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COVPCSI W éNb0001S MAKI NG AND USE | N CONVERSI ON PROCESSES FCBUGVf8The

| nvention 100011 The present invention relates to a nol ecul ar sieve

catal yst conposition, to a nethod of making or form ng the nol ecul ar
sieve catal yst conposition, and to a conversion process using the

catal yst conposition. Background O The Invention 10002) A efins are
traditionally produced from petrol eum feedstock by catalytic or steam
cracki ng processes. These cracki ng processes, especially stieam cracking,
produce |ight ol ef i n(e)DISEEWLaSR S BV E0d Thdy ST GOMROSHHANom a vari ety
of hydrocarbon fe - i nt conmodity
petrochem cal s usﬁimgk@%gf@?&%ﬁ@@@?g@@fﬁﬂ@ﬁgt& astics and
ot her chem cal conmpounds. 100031 The petrochem cal industry has known for

sone time a]t 0 nat es. especially al cohols, are convertible into

| i ght ol ef iﬂi-gé—mgi%—% numer ous technol ogi es avail abl e for producing
oxygenat es JPWIQUdI NOrHe§ir R b EMibn 1Rlatdsad Gl elBculdr siaveichrpiss gas derived
from nat ur gas, petroleumliquids, carbonaceous materials including
coal , recycbapopitias]iocsmethudiof mpkingrasoeniop theyoleotlaesicvs ¢aalys mat eri al .

Generally, the production of synthesis gas involyes a conbustion reaction
of natural cgEPoSEs: g FEONANESIOARIOESS BRPYEK CBINSEEPTPRIEYhy dr ogen,

carbon nonqxi de and{ or..car,bon di oxi de. Syngas production processes are
wel | knom%ﬂﬂﬁ%&&%nal steamreforming, autothermal
reform ng, [gPuza comiyhpahd 20 tBRlRafly plddRRAdrdatdeatRum febdstguketyer r ed

al cohol for light olefin production, is typically synthesized fromthe

catal ytic raatitios ssfanhydcidge processebohessrioackig prasediess espaeibbn s@r®xi de in

a met hanol reactor in the presence of a heterogeneous catalyst. For
exanpl o, | rresking praciss hisBalELsurRreR SRIE Sl PLBPRIETE Boyd Yeriety

copper/ zi nc_qQxi,de cat i Qdity eactor. The
preferred mghocfﬁfcoé’ﬁl{c/%dr%fﬁdég]s%y Y)@%géa P@Jﬁé%ﬁﬁ &3@ erred tlo)r as a
met hanol - t G, WO:R3hRIRbiuPin a variety of processes for making plastics and other

chemical compounds.

|0003] The petrochemical industry has known for some time that
oxygenates, especially alcohols, are convertible into light olefin(s). There are
numerous technologies available for producing oxygenates including fermentation
or reaction of synthesis gas derived from natural gas, petroleum 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 conventional steam reforming, autothermal
reforming, or a combination thereof.

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

preferred methanol conversion process is generally referred 1o as a methanol-to-



2 0 JAN 2006 PCT/US02/19869 ol efin(s) process, where n19thano|zi[]s-w‘”[mB
conver t eslotogoprdiari |y et hyl ene and/ or  propyl ene In the PEESBAYES6Y a

nol ecul ar sieve. [00051 Mol ecul ar sieves are porous solids having pores of
diff-erent sizes. such as zeolites or zeolite-type nol ecul ar sieves,
carbons and oxides. The nost comrercially useful nolecular sieves for the
petrol eum and petrochem cal industries are known as zeolites, for exanple
aluninosilicate nol ecul ar si eves. Zeolites in general have a one-, two-

hr ee- I | | : m i zed
pores of molSEuDar ogfreti bR e S Saiere U HeuCB R PP e “Can
enter the %Wﬂ’ea‘?qhg &E%@oﬁ"&ﬂﬁﬁed@ir%fé‘%es that ate too |large. 100061

There are erent types of nolecular sieves well known to convert

a feedst ochooasipeci alblecalar Suyegaraprososulids havigg berdof differeritsizes one or
nore olefin(s). For exanple, U S. Patent No. 5,367,100 describes the use
of a well skepamzeoditdsioraeolasnys, melscansieves, easbinson oxides dhemoas(s): U. S.

ey eonat o5 coB RS aE VR EE By PesdoL b e ey Sl el ha&éﬂ"ﬁfﬁﬁr‘]ﬁogit Ihie{:ate'
zool [ es, - fqlc Rapleo e sc?% LiicL for O B LR8N0 EARRAZ Lles U

Pat ent No es the use to convert %hanol to

hydr ocar boryepriRd s bendsiaiavas ot hulens tavee ginepyibailarystdline 8 Pat ent 'No.
4,310, 440 describes producing light olefin(s) froman al cohol using a

crystal | i nestratturg }nmphg)slplﬁatréﬁsl paas pEppeleselar dgndmgions Koy sqm)omlw One of
t he nost usef ug e si eves for converti nc?e get han@ olefin(s) is
a silicoal @ f}ﬁe&i ah‘i?l“é:&?[ﬂg?e ROresy aed exglyde those me S‘Hﬁﬁ)g‘ﬁhéﬁee ( SAPO)
nmol ecul ar q%gygg contain a three-di mensional mnicroporous crystal |ine

framework styucture of [SiOA2], [AIA2] and [PQ2] coner sharing tetrahedral

units.  SAR ab[%nt hesfherd sre dem@ difieent thpdd. db.mdledatsiNes well4howd4d, which is
herein fully APO is incorporated by reference. SAPO generally
synt hesi zedobyert héee!dyt@ﬁbtdsmqrﬁly anccrxygcrsﬁw tomainmg ferdstockelata PREOTY xt ure of

agent . syniPEER TGOS TeARSTBF ey BP8l Moe oo (W yesr B aby Bik ¢ o & saRo
catalyst, apg) idctviis&lird! z(sqﬁt\se(otdoﬂgeﬁn{m%epﬁq&ba@ﬁn{s@agist pﬁkmlm 0
olefin(s), particularly where the feedstock is methanol, is shown in
4,062,905 discusses the conversion of methanol and other oxygenates to ethylcnc .
and propylene using crystalline aluminosilicale zeolites, for example Zeolite T,
ZKS5, erionite and chabazite; U.S. Patent No. 4,079,095 describes the use of ZSM-
34 to convert methanol to hydrocarbon products such as ethylene and propylene;
and U.S. Patent No. 4,310,440 describes producing light olefin(s) from an alcohol
using a crystalline aluminophosphates, often represented by ALPO,.
[0007] One of the most useful molecular sieves for converting methanol to
olefin(s) is a silicoaluminophosphate molecular sieves. Silicoaluminophosphate
(SAPO) molecular sieves contain a three-dimensional microporous crystalline
framework structure of [Si0,], [AlQ,] and [PO,] comer sharing tetrahedral units.
SAPO synthesis is described in U.S. Patent No. 4,440,871, which is herein fully
incorporated by refcrence. SAPQ is generally synthesized by the hydrothermal
crystallization of a reaction mixture of silicon-, aluminum- and phosphorus-
sources and at least one templating agent. Synthesis of a SAPO molecular sieve,
its formulation into a SAPO catalyst, and its use in converung a hydrocarbon

feedstock into olefin(s), particularly where the feedstock is methanol, i1s shown in
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4,677,24%00$0ﬁ572243, 4,873,390, 5,095,163, 5,714,662 andC®/UE6B19B682, al

of which are herein fully incorporated by reference. 100081 Typically,

nmol ecul ar sieves are forned into nolecul ar sieve catalyst conpositions to
inprove their durability in commercial conversion processes. The'
collisions within a commerci al process between catal yst conposition
particles thenselves, the reactor walls, and other reactaor systens cause

the particles to breakdown intag | er i,GJ-e a i nes. The

physi cal brleak ps. gl 8CUl ar' “si-eve-ta T fon particles
Cicawnt Bos Do 1 aar ot 2=t BV ER L a T o0 hES

is known as ifio i f . [T ¢ it ent

streamres Lﬁjﬁag’# W%‘?&@gﬁ% al?lnotf(r%@-'(:'%]\%ﬂre ;1 eéﬁ{%ﬁ?ﬁ&%ﬁa&dyﬂ;ﬁegégﬁ%géi tions

having a hi glgg res‘ﬂﬁ&‘ﬂg il @luldr isfelv@dare Eastiedtistofmueculhi siew,catalyes s

cat al yst cdnpogition i's required for conversion, and longer life tines

result in dopmpriitRpeI@immgve drirdurdfidgah chvinecciblagonyérsinn progeaseyst

conpositions are fornmed by conmbining a nolecular sieve and a matrix
mat eri al  usTied doflisions wWishipracenspaercef PEOSBTSTRE&YeenT9aly S GPRBRNUY PATHEIE nder

is to hold the trix material, often a cla I . Sieve. The
use of bi nd@?@segﬁ‘if’ HE’(’F?QOIn’ﬁ?]&’ Faﬁf‘S eﬁretaﬁlgr %{%}% (}agge o) p%n%fgé%l}?ar si eve

catal yst cogRasicbanf, drfllF bhrdeRRNaNESTinG, kiphlYcalbreamanal dle processes.
It is also Known that t%e y 1 n which the nol ecul ar sieve catal yst

conposi t i ONmbkculaRsevocathlgstrashgiosticafipaaties ic hnayat atrdiqrodiingsefteat tri ti on.
10010] Exanpl e of nethods of making catalyst c osjitions include: U S
Patent No. &ittheraesrdn deafBoent sUssEpFewlg n r?ﬁfﬁi%s 0 IEFNERY Gt al yst

02, OB AR BB e R et

particles i a zeolr1te slur a source of

phosphorOUSres{{};)‘grg?ch%}élé)GEiYibﬂgsr% uitb& fd#eBnirsibaind llotget Hfe tivawd regulainpH bel ow
3; US. Paten > 4,987, 110 ang 5,298,153 relates to a catalytic
cracki ng prreessperaingcastspray dried attrition resistant catalyst

containing greater than 25 wei ercent nnlecuhar §i§ve gis ersed in a
REREY PLROBE

ht
clay matrix[0f0fh a SW%@W@%’%F?‘@ SLEAURRATH 8D AT ént  Nos.

5,194,412 and 8 256,369, 1 561,05 55:d 81 I B RYRLYALorsd ARBnTHga al yst. of

a ol ecul aPOlfe na“a crystalline al unf num phosphate bi nder having a
surface ar E@?bﬁescﬁ thb 8hdefish@hgldane nat:omateriph bitew aklayetd the sioldratar 0. 1
a

cc/g; U S ent No. . . :
sieve. The use of binders and matrix materials in the formation of molecular sieve
catalyst compositions is well known for a variety of commercial processes. It is
also known that the way in which the molecular sieve catalyst composition is
made or formulated affects catalyst composition attrition. |
[0010] Example of methods of making catalyst compositions include: U.Ss.
Patent No. 5,126,298 discusses a method for making a cracking catalyst having
high attrition resistance by combining two different clay particles in separate
slurries with a zeolite slurry and a source of phosphorous, and spray drying a
mixture of the slurries having a pH below 3; U.S. Patent No. 4,987,110 and
5,298,153 relates to a catalytic cracking process using a spray dried attrition
resistani catalyst containing greater than 25 weight percent molecular sieve
dispersed in a clay matrix with a synthetic silica-alumina component; U.S. Patent
Nos. 5,194,412 and 5,286,369 discloses forming a catalytic cracking catalyst of a
molecular sieve and a crystalline aluminum phosphate binder having a surface

area less than 20 m*/g and a total pore volume Jess than 0.1 cc/g; U.S. Patent No.
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parti culve@@3eagani c oxi de conposite of a zeolite and aPGRUSHI9869
chlorhydrol that is reacted with ammpnia to forma cohesive. binder; US.
Patent No. 6,153,552 clainms a nethod o## making a catalyst, by drying a
slurry of a SAPO nol ecul ar sieve, an inorganic oxide sol, and an external
phosphorous source; U S. Patent No. 5,110,776 illustrates the formation of
a zeolite containing catal ytlc catal yst by nodifying the.zeolite with a

phosphate , @tﬁ'wreragessﬂlf&tn% %ﬁula?@@% anli\éoomdr’?gz}ﬁ% Eo‘ﬂ? @Jﬂﬁ to spray

drying a zedlite urr ay an urce o or ous a a pH of

bel ow 3; Uard BRlSRUM (fm&lh'y@]%'l l}ﬁﬂlsN@actQﬁfvﬁQWtﬂmﬁ id I%ﬁn\httib‘ﬂeﬁ% 2001

di scusses a nethod for steamng a nolecular sieve to renove hal ogen; U S
Pat ent No. bﬁqc&ﬂ&J&Palehthtﬁaﬁhsszdamysamewadg)fmzﬁmm xalystl, by diyamg si eve
adm xed with kaolin and a silica sol; U S. . Patent No, 5,346,875 discloses
a met hod f@rsltrmkpﬁgSé%hmiewlia&mévea@wwg@as axissol, gyd ﬁ'&?’é‘ﬁiﬂﬁb the

of the. i noPBRMIErok ol S taarore &0 by 76 MBFRRRIE SR IRER  Zacion
Behavi or ot %@gig gmnﬁ% 2 c'caaggd@ﬁaélfﬁ% RENSIPRSwith APhoéphdie Chem Vol .

40, pages 579 001 I scusses zeolite aggregation at or near the

i soel ectri eontairing soIBGEFn PUIS.iPaeeni Dio. S\B1 8842 telfids thespenyi drgingrasdedlig a ‘
catal yst by dryin m xture of an alumina so] and a SAPO nol ecul ar

si eve; PCTSPUf?d Vit taueéwmwezqe@é@bgsm@w%w rﬁefmewa Uarkagr i
Froon ol cmlicBudRhE: bRl fg BBAGREE 5 F10DY ihiseh b M) bEarihed

met al | o-al %ml@ana%mabeemebmbgan 81 SR AR N A STRRIGUT i INRtafes 3prapl an
i norgani ¢ oxi de binder and fillef where the noiecular sieve is present in
an anount draag at$¥POA3 meleghitr pevecadntixedivathikuelin and hglicasa] Yt wei ght and

a preferable weight ratio. of the bln t o ol ecul al ve clqgse to 1.
100111 Al't W@@@h%éé@%&ﬁé&ﬂ%%n@w éjarf BRKR aGHbEY Ctr?fﬁwég ¥ bed

b
above are ySehiltnind dylb gﬁaﬁlbga.nvﬁwa%p oRiBoRERTE IR amEkorkQithGufito

eve catalyst conposition having
better attrpd jJHrbftﬁ@ﬁioSé@i&@n@d"lﬁ)]CMHﬁi%F(ﬁlal Mggﬁkganmbmw@maml ity and

cost advantages. WO 03/000412
Behavior of Zeolite Crysials in Sols and Suspensions, Ind. Eng. Chem Vol. 40
pages 2573-2579, 2001 discusses zeolite aggregation at or near the lsoelectnc
point; PCT Publication WO 99/21651 describes making a catalyst by drying a
mixture of an alumina sol and a SAPO molecular sieve; PCT Publication WO
02/05950 describes making a catalyst composition of a molecular sieve containing
attrition particles with fresh molecular sieve; and WO 02/05952 discloses a
crystalline metallo-aluminophosphate molecular sieve and a matrix matenal of an
inorganic oxide binder and filler where the molecular sieve is present in an
amount less than 40 weight percent relative 1o the catalyst weight and a preferable
weight ratio of the binder to molecular sieve close to 1.
10011] Although these molecular sieve catalyst compositions described
above are useful in hydrocarbon conversion processes, it would be desirable o

have an improved molecular sieve catalyst composition having better attrition

resistance and commercially desirable operability and cost advantages.
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i nventi evo psawisttes for a net hod of nmking or fornul ati ng BCHPEEIBER si eve
catal yst conposition and to its use in a conversion process for

converting a feedstock into one or nore olefin(s). 100131 In one

enbodi nent the invention is directed to a nmethod for making a nol ecul ar

si eve catal yst conposition by conbining, contacting, mxing, or the Iike,
a nol ecul ar sieve, a binder, and a matrix material in a slurry, wherein

the slurry has a 'f' b ve qrcnbel ow an isoelectric point (IEP) of,
independené%ﬂﬂéﬁ&%on, the nol ecul ar si eve, the binder and/or
the matrix gﬁtZZ“ al ThisNnAFionRE&Vi8ES B A RIREH MBRAKing BEfovhlainghas a pH at
| east 0.3 ove or below the I'EP of the noliecular sieve. In a preferred
enbodi ment mdikailaelee ghalyssé@upositson ayhbhiesisz éda femarsidrepocessifomt i on from
at least two of the group consisting of a silicon source, a phosphorous

sour ce and cemvesting fagdstedduinteonept MeFPIEYNGh the presence of a tenplating
agent, nor r feraﬁ%j t he | ecul ar._sieve.is a ilic i nophosphat e or
al unt noph_oiﬁb(ﬁl e, al X%??b%PD_%‘FBlrtgﬁllﬁ’/vegﬁogi'slqgl{:e&aelda?nar%%ﬁ %’g‘fé’ﬁ*’g‘%g)0141 I'n
one embodi MEAbielfif JOVERBl AN RpBifies b dohBinfdTBORRLinkOmixingl githating a
nol ecul ar si eve catal yst orrposPtl on, the nethod conprising the steps of,
(a) i ntroduigk ngmaledBlaesivi@n tihdeyearida farrix matstialrin y;shirh), wheteintheci ng a
binder to the slurry; (c) introducing a matrix material to the slurry; and

(d) spray shhrmihag atpkbabgvgror peloy i vaeleeiric peint GER) bt edepspiarly| o4in sj eve
cat al yst conpgsit.i on wherein.a p f the slurry (s Vv r |l ow an | EP-
of the nol &BLH W"Q?éb%moﬂ‘?‘f“%éﬁﬁvﬁ’elﬁe E’WSHF@?&{!"? %ﬁ’f{? Xpﬁg%f S{'ﬁlg @I%ur ry is at

| east 0.3 %‘f@‘é{m@aﬂﬂ iNenD HleOMarr R8s 2 PHOSIASLS 3 ebdeidibeRfw tHRAEFfecul ar
sieve. I n another enbodi nent, the nol ecul ar  sieve catal yst conposition

has an Att thd inoleciat setverdera frafined leegmdirnem, the weleghtar sjpaedent per hour,

preferably less than | weight. percent per hour and nost referably | ess
than 0.5 wsyghesizasifeenthgeambigsiion ipprarad "éﬁ‘l‘)‘i’ot‘}fgh%%e&?%&‘gig dis a

Struct ur o- )" BF e P et RS SRR BRGSO TB K Mosozs 10860
presence of a templating agent, more preferably the molecular sieve is a

silicoaluminophosphate or aluminophosphate, and most preferably a

silicoaluminophosphate. ‘

|0014]) In one embodiment the invention is directed to a method for
formulating a molecular sieve catalyst composition, the method comprising the |
steps of: (a) introducing a molecular sieve 10 form a slurry; (b) introducing a
binder 10 the slurry; (¢) introducing a matrix material to the slurry; and (d) spray
drying the slurry to produce the formulated molecular sieve catalyst composition,
wherein a pH of the slurry is above or below an IEP of the molecular sieve. In
another embodiment, the pH of the slurry is at least 0.3 away, above or below, the
jsoelectric point of the molecular sieve. In another embodiment, the molecular
sieve catalyst composition has an Atirition Rate Index (AR1) less than 2 weight
percent per hour, preferably less than 1 weight percent per hour and most
preferably less than 0.5 weight percent per hour. Preferably the molecular sieve is
a silicoaluminophosphate, an aluminophosphate and/or a chabazite structure-type

molecular sieve.



6 100151 In yet another enbodinent, the invention is directed tozao JAN 2006
process wom3opisagiuci ng ol efin(s) in the presence of any ofpcinesvabssse

nol ecul ar sieve catal yst conpositions. In particular, the process

i nvol ves producing olefin(s) in a procgss for converting a feedstock,
preferably a feedstock containing an oxygenate, nore preferably a

feedst ock containing an al cohol, and nost preferably a feedstock

contai ning nethanol in the presence of one or nore of the nolecul ar sieve

cat al yst sitiqns thereof. tail ed Descriptipn O The | nveption
ot r ot | OT01 61 TRl SRS EmbRaiaen P i BRvD b e i20 4B P GEEAeRS 5! ove
cat al yst .t [ I Hdnt ari .oneﬁu ipn of a
hydr ocar boﬁ%&ueag{ s‘%]gﬁﬁ(sp El'ftgg%#esp%re mr%gg}ﬁgﬁbg?gﬁ : hieﬁr%elgggﬁfig’lrspsi eve
catal yst ceop@oiilibfd) Irspdibéelfar0thelppoded;ivoRms phelueighilefi(k)on afrodss

mol ecul ar sieve, a binder, and optionally, nost preferably, a matrix
mat eri al . Hfor ¢rasebimgra feadsapckg erederabllyyn feedstdel coataining an owygenaomioty | i qui d

di spersions that particle aggregation is, prevented_ by overcaomng the van
der Waal s @fﬁ$@§lﬁ fbﬁfesape'ﬁw i"nﬁl@tﬂa@éwhph@ngmqsapﬁferﬁ@mfEfF tockyrf aces.

2 5w Ver ey bRRERS| B BBl EEr ERAefe SR ANARIRERERICT ) e,

El sevi er, ceﬁﬁ)bgﬁgﬁmm}&{& The oxi de surfaces are either negatively or
positively charged depending on the pH of the oxides in an aqueous

medi a; see Th. F. Tadros, Solid/Liquid D spersions, Academ c Press,
London, page 5, 1987, ,whic Ll‘ ully., incorporated herein by reference..
The isoel e ¢ iptieaf Thedpygntion, o where the surface of particles
in a nedi “']Hn%dﬂi’nti gharged, which corresponds to a pH value for a
particul ar - for exanple a nol ecul ar sieve catal yst conposition,

in a parti qodrs) mediThainiationadipdceedvatvard a SRRcdlar kigké eamlys:St ruct ure of
the Solid/Liquid Interface and Electrical Double Layer, in Solid/Liquid.

Di sper si onsompesilipedtbyaking End Raidoess)in e aistonfashydrecarion, pages
63-90, 1987, ich i fully i ted. h inb f ..lt h
been sur pr fsaRtef i go6 Emae PRERUHy Thpraii IR g ese b Beiembeaitapds "
S 85 g\:\ég B GCm%rtfbﬁﬁdeﬁbﬁ%pémamwoﬁm hERcOfhr §iB6e, Wi R ANG412 7

optionally, most preferably, a matrix material. It has been known generally in the
art that with solid/liquid dispersions that particle aggregation is prevented by‘
overcoming the van der Waals attraction potential between the solid or particle
surfaces. Stabilization of dispersions by electrostatic repulsion is described in
E.J.W. Verwey, et al., Theory of the Stabilization of Lyophobic Colloids, Elsevier,
Amsterdam, 1948. The oxide surfaces are either negatively or positively charged
depending on the pH of the oxides in an aqueous media; see Th. F. Tadros,
Solid/Liquid Dispersions, Academic Press, London, page 5, 1987, which is fully
incorporated herein by reference. The isoelectric point (IEP) is that state where
the surface of particles in a medium is not charged, which corresponds to a pH
value for a particular material, for example a molecular sieve catalyst composition,
in a particular medium, for example water; see J. Lyklema, Strucrure of the
Solid/Liquid Interface and Electrical Double Layer, in Solid/Liguid Dispersions
(Edited by Th. F. Tadors), Academic Press, London, pages 63-90, 1987, which is
fully incorporated herein by reference. It has been surprisingly discovered that by

preparing a molecular sieve catalyst composition below or above the JEP of the



PCT/ US02/ 19869 nol ecul ar sieve, a catal yst conposition having i g ;AeH0b .
attritign.resistance is forned. The. pH at. the | EP of apgi ace
is al soi® Oi’/ﬂ?)o'fl?ant consideration in selecting a binder, ng%{%ﬂ%lﬁég%i o of
bi nder to nol ecular sieve, and total sglid particle content'in a
solid/liquid dispersion. Therefore, it’has also been discovered that in
addition 16 I EP, that the weight ratio of the binder to the nol ecul ar
sieve is also inportant to producing an attrition resistance catal yst
conposi tion. Ml ecular Sieves and Catal ysts Thereof [0017]" Mol ecul ar
. si eves havendlanilausexeheoatalybt cantpopiips hewing ifparvedantkilion c¢sssterstes i stics.
Mol ecul ar 'si eves have been wel| classified bfg the Structure .  Conm ssion
P

of the | nt &oneed. s pHraldhe {leP aba BeREWdFedt 8l5P an Ag PP Bt Kn$IgFTauoHI { he

| UPAC Conmi ssion on. Zeolit menglat ure. franewor k- scri bes the
connect i vi £ ?CLE%%PB@V: wag?‘ﬂ P?glotogfbﬂ%c’%égor @Pﬁef/: UG SIE R g%lgg?og@s :
constituti Bgm{cnae onﬁérﬁ‘%ﬂ‘@élﬁ/lifuﬁ&' dﬂ:?l;‘ﬂsﬂﬂ. AhepdISiel Adak R0 Bber fiscr@ fic
properties’for those materials. Fframework-type zeolite and zeolite-type
mol ecul ar  giagweadditon WIBP) hat thetwdightuato bfthe bbeder es thebholshdar, Siareds
assigned a three.letter code and are described in the Atlas of Zeolite
Franmewor k Flspémposani tegradusing aplayatipe Fesistanca satalshe®mpRFIUR001) , which i's
herein fully incorporated by reference. [0018] Non-limting exanpl es of

t hese nol ecul ar sieves are the small pore nol ecul ar sieves, AEl, AFT,

APC, ATN. A decdilsidWinBlbnibaSTherdy  CH, DAC DDR EDI, ERI, COO |

KFl , LEV, - - - - ) ) ROG, THO, and substituted forns

t hereof; t [(AETDIIT?di umMEsilaraieoesihave vasioay demiAfi@ndABlysicEUPamelbrk, FER, MEL,
T,

MFI, MW TON, and substituted forns_thereof; and the |arge pore
mol ecul ar  shareeisristEmmMofeaular sigves hayp been welbalassifiad by therSigtcturex her

nol ecul ar sj eves .i ncl.ud NA,. B |, ClLO. Ty MOR;
MAW and SC%J."“KB’ﬁg’lPPr?if tﬁeﬁaé&g%&eo@: IS cm&g@?&%ﬁ%ﬁgﬁ%fﬂ&lﬁ e<'§1r|¥FsE,§{€eves,
parti cul ar hypherCEHARIGIdH HEZ&KONYERAGRRE OALRINN NGkt Bedestabds that 0
olefin(s), 1nclude AEL, AFY, BEA, CHA, ED], FAU, FER, G S, LTA, LTL,
MER, MFl, boRecMily, topifseyl AMbenetrat@tallyroonigngedstomsagnggutisgnhe006 WO
03/ 000412 PCT/ US02/ 19869 .8 enbodi nent,. t he ecul ar. sjeve of the

i nventi on Famexornmpnd %{E{ﬁ}ra(&l(@%the specific properties lor those

materials. Framework-type zeolite and zeolite-type molecular sieves for whicha
structure has been established, are assigned a three Jetter code and are described in
the Atlas of Zeolite Framework Types, 5th edition, Elsevier, London, England
(2001), which is herein fully incorporated by reference.

[0018] Non-limiting examples of these molecular sieves are the small pore
molecular sieves, AEL AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CHI, DAC, DDR, EDI, ERI, GOO, KF1, LEV, LOV, LTA, MON, PAU, PHI,
RHO, ROG, THO, and substituted forms thereof; the medium pore molecular
sieves, AFO, AEL, EUQ, HEU, FER, MEL, MFI, MTW, MTT, TON, and
substituted forms thereof; and the large pore molecular sieves, EMT, FAU, and
substituted forms thereof. Other molecular sieves include ANA, BEA, CF1, 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 AEL, AFY, BEA, CHA, EDI, FAU, FER, GIS,
LTA, LTL, MER, MF], MOR, MTT, MWW, TAM and TON. In one preferred



t opol ogy, or a conbination thereof, nost preferably a CHA topol 6@yJAN17@Q§191
Mol ecul ar._siev terials all have 3'-dinensional franmewor * of
corner - sﬁé)r?%[&’%fg tetrahedra, where T is any tetrahedral Ik’l{s/hg&%tgy‘{
coordi nated cation. These nol ecul ar si e%es are typically described in
terms of the size of the ring that defites a pore, where the size is based
on the nunber of T atons in the ring. O her framework-type
characteristics include the arrangenent of rings that forma cage, and
when present, the dinmension of channels, and the spaces between the
cages. See embochﬂdmmhe giolemylar sibvet obithectvennion baZwohFl wpstigywe CHAd
Practice, Second Conpl etel y Revised and Expanded_Edition, Volunme 137,

pages 1-67,10BPkaYi efa gumbineiion thergol, mes pEsierably aleHRdPPAIREY. (2001) 100201 -

h I, -
15 oo WBAAY P R e Bt LYE-UR R ERA e 0 10
zeolitic Mol LMl 8o ShA¥RShPRY T Brerdfldrdvhbee T id 419 etrintaidsyes or larger

and an average poré size in the range of fromabout 3A to 15 A In the
nmost pref erdc@@dm@l'&ﬁ@dhdim NThesk hﬁ)ldmlai(swlvaﬂf ax&l{gpaeﬂlyodestxhbed invtennis afinhe
preferably silicoalum nophosphate nol ecul ar si eves have 8- rings and an
aver age porsizes¢izbe ﬂﬂssha‘tdzﬁnesaﬂom& ,\shcreypeesl@natblayediw hraumdayef bf from 3A
to about 5A, nore refeél% %f rom 3A to. ab referably

from 3. 5A tACHBHUtheFIREA TRVRIBT BE:FB?“’%‘F%V& m%‘é‘f‘-‘?’ﬂ&&%‘?& Peolitic.

and zeol i ti rg%hM%u' Qémaﬁél RYES reEEﬁif We%¥n§?@ﬁ’8f@haﬂﬁél§%‘nh%efra”EWOrk

of one, preferably two or cor er-sharlng[ TO4] tetrahedral units,

nor e pref ersphtes, betweertthe kvges. K& 04t Bekl{u%h 04 hl. adroduct[dPQ8)ZebBierSalearde al
units, and nost prefer abl [ Si 04! AlQ] and PO4 tetrahedral units.

These sili amdPrancum a@@f"ﬂﬁ’é -ifdsﬂnﬁat%@a" %fr? iGomayolymeddd, and net al
containing sili um an horous b ul ar si eves have
been descr iH3&H f% ‘”Icr HENG roU |%§§g'?dr§g?b@3 f or exarrpl e,

U.S. Patenty ﬁﬂg 4, 567, Oa9al{ MRARE whe 12 %)évﬁoﬂe%d\l@aulé\ﬂhcvéﬂha\@fromm- . S.
Pat ent No. 4, 440, 871 (SAPO), European Patent Application EP-A-0 159 624

( ELAPSO wheim tela 13riAg or %plerra@ewoﬁk};yp@aln &prefemed embodiimentvithe Ti or Zn),
U S. Patent Ng. 4,554,143 (FeAP Pat ent s No. 4! 822,478, 4,683, 217,
VIO 03/ 0004 Z2OBIOMPIELANT 5I506S hay ) {593/ 2oBBS Sractures of larger and a

average pore size in the range of from about 3A to 15 A. In the most preferred
embodiment, the molecular sieves of the invention, preferably
silicoaluminophosphate molecular sieves have 8- rings and an average pore size
Jess than about 5A, preferably in the range of from 3A to about 5A, more |
preferably from 3A to about 4.5A, and most preferably from 3.5A 10 about 4.2A.
[0021] Molecular sieves, particularly zeolitic and zeolitic-1ype molecular
sieves, preferably have a molecular framework of one, preferably two or more
comer-sharing [TO,] tetrahedral units, more preferably, two or more [Si0O,},
[A10,) and/or [PO,] tetrahedral units, and most preferably [$10,], [AlO,] and
[PO,] tetrahedral units. These silicon, aluminum, and phosphorous based
molecular sieves and metal containing stlicon, aluminum and phosphorous based
molecular sieves have been described in detail in numerous publications including
for example, U.S. Patent No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or
Co), U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159
624 (ELAPSO where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti or Zn),
U.S. Patent No. 4,554,143 (FeAPO), U.S. Patents No. 4,822,478, 4,683,217,

[y



4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4, 935’0321[? él@ SO,
EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Cd,0pa¥ (g
M, Ti avodspoodtz S. Patent No. 4,310,440 (Al PO ), EP-A-0 PEFU5BYI86I
(SENAPSO), U.S. Patent No. 4,973,460 (Li APSO, U.S. Patent No. 4,789,535
(LiAPO), U S. Patent No. 4,992,250 (G®APSO), U.S. Patent No.'4, 888, 167
(GeAPO), U S. Patent No. 5,057,295 (BAPSO), U.S. Patent No. 4,738,837
(CrAPSO), U.S. Patents Nos_ 4,759,919, and 4,851,106 (CrAPO), U.S.
Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478, 787 (MJAPSO),

U S. Patent . , Fe t PSO) ,
0 S Pat ont- s8s GPArRER EAEATE 0710l ERIRRI NG, a0 1T a0 800750
4,846, 956 aipd Adp 8B 483 BCEMPETHOP-A-0 B 9 RABUXBONoBere EL34 o) Fi, Mg

6, 156, 931 (M1APO), U.S. .Patent No. 4,737,353 (BeAPSO), U S. Patent No.
4,940, 570 (NBeAFQ)r,Z1), B.S. PateehlNe. ABE),241) BOPRREP-A4) b3 WIBENMPYOR80, 520

LTS et entlbShBited Mo SE6C{1IAISERE s chgacyo 1/ s saiappingst " 479
4,735, 806 AP A ' i k oxid

uni t [ Q2] %%?eé‘é§\Oﬁ)ef‘1%5%?5@1@?@5@%g‘%@&*ﬁ\@%@o@g@(zﬁg FORgR« ot fe
4,781, 814, P%:%??Jo?%swggg%@gg% 14,58 P@eaAdNo. A7 T3 BAGAPSDSD, B84,

4,956, 164, 4,956, 165, 4, 5, 241, 093, 5,493,066 and 5, 675, 050, -all
of which aiPatdnes Bbs 4,739,912, amt6Bpbi &6 €rARO), b BrRatenss Nog.Het58HI%cul ar

[ d i bed in R i.ak, f, Mol I i , V
o SO Sl SR AU hRERD S R0 B2
oL PO 56 R 8 Ry PR B R P st Ao o um num

phosphor ouga sAPeh) 0D1Y. PARkhisINGS. 4686092084956 argl 4,793, B2U(MnABEB),es i ncl ude
al um nophosphat e ( ALPO) nol ecul ar sieves and sil]coal umno hosghat e

(SAPO) nol abBl Batests MassS,3A00 Lt 6.0 80,831 (WpaPERaBiSy Pateat Bp- 44B5¢11 ut ed,
SAPO ol ecdPEAPSPIvS: Pan Nerar CEHERATRDE SR B vess T
Tabl o of B eI B T St LSt & Gun 1A of Tho " Ber  odi ¢
Tabl e of EliggmyMa (TAAPS),A) SaPatbntadioall, 834,568 otipd 4,910 G oARRPUA.Bg the 2 0
JAN 2006 Vf\gte%?/]\l%()gf?]j%,88?{551%8%6%]95}%39-0' 2093 937 (QAPSO, where Q is

framework oxide unit [QO,)), as well as U.S. Patenis Nos. 4,567,029, 4,686,093,

4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164,

4,956,165,4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of which are_herein

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

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

York (1992), which is herein fully incorporated by reference.

[0022] The more preferred silicon, aluminum and/or phosphorous containing

molecular sieves, and aluminum, phosphorous, and optionally silicon, containing

molecular sieves include aluminophosphate (ALPO) molecular sieves and

silicoaluminophosphate (SAPO) molecular sieves and substituted, preferably

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

molecular sieves are SAPO molecular sieves, and metal substituted SAPO

molecular sieves. In an embodiment, the metal is an alkali metal of Group 1A of

the Periodic Table of Elements, an alkaline earth metal of Group 11A of the

Periodic Table of Elements, a rare earth meta! of Group I11B, including the



_ 70 JAN 2005
Lant hani des: | anthanum cerium praseodym um neodym um samari um

eur opi ngﬁﬁ&m?l um terbium dysprosium holnmium erbium. Oﬂp%ﬂy_?lég%g

ytter bi etium and scandiumor yttriumof the Peri

El emrents, a,transition netal of Goups |VB, VB, VIB, VIIB, VIlIB, and IB
of the Periodic Table of Elenents, orl%ixtures of any of these netal
species. In One preferred enbodinent, the netal is selected fromthe
group consisting of Co, Cr, Cu, Fe, Ga, Ge, My, M1, N, Sri, Ti, Zn and
Zr, and m xtures thereof. In another preferred enbodinent,. these netal
at ons di sclssgniieeviantbsun neeiuneprasabdy mhen, reodyreivme, lsamriarhpol ecul ar
sieve through a tetrahedral unit, such as [MeQ2], and carry a net charge
dependi ng @nrqpmewaad@h@elr&t@tbéﬂmd)tsn@sm dl‘)l@u%tqﬂt’l@éht{ ulpwd, * exanpl e, in
one enbodi nent

H substi tuent ha ly tafe of +2,  +3,
O a0 TRabime e 4 $Pnine Per Bl 4 P Bt Bhoen - 5 and
2. 1002351&@%@53 eQdbARMa otfiaﬁog&w'\aﬁ memmav]ﬁss&{d]@e&hh@ many,

of th 'S nentlone abov i's represénted by the enpirical

forml a, OﬂPeﬁBduca]THbYédeiOB]%nﬁﬁ%I &1 midfRudeb/of Aiyfﬁ’bmé’se mbal gievieR lrepieesent s at
| east one tenplating agent, preferably an organic tenplatin fg agent; mis
t he nunber poefferrmdi embofﬂmRnpehe mslad :wele(cmdlftsq»mpmgroamomlstn@ aCQ;zﬂrue fromo .

f f bI f. and
repr esent Cite P Godder Y B ST T 4 4o PLFPRSABTERT JR 2080 Liner e MZ
Is a netal IpEﬂ'lé n%ﬁ g’g%ﬁfﬂ{gﬂp QECSQ c%l%' lﬁrsc!{]ﬁs@ﬁ abdve drd ‘rﬁcné&/ﬁto e VI B,

viliB, VI ani eso the eri odi ¢ Tabl e of El enents,

pr ef er abl y fidhicsvork oF eehdeclaraiBvenkroaph bhargreoupusionsck bs [(deOf], & Cr, Cu,
Fe, Ga, Ge, My, Mh, Ni, Sri, Ti, Zn and Zr. In an enbodinment, mis

greater t haarrpe ngtickerge dep@ndingndhs valgncexsiete of theanefpbsubstitughia Fasr equal to
0.01. In anot he enbodi ne reater t

greater th&'6P "h%lftmlbo%emyw the PRl ?“g’ﬁgté'e%lfharsraovr%e%%gts?g ?{X?S and z

'S ' n the [i-?n-glg P4, of HeMKY- n%5c]{a93@015he W@fafeaPiifT RWeYwdBni -2 ahiam 0. 15 to
fom0.01 to 0.2, y Ts from0.4 to 0.5,and z is from0.3 to

0 5 1002410m | i mlh ione embadipiens, thd mSN@(ﬂaam&veALaP@emnibedunh arangiofhes of the
i nvention include one or a conbination of SAﬁ‘O 5,. SAFPS SAPO-1 1, SAPO 2
0 JAN 7006 U-Si@0emeomationetaioysos rapgwsyiefby the empirica ula, on an

anhydrous basis:

mR:(M,ALP,)O,
wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M,Al,P,)O, and m‘
has a value from O 1o 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from one of Group 1A, 1A, IB, 11IB, 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, Zn and Zr. In an embodiment, m is greater than or equal t0 0.2, and x, ¥
and z are greater than or equal to 0.01. In another embodiment, m is greater than
0.1 1o about 1, x is greater than 0 to about .25, y is in the range of from 0.4 10 0.5,
and z is in the range of from 0.25 10 0.5, more preferably m is from 0.15 10 0.7, x
is from 0.0 10 0.2, y is from 0.4 t0 0.5, and z is from 0.3 10 0.5.
[0024] Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-

L]



16, SAPO-.| 7, SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO- 35, SA?DE}%E,NUB

SAPO- 37, SAF>o4oi SAPO- 41, SAPO 42, SAPO-44 (U.S. Patent %/ 3051%9415)"
SAPO 47W@ABMEE2 A PO 5 ALPO1 |: ALPO 18, ALPO 31, ALPO 33! #po 36,

ALPO 37, ALPO 46, and neta] containing nolecular sieves thereof. The
nore preferred nol ecul ar sieves incl udd one or a conbination of SAPO 18,
SAPO 34, SAPO 35, SAPO 44, SAPO 56, ALPO 18 and ALPO 34, even nore
preferably one. or a conbination of SAPO 18, SAPO 34, ALPO 34 and ALPO |
8, and netal containing nolecul ar sieves thereof, and nost preferably
one or a g¢gnbARELIBEAPOIAPOABO-200E ARCPDY, A P@i3d, FRPEl-3 EEAROB36Ng

nol ecul ar sieves thereof. 100251 In an enbodi nent, the nol ecul ar _si eve

is an : Int e SHPENOA, SAPE-1GISARZG] r@‘*??dzo'lﬁAﬁﬁ}‘@ di st Patent Neds K2, 90),
baltioul ar ;%A%é-éﬁ;#ém%l@% 2/&?%5‘3?@?%‘E'egﬁpgiﬂpf‘?%hgp uag_ |
P i\ Gat iy | " 7. PCT WO
03 18496 p e HBHAREA-H./AEPQ o8 Ambta et fidg Pkl sevedihtr Y0 ”

i ncor por at §¢le BYore pRéfBFEMaRIecRF sie¥THtBde SARG-alddmbihRidnld SHRORBW ] 8
have an AEl framework-type, and SAPO 34 has a CHA framework-type. In

anot her  eBBHPD-FENSAPORDS, B0 R A FAROSOAL BRI E andsARPO-Fheverpmere
Synt host o BTSNy Gy RIPEOBT SAPLE A RO ade AL el ABRE S, rany
oynt hesi 7oty SoHE FlecaRP Y Eves FARHC LAY modinE RN ot B O1°,

sour ce of ghMBinAlBH ofl SAPU-62 aff ALPOORY AR Mitsal cantadiiMoltulat $itesn, a
tenpl ati ng agent, and a netal containing conpound. Typically, a
conbi nat i otheofofsour ces of silicon, alum numand phosphorous, optionally

Sonpounds HNESh! acedh P eBVEUETEN B BLEENE JEesSrn e Ty ned w th
202006 B D ED T AR P L e e e, - and
t enper at ur gievélBbmposition.y bt periiéule, medrgromalh miodechibar siedes amdesdribediimbeover ed
Dy At O o gt s 8t R 85/058 678l A% weust 7, 2001 and PCT WO
98/15496 published April 16, 1998, both of whichl are herein fully incorporated by
reference. For example, SAPO-18, ‘ALPO-] 8 and RUW-IS have an AE]
framework-type, and SAPO-34 has a CHA framework-type. In another
embodiment, the molecular sieve comprises at least one intergrown phase of AEI

and CHA framework-types.

Molecular Sieve Synthesis

j0026} The synthesis of molecular sieves is described in many of the
references discussed above. Generally, molecular sieves are synthesized by the
hydrothermal crystallization of one or more of a source of aluminum, a source of
phosphorous, a source of silicon, a templating agent, and a metal containing
compound. Typically, a combination of sources of silicon, aluminum and
phosphorous, optionally with one or more templating agents and/or one or more
metal containing compounds are placed in a sealed pressure vessel, optionally

Jined with an inert plastic such as polytetrafluoroethylene, and heated, under a



[0027] In a preferred enbodi ment the nol ecul ar sieves are synt Rgsjmenipy.
f or m ngyap heas PN product of a source of silicon, a sourgerafsoshsgy num
a source of phosphorous,' an organic |lenplating agent, preferably a
nitrogen containing organic tenplati ng agent. This particularly
preferred enbodi nent results in the synthesis of a

silicoal um nophosphate crystalline material that is then isolated by.
filtration, centrifugation and/or decanting. 100281 Non-limting exanples

of silicon sources include a_ silicates, fumed silica, .fqr;exanple,
Aer osi | - 200rya\3li724i9D PrespRRR HIRREAAFGL UntiNg GryveHline mgiial yo fapmed and

CAB- O Sl L 5 silicpn d . t,et | kvl thosilicates; f
exanpl o, e areR AT ERBRR ey U R B PR et iyl or t hos | cate
(TECS),  cRidas da! ?.5_.%2’ Sredf erASHIRAUAT HE SRABSI AN e EDSRfithediatd Bxanp! e

Ludox- HS- . aval le fromE.I. du Pont de Nemours; WI m ndton,
Del awar e, forhii6g @ redetion proaibkiadfia-svet @l ofsilidonas eoures ofoalymanmbiarsatiicen ([
t hereof. The preferred source of siliconis a silica sol. | [00291

Non- | i mi t i afphosphplous, asforganimientplatingsgeat preferablca pilragemenntaiest ai ni ng

iti h as al um | koxi des, f ' | e al umi nur ,
O g PR R ol SRR YR st o,
pseudo- boolihl &is o PRRLIFARGpRIPRME RS Alifd Il dPihalis RAVisGaiBIpal | ons

thereof. A-preterred source o um num i s pseudo-boehmte, particularly.

when pr odufijtigiondcaitti fupawdnaridiapleosphgt e nolecul ar sieve. 100301
Non-limting exanples of phosphorous sources, which may also include
al um num ct28) ni ngNerduptioe suamelsrpbsilicomprurcesiet udea phealphovmed-
cont ai ni ng

. ; o : ; . i d.
organt o piilehiar eeiei QIR Cov RERR BIRDs it Ry YRINRY o, °°
anor phous L HiRARNOSNSIICM. S UGHcSscihifdnds BRASRNOTANS ! SRthbSlicAés; '

conbi nati ons thereof.,, The preferred source of phosphdrous is phosphoric
aci d, par tfoeekamipie, wivamethyl odbedihiceta( BMIAOS) @ad tairaathy hothesidipttaf EEO30 JAN
2006 WD 03/.000412 PCT/US02/19869 13 100311 _. Tenp|ating ﬁgents are
gener al | y eQlppdalisilicas Raeducemt Sispensiaisghgrgofp for example Ludox-HS-30 sol

available from E.l. du Pont de Nemours, Wilmington, Delaware, silicic acid,
alkali-metal silicate, or any combination thereof. The preferred source of silicon,

i

15 a silica sol. |

[0029] Non-limiting examples of aluminum sources include aluminum-
containing compositions such as aluminum alkoxides, for example aluminum
isopropoxide, aluminum phosphate, aluminum hydroxide, sodium aluminate,
pseudo-boehmite, gibbsite and aluminum trichloride, or any combinations thereof.
A preferred source of aluminum is pseudo-boehmite, particularly when producing
a silicoaluminophosphate molecular sieve.

|0030] Non-limiting examples of phosphorous sources, which may also
include aluminum-containing phosphorous compositions, include phosphorous-
containing, inorganic or organic, compositions such as phosphoric acid, organic
phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as ALPO,, phosphorous salts, or combinations thereof.
The preferred source of phosphorous is phosphoric acid, particularly when

producing a silicoaluminophosphate.



G oup VA of the Periodic Table of Elenments, particularly ni troéeon{AN 1006

phosphorus, arsenic and antinony, nore preferably nitrogen_or
phosphomom 83062 nost preferably nitrogen. Typi cal tenplafFﬁ@BgﬁEﬁf% of
G oup VA of the Periodic Table of elenents also contain at |east one

al kyl or aryl group, preferably an alky} or aryl group having froml to
10 carbon atons, and nore preferably froml to 8 carbon atons. The
preferred tenplating agents are nitrogen-containing conpounds such as
am nes and quat ernary anmoni um conpounds. 100321 The quaternary anmoni um

conpounds, hBgne enRosiIEmIY agedisQre paRIA ulds thbeccpedielineneroful a
RAN, Wneré each Ris hydrogegn or aé hyd??gmyl or substituted .

hydr ocar bylGrguop M opthefReradicyTable of Kiyimegisopamtiodarinnignogen, phospherefavi ng
fromlto 10 carbon atons. I n one_enbodj nent, - the &%ﬁl ating agents
i ncl ude a eeebicrrnd awmsmyoReroprefapatly fLIEEER ARPRPSRAMFEHS- 3R d8¥hound(s)  and.

SWSMYORETOPTCfist ) ) |
of -t ompl at PrJeBbT Soeke | La Y abal i hELs ettt R e RetloBR FEAT

lts th ' . . | ; . ¢
SaLLS i ner SPEIHHAN, ASo LEEATRIGM o IBHE] SOUROMEisat A eh uliyTer &1 L S

-amoni um conpounds i ncluding salts thereof,
t et r apr opy lgr@psvingrfromc! wdl (heursal atems redendre pafarablyt frerut wl Sagampmi um
i ncluding salts thereof, cyclohexylam ne, norpholine, di-n- propylam ne
(DPA), tri propy| B preferied; iemplalingp ey aTEA)TOSCPCaRRANBS 5%’1%%‘,1“5,5}1%@ i di ne,
cycl ohexyl am ne, 2-nethyl pyridine. N N-dj hyl benzyl am ne, N, N-
di et hyl et h&h8MARfS ,geqd'f’%&’%%ﬁ%‘%iﬂ“é"n'%‘ ﬁ%?]gk}’%di net hyl et hanol ami ne,
chol i ne, (Nzgdi ”Et'l?hélqgiaﬂ:%a'f‘}iaﬂ?non%rﬁtﬁ'ﬁuﬁé&@spm(ﬂn@(e&b%dﬁhﬂﬁiz&@e, N,
N, N, Ntetramethyl- (I,6)hexanedi am ne, N-nethyl diethanol am ne,
N- net hyl - etrjpesinssd hhethe ensbhfprmulaiRadY i Where eacd-Rrist hydrogsinpara di ne,

N- et hyl cycl ohexyl am ne, 3-net hyl pyridi ne, 4- t hyl -pyri di ne,
qui nucl i di hedragary] r ?@tshwlﬁdl},‘yﬁ‘éﬁaé@élgf %&PePfG(ez?r@? 234 aljoq gree gan aryl

di - n-butyl am n neopent y] a =0 P I J4E i :am ne,
t-butyl - af %‘??haé’f'?%/ﬁgrﬁ}e%lloafrg %@?""g’iﬁ’?é‘l ﬁg(?ﬁr%eéﬁtgjr? célzll’ %egéa@g?éihggne. 100341

The pref er eght aphdtd donBigaNn dfonk @FplcaE quitemaryteimasiuhydanpount i
conmpound, such as tetraethyl ammoni um hydroxi de (TEACH), tetraethyl 2 0

JAN 2006 Wend3h000mbPe PCTMINSO 2/-Pr 986AMDE. anmoni um phosphat e, tetraet hyl

ammoni um f I|(l)J(?3r3i]de’ t[\?c}nrﬁr%tnprygl ex%r%?er:];iolf@mplating agents include tetraalkyl
ammonium compounds including salts thereof such as tetramethyl ammonium
compounds including salts theredf, tetraethyl ammonium compounds including
salts thereof, 1etrapropy! ammonium including salts thereof, and
tetrabutylammonium including salts thereof, cyclohexylamine, morpho]i'nc, di-n-
propylamine (DPA), tripropylamine, triethylamine (TEA), triethanolamine,
piperidine, cyclohexylamine, 2-methylpyridine, N,N-'dimethylbenzy]amine, N,N-
diethylethanolamine, dicyclohexylamine, N,N-dimethylethanolamine, choline,
N,N'-dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N, N'.N,N-tetramethyl-
(1,6)hexanediamine, N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl
piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyndine, 4-
methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion;
di-n-butylamine, neopentylamine, di-n-pentylamine, isopropylamine, 1-butyl-
amine, ethylenediamine, pyrrolidine, and 2-imidazolidone.
{0034) The preferred templating agent or template is a tetraethylammonium

compound, such as tetracthyl ammonium hydroxide (TEAOH), tetraethyl



broni de, tetraethyl anmonium chloride and tetraethyl ammoni urp Gdal &80
The nost preferred ;tenplating agent is tetraethyl anmoni ,de
and sal 0 8%’1’10&#801‘, particularly when producing a sili coalpuw?r{dr%gflilggs%hat e
nol ecul ar sieve. |In one enbodi nent, a, conbination of two or nore of any
of the above |enplating agents is used in:conbination with one or nore
of a silicon-, alum num, and phosphorous- source. [0035) A synthesis

m xture containing at a Mninmuma silicon-, alumnum, and/or

phosphor ous- conposition, and a tenpl ating agent, should have a pHin the
range of faomdhitm FOsphaefiaratlyy ammahenfhogde gttréatbyhammoni@m and nost
preferably in the range of from5 to 8.  Cenerally, the synthesis m xture
is sealed PWTﬁ'dﬁe@gé&hYbﬁmﬁ@&ﬂbﬁ’,]Ofﬂ?‘é?'édr'&Hﬁyhkﬂrﬂ!@F‘oﬁWFbﬁéﬂ?dﬁsTb? essure,

to a tenperature-in the range of . fr ut; 8 04 about  250C  and nore

pr ef er abl y"PFER’{?&%’{?“LS{:‘CTQ[%"E882{86%[‘3‘%%8 .mﬁ?gg'l%?’]r%dr é"cﬁféiarné&alﬁo formthe + '
crystal | i ngyepsafduedichiary Wl phddtic fipQmiiifameth flophyspHBieliRo e 8US Gbveneeks,
the duration of ‘Wwhi‘ch i's usually déependent on "thé tenperature; the '

hi gher t held empanbbdifient, heostbiratien df heo duraire ohanyTyfihe abdwe, tetbpiating
crystalline nolecul &r sieve product is formed, usually in a slurry state,

and is reeRsNY SAsEY imegminalinavdb cee shingieolwsilicRholmipuohendrt | for L
exanpl e ce}qt r'hf ugation or filtration. The isolated or separated -
crystal | i nBPHPERREY: 59¥%n  enbodi nent, is washed, typically, using a

liquid sucrnoas}]wat-erksﬁnim?s%ﬁzdr@cmmﬁingmqﬁinﬁhﬁ; FBREGH. Sshahl i ne
product is theh optionally dried, preferably in air. 100361 In one
preferred enbodphmsphoronkrangpotieinp] atd agngdaig dgeny skalild hatdepHsytheesi s

of a nol ecul ar sieve, it is%;preferred that the tenplating agent |s

subst ant | arange opfieres Ab 19 REefisbist @ the range o Semuf 2.7, andyaesiipreistablyon by
nunmerous well knag echni gu f L t h as:
cal ci nati off! the f%}gg\ilgr{;olnéﬁq? g‘vo e\i/]%rsaﬂ&bﬁ';é%g@ilhgsds Fﬁ’g‘ Fﬁ)llsggaﬂ ap] aZYeZS\gée:‘

cont ai ni NgafdReh&ITPrStiaBY undeeitiofdriols predasre, Braat@peilure GPibe Farfend
oxygen, at any desired concentration at an elevated tenperature

suf fi ci ent frbm gbicuh@0°ayr dtioat 230°G; asdmprepeloralle donmpaseit A60°C axatdiure t he
tenplating agent. i 2 0 JAN 2006 WO 03/000412 PCT/ US02/ 19869 15 100371
Mol ecul ar  $3@8¢e sTranme edquired tafdningthe siysiadlore predyctintypiaabty duom (Al )

immediately up to several weeks, the duration of which is usually dependent on .

1

the temperature; the higher the temperature the shorter the duration. Typically, lhé
crystalline molecular sieve product is formed, usually in a slurry state, and is
recovered by any standard technique well known in the art, for example
centrifugation or filtration. The isolated or separated crystalline product, in an
embodiment, is washed, typically, using a liquid such as water, from one to many
times. The washed crysialline product is then optionally dried, preferably in air.
|10036] In one preferred embodiment, when a templating agent is used in the
synthesis of a molecular sieve, it is preferred that the templating agent is
substantially, preferably completely, removed after crystallization by numerous
well known techniques, for example, heat treatments such as calcination.
Calcination involves contacting the molecular sieve containing the templating
agent with a gas, preferably containing oxygen, at any desired concentration at an
elevated temperature sufficient to either partially or completely decompose and

oxidize the templating agent.



ratio or a low silicon to alumnumratio, however, a | ow si 1 AL OrJAN; 2806; s
preferred for SAPO synthesis. In one enbodi nent, the nolecul ar sjeve has
a Si/AWRHWotEss than 0.65, preferably |ess than 0.40,Pﬁgp§28§%§erabl y
| ess than 0.32, and nost preferably I ess than 0.20. In another

embodi ment the nol ecul ar sieve has a 39/ Al ratio in the range of from
about 0.65 to about 0.10, preferably fromabout 0.40 to about 0.10, nore
preferably fromabout 0.32 to about 0.10, and nore preferably from about
0.32 to about 0.15. Method for Making Mol ecul ar Sieve Catal yst

Conposi ti 0[0033,99381. QeclldiSicvel Bow dtheSh Bl silfcon)Bhheshatsimdapendi ng on
the requirenents of the particular conversion process, the nolecular

si eve is theb orfadlomusiit@doiahtoinammetiedwivaves iadoe St astysis pdapodiari on,
particularly for commercial use. The nol ecu, ar. sieves_synt hesi zed above
are made oPAPEHiithasie Injone emhedigen|. dbe molsgulag siexg hasa JbauP {§sdns by

oot onal 1ythan g PEARiRR loss et Bb Ppo TRy Wt MeB (28BN o i eve
cat al yst gﬁ%?e?éﬁl%lgilg%rxﬁén 626 OTH M o8 driFRli BSdHh Me HbRYSar Sedeay HiSi/Al

conposi tion mul at ed nol ecul ar si eve catal yst conposition is
formed i ntivsethd ranpapfframdibsiiz®ds peattoucDAS, prefanaly flonoatout @8Ane ques
such as spray drying, pelletizing, extrusion, and the like, é90391 The
pH at the atemt PO0, mare prederably Siampowt AA2ugieRaU et Bang MdeBrefrablY di scussed
inJ. Lyklgma, .Str yre, of -tthe Solid/Liquid Interface and El ectri cal
Doubl e Lay‘gf",Tl ﬁbﬁuggﬁ?d?ﬁr’%}ﬂiod%u spersions, Academ c Press, London, pages
63- 90, 1987 and J.-E. Qterstedt and D. A Brandreth, Small Particles
Technol ogy, page 258, Plenum New York, 1998, which are herein fully

i ncor por at ktktlyd foreMakingMolcd b BieveCatady st fivoupositinns t he nol ecul ar

sieve, preferably a_silicoal um nophosphate. ml ecul ar si eve, and nore
pr ef er abl yl38p0- 3@nceiicdpalf GHlarsi g es E}Hﬁ%ﬂﬁﬁﬁ%ﬁﬂ&ﬂ%@i‘ﬁge of from
about 3 O efufbmbhe o fe (RATM BHvASon PoAM BURRLULS Hdve RURRET ADIY 1 1

the range GHA'FYS “and nmore preferabl'y in 3/000412 16 2 0 JAN

2006 , PCTiH3021dP R atmBeduin @R votathyoraompostt@nSpartichlarlafat her
enbodi ment, the binder, preferably an _
commercial use. The molecular sieves synthesized above are made or formulated

into molecular sieve catalyst compositions by combining the synthesized
molecular sieve(s) with a binder and optionally, but preferably, a matrix matenal
1o form a molecular sieve catalyst composition or a formulated molecular sieve
catalyst composition. This formulated molecular sieve catalyst composition is
formed into useful shape and sized panicles by well-known techniques such as
spray drying, pelletizing, extrusion, and the like.

[0039] The pH at the 1EP for various materials including metal oxides are
discussed in J. Lyklema, Structure of the Solid/Liguid Interface and Elecirical
Double Layer, in Solid/Liquid Dispersions, Academic Press, London, pages 63-
90, 1987 and J.-E. Otterstedt and D. A. Brandreth, Small Particles Technology,
page 258, Plenum, New York, 1998, which are herein fully incorporated by
reference.

|0040] In one embodiment, the molecular sieve, preferably a
silicoaluminophosphate molecular sieve, and more preferably a SAPO-34
molecular sieve, has a pH in the range of from about 3 to 7 at its IEP (measured as

an aqueous slurry), preferably in the range of from 4 to 6, and more preferably in



al um na so], has a pH of greater than about 9 at its |EP, prefgpqﬁhwmﬁ
greater than 10. |In yet another enbodinent, the nmatrix materi '
pr ef er abMWO 83/810432, has a pH | ess than about 2 at its | EP. PEHERY198HY
anot her enbodi nent, the slurry .conprising a nolecul ar sieve and one or
more of a binder or a matrix material hid&s a pH above or bel ow, preferably
bel ow the | EP of the nol ecul ar sieve, and one or nore of the binder or
the matrix material-. Preferably the slurry conprises the nol ecul ar
sieve, the binder and the matrix material and has a pH different from

above or be%]ﬁ‘é&‘aﬂgé &f £6RRLY100E5 O addiRer dnffddphedtn@e B RE Yréferabl €@, the

bi nder and trix material. In an enbodinment, the pH of the slurry is

in the ranggludfing k@Ihi 4 6H 6f praet eiabibpuf § enitAEP, pref&ably greeer th&P10f t he

nol ecul ar sieve is in the range of from2.5 to less than 7, preferably.

from about B Bettapothebembodimerr st metiex pisHak prefergblysrclay.taan Piidessand the |

| EP of the matrix terial is less than 2. In a particularly preferred '
enbodi nent , “’t"’l’i‘é‘bPEFim ns }:E%e mol ecular sieve is in the range of from4.5

to 5.5. 10042040 Vei, M%%%hb%ﬁ?ﬂéhﬁ%?%]mum .ﬁ{lo Fa mBleRLRF §RLY afd

al um na so], an ngre preferab an a ohydrate, 1Is

posi tively ghabomeresid Bihdetor @ rdtrixintatérdie HagB @l abové bohrlgne picfsrablyan 2 to |,
l ess than 10. In still a further enbodinment, the matrix nmaterial, a clay
i s negat i vebglovtthe §ER ofithed maslehdar veosnd ersonmeng of the bipder orjthpmalnx

anot her enbodi nent @ binder .and a matrix copposition, eferably a 20
to 60 wei gh{“ab"é'f"geﬁfe?%f‘!lﬂéigj?e %W&BWBS%EMOZ%P?%%%APP FI % eri al
based on tphe§ é'.gi%a foH BRrREN dRdm A vEBL Bdldw BeRrAR, beldds e PH Of
about 9.8 a&%{%ﬁ&?&g@? 0 Z%f]f nﬁone pr en?’err\l'ed enbo\é’lr@rr%ntr, #he slurry has '
a pH at | eagtP of heahslvailarGievbgthewinidee ahdEmheahattikenaratac i an esmbedieneamd/ or

the I EP of the binder and/or the |EP of the -matrix material ,60£referabd y
the slurry taesphiobthesturrygadn the ranggedfeorgr? oe psigrably drom 41 ¥ foelthey, nor e

below, -ant HocerPardediR s oRe B e Pk f BATES S lers BB T me b ERR 270
bel ow, pref ?r%)ﬂp:!t%uii&@'ﬂo @fs; Ale lIEPasttthe bhRkPW. oréEdi@fiBAra10; \in e THP @ftht he
slurry is different fromthe IEP of the nolecul ar sieve, the binder and
matrix mat et maferial B lAMhROD6In Nw@i08A00 prefarddCTiugdpLn §8gERof

the mo]ecﬁlar sieve is in the range of from 4.5 to0 5.5.

| 10042] In yet another embodiment, the binderl, preferably a alumina sol, and

more preferably an aluminum chiorohydrate, is poéiliveiy charged and/or at a pH

in the range of from greater than 2 to less than 10. In still a further embodimenl,‘

the matrix material, a clay is negatively charged and/or has pH of less than 2 at its

JEP. In another embodiment, a binder and a matrix composition, preferably a 20

10 60 weight percent binder and 40 10 80 weight percent matrix material based on

the total weight of the binder and matrix material, has a pH of about 9.8 at its 1EP.

[0043] In one preferred embodiment, the slurry has a pH at least 0.3 above

or below the IEP of the molecular sieve and/or the 1EP of the binder and/or the

1EP of the matrix material, preferably the slurry has a pH at least 0.5 above or

below, preferably below, more preferably the slurry has a pH at least 1 above or

below, preferably below, and most preferably the slurry has a pH at least 1.5

above or below, preferably a pH of at least 2 below. Preferably the pH of the

slurry is different from the IEP of the molecular sieve, the binder and matrix

material.



10044] I'n one enmbodi ment, the weight ratio of the binder tolthéWl&cul ar
sieve is in the range of fromabout 0.1 to 0.5, preferably~i nge
of fromP 8348413 ess than 0.5, nore preferably in the ran%%TlgPMZl?gﬁao. 11
to 0.48, even nore preferably fromO0.12 to about 0.45. yet even nore
preferably fromO0.13 to less than 0.45 and nost preferably in the range
of fromO0.15 to about 0.4. 100451 in another enbodi nent, the nol ecul ar

si eve catal yst conposition or fornulated nol ecul ar sieve catal yst
conposition has a micropore surface area (MSA) neasured in '
m '/ g-nol egpisal) si.evg ohbambbdingnedheweighamialbdite tiodgsde thermolecylpef er abl y
greater than about 75 percent, nore preferably greater thap.80 rcent,
even nore pieet & mthy rapgeaf §on ahent 85 198 eraferablydn Mysiangs QEQP@ﬁCt%reater

th bout 90 t of the MSA of the.mol: ' itself. The MBA
o e moless .55 B0E Sk AOpLr BO et R v FhOBerEr RER o (ne
conposi t i ogggg,gg eHom1 5[ Ia%.}bBﬁ@&hs.gsrsél %entﬁsre%é@%hﬁfroﬂ ®YS1FR ai ned in,

t he nol ecu Sieve catalys conpdsi tion. 100461 I'n anot her . enbodi nment
in the foryhas honnalniss pRifaabllyas tisd reuge oftfadrallylst lombopoditi on, that the
amount of solids present in a slurry of the nolecular sieve and the

bi nder, op{00a53! | y imehubermplodiment; theplequla|sievgsalysheemBpyusn o yi ng
process for exanple is important A so, it i.s preferre e

synt hesi zeformhitied molrelaraiye coabst FOmpesHBIe aé?'céoﬂolr%ﬂ%%%%rgléf?u m |

preferably (M%h")gmgﬂg#edtiﬁz*@-%%% 5fabe 1131 G eruBBelaticht PO Percent ry. When

t he solids*conten urry 1s too lowor too high the attrition

resi st ance pRIFERBIH drestethah BBoUTS getdear, nire peeferebly @rgeser bamBdpencesn i s
reduced. TRe nol ecul ar sieve catal yst conposition in a] preferred
enbodi ment even madepisferhly gaaatanghan &1 PATeePL.EHAARh PHACTADHEATEREN BN sj eve, a

bi nder, and, optionally_whilge, preferably, i takialeca. Jhe sol ids
content of abgy Od?eé‘feé?%gﬁ’eé\fltsﬁ\r%ﬁlﬁ@fjﬁaélsar %5\%&?&%0}% oﬁgégﬁlh 0% by

wei ght - of %J{i@;}r%@éveacfataly% ENBpos & RMAbIoYal MOMoRBRUondeiton dibided 48% by
wei ght of e nolecular sieve,” nore preferably fromabout 40%to about
48% by wei ghthefrha@inn @fithe meveeplaabisue coBsintdirahe molowdar sgvefcatelist y from
about 8% to about 15% by weight of the binder, and about 30%to about
80% pref ecalBPgsiHBBuUt 40% t o about 60% by weight of the matrix

material . %O&Iﬁ‘i AN qugné/t\peroéﬁ%%é% iRl +RA31a6986Pa nﬁ@ecular_ sieve

catalyst composition, that the amount of solids present in a slurry of the molecular
sieve and the binder, optionally including a matrix material, used in a spray drying
process for example 1s important. Also, it is preferred that the synthesized
molecular sieve contain an amount of a liquid medium, preferably water; not
calcined, prior to being used in the slurry. When the solids content of the slurry is
100 low or 100 high the atirition resistance properties of the molecular sieve
catalyst composition is reduced. The molecular sieve catalyst composition in 2
preferred embodiment is made by preparing a slurry containing a molecular sieve,
a binder, and, optionally while preferably, a matrix material. The solids content of
the preferred slurry includes about 20% to about 50% by weight of the molecular
sieve, preferably from about 30% to about 48% by weight of the molecular sieve,
more preferably from about 40% to about 48% by weight molecular sieve, about
5% 10 about 20%, preferably from about 8% to about 15%, by weight of the
binder, and about 30% to about 80%, preferably about 40% to about 60%, by

weight of the matnx material.
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100471 There are, many different binders that are useful in formng the ,
ol ecul agy $hLyR+FRL 2l yst conposition. Non-limting exanpl escfiys®vdey s
that are useful alone or, in conbination include various types of
hydrated alum nna, silicas, and/or othgk inorganic oxide sol. One
preferred alum na containing sol is alumnumchlorhydrate. The inorganic
oxi de sol acts like glue binding the synthesized nol ecul ar sieves and
other materials such as the matrix together,  particularly after thernal
treatnment. Upon heating, the inorganic, oxide sol, preferably, having a

| ow vi scosi 10047 s cohbeserasampny eifferert higrdgeinat sk perdulradpimingdfmponent .

F | e, | umi ‘ il 0. | umi | d '
Fol 1wt ng, risatecefis SENERR SR aot e ARt Bl AT L et oo

al um num b BT : rJ 1 j : : eral -
formul a of aﬁﬂ%??],s‘g&?ed@l)q gé@fﬁ]}@ %dl%lgooﬁ"\?/\éhme@e\:aﬁ%%g%@% 8{ }cl))’cg%l,ed Eﬁﬁlhg%tﬂg& T o0is

5 to 40, p iRl/dr étherlihorganitthxide s1.00he pRFerrddalominacvhohing8bl ist he bi nder
is Al 1304(0OH) 24C17-12(H20) as is described inn GM Wlterman, et al.,

St ud. Surf_aISoimuralﬁbI]O@wCh*l?-, The inopganes 0008 solagis likegdag bindhigdhe i s herein

i ncor porated referent ce. In apother enbodi nent one_or re binders
6 conb ned NGO RO BT e HEPPRGE A P, e Ra AES FesTheGy uni na.
materials s ot LA RERDRLARAP Ufl&m h¥alptiRe NRorg RABRTIdeQol, di aspore,

and transitional alumnas such as a-afum na, 0-aluntna, y-alufina, 8- .
al umi na, E-gleforabl@haxinglalowndscositg iPediivarediayio ah invrgania dxidbydroxi de, such
as gibbsile, bayerite,: nordstrandite, doyelite, and m xtures thereof.

100491 | n aseonpenentrbadixpmple, an plamnghgd vl gpavest wanrduspiun opdedoni nant | y

conprising al um num oxide. optionally including sonme silicon. In yet
anot her en’%ﬁi’?@ﬂf’}”"{%}éﬁb}rﬁ%@rsgt'are pepti zed al umi na made by treating

al um na hydroﬁhﬁﬁ SUgRir@fuRSEHIRRRER M hfdro%@}féféd%%rﬁﬁhﬂw bREGEQr ably an-
acid that does not contain a halogen, to prepare sols or alum numion

sol uti ons. dN@aihingiatchigridexanpleenohas tho grmrdi fatrhylaatai | abl e col | oi dal
alum na sols include Nalco 8676 avai | abl § from .co Chenmc¢

| | .
Naper vi | | ga,ALJQJ%%Q’;)@(&EOWQ%F“ w18 Ai2Saals g gﬁ"f'?éﬁ? 4§N1%12§ ‘Oc.l\g?mo
Technol ogi eg4 | UG vo k(i3 1h30d emtbuintknt, (AVRRAR/ 102046401, €191 IMN0F8s is

described in G.I\:/l. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-
144 (1993), which is herein incorporated by referellwe. In another embodiment, |
one or more binders are combined with one or more other non-limiting examples
of alumina materials such as aluminum oxyhydroxide, y-alumina, boehmite, "
diaspore, and transitional aluminas such as a-alumina, B-alumina, y-alumina, é-
alumina, e-alumina, x-alumina, and p-alumina, aluminum trihydroxide, such as
gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.

10049] In another embodiment, the binders are alumina sols, predominantly
comprising aluminum oxide, optionally including some silhicon. In yet another
embodiment, the binders are peptized alumina made by treating alumina hydrates
such as pseudobohemiie, with an acid, preferably an acid that does not contain a
halogen, to prepare sols or aluminum ion solutions. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Naico Chemical Co., Naperville, 1llinois, and Nyacol AL20DW available from
Nyaco] Nano Technologies, Inc.. Ashland, MA.



PCT/ US02/ 19869 10050) The nol ecul ar sieve descri bed above, i QU&]@[ el r ed
enbodinent, is conbined with one or nore matrix materi al (s_l). rx
mat er i alMSOLP@®YBically effective In reducing overall catPAIYe3028%6P act
as thermal sinks assisting in shielding heat fromthe catal yst
conposition for exanple during regenera®ion, densifying the catalyst
conposition, increasing catalyst strength such as crush strength and
attrition resistance, and to control the rate of conversion in a

particul ar process. 100511 Non-limting exanples of matrix-materials

i ncl ude Ongp@s0)nor € Te mbREMaLALIIIBERBSabREInaGrééRed BRbAdImRNL G
including titania, zirconia, nagnesia, thoria, beryllia, ‘quartz, sjlica
or sols, amrdmbinddnwes obber sofe mbon rexanpl(9. atris materidnasitgpically
silica-zirconia, silica-titania, silica-alumna and L

si | i ca- al usfigelYsereducing averall eatplyal (ash@ct sethemmal akeassitiogat e nat ur al

cl ays such .hose fromthe, .famlies .of .nontnorillonite and kaolin.
These natuP%%@P%@galifﬁoc{PLt}beecaéadﬁsggﬂwgﬂf’]f’% forg amPl:fo‘i“émﬁémfﬁE“Rﬂom as,
for exanpl % 4 et ; i . ~hdm ting
exanpl es o? e%t ﬁgfggwgl\ér;} ?%?ﬁrrg{) rg |§I{lgﬁlqgt?le%é£é %g?g;gﬂl%ﬁuiﬁ;%ﬁrﬁh?e,

di ckite, nagéengdtlandBitatanxésistance andne cenmbadherand of dopeednrihy materi al |
preferably any of The clays, are subjected to well known nodification
processes PaUERIaPTRESS| nati on and/ or acid treatnent and/or cheni cal

treat ment, 21 In,ong preferred enbodi.nent, .the trix material is a
oy or o WIS NGBt S Pes IREHR R ik Be gt Bpe el RS b
conposi ti op, RAYHAGRals ANl 4@Re, REtak d:lidY iBc IO ¥nia, FNEoMBShadifeSiaer abl y
the matrix material 1s kaolin.” Kaolin has beén found to form a punpabl e,
hi gh sol i dieoi betyllsd, queyz, silicalvasols, dAndunbmeshihsteof,doecxangde sihod it packs

together easily due. to.its.platelet structure, A preferred average
particle sPAENEPRECAEITINE: FeiCertiama, st ypp apapiliarigmingthara. £y om

acs than Thah EPoREn e Rbhcls B RiorPRds Bl dat b b o' ol coul ar

si eve, and fihRierof FontmoRllefiiealndaaslis.oThéReduirdl A1 iR efedabber@bnites! | qui d
to formthe catal i/(st conposition, where the anount of binder Is from

about 2% byndwiaghkaelinsdienm B0k isyamelegRixie, Meldgraee bleprgiz and Blooda 5% by
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kaolinite, dickite, nacrnite, or anauxife. In one embodiment, the matrix material,
preferably any of the clays, are subjected to well known modification processes
such as calcination and/or acid treatment and/or chemical treatment.
|0052] In one preferred embodiment, the matrix material is a clay ora clay-
type composition, preferably the clay or clay-type composition having a low iron
or titania content, and most preferably the matrix material is kaolin. Kaolin has
been found to form a pumpable, high solid content slurry, it has a low fresh
surface area, and it packs together easily due to its platelet structure. A preferred
average particle size of the matrix material, most preferably kaolin, is from about
0.05 pm to about 0.6 um with a Dy, particle size distribution of less than about
] um.
[0053] In one embodiment, the binder, the molecular sieve, and the matrix
materia) are combined in the presence of a liquid to form the catalyst composition,

where the amount of binder 1s from about 2% by weight 1o about 30% by weight,

preferably from about 5% by weight to about 20% by weight, and more preferably
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wei ght, based on the total weight of the binder, the nol ecula g and
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nol ecul ar sieve, the binder, and optionally the matrix material, in a
liquid to forma slurry, mxing, prefetlbly rigorous mxing is needed to
produce a substantially honbgeneous' m xture. Non-limting exanples' of
suitable liquid s include one or a conbination of water, alcohol,

ket ones, al dehydes, and/or esters. The nost preferred liquid is water. In
one enbodi BRI about19, B Welidht & asoiRi1894 8OWERh badTAaRE 101 wa ghegritRe oaf
time sufficient to produce the desired 'slurry texture, sub-particle size,
and/ or sub-bpiet,ithé eiddchtar dlest mhdutanonmateSal, eadibdingelanBqdidr subj ecti ng t he-
slurry to mlling including colloid mlls, inline mxers, and the:like.
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and the binder, in one embodiment, a particle size reduction step is performed, o
either before or after mixing. There are many ways to perform particle size
reduction on various powders using a variety of devices, including but not limited
to an impingement mill (a micronizer available from Sturtevant, Inc. Boston,
Massachusetts), or a dry or wet milil, for example an Eiger mill (a wet mll
available from Eiger Machinery, In., Grayslake, lllinois), a jar rolling mill for both
dry and wet milling (available from Paul O. Abbe, Inc,, Little Falls, New Jersey),
or by use of a high-shear mixer (available from Silverson Machines, Inc., East
Longmeadow, Massachusetts). The particle size distribution in the slurry is
measured using for example, a Microtrac Jaser scatiering particle size analyzer
53000 available from MicroTrac, Clearwater, Florida. To ensure the quality of
the slurry for spray drying to form the catalyst composition of the invention,
measurements of pH, surface area, solid conten, bulk density, and viscosity arc
also preferably monitored using respectively, for example, a Cole Palmer pH

meter, Micromeritics Gemini 9375 surface area instrument available from
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Nor cross, Ceorgia, CEM MAS 700 m crowave nuffle furnace }‘\B,r ﬁj}%’g)ﬁig gnt ent
det er m NAOIBSAROENAI | abl e from CEM Cor porati on, Mt hews, et ol'l na,
and Brookfield LV-DVE visconeter for viscosity. Zeta potential
measurenents were made on a Mal ec 98002kl ectrokinetic instrument

avai l abl e from Mal ec Applied Science, Northboro, MA. Particle size 1is
but one factor in the effectiveness of the slurry in the formation of the
catal yst conposition of the invention. In addition, the séquence of

addi ng eachyiagieviduabiruh TR BHatio NeordR)se Boagia STEMEMAS Pder, mat ri x
material, and other ingredient, is also inportant. Sequence of addition
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conponent selecte romthe nol ecul'ar sieve, the binder or the matrix

mat eri al , havinshedabtoghiethe efacipendsnsitbeslpey iuthie formationtod the catdpionent
having a | ower charge density per unjt ss. 10056 he m)*‘eq(égl.ar ]si eve,
t he bi nder commgsitiva ohthe inxentiane Ip additigpelhe sequiace Ingreag ety ignd

liquid, and are conkined in any order her. 1 Si ;
sequenti al ICQWPSPC'Q%%‘?I%‘II?OIIXI%&P%'I’ Tﬁ#ﬁﬁrﬁ%nﬁ},%@ﬂ%ﬁﬂ%ﬁ%ﬁém , the
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mat eri al , éiﬂsc? IIIII%II%E?%%PII%;%{ adIcIed tI)noa I iﬂgﬁi d as solids, or as
slurries, tdiffefeheparoclesopaniatrehgse atd of thohiodsular ecatidedbindeepnthe, it is
preferable to add a limted and/or controlled 3m)unt of élIfI %L,]{i g' 100571
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slurry of artt cles of e nol ecul ar sieve catal yst conposition that
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component having a lower charge density per unit mass.
|0056] The molecular sieve, the binder, and the matrix material, are in the
same or different liquid, and are combined in any order, together, simultaneously,
sequentially, or a combination thereof. In the preferred embodiment, the same
liquid, preferably water is used. The molecular sieve, matrix material, and the
binder, are added to a liquid as solids, or as slurries, together or separately. If
solids are added together, it is preferable to add a limited and/or controlled amount
of liqgud.
|0057] In one embodiment, the slurry of the molecular sieve, the binder and
the matrix materials is mixed or milled to achieve a sufficiently uniform slurry of
sub-particles of the molecular sieve catalyst composition that 1s then fed to a
forming unit that produces the molecular sieve catalyst composition. Ina
preferred embodiment, the forming unit is a spray dryer. Typically, the forming
unit is maintained at a temperature sufficient to dry most of the liquid from the

slurry, and from the resulting molecular sieve catalyst particles. The resulting
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preferably takes the formof mcrospheres: 100581 Wien a ppiaiofliags 1S
used as ‘1‘%83’?‘8’#}& ng unit, typically, the slurry of the nolecular sieve,
the binder and the matrix materi al isggo-fed to the spray drying volune
with a drying gas wth an average inl tenperature ranging from 100C to
550C, and a conbined outlet tenperature ranging from50C to about 225C.

I n an enbodi nent, the average dianeter of the spray dried forned catal yst
conposition is fromabout 10 pmto about 300 m preferably fraom about 30 pm
to about 25QalyEl compexitiureibealoiyed mokisabauprefigatyintakss tisdermado pm  and
most preferably fromabout 50 pmto about 120 pm 100591 During spray

dryi ng, thmigbspheyesis: passed through a nozzle distributing the slurry
into small droplets, resenbling an aeros oI patQ. AV hanber .

At oni zat i off858] achi é\//}éed_'aoﬁpr‘fyo‘?rgi”nﬁ uf%%%stﬁ%rﬁ?@{’ F gﬁ’grﬁp lga]é)ldﬁg% ggngozzl e or’
nul tiple nozzles it TS i PattiRenitangds 66-fddhd §Rapsig to
2000 psig ?ééﬁgﬁ(ﬂg%&}%oﬁi‘%;g%%ﬁgégﬁ@&ﬁ rgnot her enbodi nent, _tﬁge} ZisDI urry is
co-fed thagugiv@ufilenditieadeaad gasowithah byqrhge bz rdraperalumrgning Hrogm

atom zation’fluid such as air, steam flue gas, or any other suitable gas
with a presgorciadysdsCi and deombingd cutddt i¢mprratrgrpgingdrons §0Hs tgakost 9 kPag to -
1034 kPag). 100601 In yet another enbodiment, the slyrry. described above

i s directep2so€. Inten pebidimert; thefavaragpbiametsy afltsetprandicdfosmed pHIaast ¢ he .
slurry into small droplets, the size ich | I ny -
factors inwmmﬁiﬁo%ﬁf?ﬁ‘@ a@’?‘é‘c@sﬁ"ﬁ’)}‘? 5%%‘?58@@"5 éer{gﬁagﬁmélﬁg\bvggéwﬂgr essure, ..
and tenperat yre e byt A0Gum H #Bus 1 SMpef, abdmomozzl e(s),

or the spi i r?én ?%?én]dﬁc%rgé&aﬂgelpgﬁrﬁese drglgfets are ?hen dried in a

CO- curr ent pRerGBiyTrcth abbHtr Nim td sbounfi2@um. passi ng through a spray drier

to forma substantial‘ly dried or dried nol ecul‘gr Si?;éi/e cat al yst .
conposi ti offl05%hor e Eheiifsprsaidrying, the FWEY 15 PASFLTEC %1?‘{75‘!6 conposition in

cont rol T eddktstagine RSB By eI UR e R e S B Povever
control of d{Ji‘#? SiAsdT AibRisabRlsEhieve@BPastingahe singyitirsugpheinpial
characteri Sti ¢S are al so controll abl e by varying the slurry feed
proper t i espaade somdltiflonszaids vetarprasirodropin tagrapge2f ffrom 100 psig to
2000 psig (690 kPag 10 13790 kPag). In another embodiment, the slurry is co-fed
through a single nozzle or multiple nozzles along with an atomization fluid such
as air, steam, flue gas, or any other suitable gas with a pressure drop in the range
of from 1 psig to 150 psig (6.9 kPag to 1034 kPag).
|0060] In yet another embodiment, the slurry described above is directed to
the perimeter of a spinning wheel that distributes the slurry into small droplets, the
size of which is controlled by many factors including slurry viscosity, surface
tension, flow rate, pressure, and temperature of the slurry, the shape and
dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are
then dried in a co-current or counter-current flow of air passing through a spray
drier 1o form a substantially dried or dried molecular sieve catalyst composition,
more specifically a molecular sieve catalyst composition in a microsphencal form.
[0061)] Generally, the size of the microspheres is controlled to some extent
by the solids content of the siurry. However, control of the size of the catalyst

composition and its spherical characteristics are also controllable by varying the

slurry feed properties and conditions of atomization.
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nol ecul ar_si eve catal yst conposition is described in U ?élg

Appl i caWQR 8l No. 09/617,714 filed July 17, 2000 (?E‘Ea’y ' ryis?lgg
using a recycled nol ecul ar sieve catalyst conposition), which is herein
i ncorporated by reference. 100631 In anbt her enbodi nent, the fornul at ed
nol ecul ar sieve catal yst conposition contains fromabout 1 %to about
99% preferably from about 10 %to about 90% nore preferably from about
10%to about 80% even nore preferably from about 20%to "about 70% and
most pref ege(tﬂ:z;] f r oibdronéth@bofot forabogt nideculdnsiene cagatysofompnsitinn iscul ar
si eve based on the total weight of the nolecul ar_sij ve cat.al g
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cal cination, .af:apn %ﬁg@ﬁ}egfergﬁgggerat ure is usually perforned. A

convent i onal Cal'ci Hati on environfent is air that typically includes a
smal | amounpgeed] wat ¢ anapaembbipher| thedbohulated orledutansevatetalist are in the
range from about 400C to about 1,000C, preferably from ahout 500C to
about 800Cgcompdsitios corpaias Soanibput | Y¥mozaheut 29%areiembhpHam abpybd “ to

preferably |n | ci nation i ronnment..such a j it i
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thereof. | ?ro?x??boue(‘ FHOGL BB 7098 rldAbd PReBfablyRorh absli LS dHle6ed.ar
sieve catalyst conposition is ‘carried out in any number of well known
devi ces i ngluweiglg of dieanylecabcsioas based bouitlk 1ok oveghit of thensolebdachevevens,

and the like. Calcination time is typically dependent on the degree of
har deni ng eftatyisecarpp@sifinar si eve catal yst conposition and the
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that typically includes a small amount of water vapor. Typical calcination

temperatures are in the range from about 400°C to about 1,000°C, preferably from

about 500°C 10 about 800°C, and most preferably from about 550°C to about

700°C, preferably in a calcination environment such as air, nitrogen, helium, flue

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

embodiment, calcination of the formulated molecular sieve catalyst composition is

carried out in any number of well known devices including rotary calciners, fluid

bed calciners, batch ovens, and the like. Calcination time is typically dependent

on the degree of hardening of the molecular sieve catalyst composition and the

temperature ranges from about 1 minutes to about J0 hours, preferably 15 minutes

1o about 5 hours.

[0065] In one embodiment, the attrition resistance of a molecular sieve

catalyst composition is measured using an Attrition Rate Index (ARI), measured

in weight percent catalyst composition attrited per hour. An apparatus such as

described in S.A. Weeks and P. Dumbnll, in Oil & Gas Journal, pages 38 10 40,
1987, which is herein fully incorporated by reference. ARI is measured by adding
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havi ng @, | Gles size ranging fromabout 53 microns to
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m crons dened steel attrition cup. Approxinately

nitrogen gas is bubbled through a vvatgi-cont ai ni ng bubbler to humdify

the nitrogen.. The wet nitrogen passe ﬂhrough the attrition cup, and
exits the attrition apparatus through a porous fiber thinble. The fl ow ng
nitrogen renoves, the finer particles, with the |arger particles being
retained in the cup. The porous fiber thinble separates the fine catalyst
particl es 60groftchtelyst comgesitiomhaviex a parucldysomaghngihg frohi atislue 3 Fheroh$ ne’
particles remaini ng i.n the thinble represent the, catal yst: %o%osi tion
that has btookent dgamickons g Rardensd L6 ATIoRCYR- t ABRTENIRte 23948si ng
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The catal y8tnili§hdn i Thd et irbhdrt gRshiogh theddtirfiioh@dp] Ad Sisagldi tional 3
hours, under the sane gas flow and noisture l'evels. The fines collected
in the thisidhorpaparaopiteneh a fdreuchbdrabintde The lowmgratrapgrstenuaes i cl es
separated by the thi'nble after the first hour . are weighed. The anount in
grans of fthadinsapanicless withyballagrep partiglesbeingireiained AndhsuPof The PoEIYSst ‘

charged to.the . attrition c xpressed L Rer r.. isils the AR, in
wei ght per@éﬂtth%p]cﬁmatf% @Jehcfi a.% Siﬂfﬂqﬂlseg reof)’ﬁ1 g’?e”ﬁ&%%nﬁyalt%]elsf ormul a:
AR = C( il ethoNnd PA%eIcWRGh Shingh tie thRhIRteRbsenpdl St
conposi ti Eﬁ&%lﬁe@t in lt he cu}pl) a]fjter t.re]e attrli Fi on test, C}?s t he wei ght of
col | ect ed Edtalgst comipisitin thatritas bt eden apare throbgh dtiritain. Hoemivbeatflowt i on
treatment, and Dis the duration of  treatment in hours after the first
hour att ri passwmetthwoaghdbs atriisaawe is magnaingddudihrvst The faehenliseislar sieve

catal yst COURSHILIR ok B AL S REYIARLR R RLENR RO OS! L1 O

has an AR wel g percent per hour, prefera ess than 10

wei ght  per genysien il e attriRh&nRnehi@B iy anl R18RidnARR hbureeiight teeasent per
hour, and even nore preferably |ess than 2 weight percent per hour, and
nmost pr ef egaflow hed mdistars Jevelei Tt fipesrcodatiep iy thaghimble sreaegoveredbodi nent |
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' amount of catalyst charged to the attrition cup expressed on per hour basis is the |
ARI, in weight percent per hour (wt. %/hr). ARI is represented by the fermula:
ARI = C/(B+C)/D multiplied by 100%, wherein B is weight of catalyst
composition left in the cup afier the attrition test, C is the we.ight of collected fine
catalyst particles afier the first hour of attrition treatment, and D is the duration of
treatment in hours after the first hour attrition treatment.
|0066] In one embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has an ARJ less than 15 weight
percent per hour, preferably less than 10 weight percent per hour, more preferably
Jess than 5 weight percent per hour, and even more preferably less than 2 weight
percent per hour, and most preferably less than 1 weight percent per hour. In one
embodiment, the molecular sieve catalyst composition or formulated molecular
sieve catalyst composition has an ARI in the range of from 0.1 weight percent per

hour to less than 5 weight percent per hour, more preferably from about 0.2 weight
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than 3 vvel cent per hour, and nost preferably fromp @%2, R%,

wei ght b’\é? gﬂ‘f hour to | ess than 2 wei ght percent per hour. Process
For Using the Nblecular Si eve Catal yst_Conpositions 100671 The nol ecul ar
si eve catal yst conpositions described Zbove are useful in a variety of
processes including: cracking, of for exanple a naphtha feed to 1|ight
olefin(s) (U S Patent No. 6,300,537) or higher nolecular weight (MN
hydrocarbons to | ower MWV hydrocarbons; hydrocracking, of for exanple
heavy pet petednpandboro leysahae3 fwedgs pocknt pes boen, nadioshprefdratily froexanpl e
aromatics such as xylene, polynerization, of for exanple one or nore

ol efin(s) abowrﬂaau@@lmerﬁ@mlm Oﬁrléd@ﬁétlhanr%WS'f&]ﬁ H@‘CE'W’GF g@'é‘natl on;

dehydr ogenag R ) eXa ons to renove

strai ght cRAPESHS s EERLE PR3 kyl aromatic
conmpounds f epar a,i eBRbov@ire iQéfupxanpl e
aromatic h}@? o’ﬁar boﬁ?egﬂo@éﬁé{ﬁars enzengsg%rﬁgés’n;/&ki@gh@eung opt i (;{rglal ly with
propyl ene §9a REAEYGF peotasEe imiuding: kRrdchitg, ohfur exahpliansphtharfeadstial kyl at i on,
of for exanple a conglnatlon of aromatic and polralkylaronatlc

hydr ocar borhght definlsy (GBS Bmentﬂy@w&s&%§/ﬂ)mblg@ﬁrm&@shbp\@r&ht&wé’!) on, of for

cxampl o st PAGREDORRE BSh NG HEPTPeBr e fpercafe SR Yt on.
10068) Pr e‘li%g{rl%]%ﬂm%ﬂﬁﬁ%zaﬁ ﬁst&&”YﬁFﬁe‘rEE‘u&f QFﬁfr%ﬁ§mbﬂ:CJIHﬂ'aﬁ& sugRpht ha to

hi ghly aro I'C mXxture oefin(s) té gasoline, distillates and
| ubri cant sjas xppeug,q;rm@txﬁsnztaoomlce’ffomg)npl& oghdr meareafléfin(s) tbcprodhﬂ:hans and/ or
aromati cs; and unsaturated hydrocarbons %@t hyl ene. and/ or .ace yI ene) to
al dehydes polymasmredust:aforming: hudresemsiien; debydioggpriions fevaxingpf fop st
D e RnaeyBachiSel RN EhbBnfonall PEERRsBrhRl, 4o} e

conver si on 3R risi-ng-one nates 0 one or
mor e ol ef | @ga% 1e 1000 YlornTAR TR REHAS o SERYRIngaIuR SR ier CORROS dlkydmson,
described a ove aré particularly useful in conversion processes of

di fferent beéstsamiple a‘fyqnan«ahijrpcarhws suek dsbargknecant dkyidesaencor nore

al i phati c-containin unds t i ncl ude
optionally wi pro ene to pro uce cumeme or with long chain olefins;

transalkylation, of for example a combination of aromanc and polyalkylaromatic
hydrocarbons; dealkylation; hydrodecy]iz.ation; disproportionation, of for example
toluene to make benzene and paraxylene; oligomerization, of for example straight
and branched chain olefin(s); and dehydrocyclization.

[0068] Preferred processes are conversion processes including: na[;htha 10
highly aromatic mixtures; light olefin(s) to gasoline, distillates and lubricants;
oxygenates to olefin(s); light paraffins to olefins and/or aromatics; and unsaturated
hydrocarbons (ethylene and/or acetylene) to aldehydes for conversion nto
alcohols, acids and esters. The most preferred process of the inventionis a
process directed to the conversion of a feedstock comprising one or more
oxygenates to one or more olefin(s).

|0069] The molecular sieve catalyst compositions described above are
particularly useful in conversion processes of different feedstock. Typically, the
feedstock contains one or more aliphatic-containing compounds that include
alcohols, amines, carbonyl compounds for example aldehydes, ketones and

carboxylic acids, ethers, halides, mercaptans, sulfides, and the like, and mixtures
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carboxylic acids, ethers, halides, mercaptans, sulfides, and the'T|ke, '
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aliphatic noiety of the aliphatic-containing conpounds typically
contains from | to about 50 carbon atags, preferably fromlto 20 carbon
atons, nore preferably froml to 10 carbon atons, and nost preferably
froml to 4 carbon atons. 100701 Non-limting exanpl es of .

al i phati c-cont ai ni ng conmpounds include: alcohols such as nethanol and

th |, al kyl - t ch iyl : t byl t an,
a1 kol - sul  ieeoE e utage Ryt i Rk AR RB ! qfealif) TRPL 27
am ne, al k%ﬁféﬁ]ﬁ'sefréms%hab%ﬁt fﬂj éﬁ%&ﬁdtoﬂg’kﬁéfer@]ﬁfrhﬂ i ﬁ{tiﬂacfarb@ﬂﬂoms,
met hyl et hyl" et her, al kyl-halides such as nmethyl chloride and et hyl

chloride, nabrérefeaitinfemsurhl (asrtstinaoing] andeban reféreblydfaietydds, and
various acids sych as acetic acid. 100711) In a preferred enbodi nent of
t he processadfontdtemsnventi on, the :feedstock contains one or nore

Contai ni ngWEAIGat 9 ERyHsroRRlsn o ABbis-ToRPRIE PP abaey o o

t he proces i c%fh O*Srg\{]%Etajs.%l,tha%ﬁﬁﬁ)g%@ﬁtaﬁygnngrhﬁnm%qm 8€kkeih§] ONe or nore

al cohol (s), preferably aliphatic alcohol’(s) where the aliphatic noiety of
the al cohghdrsdpthmand ebyl ineicaptaf), atleylzaifides sueh aggnethek abfide, kol | to 10

carbon atoms, and nost preferably from!| to 4. ca‘;ﬁor}f atéi)glg. TEe al cohol s
useful as hevustBEk asmethyl @ming b beders weh ah dupg by s therP ehy! §1B%er

t rai ght d.b hed, chai . phat i I ] ' t ed
Count or par 63 MO TRGEr St PHATES ish, FUEERP| SyORLk ARy IeBRERY, = ©

met hanol , %L@ﬁ@gimegéu&rﬁﬁﬁrﬂ&%yl KSR, dnaatlehyd®s, Biyd vaiduglacids Bsgh asdi met hyl
ether, diethyl ether, di- isopropyl ether, fornmaldehyde, dinethyl \

car bonat e, adétheidiyl ketone, acetic acid, and mixtures thereof. In the
nost preferred enbodi nent, the feéadstoc [ d. fromane or nore of
P

ﬁ is sel ec11 N ( (

met hanol , 4000l , dngralredent MENEChF PEYYGET © o‘ge PVeRtbiiat i on

ther oof Ty ¢ DL 2161 ARl o AR b o TE e SRy, oAE: R
organic compound(s) containing at least one oxygen atom. In the most preferred
embodimént ofihe process of invention, the oxygenate in the feedstock is one or |
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferablly from 1 to 10 carbon atoms, ‘
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock 1n
the process of the invention include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.
[0072) Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethy] ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,
and mixtures thereof. In the most preferred embodiment, the feedstock is selected
from one or more of methanol, ethanol, dimethyl ether, diethyl ether or a
combination thereof, more preferably methanol and dimethy] ether, and most
preferably methanol.
[0073] The various feedstocks discussed above, particularly a feedstock

containing an oxygenate, more particularly a feedstock containing an alcohol, 1s

converted primarily into one or more olefin(s). The olefin(s) or olefin



1

100731 The various feedstocks discussed above, particularly Dfﬂﬂ%uﬁock

contai ni ng an oxygenate, nore particularly a feedstock copn ?d%' g%sﬁp
al cohol ,wop300on2erted primarily into one or nore ol efi n(g . ol'efin(s)

or olefin WD 03/000412 27 2 0 JAN 2006 PCTIUS02/19869 nononer (s) produced
fromthe feedstock typically have fron22 to 30 carbon atonms, preferably 2
to 8 carbon atons, nore preferably 2 to 6 carbon atons, still nore
preferably 2 to 4 carbons atons, and nost preferably ethyl ene an/or

propyl ene. Non-limting exanples of ol efin nononer(s) include ethyl ene,

br opyl ene, | bt 60e: & o RENLE Al ihe fedRIdK ke a0efrbm hexaedrbon oct ene-|
r y

and decene-"l]?npre ably e ene, propylene, butene-I, pentene-1, .

4- met hyl - pent g8 8referate 2 €0 8 chrbonat@ng norapctiérsidyrns btcagoacomexshllr ol ef i n
nmononer (s) 1 nclude unsaturated nononers, diolefins having 4 to 18 carbon
at oms, conjmgetmefeoably Aond cajbegasiethsdanhmsst prfeipblyedhylAedV O honomer s and

cyclic olefins. 10074] In .the nost ferred e di nent f eedst ock,
p)rlleferiabl y l_@)‘ﬂpﬂﬁée?}’ll‘)’]‘ﬂ?‘?‘@“%ﬁﬁ%‘ﬁﬁi Eé&efgnglgﬂvgaﬁgf%%e f;%nggle;fenc(e ;)f a
nol ecul ar si eve cata if ] ] in(s
havi ng 2 topfepf's%é’h'é%gi‘o%ﬁ%ﬁﬁ%bﬁ&’@"’ eél ﬁeoqg%garébg’nrbcgt o(rjrls. Most

pref erably, 44 bge.9! GEicpdbt) ethdlenaepropylemburat il ppentancel , donethyl-pedererom a
f eedstock containi'ng an oxygenate, preferably an al cohol, ,rrgs preferably
met hanol , t1n Hehenept afceane ddaral iedrers hereafhybereolefifmeRoPEERYIEHEE 100751 The

are many processes used to convert feedstqck into. ol ef] ijpcl udi ng
vari ous cr aw@ieriRpd BOBEREE: él?&f}pe”étshag’tngarﬁogﬁézémoﬂSfog?si’l&'ﬂgggtfgggner ative
cracki'ng, fluidize i hfhneadeit! MHicGclfd sekhdg, deep catal ytic
cracki ng, %%%“%%Fg?gﬁ"%ga’%ﬁﬁggsﬁﬁi’{ﬁE’ﬁ’e"f erred S?((:)cess i's gener ally
referred tojg@9qpas- tRrhehbi prefeedGntadindrt aha &edsietly preferahbrefione®rol ef i ns

(MO . In a MO process, typically an oxygenated feedstock, nost
pref erabl y monethasuites sntaaivanedyn the seesense el amoleyir sieve §2HSt he presence

S s B AR e s apnons pecrmng
For conver o Bh 670 PRE e e ar abl v ¥ cedat ook cont aling. one. or
more oxygengiiened hremeattzaddtond copkahing (@s)oxygenate, preferably an alcohol, most

preferably methanol, to the preferred olefin(s) ethylene and/or propylene.

[0075] The are many processés used to convert feedstock into olefin(s)

including various cracking processes such as steam cracking, thermal regenerative

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

and visbreaking. The most preferred process is generally referred to as éas-to-

olefins (GTO) or alternatively, methanol-to-olefins (MTO). InaMTO process,

typically an oxygenated feedstock, most preferably a methanol containing

feedstock, is converted in the presence of a molecular sieve catalyst composition

thereof into one or more olefin(s), preferably and predominantly, ethylene and/or

propylene, often referred to as hight olefin(s).

[0076] In one embodiment of the process for conversion of a feedstock,

preferably a feedstock containing one or more oxygenates, the amount of olefin(s)

produced based on the total weight of hydrocarbon produced is greater than 50

weight percent, preferably greater than 60 weight percent, more preferably greater

than 70 weight percent, and most preferably greater than 75 weight percent. In

another embodiment of the process for conversion of one or more oxygenates to



produced based on the total weight of hydrocarbon produced is zggggﬁ?[mﬁthan

50 weigh cent, preferably greater than 60 wei ght perQ.%q.IE
prefera&’@ogfﬁﬁeoé'igr than 70 wei ght percent, and nost preferalfsygggrsggter

than 75 wei ght percent. In another em;é)di ment of the process for
conversion of one or nore oxygenates t9” WO 03/000412 28 2 0 JAN 2006

PCT/ US02119869 one or nore ol efin(s), the anmount of ethylene and/or
propyl ene produced based on the total weight of hydrocarbon product
produced is greater than 65 weight percent, preferably greater than 70
wei ght per eoeabr mma@quméi)eﬂmlamwgr@faﬁlbylemmdfq@rwlgmproaméﬂelnsqd end nost
preferably greater than-.78 weight percent. 100771 |In anof her  enbodi nent of
the procesdhe ©tal oygrighh dfihygrosprisprefuchprogduceslas gerifrdhan & Waighbr nore

ol efin(s), the anmpunt .ethylen r : i i t he
Cotal wel GREREPC RSP LD BneERaRTBaat eltel Rl prdl S hred BN 200 0,
percent, mLeoATRIQMANNY 186:eplcfirabl) FReadd (MG T IvepBl p&knt. and noSt :
preferably greater -than 40 wei ght percent. In yet another enbodi ment of
the proce$@dTAr corueansihencrnbodmeniorf thopmwcessygeeatvessicroofoore cmaror e

ol efin(s), the anount of propylene produced in weight percent based on
the total WEYggRatesfto my&ra@a%%ﬁnﬁa,d epopHsHRdens rredegeddn deighhan 20

wei ght percent r ef,er apl re t iaht rcant., C
or ef or ant y Pgeeis TS0 ATl Sh bk Ry Boh KR PO e el S e o
than 35 wehghicPRrseeiin, noRTRferbRE jreadshasks wakiper@ADedd myst . contains
one or nore diltuent(s), typically used to reduce the concentration of the,
f eedst ock, pedferablyegigewethahl4p wioght peazot i lneyet andthe ehdedsneiof die nol ecul ar
si eve catal yst conposition. Non-limting exanples of di Blen s. i nclude
hel i um ar gEAsESTHOF COBYITSIOB &F BRMOMBAGAXYBEN LS BERT OHPNF BTN By

e hent 2 mRBRr SEAELLKEe BRIALI B GRRRRRIA! blted bl e WkiRde et hane,

et hane, an propa essentially non-reactive aromatic co ounds, and

m xtures t RedeehrbohliRodies bradieddeis pedted ithdhel0 SeighepatadrR] prafeshbly t rogen, with
water being particularly preferred. 10079] The diluent, water, is used
ei ther in grdataquban 3% weighhporceflomaie efesmbly ermsich hancld whiehersicenhe di | uent

is either added direct ¥ to a fee toc% entering into a reactor or added

directly i APOMESH Brzf(i‘irae’l, gé?a‘%{d%aé‘ﬂginwfﬁ- Wbt 8cul ar si eve
|0078] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and are generally non-
reactive 10 the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argen, nitrogen, carbon monoxide, carbon |
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.
|0079] The diluent, water, is used either in a liquid or a vapor form, or a
combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodiment, the amount of diluent in the feedstock
is in the range of from about 1 to about 99 mole percent based on the total number
of moles of the feedstock and diluent, preferably from about ! to 80 mole percent,
more preferably from about 5 to about 50, and most preferably from about 5 to

about 25.



catal yst conposition. In one enbodi nent, the anount of diluentquJpp@
feedstock is in the range of fromabout | to about 99 m)lg Séﬁené% gﬁsed
TR EPh y

on the MRA&MHIMber of noles of the feedstock and dil uent

fromabout Ito 80 nol e percent, nDre,Preferany fromabout 5 to about
50, and nost preferably fromabout 5 t4d about 25. WD 03/ 000412 29 2 0
JAN 7006 PCTIU S02/19869 10080] In one enbodi nent, other hydrocarbons
are added to a feedstock either directly or indirectly, and include
olefin(s), paraffin(s), aromatic(s) (see for exanple U S.* Patent No.

4,677, 242, |kl t i ON19bn@EMBBAINRS), ofifer Rl drbturbonsidie aéddd to afeefseickbl y

propyl ene, butyl ene, pentylene, and other hydrocarbons having 4 or , nore
car bon atow‘sbermiirenilxbu'rmﬁret:tﬂmraedfindq@o&qfln(ﬂheﬂlpffm{é)ssroﬂwlcfﬁb%ﬂefffﬂi ng a

f eedst ock, especi all ai njng one.or nore o ates, in

f eedst t.
the pr esenééawle¥-ﬁo¥@gﬂﬂ§$ i@%\%‘%%&&'%? arEBAHeRof MYKUES 1%%83- nventi on,

is carried oyt in a reacti ro | r cess is a
ool Rab BRI IAOBEReT By LRRERRTneitbER I FALCES
process), Roeé £4r8bh ¥tomCBPHIURYShdrédsl di zed bed process, and'nost
preferably a continuous high velocity fluidized bed process. 100821 The

reacti on pliseésses Tha ptakss for acevertmgan feaditedky especigly alfgadstockeact or s
such as hybrid reactors that have a dense bed ?r fixed bed reaction zones
and/ or  f aSeMPINUIERTER] TREE PUBRAISNINABHRS KA SF B IPAUSFIATSIEYE cRiabell ati ng

f1uidized bed rg . LILSEL L EACLOLS, < anc i ke . Suj
convent  onSPeliPE DS juicnih, £ EATEDRnYidaclh Aot GBI ot o

4,076, 796, were- thPptdRBEs Na.1:@d2Rd phrtdss, § Bunlizdditea proceddndthiddsadi zat i on

Engi neering, D. Kunii and O Levenspiel, Robert E. Krieger Publishing
Conpany, Nembiemtihedeoceso), kref@atlly agonthucas dludizedendagirpcess, @ngd ynost

i ncor por at ed by reference. refe r&d ég?‘itor type are riser reactors

T )
general |y H@g??W’BéCFOPH“W‘QSJ}‘QEEQB?S’r TWEZS BYFBW and Fluid-Particle

t ens, 48 . : . o
I T e e

(fast-fl ui diched hebrd reRadrohas havech dddsSbedPat fexed bagdptactiat zomesSadioal No.
09/ 564,613 filed May 4, 2000 (nmultiple riser _reactor), which are all
herein ful fap ﬂwémeﬁéneétr%uwzww&aeﬁ&%!ogelhen circulating fluidized bed

reaclors, 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 Publishing Company, New York, New York 1977, which are all herein
fully incorporated by reference. The preferred reactor type are riser reactors
generally described in Riser Reactor, Fluidization and Fluid-Particle Systems,
pages 48 10 59, F.A. Zenz and D.F. Othmo, Reinhold Publishing Corporation,
New York, 1960, and U.S. Patent No. 6,166,282 (fast-fluidized bed reactor), and
U.S. Patent Application Serial No. 09/564,613 filed May 4, 2000 (multiple riser
reactor), which are all herein fully incorporated by reference.

|0083) In the preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor system, a regeneration system and a
recovery syslem.

[0084] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone

within at least one disengaging vessel, preferably comprising one or more



velocity fluidized bed process includes a reactor system_a.r

syst em M@ 04/00¢d2overy system 100841 The reactor system pgriey¥ is a
fluid bed reactor systemhaving a first reaction zone within one or nore
riser reactor(s) and a second reaction38one within at |east one

di sengagi ng vessel, preferably conprising one or nore 2 0 JAN 2006 WO
03/ 000412 PCT/ US02/ 19869 30 cycl ones. In one enbodi nent, the one or nore
riser reactor(s) and di sengaging vessel is contained within a single
reactor veg$glones. FInesie dngiedshenkihenefopnadit yisgasiasnid)ngd diwhgaginpre
oxygenat es, "optionally with one or nore diluent(s), is fed to the one or
more riser vegsst inrdnsdinedwithinatsivglaotasturlvasses Bresh fegdstbgks tpreforabbsi ti on  or -
coked version. thereof is'introduced. .In one, enbodi nent,. the nol ecul ar
si eve cat alopstaiRiBERBE PT M9FF OFY2EBREY OPEPEIBHWith8Pe 8F Mok sk Sfedi th a
liquid or gas, or conbination thereof. riar | T o the
ri ser reactg%ﬁ?es‘)”?e‘?frrg?r&jésﬁ{ Vaapﬁ(gfnl‘ﬁ}l]ﬁcgainé&ﬁ%{l%rﬁé?re rbgnglt])%aﬁg’ﬂt; &Slﬁo. the
gas Is an 'o?gbke&aér DHGherasr ;Didraess. 1HARR%iHoaiment emb askile@iMr sidvee amount
of fresh feedstock ?ed separately or jointly with a vapor feedstock, to’
a reactor syslw@ncospbsinomer cakedeeoiorf thereof isicontesieghvitlpeligerdtar gas axbout 85
wei ght percent, preferably from about 1 wejght percent o] arlt.):o%i)bﬁ ‘

wei ght per sembinaisndhereet, grigpioybeingimraducad 1B theriphreaskrserelebhhout 65,

vo1 G Dt Gl RASEH0n of Sk hP LI ol 8 e AShy b udi g ey

diluent c | ~Therlrquid=and vapo . svare

pref erabl y (higs)Sane 1nGRMRMBLIAENR, he amoaANbfréthaddtionl fed efparaidlpas of the
same or different feedstock wth the sane or different diluent. 10086)
The feedst deintlgntith 2 mgpdriiecdswakora regoesysiesn sriefiley rbgyokbomdk i ed,
partially or fully, in the first reactor zqné into aseous, ef fl uent -
that ent er Sveight P%@é%%“héé Ve PeISF R Grefs e Y r%%é‘g‘"ﬁm‘f’ﬁg'f}l%fce&?eve

catal yst c i t4.0n.,: f ' iehi Nt he
di senéagi nggggéléte-}lSoygt?]gi]@éeg‘}égﬁ?iég&%tpgg%%%ﬁ g?@d%bﬁpg&ﬁe??ﬁ@%?é\?g@m al yst

conposi ti orgs Weighepealint based@ae MAlacd phrof 15¢ fedsioak mkydingcamypbmieni on,
fromthe gaseous effluent containing one or nore olefin(s) within the
di sengagi ngontrrsd Wreironkhs luid prdranor depdswslesre prefgiahly thy sarg¢ f ect s

1@ (OmpoufA. %ot Shr e frofitBnS 8P Afhe LM BirheH R edbrock

with the same or different diluent. \

10083] In the preferred enbodinent. a fluidized bed process or hing 6.
§gf’ 93299 on

|0086] The feedstock entering the reactor syéxem is preferably converted,
partially or fully, in the first reactor zone into a gaseous effluent that enters the
disengaging vessel along with a coked molecular sieve catalyst compositlion. In
the preferred embodiment, cyclone(s) within the disengaging vessel are designed
to separate the molecular sieve catalyst composition, preferably a coked molecular
sieve catalyst composition, from the gaseous effluent containing one or more
olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity
effects within the disengaging vessel will also separate the catalyst compositions
from the gaseous effluent. Other methods for separating the catalyst compositions
from the gaseous effluent include the use of plates, caps, elbows, and the like.
J0087] In one embodiment of the disengaging system, the disengaging
system includes a disengaging vessel, typically a lower portion of the disengaging
vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst

composition is contacted with a gas, preferably one or a combination of steam,



fromthe gaseous effluent. Other nethods for separating the caf 8l J\§t2006

conpositions fromthe gaseous effluent include the use o aps,
el bows, WO@3OPEIRi ke. 100871 In one enbodi nent of the di E‘Sﬁ%}%ﬁ”&‘g

system the disengaging systemincludes a disengaging vessel, typically
a lower portion of the disengaging veskel is a stripping zone. In the
stripping zone the coked nol ecul ar sieve catalyst conposition is
contacted with a gas, preferably one or a conbination of steam - 2 0 JAN
2006 WO 03/000412 PCT/ US. 02119869 31 net hane, carbon di oxide, carbon

monoxi de, WQEQ&?Barb@ﬁ dRkide) @rbof asondN e, Malro@hgoran iperfpas althyasst eam to
recover adsorbed hydrocarbons fromthe coked nolecul ar sieve catalyst

conposi t i oargdmprdferablyesntedntio octosedadsorbeth bydregwhersdfreranbe egkedem | n
anot her enbodi nent, the stripping zone (s, .in a aggear ate vessel.fromthe

di sengagi ngnaleedal sigvecaidlest gaBppEtipa dab hen Wirg 40 S TERENSIN: | 4
| oci t GHS f f | =t bout .. o_hr: t f
bas o vol sHEeT,naoRBEr fraPedimehd BPabradpaISis  sAREE vBRe! REm IR 08, U

at an elevat : 220G dtaPa alRRHur {306erfiplagvelbaly y from
about 350C%§%q%%%ﬁcgpg%€te¥{dtq}ﬁg%g§omkﬁ nol ecgl ar s?evgé cat al yst tbt:orrposi tion.
100881 The (GOISAEY o fasm tidnPes albaut 2080 hol/eded nn theevademe ef gasoe vehueess,
specifically within the reactor system is in %%? range of from about
200C to abeficokahmoleculsr siexe epplystGogmosiions Profmdly 8t anleyahoc, nore

ngLfr ggg%’;t%8%13&%?Htggb%?pgg%%bé&%b°é5&e§ra Fho@l%%ypﬁﬁfc'@:%'sw rom

ven nor'e preferably from about 350C to

about 600C JyRsthe RbREEHRINCYIAF R cARQYE copRRGitbn. about 550C. 100891 The
conversion pressure enployed in the conversion process, specifically

wi thin the |0es8jt or Siietcenyersmnitaspoverc empliosed inghe eonveesieRIPI9gessaut ogenous
pressure. The conversjon pressure is bas on t artial. pressure. of the
f eedst ock éiéé@ﬁ%?'llewﬁhmdh?“’c’\“ﬂoﬁé)‘r“t‘e’f‘h‘ér"éﬁﬁ.r Wﬁqiﬁfnl' 9b?lﬁg0§o(§\§f)e$h§’lubn

pressur e q@ggg(?,epq%iire%fbtl h g‘gﬁ{/zﬁ)?)ﬁis 550°% 1ohbhiR 0080 IRoR préfePIpI oM atldul kPaa

to about 5 rom about 5 kPaa to about | 'MPaa , and nost
pref er abl y Jfspemabigiiit 7580CkPaandre padforiblysbém kBaa .3 0000 803 bokin 650%T, et
hourly space velocity (WHSV), particularly in a process. for converting a
f eedst ock comb aioné an@ﬁ@ydrorﬁeg@téé%é#a%wt pep Oﬁrpé%fé'f?@gy fspmy

about 350°C to about 550°C.

0089} 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 of any diluent therein. Typically the conversionhpressure
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 10 about 500 kPaa.

[0090] The weight hourly space velocity (WHSV), particularly in a process
for converting a feedstock containing one or more oxygenates in the presence of a
molecular sieve catalyst composition within a reaction zone, is defined as the 1otal
weight of the feedstock excluding any diluents to the reaction zone per hour per
weight of molecular sieve in the molecular sieve catalyst composition in the
reaction zone. The WHSV is maintained at a Jeve] sufficient to keep the catalyst

composition in a fluidized state within a reactor.



nol ecul ar sieve catal yst conposition within a reaction zone, is0daRilbled

as the t I Lght of the feedstock excluding any dilue
WodheoliEe Herdeldhea,

reaction f hour per weight of nolecular sieve in the no

sieve catal yst conposition in the reaf ion zone. The WHSV i s naintai ned
at a level sufficient to keep the catafyst conposition in a fluidized
state within a reactor. 20 JAN 2006 WO 031000412 PCT/ US02/ 19869 32
10091] Typically,, the WHSV ranges fromabout 1 hr "' to about 5000 hr
preferably fromabout 2 hr'' to about 3000 hr'', nore preferably from
about 5 hr"0091]o abdlypicBH9Ohh WH S Vanadgesdsim pbedtdrlab! yp dboonsGecht’, 10 hr'
to about 1000 hr'. In one preferred embodi ment, the SV is greater than
20 hr', pr @reé?@blwfrmeabow%ﬁt ft8 abewniA0dI ormpre Prclesdbstremiahedh? B ni ng

net hanol and_di L ether is ip the range of from abo hr' to .
about 300 K¢ a{ao%é@éfu Tﬁ@gmﬁg?rf&é?lgy fﬁ’&é%&%@hy@%@\l}w% he I eedst ock-
i ncluding dfl pgéfén@dﬁens@fﬁ%hememwMﬁssgrwemhan tzbﬁrr,%@a&%gsmétem s
preferably sufficient to fluidize 'the nolecular sieve catdlyst

conposi t i owMEWVhioh canveeaot bbafezoneck corthiaingeaaharc] andkden&By dibertifién

process, particularly within the reactor system nore particularly

wi t hi n t hethe raage pbiemabey 20 ks tapbpetadd0 bg™.1 . met er per second (m sec),
preferably reater .t han 0.5 m sec, nmor ef.er abl reater. th | m sec,
ven rore. MEEET ao1 e Shedode bR os SR BB R iR E Bl iany y oo
greater th%ﬁ'd 2o prodBld Withih theRESASY ARlcth BrRAtAbI NAficiént b IRFdizoee for
exanple U S. Patent Application Serial ™ No. 09/708,753 filed Novenber 8,
2000, whi ckheirsoleetlar sievencatal pocain@dsiloyn widhien ecacgon 20093 1hé reacwe pref erred

enbodi ment of the process for converting an A oxygenate to ol efin(s) using
a si | i coal Tht #SPNULHERIC R PRRIGHEFYSYIEYR theaieastgSy stes ipergipanyylarkyhe

process is_operated at SV of lleast 20 hr-' T, rature -
Porr ot ed ROTLMET o oafRlhs alest 00 by Abatiape VfeslordRERN O Dic
pref erabl yoleas dpans i/sc@amdte prefePalily graee thay 1 SXREPERnhéte phatBly No.

5,952.538, "which is herein fully incorporated by reference. "I n anot her
enbodi nent gohter enpd méses,ses e Yarmorsrreferably ceeaten g enarssc.sandmes et hanol

e o TS Lo 548, AT bl S St compept U on.

about 350CN590@/58§;75§N’M November 8, 2000, which is herein incorporated by
reference.
[0093] In one preferred embodiment of the process for converting an
oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve catalyst
composition, the process is operated at a WHSV of at Jeast 20 hr' and a |
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, prefel."ably less than or equal to 0.01. See for example U.S. Patent No.
5,952,538, which is herein fully incorporated by reference. In another
embodiment of the processes for converting an oxygenate such as methano! to one
or more olefin(s) using a molecular sieve catalyst composition, the WHSV is from
0.01 hr' to about 100 hr”, at a temperature of from about 350°C 10 550°C, and
silica to Me, 0, (Me is a Group 111A or VIII element from the Periodic Table of
Elements) molar ratio of from 300 to 2500. See for example EP-0 642 485 B1,
which is herein fully incorporated by reference. Other processes for converting an
oxygenate such as methanol 10 one or more olefin(s) using a molecular sieve

catalyst composition are described in PCT WO 01/23500 published April 5, 2003



silicato Me203 (Meis a Goup II1Aor VIIl elenment fromthe Perjodic
Tabl e of Elenents) nolar ratio of from 300 to 2500. See for %)@MI?@%EP-O
642 485vB203/08H1Th is herein fully incorporated by refereREEUSCLKSE?
processes for converting an oxygenate such as nethanol to one or nore

ol efin(s) using a nol ecul ar sieve catabyst conposition are described in
PCT WO 01/ 23500 published April 5, 2001 WD 03/000412 33 2 0 JAN 7006

PCT/ USt } 2/ 19869 (propane reduction at an average catal yst feedstock
exposure of at least 1.0), which is herein incorporated by reference.

100941 The (g GHe PRLEGH A anSHvEMEe CRLAKY REIGOIPETLIRRf hledd Y il awn from

t he di sengagi hg vessel, preferably by one or nore cyclones(s), and

i ntroduced which idleréiagenepahicdbysyfieae. The regenerati on system conprises
a regenerator .'where the coked catal yst conposition is contacted with a
regener at i 4009 di umThe qoked moddshlar sieyasatebyst enmpasyiamiy yethdrawndsemgener al

regeneration conditions of t rature, pressure and residence, tine.
Non 1 m t i EF GREPESEIe Voselrrrclerabie R PR PHRORREHEIARC AL RIG I BRECEHOmDr & of

car bon' di ofasbendietn Mot e e R oR e omfis 76 hlspof URERDED,

nonoxi de afigd kel diaP@eBompbtidiEBREAGAEH A PRgEhdratish Mediul)ose capabl e
of burning coke fromthe coked catal yst conposition, preferably to a

| evel | ess prafemably, Hgassiopteinipg ozegan, badas ¢eoerat fegenepatain avpdions of t he

coked nol ecul ar si eve catal yst .(ge\c;,r’rposi tion enteri n%mt he regeneration
system Th&SMPIRIGS, PEFSEWEI2af residanse BaEa Ny hegmsoemips ofithhdr awn from

the T egener g1aL, L 8h W aidh [ SURASLALE D IRLEGM Ah B 46, REOABSRO

conposi tion e regeneration tenperatuté”i's Tn fandge of from

about 200CN,0., AR QitdilLei0Gith plisieen abtarbbm aivxalepokys2AQ6d Wanelbolg. 1000C,
more preferably fromabout 450C to about 750C, and nost preferably from
about 550CPRetent Koo G24THE3 ) egrbae munowide gpdws hydrogen.i hha 1¢genesgipa of from

shout 15 e 105, R0 Loushaut, SO0 el AR SPRRM e RLarRY (o
from about ,eFeRslyAoaliévdt Fakhdn). s %ﬁé&gﬁ pdrEniisied b3 dotPRakht GNfle MOST
preferably from about 30 psia (207 kPaa) to about 60 psia (414 kPaa).
The pref er ceked msledelacgetd omalpft cohgosiibeenieang sheenegeneration system. The

coked molecular sieve catalyst composition withdrawn from the regenerator forms

a regenerated molecular sieve catalyst composition.

[0095] The regeneration temperature 1s 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) 10 about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to

about 250 psia (1724 kPaa), more preferably from about 25 psia (172kPaa) to

about 150 psia (1034 kPaa), and most preferably from about 30 psia (207 kPaa) to

about 60 psia (414 kPaa). The preferred residence time of the molecular sieve

catalyst composition in the regenerator 1s 1n the range of from about one minute to

several hours, most preferably about one minute to 100 minutes, and the preferred

volume of oxygen in the gas 15 in the range of from about 0.01 mole percent to

about 5 mole percent based on the total volume of the gas.

|0096] In one embodiment, regeneration promoters, typically metal

containing compounds such as platinum, palladium and the like, are added to the



catal yst conposition in the regenerator is in the range of fro?dg?ﬁrﬁﬂgéme
mnute to several hours, nost preferably about one mnute to es

and the woaBawead vol ume of oxygen in the gas is in the PEAJSIYRIFOPom
about 0.01 nole percent to about 5 nole percent based on the total volune
of the gas. 100961 In one enbodi nent, B4generation pronoters, typically
nmetal containi ng conpounds such as platinum palladiumand the |ike, are
added to the WO 03/000412 34 2 0 JAN 2006 PCTIUS02/19869 regenerator
directly, or indirectly, for exanple with the coked catal yst conposition:
-Al'so, in another e ' . resh., H ' | yst conposition
i s added tdeg"ﬂleerart%b@gegﬂg{%ph%%%%lgf ﬁ(}?%agﬁb ’?éﬁ’é’ﬁ@? Z’P F%cﬁca?nagglﬁum of oxygen
and, water Qs Rsfhi 2ash, iMatdifer RMRIheNOa {@sIPHB1e¢0Rs sivhi ealyst her ei n
fully incorporated by reference. In yet another enbodinent, a portion of
the coked conipesitoars sddedec trtraggrsratenaposiinganeganorativhenadigrawér at or i s
returned directly to the one _or. more riser reacto;q(&?%“ .Cﬁg‘r. ipndirectly, by
pr e- cont actoxigemerhwalseas dsershcddn U-SoPatesilt & 409’ W Phichris SErembE¥ Ul ar
si eve catal.yst ‘coppgsi-tion, or cgntagtin b r . ool ecul ar
si eve cat a|1§%°r'?%’8 é’irfref)eﬁfcg‘r fna”%c%?@ﬁ ?%Bgﬁ‘jrég’g@oﬁo%go?dﬁg?a%%ve

catal yst copnasihi 9&vedassys B&HposlionrodP0 fdoehbiaid i RiviBe Plirédlyaci s an
exotherm c reaction, and 1 n an enbodi'nent, the tenperature within the .
regener at i QRe SySbeMvIesieoreactot(s g dr mdirevdy . lousecentactinguesh ilre febdstenkt

i ncluding feeding a cooled gas to the regenerator ,L vessel, oper aéﬁg ei t her
in a bat ch.orconfinmowsh figeh selacutas SicVh GRIAY SHEERPOSBION0T OGRS A M!

thereof. A preferred techni.que. invgl . aw ner at ed

nol ecul ar §$Pee\?8méeacf'3p§?§@arcsd%peo%aiw' %r?\é% ?%ﬁ"%’ﬁg ?‘é%@g‘é?%%?%’%&?yst em and

passi ng t hg,nieganesaicad i esHpadition axeribad Bliyst conposition through a

catal yst cooler that fornms a cool ed regenerated nol ecul ar sieve catalyst

conposi ti on00FHe catTdeywitningobtake,is am exethemijodiagben, anil é an heat exchanger

that is |ocated, eithér internal D@igelgt ernal to the regenerﬁtﬁi n system 1In
t

one enbodi RERCAIMER. B8 HTRRCTFEESHE freeNBaten Jeted Bentg t

conposi tion _i. : 10 the [ j SY&! e,
alternati vevlalill,gu{%Ee:ﬂé“]{]j.?%.'h%gtﬁ]t&%gp gg{h?gr? c%gl;%?%???ﬁ)tﬂ&'o gg?, 766 filed
June 6, 2QQ8]appAldd @heoi d thech; cohwsldusgenematenimolhenwidasorsi eve

catal yst conposition - ) i ) )
combination thereof. A preferred technique involves withdrawing the regenerated

.

molecular sieve catalyst composition from the regeneration system and passing the
regencrated molecular sieve catalyst composition through a catalyst cooler that
forms a cooled regencrated molecular sieve catalyst composition. The catalyst
cooler, in an embodiment, is a heat exchanger that is Jocated either internal or
exiernal 1o the regeneration system. In one embodiment, the cooler regencrated
molecular sieve catalyst composition is returned to the regenerator in a continuous
cycle, altematively, (see U.S. Patent Application Serial No. 09/587,766 filed June
6, 2000) a portion of the cooled regenerated molecular sieve catalyst composition
is returned 1o the regenerator vessel in a continuous cycle, and another portion of
the cooled molecular sieve regenerated molecular sieve catalyst composition is
returned 1o the riser reactor(s), directly or indirectly, or a portion of the
regenerated molecular sieve catalyst composition or cooled regenerated molecular
sieve catalyst composition is contacted with by-products within the gaseous
effluent (PCT WO 00/49106 published August 24, 2000), which are all herein

fully incorporated by reference. In another embodiment, a regenerated molecular

v



is returned to the regenerator vessel in a continuous cycle, andJahdk0@r
portion of the cool ed nol ecul ar sieve regenerated nol ecul ar sieve ‘
cat al ystvacaampeosiztion is returned to the riser reactor (s)PCHUBEEOBSP or
indirectly, or a portion of the regenerated nol ecul ar sieve catal yst
conposition or cool ed regenerated nol &sul ar sieve catal yst conposition
is contacted with by-products within the gaseous effluent (PCT WO

00/ 49106 published August 24, 2000), which are all herein fully

i ncorporated by reference. In another enbodi nent, a regenerated nol ecul ar

2 0 JAN 2006, U0, 03 000417 RETALSNALEARG0, 350l U, B, £OTPOSI L on

cont act ed an-al co preterably e 1- propnaol, | -butanol or
m xture th?{o fhio), | Dulldtol OOMERGreltRerbbR i IBAEEQTed 3y HeaBaciassys@aiasi bed in

U S. Paten Eppl ication Serial No. 09/785,122 filed February 16, 2001,
whi ch is héeseribed il UyS.iPateot Apphtation PerinbiVer(918%, 122 filed Felbruapuko,f or ,
operating a regeneration systemare ipn disclose U. S.  Patent No.

6, 290, 916 QQQ:IGM}H@F.ISW&IW]&@F@PPIWTQ??e%r étherfmpqhg;gs, ﬁ’éorporat ed by:
reference. [0098] The.regenerated nol § nposi tion

W thr aun orPe AEtenbERET SRR B ERINB LE B R 9D A8 RO et

cool er, i s GAFBIIMEAnoMiud), @hfchashedRl RAYIRIorSIrae by aéfetensé. conposition
and/or re-circul ated nol ecul ar sieve catalyst conposition and/or :
f eedst ock H0E8pr fr Fhérepaseroredmaeius, sievedatatyst compesitien wibdnabvaer
reactor(s). In_another enbodi nent, the reglgnera ed | ecul ar,. sjeve

catal yst cHRPOSF reasACHiORAY AR, prefsratly opebs catpkyst ‘H?I%r)?%ryk“f@mqi%‘:dr et ur ned |
Lol et " c3Eh g FARRbRNatlie G al e BEEHELAG Yndbl RLiRABR I ofeBIAHI" 2

w
cat al yst c8l a‘carrier, such as an I nert gas,

feedst ock y@ROEatal§em pokitioR@ntlick feedsieelbndontréshyay sk Yiqeids,cmdt i nuousl y,
facilitates the introduction of the regenerated nolecular sieve catalyst

conposi t i oretdroed hethegiset wactor(s) dmanpibef enbiiimen theHegenseatedmolgsplarrj ser
reactor(s).. 100991 By controll.ing the flow of the regenetated | ecul ar
si eve cat af'§¥& C?‘%'éﬁ‘%’é’?ﬂ‘i%‘ﬁ“d’?“"t“@%‘f”éﬁomeﬁgﬁ%ﬂfﬁfré'ﬁo gsg%ﬂl'sarlg?ué?ég\}g

catal yst coumas) féaE?@r(fsﬁ i?%&lg? refEMNGEEL PRGN YISbEEN § Cathl)§t dRRGL B System
the opti numléevel of coke o ?he nol ecul ar Si eve catal yst conposition
ent eri ng t bge ¢mbBediatent, a camienf aichasl an THeergas aeedstothinyapoe cteamcuake hlo,

controlling the flow of a nol ecul ar_ sj eve catal yst, conposition Slescri bed
in M chael samycgfaitingQpy pm@poqsébﬁﬁqlH%,lh@mr@gpgtqnﬁqﬁe regenerate

molecular sieve catalyst composition to the reactor system, preferably to the one
or more riser reactor(s).

[0099] By controlling the flow of the regenerated molecular sieve catalyst
composition or cooled regenerated molecular sieve catalyst composition from the
regeneration system 1o the reactor system, the optimum level of coke on the
molecular sieve catalyst composition entering the reactor is maintained. There are
many techniques for controlling the flow of a molecular sieve catalyst
composition described in Michael Louge, Experimental Techniques, Circulating
Fluidized Beds, Grace, Avidan and Knowlton, eds., Blackie, 1997 (336-337),
which is herein incorporated by reference. Coke levels on the molecular sieve
catalyst composition is measured by withdrawing from the conversion process the
molecular sieve catalyst composition at a point in the process and determining 1ts
carbon content. Typical levels of coke on the molecular sieve catalyst
composition, after regeneration is in the range of from 0.01 weight percent to

about 15 weight percent, preferably from about 0.1 weight percent to about 10



Fl ui di zed Beds, G ace, -Avidan and Knowl ton, eds., Bl ackie, 1927
(336-337), which is herein incorporated by reference. Coke | \pe’J@l g]lqﬁthe
mol ecul aWGs§3P8412cat al yst conposition i s measured by wi t hdP&APHE PESEmM t he
conversion process the nolecular sieve catalyst conmposition at a point
in the process and determining its caBbon content. Typical |evels of
coke on the nol ecul ar sieve catalyst conposition, after regeneration is
in the range of fromO0.01 weight percent to about 15 wei ght percent,
preferably from about 0.1 wei ght percent to about 10 WO 03/.000412 36 2 0

JAN 2006 RedipHRddRBH8e it alih) P ROAAMou ODNi gl HeRleAMlarbnomuaRayt 0.2

wei ght percent to about 5 weight” percent, and1 preferably from about
0. 3 wei ght mtmﬁ,m)dtrdoﬁpmftraﬁlwmrghboutw oeitht pased toabsih@ weighi wei ght
of the nolecul at sieve and not the total weight of the nolecular sieve

catal yst cadmpesit bassd.onithe iagwveighigdahpmetesplag siceardrsbnatihe total weeightof ur e of
fresh nol ecul ary. si eve cat aLyyst conposition and regenerated nol ecul ar.

si eve cat altbjglmoé S SATHFYPPOEEN ed regenerated nol ecul ar sieve &

tal yst it i ony G ‘ ‘ : Q- wei ght
o cent . o IPEEOLL| MR ok BRed GnblfinlsALAR At OTHERP oIk Sieyp o BTt

from about c3tdlgst abipbsidon wed glpendieted emilecuditdicve shtaRiseé@npdiinon didasp about -
2 to About 10 coke or carbonaceous deposit based on the total weight . of
t he m xt ur éoefedregangrated molesylar sigvaraialy sicomposition epslainseéer tHeorngexelpl e

US Pate No, 6,023,005 _which is hereip fully incorporated b '
ref er ence. qi%fb‘i‘f ]T‘r?}(,)g‘ﬁ%]gh'd%cr‘éef“f’lHﬁ%‘%fabfysﬁﬁi\ﬁ”tahﬂ%a%\}r? ﬁ Wﬁﬁgghféerﬁ? engagi ng
Syst em and mée pASRRH hBRONA f1d ALY S0 Yk bakin TR Hol Fe BBl vel |
known recovery  systens, techni ques and sequences that are useful in
separ at i ng falrekbn(t) toabdut Muedkle yor Rarbohefkebny ddpokit baset v tharR weeighitf | uent .

Recovery systens_generally conprise one or nore or a conbination of a
vari ous sepaithg mbiureref eqlegnensicns catht epmpossigns| Fee or examplesl-Sol umms,

oDl LS, i LR GRS R R af s MBS ot et v e
al dehydes, (k@t@anes and Rsiddk elfARHT AR rom (RatiRBhedYthg syRiefl and41) .
and ot her associ ated equi prrent for exanpl e various condensérs, heat
exchanger s s pehed Geough omceyay eyrteror Todrielare ineay psll koowpreswerys, knock- out
druns or systems, leéhniqﬁes and sequences that are useful in separating olefin(s) and
purifying olefin(s) from the gaseous effluent. Recovery systems generally
comprise one or more or a combination of a various separation, fractionation
and/or distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (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 a
demethanizer, preferably a high temperature demethanizer, a dethanizer, a
depropanizer, preferably a wet depropanizer, a wash tower often referred to as a
caustic wash tower and/or quench tower, absorbers, adsorbers, membranes,
ethylene (C2) splitter, propylene (C3} splitter, butene (C4) splitter, and the like.
[00102] Various recovery systems useful for recovering predominately

olefin(s), preferably prime or light olefin{s) such as ethylene, propylene and/or



pots, punps, and the like. Non-limting exanples of these towe8 JAN 2006
colums, splitters or trains used alone or in conbination include one or
nore of W 0deWsthani zer, preferably a high tenperature debet/HatF¥YEY a
det hani zer, a depropani zer, preferably a wet depropani zer, a wash | ower
often referred to as a caustic wash tidwer and/or quench tower,
absorbers, adsorbers, nenbranes, ethylene (C2) splitter, propylene (C3)
splitter, butene (C4) splitter, and the |like. 100102] Various recovery
systens useful for recovering predom nately olefin(s), preferably prine

or light Okﬁtfeh@é&)de%kk%'éda}ﬁLES.WAI&HWO.B[%@Yé@r@ec@ﬁ@ﬂ@rﬁcﬂ efhyJéi 2006 WO
03/000412 PCIT/1JS02119869 37 butene are described in U S "Patent No.

5, 960, 643 {isen0nUns yPaérmt Nost 5101 B3, Ssd52ee81) andSs, 82, 48t (eremiae. 5. 019, 143,
5,452,581 and 5,082, 481. (nenbrane_ separations), U S, Patent 5.672, 197
(pressure shppeivent, hiskatene 41657,190 (srespye drpendent adsqrbentog UsS.Aajet ogen

1), U S, Patent. No. 5, 904 d | to.hyd d
o bon b oNeas0pd R kmioery repowdly A1 S EHRENE o5 g TEE AR oVt Rar Y O 09 and
thanol t ' i .+ and- L. 4
Tei vace or etfifol NN ME bbb Bioid bl sep) TALERIeMNG. 5 3570604 |

wi thout  sypesveraline0ansdlitopas etiige pbser [Ratt@dndNAS. Bat2@3NO B3 A pildssur e

sw ng adsorption), which are all herein fully incorporated by reference.
100103) Gefsbreat prpdaetcayepetnyl/ifg Passt Neebdv bAQ3 &igh Byrtyicdefinsavithasdiuct i on,
generation or accunul atio ddi t.i ongJ, 9% cts, hy~-products_ and/ or
cont ani nanﬁ‘?eéil??fﬁ’émﬁh’?% ?’ﬁe‘g‘gr g"fltg'inrlgﬂ' r?ﬁé ﬁ)éﬁsa%rtess?éw%n% SBFPéH‘Oélir ed prine
products, LRfenldrghh neteHl Wl indfdtaRd t5KGRe. and propylene, are
typically purifie or usé in derivafive manufacturing processes such as
pol ymer i zajgan3pr oc &zaaslly actbempefping mdsnrdcoeenysgitenps &f tbe pedivendrndi ment  of

the recovery system the recoveqrﬂy, .system al so i ncludes,a purification
system Fogensxaiinm &, acewaulpiigef asidiiqrsf Bioduglsobiewdugaredell arly in a MO

process o g B Ak PR T kg | o | evel s

of by-pro _ n exanpl'es of "contam nants
and by- pr ogugtisisi the liigdleolemneradhl & el iede ARmopylese, skabpiasly parifdd,

al cohol s, carboxylic acids, ethers, carbon oxides, sulfur compounds such
as hydr ogfn weif ddeativamsonipttugng Prafesseasucingsrodgnenvallon RTASASES-and ot her
nitrogen compounds. 2t ol e BPSRLLES. A0 Fl 0588, OBl SEAM nent s

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

produced particularly in a MTO process are passed through a purification system

that removes low levels of by-products or contaminants. Non-hmiting examples

of contaminants and by-products include generally polar compounds such as

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

hydrogen sulfide, carbony! sulfides and mercaptans, ammonia and other nitrogen

compounds, arsine, phosphine and chlorides. Other contaminants or by-products

include hydrogen and hydrocarbons such as acetylene, methyl acetylene,

propadiene, butadiene and butyne.

[00104) Other recovery systems that include punfication systems, for

example for the purification of olefin(s), are described in Kirk-Othmer

Encyclopedia of Chemical Technology, 4th Edition, Volume 9, John Wiley &

Sons, 1996, pages 249-271 and 894-899, which is herein incorporated by

reference. Purification systems are also described in for example, U.S. Patent No.

6,271,428 (purification of a diolefin hydrocarbon stream), U.S. Patent No.



i ncl ude hydrogen and hydrocarbons such as acetyl ene, nethyl acé‘tﬁlum‘hm{m
propadi ene, but adi ene and butyne. 1001041 O her recovery (s!:y %n% tp%t

i ncl ude Wﬁ)rq HHOLYE| on systens, for exanple for the purifi T 2grse

ol efin(s), are described in Kirk-OQhner_ Encycl opedi a of Chem cal
Technol ogy, 4th Edilion, Volunme 9, JohA8w ey & Sons, 1996, pages
249-271 and 894-899, which is herein incorporated by reference.
Purification systens are al so described in for exanple, U S. Patent No.
6,271,428 (purification of a diolefin hydrocarbon strean), U S. Patent

No. 2 0 JAN 19110@99/&@1501@,4&»3})«1@@&" 1OB0Rp&EG Sardd ] .6, PABn1espl{chspaiNat i ng
propyl ene from propane), and U S. Patent Application No. 09/689, 363

filed Oct ol¥689363Migd C{qb@hegé()s%(wa(wwSﬁgamy@mathyﬁgﬁtr@atcaqa%t)) whigh ch is
herei n incarporat.ed b re re ce. 100105) Typically, in converting one.or
nor e oxygeﬁ%ﬁ%’g"’t'BC%‘p @5 9y 2 or 3 carbon atoms, an ampunt of
hydr ocar boﬂﬁ@l(ﬁﬂst' c %a'llﬁ %fnb@rﬁx% 1on€%P?rf6'r@{;3?g @fo'd]éﬁﬂuj‘ﬁﬁ(’ 24 or

er ced

nore carborl ato y-products are or pro ncl uded
in the recey8rtySitens, B arhidle oNHedrotabowm, pameal@tly@rbfﬁaysat@psmanpr
converting the products contained within the effluent gas wthdrawn from
the react @ﬂefm(S)o‘@wm‘t Phigotehessleorpztotg canst %h@dﬂd@!ﬂd%s arederngd orof t he
recovery syst the .effluent gas -

b‘!&éﬁd 1001061 In one%ﬁgb

wi t hdrawn #F CF%”F 3P e eCRLLL BY G ”‘JCP‘é%%FV%’%F%ﬂFTBFoducu ng
O Ot oo ol O ARAAN pEALRI B fhea SIAR WMol sBOLKHUA 1o hAT e@ o
nore carbon ato hydrocarbon contai ni ng Feam

embodi ment redch® oEconteytng b produontprodiicedas resalrof therashedy systimpugh a
first fractionation zone producing a crude C3 hydrocarbon and a C '

hydr ocar bowtidesst ai ni ng stream the C,' hydrocarbon contai ni ng stream IS

d h d f
P oar bl 5 285BR bR kRN e SMeERIR BRI PoRB ¥ o o
carbon hydrogcgy 998§gﬂ Redcddery s?k’(te ?@d%ﬁé‘oﬁ@orﬁﬁ&ﬁ%ﬂﬂoc@fﬂén%h@ﬂﬁﬁé

but adi enes, saturated butaneés, sobut anes 107] The effluent gas
renoved f remaem(s))mwpmlcohr,mtd)mesx mqparckiboulagim {C-a) hyMF@@apbeocassainingpi cal | y

has a m nor anount of hydrocarhbons hayi 4 or nore
stream. In th?s emg’odlmem lheé hygrocarbon containing stream is passed

b

through a first fractlonauon zone producing a crude C3 hydrocarbon and a C,”
hydrocarbon containing stream, the C,” hydrocarbon containing stream is passed |
through a second fractionation zone producing a crude C, hydrocarbon and a C,’
hydrocarbon containing stream. The four or more carbon hydrocarbons include |
butenes such as butene-1 and butene-2, butadienes, saturated butanes, and
isobutanes.

[00107) The effluent gas removed from a conversion process, particularly a
MTO process, typically has a minor amount of hydrocarbons having 4 or more
carbon atoms. The amount of hydrocarbons having 4 or more carbon atoms is
typically in an amount less than 20 weight percent, preferably less than 10 weight
percent, more preferably less than 5 weight percent, and most preferably less than
2 weight percent, based on the total weight of the effluent gas withdrawn from a
MTQ process, excluding water. In particular with a conversion process of
oxygenates into olefin{s) utilizing a molecular sieve catalyst composition the

resulting effluent gas typically comprises a majonty of ethylene and/or propylene



carbon atons. The anount of hydrocarbons having 4 or nore car i's
typically in an anount | ess than 20 wei ght percent, preferabl é an
10 wei gito opevosent, nore preferably | ess than 5 wei ght pePEEHEYYIARY nost
preferably | ess than 2 weight percent, based on the total weight of the
ef fluent gas withdrawn froma MO prddess, excluding water. In
particular with a conversion process of oxygenates into ol efin(s)
utilizing a nol ecul ar sieve catal yst conposition the resulting effluent
gas typically conprises a majority of ethylene and/or propyl ene WO

03/000412 39, 2 n%né%éﬁm%f f%?r’ﬂoﬁ%ﬁ 193960 cA86n AuMbAOsrodasIRMd @fierf our

car bon,anda'llﬁaher carbon nu products and other by products, ,

excl udi ng W&Bducl@@%&ﬁ&in@ﬂraﬁﬁm e well known reaction systens as part of |
the recovery system primarily take | ower val ue products and convert them
to higher yo0108] pr oduatlle weldmonxaapition syHemeas Ry PHLETERNETY F8¥Bhe- 1 and,

butene-2 are used to make al cohols havin to 13 car ‘and

ot her specpamayily Fkgilewssvalyeqapdia)s Conivgn @%eé'a 'q ]gir%r%rkvte‘%ma% %é.as)l‘(‘)ﬁ?% ne

addi tive, thyl -t-b I i5P9 i RiisRlESE W& 1oigleogenat i on
unit is coE55?¥éﬁp$ﬁ@%¥%§&@§§¥?8§%gﬂEﬁ?gne-2,tand bufane(ﬁs useful as a
fuel . Non- %jcgjjg,jsr;gv'ﬁgegml1gs€aﬂj‘onra$@a§,iama oshes spasaliyndieodenld,) i @buRdenent  No.
5,955,640 (converting a four carbon product into butene-1), U S. Patent
No. 4, 774i3%5d (to seihaaaaeo ieddduivensethybl-byohherzbgadignein aieleshyg e
gasoline),. U.S. Patent No. 6,049,017 (di,neri.zatli f.N- ), US.
Pat ent Nos hydropgratmgoinglig comyes }@?%’utei’ﬁ“r]b%wﬁuzﬂe% agg bﬁ&fﬁ?%}}ﬂé‘?ﬁl ation
of higher ol efi s\ tf L Qe g ey Y RERMe TR Pdestaidhony|
conpounds)?sﬁﬁg?‘ﬁgkgﬁPﬁﬂ%EQ%rg%§?§E%l“(réhtistage adi abat | ¢ process),
U.S. Pat ent ¢¥8.649, @dvedtrk 4 fluetirbohyerdugeinto batenerd), ).5. Ravent®syns, J_ et
al., Process for Upgrading C3, C4_and C5 definr Streans, g,e,g & Coal ,
Vol . 37, Né,774,X75d8®putnt aed butpnrg2 oheemereiddpiaialyath esNNEh Y-S but yI ene

R e
processes 5%%%8%%13699!% HRlaesREhMaGenvEhzherolpfimoeRss earbomr € hi gh
purity prine ofefin(s) " product's that contains a single carbon nunber
ol efin in amxadoamt hgireatnenaktihgoardony! compounds), U.S. Patent No. 4,542,252
(multistage adiabatic process), U.S. Patent No. 5,634,354 (olefin-hydrogen
recovery), and Cosyns, J. et al., Process for Upgrading C3, C4 and C5 Olefinic
Streams, Pet. & Coal, Vol. 37, No. 4 (1995) (dimerizing or oligomerizing
propylene, butylene and pentylene), which are all herein fully incorporated by
reference. '
[00109] The preferred light olefin(s) produced by any one of the processes
described above, preferably conversion processes, are high purity prime olefin(s)
products that contains a single carbon number olefin in an amount greater than 80
percent, preferably greater than 90 weight percent, more preferably greater than 95
weight percent, and most preferably no less than about 99 weight percent, based
on the total weight of the olefin. In one embodiment, high purity prime olefin(s)
are produced in the process of the invention at rate of greater than 5 kg per day,
preferably greater than 10 kg per day, more preferably greater than 20 kg per day,
and most preferably greater than 50 kg per day. In another 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



percent. preferably greater than 90 wei ght percent, nore prefer Im
greater than 95 weight percent, and nost preferably no | ess rgj, J mﬂﬁ '
99 wei gMO P&t | based on the total weight of the ol efYQT/UPl BAY
enbodi ment, high purity prinme olefin(s) are produced in the process of
the invention at rate of greater than4¥ kg per day, preferably greater
than 10 kg per day, nore preferably greater than 20 kg per day, and nost
preferably greater than 50 kg per day. In another enbodi ment, high
purity ethylene and/or high purity propylene is produced by the process
of the inyeptd iy, Alor@pfedreblgpe@i& thdms0m,60 & QapLivetl dyore pregeiabpbdl y-
greater thkzﬁﬁloda%oo V\E) 03/000412 40 2 O'qug%OS p'PCT/ uso2 19869@:29 per
day, nore greteethainl ly00),@tley paridap, 00y O0Mokegprpferabdngreatey drannor e
preferably 8reat er than 1,000, 000kg per day, yet even n&i{& preferably
greater thbA08.08062me0dRYG shid evernsporegprpierably, grpalep than . QGI0KE PYr eat er

th 2,000, 000 kg p d t, | bl t th 2,500, 000 k |
pe?nday. 1%'1%‘5%‘2@?6&({%%3@%5%?%2?8r%gg(gé@s?g %r %&??i glrjl ar fi.na conver si on"g

process Ofloﬁﬁll-d OXY 9612k fohRrGHE pRIcedtRE, 6n Bﬁr%ﬁ'hﬁf,%)cohﬂeﬁsff&% PoRsepLam of a
nol ecul ar sieve catal yst conposition, especially where the nol ecul ar

sieve is synyigersit z€dné oomore definEpin-the pphasphduoudecularsicwvelcatlysa- sour ce,
i nclude. those described in for exanple: U S.. Patent No. 6,121,503 (- -
maki ng pl sesmiposiiam especllaptherphsdRieculenmag 1o syaberzedframa sicgbi.n wei ght

ti | th . t 0. 05 .U..S, , .
ol et r e aBRorShsse T el 5ok ine s B BsehSea bl duille US| (s
April 15, g999 Ny, fosdr Aaah plastiwithfanugdtin pRduéiaving Aneifiano r eact or)

PCT WO 01/60770 published August 23, 2001 and U.S. Patent Application
Serial No.olefi®Mepht 684 feisd thdn dukqual®) 0.900 V. ragint Pre éslB7¢983 U. S. Pat ent

Application Serial No. 091507,838 filed, Fe 000. (st age .

f eedst ock (EkFEEMABRRNC SGERY IO Seagbgp éhfﬂemAp";ﬁbli[ g@i\ﬁBﬁ%gg Pa‘ﬁls .ﬁggﬁms, 409
filed Februar 4 n -fed), i rnepn fully

i ncor por at ];53 ]éci’/&?heefaé? gig’(@%&%g ﬁiqﬁfﬂfr'll Efa%)rsl f%d o&%&gﬁg é%cg)lrrlj llnthe\gPat ed
process i 1960720 RMIRedA 0gIse AP 00N agB . 8! IEfiem (4pplikaten Serkyy Wioocar bon
feedstock, preferably a hydrocarbon gas feedstock, nore preferably

net hane ar(l?//&'f,@i%ﬁhé.luw%&ﬂﬂ@%fhlsh pressuie), heS pragend pplisauguasegiahyot he

gaseous f eo%‘??éfﬁ%'ﬁi%ﬁje%haa% 52]%08?&?&'3%3{%2?85?03@ i%]rclchfﬁ:quJl gneJ U.%t. PERM to a
Application Serial No. 09/785,409 filed February 16, 2001 (acetone co-fed), - |
which are all herein fully incorporated by reference.

[00111] 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 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 or any other organic material, preferably synthesis gas stream is
produced via steam reforming of natural gas. Generally, a heterogeneous catalyst,
typically a copper based catalyst, is contacted with a synthesis gas stream,

typically carbon dioxide and carbon monoxide and hydrogen to produce an

L]



syngas production zone to produce a synthesis gas (syngas) streatl Bjnijis
production is well known, and typical syngas tenperatures are in the
range ofwobsoeosabout 700C to about 1200C and syngas pressBECILAEE6H t he
range of from about 2 MPa to about 100 MPa. Synthesis gas streans are
produced from natural gas, petrol eum#iquids, and carbonaceous materials
such as coal, recycled plastic, nunicipal waste or any other organic
material, preferably synthesis gas streamis produced via steam
reform ng of natural gas. Generally, a heterogeneous catalyst, typically

a copper. based, £48LuRly nkRaRADARE SEL By Br S RERE S0, SLT cam

typically "OX1 carbon nonoxi de an ogen to produce an 2

0 JAN 2006 ¢ No@iBSh0AR4IMhPGT 44504108 G %y Athedik cofiratuRrinfig ﬁhE&oﬂEt hanol ,

often in conbi nation vvli‘h.water. In one enbodi nent, the synthesis gas

stream at drosiy abonasliso°€ eomplaruat 00€ and athisynthegis pofssurknip theaboga of IfSOT t o ,

about 450C and at a synthesis pressure in the range of from about 5 MPa

to about 18beFad MPajgsbed HoMBadhpassehinERIRhAGaROTCBAYEUIVER ThHDe ) :

pr oduce-anpg(?((i/}%enate conf al n;n sts{ream 100112] Thi s oxygenat-e contai ni ng
I

stream or & EYHETSIC “OAIPRR I

_ ' y“Contains the al cohol product and
various ot Wlhﬁ NPONBRE Sxypkfdle BEMEINYY SreanPdF Eﬂuﬁb‘hﬂz’iﬂa\ﬁoﬁ!{tﬁfﬁ&i}w et her,
nmetha

ket ones, al dehydes, dissdl'ved gases such as hydrogen ne,” carbon.
oxi de and mbhtabgahe alzobblipusdict aid varikve othey gemporentonichianethgrs, st r eam

crude nethanol, in the preferred enbodi mnent js passed thyrough a well '
known puri Pregtiashy dmstydswer, k8ﬁ°§ﬁ$’laﬂd§ﬂ1g§‘?§; dbsé(ﬂg?‘;%qs%s%h@S%Pfﬁ%F%nati on,

resul ting b O & PULLEL a0 XNIERRLE, GARIALA L0 THE L8Nl UonBAANP! ©

conmer ci al he ‘oxygenat e’ Ttontal ning Strewn or

purified oxyganatadepRiahSN, Nthe prefeRed ebbdigial isypaydet throigh @ kvelior e
diluents, is contacted with one or nore nolecul ar sieve catal yst

conposi t i okndesguirified iahmoecsies, dinyllahm, s¢paronpnddemsyenatiogerssultingd above
to produce a variety of prinme products, particularly li.gh olefip(s),
ethyl ene. aMiR BRI Py ESABE REAMITET54TY BEGTBIPLS OPTITTE GREBE b
process is d 1 i - B : I I,Si{ag el i

i ncor por at e %f/erlmr?]g? eirr@en@.gg?fﬁe g%gta ﬁ@r% %Dmra}e]p é}tﬁl??}a?r?tg %%rnfgtgeé(?“ E)arlrtl)"c]gss,
opti onal | y suwedrh, éfinaly eghahedr mproditsses idestadtddesitaboyer, moteef i n('s)

produced are directed to, in one enbodi nent, one or nore polynerization
processes famlegraichiriegtalist FOuROSHANHseR perkaboysipamene of the processes

described above to produce a variety of prime products, particularly light
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 iﬁlegrated
processes described above, olefin(s) produced are direcied to, in one embodiment,
one or more polymerization processes for producing various polyolefins. (See for
example U.S. Patent Application Serial No. 09/615,376 filed July 13, 2000, which
is herein fully incorporated by reference.)

100113} Polymerization processes include solution, gas phase, slurry phase
and a high pressure processes, or a combination thereof. Particularly preferred is a
gas phase or a slurry phase polymerization of one or more olefin(s) at least one of
which is ethylene or propylene. These polymenization processes utilize a
polymerization catalyst that can include any one or a combination of the molecular
sieve catalysts discussed above, however, the preferred polymenization catalysts

are those Ziegler-Natta, Phillips-type, metallocene, metallocene-type and



exanple U S. Patent Application Serial No. 09/615,376 filed J J&ﬁi%ﬁ
2000, which is herein fully incorporated by reference.) }?QI’JUJS 119869

Pol yer iWa0384b% ocesses i nclude sol ution, gas phase, slufry phase  and a
hi gh pressure processes, or a conbination thereof. Particularly preferred
is a gas phase or a slurry phase pol yherization of one or nore ol efin(s)
at ]Jeast one of which is ethylene or propyl ene. These pol ynerization
processes utilize a:polynerization catalyst that can include any one or a
conbi nation of the nolecular sieve catalysts discussed above, however,

t he pref er ,adaRel YBfrhadiation caal alsyaidsmixares theass. Thegblymeaptodyced
Phillips-type, netal =I‘ocene, met al | ocene-type and WO 03/000412 42 2 0 JAN
2006 PCTI U$aRé poateradianprdepal daser bedaboye inshidel ineaslovadrnsHy xt ur es

t hereof. The pol yners produced by' the polynerization processes descri.bed-
above i ncl pa&ethyenss ﬁl%\ﬁ"&féhﬂ‘%@"?“ﬁ&]‘%’@%\%l%ﬂ?@,ﬁ”emygeﬁeo‘?é‘fge,”s Yastoners, -

hi gh densi t I'vethyl g densi.t | , d
bolyor opyl SRRTIERS heRBTorH @ FE RS Rlop XN LRRS . TRAPISRYLARE B1C

pol yner i Zagbgi}n'&& %F&ﬁ:’%@& byﬂ?e';&!ﬂ'ﬁnéﬁé@ibh%rmkééﬁﬁmwdm@mic pobairaeplerne,

pol ypropyl eng, syndi:otactic polypropyl ene, and propyl ene random bl ock o
i npact copoiotaicpol yROfléde, spndictefidr paspropisdt.radtpropens ranéqn.chleck '
process conprises . a.polymerizing process of one or nore olefin(s) in the
presence ofora'np%ﬂtfﬁ'@ﬁa]i)@fﬁon catal yst system ;in a polynerization reactor

to produce r .myre_pol [ I : I e mor e

ol efin(s) H‘i@ﬁﬂg b'ggﬁ pﬁggggﬁﬁg%aﬁr\?gg#ﬁ%ng\gtﬁ%f @ﬁ%. %"8@?? ?S(r:aul arly

met hanol , pﬁg&%}%ﬂ@bﬁfé&s&ff ok BY Mof@bRINEY ichepeSehdcost.a pdigmenizatibar r ed
pol ymeri zat'i on process is a gas phase pol ymerization process and at

| east one chalysesystahiins pelyniesizaicheactet ypredeceamemr Gp/E @aYMend

preferably the polynerization catalys stemis a,supported netall oeene
catal yst sypsediefs, pyliefgip ghe W&?%H[%"ﬁ%i‘g‘élﬁ'ﬁ%ﬂ E@dﬁggﬁf’?\begé%ancat al yst

System compi 565 pggfctg?ag%,hwa? TRAY 2 BRRRGIRSsieTE LA ACQMdHRA. abepound

and an activator, tivator is a non-coordinating anion
or al unoxangefeQEd pONBINZAIIGplobes &04 gasptthse polymepiaicer pbtess ahdatact i vat or

i s al unoxane.
least one of the olefins(s) is either ethylene or propylene, and preferably the
polymerizétion _cl:ala]yst system is a supported metallocene catalyst system. In this
embodiment, the supported metallocene catalyst system comprises a support, a |
meltallocene or metallocene-type compound and an activator, preferably the
activator is a non-coordinating anion or alumoxane, or combination thereof, and ”
most preferably the activator is alumoxane.
100115) In addition 10 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
process. These include, but are not limited to, aldehydes, alcohols, acetic acid,
linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl chloride,
ethylbenzene, ethylene oxide, cumene, isopropy! alcohol, acrolein, allyl chloride,

propylene oxide, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and

trimers and dimers of ethylene, propylene or butylenes.

EXAMPLES

L)



1001151 In addition to pol yol efins, nunmerous other olefin derived
products are formed fromthe ol efin(s) recovered any one of t @& JAN 1006
processes deeoaizbed above, particularly the conversion gdCe¥38886Ipr e
particularly the GIO process or MITO process. These include,: but are not
limted to, aldehydes, alcohols, acetidd acid, |inear alpha olefins,
vinyl acetate, ethylene dicholoride and vinyl chloride, ethylbenzene,
et hyl ene oxi de, cunene, isopropyl alcohol, acrolein, ally] chloride,
propyl ene oxide, acrylic acid, ethylene-propylene rubbers,- and

acrylonitri nd 4 nRES, gRdifl MR Qi %H:DMI@W@@ RRYMSRn®bn
butylenes.h&ﬁlﬁELES.$Epg%#§b@%lfg43 2 b J&N 200 PCT/ US02/ 19869 1001161
I'n order tg RN fprésepativesdvanagestharndi, nig fofloving omapietare nfferetli on

i ncludi ng representative advantages thereof, the follow ng exanples are

of fered.  Consituéntenf s moktuze wcst forr forrawledng extalyss mill aenergllce@MdPst s wi | |
general ly contain volatile cqonmpopents,. i.ncl udi n | i rfn ted to,

) , ut ot
wat er and, Vﬁlﬁtih@ﬁﬁ@é‘éﬂ‘éf‘ml N8 byl Bmitgd Lo, gy ﬁ’i"_a’ nd F%ﬁcé)._ It is
common practlce to. dgSogr%a,gglewat%@xg?%omﬂfoﬂ%"r&m?é td @cAbe [HRGHount

const i t uenF¥'EVIESIENE cined basis". Calcination involves heating

a material of frobbRidA TIRRE Roiitatinis Atbeny @ Sualodeditasiatr Gulciratiosuf f i ci ent
to dry and renove any contained volatile content (650C for one or nore-
hours). Onimvoheaheatigrh magrig!'inithe grek¢nse@f aif o an ¢levaied STREEIWE t he current

|1 has. beeriREnN AT REAFIIOVG A FOBETES AR T o e e RO
expected t BafSf da bfvchilfied SATPIDEBHRdA b IRENLrERIE b cullafit fnoeiTioh, 01

(Loss-On- | S used ein interchangeably with the fractional

| oss duri ngs g@lagiduat bofactidn'of @heti cveshdpast ehaininpafer id@sgeenms of a
conponent containing 25%vol atiles would be described as " 75&8 on a .
cal ci ned basitemanicelly sdup@itogrcquns for lessps Woxgightsrpgeteshiscpesyr 4Bt ecul ar

sieve is well known,,and the SARO-34 u i n.the l | was
measur ed teom_awnﬁﬂ ee&fcagﬁbeat %ge'ﬁbl_ls‘g?%qsécur\ Iagr%gt{@\}gﬁse?gﬁ 1 MBA is
det er m ned; Ysi g 8.ty GROMRERITEE GonPRIES BiuriRBddicihdtion, a M 4EipB@ badis"cS
| nst runment rporation, Norcross, Georgia is used. An anmount 0.1 5g to
0. 6g of thgheanplgearhsof macepbrient corifiving i eolatdes wWould biedpssabasqsat  300C
"7.5 g on a calcined basis” with an LOl of 2.5g. Synthesis of a SAPO-34
molecular sieve is well known, and the SAPO-34 used in the Examples below was

measured to have a MSA of about 550 m¥/g-molecular sieve.

[00117] MSA is determined using a MICROMERITICS Gemini 2375 from
Micromeritics Instrument Corporation, Norcross, Georgia is used. An amount
0.15g 10 0.6g of the sample is loaded into the sample cell for degassing at 300°C
for a minimum of 2 hours. During the analysis, the Evacuation Time is 1.0
minute, no free space is used, and sample Density of 1.0 g/cc is used. Thirteen

(13) adsorption data points are collected with adsorption targets of:

Data Point Adsorption Data Adsorption
Target (p/p,) Point Target (p/p,)

i 0.00500 8 0.25000

2 0.07500 9 0.30000

3 0.01000 10 0.40000

4 0.05000 11 0.60000

5 0.10000 12 0.75000

6 0.15000 13 0.95000

7 0.20000




fora mininumof 2 hours. During the analysis, the Evacuation TilndN Z0f. 0
m nute, no free space is used, and sanple DenS|ty of 1.0 cC is used.
Thi rt eano (EEBP4Rdsor pti on data points are collected with '%8%’8?‘8!1?)6??
targets of: Data Poi nt Adsorpti on Data Adsorption Target (p/p)PointTarget
(p/ po) 10.0050080. 25000 20. 0750090. 30840 30.01000100. 40000

40, 05000110. 60000 50.10000120. 75000 60. 15000130. 95000 70.20000 2 0 JAN
2006 WD 03/000412 PCTI US02/ 19869 44 1001181 :the correction factor Used
inthe t'-plot is 0.975. No de-sorption points are collected. Qher

anal ysis paraneters include, Analysis Mde: Equilibrate; Equilibration
Time: 5 second; Scan Rate: 10 seconds. A t- pl ot from 0.00000 to 0.9 000.0
is constrqm)galjspm ng: 4theaoré}«&}:'[i\aflnd"aﬂt)t ihslcddni}wtnplotfus@tﬁéfSHa%«dnsorpanm Jura ‘
equation (HJ I\/bde@l) é% (13.99/ (0. 034|og p/po)))-s. It is shown by
Cape and Kidibtg arg c@llec thercanalysis H@F%SICFSJ“ . PorbgIsdiadent er f ace

R, it o Li%mmaﬁla%ﬂﬁ (SERLRREL BT Rals ARp R o og
area and gf‘cﬁoodﬂ ﬁ:@?@(ﬁ(ﬁ) ¥ mﬁ:‘r&%eteé%g%ﬁ%@ﬁ%ﬁﬂa Pé’mﬁ%’%rhﬂ@fﬂh‘!—l%?k:ﬁ?' ow.  Sm

c, 0= e mcropore volune, S,nc;,,, is

the m CT ORISR equatidhqH- BMedel§: ngmale 99/@B4So(p/p. B)'Q liis showmbyby t he -
conventi onal BET nethod, and S, . is‘the external area taken fromthe:

t-plot. d,Cipe aild%lhbwéﬁcé]apft@wg@ﬂ— #ikbxsdi G@”%‘fisw‘ﬁbﬂe%ﬁéﬁﬁé‘%n t he |

ed ts. Th t Lity.fact i |
et or i ned St suprBd SIBTraFehav o GadIPEL Bl ey fiablefbartl’ 1801101
For purposggenht L (ﬁé%BW@Bse%%hht%EbQOxﬁBQh@m&BQl&ﬂeﬁrﬁ!ﬂEE 'sol i ds

content" i's neasure sanple of a slurry, calcining the
slurry micropore volume, as expressed by equation given below: 8., = S-S, = v,/d ,

where v, 1s ihq micropore volume, S, is the micropore area calculated from S,
and S_,. S, Is éiven by the conventional BET method, and S, is the external area
taken from the t-plot. d, is a nonphysical length the value of which depends on the
pressure used in the experiments. The proportionality factor, d, is determined
quamilativély by the pressures used in the BET fits. |
[00119] For purposes of this patent applicatidn and appended claims "solids
content" is measured by weighing a sample of a slurry, calcining the slurry H
sample, preferably at 550°C to 750°C, re-weighing the calcined sample; the solids
content is equal 1o the calcined sample weight divided by the weight of the slurry

sample multiplied by 100.

Example 1
00120} A slurry was prepared by mixing 45.8 kg of a SAPO-34 molecular

sieve containing a template (Loss-on-Ignition (LOT) of 46.6%) 10 25.1 kg of de-
jonized water under vigorous stirring conditions using a turbo-blade mixer at 60 10
300 rpm for a period of 2 hours, at which time the solid was totally disintegrated.
A high-shear mixing step was applied on this mixture using a Silverson high-shear

in-line mixer for two passes depending on the size reduction. Particle size



sanpl e, preferably at 550C to 750C, re-weighing the calcined sagpay;208she
solids content is equal to the cal cined sanple weight divided by the

wei ght Qfobhheoshtrry sanple nultiplied by 100. Exanple] PAQDUPHPIR s|urry
was prepared by m xing 45.8 kg of a SAPO 34 nol ecul ar sieve containing a
tenpl ate (Loss-on-Ignition (LOL) of 464%% to 25.1 kg of de- ionized water
under vigorous stirring conditions using a turbo-blade mxer at 60 to 300
rpmfor a period of 2 hours, at which tine the solid was totally

di sintegrated. A high-shear m xing step was applied on this m xture using

a Silverson high-shear in-line m f NG endi ng on the size
reducti on. aﬂgﬁlﬁgﬁs(ﬂ?é‘ °§F?§S%ghﬁﬁfia§6%g{e%%]glgb\%ﬁé?lgb]gﬁgl ysis of a,

one- pass high-shear treated slurry is given in Table 1. PCTIUS02/ 19869 -
Exanpl e 2 100121-1. A slurry of alum num chl orohydrate (available from
Rehei s, Baragh MHeight's, New Jersey) was prepared by adding 13.4 kg of
al um num chtorohydrate (LO: 51.6% into 12.5 kg.og c}e-i ihz.ed wat er

using a tuf®@tdl]ade nivsiimsel agntwnoddorolkdrets(apilble M &CheiSe 1o 12 houts

or until a_transl ucent. s qbt ai ned.  :Thi S;al U hl or ohydrate so
was t hen a@fé@qum@‘%ml}?%ﬁ&ag%?p@rid ét}'s?drﬁig{ga@ggg]ogunp an)é ni xed 1‘or
0.2 to 5 homrﬁ)'éa'ﬂﬁi 8{1@?@{&&’(&1@5{1 .g@@l?mgrlagekgam&ieliabilzed fvaem Engel har d

Cor porat i of, con, a) was added. An ampunt of 35.1 kg of kaolin
clay (LO: ulheWfurtinblade mexkiat 6@ mab0Gupou fur agferiad of &4 tofl 2deursoni zed wat er
was added to the m xture of SAPO 34 nol ecalpar. Si eve %Sa al un num

¥

chl or ohydr ar entilrh apshaqent sgltvasiopiained. vles rmipny ShIRPY ALY 1 bo- bl ade

T XA 0 ATy LS AL 130 o AR RERASY L Iroul i o

y was “age Cin a feed tank
under Consg@nﬂ.z%simrw&fm kaoli 6139 AISRGEad¥i aveilabidé fr6M FrpeBBd r pm for a

period of ours. Particle size analysis of the aged slurry is given in
Tabl e 1. Corporation, Macon, Georgia) was added. An amount of 35.1 kg of kachn

clay (LOL 13.“9%) and an additiona) amount of 4.2 kg of de-ionized water

was added to the mixture of SAPO-34 molecular sieve and aluminum

chlorohydrate. The resultant mixture was mixed using the turbo-blade

mixer at 60 to 300 rpm for a period of 2 hours, then passed through high-

shear in-line mixer twice. This slurry was aged at 40°C in a feed tank

under constant mixing using a turbo-blade mixer at 60 10 300 rpm for a

period of 15 hours. Particle size analysis of the aged slurry is given in

Table 1.
Tablie 1
Example | dyo(um)® | Dy(pm)® | dgo(um)* Solid Content °
1 1.08 1.75 2.74 18.7%
2 0.93 1.85 3.24 46.7%

2. d10,d50. dog: 10%, 50%, 90% of the particles are at or smaller than the size given.
b. Salid content was determined by calcining the slurry in a microwave muffle furnace to 6500C.

Example 3
{00122} The IEP of the materials used in the formulation of the

catalyst composition was determined from the measurements of zeta-
potential using a Matec ESA 9800 electrokinetic instrument available from

Matec Applied Science, Northboro, MA. Z eta-potentials are calculated



Table 1 Exanpled,o (m abDso (m adeo (m aSolid Content b

11.081. 752. 7418. 7% 20. 931. 853. 2446. 7% a. d 10, d50 d90: 10% &GuUANIORS of -
t he partwoleso@ne at or smaller than the size given. b. SJHAGTUHGHPEAt was
determ ned by calcining the slurry in a mcrowave nuffle furnace to 650C.
Exam |l e 3 1001221 The I EP of the matery4@l s used in the fornulation of the
catal yst conposition was determ ned fromthe neasurenents of zeta-
potential using a Matec ESA 9800 el ectrokinetic instrument available from
Mat ec Applied Sciencée, Northboro, MA Zeta-potentials are calculated WO

/ . . [-Qm: f
Uit rasoni ¢ QP AERREPERRA R ARt TR ot AT B A GNBRI

e col ol dal
particle' s gloshlfddlbanidi ghodtiepuepgH Rqubh@! £ HdPnEen&rgonef the
ultrasonic signal i

to p zeta-.potential value factors in particle size,
Particle' densltrayoniasgnalihtonezdia-potenoal \alud hétosusgenddelsigel i d. Exanple 4
100123] Particlge si’ze dependence in a very dilute slurry (less than I
wei ght  per asticje dgnsity cand vsilerae fraptionaf the suspgudedysodid- aver age particle size
of 60 to 70 nanoneters as a function of pH was determ ned using a Zeta
Sizer 3000 (Malvern. Instrunment as above). At pH s away fromthe |EP,
silicali teEng{é]k | és were in the formof individual particles. However,:-
these ind ~particles aggregated to 1.45m (25 to 30 tines bigger
than the pooI2Biy p@Patticdt sizsdegehdedvenn biverypdlmasluag; (less ddntlo near t he
| EP. Table 2 Viscosity Solid Density Exanpl epH(cP) d10(pm
d50(rn) ' dooeight rp}erc@gﬂtcé‘mcgflmgphsrl}ag}ahte having an averagé particle size of

60 to 70 nanometers as a function of pH was determined using a Zeta Sizer
3000 (Malvemn Instrument as above). At pH's away from the 1EP, silicalite
particles were in the form of individual particles. However, these
individual par%cles aggregated to 1.45um (25 1o 30 times bigger than the

primary particle size) when the pH was adjusted to near the 1EP.

Table 2
Example | pH Viscosity dio(um)* | do(m)* dw(Hm) a | Solid Density .
(cP)* , Content * { of Slurry
(g/cc)
5 3.6 1840 0.28 1.45 3.54 44.5% 1.44
6 3.7 2940 0.38 0.90 6.48 44 8% 1.46
7 42° | 720 0.25 1.42 3.80 43.0% 1.42
8 3.7 3920 0.37 0.9] 7.94 46.9% 1.48

a. d10.ds0. dgg: 10%, 50%, $0% of the panicles are al or smaller this size given.
b. Viscosity was measurcd using a Brookfield LV viscometcer: spindle #3, room temperature, and

30 RPM.

c. Using the procedure of Example 5 except its pH was adjusted from 3.7 to 4.2 using an ammonia

solution;

d. Solid content was delermined by calcining the slurry in a microwave muffle furmnace to 6500C.

Example 5

100124]

A slurry as prepared as in Examples 1 and 2 but added 10 a

slurry of SAPO-34 molecular sieve (B) to give a total solid content of

44.5% while maintained a weight ratio of sieve to aluminum chlorohydrate

and kaolin clay at 40/10.6/49.4. Viscosity, pH, and particle size

measurements of this Example 5 are given in Table 2.




(gl cc) 53.618400. 281. 453. 5444.5%1.. 44 63. 729400. 380. 906. 4844. 8% Zbg@g@@)
T 7200. 251. 423. 8043. 09%4.. 42 83, 739200. 370.917.9446.994.48 a. d 1 83 ;
10% 50%0%0M®@fz2t he particles are at or smaller this sizBCEHUNHIIE

Vi scosi.ty was nmeasured using a Brookfield LV visconeter: spindle #3, room
tenperature, and 30 RPM c. Using the gfocedure of Exanple 5 except its

pH was adjusted from3.7 to 4.2 using an ammonia solution; d. Solid
content was determ ned by calcining the slurry in a mcrowave nmuffle
furnace to 6500C. Exanple 1001241 A slurry as prepared as-in Exanples 1.
and 2 but ggded &pga slurry of SAPO 34 nol ecul ar sieve (B)'to give a
total soli of 44.5% while maintained a weight ratio of sieve to
al um num c dr at' W2 ptdparedladyn Bkardpled  ahd 2BudusiNgacosi ty, pH,
and particngggggg neggﬂ§€ﬁentg gf this Exa,ﬁ%e 5 are ive%_in Table 2. M,
N WO 03/ 000APO4F4 fvamplae sieve(Q) 19 Alve2006! spiETeamen/of 4885 philes ' A sl urry
was prepared as.in Exanples 1 and 2 but .using a APO- 34 | ecul ar sieve
(O to gi venaintaied 2 SeIEPraSREgRve 5t ABTing SHIorebY SRS MAKHIE a wel ght
ratio of sieve t Ly .chlLor oh " i o

201 10. o/ 49.9% o SUBRPTH Wi S AT e R LA Den EhBohis, 1

Exanpl e 6 &g Ghi¥@hrt BivEaM $ale 2Exanpl e 7 1001261 A slurry was prepared
usi ng the same ‘conposition and procedure of Exanple 6 and its pH was.
increased fEQimpler7to 4.2 using a diluted anmmoni a aqueous sol ution

Viscosity, pH and particle size i ‘ ..
' [00126] - A slurry was prepared using the same composition and

procedure of Example 6 and its pH was increased from 3.7 10 4.2 using a
diluted ammonia aqueous solution. Viscosity, pH, and particle size

measurements for this Example 7 are given in Table 2.

Example 8
[00127] A slurry as prepared as in Examples 1 and 2 but using a

SAPO-34 molecular sieve (D) to give a total solid content of 46.9% while
maintaining a weight ratio of molecular sieve to aluminum chiorohydrate
and kaolin clay at 40/10.6/49.4. Viscosity, pH, and particle size

measurements of this Example 8 are given in Table 2.

Example 9

[00128] Zeta-potential measurement of SAPO-34 molecular sieve
(A) used in Example 2 after being calcined in air at 550°C for 5 hours. It
was found that the presence of template in SAPO-34 resulted in a

substantially lower IEP pH than SAPO-34 free of template.

Example 10
{00129} The slurry made in Example 5 was spray dried using a lab-

scale spray dryer (Yamato DL-41 available from Yamato Scientific
America, Inc., Orangeburg, N.Y.). Slurry feed rate was at 40 to 50 g/min,

inlet temperature of 350°C and product temperature of 80 to 85°C,



measurenents for this Exanple 7 are given in Table 2. Exanple %ﬁ&@ﬁé A
slurry as prepared as in Exanples | and 2 but using a SAPQO 34 r'

si eve (DYOUHOYHN2 a total solid content of 46.9% while nBCA{ECHINE® a

wei ght ratio of nolecular sieve to alum num chl orohydrate and kaolin

clay at 40/10.6/49.4. Viscosity, pH af® particle size nmeasurenents of
this Exanple 8 are given in Table 2. Exanple 9 1001281 Zeta-potenti al
measur enent of SAPO.34 nol ecul ar sieve (A) used in Exanple 2 after being
calcined in air at 550C for 5 hours. It was found that the presence of

t enpl at e i RieARetiSfpreesitd 6€0bArN The :gbﬂ}sdir? rb@bdi Yvak 0A¥eined ®P pH t han

SAPO- 34 free of tenplate. Exanple 10 [00129] The slurry made in Exanple 5
was spray éSPYd Thismglabyst abmpasdaineofsprsayxampled 0 ydrmdIDL048. avai | abl e
from Yamato Scientific :Anerica, Inc., Oangeburg; NY.). Slurry feed .
rate was at 40 to 50 g/mn, inlet tenperature of 350C and product )
t enper at ur e. of §r0mtvb 5C \ 03/000412 48 20 JAN 2006 PCT/ US02/ 19869 e
atom zat i o%&&é@a—"‘-&w SSHH: . The spray dry product was cal ci ned at b
650C. This A@@tﬁhyst'q%emast {cPRe Hhvenbibf, FXadH Bohfhehasl T ARl of 0. 33.
Conpar ative Exanpl e;11°1001301 In contrast" to the invention, a typical
comer ci al ch@alyst,dat etayigtie, aflir R eGearpldimem AN dAtalGtheead ARI 0h 447 catal yst® -
has an ARl _of 7.94. Conparative Exanpl'e 12 1001311 A slurry prepared the
same as ExdMfle 8, its pH was attenpted to be increased to 4.5 to 4.6
using a diluted ammonia solution (5-15 w%. It precipitated and
solidified when the pH of the m xture reached of about 4.6. The targeted
pH val ue approached the )EP of the <

Comparati'\fe Example 12

[00131] A slurry prepared the same as Example 8, its pH was
attempted to be increased to 4.5 to 4.6 using a diluted ammonia solution
(5-15 wt%). It precipitated and solidified when the pH of the mixture
reached of aboul‘.k‘4.6. The targeted pH value approached the IEP of the
SAPO-34 molecular sieve of Example 9, thus leadipg 10 destabilizaton of

the slurry. The resultant material could not be spray dried.

Example 13
[00132] The slurry made in Example 6 was spray dried using a lab-

scale spray dryer (Yamato DL-41). Slurry feed rate was at 40 10 50 g/min,
inlet temperature of 350°C and product temperature of 80 to 85°C,
atomization pressure of ] bar. The spray dried catalyst composition was
calcined at 650°C for 1 hr. This formulated molecular sieve catalyst

composition had an ARI of 0.32.

Example 14
[00133]) The slurry made in Example 7 was spray dried using a lab-

scale spray dryer (Yamato DL-41). Slurry feed rate was at 40 to 50 g/min,

inlet temperature of 350°C and product temperature of 80 to 85°C,



SAPO- 34 ol ecul ar sieve of Exanple 9, thus |eading to destabil ¢DatANaiidof

the ‘sl Uy o3 dddg o esul tant material could not be spray dri gy nRle 13
1001321{‘%% slurry made in Exanple 6 was spray dried usi ng%anﬁgg’- scal e

spray dryer (Yamato DL-41). Slurry feed,rate was at 40 to 50 g/ mn,
inlet tenperature of 350C and product tenperature of 80 to 85C,

atom zation pressure of | bar. The spray dried catal yst conposition was
calcined at 650C for |I hr. This fornul ated nol ecul ar sieve catal yst
conposition had an AR of 0.32. Exanple 14 1001331 The slurry nade in
Exanpl e 7 #f@suspomprdssuedofiukbatgThe bpiby doedraakyprcoynphsiton Wagamat o DL- 41) .

Slurry feed rat at 40 to 5 mnp, .inlet t erature, of 350C and
or bduet | ¢ oiERES ot e dbns iorwal S MelEsur Setbeuh Bcougatisn

PCT/ US02/ 10869, 4R1@r@y zation pressure of 1 bar. The spray dried catalyst
conposition wasp calcined at 650C. This fornul ated nol ecul ar sieve

catal yst conposition had an ARl of 0.41. Exanple 15 1001341 The slurry
made in Exanple 8 was spray dried using a | ab-scale spray dryer (Yanato
DL-41). S| dsxampledd rate was at 40 to 50 g/nin, inlet tenperature of
350C and p g te rature of 80_to %5% atom zcgtion_pressure of 1
bar. The s ri ed IOSSHTRMad HHBXMRIBA WatsPER Eiedating:a bBoesle Thi s

fornul at ed , L.evV8r cat a LLL on l. 0.29. 00(
1351 whi | e Rk S E AT BL oM CaKEh RTRAE Lt B ARl Vo ea by
reference teﬁh;ﬂ:&éth}e%ﬂﬁO"@Bﬁ@ﬁid&iﬁﬂﬁ%mFEﬂﬁﬁ@oQEO & H°Tahidnfikdtion présskiee al |
wll appreciate that the invention [ends itself to variations not

necessari | 9f | bauuSheapm driedrcetalyst Fonpestiaompives cleingdatdiSff@niphiat ed that the
TP S o1 B Al sEOTBSEL S el 5 DL LT oo
anhydri de, | GHARAI | ¢ ADKIHARe ARCIERUAADS bELd fooc i QIMANLQRRedAPOr Phase
met hanol s is, and various FiIscher Tropsc reactions. It 1's further
cont enpl at ederehed togpapti tidarfdnabwidirh exgdhdsedfofdihanyislilz@dhbed will

appreciate that the invention lends itself to variations not necessarily illustrated

herein. For example, it is contemplated that the molecular sieve catalyst

composition ts useful in the inter-conversion of olefin(s), oxygenate 1o gasoline

conversions reactions, malaeic anhydride, phthalic anyhdride and acrylonilrille

formulation, vapor phase methanol synthesis, and various Fischer Tropsch

reactions. It is further contemplated that a plug flow, fixed bed or fluidized bed

process are used in combination, particularly in different reaction zones within a

single or multiple reactor system. It is also contemplated the molecular sieve

catalyst compositions described herein are useful as absorbents, adsorbents, gas

separators, detergents, water purifiers, and other various uses such as agriculture

and horticulture. Additionally contemplated the molecular sieve catalyst

compositions include one or more other molecular sieves in combination. For this

reason, then, reference should be made solely to the appended claims for purposes

of determining the true scope of the present invention.



process are used in conbination, particularly in different ﬁgiéﬁgaﬁfnes
within a single or multiple reactor system It is also conte
nmol ecul ar sieve catalyst conpositiorg described herein are useful as
absorbents, adsorbents, gas separators, detergents, water purifiers, and
other various uses such as agriculture and horticulture. Additionally
contenpl ated the nol ecul ar sieve catalyst conpositions include one or
nore other nolecular sieves in conbination. For this reason, then,
ref erenceCl#IM®Y be nade solely to the appended clainms for purposes of
determ ning the true scope of the present invention. 20 JAN 2006 50
CLAIMS | . {,Mﬁtmgﬁfmmﬂl tion,
S B R

t he net hodl | ning a tenpl at e- ‘cont ai ni ng

mol ecul ar si eve, r1§1ng (HA8Ep oﬁcdlhﬁi‘ﬂh@ R eHplute-caunei o mo}taullayma\ Grét ri x
mat eri al , tof&o urry, said slurry having h is at |east

1. 0 ;above or bey i tlequii8 sddawt.rand oppiohaly ¢ PER)X @FiPelnﬁbt BT HPY si eve.

2. The nethod of claim1l, wherein said sl ur has (5 V{Fé Chelesirat | east
1.0. 10 bel ow:;hialeslwrs}béh‘engﬁlpél bbichtls g sy | abtoﬁgofrg écul'ar sieve. 3. The
met hod of claiml1, H b LUty has a pH which is at least 2.0

bel ow t he i soelRSE#K itHg P e‘éﬁf ]fe ‘he nol ecul ar sieve. 15 4. The

met hod of any of clains to 3, wherein the t enpl at e- cont ai ni ng -
nol ecul ar si eve has been synt hesi zed by 'form ng a reaﬁtlo g%uct of a
source of silicpr matwawickinafl, alllamlmﬁmd shirydas e@tbPhishas ahétls:” and an
organi ¢ tenplating agent. 20 5. Th Qod o 813?4‘? gf t he preceding clains
wher@i n the sl uberlywhhtslsaelﬁﬂlllcrim”’c‘ﬁ &4 TPlery "3 to 6.5. 6. The

met hod of any of the preceding clalns further conprising the step of
spray drying the slurry. 25 7. The nethod of any of the preceding clains

wher ei n the bi ng! ﬁé SNRASET dER 1 suieaigsaidhannOhasant wheshiaet lerstrdl er i al
has an | EP’1ess an 2. 2 0 JAN 2006 51
below the isoelectric point (JEP) of the molecular sieve.

15 4 The method of any of claims 1 1o 3, wherein the template-containing
molecular sieve has been synthesized by forming a reaction product of a

source of silicon, a source of aluminum, a source of phosphorus, and an

organic templating agent.

20 5. The method of any of the preceding claims wherein the slurry has a pHn

the range of from 2.3 10 6.5.

6. The method of any of the preceding claims further comprising the step of
spray drying the shurry.

25
7. The method of any of the preceding claims wherein the binder has an 1EP

greater than 9, and the matrix material has an 1EP less than 2.



8. 59. 10. 10 1 I . 15 12. .20 13. 25 14. 30 The method of any ¢of the
preceding clainms wherein the pH of the slurry is below the |IEP r JANHA06

t enpl at e-cont ai ni ng nol ecul ar sieve and the TEP of the binder.' The

nmet hod of any of the preceding clains erein the 1EP of the

t enpl at e-cont ai ni ng nol ecul ar sieve in“the range of from about 310 7. The
nmet hod of any of the preceding clains, wherein the tenplate containing
nol ecul ar sieve, binder and matrix naterial are conbined in the follow ng

order: (a) the nol ecul ar, sieve_is intr_oducfed in a.liqui edi l]lm to form
aslurry; @o) a bigvaehodolznyebihepreqsaingIcla vy WhgHan (g PR ofia ™Y Yat er i al
is added to the . slurry. f of th r di | wher ein
t he tenpl at e- cok?'ﬁéé{'ﬁ]-%{%] -Bqn(gfll cLﬁP%galgicgﬁgyrgﬁ%ﬂoﬁegm&r%?g? aﬁ%\t/}ge %bg@si tive
charge at the pHyee@fndepe slurry. The nethod of any of the preceding
clainms wherein the matrix nmaterial has a negative charge at the pH of
the slurry. The method of any of the preceding clains wherein the slurry,

conponents consisting of the tenplate-containing. nolecular sieve, the
bi ndér andS% he ThetRERodwd ary al the Regscdagslame Mbeyan Hens 18} hand are

i ntroduced to each .ot her, such that, the sl n i i ghest
charge density 38‘?“13 (rﬂ?'fom?fgénsg Tgleg‘garesdufeom%%%gggE]?&B%ofh)rrﬁ\gln%m 2 wth
| ower charge density per unit nmass. '

10. The method of any of the preceding claims, wherein the template-
containing molecular sieve, binder and matrix material are combined in the
10 following order: (a) the molecular sieve is introduced in a liquid medium
10 formll'a slurry; (b) a binder is added to the slurry; and (c) a matnx

material is added to the slurry.

11. The method of any of the preceding claims wherein the template-
15 containing molecular sieve and the binder have a positive charge at the pH
of the slarry.
12. The method of any of the preceding claims wherein the matrix matenal has

a negative charge at the pH of the slurry.
20
13. The method of any of the preceding claims wherein the slurry components
consisting of the template-containing molecular sieve, the binder and the
matrix material each have a charge density, and are introduced to each
other such that the slurry component with highest charge density per unit
25 mass is added 1o the slurry components with lower charge density per unit

mass.

14. The method of any of the preceding claims wherein the molecular sieve Is
a silicoaluminophosphate or aluminophosphate, preferably selected from

30 the group consisting of one or a combination of SAPO-18, SAPO-34,



The net hod of any of the preceding clains wherein the nol ecul aé sieve is
a silicoal um nophosphate or al um nophosphate, preferably sel ec 8l Al 2806
the group consisting of one or a conbi nation of SAPO1 1S, SAPO-34, 52 2 0
JAN 2005 other such that the slurry conponent w th highest charge density
per unit mass is added to the slurry conponents with |ower charge density
per unit anmass. 5 16. The nethod of any of the preceding clains wherein
the ol ecul ar shesech shat thesiliirc oahpericnophiddpplasecharcadnith dghedbhat e,

preferably selected from the group consi st of ‘one or a conbjnation of
SAPO- 1 8, SAP@nEY,Is adsedco 3 5%@’@@?“@&3@‘%38"*2&%% %“é%piwg]m, met al

containing forns thereof and intergrown fornms thereof. "0 17. The net hod
of any of the ’B?%;cedi ng clains wherein the binder is an alum na sol,
preferably al um num chl orohydrate 18. The net hod of any of the preceding
clainms wherein the matrix is a clay. 15 19. The nethod of any of the
precedi ng el ai The mleaiodiof aihef lHequeatdimedilamsishareinghe ndeculyy sreagéss f or

converting a feedstock into one or nore Ieﬁi n(s inlﬂt,he 0, presence of a
fornul at ed nol eeilicedlusinaphosrial §FstWREOBRPAK P15y E M Sellfbc‘i‘?ﬁjo O%f any of

claims 1 to 17, 21. The pr.ocess of cl ajqr i dgt ock

conpri ses at I@&sﬁro%%()]]sgt&é@i%ee?r az%@n%%‘ggﬁ%ggsfsmg) Igﬁgabf clains 18
or 19 wherein gamyessi ©apoisat BEPLESHASAORS.- 18 4HdoAPO- I, nieale ol ef i n(s)
takes place in a reactor systemand the process further conprises the
steps of w t hdeawhingnd fooms tireeeaf @ad tgergsysn fonmsriheréef | uent stream and -

passing the effluent gas through a recovery system 30 recovering at |east
t hé0one or nore olefin(s). 53 Z 0 JAN 2006

17. The method of any of the preceding claims wherein the binder 1S an

alumina sol, preferably aluminum chlorchydrate

18. The method of any of the preceding claims wherein the matrix 1s a clay.

15

19. The method of any of the preceding claims wherein the liquid medium 18

waler.

20, A process for converting a feedstock into one or more olefin(s) in the
20 presence of a formulated molecular sieve catalyst as obtained by the

method of any of claims 1 to 17.

21 The process of claim 18 wherein the feedstock comprises at least one
oxygenate.
25
22 The process of any of claims 18 or 19 wherein conversion of the feedstock
into one or more olefin(s) takes place in a reactor system and the process
further comprises the steps of withdrawing from the reactor system an
effluent stream and passing the effluent gas through a recovery system

30 recovering at least the one or more olefin(s}.



23. The process of any of clains 18 to 20 wherein the process further
conprises the step of introducing the nol ecul ar sieve catal yst ZUJﬁNZMB
conposition to a regeneration systerto forma regenerated nol ecul ar
sieve catal yst 5 conposition. and introducing the regenerated nol ecul ar
sieve catal yst conposition to the reaction system 24. The process of
any of clains 18 to 21 wherein the feedstock conprises nethanol, and the
ol efin(s) include ethylene and propyl ene; and the 10 nol ecular sieve is a
si | i coal um nophosphate. 25. A process for converting a feedstock into one
or nore obefinfg) pi&e20ofdny dftaifeddso 36 klieseiptlpapeass By Uisassi ng at | east
one hydrocarbon through a syngas p{oductiqn one to Epgucq 8m§gﬁthesis
gas stream thempyistsibsisepgdsnyedeans BEraR FEtan $ES@R T T OVEYont act ed

wth a catalyst to forma feedstock conprisi dveQiag @xygenat e;
and the feedsﬂ@éRe%%ﬁﬁ¥P§PH§mBﬂo?@QE?rﬁggagkgg%ﬂ%%gggﬁpgined’in st ep

(i) is converted intq the ane;on, M.l el mbleasiansivagatalost he
proeess of anyC8FW?F%PHBQ§%89§ 5456 The process of any of claims 19 to
23 wherein the pLAgesonibikdRiciichmypehses the step of polymerizing the
one or nore olefin(s) in the presence of a polynerization catalyst into
a polyolefin. 25
24, The process of any of claims 18 10 21 wherein the feedstock comprises

methanol, and the olefin(s) include ethylene and propylene, and the

10 molecular sieve is a silicoaluminophosphate.

25. A process for converting a feedstock into one or more olefin(s)

(1) the feedstock is prepared by passing at least one hydrocarbon

through a syngas production zone to produce a synthesis gas
15 siream; |

(31) the synthesis gas stream obtained in step (i) is contacted with a
catalyst to form a feedstock comprising at least one oxygenate, and

(3ii)  the feedstock comprising at least one oxygenate obtained in step
(i) is converted into the one or more olefin(s) according to the

20 process of any of claims 18 10 22

26. The process of any of claims 1910 23 wherein the process further
comprises the step of polymerizing the one or more olefin(s) in the

presence of a polymerization catalyst into a polyolefin.
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