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COWPCSI TION, I TS MAKI NG AND USE | N CONVERSI ON PROCESSES Fi el d The

| nvent | OWO[@@0WI3 The present invention relates to a nol ecIGEUSI2EJES
catal yst conposition, to a nethod of nmaking or form ng the nol ecul ar
sieve catal yst conposition, and to a conversion process using the

cat al yst conposition. Background Of The Invention 100021 O efins are
traditionally produced from petrol eum fleedst ock by catalytic or steam
cracki ng processes. These cracki ng processes, especially steam cracking,
produce light olefn(s) such as ethylene and/ or propylene froma variety

of hydrocarbon feedstock. Ethylene and ¥rop | ene are iﬁ)ortant comodity
petrocheni cal s usef MOLEEGULAR SYEVEB{C A Aéé&'éngofﬁl HON.plastics and

other chenical cqiROWNRINGOORBIUIRANEONGIRSIOR PROCESRS has known
for sone tinme that—oxygenates, especrattTy afcohols, are convertible into
light olefin(s). There are nunerous technol ogies avail able for producing
oxygenat es g 6§ IheEA®e ation or reaction of synthesis gas derived
from nat ura—gas, petroteum|iquids, carbonaceous materials ‘i ncl uding
coal , 'recycfoedl1pl ast Tspresamimieprdn resttetocr malegulansitner catalystni c mat eri al .
Ceneral |y, the production of sfynt hesi s gas involves a ., conbustion

reacti on ofcomepasitin, tras methsshafynakanganfermggdhe malscplie sie¥s Grialst nt o

hydrogen, carbon. monoxi de and/or carbon di oxi de. n r.oducti on
processes EFRPIRED REBIRA © ﬁrsf%ﬁ’rﬁﬁ%gsé'gfﬁvzfﬁ? ?%?1]%% CE%Z’Q%U?’%T or mi ng,

aut ot her ml#"a%&&{'ﬂg WT%’{I:@eﬁHHWi nation thereof. 100041 Methanol, the
preferred Tn production, is typically synthesized
fromthe caabyfic ronfinsare widifiycilggenduced fioonpetm o fkedstanklbyr car bon
di oxide in a methanol reactor in the presencg_.of a. het er ogeneous

catal yst. Festalptiappsteam cracking PIGAPERSs 9o g RROEFaFD CSHESIaY GHtNE d
using a co r./ zi nc, oxi i - SR AR nol
react or. Th'i%gC (PSPPI lﬁ%f ﬁ%ﬁ%@ g%cév%r@fﬁﬁﬁeﬁng@%&ﬁg genelrﬁgl ‘Imsﬁggf erred
to as a methanRrodathoh RedMEi2@@lene and propylene are important commodity

petrochemicals useful in a variety of processes for making plastics and other

chemical compounds.

[06003] The petrochemical industry has known for some time that
oxygenates, especially alcohols, are convertible into light olefin(s). There are
numerous technologies available for producing oxygenates including fermentation
or reaction of synthesis gas derived from natural gas, petroleum hquids,
carbonaceous materials including coal, recycled plastics, municipal waste or any
other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an oxygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Syngas production processes
are well known, and include conventional steam reforming, autothermal
reforming, or a combination thereof.

[0004) Methanol, the preferred alcohol for light olefin production, is
typically synthesized from the catalytic reaction of hydrogen, carbon monoxide
and/or carbon dioxide in a methanol reactor in the presence of a heterogeneous
catalyst. For example, in one synthesis process methanol is produced using a
copper/zinc oxide catalyst in a water-cooled tubular methanol reactor. The

preferred methanol conversion process is generally referred to as a methanol-to-



WO 03/000413 PCT/ US02/ 19955 2 ol efin(s) process, where nethanol 'ﬁ 2006
converted to primarily ethylene and/or propylene in the preseﬁ%@ 6¥ @ .
nol ecul aﬁ’()stit»s%lu%us[ 00051 Mol ecul ar sieves are porous solidsghauidigfREES
of different sizés such as zeolites or zeolite-type nol ecular sieves,
carbons and oxides. The nost comercially useful nolecular sieves for

t he petrol eum and petrochem cal industries are known as zeolites, for
exanpl e alunminosilicate nolecular siev@s. Zeolites in general have a
one-, two- or three- dinensional crystalline pore structure having
uniformy sized pores of nol ecular dinensions that selectively adsorb
nol ecul es that can enter the pores, and exclude those nol ecul es that are
too | arge. pBA0GY prhesse, whee menlyandl i @meated ppesnaily et ydone and/ai eves wel |
known to convert a feedstock, especially an oxygenate containing

feedst ock, PHRY!eandhe piesenceof ampolegylar sete. exanpl e, U.S. Patent No.

5,367,100 d ibes the use of a well kn zeglite o_convert
met hanol i nfEOEef + n(agteeeteys ackPorgy MR 85 s s Ten G Aizieat B
conver si on gfci! Aiieds AoIRkAGEe ARIGANALRSeS LarBbAVARNSIAN AT ARSH! ene
using-crystalline alumnosilicate zeolites, for exanple Zeolite T, ZK5,
erionite andomhedraially @seful Moldealae Bievedofor et slebpetidehsmidaé use of -
ZSM 34 to convert nethanol to hydrocarbon products such as ethyl ene and
propyl ene; inghgtngsare bapwnes replites, SuexampleplypinopdicatspelgerlagsieYeht
ol efin(s) from.an.al cohol, using a crystallimne alunj nophqsphates, often
represent ed 8@‘%&%&?“*‘[’ e g”(g’f"of re'ﬁ]fﬁféfjmﬂesné]‘oﬂ? %F‘S@m%é’rf’f%i eves for’
converting Qﬁﬁ&awﬂmm%uﬁkﬁm?@%d pBrd of bl d1 &R aith BaRhRshlReRcPligeul ar .
sieves. Silicoalum nophosphate (SAPO nolecul ar sieves contain a

t hr ee- di nenadsorhimdteariephnoess atergshapbienandferandevioke stolectdesrtbatale [ Si O2]

[AlQ2] and [ PQ2] corner sharing tetrahedral units. SAPO synthesis is
descri bed i fPajagge.pat ent No. 4, 440,871, which is herein fully

R R S I T

hydr ot her na yst al ron mm X _6
al um num  ap@nhps PRALISK, SPLUiLBS By Rhatk @08thindiefde@Paintobnagent .

Synt hesi s of a SAPO nol ecul ar si'eve, "its formulation into a SAPO

cat al yst, ambrepiefiugs). iforcomuplet Ungy Patdny foos36H4 A0 deribaptiz0ne of a
well known zeolite, ZSM-5, to convert methanol into olefin(s); U.S. Patent No.
4,062,905 discusses the conversion of methanol and other oxygenates to ethylene
and propylene using crystalline aluminosilicate zeolites, for example Zeolite T,
ZK5, erionite and chabazite, U.S. Patent No. 4,079,095 describes the use of ZSM-
34 to convert methanol to hydrocarbon products such as ethylene and propylene;
and U.S. Patent No. 4,310,440 describes producing light olefin(s) from an alcohol
using a crystalline aluminophosphates, often represented by ALPO,.
[6007] One of the most useful molecular sieves for converting methanol to
olefin(s) is a silicoaluminophosphate molecular sieves. Silicoaluminophosphate
(SAPO) molecular sieves contain a three-dimensional microporous crystalline
framework structure of {510,], [AlQ.] and [PO,] corner sharing tetrahedral units.
SAPO synthesis is described in U.S. Patent No. 4,440,871, which is herein fully
incorporated by reference. SAPO is generally synthesized by the hydrothermal
crystallization of a reaction mixture of silicon-, aluminum- and phosphorus-
sources and at least one templating agent. Synthesis of a SAPO molecular sieve,

its fonmulation into a SAPO catalyst, and its use 1n converting a hydrocarbon



WO 0 310 00 4 1 3 PCT/ USO2/ 19955 3 feedstock into olefin(s), p?rt%ggmgyly
where the feedstock is nethanol, is shown in U S Patent Nos. Q, , 327,
4,677, 24,0 dby6143243, 4,873,390, 5,095,163, 5,714,662 and@/uge/1282, al
of which are herein fully incorporated by reference. [00081 Typically,
nol ecul ar sieves are forned into nol ecul ar sieve. catalyst conpositions
to inprove their durability in comrercial conversion processes. The
collisions within a comerci al process bet ween catal yst composition
particles thenselves, the reactor walls, and other reactor systens cause
the particles to breakdown into smaller particles called fines. The

s known astaBt FonelsBRPIGRTAR Y RFE DhEoydith b PRt SRy © °°
streamr esu%%?%}én?]\%@%h%ﬁ,q gﬁ'ﬁ]ﬁ?&%}éﬁ)@%@,ec{[§73,3§@t5?d935§1t63(30”p03' tions

havi ng a hi esistance”to attri'ti'on’ geherat'e fewer fihes, |ess

catal yst corpegiskh QRd b3S 6680 AIEEF HBIcheedNaeisfolly irdthoraibd by réfefedcs.i mes
result in Tower operating costs. 100091 Mol ecul ar sieve catal yst

conposi ti onp)dsE f or Fepichy, cootbiwamgees armfosued wio moksgulagateve CHALET X
mat erical usually .in the presencge  of zit bi nder. Tﬂﬁi Wgur ose of the binder
is hold t heComPPSIHOTSEP SMPEIVE thLE dyrability 4y COMPERCH CHBEEAPR BIO®SFfEve. The

use of bindefs d- matrjx ials i j i eve
catal yst conpospirisne B EhsEE B 5 BebREEPALER @Bl RaaRicles
processes. HenskSed!ROrdaBRYWallfain didieerWedttdrtyyde badseehd1pdreiclel &  si eve
catal yst conposition is nade or fornulated affects catal yst conposition.

attrition. BkBQEADvEKAMpelafpanstléockdledfingak Thephysical Yreakdovmelsthei ons
include: U S. Patent No. 5,126,298 di scu]sseﬁ@g nmet hod_ .f or _nmaki glﬂa
cracki ng caf@isetargieye Satalt Grmpasiion pEHCIFR S ROP YR A8 Aoy Fimgt ﬂa WO

diferent oLy Rk 8nd BrRERAIALS scBMAE LFroblel A &0l et 1y and

a source of “phosphorous, and spray dryi ng m xture of thé Slurries
havi ng a pHChellRWesmnpbbifonsHakaipta Neherre8iSiandelio attnition ge298te f&8er fbeat es to
a catalytic cracking process using a spray dried attritjon resistant
cat al yst cotrsacatalygt gmepasgiontip sgaupsd s epmersone et lopgerdife tges &¢

di spersed i [1 a clay matrix with a synthetic silica-alum na conponent;

U. S. Pat ent 'OKELPERIREAONHS > and 5, 286, 369 di scloses forming a catal ytic

cracking Caiﬂi@ft of l\fol%lﬁ%’i&g%gﬁyst compositions are formed by combining a
molecular sieve and a matrix material usually in the presence of a binder. The
purpose of the binder is bold the matrix material, often a clay, to the molecular
sieve. The use of binders and matrix materials in the formation of molecular
sieve catalyst compositions is well known for a variety of commercial processes.
It is also known that the way in which the molecular sieve catalyst composition is
made or formulated affects catalyst composition attrition.

[0010] Example of methods of making catalyst compositions include: U.S.
Patent No. 5,126,298 discusses a method for making a cracking catalyst having
high attrition resistance by combining two different clay particles in separate
slurries with a zeolite slurry and a source of phosphorous, and spray drying a
mixture of the slurries having a pH below 3; U.S. Patent No. 4,987,110 and
5.298 153 relates to a catalytic cracking process using a spray dried attrition
resistant catalyst containing greater than 25 weight percent molecular sieve
dispersed in a clay matrix with a synthetic silica-alumina component; U.S. Patent

Nos. 5,194,412 and 5,286,369 discloses forming a catalytic cracking catalyst of a



4 20 JAN 2006 PCT/US02/ 19955 nol ecul ar sieve and a crystalli &e Ea% Eﬂoé‘num
phosphat e bi nder having a surface area |less than 20 n2/g and 9 ‘a L
pore volWA®3/0P¥E than 0. 1 cc/g- U S. Patent No. | ganic f0/B¥#288Mosite
of a zeol 4,542,118 relates to formng a particulate 'nor ite and

al umi num chl orhydrol that is reacted wwth ammonia to form a cohesive
binder; U S. Patent No. 6,153,552 claigre a nethod of nmaking a catalyst,
by drying a slurry of a SAPO nol ecul ar sieve, an inorganic oxide sol,

and ‘an external phosphorous source; U S. Patent No. 5,1 10,776
illustrates the formation of a zeolite containing catalytic'catalyst by

modi fyi ng the|eeQ8t sike Wd Hcd sRNRAGh ST Msphatt Bth®RPhaihRsuace Pat ent
No. 5,348,643 relates to spray drying a zeolite s; lurry wth a clay and

source of pheskhothan0ah’/@apd oftalyeirewcBinre. lebs than PAteery; UlpPatentNioon No.
4,973,792 is directed to a conversion process using a fornul ated:

nol ecul ar 2451 thiehatgsto foonpdst parbenlalgonrgenic oxifercempesitgohbaeale of the
solid content of.the sluyrr ray drjed,.,nor any di.scussipn.of the :
amount of ARG PRIRIATq) B Ehpsacted Wi ARmORA A ST 8 GG 5 pat ent
Appl i cati on:Ng... / At ROPIs ALBGHSSaE et Bt hod for
st eam ng a%ﬁ‘gtﬁrﬁgﬁ{%é stlgb?g%%%g&ﬁgﬁg%en; afuglg.ﬁ&ggt eﬁai ?Sl\iom.ﬁyI 5, 248, 647

i 11 ustrat esirgigaysiay ofig SAPSAROIS4b1ar BlEve cinl iabrgahizvexideokul xad ani t h ‘kaol i.n
and a silica sol; US. Patent No. 5,346,875 -discloses a nethod for

maki ng a catgryaliphospharrisngpuees &1 §statesy NeatScHOng StiHestratesdle &matienpoi nt
of each conponent. of the. fra rk.structure.to the pH of..the inorganic
oxi de sol ; %ﬁ?bfe @Pﬁa&mﬂgﬁégfﬁ%a%ﬂf%#tﬁw ngﬁ'ﬁzsﬁﬂééwm 8?035’&& !
zeolite CryshalisinD ZoRton; ANIPROANR. GNug da3delafdq i¥Bla-zedfhe -paGES
2573- 2579,0%521816]%ngisgl§3i§s’es zeolite agdregati on atogﬁaggkayrl ?ﬁéz i sgel_ ectric
poi nt; PCT shRuphiithad ¢lan aMsRtLdfHbsplesons staspHrakbeigwad; daSaPatest by drying

a mxture of an _alum na 507] and a SAPO nol ecul ar sieve, PCT Puplication’
WO 02/ 05950 PRitsatipn biss 47HRi 798 15 disegied Pst CQIVRISHE RIPERFS §FIDg aformaelaledr si eve

02/ 0aos2  dirteiepuat Save PPRbSCRRs el AR rE Rt WP eBiY B uBREd”

Sher? 2h0 Sofe oAt shapliad gl hnsgorandd 1 o
medium in the SAPO-34 added to the slurry; U.S Patent Application No. ‘
09/891,674 filed June 25, 2001 discusses a method for steaming a molecular sieve
to remove halogen; U.S. Patent No. 5,248,647 illustrates spray drying a SAPQO-34
molecular sieve admixed with kaolin and a silica sol; U.S. Patent No. 5,346,875
discloses a method for making a catalytic cracking catalyst by matching the
isoelectric point of each component of the framework structure to the pH of the
inorganic oxide sol; Miurer, et al, Aggregation and Peptization Behavior of
Zeolite Crystals in Sols and Suspensions, Ind. Eng. Chem. Vol. 40, pages 2573-
2579, 2001 discusses zeolite aggregation at or near the isoelectric point; PCT
Publication WO 99/21651 describes making a catalyst by drying a mixture of an
alumina sol and a SAPO molecular sieve; PCT Publication WO 02/05950
describes making a catalyst composition of a molecular sieve containing atirition
particles with fresh molecular sieve; and WO 02/05952 discloses a crystalline
metallo-aluminophosphate molecular sieve and a matrix material of an inorganic

oxide binder and filler where the molecular sieve is present in an amount less than

40 weight percent relative to the catalyst weight and a preferable weiglit ratio of



40 wei ght percent relative to the catal yst weight and a prefergfbe m?ight
ratio of N O 03/000413 5 2 0 JAN 2006 PCT/ US02/ 19955 the bj ndsg pav i
mol ecul aWOIBBIEIE]| 0se to 1. [0011) Although these mol ecul EETEWFLIS
catal yst conpositions described above are useful in hydrocarbon
conversi on processes, it would be desirable to have an inproved

nol ecul ar sieve catal yst conposition having better attrition resistance
and comercially desirable operability and cost advantages. Sunmary O
The I nventi on 100121 This invention provides for a nmethod of naking or
formul ating a nol ecul ar sieve catalyst conposition and to its use in a

conver si on t%g@?fgnﬁélecgﬁp e d LRge & f eedstock into one or nore

ol efin(s). one enbodi nent the invention is directed to a method
for formul gobpy a MOAREsUGAhEIeaHElcEElbndiyad catatygosmpbstiond describéchod
conprising the steps of (a) providing a synthesized nol ecul ar sieve

havi ng not dbeen afesefuldu hpdrocarbpn apnvervien pipsesses, paweyld beydegiratdeito ()
making a slurry of the synthesized nolecul ar .sieve. a binder.. and .
optional Iy tﬁlvﬁépﬁﬁnﬁf%?é?‘?q%? ,G[\araﬁ’l’il"e(‘;@}alffsgFﬂ‘?‘ﬂﬁmt'%h%‘fl’ﬂﬁ P?/n?rc?%nbl%duce a
formul ated nol ecul ar, si Dkl O rred '

enbodi ment /o URETES o Sl Gyt polc 8FRACHT 812 coolnRaBlELe

esize l'ec ve 1S synthesizéd fromthe

conbi nat i orgu,gh,aqegz oOFEpRé Itvemtieh the group consisting of a silicon source,
a phosphor N al um num sour ce, optionally in the presence
of a tenpl aomy] agenThis imveatiompstvigasdpea methodrm serkniher formelatipgary jn
step (c) is forned by spray drying. In, another preferred enbogi ment, the
wei ght rat i BOBEUIT Figes c4tal YO Sg’ronsaing\}%ltF H3G R COLVESIP RIRCSP &Y (¢) i s
greater tha . t.0 0. 4 t yner enbodi ment, the slurry
contains a gocl)]l F%%,goant{eg%t%%kf&ﬂéonrﬁ%rgg%r?%%&gge)icent to about 80 percent
based on thpoﬁ@* al i ghtentfodimientshe inventon B divatted ned meisodforThe sol i ds

include the nolecular sieve, the binder, and ggtionally the. matrix
mat eri al . |formtlating amoelearlar sersowitalesicomposifyn.dhe MR LOMPTISIAGIBE st ep

CRANHERIECNEIRGR A R e Al

preferably (greaﬁlserﬁmgly}gax@fhlly dried; (b) making a sturry of the synthesized molecular
sieve, a binder, and optionally a matrix material; and (c) forming the slurry to -
produce a formulated molecular sieve catalyst composition. In a preferred
embodiment, the synthesized molecular sieve is synthesized from the combination
of at least two of the group consisting of a silicon source, a phosphorous source
and an aluminum souvrce, optionally in the presence of a templating agent. Ina
most preferred embodiment, the slurry in step (c) is formed by spray drying. In
another preferred embodiment, the weight ratio of binder to molecular sieve in the
slurry in step (c) is greater than 0.12 to about 0.45. 1n yet another embodiment,
the slurry contains a solid content of from about 20 percent to about 80 percent
based on the total weight of the slurry on a calcined basis. The solids include the
molecular sieve, the binder, and optionally the matrix material. In still another
embodiment of any of the above, after step (b) and prior to step (c} the slurry is

mixed until 90 percent by volume of the slurry contains particles having a
diameter less than 20 pum, preferably less than 10 pum.
[0014] In an embodiment, the invention is directed to a method for

formulating a molecular sieve catalyst composition, the method comprising the



100141 In an enbodi nent, the invention is directed to a nethod for
formul ati ng a nol ecul ar sieve catal yst conposition, the nethod k&dﬁmﬂ@ﬁng
the 2 0 JAN 2006 WO 03/ 000413 PCT/ US02/ 19955 6 steps of. &gé rOV|d|ng a
synt hesi WO WBI4deul ar sieve in the presence of a liquid ﬁ

i ntroducing a binder, and optionally adding the same or dlfferent Ilquid
medi um and/or a matrix material; and (c) mxing and formng the slurry to
produce a formul ated nol ecul ar sieve catal yst conposition, wherein the
synt hesi zed nol ecul ar sieve is not fully dried or partially dried prior
to step (a). In a preferred enbodiment, the liquid mediumis water, and
the anoudt of liquid nedluntprlor to drylng is in the range 'of fron120

wei ght per oqpls 10 (@Qruehha s BRISERE HhASth: Ak P teslentbRliqaly L he

nol ecul ar si eve a I'1 qui dium Preferably the syntheS|zed nmol ecul ar
sieve is a seliwagdb)introdphiog pthadder, @id opaxbmtti)nmqﬂmgﬂfeahmaamﬂ&f&remt
chabazite (CHA) franmework-type nol ecul ar sieve. et anot her )
enbodi ment , liqyig m@tugntand@trmonefmnmerbaln@t@r(ct @ltlﬁs aﬁé ayng thesslage tq s
greater tha ss n the.bind i.s .an al um na and

th
T e a e iy ?tce?alswmeahaémem% SEEin 8t hor
enbodi ment, & Agsi 3l WSYaAAAlNS n ﬁm 'dsteg%p;)a@taugafdnfeﬂ RoRRPytp 8. per cent

to about 50 percent, preferably a 35 pefcent'to a out 50 percent
and nor e prEfeprbdried dobpdbent, tlaeqmm@nabmm is50atpe mne e, athawa df tiquitdhe
total weight of the slurry on a calcined basis. In still yet another
enbodi ment wediany podr toklsymgdy e thteﬁ@ngﬂqfrffoyn P9 weighs perrsnt to Hrweighlast 90

percent by vqu of , sol.i rtl in the slurry dlaneter | ess
Phan 20 m e/ bedoRhikieib S Mg s Sy hnd NG pRURE r oc

embodi ment, P}et'aab PRDL rﬁﬂestféd%a%cdla Sl B%ﬂlcomtmﬁatﬁdaﬁhae faar mul at ed
nol ecul ar sieve ¢ conposition, the net conprising the steps of
(a) synt hesa]zmrngapho's]bhaae b dfo ﬁlclum;dmwmca{ﬂpfrmHWark-sﬁpemoletﬁularrmevlee In

conbi nation of at |east two of the group conS|st|ngh S|I|pon sour ce,
a phosphor migngdher embadignent the wisl ﬁﬁt@dlfﬁ'é%bméﬁft‘io @ moecular 16¥€ iy esence

o 2 S RPRITTL  d BoaMEp Ep eghE
range of f fﬁme%gla\f"@le%ﬁs a ﬂﬁ&&ﬁﬁ&dd@h&bh\é@l phyetRAb&eNEmbbdibictt, MRdi um based
on the total weight of the

slurry contains a solid content of from about 30 percent to about 50 percent,

preferably about 35 percent to about 50 percent, and more preferably from about

40 to about 50 percent, based on the total weight of the shurry on a calcined basis.

In still yet another embodiment of any of the above, the slurry is mixed until at

least 90 percent by volume of solid particles in the slurry have a diameter less

than 20 pm, preferably less than 10 pm.

[0015] In another preferred embodiment, the invention relates to 2 method

for making a formulated molecular sieve catalyst composition, the method

comprising the steps of: (a) synthesizing with a liquid medium a molecular sieve

from the combination of at least two of the group consisting of a silicon source, a

phosphorous source and an aluminum source, optionally in the presence of a

templating agent, to form a slurty; (b) removing the molecular sieve from the

slurry; (c) drying the molecular sieve to a Jevel in the range of from 20 weight

percent to 80 weight percent liquid medium based on the total weight of the liquid

medium and the molecular sieve; {d) combining the molecular sieve with a

binder, and optionally adding the same or different liquid medium and/or with a



medi.um and t he nol ecul ar sievc; (d) conbining the nol ecul ar siezﬁrﬂmg@%a
bi.nder, and optionally adding the sanme or different |iquid nedi or
with a WRp036&Aa0#13 7 2 0 JAN 2005 PCT/ US021199sf mat ri xPEEUSPIEISS t o
forma fonnul ati on conposition; and (e) drying and/or forning the
formul ati on conposition to formthe formnul ated nol ecul ar sieve catalyst
corriposition. In a preferred enbodinent, in step (c) the slurry is dried
to a level in the range of from 30 wei‘ght percent to 70 wei ght percent
liquid nedium preferably water, based on the total weight of the liquid
medium preferably water, and the nol ecul ar sieve. In another

enbodi nent, in step (e he ornul.ati on coppositi is forped by spray
drying the ff‘@ﬂl’ﬁﬂl%fﬁl_ﬁlnz% FFB&S'{OPP%UO’P GOTBYH eanrdlo(:g REF DY ecul ar

si eve catalyst. cappesithan 40 ¢5 R IT B Ned nRIt@tartsievet ep(c)
and/or (e) ,%P‘hléléﬁgr?%ngéﬁg’f’odrog%@gh#%rt% ati1on corrpogi ti onariss VWashed in a
liquid, prehenablcsmpBsitibhau 8 pidfertdicerstotiment, ilgep (cfthecslumyp i drind tand nost
preferably the liquid is water. In another preferred enbodinent, the '
met hod f ur tahleveldarthe rangs ofifrome}) weight perggnt eh 79 meigho perserttlepid ol ecul ar

si eve catal yst. conpasitjon is calcined. |.n anpt nbodi nent, the

wei ght r at iTBegpmy, ﬁéﬁfﬁ‘iahii'e‘f’atfb basrd ngé‘lfﬁlé?’elggt&?gﬂ? @qlflﬁ Hf%]gmp’ange of
greater than 0. t e f [ n tige than
0. 12 to 0 Aty W R BBy SRERT B ARk oty b OF R ot

0.40. In yeforAREBA coRFBAdbAR or@kd baBpraglintihg tiriforeylatibncoyipesitidrai ns a
solid content of from about 35 percent to about 50 percent based on the
total wei ght fofm tinefosinutated mnlesulentiey heatalpxsompositiont (g # furthest her

enbodi ment of any of the above, the conbining of, the.slunry conprises
the step ofembsdimgnt, Iﬁ’é‘OEFQﬁtFRKCMHﬁQ ;&) }b"'%“‘ﬂgﬁ’ﬂéfﬂr t&ﬁéo%‘fl?%mparti cles
until at least 9 I Y/ : 1 fis PR dnsd £5thD A¥Lida
di ameter | €88" Q%ggmg%vg%%d %r%yﬂla’gﬁg%F%’ggﬁteﬁaM%S m 100161 Iﬁ lyet

anot her enbggiiBNtand mitRt prY&Eblyake liquidiis weterdintanotheppoedersed f or  produci ng
olefin(s) in the presence of any of the above for rru{qgt ed_nol fcul ar sieve
catal yst complsimentshe iathod fiitkesricampriseie Fiem e dswhich she foamy cing

molecular sieve catalyst composition is calcined. In another embodiment, the
weight ratio of the binder to the molecular sieve is in the range of greater than 0.1
to less than 0.5, preferably in the range greater than 0.12 to 0.45, and most
preferably in the range of from 0.13 to about 0.40. In yet another embodiment of
any of the above, slurry contains a solid content of from about 35 percent to about
50 percent based on the total weight of the slurry on a calcined basis. In stiil
another embodiment of any of the ébove, the combining of the slurry comprises
the step of mixing the sturry comprising a liquid and solid particles until at feast

90 percent by volume of the solid particles have a diameter less than 20 um,

preferably less than 10 pm.

[0016] In yet another embodiment, the invention is directed to a process for
producing olefin(s) in the presence of any of the above formulated molecular
sieve catalyst compositions. In particular, the process involves producing
olefin(s) in a process for converting a feedstock, preferably a feedstock containing
an oxygenate, more preferably a feedstock containing an alcohol, and most
preferably a feedstock containing methanol in the presence of one or more of the

formulated molecular sieve catalyst compositions discussed above.



olefin(s) in a process for converting a feedstock, preferably a feﬁﬂ]sﬁ]ﬁ%ck
contai ning an oxygenate, nore preferably a feedstock containi né Da :
al cohol , st preferably a feedstock containing net hap@i-wis{;lyfglgg:s
presence of one or nore of the fornulated nol ecul ar sieve catalyst
conpositions discussed above. Z 0 JAN 2006 WD 03/000413 PCT/ US02/ 19955 8
Detail ed Description O The Invention Introduction [0017] The invention '
is directed toward a nol ecul ar sieve cagalyst conposition, its making,
and to its use in the conversion of a hydrocarbon feedstock into one or
nore ol efin(s). The nol ecul ar sieve catal yst conposition is, nmade or
formed fromthe conbination of a nol ecul ar sieve, a binder, and

opti onal | y, Detsled D akeipaiohyOf Bhednventiomat erial . Typically in the art a
dried or calcined nolecular sieve is conbined with a binder and/or

matrix mat ebntgeductighnever, it has been surprisingly found that using a

nol ecul ar sj t hat .,.has nof. bheen N ried,that is ¢ ined with a

bi nder and/ @(:“\iil nat r;l“.gewegﬁ?%}s cﬁﬁec{egﬁ%%g%eadmf)%?‘_ﬁu %‘F%%C%nﬁg’%‘cm ar _si eve
catal yst Coéﬂ?ﬂﬁdstiﬂi&ﬁ itsp 418 >.anli o RALEd HUh@Eonver$bef fhPdbtirBbay dried
nol ecul ar steve wth a bindér and/or a matrix material™ results in nmaking
a fornmul at eftetnbecitt@bns bemercstAhlgst Thompbsilar olevéeatalygt campsovmds

resistance to attrition. This results in an inproved catal yst -conposition
nore resi staade pofasmedirany therambingion A@iyelesylansipyeadindes, andnd t herefore

having an extended catal yst.,life. .Additignall not ..cal ci pi-n he

mol ecul ar s‘?%twa_ﬂﬁ Bpst Qrg%r @%t%%‘%‘ IT&T‘tgrda r ?&Bz‘fé’g?t‘%&?ec%g? 93%‘28%:i ated
with the synhhesi §adiasiRe i TBAYRS With a HEGARNIP Aty nlderfigact i vat i on
especially 1ni1ts storage or transportation. [00181 It has been known in
the art thaHowavsr, ithak beemmirphiinglgfoamt thaf uditgea nrodéoatarlseavesha\has not t he
total catal yst conposition is inportant. However, it has also been

sur pri si ngl Yeenduly drigdthatiecerpbigad withta kindgr apdier gimplex mateRal @nnp| ecul ar

i scussed atrgnereq EHEluby Bl BEYisCk ey i eoniholtic Eialey 1h pitySar
resistance gahah YatigRMResihdietular Yiehouh 2 Beidegakhonsmatiamutepal ti cul ar

=

theory it is believed that when the weight ratio of the binder to
nol ecul ar siesuls insmblingti fghmtlated mélecudansienseatal ysh compesition having

improved resistance to attrition. This results in an improved catalyst composition
more resistant to breaking apart in a conversion processes, and therefore having
an extended catalyst life. Additionally, not calcining the molecular sieve after its
synthesis also reduces the cost associated with the synthesis and also improves its
susceptibility to deactivation especially in its storage or transportation,

[0018] It has been known in the art that varying the weight percent of the
molecular sieve in the total catalyst composition is important. However, it has
also been surprisingly found that the weight ratio of the binder to the molecular
sieve, especially where the molecular sieve is partially dried as discussed above, is
important to making or forming an attrition resistance catalyst composition.
Without being bound to any particular theory it is believed that when the weight
ratio of the binder to molecular sieve is too high then the surface area of the
catalyst composition decreases resujting in lower conversion rates, and when the
weight ratio of the binder to molecular sieve is too low then the catalyst

composition will break apart into fines more eastly.



cat al yst conposition decreases resulting in | ower conversion r @ﬁ
when the weight ratio of the binder to nol ecul ar sieve |§Ci_ @;ﬁtﬁ!

t he cat VPO Edhposition will break apart into fines nor

03/000413 9 2 0 JAN 2006 PCT/USC2/199'55 [00191 It has al so been

di scovered that in addition to the dryness of the nolecular sieve and
the ‘bi nder to nolecular sieve ratio inghe formulation of a nolecular
sieve catal yst conposition, that the ambunt of solids present in a slurry
of tihe nol ecul ar sieve and the binder, optionally including a matrix
material, used in a spray drying process for exanple is inportant. Wen
the solids ggpsent t;ha# higo Eééi'lrlecdv%retd%?athﬁ“éﬁdlhoﬁQﬁthﬁkﬁ?ﬂésb@f&ietl’l tion
resi stance properties of the nolecular sieve catalyst conposition is
reduced. Th@oRoWdNbieof asdthicddnden e owhicnlar siewe wtiohn thd@muheuond!f gcoveries
di scussed above al so determnes the |evel of attrj ?j resi.stance a :
particul ar molesglar sieve patokystcRmuoysione Bahibsi2moynt a%” R/Bresentia P S es and

hyel tal - fcﬂﬁzhé%l% e RSB Spr SR IR ) el RYuRb SRl ol
classified j y étrysﬁ%c% B s FEO8hpH gmngbnm.ewmneme_abhmm&mh te
e

Associ ati on ac rules of th | UPAC Conmi ssion on Zeolite

Nonmencl at urge s}%nfyrl@,ﬁwlfmkoimﬁmgfﬂmratthesn tdsestarce progettiasiafythe mﬂﬁ.lﬂlbgy, .of
the tetrahedrally coordinated atons constituting the. frapewark, %
maki ng an abete atalyseonfpositien éprediesdc Bwe@gwte sqligs ip pRmbmalan ithy) o

F K- ] d | ec. h |
o etore 1B Syt dissorerimifiaipea zPet RS ReGr et e IhRY B ctiod T 0 &

described i e RHBWRE ko pdR@son tish edi tion,
El sevi er, &F\lé{alﬁge é&lﬁﬁ.& %En%g%ggllatr%lv‘(hl chwlgs hel?/el n Ilf ully incorporated by

reference. [00211 Non limting exarrpl es of these nol ecul ar sieves are the
smal | pore nolecul ar: sieves, AEl, AFT, APC, ATN, ATT, ATV, AWN BIK,
CAS, CHA  MalecubpySiepgyrandEptalpsts Thersef «r|  LEV, LOV. LTA, MON, PAU,

EEII écu:?g?’ @I%é;gb A@'}Qﬁ%@%ﬁﬁ%&% 1@&&%%‘8&/&19&&1@!&%&9{}& and

charactenstics. 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 coordin\ated 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), which is herein fully incorporated by reference.

[0021) Non-limiting examples of these molecular sieves are the small pore
molecular sieves, AEL AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CHI, DAC, DDR, ED], ER1, GOO, KF], LEV, LOV, LTA, MON, PAU, PH],
RHO, ROG, THO, and substituted forms thereof; the medium pore molecular
sieves, AFO, AEL, EUO, HEU, FER, MEL, MFI, MTW, MTT, TON, and
substituted forms thereof: and the large pore molecular sieves, EMT, FAU, and
substituted forms thereof. Other molecular sieves include ANA, BEA, CF], CLO,
DON, GIS, LTL, MER, MOR, MWW and SOD. Non-limiting examples of the



substituted forns thereof; and the |arge pore nol ecul ar sieves, EWJANRAD,
and substitut ed forms thereof. O her nol ecul ar sieves 'n?k‘l*ﬂfsof)ll\%"BEA
cFl, LMY Sg s LT, MBR MOR, MW and SOD. Non-1initing exanpl es of
the WO 0 310004 1 3 10 20 JAN ME PCT/ US02/ 19955 preferred nol ecul ar
sieves, particularly for converting an oxygenate containing feedstock
into oI efin(s), include AEL, AFY. BEA, 16HA, ED, FAU, FER, AS, LTA
LTL, MER, MFI, MOR, MIT, MA W TAM and TON. In one preferred enbodi nent,
the nol ecul ar sieve of the invention has an AEl framework-type or a CHA
framewor k-type, or a conbination thereof, nost preferably a CHA

framewor k- tydrerred moll é0%2 kidvies, gani dilarBi i@veOMMg al sxylehatBavetaining
3-di nensi onal framework structure of corner-shari nE? TA tetrahedra,

where T i s festgtocktintmhaefizs), ynchedroh BLnAF¥d B, iGRA, FRAFAHOFERUGEY, si eves
t 1y d i bed i i of t def i

pore.  nhor & Thd T e sk bOBAM e MTrwe T A% S Tk e miflent? i g

O h f ha i |

Chat 1 or m So0egum el e TRRGHEL SN, G} IR GHE b PAEPRARRRRN-0f nfﬁ' nos

spaces bet yeenAl fen ERGRStypeaSt V@ tBRk knUbtrest, nddst dfél-hbl@duCHlen to
Zeolite Science and Prac i'ce, Second Conpl eter eV| sed and Expanded

Edi ti on, VdtanmevciRtype pages 1-67, El sevier Science, Anst er dam
Net her | ands éZOOl 100231 The smal |, nedi um and | ar pore nol ecul ar
si eves havd092Hm a Molechlpr si§va mpserialsl kpvegy @lsmlﬂ ‘?’Rktype In a

preferred embodi me t.i ecul ar , - or 12-
ring struct’ HP&%"%?P?(HP §la§rq§o[l¢f tetg@g?%gg%e%rje%m ﬁ}r%@%\ﬁﬁe range of from
about 3A t Qolpiifated @at‘icﬂ? m& RN ERPir s Rdes Qf@bﬁﬂbﬂwjﬂﬂeschh&i imkaeibfabe si eves
of the invention, preferably silicoal um nophosphate nol ecul ar _sieves
have 8- ri ngs itble sing akva rdafjeespopaeswhee tlluesee mﬁaﬁe@@mﬁlemmbepﬁETerabl y in
the range of from 3A, to_about 5A, nore 3Ato ab?ut

A ChOS s ot e akng, Qe BimanerCTRe shBateduoR oty s Snohfedi
si eves, par tflr{/néls %;lﬂffyﬁl??ilcaéé T%n@%eﬁ?ﬁés'e{]ﬂ ﬁnetc}ﬂ?l%n L of Hl!izﬁihelssirﬁi"tﬁﬁ

preferabl y A ecula I amewo one, era [y two or nore
spaces between the cages. See van Bekkum, et al. Introducnon to Zeolite Science
and Practice, Second Completely Revised and Expanded Edl:ﬁOH, Volume 137,
pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).
[6023] The small, medium and large pore molecular sieves have from a 4-
ring to a 12-ring or greater framework-type. In a preferred erubodiment, 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 15 A. In the most preferred
embodiment, the molecular sieves of the invention, preferably
silicoaluminophosphate molecular sieves have 8- rings and an average pore size
less than about 5A, preferably in the range of from 3A to about 5A, more
preferably from 3A to about 4.5, and most preferably from 3.5A to about 42A
[0024] Molecular sieves, particularly zeolitic and zeolitic-type molecular
sieves, preferably have a molecular framework of one, preferably two or more
corner-sharing [TO,] tetrahedral units, more preferably, two or more [$10,],
[AlO,] and/or [PO,]} tetrahedral units, and most preferably [SiO,], [AlO,) and
[PO,] tetrabedral units. These silicon, aluminum, and phosphorous based

molecular sieves and metal containing silicon, aluminum and phosphorous based



corner-sharing [TO4] tetrahedral units, nore preferably, two or 'TerlﬂJ 2006
[SID4], [A]04] and/or [P0O4] tetrahedral units, and nost prefer;

[Si O4], fédbfédosmnd [PO4] tetrahedral units. These sili cofCTHRMAGM and
phosphorous based nol ecul ar sieves and netal containing silicon,

al um num and phosphorous based WO 03/000413 11 2 0 JAN 7006,

PCT/ USQ2/ 19955 nol ecul ar si eves have been described in detail in nunerous .
publications including for exanple, U'S. Patent No. 4,567,029 (MAPO
where Me is My, M, Zn, or Co), Q S. Patent No. 4,440,871 (SAPO,
Eur opean Patent Appli cati on EP-A-0 159 624 (ELAPSO where El is As, Be,

B, C, Co, 4,143
(FeAPO). uréﬁ w%femes e 4885 g A e N Gl g
EP-A-O 158 ¢ Wi 8. pRat@as N7 dhB%e LU0 WherAREas MglMﬁ\;Zh 161 489

( CoAPSO) , 188 976 (ELAPO, where EL is Co, Fe, My, M, Ti or Zn),

U. S Patentcdgbu S F3idds M04 440 RO (SATD), Buporieas Pasot ASENERBOEP-ALD S| Pat ent’
No. 4,973, 46 ' Patent !

(LiAPSO, U.S. Patent No. 4, 789,53
No. 4,992, 256 @éﬁbﬁ@ﬁOWhQEEia%ém g G, é@ﬁGiége %&ﬁbg‘g ]@“ [iorpat ent

N 5,050, 208 0 BRSThe ol PraRTHENeAN), £y (NS fE50rs, 4l oppbat ents
4,882, 038, 457% ﬁ:@%@)) éa%o?%@ o MAAPES . Pdtkrd NP atossi2 1I8qZnAPS64, 143

(FeAPO) , 213 (AsAPSO), U.S. Patent No. 4,913,888
(AsAPO), Urp-aPatienus9 wsusoﬁm ggmlswmemsmawuem Eios, G ¥e(MsaPSO) ,

4. 737, 353 NiBeTRacH), U5 Pert b R0 440 Al ok 3@?35@@%5?% s Nos.
4500 051, USsBaicntgd 7. %6@@@@5@(@@395%9 Bt et %04, 554,

4, 744, 970 (E04FFQ 45@23)50 (E%%I&\@@b)'\lgs zﬂ'at?eaﬁNS%ss@a@P@aAEB)A;s 293 937
(QAPSO, where (E) framework oxide unit {Q0 well as U S. Patents

Nos. 4,567,102t Nb 835,703, (B AP STH] UL Patest N934,§)8a,8%71 (6o'P¥n V.4, 853, 197,
AU MO MR L NTIOER T TN
reference. QLhegdml poulAr, S LRSI REEPSO), Red. PaﬁexR-No. 4,554,143
(FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No. 4,913,888
(AsAPQ), 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 (MnAl["‘O), U.S. Patent No. 4,737,353
(BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 4,801,309,
4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651, 4,551,236 and
4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSO), US.
Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO, where Q is
framework oxide unit [QO.]), as well as U.S. Patents Nos. 4,567,029, 4,686,093,
4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164,
4,056,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of which are
herein fully incorporated by reference. Other molecular sieves are described in R.
Szostak, Handbook of Molecular Sieves, Van Nostrand Reinhold, New York, New
York (1992), which is herein fully incorporated by reference.
[0025] The more preferred silicon, aluminum and/or pbosphorous
containing molecular sieves, and alumioum, phosphorous, and optionally silicon,

containing molecular sieves include aluminophosphate (ALPO) molecular sieves



Szost ak, Handbook of Mbl ecul ar Si eves, Van Nostrand Rei nhol d, m\é\!mozg@
New York (1992), which is herein fully incorporated by refere 251
The nor ey@pebgiied silicon, alum num and/ or phosphorous ECHIUROHDHYS
nol ecul ar sieves, and al um num phosphorous, and optionally silicon,

cont ai ni ng nol ecul ar sieves include al urni nophosphat e (ALPO nol ecul ar
sieves 2 o JAN 2006 WO 03/000413 PCT/ US0Q2/ 19955 12 and
si li coal um nophosphat e (SA-PO nol ecul 5 sieves and substitut ed,
preferably netal substituted, ALPO and SAPO nol ecul ar sieves. The nost
preferred nolecular si eves are SAPO nol ecul ar si eves, and net al

substituted SAPO m)l ecul ar’ si eye I n_an enbodi nent an

al kal i met and é‘fm@ B%D(PBQOB?MW( @@WB&%%@SV%‘; SEPgt%ﬁ 'Br%}‘erkbgykal ine
earth netal Ll r 1. The HRDBREGTeda rare earth
metal of G'H ?)1 S%%)ILBLBted ﬁf‘?? Elnng'[Estpf‘ill):)6 [iant gjnsl?%}eeg I gnt hanum ecerl um ,
praseodym wRieAPRAYled Are SAPBThlBtuladiEan] At mertinibstiiuted SABObI um

dysprosium hol mum erbium thulium ytterbl umand |utetium_and
scandi um omgledulinsiesas. Then Bebodidiet, Tabingtabis armlkatemet! ob Groumid of on

tal "of & | VB, VB, VIB, VIIB, 1B, dIB P di ¢ Tabl
of £ enent 81 BrriadsTables! Sferaen on AUSE ehch Bewsberaw HATIRE " or ef arr ed
nbod t | ect - Co, Cr,
(elu, OFlevegaPe@@&C@tb?%félﬁﬁ’%néc Faqﬁ_Hrﬂgi#eghfri:gg?? ?r%nh%gr gstm{ hereof In

anot her pi%ﬂhhﬁ%éﬁi%ﬂh%ﬁﬁﬂéenutm@ﬁ@e@@t@iunamaayxﬂimmsmeﬂumbove are
inserted into the framework of a nolecul ar ‘sieve through, a tetrahedral
unit, such eagoridveddoliainan, tediury, QSpmﬁlmdeBl%M%@%wnbhe val ence
state of the netal substituen For exanp £ dcrrgaooq n}e when t he
metal substitedenmn agdutstiyey, apderag ‘é?f’borofftt ‘31920 ﬂ*f’ eﬂﬁ) ! oF" +6, the net

char ge of e tetrahedr- u vHIR2 ne
enbogl ment %]?WS Mo ércaﬂfl loné]ipéé‘{t/leo'f%rg l(gigescrl edw vn%%y of i%édm&c}%

Patents nephi pBGSHiIBHABR, of Rlerh €18, &5 efiikfiledf doyerfahe metalspedesnlnapneon an -
anhydrous basis: rnR (M A, P)CJZ wherein R represents at Ofﬁést one

t enpl at i ng pagentd epbeflamet) tile aetad igsphected fremiipe SIQURGORYEMS L% he
number  of m)d ere %f geerg, N/Pn ?\Ilogn ('IMZn a1¥d E} d%rﬁgtu%s thereof. In another

preferred embodiment, these metal atoms discussed above are inserted into the

framework of a molecular sieve through a tetrabedral unit, such as [MeO.], and
carry a net charge depending on the valence state of the metal substituent. For
example, in one embodiment, when the metal substituent has a valence state of
+2. +3, +4, +5, or +6, the net charge of the tetrahedral unit is between -2 and +2.
[0026] In one embodiment, the molecular sieve, as described in many of the
U.S. Patents mentioned above, is represented by the empirical formula, on an
anhydrous basis:

mR:(M,ALP,)O,
wherein R represents at least one templating agent, preferably an organic
templating agent, m is the number of moles of R per mole of M,ALP )0, and m
has a value from O to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3, x,
y, and z represent the mole fraction of M, Al and P as tetrahedral oxides, where M
is a metal selected fron one of Group 1A, 1A, IB, IIIB, IVB, VB, VIB, VB,
VB and Lanthanide's of the Periodic Table of Elements, preferably M is
selected from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni,



has a value fromO to 1, preferably 0 to 0.5, and nost prefera@gmmpo
to.0.3; x, vy, and z represent the nole fraction of M Al and

t et r ahedwal o3meddes, where M is a netal sel ected from one MIT/GBAPIFA,
I1TA 1B, UM 1VB, VB, VIB, VITIB, VI1IIB and Lanthanide's of the Periodic
Tabl e of Elements, preferably Mis selected fromone of the group
consisting of Co, Cr, Cu, Fe, G, GCe, , Mh, Ni, WD 03/000413 ]3 2 0 JAN.
7006 PCT/ US02/J9955 Sri, Ti, Zn ano Zr. 'In an enbodi ment, mis greater
than or equal to 0.2, and x, y and z are greater than or equal to 0.01.
I n anot her enbodinent, mis greater than 0.1 to.about 1, x is great er

than 0 to ag ﬁozp 557%,[ @@gmBQﬁrﬁeﬂP%% e%rg{)t Pt@ax?oflecilﬂl tcp isin

the range o nore pre rom 15t007 X

is from 0. O%ncf?ang ng?reatxr ﬂh%nfof a@tcﬂo.bp Qné:notlﬁi*@nﬂmtiﬁnéd’tgﬁh@g&at@t&&
[ 00271 Non mting exanples f SAPO and ALPO nol ecul ar si eves of the

i nvention i pgliwdBoatE X0 geeatn iinGita aboubd. 2 SAPE6 theSapge 6f fronms! 10 1, SAPO-
16, SAPO-17, SAPO-18, SAPO 20 SAPO. 31, SAPO- 34, _ SAPO 35, SAPQ.3
SAPO- 37, SAPG ami z aRtherngenabior) 2 Sty 4more prefergbly ahis figim 0 1‘82 415),

SAPO- 47, AL L 34, ALPO- 36,
ALPO- 37, AAgg  fT Wﬁﬂgf%&c%ﬁt 5?%% mmg e%ﬂﬁf%?ﬂ%é% géﬁé%t iereof . The
nmore pr ef er[(@%léeol i Né ﬁmmk%%e%fsmm&d ACPOdeclebapsievesadiiig nat i on
of SAPO 18 B AP e CALPO L8 and ALPO 34

even nore pﬁﬁ%@tﬁ@bimclmem@rora combirianat iob ARD-SAPEPD-8B SAPOD!, SAPOALPO- 34
and ALPO 18, and netal containing nol ecul ar sieye re nost -
preferably bdmeSAROalSMAGABI ngzosﬂAIB@ %ha Mﬁﬁpﬁ%gg ﬁf@g&é :
cont ai ni ng C ve t, the.

nmol ecul ar sgg‘bg) #IJQW{) 4 S&%‘lﬁ’%ﬁérl a r@@g %{T\?gggﬁpmre di stinct
phases of cgyghalky TS%}&BIMCSHP@SSWAEP@JOMP@MCMBD 183 iABVRO-6ONPOSI ti on.
In particular, int€rgrowth’ nol ecul’ar sieves. are descri bed in the U S.

Pat ent Appl ALRO-34, AEPDA36, N P@ST9ALPOLE, fang @wtaiwgg@;mno opderpl %Ind PCT WO

98/ 15496 publi shed ril 16, 1998, .both of whi re her.ei
i ncor por at ediekss therest-e hBeMoFpPreltgFealite i’fe§UP5\E‘I5¥fsl'§°Q{'H %18 have

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 aod ALPO-1 8, and metal containing molecular sieves thereof, and
most preferably one or a combination of SAPO-BA and ALPO-18, and metal
containing molecular sieves thereof.

[0028] In an embodiment, the molecular sieve is an intergrowth material
having two or more distinct phases of crystalline structures within one molecular
sieve composition. In particular, intergrowth molecular sieves are described in
the U.S. Patent Application Serial No. 09/924,016 filed August 7, 2001 and PCT
WO 98/15496 published April 16, 1998, both of which are herein fully
incorporated by reference. For example, SAPO-18, ALPO-18 and RUW-18 have
an AEI framework-type, and SAPO-34 has a CHA framework-type. In another
embodiment, the molecular sieve comprises at least one intergrown phase of AEI
and CHA framework-types, preferably the molecular sieve has a greater amount
of CHA framework-type to AEI framework-type, and more preferably the ratio of
CHA to AE] is greater than 1:1.

Molecular Sieve Synthesis




an AEl framework-type, and SAPO 34 has a CHA franework-type.

enbodi nent, the nol ecul ar sieve conprises at |east one |ntergr%QH

of AEl WAdBEMHIFr amewor k- types, preferably the nol ecul ar PGTENIAESSa
greater amount of CHA framework-type to AElI franmework-type, and nore
preferably the ratio of CHA to AEl is greater than 1: 1. Ml ecular Sieve
Synt hesi s WO 03/ 000413 14 2 0 JAN 2006 ,,PCT/ US02/ 19955 (00291 The

synt hesi s of nolecular sieves is described in many of the references

di scussed above. Cenerally, nolecul ar sieves are synthesized by the
hydr ot hermal crystallization of one or nore of a source of alum num a

source of  JBSPNOT Ot o BRI, Obe Ik 6001y deck GBI ALLAG GBOL. and

nmetal cont nrng conpoun a CO I nation

silicon, alrepdranies Andusseh ABHROIGetferal BPiricdetaldr ¥iewks dre @pathesizetdtsethe
tenpl ati ng agents and/or one or nore nmetal containing conpounds are

pl aced i n ahwhathetngrarpyallizativagdeing ooptarenbi sgurce Prpdemuiunh, aseufgeedt

pl astic such as, pol ytetrafl or oet hyl e and heat ur?der a.

crystal | i zathagah ?IPB%&PP@TC&%S’L @Hﬁe@‘&ﬂ?ﬁ%mgtﬁ%’iﬂl 'ﬁ% &PPﬁaH’énﬁrDI ecul ar
si eve: naterlal

centrifugat 5 Our?gl gﬁﬁ? gggan?qna&ggtfgb@g%%ﬁc%g oP%hE%Agtggﬁ%i'an pat ent

appl i cati onpiRghSBREPEEnA Rﬁoné BEmoteiefpl ARlg daehtd end/dt bﬁe QIF ﬂn@fb" i's
defi ned toq? ncﬁtljde t@@icgnﬁl on where the pS| ege&as obt ai ned after

synt hesi s hastahotntbieéng cmiexindpareplided | m: anechied pressnhevesselneptionallgcul ar

si eve has been dried, but not cal ci ned. 0311 pur.pose this patent
appl i cat i orPREddvih AR iRfELPlastis; SHﬁah a3 Pi%lytepé H?mﬁ'z;‘ﬁfqn&l "1"551&!?? ezd“ﬂqeé Adef i ned

Lhe Mol ude @V UaRabOP pRAGE M PlenilcRie! Gyl ¥ fanintiRl &Ll sREECT ATV 10,

t he nol ecular siéve ¢ arns an dnount’ ting agent 1 n the range

of from abayhtebi@l ¥WEbANEd, REY ﬂﬁﬁtrecoﬂféﬁ%ﬁ&fy&tﬂwh@b%ﬁtrﬁﬁgmnghﬂ/oﬁerCent |
nore preferably about. 70 wei ght percent, and nost preferably about 80

percent to det@®ingi ght percent of the ori gi nal amount of tenplating agent
el B o, € S iR of B Falta ap 31 3180 TRE B pRlaeq baablg iyt Dot zed

term "not being fully dried” is defined to include the condition where the sieve as

obtained afier synthesis has not been dried up to the condition where the

molecular sieve has been dried but not calcined.

[0031] For purposes of this patent applicatioln and appended claims, the

term "partially dried" is defined to include drying the molecular sieve to a level

wherein, after drying, the molecular sieve contains an amount of templating agent

in the range of from about S0 weight percent, preferably about 60 weight percent,

more preferably about 70 weight percent, and most preferably about 80 percent to

100 weight percent of the original amount of templating agent used to form the

crystalline molecular sieve material or the synthesized molecular sieve originally.

[0032] In another preferred embodiment, the molecular sieve is wet,

preferably with water. Most preferably, the molecular sieve is in the "wet filter

cake" state, which means that the molecular sieve has been recovered after

molecular sieve crystallization and dried, preferably partially dried. In the wet

filter cake state, the template has not been removed or has only been partially

removed from the molecular sieve.



[00321 In another preferred enbodi ment, the nolecular sieve is wgtjaN 2006
preferably with water. Mst preferably, the nolecular sieve is In the
"wet fikt@nsosake" state, which means that the nol ecul ar ECENSOHEY DHeen
recovered after nolecular sieve crystallization and dried, preferably
partially dried. In the wet filter cake state, the tenplate has not been
renoved or has only been partially rengved fromthe nolecular sieve. 2 0 -
JAN 2006 WO 03/000413 PCT/ US02/ 19955 100331 I p one particul ar

enbodi nent, the crystalline nolecular sieve material or the synthesized
nol ecul ar sieve is optionally dried, preferably in air, to a |level 'such

that the Sﬁghﬁsi z'eci&rﬁhleg%}{@?aé% fvaihas tih?f%.ﬁg?mgle%laﬂfi% about O

wei ght per to ab per cent preferably where the

liquid is WabeiLorkas semRsieaendietdhs meghb?mnaulpeirisu,rﬁﬂaﬁamg@h g ecul ar
sieve and liquid, preferably the range is fromgreater than 5 weight

per cent t o taldesel #achwhagtie' synthesicahmplenniae sipyehiasrapherange pf Gpwuabord

wei ght percent to about 70 wei ght, percent., .gnd t preferably. from :
about 20 wél whighppereertito aBowRgureisht Rﬁé@ﬁ'@lﬁqulgePf@gﬁ)ﬁ%}y %@ﬁ@e%@i{‘é{% nati on
of the percentage of 1iquid ar 1jgul ik . ner of '
tenpl ate foYalHuPpFesy thc')lg l{‘?tﬁ]i "gmﬁ!i{ %géﬁﬁg‘%s#ggwgéﬁgn%a%p%ggf " ¢l ai ns

uses a Ther em@if‘ﬂie@ﬁééﬁfﬂh@w&%le‘i tkahGAveleBEputtatieo Blsodt Tolasight An

anount a SAPO 34 nol ecular sieve material, the sanple, is |oaded into a

sanpl e  parpepfena mhaerpraferabi frivincabobal @wetght pera¢ritad pout 7Gnwedahin |
| nstrunent, Inc., Cerritos, California. Dur'bn t he T%&g@hni. e, a flow
tpeg

of 114 cc/ mercenSRRY mest prefarablydepm abaw Oppieht Reccqnf 2 ¥¥$%m 25C to
180C at 30 ¢ mn, held at 180C for 3 hours 'or until the weight of this -
sanpl e becdE€Ptonstant. The weight |oss deternined as the percentage to

the startingeSAPO 34peRhakidlian oSihe fRicegebf Biuidor ligeid mediamoad ths t he
percentage of the liquid or liquid nmedium. Subsequently ™ the sanple is
heated at 30ffemiagefafoemplBEIor puBSSES cfiibis ipeteat snecifwanen piast apperde s. Thi s

L eat ment - e gapd P i Gt APsR aF PTG S A The
;[/\g;[ glht vei ght | 0SS Asp@E.REhERATIAME eV fmbRfiTE 11 safdpfe, & lodB&RIntd 4 E&hpleanpl e
pan of a Cahn TG-121 Microbalance, available from Cahn Instrument, Inc.,
Cerritos, California. During the TGA technique, a flow of 114 cc/min (STP) air
was used. The sample is then heated from 25°C to 180°C at 30 °C/min, held at
180°C for 3 hours or until the weight of this sample becomes constant. The
weight loss determined as the percentage to the starting SAPO-34 molecular sieve
material is then regarded as the percentage of the liquid or liquid medium.
Subsequently, the sample is heated at 30°C/min from 180°C to 650°C and held at
650°C for 2 hours. This weight loss as a percentage of the original sample weight
during this treatment is regarded as the weight loss of the templating agent. The
total weight loss as a percentage in terms of the original first sample weight
during this entire TGA treatment is defined as Loss-On-Ignition (LOI).
[0035] In a preferred embodiment, the crystalline molecular sieve or
synthesized molecular sieve is used directly after recovery from the molecular
sieve synthesis mixture without drying after synthesis, and then forming the slurry

of the crystalline molecular sieve or synthesized molecular sieve, binder, and



during this entire TGA treatnent is defined as Loss-Cn-Igniti%qJ§&§1%5
[00351 In a preferred enbodi nent, the crystalline nol ecul ar siteve or

synt hesiwedsneerul ar sieve is used directly after recovePGTHISIM IR

nol ecul ar sieve synthesis mxture without drying after synthesis, and
then formng the slurry of the crystalline nolecul ar sieve or

synt hesi zed nol ecul ar sieve, binder, apd 2 0 JAN 200b WO 03/000413

PCT/ US02/ 19935N 16 optional matrix material, and then fornmulate the
slurry into the nol ecul ar sieve catalyst conposition of the invention_ -
100361, r In a preferred enbodi rent the nol ecul ar sieves are synthesized

by formi ng}pgggaﬁéﬁesﬁagpnggﬁﬂu d @Fn B Sediuy bité B moRcSIgHEiESe Of

al um num osSphorous, an organic tenplating agent,
preferably @idNd coO@BHsiaONbAthRIMENtiOhgani ¢ tenpl ating agent. This
particularly preferred enbodi nent results in the synthesis of a

si | i coal uni[aegdjosphdha prefestdkmbodinmat drd mplechlat sipwestanesyrtbesizeddy by
filtration, centrifugation and/or decapt.i.ng. [0037] n-limting exanples
of silicon fegumngasrepstianpiadust pf @ spwee Ogﬂ:lf@‘g“»assp}‘{c&?,f a“&?‘“ﬂ?a?‘rﬁ?"gf:e‘
Aerosi | - 200 .ayai l.abl.e from De : ‘ iapd

CAB-O SI L mfgﬁogqqog%igna%gwgg@igi&ég%ggﬂtt trega lgf}lmor Bﬁl@?ﬁ%%@es, f or
exanpl e, teLl d hast | T bartichbi{PRifeaed eh®bdiaainbydsalts fiotel i cat e
(TECS), coﬁ%B? aFﬁé?F?%é%&%$ ggﬁggus suspensi ons thereof, for exanple
Ludox- HS- 4@né&mebis afaistlabhlenfingphoEphate diysRine mgendibang thepiisalated byn,

Del aware, silicic acid, alkali-nmetal silicate, or any combination

t her eof . THattHed cepEfugBIOPABIEr decatiPEcon is a silica sol, [00381

Non- | i i ti | con __ 1
composi t i onBOSTEn ad e HHTL S ot AR Qi iU IR, SRR 1l o

| sopr opoxi dgyicAkdHexampd PRSIt avatlule ftoim Degiex lste, Newdlarky Méw i nat e,
pseudo- boehm te, gibbsite and alum numtrichioride, or any conbinations
t hereof . A Yord end EAB-0:8TeMof, salicom qommovsdpaichas 1walkn pehopheatssul ar | y

when producing a silicoal um nophosph | ecul ar . sj .1 Q0391

Non- | i miti ri§" s&wee@wewg‘g@w%%ﬁ@e @Iﬁgﬁpggg{lﬂ,’wagtﬁyiﬁa%gg,%%@
(TEOS), colloidal silicas or aqueous suspensions thereof, for example Ludox-HS-
40 sol available from E.I. du Pont de Nemours, Wilmington, Delaware, silicic

acid, alkali-metal silicate, or any combination thereof. The preferred source of
| _

silicon is a silica sol.

[0038] Non-limiting examples of aluminum sources include aluminum-
containing compositions such as aluminum alkoxides, for example aluminum
isopropoxide, aluminum phosphate, aluminum hydroxide, sodium aluminate,
pseudo-boehmite, gibbsite and aluminum trichloride, or any combinations thereof.
A preferred source of aluminum is pseudo-boehmite, particularly when producing
a silicoaluminophosphate molecular sieve.

[0039] 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 amorphous
aluminophosphates such as ALPQO,, phosphorous salts, or combinations thereof.
The preferred source of phosphorous is phosphoric acid, particularly when

producing a silicoaluminophosphate.



i ncl ude al um num cont ai ni ng phosphorous conpositions, include 70 JAN 2006
phosphor ous- contai ning, inorganic or organic, conpositions such as
phosphorwg ¢a@bidi3 organi ¢ phosphates such as triethyl pho®ERaise21924%
crystalline or anorphous al um nophosphates such as ALPO,, phosphorous
salts, or conbinations thereof. The pref erred source of phosphorous is
phosphoric acid, particularly when gguci ng a silicoal uminophosphate.
2 0 JAN 2006 WO 03/000413 PCT/ US02/19955 17 [0040] Tenpl ating agents are
general |y conpounds that contain elenments of Goup VA of the Periodic
Tabl e of El enents, parti cularly nitrogen, phosphorus, arsenic and

ti , f t q { b
i trogen TIBTHRI °t chareiing 4GB Ps Lpef D BIFRAT: RS HEN eRbR BEEPSY
el enent s a'éj%uﬁqﬂA%'fﬁha crlcﬁi@cs’fatﬁa%fEléﬁyéntsobm@;rczuiaﬂ?rnmtrgenppmspn@laky an

al kyl or aryl “group ving froml to 10 carbon a and nore .

pref erably driepa dnd mtShomantoe pafaasly rlinegeprozfphosEordusnpidimosly agents are
ni trogen-containing conpounds such as am nes and guatg[]nary moni um
compounds. greﬁmbiym@gquaﬂexpwakﬁym@mﬁuagmté@ ®hENHBodi nent

h h
2 hydr ocar A o bmeasiaoraa i BEL Ry Ayl BT SeEPareBritui BkgEr"
group or arbr?h'}%llzt e%%) M %%‘Hpgtg [@@rbof Btohfd, Q@d’fﬁ%ﬂe FHefRb]y FonP N 8

enbodi ment g agents include a conbi nation of one or nore

quat er nary iBEHMtbiRs C THE PreTered tengatinprazents armmmogén-aorrtammg di- or tri-
am ne. [0042] Non-limting exanpl es of tenplating agentg%i ncl ude

tetraal kyl ' conravods swnhowsrapuneiiand; qHelareRTH mspaniemREIPEBRdS uch as
tet t hyl d l.udi hyl
etranet ny &?’ﬁgﬁgm umﬁl&qc oun gag}l@gn@ﬂ%cp oun[ttlés ih &L 81% ﬁ]?én[ %?é y

anmoni um ¢ ds i etraprop

I ncluding Sx%lntéeﬁtg(?f)gﬂie oe?a@ﬂal mmmw u@ﬁf@éﬂcﬂrﬂisflﬁﬂﬂﬁieﬂ@)rsm ts thereof
cycl ohexyl a di -n- propyl am ne (DPA)j, tripropylanine,

triethyl ammeir¢cal, ortsnbsemhmdlhydmcmbyl grpup,mreﬁrabéy atcyléib’bg@ny oa AR Ryl
2-met hyl pyridine, N, N-di nethyl benz Iam et.h.anol am ne,

t
di cycl ohe@pg]prhﬁ‘@ng Kromp 4iterd? KPoRR gﬁeﬁg]bog%qn? BX temiplating

N, NIN ﬂll- '[Tg: ?%/Fﬁ&sp%{:l% L D€ombirkudh 095@@510%8} cﬁu%te%mg%z(%ﬁﬁ%}ﬁuml\ﬁompound(s)

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

[0042] Non-limiting examples of templating agents include tetraalkyl
ammonium compounds including salts thereof SUCil as tetramethyl ammonium
compounds including salts thereof, tetraethyl ammonium compounds including
salts thereof, tetrapropyl ammonium including salts thereof, and
tetrabutylammonium including salts thereof, cyclohexylamine, morpholine, di-n-
propylamine (DPA), tripropylamine, triethylamine (TEA), triethanolamine,
piperidine, cyclohexylamine, 2-methylpyridine, N,N-dimethylbenzylamine, N,N-
diethylethanolamine, dicyclohexylamine, N,N-dimethylethanolamine, choline,
N,N'-dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N', N ,N,N-tetramethyl-
(1,6)hexanediamine, N-methyldiethanclamine, N-methyl-ethanolamine, N-methyl
piperidine, 3-methyl-piperidine, N-methyleyclohexylamine, 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, polyethylenimine and 2-imidazohdone.



(1, 6)hexanedi am ne, N-nethyldi ethanol am ne, N-nethyl-ethanol am ﬂﬁ

N- et hyl  pi peridi ne, 3-nethyl-piperidine, N nethylcycl ohele anil JAN 2005 -
3- net hyl J¥Q PHPM413 4- net hyl - pyridi ne, qui nuclidine, T/US02/19955

N, N -di net hyl -1, 4-di azabi cycl o(2, 2,2) octane ion; di-n-butylam ne,
neopentyl am ne, di-n-pentylam ne, isopropyl am ne, t-butyl- am ne,

et hyl enedi ami ne, pyrrolidine, polyethylggrimine and 2-ini dazol i doie. WO
03/000413 18 2 0 JAN 2006 PCT/US02/ 19955 [00431 The preferred tenpl ating
agent or tenplate is a tetraethyl ammoni um conpound, such 4s tetraethyl
ammoni um hydr oki de (TEAOH), tetraethyl ammonium phosphate, tetraethyl

anmoni um f | (oo4zje, terhégﬁ’éfﬁﬁed&éfﬁpﬂhﬂﬁrhoéﬂt@m%la@@ii ARy 1 ATHOR LM

chloride and tetraethyl ammoni um acetate. The 'nost preferfed tenplating
agent is tetqoawohpd, Salﬁhﬁmaﬁmﬂhyﬂnmmoatmnah@ldwaldes{TEﬂKiHi)ewtzaeﬂ@it| cularly
when pr odu0| a .sil |cog$;m nophosphat e rmlﬁcul ar sieve. |In one

enmbodi ment , BTHBP%H{C]S tgftelr kﬁlr"‘%‘?%u@f kﬂeoﬁw{l%h}’]a%mémﬂl&rpl ating

t | -
cgents |2 uafinid ERARPLn BDAA RoB0e R MEf Rl auBbolet Bmg THE &
M ni mum a sirhdst Preferréd tem platife ageﬁﬂﬁltafaenm%mﬁ%&ﬁtﬁ yARARRSAAd s@fs and a

tenpl ating agent is sealed in a vessel and heated, preferably under

aut ogenous phessfupariicularly wismgeodbangea s:ﬂncbhemmp@;esphﬁte holeoplabgete 80C t o

about 250C, _.and no e preferably from about 150C to about 180C. The tine -
requi red tolR8PAFIRE W%taa?qf?mﬂatﬁ?ﬂo‘éfdé}’to qfén‘?r?ﬁifé%)f Pi/thﬁrﬂb‘h’fe emplalingt el y

up to severgl, , f | . endent .on the
t enper at ureg teﬁg eﬂtél?g?rﬂw"%br?{e’\”%tol?\reg) %ﬂo rk%ﬁ&'?#ﬁ tﬁpﬂﬁﬂ?‘gt’lagﬂ

Typi cal |y, phhgph@m(fst adlrcae rml ecul ar sieve product is forned, usually in
a slurry state, and is recovered by any standard techni que weII known in

the art, fof? Qe%a\rrpl e A syivhestit mbitene, coptainting Augminiowma silicbn aimnumd 00451

In a referre the isol ated or arated crystalline

o odunt o ¢ haldor PREBhORRS: eiiiosi i, 3hE8 Ltmp R RaLAEER S0 ke pissebandy a

liquid such nuous or
q heﬁéd,‘(’)t?&i%fabl;t OR égpgﬁgaﬁ%dsé%g%@sﬁfe”?osa Lleﬁ{é)ehﬂur% crysggﬁ

continuous way f vari ab tifre wash i ne
product is fldanataniigor@kd ¥bdlit 28RC, and more preferably from about 150°C to about

180°C. The time required to form the crystalline product is ‘typically from
immediately up to several weeks, the duration of which is usually dependent on
the temperature; the higher the temﬁerature the sthrter the duration. Typically,
the crystalline molecular sieve product is formed, usually in a slurry state, and is
recovered by any standard technique well known in the art, for example,
decantation, centrifugation or filtration.

[0045] In a preferred embodiment, the isolated or separated crystalline
product, the synthesized molecular sieve, is washed, typically using a liguid such
as water, from one to many times, or in a semi-continuous or continuous way for
variable lengths of time. The washed crystalline product is then optionally dried,
preferably in air to a level such that the crystalline product or synthesized
molecular sieve has in the range of from about 0 weight percent to about 80
weight percent liquid, preferably were the liquid is water, based on the total
weight of the crystalline product or synthesized molecular sieve and liquid

medium, preferably the range is from about greater than 1 weight percent to about

80 weight percent, more preferably from about 10 weight percent to about 70



preferably in air to a level such that the crystalline product or

synt hesi zed nol ecul ar sieve has in the range of from aboyt /}%S@UM 2006
per cent WQOHHWHES 80 wei ght percent |iquid, preferably vvePgT’tUﬁgz quid is
wat er, based on the total weight of the crystal | i ne product or :
synt'hesi zed nol ecul ar sieve and liquid nedium preferably the range is
from about greater than 1 weight percenpt to about 80 weight percent,

nore. preferably from about 10 wei ght percent to about 70 WD 031000413 19
9; .0 JA 2006 PCT/ US02 55 wei ght percent, even nore preferably from
about 20 to about 60 wei ght percent, and nost preferably from about 40
wei ght per genipt Oﬁér@éﬂ?‘@veﬁ%dﬁ@b&ﬁ‘éraiﬂ?rf?cﬁﬂtaboutﬂ@'tﬁ abb R H00 & BRY Rk ¢nf1 g _
crystalluile P ct, synthesized mdl ecul ar sieve or wet filtercake, is
then used halovest préfembiyofiomlabbuiot) weighhperomit de st 68 ivesght patcanty st
conposition bf the invention. [00461 In one enbodi nent, where the

synt hesi zed' mdliawid| f@ﬂt%mé&él}’ﬁ@ ineatredeaty VHH}@@B‘? moicul S195E &7 Wt heat i ng,

t he tenperature,and od. i suff|(:|e _
proporti onq-h'f SIGHKE, ’rsé e@%logvgl t?‘ e formulation %é &gﬁgﬁégfeeoeg&%gge nor e
t han 50% of., H? %ﬁ)mf%é e@@fNt is retained, In addition a preferred
t enperat ure eating t e synt hesi zed nol ecul ar sieve is typically

about 180" Qoo46]l ess, Inpﬂﬁfeﬂib@binyeﬂtewherblﬂmyh&mﬁpd ewdecubmsevprsef erabl y |
|l ess than 12 O C for about 3 hours or ess . 100471 Mol ecul ar sieves
have ei t herpagidiygiried, forcerampRd @eaﬁﬂﬁnﬂlﬁLﬁﬁWW‘Pm gughtirge Beriod 1S ow si | i con |

to alum num t.i o, however PO
synt hesi s. Ffbttgr%%ﬁ'iaﬁ’eﬁmi%@mrﬁ%{ecnu frt% eé}ﬁtu%ge%{ gle'ﬂﬁfl{c}% U% | ess
than 0. 65, sEJJ\%f %@RJ Mo}eetﬁ% sdw;%f%e‘l@mpmfne alawfl@mmyd | pssiditlara 0 32, and
most preferably l'ess than 0.20. In anot hér “enbodi nent t he nol ecul ar
si eve has gr&ietrAll temptratmre forhbainghg eywhesizedmoaleodler Devess tymcadlyout 0. 10,
preferably fromabout 0.40 to about 0. 10, nore preferably from about
032 to abouwboot 1305C arridsmreéerpblml@rsélbawl50F€oﬁ’fedlbaw poefembly degs BaBut 0.
15, Method for Making Mol ecul ar Sieve Catal yst Cc)mRR~~
120°C for about 3 hours or Jess .

[0047] Molecular sieves have either a high silicon (1) to aluminum (Al)

ratio or a low silicon to aluminum ratio, however, a low Si/Al ratio is preferred

for SAPO synthesis. In one embodiment, the molqcular sieve has a Si/Al ratio

less than .65, preferably less than 0.40, more preferably less than 0.32, and most

preferably less than 0.20. In another embodiment the molecular sieve has a Si/Al

ratio in the range of from about 0.65 to about 0.10, preferably from about 0.40 to

about 0.10, more preferably from about 0.32 to about 0.10, and more preferably

from about 0.32 to about 0.15.

Method for Making Molecular Sieve Catalyst Compositions

[0048] Once the molecular sieve is synthesized as described above,
depending on the requirements of the particular conversion process, the molecular
sieve is then formulated into a molecular sieve catalyst composition, particularly
for commercial use. The molecular sieves synthesized above are made or
formulated into molecular sieve catalyst compositions by combining the
synthesized molecular sieve(s) with a binder and optionally, but preferably, a
matrix material to form a formulation composition. This formulation composition

is formed into useful shape and sized particles by well-known techniques such as



1004S] Once the nolecul ar sieve is synthesized as described abo ﬁJAﬂ%ﬂﬁnd
ing on the requirenents of the particular conversion process

mol ecul WO U3{0884d3 i s then fornmul ated into a nol ecul ar S|evé“33¥%¥93%
conposition, particularly for commercial use. The nol ecul ar sieves

synt hesi zed above are made or forniulated into nolecular sieve catalyst
conposi tions by conbining, the synthesigzzed nol ecul ar sieve(s) with a

bi nder and optionally, but preferably, a matrix naterial to forma
fonnul ati on conposition. This formulation conposition is fori-ned into
useful shape and sized particles by well-known techni ques such as WO

03/000413 %?J 2§' &?&?,Nggl@é?@mc E’&:ﬁ%&h %Qa/tﬂegﬁké 3pray AWpyify b@[nﬁ'tﬂ&most

pel | eti zi ng and’ t spray drying being the nost
p-referred.prbferred. &iﬂls(alsﬁrpeéfaﬁécéﬂlat hfaér sptdyedrymgrfoy extmyplaghattler  exanpl e
that the for mul ation,. conposition is then calcined, J0O0491 |In one :
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[0050] In another embodiment, the molecular sieve catalyst composition or

formulated molecular sieve catalyst composition has a micropore surface area

(MSA) measured in m*/g-molecular sieve that 1s about 70 percent, preferably

about 75 percent, more preferably 80 percent, even more preferably 85 percent, -

and most preferably about 90 percent of the MSA of the molecular sieve itself.

The term "MSA on a contained sieve basis of the molecular sieve by itself” or the

term "MSA of X m ¥g-molecular sieve" means that the calculated MSA of a

molecular sieve catalyst composite is the measured MSA divided by the contained

fraction of the molecular sieve. For example, a molecular sieve catalyst

composite with a measured MSA of 200m*g and containing 40% molecular sieve

would be calculated to have an "MSA on a contained sieve basis of the mojecular

sieve by itself" of 200 m*g / 0.4 = 500 m*/g-contained molecular sieve.

[0051] In one embodiment, the catalyst composition has a MSA on a

contained molecular sieve basis of the molecular sieve by itself in the range of

from 400 m*g-molecular sieve to about 600 m*/g-molecular sieve, preferably an

MSA in the range of from 425 m*/g-molecular sieve to about 575 m“/g-molecular,



nol ecul ar sieve catalyst conposite is the neasured MSA divided 9)@ }Arﬂemﬂﬁ
contained fraction of the nolecul ar sieve. For exanple, a nolecula
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si eve basis of the nolecular sieve by itself' of 200 M/- / 0.4 500
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conposition has a MSA on a contained m)l ecul ar sieve basis of the

mol ecul ar sieve by itself in the range of from 400 n®2/g-rnol ecul ar sieve
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i ncor por at ed t her enbodi ment, one or nDre bi nders
are conbi ne‘&ag}%{?‘ﬁowﬁ%ﬁ noljreg[ngel?i non-limting exanples

[0053] Aluminum chlorhydrate, a hydroxylated aluminum based sol
containing a chloride counter ion, has the general formula of
Al_0,(OH),Cl,~x(H,0) whereinm is 1 10 20,nis 1 to 8, 0 is 5to 40, pis 2 to 15,
and x is O to 30. In one embodiment, the binder is Al;;0,(0OH),,Cl,»12(H;0) as is
described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-
144 (1993), which is herein incorporated by reference. In another embodiment,
one or more binders are combined with one or more other non-limiting examples
of alumina materials such as aluminum oxyhydroxide, y-alumina, boehmite,
diaspore, and transitional aluminas such as o-alumina, B-alumina, y-alumina, 6-
alumina, e-alumina, x-alumina, and p-alumina, aluminum tribydroxide, such as
gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.

[0054] 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



of alum na materials such as al um num oxyhydr oxi de, 7-alum na, boebmte,
di aspore, and transitional alunlinas such as a-al um na, O-aluq%gg#g]mﬁ
y-al umi e 0580l na, a-al umna, x-alumina, and p-al uni nECTE m

tri hydroxi de, such as gibbsite, bayerite, nordstrandite, doyelite, and
m xtures thereof. [00541 In another enbodi nent, the binders are alum na
sols, predom nantly conprising alunin%51oxide, optionally including sone
silicon. In yet another enbodinent, thé binders are peptized al um na
made by treating alum na hydrates such as pseudobohemte, with an acid,
preferably an acid that does not contain a halogen, to prepare sots or
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Nal co 8676 puai Cabheal ComNAYahéibe, Chaimisc ahd R9acol MABIDAV| heailablel frgtei s, and
Nyacol AL20DW avail able from Nyacol Nano Technol ogies, Inc., Ashland,
Massachus et¥sco] Baas Tetlifodogssnineshsidahdydlassashusetisi eves descri bed above,
in a preferred enbqgdirnent,~ is conmbined with. i.nder, and pne .or nore :
matrix mat dPPRil(s) horiieskad B aw_gesl%rce@?qb PoEFHBARTETEA r educi ng
overal ! calelam Rt cotfifindfwith ASRE 4 BiSoARSIhARY hiteiilitg! di ng heat
romthe catal’yst ‘conposition for exanple during regeneration, :
densi fyi ng Nib@ixGahREXS ar€§PRARY eFfeftive 1A GERRAT I Gredl edtad[%t @kt eqgish such as
crush strength and attrition resistance, and to control the rate of
conver si on thermal panks rssidteng ip shiekhsg hf G5el thesatalyshiemposiesmfnsl es of
matrix materials in¢clude one. or rms'rijgr. of rare earth tals, non-active,
dnsigg the

metal oxi dE¥aMAlY ‘é}m%gfesﬁ%?ﬂ% AR EEmposIYpD, HEF T ber yf 1 i a, |
quartz, si ?ys%tr?%ﬁ sudt'sh Jﬂ]ﬂltste?)Ethtatﬁ‘ara‘?t?iftmflfr&ﬁstﬁi?@nmcﬁtosdo tr6Pthe
i€a-zl | Sl alumn

: 'dafa
magnesi a, Si o onia, sillca-trtani a, i ca- a an
si |'i ca- al uFkeaficBAvdrsion ih B pafticalB@ebosEnt, matrix materials are natural

cl ays such as those froin the famlies of nontnorillonite and kaolin.
These nat uf@05dl ays Nerclioddng exsivenieoef matsix matarialp dardudesiel g anEEOhn as,
for exanple, Dixje, Nanee, . Georgi,a _and. Fl ori d clays. .Non-limting
exanpl es of 45t HER Hepls; BoTwATEE g'legl Pﬁ@fe%{?é!u% @Vgliat Q?(co%gﬁgﬁpsflg,
di ckite, NnagLit §erfllia AHS &ifea drkoRNEnE R RRreor RE eBhpiesin@Leri al ,
magnesia, silica-zirconia, silica-titania, silica-alumina and silica-alumina-thoria.
In an embodiment, matrix materials are natural clays such as those from the
families of montmorillonite and kaolin. These natllral clays include sabbentonites
and those kaolins known as, for example, Dixie, McNamee, Georgia and Florida
clays. Non-limiting examples of other matrix materials include: haloysite,
kaolinite, dickite, nacrite, or anauxite. In one embodiment, the matrix material,
preferably any of the clays, are subjected to well known modification processes
such as calcination and/or acid treatment and/or chemical treatment.
[0057} In one preferred embodiment, the matnx material is a clay or a clay-
type composition, preferably the clay or clay-type composition having a low iron
or titania content, and most preferably the matrix material is kaolin. Kaolin has
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 pm to about 0.6 um with a dg, particle size distribution of less than about |

jat.



preferably any of the clays, are subjected to well known nDdlflmstldm
pr-ocesses such as calcination and/or acid treatnent and/or 05
treat nerwQ oL0@571 I n one preferred enbodi ment, the natri x PRA{E0RAISFs a
clay or a clay- type conposition, preferably the clay or clay-type
conposition having a lowiron or titania content, and nost preferably
the matrix material is kaolin. Kaolin ?g been found to forrii a
punpabJe, high solid content slurry, has a | ow fresh Z surface area,
and it packs together easily due to |ts pl atel et structure. A preferTed
average particle size of the matrix material. nost preferably kaol.' , is
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nol ecul ar sieve an the matrix material are conbined in the presence of
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where the anmount of binder is from about Z(VP ﬁﬂ%ﬂl 50 abﬁgt 30% b
wei ght, prefersd fyg t, an
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the total \B@P@%T({@]%yt%%gﬁti’ ﬁ%ﬂm fe?r{)h %grﬁ)lng%botsé&g% %%\g?'gh‘{\nﬁa?;rdkt mat eri al ,
excl udi ng tn{%ﬁ/o hg%lﬂit ia&!;@é%ﬁtﬁ&%&l %@jt%&f% Hikgersthetntsdiadiamlagul ar |
sieve and the rix material, optionall yvvlthablnder inaliquidto
form a sl urmsrixmaterigl, emlednegaiellqudl gorous m xi ng |s needed to produce a
substanti al | % honbgeneous ni xture contai zed m)l ecul ar

si eve. Non-I0P&fk i ng ERWYE@W the, pYnghgseze ml%ﬁwqgf ﬁl?l"(,el ‘E)Pi‘é 8 a
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slurry texture, sub-particle size, and/or sub-particle size

di stributi Gmmta[lﬂﬁg(i]le Fhehdsizgd mdalwﬂﬁralavcn@oslylmlﬁem exaagiptas|od switable si eve

and matrix liquids include one or a combination of water, alcohol, ketones, aldehydes, and/or
esters. The most preferred liquid is water. In one embodiment, the slurry 1s
colloid-milled for a period of time sufficient to produce the desired shurry texture,
sub-particle size, and/or sub-particle size distribution.
[0060] The liquid containing synthesized molecular sieve and matrix
material, and the optional binder, are in the same or different liquid, and are
combined in any order, together, simultaneously, sequentially, or a combination
thereof. In the preferred embodiment, the same liquid, preferably water is used.
[0061] The molecular sieve catalyst composition in a preferred embodiment
is made by preparing a shurry containing a molecular sieve, a binder, and,
optionally while preferably, a matrix material. The solids content of the preferred
slurry includes about 20% to about 50% by weight of the molecular sieve,
preferably from about 30% to about 48% by weight of the molecular sieve, more
preferably from about 40% to about 48% by weight molecular sieve, about 5% to
about 20%, preferably from about 8% tc about 15%, by weight of the binder, and
about 30% to about 80%, preferably about 40% to about 60%, by weight of the

matrix material.



material, and the optional binder, are in the sane or different ¢gm§m&
and are conbined in any order, together, sinultaneously, seque '
or a coowandPem thereof. In the preferred enbodi nent, tRCISEMIIPIRui d,
preferably water is used. 100611 The nol ecul ar sieve catal yst
conposition in a preferred enbodinent is nmade by preparing a slurry
contai ning a nol ecul ar sieve, a binder D and, optionally while
preferably, a matrix material. The solids content of the preferred
slurry includes about 20%to about 50% by wei ght of the nol ecul ar sieve,
preferably from about 30%to about 48% by wei ght of the nol ecul ar sieve,

nore prefar y fro iy 0 % hy I 2] i eve,
about 5%t 3Oﬁ%out CZ)IB?O/?;% %@F% ésta/%lfeger?e?oé%}béﬁ%é%ﬁB%\ét%gﬂa %‘%ﬁ%@g%ﬂ!)uy wei ght
of the bi ndRimpranth a alMetula3 @P4vE Ca BiRB ;&9\/\869&@%1&1 Qmaditiy radiendl 4a9e t o about
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content in a slurry conprising a nolecul ar_sieve, a binder, and :
opti onal | y RETeREEINQTeRielsFably 10 ﬁaaﬂeewq%émna%wamp@@mtﬁ@%ﬁhge of from
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t he range of Cén about cen eve
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percent, still even nore preferably from about 36 weight percent to

'about 50 -MEeivgizht percesnyet eyet meve prefigridypn dfeanangd of fromtIeweighye of from
37 wei ght percent to about 45 wei ght percenge, 9\@nd H‘DSt grg{ferably in the
range of frRﬁ’fF%lt?Pamtéﬁtw%@td’@mengéng%fP@ rafly ghthefapaesh iromolfes1 As
the slurry is mxed, .t i o lurry aggregate preferably to a
poi nt wher ewglﬁga %?rﬁ%tﬁgg%(?\%qéﬁllj%gelggPl}eg&rr%?il ecul ar sieve catal yst

conposi ti oroopsyr ti cl 8§ the durrp iskhBle@! @blk6lidiatthd 1889 aggfeghr_ellﬁefeaab@ sl |
and have a uniformsize distribution such that the d,, diameter of these
particl es ispboieswheteahe sidrfproontasesolig medlecudds syeviesstal tsh gpmpesipgy and nost
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particles iftMGish WYmIAYE 0@ Pahbler bemdiasRl §bs 5K thi)8d i) ensl&0
preferably less than 15 um, and most preferably less than 10 um. The dq, for
purposes of this patent application and appended claims means that 90 percent by
volume of the particles in the slurry have a partic]el, diameter lower than the dg,
value. For the purposes of this definition, the particle size distribution used to
define the Dy, is measured using well known laser scattering techniques using a
Honeywell {Microtrac Model 3000 particle size analyzer from Microtrac, Inc.,
Clearwater, Florida). In one embodiment, the siurry of the invention contains at
least 90 percent by volume of the molecular sieve catalyst composition particles
comprising the molecular sieve, binder, and optional matrix material, have a
diameter of less than 20 pm, preferably less than 15 pum, and most preferably less
than 10 pm.
[0064] In one preferred embodiment the slurry comprising a liquid portion
and solid portion, wherein the solid portion comprises solid particles, the sohd
particles comprising a molecular sieve, a binder and/or a matrix material, wherein
the slurry contains in the range of from about 30 weight percent to about 50

weight percent solid particles, preferably from about 35 weight percent to 45



val ue. For the purposes of this definition, the particle size 20 JaN 7006

di'stribution used to define the D9,, is measured usi ng vveI | known_l aser .
scat terlvﬁ% 03/8%H gues using a Honeywell (Mcrotrac Model §T/(5](§62’f?3ﬁ| cle
size anal yzer fromMcrotrac, Inc. Clearwater., Florida). In one

enbodi nent, the slurry of the inventi on contai ns at |least 90 percent by
vol ume of the nolecul ar sieve catal yst pgonposition particles conprising
t he nol ecul ar sieve, binder, and optional matrix material, have a

di ameter of |ess than 20 ~tua, preferably I ess than 15 pm:- and nost
preferably less than 10 pm [00641 In one prefer-red enbodi nent the

slurry conpidighti@réent,iagdiadieparsdi gecenfBohs @biidl padicles Bavinwhas fheéet s sol i d
portion conprises solid paAlcles, the solid particles corrprl sing a
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slurry of ﬁ)l‘aﬂ:eﬁw;t he%hzeﬂzmrmlb@rwagtﬁ\bender and from about 30 percent by

weight to 80 percent by weight matrix material. | _

[0066] In one embodiment, the slurry of the synthesized molecular sieve,
binder and matrix material is mixed or milled to achieve a sufficiently uniform
slurry of sub-particles of the molecular sieve catalyst composition to form a
formulation composition that is then fed to a forming unit that produces the
molecular sieve catalyst composition or formulated molecular sieve catalyst
composition. In a preferred embodiment, the forming unit is 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.

[0067] When a spray drier is used as the forming unit, typically, any one or
a combination of the slurries described above, more particularly a shurry of the

synthesized molecular sieve, matrix material, and binder, is co-fed to the spray
dryer with a drying gas with an average 1nlet temperature ranging from 200°C to

550°C, and a combined outlet temperature ranging from 100°C to about 225°C.



bi nder and matrix material is mxed or mlled to achieve a sué%i Eh%‘hhly
uni form slurry of sub-particles of the nolecul ar sieve catal t '
conposi tWOR30YHbrma fornulation conposition that is th&&TTEN28H3
formng unit that produces the nolecular sieve catalyst conposition or
formul ated nol ecul ar sieve catalyst conposition. In a preferred

enbodi ment, the formng unit is spray djyer. Typically, the formng unit
is maintained at a tenperature sufficient to remove nost of the liquid
fromthe slurry, and fromthe resulting nol ecul ar sieve catal yst
conposition. The resulting catal yst conposition when forned in this way
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formng unit, typically, any one or a conbi'ndation of the slurries
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sieve, matrix material, and binder, is co-fed to the spray dryer with a
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and a conbin 1(d ?ghl l&et t.e ratu e ranggggﬂfrom 100C to about 225C. WO *
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fluid such as air, steam flue gas, or_ any other suitable gas. 100691 In
yet anot hers@imggimefiue g@ﬂh@rgmmwr guteblag98d above is directed to the
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slurry vi sgRsbtymeRHbf #6Finning wheel that distributes the slurry into small droplets,
the size of which is controlled by many factors including slurry viscosity, surface
tension, flow rate, pressure, and temperature of the slurry, the shape and
dimension of the nozzle(s), or the spinning rate of JLhe wheel. These droplets are
then dried in a co-current or counter-current flow of air passing through a spray
drier to form a substantially dried or dried molecular sieve catalyst composition,
more specifically a molecular sieve composition in a powder or a microsphere
form.
[0070] Generally, the size of the microspheres 1s 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.
[0071] Other methods for forming a molecular sieve catalyst composition is
described in U.S. Patent Application Serial No. 09/617,714 filed July 17, 2000
(spray drying using a recycled molecular sieve catalyst composition), which is

herein incorporated by reference.
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the size of the mcrospheres is controlzl ed to sone extent by the solids
cont,ent of the slurry. However, control of the size of the catalyst
conposition and its spherical characteristics are controllable by varying
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preferably fram,;al g}éﬂ,egédpygpco #on60% by wei ght of the m)l ecular sieve
based on the total weight "of e nmolecul ar sieve catalyst conpositi on.
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envi ronnent® y 1nc anount of water

vapor. TypiGal e?é%hfé'@ﬁlééfé}@bl fp%HBﬁﬁ@d UA &Snadrtionsl dalGnatidngavirommembhout 400C
to about 1, OOdJ preferably from about 500C to about 800C, and nost

preferably fir m]mtajqnmllyﬁﬁde‘dtm mﬂhamom@ﬁwa@réﬁmhﬂ ypi¢ah calcinalion nat i on

envi ronnent such as air, | trog eli o
temperatures are in t erangg ?rom ?Hjout 25% CI 1o Wbout 1,000°C, preferably from

about 500°C to about 800°C, and most preferably from about 550°C to about
700°C, preferably in a calcination environment such as air, nitrogen, helium, flue
gas (combustion product lean in oxygen), or any combination thereof. In omne
embodiment, calcination of the formulated molecular sieve catalyst composition 1s
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 20 hours. Ina preferredr
embodiment, the molecular sieve catalyst composition is heated in nitrogen at a
temperature of from about 600°C to about 700°C. Heating is carried out for a
period of time typically from 15 minutes to 15 hours, preferably from 30 minutes
to about 10 hours, more preferably from about 30 minutes to about 5 hours.
[0074] In one embodiment, the attrition resistance of a molecular sieve
catalyst composition is measured using an Attrition Rate Index (ARI), measured
in weight percent catalyst composition attrited per hour. ARI1s measured by
adding 6.0g of catalyst composition having a particles size ranging from 53

microns to 125 microns to a hardened steel attrition cup. Approximately 23,700
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basis is the ARL in weight percent per bour (wt. %/hr). ARI is represented by the
formula: ARI = C/(B+C)D multiplied by 100%, wherein B is weight of catalyst

gas (conmbustion product |ean in oxygen), or any combination thereof @/2@:
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composition left in the cup after the attrition test, C is the weight of collected fine
catalyst particles after the first hour of attrition treatment, and D 1s the duration of
treatment in hours after the first hour attrition treatment,

{0075] In one embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has an AR less than 15 weight
percent per hour, preferably less than 10 weight percent per hour, more preferably
less than 5 weight percent per hour, and even more preferably less than 2 weight
percent per hour, and most preferably less than 1 weight percent per hour. Inone
embodiment, the molecular sieve catalyst composition or formulated molecular
sieve catalyst composition has an ARI in the range of from 0 weight percent per
hour to less than 5 weight percent per hour, more preferably from about 0.05

weight percent per hour to less than 3 weight percent per hour, and most
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[0077] The molecular sieve catalyst compositions or formulated molecular

sieve catalyst compositions described above are useful in a variety of processes
including: cracking, of for example a naphtha feed to light olefin(s) (U.S. Patent
No. 6.,300,537) or higher molecular weight (MW) hydrocarbons to lower MW
hydrocarbons; hydrocracking, of for example heavy petroleum and/or cyclic
feedstock; isomerization, of for example aromatics such as xylene,
polymerization, of for example one or more olefin(s) to produce a polymer
product; reforming; hydrogenation; dehydrogenation; dewaxing, of for example
hydrocarbons to remove straight chain paraffins; absorption, of for example alkyl
aromatic compounds for separating out isomers thereof; alkylation, of for
example aromatic hydrocarbons such as benzene and alkyl benzene, optionally
with propylene to produce cumeme or with long chain olefins; transalkylation, of
for example a combination of aromatic and polyalkylaromatic hydrocarbons;
dealkylation; hydrodecylization; disproportionation, of for example toluene 10
malke benzene and paraxylene; oligomerization, of for example straight and

branched chain olefin(s); and dehydrocyclization.
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si eve catal yst conpositions described above are useful in a varlﬂaﬁA/N%E];gB '

contains from 1 to about 50 carbon atoms, preferably from 1 to 20 carbon atoms,
more preferably from 1 to 10 carbon atoms, and most preferably from 1 to 4
carbon atoms.

[0080] Non-limiting examples of aliphatic-containing compounds include:
alcohols such as methanol and ethanol, alkyl-mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkyl-
amines such as methy! amine, alkyl-ethers such as dimethyl ether, diethyl ether
and methylethyl ether, alkyl-halides such as methyl chloride and ethyl chioride,
alkyl ketones such as dimethy] ketone, formaldehydes, and various acids such as
acetic acid.

[0081] In a preferred embodiment of the process of the invention, the
feedstock contains one or more oxygenates, more specifically, one or more
organic compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of inventior, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the

alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
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am ne, al kyl-ethers such as dinethyl ether, diethyl ether .and

met hyl et hyl ether, al kyl-halides such as nethyl chloride and et hyl
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the process of invention. the oxygenate in the feedstock is one or nore
al cohol (s), (B er abINPalimpHE sxamplesgH sy §snaj apdui B ethapph shagolagi ety of

the alcohol (s) has_fr l t0.2 ban_at o {-ef I roml to 10
carbon at omd SN bR N s, 3k Bhes Bt f e,
preferably fi@%ﬂylte_meﬁ 6 AhN0sh R OMBn et Rarba B Mimelti e kblondsackgeggi ock | in
the process of the invention include I'ower straight ‘and branched chain

al i phatic ahdaohshsesathdrepfielorthensat preftreed enthodireepatht Seeds@@B Xselected
Non-limting exanpl es of oxygenates include nethanol 6 ethanol, n- :
propanol , i $65 BpaAbRore R Mtharalpsthaegl fmethyl giben dretaylisther ofet hyl et her,
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f eedst ock i §,r§fgllagg; @ethkh@m one or nore of methanol, ethanol, dinethyl
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and di met hyl[0@8Her, did vaDsts feedftecksisliscunssdnbned, paft@oBsly arfsedstenki ous
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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 an/or

propylene. Non-l'uniting examples of olefin monomer(s) include ethylene,

propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and

decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-

1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s) include

unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or

nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.

[0084] In the most preferred embodiment, the feedstock, preferably of one

or more oxygenates, is converted in the presence of a molecular sieve catalyst

composition of the invention into olefin(s) having 2 to 6 carbons atoms,

preferably 2 to 4 carbon atoms. Most preferably, the olefin(s), alone or

combination, are converted from a feedstock containing an oxygenate, preferably

an alcohol, most preferably methanol, to the preferred olefin(s) ethylene and/or

propylene.
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[0086] In one embodiment of the process for conversion of a feedstock,
preferably a feedstock containing one or niore oxygenates, the amount of olefin(s)
produced based on the total weight of hydrocarbon produced is greater than 50
weight percent, preferably greater than 60 weight percent, more preferably greater
than 70 weight percent, and most preferably greater than 75 weight percent. In
another embodiment of the process for conversion of one or more oxygenates to
one or more olefin(s), the amount of ethylene and/or propylene produced based on
the total weight of hydrocarbon product produced is greater than 65 weight
percent, preferably greater than 70 weight percent, more preferably greater than
75 weight percent, and most preferably greater than 78 weight percent.

[0087] In another embodiment of the process for conversion of one or more
oxygenates to one or more olefin(s), the amount ethylene produced in weight
percent based on the total weight of hydrocarbon product produced, 1s greater
than 30 weight percent, more preferably greater than 35 weight percent, and most
preferably greater than 40 weight percent. In vet another embodiment of the

process for conversion of one or more oxygenates to one or more olefin(s), the



contai ning feedstock, is converted in the presence of a nolecul ar sieve
catal yst conposition thereof into one or nore ol efin(s), prefdra land

predom ngtdsyenes 18t hyl ene and/ or propyl ene, often referredpcangs2iivght
ol efin(s). [0086] In one enbodi nent of the process for conversion of a

feedst pck, preferably a feedstock containing one or nore oxygenates, the
anmount of olefin(s) produced based on the total weight of hydrocarbon
produced is greater than 50 weight per¥ent, preferably gredter than 60
wei ght percent, nore preferably greater than 70 wei ght percent, and nost
preferably greater than 75 wei ght percent. In another enbodi ment of. the
process for conversion of one or nore oxygenates to_ one or_ nore

ol efin(s), AhevEAiPRPYSEncaTRIGEHdn yeaghs persenifipsethen hedeiat waisbhsbd on the

o ™ S BN BRI P B B i
i et A e R

wei ght perceént. [00871 IH s'for

conver si on Hfd poe preferadlegreany gandeseight gaeenor nore ol efin(s), the
amount et hyl ene produced 1 n weight. percent based on the total weight of:
hydr ocar bon[0®88Huct Phothedgdck,iis oge embedimenhaantamswa ghmaope didesnt(s),nor e

P8 STt sl el SR
557 000415 4358 ahe BEHSRE YORRAF{Ro RO BRI SRIBHROR) Nimictl® 10
wei ght per ceimpleseftienishiecitod belivme) (ybdn, @itrodey deatteay donoxide adutionpr oduced

is greater than 20 wei ght percent, preferably greater than 25 wvei ght
percent, notiexpiecwaienlsssengabnnen-reactne pgratinsgpipepielly alkanes gl appst

preferably greater than 35 wei gt ercent .. 00?81 The feedstoc%i in one
Crmbodi ment , HEOY G SEBr i G ORBRY SaTTUBHY 0By T py oAy Soesare Pifiuce
the concentat R0 1idredtNerHe 66 bREKrre AiTLA Lard SRR Ahd MitrddeR; witE dfakdrve to
t he feedstock or nolecular sieve catal yst conposition. n-limting
exanpl es ofbelhg pamicslatripgrefdeedel i um argon, nitrogen, carbon nonoxi de,
carbon dioxide, water, essentially non:reactiyekparaffini (especially
al kanes suci®089] The diluent, water, 15 used either 1n a liquid or a vapor form, or a

combination thereof. The diluent is either added directly to a feedstock entering

into a reactor or added directly into a reactor, or added with a molecular sieve

catalyst composition. In one embodiment, the amount of diluent in the feedstock

1s 1n the range of from about 1 to about 99 mole percent based on the total number

of moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,

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

about 25,

[0090] In one embodiment, other hydrocarbons are added to a feedstock

either directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for

example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,

preferably propylene, butylene, pentylene, and other hydrocarbons having 4 or

more carbon atoms, or mixtures thereof.

[0091} The process for converting a feedstock, especially a feedstock

containing one or more oxygenates, in the presence of a molecular sieve catalyst

composition of the invention, is carried out in a reaction process in a reactor,

where the process is a fixed bed process, a fluidized bed process (includes a



nmet hane, ethane, and propane), essentially non-reactive aromat
conpoundeo @namo481 Xt ures thereof. The nost preferred dil uglg Eﬁ%@r
and nitrogen, with water being particularly preferred. 1

diluent, water, is used either in a liquid or a vapor form or a

conbi nation thereof. The diluent is either added directly to a feedstock
entering into a reactor or added directdy into a reactor, or added with -
a nol ecul ar sieve catalyst conposition. In one enbodi rrent t he amount of
diluent in the feedstock is in the range of from about i to about 99

nol e percent b se%gn the total number of noles of the feedstock and

di | uent, S 1954 PresesAppisterably @ cgotiprsius fhedieehbed provess, gdehestabl y

from about t .pr fromabout 5 to about 25.

100901 in EF&#%Qg:é%rﬂQ%{wggf%eYeﬁm}g' @b‘g ghédat%e%ded to a feedstock
th di |

ei ther direobby or |ﬂ€€ﬂeﬁ€t§d:ﬁ’proé‘éb@es‘ daf tﬁ%e%oéee% r\%a;)eghtgtarg Lo(s),

aromatic(s) (see for exanple U S. Pate ‘tlon of

aromati cs) r@actmmuch ashylitat eaftors thitaee aldedsetednit! fBRE bel YeactiSA Sones
pentyl ene, B&f ydr ocarbons having 4 or nore carbon atons, or
m xtures tH& ast bredrepatinneros ef mum@tﬁwgcthemguw]ﬁm@ﬁtmmd bed

especi al | ock cont m)re oxygenates, in the
pr gsence )(;f Q%Jtﬁlgﬁi%u ey, eaty‘g t@%ﬁ%‘f ygll”a% CRISETHQIGA TE3FLOF BPES ANt | on, is
carried OUtdelstfht%drt@%ttéxQH]énF’igé@be dénE‘N% 8964795 s""@g{eﬁt]&b 2‘88@33 IS a

fixed bed process, a flui process (i mnc udes a 13 34 2

0 JAN 2006 (PGH/r98024rk0BE; Bsaricar EngieseiingeD. KUAEQEE D). L@tatsgte@htdbe?«tﬁ
cont i nuous .f | ui dg zed bed process, and nost Xpreferabl a conti nuous hi gh
vel ocity fRficHes Bablshing,Campany, Yeodemk, ew et 9Bh windcas stidensan t ake

I i act Ars. S ch as hybrid reactors that
Iﬁa\a/lgeal gegsﬁ\é 5r§t)y Oqzlt’m&ﬁg?%%%mg%a{(; ff%rr"? Eﬁ(ilergam%rﬁéfpﬁgmf%f T9LQrYi zed bed

reaction zape&alipdpiceibed QORIsBERea@b W{J:@)szﬁ&r BM‘FQJ;& @th,-2a0 Sy.{lgﬁf tors,
riser reactors, and the |ike. Suitable conventional reactor’typés are

descri bed PASESGHS T@x@nﬁlz‘é Zgn@.anpd). EnDthien, Réejrtliddd Pﬁlﬁhshib@o@%mi‘cbh No.

6,287, 522 NSkl 1366 ina 8. PLithNE% | QL EPALNSeT NG & Kumii and 0
U.S. Patent Application Serial No. 09/564,613 filed May 4, 2000 (multiple riser
reactor), which are all herein fully incorporated by reference. |
[0093] In the preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor system, a regeneration system and a
recovery system.
[0094] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone
within at least one disengaging vessel, preferably comprising one or more
cyclones. In one embodiment, the one or more riser reactor(s) and disengaging
vessel is contained within a single reactor vessel. Fresh feedstock, preferably
containing one or more oxygenates, optionally with one or more diluent(s), is fed
to the one or more riser reactor(s) in which a molecular sieve catalyst composition
or coked version thereof is introduced. In one embodiment, the molecular sieve
catalyst composition or coked verjsion thereof is contacted with a liquid or gas, or

combination thereof, prior to being introduced to the riser reactor(s), preferably

the liquid is water or methanol, and the gas is an inert gas such as nitrogen.



Kri eger Publishing Conpany, New York, New York 1977, which are all herein
fully incorporated by reference. The preferred reactor type arg(rjaNgait
react or swoggmesably described in Riser Reactor, Fluidizatirrr/esd/19955
Fluid-Particle Systems, pages 48 to 59, F.A Zenz and D.F. Q hno,

Rei nhol d Publishing Corporation, New York, 1960, and U.S. Patent No.
6,166, 282 (fast-fluidized bed reactor), and U S. Patent Application
Serial No. 09/564,613 filed My 4, 2000’5(rrul tiple riser reactor), which
are all herein fully incorporated by reference. [00931 In the preferred
enbodi ment, a fluidized bed process or high velocity fluidized bed
process includes a reactor system a regeneration, syst and a_ recovery
system 1oob££g}rhe rﬁh@% gpbadimeamthsrameinig Ve#sf%adﬂrt@fh fediseprrvieictor
system ha"h@%t@ w[thrasda BFPe%&&Q{l%%&Q? a\é‘{o} Qgs{ierﬂﬁ‘sem e PRICE JFiEREf gheactor (s) -
and a seco FEactTon Zone W Ehinat eadt Jone I Sengagli ng vessel,
preferably GeyRf hsichst 16 ABmATS STREShICHF AN §FefetaB]OMEMmeFBAA] FRIght the one or
nore riser reactor(s) and disengaging vessel i's contained wthin a 3
si ngl e r eacpocent esskdut T5nea phifpeectsit, ondee ppafefablyaibdny abownt eeighnperoere or.
nore oxygenates, gé)t,i onally with one or npre diluent(s), is fed to the -

d
one or nor etordbert 63 wgshd PESENG haseghok thedotgbeiaht af the fespstoch dnglydipe
COTPOSH ! O anylil Ce%¥89ndi%éi?;1§e eaﬁé.g%n%§§§1¥ﬂdsanh Vb GHUER Socis Ar PR IR AL TN,

the nol ecul ¥ Ve cata ion-ortco Ver si is

contact ed Witiafol tEWasheQUon§RSitioR! or RN PR IRPrépRiesf of MEkShebp being
introduced to the riser reactor(s), preferably the liquid is water or

met hanol , adidferdne fepastoick vath thnearhe gadiffermmh ddeemi t r ogen. WO 03/ 000413 35.2
0 JAN 2006 . PCT/ US02/ 9&55 [0095] .In_an enbodi nent, the anount of fresh
feedst ock fE#98kpar af Bf JecgitoplopieTge therrroionsypism Qéﬁgrtalﬂ@kw, nygrted, r eact or

systemis igafrEiQﬁ%Fgﬂggomth &ﬂ{{‘rga&or.z‘éﬁ%%% 2 %ﬁe%%@'éfﬁu%g%%‘%é@ e ?ht .

percent, prefera m abou Wei‘g ercent to about wel gh
percent, nogigeiiagfrradbal afonerwiaboudked msle@ihr PeeCRMlyst tompbeitibn 6in wei ght

percent based on the total weight of the feedstock including any diluent
cont ai ned ttemstfiorred kmbpiigneng canlgnelapwithinetbd disengaging vespelaredesgiedof
simlar or ';[ohs%paslr(’?‘a.trrc}3 the on gcsuil;{ri sieve c(z)l{alycs? chrgércpsit\lloe}{ %ire?g'aglryoao gc{lé[eid S eé?lflart he
sane or
sieve catalyst composition, from the gaseous effluent containing one or more
olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity
effects within the disengaging vessel will also sepelrate the catalyst compositions
from the gaseous effluent. Other methods for separating the catalyst compositions
from the gaseous effluent include the use of plates, caps, elbows, and the like.
[0097] In one embodiment of the disengaging system, the disengaging
system includes a disengaging vessel, typically a lower portion of the disengaging
vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst
composition is contacted with a gas, preferably one or a combination of steam,
methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from the coked
molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from
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



different feedstock with the same or different diluent. [00961 The
feedstock entering the reactor systemis preferably converted, ZUpbth?iUgil Iy
or ful l yWQe3/M83f|rst reactor zone into a gaseous effl uenPCTHSH2 ¥4t r s

t he disengaging vessel along with a coked nol ecul ar sieve catal yst
conposition. In the preferred enbodi ment, cyclone(s) wthin the

di sengagi ng vessel are designed to sepafate the nolecular sieve catalyst
conposition, preferably a coked nol ecular sieve catalyst conposition,
fromthe gaseous effluent containing one or nore olefin(s) within the

di sengagi ng zone. Cyclones are preferred, however, gravity ieffects

within the Qi,genaag MGmVessClo Mduk 7%‘@ prERALA Froﬁahﬁoﬁ@ﬁ% (Sth 650°C,

conpositions fromthe gaseous effluent. O her nethods for separating the
cat al yst coopasht cokedl mbleotint dievegastmisompbbitient i ncl ude the use of

pl at es, caps el bows, and the like. [00971 In one enbodi nent of the

di sengagi ngl®¥8i em The cqua@m@ra%vmymmdh@@%eml@@n@&gsslng

vessel, typic portion of

st pp ng. SR BHT SR iAo 5B 5 ek SR R YRR 0P P cat al yt
COMpOSI 11 01l B RS Rek bl i85, B oet%%% RRECToh DTS | on of

st eam et hane e car on rmnoxn an inert
gas such asfroar gont 2P0%S rabbliy7 Xt €3 met inord p‘x@ﬁ&t@lﬁlyéﬂﬂ@&hﬁﬂ 3098 aear bons
fromthe coked nolecular sieve catalyst conposition that is then

i ntroduced #lout kE0Hagwheyea ot prefpsabdnfronmabanns HEC ermbout PRNE, meste
stripping zon SS iy t he di sengagi ng vessel and
the gas is Brgggg@ygnorgaé%@%ﬁg ‘?F%/e%%‘(gé?‘} (gl al velocity (GHSV) of froml
hr' to aboufggd9) 000 Ko HRRBHPPrebdife xﬁwy@d% {132dnb &rs16al pro&ess Of coked
nol ecul ar sl eve catal yst conposi t| on, erably at an el'evated WO

03/ 000413 3ﬁae21ftbaﬂﬁl\mﬂﬁﬁ)ﬁ)d?@ﬁ'dt(d’:‘s@ﬂeﬂxﬁ%ﬁeste«mammlalrmgfermduﬁﬁgc t o about

750C, preferably from about 350C tq 650C, over the coked nol ecul ar sieve
catal yst coRPOLEIOLS Brestergo T he TRV EUAY BFESTWA it baspd PaLhE RATHALITEREF 9Mn t he

conver 1 on BLgeR e ARRSHELVIRL 0Ol 0 pRARESHs YSERR Bt T
about 800C, efBlgedieiiR éﬁ@&eﬁs isfif @8 RARSIbF %ﬁ%b@t @@Qﬂ"'faa 1Sbdut S\MPad)Or €
preferably from about 30pC to
preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.
[6] 00] The weight hourly space velocity (WHSYV), particularly in a process
for converting a feedstock containing one or more oxygenates in the presence of a
molecular sieve catalyst composition within a reaction zone, is defined as the total
weight of the feedstock excluding any diluents to the reaction zone per hour per
welght of molecular sieve in the molecular sieve catalyst composition in the
reaction zone. The WHSYV is maintained at a level sufficient to keep the catalyst
composition in a fluidized state within a reactor.
[0101] Typically, the WHSV ranges from about 1 hr * to about 5000 hr
preferably from about 2 hr' to about 3000 hr”', more preferably from about 5 hr*
to about 1500 hr’, and most preferably from about 10 br” to about 1000 hr'. In
one preferred embodiment, the WHSYV is greater than 20 hr, preferably the

WHSY for conversion of a feedstock containing methanol and dimethyl ether 1s in

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



about 650C, yet even nore preferably from about 350C to about GOPQANHEE
preferably from about 350C to about 550C. '100991 The conversion pressure
enpl oyedwiawstdeasidonver si on process, specifically within tH/PREPHF
system varies over a w de range including autogenous pressure. The
conversion pressure is based on the partial pressure of the feedstock
exclusive of any diluent therein. Typi ca}ly t he conversion pressure

enpl oyed in the process is in the range’of fromabout 0.1 kPaa to about 5
MPaa, preferably fromabout 5 kPaa to about 1 MPaa , and nost preferably
fromabout 20 kPaa to about 500 kPaa. 10100) The wei ght hourly space

vel octty (Ve Par bheulaihial 0, A RIAGI8E)oPlncRINEL AELAisfizhOCK

cont ai ni ng mr enates 1n sence a nolecular sieve
catal yst copmPsiabi @ pMidhbs Rvithifi BRCEALQB: FRRA: isipfefiblynadfiaint bdididital
wei ght of the feedstock excluding any diluents to the reaction zone per
hour per weeghbleoflanukbec citaystsioy@sitiontwithims reactibmrons envtbe cerchiry st
conposition in the .reaction zone, The WHSV is nmintained at a |'evel

sufficient TheRESpHIR the presest. particuasivowhinitesrepsons ysiem.dRoEPast & X ¢ hi n “
ctor. 101011 Typically,.th ‘ G L bouit

5000 e pr Brerae B BAFHsLe”'S O ARG LBE GO, ettty o0y

from about greAfer 1hdu0. 8ROEEC, ARWO pheferabl@tGe @ IharPl 8/ @icablen mo@m about 10

hr' to about 1000 hr'. In “one preferifed enbodi nent, the WHSV is greater
than 20 hr' prefereblgrgabityr thae 2 ivIBRY yebeveoamvre peiferablyfgreatécdds B apfsec, |

contai ni ng net hanol and dinethy|l ether is in the e of from about 20
hr-' to aboead gw@etWrefe.raléyarfzﬁmtb@b’é%%%ﬁ@%ﬁﬂ&‘“ﬁ@%ﬁ?ﬁé%. ;37 -
[ 01021 The superficial. [ e : ' udi. ng ’
di | uent an%‘pggﬁ%ﬁno%rba?g%uéﬁ)g% gm?F%iﬁﬁ\eﬁévéﬁﬁeba%? b%é(ggg\?%‘%n?#gsﬂeﬁ Jéf erably

sufficient ;&O;ﬂ&gt@m@ refefgcBOl ecul ar sieve catal yst conposition within a
reaction zone in the feactor. The SGV in the process, particularly within

the reactor [B¥8]lem Awpre paftrdaidretrddjmentiof thepropess fprE@MVERWE®r (s), is at
oo pref ef GISTARIRTUTANTE b Leedoapnnrarec TBBrOPLUr AL er ¢ han
2 m sec, Yelofi}68+i8R e BFRES 12 Bb¥rattied b WHENAST 2818 SR hr’ and a

Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than

0.016, preferably less than or equal to 0.01. See for example U.S. Patent No.

5,952,538, which is herein fully incorporated by réference. In another

embodiment of the processes for converting an oxygenate such as methanol to one

or more olefin(s) using a molecular sieve catalyst composition, the WHSV is from

0.01 hr' to about 100 hr’, at a temperature of from about 350°C to 550°C, and

silica to Me,O, (Me is a Group IIIA or VIII element from the Periodic Table of

Elements) molar ratio of from 300 to 2500. See for example EP-0 642 4385 BI,

which is herein fully incorporated by reference. Other processes for converting

an oxygenate such as methanol to one or more olefin(s) using a molecular sieve

catalyst composition are described in PCT WO 01/23500 published April 5, 2001

(propane reduction at an average catalyst feedstock exposure of at least 1.0),

which is herein incorporated by reference. '

[0104] The coked molecular sieve catalyst composition is withdrawn from

the disengaging vessel, preferably by one or more cyclones(s), and introduced to

the reveneration system. The regeneration system comprises a regenerator where



and nost preferably greater than 4 msec. See for exanple U.S. Patent
Application Serial No. 09/708,753 filed Novermber 8, 2000, whichp () JAheHki.n
i ncor por woeab/dog413ef erence. 101031 in one preferred enbodi nmAguafibhe
process for converting an oxygenate to olefin(s) using a

si |l i coal um nophosphat e nol ecul ar sieve catal yst conposition, the process
is operated at a WHSV of at least 20 hr' and a Tenperature Corrected

Nor mal i zed Methane Selectivity (TCNVS) Y less than 0.016, preferably

| ess than or equal to 0.01. See for exanple U S. Patent No. 5,952,538,
which is herein fully incorporated by reference. In another enbodi nent
of the proc enate such as. nethanol to one or

sse (;or onverting an oxygl ! !
nore ol efi n?’g)cofﬁfs' ﬁﬂaés?ﬁﬂn&ﬂﬁltgﬁ“ 15 reRjecled pith pregeshpisgimedivm, t he WHSV i s
from 0.01 ' e tenperature of. from.about.350C to
550C-, and %ﬁr%@ga&?’%gtﬁgé%%x%%ﬁa eﬁg% ef‘%lr er&ﬁ TalpR o n;?‘gﬂ%?f fromthe

Peri odi ¢ TaiehpenftureEhea@ié sid Rideficed thk ONeh-1f @ik 308 pies 3PAR-  See for
exanple EP-0 642 485 B |, which is herein fully”incorporated by

ref erence. EEpRAratOBedvIEsinthde corvEmMDI gl 0xyRenXY.gSARLN,G IO, M6, net hanol
to one or B&rﬁ ol ef.i %%) using a nol ecul ar_sieve catalyst conposition
are descri $ TP diied PibaE segen o) cedrre dliggde. o gepapt watepéSane

reduction &t W%W?@%%k%ﬁm&ﬁ&g&t 8%: or%})fgsuern,?_ fed'g'é(cé%le st 1.0),

which is herein incdrpor y Tereéerence. Pecul ar

si eve cat al gosiditRoBRes1HoE® fapableWf bR Aol RSt thdeoidl $eRAYRDI el
preferably by one or nore c?ycl ones(s), and introduced tg@ﬁ%ﬂgpafsﬁ%,

regener at i dielpyaile e a Tevel lesgytbar Ocft weaighspestentrbasedpmi the ®otal weigktrugiled or
where WO 03/ %Ogm %@ 2.0 JAN 2Q0 . PCT/ U S02/ 19955 the coked cat al yst
conposi ti on"%*§ PALATHE NG RIS FUPRsEion srosrinate degencratian systemy The gas

cont ai ni ng QXx¥@adedindas ' onditions of .tenperature,
pressure and resil%éeence ¢ neecgﬁhg#lufn?%% I r{lg‘wetg%%% ggdn(ﬁj S ene{aé%reﬁgp%ti on
nedi um i nclamdgengted indlevidarGievexy@BRt cdidhosifdh. NO, NO N2, N2Ob, air,
air diluted wwth nitrogen or carbon dioxide, oxygen and water (U. S

Pat ent No. 181835 703¥he regensmtiongnorediraisdh she rapde ofifraom dboat 208€ner at i on.
about 1500°C, preferably from about 300°C to about 1000°C, more preferably
from about 450°C to about 750°C, and most preferably from about 550°C to
700°C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to
about 250 psia (1724 kPaa), more preferably from about 25 psia (172kPaa) to
about 150 psia (1034 kPaa), and most preferably from about 30 psia (207 kPaa)
to about 60 psia (414 kPaa). The preferred residence time of the molecular sieve
catalyst composition in the regenerator is in the range of from about one minute to
several hours, most preferably about one minute to 100 minutes, and the preferred
volume of oxygen in the gas is in the range of from about 0.01 mole percent to
about 5 mole percent based on the total volume of the gas.

[0106] In one embodiment, regeneration promoters, typically metal
containing compounds such as platinum, palladium and the like, are added to the
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, which is berein fully



condltlons are those capabl e of burning coke fromthe coked catalﬁML
composition, preferably to a level less than 0.5 wei ght percent gﬁﬁon
the tot avowsjogiuizof the coked nolecul ar sieve catalyst cdfe8Pez18Hs
entering the regeneration system The coked nol ecul ar sieve catal yst
conposi tion withdrawn fromthe regenerator fornms a regenerated nolecul ar
si eve catal yst conposition. [01051 Thed{ egeneration tenperature is in the
range of from about 200C to about 150 preferably from about 300C to
about 1000C, nore preferably from about 450C to about 750C, and nost
preferably from about 550C to 700C The regeneration pressure is in the

range of fr.om about i kPaa) ,
preferably PFERP ?E%‘L%y E@%BEF 1]?%\’%5‘5 ﬁ-ébo%%grgu%g g@gﬁ OZF%?%%% kPaa) ,
nore pref erabieyufar QFEV@QQHFys?&n&%sﬁlc(n]fY&ﬁ RecegbieratoPRUttukiddl difdcdy (d 034
kPaa), and nost preferably from about 30 p5|a (207 kPaa) to about 60
psia (414 kiRaahe.of heorpristraraad(s)esi ddnealy bmpreatommmgm@mm%r si eve

cat al yst corrp03|t| on in the regenerator lFJS' jn the range of . from about oné

mnute to feedupe oFcOMECtnEYIL hieah Bolsh é&?BﬁFatélr!fét GARASEIQN, O 0

m nut es, and th referred 0 range
of from abofPtdF @% %@gr%pgrgﬁetd I{lne]eah rs)%,( Eg l Pcen(t)fl E%gg%&lgﬁ the -
total vol Unf%m%er :Fsﬁ xﬂﬁéeulml%lea{dpys@ BSmBHRASH H@Bﬁbed ggewer ation” 3
pronoters, typica y netal containing conpounds such as platinum

pal | adi um apdovhe | i Fag baméngoftedtetoart Mthermgemctmnoran@m act | y, or
indirectly, for exanple with the coked cataly conpositio

anot her emboabediment,dhe resperapedwithia th esﬁ""é%ﬂr%té’(“eﬂY?@fn 15 (?8%8@‘?‘1[]?3% i s

added to the re rator .cqont T ygen and
wat er as de%%’rci“ggﬁcanr\qﬁs &gat%e’%f mﬂlgl% frgg‘%ﬁég g@\k&’gﬁ?@ﬂhggé ielﬁrcg'ﬁ:?rf\ fully WO
031000413 3@esge100 eﬁ%‘te@@%er RGHaksH) 2ok B08s idtcanposmimdudinodef@reence. |I.n
yet anot her enbodi nent, a portion of the coked nol ecul ar si eve catal yst

CONposi t i oncdmmmnmmeegﬁnér mfﬂnadsedmtqmenewlmsr\%hdrwm thp segsnerakd
rfhore riser reactor(s i ndi rect e- cont act th the
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? cooled forms a cooled regenerated molecular sieve catalyst composition. The catalyst
cooler, in an embodiment, is a heat exchanger that is located either internal or
external to the regeneration system. Inone embodliment, the cooler regenerated
molecular sieve catalyst composition is returned to the regenerator in a continuous
cycle, alternatively, (see U.S. Patent Application Serial No. 09/587,766 filed June
6, 2000) a portion of the cooled regenerated molecular sieve catalyst composition
is returned to the regenerator vessel in a continuous cycle, and another portion of
the cooled molecular sieve regenerated molecular sieve catalyst composition is
returned to the riser reactor(s), directly or indirectly, or a portion of the
regenerated molecular sieve catalyst composition or cooled regenerated molecular
sieve catalyst composition is contacted with by-products within the gaseous
effiuent (PCT WO 00/49106 published August 24, 2000), which are all herein
fully incorporated by reference. In another embodiment, a regenerated molecular
sieve catalyst composition contacted with an alcohol, preferably ethanol, 1-
propnaol, 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,



regener ated nol ecul ar sieve catal yst conposition described bel gﬂ/. AN%[W)
The burning of coke is an exotherm c reaction, and in an enbo |rflen_t_, th
t enper atWP&3 MM n the regeneration systemis control | ed RET/UYRAPHIs
techniques in the art including feeding a cooled gas to the regenerator
vessel , operated either in a batch, continuous, or sem -continuous node,
or a conbination thereof. A preferred tgchnique involves withdrawi ng the
regenerated nolecul ar sieve catal yst conposition fromthe regeneration
system and passing the regenerated nol ecul ar sieve catal yst conposition
through a catal yst cooler that forns a cool ed regenerated 'nol ecul ar

Sl eve cat a'z&ﬁl,%m}‘ﬁ%'h%fe%fullghﬁ At re?é}eﬂc%{)’rOthQ: REHBEPRAI Ment, is a

heat exchanger that 1s |ocatéd either internal external to the

regener at i wpesatiigeamegtieration Suteadamnenidiscidsed To® | Fatent dge 6ea9ai9ad nol ecul ar
si eve cat aIEe/st conposition is returned to the regenerator in a continuous
cycl e, al t depairoliiag ymoigtyess, whish isagreintfully proospareigd besefiesgncrio. 09/ 587, 766

filed J 2000 ti f.th | ed ted I i
(1158, 20me yBusPO00) A, B BRSSO SOl P SRER S G R 1o
cont i MUouS (¢l rHAerANS) BRkerd YrtdcPibI Pfront e oSARSPELID Bobined eve

regener at ed nol ecultar sieve cat’dl yst conposition-is refurned to the

ri ser reactwith g ¥resiintcledulyr steveicadl yse €orbyositidn aodier te-cituliited felecular
regenerated nol ecul ar sieve catal yst conposition or cool ed regenerated
nol ecul ar  s¢@@taEttabyposionpodor fesdstpek awHeonlsediagagior lhqngdsmn%duct s
within the seous ,effluent (RPCT WO 00/49106 puplished August .24, 2000),
Whi o ar 6 APRTRGE e TR RGPt APUP LR HERED dhCisEe R RHEn Bl lar
embodi ment ,g; J&gﬁgarca}@@ #Bh %ﬁﬂs'd?a[wn BbVfe ralcakmabn SATBATE Fniifled Nt aCt ed
wi th an al cohol, prefer be et hanol, 1- propnaol, | -Dbutanol or m xture

t her eof , i thé nisérodaaes(s) dirdckig, speahidy afigrgiaesing dgougles catalyaticdoherUlb.

Pat ent Application Serial No. 09/785,122 filed February 16, W) 03/000413
40 2 0 1 ANTECUEEITEUSEZATSS sBch ppa inefiigagHepdstord wipar, stRamorithe or por at ed
by referen t ho for er,at temare in
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herein ful IgobNeaed AAL&IarRYeve RERIRNESN pdstidiBlo thE feacfRy B paERA! Befarmigcul ar
si eve catal yst conposition w thdrawn ,
to the one or more riser reactor(s).
[0109] In one embodiment, the opumum level of coke 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 the regeneration system to
the reactor system, a complete regeneration. There are many techniques for
controlling the flow of a molecular sieve catalyst composition described in
Michael Louge, Experimental Techniques, Circulating Fluidized Beds, Grace,
Avidan and Knowlton, eds., Blackie, 1997 (336-337), which is herein
incorporated by reference. In another embodiment, the optimum Jevel of coke on
the molecular sieve catalyst composition in the reaction zone is maintained by
controliing the flow rate of oxygen containing gas flowing to the regenerator, a
partial regeneration. Coke levels on the molecular sieve catalyst composition is
measured by withdrawing from the conversion process the molecular sieve

catalyst composition at a point in the process and determining its carbon content.

Typical levels of coke on the molecular sieve catalyst composition, after



fromthe regeneration system preferably fromthe catal yst cool %r is
conmbined with a fresh nol ecul ar sieve catal yst conposition an(a/ O;WV 2006
re-circwyate@oids ecul ar sieve catal yst conposition and/ oPCTa&Ed2ABEK

and/ or fresh gas or liquids, and returned to the riser reactor(s). In
anot her enbodi nent, the regenerated nol ecul ar sieve catal yst conposition
w thdrawn fromthe regeneration systemjs returned to the riser
reactor(s) directly, optionally after ﬁalssi ng through a catal yst cooler.
In .one enbodi nent, a carrier, such as an inert gas, feedstock vapor,

steamor the |ike, sem -continuously or continuously, facilitates the

i ntroduction of the . regener at nol | ar .si ev t nposition to
the react or"*85H RN ‘ﬁr”ég@rfmey&dff%ntﬁgyévﬁéglﬁp grﬁg?tggraﬁé%tffsrg’glgp gr (s).
101091 In %&Sf&ggﬂgfe%% frOW&ngb.IIW&bh%&e@{O SRIGE10Weidi peRkACUl ar

sieve cata mposition In the reaction zone i s maintained by,

control | i ngnbfeprefersbly ont teout 6 geweisht icamp keshoua b vedighigecantlayd t
conposition or cooled regenerated nol ecul ar sieve_catal yst corrpo‘dsi tion
fromthe regestareferably Spm ahout 63 wehtrescenbio abpyt & meignt PEFRsRRaged on

regeneration. There are.many techniques.for.  confrolli of a

mol ecul ar sihedaLyeR f/giithEBTVPd%‘:élﬁ;qrisb%e&EgéleE')]Sgotiat]‘a'&mhtﬁ%gfg q’f%%ééjg%y

Experinment al,_Te i i.rcul ating Fluidized Beds, Gace, Avidan and

Knowl t on, ?&%@%&%{%@%ﬁgﬁpo%@' (336-337), which is herein incorporated by

reference. [on18pnot hem gfierred bt Begnennttheumxtuesvefl fresh moleenlarsiestehe ‘
[on18n

mol ecul ar si eve catal yst conPosi tion in the reaction zone is .naintained .
by cont r ol datalgstichmpobsignaadier srgepsiptrdmelseitlan BesaFRESt CPBIRPHECR 0 t he

regenerator, %Ti%% t'riaelgel{ee g@ﬁ]lrpzt L%sﬁ?@ﬁg@i%"%@o@méﬂﬁ dPlseslpr s evé

catal yst c W romthe conversion

process the cg“élc%ﬁwh?srm%@}é%ge eRfrahysHout PRPSS inlei i paice, pRifethbly fronhe
process and*det er m ni.ng 1ts~carbon content-. Typical |evels of coke on the

nol ecul ar  sitRye2 ¢aBalwsEht peneos nidre preferblyrf{r@ abaw 2oxbouii weizbbo413
PCT/ US02/ 19955 41 regeneration is ibgﬁige ran om,0. 01 wei ght
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compositions. See for example U.S. Patent No, 6,023,005, which is herein fully
iI;corporated by reference. It is recognized that the molecular sieve catalyst
composition in the reaction zone is made up of a rilixture of regenerated and fresh
molecular sieve catalyst composition that have varying levels of carbon and
carbon-like deposits, coke. The measured level of these deposits, specifically
coke, represents an average of the levels on individual molecular sieve catalyst
composition particles.

[0111] The gaseous effluent is withdrawn from the disengaging system and
is passed through a recovery system. There are many well known recovery
systems, techniques and sequences that are useful in separating olefin(s) and
purifying olefin(s) from the gaseous effluent. Recovery systems generally
comprise one or more or a combination of a various separation, fractionation
and/or distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative

processes such as aldehydes, ketones and cster manufacture (U.S. Patent No.

5,675,041), and other associated equipment for example various condensers, heat



nost preferably, fromabout 0.3 weight percent to about 2 mei%qt @fﬂﬁfnt
based on the total weight of the nolecular sieve and not the# 4 K
wei ght otyg tiwoowwizecul ar  sieve catal yst conposition. [01108CTAS@E9ss
preferred enbodi nent, the m xture of fresh nol ecul ar sieve catal yst
conposition and/ or regenerated nol ecul ar sieve catal yst conposition

and/ or cool ed regenerated nol ecul ar sieve catal yst conposition in the
reaction zone contains in the range of4¥rom about 1 to 50 wei ght

percent, preferably from about 2 to 30 weight percent, nore preferably
fromabout 2 to about 20 wei ght percent, and nost preferably from about
2 to about 10 ,coke or .carbonaceous dEﬁPSiI based on the |, wei ght of -

t
the mi xt ur e SOPIEHBFEFIICrAOR S ERS AN FEY! TRBRSBIH 6. Kigsk b il o
U 5. Patent B pfnfe Ind 0 1 h6dh-limife! Blinll LiiheddN6REROLAEES,PY
P tor B e ec yst

ref erence. cogni zed that t ar sieve cata

conposi ti onspliktdriIer frEAE LbedhlSNE ih Tofidtieation i8flude dledrii®eeff ar egener at ed
and fresh nolecular sieve catal yst conposition that have varying |levels:.

of carbon ademethanizen prifkblyeplogh temparatues dethethandzaguz dethidees] 2 of t hese
deposits, specifically colie, represents an'avgra e gf the | evels on

i ndi vi dual HBPEEHNES", BICEFa0IY A(AT SPTOPRRIF B &1 148 _ﬁo‘g%fr BIEETH 1393 The
gaseous ef TLHRAL 8 bR SLERR H0R: Ah3SBOAMAGRYS LML, | S passed
t hrough a récovery system g are neny we nown recovery ° systens,

techni ques g Jé}%‘i{@@?ﬁﬁ&te&,"]ﬂbp)ﬂéﬁ @E@fsglmwbﬁﬁﬂa(@)ispnm, ghd thesikeand
purifying ol efin(s) fromthe gaseous effluent. Recovery systens generally
conpri se onf0Bi2] nor e Varioas cwnbirpayitons obefal farecovsringpademinstely

fractionatio nd/or. distillationt rs, colu , splitters, .or trains,
reaction s yEPeéWZS)SRF@ﬁerg%]Y PEMRAT ISR Eﬁﬁg@ ﬁHﬁﬁh@t %F@”C%P@pyli%ﬂ@ﬁf]%ﬂb.

5,476, 978) e [ vat ) gtlé,qrg?gy et ones and
ester manufg{(?: Ggé&(%%%@g@g]ge%pﬁﬁg@?g@oiﬁ%@e%?g t eragyzg%ééi ated
equi pnent f gire2XANPE ePataitiNGsS5 000densed 52, seeaid 08D 34 DA4dBrad2 2 0 JAN

7006 PCT/ US02/199-55 exchangers, rpfrigeration systenas or chill trains,
conpr essor ssepandisioshUf. SdPatens 50672, it (prespanepispendeat adserbierts), WSrPatedtni t i ng

exanpl es of N%h%,%%ib%‘ﬁk?dro&grl r%%svhl), U.S. Patent No. 5,904,880 (recovered
methanol to hydrogen and carbon dioxide in one step), U.S. Patent No. 5,927,063
(recovered methanol to gas turbine power plant), and U.S. Patent No. 6,121,504
(direct product quench), U.S. Patent No. 6,1 21,5013 (high purity olefins without
superfractionation), and U.S. Patent No. 6,293,998 (pressure swing adsorption),
which are ali herein fully incorporated by reference.
[0113] 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)
produced particularly in a MTO process are passed through a purification system
that removes low levels of by-products or contaminants. Non-limiting examples
of contaminants and by-products include generally polar compounds such as

water, alcohols, carboxylic acids, ethers, carbon oxides, sulfur compounds such as



splitters or trains used alone or in conbination include one or Ty eneiond
der net hani zer, preferably a high tenperature denethani zer, a dethani zer,
a depropaMp#e13 preferably a wet depropani zer, a wash t od&T/BF0RAPPSS
referred to as a caustic wash tower and/or quench tower; absorbers,
adsorbers, nenbranes, ethylene (C2) splitter, propylene (0) splitter,
butene (C4) splitter, and the like. 1Q3121 Various recovery systens
useful for recovering predonm nately olefin(s), preferably prime or |ight
~olefin(s) such as ethylene, propylene and/or butene are described in
U.S. Patent No. 5,960,643 (secondary rich ethylene stream, U S :
Pat ent NoS jy&rdb8 shtiie, Barfiodyl JulfidBd afNfeRaPrald dhihofHRAR A nitrogen
separatlonsf; U'S. Patént 5,672,197 (pressure dependent adsorbents), U.S.
Pat ent  No.cofpd6nds, 2rfind} phbyplivegen ahéorales.aOther dont@mikatteot biNprodhetd 04, 8 8
O (recovered nethanol to hydrogen and carbon dioxide in one step), U S

Patent No. 1B;log7hpdagen axbiihesrhrnstiadliors atens, methilectyoner plant), and

U. S. Patent No...6, 1-611, 5%4 Ffﬁ,‘gi’re(:t product quench), U S. Patent No. 6, |
2 1,50.3 ( ProRRdistie; Pytadieas Pfiout superfractionation), and U.S. -

Pat ent No. [f1 23, 9980(1;@{Feégwrﬁsmﬁgt}aﬂﬁﬁhﬂkiﬁﬁmaﬁm&}%&n@g,;@oralI herein
fully incorporated by reference. [01131 Cenerally acconpanyi ng nost

recovery s)eshepk fos thepurfficadowe bf olefin(syeine desictibed or Kak-cirfmleat i on” of
addi ti onal products, by-products and/or contami nants along with the

preferred pricheoprdia gt tsempabl sieplaeyetih fdivey, Visdwae & ohn Waley dght
olefts, su as hyl en pr I ,.are.typicall urified for use -
in derivati Es’ng?t&f @eﬁﬁizﬁgﬂﬁragg%é‘s‘%?gsﬂgﬁﬁ%xg%w&&%?ggﬁt?%wprocesses. '
Therefore, (kR dfee PRSFCRIG SEla LIPS HERALOIn foPexARFRVENY MYt B t he
recovery systern also includes a purification system For exanple, the

| i ght ol ef i A)42%pipadificatdorpalia diolefiariydracarbaniienp),dd 8sBataneNpassed
t hrough a puri

fi i t t hat | I | f by-. 1ct
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03/ 000413 ROT4SOAEAPIated By fdereiiel, ogen sul fide, carbonyl sul fides and
nmer capt ans, anmoni a and other nitrogen conpounds, arsine, Phosphine and
S

chlori des. [@tHdr corbwantallyninscopiveipgone @ ptose oxygenates to olefin(s) having

2 or 3 carbon atoms, an amount of hydrocarbons, particularly olefin(s), especially
olefin(s) having 4 or more carbon atoms, and otherlby-products are formed or
produced. Included in the recovery systems of the invention are reaction systems
for converting the products contained within the effluent gas withdrawn from the
reactor or converting those products produced as a result of the recovery system
utilized.

[0116] In one embodiment, the effluent gas withdrawn from the reactor is
passed through a recovery system producing one or more hydrocarbon containing
stream(s), in particular, a three or more carbon atom (C,") hydrocarbon containing
stream. In this embodiment, the C," hydrocarbon containing stream is passed
through a first fractionation zone producing a crude C; hydrocarbon and a C,'
hydrocarbon containing stream, the C,” hydrocarbon containing stream is passed
through a second fractionation zone producing a crude C, hydrocarbon and a C;’

hydrocarbon containing stream. The four or more carbon hydrocarbons include

5



pr opadi ene, butadi ene and butyne. [01141 O her recovery syste

i ncl ude WOMBOPEBi on systens, for exanple for the purificaty

ol efin(s), are described in Kirk-Ohnmer Encycl opedia of Chemi cal

Technol ogy, 4th Edition, Volune 9, John Wley & Sons, 1996, pages
249-271 and 894-899, which is herein ingorporated by reference.
Purification systens are al so described in for exanple, U S. Patent No.
6,271,428 (purification of a diolefin hydrocarbon stream, U. S. Patent
No. 6,293,999 (separating, propylene frompropane), and U.S. Patent

Appl i cat i onyNehes sUGK 8S8ButAB 1 ahdt BOteREDO bR dRBes, 20 AddbItaeesShdideam  usi ng
hydrating catalyst),. which is herein incorporated by reference. 101151
Typi cal | y, isobwemeserti ng one or nore oxygenates to olefin(s) having 2 or

3 carbon atons, an anpunt. of hydrocarpons, particularly ol efi ngﬁé
especi al |y 10818k i n('sThngugRRt %S pFmERToe! TR Y SEHIRPIOST S RATHEHET

by- pr oduct for T . gﬁg i r tens of "
the invent isl\éﬂ!(g'PreO%FéeEgg?’ﬁlgﬁllﬁéég g%rrg% e (L)ﬂrb %(L:]gnv dtr?%ag&ﬁﬁeh%gfr%%%rtrgx%ont ai ned
within the gfftaBinsgahevnidudt S8y drbMbddiehaviRas bohof catiivabink g t hose
products produced as a result of the recovery system utilized. [01161 In
one enbodi nepicaliy he arbfioustiessghan 30 wedghawarcent praferablydassttban 1@ wegpdd sed

t hrough a recovery system produci ng one or nore hydrocarbon. cont ai ni ng
%@%W@é@?’lﬁh&? B

i ncl ude hydrogen and hydrocarbons such as acetyl ene, nethyl a t_t;fx gﬁ[ﬁ 4
Eﬂz& 35

strean(s), PeicpdrOpeprsFerably {655 ﬁ’ém%’rwﬁ’épép%r&?%o@ 838r bon

containing ,stream In this e i . : L Ni ng
streami s p%\gvseéf‘gl pf:{_ﬁegbéﬁsei qan:{?é;?@ téﬁﬁg%g%]%%gtp %ﬁ‘%ﬁ%ﬁ%ﬁ@gﬁg‘fﬁg‘%?%r ude C3
hydr ocar bor el g, deést exaﬁethg%&é}omn%mkalaﬁwnﬂn Stdrvefiod frocésd bf hydr ocar bon
cont ai ni ng stregm is passed  through a second fractionation zone

produci ng aoxyusdateCihth pikfméghnibningradmalcCslar sinyelcaalystromposticaithe ng :
stream The four or_nore carpop hydracarbons inc uﬁel \%0/03/ 00%413 44 2
0 JAN 2006 Tepeitingshuers §as5typirpin sSmBTRG AWEAREHEARSIYISAG 2AR{PLHEPy ene

but adi enes, Ay lelﬁ‘(grea%&.’rﬁtt BPRRr cABEn ahd ﬂfgﬁ%ﬁ&ﬂﬁon number products and other

by-products, excluding water.

[0118] Suitable well known reaction systems as part of the recovery system
primarily take lower value products and convert them to higher value products.
For example, the C, hydrocarbons, butene-1 and bllJtene-Z are used to make
alcohols having 8 1o 13 carbon atoms, and other specialty chemicals, isobutylene
is used to make a gasoline additive, methyl-t-butylether, butadiene in a selective
hydrogenation unit is converted into butene-1 and butene-2, and butane is useful
as a fuel. Non-limiting examples of reaction systems include U.S. Patent No.
5,955,640 (converting a four carbon product into butene-1), U.S. Patent No.
4,774,375 (isobutane and butene-2 oligomerized to an alkylate gasoline), U.S.
Patent No. 6,049,017 (dimerization of n-butylene), U.S. Patent Nos. 4,287,369
and 5,763,678 (carbonylation or hydroformulation of higher olefins with carbon
dioxide and hydrogen making carbonyl compounds), U.S. Patent No. 4,542,252
(multistage adiabatic process), U.S. Patent No. 5,634,354 (olefin-hydrogen
recovery), and Cosyns, J. et al,, Process for Upgrading C3, C4 and C5 Olefinic

Streams, Pet. & Coal, Vol. 37, No. 4 (1995) (dimerizing or oligomerizing



101171. The effluent gas renoved froma conversion process, particularly
a - MIO process, typically has a minor amount of hydrocarbons haviNgil or
nore cavdosoetions. The anount of hydrocarbons having 4 orPGRYY2d8¥Hon
atons is typically in an anount |ess than 20 wei ght percent, preferably
| ess than 10 weight percent, nore preferably | ess than 5 wei ght percent,
and nost preferably less than 2 weight,-percent, based on the total

wei ght of the effluent gas withdrawn froma MIO process, excluding water.
In particular with a conversion process of oxygenates into ol efin(s)
utilizing a nolecular sieve catalyst conposition the resulting effluent

gas typical| ggggg(g&}}.%@g?eg%ﬁe%h%%/e&%m%ﬁ DY AlRer@RFLAY iRRPYaRBDy and a

ni nor  anoudt her carbon nunber” products and ot her
by- product sesfe&fdeudi Nng water. 10118) Suitable well known reaction systens
as part of the recovery system prinmarily take | ower val ue products and
convert thgqoni®) hi ghEhe pafferesdiahtialsfis(s) prestuces byrphe one akthe pregraisscar bons,
but ene-1 and butene-2 are used to make al cohol s .hgvi ng 8.10 }%Hﬁgr bon
atoms, and dsshrebedsahayeaPEfEretl R APREIYON PIOGERTES (AN S PLTIRL BRIE S a

gasol i ne additive, nmethyl-t-b i ' i R0 '
hydr ogenat i JRAUEHF fhait§°E%W§rst”§gg{:aﬁﬁggéﬂ?g%%@gqﬁ gﬁ%ﬂ J%ﬁgr%EﬂJE% but ane
is useful f reddFithdne) Q¥iafiPp&senf mobaantieodbls gdagrshimc| ude
u. S. Patentﬁﬁil%aﬂ’ @?g%%%%éd(tcén\?erti nlgﬂglbfofjr %Ja;ﬁggn pr pﬁgﬁ into
but ene- 1), 95 GeidhapeneniNand mbsrdfeBibly (0 sasb thearsbornP weisbheezert i gomenzed
to an al kyl ate gasoline), U S. Patent_ No. 6,049, 017 i merization of
n- but yl ene)based gn %t%ﬂtww%t.ofabez@?g%@ O%ﬂn%‘?‘g@g}’%%%(@g}tﬁgﬁweat i on or
hydr of or mul at .on, of hi gher, .ol.ef i i LAX| & pgen
maki ng car b‘glﬁlﬁ—)f’&%w&ﬁﬂ%e)d, IQEFJSJ?IEE%%\ASEP] ecl\ilg&agﬁgfg&%égﬁgr(%ﬁt%t ag%
adi abati c pﬁ%@,ﬁfévef&aﬁ Padt@Mhad\00 k& p&dhy3ivbre pletirhlslylpyeltergban 20 kg

n

recovery), ‘and yns, J.” et at., Process for Upgrading C3, C4 and C5
A efinic Speramypandetost gefovatlly gheater tigm, SONgg, pes day o s go 13rrﬁ§pl?oguﬁﬁntor
Dot o1 ene. arBaNESY eijenc AR bh PRy PREVIPR S CRRy e e PRSP gy
reference. the invention at a rate greater than 4,500 kg per day, preferably greater than
100,000 kg per day, more preferably greater than 500,000 kg per day, even more
preferably greater than 1,000,000 kg per day, yet even more preferably greater
than 1,500,000 kg per day, still even more preferaialy greater than 2,000,000 kg
per day, and most preferably greater than 2,500,000 kg per day.
{0120] Other conversion processes, in particular, a conversion process of an
oxygenate to one or more olefin(s) in the presence of a molecular sieve catalyst
composition, especially where the molecular sieve is synthesized from a silicon-,
phosphorous-, and alumina- source, include those described in for example: U.S.
Patent No. 6,121,503 ( making plastic with an olefin product having a paraffin to
olefin weight ratio less than or equal to 0.05), U.S. Patent No. 6,187,983
(electromagnetic energy to reaction system), PCT WO 99/18055 publishes April
15, 1999 (heavy hydrocarbon in effluent gas fed to another reactor) PCT WO
01/60770 published August 23, 2001 and U.S. Patent Application Serial No.
09/627.634 filed July 28, 2000 (high pressure), U.S. Patent Application Serial No.
09/507,838 filed February 22, 2000 (staged feedstock injection), and U.S. Patent



[0119] The preferred light olefin(s) produced by any one of th nRAfESes
descri bed above, preferably conversion processes, are hi gli;, B OEQ

ol efi n(é‘jooﬂ?WdUcts that contains a single carbon nunber oFe I'm~in an
anount greater than 80 percent, preferably greater than 90 wei ght
percent, nore preferably greater than 95 wei ght percent, and nost
preferably no | ess than about 99 wei ght4ygpercent, based on the total

wei ght of the olefin. In one enbodiment, high purity prime olefin(s) are
produced in the process of the invention at rate of greater than 5 kg

per day, preferably greater than 10 kg per day, nore preferably greater

than 20 kg Apalcaflay SeastdNsTast 783 £foefilab Fyb@asale; 200 héehekg-fpdy, day. In
anot her enbodi nent, .. hi gh-[)ur_i ty ethylene and/or high purity propylene is
produced bywhikk apr dtkeeindhlly itverparated by sefesancer rate greater than 4,500 kg

per day, preferably greater than 100,000 kg per. day, re preferably
greater thdf#13Ho, 000‘%‘1@1 fﬁ@r@daasqt gy westyed pgoﬁF%*f‘é%é%F‘ﬁgg? Bﬁ’géfmghan |
1, 000, 000 : fer , 500, 000 kg
per day, _stioT SR S URARh e S ek Aol S Bpealishaat Lo oy,
and nost prgt &R, Yoddé ﬁ@?&ﬁbl?bﬁ&h%e@l@/&@ﬂla&a Paé fiekd ¥teplif HOdroC¥sH ¢y
conversion processes, .In parficular, a conversion process of an

oxygenat e tpassing tlo gaveowes fotdstach( pieférably e cpmbimencr wath zawate! #raalmito 8i eve

catal yst conposition, especially where the nolecular sieve is
synt hesi zedyNEETPRUIYFIGNZSRE 1o PIONBSHR BYBSIS 22348y DRAOAUFAM. SHHREL, i ncl ude

t hose described . in for exanple:, U S , P ‘ : ing -
plastic w tmogﬁ‘:tkﬂnﬁ i"%"“ﬁ?‘%?gﬁ‘c?“%%x‘??ﬁbS}é@Bg{r%‘}P%?ar?” E%%%?"é’f’g??%&%g?ght ratio
less than ogogdsaht 160°€ 18aboutd280°ah& Hndde prelsukSy ar8 33 tHealafigd sfoimgnet i ¢
energy to reaction system, PCT WD 99/1 8°OSE publ i shes Apri 15, 1999
(heavy hydraboar BodPa to gfolt UhMPgasSyhdwsis @as stotaner are prstueed fregmapmal
01/ 60770 published August, 23, 2001 and U. S. .Patent Application Serial No.
09/ 627, 634 835 Beiraleys) Imgidspangrarngheqys gxderial ?“%.%FO afeé?ﬁfle&ﬂ}bﬂsi‘%ati on

o110, o Ay 2P SO T 1 0o

Appl i cat i onprSanied viblteaR BRI danlreldodse Genaraily 16het2@d@indons estalyet,

co-fed), which are all herein fully incorporated by reference.
typically a copper based catalyst, is contacted with a synthesis gas stream,
typically carbon dioxide and carbon monoxide and hydrogen to produce an |
alcohol, preferably methanol, often in combination' with water. In one
embodiment, the synthesis gas stream at a synthesis temperature in the range of
from about 150°C to about 450°C and at a synthesis pressure in the range of from
about 5 MPa to about 10 MPa is passed through a carbon oxide conversion zone
to produce an oxygenate containing stream.
[0122] This oxygenate containing stream, or crude methanol, typically
contains the alcohol product and various other components such as ethers,
particularly dimethyl ether, ketones, aldehydes, dissoived gases such as hydrogen
methane, carbon oxide and nitrogen, and fusel oil. The oxygenate containing
stream, crude methanol, in the preferred embodiment is passed through a well
known purification processes, distillation, separation and fractionation, resulting
in a purified oxygenate containing stream, for example, commercial Grade A and
AA methanol. The oxygenate containing stream or purified oxygenate containing

stream, optionally with one or more diluents, is contacted with one or more



101211 ~ In an enbodi nent, an integrated process is directed toéggg w@%@g
light olefin(s) froma hydrocarbon feedstock, preferably a der rpon
gas fecWOt08OR41%ore preferably nethane and/ or ethane. Thd§Y1¢8p in
the process is passing the gaseous feedstock, preferably in conbination
with a watenstream to a syngas production zone to produce a synthesis
gas . (syngas) stream Syngas productions s well known, and typical syngas
tenperatures are in the range of fromabout 700C to about 1200C and
syngas pressures are in the range of from about 2 WA to about 100 MPa.
Synthesis gas streans are produced fromnatural gas, petroleumliquids,

and car bonaggoy 1af7?i%§é 'ba%lgs ag;cgﬁioﬁ%kanbree%@dreeﬁ Rl Blei F the pRaBésgéPal
ro mat

wast e or any- ot he gani rial, preferably synthesis gas streamis

produced videsstipambefebmrodncefa vasiewyr & prg@sprotens rpltiqulardy hgliter ogeneous
catalyst, typically a copper based catalyst, is contacted wth a

synt hesi s gaefis(s), etmiene andiar gironyleser Boon-tmsu o ammescfrthisinesitsd de and
hyd t d | | f bly. meth . of t i k
Conbt ot orPrab e Sgesenbed iy -0 o duSinet iReetE Bl w b TRBu Y  cam at &
t hesi t tyre._l : C d
27" eyt he TRl 36 Spler B ANY S Bl AL Atioda f BORM el s

is passed tdiboasgls deseabaPiboR¥] slefifEnpetsiednre dingcted 0, pi otierbaiimeny genat e
contai ning stream 101221 Thi s oxygenate containing stream or_ crude

net hanol , tomei wrahdrg pobwmesdation phecesdes Sorairogcanticarionn ol elings (decnisr
conponents such as_ ethers, articuyl ar i h ther, -k es, .

al dehydes, @aEEde Wl Pg’é%”éé"@ﬁ&ﬂ‘%gqfww}ggé{g?%éﬁgffé‘%é%F’bi?ggxwaléhand :
ni trogen, and fus oi_l containing stream crude

met hanol , ilﬁ%teﬁeénﬁdrlg‘lélf?rggﬂg?@%%%}%{“%)s passed through a well known
purificati op1pspcCesspslynfdrisitidn mot&ses iaelpae¢ sdluton, @asiphasactluopahasen,
resulting 1n a purified oxygenate containing stream for exanple,
commer ci al dBdaaleigh passdureAROFASEdI ARl CONTpiaa gisat ePabRlarinipRgesed Sam or

G 1 uent s, 14 S60RaE pba DI Tdeo Oy Rt 8P oot SAR0T o st
PCT/ US02119985,7R 'ise&ﬂgﬁﬁe St BBy At alYsde AT Hatib Praleses LbiRge above in
any one of the processes
polymerization catalyst that can include any ong or a combination of the
molecular sieve catalysts discussed above, however, the preferred polymerization
catalysts are those Ziegler-Natta, Phillips-type, métallocene, metallocene-type and
advanced polymerization catalysts, and mixtures thereof. The polymers produced
by the polymerization processes described above include linear low density
polyethylene, elastomers, plastomers, high density polyethylene, low density
polyethylene, polypropylene and polypropylene copolymers. The propylene
based polymers produced by the polymerization processes include atactic
polypropylene, isotactic polypropylene, syndiotactic polypropylene, and
propylene random, block or impact copolymers.
[0124] In preferred embodiment, the integrated process comprises a
polymerizing process of one or more olefin(s) in the presence of a polymerization
catalyst system in a polymerization reactor 10 produce one or more polymer
products, wherein the one or more olefin(s) having been made by converting an

alcohol, particularly methanol, using a molecular sieve catalyst composition. The

preferred polymerization process is a gas phase polymerization process and at



descri bed above to produce a variety of prine products, particularly

light olefin(s), ethylene and/or propylene. Non-limting exanmfl @A -

t hi s i ntwW¢roatveak13 process i s described in EP-B-O 933 345, wWiTHSI2E9%Er ei n

fully incorporated by reference. In another nore fully integrated

process, optionally with the integrated processes described above,

ol efin(s) produced are directed to, in gne enbodi nent, one or nore

pol yneri zati on processes for producing various polyolefins. (See for

exanple U S. Patent Application Serial No. 091615, 376 filed July 13,

2000, which is herein fully incorporated by reference.) [01231

Pol yneri zat;i 6aSS i ol [ ; ase and a
1224 JRE AF B &ﬁﬁ%grag)l dyg@]nﬁﬁg{lén%%rt}%@ég#@g@; Pﬁajf&%gl?ﬁrl tBQ

hi gh pressure processes Ion Icu y preferred

is a gas piAsKeAatidnSdadlfst sEﬁ@rﬁQs ROL MRl 2dthI0iteRé cARGsOdysiEat eInoth@f | n('s)
at |l east one "of which is ethylene or propylene. These polynerization

processes urmbéodimeat, thxodupperted meiadiocemt atajstt sysian comprisecs sufpoany one, or
a conbination of the nolecular sieve catalgsts di scussed ﬁﬁove, however ;

t Eel }or ef er ragtajerspeerimatliensne-ipeopnoynd ppd ap gety oo plessralyithe,
Phi | Ii ps-type, netall et all Ctvne i zati
ot al yor s T it PREEPREIERE o B ENARERTD coRBtRRREE Inligbd WEa ! 2ot on

pol yneri zat,gg éﬁ%@%&aﬁ%}a%xﬁ%@incl ude linear |ow density
pol yet hyl ene, el astoners, plastoners, high density polyethylene, |ow

density pdioyeshyl enk adadtiorpogpiy@efnsanampay pitep plefmalecvpd pyodacs. The
propyl ene based pol yners froduced by the pol ynerization, processes

i ncl ude at asgeifermesolirgmtbpglednks) rch@f%étanh BB P{ thedp9teates dessrimsd 30a¥ei ¢

POl YProny! ency 208, WEOINLENS 180d0m pbl 00k 80 U RACE TE0ARLURE Rrrd 01241

In preferre‘%f1 | _ ( ocess conprises a  polynerizing
process of )}9‘3@63@!' THesCineh R hilt e Adt infig:dRbesSaAGRIed alcbhRN, Modiciatad, | on
catal yst systemin a polynerization reactor to produce one or nore
pol ymer  priloekac tipha whefims| vinyhaetatg ethylensrdichsllerfidedos)) vinghdhlerideeen nade by
converting an. alcohol, particularly nethanol, uysin nol ecul ar. si eve
catal yst coFtBYOERTEaR, ctirpisne gxide.cRmeRe sPRIARY] aﬂ%ﬂliloﬁwr?%ﬁﬁ%egﬁﬁicb%él%as
phase pol yneri.zatiap: ar C 140 2nd
PCT/ USD21 13@@?%@5& 8Lida! Qéfﬁéa&&%tl?}tleﬁ%r%ﬁgffmg%eﬁ?a?d chgfl%ﬁht . An

trimers and dimers of ethylene, propylene or butylenes.

EXAMPLES !

[0126] In order to provide a better understanding of the present invention -
including representative advantages thereof, the following examples are offered.
[0127) Constituents of a mixture used for formulating catalysts will
generally contain volatile components, including, but not limited to, water and, in
the case of molecular sieve, organic template. It is common practice to describe
the amount or proportion of these constituents as being on a "calcined basis”.
Calcination involves heating a material in the presence of air at an elevated
temperature sufficient to dry and remove any contained volatile, combustible or
pyralizable content (650°C for one or mose hours). On a "calcined basis" 1s
defined, for the purposes of the current invention, as the amount or fraction of
each component remaining after it has been mathematically reduced to account
for losses in weight expected to occur if the component had been calcined. Thus,

10 grams of a component containing 25% template would be described as "7.5 g



| east one of the olefins(s) is either ethylene or propylene, qp AN 2006
preferably the polynerization catalyst systemis a suppo?,kﬁlﬂJ /d kocene
ocC

cat al ystWOWaneh3 | n this enbodi ment, the supported netal ene caf al yst
system conpri ses a support, a n-ietallocene or netall ocene-type conpound
and an activator, preferably the activator is a' non-coordinating anion
or al unoxane, or conbination thereof, a9d nost preferably the activator
is alunmoxane. | [01251 In addition to polyol efuis, nunerous other olefin.
deri'ved products are forned fromthe olefin(s) recovered any one of the
processes descri bed above, particularly the conversion processes, nore
parti cul arly, & bgAEPHREQC eSEtesiMFQ S pPOCHsmolethlesBevens walkknovat, aad e not
limted to, aldehydes, alcohols, acetic acid, _linear alpha olefins, vinyl
acetate, etinytheBzaniptdsdietrw bizs aMEA/phatout Al Gmigdo SSREME-MEHEBIRE et hyl ene
oxi de, cunene, isopropyl alcohol, acrolein, ally] chloride, propylene :
oxi de, acryi1¢¥¢ aci d, ethyl ene-propyl ene rubbers, and acrylonitrile, and

tri ' f ethyl s abdtor! R ENRRES
101261 1 n oPAebl T o pP5THBERE! L RREERE oFliguor LD et il E

i nvention ﬁé}eéf#%@gffe 18560k atThéanaldvanimess AnabrsadiTGA ectnidensi ng
exanpl es are offered. [41271 Constituents of a mxture used for

for mul at i ngfotiatal Yt snourt kb SARMEA abdlgcudasieviematenials the samplepsriasied, !
including, but not limted to, ter and, |n_the., gasg of | ecul ar

si eve, or gamie asemplepas ofjaCaby j\ﬁﬁ%ﬁ‘ﬁfcﬁ’@hﬂ% at"?)”%i%%?ﬁnb% he anount or
proportion of these.constitue - bel , & ki st 8t 114

Cal ci nat i onﬁisﬁ\‘z‘g'le{)gs[“ﬁe%?ﬁ% ’a@aﬁfao?%rai Z%&%ﬁq?%ZGgfggg%@?gf air at an

el evated t ERAA P Pai Wat LeddeMMhetsam@leyis atnat Heared rom A5 Cont88F G eti30
vol atil e, conbustible or pyrolizable content (650C for ope or nore
hours). On %C/hda) ledlded1828Eifer 3 heurs deiintilathie Weight oh BUHATRIE Becagpes; he
current invention,

ator it hasoTREEn, FRemR CRIr P B e i e g RO PR Y
Cxpect o0 8 ool e GGBAIOTRNT ot e pakaunecer syd gt e of -
03/ 000413 48 i J AWb2RR6ntly, the sample is heated at 30°C/min from 180°C t0 650°C

and held at 650°C for 2 hours. This weight Joss as a percentage of the original

sample weight during this treatment 1s regarded as the weight loss of the

templating agent. The total weight loss as a perceéltage ib terms of the original

first sample weight during this entire TGA treatment is defined as Loss-On-

Ignition (LOI).

[0129] Micropore surface area (MSA) 1s a measurement of the amount of

micropores present in a porous material. MSA is the difference between the total

surface area-BET surface area determined from relative pressures that gives a

linear plot and the external surface area, calculated from the siope of the linear

region of the t-plot with a small correction to put it on the same basis as the BET

surface area. This approach has been used for determining the amount of zeolite

in cracking catalysts by Johnson [M.F.L. Johnson, J. Catal,, 52, 425-431 (1978)}.

The t-plot is a transformation of the adsorption isotherm in which relative

pressure is replaced by t, the statistical thickness of the adsorbed layer on

nonporous material at the corresponding relative pressure; see Lippens and de

ining vari characteristics of pores systems, such as pore shapes
Boer for determinng various p



PCT/ U502/ 19955 on a cal ci ned basis". Synthesis of a SAPO 34 nnlgﬁﬁg ,
sieve is well known, and in the Exanples bel ow has a MSA of aB N4 B
m/g to %88 MY 4ol ecul ar  sieve.. [0128] Deternination off GTHEBErEeEnt age
of liquid or liquid mediumand the percentage of tenplate uses a Thernma
Gavimetric Analysis (TGA) technique as follows: An ambunt a SAPO 34

mol ecul ar sieve material, the sanple, is® | oaded into a sanple pan of a
Cahn TG 121 M crobal ance, avail able from Cahn Instrument, Inc., Cerritos,
California. During the TGA technique, a flow of 114 cc/mn (STP) air was
used. The sanple is then heated from25C to 180C at 30 C/mn, held at
180C for 3 [BoOrisippend)ahd I H. lde Buetr,ghCael,, 41319 (3869)].eShedHneW. Siagst ant .
The weight |oss determned as the percentage to the starting SAPO 34

mol ecul ar Silene Indt 829 419673) hasemtrodigad thad thesextiapolpbercein hgear dfplatie | i qui d
or liquid g&diun&wgagfgﬁyent , the sanple is heated at 30C/ mn from :
180C to 650T° C&hy! VRHUBE O IPPY hours. This weight loss as a

per cent age he ory@inal | i i i i te |

regar ded aéeiﬂg mEi&M%Apgggu% Hﬁﬁgw égQ%Fg¥?ﬁgﬂ£§gﬁf§%%ﬁgl?%?érhéeight

| oss’ as a peicentAde Inbiré@EREC@botafien ONb&rda] GAfib hsdd. s%&h@umebng during
this entire TGA treatnent is defined as Loss-On- Ignition (Ld). 0129 -
M cropor e sobfte; ef treeam(phiags loaded meathersempid cediffor Hegassmgat 3HFC for a

m cropores present in a porous materjal. A is therditf?rence bet ween

the total BKHPREOLy boprpEpuang theanalysis, thedewacuatnpglipeds] b gutg, go

pressures t.aLV R : the, ext a area,
Cal cul at od TRORELE Pl s uaRRAplD A glY 1O BF R REITTARER BF, 20T o
smal | corr edbéplioh AaRUoints afytollBeted 3Tth fRSIpioasarkBt® oBET surface area.
Thi s approach has. been used for determ ning the anount of zeolite in

cracki ng catal ysts by Johnson [MF.L. Johnson, J. Catal., 52, 425-431
(1978)]. The t - piot—i-s—a—trapstormation—of—theadserpti-on—+sqthermin
which relative pPaRRARE | ¢ [AFORIAR py [Datine of AFUPHQY| ¢ hilckness of

the adsorbed |ayker on _nonpdrikaigetidiPek i a| Peint ¢ he| E&ieeE@ibhding rel ati ve
_pressure; see Lippens and dg 0.8540 f or dek er mi ni 9208004 ous
characteristics pp pores sydtemssoosuch ase pore shapesodND 0310004 13 50

3 0.01000 10 0.40000
4 0.05000 11 0.60000
5 0.10000 12 0.75000
6 0.15000 13 0.95000
7 0.20000

The correction factor used in the t-plot is 0.975. No de-sorption points are
collected. Other analysis parameters include, Analysis Mode: Equilibrate;
Equilibration Time: 5 second; Scan Rate: 10 seconds. A t-plot from 0.00000 to
0.90000 is constructed using the ASTM certified form of the Harkins and Jura
equation (H-J Model): t(p) = (13.99/(0.034-log(p/p,)))"’. It is shown by Cape and
Kibby [J.A. Cape and C.L. Kibby, J. Colloids and Interface Science, 138, 516-
520 (1990)] that the conventional BET surface area of a microporous material can
be decomposed quantitatively into the external area and the micropore volume, as
expressed by equation given below: S, = S-S« = V,//d; , where v, 1s the

micropore volume, S__ _ is the micropore area calculated from S, and S, S, 18

mcire

given by the conventional BET method, and S, is the external area taken from

the t-plot. d, 1s a nonphysical length the value of which depends on the pressure



2 0 JAN 2006 PCT/US02/ 19955 [B.C. Lippens, and J.H de Boer, 20 i 05,
4,319 (1965)]. Sing [KSSW Sing, Chem Ind., 329 (1967)] has introduced
that theveysnoenel ation of a linear t-plot to t=0 can yi el BCTRSIYBI%6e of
m cropores. [01301 MSA is determined using a M CROVERI TI CS Gemi ni 2375
fromMcroneritics Instrument Corporation, Norcross, GAis used. An
anount, 0.15g to 0.6g, of the sanple ﬁ@s | oaded into the sanple cell for
degassing at 300C for a mninumof 2 urs. During the analysis, the
Evacuation Tine is 1.0 mnute, no free space is used, and sanple Density
of 1.0 g/cc is used. Thirteen (13) adsorption data points are collected

w th adsorpti of . ta_Pai nt A D rption Target
(pi p. ) Poi nt“f&ﬁd)le 'le(egﬁpsslmfﬂtsoéﬁﬁéé%"’%g%z% B’?B‘gdgga‘%ﬁgﬁgg

30. 01000100,,4000Q 8,%5@?&}%%@99&9 ,§g161}@g@qgego 75000 60.15000130. 95000
70. 20000 The correc ctor used in the t-plot is 0.975. No
de-sorptioropsipt s aFer puepddeeof ik pairhapplacasiby and appended tiaiss fsotidside,
Anal ysis Mode: Equilibrate; Equilibration Tinme: 5 second;, Scan Rate: 10
seconds. A qongenst isfmeasnEdd0000s @g@sgm@wuasslemﬁkwveéhqﬁwﬁg the ASTM

certified formof the Harkins andJ ra equati J I\/bdelt%

(13.991( 0. cs:amnleg{refﬁmbj&)ats‘ﬁoi’@ 1 25&ko FRTMSIE ﬂethBW ﬁhep?o léélpe and
C.L.],,CGb iSC 990)]

t hat the c éﬂf‘.‘so?%a %E‘% §%FP§%5££§3§S%‘FI§£ 1‘21@%?8 ?)1% %ggﬂﬁ fetrﬁ'lgg'l an
deconposed s% Lhhadplvelpy gt o the external area and the mcropore

vol une, as pressed by equation given below. S,;,= Stt-S,,,=vmd, ,

where vm i SEXiMPERT opore vol urre S,,,cyo is the mcropore area

cal culated from Stot_and §, I
[0132] The SAPO-34 molecular m%.ve used in the following example that

has not been fully dried and has not been calcined was recovered from a
hydrothermal synthesis well known in the art.‘ A slurry containing 45 wt% solid
(on a calcined basis), 40% being SAPO-34 molecular sieve that has not been
completely dried or calcined, 10.6% Al,O; (alumina sol, the binder), and 49.4%
clay (the matrix material), was prepared according to procedure: (A) add
1988.93¢ of a SAPO-34 molecular sieve wet filtercake (on a calcined basis of
1621.29 g) (liquid medium content 34.68 weight percent based on the total weight
of the molecular sieve and the liquid medium) to 1703.84g of deionized water,
and mixed at 1500 RPM using a Yamato 4000D mixer (Yamato Scientific
America Inc., Orangeburg, New York) for 15 minutes, and then followed by a
high-shear treatment using the Silverson high shear mixer L4RT-A at 6000 RPM
for 10 minutes. This slurry had a pH value of 6.3 measured at 26°C. (B) ACH-
Solution: add 869.03g (on a calcined basis of 429.64 g) of Reheis MicroDry
aluminum chlorohydrate (Reheis Inc., Berkeley Heights, New Jersey) to 859.12¢
of deionized water and mixed at 1500 RPM using a Yamato 4000D mixer
(Yamato Scientific America Inc., Orangeburg, New York) for 15 minutes
followed by a high-shear treatment using the Silverson high shear mixer at 6000
RPM for 10 minutes. This solution had a pH of 3.3 measured at 31°C. (C) the
above SAPO-34 molecular sieve slurry (A) and aluminum chiorohydrate solution

(B) were combined and mixed at 1500 RPM using a Yamato 4000D nmixer



given by the conventional BET nethod, and S,x, is the external 957 ea jpaken
from the t-PIot. d; is a nonphysical length the val ue of]wg}ﬁgnggggnds
on the pF8I3IPYIS o’ JAN 2006 WO 03/ 000413 PCT/ 1 JS02119955 51 > 188d i n

t he experinents. The proportionality factor, d,, is determ ned
quantitatively by the pressures used in the BET fits. [01311 For purposes
of this patent application and appendedscl ains "solids content” is
nmeasured by weighing a sanple of a slurry, calcining the slurry sanple,
preferably at 550C to 750C, re-weighing the cal cined sanple; the solids
content is equal to the calcined sanple weight divided by the wei ght of
the slurry (ysamb Scigatific Pl @eatyic 1 0Ran XM Newl Yé) 3@ 1] SThenSAPah 84

nol ecul ar sieve used .in the follow ng exanple that has not been fully
dri ed and hhsnmoxedesng del Sivesniagh-shoovakett HO8HREM hyrdrbnimiesal

synthesis well known jn the art. A slurry contajni %solid (on a -
cal ci ned bakhi§ pluraonadsepi yakgmdh 434 meaiwed, pat 0 éi @ea%grégzﬁta% Wt been .
conpletely dri.ed . C i . 6%, i : i , and’
49. 4% cl a3 R %tlsr %ﬁr(r)g‘?@r%);qq) El{ﬁégggrgréé%% g@%@éé@h%%ﬁ? o(mﬁ ogéergur e:
(A) add 298§ %ﬂio@g@i@ﬁ?@vaérsepj 19Ghé Movel sRUEy WRitaihingiSAREKE (On a

cal ci ned basis of 621.29 g) (l1quid medium content 34.68 wei ght percent
based on t haoteotlaf sieee gid aluofinuehiwbludritznndercsoastandmidieg ki L4 1@ 498di um

to 1703. 849 of dei onized wat er m xedq.at 1 PM usj Yamat o
4000D ni xe?RJ(’%ﬁﬁ@ Sheadnssediat i 200 E@&? PYgeR .@atﬂﬁﬁﬁﬂl}gﬂuﬂﬁf, d\%g%%{or k) for
15 m nutes, -and. foll I S tilzep i e

Si | verson h?%}'ﬁ“ ftﬁ%‘gglerrﬁ%éé]?&fg éﬁg‘gg’h}élg%(-)\ %Sﬁorflgﬁﬁl%g&?n&-%lmés@irﬁi S

slurry had ggRldh¥a! ey stbp 35iﬁ$@§&8i@€hr§dn A6er af G)O0AM f5oll Otniiomes.add
869.03g (on a cal cined basis of 429.64 g) of Reheis McroDry alum num

chl or ohydr aff thRetlil eonters of tRerley eps Adivgteddo copinnTEYs sgiidst an gouAt g .of
dei oni zed er and m xed 1500 RP [ Yanmat o 4000D i Yamat o
Sei ent 11 c. M b O RS esGRBAS SR 108 B0V ROPr s RPPES TG omed

by a high-s Hwi%m BBS, avldl 1481i8 Ry iR SNR A a8 NP Fol RiweA000
RPM for 10 %%%F%ggﬁ%g’?)s%so l:ljtl gngﬁ’aﬁl a pH of yg(' 3 neasured at 31C. (O
t he with 1500 RPM treatment for 15 minutes using the Yamato mixer and subsequent

high-shear mixing using the Silverson mixer at 6000 RPM for 10 minutes. This
final slurry had a pH value of 3.8 measured at 36°(;. This led to 8000g of slurry
containing 45% solids (on calcined basis), of whiclh, 40% being SAPO-34
molecular sieve, 10.6% being alumina binder, and 49.4% being clay matrix
material. The weight ratio of the binder to the molecular sieve is about 0.265 and
a MSA of 489 m%g-molecular sieve.

EXAMPLE 2

[0133) Spray drying of the slurry of Example 1 was conducted using a
Yamato DL-41 spray dryer (Yamato Scientific America, Orangeburg, New Y ork).
An amount of 750g of the slurry was spray dried. The spray dryer operated in a
down spray mode using an atomization nozzle of 1 mm. The spray drying
conditions were; feed rate: 40 g/min; inlet temperature; 350°C; atomization
pressure: 14 psig (96.5 kPag), carrier gas (nitrogen) flow at 60% of full setting,
The spray dry product, the formulated molecular sieve catalyst composition was
collected in a cyclone. The catalyst composition was then calcined in a muffie

furnace at 650°C in air for 2 hours. The calcined catalyst composition was used



above SAPO 34 nol ecul ar sieve slurry (A and al um num chl or ohydgﬁz@g ;
solution (B) were conbined and m xed at 1500 RPM usi ng a Yamat OYIBD ‘
m xer, \OMIBI3Q®OH3E3 52 2 0 JAN 2006 PCT/ US02/ 1995 (Yamat o FECH/EPR21PPE
Anerica Inc., Oangeburg, New York) for 15 mnutes, and then m xed using
the Silverson high-shear m xer at 6000 RPM for 10 m nutes. This slurry
had a pH val ue of 4.2 neasured at 30C. (D) add 2302.3 g (on a calcined
basi s of 2002.30 g) of Engel hard's ASP U trafine kaolin clay (Engel hard
Corporation' Iselin, New Jersey) to the above slurry containing SAPO 34
nmol ecul ar sieve and al um num chl orohvdrate under constant m xing at 250
to 400 RPM 1. j : in . Lxer (Yamato
Scientific g%ﬁrlglgﬁﬁ%%&n?éea d%%Ségggégf%%ogﬁﬁt@%@%%néngé)ﬁ@grs{b %gl | owed by
a hi gh- sheafiedtathRet &n@fbsHiinNGad di@erPlihaRissiNa fBtxep aatitiGORRKt RPM f or 10
mnutes. (E) the solid content of the slurry was adjusted to contain 45%
sol i ds, an howminfinengen288i08ag agesudieif anirizied thvstabtainebsts ddfieet asothe WRIabove

slurry contaj ni ng SAPQO 34 | ecyl ar sieve, ACH (the binder), and kaolin
clay (the mabf niEheatie AR $hedughep s iirifopHatess F%%q%éﬁﬁh@r or 15

m nut €s usi i3 t highr NP using
the Silver s@“ﬁﬁﬁ%ﬁé{?&@&%&%ﬁ?‘?@? §%gﬁl§1&#u ésrr.ﬂéfﬁ{s‘lgan%ia%%\fg 8s%llwnugsrty had a
pH val ue of c@mBodiBas of Bfadble IGprayldtied ih@dcdrBarzeAfieh Mis IStamiply 2 la@nakhai ni ng
45% sol i ds (on cal ci ned basis), of which, 40% bei ng SAPO 34 nol ecul ar

si eve, 10. 68Rdeil B Sawveaghhgerbémhder howand 49. 4% being clay matrix nmaterial.
The weight ratio of the binder to the nol ecul ar sieve is about 0.265 and-
a MSA of 489 nR/g-nol ecul ar sieve. EXAMPLE 2 101331 Spray drying of the-
slurry of Egamplprlpyas conducted using a Yamato DL-41 spray dryer
(Yamat o Sci rica, Orangeburg, New York). An anount of 750g of
the slurry pas4ppray Adlingd corib@ifd Ryt2drsyid (@pedldhetibdsiv) 0% deingspr ay
node using an atom zation nozzle of 1 nmm The spray drying conditions
were: feed Sé-ﬂ’él—?’ﬂmquwm;smvn|hevmgeﬂnpb¢e@tfuﬂédns¢e@l that basi noAbeeh

pressur e 14,349 £ 955 R6FRR 985! L s 0% Y HHCHGR bl @0% of ful!

prepared according to the procedure: (A) add 332.1g of a SAPO-34 molecular
sieve, the wet filtercake, (on a calcined basis of 180.01 g) (liquid medium content
34.72 weight percent based on the total weight of the molecular sieve and the
liquid medium) to 201.82g of deionized water that was mixed at 700 RPM using a
Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)
for 10 minutes, then followed by a high-shear treatment using the Silverson high
shear mixer at 6000 RPM for 3 minutes, Thus slurry had a pH value of 6.9
measured at 30°C. (B) ACH-Solution: add 48.28g (on a calcined basis of 23.85 g)
of Reheis MicroDry aluminum chlorohydrate (Reheis Inc., Berkeley Heights,
New Jersey) to 100.91g of deionized water and mixed at 700 RPM using a
Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)
for 7 minutes, and then foliowed by a high-shear treatment using the Sitverson
high shear mixer at 6000 RPM for 3 minutes. Thits solution had a pH of 4.0
measured at 25°C. (C) the above SAPO-34 slurry (A) and aluminum
chlorohydrate solution (B) were combined, and mixed at 700 RPM using a

Y amato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)

for 10 minutes, and then mixed using the Stlverson high-shear mixer at 6000



The spray dry product, the fornulated nol ecul ar sieve catalystgg JAN 2006

conposition was collected in a cyclone. The catal yst conposition was
then cal¥PW8@WH3a nuffle furnace at 650C in air for 2 hREFEUSHHASS

cal cined catal yst composition was used WD 03/000413 53 2 0 JAN 2006

PCT/ US02119955 for attrition testing and particle size analysis.
Attrition resistance of the spray drieg catalyst conposition was'
determned using a jet-cup attrition unit. The hourly fines generation
as a result of attrition thus obtained is defined as the AR . The higher
the ARl the higher the attrition rate or the weaker or softer the

formul at ed WW&P@%@&&th‘P@M@W%d q 'Pp@a‘-’]hé 5042 m-gﬁﬁjre@la?%"ta&)?hcfd’el ]

catal yst conposition of Exanple | spray dried in accordanc ‘
Exanpl e 2 Hzs 2hg (AR caitin@d Basivel gt 1 pe) ok Bhggaards AP UkiXafifd lohin[ 0134] A
slurry contai ni ng 45 wt % solid (on cal ci ned basi S), . 40% bei ng SA- PO 34
nol ecul ar silexgh ﬁmtrrlvgmmna@e@ﬁgﬁkhm erppeationnkdelith Nevhlersato tee

cal cined, 5,3% 4. 7% c rial),
tas | pr eparbi &SR Tt e A R e o dad 1 50 gty rgiepo 34
mol ecul ar ht B1GAK 8 24098 4 [ [ Rﬁ@. 01 9g)
(liquid me Huﬁflgg%? gﬁ%lé/i‘%??ﬂH%z weli g?'ufgb P@geggqﬁé\gélg%?ﬁﬁ?ﬁeﬁggé al wei ght of
the nol ecuhaingi ¥umatnd0A0IR mikérqWiathanesiiomifid Anfita Bizg Ofangebuog)ied wat er
that was m xed at 700 RPM usi Yamat o 4000D m xer (Yamato Scientific
Anerica |ncY0rkO)ffsr O%waa)hmm@hwmmg sterHesing el owed by a

hi gh- shear eat nment  us Ver.so at, 6000 RPM
for 3 m nutdL/erspg by aﬁ@om% Rt 6 the SheRonhl SBsndte. (b
ACH- Sol ut i Qs At AB1P iR R 5% SAdS] Befndias 5183%4%& Soiked %te?%gl s

M croDry al um num chi orohydrate (Reheis Inc Berkel ey Hei ghts,

Jersey) t o alided Slthg abbvelsiumyicosdining SAPERAM m@k«xﬂlaame?@OARH\éodmom a ,
Yamat o 4000D m xer E Yamato Scientific America Inc., . O angeburg, New York)

for 7 m nuta®§ kaghy claydallowed subd’ WREMregHmeHdar lftmétatt??ew&m&;@wng t he
v SHARe S, o 5l B0 R e Sy T 01 P
al um num 6000 RPM for 3 minutes. This final shurry had a pH value of 4.2 measured at
27°C. This led to 1000g of slurry containing 45% solids (on calcined basis), of
which, 40% being SAPO-34 molecular sieve, 5.3% being alumina binder, and
54 7% being clay matrix matertal. The slurry of thﬁs Example 3 was then spray
dried using the same procedure described in Example 2, in which the slurry of
Example 1 was replaced with the slurry of Example 3. The molecular sieve
catalyst composition of Example 3 spray dried in accordance with Example 2 had
an ARI of 5.77 weight percent per hour. The weight ratio of the binder to the
molecular sieve is about 0.13 and a MSA of 511 m*/g-molecular sieve.
EXAMPLE 4
[0135]) A slurry containing 45 wt% solid (on calcined basis), 40% being
SAPO-34 molecular sieve having not been fully dried and that has not been
calcined, 15.9% Al,O, (the binder), and 44.1% clay (the matrix material), was
prepared according to the procedure: (A) add 332.1g of a SAPO-34 molecular
sieve, the wet filtercake, (on a calcined basis of 180.00 g) (liquid medium content
34 72 weight percent based on the total weight of the molecular sieve and the

hiquid medium), to 176.82g deionized water and mixed at 700 RPM using a



chl orohydrate solution (B) were conbined, and mixed at 700 RPM us? Fle;N 3”05
Yannat o &8%?@06@13‘” (Yamato Scientific America Inc., C)rang,%q%ﬁm;\@g/
g -

York) for m nutes, and then m xed using the Silverson hi shear

m xer at 6000 WO 03/000413 54 2 0 JAN 2006 PCT/ US02119955 RPM for 3

m nutes. This slurry had a pH value of 4.2 neasured at 30C. (D) add
283.28 g (on a calcined basis of 246, 165g) of Engelhard's ASP U trafine
kaolin clay (the matrix material) (Engel hard Corporation, Iselin, New
Jersey) to the above, slurry containing SAPO 34 nol ecul ar’ si eve and

al umi num chl orohydrate (the binder) under constant nixing at 250 to 400
RPM t hen mi%aatatd020D mRRr (nrego Scivanfit AmMO0RDNe ReangébargaNew SEorght i fi c
Anerica In ebur

., . Oran .. New Yo for 1,0 mnutes, .anqd fol | owed by a
hi gh- shear T H@nﬁﬁ%angéb%folﬁlweégﬁmlgéw&mr PR USSR BERDVERSR 3

m nutes. (g}, ] t:he: re -m:};; | ¥siedite tain 45%
sol i ds, an%%%%?Fg;fkgf?g%@%wé}rgﬁgzg&m%sr wa Hgdagged l%e(ffﬁé;.gapove
slurry contnaaRufRd AP, 3B) AUIFESHhEONS h8Y 844 ATHI(&0d edltiaed basier kKpet i n cl ay
followed with 700 RPM treatnment for 15 m nutes using the Yamato m xer,

and subsequf Rishefh Miosddry ralviimgnudilorghy drateSithe/mndan (RebeerInat 6000 RPM
for 3 mnutes. This, final slurr%/ had a pH, val.ue of 4.2 neasured at 27C
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54. 7% bei n rrx materra urry anple 3 was then

spray dri eStatigdbge tNEy YIRE) foF Paftbies 6364 fofdwed birsdigh-ehedr i n which
the slurry of Exanple | was repl aced with the slurry of Exanplée 3. The

mol ecul ar  dieetreent catng| the Silewsoly gh ishear ofixenatpfPe REM frsy manitesd This
sccor dance 4 XGTRL 2080, 80, 5, T2 I SN RSl B PO
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Silverson high-shear mixer at 6000 RPM for 3 minutes. Thus slurry had a pH -

value of 3.7 measured at 37°C. (D) add 228.37 g (on a calcined basis of 198.45 g)

of Engelhard's ASP Ultrafine kaolin clay (Engelhard Corporation, Iselin, New

Jersey) to the above slurry containing SAPO-34 molecular sieve and aluminum

chlorohydrate under constant mixing at 250 to 400 RPM was then mixed at 700

RPM using a Yamato 4000D mixer {Yamato Scientific America Inc,,

Orangeburg, New York) for 10 minutes, and then followed by a high-shear

mixing step using the Silverson mixer at 6000 RPM for 3 minutes. (E) the solid

content of the slurry was adjusted to contain 45% solids, an amount of 29.47g of

deionized water was added to the above slurry containing SAPO-34 molecular

sieve, ACH solution, and kaolin clay followed with 700 RPM treatment for 15

minutes using the Yamato mixer, and subsequent high-shear mixing using the

Silverson mixer at 6000 RPM for 3 minutes. This final slurry had a pH value of

3.8 measured at 33°C. This led to 1000g of siurry containing 45% solids (on

calcined basis), of which, 40% being SAP0O-34 molecular sieve, 15.9% being

alumina binder, and 44.1% being clay matrix material. The slurry of this



prepared according to the procedure: (A) add 332.1 a of a SAPO 34

nol ecul ar sieve, the wet filtercake, (on a calcined basis of i@a!%lo?fl&{i) o
(1'iquid Wedi3gadént ent 34. 72 wei ght percent based on t he POI/ARZEPHHt of
the nol ecul ar sieve and the liquid nmediun), to 176.82g dei oni zed wat er
and ni xed at 700 RPM using a 2 0 JAN 2006 WD 031000413 PCTI US02/ 19955 55
Yamat o 4000D m xer (Yamato Scientific Aﬁgeri ca Inc., Orangeburg, New York).
for 10 m nutes, and then followed by a high-shear treatnment using the
Silverson high shear mxer at 6000 RPMfor 3 minutes. This slurry had a
pH value of 6.8 neasured at 31C. (B) ACH Sol ution: add 144.84g (on a

(the bi nder ) TR & Fey hen Sbpd 4ep 181:3 I KERER AN WBUSRETLP LR F
dei oni zed v@tighvhiatheWiedofEx#ifle 1 RMepRicebwah Yad@ihay 4P 0RRmipleder

(Yarnato Scientific America Inc., O angeburg, New York) for m nut es,
and then fofhomwetechlaraidvightaktstermpositert offitamyde AgptayalrBid inecswdartegh
shear m xer aj 6000. RPM for mnutes.. This: solution, had . a pH.of 3.1
measur ed ot Wib Exappje ¢ihgd 3B A SR B ishhaeens par bow e igptgig A5 and
al um num c f [ ' ]2 0 RPM
using a Ya%gt(8 g?%gé%ih% @gfreeé%gﬂ%{%%\éﬁgﬁ%%@%d &ﬁ@r‘? gg%? Hﬂcéeg&?e %Hlégbur g,
New Yor k) fgevelO m nutes, then further m xed using the Silyerson

hi gh-shear nixer at 6000 RPM for 3 minutes. This slurry had a pH val ue
of 3.7 neasBRadMBLI3ZC. (D) add 228.37 g (on a calcined basis of 198.45

g) of Engelhard s ASP U trafine kaolin clay' (Engel hard ration, .

| selin, NeV\iOlgé} sey) At BUTHEOHBIHAS Wgﬁohgiﬂ%?%?lﬂéq@ﬁlﬁgéﬁ fecul ar

si eve and | rate § % to 400 RPM
was then m%‘ggb%géyu%%gihgglgﬁq@gﬁ%%ngﬂgggg%& ?n@(g{ra P?ﬁfgﬁrr(gg) %Q%ci entific
Ameri ca | ncgalcinéd, FNDB0AN,Q, (thevindenkind 32 9%Q143 (e BstrixandtetiBBwAD! | owed by

a high-shear mxing step using the Silverson m xer at 6000 RPM for 3
m nut es. ( Brepared sotdrdingdomeprocedureHA) old APY. 1 omef adpl§1-é4 madewdatt ai n 45%

lids, t of .47 f dej i.zed. dded to th b
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fol | oned W'5$7Z%ﬁ¥e§éeﬁ%ﬁ€ﬁ'5mftl%to@aﬁv.{eﬂéeﬂi!kﬁ“ﬁz% HSleBYat Sievealpde m xer,

and subsequent hi hear m xiI ng usl ng ‘
liquid medium)to 160.08g of deionized water, and then mixed at 700 RPM using

a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New
York) for 10 minutes, and then followed by a hjghl-shea.r treatment using the
Silverson high shear mixer at 6000 RPM for 3 minutes. This slurry had a pH
value of 6.6 measured at 30°C. (B) ACH-Solution: add 64.68g (on a calcined
basis 0of 31.95 g) of Reheis MicroDry aluminum chlorohydrate (the binder)
(Reheis Inc., Berkeley Heights, New Jersey) to 80.04g of deronized water, and
then mixed at 700 RPM using a Yamato 4000D mixer (Yamato Scientific
America Inc., Orangeburg, New York) for 7 minutes, and then followed by a
high-shear treatment using the Silverson high shear mixer at 6000 RPM for 3
minutes. This solution had a pH of 3.6 measured at 26°C. (C) the above SAPCO-34
molecular sieve slurry (A) and aluminum chlorohydrate solution (B) were
combined, and then mixed at 700 RPM using a Yamato 4000D mixer (Yamato
Scientific America Inc., Orangeburg, New York) for 10 minutes, and then mixed
using the Silverson high-shear mixer at 6000 RPM for 3 minutes. This shurry had

a pH value of 4.1 measured at 32°C. (D) add 170.37 g (on a calcined basis of



Silverson mxer at 6000 RPM for 3 mnutes. This final slurry r?ﬂj 1A pogs
value of 3.8 neasured at 33C. This led to 10008 of slurry containing 45%
sol i ds (w0 ox@beBdned basis), of which, 40% bei ng SAPO 34 mRSITEENAPI5Si eve,
15. 9% bei ng al umina binder, and 44.1%being clay matrix material. The
slurry of this WD 03/000413 56 2 0 JAN 2006 PCT/1J 502; | 9955 Exanple 4
was 't hen spray dried using the sane progedure described in Exanple 2, in.
which the slurry-of Exanple | was replaced with the slurry of Exanple 4.
The /ni pl ecul ar sieve catal yst conposition of Exanple 4 spray dried in
accordance with Exanple 2 had an ARl of 0.38 weight percent per hour.

The wei ght d 0.40 and
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the wet fil @@q*tl@alz@xe éh Oé)%-é\%iw&jab a8t HRO0YBIxsH }meﬁo ’r?edu um
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hi ghs hear t fleadolid wbntest ofjthe hblrrySvisw&iljwd tioi @ht@m@ﬁ% spligs rnamos0ne RPM f or
3 mnutes. This slurry bad a pH val 6 neasured at
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calcined basis), of which, 40% being SAPO-34 molecular sieve, 7.1% being
alumina binder, and 32.9% being clay matrix material. . The shurry of this
Example 5 was then spray dried using the same procedure described in Example
2 in which the slurry of Example 1 was replaced with the slurry of Example 5.
The molecular sieve catalyst composition of Example 5 spray dried in accordance
with Example 2 had an ARI of 12.54 weight percent per hour. The weight ratio
of the binder to the molecular sieve is about 0.12 and a MSA of 508 m7/g-
molecular sieve.
EXAMPLE 6

[0137] A slurry containing 45 wt% solid (on calcined basis), 20% being

SAPO-34 molecular sieve having not been fully dried and that has not been
calcined, 14.1% ALO, (the binder), and 65.9% clay (the matrix material), was
prepared according to the procedure: (A) add 166.05g of a SAPO-34 molecular
sieve, the wet filtercake, (on a calcined basis of 90.00 g) (liquid medium content
34.72 weight percent based on the total weight of the molecular sieve and the
liquid medium) to 218.55g of deionized water, mixed at 700 RPM using a

Yamato 4000D mixer (Yamato Scientific America Inc.,, Orangeburg, New Yorik)



nol ecul ar sieve slurry (A) and al um num chl orohydrate sol uti op @N g e
conbi nec{w %nﬁ%t hen m xed at 700 RPM using a Yamato 4000D m xe anat o
Sci enti £ 8 "AIEHILa Inc., Orangeburg, New York) for 10 m ntCLUSGAG T hen
m xed using the Silverson high-shear m xer at 6000 RPM for 3 m nutes.
This slurry had a pH value of 4.1 neasured at 32C. (D) add 170.37 g (on
a cal cined basis of WO 03/000413 57 2 GgJAN 20015 PCT/US02119955 148. 05
g) of Engelhard's ASP U trafine kaolin clay (Engel hard Corporation,

| selin, New Jersey) to the above slurry containing SAPO 34.- nol ecul ar
sieve and al um num chl orohydrate (the binder) under constant m xi ng at
250 to 400 fRPM mimies, tananfollosed bata hiBR s IRZMeina BsiXa R SilQQQ;Bh X er
(Yamato Scientific America Inc., Orangeburg, New York) for 10 nut es,
and then fsheowerkebyt GOOOREM-fohdaninmiexi Mbissteny sl agHtvakueSifl 6/8r son ni xer
at 6000 RPMfor 3 m n%ge@/&Eld the solid content of the slurry was

adj ust ed t dNeaSHEE ah 2250, ) AHE- SRt 1 B 442ensay] dnediedsini A3 wat er

dded : Wall SAPOY 3 | | i , ACH
solution. S EEsRR MY A R PG R e BT RENRS Ty *1E "t hut es
using the @émél@%?e%gs N T 89 €81 46910 8 b O SIS willeX | 438 tHed RPedlde

Silverson m xer 0 RPMfor 3 mnutes. This final’ slurry had a pH
val ue of 309 hitdasigra AamBRCIOODN mitee §Y imatoKdentidic Americy Imnt ai ni ng 45%
solids (on _cal cined_basi s?, of which, 40% bei ng SAPO 34 nol ecul ar si eve,

7. 1% bei ng OTangsAYRS Mewderk) fond myputes, andithep follgiveddora dghsheari al .. The
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Wi th the slsgnfyn®ad REFHBE € 5ImeastRQ AOREC UIBRhSARNS 59@@13342{101%95[2105' tion
of Exanple 5 spray dried in accordance wth Exanple 2 had an ARl of

12. 54 wei gisieveehrenfA)ped daumuntidowhiydiate schitiom (B)fwdrbeotabinddy addo t he
nol ecul ar si.ev; i,? aﬁﬁw 0. 12Yand a MSA of 508 m/g- nol ecul ar sieve.
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has not been
high-shear mixer at 6000 RPM for 3 minutes. This slurry had a pH value of 4.0

measured at 28°C. (D) add 341.25 g (on a calcined basis of 296.55 g) of
Engethard's ASP Ultrafine kaolin clay (Engelhard Corporation, Iselin, New
Jersey) to the above slurry containing SAPO-34 molecular sieve and aluminum
chlorohydrate under constant mixing at 250 to 400 RPM, and then mixed at 700
RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,
Orangeburg, New York) for 10 minutes and then followed by a high-shear mixing
step using the Silverson mixer at 6000 RPM for 3 minutes. (E) the solid content
of the slurry was adjusted to contain 45% solids, an amount of 36.43g of
deionized water was added to the above slurry containing SAPO-34 molecular
sieve, ACH Solution, and kaolin clay followed with 700 RPM treatment for 15
minutes using the Yamato mixer and subsequent high-shear mixing using the
Silverson mixer at 6000 RPM for 3 minutes. This final slurry had a pH value of
3.7 measured at 31°C. This led to 1000g of slurry containing 45% solids (on
calcined basis), of which, 40% being SAP0O-34 molecular sieve, 14.1% being
alumina binder, and 65.9% being clay matrix material. The slurry of this

Example 6 was then spray dried using the same procedure described in Example



cal cined, 14.1% Al 2G3 (the binder), and 65.9%clay (the matrix _mnaterjal),
was . prepared according to the procedure: (A add 166. 05g_of al8aBd.

mol ecul a¥0 03Med&3 the wet filtercake, (on a cal ci ned basi £C6fUS8HIHE" g)
(l'iquid nmediumcontent x4.72 weight percent based on the total weight of
t he nol ecul ar sieve and the |liquid nediun) to 218.55g of deionized
water, mxed at 700 RPM using a Yamat@qg4000D m xer (Yamato Scientific
Anerica Inc., Oangeburg, New York) WD 03/000413 58 2 0 JAN 2006
PCT/:.US02/ 19955 for 10 m nutes, and foll owed by a high-shear treatnent
using the Silverson high shear m xer at 6000 RPMfor 3 mnutes. This
slurry had A, I fRAs it Bk s SPokxdnhMes. add

128. 44a (onfép§§¥%tggé&%2§f?ng 63?5?%% )Ia%?glgéhei s%rouy !gl um num

chl or ohydr afig: ihblenlat sides YatflReheimpobition of ExBaiplket gyajeiighisacchisiander sey)
to 109.28g of deionized water, and then m xed at = 700 _RPM usi ng. a .Yamat o
4000D mi xerwitlvramplest hashar ARE oARBB iveaghtrercent pfréwg‘ébl]h@}vewiw (®) for 7

m nut es, an hen foll owed a hi.gh-sh t,r S| i | verson
i gh chear F RHICRIo BEGH BRI OIS AP0, oA S Aee) AP am ety of °°
3.5 néasuresqe@e:] 28C. (C) the above SAPO 34 nol ecular sieve slurry (A

and al um num chl orohydrate solution (B) were conbined, and m xed at 700
RPM usi ng agXamPoEAD00D m xer (Yamato Scientific Arerica Inc., . X

Orangeburg,” New York) for 10 minutes, and then m xed using the Silverson
hi gh- shear @bwesrsimn ¥WO@EssRPM for 3 minutes, This slurry had a pH val ue of

4.0 d_at 28C. (D). add. 341 25 | i is of 296 55 g)
of * Engel hal0dod asp ort Bt Aty iraer ki D EabPaflian ™ 22
New Jer seyq, lq%grsﬁ](l}g?ﬂlﬂ%ﬁn L s Tl R R S '8 B Qeddo i £ CRIERNi0R | eve and

al um num chloro ate under constant mXxing at 250 to 400 RPM and then
m xed at 70gndRRMsWsiployal Watsiead 4006101 x-aretiehpererSnicdmdltgudarAner i ca
Inc., Orangeburg, New York) for 10 m nutes: and khen fo owe% by a
hi gh- shear stexd. teupeaepe o 199G RESSITE &L 2 BREKE L2 kPap)- 6“0%%) ¥or 3

m nutes. (E) .the solid. content f . BS J ntain 45%
solids, an éiﬁttcogfp%%'.oﬂféﬁg? zogél}’%%?l%zﬁda\%\g/a &t mgﬁiég%g%{%mfﬁg above
slurry cont aipjdRq &RR3fls, M04ifGW B6m Carborundum Abrasives G.B. Limited,

Trafford Park, Manchester, UK) to form a mixture. This mixture was then ioaded

into a tubular reactor made of 316 stainless steel with an internal diameter of 4
mm. The catalyst composition bed is positioned in the middle section of the
reactor by two quartz wool plugs on top and bottom of the catalyst composition
bed. The catalyst composition was then treated in a helium flow at 50 cm’/min
(STP) from 40°C to 475 °C at ramp rate of 100°C/min and held at 475°C for 30
minutes before the methanol was introduced. Methanol (Fisher Scientific, Fair
Lawn, New Jersey, 99.9 % purity) is fed into a vaporizer kept at 225 °Cby a
Cole-Palmer 74900 Series syringe pump at a feed rate of 29.59 ml per minute.
Methanol flow was down flowed through the heated reactor tube. Gas phase
products and unreacted methanol were combined with 50 cm’/min (STP) helium
at the outlet and periodic samples were captured in an on-line sample storage (16-
loop, 150 ml/loop) valve. All the transfer lines and sampling valves were heat
traced to 225°C to prevent any condensation of unreacted methanol or products.
The collected samples were then analyzed using an on-line GC (Hewlett Packard

6890 GC, Palo Alto, California) equipped with an FID detector and a PLOT



15 mnutes usin the Yamat o mi xer and subsequent hi gh-she usi ng
the SiIWRIYOAMAT xer at 6000 RPM for 3 minutes. This fi naI

pH val ue of 3.7 nmeasured at 31C. This led to 1000g of slurry containi ng
45% sol ids (on calcined basis), of which; 40% bei ng SAPO 34 nol ecul ar
sieve, 14.1% being alum na binder, anc15065 9% being clay matrix materi al
The slurry of this Exanple 6 was t hen spray dried using the sane
procedure described in Exanple WO 03/000413 59 2 0 JAN 2006
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percent penhivimess, Fhelabks fgorn Vatanolnef Mitchell birndéalnutdCrenk, Galifeoudlar si eve
is about 0.71 and a NMBA of 482 n®R/g-nol ecul ar  siev
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tubul ar_react op made O 380, FERDL §e SEREl eI ipR L ahoyd amet er of

4 mm ThePl‘:‘?attl G indseinposi t | on ositione e section

of the reaghplonkyt daleultHeaFiokn mqimpdlm 0Bké We@ﬁ&yb@ist@ﬁmtedtmna
catal yst conposition bed. The catal yst conposition was then treated in a

hel i um f | ovyaitr o tedBicriod the 88@nd produas. The profpst xelmtwrtarmsunat e of 100
C/mn and held at 475 C for nut es Eore he met han

i ntroduced.f BRMWSICOPWY§W€rW%§Ith$1?Y?r RS OE Lhe Profush, el eRivity J8Y%g§ 99.9 %
purity) is fed, Lﬂjte?m?en\ﬁlﬁ’aq 1 &Shrek GRiNAAL] aARefSidAVfrm an initial conversion

of approximately 100% to a final conversion of approximately 10%.

sieve, ACH Solution, and kaolin clay followed wth 700 RPM trnftgnﬁmt 7ficor.

[0140} Catalytic performance of the catalyst composition of Example 2 for
conversion of methanol was evaluated using the process described above and
showed a cumulative methanol converted per gram of molecular sieve of 12.6 g-
methanol/g-molecular sieve and weight averaged ethylene and propylene
selectivity of 75.2%.

[0141] Catalytic performance of the catalyst composition of Example 4 for
conversion of methanol was evaluated using the process described above and
showed a cumulative methanol converted per gram of molecular sieve of 11.4 g-
methanol/g~-molecular sieve and weight averaged ethylene and propylene
selectivity of 74.3%.

[0142)  Catalytic performance of the catalyst of Example 6 for conversion of
methanol was evaluated using the process described and showed a cumulative
methanol converted per gram of molecular sieve of 12.4 g-methanol/g-molecular

sieve and weight averaged ethylene and propylene selectivity of 74.6%.



Col e- Pal mer 74900 Series syringe punp at a feed rate of 29.59 mh gpg 7006
mnute. _Methanol flow was down flowed through the heat edPrcqﬂf%g)'m;‘ube
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(STP) helium at the outlet and periodic sanples were captured in an
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Conversmn of methanol is defined as [(XcH:DH in fm - XCH30H in
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re orte are c ersion

wei ght ed a"rﬁéﬁgﬁ‘ﬁc&fteﬁtb@ ﬂ&éiuﬁttpeﬁ?@ﬁneﬁideﬂ ioh)th©weil vidight ofBlid meleeuaer i ment’
t hat nmeasures net hanol conversion froman initial conversion of

appr oxi mat edigvelB@%he diqaid inpdibmd en¥ k. 8¢ ohdeéniaghwater, wad aniyed av400 0140]
Catal ytic performanc of th t al Sltl n, of .EX le 2 for
conver si on %?Mﬂé‘t amgde 4§ éciryﬁ {%é’ ‘FR:P Hromsuga ﬁg“Js)’cri bed above
and showecb Eaﬂr%% Fﬁ?ﬁ@'mﬁlﬁ{@é rxlngecﬂerpﬁa'ilo‘iifcé'%%fm%ﬁ sl ar sieve

of 12.6 g- rre ﬁ'ano 19- rm ar sieve and wei ght avefaged et hyl ene and

propyl ene ts&dt@eh wlﬁgtt@fslmrsaﬁ(dmgmsmammr al 6U00RR o0 menutes.oThishe
catal yst conposition of Exanple 4 fo
slurry had a pH value of 7.1 measured at 30°C. (B) add 96.9g (on a calcined basis

of 47.7 g) of Reheis MicroDry aluminum chlorohydrate (Reheis Inc., Berkeley
Heights, New Jersey) the above SAPO-34 molecular sieve slurry (A), mixed at
700 RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,
Orangeburg, New York) for 10 minutes, and then mixed using the Silverson high-
shear mixer at 6000 RPM for 3 minutes. This slurry (C) had a pH value of 4.0
measured at 30°C. (D) add 155.6 g (on a calcined basis of 132.3 g) of Engelhard's
ASP Ultrafine kaolin clay (Engelhard Corporation, Iselin, New Jersey) to the
above slurry containing SAPO-34 molecular sieve and aluminum chlorohydrate
under constant mixing at 250 to 400 RPM, and then mixed at 700 RPM using a

Y amato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)
for 10 minutes followed by a high-shear mixing step using the Silverson mixer at
6000 RPM for 3 minutes. This final slurry had a pH value of 3.9 measured at
38°C. This led to 800.0g of slurry containing 45% solids (on calcined basis), of
which, 50% being SAPO-34 molecular sieve, 13.25% being alumina binder, and

36.75% being clay matrix material. The weight ratio of the binder to the



conversion of nethanol was eval uated using the process descr Lﬁ@eg ﬁ?@ﬁe
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being SAPQ- 34 nol ecul ar sieve having not been fully dried and that has
not been cAXANHLEP3 2505 A1203 (al unina sol, the binder), and 36.75%
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the total weight of the molecular sieve and the Iiquid nedium to 212.9g
of dei oni zéd ampen,of 36dg of kedhaty WaOsprRPiiedi Ty @riadnieoopQBRD imaxer
(Yamato Scientific America Inc., . O,rangebur?, New York) for 10 m nutes,
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shear m xer _at...6000 RPM f.or, 3 m putes his slurry.had a. pH value of 7.1
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m xer at 6600CHEMY HEYons NLhcsatalysh Fampesivien watshen salcapedin pamiidleos 4. 0

meast 0 G et RS e B PR s AL
New Jer sey Fort Atritltf testing and particle size analysis. Attrition resistance of the spray

dried catalyst composition was determined using a jet-cup attrition unit. The

hourly fines generation as a result of attrition thus obtained is defined as the ARI.

The higher the ARI the higher the attrition rate or the weaker or softer the

formulated molecular sieve catalyst composition. The molecuiar sieve catalyst

composition of Example 8§ spray dried in accordance with Example 9 had an ARI

of 0.24 weight percent per hour.

EXAMPLE 10

(60% sieve, binder/molecular sieve ratio of 0.265)

[0145] A slurry containing 45 wi% solid (on a calcined basis), 60% being
SAPO-34 molecular sieve having not been fully dried and that has not been
calcined, 15.9% AlLQO, (alumina sol, the binder), and 24.1% clay (the matrix
material), was prepared according to procedure: (A) add 854 g of a SAPO-34
molecular sieve, the wet filtercake, (on a calcined basis of 459 g) (liquid medium
content 35.28 weight percent based on the total weight of the molecular sieve and
the liquid medium) 1o 383g of deionized water, and mixed at 700 RPM using a
Yamato 40000 mixer (Yamato Scientific America Inc., Orangeburg, New York)

for 10 minutes, and then followed by a high-shear treatment using the Silverson



above sl urry cont ai ni ng SAPO- 34 nol ecul ar sieve and al um num 2 JAN 2006
chl orohydrate wunder constant m xing at 250 to 400 RPM and then m xed at
700 RPMWR P39 13 Yamat o 4000D mi xer (Yamato Scientific AmBCTASORHAPSS
Orangeburg, New York) for 10 minutes followed by a high-shear nixing
step using the Silverson mxer at 6000 RPM for 3 mnutes. This final
slurry had a pH value of 3.9 neasured &g 38C. This led to 800.0g of
slurry containing 45% solids (on calcined basis), of which, 50% being
SA- PO 34 nol ecul ar sieve, 13.25% being alum na binder, and 36.75% bei ng
clay matrix material. The weight ratio of the binder to the WO 03/000413
62 2 0 JANh?prﬁieaP ﬁﬂéf'%@%b@@ﬁ?@l P C6 A SI*h?sVs@uﬁf %Q?H Qalgg(gf éﬁd a MsA
of 498 nP/g-nol ecul ar sieve. EXAVPLE 9 [01441 Spray drying of the slurry
of Exanpl e nBasased@oREE (Bl adis 242 don Yanained Phsidtdf B 64/ XsfyReheisYamat o
Scientific Anerica, O angebur New Yor k) An anount of 800g of. the

slurry was W@Qﬂ’cﬁh@éﬂuﬂ alelo Yélyatélﬁ&@ﬁﬂdpéséieékﬂmlhl hitoWevsaresy) mode
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The spray dry product, the formulate ecu s ev
conposi ti ofomEsmimned, aad ﬂdsnlrﬁxx&dQlymg(ilile&lﬂ'd’mmdﬁglalsb(&i miREPATOVOON was
then calcined in a rruffle furnace at 650C in air for 2 hours. The

cal ci ned thPd‘iﬁf@rt?’ auApesi Thisslums((Wdad a ptbralye @ﬁi Bt sreasere ish30°4n D)
particle si Attrition th dcatalyst
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followed by a high-shear mixing step using the Silverson mixer at 6000 RPM for
3 minutes. This final slurry had a pH value of 3.5 measured at 33°C. This led to
1700.0g of slurry containing 45% solids (on calcined basis), of which, 60% being
SAPO-34 molecular sieve, 15.9% being alumina binder, and 24.1% being clay
matrix material. The weight ratio of the binder to the molecular sieve is about
0.265 and a MSA of 499 m*/g-molecular sieve.

EXAMPLE 11

[0146] Spray drying of the slurry of Example 10 was conducted using a
Yarmato DL-41 spray dryer (Yamato Scientific America, Orangeburg, New York).
An amount of 850g of the slurry was spray dried. The spray dryer operated in a
down spray mode using an atomization nozzle of 1 mm. The spray drying
conditions were: feed rate: 40 g/min; inlet temperature: 350°C; atomization
pressure: 14 psig (96.5 kPag); carrier gas (nitrogen) flow at 60% of full setting.
The spray dry product, the formulated molecular sieve catalyst composition was
collected in a cyclone. The catalyst composition was then calcined in a muffle
furnace at 650°C in air for 2 hours. The calcined catalyst composition was used

for attrition testing and particle size analysis. Attrition resistance of the spray
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matrix material), was prepared according to procedure: (A) add 854 g of
a SAPO 34 nol ecular sieve, the wet filtercake, (on a cal cined basis of
459 g) (liquid medium content 35.28 weiqght percent based on the total

wei ght of the nol ecular sieve and the liquid nedium to 383g of

dei oni zed water, and m xed at 700 RPM using a Yanmato 4000D m xer (Yanato
Scientific Arerica Inc., Oangeburg, New York) for 10 m nutes, and then
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Scientific America ang m nut s, and t hen

m xed usi ng. sBldvef Baiinple 90 -sphgalriedlix etcoddan@®OGth Exarkfii®/ifl ad 3nm nut es.
This slurry (C had a pH value of 3.54 neasured at 30C. (D) add 216.8 g

(on a cal ciABHobaEBsvaphtBaceRY pef) hast. Engel hard's ASP U trafi ne kaolin
clay (Engel Egrg gigﬂati on, Iselin, New Jersey) to the above slurry
cont ai ni ng | ecul ar sieve and al um num chl or ohydr at e under
const ant at 2 REM hen {1
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Silverson m xer at 6000 RPM for 3 minutes. This final slurry had a pH
val ue of 3, IBO}fFéal@u&l@Me fitezake (peniidly dripdinaolequiansiexs, ene Hathasnatdremi ni ng

450 ol o a0 Sl cL0ng g5 Sy Sl B GUSOPELER, SLPS, B Bl oo o
L2 e ot et e e o
dryi ng of tdegorsked wytenfindExaxgd & 1000 \BE3V asind acY @dato FoAGDanixer (Yamato

Scientific America Inc., Orangeburg, New York) for 2 minutes. This SAPO-34

slurry gave a pH value of 6.4 measured at 22°C. (B) An aluminum chlorchydrate

solution was prepared by adding 96.56g of Reheis MicroDry aluminum

chlorohydrate (Reheis Inc., Berkeley Heights, New Jersey) to 94.66g of deionized

water and mixed at 1000 RPM using a Yamato 4000D mixer {Yamato Scientific

America Inc., Orangeburg, New York) for 2 minutes. This solution had a pH of

3.8 measured at 26°C. (C) The SAPO-34 slurry prepared in step (A) and

aluminum chlorohydrate solution prepared in step (B) were mixed at 1000 RPM

using a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New

York) for 2 minutes. This second slurry had a pH value of 4.3 measured at 23°C.

(D) 255.81 g of Engelhard's ASP Ultrafine kaolin clay (Engelhard Corporation,

Iselin, New Jersey) were added 1o the second slurry obtained at step (C) under

constant mixing at 250 to 300 RPM then mixed at 1000 RPM using a Yamato

4000D mixer (Yamato Scientific America Inc., Orangeburg, New York) for 2

minutes. This third slurry bad a pH value of 4.2 measured at 23°C. (E) 31.55 of

deionized water was added to this third slurry obtained in step (D) then mixed at
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conposi t i onDrmgelsteEeNewMasHl firrign anedt Theueswaiting i100@mofithe tlurbhed théour |y
fines generation as a result of attrition thus obtained is defined as the,
ARl . The hing¢rsontdimtaiged 416 shlidion a dakcinadihasis), oh whighe 4870 hawg RARKer or
softer the _forpmul ated nol ecul.ar sieve catal yst, conposition. The

mol ecul ar sHBeIRCHEL FFYE. | (LSmEs e A g e B 4O 70 Bppg ey mag

accor dance P%t%ﬂ Exanmple 11 had an ARl of 0.23 weight percent per hour,
EXAMPLE 12 1A sl.urry contai ning SAPO 34, alum na binder and clay as
a matrix Was4$y eparrgtisleGdetindlsisqeduie cbaldedwnnoMpirogedss@o (A) .332.1 g
of a SAPO-34 nolecular sieve filtercake (partially dried nolecular

si eve, one instanmetshoeed bovadal patticle dzd rbstngugnoz( with Ghelpenkel icenierednt ent

34. 72 wei ght percent based on the .tat wej.ght,. of. the | ecul ar_sieve
and the |iquf dVRE8iARA)° RELORGRFCHYS ig'gb%%"‘gii d‘?ﬁ‘é‘?‘lﬁ’r‘?ﬁ‘?ﬁ“ﬁél‘%ﬁ‘%nd mi xed
at 1000 RPI\Qi%@{ ;ﬁgreﬁj&%(@rrato 4000D m xer (Yamato Scientific Anerica Inc.,
Orangebur g, w York) for 2 minutes. This SAPO- 34 slurry gave a pH val ue
of 6.4 nmeasured at 22C. (B) An al um num chl orohydrate sol ution was
prepared by addi ng 96. 56g of Rehei gaMear oDry al um num chl or ohydrate
(Reheis Inc., Berkeley Heights, New Jersey) to 94.66g of deionized water

and m xed at 1000 RPetagstiieg a Yamat o 4000dDtigheBere ((venow) o Scientific
Anerica Inc., O angeburg New York)for 2 -mnutes—Fhts—soeHiti on had a pH
of 10% 0.754

20% 0.801

30% 0.833

40% 0.859

50% 0.883

60% 0.908

70% 0.936

80% 0.971

90% 4.990

95% 6.143

EXAMPLE 13

[0149] The slurry obtained in Example 12 was treated using a Silverson

high-shear mixer at 6000 RPM for 3 minutes (Silverson Machines, Inc., East
Longmeadow, Massachusetts). Particle size analysis results obtained on a
Microtrac S3000 instrurnent also showing a bimodal particle size distribution with
the peaks centered at 0.9 micron and 5 microns respectively. The particle size

distribution of this slurry is shown in Table 2.



3.8 neasured at 26C. (C) The SA-PO-34 slurry prepared in step (A)Qanl 2006
al um num chl orohydrate solution prepared in step (B) were mxed at 1000 °
RPM usi W§ &/004Hdt o 4000D nmi xer (Yamato Scientific Ameri caPGHES02/19955

Orangebur g,

of 4.3 measured at 23C.
clay (Engel hard Corporation,

second slurry obtai

RPM t hen m xed at 1000 RPM using a Yanato
Or angebur g,
a pH val ue of 4.2 measured at 23C. (By,gf.$5 of

Anerica | nc.
added to this third

(Yamato Scientific

The resulting 1000g
(on a cal cined basis
10. 6% bei ng al um na
[01481 Particle siz
i nstrunment showed b
centered at 0.9 mc
di stribution of the
Percentil esParticle
5099. 883 i 60%0. 908

[0150]

New York) for 2 mnutes.

| selin,
ned at step (C under

New Yor k) for

slurry obtained i

Jersey) were added
constant m xi ng at

2 m nutes.

This second slurry had a pH val ue
(D) 255.81 g of Engel hard's ASP U trafine kaolin

to t'he
250 to 300

4000D m xer (Yamato Scientific
This third slurry had
dei oni zed wat er was

(D) then mixed at" 2 0 JAN
2006 WD 03/000413 PCT/ US02119955 65 1000 RPM using a Yanmato 4000D mi xer

L\p’g‘fcb%eg nc U’ ange

Tl ele N (Y GGE) TOT

2 m nutes.

;}O‘yLIIC a|U||y UI LII
o

O

ngcllllull ovulit a.l IIC
APQO- 34 nmolecula

45% sol i ds '

which_ 40% heij
B9%der. . and 49. 4%

ng o

6% clay matrix mat

e3@Mal ysis results ol

tefded on a Mcrotra

m@;z[,al particle size

d]'sjtsrﬂ)utlon wth th

M CTronsS T3

Il_y ';'J' g'iven ill
@% (mrrnn) 109 . 7

W;vely Te partl
. V“I"

4099. 859

7990, 936 809, 971 0-919
80% 0.981
90% 1.102
95% 4243

In this Exampie 13 the amount of particies greater than 4 microns

was approximately 6% representing about 50% reduction in particles larger than 3

microns when compared to the data presented in Table 1. Moreover, the result

shows a significant size reduction for the entire particle size range demonstrating

the benefit of high-shear mixing in controlling particle sizes.

EXAMPLE 14

[0151)

The slurry was prepared according to Example 12, further mixed

with a Yamato 4000D mixer at 200 RPM for 10 minutes at 200 RPM, and the

slurry prepared according to Example 13 were introduced to a spray dryer and

spray dried according to the following procedure. Spray drying of the slurries

was conducted using a Yamato DL-41 spray dryer (Yamato Scientific America,

Orangeburg, New York). An amount of 750¢g of the each slurry was spray dried.

The spray dryer operated in a down spray mode using an atomization nozzle of 1

mm. The spray drying conditions were: feed rate: 40 g/min; inlet temperature:

350°C; atomization pressure: 1bar (metric units); carrier gas (nitrogen) flow at

60% of full setting. Spray dry products were collected in a cyclone. They were

calcined in a muffle furnace at 650°C in air for 2 hours. The calcined spray dried

molecular sieve catalyst composition or formulated molecular sieve catalyst



90%{1r 990 959%6. 143 EXAMPLE 13 [01491 The slurry obtained in Exam)hqAﬂquaas
treated using a Silverson high-shear m xer at 6000 RPM f or nut es

(Si | ver samod@ohiines, Inc., East Longneadow, MassachusettBET/USEY1998Y e
size analysis results obtained on a Mcrotrac S3000 instrunment al so
showi ng a binodal particle size distribution with the peaks centered at
0.9 mcron and 5 mcrons respectively ‘l}he particle size distribution of
this slurry is showmn in Table 2. 2 0 J&N 2006 WD 03/ 000413 PCT/ US02119955
66 Table 2 PercentilesParticle Size (mcron) 10%. 561 2099. 662 30%). 724
409%9. 775 509%0. 823 60%0. 869 709®. 919 80%®. 981 90%. 102 95%}. 243 [01501 In

thi's Exanpl illg Ry par. tii Gl t
appr oxi mat cl% gtlrbgl;%?)eseﬁ{nppgs ! garntgtl%Sg A)ergésg@d ft%ll:%n I'n p Cmt’ ?‘ ﬁearger
than 3 m Qﬁgﬂ@um@@n conpared to the data presented in Table 1. Mreover,
the result shows a significant size reduction for the entire particle
si ze range [8&PInst r'aiowegvert teridmespety dryafg of the slahrygeparad ingExamm@enfr ol | i ng
particle si ﬁ EXANVPLE 14 [01511 Th [? sl ur{]y was pr?_;fared according to
Ex arrpl e 12,0 vegipg of the spegy nozzle occurred due to the presence of Tumpy matenals in-

the slurry. Spray drying had to be interrupted three times to remove the spray

nozzle and clean up the blockage. Attrition resistance of spray dried molecular

sieve catalyst compositions of Examples 12 and 13 had an ARJ of 2.51 percent

per hour and 0.95 percent per hour respectively. ‘The ARI was determined using

the jet-cup attrition test described previously in this patent specification..

EXAMPLE 15

[0153] A slurry containing 45 wit% solid (on a calcined basis), 40% being

SAPO-34 molecular sieve having not been fully dried and that has not been
calcined, 10.6% Al,O, (alumina sol, the binder), and 49.4% clay (the matrix
material), was prepared according to procedure: {A) add 527.3 g of a SAPO-34
molecular sieve, wet filtercake, (on a calcined basm of 306 0 g} (liguid medium
content 30.12 weight percent based on the total welght of the molecular sieve and
the liquid medium) to 337 4 of deionized water, and mixed at 700 RPM using 2
Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)
for 10 minutes, and then followed by a high-shear treatment using the Silverson
high shear mixer at 6000 RPM for 5 minutes. This slurry had a pH value of 7.0
measured at 32°C. (B) add 164.1 g (on a calcined basis of 81.1 g) of Reheis
MicroDry aluminum chlorohydrate (Reheis Inc., Berkeley Heights, New Jersey)
to 1168.7.6 g of de-1onized water, mixed at 700 RPM using a Yamato 4000D
mixer {(Yamato Scientific America Inc., Orangeburg, New York) for 10 minutes,
and then mixed using the Silverson high-shear mixer at 6000 RPM for 3 minutes.
This slurry (B) had a pH value of 3.5 measured at 37°C. (C) add Slurry (A) to
Slurry (B), mixed at 700 RPM using a Yamato 4000D mixer (Yamato Scientific
America Inc., Orangeburg, New York) for 10 minutes, and then mixed using the

Silverson high-shear mixer at 6000 RPM for 5 minutes. This slurry (C) had a pH

A



with a Yamato 4000D m xer at 200 RPM for 10 m nutes at 200 RPM, .a c*diﬂ@)e
slurry prepared according to Exanple 13 were introduced to a g/grnai}‘ er
and sprWf 08:0Med3 according to the foll owi ng procedure. Sprayr/esoyiiegsof
the slurries was conducted using a Yamato DL-41 spray dryer (Yamato
Scientific Arerica, Orangeburg, New York). An ampbunt of 750g of the each
slurry was spray dried. The spray dry$r8 operated in a down spray node
usi ng an atom zation nozzle of 1 mm The spray drying conditions were:
feed rate: 40 g/mn; inlet tenperature: 350C, atom zation pressure: |bar
(metric units); carrier gas (nitrogen) flow at 60%of full, setting.

Spray dry prapshista0 WRiagu €@k Reteth) fHPaAYLh aPBn IRAY s WP UIEAlEI ned in a
muf fl e furnace at 650C in air fof 2 hours. The €al cined spray dried

mol ecul ar dizelie chyt(@ngadhadippsiatioo iselin, Newildradye 87 BE 66 Wl Alcifideve
catalyst 2 0 JAN 2006 WO 03/000413 PCT/ US02/ 19955 67 conpositions of
Exanpl es 123ali4anb5 R gofdssiprided piateata tierabere Shryl&D coataming SAPO-34

di stributi 52 However . .duri rray drying of ‘the slurry prepared
" Exanpl e oS dgt ik o Sy hRa R e Stheu igiea 2006 Bibsence
of |unpy mateni M SthleR mikBEaS108 DM éﬂfgayﬁ’g%lﬁio%d@ﬁﬂmﬁ)&ﬁg?%ﬁn%e” upt ed
three tines to renbve the spray nozzl7e and clean up t oCckage.
Attrition resimifizntmenta ko), ramffebers, Mevet otk for 5 @utite&XolbyWed by a

conposi tions of Exanples 12 and 13 had an ARl of 2.51 percent " per hour
and 0.95 péi#triteapBlXingsieprismgdbe Silsprpon FrieraRF0WBEBPNEfas Srmmstesusi ng  t he

Lpeci 1 cat 1oi TR EGERGIES AU bt n TR e A 620080 (on o

cal ci ned bagirs) corffibnBeIsPY 5ol HBRGH 34 i 4 een fully
dried and thg)tsﬁ%oas no beeérﬂ’l0 cgfgci:i ngwe?%%%‘%xﬁ?@%&( g%m naé]g'é‘r,ée?ﬂe

bi nder), ampbld@larieleay0.cVhecingaluimina bintler, had 39 4%ealseipg elgmedriaccording to
procedur e: (A%f.agdd 527.3 g of a SAPO- 34 nolecul ar sieve, wet filtercake,
(on a cal citi'dasi s of 306.0 g) (liquid medium content 30.12 wei ght

per cent ba%% gglggqgt otal weight of the nolecular sieve and the liquid
medium to . ei oni zed water, and m xed at 700 RPM using a Yamato
4000D ni xef[0X34Anat o Spedyediyidel of tRETEITe @f FREmpleQ PR GeINddctedRWRYQr K)

Yamato DL-41 spray dryer (Yamato Scientific America, Orangeburg, New York).

An amount of 800g of the slurry was spray dried. The spray dryer operated in a

down spray mode using an atomization nozzle of 1 mm. The spray drying

conditions were: feed rate: 40 g/min; inlet temperature: 350°C; atomization

pressure: 14 psig (96.5 kPag); carrier gas (nitrogen) flow at 60% of full setting.

The spray dry product, the formulated molecular sieve catalyst composition was

collected in a cyclone. The éata]yst composition was then calcined in a muffle

fumace at 650°C in air for 2 hours. The calcined catalyst composition was used

for attrition testing and particle size analysis. Attrition resistance of the spray

dried catalyst composition was determined using a jet-cup atirition unit, The

hourly fines generation as a result of attrition thus obtained is defined as the ARI.

The higher the ARI the higher the attrition rate or the weaker or softer the

formulated molecular sieve catalyst composition.

[6155] The molecular sieve catalyst composition of Example 15 was spray

dried in accordance with this Example 16 had an ARI of 1.03 weight percent per

bour.



for 10 mnutes, and then followed by a high-shear treatnment using the
Si’l verson hi gh shear mixer at 6000 RPM for 5 minutes. This sl (@ yAthailba
pH val udv@p3/90@13 npasured at 32C. (B) add 164.1 g (on a c&AWiIHe'Ha8i s of
51.1 g) of Reheis McroDry al um num chl orohydrale (Rebels Inc., Berkeley
Hei ghts, New Jersey) to 11 65.7.6 g of de-ionized water, m xed at 700
RPM:-using a Yamato 4000D mi xer (YamatqgScientific America Inc.
Orangeburg, New York) for 10 mi nutes, and t hen m xed using the Silverson
hi gh-shear mixer at 6000 RPMfor 3 minutes. This slurry (B) had a pH
value of 3.5 neasured at 37C. (C) add Slurry (A to Slurry (B), m xed at
700 RPM usipg saviFaiej® 4000D mi xer (Yamato Scientific Anmerica Inc.,
Or angebur g, for 10 m nutes, and then m xed using the Silverson
hi gh- shear [oilg6ey at Acwﬁr)REtMtﬁxﬂmoBISanEcﬂai {ofihi alcihed Ba8i)J0%dding pH 2 O
JAN 2006 WD 03/000413 PCT/ US02/ 19955 68 value of 4.0 neasured at 34C.
(D) add 44634PQ-Tkmpkgslan sieye §avirpbesn paafiathedrisdadPiofe Al4s (plemded smdr d
Corporatio Jernse 37 cal ci ned, basi,s) .and 56.2 g"
of do- - on 285 vietr xpd T L UREVe &alry hoRD Bt Eiefiig SRPeMRaB ol ccut ar
sieve and aEldudN@NlLasaly diale, IRAelCanRLARE o8« Al6i?0% PrACO
RPM and then m xe RPM using a Yamato 4000D m xer (Yanato
Scientific (Arrmrclatz:anéd"ﬂcas;s ﬁﬁﬁg)eg)}(hquldhiewmiﬁrcbhteholsl 19 wmq:wpeﬁceﬁol | owed by
a high-shear m xing step_ usi ng the Silverson mxer at 6000 RPMfor 3

1

m nutes. Ta@ssd pnﬁmtmlmmshtﬁ»é eamplacylar uevepmdsha liguidspedigmato 48€1 This
|l ed to 1699.9 ry _contain % solid ci.ned basis), -
of whi o, - 469} SePhige L bl ort MR B P REV e 45 oo B BB v i nter
and  49. 4% a6 EBjentiAt MnferiABhE! DAlngcIAMBKE ) 1R 1B4binSRk Al vi N9 of
the slurry of Exanple 15 was conducted using a Yarnato DL-41 spray dryer
(Yarmat o Scitben fdllosvethter 2 bah-sBeamtgabuen) usmgwhe/ﬁﬂkf)rson Wghabearmoixerf at800g of

e usi ng ANOAEA PR TRUIcS2 1 Fis S OLA PEL PRE LGBy rh £ Rondi 11 ons
e, o S 190 Dbl RS OR TRl o (1,
- setting. ch]orohydrate (Reheis Inc., Berkeley Heights, New Jersey) to 201.6 g of de-

ionized water, mixed at 700 RPM using a Yamato 4000D mixer (Yamato

Scientific America Inc., Orangeburg, New York) for 10 minutes, and then mixed

using the Silverson high-shear mixer at 6000 RPl\/i for 3 minutes. This slu@ (B)

had a pH value of 3.0 measured at 30°C. (C) add Slurry (B) to Sfurry (A), mixed

at 700 RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,

Orangeburg, New York) for 10 minutes, and then mixed using the Silverson high-

shear mixer at 6000 RPM for 3 minutes. This slurry (C) had a pH value of 3.8

measured at 29°C. (D) add 470.6 g (on a calcined basis of 401.8 g) of Engelhard's

ASP Ultrafine kaolin clay (Engelhard Corporation, Iselin, New Jersey) and 67.2 g

of de-ionized water to the above Slurry (C) containing SAPO-34 molecular sieve

and aluminum chlorohydrate under constant mixing at 250 to 400 RPM, and then

mixed at 700 RPM using a Yamato 4000D mixer (Yamato Scientific Amenca

Inc., Orangeburg, New York) for 10 minutes followed by a high-shear mixing

step using the Silverson mixer at 6000 RPM for 3 minutes. This final sturry had a

pH value of 3.8 measured at 31°C. This led to 1800.0 g of slurry containing 45%



The spray dry product, the fornul ated nol ecul ar si eve catal yst 2006 -
conposi ty collected in a cyclone. The catal yst co i }éﬂ S

t hen capgﬂﬁé a2 muffle furnace at 650C in air for 2 Hﬁ%ﬁgﬁé &

cal cined catal yst conmposition was used for attrition testing and
particle size analysis. Attrition resistance of the spray dried catalyst
conposition was determined using a jet-/up attrition unit. The hourly
fines generation as a result of attrition thus obtained is defined as the
ARl _  The higher the ARl the higher the attrition rate or the weaker or
softer the fonnul ated nol ecul ar sieve catal yst conposition. 101551 The
nol ecul ar dPbge(watadtiped bassnpfsvhicbr (8 beng B9 melscdpr sigve, dPi6dd i n
accordance W th .this Exanple d.an ARl of [|.03.weight percent per
hour . WO 03 U013 R %’&b&“%@’ﬂ*f%ﬂﬁ@fﬁ%ﬁtﬁé MPLE 1 [01561 slurry

i o i / e : -
ol eoul ar PGV havi g hoiek O B FUR Lok b o ERAB T HEE,
t he bi nder )in aaciddant® vt ExanpletbeatRurAXI 6fd. 85 aight gménﬂfe‘?lﬁ@lﬁled

according to rocedure: (A) add 483.7 - of a SAPO 34 nolecular sieve
dried at 6EXAMPLE I&s (on a calcined b asis. of 324.0 g) (liquid

medi um cont 19. 34 i ght per.ce sed, on the . total weight of the
mol ecul ar Jﬁg and }%\é\@ | |C&Bp%m%g%%%5(ﬁk§l @’93“.%?%11%}’36@5\? 75 BeiNgat er
and m xed [¢] [ M ] i ' ifhc
Anerica | n?m% é%e GU@EPQBN%V\I/}E@%%%&%Q%&? getrﬁit éé‘,}@gﬁ}&@)“’ fﬁgﬁﬂ#ao{op’omed by
a hi gh- sheahe bindat)@it 40u8%ngdast (il Satrsemaeial)i @hs plepaied Atodddingto 6000 RPM

for 3 mnutes. ThLis_sl urlrﬁ/ had a PH value of 6.4 nmeasured at 27'C. (13)
add 173. 3 @Proeduee: €A edhal -hasif e THP@S4gngeculhr fevadriedvut 25¥Doyeraiati num

hi hydr at hel | , .ev . Hei ght to 201.6 f
G o oAb 4Rkl 1 BE Hifa TR ool 050 S bR St o
Scienti ficpAsaesd 8 thidfweighk aﬁﬁewlgeum\l%%v\éo,fula)t%% ggui%%éﬂiﬁﬂj &301and then

m xed using the Silverson high-shear m xer at PP~ for 3 m nutes.
Thi s sl urrye ¢fBleiothzal watptl audmigeddt BORRMasurged Yama®0i 000D G)xeadd Sl urry
(B) to Sl ur([Y)z/lm(a'tAo) Scirtgrlt)i(f(iaé:I America Inc., Orangeburg, New York) for 10 minutes, and
then followed by a high-shear treatment using the Silverson high shear mixer at
6000 RPM for 3 minutes. This slurry had a pH value of 5.9 measured at 29°C.
(B) add 77.2 g {on a calcined basis of 38.2 g) of Reheis MicroDry aluminum
chiorohydrate (Reheis Inc., Berkeley Heights, New Jersey) to Slurry (A), mixed
at 700 RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,
Orangeburg, New York) for 10 minutes, and then mixed using the Silverson high-
shear mixer at 6000 RPM for 3 minutes. This slurry (B) had a pH value of 3.3
measured at 33°C. (C) Add 209.2 g (on a calcined basis of 177.8 g) to the above
Slurry (B) containing SAPO-34 molecular sieve and aluminum chlorohydrate
under constant mixing at 250 to 400 RPM, and then mixed at 700 RPM using a
Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)
for 10 minutes followed by a high-shear mixing step using the Silverson mixer at
6000 RPM for 3 minutes. This final slurry had a pH value of 3.4 measured at
33"C. This led to 800.0 g of slurry containing 45% solids (on calcined basis), of
which, 40% being SAPO-34 molecular sieve, 10.6% being alumina binder, and

49 4% being clay matrix material.



at 700 RPM using a Yamato 4000D mi xer (Yarnato Scientific Ameri gf AJQ@
Orangeburg, New York) for 10 m nutes, and then m xed using the'Z ij g%n
hi gh- sheao3mder at 6000 RPM for 3 minutes. This slurry eCr/usaziiespH
value of 3.9 nmeasured at 29'C. (D) add 470.6 c, (on a calcined basis of
401.8 a of Enaefliard's .D ASP UtraflLne kaolin clay (Engel hard
Corporation, Iselin, New Jersey) and 6Z.2 C, C 1-7 of de-lonized water
to the above Slurry (C) containing SA- &}34 nol ecul ar sieve and al um num
chl orohydrate under constarit mxing at 250 to 400 RPM and then m xed
at 700 RPM'using a Yamato 4000D m xer (Yamato Scientific America Inc.,

Or angebur g, Yor f ‘ 1. Qut | | . 11 ghr shear  m, xi ng

step using [?E?YSi I v? Iseolﬁglﬁlg@%{g“g# %8%{?9&5%\6?’%%‘%0?26‘38@%{ %yn'“ll’ril al
slurry had if aciaitl YatHExanRe TEaH B AR of3 ¥Gweibht ferb&fl JePndi§00. 0 a of
slurry containina 45% WD 03/000413 70 2 0 JAN 1006 " PCTI US02/ 19955 sol ids
(on cal ci n¢8lldYsi s)  While e prbsentlGrvebtie ey bSAPAes8dbod betilluatratsd bye, 10. 6% °

bei ng al um na binder, and 49.4% being clay matrix material. 101571 The
mol ecul ar §?f§véweé& H‘F@Fﬁ?la&%‘ﬁb@éﬂeﬂﬁn pe &%rﬁma@f galldp theyartiwilbd i n

accor dance W { h. .16 Rlc0f 0.7 i.ght_percent [, hour.
EXAVPLE 1 §%‘%??§§%%P U i BN @Fﬂé%’4’é&r{ﬁt@é‘¥§+‘?ﬂgc‘(‘%ﬁ“§ Dyl

basi s), 49%ehh NBor SARPIS4 RRbECH AteSiLaY Behddbafaie8R Raffsal |y dried,
10. 6% A1203 (alum na sol, the binder), and 49.4%clay (the matrix

mat eri al ), compoptiepas exkfidds dredinteg-cooverppo of dlefie(s)( Mygaokde &1 2asblige of a
SAPO- 34 nol ecul ar sieve dried at 25C . overnight (on a cal cined _basis of .
144.0 g) (|6Patﬁr%r°ﬂ%ﬁﬁaaﬂe%magaﬁfc alﬂﬁw @‘?%é’ihgﬁ ic gayhdzide and gewvdonsiile he t ot al

wei ght of | | ' { L:gqul ' g of

dei oni zed 3@?‘%‘@‘%& aﬁér@g@ %?18%%0%&&&%@%&61%?&% o] cﬁ%o%%&%ﬁilxer (Yamat o
Sci enti fi créywebhealt |imﬁ1nheﬂicﬁﬂ@ﬁpllafe@,thaNQVth%ﬂ@v, fined B&d on Muitiped badd  t hen

foll owed by a high-shear treatnent usi ngi the Silverson' high shear m xer

at 6000 RPMdesy arg ustd it eambimion, phnticnbarly el diffesent yedctien gpnes Withivasur ed at
29C.

single or multiple reactor system. It is also contemplated the molecular sieve
catalyst compositions described herein are useful as absorbents, adsorbents, gas
separators, detergents, water purifiers, and other various uses such as agriculture
and horticulture. Additionally contemplated the molecular sieve catalyst
compositions include one or more other moleculartsievés in combination. F 6r this
reason, then, reference should be made solely to the appended claims for purposes

of determining the true scope of the present invention.



(B) add 77.2 g (on a calcined basis of 38.2 g) of Reheis McroDrZ AN 7005
al um num chl orohydrate (Reheis Inc., Berkeley Heights, New Jers 9)" ?’3 '
Slurry (A), mxed at 700 RPM using a Yanato 4000D m xer (Yamato
Scientific Arerica inc., O angeburg, w York) for 10 mi nutes, and then
m xed using the Silverson high- shear xer at 6000 RPM for 3 m nutes.
This slurry (B) had a pH value of 3.3 neasured at 33C. (C) Add 209.2 ¢
(on a calcined basis of 177.5 g) to the above Slurry (B) containing

SA- PO- 34 nol ecul ar sieve and al um num chl orohydrate under constant

m xi ng at t 00 RPM and then m xed at 700 RPM using a Yamato 4000D
m xer (Yangrétig'—hégdt—%lhti fic Anerica Inc., Orangeburg, New York) for 10

m nutes followed by, d high-shear mxing step using the Silverson mxer at
6000 RPM for 3 mnutes. ,This final slurry had a pH value of 3.4 neasured
at 33"C. This | Adnttho866r.iBalgnph faimulatgd careail ari siey edadl wo kotipofitnn, ‘
cal ci ned basis), of" which, 4Q0% hei ng SAPO 34 nol ecul ar sieve, 10.6%

bei ng al umi na bi W§arethaggompusingdhsetieRs 1 ay matrix material. 2 0 JAN 2006
WD 03/ 000413 PCT/ US024.19955 7 1591 The nol-ecul.ar .si eve catal yst
composi 1 on of AnirEedang sy B AR R R SOl £ 16 ha
an ARl of 1.03 wei@hinaR6l 6aleRefwd'Otthe grdupl&distin Yk h §i1icBR sPies 8Nt
invention has been described and illustratéd by reference to particular .
enbodi nent s, t hoplkosphomsdbwae ynd ki klluniimurh seumes optidnially apthegeesehee ¢fhat t he
invention lends itself to variations not necessarily illustrated herein.
For example, it ]@@W%Péﬁ%&r%@mﬁﬁé mol ecul ar si eve catal yst
conposition is ugef i i i f_olefin(s), oxygenate to
gasol i ne conver @5%0?@53}?%}?{5%8{% lg{e?%/grgglntﬁg frﬁl“a’g pht hal i ¢ anyhdri de
and perylonitril g)fdeyiapkied melkculdpgieve phakeclMBthaRake 5V fibMeseighand
various Fischer Tropsch reactions. |t is further contenpl at ec_%that a
plug flow, fixedptreentde 80Iwgightpetrepeldquipmedayn, kased an #he total ewditét i on,
particularly in if]f'er.(int reactcie n zanes within a single or multiple
reactor system P TEIGIEEGERAR ﬁlﬁln& G FHEYol ecul ar sieve catalyst co

repositions de“(d)%ﬁqﬂ?ﬂh@iﬂﬁk RbRciaeitNe Rith 23R EMHdSaddRPSOE RAAL 8r a 9aS
separators, detergents, water purifiers, and other various uses such as

agricul ture anddiftarentdiguidimediudd dptiomabixlwivh & omtexplasrad, to herrmsl ecul ar
Si ev? cat al yst : g .-
5 formulation composition; and
(e) drying and/or forming the formulation cpmposition to form the

formulated molecular sieve catalyst composition.

2. The method of claim 1, wherein, in step (¢), the slurry is dried to a leve] in
20 the range of from 20 weight percent to 80 weight percent liquid medium,

based on the total weight of the liquid medium and the molecular sieve.

3. The method of claim 1, wherein, in step (c), the slurry is dried to a level in
the range of from 30 weight percent to 70 weight percent liquid medium,

25 based on the total weight of the liquid medium and the molecular sieve.

4, The method of any of the preceding clatms, wherein, in step (e), the
formulation composition 1s formed by spray drying the formulation

composition to form the formulated molecular sieve catalyst composition.



conpositions include one or nore other nolecul ar sieves in conbination.
For this reason, then, reference should be nmade solely to the appgneab
clainms for purposes of determining the true scope of the present
invention. 2 0 JAN 2006 , 72 CLAI M5, 1?3 A nmet hod for making a formul ated
nol ecul ar sieve catal yst conposition, ""he nethod conprising the steps of:
5 (a) synthesizing with a liquid nmediuma nol ecul ar sieve fromthe

conmbi nati on of at |east two of the group. consisting of a silicon source,
a phosphorus source and an al um num source, optionally in the presence
of a tenplating agent, to forma slurry; (b) renoving the nol ecul ar sieve
fromthe slurry; 10 (c) drying the nolecular sieve to a level in the
range of fsom 5Tweinghhod PRASETithd reBUiMEL Bhs, BEAlEER! plidrayisttpeyi um  based
on the total weight of the liquid nmedium and the nol ecul ar sieve; 15 (d)
conbi ni ng t he nmehdonlar thsishwey andtdy the frirmadationanthpadidiongs washesiane or a
different liquid nedium optionally with a matrix material, to forma
fornul ati on conpt&sTti on; and (e) drying and/or fornming the formul ation
corrpTﬁsi tion to formthe fornul ated nol ecul ar sieve catal yst conposition.
2. e nethod of claim1, wherein, in step (c), the slurry is dried to a
level in g0 theheadBo®bf ddyasntBOpreetdhd cmﬁﬁge‘nﬁthérca;o&g;rm teP € Gent

| i quid nedium based on the total weight of the Iiquid nediumand the

mol ecul ar si evewlich thedormeulhtsd mufleasilaismve caighist epmpostiors tsegaleiagd. t he
slurry is dried to a level in the range of from 30 weight percent to 70
wei ght percent |liquid nmedium 25 based on the total weight of the liquid
medi um and-t he I i evena 4 &gl ng

cl ai s, whg'r ei n@e%%s{bg%ofée@ &ttﬁeepre}-%?rﬁglg%?? g’r}ﬂ iegﬁgggﬁfigﬁﬁ{ag%f or med
spray drying theifder ratletrhdBcul@oip@ds in the ramgefldpnedtérehdro®.mub ddsedhan
nol ecul ar si eve OCSat al yst conposition. 2 0 JAN 2006

by

8. The method of any of the preceding claims, wherein, in step (d) the
formulation composition has a solid content of from 35 percent to 50

15 percent, based on the total weight of the slurry on a calcined basis.

9. The method of any of the preceding claims, wherein the formulation
composition of step (d) is mixed until at least 90 percent by volume of the

solid particles have a diameter less than 20 pm.

20
10. The method of any of claims 1 to 9, wherein, after drying in step (c), the
molecular sieve contains an amount of templating agent in the range of
from 50 weight percent to 100 weight percent of the original amount of
templating agent used in step (a).
25

11. The method of claim 1, wherein, after drying in step (c), the molecular

sieve is in the form of a wet filter cake.

12. The method of claim 1, wherein drying in step (c) is by heating at a



73 5. 56. 7. 10 8. 15 9. 20 10. 25 The nethod of any of the preceding
clains, wherein, prior to step {c) and/or (e), the slurry amﬂiﬁ Ehz
formul ati on conmposition is washed in water. The method of any Jtth 00t
precedi ng clains, further conprising agstep (f) in which the formul ated
nol ecul ar sieve catal yst conpostiion iS'calcined. The nethod of any of
the preceding clainms, wherein the weight ratio of the binder to the

nol ecul ar sieve is i-n the range of greater than 0.1 to less than 0.5.
The nethod of any of the preceding clains, wherein, in step (d) the
formul ati on conposition h ol ontent of from 35 percent to 50

per cent, based dﬂnPﬁ@“F%?gﬁS%@ ﬁ?@gﬁ the slurry on a calcined basis. The
met hod of any of the 'preceding clalns wherein the fornul ation
conposition of step (d) is m xed unt|I at | east 90 percent by vol une of

t he solldlpartlmieaﬁema&efa])dcbfanepﬁsrcedhﬁgs:mﬁ:hamlﬁ&:mhdl@im&hﬁ%osf any of
claine 1 to 9, wherein, after drying in step (c), the nolecular sieve
contai ns an anpuwiternf tenplatlng agent in the range of from 50 wei ght L.
percgnt to 100 weight percent of the original amunt of tenplating agent
used”in step (a). 11. The nmethod of claim 1, wherein, after drying in

step (c), tllzl'.e nDIL‘l%thlitﬂBd of;‘iuﬁlv@f thé pj'eraecﬁibg c]ca%g\v@]tare% Welmbleb HIGF siEAKR-

a si]icbaluniinophosphate, an aluminophosphate and/or a CHA framework

type molecular sieve.

10 15. The method of any of the preceding claims wherein the binder 1s an

alumina, sol, preferably aluminum chlorhydrate.

16. A formulated molecular sieve catalyst composition prepared by the method
of any of claims 1 to 15.
15 -
17. A process for converting a feedstock into ong or more olefin(s) in the .
presence of the formulated molecular sieve catalyst composition of claim

16.

20 18. The process of claim 17 wherein the feedstock comprises at least one

oxygenate.

19. The process of any of claims 17 or 18 wherein conversion of the feedstock
into one or more olefin(s) takes place in a reactor system and the process
25 further comprises the steps of withdrawing from the reactor system an
effluent stream and passing the effluent gas through a recovery system

recovering at Jeast the one or more olefin(s).



12. The method of claim1l, wherein drying in step (c) is by heating at a
2 0 JAN 2006 74 tenperature of less than 180C. 13. The net hod ?hﬁﬁgﬁmﬁf
the preceding clainms wherein the liquid mediumis water. 5 14%

met hod of any of the preceding clains erein the molecular sieve is a
si |l i coal um nophosphate, an al um nophosphate and/or a CHA framework type
nol ecul ar sieve. 10 15. The nethod of any of the preceding clains wherein
the binder is an alumna sol, preferably alum num chl orhydrate. 16. A
formul ated nol ecul ar sieve catal yst conmposition prepared by the nethod

of any of %a' Mot &E Q%é??f %@ <3'f7c1shﬁ°ﬁsp1r7%%%ﬁe‘?&n?ﬁé‘gﬁ%éf{‘fﬂnﬁ 4 eedst ock

into once nore resence o ormit at ed

nol ecul ar SI evecsﬂaﬁaﬂsyss'(he @@msmtrbelﬁu@g tfelrabletuldtsieiOcaldly st tagRERGRSS Of
claim 17 wherein the feedstock conprises at | east one oxygenate. 19. The
process of any m¢awﬂamm@nmﬁsmmmm80wmereu@enﬂavﬂnBMenﬂmﬁath&mﬂﬂgdstock
into one or nore olefin(s) takes place in a reactor system and the
process 25 furt KEMPETHAR KEINTATIREINE regenfratHinaleerigr S Eaiplast eact or

system an effl%SP@o?hoﬁﬁyhﬁqgtﬁ%ﬁ% ngthe ef fl uent gas through a

recovery system cover @ one or nore olefin(s). 2 0 JAN
2006 75 20. The process of any of clains 17 to 19 wherein the process
further 5 21. 10 22.

21. The process of any of claims 17 to 20 wherein the feedstock comprises

methanol, and the olefin(s} include ethylene and propylene, and the

molecular sieve is a silicoaluminophosphate.

10
22, A process for converting a feedstock into one or more olefin(s)

(1) the feedstock is prepared by passing at least one hydrocarbon
through a syngas production zone to produce a synthesis gas
stream,

15 (11) the synthesis gas stream obtained in step (i) is contacted with a
catalyst to form a feedstock comprising at least one oxygenate; and

(i1}  the feedstock comprising at least one oxygenate obtained in step
(11) 1s converted into the one or more olefin(s) according to the
process of any of claims 17 to 21. |

20
23.  The process of any of claims 17 to 22 wherein the process further
comprises the step of polymerizing the one or more olefin(s) in the
presence of a polymerization catalyst into a polyolefin.
25 24, A method for making a molecular sieve catalyst composition, themethod

comprising the steps of:
a) combining a molecular sieve, a binder, and optionally a matrix matenal

to form a slurry of solid particles in a liquid medium;



15 20 23. 2524. conprises the step of introducing the nolecul ar sieve
catal yst conposition to a regeneration systemto forma regener beg 0 ‘
nol ecul ar sieve catal yst conposition, and introducing the regeng 3 gJ b
nol ecul ar sieve catal yst conposition-to the reaction system The process
of any of clainms 17 to 20 wherein the Teedstock conprises nethanol, and
the ol efin(s) include ethylene and propyl ene, and the nolecular sieve is
a silicoal um nophosphate. A process for converting a feedstock into one
or nore olefin(s) (1) the feedstock is prepared by passing at |east one

hydr ocar bon B?H@ e:?%ﬂ& E?H)‘H@td]ﬁ) 1 2% QLS é(S%FH O\Qﬂﬁl?ﬁ%f?l’y thesi s gas

stream (i)) th t'ai néd i'S contacted

with a catal ysPaﬂSle‘Né%Qd a%t&q&sq eas?ﬂnng at | east one oxygenate;

and (iii) the stock conprising at one oxygenate obtained in

step (ii) is cooyéitétigithd Sutrheo af@ndng Uhk & (ref daid)$dt paetedi ng to the
process of any of clains 17 to 21. The process of any of clains 17 to 22
wherein the process, further conprises the step of polynerizing the one *

or re ol efin( {, r.esenc rization c info a
o1 v ot r2s e Rk ot S B B el SR R RS Bkl o
t hemet hod conp f i , a

bi nder, and ot ?Hg?%BQ%n@&fﬁP%a%wgféféﬁQ%B FoPuRy L e SR, 2
particles in a hiphusghomtiourde atdGnlAMIAARGsotEceh ppidigiiydhelesr preseticagf t he
slurry until a t |east 90% by volune of the particles, have a dianeter

of less than 10aﬂﬂnp@¥nﬂﬁg@6tlng the slurry to a formng unit to form
catal yst particl-es.

10 26. The method of any of claims 24 or 25,whef¢in the molecular sieve catalyst

composition has an ARI less than 2 weight percent per hour.

27. The method of any of claims 24 to 26 wherein the pH of the slurry is
below the IEP of the molecular sieve or the pH of the slurry is below the
15 IEP of thé: molecular sieve and the IEP of the binder.
l
28. The method of any of claims 24 to 27 wherein the weight ratio of the

binder to the molecular sieve is in the range of from 0.1 to 0.5.

20 29. The method of any of claims 24 to 28 wherein the slurry comprises in the

range of from 20 percent to 60 percent by weight solid particles.

30. A formulated molecular sieve catalyst composition comprising solid
particles, the solid particles comprising a molecular sieve, a binder and a
25 matrix material, wherein (a) the weight ratio of the binder to the molecular
sieve is in the range of from 0.11 to less than 0.40, (b) the binder 1s present
in an amount of between 2 weight percent to 50 weight percent, (c) the
molecular sieve is present in an amount of between 5 weight to 80 weight

percent, (d) the matrix material is present in an amount of between 0



5 25. The nethod of claim 24, wherein the nol ecul ar sieve is synthesized
from the conbination of at | east two of the group consisting fA ;
silicon source, a phosphorus source and an al unm num source, 3@r|§ﬁ@ |y
in the presence of a tenplating agent,, 10 26. The met hod of .any of
clainms 24 or 25.wheiein the nol ecul ar sieve catal yst conposition has an
ARl | ess than 2 wei ght percent per hour. 15 27. The nethod of any of
claims 24 to 26 wherein the pH of the slurry is belowthe |IEP of the
nol ecul ar sieve or the pH of the slurry is below the IEP of the

mol ecul ar  si eve%tgﬁ%e] L ERd% \}iﬂghtqﬂéqgé?ﬁoafllz\%ﬁ]égihg Eﬁg?gﬁjsegfo apy of

clains 24 to 27 he wei g rati o r to the nol ecul ar
sieve is in thetdiangeghf offthomolcllal giede BataBRt 28mpddigoryed)hRe MSA any of
clainms 24 to 28 mhereln the slurry conprises in the range of from 20
percent to 60 p8recennulaiedwrdlgitlasotietagy Hticompssitivn is & least kY eqred

nol ecul ar si eve catal yst conposition c i.n ol i articles, the
Col L bart ol eectrney Balt iR abvbbans o IROVEA %ftﬁ?mﬁ) R NCIE mat 11 x
mat ey i al, where ul ar
S|e3% isin thehgﬁﬁgédgﬁ%”?ﬁﬁfg&1EE%%9T§§§E@ ng ml%%ghgﬁgq%ﬁ%der IS
present in an aﬂﬁuﬁionybemw@ﬁ®e&ewqmgmbupercent to 50 wei ght percent,

(c) the nolecular sieve is present in an anmount of between 5 weight to
80 wei ght percent (d) the matrix material is present in an anmount of

bet 02 006 .77 h t d 90
et ot por Dent o The Taued Ml BV SRR Sompa P Bt 50 Bkt
catal yst conposifd Q1 j{ighnd ﬁ%gé\@”fr% aHolleo 101 mégﬁgaemnegéﬂ KHur Si eve

catal yst conposition is at % on a contai ned nol ecul ar sieve
basl® of the MSA of the nolecular sieve by 5 itself; and (f) and the
formul at ed_nol ecul ar sieve has an ARl in the range from0O.to0.1.5

wei ght per &ent Eé? %@H]ateé1“01qﬁ}ﬁ‘&arfSWﬁﬁP’é%YéHC%P%%ﬁﬂlhﬁ’fr gy al whemiy st
CorrpOSI tion of ?1 a}Xﬁ'tl ?’s i %fa%k@oﬁﬁgl% A3t b?o b@ \Lé]ghtrp%ﬁ%ﬂt 8ér Houpm about 0

to 1.0 wei ght percen

The formulated molecular sieve catalyst composition of any of claims 30

L2
L2

15 to 32 wherein the molecular sieve is synthesized from the combination
from at least two of the group consisting of a silicon source, a phosphorous
source and an aluminum source, optionally in the presence of a templating

agent.

20 34. The formulated molecular sieve catalyst composition of any of claims 30
to 33 wherein the weight ratio of the binder to the molecular sieve is in the

range of from 0.12 to less than 0.30, and binder is aluminum chlorohydrol.

35. The formulated molecular sieve catalyst composition of any of claims 30
25 to 34 wherein the binder is present in an amount of between 5 and 50

weight percent.



32. The fornul ated nol ecul ar sieve catal yst conposition of claim31
wherein the ARl is in the range of fromabout 0 to 0.5 wei ght p@gg@% '
per hour. 33. The fornul ated nol ecul ar sieve catal yst conpositi'oh™0 g%y
of claims 30 15 to 32 wherein the nDLﬁcular sieve is synthesized from
the conbination fromat |east two of te group consisting of a silicon
source, a phosphorous source and an al um num source, optionally in the
presence of a tenplating agent. 20 34. The fornul ated nol ecul ar sieve
catal yst conposition of any of clains 30 to 33 wherein the weight ratio

f the bi to t | | i i in.th . f f 0..12 t
of (e biner o, LD T ect sr pleverts I Uhe Cames gl JEan g o
mol ecul ar si eve, cad ghysf, ﬁl%m{?&ﬁﬁﬁlhloﬁe\%fis E@ég fiB%h%Hgfm?‘Qf bedwebP284

wherein the binder” I's present 1 n an anou etween 5 and 50 weight

percent. 2 0 JARh@OOGelght $brcedtne. formul ated' mol ecul ar sieve catal yst
conposition of anyrof clains ?0 to 35 wherein the nol ecular sieve is
present in an amount of between 20 and 80 wei ght percent. 5 37. A f

process fof_converting a feedstock.into,one or nore olefin(s),in the
presence of’-a f &Hﬁ?ﬁ%tst%éﬂr HRVER e fesﬁ?%%l‘ 10 %Hengtm%r&%%jg}@l BibSccor di ng

to any of clai re%gﬁéeoof?éGfoﬂ?ul% d%&l%i%lﬂ%sip‘yc 5a@£%§%5919@si95u%Bd/or@fng_d ains |

to 29. 10 38. The process o aim ‘wherein the feedstock conprises .at
| east one oxygerah®y oBQaim ) prigcess obfaimniybyothe alahabso3nymf cd@mster ei n
conversion of the feedstock into one or nore olefin(s) takes place in a
reactor system &md%the process 15 further conprises the steps of

wi t hdrawi ng fromthe reactor systeman effluent stream and passing the
ef fl uent gas through a recovery system recovering at |east the one or

mor gyol ef i B¢S) . 4.5 d0i8s BY Q&S 37 WhefdY (R fedsticRRomprices @eahonei n the
process further 20 conprises the step of introducing the nol ecul ar sieve

cat al yst conposiokiygenatd.0 a regeneration systemto forma regenerated
nol ecul ar si eve catal yst

39. The process of any of claims 37 or 38 wherein conversion of the feedstock
into one or more olefin(s) takes place in a reactor system and the process
15 further clélnprises the steps of withdrawing from the reactor system an
effluent stream and passing the effluent gas ‘through a recovery systerni

recovering at least the one or more olefin(s).

40. The process of any of claims 37 to 39 wherein the process further
20 comprises the step of introducing the molecular sieve catalyst composition
to a regeneration system to form a regenerated molecular sieve catalyst
composition, and introducing the regenerated molecular sieve catalyst

composition to the reaction system.
25 41. The process of any of claims 37 to 40 wherein the feedstock comprises
methanol, and the olefin(s) include ethylene and propylene, and the

molecular sieve is a silicoaluminophosphate.

42, A process for converting a feedstock mto one or more olefin(s)



conposition, and introducing the regenerated nol ecul ar sieve catalyst
conposition to the reaction system 25 41. The process of any of cla

37 to 40 wherein the feedstock conprises nethanol, and the oI%ﬂlﬁﬂémﬂ

i ncl ude et hyl ene and propyl ene, and t nol ecul ar sieve is a

si |l i coal um nophosphate. 42. A process for converting a feedstock into one
or nore olefin(s) 2 a JAN 2006 79 5 (i) the feedstock is prepared by
passi ng at | east one hydrocarbon through a syngas production zone to
produce a synthesis gas stream (ii) the synthesis gas st ream obt ai ned

| sy i
. Toast ohe oxygenatss taatt B aRA Kebb et hEe ARG QHESSFr;ﬁ'e”g

oxygenat e obtai ned |n}u%hﬁlﬁla(syhéas';ﬁodiﬁwﬁ&&%jto'ﬂ}&@uée g@iﬂﬁesﬁ agore
ol efin(s) according to the proceéess of any of ‘clains fb 10 43. The

process of any of cl atre®n37 to 42 wherein the process further conprises

the step of. % polyner|2|ng the one or nore olefin(s) in the presence
of a pol ymeri zatilon &t RIS 496 6rea 8PipgIcein step (1) is contacted with a
5 catalyst to form a feedstock comprising at least one oxygenate; and
(c) the feedstock comprising at least one oxygenate obtained in step

(11) is converted into the one or more olefin(s) according to the

process of any of claims 37 to 40.

10 43. The process of any of claims 37 to 42 wherein the process further
comprises the step of: (d} polymerizing the one or more olefin(s) in the

presence of a polymerization catalyst into a polyolefin.



