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| TS MAKI NG AND USE | N CONVERSI ON PROCESSES Field OF The Invention 5 The
present iwoenismes2oel ates to a nol ecul ar sieve cat al yst PEIARAB04I0136 tO0 a
~nmethod of making or form ng the nol ecul ar sieve catal yst conmposition, and to
a conversion process using the catal yst conposition. Background O The
Invention 10 A efins are traditionally produced from petrol eum f eedst ock by
catalytic or steam cracking processes. These cracking processes, especially
st eam cracki ng, pr oduce i ght ol efi n(s) such as et hyl ene and/ or propyl ene
froma variety of EETHAR SEEVE: A COMY 30Xyl ene are

| nportant conmodi tYrs " ngLi&EéwNv—E glﬁﬂri’ﬁ gpY ocesses for
‘maki ng pl astics and—o'mwim—m—mmmn%?—'we—pﬂ rochem cal
i ndustry has known that oxygenates, especially alcohols, are convertible

into I'ight qtigi Of Phe IvtRtidndr € nunerous technol ogi es available for
"produci ng oXygenates i1ncludling fernentation or reaction of synthesis 20 gas

derived f5rom nat uTkwlprmt inwention relaasito g madesular ardve watabystempmisitionatos

i ncluding coal ed plastic |pal e or any, other organic
materi al . G&@P@P@? aLWS%rf%HEE ﬁ@ﬁnn%\ @trFEWés“F‘?h@&E"ql QP 8%t rhusst i on
reaction of p%aﬁg an oxygen source into

hydr ogen, car on m) ox1 de an ﬁlora%r 0 éﬁ%% de. Syngas production
processes are well known, and include 25 conventional steamreform ng,
autothermal reformn or a conbination thereof. Methanol, the preferred
al cohol for M&ﬂh&ﬂﬁwﬂ)n, is typically synthesized fromthe
catal yti reactlo f h car bon nQx an oxide in a
reactor 1h the pr ?@ﬂﬁ@f‘y %a%gl%}lgP&g&ﬁ@g@%mggggﬁeﬁd{ee%&&% %&%ﬁ in one

synt hesi s prQess &a@ﬁh@?f&'esdé Ph&E UERRInE Pratdsis CRPRIANZdtekem ErabldlRg, cat al yst
In a water-cool ed tubu reactor. The preferred nethanol converS| on WO

2005/ 035120 produde3hodlefinG34eéch as ethylene and/or propylene from a variety of
hydrocarbon feedstock. Ethylene and propylene are important commodity

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

15 chemical compounds. : — -

The petrochemical industry has known that oxygenates, especially
alcohols, are convertible into light olefin(s). There are numerous technologies
available for producing oxygenates including fermentation or reaction of synthesis

20  gas derived from natural gas, petroleum liquids, 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

25  conventional steam reforming, autothermal reforming, or a combination thereof.

: Methanol, the prefetred alcohol for light olefin production, is typically
synthesized from the catalytic reaction of hydrogen, carbon monoxide and/or
carbon dioxide in a reactor in the presence of a heterogeneous catalyst. For

30  example, in one synthesis process methano! is produced using a copper/zinc oxide

catalyst in a water-cooled tubular reactor. The preferred methanol conversion



2 process is generally referred to as a nethanol -to-ol efin(s) process (MO,
where an oxygenate, typically nmostly methanol, is converted into prinarily
ethyl ene and/or propylene in the presence of a nolecular sieve. 5 There are
many di fWE&8AY03I¥es of nol ecul ar sieves wel |l known to BERPEMHOR3MGedst ock,
especially an oxygenate containing feedstock, into one or nore olefin(s).

Mol ecul ar sieves, such as zeolites or geolite-type nol ecul ar sieves,

carbons and oxi des, -are porous solids having pores of different sizes that
sel ectively adsorb nDIecuIes that can enter the pores, and excl ude ot her

nol ecul es 1 f ful in
converting roEJ&QEs ‘éra@.l @&W (?ilrtg OI%%CFEB g“%%? 100
descri bes tﬂﬁo;gfg@na@é typlwly moétl}ptwethiﬁiﬁl istcenvefeitifto ;ﬁma&nwmyleneet hanol into
olefin(s); U S. Patent No. 4,062,905 discusses the conversion of nethanol
and ot her omdgsm@m&eneanéhmneme Oﬁhmtha!ﬁyls@m using crystalline

alum nosilicate zeolites, for exanple Zeolite T, 15 ZK5, erionite and
chabazite; U S. Patent No. 4,079,095 describes the use of ZSM 34 to convert”
met hanols to hydregag Qﬁﬂn&i Paieteteht ebo%oﬁewm{ §Bes 31 ISR Avert U S.

Pat ent No. 4, 310, 440 scri bes pro ucing light olefin(s) froman al cohol
using a Crysfaﬂétodﬂe especivllyaphoypémtesntaning feedstocks Satotane doynoke PO4;, and U. S.

Pat ent No. 4,440,871 descrjbes silicoal,um nophosg@ate nol ecul ar si eves
(SAPO), 20 Blin(). Meleculss sieyes pugh apealiis ar zeg! eQUAEVENg et hanol

00, O N hon APNBLEAL! e pUBLECH ARDB BT SAOLITL A o) ecul ar sTeve

cat al yst I ONsS rove err yIn CHmerci al  conver si on
processes. Iél@ctﬁeiylauﬁmﬁﬁomm&u mapcaﬁmﬂw;ﬁiresgma&ﬁudwma%oleanad yst
conposition particles 25 thenselves, the reactor walls, and other reactor
syst emsl(bauﬂat améOCphrga Exssnples oftmelatdlansievenusefulinicoayerfing an cl es cal | ed

f Th ! t t
par 1 1 e 1 BRVERDIA S oGP D) SEPIH TR o 00 s SaHvet R Yk B 00l oyst enm
because finggowd b&IlitEASMISN & EGiRER Hethdhol (o BleBHFIU.SCPREAING.NG ef f 1 uent

stream Catalyst compositions having a hi gher resistance to 30 attrition
gener ate fewd62,9D5dispudshs thercenvdrsisn ofimiethanolved qhhanmggemmmbﬂlyleny and | ess

catal yst co sition being required for,_.a conyers e d therefore,
| ower y gg{? propylene us?mg grysta T uminosilicate zeo ﬁes, or ex fe 2(eo’hteajfI

15  ZKS, 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;
U.S. Patent No. 4,310,440 describes producing light olefin(s) from an alcohol
using a crystalline aluminophosphates, often represented by ALPQO,; and U.S.
Patent No. 4,440,871 describes silicoaluminophosphate molecular sieves (SAPO),

20  one of the most useful molecular sieves for converting methanol into olefin(s).

Typically, molecular sieves are formed into molecular sieve catalyst
compositions to improve their durability in commercial conversion processes.
The collisions within a commercial process between catalyst composition particles
25  themselves, the reactor walls, and other reactor systems cause the particles to
breakdown into smaller particles called fines. The physical breakdown of the
molecular sieve catalyst composition particles is known as attrition. Problems
develop in the recovery systems because fines often exit the reactor in the product
containing effluent stream. Catalyst compositions having a higher resistance to
30 attrition generate fewer fines; this results in improved process operability, and less

catalyst composition being required for a conversion process, and therefore, lower



3 overall operating costs. It is known that the way in which the nol ecul ar
sieve catalyst conpositions are nmade or fornul ated affects catal yst
conposition attrition. 5 Mol ecular sieve catal yst conpositions are forned by
~conbining a nolecular sieve and a matfix material usually in the presence
of a binder. For exanple, PCT Patent Publication WO 03/000413 Al published
January 3, 30&3lldpamatingessta | ow attrition nolecul ar sieve catalyst
conposition using a synthesized nol ecul ar sieve that has not been fully
dried, or partially dried, in conbination in a slurry with a 10 matrix

mat eri al and/ or %igwggﬁgh@!tﬁ@waggwﬁ%még@?%u'%agg}eivggfn\é\g& 3/ 000412 Al

publ i shed January I Scusses a I on no ar sieve catal yst

conposi ti on cpmpOtiiest 41 nfadetor Goimulgted _hﬁ’e&Hcam%lsh@rﬁﬁdsitioh Afion. t he
i soel ectric_ point of the nolecular sieve. U S Patent Application

Publ i cat § on Meleculs siogoaiapst gompogitiohs arsdemicdieombigingromelesnlgtisienaki ng a
| ttrition,15 nolecyl ' t al yst itian b Ki | f
a synt hesi 280 * AR frakel nabally in s megtonce DA BIMer o R PRTPIRRGT X mat er f al

wherein 90 %{&epﬁbmﬁﬁoﬁwgmmmtams;!»ﬁmrsue@mhag@, 2p63 diseloses Hpwi Ng @
di aneter less than 20m U.S. Patent Application Publication No. 2003/01 8 1

3 22 il ust ratirison mui¢audprsievaicatal yst opmpositon using a sptbenzed molegvlar sigva| yst
conposition controlli he,ratig. of a hinder .20 10 .a | ecul ar si eve.
03 “pat ent e Hagnatrengafly g, of ppdiafly oFied, B R oRdR e SR Piag

ol ecul 2D sifmeix GRdteri Shdoe AaRier] Aol PCTVRMR FRibR4itidnOW(H3/0b8412t £1p| at e
used in the synthesis of the nolecular sieve. U S Patent No. 6,541, 415

descri bes i rmbbsheddanpary 3t 2003 disenssessd ovastritianf malepplarsigyecatalystive cat al yst
conposition that contains | ecul at. si.eve-cant aini_ng, recycled trition

par L1 ol s 2 ORResPORSTacteei By SPavolling the B 67 ReAEY Hatie e i 8RIEE<! o 1 enve
the tenpl at gydift@Nthd Meld¥Rlaeciebar US. Patent Alppli¥sion Pblicsticd Ne. Wgown that in
typi cal conmercial processes that flocculants are Used in the recovery o

synt hesi zed 2A9P&¥NBAI8 puldished Jarmapsdd, 2003 shawimaking alavetigtiornown t o
R e L L
molecular sieve, a binder, and optionally a matrix material, wherein 90 percent by
volume of the slurry contains particles having a diameter less than 20pm. U.S.
Patent Application Publication No. 2003/0181322 illustrates making an attrition
resistant molecular sieve catalyst composition by controlling the ratio of a binder
20  to a molecular sieve. U.S. Patent No. 6,503,863 is directed to a method of heat
treating a molecular sieve catalyst composition to remove a portion of the
template used in the synthesis of the molecular sieve. U.S. Patent No. 6,541,415
describes improving the attrition resistance of a molecular sieve catalyst
composition that contains molecular sieve-containing recycled attrition particles
25  and virgin molecular sieve and having been calcined to remove the template from

the molecular sieve catalyst.

It is also known that in typical commercial processes that flocculants are

~used in the recovery of synthesized molecular sieves. These flocculants are
30  known to facilitate the crystal recovery and to increase the yield of recovery of the

synthesized molecular sieve typically in a large scale commercial process.



WO 2005/ 035120 PCT/ US2004/ 019346 4 However, the presence of a floccul ate
can affect the catalyst fornulation, and in sone cases floccul ation can
result in the formul ation of catal yst conpositions havj _ rition
resi st an¥® 2085N51:8ough t hese nol ecul ar si eve catal yst ctﬁ:glglégw{%%%escri bed
above are wuseful in hydrocarbon conversion processes, it would be desirable
to have an inproved nol ecul ar sieve catal yst conposition having better
attrition resistance and comrercially desirable operability, and cost

advant ages. 10 Summary O The Invention This invention generally provides

for a met hof,@bve¥aink RebsBlice’aMcailafdtan affilil (RS sty stFoRMGated, ahd
conposition and to I1ts use in a conversion procesS for converting a

f eedst ock i sunte eases fisccntation ohrefesulf &) the fFamiulatiomeofeatabydt cempoditiensi nvention is
directed to a nethod for fornulating a nolecular sieve catal yst

conposi t i onhavingloper AbEtiQIeRstaBeSy the steps of. (a) providing a

synt hesi zed nol ecul ar si eve having been recovered in the presence of a
flocculant; (b) thermally treating the synthesized nol ecul ar sieve; (c)
nmeking & sl urryaAtthohififthbdeanslebulyr sieveaiatlyss yorhpasitiedesiitedubave seeve, a
bi nder, and 20 optionally a matrix nateria%%gﬁdé formng the slurry to
produce a f usefullinhypdrocarbbreconivarsian proecsses; iiwatd bodesiebleitohaveésn a preferred

enbodi nent, .t he synt hesi zed l.ecul ar sj.eve i.s t hesi.zed froma synthesis
mi xt ure corTHPPrgl"?fngPF@“]G? S‘FrYPr‘ga?al F8’F18P§b?‘§/ﬁ?‘%g ﬁ%@qwﬁgﬁo%eﬂsta&cgf erably
three or no L RS LG eBabiBty. PSR vAHEesQUr ce and an al um num
source, opt ?ﬁ]ﬁﬁeﬁ]&l?he preselr%gaelo "a 25 tenpl agi ng agent. In a nost
preferred enbodi nent, the slurry in step (d) is forned by spray drying, and

then optional I'y, the spray drjied fornul ated nol ecul ar sieve catalyst
corrposil onSHEImg Lhe Inyep @Bably the synthesized nolecular sieve is a

nmet al | o- al um op MR ) ) hate, a
chabazite (CHA) ?ﬁ%ﬁeﬁ@m%r E??ye%%&m%%w@!}g%@éfmﬁﬁ%%m@%ﬁ ergrowt h
30 or m xednfoléviRitvaicke tatpigstriotposition afid G/is usdlis @ converfioppedorss fod enbodi nent

of any of the above enbodi nents, the amount of synthesized nolecul ar sieve
converting a feedstock into one or more olefin(s).

15 In one embodiment the invention is directed to a method for formulating a
molecular sieve catalyst composition, the method comprising the steps of: (a)
providing a synthesized molecular sieve having been recovered in the presence of
a flocculant; (b) thermally treating the synthesized molecular sieve; (¢) making a
slurry of the thermally treatec} synthesized molecular sieve, a binder, and

20  optionally a matrix material, (d) forming the slurry to produce a formulated
molecular sieve catalyst composition. In a preferred embodiment, the synthesized
molecular sieve is synthesized from a synthesis mixture comprising one or more,
preferably two or more, most preferably three or more of a silicon source, a
phosphorous source and an aluminum source, optionally in the presence of a

25 templating agent. In a most preferred embodiment, the slurry in step (d) is formed
by spray drying, and then optionally, the spray dried formulated molecular sieve
catalyst composition is calcined. Preferably the synthesized molecular sieve is a
metallo-aluminophosphate, a silicoaluminophosphate, an aluminophosphate, a
chabazite (CHA) framework-type molecular sieve, or a CHA and AEI intergrowth

30  or mixed framework-type molecular sieve. Also, in a preferred embodiment of

any of the above embodiments, the amount of synthesized molecular sieve



- WD 2005/ 035120 PCT/ US2004/019346 5 provided in step (a) is greater than 250
Kg, preferably greater than 500 Kg, and nost preferably greater than about
1000 Kg. wo@aesdiey preferred enmbodi ment, the inventi onPCEUSWL/01934@ net hod
for 5 synthesizing a nol ecular sieve, the nethod conprising the steps of:
"(a) crystallizing the nolecular sievesin a slurry, the slurry conprising
one or nore of a silicon source, an alum num source, a phosphorous source
and a tenplating agent; (b) contacting a flocculant with the nol ecul ar

sieve; (c) recoyer.ing the nol ecul ar jeve.. a d ating the

nol ecul ar sPM&%@%&@O’FW%&Iﬁ%ﬁ%tpﬁ?fgmﬁﬂ' érﬁ%errl}ggé glidggg’oq‘“ﬁf r om about
50C to abou ﬁ?,gf f about 90C to about 180C, and nost
.preferably ?1}% abeéﬁy%%?ﬁ%hgggﬁtt C{LOE(BK In a preferred enbodi nent of this

enbodi ment, the slurry conprises a silicon source, an alum num source, a
phosphorous source and a tenplatjng agent.. | n another referred enbodi nent,
vn step (c), thehﬂ%ﬁﬂﬁ?ﬁe@%?@{’?‘gmﬁgﬁﬁ%’PE@Wﬁ aFeﬁrt%gFIE?FPOdl T'In yet

anot her pref gsq%-ﬁ ' i ' recovered is
greater har?&ité g?p%&@%S}E§Q’§§§%§5ﬁt°ﬁg‘lﬁk‘§%,gte%ﬁﬁ?gst preferably
greater thapysklifinKdhe rhélepir siovetin e sherypiidi sheni codfiprishe onewemidrenfat he

I nvention is directed to a 20 nethod for fornulating a nol ecul ar sieve

catal yst corisensewne, anrdumisimo@uIceonpROshhergus prureg adl femplafing paemdesi zi ng a

| ecul i in. ti . | .th t hesj zi h { st A
o 5o RLcubBe BARSHUR GRS oy B AT RkEl AR B AR,
synthesi s mgdlr gad (d)hedBidatihg thelriSlefMiSGsedprefrBS at DtchpbfHiieln tHaY

introducing a floccul'ant to the synthesis mxture; (c) recovering the
mol ecul 40 25Fangesnfdiont alout 60l dbput 2AC; mgre preferablyefrommaabosi ¥E to and ( B)

c‘onbiningth thermally treate | ecul ar sjeve wth I pder and a matrix
material to B\“n]lstoﬁ %I%%Péﬁferglélb’ éiﬁ“élléé%t@%%#@f(gnﬂlq nthis

enbodi nent, jle.i t : Leve.d . i's
recovered b r%fle# e%ﬁ%%ggos@n %%Wﬁf@?é%@ﬁ%%ﬁépﬁ éedri%g that prior
to step (c) dnuhimidumoscure@)a phosphoiods sshrédaridetemphitingigentmlx hnotleeri S separ at ed

30 fromthe nol ecul ar sjieve, and additional flocculant and/or |iquid,
pref er abl y \elerred embodiment, in step (c), the molecular sieve is recovered by filtration.

15  In yet another preferred embodiment, the amount of molecular sieve recovered is
greater than 250 Kg, preferably greater than 500 Xg, and most preferably greater
than 1000 Kg.

In yet another embodiment of the invention, the invention is directed to a
20  method for formulating a molecular sieve catalyst composition, the method
comprising the step of: {A) synthesizing a molecular sieve in a reaction vessel, the
synthesizing method of step (A) comprising the steps of: (a) crystallizing the
molecular sieve in a synthesis mixture; (b) settling the molecular sieve in a vessel
by introducing a flocculant to the synthesis mixture; {c) recovering the molecular
25  sieve; (d) thermally treating the molecular sieve; and (B) combining the thermally
treated molecular sieve with a binder and a mairix material to form the molecular
sieve catalyst composition. In this embodiment, it is preferred that the molecular
sieve in step (¢) is recovered by filtering the synthesis mixture. It also preferred
that prior to step (c) that a portion of a liquid in the synthesis mixture is separated
30  from the molecular sieve, and additional flocculant and/or liquid, preferably water,

are introduced to the synthesis mixture. In the most preferred embodiment the



are introduced to the synthesis m xture. In the nost preferred enbodi nent
the WO 2005/ 035120 PCT/ US2004/ 019346 6 nol ecul ar sieve catal yst conposition
is calcined after step (B). Lastly, in another preferrgggﬁggﬁggﬁﬁﬂ; of any
of the WOBIYRHHEI nents, the reactor vessel is capabl I ng
greater than 250 Kg, preferably greater than 500 Kg, nore preferably
greater .than 1000 Kg or nore nol ecul argsieve in a single batch. 5 In yet
anot her enbodi nent, the invention is directed to a process for producing
olefin(s) in the presence of any of the above synthesized nol ecul ar sieves
or forml atnﬁ@eé”ﬂléﬁﬁw atat < UEmBSNiBory/ B cale R1¥A Gfiet stey@).lmsﬂﬁ%hﬁéthar, the
process involves producing olefin(s) in a process tor converting a

f eedst ock, préfepredtmbabinensof apdsitheibove embbdinmts therepgfornedsss] istor e .

preferably a feedstock . containing an_al coho and st _preferably a

f eedst ock cgrable pf a@dﬁ@mamerithﬁqgﬁéé Kg rPé%*%i‘L’B’ Brateriban S00Egamare { ho

formul at ed | ar sigve Y. Lt - (] above. 15 v
ot ai | o DUEiFRtY Bired) B 40P BT m e HRATM AT itk SRURSAINE 0T ¢
directeg toward a nol ecul ar sieve catal yst conposition, its making, and to
its use in the conversion of a feedstock into one or nore olefin(s). A

f or mul at ed nol ecnlyst aitherendwdithgnithe invenldon isshirepied ty pipracessfof or ned 20 from
i x.material, and

I f the. ' ' f I I ' t
opt i onal |y, PRBSESEPERBE B (e Beesihind oy g 3bSContu Bl pi €l hat wnon
recovering sigedgt ﬁﬁmuﬁte@h%y&uiapsihvécﬂlﬁa%ang@osﬁioﬁs.fmgﬁﬁwum,tm&n a nol ecul ar

sieve synthesis process, the synthesized ecul ar sieve when thermally

treated primocdss inviobvespiradiicing olefit({s)anmgirodess fratcenveting afetdstptk,onal |y a

bi nder,_ maintains or, inproves 25 its resistance t ttrifion jn various

conver siton Pe ¥ & deedsigek contpinmeanoyyecnits, Bqse B?e%%rg}élyé’séﬁi;% vari ous

chem cal an SLcal L+Slal . | eyes have

been vel | C%GI.IS%?SI ?g.g a})cyh{xﬁgﬁéﬁ{ogt (Rrafrégh%ﬁ}agfe%&étﬁéﬂ go%talmlg%é{ﬁ:ﬂfol i fhY
presence of one or more of the formulated molecular sieve catalyst compositions

discussed above,

15  Detailed Description Of The Invention

Introduction
The invention is directed toward a molecular sieve catalyst composition,
its making, and to its use in the conversion of a feedstock into one or more
olefin(s). A formulated molecular sieve catalyst composition is typically formed
20  from a slurry of the combination of a molecular sieve, a matrix material, and
optionally, most preferably, a binder. It has been discovered that when recovering
a molecular sieve in the presence of a flocculant in a molecular sieve synthesis
process, the synthesized molecular sieve when thermally treated prior to
formulation with a matrix material, and optionalily a binder, maintains or improves

25  itsresistance to attrition in various conversion processes.

MOLECULAR SIEVES
Molecular sieves have various chemical and physical, framework,
characteristics. Molecular sieves have been well classified by the Structure
30  Commission of the International Zeolite Association according to the rules of the

IUPAC Commission on Zeolite Nomenclature. A framework-type describes the



-30 Commi ssion of the International Zeolite Association according to the

rules of t

he | UPAC Conm ssion on Zeolite Nonenclature. A franework-type

descri beswd bsE312005/ 035120 PCT/ US2004/ 019346 7 connekCTAIS2o04/010Bpol ogy, of
_the tetrahedral ly coordinated atons constituting the franework, and making
an abstraction of the specific properti.es for those materials.

Fr anewor k-
structure
descri bed

type zeolite and zeolite- typg nol ecul ar sieves for which a
has been established, are assigned a three | etter code and are
in 5 the Atlas of Zeol i te Fr amewor k- es, 5th edition, Elsevier,

London, Engremectiyipptepplogimptihe T@Iaﬁé‘iféﬁlﬁﬁ“?q}'ﬁm?teﬂ At FonsiEiniher ef er ence.
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i tuted forms thereof. O her nol ecul ar sieves include ANA BEA,

& al.imrodueron mdroligfpienseasifyaction Sepanid Compleselinpl es of

SRR B BBy PR L b rB AR 20T
fﬁe‘?ﬂeﬂaﬁd‘s (260D, v»l}@ﬁls M%b fulMTRcol¥BtedWlin MM BRACTON | n one

enbodi ment, thé nol ecul ar sieve of the invention has an AEl
or a CHA topol ogy, or a conbi nation thereof, nost preferably an

h 25 thereof..The s medi u ar e or | ecul ar si eves
a 4-ri qlémgmglezrarnp Oéﬁheé‘?@z??gé’%ﬁaffl Po'% a preferred

thO\EcuTRY sREMS, EL, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CHIL DAC, DDR, ED]J, ERI, GOO, KFI, 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 fhereof; and the large pore molecular sieves, EMT, FAU, and
substituted forms thereof. Other molecular sieves include ANA, BEA, CFl, CLO,
DON, GIS, LTL, MER, MOR, MWW and SOD. Non-limiting examples of the

preferred molecular sieves, particularly for converting an oxygenate containing
feedstock into olefin(s), include AEIL, AEL, AFY, BEA, CHA, EDJ, FAU, FER,
GIS, LTA, LTL, MER, MF], MOR, MTT, MWW, TAM and TON. In one
preferred embodiment, the molecular sieve of the invention has an AEI topology
or a CHA topology, or a combination thereof, most preferably an intergrowth
thereof.

The small, medium and large pore molecular sieves have from a 4-ring to a
12-ring or greater framework-type. In a preferred embodiment, the 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, preferably a SAPO molecular sieves, have 8- rings and an average pore



sieves have 8-, 10- or 12- ring structures or |larger and an average pore
size in the 30 range of fromabout 3k to 15 A In the npbst preferred

enbodi ment, the nolecular sieves, preferably a SAPO ba/d{o8YES, have
8- ri ngsWAIHEer age pore WO 2005/ 035120 PCT/ uszoo%%%f @ s?/ze | ess

t han about 5A, preferably in the range of from 3A to about 5A nore
preferably from 3A to about 4.5A, and 8mst preferably from 3. 5A to about
4.2A. Ml ecul ar sieves based on silicon, alum num and phosphorous, and
metal 5 containing nol ecul ar sieves thereof, have been described in detail

in nurrerous:slquuislthaaabonﬂsﬁumremmglmerrm@eamﬂom 3015abhatsdqimdve. 4, 567, 029
(MeAPO where Me is I\/gjéa Xa . Patent No, 4,440,871 (SAPO)

Eur opean Papreferablyfsemi MQBWUE‘W @i@QSMﬂfe{@UAﬁ@@m%a@m 42s, Be, B, -
C, Co, @, Ce, Fe, Li, I\/g Mh, Ti or Zn), U S. Patent No. 4,554, 143
(FeAPO) U S. Patents No. 10 4, 822,478, 4, 683, 217, 4, 744, 885 (FeAPSO) EP-A-0O

158 975 and U. S.\BREGRE sibles badediPsiBldh, aﬁm&ﬁ@a@%@&s& 4BOnQAPST)
EP- A-0 158 976 (ELAPO, where EL is Co, Fe, Pat ent

No. 4, 350, ddftairiaP@bleculiPsicnetherof, 3E0e @Em(beﬂuud&mlmnmems' 21 973, 460
(AP0 U SRl o oSl O Pefinehle .58 b e ke 25205
a4 bb1. 15e it Mg, Eﬁu“é")?@s%ems‘ﬁoﬁgﬁ%g(%ﬁ?ﬁﬁ%@“@’?@“ 434, 326

and 5, 478, 73gplicdti&PEOIA-0U158. 624I'{ELM’SO\WheréEi554A§,& BEEART),, G4)Ga, FE’atent No.
4,894,213 (ASAPSO), U.S. Patent 913, 888 ASAPO). U.S. Patents Nos.
4, 686, 092 L, ¥l ] glahanhWésPaigEI‘im“ﬁ@ﬁAﬁé D% U.BePatemts Nos. 5. 345, 011

& 940 Jo’ (BB a2 Bt 2HE §§$£FS°A%P)AE% 83%4?95%25’?% BTN Ga0, 520
(Ti APSO), U4 B35 E%GZEPH’S\@SEP-A,-@@@} £%0L(Co ARS) ER38-0a158 H6q@R MR, (Ti APO),
U.S. Patents No. 4, 824 554, 4,744,970 (CoAPSQ), U.S. Patent No. 4, 735, 806

(GeAPSO) EPwher® Eigs C@BFG,(I‘@FMQ To6r Zw)eVeS. Batent Noahdiiha40 (AIPER), BR- t [ Q2]),

4001, 364, A0k THTOERAND) b ¥t g g75.460 thikesihy Us. Pl 0% 2%

4,789,535 (LiAPO), U.S. Patent No. 4,992,250 (GeAPSO), U.S. Patent No.

15 4,888,167 (GeAPQ), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No.
4,738,837 (CrAPS0), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPQ), U.S.
Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S.
Patent No. 4,554,143 (FeAPO), U.S. Patent No. 4,894,213 (AsAPSQ), U.S. Patent
No. 4,913,888 (AsAPQ), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833 .

20 (MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), 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 (T1APO), U.S. Patents No. 4,824,554, 4,744,970
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSQ) EP-A-0 293 937 (QAPSO,

25  where Q is framework oxide unit [QO.]), as well as U.S. Patents Nos. 4,567,029,
4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384,
4,956,164, 4,956,165, 4,973,785, 5,098,684 (MCM-41), 5,198,203 (MCM-48),
5,241,093, 5,304,363 (MCM-50), 5,493,066, 5,675,050, 6,077,498 (ITQ-1),
6,409,986 (ITQ-5), 6,419,895 (UZM-4), 6,471,939 (ITQ-12), 6,471,941 (ITQ-13),

30 6,475,463 (S8Z-55), 6,500,404 (ITQ-3), 6,500,998 (UZM-5 and UZM-6),
6,524,551 (MCM-58) and 6,544,495 (SSZ-57), 6,547,958 (SSZ-59), 6,555,090



4, 956, 164, 4,956, 165, 4,973,785, 5,098,684 (MCM 41), 5,198,203 (MCM 48),
5,241,093, 5,304,363 (MCM50), 5,493,066, 5,675,050, 6,077,498 (1TQ 1),

6, 409, 986 W0 0E/BI51206, 419, 895 (UZM 4), 6,471,939 (1TQ 12)pcHudaobs/fddyes
(I'TQ13), 30 6,475,463 (SSz-55), 6,500,404 (1TQ3), 6,500,998 (UZM5 and
Uzm 6), 6,524,551 (MCM58) and 6, 544, 495 (SSzZ-57), 6,547,958 (SSzZ-59),

6, 555, 090 WD 2005/ 035120 PCT/ US2004/019346 9 (1 TQ 36) and 6, 569, 401
(SSz-64), all of which are herein fully incorporated by reference. O her
nol ecul ar sieves are described in R_ Szostak, Handbook of Ml ecul ar Sieves,

Van Nost r an@TREBOIANAL, 56 IVSSK -6t FoVhich atpderen jy G‘P@OIHFFélrt@’ n fully

I ncor porat ed ref eprence, 5, The I um and/ or
phosphorous %%%P%ﬁ n ﬁi‘& n}%ch?ﬂﬁlg}(éggﬁrge%éﬁ{)g&@ SﬁgrcﬁL ﬁ%%dm% orous, and
optional I'y Qirdrb&Rdn SieRR! FhNBStrand R 2ENIIG NS F068 Ndw:Yuﬂ@(mbzyrrwmh@s phat e
(ALPO nol ecul ar sieves and silicoal um nophosphate (SAPO nol ecul ar si eves

and subst i t e fublyaherpdaated by refeteace.subst i t ut ed, ALPO and SAPO nol ecul ar
sieves. The nost preferred nolecular sieves are SAPO nol ecul ar sieves, and
nmetal substituted SAPO nolecul ar sieves. In one enbodiment, the nolecul ar

sieve, as descr | b ik Pt i, Winud nf BRUHARIL LaNBRIngbOVe, S

represent ed by the enpi on an ous basl s (I\/D(AI yPz) &2
wherei n R r gngleagdtsteves, andahimians, pwhmunmdgpmnallprsﬂfcen,admmamng organic

tenpl ating agent; mis the nunber of nples of R per nole of (MVAlyPz) Q2 and
m 20 has a veelewilarsigresinchide altpm@peh%h@remobmleca}@aswanér eferably from

'([) e:E (r)aﬁegral 8&?‘{‘8 i @P*ﬁe@@rﬁ&ewwﬂ%‘kg% %Qﬁsgi#]té?hgreger OlI\J/IpaISA [1A

| B, BIBjol V%letMmeéﬂtBtedVALﬁo an¥ISAIR) aiotbck R EHRAGY. dfhesm@sk pidfardder i odi ¢ Tabl e
of El ements, preferably Mis selected fromone of the group consisting of
Co, Cr, CQu, rHQiecum sighes atS ARG malkculBsievas, and metal substituted SAPO

molecular sieves.

In one embodiment, the molecular sieve, as described in many of the U.S.
15  Patents mentioned above, is represented by the empirical formula, on an
anhydrous basis:
mR:(M:ALP;)0,
wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M4Al,P,)0; and m
20  has a value from 0 to 1, preferably 0 to 0.5, and lﬁost preferably from 0 10 0.3; x,
¥, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from one of Group IA, IIA, IB, IlIB, IVB, VB, VIB, VIIB,
VIIIB 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, Sn, Ti,
25 Znand Zr. In an embodiment, m is greater than or equal to 0.2, and x, y and z are
greater than or equal to 0.01. In another embodiment, m is greater than 0.1 to
about 1, x is greater than 0 to about 0.25, y is in the range of from 0.4 to 0.5, and z
is in the range of from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x is from
0.01 t0 0.2, y is from 0.4 t0 0.5, and z is from 0.3 to 0.5.
30



25 Zn and Zr. In an enbodiment, mis greater than or equal to 0.2, and x, y
and z are greater than or equal to 0.01. In another enbodinent, mis
greater than 0.1 to about 1, xis greater than O to about 0.25, y is in the
range of from0.4 to 0.5, and z is inéhe range of fromO0.25 to 0.5, nore
preferably mis from0.15 to 0.7, xis }rom 0.01 too.2,yisfrom

0. 4t 00. 5, andzi sf r&mtiiesitaf@. rholebilarileveSyspebiatlya SAP@ malkbedar aeveitsve,
especially a SAPO nol ecul ar _sieve, its formulation into a SAPO catal yst, and
its use in dorvalabiemiitea SFQ eatalysts and Be s HORNYHIBE 3 MYATQFREDON i s shown i n,

for exanpl e, Pat e : 9.3 Tth, 7 , 873, 390,
5, 095, 163, sf,e%si?cgég&aﬂ%ﬁ@‘?ﬁésas?‘?@ ‘"aﬁ?"? "3’6)?’%‘%lg r%ﬁ?ﬁ‘ﬁbﬁér%i&n ’?%Tl’l y
i ncor por at edy,§y7,245% areMcR3, Nen3 390] 3,091 6% amles620hd 65068282 dIIAEPO ol ecul ar

sieves of the invention include one or a conbination of SAPO-5, SAPG 8,
SAPO- 11, 5SAPghith aredrpeinfilly Bapporged Barderzoce. Bapdusting symaplea of SAPO- 35,

SAPO- 36, SAPQ. 37, 0. SAPO 41 PO 42.. SAPO- 44 (U.S. Pat.ent No.
6, 162, 415) , gﬁéé%%ﬁgé&% u %&E%%?é Iy eRHoy fnc 'A‘f‘#%éﬁ @ %L"%Ei?‘g'i‘?“ ALPO- 34,
ALPO- 36, ALPQSHPOALRRPISS, SIFO. MESAP(.28! SAPODD, SAMT.1RAS APORYES t her eof

The nore preferred nol ecular sieves include one or a conbination of SAPO 1
8, SAPO 34, SAPO-B5 SASAPOAMSAPOSIROATE)-36| SHPQB 72 SAPA-PO) SAPOedlen nor e

Bhd et al coNREPHASANAALY S Pobnt No BT 6ALS L SATOAG SALDSE ARy one o
a_conbi naj | ORLPD-FARR G- 1BNALARS, ABpoaNd ATHIGR6CANPALYY, ML POLECHET Si eves

thereof. In an enbodi nent, the nol'ecular sieve is an intergrowth materi al
havi ng two metaloomaiging molctulphsisess théreef. yBieanbrereferned analeadangievesn one

mol ecul ar si ev 20 conpositian. | 1 1 OAPRO) | h nol ecul ar
si eves are dﬁ@&dlelﬁ’@_ﬂ OF f SPrgmaiien °£§f‘@§'£$x%’éﬁr @ﬁg gﬁ#%@% No.
6,812,372, PGAPRUS | LEp0AR O AIORH B0 U prefepmby6id 61 PEsmbidatiePO2 and
PCT Publication WD 98/ 15496 published April 16, 1998. For exanple, SAPO 18,
ALPO- 18 and SAROLBR,IBARO-34nARRO-34 anb MOPIO-18pad metal conrning nilecudarCHA

fr arreworf%- t yEl%VCSI tﬂer%ge tagg most preferably one or a combination of SAPO-34 and ALPO-

18, and metal containing molecular sieves thereof.

In an embodiment, the molecular sieve is an intergrowth material having

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

20  composition. In particular, SAPO intergrowth molecular sieves are described in
the U.S. Patent Application Publication No. 6,812,372, PCT Publication WO
02/070407 published September 12, 2002 and PCT Publication WO 98/15496
published April 16, 1998. For example, SAPO-18, ALPO-18 and RUW-18 have
an AEI framework-type, and SAPO-34 has a CHA framework-type. In another

25 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 molar
ratio of CHA to AEI is greater than 1:1.



.25 enbodi nent, the nol ecul ar sieve conprises at | east one intergrown phase

r

of AEI and CHA framework-types, preferably the nol ecul ar sieve has a
greater ghgYsisizfho CHA framework-type to AEl franmewor k- tPerajs2€03®196as e
preferably the nolar ratio of 'CHA to AEl is greater than 1:1. WD

2005/ 035120 PCT/ US2004/019346 11 MOLECULAR SI EVE SYNTHESI S General |y,

nol ecul ar sieves are synthesized by th 1hydrothernal crystallization of one
or nore of a source of alum num a source of phosphorous, a source of
silicon, a tenplating agent and a netal containing conpound. 5 Typically, a
conblnatlon PLECH IrARg YNTHE®IS, al umi num and phosphorous, optionally

th tl " t d/ t al taini
o o Bi"’aha ”ﬂﬁu et &t Rt o nai 1y 1 i ned

wi th an i negtyspliRstib 0B Hitdlo oﬁcﬁfxtssﬁ&abkmﬁﬂm V4 §fifee ApholitREAR, a Under a

crystallizati'on pressure and tenperature, until a crystalline materl al is
formed in asdffcepfisibes, s templatingagefihand ammetaﬂ contamEng catpgumdcess i n
particul ar, one or nore f|occul ant(cg) %ded to the synthesis m xture.
The cr ys?al Typisaliy) ascombipationgf sourges rs;lggons peynn gpd pagsPheretSeact or vessel .

A 11 quid por bﬁﬁ:&lﬁ?m&ﬂ‘@néé’%&%ﬁ%ﬁgmﬁ%ﬂ&é@s dnﬁfcfr%ﬁg%?ﬂmrgﬁtgﬁ:gt ed, or reduced

in quantity. emal NI ng synt cont al ni ng crystalline
nol ecul ar = siceMRinise d?gpbuna@tmlaraadﬁlycedd@atseaédegremm@véd@a , dftichallelieed a
different fresh |iqui typically with water, fromonce to many tines
dependi ng orWIﬂh@ meﬁuplaéuc pthS)PO etfﬂomﬂ‘é’lmtmﬁlheatqdquﬁdﬁportlon of the

synthesis mx e . bei r enp a_.washi opt.ional to
epeat thi s SRALEGUSS piStatydang eipeRutie: vl T tint maldfial 5 aRER Ay

addi tiongl wosf AProRkd IrZffti RSN Gméreeve 1S
recovergg by f|F??g%%%sngﬁnﬁﬁfcﬁgg%ef%n)ﬁznd/or 20 decant | ngm Preferably, the

mol ecul ar  siflocenlast(d)ii4 sdeteddo thei syothesis mittere. tTﬂmtcrxstaihn@jmsldcn}ar sigepar at i ng

certain crystal ,sized nplecul ar sieve particles fro renalnj l'iquid
por tion t hatnaeralaeies p EraEiRE VERSe BB RO ehefsipatte, o

preferred enp dl%ﬁtdéc%{r‘t 42 r6dtlcay ﬁ%ﬁgﬁﬁr&%% réﬁ‘n%ﬂ!ﬂgf@@sx?hiﬁfé“ ng 25 a

reaction product or’ sy I's m xt ur source o I'con, a source of
containing the crystalline molecular sieve is then, optionally, contacted with the

15  same or a different fresh liquid, typically with water, from once to many times
depending on the desired purity of the supematant, liquid portion, of the synthesis
mixture being removed, a washing step. It is also optional to repeat this process
by adding in additional flocculant followed by additional washing steps. Then, the
crystallized molecular sieve is recovered by filtration, centrifugation and/or

20  decanting, Preferably, the molecular sieve is filtered using a filter that provides for
separating certain crystal sized molecular sieve particles from any remaining

liquid portion that may contain different size molecular sieve crystals.

In a preferred embodiment the molecular sieves are synthesized by forming
25  areaction product or synthesis mixture of a source of silicon, a source of
aluminum, a source of phosphorous and an organic templating agent, preferably a
nitrogen containing organic templating agent. This particularly preferred
embodiment results in the synthesis of a silicoaluminophosphate crystalline
material in a synthesis mixture. One or more flocculants are added to the
30  synthesis mixture, and the crystallized molecular sieve is then removed or isolated

by filtration, centrifugation and/or decanting.



al um num a source of phosphorous and an organic tenpl ating agent,
preferably a nitrogen containing organic tenplating agent. This

parti cul ar, rred enbodinment results in the synthesis of a

silicoal un‘*%&%ﬁ@t&’%ﬁét e crystalline material in a synthe®cI/me2s64416340ne or
nore floccul ants are added to the 30 synthesis m xture, and the crystallized
nol ecul ar sieve is then renoved or i s%%at ed by filtration, centrifugation
and/ or decanting. WO 2005/035120 PCT/ US2004/019346 12 Non-limting exanpl es
of silicon sources include a silicates, funmed silica, for exanple,

Aerosi | -200 avail abl e from Degussa Inc., New York, New York, and CAB-O SIL
\4-5, silicon cHepdimitisg exanplasof Sli¢asssongqes included silicatgse fumedgsilied anpl e,

Col | of aal B iR efeR 200 & Gy ERER ST BRE e R MR ) 1 a0

sol avai | eEpols®Es lsilicdH cBRBbuAR shERRIHefraal V1l dFibaslieRes, Bl avare, silicic
|

acid, alkali-netal\ silicate, or any conbi nation thereof. The preferred
source of etdmplgretranethylsirthiosiicate (TMIS)Nmd t¢tracthylorthosiimatel (FEOS), al umi num

sources_incl ude al um numcontaining ¢o sjtions sych a | UM _num

al koxi des, cqlﬁ}l&éﬁawer%awwmwﬁ blﬁg%%d%,r eX%wﬂﬁirvH -ﬁﬁ*&‘ﬁﬁ% e, al uni num
hydr oxi de, | ' - 0@?‘ mié | Lt eua | um num
trichlori d%,ﬁgpﬁ%%ghgﬁggﬁ%ﬁggﬁﬁgg’eo : Blrj’el?éelrgggllg’ ﬁlslglg%?:@’ of alum numis
pseudo- boehlkali enetilailidacs) bpiycontisnationatierebN Il prbfesiel sewaad ofsiiemhiesphat e

mol ecul ar sieve. Non-limting exanpl es of phosphorous sources, which may

al so i ncl uaé&ilicaselni num cont ai ni ng phosphorous conpositions, include

phosphor ous- containing, inorganic or organic, conpositions such as
phosphoric acid, organic 20 phosphates such as triethyl phosphate, and

crystajgine or NERIRIAMS ex@hplEs BPRRASMAIA s6EcSinbluas ahithtin-BRARRROT OUS

salts,  or conbinations thereof. The preferred source of phosphorous is
phosphori c campokitigesrsucis as @ntynunh elkoxides focexampde slufnimon isppiopopldesphat e. 25

TPl ot 19, gt RSl BRI S PSS e

gibbsite and aluminum trichloride, or any combinations thereof, A preferred

source of aluminum is pseudo-boehmite, particularly when producing a

15  silicoaluminophosphate molecular sieve.

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

20  phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as ALPQ,, phosphorous salts, or combinations thereof.
The preferred source of phosphorous is phosphoric acid, particularly when

producing a silicoaluminophosphate.

25 Templating agents are generally compounds that contain elements of
Group VA of the Periodic Table of Elements, particularly nitrogen, phosphorus,
arsenic and antimony, more preferably nitrogen or phosphorous, and most
preferably nitrogen. Typical templating agents of Group VA of the Periodic Table
of elements also contain at least one alkyl or aryl group, preferably an alkyl or aryl

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



G oup VA of the Periodic Table of Elenents, particularly nitrogen,
phosphorus, arsenic and antinony, nore preferably nitrogen or phosphorous,
and nost wpredsrsaidey nitrogen. Typical tenpl ating agent ecafuGoswpoMé of the
Periodic Table of elenments also contain at |east one alkyl or aryl group,
preferably an al kyl or aryl 30 group having from1l to 10 carbon atons, and
nmore preferably froml to 8 carbon WO 2305/ 035120 PCT/ US2004/ 019346 13
atons. The preferred tenplating agents are nitrogen-containi ng conpounds
such as am nes and quaternary anmoni um conmpounds. The quat ernary anmoni um

conpounds, idiorifleTEOPretirigdémpRtifg agentseipé afiwgtwdomtyininpcopgioandd suchr nul a Rt e,
where each R is hydrogen or a hydrocarbyl or substituted hydrocarbyl group,
preferably zas alings angrqvaismary ammenipm cerpe®dmavi ng from 1 to 10 carbon
atons. In one enbodinment, the tenplating agents include a conbination of
one or nore quaternary ammoni um conpound(s) and one or nore of a nono-, di-

‘or tri- amne. 107NORsahdridryaffndhi@iRb@PoRds! Rroredhibagindftre | ncl ude
tetraal kyl ammoni um “conpounds i ncl udi ng salts t hereof such as tetranethyl
anmoni umsconepreseised bythiegeneral foahtls RaNe whdre eatheR frkyideogeadraenpl ati ng agent

Crence) ang asdanb ot At TR G ikt KO B sl L o
steve. P ocquhaRkvindBoh £ RMTPLLLAH ddmSY B R Unfbddin@ftymehertMaP! Ul ar
S apove, al re

si eves di sc ypically one or nore chemc ents are added
to the crystgehisindlidda catibivas@edf ol of yivird gedtSrniyamimeniait @inpouydEpl | i zat i on
I's substantially, preferably conplete. Optionally, in another enbodi nent,

t he synt hesi@drfingtoymore of & monef, dir@dr- ¥BINGnot her vessel separate fromthe
neaction vessel or the vessel in which crystallization occurs, and a

f1 occul a]not I's then added to this other vessel from which the crystalline

nol ecul ar si eve i RoaHlimifié SkampleFSMemeiting Bgss MbRIAL ttaalk] ABRBRANS OF

flocculants are used to increase the recovery rate of the nol ecul ar
compounds including salts thereof such as tetramethyl ammonium compounds
including salts thereof. The preferred templating agent or template is a
tetraethylammonium compound, tetraethyl ammonium hydroxide (TEAOH) and

15  salts thereof, particularly when producing a SAPO molecular sieve.

Flocculants
When commercially synthesizing any of the molecular sieves discussed

above, typically one or more chemical reagents are added to the crystallization

20  vessel or synthesis reactor after crystallization is substantially, preferably
complete. Optionally, in another embodiment, the synthesis mixture is transferred
to another vessel separate from the reaction vessel or the vessel in which
crystallization occurs, and a flocculant is then added to this other vessel from
which the crystalline molecular sieve is ultimately recovered. These chemical

25  reagents or flocculants are used to increase the recovery rate of the molecular
sieve crystals and increase the yield of the synthesized molecular sieve crystals.
‘While not wishing to be bound to any particular theory, these flocculants act either

. as (1) a surface charge modifier that results in the agglomeration of very small

crystals into larger aggregates of molecular sieve crystals; or (2) surface anchors

30 that bridge many small crystals to form: aggregates of molecular sieve crystals.



sieve crystals and increase the yield of the synthesized nol ecul ar sieve
crystals. Wiile not wishing to be bound to any particul ar theory, these
flocculants act either as (1) a surface charge nodifingpﬂﬁaukﬁ§gkts in the
aggl oneve® de/ 03120 ery small crystals into | arger aggregates of nol ecul ar -
sieve crystals; or (2) surface anchors 30 that bridge many small crystals to
form aggregates of nolecular sieve crygtals. W 20051035120

PCT/ US2004/ 019346 14 The aggregates of the nolecul ar sieve crystals are
then easily recovered by well known techni ques such as filtration or
through a fT!hE'aE%'egit@s's 1BE b Blar sfevO QMRS HeARaNH RES\REeFby B POi Nt
during or wwth™any other source or 5 fenplating agéent used i'n the synthesis
of any onekabwh hehniguecstichras Siteatien or dirsugtss éiltepresseprotess.one enbodi nent
flocculants are added to a nol ecul ar sieve synthesis m xture conprising one
or nore of a silicon source, a phosphorous source, an alum num source, and

a tenplating ag ' { ; PI‘B"%E | ' thesized. In
the nost preferﬂ%@%ﬁ%&%n%ﬁtﬁ%%%%ﬁ%@ﬁ an g?@%ﬁuaﬁg‘%%oo d_téhdél synt hesi s
mi xt ur esaf k@hplafivSagint hgedlih @it syathesie o0 anyeshef dfane idtecul@slevant i on of one or
nore of a silicon source, a phosphorous source, an alum num source, and a

t enpl at i ng disgassed atipne. Inonb embedithent Ifloccnlants arecadded to 2 moleculapgigver ed by
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silicate (%@Hb\%%ga%g g?? ?:%#E]ae‘l%%nmaﬁ%érsgﬁgf’as@%bgﬁé‘%&ﬁ%gc}%ﬁﬁt’glrllt s used in
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15 synthesized molecular sieve from the liquid portion of the synthesis mixture.

There are many types of flocculants both inorganic and organic flocculants.
Inorganic flocculants are typically aluminum or iron salts that form insoluble
hydroxide precipitates in water. Non-limiting examples such as alum,

20  poly(aluminum chloride), sodium aluminate, iron (ill)- chloride, sulfide, and
sulfate-chloride, iron (II) sulfate, and sodium silicate (activated silica). The major
classes of flocculants used in industry are: (1) nonionic floceulant, for example,
polyethylene oxide; polyacrylamide (PAM), partially hydrolyzed polyacrylamide
(HPAM), and dextran; (2) cationic flocculant, for example, polyethyleneimine,

25  polyacrylamide-co-trimethylammonium, ethyl methyl acrylate chloride (PTAMC),
and poly(N-methyl-4-vinylpyridinium iodide); and (3) anionic flocculant, for
example, dextran sulfates, alum (aluminum sulfate), and/or high molecular weight
ligninsulfonates prepared by a condensation reaction of formaldehyde with
ligninsulfonates, and polyacrylamide. In a preferred embodiment, where the

30  synthesis mixture includes the presence of water, it is preferable that the flocculant

used is water soluble. Additional information on flocculation is discussed in T.C.



and pol y(N-net hyl - 4-vi nyl pyridiniumiodide); and (3) anionic flocculant, for

exanpl e, dextran sulfates, alum (alum num sul fate), and/or high nol ecul ar

wei ght  Wwiogwsreasifoonat es prepared by a condensati on r eaR€T/OR2084/01946ral dehyde
with [ligninsulfonates, and polyacrylam de. In a preferred enbodi nent, where

the 30 synthesis m xture includes the gresence of water, it is preferable

that the flocculant used is water softble. Additional information on

flocculation is discussed in T.C. WD 2005/ 035120 PCT/ US2004/ 019346 15
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irectly. 20 Determ nation of the percenta Iquid or liquid nmedi um and
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s | oaded Lo, e GRIRNE Fpfbal, e CRRMITE AokolbrSORTAREE 1S BiAld 20 © from

Cahn | nstrunent,
usually in a shurry state, and then a flocculant is introduced to this slurry, the

15  synthesis mixture. The crystallihe molecular sieve is then recovered by any
standard technique well known in the art, for example centrifugation or filtration.
Alternatively, in another embodiment, the flocculant is introduced into the

synthesis mixture directly.

20 Determination of the percentage of liquid or liquid medium and the
percentage of flocculant and/or template for purposes of this patent specification
and appended claims uses a Thermal Gravimetric Analysis (TGA) technique as
follows: An amount of a molecular sieve material, the sample, is loaded into a
sample pan of a Cahn TG-121 Microbalance, available from Cahn Instrument,

25  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 constani. The

. weight loss the percentage to the starting molecular sieve material is then treated

as the percentage of the liquid or liquid medium. Subsequently, the sample is
30  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
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sanpl e weight during this treatnment is WO 2005/ 035120 PCT/ US2004/ 019346 16
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product, sélﬁr?'ltuﬁgsi Z%ﬁ%%%@@ﬁﬁgéﬁ@gegéﬂdi}&ggppﬁﬁagﬁg e Eg%sﬁ:c(%l?ibed above. In
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wet filtercake cotg%is_i ng a flocculant is thermally treated or. heat treated
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from about 20 to about 60 weight percent, and most preferably from about 40
15  weight percent to about 60 weight percent. This liquid containing crystalline
product, synthesized molecular sieve or wet filtercake, is then used below in the

formulation of the molecular sieve catalyst composition of the invention.

It has been discovered that at least a portion of the flocculant remains in
20 the washed crystalline product, synthesized molecular sieve, or wet filtercake
described above. In one embodiment, the crystalline product, synthesized
molecular sieve, or wet filtercake comprising a flocculant is thermally treated or
heat treated to remove a portion or ail of the flocculant. In a preferred
embodiment, a synthesized molecular sieve comprising a flocculant is heated to 2
25  temperature in the range of from 25°C to less than a calcination temperature of
from about 450°C or higher.

In one embodiment, the heat treated or thermally treated synthesized
molecular sieve comprising a flocculant and optionally a templating agent, or wet
30  filier cake comprising a flocculant and a templating agent, is heated to a

femperature in the range of from about 50°C to about 250°C, more preferably in



enbodi ment, a synthesi zed nol ecul ar sieve conprising a flocculant is heated
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sieve conprising a flocculant and optionally a tenplating agent, is
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nmol ecul ar si is in the n of fram t 5% to about,K 509 r ef er abl
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30% and m%‘c)oﬁrlegﬁ&%@té/aﬁcf]u?ﬂbﬂl?ﬁ’é.t 15% to about 20% The anount of

floccul ant introduced to the reactor vessel depends on the quantity of

nol ecul 40 si eve being recovered. In one enbodi nent, the anount of nol ecul ar
sieve recovered is the range of from about 100 Kg to about 20,000 Kg 20 or
greater, preferadnyne pmpadimenh dhe Hnthesiged polpcwdar SigvasmuRrSME D00 Ky, nore
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i s capabl e alevel such that the LOI of the molecular sieve is in the range of from about 5% to

about 50%, preferably from about 10% to about 40%, more preferably from about
15 15% to about 30%, and most preferably from about 15% to about 20%.

The amount of flocculant introduced to the reactor vessel depends on the
quantity of molecular sieve being recovered. In one embodiment, the amount of
molecular sieve recovered is the range of from about 100 Kg to about 20,000 Kg

20 or greater, preferably in the range of from 250 Kg to about 20,000 Kg, more
preferably from about 500 Kg to about 20,000 Kg, and most preferably from about
1000 Kg to about 20,000 Kg. In another embodiment, the reactor vessel is capable
of synthesizing an amount of molecular sieve in one batch or at one time in the
range from about 100 Kg to about 20,000 K g or greater, preferably greater than

25  about 250 Kg to about 20,000 Kg, more preferably from about 500 Kg to about
20,000 K g, and most preferably from about 1000 Kg to about 20,000 Xg.

METHOD FOR MAKING MOLECULAR SIEVE CATALYST COMPOSITIONS

Once the molecular sieve is synthesized and heat treated as described
30 above, depending on the requirements of the particular conversion process, the

molecular sieve is then formulated into a molecular sieve catalyst composition,
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spray drying for exanple that the fornul ated nol ecul ar sieve catal yst
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treat nent. jbgen caraiedng, the inorganic oxide sol, preferably having a | ow 20

viscosity, is converted into an inorganic oxide matrix conponent. For

exanple, " an alumna sol will convert to an alum num oxide matrix follow ng

heat Lreat ment. p iy RhELRYSIha e ol DL ] Abihethe Hoddpased sol
sieve catalyst composition. Non-limiting examples of binders that are useful alone

15 or in combination include various types of hydrated alumina, silicas, and/or other
inorganic oxide sol. One preferred alumina containing sol is aluminum
chlorhydrate. The inorganic oxide sol acts like glue binding the synthesized
molecular sieves and other materials such as the matrix together, particularly after
thermal treatment. Upon heating, the inorganic oxide sol, preferably having a low

20  viscosity, is converted into an inorganic oxide matrix component. For example,

an alumina sol will convert to an aluminum oxide matrix following heat treatment.

Aluminum chlorhydrate, a hydroxylated aluminum based sol containing a
chloride counter ion, has the general formula of AlO,(OH),Cl,*x(H>0) wherein
25 mislto20,nis1to8,0is5t040,pis2to 15, and x is 0 to 30. In one
embodiment, the binder is Al;304(0H).4Cl7*12(H20) 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, the binders are alumina
sols, predominantly comprising aluminum oxide, optionally including some
30 silicon. In yet another embodiment, the binders are peptized alumina made by

treating alumina hydrates such as psendobohemite, with an acid, preferably an acid



chloride counter ion, has the general fornula of AAlnO' (OH),,Clp x(H20
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described in GM Wltennan, et al., Stud. Surf. Sci. and Catal., 76, pages
105-144 (1993), which is herein incorpgrated by reference. In another

enbodi nent, the binders are alumna sols, predom nantly conprising alum num
oxi de, optionally including sone 30 silicon. In yet another enbodi nent, the

bi nders are o) | um_na | NGA ) r such as

pseudobohe n%h? g&)&efm%t%ﬂ ccﬁﬁ%gélg}o’%ﬁépy %nb#e;&gstr# acl cir&g f%g(? g%glggi ?SOE

PCT/ US2004/ fih9dtexahipldshificofiRescialy avilableicoligidhiadlagiia, solsdnflo@PRako sol s or

*alumi numion solutions. Non- limti n% exanpl es of conmercially avail abl e
0

col | oi dal aBéiti availeldle fronnleledd hatiend Cog @Vapervills, Thippis, adiNyasel co Cheni cal
Co., Napervi | 1inqQi.s, a | ~AL20 ai l,abl e .from Nyacol Nano
'Technol ogi e9,5‘5595*},,@5@%15#3@'@%@3%&@@3{ csﬁﬁ?ﬂgﬂ' zed nol ecul ar

si eves deschihednhahave, in a preferred enbodinment, is combined with a

bi nder and one or nore matrix material (s). Matrix materials are typically

effective in reducing overall catalyst cost, act as 10 thermal sinks
assisting in shielding heat  fromthe catal yst_ conposition for exanple

Y.
during regener at 8 symbssizedynolgcularsievas desgabed EsPARS F“Pﬁllcreasi ng
catalyst  StEenablnRteldSingl YR &I AN Ablehddi8 hsighig ance, and to
control the“rate of > conversion in a partrcular process. n-limting
exanpl es of Wadifix ¥atealy dra hypitalls| effderieif reducipl &veill daddlgst c6) dchadret al s,
non-active, metal oxides including titania, zirconia, nmagnesia, thoria,
beryl | i 40 qthermal sinks assisting ingshielding Hept siom theegtalysbeaapositiay for gxamile
silica-magnesi.a,  silica-zirconi silica-titania,. sili.ca-gl.umnina and
si |i ca- al unoH&28 W@F’i"cfm?lhﬁlgl?flg’g}%gﬁF?‘Félﬁft,comfﬁn?nﬁﬁ?@ﬁl% gﬁgﬁ’ “natural clays
such as t hoggedgiPMdhhie ch@RistreRgh @hd 2@t0H YebBlahtd, Rd tfconad] 1RQhikBf These
natural clays include sabbentonites and those kaolins known as, for
exanpl e, Di xomverdileNemepartiGder groeesand Fl ori da clays. In one enbodi nent, the
matrix material, preferably any of the clays, are subjected to '

15 Non-limiting examples of matrix materials include one or more of: rare
earth metals, non-active, metal oxides including titania, zirconia, magnesia, thoria,
beryllia, quartz, silica or sols, and mixtures thereof, for example silica-magnesia,
silica-zirconia, silica-titania, silica-alumina and silica-alumina-thoria. In an
embodiment, matrix materials are natural clays such as those from the families of

20  montmorillonite and kaolin. These natural clays include sabbentonites and those
kaolins known as, for example, Dixie, McNamee, Georgia and Florida clays. In
one embodiment, the matrix material, preferabty any of the clays, are subjected to
well known modification processes such as calcination and/or acid treatment
and/or chemical treatment. In one preferred embodiment, the matrix material is

25  kaolin, particularly kaolin having an average particle size from about 0.1 pm to
about 0.6 um with a dgp particle size distribution of less than about 1 ym.

Upon combining the heat treated synthesized molecular sieve and the
matrix material, optionally with a binder, in a liquid fo form a shurry, mixing,
30  preferably rigorous mixing, is needed to produce a substantially homogeneous

mixture containing the heat treated synthesized molecular sieve. Non-limiting
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measuring sol1ds conte Is oh a calcine baS| or exanp
measur ed5by frdme OUGIto pess ¢leoh 0.45,cind enwss préferably in the range of from 0.15 to about

04.

The molecular sieve catalyst composition particles contains some water,

templating agent or other liquid components, therefore, the weight percents that

20  describe the solid content in the slurry are preferably expressed in terms exclusive
of the amount of water, templating agent and/or other liquid contained within the
particle. The most preferred condition for measuring solids content is on a

{ calcined basis as, for example, as measured by the LOI procedure discussed

al;ove. On a calcined basis, the solid content in the slurry, more specifically, the

25  molecular sieve catalyst composition particles in the slurry, are from about 20
percent by weight to 45 percent by weight molecular sieve, 5 percent by weight to
20 percent by weight binder, and from about 30 percent by weight to 80 percent

by weight matrix material.



above. On a calcined basis, the solid content in the slurry, nore
specifically, the 25 nol ecul ar sieve catal yst conposition particles in the
slurry, awe foodeastioout 20 percent by weight to 45 per ceiT/BIR0MGIZING

nol ecul ar sieve, 5 percent by weight to 20 percent by weight binder, and
‘from about 30 percent by weight to 80 rcent by weight matrix material. WO
2005/ 035120 PCT/ US2004/ 019346 21 In another enbodi nent, the heat treated
nol ecul ar sieve is conbined with a binder and/or a matrix nmaterial formng

| h t | bel | t
Sornt of tho ol Dnptr Bohieell uine b BB eves oIl WD UL o
si eve, the bhpderand/fl at ﬁnma&éﬁm& %Epu(?;r?(?.umﬁlaﬁtwﬁ}ﬁoﬂhéﬁﬁﬁ?m fL om

above or below, preferably bel ow, the t he nol ecul ar si eve
bi nder and tHeeemnbelow thaiseeleettic pbimt aﬁtlﬁmnmidciuim'mqvet]l’mfemlblmthetsﬂlmsl urry is in

the range of from2 to 7, refer 3tQ 6 he, | EP t he
mol ecul ar  sFRRrises themoleepl rséﬁYﬁefiSk’Y’F{eBﬁﬁ‘rHZt matnx 5‘?1‘”7’53& ferably from

about 3.5 tg %qie@ the | EP of
t he matrl X rra@rerl aFET aﬁ(lf:‘}gsosr%%l}?g;%&éﬁgﬁg ?g&@@a%%l ca g?i WO

03/ 000412 Afhepitilet shbihe haattia iatesial. 20, envbviditient] the pel «fi the Eluiﬂyys inncor por at ed
by reference. As the slurr%/ Is mxed, the solids in the slurry aggregate

preferably the rangessifiom dkey.orefebly fremy2. 3 torfh-&i the @%pf@emie%@ﬁrérevgu eve

1 TS T e e P28 TS e T v BB Gt el 350 oS0 ey or 5

these partigf@g bhﬂeif i%?e:&é}%ﬁmsz Fhd tH 1P lﬁadrﬁsﬁatéﬂms fess Ran 0T €
preferably | ess than m and nost preferably about 7 m The d9o for

pur posel) of SW@Tﬁ’ateahPulﬂpphmrcWO 03/0864il 20 b pridlished Faiuaty 3, 200Bswhiblat 90
percent by v gﬂ{ythe artlcle in the slurry have a particle 20 di aneter
| ower than t AneREPOTEisd by “BlfPoses of this definition, the particle
si ze dlstrlbutlon used to define the d90 is measured using wel | known | aser
scattering techniques using a Honeywell (M crotrac Model 3000 particle size
anal yzer from M eusdie sharry Isnmixed,lthe sudidshh thel stiajy agipegate maferabiptoci nent, t he

slurry of the synthesized nol ecul ar. sieve, hinder
point Where the slurry contains sohid molecular sieve catalyst composition

15  particles. It is preferable that these particles are small and have a uniform size
distribution such that the dgy diameter of these particles is less than 20 pm,
preferably less than 15 um, more preferably less than 10 pm, and most preferably
about 7 um. The dgg for purposes of this patent application and appended claims
means that 90 percent by volume of the particles in the slurry have a particle

20  diameter lower than the dgg value. For the purposes of this definition, the particle

‘; size distribution used to define the dyg is measured using well known laser
scattering techniques using a Honeywell (Microtrac Model 3000 particle size
analyzer from Microtrac, Inc., Largo, Florida).

25 In one embodiment, the shurry 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 compostition or formulated molecular siéve catalyst composition. In a

30 preferred embodiment, the forming unit is a spray dryer. Typically, the forming

unit is maintained at a temperature sufficient to remove most of the liquid from



and matrix material is mxed or mlled to achieve a sufficiently uniform
slurry of sub-particles of the nol ecul ar sieve catal yst conposition to form
a formul gt osition that is then fed to a formng unit that produces
t he nol e?&bgﬁﬂ%ﬂﬁgﬁ cat-al yst composition or fornul at edgmlgwpﬁi’lgé" feve
catal yst conposition. In a 30 preferred enbodi nent, the formng unit is a
spray dryer. Typically, the forming udt is nmaintained at a tenperature
sufficient to renove nost of the liquid from W) 2005/ 035120
PCT/ US2004/ 019346 22 the slurry, and fromthe resulting nolecul ar sieve
cat al yst cquaﬁﬁ,' %&Jm?e feS@Hhg mwecﬁﬁiaievét:%ﬁ@m&ﬁﬁds%nMe formed in

es

this way ta e formo mcro spheres. 5 én a spray drier is used as

t he form ngesuliitg cdialysicahippsitian when dormredan tioe miaiyrtaktes thre fofmtofie sl urries

descri bed above, nore particularly a slurry of the synthesized nol ecul ar

si eve, mat rIEresRheEEs-al . and binder, is co-fed to the spray dryer with a
drying gas with an average inlet tenperature ranging from200C to 550C, and
a conbined outlet tenperature ranging from 100C to about 225C. In 10 an ’

enbodi mgnt, the WhehaGpray ddidbisaisedhs thb fordiihgunil) typidallgafipdneat &1 yst
conposition is fromabout 40 mto about 300 m preferably from about 50 m

to about 25®mhinatipneoftheslomies dgscribedraboys mosoparticdadpasuy®dthy and nost
preferably from.about .65 mto abqut 9 15.During spr rying, the slurry
i s passed tsri’rngl?@‘ﬁe molerpiar S'&V%t‘?%’lﬁﬁ“%ﬁ%’ﬁé‘ﬁ béﬁ“i?ﬁ‘% c?'ﬁ?cg%stﬁ%g T8¥r opl et s,
resenblin gbdﬁ ' ' e?nf]ﬁ?ﬁﬁf ) ' LS achi eved
by forci ng ﬁ%ﬁg{tﬁrﬁr t%?%‘%ﬂgﬁgﬁ eg]mr%gtzz e or er%ua?#%;ﬁ)gﬁﬁnoggltgs wth a

pressure dropeChaid@céabiaed ohtldt tanpetittrarahging Frokd 000°CStoabo @2 5kREagn t0 6895
kPaa). In another enbodinent, the slurry is co-fed through a single nozzle

20 or rif t i embestiments thel ayarpgediameter cdtheiprayt drigd formedicalaly$t as air, steam

fl , . ot.h ' | | h ' f
i er ospher CmEbRtishis Gprbtbat 0 Bana deetichp B, by b B Mot ¢ ne
slurry. Hovwgvi@but 25 OhoRY préfafabd F6mebotit 0 Aab abyiR 2009 ARl hip and its

spherical characteristics are controllable by varying thé slurry feed
properties pmeftrabdyfiom ahomt 63 pat tormbett 90qm.

15 During spray drying, the slurry is passed through a nozzle distributing the
shurry into small droplets, resembling an aerosol spray into a drying chamber.
Atomization is achieved by forcing the slurry through a single nozzle or multiple
nozzles with a pressure drop in the range of from 100 psia to 1000 psia (690 kPaa
to 6895 kPaa). In another embodiment, the shurry is co-fed through a single nozzle

20  or multiple nozzles along with an atomization fluid such as air, steam, flue gas, or
any other suitable gas. Generally, the size of the microspheres is controlled to
some extent by the soﬁds content of the shury. However, control of the size of the
catalyst composition and its spherical characteristics are controllable by varying

the slurry feed properties and conditions of atomization.

25
Other methods for forming a molecular sieve catalyst composition is
described in U.S. Patent No. 6,509,290 (spray drying using a recycled molecular
sieve catalyst composition), which is herein incorporated by reference.
30 In a preferred embodiment, once the molecular sieve catalyst composition

is formed, to further harden and/or activate the formed catalyst composition, the



25 O her nethods for formng a nol ecul ar sieve catal yst conposition is
described in U S. Patent No. 6,509,290 (spray drying using a recycled
mol ecul ayq BhO¥R1MAL al yst conposition), which is herei PGIAEBHBHAMED by
reference. 30 In a preferred enbodi nent, once the nol ecul ar sieve catal yst

- conposition is fornmed, to further hargden and/or activate the fornmed
catal yst conposition, the WO 2005/ 035120 PCT/ US2004/019346 23 spray dried
nol ecul ar sieve catal yst conposition or formnul ated nol ecul ar sieve catalyst

conposition is galcined. Typical,calcination te rafures are in the range
of T om ab BT SBRE mejotts AoV CaeL S me LB L PRI G MRISHE SEYT ¢ o about
700C, pref | ¥ i @n b, % Infe in't n, helium
.flue 5 gas% %@%ﬁ%@?@%ﬁﬁ%ﬁ%ﬂ'ﬂ?egﬁﬁ?ﬁ cg%%agﬁl)l, or r%?}@e@%en%%%{aﬁ ﬁ t her eof .
Cal ci nat i onf ftanrebow 50090 twadboyt JMOHE natedrefereblshfFomadhowiess SOPClarismni ng of t he

nol ecul ar sieve catalyst conposition and ranges from abqut. 15 m nutes to
,about 20 ho@PsCgitre rahlxémﬁaiqlmt@nienwmn?rgﬁ Fyai, p&ﬁ%@d@l ,9C. 10 In

one erbgd! M0\ copiBBA bl A FRGI4ANS: ) cAIRLEGH Ferk! UBAERDR! YS!

conposi fiorris neasured usin nmeasured in

wei ght  periigdis tgpically ddpeh@HPOS iHel depreatof hirdeginp ©f tHeatislecdlsidve neasured by
adding 6.0y of <catalyst conposition having a particle size distribution

rangi ng fr catalyt powpesniton and rangsdiom shont 4§ minniss theabout 2Qbairs atta ri ti on cup.
Approxi mately 23,700 cc/mn af. 15 piiro as i s bubbled through a

wat er - cont af ﬁr@hgﬁﬂbﬁf‘gfangog&m@ybttﬂgﬁ&ﬁgtrogen. The wet nitrogen passes
through the attrition cup, and exits the attrition apparatus through a
porous fiber thinble. The flow ng nitrogen renoves the finer particles,
with tHé | arger Inameienibedineit,the ateitanresistancet dfe molpculditseveaatalyst f | ber

t'hi nbl e separates, the fine catalys articles fromthe nitrogen that exits
t hrough t heOMPOSIioRS meastred ¥ fien Rate 'mrmﬁasﬂrﬁén%wrﬁne

DT eme R SO S Ry DA S gl 11
hour. The fdapfyst eombegti@thaving fpartitiBisiveldistakbttionaampies fibmosB mittonytbt . A new
thinble is then installed. The catal yst _
125 microns to a hardened steel attrition cup. Approximately 23,700 cc/min of
15  nitrogen gas is bubbled through a water-containing bubbler to humidify the
nitrogen. The wet nitrogen passes through the attrition cup, and exits the attrition
apparatus through a porous fiber thimble. The flowing nitrogen removes the finer
particles, with the larger particles being retained in the cup. The porous fiber
thimble separates the fine catalyst particles from the nitrogen that exits through the
20  thimble. The fine particles remaining in the thimble represent the catalyst
! composition that has broken apart through attrition. The nitrogen flow passing
through the attrition cup is maintained for 1 hour. The fines collected in the
thimble are removed from the unit. A new thimble is then installed. The catalyst
left in the attrition unit is atirited for an additional 3 hours, under the same gas
25  flow and moisture levels. The fines collected in the thimble are recovered. The
collection of fine catalyst particles separated by the thimble after the first hour are
weighed. The amount in grams of fine particles divided by the original amount of
catalyst in grams charged to the attrition cup expressed on per hour basis is the
AR], in weight percent per hour (wt. %/hr). ARI is represented by the formula:
30 ARI=C/(B+C)/D multiplied by 100%, wherein B is weight of catalyst

composition left in the cup after the attrition test, C is the weight of collected fine



left in the attrition unit is attrited for an additional 3 hours, under the
sane gas 25 flow and noisture levels. The fines collected in the thinble are
recover _caollection of fine catalyst particles s 14 he

t hi nbl e‘igptzg{iﬁqz'ﬁ@%fi rst hour are weighed. The anount iﬁ@gpgﬁ@ﬂg@ﬁ ne
particles divided by the original amount of catalyst in grans charged to
the attrition cup expressed on per hourqg basis is the ART, in weight percent
per hour (wt. % hr). ARl is represented by the formula: 30 ARl = ¢ (B+C)/D
mul tiplied by 100% wherein B is weight of catalyst conposition left in.the
cup after t | el Iy Gt |
20051035120 % DREisS ROYGES free b dtaRrilsh fehunitnt AU P EHabalB BE hour of
attrition ttreaqhent i howsdft€r the firdthodwathttionrtreafmerttr eat nent in hours after the -
first hour attrition treatnent. In one enbodi ment, the nol ecul ar sieve

catal yst conposition or 5 fornul ated nol ecul ar sieve catal yst conposition

has an ARl | ess ﬁl%ﬁﬁe %o&ﬁﬁ&?tt%? %ﬁg@g@* ?@3{ %islgl%thcg%{p%gﬁ ﬂ% y less than 5

;
wei ght percent per hour, nore Wal gkt percent per
hour, asd nBfhuldfednesladllyr si®eTatahRNconpisitibiithag ah QRN lessthin DPWeight 0 PROCESS
FOR USI NG THE MOLECULAR SI EVE CATALYST COWVPGCSI TI ONS The nol ecul ar si eve

cat al yst caqrepest pérdoair,ueferabliclgssitbary & wgight persenil per howr, mpxe prsfeyaldy pr ocesses
i ncl udi ng: cragki .of for exanple napht to Iight. ., olefin(s) (U S
Patent No. %% ﬁgglf}g?’épeq??ﬂt?g%r @&Wﬁ%’){“ﬁg@bﬁbﬁe}%ﬁﬁ?‘m ?‘.3’6‘%‘88?{58%% to | ower
MW hydr ocar@Rsye, hydrocracki ng, of for exanple heavy 15 petrol eum and/ or
cyclic feedstock; isonerization, of for exanple aromatics such as xylene,
pol ymeri zation, of for exanple one or nore olefin(s) to produce a polyner
product; re 'n' hydr ogenati on; deh dron'lqtion; dewaxi ng, of for

rm
exanp! dbhydPRRG NG A O IKES ption, of for

exanpl e al kyl ar mwa . 7— i 0. ol b SOMEr eof ;
al kyl ati on, 20 O@%&)&gﬁféﬁ%ﬁg@g&?zg%%tc?@ﬁﬁ%%dc ar%lgﬁr?sd dé) égﬁzm%%{zne%e and
al kyl benzengiety ¢fipiro€d’edslicluding: @acking, ef forteRamplciiphtharfesttodighvi t h | ong

chain olefins; transal kylation, of for exanple a conbination of aromatic
and pol yal kglem@h@{.8cPatent No. 6,300,537) or higher molecular weight (MW)

hydrocarbons to lower MW hydrocarbons; hydrocracking, of for example heavy

Juw s

15  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,

20  of for example aromatic hydrocarbons such as benzene and alkyl benzene,
optionally with propylene to produce cumeme or with long chain olefins;
transalkylation, of for example a combination of aromatic and polyalkylaromatic
hydrocarbons; dealkylation; hydrodecylization; disproportionation, of for example
toluene to make benzene and paraxylene; oligomerization, of for example straight

25  and branched chain olefin(s); and dehydrocyclization.

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

30 hydrocarbons (ethylene and/or acetylene) to aldehydes for conversion into

alcohols, acids and esters. The most preferred process of the invention is a



-hydrocarbons; deal kyl ation; hydrodecylization; disproportionation, of for
exanpl e toluene to nake benzene and paraxyl ene; oligonerization, of for
exanpl e WO 208035126 and branched chain ol efin(s); and dBﬁ?’@ﬁH@;”@!%i‘at i on.
Preferred processes are conversion processes including: naphtha to highly
“aromatic m xtures; light olefin(s) to soline, distillates and |ubricants;
oxygenates to olefin(s); light paraffins to olefins and/or aromatics; and
unsat urated 30 hydrocarbons (ethyl ene and/ or acetyl ene) to al dehydes for

conversion into | cohol 5, aci ds. an The.nost preferred process of
t he inventiBlﬁ’c?sss‘glr V@ﬁ%@@ﬁ@%ﬁ?ﬁnﬁgﬁ’? g%ﬁéﬁ?‘ﬁ&gﬂ% %oﬁp%ess directed to
the convers eRite@iof q,g.tn%go ising one or nore oxygenates to one or
‘nmor e ol efi n?ﬂgk The ecul ar SI evée catal yst conpositions described above

are particularly 5 useful I n conversion processes of different feedstock.

Typical ly, the feedstock, contains one or al_j tic-cont al n| g
sconpounds t hat i ABE pdecHlaE SigyE €3 alygtfﬁop[g)gsmegq % anpl e

al dehyde pt ans,

Sl hes o SRR RRHiGR pREG O il E%es&%t&%{rsfevﬁ%@ .cé%?% y of the
al i phat i c- cesitaing bfi€oc@BTRAPH S d-Yaitsifink omPotutdsiBat idéludi¢ slodHold,0 about 50
carbon atons, preferably from1 to 20 carbon atons, nore preferably from1l

to 10 car bonnmeamarbcmbcmm@s éqreepcampge afldedypyeles, k@owsmdwsxboxalmms
Nonllmtln | e al i taln nds in

al cohol s su ﬁﬁﬁiﬂ i ag ?11‘?‘6 esall @zﬂ’%&ﬁ‘r""gﬁj‘&?é“% rret hyI
nercaptan aﬁﬂe%&@&é‘ﬂc'ﬁ%x&?%ﬁ{b alﬁJhKﬁ(é c&ﬂiﬁﬂn@%r@%ﬁﬁﬂﬁpﬂm}hy&maﬁhﬂ fide, alkyl-
am nes such as th anm ne | -ethers such as dinethyl ether, diethyl

ether &@d m‘mtrhytoeaﬁmjat 5@tdrbon amhﬂsyprefmdblyiﬁsntshtdﬂ(hsarbmt ttpinspfnbmrl de and
ethyl chloride, . alkyl ket such as di net hy f or mal dehydes, and
vari ous aci ase %@@H%ﬂli@ &E%T PR afoE)sg an Iﬁoﬁpﬁ‘?tlé@fyré ik of the
process of q.? nvention, the feedstock contains one or nore oxygenates,
nore specifically, one or nore organic

Non-limiting examples of aliphatic-containing compounds include:

15  alcohols sich as methano! and ethanol, alkyl-mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkyl-
amines such as methyl amine, alkyl-ethers such as dimethyl ether, diethyl ether
and methylethyl ether, alkyl-halides such as methyl chloride and ethyl chloride,
alkyl ketones such as dimethyl ketone, formaldehydes, and various acids such as

20  acetic acid.

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

25 embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
aicohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic

30  alcohols and their unsaturated counterparts.



conpound(s) containing at | east one oxygen atom In the nost preferred 25
enbodi nent of the process of invention, the oxygenate in the feedstock is

one or nore alcohol (s), preferably aliphatic al cohol (SQ'C%E?O%*’E’{;H%@ i phatic
ns

noi ety ofVWO2485/03312hol (s) has from1l to 20 carbon ato eraply from1
to 10 carbon atons, and nost preferably from1l to 4 carbon atons. The
al cohol s useful as feedstock in the pggpcess of the invention include |ower
strai ght and branched chain aliphatic 30 al cohols and their unsaturated
counterparts. WO 2005/035120 PCT/ US2004/019346 26 Non-limting exanpl es of

oxygenat es i ncl ﬁﬁ‘ﬁ?@%{aﬁlﬁéﬁ?ﬁgﬁeﬂgﬁﬁ%cq@‘fmgthf“i‘%?ﬁémr@' , methyl ethyl

et her, dinethyl r, Tormal dehyde,

| sopropy

di met hyl casrbamel, ssoptdpaabh) lethise ethybethars @irhéthyicatir, diethgll ¢thert dires thereof . In .

the nost preferred enbodi ment, the feedstock is selected 5 fromone or nore

of met hanolisopsepid ethier, faimaldehyde cdimethyl earbennje, dimethyl kptone, acabigtaridat i on

t hereof, nor r ef er abl t hanol , and di,net hyl e [ d ,nmost nef erably
net hanol . 'ﬁﬁ@ n@‘éﬁ’rr exiseéfé@tﬁféR:g)swr&cgggga'ntbgﬁ%eé{t,llﬁ%ﬁeﬁ%qaflé}sl sflleglp""fleedst ock
10 cont i ni fighn dfe BMBRNGH BethAR]1 SctRaol,| itk ¥hér, RS bRRKoLANt @i Ni ng an

al cohol, is converted primarily into one 0r nore olefin(s). The olefin(s)
or ol efin novmivisatios )therpofH thoceprefarably niethanekatsl diviethtyy piher lahg Mvate from 2 to
30 carbon atogns preferably 2 to 8 carbon atons, nore preferably 2 to 6
car bon at ori¥eterably methapel. preferably 2 to 4 carbons atoms, and nost
preferably ethyl ene and/or propylene. Non-limting 15 exanples of olefin
nmononer (s) include ethyl ene, propyl ene, butene-1, pentene-1, :

4- et hyl - pent enefHe vdiioes Rditoclacdisiuesell abodk, pastivnkrly.a feeddtakabl y et hyl ene,

propyl ene, butene-1, pentene-1, 4-neth -Fent_ ene-1, hexene-1, octene-1 and
I somer 9.0t hetoaningan eKygsanate; mormpa;h@rlaris} a fagdstoelecantammgrantabephabiorer s,

di ol efins havin t o 18.carbon_at ons, ~.conjdgat naneonj ugat ed, di enes,
20" ol yenessORyPTEA pifGrriE B8 gr BRF PleiBfRl THEOERRR) RESHAE PlasBRieEt) e
enbodi ment gprbbﬁceﬁﬁ%%%ﬁﬁ%edsﬂfcﬁftﬁﬁééﬂ%a% fiRRE2 & 30"4rBon AUBEHRERSDLy ! S
converted in the presence of a Tl ecul ar sieve catal yst conposition

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

to 4 carbons atoms, and most preferably ethylene and/or propylene. Non-limiting
15  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,

20  polyenes, vinyl monomers and cyclic olefins.

In the most preferred embodiment, the fcedstock,rpreferably 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
25  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.

The are many processes used to convert feedstock into olefin(s) including
30  various cracking processes such as steam cracking, thermal regenerative cracking,

fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking, and

*



-of the invention into olefin(s) having 2 to 6 carbons atons, preferably 2 to
4 25 carbon atons. Most preferably, the olefin(s), alone or conbination, are
conver t edvofzoewn3sizbeedst ock contai ni ng an oxygenate, pr&@FEBPAHPB4| cohol ,
nmost preferably nethanol, to the preferred ol efin(s) ethylene and/ or

‘propyl ene. The are nmany processes usedsto convert feedstock into ol efin(s)

I ncl uding 30 various cracking processes such as steam cracking, thernal
regenerative cracking, fluidized bed cracking, fluid catalytic cracking,

d tal yti Ki . d 005/.035120 PCT/ US2004/ 6 7
05 <br eaki ng isbrRkRE T @l prelfet ppiedis eyl errEre S & B A olcfids
gas-to-ol ef i(mce)f) bﬁl@r?%%jw, blﬁygéﬁaﬂe»tsloyeﬁn@m@%@& fretiftmel-RLb186nd OTO) or

met hanol -t o-ol efins na MO or an OTO process, typically an
oxygenat ed {EEWD) dolk MTOst an (YED proabisytypicaly hkanxygenated féadstogk,freedist ock, is
converted in the presence of a 5 | ecul ar sieve catal yst conposition into
one or nor ePB?f@FPﬁ’(asl}lFthﬁF‘@fcéméWn%ﬁ%%% BEORY ST p fhe é’FW%H dand/ or
propyl eng, r ' .0l ef i heaf in one
Cbodt mont , TASIERlcERl s odmddidind i oP hitke oleFIR) REERbA I |1 0P e
concentr at i predeimihdiflyf efgiehe aid/ortdp e, ghtrerefirted to@s lightolefm(E).i ve to the
feedst ock or nol ecul ar sieve catal yst conposition. Non-limting exanples of
di luents include helium argon, nitrogen, carbon nonoxide, carbon dioxide,

wat er, essenti al | n;reactive paraffins (especially alkanes such as

met hane, et hane, ﬁ}?&gﬁqﬁ&ﬁgﬁ&@eg’g’ggﬁiﬁe&ﬂwﬁﬁ “-opggﬁﬁ%%mie i ¢ compounds,
and  m xt ur gepitAIRNRLA to rEARcIME boReRrAIdnSST thE fed@ibck, ahE RéraBPdosll t rogen,
with water 5 béing particularly preferred. The process tfor converting a

f eedst 0dR, eeqtive & the feedstoeki ot nwleculansiavewataystenmpositionwr Nomsliygiéingt es, in t he
presence of a no egghar si eve catal yst conpositio of the_invention, is

carried out SATRIES o4 dilnents ipplude Sehiym, atgqns pHfageD, PIRXIds, 6888 20 is a
fixed bed pr, , Lo € [ r t bed
bt ocess). | RREHAS e bl hoRSoR O PR BRLUART afalel UMD
preferably anethaie, sthats and paipane) a3sértially hon-géactde rothakic eompsundEngnd eact i on
processes can take place_in a vari eta/ of catalytic reactors such

mixtures thereof. The most preferred diluents are water and nitrogen, with water

[vp)}

15  being particularly preferred.

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

20 s a fixed bed process, a fluidized bed process (includes a turbulent bed process),
! preferably a continuous flnidized bed process, and most preferably a continuous

high velocity fluidized bed Process.

The reaction processes can take place in a variety of catalytic reactors such
25  as hybrid reactors that have a dense bed or fixed bed reaction zones and/or fast
flujdized bed reaction zones coupled together, circulating fluidized bed reactors,
riser reactors, and the like. Suitable conventional reactor types are described in for
example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and
Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
30 Publishing Company, New York, New York 1977, which are all herein fully

incorporated by reference. The preferred reactor type are riser reactors generally



25 as hybrid reactors that have a dense bed or fixed bed reaction zones
and/or fast fluidized bed reaction zones coupled together, circul ating

fluidi zedydsshsiosags Ors, riser reactors, and the like. Suhabbqaeayentional
reactor typés are descri-bed in for exanple U S. Patent No. 4,076,796, U.S.

Patent No. 6,287,522 (dual riser), and Fluidization Engineering, D. Kunii
and 0. Levenspiel, Robert E. Krieger 3Q8Publishing Conpany, New York, New
York 1977, which are all herein fully incorporated by reference. The
preferred reactor type are riser reactors generally WO 2005/ 035120

PCT/ US2004/ QdRaB&1 in2RiseieRdctd Rk dizdRion Siid ReaRiL Rdrticke Syk@ing afdges 48y _
Fluid-Particle Systens, pages 48 to 59, F.A Zenz and D.F. Qhner, Reinhold

P;Jbl i s P: ngdéﬁ@&; Zenomd DiFvOdonér, Reinbeld Pubtighiog §or1rzmam Naw Yerkllee, 282
Sy | Dt ; . . Mo
001 564, 613 1506 Ay ety pridpevs tastRudied el Frar(oD, siF S Patiog o
herein full W hRCAH AR PN bg%{sgafé Ffife Mdy, Bol%gﬁig%éﬁ%r%ﬂaﬂﬂ),”em’ a

. 0.
fluidi zed bed”process or hi ocity | Ui di ze process 1'ncludes a

react or Systwhich @e tRGersd afllydncayaurdbanefeence.ecovery system 10 Reactor
System The reactor systempreferably is a fluid bed reactor system having a
first reaction zone within one or nore riser reactor(s) and a second

reaction zone w thi,n at |eas e di sen | I |y conprising
one or nore pyclglﬁg?.pria%nf e@?%g&_ﬁiﬁﬁg&?@é%??dﬁﬁlefyrgg%gﬂh%rqjg?o:cl er reactor(s)
and di sengagiuitfizefaProbads ineRitledh RRGtoVsySMir, Preplitdhtton §8@hmdwessel . Fresh
feedst ock, preferably containing one or nore oxygenates, optionally with
one or nor erehoveryrsy$tsin, is fed to the one or nore riser reactor(s) in which

a nnleciéar si eve catal yst conposition or coked version thereof is
I ntroduced. I n one enbodi nent, the nol ecul ar sieve catal yst 20 conposition

or coked Ve.rl&iagﬁr%fe%?f. Is contacted with a liquid or gas, or conbination

t hereof , pr i ntroduced to the riser reactor(s), preferably the
liquid is water Qhereidtarsgbiemaprefetably igafluidbadreacter tystpms havinga &isstni t r ogen.
‘ 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
15  one embodiment, the one or more riser reactor(s) and disengaging vessel is
contained within a single reactor vessel. Fresh feedstock, preferably containiﬁg
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
20  composition or coked version 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.

The feedstock entering the reactor system is preferably converted, partially
25  or fully, in the first reactor zone into a gaseous effluent that enters the disengaging
vessel along with a coked or further coked molecular sieve catalyst composition.
In the preferred embodiment, cyclone(s) within the disengaging vessel are
designed to separate the molecular sieve catalyst composition, preferably a coked
or further coked molecular sieve catalyst composition, from the gaseous effluent
30  containing one or more olefin(s) within the disengaging zone. Cyclones are

preferred, however, gravity effects within the disengaging vessel will also separate



The feedstock entering the reactor systemis preferably converted, partially
25 or fully, in the first reactor zone into a gaseous effluent that enters

t he di seny&opg035128ssel along with a coked or further coleEHUPIPERIGPHr sieve
catal yst conposition. |In the preferred enbodi nent, cyclone(s) within the

di sengagi ng vessel are designed to sepgyate the nol ecul ar sieve catal yst
conposition, preferably a coked or further coked nol ecul ar sieve catal yst
conposition, fromthe gaseous effluent 30.containing one or nore ol efin(s)

wi thin the di iFrag] B RERS et &Yneths, 5’9@ ity
effects w tﬁc?%@%lﬁlgﬁ I sgﬁgggpﬁgéﬁe@sg%ﬁﬁfﬂa@o separ%t ea%?%%’ 5 0%5120
PCT/ US2004/ (the ddtblyst2Snipeeitivat foysthe gastpastitluartindindshe wee gbslatsscapd,f | uent .
O her nethods for separating the catalyst conpositions fromthe gaseous
ef fl uent i ncelbeies. ené eof plates, caps, elbows, and the like. 5 In one
enbodi nent of the disengaging system the disengaging system includes a
disengag!ng vessel, typically a |ower portion of the disengaging vessel s
a strippisg zone. yldheleitbodithénm K fb ERABadALs RRMKE theBhaipabily syétame catal yst
conposition is contacted with a gas, preferably one or a conbination of
steam  met hanldecadisengagingiesss], tymcdllyra lowaopartien ofith¢rdisgmgaging vesseli nert gas
such as 10 argon, preferahly steam to recover, adsorbed hydrocarbons from
t he coked n’él%égmpé‘?géqnévgnéft%%{‘g 57e 'egﬁl‘ﬁmariséevteﬁé{?&sﬁtroduced to
t he regenerat . AQt Jyiafelal tor atddfatstdtonRiFRRafone is in a
separate vezésdéﬁ%bfs}t?r‘ﬁ%%Eéﬂta%?%gﬁgggg%%’fvesggl. 13 a'I":E\Se bz%nvefagi@ohmﬁferrper ature
enpl oyed i n ibthats eudodidioxife, eabss monspie] Hyideadehyorvirt ihen ghhmuichaact or system

is in the range of from about 200C to about _1000C, preferably from about
250C t o Hbousrzemgreierabhestprarta reqover qdserhed Bylrpcar ) 750 C, yet

rom about  386teetBE SRAt Eathe Eoimeb Rl Bl js e inyb Ghce 58 Bk EBOBEBIR, ' 200
550C. The cogxensi BIhnbftRe SMbedifiEat, Meastripping Péhetio BV £ E&abile PEREISHSM the

specifically wthin the reactor system varies over a w de range including
aut ogenous pflisengagimg vessel.

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

20  about 350°C to about 550°C.

The conversion pressure employed in the conversion process, specifically
within the reactor system, varies over a wide range including autogenous pressure.
The conversion pressure is based on the partial pressure of the feedstock exclusive
25  of any diluent therein. Typically the conversion pressure employed in the process
is in the range of from about 0.1 kPaa to about 5 MPaa, preferably from about 5
kPaa to about 1 MPaa , and most preferably from about 20 kPaa to about 500
kPaa.

30 The weight hourly space velocity (WHSV), particularly in a process for

converting a feedstock containing one or more oxygenates in the presence of a



The conversion pressure is based on the partial pressure of the feedstock
exclusive 25 of any diluent therein. Typically the conversion pressure
enployed in the process is in the range of fromabout 0.1 kPaa to about 5
MPaa, preferably fromabout 5 kPaa toypbout 1 MPaa, and nost preferably
from about 20 kPaa to about 500 kPaa. 30 The wei ght hour ace velocity
(VHSV) , partF‘@Fﬂcgﬁf?e?’?lc%iab’F'o%ws‘ft@P Wity RJERGHRG nFe‘éH§h%‘?§E&c'§ﬁlt‘§Flni ng one

or nore Oxyg@gﬁf‘ﬁf the fé%t&k%ﬁﬁﬂ&ﬁg%g%&lﬁ%ﬂs @@hﬁ%énﬁfonsiloﬂg ﬁef@%?éﬁ?t

conposition wthhin a reaction zone ned as e tota t of the

f eedst ock exwokight ofmalegulir kigeairstht ndlbmlirastale catalyRompeositibp it theer  wei ght
of nol ecul ar sieve in the nol ecul ar sieve catal yst conposition in the

reaction zonEactipibzanas\inesWiS nisanaintgined a4 a|lexed suldigrent ¢ kesp thecatalypt t he

vy angos. Comgaebihd fufidep $li §TRinct BoSel TobeaRerBe NSV i ooy o
h{* to about ﬁ%ﬁp&ouhi11:"rterasomrsﬁbewbl,yre?érmgafﬁﬁﬂtabéutmhri‘ tb@baAE001500 hf',
a

and nost preferably from about 10 hr-_ll to out 1Q00 hr-1. In one preferred
enmbodi ment, hfie mamsypreferably remabout e 20 abputl] 5Q8rhst eandompstipreferstit/ f or

The range. of TPELOMANA st ReEt 1000 Hodp Cabe pred FREoUrat b FASGi” "

vel ocity (SCeatr thdie2d REApEIGKLIYIRL WHISY 18} LAtRRESIGNET 4 RRA%tbAN  products
within the reactor systemis preferably sufficient to fluidize the 15

mol ecul al0si eontainanginythenelandatingthyhethet isiin the rasge of framzabest 2hhr 'te r eact or .
The SGV in tge %E?Bﬁsss, particularly within the reactor system nore

parti cul arlya%‘tt I'm“the riser reactor(s), is at least 0.1 neter per second
(m sec), preferably greater than 0.5 misec, nore preferably greater than 1

m sec, even nore preferably greater than 2 nisec, yet even nore preferably
great er t han Thespparficiap gasyrlotiyd B G atfdhefsedstgele nchyding diluent ppdreactiat her

processes for_conyerii.n n X nate t l.efi p{ s r escribed in U S
Bt ent  No. - PEESRS RS Feap R XMOR] Cork Bty shlicidns B BuidRcht  ” o et e
Normal i zegd Mphdladi@arSidveatalydt ¥ompdstibSivithin 4 AfStioN BondinAhéreactol- Phd42 485 Bl

(WHSV is from0.01 hi' to about o )
SGYV in the process, particularly within the reactor system, more particularly

within the riser reactor(s), is at least 0.1 meter per second (m/sec), preferably
greater than 0.5 m/sec, more preferably greater than 1 m/sec, even more
preferably greater than 2 m/sec, yet even mére preferably greater than 3 m/sec,

20  and most preferably greater than 4 m/sec. Other processes for converting an
oxygenate to olefin(s) are described in U.S. Patent No. 5,952,538 (WHSV of at
least 20 hr”’ and a Temperature Corrected Normalized Methane Selectivity

\ (TCNMS) of less than 0.016), EP-O. 642 485 B1 (WHSV is from 0.01 hr” to about
100 hr!, ata temperature of from about 350°C to 550°C), and PCT WO 01/23500
25  published April 5, 2001 (propane reduction at an average catalyst feedstock

exposure of at least 1.0).



‘100 hfl, at a tenperature of from about 350C to 550C), and PCT WD 01/ 23500
25 published April 5, 2001 (propane reduction at an average catal yst

f eedst ockwoeopuear® of at |east 1.0). WO 2005/ 035120 PCHUIRS0H/@HB46 31
The coked nol ecul ar sieve catal yst conposition is withdrawn fromthe

di sengagi ng vessel, preferably by one gy nore cyclones(s), and introduced to
the regeneration system 5 Regeneration System The regeneration system
conprises a regenerator where the coked catal yst conposition is contacted

with a regeneratign diu ef er abl gas .cont ai ni ep,. under

gener al regeneratﬂt?r?%gﬁ)%ﬁ]i%}kicg‘ SIGY© ?aﬁrﬁsgfg?jﬁ?%&lb}se‘g%@rggwgﬁg% ﬁlgsi dence
time. Non-lidjid) yag8l pRf@hbly 89 oh& BeRBFARRE sintioahstdao @pe or 10
more of oxygen, _g%i@SOS, ﬁl%o, Ng),?NOZ, N205,ybai rs,y@gir diluted with nitrogen
or carbon degedettioneystgan and water (U.S. Patent No. 6,245,703), carbon
nmonoxi de and/or hydrogen. The regeneration conditions are those capabl e of
burning coke fromthe coked catal yst conposition, preferably to a |evel

| ess thar3 O:ﬁeé)@ggﬁ} ggieggnt based on the total weight of the coked

nol ecul ar si conposition entering the regenerati on system
The coked nol ecul Bie efentativatsgstesicompeasiasichéreratd Whete adcdked catalyet
regenerator forms_a regenerated nolecular sieve catalyst conposition. By
cont rol | i ng compokitiowineontanied with acesenagtiommedivi prefprably a gascantaiing
conposition or cooled regenerated.nol ecul ar sieve catalyst conposition from
t he regener aq:gygf:p,élyg?regﬁpg@i]{qggnqrgtéo&cgp.&gyﬁ 8%“????%&9%”‘7 el of coke on
20 the nol ecibabncttRNE N61-Binifihg SQNRIS! If I reBEHePAti A bdiBm/iRGEObnd &t

mai nt ai ned. There are many techniques for controlling the flow of a

nol ecul a0 s: MOoE cﬁ'&bcaggs()a, LonPas), NCbNQheI,\hgis,bmiairldilMedgdﬁi nilmgge?jr .
Experimental Techni ques, G rcu]atin Fluidize ce, Avidan an
Know t on, ed&rbonshgxide. oxygepgnd Walgt @%%ffatmﬁ%%ﬁg%é?@ﬁprm ated by

reference. 2gifiyhRERCTAL I YndBERRIGALHIoRs b thébeldiFubiBBEBuriing!oRE about

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

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

15  composition entering the regeneration system. The coked molecular sicve catalyst
composition withdrawn from the regenerator forms a regenerated molecular sieve
catalyst composition. By controlling the flow of the regenerated molecular sieve
catalyst composition or cooled regenerated molecular sieve catatyst composition
from the regeneration system to the reactor system, the optimum level of coke on

20  the molecular sieve catalyst composition entering the reactor is maintained. There

\ are many techniques for controlling the flow of 2 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.

25

The regeneration temperature is in the range of from about 200°C to about

1500°C, preferably from about 300°C to about 1000°C, more preferably from
about 450°C to about 750°C, and most preferably from about 550°C to 700°C.
The regeneration pressure is in the range of from about 15 psia (103 kPaa) to

30  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



1500C, preferably from about 300C to about 1000C, nore preferably from
about 450C to about 750C, and nost preferably from about 550C to 700C. The
Tegeneration pressure is in the range of fromabout 15 psia (103 kPaa) to 30
.about 500 psia (3448 kPaa), pref erabl »from about 20 psia (138 kPaa) to

about 250 'a 4 fro bou 72kPaa) to
about 32 1 \(aid@i‘bgﬁ :Ffﬁlg)m%irl’p e’ﬁﬁ"g’ Bf’é’f P?‘? ‘Q%% 1P ()207

kPaa) to abQiptysifid ?‘d’éa)(“l% ERfkd r Aﬂ@enree%?erdfqﬂe MCQ%Q%VE'C%H% the

nol ecul ar sieve cata yst osition in the regenerator is in thHe range of

from about ompoEitiohén the rsgm&tbr ishp thesranpoef frpmea‘oeumirleymaiuwto sgmerali nute to

100 m nutes, and the pref d volune 5 of oxygen in the g i.n the range
of from abodOUEs Gpshpyefer V@ At Qg %@BIPLIOE}O%ri%I%Eteﬁe#‘@éH? P’Ef'g Wumse t ot al

Nos. 6. 033, GOSRPRen M RE ket RO B BhpO B RORCASEEE OFRRICBEREY IR ) g ™
mol ecul ar siayle peflearbdsed A theed eohinme of the@ad, 290, 916 (control |ing

noi sture), U S. Patent No. 6,613,950 (cooled regenerated catalyst returned
to regenerator), U S. Patent No. 6,441, 262 (regenerat ed catal yst contacted

i al cohol b PG ECT MO A0 40100 RUSHLANES) s AU NRLe 3000 eagl e

wi t hdrawn f riguelt Bf rélichefgidiabdyst), B, 245, A3 fiesh ddécathr sicVE @d@dd 3 1 ecovery
system Recovery System There are nany wel |l known recovery si/stems

t echni qués ar@aerzféqg@méé Zmlwgnﬁmngmﬂurq)rﬂsseﬁaﬁeamﬂgﬁ6 BPSh(s) and
p““ fying 0'(% f&é%égee‘hrgroat azﬂg? sQiTe etf];r UG Sator '%?%Oi‘% Xtﬁg(séﬂisz@f”era' 'y

I’T'pl'l se one a C.O varl Separa ion
f

actionati O@c@dﬁdr‘a%d ﬁt:ﬂ%t'cbﬁiab&ﬂ wlwabsholp%wm WP DO O pulslished ai ns,
reacti on systens such as etggl benzene manufacture (U.S. Patent No.

5,476, 978) AHEH2A3009derlgd regsnpratndaatalyst sontactgd withduhpredyctsket ones and
ester manufacture 25 (U. S. Patent No. 5,675,041), and ot her associ ated

equi pnment for exanple various condensers, heat exchangers, refrigeration
systens I& CThé¢ paseowd efflpestdapitdssys fromkhe disengiginl syvRenoindBtpassedunps, and

the like. Non-limting exanpl es of these
through a recovery system.

Recovery System

There are many well known recovery systems, techniques and sequences that are
20 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 ester manufacture
25 (U.S. Patent No. 5,675,041), and other associated equipment for example various
condensers, heat exchangers, refrigeration systems or chill trains, compressors,
knock-out drums or pots, pumps, and the like. Non-limiting examples of these

towers, columns, splitters or trains used alone or in combination include one or

-more of ademethanizer, preferably ahightemperature



towers, columms, splitters or trains used alone or in conbination include
one or noic of a denrethanizer, prefers WO 2005/ 035120 PCT/ US2004/ 019346
33 denet hamhaenssiao det hani zer, a depropani zer, prefer abPGTASHOH/019346
depropani zer, a wash tower often referred to as a caustic wash tower and/or
"quench tower, absorbers, adsorbers, nggbranes, ethylene (C2) splitter,
propyl ene (C3) splitter, butene (4) litter, and the like. 5 Various
recovery systenms useful for recovering predonm nately olefin(s), preferably

prime or light olefin(s) such as ethyl ene, tgrog)%/l ene and/ or butene are
descri bed i Aeroethaniper; a dethawizersa deRyORAMEEr.JBEISTAAT 3 Wet deprenamAce eV &y ean) |

U S  Paten S, 9,443, 5 , éﬁ;{ epar ati ons),
‘U.S. 10 Pat L}%w'\é(%gﬁgg)é%ggdl parsgscgﬁrgé \g%éetﬁ\g%na?ld%gég r entgj g@&bﬁ%ﬁe@at ent No.
6,069, 288  Giusetc8) @ReniisaRdsabthyleht &2)Rplifd! lehe A0R).sBRfer b@eAy@4d met hanol
to hydrogen and %ar bon di oxige iﬁzc}ng stel;))ﬂ)y,pyu. S@égtgent No. 5(,{!9‘27, 063
(recover ed s@itieayrd tholikgas turbi ne power plant), and U. S. Patent No.

6, 121,504 (direct product quench), U S. Patent No. 6,121,503 (high purity
ol efins W thout superfractionation), and 15 U.S. Patent No. 6,293, 998

(pressure swing SAHBLPLICONy sWRASuRAR 161 tecdVRHiRk Brdddb: atelg%%g@,r ated by

reference. In particula a conversion proc oxygenat into
ol efin(s) ptdférablypinge ordight ulefin(s) swoheas @tityddng Spropyleneand/odbutérears esul ti ng
effluent gas typically 20 conprises a majqrity_ of ?t hyl ene_and/ or propyl ene

and a mi nor d&¥ERRd oY BatenthippoRotet? (eecomenry aihistryienstermhlbauct s and

ot her by- pr laUdian ﬁﬁﬁml ' ity ethyl ene
and/ or hi gh%%téﬁ 95'%%83/ ghg"llsé\’@&gra%%éfggeéc)fﬁgly e 6?%0 saggﬂgggtpl'eg'i nvention at

a’ rate goeatpafent M, 49bGcdstrenRpentiR)t adsfivents), 1NE YPAeR NS 16,069288100, 000 kg
per day, rmrewgreferably g(%eater t han 500, 000 25 kg per day, even nore
preferably d¢hyimogen remavall (HE0PHeT Nay Spod,884 yrecyearceipethanelte hydtogerer abl y

greater than_ 1,500, Q00. per d till e r r ef er apl reater than
3 o0 000 kgaeromgeRidin e oY S Ratmny R SS2L083 Rk bmtuRieiag “per day.
gas turbine power plant), and U.S. Patent No. 6,121,504 (direct product quench),
U.S. Patent No. 6,121,503 (high purity olefins without superfractionation), and
15  U.S. Patent No. 6,293,998 (pressure swing adsorption), which are all herein fully

incorporated by reference.

In particular with a conversion process of oxygenates into olefin(s)
utilizing a molecular sieve catalyst composition the resulting effluent gas typically
20 comprises a majority of ethylene and/or propylene and a minor amount of four
carbon and higher carbon number products and other by-products, excluding
water. In one embodiment, high purity ethylene and/or high purity propylene is
produced by the process of the invention at a rate greater than 4,500 kg per day,
preferably greater than 100,000 kg per day, more preferably greater than 500,000
25 kg per day, even more preferably greater than 1,000,000 kg per day, yet even more
preferably greater than 1,500,000 kg per day, still even more preferably greater
than 2,000,000 kg per day, and most preferably greater than 2,500,000 kg per day.

Generally accompanying most recovery systems is the production,
30  generation or accumulation of additional products, by-products and/or

contaminants along with the preferred prime products. The preferred prime



General | y acconpanyi ng nost recovery systens is the production, 30
generation or accunul ation of additional products, by-products and/or

contam nants along with the preferred prine products. Bogy6dsanoRd prine WO
2005/039@2@”&@#?@%2004/019346 34 products, the light olefins, such as :
et hyl ene and propylene, are typically purified for use in derivative
manuf act uri ng processes such as pol yn8di zati on processes. Therefore, in the
nost preferred enbodi nent of the recovery system the recovery system also
includes a purification systemto renove various non-limting 5 exanples of

cont am nanpfodacy, the 1ighPelefias sudicdsiedeylgrnad propylar| ae tg;ﬁamwlﬁﬁieds uch as
es,

wat er, al cohols, carboxylic acids, ethers, carbon oxides, amonia and ot her
ni trogen cd&erye uderivative manufacturipg Pregesses MFhAsMobEReTizstien prasksses  acet yl ene;
met hyl acetyl ene, .propadi ene. but adi ene and.butyne. 10 Other recovery

ayst oms. ¢ naReEEb BRI e E) HECORERLOL 8 el Yk B oPo e Tt eBr | 11 cat i on
of ol efin( : 8450t Teattb Ko EBEmBIE Y ARG Bing e cal ‘
Technol ogy?g/sﬂtﬁ a%ﬁ???o%%s 0 um% 9,%’\?ohn WIIney & Sons, 199él,ngpages 249- 271
and 8945 89 @xamplies bf ¢entdrainents ahd bpppuivatsenclbde gankrilypodar cBmpotmdsat i on

systens are also described in for exanple, U S. Patent No. 6,271, 428
(puri fi cat iSBFh asvaser, aleghels <rrbpplic agds cHisks §%r£eaﬁ;<sde§s.as?mma@én@ No.

No. 06/ 689 Y Hfteeh LonBp K, ides iR i hyadetutnShuchdh T0L PP T Catt O
catal yst), askitehe, rSeth@rREtylent1a0pdddr] Bladivnd &ldhaneee. 20 I ncluded in the

recovery systens of the invention are reaction systens for converting the
products contained within the effluent gas withdrawmn fromthe reactor or

convertijng thos roducts produced .a result. of the recover stem

e+ 2ah s s agnBeEr ey, B A ont i MAioS syl e B over y

system pri ' ; Sk dr ocar bons,
but ene- 1 agg@g\%ﬂ%cg Pgﬁ gf gﬁgﬁ%})’\(ﬁ%g‘%ﬁs%&&?ﬁ@ﬁgﬂ?@gﬁzﬂ%ﬁ Pybd ucts.

Non- | i m t i nghestianhieelooddgy, #theldition; paduné 9y hotWiley &y/Sdimniodtnpigede U. S. .
Patent No. 5,955,640 (converting a . four carR%n gfr oduct_info butene-1), U S.
Pat ent No, 249271 234 890898 ihighas htein incorporated by réference. Purification

systems are also described in for example, U.S. Patent No. 6,271,428 (purification

15  of a diolefin hydrocarbon stream), U.S. Patent No. 6,293,999 (separating
propylene from propane), and U.S. Patent Application No. 09/689,363 filed
October 20, 2000 (purge stream using hydrating catalyst), which is herein

incorporated by reference.

20 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. Suitable well known reaction systems as part of the recovery system
primarily take lower value products such as the C4 hydrocarbons, butene-1 and

25  butene-2 and convert them to higher value products. Non-limiting examples of
these types 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

30  (carbonylation or hydroformulation of higher olefins with carbon dioxide and
hydrogen making carbonyl compounds), U.S. Patent No. 4,542,252 (multistage



but ene-2 oligonerized to an al kyl ate gasoline), U S. Patent No. 6,049,017

(dimerization of n-butylene), U S. Patent Nos. 4,287,369 and 5, 763,678 30

(car bony}@bdoRfasAke hydr of or mul ation of hi gher ol efins WPCR/USZ9HER346 oxi de and

hydr ogen maki ng carbonyl conmpounds), U S. Patent No. 4,542,252 (nultistage

- WD 2005/ 035120 PCT/ US2004/ 019346 35 §§| abatic process), U S. Patent No.
5,634, 354 (ol efin-hydrogen recovery), "and Cosyns, J. et al., Process for

Upgrading C3, C4 and C5 Aefinic Streans, Pet. & Coal, Vol. 37, No. 4

(1995) (dinerizjng or oligaonerizin ropyl ene, butyl ene an pentyl ene),
which are afilﬁb%mw%u-§ RaF?ﬁBNBogﬁf‘bag)%Spl?%@Y%ﬂ&@TeSO‘G')geimdconversi on
processes, A af t. cul y ' pF0 e to one or

. nore ol efi Q{J %ﬂg’ij;ltet %lé’ }%{og?gﬁéégé%?ﬁgﬁ%%gﬁﬁ%?é%|B;ée L %%%st% E'g:e‘gtc)rrposi tion,
especi al |y ColleVel, 1376 NaDh e0I95R(disk6¥ifig 0S oBydth&tesnZ Sidpflefebatydére an- ,
phosphorous-, and alum na- source, include those described in for exanple:
U.S. 10 Papentyleng), whichoure ld Bergivelielly ipcprnesated bwraferense. ol ef i n product having a
paraffip to olefin weight ratio | ess than or equal to 0.05), U S. Patent

No. 6,187,983 (electromagnetic energy to reaction system, PCT WO 99/ 18055

publishes April ogl&. - | : 95 ed to anot her
reactor) PCT WO 01/08%1?%%0%%E(Iﬁ:i\éésgﬁge%ﬂg%glg{sl{aﬁ%fﬁ%%gjfh n(?:IHefJ. S. Patent

Appl i cat i opxgenhialto hae of mofOdlen(s Gid4hd preeshed of y mitBecul@Gikve batglystpr essur e)
U. S. Patent Application Serial No. .09/507,838 filed February 22, 2000
(staged fe&erspedtion sepeciallyiyherghg molesulassieygis syrgissizea fioghe SHEOM  No.

09/ 785, 409 £ Ly ESDLHALY 0, 2008 £AGES ABE. GRS in MPLERpITSSRl | her ein
e er ?ﬂ? gra e% rP

fully i ncmppo a By re ence. e rocesses an ‘eibodi nent ,

an i nt egr apPgnPNecs 331,563 Oi'nfaﬂ'@lg?ﬁsti@wﬂh@ﬂlm&ﬁwpfoﬂﬁdimavﬁg%fﬂafﬁfﬁﬁ td roma
hydrocar bon feedst ock, gﬁrﬁefera y amr;gdrocar bon gas feedstock, nore
pr-ef er abl y olafintvagightaatie dass thenanequatkel.05); $1.S Rasgnt Ne. 6187983 cess i s passing

the gaseo f.eedst ock referably in c ' ' ] wat e tream to a
syngas. 25 {REUTETIERES SHERL b Bt eeem b as PR afibiehet cam syngas
product i on 1551999 (heavy hydrocarbon in effluent gas fed to another reactor) PCT WO
01/60770 published August 23, 2001 and U.S. Patent Application Serial No.
15 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
Application Serial No. 09/785,409 filed February 16, 2001 (acetone co-fed), which

are all herein fully incorporated by reference.

20  Intesrated Processes

In an embodiment, an integrated process is directed to producing light
olefin(s) from a hydrocarbon feedstock, preferably a hydrocarbon gas feedstock,
more preferably methane and/or ethane. The first step in the process is passing the
gaseous feedstock, preferably in combination with a water stream, to a syngas

25  production zone to produce a synthesis gas (syngas) stream. Syngas production is
well known, and typical syngas temperatures are in the range of from about 700°C
to about 1200°C and syngas pressures are in the range of from about 2 MPa to
about 100 MPa. Synthesis gas streams are produced from natural gas, petroleum
liquids, and carbonaceous materials such as coal, recycled plastic, municipal waste

30  orany other organic matetial, preferably synthesis gas stream is produced via

steam reforming of natural gas. Generally, a heterogeneous catalyst, typically a



wel I known, and typical syngas tenperatures are in the range of from about
700C to about 1200C and syngas pressures are in the range of from about 2
MPa to about 100 MPa. Synthesis gas streans are produced from natural gas,
.petroleum 1|iquids, and carbonaceous mgterials such as coal, recycled

pl astic,' rmunicipal waste 30 or any other organic material, preferably
synt hesi s g#9PBETRased calalystoig geriacief avithse aiheses gasfirggmetypicallycarbogas .

General ly, . I ous cat.al ys i 36 e a catal yst,
is contacte 1§M5%Eiga§§§%§%&op ’“g é"éswéeé%egfd y r%ggg?ﬁ@n%éﬁgoghﬁregqr?ﬁ? de and
car bon nonoxhéeBassidoferinQetibirabiof Mt ateANIPbOdtbodinesf, Sieddnthesi¥giaganol
often in conbination with water. In one enbodi nent, the synthesis gas

stream at a fgATHY i synthesip temperatereiin théeange af Eoof ationd i Aotetabe8OC t 0 about 5

450C and _at t [ in t f f t MPa -t bout
10 wPa e pROREERR bR RSt e A RO o PRl R0 an
oxygenate Cophas ngd oA cafbisoNdY B6NAFSof 28t Prodhcelan®Aherdite Cr Ude

met hanol , typically contains the 10 al cohol product and vari olUs ot her
conponent s semitainmgestreans, particularly dinmethyl ether, ketones, aldehydes,
di ssol ved gases such as hydrogen net hane, carbon oxide and nitrogen, and
fusel oil. The oxygenate containing stream crude nethanol, in the

pr ef er  ed. emppdioiyBinal et shi A brtad elnahIO bicalycohistithen. pr ocesses,

distillation, separation a ractionation, resufting in a 15 purified
oxygenat¥® cosltalalipngdust embvariche othex aompenemosuvhrasiefierGpadeularbnd AA

met hanol . The, oxygenate containi.ng stre r purified o enat e contai ni ng
stream opti g’ﬂé‘?t%a e\?\!?eg %?f?s'cﬁﬁ%_aﬁs’@?qsggﬁg§ﬁgqs§“@b?ﬁd%égew Bhe or nore
mol ecul ar si EatBoi Bkidk URd nftRVERR Sink f0Lk] 90S GHeRY cARRY Sort BnAYstRRE, Sudt he

processes described above to produce a variefy of prinme pr oduct s,
parti cul ar | ymiethpinpl, 20the| peéferr¢d ymbedimené reepaased) through @py¢lbeleowNon- | i mi ti ng

| f this int ted .. . is d i,hed.in,EP- B-Q.933 345, which
s hor o n_t uPYg e B R BER? pArEEn 4pd RRGRTRPN S HIPERT § i bgr at ed
process, 19pt piAtd ¥xydehhte cORainliedreahe for HaRRS TOMnERGIAI GRAY ARy AA

ol efin(s) produced are directed to, in one enbodi nent, one or nore
pol yneri zat i Bethnnet cEkgeexyizenaty cotaimingsiteant epnnfed\pylygenate containing

stream, optionally with one or more diluents, i1s contacted with one or more
molecular sieve catalyst composition described above in any one of the processes
described above to produce a variety of prime products, particularly light

20 olefin(s), ethylene and/or propylene. Non-limiting examples of this integrated
process is described in EP-B-0 933 345, which is herein fully incorporated by
reference. In another more fully integrated process, optionally with the integrated

s processes described above, olefin(s) produced are directed to, in one embodiment,

one or more polymerization processes for producing various polyolefins.

25
Light Olefin Usage

The light olefin products, especially the ethylene and the propylene, are useful in

polymerization processes that include solution, gas phase, slurry phase and a high

pressure processes; or acombimations tirereof. Particutarty preferred 1s
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25 Light Aefin Usage The light olefin products, especially the ethyl ene and
the propylene, are useful in polynerization processes I’tﬁlﬁg‘ﬁ? Q@lgﬁ%
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erred is WO 2005/ 035120 PCT/ US2004/ 019346 37 a gas phase or a slurry phase

" pol ynerization of one or nore .ol efi n(53)7 at | east one of which is ethyl ene

or propyl ene. These polynerization processes utilize a polynerization
catal yst that can include any one or a conbination of the nolecular sieve

catal ysts di scussed above, .however, .t he preferred I | zation catalysts 5
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the int egr gctenaiA668 SatayeK] indesixeureningidef.i Theblyrhbrspranirss bptheone or nore

olefin(s) in the presence of a pol gmeri zation catalyst systemin a

pol yner i zatpodymernzation pracesses esacedabove inchirdedingat lpwedengitypelyetbylensaher ei n t he
one or nore_olefin( havi en..mad converiing a ohol ,

particul ar I?Wﬂﬁﬂg%ft?ﬂgﬁsggggﬁ?ﬁf%@ﬁﬁgﬁ&&ng{) WCC%PQI%QE‘%]Y% %ition. The
preferred RNMEBNIEALAHAADIRIGREER cofolfmRAS THRFEp R MIBEd Fotirn@R Process and
at | east one of 20 the olefins(s) is éither ethyl'ene or propylene, and

pref er dif) y priodugedibyriks palgmenzation pradeyss iojwdearactis palyprgpylenegidotaetical | ocene

catal yst system In this_ enbodinent,  the supparted tal |l ocene catal yst
syst em compRehgeryens, sysliotactic nebmaenydensyan IOPY%é‘Feallan‘ngmptﬂS/% conpound and

an activat og, ag{%{ggwry the activator is a non- coordinating anion, or
al unoxane, or Conbr Hat i on t hereof, and nost preferably the

In preferred embodiment, the integrated process comprises a polymerizing
15  process of one or more olefin(s) in the presence of a polymerization catalyst
system in a polymerization reactor to produce one or more polymer products,
wherein the one or more olefin(s) having been made by converting an alcohol,
particularly methanol, using a molecular sieve catalyst composition. The preferred
polymerization process is a gas phase polymerization process and at least one of
20  the olefins(s) is either ethylene or propylene, and preferably the polymerization
catalyst system is a supported metallocene catalyst system. In this embodiment,
the supported metaliocene catalyst system comprises a support, a metallocene or
metallocene-type compound and an activator, preferably the activator is a non-
coordinating anion,or alumoxane, or combination thereof, and most preferably the

25  activator is alumoxane.

In addition to polyolefins, numerous other olefin derived products are
formed from the olefin{s) recovered any one of the processes described above,
particularly the conversion processes, more particularly the GTO process or MTO

30  process. These include, but are not limited to, aldehydes, alcohols, acetic acid,

linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl chloride,
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introduced either during the molecular sieve synthesis step, for example as a
template and/or as a flocculant. In order to determine the amount of organic
materials present in the molecular sieve catalysts, a small amount of a catalyst
sample is used on a carbon analysis instrument, for example, a Carlo Erba EA
1108 Elemental Analyzer, from Carlo-Erba Instruments, Milan, Italy. This
Elemental Analyzer determines the amount of carbon dioxide produced during a
dynamic flash combustion occurring at greater than 1020 °C. The products
resulting from the combustion are then analyzed using a chromatograph having a
Porapak PQS column and a thermal conductivity detector, after first calibrating
the chromatograph with standards of known carbon content. This method allows
accurate determination of carbon content of from about 0.01 to 100% of the

molecular sieve catalyst samples.

APPARENT BULK DENSITY

Apparent bulk density (ABD) is determined using the following procedure:

first weighing a graduated cylinder accurate to 0.1 cc of 25 cc capacity, i.e., a
KIMAX gradual cylinder from KAMBLE USA, to record the cylinder weight W,,
then pour approximately 25 cc of a spray dried and calcined molecular sieve
catalyst composition into the graduated cylinder, tap the cylinder bottom against a

lab bench surface at a frequency of 160 to 170 times per minute for 30 seconds to

*
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Apparent bul k density (ABD) is determ ned using the foll ow ng procedure:
first weighing a graduated cylinder accurate to 0.1 cc of 25 cc capacity,
i.e., a wWob#sogsiadual cylinder from KAVBLE USA, to rec@®cCd/usaeoidgddsnder
‘weight WA, then pour approximately 25 cc of a spray dried and cal ci ned

nol ecul ar sieve 30 catal yst conpositi gg into the graduated cylinder, tap the
cyl i nder bottom against a |ab bench rface at a frequency of 160 to 170
times per mnute for 30 seconds to WD 2005/ 035120 PCT/ US2004/ 019346 39 pack

the catal yst composition in the i nder. Rec rﬁl helfi_ al i ght of the
duat o E99K tHe ERtabEh OGN i e Pafeys Reoo e hEoREG o e "of b
Caral VS Y 0 Gl eh 65, U0 V) b\ S SRR 9L EYaTDI 0,
£ 1'g g . g’ gi'ves an %%Béoffﬁ%%dﬁgy

*cat al yst or(r%om on wel ghirn ct {(76.45

g-61.22 g) WED & dalduldted EVLARD)/VS irnrapyser ot g Rer extahmle, lvatapstir ABD, which is
determ ned by pouring a catalyst conposition into_a gi ven vol une w t hout
‘any packi ngomposigemy| .5 23rpmesTarcA B B8 gheer {7 e ieeb la? 2 sMiRvr ous

2 PROE
or cpar a1 1 ot 1 NBPa aws SPE S foud B et Bl R iD oo Spnar e

mol ecul ar  $beNy a EAtRGREBhPIsition irt8 kighdnd/ohirié Wﬂhout%%ﬁélﬁﬁ%oﬁi eve used in
the exanpl es below iS5 descCribed in PCT Publication 02/ 070407 published

Sept enber t8mp@@®A, which is fully incorporated by 15 reference. A solution
of 33.55 grans of phosphoric acid (85%in water), 32.13 grans of
de-mneralized water, and 61.4 grans of a TEACH solution (35%in water) is
put into amthis solution add 3.32 grans of Ludox AS 40 (40%
20 silica) ol of alum na (Condea Pural SB). This slurry
solutioh, a syMherSdarsnamsious methuds kdlikasendormaking imolesula@sipvessed as nol ar

ratios: 0.15 Si 02/ P205/ A1203/ TEAOH 35 H20 Thi s synthesis mxture woul d then
be mi xed uriielfoheringismverempleprsparationnof amglegulangieys, pagtigniarlygs st eel

aut ocl ave. s}lilhc%alaml%itil?o%lh é’p%a)c’\eo ﬁjul.ml(ej:clﬁgr S Ch tﬁgce%re% for making a similar

molecular sieve used in the examples below is described in PCT Publication WO
02/070407 published September 12, 2002, which is fully incorporated by

15  reference.

A solution of 33.55 grams of phosphoric acid (85% in water), 32.13 grams
of de-mineralized water, and 61.4 grams of a TEAOH solution (35% in water) is
put into a glass beaker. To this solution add 3.32 grams of Ludox AS 40 (40%
20  silica) and add 19.85 grams of alumina (Condea Pural SB). This slurry solution, a
synthesis mixture, would have a composition expressed as molar ratios:
0.15 8i07/P705/A1504/TEAOH/35 HyO

This synthesis mixture would then be mixed until homogeneous and put
25  into a 150 ml stainless steel autoclave. The autoclave would be mounted on a
rotating axis in an oven. The axis would be rotated at 60 rpm and the oven would
be heated in 8 hours to 175°C. The autoclave should be kept at this temperature

for 48 hours.

30 After the synthesis mixture is preferably allowed to cool, a flocculant
would be added. At this point a gradually increasing amount of flocculant would



rotating axis in an oven. The axis would be rotated at 60 rpm and the oven
woul d be heated in 8 hours to 175C. The autocl ave shoul d be kept at this
tenperature for 48 hours. 30 After the synthesis m xt | f bl y

al L owed W8 26UPSIH f 'occul ant  woul d bo added. At this oy Ufzoblietesies Y,

I ncreasi ng anount of floccul ant would WO 2005/ 035120 PCT/ US2004/ 019346 40
be added until there is detectable setXling of the crystals within the
vessel as indicated by a qualitative reduction in the solids content at a
point relatively high in the vessel when conpared to the solids content
det er m necheaiddét Bl fieré RRtectable Sdmdiny 08 delcrystid withindthe @egehat i on in this
step may be visual by conparin% the 5 opacity of two sanples at different

el evat i ongndiedtedby a fualatyes igfuctiparia fhe Jojlidseantend af 3 poyé selativedy bight om of the .
vessel, the _solids-Lean |iqui per. .l ayer uld b enoyv by decantati on
or punpi ng]l.lﬂ?enveéseg?” BFP g‘&ﬂg%ﬁ%%ﬁsﬁ?ﬁc t\[ﬁ%we&ﬁ{aepoﬂgﬁl‘v&r added and
the proce a DSGRSSR M thi hBMR ARV BY coab! or near clear .
liquid abf)t\ﬁ;ee{ffsﬁg tssgggfgﬁ cryst al%.tﬁl'@rkslgﬁé%t tl edS crygtg}?lis)bﬂmlx?)éu?ﬁg t hen be

t r ansf &r r axpatiyy of ivopamples gt diffeserft clevationand ftercthe veystald genkrailyfsaiticher

processi ng. EXAMPLE | The nol ecul ar, sieve catalyst simlar to that described
i n Exanpl &eAr thg bptiem of hawesselLheeplidsrleanchquag BpRGE dayes Bowd grempvehe presence

of a floc N 1 ' . . red Catal yst
A uas t nort it ettt "B b efisg B iokE g Bhion G ERBNRNET

conduct i Viddde®andiPe Provesstepddied és&ﬁaﬁésisﬁ:?go akténl &/ @dalifath@ly & nbA¥ cledr 54. 98% and
a carbon content on dry basis of 13.87% EXAMPLE 2 20 500g sanpl e of

Cat al yst Aiquid sboyapheesettladrerysiads.frerpetiled srystals wonld sharbetransfertedhys was pl aced
in a ramc cont?aiﬁﬁr tg\xgiv%?s d.thickness.of 2 cmto 3 cm Catalyst A
i n t hdOcerBHHRNE 194 Qiferand fero VPPl ot MW HPE*S80oven that had been
preheated to 180C, and Catal yst A was heat treated at 180C for about 3
hours. The circulation rate of air in the oven was at 8 to 10 CFM (Cubi c

Feet per ZEXKMPLEN ( 0.23 nB/minute to 0.29 nB/mnute). After the heat

treatnent, Catalyst . - o 1 .
T}Xa moécular sieve catalyst similar to that described in Example A in the

form of a wet filtercake was recovered in the presence of a flocculant using on a
15 filter. (Catalyst A). The recovered Catalyst A was then washed with water until

the effluent water had a measured conductivity of 6000 pS/cm. The resulting

Catalyst A had a LOI of 54.98% and a carbon content on dry basis of 13.87%.

EXAMPLE 2

20 A 500g sample of Catalyst A of Example 1 in the form of a wet filtercake
in lumps was placed in a ceramic container to give a bed thickness of 2 cm to 3
cm. Catalyst A in the ceramic container was introduced into an oven that had
been preheated to 180°C, and Catalyst A was heat treated at 180°C for about 3
hours. The circulation rate of air in the oven was at 8 to 10 CFM (Cubic Feet per

25 Minute) ( 0.23 m>/minute td 0.29 mslminute). After the heat treatment, Catalyst A
had a LOI of 30.34% and a carbon content on dry basis of 13.23%.

EXAMPLE 3
An amount of 500g of Catalyst A of Example 1 in the form of a wet
30 filtercake in lumps was placed in a ceramic container to give a bed thickness of 2

cm to 3 cm. Catalyst A in the ceramic container was introduced into an oven that



had a LO of 30.34% and a carbon content on dry basis of 13.23% EXAWVPLE 3
An anmount of 500g of Catalyst A of Exanple | in the font of a wet 30
filtercak®WO W03 was placed in a ceranic container topgins2@s08dis
thickness of 2 cmto 3 cm Catalyst Ain the ceram c container was

i ntroduced into an oven that WO 2005/035120 PCT/ US2004/ 019346 41 had been
preheated to 180C, and Catal yst A was lieat treated at 180C for about 15.5
hours. The circulation rate of air in the oven was at 8 to 10 CFM (0. 23
nB/ m nut e }1 he heat t eat alyst A had a LO

of 18.04% a%geeélftf %@ﬁqgégb"& éﬁr E&X?téa‘g"?ssha @%8 % tE 4 A 500g
sanpl e of §5Gafaly Slﬁhe'%n‘e’ﬁfanf)hkét%%%ﬁt thE'B@eé@vH?at%to%?ﬁéﬁ@%@ hayi Exanpl e 1

above, except t hat In water to give an e ng a
neasured cadtimiitetoty29%0mh’ /A00ReS/ Afer thaheit yebtnint, iCatalgstriahada LONLAI ner at a
bed 10 thickness of 2 cmto 3 cmwas introduced into an oven that had been
preheat ed t18.04¥pwd 2 easbrroeantgny op dpy Wests Afddi0Hp-eat ed at 120C for about 24

hours. The ~circulation rate of air in the oven was at 8 to 10 CFM (0. 23
nB/mnute to 0.29 nB/mnute). After the heat treatnent, Catalyst B had a
LO of 17. gARME. B4 carbon content on dry basis of 12.12% 15 EXAMPLE 5 A
500g sanpl € of Catalyst B as described in Exanple 4 in a ceramc container
at a bed thi ckne’séOQg‘sampitrmfaDCBtatymB/a@tﬁitemkmdmainetas(fe‘ahalwe‘nof hat had
been prehe 80C, andtﬂ 1%) treate .at 180C for %? 6.hours. The 20
circulatio b QY eXcRpk that Wéﬁw\?ﬂ? Waleg i giye @i t? Vg #i nute to

g.n(Zan rrE{a:nbon cont en %U%{“rrtltwggf ﬂg)@tshﬁ;s/E tﬁw E%Lz\@{l&@gmeﬁaﬁ%dﬁ L
10  thickness of 2 cm to 3 cm was introduced into an oven that had been preheated to
120°C, and Catalyst B was heat treated at 120°C for about 24 hours. The
circulation rate of air in the oven was at 8 to 10 CFM (0.23 m*/minute to 0.29
m’/minute). After the heat treatment, Catalyst B had a LOI of 17.66% and a
carbon content on dry basis of 12.12%.
15
EXAMPLE 5
A 500g sample of Catalyst B as described in Example 4 in a ceramic
container at a bed thickness of 2 ¢ to 3 cm was infroduced into an oven that had
been preheated to 180°C, and heat treated at 180°C for about 96 hours. The
20 circulation rate of aix in the oven was at 8 to 10 CFM (0.23 m*/minute to 0.29
‘ m3/minute). After the heat treatment, Catalyst B had a LOI 0f 17.71% and a
carbon content on dry basis of 12.42%.

EXAMPLE 6

25 A final slurry was prepared using Catalyst A treated in the same manner as
in Example 3. The final slurry was prepared by: (I} adding 410g of the heat
treated molecular sievle, Catalyst A, to 882.3g of deionized water, and mixing this
slurry using a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg,
New York) at 700 RPM for 10 minutes. This slurry having a pH of 5.47 at

30  26.6°C, was then mixed using a Silverson high-shear mixer at 6000 RPM for 3
minutes. The resulting slurry of tllu's Step I had a pH of 4.50 at 30.5 °C; (I) a



25 Afinal slurry was prepared using Catalyst Atreated in the sanme manner
as in Exanple 3. The final slurry was prepared by. (1) adding 410g of the
heat trq%ggm Ll%ul ar sieve, Catalyst A to 882.3g of deionized water, and
mxing this sl Urfy using a Yamato 4000D ni xer (Yamato ZGTEHEZOPYUMeeri ca
Inc., Orangeburg, New York) at 700 RPM for 10 mnutes. This slurry having a
pH of 5.47 at 30 26.6C, was then m xe42 using a Silverson hi gh-shear m xer at
6000 RPM for 3 mnutes. The resulting slurry of this Step | had a pH of
4.50 at 30.5 C (I1) a WD 2005/035120 PCTI US2004/ 019346 42 270.4g sanpl e of

Rehei s M crmlx, saﬂg%ﬂ@ﬂeﬁmmwmlﬁ%%mwmﬂmmarbinde&,avai | abl e from
Rehei s Chem cal, Berkeley Heights, New Jersey) was then added to the

resul ting (avaitaple frammRsheis CheadealBerkeldy HeightsyNewdlexseyywes tenvaided 10 i nut es
in the Yamato 4000D nmi xer. This urr Vi ng. a 30.6C 5 was
then ni xedo(ds Wﬁ‘ﬂﬂn&;?h%rf@,‘g%gmpg‘f?u’gﬁ%épgﬁ}e?éﬁ‘xﬁgQQM"FE{J 3 mnutes.

The resul ti l; t Los 4 by L3k of 3.53 at
32,16 aripR ey ShaiPBoD el Pyl ity BB o2} B 3P 0B ot i

materi &l , wavhenh miked usiigonSilveesotshighfsimaeixer@60@) RPM foe3 mitieed. to t he

resulting slurry of Step II, and mxed at 700 RPM usi ng the Yamato 4000D
m xer for T weHtegsluryef Step I pfigr this nHxiRgHer-Dadia pH 083593 a4323(C6 C was t hen

m xed using S rs hi gi- X e  nutes. This
final slur d@ﬁ"sﬁ%‘% ﬁaﬁﬂmgaﬁgyﬁgg@%@%@5@?@?@5&3‘1@%@@ & ty measured
using a Brpekiinehd, RbskdIelebgidNthasiadded té tHedesithd sty of Slepdd a0f measured at
23C. Al'so, this final slurry of Step Ill contained 42.02% solids of which

40% bei ng mired@h7e} REM wusing the Yashate 4020D siiverdor 16 minutes Daib syl uni na
derived fromthe ACH, th i .nder nd 44.1% kaol i.n clay,. th mat ri x

nat erial . W&?Pﬁl"féisérﬁ??’ﬁp gt‘@?f tﬁ?rfmé’fﬁﬁl\)ﬁ% e§ﬂyg§°‘ﬁhg§d§'ﬁ§i ng a Yamato
DL-41 spr (FYW% ' byt ﬁﬁgﬁjﬁﬁyae dEevso'er k) under
standard %%‘eg%?/%o ryi ngp%:ggi(]jl??% onlggt 0 give afgg?%iﬁg‘?ggliml ec?J(Iaar si eve

cat al yst cihfigsint aoiscosityameasasedt useng acBlookfield vistomerarfahd esihgad#dce at 650 C

for 2 firs. The attrition rate _index. of th al ci ned nol ecul ar si eve
catal yst cOwydept 1449 %eff‘%ﬂt@apﬁtﬂs"s this fna] Shurry of Step 111 contained

42.02% solids of which 40% being the Catalyst A, the molecular sieve, 15.9%
15  being alumina derived from the ACH, the binder, and 44.1% kaolin clay, the

matrix material.

The final slurry of Step I above was spray dried using 2 Yamato DL-41
spray dryer (Yamato Scientific America, Orangeburg, New York) under standard
20  spray drying conditions to give a formulated molecular sieve catalyst composition,
that was then calcined in a muffle furnace at 650 °C for 2 hrs. The attrition rate
index of the calcined molecular sieve catalyst composition was measured at
0.82%/hr, and had an ABD of 0.86 g/cc. |

25 EXAMPLE 7
A final shury was prepared using Catalyst A treated in the same manner as
in Example 2. The final slurry was prepared by: (I) adding 198.6g of the heat
treated molecular sieve, Catalyst A, to 298.0g of deionized water, and mixing this
slurry using a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg,
30  New York) at 700 RPM for 10 minutes. This slutry having a pH of 5.77 at
23.9°C, was then mixed using a Silverson high-shear mixer at 6000 RPM for 3



0.82% hr, and had an ABD of 0.86 g/cc. 25 EXAMPLE 7 A final slurry was
prepared using Catalyst Atreated in the sane nmanner as in Exanple 2. The
final sl uWOREBSHepared by. (1) adding 198.6g of the hEEWUSIISEDEE

mol ecul ar sieve, Catalyst A to 298. Qg of deionized water, and m xing this
slurry using a Yamato 4000D m xer (Yaggto Scientific Arerica Inc.,
Orangeburg, 30 New York) at 700 RPM fof 10 mnutes. This slurry having a pH
of 5.77 at 23.9C, was then m xed using a Silverson hi gh-shear m xer at 6000
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Chem cal , , New Jersey) was thén added "to the resulting
slurry froavailshie froabReieis Ghemichle Berkieley H eaghts, 0cvRRivbdyd wad ¢theh addedit es i n t he

Yamat o 4000D, m , Thi I havi Hof 3.5 th I Xxed
Ueing o S A seiinegibiey Bam SHk bibose. mdobenmiiest 190 ReMRedD e recul ti ng
| sifoe s B I _ res

(11 & 1ot e S b0l A0 THERUASRRL it of ot a0 vl

(avai | abl etenofixedisiny 8 Silvesughigh skenmilixa)at 6088 RPUM&d I @inuke. TRsUl ting
slurry of Steﬁ 1, and m xed 10 at 700 RPM usi ng the Yamato 4000D m xer for

10 mi nut esresiiting sbirorofiSteplliafigr this mivieg step bol aipHE 338 23d2.5{Geandni xed usi ng
the Sil L,gh-sh ) . 00 PM for. 3 nminutes.. is final sl

of Step. 11 TadBd S araplestgte i taehn offl Amaiingendl, Ghadl famie ng s
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Al'so, this final slurr ep I'I'l contained 44. T9% sol ids of 15 which 40%
bei ng 1he GAIC BBM wsing the Yamaie 400D miixer dor Embdtdse Ty sitrayrhavang aler i ved from

e A BB TR A o Rl e
Gty g coniren Sir FpfiRks, S AT drire Nl S0 of 05T 1 S HE2 0 0Pt hon,
that was t R@oosiiymeasarktdiuging aBriobkfeld wisoametefinddnga #dspiddlelof 913e attrition
rate cP measured at 23°C. Also, this final slurry of Step III contained 44.19% solids of
15 vs;hich 40% being the Catalyst A, the molecular sieve, 15.9% being alumina
detived from the ACH, the binder, and 44.1% kaolin clay, the matrix material.

The final slurry of Step Il above was spray dried using a Yamato DL-41
spray dryer (Yamato Scientific America, Orangeburg, New York) under standard
20  spray drying conditions to give a formulated molecular sieve catalyst composition,
that was then calcined in a muffle furnace at 650 °C for 2 hrs. The attrition rate
index of the calcined molecular sieve catalyst composition was measured at
0.81%/hr, and had an ABD of 0.84 g/cc.

25 EXAMPLES .

A final slurry was prepared using Catalyst A treated in the same manner as
in Example 1. The final slurry was prepared by: (I) adding 263.0g of the heat
treated molecular sieve, Catalyst A, to 287.6g of deionized water, and mixing this
shurry using a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg,

30 New York) at 700 RPM for 10 minutes. This slury having a pH of 6.66 at
22,8°C, was then mixed using a Silverson high-shear mixer at 6000 RPM for 3



I ndex of the cal cined nol ecul ar sieve catal yst conposition was neasured at
0.81 %Y hr, and had an ABD of 0.84 g/cc. 25 EXAMPLE 8 A final slurry was

pr epar ed ' alyst Atreated in the sane manner asg.i 1. The
final s|}’}}r¢§)ﬂ&&3§ repared by: (1) adding 263.Qg of the ﬁ%ﬁ@sa&?@%‘gﬁd

nol ecul ar sieve, Catalyst A to 287.6g of deionized water, and m xing this
slurry using a Yamato 4000D m xer (Yaggto Scientific America Inc.,
Orangeburg, 30 New York) at 700 RPM for 10 minutes. This slurry having a pH
of 6.66 at 22.8C, was then m xed using a Silverson high-shear m xer at 6000
RPM for 3 0 Pﬁ;{,i& 1 0C- gsysl ting slurry
of this St%}g‘“%&hgéggé%ﬁﬂgfs Sy onfl 9%&7&%1%% é?ﬂ}?é%“g%?%? %’Efnr%lagg S Rehei <

M croDry atanglaofRetidioMitrpDraslemfuidirdyhlomhlytiratiefA CKy\adihded) (@vailablem Rehei s .
Chem cal, Berkeley Heights, New Jer ey&fwas t hen added to the resulting
slurry frofpmiRahels Ghragueal, %ekﬁaﬁ’lﬁﬁt& waterseypwapthepgddedtothtut es in 5 the

Yamat o 4000D .o xer.. Thi s r | . then m xed
using a Si Te\r;lélﬁééﬁluﬁriygtjﬁo%fﬁgégﬁ a%&%%ﬁ%pﬁ 8%8%%“@0&@% %ﬁtmgl&t e resulting
slurry of Sesfumdto 3006 plikérs Thisdhitey Bdveie HpH of 4001 &128%°0Cvatthenl. 8C and

(1) a 154.1g sanple of Hydrite UF kaolin clay, a matrix material,

(avai | abl emfixedmsingreSierscRddghesticar Bawr g 6000 REM fardeninutes.tThe resul ting
slurry of St 1, an I xed, 10, at 700 RP i Y. 9~4000D m xer for
10 m nut es?es‘%ﬁpgsmr‘%ﬁﬂ’:ﬁiaﬁﬁr@s Dﬁlﬁ“@rst@!\ﬂ%s%?rﬁgggg)é "’%g?tgt(ﬁ?ew i xed using
the Silver L § dTg i;ﬂfi : LAt 1Al inal slurry
of Step I ngsg@ﬁ&gﬁ% a%ea%gﬁg%% %%gwaﬂl%ﬁggé(}gﬁétdy&%%%wﬁ g?iﬁjusi ng a

Br ookf i el dimeérgs; Rustvell, Geatgind, way addéBtosthe radhkingfshimoe Stepllpmatmived at 23C.
Al'so, this final_slurry of Step Ill contained 36.95% solids of 15 which 40%
bei ng tthe #at0NRRM usingthe Vgt 409D mpxey for 1Pgnipwdese Thip urgyhaddng ger i ved from
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slurry of < il € Was spray spray dryer
(Yamat o ScR@M fdri3cmiidsi dis K2 SRARK GF StepNEVAaH QI pH o207 fat $2.2TClahda 20 spray

drying conditions to give a fornulated nol ecul ar sieve catal yst conposition,
viscosity measured using a Brookfield viscometer and using a #3 spindle of 6790
cP measured at 23°C. Also, this final slurry of Step III contained 36.95% solids of
15 which 40% being the Catalyst A, the molecular sieve, 15.9% being alumina

derived from the ACH, the binder, and 44.1% kaolin clay, the matrix material.

The final slurry of Step III above was spray dried using a Yamato DL-41
spray dryer (Yamato Scientific America, Orangeburg, New York) under standard
20  spray drying conditions to give a formulated molecular sieve catalyst composition,
that was then calcined in a muffle furnace at 650 °C for 2 hrs. The attrition rate

index of the calcined molecular sieve catalyst composition was measured at
1.21%/hr, and had an ABD of 0.67 g/cc.

25 While the present invention has been described and illustrated by reference
' to particular embodiments, those of ordinary skill in the art will appreciate that the
invention lends itself to variations not necessarily illustrated herein. For example,

it is contemplated that the molecular sieve catalyst composition is useful in the
inter-conversion of olefin(s), oxygenate to gasoline conversions reactions, malaeic
30  anhydride, phthalic anyhdride and acrylonitrile formulation, vapor phase methanol

synthesis, and vartous Fischer Tropsch reactions. It is further contemplated that a



~that was then calcined in a nuffle furnace at 650 C for 2 hrs. The attrition

rate index of the calcined nol ecul ar sieve catal yst c%gﬁgsition was
nmeasur edwat2ods/@i126 hr, and had an ABD of 0.67 g/cc. 25 REHVRHHPesent
i nvention has been described and illustrated by reference to particular

- enbodi nents, those of ordinary skill iy the art will appreciate that the

invention lends itself to variations not necessarily illustrated herein. For
exanple, it is contenplated that the nol ecul ar sieve catal yst conposition

is useful in the jinter-conversiqQn of olefin(s), oxygenate tQ gasoline
conver si on®MeetleW; ixed bedor SuidizedPed PESRESS s ,ug%@wam%@@ﬁpmﬁlﬁﬁarb)h d
acrylonitril a: .| d ; nRl I Sps vari ous

Fi scher Tr %?cie%rgg%%g‘g Zoncy ifhin ?%ﬁ%eﬁ‘gﬁ 3@&%?%%&55&%%? i35 5005/ 035120

PCT/ US2004/c8ARadMtedHhe phdleuidr @ikive bataiyet dubabaitionk desdiibedihdrei apg ocess are used
in conbination, particularly in different reaction zones within a'single or

mul tipl e ragefubas abperbents, adsotbents) £a6 sepasafomsnPetarsents: Weenpirdinm, and si eve
catal yst conpositions described herein, ar sefuyl,.as sor bents,

adsor bent s O YA AEREHEL BI° ,”3@?%4@5%?@hqxﬁ?‘§ﬁuﬁu?}dﬂw,yand 5 ot her vari ous
uses such agnRgiHiAt Hl@uRPHeOsddIgdicbihsitifidinbhad shd ¥r meRHiRGP! at ed

nol ecul ar sieve catal yst conpositions iInclude one or nore other nolecul ar
si eves i n anoib¢ulat sieves ifenmbimatonr Fas s rdabam thenefeferemeashotidbedndde nade
solely to the appended cl ains for purposes of determ ning the true scope of
the pr eser?f’ﬁibh{;’éﬁ? P@Fﬁdﬁfgcla’@i@f\@%f‘?geﬂ ‘%@F‘ﬁ%@%&th%%? ﬁWﬁ’i% #$ a ol ecul ar
sieve, the ﬂf?steﬁpﬂvgﬁﬁ&” sing the steps of. (a) crystallizing the nol ecul ar
sieve in a‘slurry In a reaction vessel, the slurry conprising a silicon
source, an al um num source, a phosphorous source, and a tenplating agent;

(‘b) settling the nolecular sieve in a reaction vessel by introducing a
flocculant to the slurry; (c) recovering the nolecul ar sieve; and




(d) heat treating the recovered nol ecul ar sieve at a tenperature in the
range of from about 50C to about 250C. 2. The nethod of claim1l wherein the
in step (c), the nolecular sieve is recovered by filtration. 3. The nethod
of claim1l wherein the anount of nol ecul ar sieve recovered is greater than
250 Kg. 4. The nmethod of claim 1l wherein in step (d) the nolecular sieve is
heated to a tenperature in the range‘“?'bf from80C to 150C. 5. The nethod of
claiml wherein the nol ecular sieve after step (d) has a carbon content in
t he rangetlomf;éom 0.1%to about 50% 6. The nethod of claim 1l wherein the
nol ecul a after step (d) has a LA in the range of from10%to 50%
7. The nmethod of claim1 wherein the nolecular sieve is conbined with a
matrix material, and optionally a binder to forma fornul ated catal yst
conposi tilon. & mathed fasshhesiging mokacylapkevesthe metod eoampsisingdbe siensedul ar si eve

catal yst 47 E@ﬁ%&lﬁ%iﬁ‘ﬂ&%a’?&hfb}‘ sngfu%/ @%sl@g mer.e@fon%ssgf tfe!sirfp 8 wherein

the formul ate ecu Sieve cata nposition is ¢alcined. 10. A
met hod f @eomposingih siticorgscarcephrealumatunssoavee, & phabyabuconmesartd oemptatieg met hod
conpri si ng the steps of: (A) synthesizing a nol ecular sieve selected from
one or nd3B&of the group consisting of. a silicoal um nophosphate, an

al um nophosphg)Qettit Gt niol RURWRIE: fnYaRBactiBR VESM BT in§d R g AMbct¥ihnt to
f ramewor k-t ype ‘nol ecul ar sieve and a CHA and AEl intergrowh or m xed

f r amewor khashwey;inol ecul ar sieve, in a reaction vessel, the nethod conprising

the steps of: cﬁ?‘éco@%ﬁﬁttﬁgHo%écﬂ%rgig&-%’é ecul ar sieve in a synthesis m xture;
(b) settling 1( SO eI &M STeVE T & T eact i on vessel by introducing a
fl occul ant t o(d)heatxysatingthicFedbiviied hdleclly) sieGcM\vaempgatubeiniid @agd & Si eve,

from about 50°C to about 250°C.

2. The method of claim 1 wherein the in step (¢), the molecular sieve is recovered by

filtration.

3. The method of claim 1 wherein the amount of molecular sieve recovered is

greater than 250 Kg.

4, The method of claim 1 wherein in step (d) the molecular sieve is heated to a

temperature in the range of from 80°C to 150°C.

5. The method of claim 1 wherein the molecular sieve after step (d} has a carbon

content in the range of from 0.1% to about 50%.

6. The method of claim 1 wherein the molecular sieve after step (d) has a LOI in the

range of from 10% to 50%.

7. The method of claim 1 wherein the molecular sieve is combined with a matrix

material, and optionally a binder to form a formulated catalyst composition.

8. The method of claim 7 wherein the formulated molecular sieve catalyst



(d) thermally treating the nol ecul ar sieve at a tenperature of from about
50C t o about 250C; and (B) conbining the thermally treated nol ecul ar sieve
with a binder and a matrix naterial to formthe nol ecul ar sieve catal yst
conposition. 11. The nethod of claim 10 wherein the nol ecular sieve in step
(c) is recovered by filtering the synthesis mxture. 12. The net hod of
claim 10 wherein prior to step (c) a $brtion of a liquid in the synthesis
m xture is separated fromthe nol ecul ar sieve, and additional floccul ant
and/or additional liqgui.d, is introduced to the synthesis m xture. 13. The
met hod OFWEPQ?H?EESWﬁgﬁHPﬁ the reactor vessel is capable of producing
greater than 250 Kg in one batch. 48 14. The nethod of claim 10 wherein in
step (B) the nolecular sieve catalyst conposition is spray dried to forma

spray dri%d ndhemethed ofickeine 8ceheadiy the fempared motngular gigve cptpdystret hod of cl aim

14 wher ei I.ﬂplr rjjed nol ecul ar sieve catalyst conposition is
cal ci ned.ch%BS elsﬁélfﬁgg' of claim 10 wherein the nol ecular sieve in step (d)

is thermally treated at a tenperature in the range of from80C to 150C 17.
The net hod of claim 10 wherein the mol ecul ar sieve after step (d) has a
carbon d8nt edtmethod fr formigatingra melgeyley sievecpiglystromposition. thgmethd net hod of
clai m 10 \wharighP HenfepgBlecul ar sieve after step (d) has a LA in the range
of from10%to 50%

(A) synthesizing a molecular sieve selected from one or more of the group

consisting of: a silicoaluminophosphate, an aluminophosphate, a CHA framework-type
molecular sieve, an AEI framework-type molecular sieve and a CHA and AEI
intergrowth or mixed framework-type molecular sieve, in a reaction vessel, the method
comprising the steps of:
(a) crystallizing the molecular sieve in a synthesis mixture;
{b) settling the molecular sieve in a reaction vessel by introducing a
flocculant to the synthesis mixture;
(c) recovering the molecular sieve;
(d) thermally treating the molecular sieve at a temperature of from about
50°C to about 250°C; and
(B) combining the thermally treated molecular sieve with a binder and a matrix

material to form the molecular sieve catalyst composition.

11.  The method of claim 10 wherein the molecular sieve in step (c) is recovered by

filtering the synthesis mixture.

12.  The method of claim 10 wherein prior to step (c) a portion of a liquid in the
synthesis mixture is separated from the molecular sieve, and additional flocculant and/or

additional liquid, is introduced to the synthesis mixture.

13.  The method of claim 10 wherein the reactor vessel is capable of producing greater
than 250 Kg in one batch.
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14.  The method of claim 10 wherein in step (B) the molecular sieve catalyst

composition is spray dried to form a spray dried molecular sieve catalyst composition.

15.  The method of claim 14 wherein the spray dried molecular sieve catalyst

composition is calcined.

16.  The method of claim 10 wherein the molecular sieve in step (d) is thermally

treated at a temperature in the range of from 80°C to 150°C.

17.  The method of claim 10 wherein the molecular sieve after step (d) has a carbon

content in the range of from 0.1% to about 50%.

18.  The method of claim 10 wherein the molecular sieve after step (d) has a LOI in

the range of from 10% to 50%.



