alumina hydrates
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare sols or aluminum ion solutions. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, Illinois, and Nyacol available from The PQ
Corporation, Valley Forge, Pennsylvania.

|0083] The molecular sieve synthesized above, in a preferred embodiment,
is combined with one or more matrix material(s). Matrix materials are typically
effective in reducing overall catalyst 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.



10083] The nol ecul ar si eve synthesized above, in a preferred enbodi nent, is
conbined with one or nore matrix material (s). Matrix material s2afeB Wi cal Iy
ef f ect i vewioRopeensadng overal | catal yst cost, act as ther marnstessmrassi sting
in shielding heat fromthe catal yst e@onposition for exanple during
regeneration, densifying the catalyst conposition, increasing catalyst
strength such as crush strength and attrition resistance, and to control
the rate ofjoggapver siNuh-lifitthe SRhipGUIMatak 956l LR faor€F: 2004/ 018392
PCT/ US2003/0f 7365 24 [00841g Non-limting exanples of matrix materials

i ncl ude onearercariipmetals, metaboxidesintlndmgttistnia, ziwonia, megdesia,ithariaidi ng titani a,
zirconia, esia, thaqtia, eryllia, art silica, or, sols, and m xtures
t hereof , f @%%%Z=§ I"fac:o&-sﬁg*gﬂ%éiné’fmreg%?qrﬁ : T exgmple silica-magnesiay anj a,

si |1 ca- al uThing ARAnAl ili 2SR AREE and GIRA-AGRRAdHERA 1n R 11 X
material s are natural clays sudch as ose fromthe famlies o

nont nor i | | edbodiniéifl, aeld MatefidR%ee Aathidl dlays hichsasithédeUfitin shibfapilicaruft es and
those kaolins known as, for exanple, Dixie, MNanmee, Georgia and Florida

cl ays. Non-méntmorillngitesedicsadin. dfhese hatnrahelays mnclitesubbérgonitaslapdithoskal oysi t e,
kaolinite, dickite, nacrite, or_agnauxite. |In_one,enbadi nent, t mat ri x
mterial - geahE b B o TR, McNGineeo Gep@ia S £ l5haer by A

nodi ficati d e ' ' i : and/ or
cher cal ¢ M LiRaBERARGEs bl ol hidfhlsifclual oy oRE KaolipfEIRRE, “T00 C1 1
is a clay ofacfte¢banaukitelcongasbddinent, heahstriabhatefidle prefayblo tng bithet ype
conposition having a lowiron_ or titania content, and nost preferably the
mat ri x nat ed4ys aresukigeted o weldmewnipeedifigation precasses wich @s pdleingigdabl e, * hi gh
solid content, sl ur ry esh surface area, and it packs

it has,a lowf v
t oget her eaaé'ﬂd{%a&&e ‘%agnF’ftsang‘{oétc ?’Blcag‘r?ﬁﬁ*@ﬁﬂ e. Apreferred average particle
size of thejopgd) i X NMRlRE PR fert®ahbidifks!, AR MaltfOhbRrial 8 aldgoralkgsl- 0.1 mto
about 0.6 pmw'th a D90 particle size distribution of |ess than dbout 1 m
100861 | n oiype evrhpakitiem tprefetablybtha diy or clay-typt ecmpositien baangatbw fronmat ri x
material are conbined in the presence.of a liquid to farm ol.ecul-ar sieve
catal yst cofffBpe Fepien mos ef}ﬁ%ﬁfhe@atﬁ?‘ﬁﬂ%ttm?lés kg Halg%ﬁri‘gh?% by wei ght
to been found to form a pumpable, high solid content slurry, it has a low fresh

surface area, and it packs together easily due to its platelet structure. A preferred
average particle size of the matrix material, most preferably kaolin, is from about
0.1 um to about 0.6 pm with a D90 particle size distribution of less than about

1 ym.

[0086]) In one embodiment, the binder, the molecular sieve and the matrix
material are combined in the presence of a liquid to form a molecular sieve
catalyst composition, where the amount of binder is from about 2% by weight to
about 30% by weight, preferably from about 5% by weight to about 20% by
weight, and more preferably from about 7% by weight to about 15% by weight,
based on the total weight of the binder, the molecular sieve and matrix material,
excluding the liquid (after calcination).

[0087) In another embodiment, the weight ratio of the binder to the matrix
material used in the formation of the molecular sieve catalyst composition is from
0:1 to 1:15, preferably 1:15 to 1:5, more preferably 1:10 to 1:4, and most

preferably 1:6 to 1:5. It has been found that a higher sieve content, lower matrix



about 30% by weight, preferably from about 5% by wei ght to about 20% by

wei ght, and nore preferably from about 7% by wei ght to about 1504 b§B #l7 ght ,
based on t‘ﬂ@zPW‘HE:”%ei ght of the binder, the nolecul ar siRGRUSA0B/HIIGS X
material, excluding the liquid (after?Xalcination). [0087] In another
enbodi nent, the weight ratio of the binder to the matrix material used in
the formati on of the nol ecul ar sieve catal yst conposition is from 0:1 to
1: 15, pref ecariiént, therbhsels ohd minlecotar siepe eftalyatdompbsitibntperfordanenbowest,
preferably 1:6 to 1:5. It_has been found that ,a_hi %he_r si eve content, |ower
matrix 21 FER'IEHYe peyieniohrehenmatirnyiennh mopryas/hesitnlign resyaneaof thencr eases
t.he nol ecul gﬁmﬁ&evq}cat al yst conposition performance, however, |ower sieve
content, highe rlrté? iXx material, inproves the attrition resistance of the

conposi ti onjodg8P88] Upen c6mBRIIA 1 hileculR G6klaa8 1B MuRiAMdtelie matrix
material, optionally with a binder, inaliquid to forma slurry, mxing,
pref erably opgomatlysvithna kindgr, iits a higesiad foxm psldycmixing frsteaatly a@gbypubonogeneous
m xture contai hing the. nol ecul ar sieve, &I&B-I i mting exanpl es of suitable
li qui ds i ncPugRgsneeedpd 1P ProgHeR Haibskmtiaty iemesenequeibaire qostanag thea| dehydes,

q HUBRY Germegencay sl dehyd
alurry Ta O sl N oPofnfireRpp ol shnliqlios RuAReRERERC I00 o

desired sl ucbibiriibs b6EwaterridHol,iketoes, aldehydaNdIbr &stdes.PTRE ke Si ze

di stribution. [0089] The nol ecular sieve and natrix material, and the
optional bi errechlignid iswatee boons embadithémsy ba slurtygisicdlloidrmdilled dorcnbi ned i n
any order, together, siJwultaneousl equenti al | or combi nati on

t her eof . | n PEHE Bf@%??@e%%ﬁ@gﬁﬁ%?‘?%ﬂﬁp%§m 16 ‘?’cf}’gﬁ’ia’étf%g?%lﬁﬁf’y water is
used. The malgokbal~Sig%s; (g&{.‘ Iitfoet eri al, and optional binder, are
conbined in a&@rqlg{%éhag\égb i s,B ulﬂgtantially dry or in a dried form or as
slurries, tdqge8fer ofhsepdeailal sjevelahd satdixi matetizl adddedoitaget biaderasredry or

substantially dried solids, it _is preferahle to add_.a |imted and/or
control | ed didhemamsror differeat liquidonf arsrosmanehip Sy PadE; togeles | urry of the

mol ecul ar Sis l?l'tanlg.#ngs? rsg%, Fi&ﬂ'gtgriaxcgg%ﬁfamoﬁltl?créc?f. 'ﬂl)ﬂ?edprgf‘en@dl led to achieve

a sufficiently uni f su
embodiment, the same liquid, preferably water is used. The molecular sieve,

matrix material, and optional binder, are combined in a liquid as solids,
substantially dry or in a dried form, or as slurries, together or separately. If solids
are added togetﬁer as dry or substantially dried solids, it is preferable to add a
limited and/or controlled amount of liquid.

100901 In one embodiment, the shurry of the molecular sieve, binder and
matrix materials is mixed or milled to achieve a sufficiently uniform slurry of sub-
particles of the molecular sieve catalyst composition that is then fed to a forming
unit that produces the molecular sieve catalyst composition. In a preferred
embodiment, the forming unit is spray dryer. Typically, the forming unit is
maintained at a temperature sufficient to remove most of the liquid from the
slurry, and from the resulting molecular sieve catalyst composition. The resulting
catalyst composition when formed in this way takes the form of microspheres.
[0091] When a spray drier is used as the forming unit, typically, the sturry of
the molecular sieve and matrix material, and optionally a binder, is co-fed to the

spray drying volume with 2 drying gas with an average inlet temperature ranging



particles of the nolecular sieve catalyst conposition that is iI?E[? ﬁ{ﬁd to a
formng wunit that produces the nol ecul ar sieve catal yst corrpz) i 8 D ln a
preferredVOSBEMSMENt , the forming unit is spray dryer. FGHUSABPITIHe
formng unit is mintained at a tenpétature sufficient to renmove nost of
the liquid fromthe slurry, and fromthe resulting nol ecul ar sieve catalyst
conposition. The resulting - catal yst conposition when fornmed in this way

t akes the ffrmm20d°CodS0¥p mdescompined dhtlsthanpaataps mygihpi feomil®0tGed as the
forming unit, typically, the slurry of the nolecular sieve and matrix

mat eri al , abhduiG25PGnhi dnyerabddinetat, the sveragef diameter ofhe sprayalriedrfpimed vol une

wth a dryin as with,an average inlet tenpe ure ranging.2 1. FEB 2007 WO |,
2004/ 01830 SAPIH CRmpRFHIONES Hoen abetA04Hm SoBRoE é&iwr A0l SORGORE out | et

t enper at ur eqyr ' 0 t I IR N e average
di anet er o?sot e%s%%%ﬁ%d%ééﬁgggg@gt%(ﬁégﬁo%c?pﬁggf‘?%ﬁﬂizs@s%r#gbout 40 pm.

to about 3QRosNprdférablefaih Xbdut @9 18086 kboR 90N t 0 about 250 m nore
preferably fromabout 50 mto about 200 pm and nost preferably from about

65 mto abd0092]10 m Iroidg2prapuriing., tershyrdisyiassgd thiosgh kamoezlei s passed t hrough
a nozzle djstributing the slurry info small _.droplets, resenbling an aerosol
spray intodésmé\‘%‘}gn eglﬁgﬁggtp_snmllgqlﬁog ﬁ’é??eﬁni’llﬁ%ﬁ‘i?@?}"@ﬁdﬁyﬁyoﬁnﬁq‘hggt he slurry
throuha%}% I . | l s, Wi in the
r angegof fro ?38“%@%‘2 ﬁ%%ﬁzfgggﬁgp%@e\%g% fE%gg tihg s%@éﬁi@%ﬁa gﬂﬁﬁganot her

enmbodi nent ,ndzhR of mifltiple h6zZles Wil a prévsoreghiopinsthe grgerndZiting 100 paiulté | pl e
nozzles along wwth an atom zation fluid such as air, steam flue gas, or

any ot her shfi00asiad68RkPaajto 6835 kPaa)y dp aanbenenbeditent, therslurry frecosfedr r y

descri bed above,is.directed to . ..the perineter .of a spinnin eel that
di stri but e?gfwgh§ISlﬁghilnqzﬁf:oormppped?%ﬁk&g&ngtvﬂgl a:gz}tgﬁu@poaﬁ}u\é\@s “ controlled
by many f acisQhsS stefdal fiH 98, S difylothed st@Blelgds, surface tension, flow rate,

pressure, and tenperature of the slurry, the shape and dinension of the
nozzl e(s), {9093he sdnyeiangtheaemboflimdns, thh ey dEbardeddibopt tstdireated tot hen dri ed

i or "t o1 OPEPETOEISE LA ViheF Gl episa e Ee i TR AR Pt
CONposi ti ONize FRLK K REOh{bIEAY by nAnyRAGGY iRudthE ¥y ViROUHS suffRldn
tension, flow rate, pressure, and temperature of the shurry, 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 2a molecular sieve in powder form.
[0094] Generally, the size of the powder is controlled to some extent by the
solids content of the slurry. However, control of the size of the catalyst.
composition and its spherical characteristics are controllable by varying the shurry
feed properties and conditions of atomization.
[0095] Other methods for forming a molecular sieve catalyst composition
are described in U.S. Patent Application Serial No. 09/61‘7,714 filed July 17, 2000
(spray drying using a recycled molecular sieve catalyst composition).
[0096]) In another embodiment, the formulated molecular sieve catalyst
composition contains from about 1% to about 99%, more preferably from about

5% to about 90%, and most preferably from about 10% to about 80%, by weight



10094] Cenerally, the size of the powder is controlled to sonme extent by the
solids content of the slurry. However, control of the size of tgheﬂfg%ml yst.
conmposi t | WR 80183 spherical characteristics are contr oPFENSEOBYIRIET vi ng
the slurry feed properties and condi &/ ons of atomi zation. [0095] O her

met hods for formng a nolecul ar sieve catal yst conposition are described in
U. S. Patent plication Serial No. 09/617,714 filed July 17, 2000 (spray
dryi ng usi 0§t melegelppsieyipasedpa thetoial aveight of the melsppassieyeeatalyflooos] | n
anot her errtgg%’bg%% the formul ated nol ecul ar sieve catal yst conposition
contains fronra ou{l' 1% to about 99% nore preferably from about 5% to about
90% and rrt2m9 r ef enabhothér Giboheieht, m:%éighﬁ;mwnt 8PBndbyinricailthe VO

2004/ 018392 PCIT1/ US20433/01736Y07 27 of the nolecul ar sieve based on the
total wei glsprayfdriesdenotetwandieve catadyss compasijion bassdrondbé tatdnveighiogthe | n anot her
enbodi nent ,, .t he wej ght percent of .binder in or on th Spr. drjed nol ecul ar
si eve cat al :erdﬁﬂiﬁﬁ‘gﬁ §5YF=B% Bty magrna) i frem P'&I%%BV Wﬁ@k’ttﬁﬁh r
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and nore phéfegirafetply from ABALTY e Wiightiodbbut 15% boweidth% by wei ght. [0098]

Once the nol ecul ar sieve catalyst conposition is formed in a substantially
dry or dric@088]at e, @urefthe metaculaasitea catalysbeormpasitiontis fermedfivaned cat al yst
conposition he reat,nent. such.as cal gi natj,on, .at _an gl evated

t enper at ureglﬁbgtaﬁg‘géﬂ%“ﬁépf‘g?tﬂ%d?o @@Sﬁ%ﬁﬂ@fﬁé réé’ﬁ?’%‘???ﬁ fome nvi ronment is
air that typigalchinpbffibhdfiafirsicht AERUNCaIIaBACE ) 8ROkt TV PI CBI

cal ci nation tgnﬁle)%flg?urgs’ are t|rn t he é{gﬁge ?lrggr% about 400C to about 1, 000C,
pref erabl y temperatabiwisualy fetfamaidoud caDEntiond) dalkeirgtion exficoradidny if 2ibm about
550C to about 700C, preferablé in a calcination_environnent such as air,

ni trogen, H&pyymically includes g small asmnt ehwatepyaror. Typisal srlanatip®n) | or any
conmbi nati o r eof 9 | | i [ or mul at ed
nmol ecul ar ;lﬁeeggra%'&org? %‘%3‘8?*’ e(]:r 841 n%’o@%i %ﬁmi)’gddggﬁ ?’ i’agéﬂolﬂqdbia{r;’ g%f/‘&%}t)}%}%rlﬁ of well
known devi casout BOHThoBons SI0ACY arkbnektiaeferably fibgh 4b0dt SU°Citoabsut bat ch ovens,
and the like. Calcination tine is typically dependent on the degree of

har deni ng of0Q°Re preftrebliliap celcingbon gnwirgament such as air, nitrogen, helium, flue

gas (combustion product lean in oxygen), or any combination thereof.

[0099} 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 like. Calcination time is
typically dependent on the degree of hardening of the molecular sieve catalyst
composition and the temperature ranges from about 15 minutes to about 2 hours.
[0100] In a preferred embodiment, the molecular sieve catalyst
composition is heated in nitrogen at a temperature of from about 600°C to about
700°C. Heating is carried out for a period of time typically from 30 minutes to 15
hours, preferably from 1 hour to about 10 hours, more preferably from about 1
hour to about 5 hours, and most preferably from about 2 hours to about 4 hours.
{0101} Other methods for activating a molecular sieve catalyst
composition, in particular where the molecular sieve is a reaction product of the
combination of a silicon-, phosphorous-, and aluminum- sources, a templating

agent, and a polymeric base, more particularly a silicoaluminophosphate catalyst



conposition and the tenperature ranges from about 15 mnutes to about 2
hours. [01001 In a preferred enbodi nent, the nol ecul ar sieve cﬂtlaﬁEﬁsﬁUﬁ?
conposi t iwo 2wsi/hewmeed in nitrogen at a tenperature of frpoTakossoeROL to
about 700C. Heating is carried out fes a period of time typically from 30
mnutes to 15 hours, preferably froml hour to about 10 hours, nore
preferably fromabout | hour to about 5 hours, and nost preferably from
about 2 housmpositiah(R4PQ) hreudescribel G, 0t ex@nide, S, Radat Nor5,583,B1@ati ng a

mol ecul ar sieve catal yst conposition, in particular where the nolecul ar

si eve is a(hestivg molequiadieve offget dlemiracndi water tort S6FCh PGT WEDR0/758Fds phor ous-
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Pat ent No. ting nol ecu si éve 0 umna and water to
4500), PCTsp2)0/ 75072 published Decenber 14, 2000 (heating to | eave an
anount of tenplate), and U.S. Application Serial No. 09/558,774 filed April
26, 2000 (Oxivgemmeita Olefiols Brotasgul ar  si eve). Oxygenate to O efins Process

0102] In ferred enbodi nent _of. th ocess of .the inyentjon, the
1[eeds%ock ins o atﬂrg%ggem&mfgg erPﬁ?‘iﬁ%B@ﬁ’Ief'ﬂI‘%‘\F/‘P?P, Bne or nore
organi ¢ CO@%ekggeggﬁ SonGi3 Lo Y %réaxig;éﬁgtgsﬁﬂ&e%pefaﬁ@a@{,‘eﬁé of Mofd1e nost

preferred I'ment of the proce i nventi on, e oxygenate in the

f eedst ock ioSgapitecompounid( cahratiing {tddast pnedeygehlayoral ptheimest ptefafeal (s) where
the aliphatic noiety of the alcohol(s) has from1 to 20 carbon atons,
pr ef er abl y embediment of the prapess of Hvention. theexyesaate i tredeedstockas epgar t o 4

carbon atons. The, al.cohol ef.u s f ock i t he .proges f the
venti on. M AtEPER Prega Rl Phaeics e Bfictenfls AURREERREFE ¥ ez onol s and
their unsaiioBbRS) 1z $Hnk 1 RGND Sarbbl AtdnsTpidfétabsPsml1a8 10fcaen@edad.es 1 nclude
met hanol , et hanol’, n-propanol, isopropanol, nethyl ethyl ether, dlnethyl

et her, di etahgimast peeferabliy-frano drio gycarbeniatoms. f Thervallcdedly usefuldis fegdstoick dmr bonat e,
di net hyl ketone, acetjc. acid, and.ni xtures, thergeof. 103] Ll.n the nost
preferred CHiE ,ﬂl"‘t' H’@e?té‘?éh@&ﬂéglqv?régf“@b{ @HﬁPr ?#eg C?‘EIL aﬁlphatm

alcohols and their unsaturated counterparts. Non-limiting examples of oxygenates

include methanol, ethanol, n-propanol, isopropanol, methyl ethyl ether, dimethyl
ether, diethyl ether, di-isopropyl ether, formaldehyde, dimethyl carbonate,
dimethyl ketone, acetic acid, and mixtures thereof.

[0103] In the most preferred embodiment, the feedstock is selected from
one or more of methanol, ethanol, dimethyl ether, diethy] ether or a combination
thereof, more preferably methanol and dimethyl ether, and most preferably
methanol.

[0104] The various feedstocks discussed above, particularly a feedstock
containing an oxygenate, more particularly a feedstock containing an alcohol, is
converted primarily into one or more olefin(s). The olefin(s) or olefin
monomer(s) produced from the feedstock typically have from 2 to 30 carbon
atoms, preferably 2 to 8 carbon atoms, more preferably 2 to 6 carbon atoms, still
more preferably 2 to 4 carbons atoms, and most preferably ethylene and/or

propylene.



one or nore of nethanol, ethanol, dinethyl ether, diethyl ether or a

conbi nati on thereof, nore preferably nethanol and dimethyl g0HER 20FENd nost
preferabl WO M . [ 0104] The various feedstocks di scRETEH20036ME365
particularly a feedstock containing &1 oxygenate, nore particularly a
feedst ock containing an alcohol, is converted primarily into one or nore
olefin(s). The olefin(s) or olefin nononer(s) produced fromthe feedstock
typi cal | y H&¥8S)f r om 2Nepn-1@aiting eamples obelsiin grasorea(s) inchudeetiylenss bon at ons,

f bly 2 6 b , i1l f bly. 2 4 b
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pent ene- 1, 4t,Mekdéne-1, pernerleard istsnkerdof. dothenaefin amghonde@piiciulle preferably
et hyl ene, propyl ene, butene- _l,qé)ent ene-1, 4-nethyl-pentene 1, hexene-1,
oct ene- 1 anenspirted monpmerss fliolehinsdavisgdk tonl Swsrbnreatonsy, oniuasted orunsat ur at ed

nononers, diol efins Q%vi ng 4,to0 18.c:ilr bon_at ons c?nj gqq‘%téed or

nonconj ugat SFCHUERAES E&ngf'é??é%‘fm?/iv L BOBIEY LAGIE OIS ol ef i ns. 10106] In
the most prghesy ed embpgiemRod ﬁréf&?ecf &RESHiRekt, tHY RERIGR! YreéraRlP o f Oﬁf mor e
oxygenates, is converted in the presence of a nolecul ar” sieve” catal yst
conposi t i onoi me elygénatéss Js dawened id thopesanelvdasnaeads, sigpreahtlybl y 2 to 4

carbon atons. Mst preferabl é the olefin(s), alone or. in conbination, are
converted ffURpPositiociinseletin(s BaYIAE Aith§ carbonk vawapelierphlyZdedimetbatn al cohol ,

t f | t hanol t : . hy]
o opylene. - 36, M &8sl e dlFnORbRIE BF pPo bl B ResTaRa e o
gereral |y  p@dc@stoer cbRaidng @i apehaté, Gréfefiblyisn AIMKI,; mb& prefMBlyPr oCess,

typically an oxygenated feedstock, nost preferabl i;ma met hanol™ cont ai ni ng
f eedst ock, imethapohvethegdeferred hlsfipfs) sthiylame gid/ar prsipytemear si eve cat al yst

COMOS! 1 N0 o1 e T8 By o i TR MBS PSRRI ™ b
I ncreasi ng {den&Plothihethinb1 6ok BTes). Y ANIPOROG R Pt lPaSUCh as
oxygenated feedstock, most preferably a methanol containing feedstock, is
converted in the presence of a molecular sieve catalyst composition into one or
more olefin(s), preferably and predominantly, ethylene and/or propylene, often
referred to as light olefin(s).
[0108] Increasing the selectivity of preferred hydrocarbon products such as
ethylene and/or propylene from the conversion of an oxygenate using a molecular
sieve catalyst composition is described in U.S. Patent No. 6,137,022, and PCT
WO 00/74848 published December 14, 2000,
[0109] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
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..



et hyl ene and/ or propylene fromthe conversion of an oxygenate using a

mol ecul ar sieve catal yst conposition is described in U S. PaperFER 7

6, 137, 022woeed4/6¥8392 WO 00/ 74848 publ i shed Decenber 14, 28p9/usiéhb@9izedhe

f eedstock, in one enbodi nent, containgeone or nore diluent(s), typically
used to reduce the concentration of the feedstock, and are generally non-
reactive to the feedstock or nol ecul ar sieve catal yst conposition.

Non- | i 1t gyl emlinl Ugbisis iigh bra b idila &Y eibor Rirhi 9pgn. _carbon

nonoxi de, carbon dioxide, water, essent arl y non-reactive par i ns
(especi al | yoalbiretion tixredt. dhe dikieheiseithatddded diredtty foraofeadivock @sadngti al | y
non-reactive aromati c conpounds, and m xtures thereof. The nost preferred
di | uent s ariBtogareastongicRdded disgethy ini & Feagtor<qr added withgamnelesuliansieye pref erred. .

s used of RV ROBDITYLT e TRseRe e Argpnlof ARt e Seee kR cor “The
di | uent i's ighi Aetadddatiolh BEGI! Mo'eBofk JARARIRRINE DR 0 dhe [d1 itk act Of or

at
added directly I n a reactor, or adde a nol ecular sieve catalyst
conposi t i orof neleaithe fdeddiotieahd diltentpreferdbiyfrom dhoant to BO nide pereetstf ock is
in the range of fromabout | to about 99 nol efpercent based on the total
€

nunber of eledsefgrabhyhsomabayt ¢ tabowd 56 mest prefesgbb Gemmbput § Enababut | to 80

nol e perce nore preferably fram ahout 5 t ou 0, preferably
fr om about 'tI-BO_EBS ° ﬁniloﬁxgr{g%%é’f]mﬁd%ggg%?_%‘??éﬁfl%iggﬁ%%ns are added
1o a feedstapkghl ifireolh, W88 theiud olbBils), Beialfin(sRBbrhACIWISekET  n().
paraffin(s), aromatic(s) (see for exanple U S ~"Patent No. 4,677,242) or
m xt ur es t hexample US. @atenaNby4,67 6342 eorenixtirer themof, preferdably propyleaed ot her

hydr ocarbons having 4 or nore cgrhon atons, .or mxtures thereof. [0111] The
process fo%‘ﬁgﬁ%ﬁmﬁ(&nﬁ’ Ef”éléﬂléﬁrgﬁ’%,m"ég’t?é‘é aYpg 4pTRYE R alIBH©Ohi ni ng one

or nore Oxyﬁﬁ?&Eﬁ&eréo@ the presence of a nol ecul ar sieve catal yst
conposition of the 1nvention, is carried out in a reaction process in a

reactor, Vviee1H the prigcp®sessFobcdniverihghefdedstioukesspeciallya feddsiatkzed bed
process, preferably a continuous fluidized bed process. [0112] The reaction
processes cWARIRG OPE SLBOT0RY BFa#tpD iy therpresgpeg gf a molecular sieve catalyst

composition of the invention, is carried out in a reaction process in a reactor,
where the process is a fixed bed process, or a fluidized bed process, preferably a
continuous fluidized bed process.

[0112) The reaction processes can take place in a variety of catalytic
reactors such as hybrid reactors that have a dense bed or fixed bed zones and/or
fast fluidized bed reaction zones coupled together, circulating fluidized bed
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,
and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977.

[0113] 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, and U.S. Patent Application Serial No. 09/564,613 filed
May 4, 2000.



‘reactors such as hybrid reactors that have a dense bed or fj| geﬁz &ﬁ[ﬁ zones
and/or fast fluidized bed reaction zones coupl ed together, 5 ting
f1ui di zZeoN@EM4/M8Wet ors, riser reactors, and the |ike. REVEBI8IRIGREent i onal
reactor types are described in, for #anple, U S Patent No. 4,076, 796,

U S. Patent No. 6,287,522, and Fluidization Engineering, D. Kunii and O.
Levenspiel, Robert E. Krieger _Publishing Caonpan New Yor;4i New York 1977.
[0113] The[oﬂﬂ erredInrtéa@f grred, prabgdiment, s’ieﬂmﬁilé%g?f’rﬂmﬁ‘é?ﬁé}r gk described in

Zens and Bpeiciged 8 ?"%9’1‘33 Pl S s i BRencRBRAS i D050, ana
U S, Pat estd Neeco Sfsieif? and U. S. Patent Application Serial No.

09/ 564,613 filed y 4, 200Q 2 1 FEB 2007 WO 2004/018392 PCT/ US2003/ 017365
31 [0114] [W1bhe prelhbe pmdemmmﬁtmmolveaﬂfelqundntzlmstdb'eﬂhpramt:lass or high

velocity fluidjzed bed cess cludes, a reacto aratus, a regeneration
syst em yanHmé(l FBgro &ﬂ d feR qogpverting %ﬁgé‘gg’ﬁ[ q%%%‘hwwnéﬁltﬁ)ég t he
current “egt%n &tﬂnélﬁ&ngr th:ﬁm eﬁﬁo"th%'r{?%hé{ol ncﬁa?% 1H$éx{?a%%h% ﬂe‘ﬁe”' ng a

feed inclu g an ox The

met hod of iderdattos Gifardtity/ eAS ued h@elﬁomé térhPYeackdt apphraLY @éfembaﬁat us. As
used herein, the term"reactor apparatus refers to an apparatus which

i ncl udes aeppasatus whichlinaJuddsrat Igsisthplace Bxyhishan exygenetedbiakeficonver si on
reaction takes ur t.her her e term,"reaction,zone"
refers to fH% eb%?ft’ieaﬁl%ftﬂ% esRlatt &Sﬁﬁ'g]b%fr'ﬁ?%gérFW’&}?tWt‘P‘?@ CEBHWate to

ol efin copugsk %a&.{pgleta £aphrA6 h P PeRALRNYEENS| y Wi th the
tern "reactor. S%% Sl raéf ,r ﬁe re%%?‘ogug‘gglgr at us |ﬁc¥udesﬁgﬂr eaction zone,
anf{inl et zoomveagich Eactbbxstﬁhwgga@gamhsasedTMmymdneﬂy withahe tesmt heacpor't i on of
the react or apparat us into which feed and catal yst are intrqQduced. The

"reaction Rsakably.ghe WéCtﬁb?‘PEW%tmﬂWés arf%%élf”éjﬂo%ﬂhﬂlﬁﬁj@nﬁrﬂﬂdﬁh ch the feed
ot et 3o AR BB S e (e
zone" is tRehigipfebd oM @&talytteué ﬁmtiaéedamr"amﬁom Eoﬁ&“|1§ﬂ1etﬂt@tlo&6£tﬁky5t and any
additional solids in the reactor are separated fromthe products.

reactor apparatus in which the feed is contacted with the catalyst under conditions
effective to convert the oxygenate portion of the feed into a light olefin product.
The "disengaging zone" is the portion of the reactor apparatus in which the
catalyst and any additional solids in the reactor are separated from the products.
Typically, the reaction zone is positioned between the inlet zone and the
disengaging zone.

[0116] In an embodiment, the amount of liquid feedstock fed separately or
jointly with a vapor feedstock, to a reactor system is in the range of from 0.1
weight percent to about 85 weight percent, preferably from about 1 weight percent
to about 75 weight percent, more preferably from about 5 weight percent to about
65 weight percent based on the total weight of the feedstock including any diluent
contained therein. The liquid and vapor feedstocks are preferably of similar
composition, or contain varying proportions of the same or different feedstock
with the same or different diluent.

[0117] The feedstock entering the fluidized bed reactor apparatus is

preferably converted, partially or fully, in the reaction zone into a gaseous effluent



Typically, the reaction zone is positioned between the inlet zgr}ﬁ Zn@ t he
di sengagi ng zone. [0116] In an enbodi nent, the anount of quui 8t ock
fed separvi@ados/008392j ointly with a vapor feedstock, to a PEHUSWOI/ENSEM IS in
the range of fromO.1 weight percent32o about 85 wei ght percent, preferably .
fromabout 1 weight percent to about 75 weight percent, nore preferably
fromabout 5 weight percent to about 65 weight percent based on the total
wei ght of thitenteedst disdaghgin sohagong with d ¢oket malevulaisiead catadysei n. The |iquid
and vapor feedstocks are preferably of simlar_ conposition, or contain

varyi ng priopmositions lathe prefesrgdembodifhém sgvstanefn adthin the disgngpginge sanme or
different dil yent &01%@ The f&gdSthCLl}i enteriagqq the flui.dized bed reactor
appar at us Ye§5¢! gredesians o sepataly thednolgailey sipyacatalyst GPRPOSIHARY e 1 eacti on zone

into a gasgepsHif blcuRad mgleéulgﬁﬁe@?%%lgg Vc\%?ﬁ)@sﬁ$§3§§nﬁgh§399§ﬁﬂgg 65 32

that enters the di sengagli ng zone a a coke cul ar sieve catal yst,
conposi t i ofontdifting lohe Pk alopé slefin@ybadiintiridisengagiapehss). Gydlbaes atdie di sengagi ng
vessel are desianed to separate the npl ecul ar sieve catal yst conposition,

pr ef er abl yprafeswsebiowenescnnvity effesteewihinghe discrgngingsyessed willfalsgseparategaseous

ef fl uent ontaining one.or Jiore olefin wi.thi.n the disengagi zone.
Cycl ones. a‘?‘g qat[glyé* 8&7’3@}“%\%{%&,6 %ﬁsﬁ‘?ﬂs’ﬁ“?hé 'e@t'ger\ﬁle?lﬁ?#f fgﬁgepgfag’@ﬁgagi ng
vessel Wil fhe@baf st AR fonsiten GR Sls¥sils HORRR HdnidNe (50T piliRs,4apE0uS
effluent. Ot her 'nethods for separating the catalyst conmpositions fromthe
gaseous ef élbowstandrthe like t he use of plates, caps, elbows, and the |ike.

[0118] In gne enbodi pent of_ the disengagi ng zone, the disengagi ng zone
i ncl udes all18kngagi MyoneuBdimepipidhe firengagigerongdihe dEENBAEIRGEONE sengagi ng

vessel is; [ pRI zone, | hi.pRI . | gcul ar si eve
catalyst  EEITEr ARRE R Sonpd oo BRENT bORERRGE BE e MeehBiiite VB 80

combi nat i ofy HtrigpifgFone. Mithafeppig 08t coked holdalbeievaemalysde, hydrogen,

or an inert gas such as argon, preferably steam to_ recover adsorbed

hydr ocar boesmpesition Iscopiakied withod gasupreferablywoe ona shypbinationpbsteaon that is

then introduged to thed.re ener,ati on sa/sile?‘nﬁ In anoth?_{ enbodi nent, the
stri ppi ng JHR0e-carbpndiexife caphon manaxide, hydroggn, 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
system. In another embodiment, the stripping zone is in a separate vessel lfrom the
disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSV) of from 1 hr" to about 20,000 hr' based on the volume of gas to volume
of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.

[0119] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 200°C to about
1000°C, preferably from about 250°C to about 800°C, more preferably from about
250°C to about 750 °C, vet more preferably from about 300°C to about 650°C, yet
even more preferably from about 350°C to about 600°C most preferably from
about 350°C to about 550°C.

[0120) The conversion pressure employed in the conversion process,

specifically within the reactor system, varies over a wide range including



‘di sengagi ng vessel and the gas is passed at a gas hourly superficial

vel ocity fﬂ%s of from1 hi' to about 20,000 hr-' based on2h&EBvBllume of
gas to voMth04BB3¥oked nol ecul ar si eve catal yst conposi PEHNS209381E6%bl y at
.an el evated tenperature from 250C to33bout 750C, preferably from about 350C
to 650C, over the coked nol ecul ar sieve catal yst conposition. [01191 The
conversion tenperature enployed in the conversion process, specifically

Wit hi n t he aueEeness prgssteam Thesonversioa pressyee is basedom the partiabrressuraohbout

1000C, preferably from about. 25 t o .about .800C re preferably from about
250C 1 o abdif FFadork SRR Sas ApRLBRGH. PrinnBe SoBet s st ssoc. yer
even nore pérﬁﬁl@%é%ﬁh%é %ﬁ%ﬁ@é’iﬁtthg’%etd? RO bR QAGPHASS aPG R fsaviRRhY from
about 350C to0 about 550C. | 0120] Th€ conversion pressure enployed in the

conver si on mefecabdys fromsgbeat § kBad toyabout hiMPd:zhend et prefaeytdy érom glanites over a
wi de range incl udi ng 2 1 FEB 2007 WD 2004/018392 PCTI US2003/ 017365 33
aut ogenous %ﬂ]é%@dﬁé.ﬂmﬁ@od‘gﬁ%‘ersi on pressure is based on the parti al

pressure of f eedstpock e usj.ve of _any. dj t herein. . Typically the
conver si on B’f’gg‘sure %WB@@?‘#%W@%Y%S%@EWQ}% P‘ﬂgm‘ﬁﬁrﬁ%i %f from about
0.1 kPaa t opRbadforzolfverting aleRkRER Rb)talmiggbadeuhor dﬁ'?géhaié% Ayt 1 MPaa ,
and nost preferably fromabout 20 kPaa to about 500 kPaa. 10121] The wei ght
hour |y spacpresanceof 4 ynolatkBypieveaatalysitdcampogition withipraaeasionfzone,donverti ng a

f eedst ock cQnt ai_ning one or no xygenates inh the , presence of .a nol ecul ar
si eve cat al §%ftneé@ﬁﬁ19§p yisiakt P{f?‘ﬁ%%e gk EReiRdng fay d?@“‘“‘%l@“&‘ﬁé%?c&%nt he tot al

el ght of Bl ep AR welial UERBRCAY EAL HEBE S BR8ELAR  ZONE P!

hOUf per we eculQar sireve I n ar s|ieve C st

COMPOSi t i ONcéfipdsittor iaakd fe@tticioivge. The WHSYV ik sndiftained aneldvalt suffidiemab
sufficient to keep the catalyst conposition in a fluidized state within a
react or. 10kegepitherggalyst dompositien wHsfluidizadesiate mothimpssactor: hr” to about 50001 4

A - SR
B‘; ef elr gbl 3” rhegé’rﬁm? ¥oRd atssiie 0 G MRNbout BEONESVmbfe SeRAdHYY fiofPdboaPs Al
to about 1500 hr”', and most preferably from about 10 hr' to about 1000 hr”’. In
one preferred embodiment, the WHSYV is greater than 20 hr”, preferably the
WHSYV for conversion of a feedstock containing methanol and dimethyl ether is in
the range of from about 20 hr”’ to about 300 hr™.

[0123] The superficial gas velocity (SGV) of the feedstock including
diluent and reaction products within the reactor system is preferably sufficient to
fluidize the molecular sieve catalyst composition within a reaction zone in the
reactor. The SGV in the process, particularly within the reactor system, more
particularly within the riser reactor(s), is at least 0.1 meter per second (m/sec),
preferably greater than 0.5 m/sec, more preferably greater than 1 m/sec, even more
preferably greater than 2 m/sec, yet even more preferably greater than 3 m/sec,
and most preferably greater than 4 m/sec. See for example U.S. Patent
Application Serial No. 09/708,753 filed November 8, 2000.

[0124] In one preferred embodiment of the process for converting an

oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve catalyst

composition, the process is operated at a WHSV of at least 20 hr'! and a



VWHSV for conversion of a feedstock containing nmethanol and dinethyl ether is
in the range of fromabout 20 hi' to about 300 hr-. [012317 THé€Bgpperfi ci al
gas vel ocwiO20080393920f t he feedstock including diluent ardrTrsa@Bioornepr oducts
within the reactor systemis preferabBy sufficient to fluidize the

nol ecul ar sieve catal yst conposition within a reaction zone in the reactor.
The SGV in the process, particularly within the reactor system nore

parti cul ar gmetdtire doRcledesmia8aéd Miefifahe Sefecliity ERSNME)bfM&t SanPer second

(msec), preferably greater than 0.5 nisec, nore preferably greater than 1
m sec, eve®.0iby; prefoyablf desalthan gregaslgo GiMHarSe2, forezamplee . B\Ratentdloe pref er abl y
greater th%néa{gsec, and nost preferably greater than 4 nisec. See for
exanpl e U 2 ént Application Serial No. 09/708, 753 filed Novenber 8,

2000. [0121bli one %%g{hgpgmggm&?é%#%&%%gpﬂg@g@ﬁrtoi%g%nconverti ng an

oxygenate t'o ol'efin(s) using a Si nop cul ar sieve

catal yst o& kd 41@R as btEEhaRODRAHR dran@R el Ringta MbRYulE sigte | east 20 hf'
and a 2 1 FEB 2007 WO 2004/ 018392 PCTI US2003/ 017365 34 Tenperature

Correct ed Notalyst carepoditior Ak WaES & it fromt00) mCxvBpowtf1008w3, atan 0. 016,
preferably | ess than, or equal 0. ooee, for e I U. S,, Patent No.
5,952, 538. teBReRIg af Homavent %#93‘8&?3%% s@dﬁﬂgaﬁ?ﬁg@s@eflm GtfRerti ng an
oxygenat e h - Of: ' ST DG ar sieve
ot ol yat - canaboP T BkRERCloin Phiqtic TR of Eitrhik mifal RpBr BTSN 30 2

t enper at ur goQ506.r S8 fpeximpleBP-0 645805 B1and silica to Me20, (Me is a Goup

[ITA or VIII element fromthe Periodic Table of Elenents) nolar ratio of
from 300 tl812600. Se@thepprosgsapios copveagtingan axypenate suglyavwethapeldp processes

i L O
publ i shed ARMHAT W0 3903500 fREhed ARHESMORIS ON Of oxygenates to i ght
olefins is catalyzed by various nolecular sieve.catalysts. During
conver si on, [0827bonac eThscatoprsiin of oxjygenatesas lighbalefinsiisaatilylzBlby f orm on t he
surface of \Pag'io\{xm.s trrru]:)ilencuiarxl %iqu lcg S ylstasl.r Dsiliri%\é%onversion, carbonaceous deposits

known as "coke" unavoidably form on the surface of or within the molecular sieve

catalyst. In order to avoid a significant reduction in catalyst activity, the catalyst

must be regenerated by burning off coke deposits.

[0128] In an embodiment, a portion of the coked molecular sieve catalyst

composition is withdrawn from the reactor apparatus 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.

{0129] Non-limiting examples of the regeneration medium include one or

more of oxygen, O,, SO,, N0, NO, NO,, N,Q;, air, air diluted with nitrogen or

carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide

and/or hydrogen. The regeneration conditions are those capable of burning coke

from the coked catalyst composition, preferably to a coke level less than 0.5

weight percent based on the total weight of the coked molecular sieve catalyst

composition, to form a regenerated molecular sieve catalyst composition.



‘catalyst. In order to avoid a significant reduction in catalyst activity,
the catal yst must be regenerated by burning off coke deposits. ZADHEEBS)N0I n an
enmbodi nen%‘lv,(”é’“ﬂ?)l’s???on of the coked nol ecul ar sieve catal YST/USZWABESYion i s
withdrawn fromthe reactor apparatus and introduced to the regeneration
system The regeneration system conprises a regenerator where the coked
ition is contacted with a regeneration_ nedi u ferably a

catal yst cq { _ I
gas cont ai rl&f{@ oxy gerteJRERIETFiandempeAByER P A4S BRLE ehiPm) "’th‘?g%%fﬁ) Eenperat ure,

ressure a | Lad | 9 N R I
Iroegener ati gﬁa‘#@@?ﬁm [ ﬁ(??%fg%bg[n%a%ra%omdog;{b %1)3(6}861‘966‘?’, @%&?%ﬁg%&ym NC2,
N205, air, fami abstivt ubeW W 4Bbud 750U QAd Bost prafdashly ionx st 5983QRN and wat er

(U.S. Patent No. 6,245,703), carbon nonoxide and/or hydrogen. The
r egener at i G0ASNThe regaseratien prasswre isa prathie gange of drom abput dR@s1aF (83 t he coked

catal yet COmOe Lo el L) S e e 30D
Compoe | ook AT 4R B RL AR S Scalyelagppos] (on. 21

t enper at ur eabbst 150 gshe(1039 §Pag) afid postaRefetabROfmtaboabd0ipsid EEI&Pany &f er abl y
from about 300C to about 1000C, nore preferably from about 450C to about

750C, and rabout ¢} psiztdBikPap)y.om about 550C to 700C. The regeneration
pressure isg,khn.the r e of fr.om.about. 15 ia (103 KkPaa) io about 500 psia
(3448 kPaa)[,Ol‘lglr]eferab Prefsrredgatitenss elg’giqfﬁg?ﬁ)g‘ef’%c t&b&t 250 psia
(1724 kPaa)codﬂbﬁﬁoﬁriﬁhﬁé?éﬁéritbf)f?iﬁ‘% #oofliPorA abdutdhBamhuicdo séhedlt 150 psi a
(1034 kPaa), and nost preferably fromabout 30 psia (207 kPaa) to about 60

psita (414 Kimes, mdsOpefcrablii@bpuisdrermimdterted 06 exinetes,iamd thd prefeeredobohond ar si eve
catal yst conposition in the regenerator |s in the range of from about one
mnute to sEhAEYEsD inithe gas isdp the 1pes %&&H’PQ{?%&HI Bake pRreRRt Lo #YUB0 i nutes, -

and the pre&lgferé)%&e%{g&%gga{l%Mq,gm%fttﬁ?g%gs is in the range of from about

0.01 nol e perc nol e percen sed on the total volume of the
gas. 101321j0182Jone enhpsHeeibodimeMterpendrativh pofivedrs tgpicillipimeal | y net al

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.

{0133] In an embodiment, a portion of the regenerated molecular sieve
catalyst composition from the regenerator is returned to the reactor apparatus, or
directly to the reaction zone, 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 described below.

[0134] The burning of coke is an exothermic reaction, and in an
embodiment, the temperature within the regeneration system is controlled by
various techniques in the art including feeding a cooled gas to the regenerator
vessel, operated either in a batch, continuous, or semi-continuous mode, or a

combination thereof. A preferred technique involves withdrawing the regenerated



cont ai ni ng conpounds such as platinum palladiumand the |ike, are added to
the regenerator directly, or indirectly, for exanple with the Jokied 2007

cat al yst woaogEsiozon. Al so, in another enbodi nent, a fresihvusmosouizes sieve
catal yst conposition is added to the3¢ egenerator containing a regeneration
medi um of oxygen and water as described in U S Patent No. 6,245, 703.
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reaction, and in an enbodi ment, t eterrperature wi thin the regeneration
systemis (cmematbtdthelrd:genemabn(sustemechnl ques in the art including feeding a
cool ed gas .to the regenerator  vessel, qperated either in a batch,

cont i nuous [0BS]seni - dBAnE smbodimenabe proled regensiptedpIRCHIAYENSf . A preferred

techni que in S re 2 0 WO 2004/ 018392

PCT/ US2003 ec ve corrp05| romthe
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regenerati euteﬁﬁﬁwvadﬂﬁ (@éyiurm@teﬂmbbﬁcanbﬁeeﬂelrm /6%, Pe6iRdd Jahege cat al yst

conposition thro a catalyst cooler that forns a “cool ed regener at ed

mol ecul ar $4080ka pxa'nan yp§ thecwnjsdsegdncratednneleculansipye catalyst @mpdstiosris

enbodi nent, s at exchanger that is.l|located either . interha ext er nal
to the regéﬁ esrﬁg‘f@ﬁﬁ‘w’?min?ﬁolﬁw Hﬁﬁ%‘gﬁr@qtanop}?épewpéﬁ%ﬁegenerat ed

mol ecul ar sloGp éncﬁééu.@é: 5Rdve P %%%%éd x‘ﬂﬂlel: afﬁ&%é’ Eh‘?ﬂg/&tcbo}xf}%sftﬁﬁq?er ator in a

conti nuous cyc ternatively, cation Serial No.
09/ 587, 766 retuned td theareBctionZ006) d;ﬁ:cﬁp bt' irmlurealy,tolaa pmﬁxinedf the geeaeatedd

mol ecul ar si eve catal yst conposition is _returned to t he_regenerat or vessel
in a conti rﬂl@‘ﬁ%ﬂ %fﬁqvé catplyst sprPpUHopen ¢qold regeneried madripTHIRVECUl ar si eve

regenerated L eve t he
reaction zone Sgg?'rgﬁ{ﬁ@on P %‘L‘fr%g)é’?fh }%Pgi% g&%)gﬁ I on eoéa%{e%rk?g‘éééﬁer at ed
ol ecul ar S(Pmewcﬁ@@hm}ﬁmmﬁ;khmtm 2000}, €lch anRfRAN emdbbaiing®|£cul ar sieve

regenerated molecular sieve catalyst composition contacted with an alcohol,

preferably ethanol, 1-propanol, 1-butanol or mixture thereof, is introduced to the
reactor system, as described in U.S. Patent Application Serial No. 09/785,122
filed February 16, 2001.

[0136]) Other methods for operating a regeneration system are disclosed in
U.S. Patent No. 6,290,916.

[0137] In one embodiment, 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
recirculated molecular sieve catalyst composition and/or feedstock, and returned
to the reactor apparatus. In another embodiment, the regenerated molecular sieve
catalyst composition withdrawn from the regeneration system is retumed to the
teaction zone, optionally after passing through a catalyst cooler. In one

embodiment, a carrier, such as an inert gas, feedstock vapor, steam or the like,



catal yst conposition is contacted with by-products within the gaseous

ef f| uent f";PCT WO 00/ 49106 publ i shed August 24, 2000). In anot h®i FEB 2007
enbodi nentV0 04PBd¥nher at ed nol ecul ar si eve catal yst conp8STUSP3INEHEHCt ed
with an al cohol, preferably ethanol, 31-propanol, 1-butanol or nixture
thereof, is introduced to the reactor system as described in U S. Patent
Application Serial No. 09/785,122 filed February 16, 2001. [01361 O her

met hods f orsempeortinunysip or egeimepaslyofacdijateetheanteodiictioh of e regenefat®l  Pat ent

No. 6, 290,91 .@01371 I n. one enbqodi nent, the regenerated nol ecul ar sieve
cat al yst %‘ﬁﬁ WSO CRiRlITEFARROPROMA 16 TFACHEN &R i on system preferably
fromthe c st cagl | i ] : Leve catal yst
conpositi oﬂbgéﬁ%or ?ggﬁégﬁbgggﬂémngﬁggg gﬁl?gﬁlggﬁeﬁgg\{lg“a%/s t’g{r?p%éi tion and/ or

f eedst ock, cﬁib@lgﬁ@ﬁ%&cﬁlﬁ%dﬁ@péé@@d 18864104 re2bPy 3stém. Mhep@t hemyemdpdi nent ,
the regenerated nol ecul ar sieve CatanQISt conposition withdrawn fromthe
regener at i GmoO¥pSELVEIYSSYISEMs; teshnigues 4nal sequenses that asnesfubjst separating af t er

passi ng thrqu a cat al yst Ler. In one e diment, a carrier, such as an
Poert " gas. GeRsTsteate of b o begsro et RetBntd 004, 018302
PCT/ USZOO%%%Z%E? cox"ﬁ?risé&m orRbYe! dPUQISH né%fon“&%ﬁ&h‘s%?&r\éﬁoﬁ acilitates the
I ntroducti 0 he regenerate nol eCthar si eve catafyst conposition to the

reacti on zofisctioh&ichndlon divnidlatem colvers dolurhuiee agdissditiess, @hd bihent is w t hdr awn
fromthe disengaging zone and is passed through a recovery system There
are many wedssocigpdoaripmenyforexamples Migiouscondinserssheahexchenghces that are

useful in separatin olefin(s), and purifying olefin(s) fromthe gaseous

ef fl uent. I'@@Wé?tﬁpn YPRFET cé@ﬁg}’uﬁ’ I°5m85 P 08%'811%"%% pg’}s’a conbi nati on
of lvari ous SR, ahd M@likkr actionation and/or distillation towers, colums,
and splitters, and other associated equi pment, for exanple, various
condensers, {0139} exchNogdinsting exdmplgeofithestosysst eotemas, sphittets or tmings,
conpressors, knack-out drums,or, pots, punps, and the |ike. [0139

Non- i i ti ngﬁeﬁﬁ 510881 eAmbiRaton ingiRdr one PpMgFmEl 8 qtﬁ%%e;:_ BeeRiTRs  used
al one or i MppARRE AL Heh Ut r U e eManiRE, & RbrdbaflERE L RANAER a whY ef erably a

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.

[0140] 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, U.S. Patent Nos. 5,019,143,
5,452,581 and 5,082,481, U.S. Patent 5,672,197, U.S. Patent No. 6,069,288, U.S.
Patent No. 5,904,880, U.S. Patent No. 5,927,063, and U.S. Patent No. 6,121,504,
U.S. Patent No. 6,121,503, and U.S. Patent No. 6,293,998,

[0141) Generally accompanying most recovery systems is the production,
generation or accumulation of additional products, by-products and/or
contaminants along with the preferred prime products. The preferred prime
products, the light olefins, such as ethylene and propylene, are typically purified
for use in derivative manufacturing processes such as polymerization processes.
Therefore, in the most preferred embodiment of the recovery system, the recovery

system also includes a purification system. For example, the light olefin(s)



hi gh tenperature denethani zer, a deethani zer, a depropanizer, preferably a
wet depropani zer, a wash tower often referred to as a caustic %E%b[ﬂwer
and/ or qvenold/ougdaer, absorbers, adsorbers, nenbranes, elr(hm]eng:\j:‘? fi
splitter, propylene (C3) splitter, b¥#tene (C4) splitter, and the like.

[ 0140] Various recovery systens useful for recovering predom nately
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6, 069, 288, thef Tsmovesloaplevelp of By-goedusboor agntgmipantant No. 5, 927, 063, and U. S.

Pat ent No. 1,50 LS. Patent: No. 6.121 503 ,and U. t No.
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typically purified for use in derivative manufacturing processes such as
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hydr ocar bo8sns, 3084 pagesdot /1] eaned, 8942891y | Praifiiatioe switenty e afoadescritiedt adi ene and

butyne. [01431 O her recovery systens_that incl udegurification systens, for
exanpl e f oin fomexgaples ¥ SaPatgnt Me: 6R21HAA8.4.S. Batenthe &3957%09, ankU:-R- ot hner

Encycl opedi b T, | 44 Vol ume 9, John Wley &
Sons, 1996?%%%&%%8%%} gﬁg%ggﬁgﬁbgﬁﬁrﬁl%gp?%n systens are al so
described [aru4ior exRelRal dring thalcbverdion ofoxdebndtddio dlefns Badent No.
6, 293,999, and U. S.

maximize the production of light olefins, preferably ethylene and propylene, and

to minimize the production of methane, ethane, propane, and C,+ materials. The
present invention maintains the average coke loading of the catalyst in a range
particularly selective for producing ethylene and propylene. Such range is based
on the acid site density of the molecular sieve component of the catalyst.

[0145] Coke levels on the molecular sieve catalyst composition are
measured by withdrawing from the conversion process the molecular sieve
catalyst composition at a point in the process and determining its carbon content.
It is recognized that the molecular sieve catalyst composition in the reactioﬁ Zone
is made up of a mixture of regenerated catalyst and catalyst that has varying levels
of carbonaceous deposits. The measured coke level of carbonaceous deposits thus
represents an average of the levels of individual catalyst particles.

[0146] U.S. Patent No. 6,023,005, teaches the desirability of providing
carbonaceous deposits, or coke levels, for oxygenates to olefins conversion

processes, in the range of 2 wt.% to about 30 wt.% based on the total reaction



‘Patent Application No. 09/689,363 filed Cctober 20, 2000. [01441Fré)ne 7goal
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t he nol ecul ar si eve conponent “of the catalyst I'n the reactor apparatus, or
mor e parti cptirae blefinbeat il@ariboan720me.% prinferdefine osenearat deast gbou’®5.01 ef i n

sel ectivity. 'In various enbodi nents, the average coke | oadjng on the
mol ecul ar sWeVePase elsting Gan baekiniped fom the peesentpracessy g dnut kereis, ol ef i ns

reacti on 1 gaaes: 0 dnk the SomBlnedudiid of Oy fenk And pfity AR Bl er aci d

site of th ecu
the process of the invention, expressed as selectivities with respect to the total

weight of carbon-containing products, including coke (C2=+C3=). Preferably, a
product containing no greater than 4.0 wt.% methane, no greater than 3.0 wt.%
methane, or no greater than 2.0 wt.% methane can be obtained from the present
process. Additionally, a product containing no greater than 4.0 wt.% propane,
preferably no greater than 3.0 wt.% propane, or more preferably no greater than
2.0 wt.% propane can be obtained from the present process.

[0147] In order to determine thIa carbon atoms per acid site of the
molecular sieve component of the catalyst it is first necessary to determine the
acid site density of the molecular sieve by a suitable analytic method, e.g., by
NMR, and then determine the coke content of the catalyst by conventional
methods, e.g., by bumning off coke to form oxides of carbon which are measured

by a suitable analytic method, e.g., IR.



sieve. A product containing at |east about 67.0 wt.% at |east about 70.0
Ww.% prinme olefins, at |east about 72.0 wt.% prinme ol efins, of1éke@llat

| east abowm 2dE/0@8393 . % prine ol efins can be obtai ned fr dwT/HE20p3/@A6T
process. As used herein, prine olefi4ls neans the conbi ne wei ghts of

et hyl ene and propyl ene obtained by the process of the invention, expressed
as selectivities with respect to the total weight of carbon-containing
products, [0h€$ludi ng Thkacif Red@Bity of thesfatalptiican rangefran Oci) mmolség ni ng no
greater tha reater, th t hane, or no

greater t HQR) 43) ’g"‘%*"/gﬁ)‘) rﬂgﬁéeq:%a gi} 65@5{%3%3&%0%%% P ggé‘lﬂlo S8 ocess.
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pr ef erabl y 'no rea propane nor e ra y no greater
than 2.0 ‘mal%tpr opane can be obtained fromthe present process. [01471 In
order to determ ne the carbon atons per acid site of the nolecular sieve .
conponent B4%he cat Fhe s¢idity desirefliforsa spesificserammpencinl geganiceonwersiom acid site
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met hods, 1 whi ch are
measur ed % grsg%ll tgggbﬁrﬂél ﬂfténcﬁﬁ'ﬁﬁe%_ o%?@‘ﬁ&’?%ﬁ@’f%ﬁ@%Ol WO
2004/ 0183Q&erm%r%Zﬁ%cldlﬁooﬂtﬁééﬁhlﬁm ofpatlicaldréntd@Bsint y of the
catal yst can range from0.10 nmmls/g to 0.40 mol s/ g of fornul ated

cat al yst, @X)@ﬂlatﬁ& mlgﬁmacqmtswngxmanmm@s FHeesyacidity eay¢aubsat ed cat al yst,
say, from Q.20 | s/g of fornmulated catalyst. [01491 The
acidity deBf P@&“PB Egé’tgﬁ Cfagﬂgysgnommrm al organic conversion catalyst is
based upon 0130] ous f ap} ﬁh@oz{lGlﬁh%ﬁh&@h&t'&%n&])!ﬂﬁmoéle@éﬁa{eﬁﬁﬁt £Hid1bﬂis"‘h' ch
conversion takes place, 1 ntended opérating conditions for the reactor, and
feedst ock tipimallytiérectly redated ficthdiratio affsilidve at@bato/alimism btopes initbe| ar | nt er est
in oxygenates t oI e‘;\‘ i)nverslltl Pasggch as exc ssi ve cg“CI dity can
cause pre ajyruinpsilicate molecylsy sigye F&m $ e 2T &bhosphat e
mol ecul ar fa%d t%ltﬁe i dfishitoh Stord ABiaFFhintuf btoRR! Tud (b BLHat O The
rati o of si |co at ons um num at ons

acidity can be vaned for molecular sieve matenals by altering synthesis protocols,

e.g., by adjusting the ratio of silicon atoms to aluminum atoms in the synthesis
mixture. Desired acid site densities for molecular sieve materials can be achieved
in other ways as well, including the substitution of a hydrogen ion associated with
an acid site with another ion, e.g., metal ion.

[0151] A preferred embodiment of a reactor system for the present
invention is a circulating fluid bed reactor with continuous regeneration, similar to
a modern fluid catalytic cracker.

[0152] Because the catalyst must be regenerated frequently, the reactor
apparatus should allow easy removal of a portion of the catalyst to a regenerator,
where the catalyst is subjected to a regeneration medium, preferably a gas
comprising oxygen, most preferably air, to burn off coke from the catalyst, which
restores the catalyst activity. The conditions of temperature, oxygen partial
pressure, and residence time in the regenerator should be selected to achieve an
ave.rage coke loading on regenerated catalyst, in various embodiments, of no

greater than 10 carbon atoms per acid site, or no greater than 9 carbon atoms per



framework. Acidity for alumnosilicate nolecular sieve materials, e.g,
zeolites, is inversely related to the ratio of silicon atonms tpgfppjgpum
at ons. ThiOetse/0gssstred aci di ty can be varied for nol ecubermssommeﬁ'm erials
by altering synthesis protocols, e.g.41 by adjusting the ratio of silicon
atons to alum numatons in the synthesi s mxture. Desired acid site
densities for nolecular sieve materials can be achieved in other ways as
wel I, incl ustidgte; bens gleater thani Socarbdn aﬂto:lnyqbengtéchsit@mmesgmmtattmw th an acid
site with another ion, ., Mmetal ion. 10151 preferred, enhodi nent of a
react or sys‘Eaé‘?ﬁ“ffS?mﬁﬁéfW‘g%fﬂmﬂiﬁéﬁﬂéﬂﬁlfi O%atpemeatar- iWiteiofithe bed react or

with contin {r&ﬂ I ¢ cracker.
[01521 Becafégfeég’tﬂﬁlggca Y é?ﬁnﬁgtt r%telg{{rséég)ﬁera ﬁ%efgaﬁéer%e %&bﬁ{e react or
appar at us smmcpbeaﬂehﬂﬂécp@&ue FRAORY BppRitud @ HMdre ?Ertiéﬁlal-l'j}ﬁthé?ﬁttaé\ﬁdiﬁonbo a
regenerator, where the catalyst is subjected fo a regeneration nedi um

preferably eptgmally thooqgh mmngpmﬁpgeﬂthenmﬂtormppﬁmﬂatdryhmugh combinetion of f coke
fromthe cat aI yst,. whic rest restﬁdgj at{i\ ést activit The conditions of
t enper at ur e WiBRYEEIPUE ?5541YStp eserbgdbelowq In dasions ptheremhodimeninat [ egener at or
shout d be sel.gelietidPoARDLEXAeAa AURRRASARE LURChABPapLRRGDeT 2

catal yst, in various At's reater on atons per
acid site, Bﬁwﬁg)argé\fé@é@rcokbi’dhd%gcﬁdﬁ%stal mwg&ﬂéﬂ&ﬂ%&i&%&l’om /' US200301
FEB 5001 41 acid site, or reater than 5 carbon atons per acid site, or
no greater pﬁaamdzsxtec@zraideasal @ng npgreates ithingg easbomatoms ngr acid eite, tonah 1 carbon
at om per ac ecyl ar sieve in t st a

portion of %Ssiraé@ O&T%thﬁthéﬁb At P kst {ée?’-u? hg‘%f}l?fim‘ti He BS é%&t or

apparat us, ®an¥afdddkbins Uiy sifhe reaction zone, optionally through sone
portion of the reactor apgarat us or through conbination wth a recircul ated

catal yst, d¢pis8]) bed béh m/embndmaam ofithe ptesent invdntion)tha reactoatappdretasis a porti on
of the regenerated cataly is returned to, the reactor apparatus having an

aver age coké&P¢raiad |5H€j“ ihat %ﬁeﬂa@h@fﬁ?g%ﬁh‘a Hadieen Be crialift fONPHFBSA atons  per

acid site. Bigile 4R rehcROSkcR BndLARLEH0R Buhy CALDOHI S S OBIRBACAR) O ST

or at | eas no g#e ¢arbon a or at | east

2 and no gr ﬁﬁh@ﬁctoﬁ etp@ara&:scﬁfob@parﬁbmaﬂ fiRre@tiofl Zohé-can e(lﬁdxﬁﬁ]sudmhatrthe nbodi ment
of the present invention, the reactor apparatus is
molecular swve-contalmng catalyst particles in the reactor apparatus or reaction

zone have an average coke loading of 1 to 10 carbon atoms per acid site of the
molecular sieve, or preferably 2 to 9, or more preferably 3 to 8, or most preferably
4 to 7 carbon atoms per acid site of the molecular sieve.

[0154) In one embodiment, the desired average coke loading on the
molecular sieve catalyst composition in the reaction zone is maintained by
controlling the flow of the regenerated molecular sieve catalyst composition or
cooled regenerated molecular sieve catalyst composition from tl}e regeneration
system to the reactor system, and regenerator to reactor. Techniques for
controlling the flow of a molecular sieve catalyst composition are described in
Michael Louge, Experimental Techniques, Circulating Fluidized Beds, Grace,
Avidan and Knowlton, eds., Blackie, 1997 (336-337).

[0155] In one embodiment of the present invention, if the reactor is a high
velocity fluidized bed reactor (referred to herein as a riser reactor), above about 2

meters per second gas superficial velocity, then a portion of the catalyst exiting



operated such that a certain average coke | oading on the catal yst,
conprising a mxture of both regenerated and unregenerated cat &l y58 2007
particl eswg mokgishéai ned in the reactor apparatus, noreppgfjshéndlostssy t he
reacti on zone--an anmount such that thaz nol ecul ar sieve-containing catalyst
particles in the reactor apparatus or reaction zone have an average coke

| oading of 1 to 10 carbon atons per acid site of the nvolecular sieve, or

preferably foh@hedis@dpagMp QoRé Biehdddy oBrdcRedlated) totRSteapicd gohly 4 to 7
carbon atonms per acid Site of the nolecular sieve. [0154] In one enbodi nent,

t he desi r edresomimggecioltated catalysyy Tois is Wifferend fiwem b &ypical daid Catalytie t
conposition_in t reaction zone is intained b controlling t fl ow of
the regenerGagker Rgtl:@l{}ﬁ%{rre%‘ﬁt@'vév Et {TETS’PO%GE%&‘P@% eﬁ%““@bﬁ‘ﬂ?ﬁdﬁ%ener at ed
nol ecul ar sj t ; | Lk I e} emto the
react or sygljteger%& %ﬁgﬂ#%%gr}ggg{%gﬁéa?gﬁg‘zegggﬁ é;&re%{‘ e@ﬁ%ﬁé@%’rb?hecon f'éc;)g l'ing the
flow of a nmtiealdtivh, 8f @ked cataBlsy direciRND A reb@br, avithotdefegehdiating the M chael

Louge, Experinental Techniques, Circulating Fluidized Beds, Grace, Avidan
and Know t ovpkee datalystRallerks be avonze coleslesd 1 the[1eagey toltnildmp tortbodi ment of t he

present invention, if.the.,reactor is I gh | ocity fluidized, bed reactor
(referred tRekoediayel By adiysting tﬁ%ﬁ?&?cﬂ%) ,eﬂ%\gggﬁmilﬁtygata&gfﬁpgﬂbgr second
gas superfi g | L, Lt b L 21 FED 2007
o 20041 01353 epeE P 5n} BEondaRsh Mt il 8 gLt et bt 22, T Pl
or recircul @bl petRid die afahe oldtulanitves dRhosatAlystReticlesitai bl catal yst. This
is different froma typical Fluid Catalagti ¢ Cracker (FCC) riser reactor,

where al | omaipipineddn thegaciar epppsatussingligias on ghis ssireplaiedecatalpdict or and

. e . P Ec 1
Feci rout'at i BATE: coredtetiRryLpRnL of s rroeRrE R O he o
regener at i nGadtheis dekR with Bw ShpertiaPyws veltRitRYSHAGR abOHE2 hfdes! theh t he

reactor to build up to a preferred level. By adjusting the ratio of the
fl ow of t hecycbinesimepbalyst tofretmm titelystifissng thgi thijdizedbed teactien rengener at or and

th t f d | .qf bon. at ! L d. sit . th
ol ccul ar ST ERGH BT BN ST RRLYT BT QSScDHaMBIR HEdUZEhe T eact or
appar at us. bl oRY N ke IER ohthel Aty &3 Bhifdlo o hRAIA leianot her

enbodi ment e present 1 nvention, | ur di ze
Desirable average coke loading can be maintained by withdrawing catalyst from

the bed and regenerating the catalyst in the manner described above, and then
returning at least a portion of this regenerated catalyst to the reactor.

[0157] A preferred embodiment of a reactor apparatus comprising a riser
for use in the present invention is depicted generally as 10 in FIG. 1. A methanol
feed passed through line 12 is at least partially vaporized in a preheater (not
shown). The methanol feed is mixed with regenerated catalyst from line 28 and
coked catalyst from line 22 at the bottom of the riser reactor 14. An inert gas
and/or steam may be used to dilute the methanol, lift the catalyst streams in line
28, provide fluidization to the catalyst stream in line 22 and keep pressure
instrument lines clear of catalyst. This inert gas and/or steam mixes with the
methano! and catalyst in the riser reactor 14. The reaction is exothermic, and the
preferred reaction temperature, in the range of from about 300°C to about 500°C,
is maintained by removing heat. Heat can be removed by any suitable means,

including but not necessarily limited to cooling the reactor with a catalyst cooler



‘reactor is designed with |ow superficial gas velocities, bel U ?qﬂ? 2 :
m sec, then cyclones may be used to return catalyst fines t f ui di zed

bed reactWoOrR094418392 Such reactors generally have high r R VEAPIGRS at es of
solids within the fluidized bed, whith allows the coke level on the

catalyst to build to a preferred |level. Desirable average coke | oadi ng can

be mai ntained by withdrawi ng catalyst from the bed and regenerating the

cat al yst i fnetsdownhifkedingesnme ofthe airthancl ang lignidncoalisg the ratalyst feedist a

portion of l%h} S ci- egenergt eg. Cﬁt al Y@t toeﬁl{%ﬁ reactor. [01571 A preferred
embodi ment ‘8F AP RAE oY AFAPRST ESHHPIEI%NY a riser for use in the present

i nvent i on i1B1sigpi ot ednggarial émuak b tolieh he réadi®l H30MW of iged passed

t hrough |ine is at least partially vaporized in a preheater (not shown).
The met hanakadtereld, centainigopradtdis, celeheatalystr didadndd, wed uheanmettedeed3 and coked
catalyst fromline 22 at the, bottom of ti?rge,riselc reactor 14. An_inert gas
and/ or st eaPHd\layeto asdigenggging zone 180k the divshgnging zqne 18y eokedicgtalyt st reans

inline 28 r.ONi |l di | t : ' ne 22 and keep
pressure | 1 g?"ragak{r%ﬁﬁmh tﬁée gl‘%ﬁ‘é%ﬁ‘%begﬁ}:sal{lgﬁn%%%s%fﬁ%%& E[r@?[{p 03 glgkénd/ or steam
mxes with &b&atoﬁ@%‘%ﬂﬂbn@ﬂﬂme%k@d ¥shlysfint iR 22115 edcircBREdd00 thétreadiop reacti on
Is exothermc, and the preferred reaction tenperature, in the range of from

about 300C intet atthe bo@0 ©f risersreastont i Thegonjor efmwked gatalyat froiadine 224 be

removed by any suitap) e means, includin t not necessarily limted to
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l'i quid, cooling the cataly I nati on of

t hese met hoggaly§tQiile Thfowe acthe regektatsin4. The ponigntdftiaighalyiigesitgact or exi t
16 of riser reactor 14, containing products, coked catalyst, diluents, and
unconver t edthegegeneraisr 34ishoull b contagtedi veithng sagengratiommed wm, ipsefesblyd sengagi ng
zone 18, coked catalyst is sg&lar ?.e% %ro?]the%]?lase s, nmat erd al .%gfgy means of
gravity andPBroRPEPBREXYSUhYRATS L RSP TR R RURL I NPLINt in 1 ne
22 i's recirgulapte@shelAurel Srefares Odnd refii@iceaimdsiBatied EasabRS of busiGhg r €act or  14.
The portion of coked catalyst fromline 22 to be regenerated iS first sent
to a stri ppeoks ofbofthe eolevutar sieyesanmaning titalyst andrdovgets dlevelwfad t o recover

ads?r bed hygrregt%? h%%’lﬁ cL%%?a%o%s,%% ?elsg a;[a'n 3? ,r «!up dr\)rgrcli lscg:ebig[n a‘%&‘ﬁ&? per acid
site of the molecular sieve.
[0159] The preferred temperature in the regenerator is in the range of from
about 550°C to about 700°C, the preferred oxygen concentration in the gas leaving
the regenerator is in the range of from about 0.1 vol % to about 5 vol %, and the
preferred residence time is in the range of from about 1 to about 100 minutes.
10160] The burning off of coke is exothermic. The temperature may be
maintained at a suitable level by any acceptable method, including but not limited
to feeding cooler gas, cooling the catalyst in the regenerator with a cat cooler 26,
or a combination of these methods.
{0161] The regenerated catalyst is sent via line 28 to the reactor 14, where
it mixes with the recirculated coked catalyst from line 22 and the methanol feed
from line 12. The regenerated catalyst in line 28 may be lifted to the reactor 14 by

means of an inert gas, steam, or methano} vapor introduced via a lift gas line (not

shown). The process should repeat itself in a continuous or semi-continuous



catalyst via line 23 flows to the regenerator 24. The portion oE téJgE
catal yst sent to the regenerator 24 should be contacted with a A At at i on
medi um RVGhesdPdag2 @ gas conpri sing oxygen via |ine 30 RGRUEREIEHEA3IGShr ough
regeneration mediuminlet 31, at tergderatures, pressures, and residence
times that are capable of burning coke off of the nol ecul ar

si eve-contai ning catalyst and down to a level of no greater than 10 carbon

atoms, say m#aer. ThahoSreactor Prodevaiasds GafRONadineP0shodldbeasottd, flict € of the
nol ecul ar sieve. [01591 The preferred tenperature in the regenerator is in

the range sfatgriyprodupioundesedand caliesied, 200 te desisedolefia Preducoggsgen
concentration in.the s leavin the regenerator is in the range of from
about 0.1 TEHOVEEAS0 OGP ™% and the preferred residence time is in

the range gh1d210m abanlorder i@ dbhttine HOI0AR oF toke kxthEMHackpanlhe f N9 of T Of

coke is exot e tenperature may mal ntai ned at a suitable |evel

by any accelpd sigkweratef, ROl aligadty df ogralyst mapbe komitwislytop pededically cool er gas,
cooling the catalyst in the regenerator with a cat cooler 26, or a

conbi nat i orvnﬁxdrmegedln@@lmm@ph%@m@n?npwp@gf@mtomom W fiereactdrsent via
line 28 to _the reacto cul.at c{ coked

catal yor TFNFPAE L2 B Zhek RESisEERs Topr ohAry FRe Y8 SR ishener at ed
catal yst in Wﬁsan xa‘ﬁsﬂvbiﬁﬁﬁfé%eﬂek‘ﬁeci@‘ﬁﬂsr&rpa%iﬁvﬁg IgRNs of an inert

gas, steam (o} vapor 1 ntroduced via a s ltne (not shown).
The pr ocessnsuditheht] thp eathlyist iweirfulatiorapathwhy mmhesdeﬁneﬂemthe:pmh throogis 21 FEB
2007 WO 2004/ 018392 PCT/ US2003/0Q17365. 44 manner. The hot, reactor product
gases exi t iTH§T 14 drpyghdingol 6tedhe disprgaging zome ltgﬁhencﬁ/élﬂfépglbilﬁ?agkuct condensed

and col | eCtgﬁmﬁggla]%eeﬁﬁﬁ'tﬂeHs 1gfl n product gases recovered for further

processi ng eterm ne the | oading of coke in the reactor

and/or in [0D63)r egenemai@mbodifBént ofkheipretdnt HveBBom|cyEé levBYcddchecont i nuousl y
or periodically wthdrawn or directly sanpled froman appropriate point or

points in tdetermaneckhyrIR mpasurcanens of exiges of mbqrem@du@d byoresntaistion eEngagi ng
T o R faloh i ok R I e S g
reci rcul at iBO Al SNR ¥iev 80 1h8 cdailysPRAES détkieniRed h‘ofﬂ"ﬂh@ ¢gke level by

reference to determination of acid sites in the molecular sieve by a suitable

technique, e.g., NMR determination of acid site density as described below. The

process controls may be adjusted accordingly to provide desired average coke

loading, e.g., by controlling the amount of addition of regenerated catalyst from

the regeneration zone to the reaction zone, and/or the extent to which coke is

removed during regeneration.

[0164] The following examples illustrate, but do not limit, the present
invention,

EXAMPLE 1

{0165] Two different samples with slightly different acid densities were

used. Catalyst One contained a molecular sieve which was an intergrowth of
SAPO-34 and SAPO/ALPO-18 and had an acid density of 0.13 mmoles H'/g
formulated catalyst. Catalyst Two, containing a nearly pure SAPO-34, had a



‘riser 14 through line 16 to the di sengagi ng zone 18 thence throu gr}ﬁm
returning via line 28 to the riser 14. [0163] In an enb%f}fﬁg}(mgg, 35

present iWOSAMUEI2coke | evel can be éjeterm ned by IR MEas U anent “of  oxi des
.of carbon produced by conbustion of tbke on catal yst. Average coke | oading
in terms of carbon atons per acid site on the nolecul ar sieve of the
catalyst is then determned fromthe coke |evel é r ef, renqe to

det er mi nat i Bghesrackqepssy p£Q.38 mmeles F{eclormylateg, 96?%1%‘%5 t ec hni que,
. NMR d
;e)r gc ess con ﬁ%@d@ mggl °%%¥1§§Pq’8ﬂa€tc%%é‘?§‘@%w°‘@§ F OV %R%gdeag’?% aver age coke

J oadi ng, e. ﬂoced?ﬁ‘e ggra,ﬁl{gélbwng t he anount of addi t I on of regenerated catal yst
from the regeneration zone to the reaction zone, and/or the extent to which
coke is renoved duri ng regeneration. [0164] The follow ng exarrpl es

bl lustrate, ,but_do_not limt, the present invention. EXAVPLE 1 [0165] Two
di fferent s‘éﬁﬁﬂ ite RFP‘H‘YSM“@?WF?WHH ferent acid densities were used.

Cat al yst On tai ne of

SAPO. 34 anclABEY AL poSeBPE Y ep) lon ToE KRR Sk Pigh 6 BENMAR, 7

fornmul at ed gehakshiénts, SARDBEsah v(?é?élbﬂtihbﬂﬂl ﬂr aeedl°g, pudked HPmd4, had a
21 FEB 2007 WD 2004/ 018392 PCT/ US2003/ 017365 45 hi gher acid density of

0. 38 nmol es{a-l.) §r@oBrkenMAS modora) guacuated pid (P8GH Othys, wWaen cappedunds Nay nagi ¢
angl e spinn olid ate pro ! ocedure set
outg bel gw. k@%afS te H?’Y%"%Mﬁé‘ﬁ e ﬁﬁééﬁq%ﬁﬁbﬁz hgﬂ'@gm on for NMR

TEASUI CITEN! SheoBh ke balBE oUR BARBSMIALTE 5ia- MO GARRE GFmiET © cal ci ned

in air at 6 nmm (o.d.) Zr02 Bru MAS rotors, evacuated at

400C/ 10 hr S4rrﬁt:hﬂﬂ&$|\¢/%fﬁb@dlsﬁi@d©r0kﬂ@s pidr?d® Blo ipulked tados Mvise Qalaget er s:
360.13 MHz' H MAS N spectra were obtalined on the Bruker AMX360 wi de bore

spect r onet ernd\82 keaas wenmedliegeds DireahseluteyarhowgiofH sypiaghpangple3va@s 90 pul ses, a

30s pulse d(c:il Stthined by directly comparing the experimental spectral area relative to that of
the quantitation standard and weight normalizing. The standards and the samples
were run back to back under identical conditions to minimize any effects due to
the spectrometer instability. The spectrometer tuning was not changed from
sample to sample, or from sample to standard. A full rotor of
octakis(trimethylsiloxy)silesquioxane, more commonly known as Q8MS,
available from Strem Chemicals (CAS# 51777-38-9) was used as the external
quantitation standard. It is a solid at room temperature, has. similar tuning
characteristics to SAPOs, and has one peak at about 0.3 ppm from TMS.
Measurements done in quadruplicate on similar systems gave a standard deviation

of <4% for this methodology.

Average Coke Loading Measurement

10168] Coke level was measured with a LECO analyzer, Model C-200.
The analyzer essentially burns the carbonaceous species and analyzes the off gas.
By dividing the amount of carbon observed in the off gas by the weight of the
sample analyzed, the carbon loading on the catalyst as a percentage is determined.

Any other chemicals (e.g., hydrogen) not observed with the LECO analyzer were



and 32 scans were collected. The absolute anmbunt of H in each sanple was
determined by directly conparing the experimental spectral arehl! Fidl 20 ve to
t hat of WE20§¢/81889% ati on standard and wei ght normal i zi n®CTIHEOEEAWAr ds and
the sanples were run back to back undér identical conditions to mnimze
any effects due to the spectronmeter instability. The spectroneter tuning
was not changed from sanple to sanple, or fromsanple to standard. A full
rotor of  ophakédlotte AMBEd ¥biStht Prdposed SSHY A% A%KEoN HEREIR 268 AFDfHeYef6ROWN as
@BMB, available from Strem Chem'cals (CAS# 51777-38-9) was used as the
external  quamdludetiquantitetivelpasicoketlevel. a solid at room tenperature, has.

simlar tunin charagteristics to SAPOs, and has one peak at gbout 0.3 ppm
from TMVS. [%g%]uremen en PREOTINDE GL9KE V.el:a{eéﬂﬁ?mgmn&ﬁ&w% t*8fs gave a

standard deyj ati <49 i 1 e di ng
NEasurerrentc\".thkiégia %%{%e (93./%/(%0?&‘i"/\ll{é{rs211 I?irggg%&r]g%%\%\ngtg ?{?' %é{éé%ggﬁg?%gl r,'gl\/bdel
C-200. Thepramgloy #6h cRipRBElEdlor ¥ndUB gl dTRbPEEIACENEat0F PEStheapElidd anal yzes
the off gas. By dividing the amount of carbon observed in the off gas by

t he wei ght Wf LEG® Ceporationawerke\pierdledtin thecamdible witladinghlyoh2tgmemsaf al yst as a
percentage is.determneqd. An t.he em cals, (e.g., drogen) not observed
with the LEEHBINal s ?Hgfgl‘%ft‘gsﬁ%ﬁ n\@%bﬁy 6‘?%@9’3 417365
46 assune rqd@ f ' ' i\p. and are
t herefore oe:ra?lﬁ%feg%ﬁh {C?ngﬁtli a I@g@@g@%g%ggé{@%@@%@ggqe \Qﬁég}k)gerform ng
a coke | evefibrzaaslic@seatier,alse feord QIBTE) ek passediviet thelhegtedeatlysenoved from a
nitrogen-purged dry box. Approximately 0.8 granms of iron chip accel erator

and 1.3 gr ayenple- erdalysiowsiheptgd ayith omduetimpfueage. 6P ration)

bl ended iin th iL.bl .t h hl .2 f t te Z d
oxygen whi YR DA BeReith PRt s RSl g BRI R or ar e, O
suppl i ed  byplhERRh cARMrRinE 0B aHRA BdE L HCO.ITHRHRY S RiiAUORe TORICOL | br ous

silicate carrier, also fromLECO were passed over the heated catal yst
sanpl e. TheThateahlyisg ganwahpaseidthveugh amninfractd detestor fwheraCO, wa® and CO2 wer e

evol ved anddé%gl{;stg(f dT'I:tler}rRoalegzQ(:t(grr{n(?asacrlaﬁ)()(rjarttg)cf| Ssir?gn gwc\v,\gttar?datrg ?Qmﬁl%? L 3t ? lr \?vltj%] a bed of
carbon (carbon and sulfur in white iron, supplied by LECO) and 6.17 wt.% carbon
(tungsten carbide, also from LECO).
{0170} The mass of carbon detected by the IR cell was divided by the

catalyst weight to determine the coke level as a percentage. Knowing the acid site
density by the NMR method detailed above in units of moles of acid sites per
gram formulated catalyst and coke level as grams coke per gram formulated
catalyst, carbon molecules per acid site (i.e., average coke loading) were
determined as: C atoms/site = (coke level [g/g])/(molecular weight [g/mol])/(acid
density [moles/g]). The number of carbon atoms per site was an average across all
the particles in the sample.

[0171] Methanol to olefin experiments were conducted in a fluidized bed
reactor as set out in Figure 1 where distilled methano! was reacted with formulated
SAPO-34 catalyst. Methanol, fed mostly as a vapor, contacted the catalyst
cocurrently at the bottom of the reactor. The energy of the gas due to its velocity
carried the catalyst out of the riser and into a cyclone train. The gas was separated

from the catalyst in the cyclones. At the solids discharge from the cyclone, most of



‘pl ati num on al um na obtained fromLECO This bed oxidized all the COto CQ2.
The resulting gas was passed through an infrared detector wherq 188
det ect ed. WD804/83%t ect or was cal i brated using two st andBEWUSEWPPEZ6S 3. 31
W . % carbon (carbon and sul fur in whitfe iron, supplied by LECO and 6.17
wt. % carbon (tungsten carbide, also fromLECO . [0170] The mass of carbon
detected by the IR cell was divided by the catalyst weight to determne the
coke | evel e catapet oantrafeulatédasititorehdtor agdin whilea snodinsortign hotih®eNVR et hod
detail ed above in units of noles of acid sites_per  gramfornul ated catal yst
and coke | ewas sen tqp saasneralor (ke gy thecaighyshivas bamed 39 eagiyate 18 bon nol ecul es
er acid sit L. aver a coke, |l oadi n wer etermn s: C atons/site
2 coke |ev%*ﬁal§’a‘/ Ihs f%?’é%gfa?ig’\ﬁk?”aﬁ TS'%%‘F‘? *P&‘iecfea&%ge@?\, [mol es/ g]).
The nunber fgcirﬁﬁ‘l%ﬁ&‘i‘} Offffe B%Pa%%'éoﬁe‘l\@a%iﬁg‘o@ﬁﬂfc%%ys@ﬁ{@ésriséf as Lhe particles
in the sanple. [01/1 t hanol to ol efin experinments were conducted in a
f1ui di zed beshtralleddiyaegasratioh conditions.Fi gure 1 where distilled met hanol was
reacted with formulated SAPO 34 catalyst. Methanol, fed nostly as a vapor,
contact ed t H72ht al ystThesspsrinasnts yerg canductsd gt RSNt preeswredemperatiie ener gy

of the gas TR I rie .cat,al i, the.riser and
into a cycl gﬁgc#rf\gﬁ?n Wﬁég&i‘y%‘ge%l epcgggiigaghr?? r‘ﬂgsng14 %h‘ée?%éﬁ (gaﬁkﬁsl{}aqu# t he

cycl ones. Asnc&&@e%%ta t FHaSPIRY 18 Snéthand) (dBereadedl ThEefol®)Shad veldeifyEihs2001 WO
2004/ 018392 PCT/ US2003/ 017365 47 the catalyst was recirculated to the

react or agaivariethsitneltanevalyl wiioavtarage dokbdordin@duchvibat convirsion attheegdaker at or .

Coke on the tal yst was rned tqQ reacti.vate.,the catal yst. The regenerated
cat al yst vvaé’&:ﬁ’r? ﬁg‘ii‘é’cW? F‘H‘W‘I‘?&%@%&Rrﬁ?ls ¥ the yRgce VFE’&YW&HSQFFIG?Pe oop. The

average cokgs hoagdinguBNoddit 681 Aliated b Hietold SEraBviePRL Rllked by

regeneration condrtion e experinments were co at const ant

pressure, teopaard! Goks levelisreponydas(19nhanhks ofvaybonglivided bgehetolad nlagadi ng. As
t he average coke | oadin i ncreased, catalyst reactivity to nethanol
decreased. Phegtakystand @)avssagearke iqadingis repogtadeag the sigraggmawber 9f wi t h aver age

coke L oa e SSRELB B 0 DB e bl v el
deposition was measured by burning off the carbon from a reactor catalyst sample
and measuring the amount of CO, that evolved using a LECO Model C-200. For
each test, conditions were held constant at 98% reactor outlet conversion in the
reactor, 488°C average riser temperature and 276 kPa (25 psig) riser outlet
pressure. Space velocity was reported as the ratio of methanol feed to (1) the mass

of catalyst in the riser and (2) the number of acid sites in the reactor. A summary

of the test results is set out in Table 1 below.

TABLE 1
Units Test 1 Test 2 Test 3 Test 4
Catalyst - 1 1 1 2
Carbon on wt.% 7.98 5.15 3.94 4.86
formulated
catalyst




as average coke | oading was increased so that total
Coke | evel

hel d
t he total

const ant .
mass
aver age nunber of
acid sites.
reactor catal yst sanple

Coke

react or

activity was

is reported as (1) the mass of carbon? tIFk8 gyl by
of catalyst and (2) average coke loading is reported as the
carbon atons deposid8ed divided by the nunber of catalytic
deposition was neasured by burning off the carbon froma

and neasuring the amount of CO that evolved using

a LECO Nb[gﬁe‘gcéggém Q.05 each tje t40ans were fag] d consigny at 98%
react or Olto E&t B,gpver sion in the ‘reactor 488C averr age risef terrper ature
N A . ot e cediieo oo d oo -

and 276 k \l uo—rg { }J 1 LU \/ ottty ed as
the ratio c‘ﬁﬁ?wanoln?r laﬂ'l]'@(lqi%h f cat g%y in th ser d (2)
the nunber 9PS1RCi d si| feaoylategnd react or . A summary | of the test resultg is
set out in Table 1 bEIcetnlyserBLE 1 Units Test 1 Test] 2 Test 3jTest 4
Cat al yst 1 CarBorZon Canbatoon wt .198(¢098 5. 15123094 4. §8.9 f or nul at1gg cat al st 2
1 FEB 2007 s]eq,g Si evelcontent wl %40 0 40.0 40.0 40.0 of cattal yst Acid site
nmol H+/ g 8 p 3 r'C]zt’i’mlﬁjgiéL ug lj"dttfd*Loj.S O'U mon—wWt . %
20.0 12.9 3335 v é' sisgye Carbon ip% orfl@ ' OZ'} 33 0 ? fulo. 6 jacid
site site |@5 H'Jsr?!?mnn* wt 998 O 983 3 97 4 97 9 \’I\ hr-1 113 2 6 11 73.0
SV(2) | b Jcconvapian™ 7mt9%6382. 8 | ¥OH h/ noll B-3 971.7 97.9

SV hr-1 1.3 2.6 11.1 73.0

SV(2) Ib 20.5 409 174.6 382.8

MeOH/h/mole
acid site

C1 *#* wt.% 4.3 2.7 14 1.0

C2= wt.% 33.7 35.8 34.6 334

C2o wt.% 1.0 0.8 0.8 0.9

C3= wt.% 33.2 36.4 37.7 38.0

C3o wt.% 1.5 1.1 1.4 3.6

Cas wt.% 11.5 12.1 12.9 114

C5+ wt.% 6.7 6.2 7.9 5.8

Coke wt.% 8.1 4.8 3.3 59

C2~=1+C3= wt.% 66.9 72.2 72.3 71.3

* Conversion was calculated by formula: Conv. = 100 - (14/32) x (wt.% MeOH) ~
(30/46) x (wt.% DME)

**Selectivities were calculated on a dry (water-free) basis

[0173]
[0174]

The data of Table 1 are set out in Figures 2 to 5.

Figure 2 depicts prime olefin selectivity versus carbon on the

catalyst. Figure 2 shows that no consistent trend is apparent for prime olefin

selectivity at different coke levels measured on the basis of formulated catalyst.

[0175]

Figure 3 depicts prime olefin selectivity versus carbon on the

molecular sieve. Figure 3 also shows that no consistent trend is apparent in prime

olefin selectivity at different coke levels measured on the basis of molecular sieve,




'aC|dS|teCI**wt%43271410CZvvt%3373583463§14:B w . %
10080 C3= .%33.2 36.4 37.7 38.0 C3owm.%1.51.1 S
% 11. 5W£22°24@’2“359? 11 4 C5+ W.%6.7 6.2 7.9 5.8 COkePWFfU%W@l”@ﬁ% 3.3

.5.9 C2=+C3= Wt .% 66.9 72.2 72.3 71.3%* Conversion was cal cul ated by
formula: Conv. = 100 - (14/32) x (wt.% MeOH) - (30/46) x (W .% DVE)

**Sel ectivities were calculated on a dry (water-free) basis 101731 The data
of Table 1 H¥&6ket ouFigure 4idepicspritng alefin s{al@dIMﬂy Vergurcertdnde@neper pri me

ol efin sel ECtIVIt)f: versus carbon _on the %ﬁal E# ure 2 shows that no
consi st ent 25 side-FigupAshews 2 consigipntirend) caly delTed meXiMumyj £ f er ent coke

evel s measyped @ohAE BaR! Sl kO BHALES 6ahAL Kk 0adil BaFb L 3

depl cts prl n se Ivity ersus car on (0] ar sl eve.

Figure 3 a'ﬁﬁb%ﬁ@%a&:ﬁ%ﬁed&s@cﬁﬁt&ﬂ%hﬁﬂholebﬁ@ﬂsmﬁe)ﬁppaf ent in prine olefin
selectivity at different coke | evels neasured on the basis of nolecul ar

sieve. 21 FEE72D07 WOF200: 5 degisspringT vlgBacelsciiving 68thang selectivig) ard gure 4
depicts prine olefin selectivity versus carhon a er Fi gure
P hows 5 CBIMBRRE RCIVIR AN EHOGP EIoBH R SHORTR 200 PR SA MR ESHaRd { o pr oo
olefin sele I r u on the
basi s of aci kﬁ#‘%’ésl%tsglgf(}g{lg‘g Vit % mﬁ &fgﬁe{@%%@e %?&%] bE?gur e 5

depi cts pri glled &f the agatBhdg soldly upsetblanievaeif eled davdlyst ciuadly vioudpbeat
sel ectivity versus carbon atons per acid site and shows a well-defined

maxi mum | i ghisigsifidanhdisedventape in derpdngirangavef enerasionavkiehygeovidske | oadi ng. One
skilled in the.art .rel .coke | evel of .t catal.yst clearly
voul o be. a1 b oot ot PR hin ) Pe ettt 2 TG
whi‘ch provi 16178)

Persons of ordinary skill in the art will recognize that many modifications may be

made to the present invention without departing from the spirit and scope of the

present invention.



maxi mum | evel s of prine olefin selectivity in oxygenate to olefin
conversion. [0178] Persons of ordinary skill in the art will reqopgFilz#t hat
many nodifications may be made to the present invention wthout departing
fromthe spirit and scope of the present invention. 21 FEB 2001 50 CLAI M5
1. A process for making an olefin pr o%ﬁct from an oxygenat e- cont ai ni ng
feedstock conprising: a) contacting the feedstock in a reaction zone with
catal yst particles conprising a nolecular sieve catalyst containing an
average density of acid sites of about 0.00013 nole per gram of catal yst
and having an average coke |evel of CilaMS 3.94 w.% to about 5.15 wt.%
based on the weight of the catal yst wherein said average density of acid
sites is determ ned by NVR, under conditions effective to convert the
feedstock into an olefin product streamand to provi de unregenerated

catal yst parti8lpeeceshormeskong agolefiperaduoniron asabdeemitegeteniag debdstathal yst
particl escgrorpgmsal d reaction zone and contacting said portion with a
regeneratI o' med umin a regeneration zone under conditions effective to
obt ai n regener#at ed wataaliystthpatetdsedeks inMal ednchiav ezona wak ecagestCpikeclkevel of
no greater than 5.15 w . % based on the wei ght Oé?a‘{ he unregenerated catalyst
parti cl esSOMR{EING2 mﬁkﬁwam?\ﬁgcawsacq%@ﬁgPgﬁéfaa Arfst! P4 e PedAht o sai d

reaction ggper3 méle pléhgraﬂ{ ch@a%aﬁys‘Pfan@ h&\hﬁ% b WGl SoME ’ié@@f ofCAIR £ 6851 9)
repeating steps a)-c). 3. process of claim1 which is carried out in a

ci rcul at i wgatobuf.ds bede rbesdtcmrthe Melﬂ‘h@F yrm@@éﬁt oftherdimpati Iavwhgectlrenssy ohrried

out |naC|rcIat| qu ctor nti nuous n 5 The
oo of i Fiks {adnlinad 6 REMR, \RBERAINbITE SR HIIRYE [ IRAE0RL

aver age o:lod»ﬂeﬁ.h 9mehctcsfreaﬁ ahd&ﬁﬁ;ﬁro@dQénM{;en%abﬂ&%ﬁhlﬁ;ﬂp'&rheleweI ght of the
unregenerated catalyst  particles._6. The p rocegs of cl a| nerein said
circulating fl%d DEEOVEECcE P8 phatidrwweesperaied qatalys R?”? g %aéfberfl ci al

gas IVﬁI g%eraasfneorn Zond BRd REASETS Qfd SrBb MW WeL&icRiRAI kRt AG kit R ekBorar ri ed
zone under conditions effective to obtain regenerated catalyst particles which have an
average coke level of no greater than 5.15 wt.% based on the weight of the unregenerated
catalyst particles, and

c) introducing said regenerated catalyst particles into said reaction zone.
2. The process of claim 1 which further comprises d) repeating steps a)-c).

The process of claim} which is carried out in a circulating fluid bed reactor.

2

4. The process of claim | which is carried out in a circulating fluid bed reactor with

continuous regeneration.

5. The process of claim 1 wherein said regenerated catalyst particles have an average
coke level of at least 3.94 wt.% based on the weight of the unregenerated catalyst

particies.

6. The process of claim3 wherein said circulating fluid bed reactor is operated at at

least 0.2 m/sec superficial gas velocity.

7. The process of claim 6 wherein said contacting is carried out in a riser.



21 FEB 2001 51 8. The process of claim3 wherein said circulatin I: uid bed
reactor is operated at a feedstock conversion between 50% and 9 4 riod 1he
process of claim3 wherein said circulating fluid bed reactor is operated at
a feedstock conversion between 75% and 95% 10. The process of claim]l
wherein at |least a portion of said catalyst mxture exits said reaction
zone and is returned to said reaction”zone without regeneration. 11. The
process of claim1 wherein said nolecular sieve has a pore dianeter of |ess
than 5.0 Angstronms. 12. The process of claimIl1l wherein said nolecular sieve
f ramewor k8.t ypeThespro@kseof €dim B rvaidvdim €aid e ReiDatii@nihiis bed geadfor ARbperaiddlat 2APC, ATN,
ATT, ATV, AWN BIK, CAS CHA CH . DAC, DDR EDI, ERI, GOO KFI, LEV, LOV,
LTA, NON, fepslgigck pppversion pstwpgn 0% ery 9%d substituted forms thereof. 13. The
process of claim 12 wherein said nolecular sieve is selected fromthe group
consi sting of ARGrodeds o AUBER 34vheRAPRd CircuPARE 1uh8 bad tbasdPR Sftratddlat alhe
process of claim12 wherein said nol ecular sieve is SAPO- 34. 15. The process
of cl ai m feedsigiskcenyersan betyvesretlir and 83%ve has a pore di aneter of 5-10
Angstrons. 16. The process of claim 15, wherein said nolecul ar sieve
framewor kKrd yperie.s el fir e ISt . : W EUG,
MIT, HEU, rdFER?FH,&FPCr)?(%&E%? %Q%r\]l, AL AIERHR HoAN, ol el M thia Mexicd T

said reaction zone and is returned to said reaction zone without regeneration.

I1.  The process of claim 1 wherein said molecular sieve has a pore diameter of less

than 5.0 Angstroms.

12, The process of claim 11 wherein said molecular sieve framework-type is selected
from the group consisting of AEL, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS,
CHA, CHI, DAC, DDR, EDI, ER!, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI,
RHO, ROG, THO, and substituted forms thereof.

13, The process of claim 12 wherein said molecular sieve is selected from the group

consisting of ALPO-18, ALPO-34, SAPO-17, SAPO-18 and SAPO-34.

14.  The process of claim 12 wherein said molecular sieve is SAPO-34.
15, The process of claim 1, wherein said molecular sieve has a pore diameter of 5-10
Angstroms.

16.  The process of claim 15, wherein said molecular sieve framework-type is selected
from the group consisting of MFI, MEL. MTW, EUQO, MTT, HEU, FER, AFO, AEL,
TON, and substituted forms thereof.





