WD 031068395 1 1 0 J UL 2006 PCT[US02/34085 METHOD OF MAKI NG MOLECULAR

SI EVE CATALYST Field of the Invention [0001] This invention rel aﬁ ﬁs Lc? @

nmet hod of maki ng nol ecul ar sieve catalyst. In particular, this i \r‘«y P n
relates to_a of maki ng nol ecul ar sieve catal yst f ' nmol ecul ar
si eve cat aI“{&? ﬁ?gl cl es. Background of the Invention 100&gmwrlrﬁﬁsécul ar
sieve is generally a m croporous struct ure conposed of eit her crystalline
al um nosilicate, belonging to a class of lmaterials known as zeolites, or
crystal line al um nophosphates, or crystalline silicoal um nophosphates.

Mol ecul ar si eves CapipligraBisy MaRIYE VBEREULARSTETE EATWLYSY rom a reaction
m xture conprising reactive sources of silicon and/or alum num and/ or

phosphor ous contai ni ng conpounds, usually in the presence of one or several

or gani ¢ am ne E{G@Oﬁbg&n‘%ﬁﬁgﬁmm umsalt as structure directing agent, also

known as tenpl ecul ar sieve catal ysts are conpositions nade of
mol ecul ar si evppoopart i dthﬁnmnﬁlreﬂﬂgablaemetml dfosakinganslecllasidvar ger than the

nol ecul ar sieve co onen e nol.ec Si ev atal cles can al so
i ncl ude ot her “¥¥¥fo ct#sd‘%"eﬂp%l 3§es e p e F‘?%E’gc‘*@?ﬁll

optionally ot hﬁévmwsyfrbﬁaiﬂeam&&mamemmy&t§¢tﬁae@s rare earth rret al

oxi des, transition nmetal oxides, or ble netal conponents. 10004)

Conventi onal nBetkgtsmdpf e inyeglion| ecul ar sieve catalyst particles include

m xi ng toget hei?oggl eCUl@&oﬁ'c m?f%cis Eén {Lﬁ?’a nﬁgrop@ohs &ﬁcﬂfr@@cﬁ%ﬁb@& &nal

conponents suc fill'ers an ca onents mXxture is
typically stireidgr cnysﬁbxhuh]unmdsdmﬁbrbakmgniguo ayclasmfdn&temlsknnmmm s dried to

O o oot e S BallhiSh o S L BB RSRELL ' {5365,
For exanpl e, VQoRRhRiSiavesdasbé nB@Shythyeithaghal @ stilRkitidg frofDh ﬁ@@tio@r si eve
catal yst. The nethod includes the steps of m x]ng_together a
mixture comprising reactive sources of silicon and/or aluminum and/or
phosphorous containing compounds, usually in the presence of one or several
organic amine or quaternary ammonium salt as structure directing agent, also
known as template,
[0003] Molecular sieve catalysts are compositions made of molecular sieve |
particles bound together to form particles larger than the molecular sieve
components. The molecular sieve catalyst particles can also include other
components such as binders, fillers, like clay, and optionally other catalytically
active agents such as rare earth metal oxides, transition metal oxides, or noble
metal components.
[0004] Conventional methods of making molecular sieve catalyst particles
include mixing together molecular sieve and binder, as well as other optional
components such as fillers and other catalytic components, The mixture is
typically stirred in solution to form a slurry, and the slurry is dried to form
molecular sieve catalyst particles. Following drying, the particles are calcined to
harden, as well as activate, the catalyst particles.
[0005] For example, WO 99/21651 describes a method for making
molecular sieve catalyst. The method includes the steps of mixing together a
molecular sieve and an alumina sol, the alumina sol being made in solution and
maintained at a pH of 2 to 10. The mixture is then spray dried and calcined. The

calcined product is reported to be relatively hard, i.e., atirition resistant,



nmol ecul ar sieve and an alumi na sol, the alumna sol being nmade in solution
and maintained at a pH of 2 to 10. The m xture is then spray dri¢g Japdos
calcined. The calcined product is reported to be relatively hard, i.e.
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Pat ent No. descri bes another nmethod for making nolecul ar sieve
catalyst. The catalyst is nade by m xing together a silicon containing

oxi de sol as. a binder material and a | ecul ar sieve material. The pH of
the m xture is adjusted prior to spray drying. Follow ng spray dryi ng, the

catal yst mat egm@k IS Qﬁb@ﬂ&ﬁm%ﬁs’xmzadefsérmemmh&%ﬁida%rm% whi ch is
reported to be relatively hard, i.e., attrition resistant 071 Duri ng

t he manuf act umelestlangievscataliist. sThecatalyst isimpade by suxiag jogethend siliedies  can be nade
whi ch have Unggshibd g'o%dpgaa%tbm?r REEHa 30 Y AERLIR B ALkl T8O pi €51 Stance
article size pro

properties or perties han™ di scar di ng
such cat al yst ome tmxthmss ad_]UStﬂd)pﬂ(nl tdosprigedrgingc iFalloWiugfspmyi da'mgtheod t hat

allows for the atal arficles.to L e cture So as to
o ovi de _pr optitty & Al i TR iR adist BERRHYA SRl pRlet R o

Summary of thﬁ)Hd}b’]@ﬂ{ré}@ﬁaﬁw&}mﬁbﬁﬁgshﬁﬁﬁnt‘I on provides a nethod for maki ng
nol ecul ar sieve catalyst particles fromcatal yst particles which have

certain undesl308Bl e pr ftheganuf ?Wé@g@ﬁ@éulmt%‘?‘@ CFWéhP?télﬂfStmaBWedes for the
remanuf act uri %&rme&ﬁwlﬁéﬁ e RhddsFabldBlolbribs &Eh aohRfekitAfe Shftigg catal yst to

provi de properties are acceptabie’to the user or manufacturer. [0009]
| n one enbodi resistanca nrrepthssorpmdmrdﬁdpa'tlnietsm@rqpﬁrtmkRatgembaIecuI ar sieve

catalyet: oy ESHTe SERtR et fiifohRherioad s08h BRI W n et or
to forma waklégwsfot ﬂ:b)é&thly@@‘ﬁﬁﬁﬂesttb be fenthufatiiied@r tdtgcledbeis 16 ptafidest

conposition to forma, s|urr and d). drying the slurry to formparticles of
a rsrgcon d dri earomﬂng%wplgia agelaégg)tab cto)the us%r orgmanu acturer. y P

Summary of the Invention
[0008] This invention provides a method for making molecular sieve
catalyst particles from catalyst particles which have certain undesirable properties,
In essence, this invention provides for the remanufacturing or recycling or re-
working of molecular sieve catalyst to provide properties which are acceptable to
the user or manufacturer.
[0009] - In one embodiment, there is provided a method of making molecular
sieve catalyst particles, comprising

a) providing a first dried molecular sieve catalyst;

b) combining the first dried molecular sieve catalyst with water to form a
water-catalyst composition;

c) mixing the water-catalyst composition to form a slurry; and

d) drying the slurry to form particles of a second dried molecular sieve
catalyst.

[0010] In another embodiment, there is provided a method of recycling molecular
sieve catalyst particles having undesired properties, comprising
(i) mixing a composition comprising molecular sieve, binder and water;

(i1) drying the composition to form a first dried molecular sieve catalyst;



catal yst. [00101 In another enbodinent, there is provided a nethod of
recycling nol ecular sieve catalyst particles having undesired properties,
conprising (i) mxing a conposition conprising nolecular sieve, bingey 0t
water; (ii) drying the conposition to forma first dried nol ecul ar sieve
catal yst; Iwv®o3lddk392006 WO 031068395 PCT/ US02/ 34085 3 (iii pceaibi/nosg at

| east a portion of the first dried nolecular sieve catalyst wth water to
forma water-catal yst conposition; (iv) in Xi ng the water-catal yst
conposition to forma slurry; (v) drying the slurry to formparticles of a
second dried nol ecul ar sieve catalyst. [00111 In yet another enbodi nent,
there is pr Ovi ded gidyesrpilingfat taktiaj@rtion ofelecfire] difed Mdlsmlae dlcat yailyst

conposi ti on risi n% mﬁ)rovi di gtgl first dried nolecular sieve catalyst
particles, Vatere torm & apercalaly shacERaTieRisi eve cat al yst particles

yi el d, upon caI Ci n| miAng BleGhNQatsEEoMREIDh @/ RHAAEARSY; t | on having greater
than 5 wt % cat al y particles having an average particle dianeter greater
than or equal to Zw0irvingthrdurtiodfpinnpaticlenef afered dyisdaralecatar siceye cat al yst
particles with yater to forma slurry; and drying the slurry to formthe
mol ecul ar sieve catal yst conposition. 100121 In all enbodi nents of the
invention, it [D81Lpref ebr ahdth&rehfbediumh\athera:ismtﬁvi@d amn¢thod d!femﬂdim§a dried

nol ecul ar si eve ca . 95wt %

Cobetanti all y FoEdigistt SRR doRoRsfln, cORSEUNE Pe i BhEt afdindecdi®e ot er

is at a subst ayi&vbahthtysmmdlést whtteRrthefirst driedidledularGievt thalyfigadicleed nol ecul ar
si eve catal yst particles, nggﬁé’glce e f| rst dried npl ecul ar sieve catal yst
1 i

may be uncal ci¥igé ueR caigip glepnlgrsinye SPWPosIEQN haying gneaterdhagn| v~ t he
tenpl ate naterg @ ol Gtahit ﬁ&llaés ﬁévﬁi@antab&agaw@cleei@@bﬁ g&gtepihaﬁ Bf &jdy! am ne,

cycl ohexyl am ne, &I peridine, dipropylamhe, pyridine, "isopropylam ne,
t et r aet hyl amtods mns'amst;sombmmgtm qdmequlaesemcaft@w.@]irtﬂc eswsst pvaéﬁerred t hat

the first dried.nmol s(imlr)"f"ranﬁ S &1@%%%0 £y Bb B ular sieve catalyst

composition.

[0012] In all embodiments of the invention, it is preferred that the water

combined with the first dried molecular sieve catalyst comprises at least 95wt%
water and/or is substantially free of any molecular sieve particle. Preferably, the
water is at a substantially neutral pH prior to combining with the dried molecular
sieve catalyst particles.

[0013) The first dried molecular sieve catalyst may be uncalcined and may
thus contain ternplate material. Preferably, the template material is selected from
the group consisting of triethylamine, cyclohexylamine, piperidine,
dipropylamine, pyridine, isopropylamine, tetraethyl ammonium salts, and
mixtures thereof.

[0014] It is preferred that the first dried molecular sieve catalyst and water
be mixed so to break apart the particles of the first dried molecular sieve catalyst.
[0015] A slurry is formed, preferably having a viscosity of from 100 cP to
9,000 cP measured using a Brookfield LV-DVE viscometer with a No. 3 spindle
at 10 rpm, and a solids content of from 10 wt % to 75 wt %.

[0016}) The slurry is then dried to form particles of a second dried molecular
sieve catalyst, Preferably drying is by spray drying.

[0017] The particles of the second dried molecular sieve catalyst may be

submitted to calcination. Preferably, the molecular sieve catalyst particles



be m xed so to break apart the particles of the first dried nol ecul ar sieve
catalyst. [00151 A slurry is formed, preferably having a viscositiy aff figom
100 cP to 9, 000 cP neasured using a Brookfield LV-DVE visconeter with a No.
3 spindle __at rpm and a solids content of from 10 W gergsoe?Buod %
[00161 The QlﬂﬂPﬁﬁg’/”. s then dried to formparticles of a second dried

nol ecul ar sieve catalyst. Preferably dwl ng i s by spray drying. [0017] The
particles of the second dried nol ecul ar sieve catalyst nay be subnmtted to
calcination. Preferably, the nolecular sieve catalyst particles 1 0J UL

2006 WO 03/ 06%%&%8@?&}1%@%@@6@%@@@%&%@1&&/mepremalﬁjk/ﬂﬁﬂ of not
greater than 1 wt 9%hr, preferably not greater 5%"&%@@% , host

preferably notBrefieaias 0.7 whik/y, mogtpropgmply n&?ﬁfF’HPr Pe size such

that 50 % of thge anrhaelsfzé sm\’cﬁaﬁo% am&eaml:eggﬁe o diaRed0argt? a3 mal | er
than 150 j . 100181 The first dried nol ecul ar sieve catalyst preferably

colrrprl sgsfa gim asommaliet theph¥bphat e nol ecul ar si eve, nore preferably

35 SAPO- 44,
;iPeOCtSE, A{_gg@@@;‘gr Ouiﬁ%@ﬁg‘%&eﬁ%@g‘f@cgﬁﬁg&ﬁ%ﬁﬂ pl?rreé?e Iél%gpgélggles t her eof
and m xtur es]c mgﬁgdm@hmphatmo@cpraeﬁlev@hio;e Ixefeaxbhesblefctedrﬁdmmegmypp
ol ecul ar 51 e BSRUBLESAP Oa SARCE o SATO el SR TSR AL B dent, ¢ ne

first dried Mﬁqp@arm&h@bﬁmﬁﬁﬁ YRbulhiSsicves @efest] and h@;mﬁebﬂleﬂaro@,tepeﬁonsl st! ng
of silicoal uni nphosphate rml ecu ar. sieves havin AEl _or a conbi nation

of CHA and AEIM4re graserablk selggied fromtheogroumgonsisting o %ﬁﬁ%ﬂ‘%ﬂﬁ%ﬁf si eve

cat al yst may dsting of
hydrat ed al um@%}%‘b %Emcégﬁogln%’&?ﬁg? E?&%%S%?llg?}éggl g(ﬁ(s)é*fa Igfr%gl?or afiller
sel ect ed fr omthdreofg iimarpﬂmmm'bedlmgt ﬁfeftri;talylsql motﬂcalpr sigyrecatabysp sselectotts and

B N R T
t he catal yst pzHAjAEERsa co&ﬂii@lnobefﬂHAsammeltfmﬁmbmﬂc*@bm nati on, have an EMARI
of equal or | 6[88195 han c7 }Al'rtst dried molecular sieve catalyst may also comprise a binder

selected from the group consisting of hydrated alumina, silicas, and/or other

inorganic oxide sol and/or a filler selected from the group consisting of clays,

clay-type compositions and mixtures thereof.

[0020] The present invention also relates to a calcined molecular sieve

catalyst composition comprising catalyst particles, wherein the catalyst particles,

after being submitted to calcination, have an EMARI of equal or less than 0.7wt

%/hr, preferably less than 0.3 wt %/hr.

[0021] The molecular sieve catalysts prepared by the method of the present

invention are useful catalysts for the conversion of feedstocks comprising at least

one oxygenate into olefins.

Detailed Description of the Invention

[0022] This invention provides a method for making molecular sieve
catalyst particles. The method is accomplished by combining a first dried
molecular sieve catalyst with water to make a water-catalyst composition, making
a slurry from the water-catalyst composition, and drying the slurry to produce a
second dried molecular sieve catalyst. The method particularly provides for the

re-manufacturing, recycling or re-working of dried or substantially dried, or



% hr, preferably less than 0.3 wt % hr. [0021] The nol ecul ar siev cg %ﬁfSts
prepared by the nethod of the present invention are useful catal ﬁgtJ f
t he conversion of feedstocks conprising at |east one oxygenate into

ol efins. Da;oadt Lg% }f)escrl ption of the Invention [0022] Thi gct/py@nlidsen
provi des a or maki ng nol ecul ar sieve catalyst particles. The method

I s acconplished by conbining a first drigd nolecular sieve catalyst with
water to nmake a water-catal yst conpositi'on, naking a slurry fromthe
wat er - cat al yst conposition, and drying the slurry to produce a second dried

mol ecul ar  si eyl #i¥Eholedilfr daafefeeﬁlye@ k4 Jictdl cafamétdpa([)rememﬁh bRpertiibe

re- manuf acturing, recycling or re-working of drie substantially dried,
or 1 0 JUL 2008t e acsirbbsoshesty aspaufites. Sugfapropeatiesarg usely nol ecul ar

sieve catalysigddatingt fhoRRba it RluBAibethffysHts LRALEPPhd:E Bopeltllg! are

acceptabl e to the user or acturer properties afe usual y
observed aft elindiliie adedpéthlenmriricieibizg, paitielesize distibypsion,i partocdd ddnsiéyd andhese
properties i nclup ceptable particle size, particle size distribution,
particle denS| j’ﬁffﬁl article hardness. (00231 According to the invention,

the first dri qohzlspl ec uhadordih€¥ethe Bivahtion| the $irst dgebmoRGult dibvewataist 5o form a
wat er - cat al yst conposition. The water with which,  the fi rStmctj]él ed nol ecul ar

sieve i s conbicABAINE Wil IaeTita A asvater-GRialet comppsitionsThepuater with whishi si ng at
least 95wt % Wafl Lfirst RBlid18RA sile ls%aﬁﬁm%a sty Ppure (RS, 1Rt 8, Waltp! v at

| east 98 wt % water. The water nmay optionally contaln less than,5 w %
preferably | esemptising & loastPSwifidwatsy, praferably pblsesy 97 84% waternmeu % ot her

conpounds. - N g 1,0 SRR R0E] S GARNATEI I5hUAaRRNO! o

al dehydes, ers oxXI ydrOX|des
aci ds, bases wit@preferaisly ldsk ﬂlanelth%emd mbyeghreferablyless tirmPyh’s, bther wat er shoul d

contain 25 1hhSa8. RERTithsy Smmlene i LaneL SOMRRIERLS, | any event
essential |y f rpeRhpfesadiers, BBERCIaHEAsoRbR\ArbBAIES, 6kifes, hy®oxiHBECadi@d, er contains
|l ess than 1 wt % nol ecul ar _si eve.

bases, water soluble polymers. Preferably, though, the water should contain as

little as possible of such additional components. In any event, water with which

the first dried molecular sieve composition is combind is essentially free of any

molecular sieve particle, i.e. the water contains less than 1 wt% molecular sieve.

[0024] In combining the first dried molecular sieve catalysts with water, the

order of addition is not critical. The first dried molecular sieve catalyst may be

added to water, water may be added to the first dried molecular sieve catalyst or

water and the first dried molecualr sieve catalyst may be combined simulaneously.

[0025) The water-catalyst composition contains particles of the first dried

molecular sieve catalyst and water. Optionally, other components may be added

to the water-catalyst composition. However, the water-catalyst composition

contains no other molecular sieve than that originally present in the first dried

molecular sieve catalyst. The process of the present invention thus differs from

other catalyst recycling processes in which the recycled molecular sieve catalyst

particles are mixed with a slurry containing additional molecular sieve. In such

processes, the water-catalyst composition formed during the recycling process

contains additional molecular sieve, i.e. molecular sieve that was not originally

present in the recycled catalyst particles.



[00241 In conbining the first dried nolecular sieve catalysts wth water,
the order of addition is not critical. The first dried nol ecul ar ﬁlﬁz%
catal yst may be added to water, water may be added to the first hiPiJaG 2006

mol ecul ar g falyst or water and the first dried mobggnRds4fdseVe
cat al yst rrg/(?%@ﬁg%nbi ned simul aneously. - [0025] The water-cat al yst

conposition contains particles of the fiyst dried nolecular sieve catalyst
and water. Optionally, other conmponents hay be added to the water-catalyst
conposition. However, the water-catal yst conposition contains no other

mol ecul ar si eygpdehan tid fidf drtdnadiecnl R 5B EHralidd id 8del dficatalydf dapskiesmol ecul ar
si eve catal yst. ocess of the present invention thus differs from

ad
ot her cat al ysﬂﬁ@t@é&mobﬁlém&mﬁ@leﬁhpw togrther s fpemeatahist etidlesr si eve
catal yst  par 46l ef ALE i@viRH1 Wolddudr s?édé&{a%ﬁcfe@.m[ﬁé Hfoﬁﬂuﬁfigﬂe' QR@Yst Mol ecul ar

sieve. In such “processes, the water-catalyst conposition fornmed during the
recycling progegisles candlst meludeldiber comglonentd sichhafillers,dike clay, and atldrecul ar si eve

that was not qrigi.nally.. present in the r | ed talyst particles. 1 0 JUL
2006 WD 03/ Oégtﬁ%c%%ﬁggﬁ%ggo%ge pé%%ﬁ%ﬁ’gp?qn?gt dried nol ecul ar sieve
catal yst is mgR7pf carid fst drirdmidledubs siewhiéatdlye bl propertied tstithake itSi eve
particles bound together to formcatal yst particles,  larger than,the

i ndi vi dual roMBRgeRle fer it iatepdgdiyse. LThe progeat iggrndion pryvidss apiethodialioying

particles can t@}e%fcléﬁﬁk&%xﬂuﬁﬁﬁn&@ﬁ&ﬂﬁ&l@éﬂmﬁ&@ caﬁlgzétitb bfSdBee nevke clay, and
other catalytically active agents, for exanple, nefal Conpounds. [0027] The

first dried mmadenylagsicvs eajalys hevihg e dasieed prapseiiesi es that nake it unsuitable
or its int 'engwsriesuc(ﬂ%&ﬁ%g%ﬁ}tgb‘g fh}%rﬁﬂﬁolnoﬁhe%rrﬁé/ahgﬁﬁt ef@%{ﬁ?e‘[q}s@& jowing  to

recycle, or r ecuf ar sreve cata 0 produce new
nmol ecul ar si efenctt alofstilan sieveneptdlyme hakdseen adbnpttabierticatas 2 dpAP&1 For pur poses

of this invention, drLi nea that .the . m xture used t formthe | ecul ar
i eve cat al ysiorite BRI S A Pett AP o HeR 158 A i B ISR AP nd ¢ bt
has not been g Kquitesed FuHBHtha niRuABRRS alkd AlferRdd tb @afkmalaied, bE e of the

| iquid used during the manutacture, also referred to as fornulation, of the

catal yst has aelySrharboagremeyed. fie mstho pf the dnvepiarands veehwie used with
mol ecul ar si eygCalAkEeE cAAPRASihboAbhs HoRIMN G2 HolR dskdb thatSachudeOT

manuf act ure
has been partially, substantially or totally removed.

[0029] After such drying, the molecular sieve may still contain structure
directing molecules (templates) used during the preparation of the molecular
sieve. As used in the present description, drying does not include calcination.
Calcination is essentially a combustion process that takes place at a higher
temperature than that of a drying process. The calcination process takes place
preferably in the presence of an oxygen-containing gas at a temperature from
about 200°C to about 300°C, preferably from about 250°C to about 850°C, and
more preferably from about 300°C to about 800°C.

[0030] In order to determine whether a dried molecular sieve catalyst has
acceptable or unacceptable properties, it is usually necessary to calcine a portion
of the molecular sieve catalyst to determine one or more properties. If the portion
of calcined catalyst demonstrates one or more undesirable properties, the dried,
but uncalcined, remaining portion of the catalyst is combined with water to form a
water-catalyst composition. The water-catalyst composition is mixed to from a
slurry. The slurry is then dried to form the so-called second catalyst particles. A

sample of this material can then be calcined and re-tested for the desired



has been partially, substantially or totally renoved. [0029] After such
drying, the nolecular sieve may still contain structure dlrectlh@JﬂbQ@&ules
(tenpl ates) used during the preparation of the nolecular sieve. As used in
the presenyodsegsdsPtion, drying does not include cal ci naticafusoy/$fsi nation
S essentla?ly a conbustlon process that takes place at a higher

tenperature than that of a drying process. The cal ci nation process takes

pl ace preferably in the presence of an oxygen-containing gas at a
tenperature from about 200C to about 900C, preferably from about 250C to

about 850C, gigperdBR! €f thE aésa{e@pio;seﬁlwﬂ»eaaﬁeuedsﬁamkeeraﬁﬁaﬁr oB8RC. [00301 In
order to determ ne whether a I ed mol ecul ar sieve catal yst has acceptable

or unaccept alfeeongddpse Fatplyet mqytbe,cglcggegdf fspined  HORs PYIOE RGPS portion  of
t he nol ecul arshﬁ'n%i’ef‘chfe%@'tﬁ(éﬁroéé&s Q@ﬂs%@?e?@at%tﬁ’ GatlfiPicRrPlaRgl febgg. |f the

portion of calcined cat’al yst denonstrates one or nore undesirable
properties, tdwadicved and thetremaindéreil dued catadys ican thgn boealeined, dfdesied. cat al yst i s

oper! ! es. p Th
combi ned ¢ Myl b i D Rem 0L Sl G ANSE ORARLL dull ThE

wat er - cat al yst conposition 1s slurry is then
dried to formﬁdm&cammg@kdoestesecond catal yst particles. A sanple of this

mat eri al can al ci tested r.th esire J UL 2006
WO 03/ 068395 | USOZ ’3%%‘%30%“{5?“38@&??’8’@‘% H‘E“&E'seg b‘E%BEY‘i ies are

achi eved, theftayiecon@ii Baplatedhatbite. To@pIARMNAERSE ofiad awseme&aﬂué@@rec al ci ned,
| f de5|red If one or nore properties are _still not achieved, the process

steps are reﬁb@?’@lﬁ agRets, aI%ﬁt%?%é?@?@“@égfhlch@f%%ﬁFQ@akeéh%mé[&tﬁnlé@ed and the
remai nder rﬂ&l}a&fi‘ar%?eﬂr@% foﬁ‘ﬁ%&ﬁ&yf‘fﬁé §ibl3&Har s'lécve?%%ﬁs?a‘i'h The i nvention

i's thus extr y usefu tor and optim ze cata nuf act uri ng
processes. [ CO3dfurelin fcameémhmhmmnualb'fwnaheammu@hb temmplate tnatefruak st dried

nmol ecul ar cata nt ai ns terjal.. T ate materi al s,

often al so cgpﬁ"'ezé strgg?{?m?t%ﬁﬂ%ﬁql ﬁgﬁﬁﬁgﬁ’tﬂs,eﬁﬁ%‘%ﬁﬁeﬁ#&@ﬁ conmpounds whi ch
are used to nmkmositien. c]it)ﬁ&llaizdnumﬁy beinesud Aomshevsesnd dXud dagilshe formati on of
t he nol ecul ar si eves, cryst lléﬁ] structure is fornmed which essentially

wraps ar ound CRPOsiEARjofomm Gasalyst posppgsiionREpdy: tt%nli’\lﬁ I5ti11 be present
in the first wpiaf ©AbAY S calcination or other chemical process such as an elution type

process, which leaves behind a vast pore system within the crystalline structure.

The pore system is generally referred to as an intracrystalline pore system.
(0033} Representative templates which can be included in the first dried
catalyst particles include tetraethyl ammonium salts, cyclopentylamine,
aminomethyl cyclohexane, piperidine, triethylamine, cyclohexylamine, tri-ethyl
hydroxyethylamine, morpholine, dipropylamine (DPA), pyridine, isopropylamine
and combinations thereof. Preferred templates are triethylamine,
cyclohexylamine, piperidine, pyridine, isopropylamine, tetraethyl ammonium
salts, dipropylamine, and mixtures thereof. The tetraethylammonium salts include
tetracthyl ammonium hydroxide (TEAOH), tetraethy]l ammonium phosphate,
tetraethyl ammonium fluoride, tetraethyl ammonium bromide, tetraethyl
ammonium chloride, tetraethyl ammonium acetate.

[(0034)] The first dried molecular sieve catalyst used to make the catalysts of
this invention can include any of a variety of molecular sieve components. The
components include zeolites or non-zeolites, preferably non-zeolites. In one
embodiment, the molecular sieves are small pore non-zeolite molecular sieves

having an average pore size of less than about 5 angstroms, preferably an average



conposition. It will eventually be renoved fromthe second dried catal yst
conposition to forma final catalyst composition product. The tenpgage 006
typically renoved by cal cination or other chem cal process such as an

el ution tywpgoRhasRSS, Which | eaves behind a vast pore sysicaisohsdop the
crystalline structure. The pore systemis generally referred to as an

intracrystalline pore system [0033] presentative tenpl ates which can be
included in the first dried catalyst particles include tetraethyl anmonium
salts, cyclopentylam ne, am nomethyl cycl ohexane, piperidine,

tri et hyl am nepor€¥icd RbgMmy e aut 3 fd 5 @ighydms, MedE areseinly fami Neto @1 phol i ne,

di propyl am ne (DPA), pyridine, iso rppa)ﬂyl am ne_ apd conbi nations thereof.
Preferred tenPBgf@ERs. o185 Pore FIRsA a&ﬁ&ﬂé‘, of Rleaitar sipvehayie Sipabsies ne,
pyridine, i sog,{%gpyl am ne, tetraethyl ammonium salts, dipropylamne, and

m xtures thereot. The tetraethyl ammonium salts include tetraethyl anmonium

hydr oxi de ( TEAOR], t eGonwentiphal sristalingralymipesilinatecgeoliteehavarg ¢ajalytionmoni um
fluoride, tet ' ' l. ' i de,

t etraet hyl aé@mﬁcggﬁ%@eﬁ%%%ﬂ&%ﬂé&ﬁaﬁg?‘lgﬁéiuela m%&%ﬁ@%?gve cat al yst
used to nake tisdneatiah.yBianpdés oftsheiszeblite emtdrials avadescribddlid &7.8uBat.Mfosa vari ety
of nol ecul ar sieve conpo . Fhe. G onents include, zeolites or

non-zeol i tes, iﬁ&@e“ra&g}%ﬁﬁgﬁz@& ?’?‘%‘gghn%ﬁ "E?Hﬂa_oraéﬁﬁ&‘ﬁ?lﬁé’ﬁlr? °ERE: nol ecul ar

si eves are snRbA-liR@if Xampks of tdofitedWhRhlehi be SPNSEd iniBY/pragicddf BNEr age pore
size of |less than about 5 angstrons, preferably an average 1 0 JUL 2006 WO

03/ 068395 PCTIRVEtiPnIaciade both satural padsypthiatis 7egliteso Ahiess Geqlitss ingfud® angst r ons,
f bl V1 . . " i nypi cal of
Tor @ P €1 e1 Dkl 83 sfydfhaftyfes ANARLIOTR " ATRESE7 BRNEShEGSIAN Bel VP! O3 O

nmol ecul ar si eves having rings. nventi onal “Crystalline
al um nosi | i catdited bpICht BaerlvakdrnWy . MaMaiepth.H. Olson, Rifth Rewised ethigém.abl e nol ecul ar

sieves that c be wsed in ' the cata t.of .this jnyenti.on. Exanpl es
of “such zeol | ERei BTGyl 20188 dhtFniihe B hlen Y pbOtpfieled ER g 14 G
3,944, 482, Dbotefer@fcewhi ch are i ncorporated herein by reference. Non-limting

exanpl es of zeglites whigh cap be enployed in the pracfice of thi
i nvention, int3e botdsoltss WP‘&PJ?%WG§9ﬁ§%ﬂpﬁl@é§}(§¥‘§§bﬁm@§8‘“2% ites

i ncl ude at least about 2, and have uniform pore diameters from about 3 to 15 Angstroms.
They also generally contain alkali metal cations, such as sodium and/or potassium
and/or alkaline earth metal cations, such as magnesium and/or calcium. In order
to increase the catalytic activity of the zeolite, it may be desirable to decrease the
alkali metal content of the crystalline zeolite to less than about 5 wt. %, preferably
less than about 1 wt. %, and more preferably less than about 0.5 wt. %. The alkali
metal content reduction, as is known in the art, may be conducted by exchange
with one or more cations selected from the Groups IIB through VIII of the
Periodic Table of Elements (the Periodic Table of Elements referred to herein is
given in Handbook of Chemistry and Physics, published by the Chemical Rubber
Publishing Company, Cleveland, Ohio, 45th Edition, 1964 or 73rd Edition,
1992), as well as with hydronium ions or basic adducts of hydronium ions, e.g.,
NH,", capable of conversion to a hydrogen cation upon calcination. Desired
cations include rare earth cations, calcium, magnesium, hydrogen and mixtures
thereof. Ion-exchange methods are well known in the art and are described, for
example, in U.S. Pat. No. 3,140,249; U.S. Pat. No. 3,142,251 and U.S, Pat. No.
1,423,353, the teachings of which are hereby incorporated by reference.



zeolites of the structural types included in the "Atlas of Zeolite Franmework
Types" edited by Ch. Baerlocher, WM Meier, D.H dson, Fifth Regijgedils
edition,, Elsevier, Anmsterdam 2001, he descriptions of which are

i ncor por at &g BekSdn by reference. 10036] Zeolites typi capdipuspaness
silica-to-alumna (Si 02/ Al120G3) nole ratios of at |east about 2, and have
uni form pore dianeters fromabout 3 to 15 Angstrons. They also generally
contain alkali nmetal cations, such as so6di um and/ or potassium and/or

al kaline earth netal cations, such as magnesi um and/or calcium In order to
i ncrease the pagfl Yti Gxambie¥of YeoRifes kb8! hdetn tHid ind@itioR SndheRiligh! € to
decrease the "alkKali nmetal content of the crystalline zeolite to |ess than
about 5 wt. 9porpeesiidgsamiedium posszaokites, aag smell posgizeolitss. o dprggopase prodifeer abl y | ess
than about 0. g Wy Yas Jgﬁe%lzg@f5?1/¥rﬁh%clﬁ3ﬂ&&%c %ﬁ&%&ﬁ AMAZSMES, known i n
the art, may Be co’rg uct y exchange wth one Or nore cations sel ected
from t he G ouBAUl EXT. Hixaogples\of largeopore mmolitePdnciusidizeolifa bl zeobife Elzenlitat s (t he

Peri odi ¢ Tabl e tsprefer t b 4145 j ' bpok of

Cher st ry and PyETEsoRpin P B BN AsVE 2 2 HE M PSS RY S Corpany.
C evel and, OhinediudGiote figk Eatyst gdibpalydias 4 pord siz8i<7i A preferkBYZom sl | as with
hydroni um i ong or, basic, adducts of hydroniumions, e.g.,  NH4 capabl e of
conver si on toi{}(’ ﬁ%ﬁtéée’?ﬁ{ Bé’gtgie’éﬁ{alﬁb@ﬁ%?:fﬁlaﬁ?rﬂﬁ?ﬁ‘i?ﬁ?‘Stlﬁgé‘g?LEdot‘b}ﬂ%i ons incl ude
rare earth CabeRitsbl S5uE 1| 0! FherBROHE AT ctided HRUBRIAS M1 NiEw! RErw! her eof .

| on- exchange net hods are wel|l known1n the art and are described, for

exanpl e, in UEEO, PEET, ), FERL a0] PQ0t. Hyamplepaf medipm @rezepliegncleded U, S, Pat .

No. 1,423, 35 i i r - ; ref erence.
10302006 oL OhASSES R 7SRl K oh et g ¥ BACH RAE S Bioll  { C.

suitabl e for aisat3 A tbhbsutiSAnCeneraily cheusbee dpprtges ofthe atractadeicbesist ofredi um por e
zeolites, and_.small pore_.zeolites. A ] ar re zeolite egnerally has a
pore size of S9mAbaY ﬁoﬁgf H&%&ﬁ%ﬁh"i‘{%n& Ee%mﬁ%'&%“wgw&]l%ge FXU, EMT.
Exanpl es of | arge FROSIEFEZ GV LOBLTAC E¥ARpléL siraB pore 266k idcudé.Zzizgol ite X

offretite, orreg% Beta, nordenite,. ZSM3, ZSM4, ZSM 18, and ZSM 20. A
medi um pore sZhed@ealie Pszealiinbremelipity, ghingptiplite, dhabasiteamdreriqpites Bhaabl y fr om

about 5 Ato : ertures consi st of about
about 5 A L0 kaPallo SmAd sHRRRIHeL tnd MEnRALERP

[0038) Non-zeolite molecular sieves can also be included in the first dried
molecular sieve catalyst particles used to make the catalysts of this invention.
Preferred non-zeolite molecular sieves include metalloaluminophosphate
molecular sieves. .

[0039] The metalloaluminophosphate molecular sieve may be represented

by the empirical formula, on an anhydrous basis:

wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (MAl,P;)0; and m
has a value from 0 to 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 IA, ITA, IB, [1IB, IVB, VB, VIB, VIIB,
VIIB and Lanthanide's of the Periodic Table of Elements, preferably M is
selected from one of the group consisting of Si, Ge, Co, Cr, Cu, Fe, Ga, Ge, Mg,

Mn, Ni, Sn, Ti, Zn, Zr and mixtures thereof. In an embodiment, m is greater than



preferably about 10, nenbered ring structures and include MR, MEL, MIW
EUO, MIT, HEU, FER, and TON. Exanpl es of nedium pore zeolite incl ufg UL 7006
ZSM 34, ZSM+ 38, and ZSM48. A small| pore size zeolite has a pore s ejll‘rom

about 3 A Lo, AReHbs 5- 0 A Cenerally, the pore apertures- pépphfifsafssucture
consist of " from afbout 8 to 10, preferably about 8, nmenbered ring structures

and include CHA ERI, KFI, LEV, and LT, Exanpl es of small pore zeolite
i nclude ZK-4, ZK-5, zeolite A zeolite T, gnelinite, chinoptilolite,
chabasite and erionite. The zeolites can also conprise gallosilicates and

ti tanosi | i cat gequa 988] arhion y2Raliateyrimbafia Geqsil @¥691 GaRneh&0 be included in
the first dried nolecul ar sieve catalyst particles used to make the

catal ysts of embadimentands graater thar.dite dhouhbrkis srsrier thapfite abaus P28 ¥ifes i ncl ude
net al | oal um n I I '
u ﬁﬁﬁ@ﬁg@@oﬂp 496 152En Pl K the rz[:%g P o225 10 0. . nbore

met al | oal um nophos nol ecul’al 'sieve may be represente y the enpirical
fornul a, on apreferdbiamosiEolnds] Sto MR (MEemn ORI tOP. 2k és Bdm OR tod)s), asdniss at | east

one tenpl ati ng na@eﬂtﬂ,osoreferably an organic tenplating agent; in is the
nunber of ol a3t per nmole of (M A yPz)02 and in has a value fromO to

1, preferabl y[p048j0 O. Exadaphis od sietadoalugimphysphaie molecuiar Biedss which yay and z
represent the nole fractjon of Al, P and Mas tetrahedral ,oxi.des,. where M
is a netal sebeREEat ‘F‘Mﬁh@‘%’f‘n@ﬁ% Sieh Cqtlies Faye be deScriRgg in Gaikil vt g, VI1B,
VI1IB and La”fn%ﬂ!eﬁtﬁfs?umcaﬁ&?s iRQLdingtor clabbie 98, FhGh B §,56P08f erably Mis
selected fromone of the group consisting of Si, Ge, Co, Cr, Cu, Fe, G, GCe,

My, M, Ni, O¢APGwherMe BrMaddndnoufes UhdatsotNo 44087 BARONent . in is
greater than é\rgpé;agléf’raégl?gpylﬁgiggt}gﬁigg?55}3@2{ dﬁ‘g%gff&@ﬁée %P%s%s gdygl to 0.2,

and x, y and Z"a an or equal "to n"anot'her ~ ’enbodi ment, m
I s greater théndo, GafGe,doolit Mg, Ma, Ti gr&g) B1S. Patent Nb. #55408U(Fe®PZH, y is in

more pref er abi% PRI N #r 7R A 207 A 4n8S A HRDICER A BRI 1 om 0. 4

to 0.5, and zyiss Pakfitd0e. @,935120 6 (ZRAPI®)FA0A -0B06A 48b €S0 APSO), EP-A-0 158

metall oal um ngR R ARY, Sihere BL 16 Co, Fe, Mg, Min, T of 2, U'S. Patent No. 4,310,440
(AlPOy), EP-A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460 (LiAPSQ),
U.S. Patent No. 4,789,535 (LiAPO), U.S. Patent No. 4,992,250 (GeAPSQ), U.S.
Patent No. 4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (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 (MgAPSO),
U.S. Patent No. 4,554,143 (FeAPQ), U.S. Patent No. 4,894,213 (AsAPSO), U.S. .
Patent No. 4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and
4,793,833 (MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO),
U.S. Patent No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S.
Patents Nos. 4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos.
4,500,651, 4,551,236 and 4,605,492 (TiAPO), U.S. Patents No. 4,824,554,
4,744,970 (CoAPSQ), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937
(QAPSO, where Q is framework oxide unit [QO,]), as well as U.S. Patents Nos.
4,567,029, 4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876,
4,952,384, 4,956,164, 4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050,
all of which are herein fully incorporated by reference.
[0041] Other metalloaluminophosphate molecular sieves include those

described in EP-0 888 187 B1 (microporous crystalline metallophosphates,



be present in the first dried nolecular sieve catal ysts have been descri bed
in detail in nunmerous publications including for exanple, U. S (Pailefiib No.
4,567,029 (MeAPO where Me is My, M, Zn, or Co), U S. Patent No. 4,440,871

( SAPO) qu)chﬁ, of’at ent Application EP-A-0 159 624 (ELARRGwaRisfsE 1S As,
Be, B, C, , , G, Fe, Li, Mg, Mh, Ti or Zn), U S. Patent No. 4,554,143

(FEAPO, U. S Patents No. 4,822,478, 41,1683, 217, 4,744,885 (FeAPSO, EP-A-0
158 975 and U.S. Patent No. 4,935,216 (ZnAPSO, EP-A-0 161489 (CoAPSO,
EP-A-0 158 976 (ELAPO, where EL is Co, Fe, My, M, Ti or Zn), U S. Patent

No. 4,310, 440sA¥) (‘?ﬁﬂ))é)?\,bEPSFP@enlm. 8,504, § BEMARSDar sivandRat iallindlo. 4, 973, 460
(Li APSO), U.S. Patent No. 4,789,535 (LiAPO), U S. Patent No. 4,992, 250
(GeAPSO), U. Sarthmgtalh{U.§datent Agplicagon %@&W@) 09/8) 1§43Ff§‘ff<§ﬁ?bfﬂﬁy 24, 057, 295

(BAPSO), U. S. »dhaif até}phgdﬂocgaj%ngalaﬁ%&m WMo He4 PRl RBlishelt0S. 4, 759, 919,
and 4,851,106 (CrAPO), . S. Patents NoS. 4,758,419, 4,882,038, 5,434, 326

and 5, 478, 7875¢pkagtes() 2001 (th@iunpeangainingimnolesulgpsaevie).andBe Apoytak, U, S, Pat ent No.
4,894,213 (As : ents Nos.

4. 686, 092, 4,@5%%’%‘%&?0 ec‘@‘%ﬁ?‘% (WSWWIWBH@ME% 345, 011
and 6, 156, 931(1092)ARhich atd 48 heRd Anly iMmrpotatéBBy RBGefde APSO), U. S. Patent No.
4,940, 570 (Be , U Patents Nos.. 4 801,309, 4,684, 617 and 4, 880, 520
(Ti APSO), U. 008 o &%gr_e%erﬁaﬁ%é%ﬁ galpcilar sicyes szg%en&w&hﬁgﬁ%é?%gz (Ti APO),

U S. Patents NelecttarB3dhe2atdlyst fle {ifidoahiRinbH f (SAPCy mdtadubin bield, 4, 735, 806
(GAPSO) EP-A-0 293 937 (QAPSO, where is framework oxide unit [Q02]), as

vel | as U.S. #Haminpkosrge molpcalgrsienes andimgbsubstguted forgs theraof. 4, 793, 984,
4,801, 364, 4, 197, 917... , 4, : 5,

4,973, 785, 5. @%1093, I‘é’,"%@f‘%%@"%?ﬁ“%?@%%%ﬁ R bl B,
fully i'ncor pomay belpresent aftbe Grit dried 00lédilarGidve catalystadf lweaihvenition pivbsiphat e -

nol ecul ar si eves include.tho SGK i - 8 7 m cr opor ous
crystalline n%rleaquac‘fBWg%H%Df %é§APl‘9§ gﬁ‘tﬁle?d%g%ﬁﬁ@gégﬁob%gﬁ%éév US02/ 34085
11 SAPO4 (U B&PD.18U8.SPORR SAPONT., SAPOOH, 83B0(IHM Baryl-3d, Spirexg7,and an

al kaline earth_netal S.. Patent plication Serial No. 09/511,943 filed

U.
February 24, SABEFY( $«%\PQg41a§é80rf§2d§68 r oS Fateat Npyas 1924156 BARS 41/ 64340
publ i shed SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36,

ALPO-37, ALPO-46, and metal containing molecular sieves thereof. The more
preferred rolecular sieves include one or a combination of SAPO-18, SAP(O-34,
SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34, even more preferably
one or a combination of SAPO-18, SAPO-34, ALPO-34 and ALPO-18, and metal
containing molecular sieves thereof, and most preferably one or a combination of
SAPO-34 and ALPO-18, and metal containing molecular sieves thereof.

[0044] As used herein, the term mixture is synonymous with combination
and is considered a composition of matter having two or more components in
-varying proportions, regardless of their physical state. In particular, it
encompasses physical mixtures as well as intergrowths of at least two different
molecular sieve structures, such as for example those described in PCT
Publication No. WO 98/15496. In an embodiment, the molecular sieve is an
intergrowth material having two or more distinct phases of crystalline structures
within one molecular sieve composition. In another embodiment, the molecular
sieve comprises at least one intergrown phase of AEI and CHA framework-types.
For example, SAPO-18, ALPO-18 and RUW-18 have an AEI framework-type,
and SAPO-34 has a CHA framework-type. In a further embodiment the



Sept enber 7, 2001(thorium containing nol ecular sieve), and R Szost ak,
Handbook of Mbl ecul ar Si eves, Van Nostrand Rei nhol d, New York, Neﬁszlm
(1992), vvhich are all herein fully incorporated by reference. [Od Q
preferabl yy &I Rl ecul ar sieves present in the first driggysipsfgsl ar sieve
cat al yst are st 1 coal um nophosphate (SAPO nol ecul ar si eves,

al um nophosphat e nol ecul ar sieves and ngtal substituted forns thereof.

[0043] Non-limting exanples of SAPO and ALPO nol ecul ar sieves that. nay be
present in the first dried nolecular sieve catalyst of the invention include

one or a Conbhdledun@@w% cftideba mbhieof intSpfamlhaterfARbY hbn-inktAPrdwh/, SAPO- 18,
SAPO- 20, SAPO- 3 SAPO- 34, SAPO- 35, SAPO-36, SAPO 37, SAPO 40, SAPO 41,

SAPO- 42, SAP@l‘flt@rlaéu S. Patent No. 6,162,415), SAPO-47, SAPO 56, ALPO- 5,
ALPO- 11, ALPGoddk) ALPGhSfrst &kéﬂ%&éculﬁlsf’@e éﬁalyst%laf%@ﬁééﬂons%fﬂ%ﬁ and net al

contalnlng nDIecuIar si eves t hereof he noré preferred rol ecul ar sieves
i ncl ude one aontaindundsir, riﬂm—bmﬁmg emnmeqoﬁam@mmay begnesenidoneInmD- 44,

SAPO- 56, ALP onbi nati on of
Sap0 18, Sy nRnEelie dhip s FEEAREFERARL biican anBbr AnGTT] T

Si eves thereaﬁorgandoﬂdskolpr@ﬁepmﬁhyd aM1mcoataunm@suhaialmmmﬁn SAPO- 34 and
ALPO-1 8, and t.al ai.nin cuI ar ev 0441 As used
herein, the t& Oﬁ?WRa?%nb‘eilQo@ BH ?keglglﬁﬁ}"ﬂ etgﬁmomafﬁe"@onsi dered a
conposi tion Qg deket ﬁﬂhtc'fiﬁlé'tﬁﬂn{a\ﬁ@ls@lbeFf?&'s@xt@:@ﬂi@@ﬁl@l?&tscok@osmaﬁ MicR@s Rr opor ti ons,
regardl ess of their physical state articular, it enconpasses physical

m xtures as Veatrix gafijl tt@%%\maﬁyu@rlyaﬁeq t@%@t‘ﬂ trogdments Lipos heatngothecul ar si eve
structures, %H&E 8& saﬁxfé‘ rtw mﬂa%%@%ﬁdb HlaggCQHWLﬁtC@Bf on No. WO

98/ 15496. In | ment r steve 1s an ergrom h materi al
havi ng- t wo orexample a:hdmnnmtsobmbls:esvemtoemybmmlunrmn@tmnmmﬁmlkswng/mah| n one

nmol ecul ar et%/e {rp05| tion. In another enbodi nent, the nol ecul ar sieve
conpri ses at e i nt ergrown phase of AElI and CHA franework-types. For
exanpl e, SAPQol4h) ALP@hﬂ:&uﬁﬁﬁaMﬂ:ﬁatb&V}@dﬁﬁykﬁd dlurainRindbdeed ygle, and

SAPO- 34 hasaCHAfrarre .type. Jn a furt helOJUL
2006 WD 03/ G@g@g}gxwm yp naJso knownas:ﬂumxmum cl%omydro has the

general formula AlmOn(OH)UCIP-x(Hzo) whereinmis 1to20,nis 1 to 8, 0is S to
40, pis 2 to 15, and x is 0 to 30. In one embodiment, the binder is
Al304(0OH)14Cly#12(H;0) as is described in G.M. Wolterman, et al., Stud. Surf.
Sci. and Catal., 76, pages 105-144, Elsevier, Amsterdam, 1993, which is herein
incorporated by reference. In another embodiment, one or more binders are
present in combination with one or more other non-limiting examples of alumina
materials such as aluminium oxyhydroxide, y-alumina, boehmite and transitional
aluminas such as o-alumina, B-alumina, y-alumina, §-alumina, e-alumina, x-
alumina, and p-alumina, aluminium trihydroxide, such as gibbsite, bayerite,
nordstrandite, doyelite, and mixtures thereof.

[0047] In another embodiment, the binders are alumina sols, predominantly
comprising aluminium oxide, optionally including some silicon. In yet another
embodiment, the binders are peptised alumina made by treating alumina hydrates
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare sols or aluminium ion solutions. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, [Hinois, and Nyacol available from the Nyacol
Nano Technology Inc., Boston, Massachusetts.



12 nol ecul ar sieve conprises a mxture of intergrowm material and
non-intergrown material. [0045] The first dried molecular sieve catal
conpositions may also contain binder. Non-limiting exanples of i fillell that
may be pregg@sndssaane or in conbination include various tpqaassedssoly drat ed

al um nas, silicas, and/or other inorganic oxide sols. One preferred alum na
containing sol is alumnium chlorohydrgte. The inorganic oxide sol acts

| i ke glue binding the nolecular sieve and other materials that nay al so be
present in the catalyst conposition such as a matrix or filler together,
palrt icularly [eb4syr t hehetibst dfiebmoROilar si@emdyawolcn@pnﬁme draggani ¢ OXi Fle

o) is converte 0 an i C OX mat ri X, cogponent. Fqr exanple, an
al uni na sol vW?tPX@Bab@'rrPatF%‘ﬂgglgﬁ] ?}?F'i £ Beicely F&ECt’fVSI“F ’E?\%P?"Iﬁg heat
treatment. [ GRARN cAtawst &ssu%mlwﬁwma@lsﬁﬁmgﬁaamga&ﬁ%@{ @i ni um based

so) containing a chlori de counter jon also known as_al unini um chl or ohydr ol ,
has the genesatalyst esmppsHioniprappledycppregenpation fensidying the qatalist o 20, nis 1

bi nder i Pipsttep dnicire by s R Bt e RN o L AT

Stud. Surf. ﬁﬁbtancandld@atcamtrql ﬂ%&gtep&gwe&ﬁﬁl in44aartEulseprﬂoe¢ss Amst erdam 1993,

which is hereﬂgﬁ i nco orlat ’gﬁ?f feren t notp ? one or
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to well known modification processes such as calcination and/or acid treatment

and/or chemical treatment before being used in catalyst formulation processes.
[0050] In one preferred embodiment, the matrix material is a clay or a clay-
type composition, preferably a clay or clay-type composition having a low iron or
titania content, and most preferably the matrix material is kaolin. Kaolin has been
found to form a pumpable, high solid content slurry; it has a low fresh surface
area, and it packs together easily due to its platelet structure. A preferred average
particle size of the matrix material, most preferably kaolin, is from about 0.1 pm
to about 0.6 pm with a dgg particle size distribution of less than about 1 um.

[0051] The first dried molecular sieve catalyst composition is typically
prepared by mixing the molecular sieve, the binder and the matrix materials in the
presence of a liquid to form a slurry, and drying the slurry to form first dried
molecular sieve catalyst particles.

[0052] The amount of binder used to prepare the first dried molecular sieve
catalyst typically ranges from about 2% by weight to about 30% by weight,
preferably from about 5% by weight to about 20% by weight, and more preferably
from about 7% by weight to about 15% by weight, based on the total weight of the
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[0056] In one embodiment, the slurry of the molecular sieve, binder and

maitrix materials used to make the first dried catalyst composition is mixed or
milled to achieve a uniform slurry of sub-particles of the molecular sieve catalyst
composition; the slurry is then fed to a forming unit that produces the first dried
molecular sieve catalyst composition. The forming unit may be any known unit,
such as spray dryers, pelletizers, extruders, etc. In a preferred embodiment, the
forming unit is spray dryer. Typically, the forming unit is maintained at a
temperature sufficient to remove most of the liquid from the slurry.

[0057) ‘When a spray dryer is used as the forming (or drying) unit, typically,
the slurry of the molecular sieve and matrix material, and optionally a binder, is
co-fed to the spray drying volume with a drying gas with an average inlet
temperature ranging from 150°C to 550°C, and a combined outlet temperature
ranging from 100°C to about 250°C.

[0058] During spray drying, the sturry is passed through a nozzle
distributing the slurry into small droplets, resembling an aerosol spray into a
drying chamber, Atomization is achieved by forcing the slurry through a single

nozzle or multiple nozzles with a pressure drop in the range of from 100 psia to



nol ecul ar sieve catal yst particles. [00521 The anpunt of binder used to
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[0061] In addition, the first dried molecular sieve catalyst composition used

in the method of the present invention may comprise one or several other
catalytically active materials, besides the molecular sieve(s). As a result, these
other catalytically active materials are incorporated as a part of the first dried
catalyst composition.

[0062] According to the present invention, the first dried molecular sieve
catalyst is combined with water to form a water-catalyst composition, which is
mixed to form a slurry. Preferably, the mixing is sufficient to break the larger
particles added to the solution. In general, the more vigorous the mixing, the
smaller the particles formed in the shurry. Mixing using high-shear mixers is
preferred. In general, these are mixers which are capable of rotating at speeds of
at least about 3,000 rpms laboratory scale equivalent.

[0063] The particle size of the shurry can be indirectly assessed by
measuring the viscosity of the slurry. In general, the higher the viscosity, the
smaller the particle size in the slurry. The viscosity of the shury should not be too
high so that mixing is not effective in breaking apart large particles or too low so
that drying will not produce acceptable particle formation. In one embodiment of

the invention, the slurry has a viscosity of from about 100 ¢P (0.1 Pa/sec) to about
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is mixing step.

[0066] The slurry can be dried using any conventional drying method to

form a second dried molecular sieve catalyst composition. All the methods

described earlier in this document to prepare the first dried molecular sieve

catalyst composition are equally suitable to produce the second dried molecular

sieve catalyst composition.

[0067] In one embodiment, the second dried molecular sieve catalyst

composition is calcined. Calcination further hardens and/or activates the second

dried molecular sieve catalyst composition. A conventional calcination

environment is air that typically includes a small amount of water vapour. Typical

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

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

550°C to about 700°C, preferably in a calcination environment such as air,

nitrogen, helium, flue gas (combustion product lean in oxygen), or any

combination thereof.

[0068] 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



mxed to forma slurry. Preferably, the mxing is sufficient to break the
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total wei ght aé deserbesd iny foy exafipde, 4565.i Rigent Mot 345, Pdrihentingwadasnladsievssi ng any

conventi onal ans. However i ffle .furnace is
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her ei n. [ 00653000f(hed€ifg tecldaveldnanidlantadf térhisiate), which easll Reeiadilist ed before or

during the mxing step. [00661 The slurry can be dried using any
convent i onal BFYPHECADY BB form a second dried nol ecul ar sieve catal yst

conposi tion. byt he mat Brfsss ofRGrdsbRAnRAtibA flovides hBihsd I8 GrilREL tO prepare
the first dried nolecular sieve catalyst conposition are équally suitable
to produce thaokedyriievdchialystasmpesitiens containing particles with properties that

make them suitable for catalytic use. They can be used, for example, to dry gases
and liquids; for selective molecular separation based on size and polar properties;
as an ion-exchanger; as a catalyst in hydrocarbon cracking, hydrocracking,
disproportionation, alkylation, isomerization, oxidation, and conversion of
oxygenates to hydrocarbons; as a chemical carrier; in gas chromatography; and in
the petroleum industry to remove normal paraffins from distillates. The catalysts
are particularly suited for use as catalysts in cracking, hydrocracking,
disproportionation, alkylation, isomerization, oxidation, and conversion of
oxygenates to hydrocarbons. More particularly, the molecular sieve catalysts of
this invention are suited for use as a catalyst in the conversion of oxygenates to
hydrocarbons,

[0072] In its most desired embodiment, the molecular sieve catalyst
compositions made by the method of the invention can be used as a catalyst in the
conversion of oxygenates to hydrocarbons. Hence, the present invention also
encompasses a method for producing light olefins by contacting a feedstock
‘comprising at least one oxygenate with a dried or calcined molecular sieve

composition prepared by the method of the present invention.
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[0074] lefins can generally be produced at a wide range of temperatures.

An effective operating temperature range can be from about 200°C to 700°C. At

the lower end of the temperature range, the formation of the desired olefin
products may become markedly slow. At the upper end of the temperature range,
the process may not form an optimum amount of product. An operating
temperature of between about 300°C and 500°C is desired.

[0075] The process can be carried out in a dynamic bed system or any
system of a variety of transport beds rather than in a fixed bed system. It is
particularly desirable to operate the reaction process at high space velocities and
in a fluidized bed system.

[0076} The conversion of oxygenates to produce light olefins may be carried
out in a variety of large scale catalytic reactors, including, but not limited to, fluid
bed reactors and concurrent riser reactors as described in Fluidization
Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger Publishing Co. New
York, 1977, incorporated in its entirety herein by reference. Additionally,
countercurrent free fall reactors may be used in the conversion process. See, for
example, US-A-4,068,136 and Fluidization and Fluid-Particle Systems, pages 48-
59, F.A. Zenz and D. F. Othmo, Reinhold Publishing Corp., New York, 1960, the

descriptions of which are expressly incorporated herein by reference,
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and/or mixtures thereof.

[0079] One or more inert diluents may be present in the feedstock, for
example, in an amount of from 1 molar percent to 99 molar percent, based on the
total number of moles of all feed and diluent components fed to the reaction zone
(or catalyst). Typical diluents include, but are not necessarily limited to helium,
argon, nitrogen, carbon monoxide, carbon dioxide, hydrogen, water, paraffins,
alkanes (especially methane, ethane, and propane), alkylenes, aromatic
compounds, and mixtures thereof. The desired diluents are water and nitrogen.
Water can be injected in either liquid or vapor form.

[0080] The process may be carried out in a batch, semi-continuous or
continuous fashion. The process can be conducted in a single reaction zone or a
number of reaction zones arranged in series or in parallel.

[0081] The level of conversion of the oxygenates can be maintained to
reduce the level of unwanted by-products. Conversion can also be maintained
sufficiently high to avoid the need for commercially undesirable levels of
recycling of unreacted feeds. A reduction in unwanted by-products is seen when
conversion moves from 100 mol % to about 98 mol % or less. Recycling up to as
much as about 50 mol % of the feed is commercially acceptable. Therefore,

conversions levels which achieve both goals are from about 50 mol % to about 98



[0074] A efins can generally be produced at a wi de range of tenperatures.
An effective operating tenperature range can be from about 200CiQqUT@0E. At
the |l ower end of the tenperature range, the formation of the desired olefin

products npyokeesyEe markedly slow. At the upper end of thgTh@ipedsd ure
range, the process may not form an optinmum anount of product. An operating

tenperature of between about 300C and 5Q0C is desired. [0075] The process
can be carried out in a dynam c bed systemor any systemof a variety of
transport beds rather than in a fixed bed system It is particularly
desirabl e t o mpernahd dekieably &ok doupdiomek® tabbdut 88 nep ¥c Hovedvegiitises and in a

fluidized bed system. [00 The conversion of oxy es 1,0. duce |ight
ol efins may bUSEAEFTR (ﬁ?ﬂev%ocaws@ropip 5h 9?5}036/" %@g‘@ t/gf"g? ﬁ‘?f reactors,
i ncl udi ng, bug spRdlify ke e@Rlih@probéss] Oxy dtercsm&@mmaﬁseﬁﬁmaﬂﬁéd%t riser
reactors as described in Fluidizatiagn gl neering, D. Kunii_and O

Levenspi el , Rbisdeyel psingq pugher obmsthodn familiando PNéWSO?BFq%naTELQI?H mthgcor por at ed
inits entiregy &R iflude b BOGR neRPShily MORL 4, adjﬁs@iﬂﬁbﬁé%&%rb? free fall

£h
reactors nmay be used In t%e conver st on process. See for exanp
US- A- 4, 068, 13ibe fottpwing) ithti readtion terapegatyie) pressiegs flowirate Byes,t\k’HSV) da‘g@s 48- 59,

A Zenz andy b OO RELANGLh EHBL SBLOR CRERe DRI 0Tk d000 (e

deSCYIptIOHS 0] re- express ncorpora ererence

JUL 2006 WO R3466HRAHurENHT; lﬂﬁ(ﬁé@é&ﬁﬂﬁsﬂx@n (200 6ther parymeieswldcitaféemier ci aI
scal e reactor system can be used, including fixed bed or noving bed
systens. The Bi al scale reactor systens can be operated at a wei ght

hourly space |og8#Ci tyxﬁ%\g&\é}aﬁ%lg‘k@m& 1 hmolRuhPROvd datalyst bah bet he case of

comercial scale reactors, WHSV i s defined as the wei ght of hydrocarbon in
the feed per munuqﬂs}y injspdyised efa moviag bedte agegeneratiomzanstwhste it Pl becat al yst .

The hydrocar b dgg&ch‘%f'férﬁ%ﬁmgf@{:g?&ﬁ ﬁn@ it oﬁlm{a%%fs%?ﬂ whi ch . may

optionally be ena Sieve content is
i ntended to madatpn lizy art dvey gemicetaihbng asncmphserpohta dﬂmremembocmnemmal ned within
ﬁ 2? e g:ﬁ ? Ihysg. gl &@Eﬁé@g%ﬁe&% a?cr)]nea bysl:?%?mg %ffbcar%%gagcseous elpgsﬁtrs]t S, Inerts,

accumulated d;.lring the conversion reactions,

[0083] The oxygenate feedstock comprises at least one organic compound

which contains at least one oxygen atom, such as aliphatic alcohols, ethers,

carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates, esters and

the like). When the oxygenate is an alcohol, the alcohol can include an aliphatic

moiety having from 1 to 10 carbon atoms, more preferably from 1 to 4 carbon

atoms. Representative alcohols include but are not necessarily limited to lower

straight and branched chain aliphatic alcohols and their unsaturated counterparts.

Examples of suitable oxygenate compounds include, but are not limited to:

methanol; ethanol; n-propanol; isopropanol; C4 - Czo alcohols; methyl ethyl ether;

dimethyl ether; diethyl ether; di-isopropyl ether; formaldehyde; dimethyl

carbonate; dimethyl ketone; acetic acid; and mixtures thereof. Desired oxygenate

compounds are methanol, dimethyl ether, or a mixture thereof.

[0084} The method of making the desired olefin product in this invention

can include the additional step of making these oxygenates from hydrocarbons

such as oil, coal, tar sand, shale, biomass and natural gas. Methods for making the

compositions are known in the art. These methods include fermentation to

alcohol or ether, making synthesis gas, then converting the synthesis gas to



[0078] The pressure also may vary over a w de range, including autogenous
pressures. Desired pressures are in the range of about 0.5 kPa @ Ahollth 5
MPa. The foregoing pressures refer to the partial pressure of the oxygenate
conpounds w@pildsgsesm xt ures thereof. [0079] One or nore i pertusti/dusnts may be
present in the feedstock, for exanple, in an anount of from 1 nolar percent
to 99 nol ar percent, based on the tota; nunber of noles of all feed and

di l uent conponents fed to the reaction zone (or catalyst). Typical diluents
i nclude, but are not necessarily Iimted to helium argon, nitrogen, carbon
nmonoxi de, car dloshotlbosthete Syhhekiogmman bapredyceg by khéwmprocesabksauless (especial |y
nmet hane, ethane, and propane | kyl enes, . ar ti .conmpounds, and m xtures
t hereof. The g%déj’ilfeg?)mg g’ﬁgtﬁ%hﬁ&é%ﬁné‘g a%‘?}%arﬁ%?bfézé’l °% Water can be injected
in either |iqeegsjor vameblefias prodhédddRing Meacapl@eagshisiyvehgorcanbted out in a
bat ch, sem -continyouys Qr continhuous,fashion. The propcess can be conduct ed
inasingle rE‘&WFWHE%ﬁw“&O?@EefF?ﬁWC WPE&@WP?H*’ g@ﬂ@‘gy@fi’l’ ffed in series
or in parall etonfRighl prbo&stéetonpingGRIVRIASRE RBmAUlefid3RaPky GRAAL €S can be

mai ntai ned to_ reduce {Jhe | evel of unwanted by-products. Conversion can al so
be mai nt ai nedCatglytit pracesses are Resitgdt Bartigaly degisehase ghetadlocensmmercial ly -
undesirabl e | L.hg. O eqgct S. .on i n unwant ed
by- product s igl\égieegﬁg&%%%de&gﬁénayg&sﬁ %%tgl%vgés%’ ?’?8%15%% Urf§I 15%%gl'%{g\io('“j'l’t)out 98 mol %
or | ess. RecysRb8igs13,306,538; 3,304¢190a5 8219 4.509,681; 49B76{698hB64%6%X; i S

commercially bl e, f.ore onversions lLevels.whjch achieve both
goals are frog’ﬁgﬁg%fa%%lﬁg&géf’pbc °§B‘J}‘ﬁf rqeegy %ﬁiﬂﬁﬁﬁ%(’f?fﬂlg?P%G%% :

PCT/ US02/ 34088xp2&syGhcotpcrited heteinibiyableténcd. 118 Bedsl theomembdsdatidveabout 98 not
% However, it is _ also acceptable to achieve conversion between 98 not %

and 100 not 9gIacHpgthe olstn rEpgust pith applyoleBnfermingcollpe @63 pregsmadat e

conversi on may. e iRt BiakiNEth Btm thdPolyd@ifGiodizt.Ng a_nunber of et hods
famliar to persons of ordinary skill in the art. Exanples include, but are

not necessari [0986) mi t ekidesired pelyolefin-fieymingecataty shrsragmestllocenecdtdydtobhag: t he
reaction te rature: pressure: flow.rate, (] . o . level .and degree of
cat al yst regg I ?femepaé%ﬁﬁ?p%ﬁtm(?é? %?’i}téﬁ cl(‘k)-%or%\é\ﬁ%&e(g?ﬁcg?wéms eci fi g

carried out at low, medium or high pressure, being anywhere from about 1 bar to

200 bars. For processés carried out in solution, an inert diluent can be used, and
the desired operating pressure is from 10 bars to 150 bars, with a desired
temperature range of from 120°C to 230°C. For gas phase processes, it is desired
~ that the temperature generally from 60°C to 160°C, and that the operating pressure
from 5 bars to 50 bars.
[0087] In addition to polyolefins, numerous other olefin derivatives may be
formed from the olefins produced by the catalysts of this invention. These
include, but are not limited to, aldehydes, alcohols, acetic acid, linear alpha
olefins, vinyl acetate, ethylene dichloride and viny! chloride, ethylbenzene,
ethylene oxide, cumene, isopropyl alcohol, acrolein, allyl chloride, propylene
oxide, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and
dimers of ethylene, propylene or butylenes.
[0088] In the catalytic processes using the molecular sieve catalyst
compositions produced according to the present invention, catalyst particles must
meet certain particle requirements, including particle size, particle size

distribution, particle density, and particle hardness. Examples of molecular sieve



reactor configuration; the feed conposition; and other paraneters whj %1
affect the conversion. [0082] If regeneration is required, thg [Inb\ll\egﬁ ar
sieve catal yst can be continuously introduced as a noving bed to a
regener at WoRERs Where it can be regenerated, such as potr/usysmse by
renovi ng carbonaceous materials or by oxidation in an oxygen-containing
atnosphere. In a desired enbodi ment, thg catalyst is subject to a
regeneration step by burning off carbonaceous deposits accurnul ated during
t he conversion reactions. [0083] The oxygenate feedstock conprises at | east
one organi ¢ ocamhystipgtticlelprapertizs titanhavs pagvel @saful inpatatykiy pecesseomeiudeich as

al i phatic al cohals, .ethers,.. carbonyl conpounds (al dehydes, ketones,
car boxylic actgﬁgqlﬁc‘fﬁrr‘%%ﬁ‘ggfng&ﬁ%ﬂg& and the like). When the oxygenate is

an al cohol , tjoesgl cohalfiee dlcinatinyihe padiicRk bpihakécdond dBéedinylebalw sigvef rom 1 to 10
carbon atons, nopre preferably from1l to. 4 c on atons. Representative
Hects] ih hagnet

al cohol s i ncl SRAYSHImEY Apee g size digtribpjon § FredtRfdhan adput Okt and

branched chaiq ghidadiyst paticledRdve aR Bebrhdteidmatasisds U qeQAUNt@LRart s.
Exanpl es of suitabl e oxygenate conpounds include, but are not limted to:

net hanol ; et hetesrablynngs gessien d1an abews S yanbihe calalyst mapiérle haye an averaest hy| et hyl
et her; dinet 3o Al I (o VI I . ehyde;

di et hyl car@%%gﬁél?ggpﬁéﬁpmg%? %H’@;‘ a%&gzggx:ei)?%@ : ngﬁ %{eyfhl%l?éﬁs%lttgereof.
Desi red oxygewalef theormmbysh dartieleshave hh averhge dlameetlyss tharhmrequato 20 m xt ur e

t hereof [0084] The t hod. of. kj,ng the desir.ed olefin uct in this

i nvention ca’llmi E‘H‘rﬁ’ rFWBO‘i{H'gﬁ th(‘?%ﬁtflgéttcé’ﬁlpgfl l%}f’icﬁﬂ"pf‘ﬁ%;cg% ?iyé{enat es from
hydrocar bons paticlés, dherid, afté@alcinatié ofthé chtalg @bpoddi Y BSSzradé that ur al  gas.
Met hods for making the conpositions are known in _the art. These net hods

i ncl ude fer methat Fowt Yt tha et paticles bave an Aegnargliaeieraester tRsor ¢ hen
converting th@qeuﬁlthtaB@tﬁ'2~°5-Oﬁlﬂﬁ pie@eriam?n%ea%&gﬁagea\g@%y G088 RGILUS02/ 34085 21

al cohol or ether. Synthesis gas can be pro nown procésses such as
st eam r ef or mi pegticleahaye he pyestgerdidronter gneatestltinma cquad fo aboiitl Fatm.onore 100851 The

oLt OGN B s PS50 Lot B R v 2o
diameter greater than or equal to 250 pm.
[0090] In another embodiment of the invention, the calcined catalyst
particles made according to the process of the invention have a particle
distribution such that the catalyst composition is particularly suited for use in
fluidized bed reaction systems. In one embodiment, the calcined catalyst has a
particle distribution in pm of 2<d;(<50; 30<dso<120; and 50<dg<250, wherein
dyo is the average diameter in which the cumulative volume of the sample reaches
10 % of the total, dsp is the average diameter in which the cumulative volume of
the sample reaches 50 % of the total, and dgg is the average diameter in which the
cumulative volume of the sample reaches 90 % of the total. Preferably the
calcined catalyst has a particle distribution in pm of 5<d;p<45; 40<dsp<100; and
70<dge<200, more preferably a particle distribution in um of 10 <d;<40;
50<dsp<100; and 90<dgy<150.
[0091] In another embodiment of this invention, the catalyst composition
made from the method of this invention comprises particles which are highly
attrition resistant. Such particles are particularly suited for use in fluidized

catalytic systems.



Conventional processes for form ng polyolefins fromolefins can be used.
Catal ytic processes are desired. Particularly desired are metalfljofgni0b
Ziegler/Natta and acid catalytic systens. See, for exanple, U S. Patent Nos.
3, 258, 455;“,()’303’3%,9%9_,538; 3,364, 190; 5, 892,079; 4,659, 685, 4pOreseBloss3, 645, 992;
4,302, 565; an , 243,691, the catal yst and process descriptions of each
being expressly incorporated herein by,yeference. In general, these nethods
i nvol ve contacting the olefin product wwth a polyolefin-form ng catal yst at
a pressure and tenperature effective to formthe polyolefin product. [0086]
A desired pol obZff i n- flathis nyemtmhadtirsion resistanceton katalysthardnatsaisyst . The

desired tenperature of o at i 1s.from50C.to a action can be
carried out aF‘e?SB\‘ﬁ% %l%ﬁ%?ﬁ%h%ﬁ%ﬁ%&d%ﬁé‘%yaﬁgﬁw% about | bar
to 200 bars. yde@lovel k& Mdasuremérdt ingthads|tsiricd ngal wthepmetbats ara@bt di | uent can be

used, and the desired operati nggpfres,s,ure (s fro 0O hars to 150 bars, with
a desired tefffBFigHt P B1cAsHE Bery NighhAiritiop esisind Hgse i Shhr ocesses,

it is desiredyshbatmidi@ctsmg ety igvaaperal ly from60C to 160C, and that the
operating pressure fromb5 bars to 50 bars. [0087] In addition to

pol yol efi ns, H@A3F ous TreBABI aethadelegy s sinnilas to thggomventionst Peviseyr om t he

ol efins produ t he f 1.5, 1 -L.oN. i de, but are
not 1imited tgﬁg’é%‘é}%’edg‘%ﬁ%g%@“%e ‘?%‘%@?éﬁ%@i‘%@?&g’r B‘%ﬂggl‘% efins,

vi nyl acet at eharérhigltineatalysthiThe ESiA Riigmeasoyed bytadding de) + e ipfhatahene,

et hyl ene oxi de, .cunene, i SOD%X% al cohol , acrolein, ally] chloride,

, |
propyl ene oxhyang apFYFlPEsiZy framy 3R 187 mikrpRs e ahgrisasdsstee) pffrition

acrylonitrilegys bkifRfely 2100 db/ABS Sf Br RRbLIRA APMigNewRE-but vl enes.
[ 00881 In thec%p;‘{]gﬁ)%/rti C gﬁocesses usi ng t%%eh% ecul ar si evgg) cat arl yst

conposi ti ons penddnipg dubldente dhmidifyche nigrogane e twet nizogen passesdronghybe particl es

must nmeet cer r{is i i LGl i article
Ci2e arotr popRdh R ddf b GRS A60ICY AR BlfieR, AR D21
nol ecul ar si eflewi nitrhged @€hove¥\DeTRieOpdd R8s, REh/thiSAeBE4BHePBeinat al yst

particl e bropertles, al haye proved SSlH bl 62ha it aRboRaRIS® | "ot ude
from the nitrogen that exits through the thimble. The fine particles remaining in
the thimble represent catalyst that has broken apart through attrition.
[0094] The nitrogen flow passing through the attrition cup is maintained for
1 hour. The fines collected in the thimble are removed from the unit. A new
thimble is then installed. The catalyst left in the attrition unit is attrited for an
additional 3 hours, under the same gas flow and moisture levels. The fines
collected in the thimble are recovered. The collection of fine catalyst particles
separated by the thimble after the first hour are weighed. The amount in grams of
fine particles divided by the original amount of catalyst charged to the attritioﬁ

cup expressed on per hour basis is the EMARI, in wt %/hr.

EMARI = C/B+C)/D x 100%
wherein
B = weight of catalyst left in the cup after the attrition test
C = weight of collected fine catalyst particles after the first hour of
attrition treatment
D = duration of treatment in hours after the first hour attrition
treatment.



[ 0089] After calcination, the particles of the second dried nol ecul ar_sieve
catal yst may have a particle size distribution such that not g‘[&dﬂbﬂﬂ“@han
about 10 Wt % of the catal yst particles have an average di aneter |ess than
or equal tp &hhedes preferably not greater than about 5 wec¥mab2dubes cat al yst
particles have an average' dianeter |less than or equal to 20 pm and nore
preferably not greater than about 2 w4 of the catalyst particles have an
average dianeter less than or equal to 20 m |In another enbodi nent, the
catal yst conposition is conprised of catalyst particles, wherein, after
calcination of the catal yst conposition, not greater than about 10 Wt % of

t he catal yst i cl egq have. an _aver.age di aneter. great.er, t han .or. equal to
about 250 pm ﬁgé%fera@ihflc%@%’flegrrng%f'é@gstl?lvgﬁa{éﬁgﬁgar%vl\fs \e{}?lgl} artlgﬁ%adggrtog yst
particl es havie atindef dgeindertivatdesirahlydai e in ENBARIT netgrahter tharadtout 1 250 pm
nore preferably no reater than about. 2wt % of the.catal yst particles have
an average d%%@?géreéfagg‘f&’?c?lﬁléﬁd E‘Pg@ﬂfﬁ‘éﬁle“?é’a 5t Pﬁﬂl‘fﬁm%m? n another
enbodi ment  of EMARTIRUET PréRe} thdd W6, T Wh 9iuC Mt pteralPhbl gtk tde accordi ng

to the process of theoi nvention have a particle distribution such that the
catal yst conmp®®it 9.3t ¥ahbarticularly suited for use in fluidized bed

reaction syst I n F'e’gé}g ‘%@H‘H’f Lhad. glaga%% particle
di stribution F’E%r!} of gggfoﬁ % < s%&%%&%%ﬁ%of 90< egfm%}f%rl%i n diois
t he average dsievesataiyst coniniof cathigstparticleahaving sroEMARIGf nphgedenthre r eaches
10 % of the tgta 20,1 s the average di ter | Leh the ¢ l.ative
vol une of th%oélg}rﬁ'?é&? egrgteé%l%ﬁﬁ%%%ea%ﬁgj 8 %‘wa‘#d]%@&d“ﬁ’fg P fe%%%lg\zer age

di ameter in whfmlgichter thanabduatidwe %bk.ume of the sanple reaches 90 % of the
total . Prefer the, cal cined ¢ st has a partigle distribution in pm
of 5it10<as:  8%soct A TRRoy YUl boest v BB oG kb 1 o ¢

di stribution jynoWhe@ikarkBlesilafR: inGREIRATLR e PBAOOFESERLRI with#091] | n
anot her enbodi nent of this invention, the catalyst conposition nade from
the met hod of theeverall pepppof B iwvsrien asekimed.ti cl es which are highly attrition
resistant. Such particles are particularly suited for use in fluidized

catalytic systens. 1 0 JUL 2006 WO 03/ 068395 PCTI US02/ 34085
Example 1

[0098] Dried molecular sieve catalyst compositions Al, A2, A3 (first dried
molecular sieve catalyst compositions in the context of the present invention)

were prepared according to the following procedure:

[0099] A slurry was made by mixing together water and a solid composition .
comprising 40 wt % SAPO-34, 10.6 wt % alumina derived from aluminum
chiorohydrate (Reheis Chemicals Inc., Berkeley Heights, NJ), and 49.4 wt %

kaolin clay (Engelhard Corporation, Gordon, GA). The slurry was comprised of

45 wt % of the solid composition. The slury was then dried in a spray dryer to

yield first dried molecular sieve catalyst compositions Al, A2 and A3,

Example 2

[0100] Slurries were made from each of the dried molecular sieve catalyst
composition prepared in Example 1 by adding a portion of each of the first dried
molecular sieve catalyst composition to deionized water to form a composition
containing 45 wt % solids. The composition was initially stirred using a spatula.

Then the composition was mixed using a Yamato DL-2100 mixer (Yamato



23 [0092] In this invention, attrition resistance, or catalyst hardness, is
nmeasured using an ExxonMobil Attrition rate Index (EMARI). The) ENARDD i s

used over other neasurenent nethods, since many ot her nethods are not
suffici enfyg@obBasure very highly attrition resistant norepusm@B4msseve

catal ysts such as those made according to this invention. [0093] The EMARI
nmet hodology is simlar to the conventi gsal Davison |ndex nethod. The

smal ler the EMARI, the nore resistant to attrition, hence the harder, is
the catalyst. The EMARI is neasured by adding 6.0 0.1 g of catal yst having
a particles s$@@tifmﬁgﬁﬂ@ah%rﬁl§&qb@rglg’§)#t@0ﬂ® fonS mines Swaat 24k
attrition c¢ Loately 23,700 scc/mn of nitrogen gas is bubbled

t hrough a wat fn-éggr%%i\tﬁgl?ng bubbler to hum dify the nitrogen. The wet

ni t rogen passi@30i]hr oudhe slogies abtainetl irothisdaghionaingin eathlyst dohmpositions Al,on
apparatus through, a..por.ous _fiber. thinbleg. Theg flaow nitrogen renoves the
finer parti c|&,&W’{lﬁbﬁff?ée‘@eaéﬁfc‘b%‘?F%?lé‘g'yrbie?%’ﬁrf‘é‘?gﬁ‘“ﬁ’é‘aii n the cup. The
porous fiber ifekicotlety.separates the fine catalyst particles fromthe
nitrogen that exits through the thinble. The fine particles remaining in
the thinble represent catal yst that has broken apart through attrition.
(0094] The nitg g3fl ow passing through the attrition cup is maintained for
1 hour. The fines collected in the thinble are renoved fromthe unit. A new

thinble is théA02Inst al pastionpfe Skuay ol apd Slyrer 2 obtainedhia Example 2 8RS unit i s
attrited for g, Q&#{;ﬁ@@égﬁv@&‘ﬂrsmlﬁ@ﬁ%fea}ﬂ&e? B8 Mac e Moi sture
coll'ected Inthe t e are

| evel s. The fines ecovere fﬁ}L[\(?'ué cOl | ecti on of
fine catal yst Mpasathusétis}at &8]0apmt ford3 ymittdse Theslwhilesobthined withdighishedr hour are

wei ghed. The amount..i.n .grans of. . fi.ne rii s diyvid t he. ori gi nal
amount of cat 3% PyERAATST £ egtq? F?@Wﬂsgﬁﬂggﬁwg@%%)&/e%ﬁ‘%ﬁ& hour basis
is the EMARI, inw I/o/hr. EMARI = ¢ (B+C)/D x 100% wherein B = wei ght of

catalyst left_in the cup after the attrition test C = weight of collected
fine catal ystEYHPRIEA es after the first hour of attrition treatment D =

duration of tfegiMent shpryPhresared htRkarhlE 2fahd Sturt)AeS1 Aebdrbd kQRambleeat ment .

3 were compared for viscosity. Each of the slurries were tested for viscosity using

a Brookfield LV-DVE viscometer with a No. 3 spindle at various rpms. The

resulis are shown in Table 1.

Table 1 - Re-worked Slurry Viscosity

Viscosity (cP) at Different rpms
Slurry
100 rpm 60 rpm 30 rpm 20 rpm 10 rpm
Slurry 1 309 456 753 1044 1838
Slurry HS1 338 510 880 1202 2112

[0104] The data in Table 1 indicate that the slurry made using high-shear mixing
has a higher viscosity. This is an indication that the higher the viscosity the
smaller the particle size of the solids in the shurry.

Example §
[0105]
calcined in a muffle furnace at 650°C in air for 2 hours. This yielded samples

Portions of samples A1, A2 and A3 prepared in Example 1 were

Alcalc, A2calc and A3calc, respectively. The attrition resistance of these samples



10 JUL 2006 WD 03/068395 PCT/ US02/ 34085 24 [0095] The cal ci ned nol ecul ar
sieve catal yst particles which are nade from the nethod of{ghjp agpventi on
desirably have an EMARI of not greater than about 1 wt %hr. Preferably the
cal cined yR| A%k4seé Sieve catalyst particles have an ENARET/Obo2madssgr eat er
than about 0.7 wt % hr, nore preferably not greater than about 0.3 wt % hr.
[ 0096] The present invention thus al so gnconpasses a cal ci ned nol ecul ar
sieve catal yst containing catalyst particles having an EMARI of not greater
than about 1 w % hr, preferably of not greater than about 0.7 wt % hr,
nmore pref er abivs desérmined ugingahe EMATRIriest Bengrib@l ig thet spogifieationo 0B yeswht s

i nvention w | esﬁowt?x?}rffz{bl derstood with reference to the follow ng

exanpl es, whi ch "are ended to illustrate specific enbodinments within the
overall scope of the invention as clained. Exanple 1 [0098] Dried nol ecul ar
si eve catalys COHB*?@ tions Al, A2, A3 (first dried nolecular sieve

catal yst compd?® in the context of the present invention) were

prepared accofgiiogp t o RdigorisQlf SRinty TandrSdeedsi prparkd 1B andpls D wete/sprys made by
m xi ng together water and a _solid conposition .conprising 40 w6 % SAPO 34,

10.6 Wt % al ufiefhusirg 2 vagato L mtL SRIRY Mm OE%P%H%‘P&MP’(&%%%IS%ém cal s
I nc., Berkel GXmH?étgmzﬁtxgl{\Hazﬂeaﬁ@eéﬁaﬂd}%n lonkiaghd @er@l ﬁy%{ﬁﬁm&% ag.d

Cor poration, Gord he slurry was conprised % of the solid
conposi tion. FHECIhigt tepperabure;Hehar atoimiestipmprgssp; é9°/ncsﬁ§'@p“ft0@meyﬁ@mg first

dri ed nol ecul I e 2 [0100]
Slurries vvere%h% e ‘?l‘raosﬁgﬁ&;eng %% i oﬁ‘)%gﬁﬂlg‘l/ed& nﬁgﬁ@%fé}?ieég re%?&ﬂ}@
conposi tion pl[e9d} ed iThespeyplied brddycta@dremgllactmhntalo@nloné aﬁa(ﬂalchfedt he first
dried nolecular ve catal yst .co. |on Q |ze forma
conposi tion F’kafﬁﬁﬂ‘aﬁ%g}\ﬂysa‘% | %18 dl\ﬁ\é\lgﬁ‘faﬁﬁ FJt“i(‘)jal |y
g‘f_ l rzrlegolJSI ng B@c(:a\ﬂ{@%ét;bh@avel T*Iﬁ@at&hizisgg@dfs mzﬁféla 'bf ﬂi@seVﬁﬁlpIEb XRE detginifed - Yamat o
m xer anma
using the EMARI test described in the specification. The results are shown in

Table 2.

Example 7

[0108] Portions of Slurry HS1 and Slurry HS2 prepared at example 3 were
spray dried using a Yamato DL-41 spray dryer, operating in a down spray mode
using a lmm atomization nozzle. The spray drying conditions were: 40 g/min
feed rate; 350°C inlet temperature; 1 bar atomization pressure; 60% gas flow
carrier setting. This yielded second dried molecular sieve samples C1 and C2,

- respectively. The spray dried products were collected in a cyclone, and calcined in
a muffle furnace at 650°C in air for 2 hours. This yielded samples Clcalc and
C2calc, respectively. The attrition resistance of these samples was determined
using the EMARI test described in the specification. The results are shown in
Table 2.



WO 03/ 068395 PCT/ US02/ 34085 25 Scientific Anerica Inc., Orangebur%, NYTb at
600 rpmfor 5 minutes, then at 2,400 rpmfor 5 minutes. 10101] TRelW Wri es
obtained in this fashion from catal yst conpositions Al, A2, A3 will be

her ei naf t gf §sokgoged to as Slurry 1, Slurry 2 and Sl urrypé’rrmsazm@sctlvely
Exampl e 3 [0102] A portion of Slurry 1 and Slurry 2 obtained in Exanple 2

was further mxed using a Silverson SR& hi gh-shear m xer (Silverson

Machi nes, Inc., Massachusetts) at 6,500 rpmfor 3 mnutes. The slurries
obtained with high shear mxing will be hereinafter referred to as Slurry
HS | and S urry HS2 Tm%em&mwwlaﬂpf ealein{xbmkrubmrewycﬂa}ystgpar ed at

exarrpl e 2 an oY1 PP et—at—=exany 3—were—eohs v+S6O0Si ty
Each of the gl urr;Eé‘énter% t estled for 6 gosMy usiin ?%%E*e el d LV-{DVE
vi sconeter w tlsampuo SEMARKI[e Sanipl | OUSEMARK 'Ihe Sdnqﬂul ts EMARBOWN in
Table 1. Tab worked Slurry Visciosity SlurryViscosity (cP) at
D fferent rpps AilGBlcrp 01r4|§rr80 rmeO rpntilo rp‘m Sl Hrrycl‘?@@45675ﬂ@ﬁl41838
Slurry HSlSSB’E‘W&T?m[ 10 g data Tagt e g i cate gvat t he
slurry made using hi gh-shear ni xrghzd:ﬂéhas a t?:ggher Vi sec%ésaﬁjv Thi%mids an

i ndi cati on thatAdtdale hi gh@mB5t he wmm ty| t héd.63smal{l er the partlcle si 2e of
the solids | vthe—stutry—Exanpte—-51-01051—"oe+t+onAs—et—sanpltes—A—A2tand A3
prepared in Exanple 1 were calcined in a nuffle furnace at 650C in air for
2 hours. Thi s{q09] ded Thephashe EMARI che Rdderithe madridi3cnthe grearspect i vel y. The

attrition resistance_ of these sanples 1 0 JUL 2006 WO 03/ 068395
attrition resistance. -

Example 8

[0110] Samples B2calc, B3cale, Clcale and C2calc prepared in Examples 6
and 7 were analyzed for particle size distribution using a Microtrac S3000 laser
scattering particle size analyzer (Microtrac Inc., Clearwater, FL.). The data are

shown in Table 3.

Table 3 - Particle size distribution in calcined molecular sieve catalysts.

Particle Size
diog | dao | dso | dao | dsp | deo | dw | dso dgo Dos
B2cale | 14.4 | 209 | 27.0 | 33.0 | 39.1 | 458 | 54.6 ! 70.1 120.2 | 1855
B3cale | 14.4 [ 214 | 28.1 | 34.8 | 42.0 | 51.2 { 67.0 | 112.2 | 188.5 | 240.8
Clecale | 14.1 | 20.0 | 25.0 | 20.9 | 352 | 41.5 | 49.2 | 589 72.0 824
C2cale | 12.9 | 18.5 { 23.8 | 29.2 | 34.7 | 40.5 | 47.2 | 56.2 73.3 95.8

S. No.

[0111] All of the samples shown in Table 3 are considered to be calcined
material made from the method of this invention. The data in Table 3 show that
the material made from the high-shear mixed sturry (Clcalc and C2calc) had
fewer large particles after calcination than samples B2calc and B3calc.



PCT/ USQ2/ 34085 26 was determ ned using the EMARI test described in the
specification. The results are shown in Table 2. Exanple 6 [OLOGULRESt I ons
of Slurry 2 and Slurry 3 prepared in Exanple 2 were spray dried using a
Yamat o DL-41 spray dryer, operating in a down spray node using a |nm

atom zation nozzle. The spray drying congjtions were: 40 g/mn feed rate;
350C inlet tenperature; 1 bar atom zati oh pressure; 60%gas flow carrier
setting. This yielded second dried nol ecul ar sieve conpositions B2 and B3,
respecti vegwimd 0107] The spray dried products were collected in a cyclone
and calcined in a mffle furnace at 650C in air for 2 hours. This yielded
sanpl es B2calc and B3calc, respectively. The attrition resistance of these

sanpl es s de 1 i I i .0 the specification.
The result’s ar%%g o%&i%m@g %t@?%gﬁg%?gpﬁq%]&&ﬁgﬁ@%ns of Slurry HS1
and Sl urry HS2a)prepdingd fast deedmpleulr sievecatayst madel pf edalysgtipagickes Yatraergaibl - 41
spray dryer, operating.in.a d ray. nmod usi a.lmmatom zati.on nozzl e.
The- 5 pr ay ARG HEo 6 TSGR FEe By fhialy s Sartiee darEeffes Pk (g vidunl

t enper at UpBlecdlaPaévedlapiigkat i on pressure; 60%gas flow carrier setting. This
yi el ded second dried nol ecul ar sieve sanples Cl and C2, respectively. The
spray dried prodembiningthe figsidried medecilar sicvgcatadyss withyepterdp dprabiwatsr-cfalysif f | e
furnace af n}?‘?og%?hn air for 2 hours. This yielded sanples Ccalc and C2calc,
respectivéf i e attrition resistance of these sanples was determ ned

usi ng t he EMARI) niestg thewater-baalystrvotipesidqrewi fbing atsiumy; arkhe results are shown

in Table 2. 1 UL ?Bob WO 03/ 068395 PCTI US02/ 34085 27 Table 2 - EMARI (w
% hr) of calci %&éﬂﬁ&“@%ﬁ?‘r@f to, P’é’(}BafgﬁgéPgi%?“@‘éﬁ%Pg‘e%&fMFé%a%lééﬁhnp| e 7
2. The method of claim 1, wherein the water used in b) comprises at least 95 wt % water.

3. The method of claim I, wherein the water used in b} is substantially free of any

molecular sieve particle.

4. The method of claim 1, wherein the first dried molecular sieve catalyst contains template
material.
5. The method of claim 4, wherein the template is selected from the group consisting of

triethylanilne, cyclohexylanilne, piperidine, dipropylamine, pyridine, isopropylainine, tetracthyl

ammonium salts, and mixtures thereof,
6. The method of claim 1, wherein the water-catalyst composition is mixed so that the slurry
obtained in ¢) contains particles smaller than the particles contained in the first dried molecular

sieve catalyst.

7. The method of claim 1, further comprising e) calcining the particles of said second dried

molecular sieve catalyst.

8. The method of ¢laim 1, wherein the particle size of the first dried molecular sieve catalyst



Sanpl eEMARI Sanpl eEMARI Sanpl eEMARI Al cal cl1. 48--C cal c0. 25 A2

cal cl. 37B2cal c0. 83C2cal c0. 21 A3 cal c0. 85B3cal c0.63-- [0109] The | ower the
EMARI, the harder the material, or the greater the attrition r&8§i&ille.
Exanpl e 8 [0110] Sanpl es B2cal c, B3calc, Ccalc and C2calc prepared in
Exanples 6 and 7 were anal yzed for part}fle size distribution using a

M crotrac 53000 | aser scattering particle size analyzer (Mcrotrac Inc.,
Clearwater, FL.). The data are shown in Table 3. Table 3 - Particle size
di stribut jsQfcH farC k& icRRHhallbh, A0W 3% oBihR Particfel RhveSdnSaverage MartiPRI didrkéi6r 18s2Ran
di 0od20dsod40d50d60d70d80d90095

B2cal c14. axgual2g 20381 039. 145. 854. 670. 1120. 2185. 5

B3cal c14. 421. 428. 134. 842. 051. 267. 0112. 2188. 5240. 8

Cl cal c14. 120. 025. 029. 935. 241. 549. 258. 972. 082. 4

Cl cal c12. 918. 5P iB@8od38claid0], Svherédh the vaber39&. aup@aritia]ly Alelitrad ipH r@rsanpl es
shown in Tabl.e 3 are considered tq be calcjined material made fromthe
met hod of “APRIRING Xt {hg gﬁt dﬁ?{%’"&‘ﬁ?‘gaﬁ FEVPEARESS show that the material nade
fromthe high-shear mxed slurry (Ccalc and C2calc) had fewer |arge

particles after calcination than sanples B2calc and B3calc. 1 0 JUL 2006 28
CLAI M5 1. 10\ nethroretbed alesdainy! rrdieesinthgslustydins avicasiyaf fiom 19GeRte 9,008y i si ng
a) providig u?edfds{ngta.ﬁ%bﬁ%n&*ﬁkf@ﬁ%@ﬁscﬁhﬁ%ﬁ“&ﬁta%d%ts Im%%ft% r{;‘.ﬁ? al yst
particles that contain nolecular sieve particles b8un ogether to form
catal yst particles larger than the individual nolecular sieve particles; b)
conbi ni ng, f he ,I.i rs echul ar .si eve cat al ter t

t . dri X t ith f
Cor o Lo e nd Rl el L S s T ares ihicp i o sl 0% st of Fraff 10,
form a sl yf¥yto 7386 %.

12.  The method of claim 7, wherein the molecular sieve catalyst particles obtained in ¢) have

an EMARI of not greater than 1 wt %/hr.

13.  The method of claim 7, wherein the molecular sieve catalyst particles obtained in ¢) have
a particle size such that 50% of the particles have a diameter larger than 30 um and smaller than
150 pm.

14, The method of claim 1, wherein drying the slurry in d) is by spray drying.

15.  The method of claim 1, wherein the first dried molecular sieve catalyst comprises a

silicoaluminophosphate molecular sieve.

16.  The method of claim 15, wherein the silicoaluminophosphate molecular sieve is selected
from the group consisting of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18

and ALPQO-34, metal containing molecular sieves thereof, and mixtures thereof.

17.  The method of ¢laim 16, wherein silicoaluminophosphate molecular sieve is selected
from the group consisting of SAPO-18, SAPO-34, ALPO-34 and ALPO-18, metal containing

molecular sieves thereof, and mixtures thereof.



d) drying the slurry to formparticles of a second dried nDIecuIﬁr iﬁ%e
catalyst. 2. The nethod of claim1, wherein the water used in bj GWiﬂ ses
at least 95 wt % water. 3. The nmethod of claim1, wherein the water used in
b) is substantially free of any nolecular sieve particle. 4. The method of
claim1l1, wherein the first dried noleculgr sieve catalyst contains tenplate
material. 5. The nethod of claim4, wher€in the tenplate is selected from
the group consisting of triethylanilne, cyclohexylanilne, piperidine,

di propyl afqine1T%%ét%§ s cl4iROPF, QR¥eR (At S8 codlFhindphdiphate IR NIaH Mevthds e, and
m xtures thereof. 6. The nmethod of claim 1, wherein the water-catalyst

conposi t i Bamé¢workityecselsoted Himm thh grasiponsjstingtef §iHAe A Elrnd)a combingtiag thszofi c| es
smal ler than the particles contained in the first dried nolecular sieve
catalyst. 7. The nethod of claim1, further conprising e) calcining the
particl esinf SHiednabkebsftidm kavheran the firardrisd eotecaht sikyestatal$st cdinprisssthod of
claim1l, wherein the rticle size of the first dried nol ecul ar sieve

cat al yst ‘fo’@ag"‘LP"ilde_Lngmer'i s such that, after calcination, 10 wt % of the
particles have an average particle dianeter less than or equal to 20 m 9.
The method of claim1, wherein the water is at a substantially neutral pH
prior to 2&Gonblheimehed effrlaimel & wheteirgthe bindemis abuniaiums¢hdarehydigtal yst . 10. The
met hod of claim 1, wherein the slurry has a viscosity of from100 cP to
9,000 cP nmeasured using a Brookfield LV-DVE visconeter with a No. 3 spindle
at 10 rpnl.11. ThEhrethed bftxdainf 1,citaredin the fisdtelried moldealas bieve yatglypamedsdsa ctly has
a solids ntent of from10 w %to 75 wt % 12. The nmethod of claim?7,
wher ei n t We*'nol ecul ar si eve catal yst particles obtained in e) have an EMARI
of not greater than 1 w % hr. 13. The nethod of claim?7, wherein the

nol ecul ar sieve catal yst particles obtained in e) have a particle size such
t hat 50% &% t hi meghodiaflresychieg/molgcnyieve satalysr previclenizayirgoundesired paopertids) er

t han 150%)@. k4 The nethod of claim1, wherein drying the slurry ind) is
by spray rﬁ ngg 15. The method of claim1l, wherein the first dried

nmol ecul ar si evie) niadiagd ¥y sémpsitjun coepriding molecular sieve, binder and water;

{b) drying the composition to form a first dried molecular sieve catalyst made of
molecular sieve particles bound together to form particles larger than the individual molecular
sieve particles;

(c) combining at least a portion of the first dried molecular sieve catalyst with water to
form a water-catalyst composition;

(d) mixing the water-catalyst composition to form a slurry;

(e) drying the slurry to form particles of a second dried molecular sieve catalyst.

23.  The method of claim 22, further comprising (f) calcining the particles of said second

dried molecular sieve catalyst.

24.  The method of claim 23, wherein the calcined catalyst particles have an EMARI of not
greater than 1 wt %/hr.

25.  The method of claim 23, wherein the calcined catalyst particles have a particle size such

that 50% of the particles have a diameter larger than 30 pm and smaller than 150 pm.



si |l i coal um nophosphate nol ecul ar sieve. 16. The nethod of claim 1@ Wﬁﬁei n
the silicoal um nophosphate nol ecular sieve is selected fromthe r.‘_%) p

consi sting of SAPO 18, SAPO 34, SAPO 35, SAPO 44, SAPO 56, ALPO-18 and
ALPO- 34, netal containing nolecular sieves thereof, and m xtures thereof.

17. The method of claim 16, wherein siligoal um nophosphate nol ecul ar sieve
is selected fromthe group consisting of" SAPO 18, SAPO 34, ALPO 34 and
ALPO 18, netal containing nolecular sieves thereof, and m xtures thereof 10
JUL 2006 20 18rhehhans®shQsini2, Ghdlel drfingWRedi id DR b3 spr5QRY MBI nophosphat e
nmol ecul ar sieve has a framework-type sélected fromthe group consisting of
CHA, AEl and a conbination thereof. 19. The method of claim1, wherein the
first dri ec b |V I Fils ' ' ' I

bi nder . 26 o i 27 MRpsR E SR e oRRual IOV AARf B PRt

chl or ohydsikécalunddophblyghanembleculadsiskeai m 1, wherein the first dried nol ecul ar
sieve catalyst conprises a clay filler. 22. A nethod of recycling nolecul ar
sieve catal yst particles having undesired properties, conprising (a) mXxing

a conposi $3 0N TTREhS BLcIRI 2L WhkeirSthe ¥BicodliM#RphespHatddicticulat Blkvalisktleged he
conposition to forma first dried nolecular sieve catal yst nmade of

ol ecul ar frendleegrpup ednsisting bHBMBOLIGg8ARGr34 BAPOr 1A, SAPQ-44.SARQPHALRPS t he
i ndi vi dua!mal@t%ﬁ-%h%etaféo%\(aqniﬂgHo'l&:t.lf?a? 'sie{e%)thecrgdﬁ)én{él' Rikndbs 4&5@@3& a portion of
rie yst wth ater 1o forma

the first ol ecul ar si eve cata
wat er - cat al yst conposition; (d) mxing the water-catal yst conposition to

forma sluyrry;. (e ryi the slurry .to formparticles of a.second drjed
ol ecul ar 21 evBichetiod ot aisn. St sl TR oty i e oM ng (1)
cal ci ni ngfrbRehP@bhp @drﬁ&tis}% oBSAPOSIRS SAFO-TW, AE PO LA BPOSISE MRS 8drdiMink- 24
The met hod of clai'm 23, erein the calcined catal yst particles have an

EVMARI of metecular eemes thergodrand mjxtwgstihereafs. The net hod of claim 23, wherein
t he cal ci ned catal yst particles have a particle size such that 50% of the
particles have a dianeter larger than 30 mand snaller than 150 pin.

30.  The method of claim 27, wherein the silicoaluminophosphate molecular sieve has a

framework-type selected from the group consisting of CHA, AEI and a combination thereof.

31.  The method of claim 22, wherein the first dried molecular sieve catalyst comprises an

inorganic oxide sol binder.

32.  The method of claim 31, wherein the binder is aluminum chlorohydrate.

33.  The method of claim 22, wherein the first dried molecular sieve catalyst comprises a clay
filler.
34. A method of making a molecular sieve catalyst composition comprising

providing first dried molecular sieve catalyst particles made of molecular sieve particles
bound together to form particles larger than the individual molecular sieve particles, wherein the
first dried molecular sieve catalyst particles yield, upon calcining, a calcined molecular sieve
composition having greater than 5 wt % catalyst particles having an average particle diameter
greater than or equal to 250 microns;

combining the dried molecular sieve catalyst particles with water to form a slurry; and



1 0J UL 2006 31 26. The nethod of claim 22, wherein drying the %Idﬁ“am inb
is by spray drying. 27. The nethod of claim 22, wherein the fi rsi L2406

nol ecul ar sieve catal yst conprises a silicoal um nophosphate nol ecul ar
sieve. 28. The nethod of claim 27, wherein the silicoal um nophosphate

nol ecul ar sieve is selected fromthe grg{p consi sting of SAPO 18, SAPO 34,
SAPO- 35, SAPO 44, SAPO 56, ALPO- 18 and PO 34, netal containing nol ecul ar
sieves thereof, and m xtures thereof. 29. The nethod of claim 27, wherein
silicoal um nop&}g)ﬁg}h@é ﬁurgy{o%%@{e ﬁbﬁ&ﬁaﬂﬁev@%hﬁ%&%mﬁo&@i@hl he group

consi sting of SAPO 18, SAPO 34, ALPO 34 and ALPO 18, netal containing

nol ecul ar sieves thereof, and m xtures thereof. 30. The nethod of claim 27,
wherein t Si4yl.C ] Rl . Al S f -type

sel ected ?om }lt‘ferggtb g%PQQQ{S?%% tﬁ%ﬂ&@e%ﬁa&&g@ktﬁﬁdﬁ%@&rﬁgg ?g"lr@? ﬁer eof .

31. The npirtides aintaih empla2@mawiel.ei n the first dried nol ecul ar sieve catal yst
conprises an inorganic oxide so) binder. 32. The nethod of claim 31,
wherein the binder is alum num chlorohydrate. 33. The nmethod of claim 22,

wherein the fiTisdmethb@6f TRhET4 viblereti B Priadedl fitsildried RNEHES sRvELanystf i |1 er.
34. A nethod of making a nol ecul ar sieve catal yst conposition conprising

provi di ngpariieles arg mixed with Beoyaigr sgithayat least a pggion e theifirstedsicdurdecylar sisvecul ar

si eve part] / her to formparticles |arger than the individual
nmol ecul ar Edé@%@éa%lgggpgﬁagggﬁMer ein the first dried nolecular sieve catalyst

particles yield, upon calcining, a calcined nolecular sieve conposition
havi ng greater_than 5 % cat al yst partic hayvi n average particle

i ameter Shr oali MOHAASLFMET b e 8 PGSt S rHI Siree crRat

nol ecul ar p&tiQ¥eyisRt @onsdalddfh, iaClaRedinidlediB Slevé SorhfIsion Hak Ik oYsated Mehnl 00yt UL
2006 32 gryl ng the slurry to formthe nol ecul ar sieve cata xst. conposi tion.
35. The neadabdysbpartiplgs havaag angerage pattisle daresterdess than ertequalite d0 micteasl ar si eve
catalyst particles contain tenplate material. 36. The method of claim 34,
wherein the provided first dried nolecular sieve catalyst particles are

m xed wi t B8.t heThwamethod of ¢lhiat 34 tfurtleasompriging ¢dnthiniog thehpofided firstdiiedmoiptidaul ar
steve sieve catalyst particles with water prior to mixing, wherein the water is at a substantially neutral

pH prior to adding the particles.

39.  The method of claim 34, wherein the slurry has a viscosity of from 100 cP to 9,000 cP
measured using a Brookfield LV-DVE viscometer with a No. 3 spindle at 10 rpm.

40.  The method of claim 34, wherein the slurry has a solids content of from 10 wt % to 75 wt
%.

41.  The method of claim 34, further comprising calcining the molecular sieve catalyst

composition formed from drying the slurry.

42.  The method of claim 41, wherein the calcined molecular sieve catalyst particles have an

EMARI of not greater than 1 wt %/hr.

43,  The method of claim 41, wherein the calcined molecular sieve catalyst particles have a



catal yst particles break apart. 37. The nethod of claim 34, wherein the
provided first dried nolecular sieve catalyst particles yield, upqQtl 2006

cal cining, a calcined nol ecul ar sieve conposition having greater than 10 w
% catal yst particles having an average particle dianeter |ess than or equal
to 10 mcrons. 38. The nethod of clai m?ﬁl3 further conprising conbining the
provided first dried nolecular sieve catalyst particles wwth water prior to
m xi ng, wherein the water is at a substantially neutral pH prior to adding
the parti glde si3®suchiRat 304 WVIAnOparhiéidd MBv3 4 didthiR&rQhrRer 8 50 Uil dhdRAR1I& than 50
viscosity of from 100 cP to 9,000 cP neasured using a Brookfield LV-DVE
visconetermwith a No. 3 spindle at 10 rpm 40. The nethod of claim 34,
wherein the slurry has a solids content of from1l0 wt %to 75 wt % 41. The
nmet hod of claim 34, further conprising calcining the nol ecul ar sieve

cat al yst 44 onphsi hethod &alaed34, mdwrethr griying thdrdusy isrbyyspradXryihe nmet hod of claim
41, wherein the cal cined nol ecul ar sieve catal yst particles have an EMARI
of not greater than 1 w % hr. 43. The nethod of claim4l, wherein the

cal ci ned gl ecpleahethbE¥Ecl&iat ®, WhereRpiht ipfdvided TaMQIrRd Indlechladsleve 045y 3
particle size such that 50% _of t he particles have a dianmeter l[arger than 30
m and snaPdré¢les ¢oarprise sicoalyninophnsphate Aolecwlpr €evd m 34, wherein drying the
slurry is by spray drying. 45. The nmethod of claim 34, wherein the provided
first dried nol ecular sieve catalyst particles conprise

si | i coal u#é.nopHaspéthddofmbiecdt, ahesirethe silidGalurimephasphae melecolaasievells selatted ei n

t he silicpal um nophosphat e l,a jeve.is s d f e

consi st nGOBHHRRS Sabraape BP0 apeaBb N EaaB0 S, SaREEH M S8 ARPOR,
ALPO 34, aRt A PO3Al Akl &hidiRhe edlRhlas sieVa@IhdrbAT SR mixdies ikbpebfir €s t her eof .
47. The nmet hod of cl aim 45, w%er ein asill i coal um nopmhlc))(sphat e nol ecul ar sieve

is selected fromthe group consisting of SAPO 18, SAPO 34, ALPO 34 and

ALPO- 18, t al LA . B ] I r eof .
25, The not hod el b Guinl By, SR RNk Ik Ak mBRG I JOIERIIR.
si eve hasfram the groepwodsistipp ef SAPOcl8eSAPOelh, AhPOg3bapl ADPO: IS el ofntlhiAg AEI

and a conbi pation thereof.. 49.. The t hod of claim 34, wherein the provided
st dr i OaRurEReea redioyid i ferect”

48.  The method of claim 45, wherein the silicoaluminphosphate molecular sieve has a

framework-type selected from the group consisting of CHA, AEI and a combination thereof.

49.  The method of claim 34, wherein the provided first dried molecular sieve catalyst

particles comprises an inorganic oxide sol binder.
50.  The method of claim 49, wherein the binder is aluminium chlorohydrate.

51.  The method of claim 50, wherein the provided first dried molecular sieve catalyst

comprises a clay filler.

52. A calcined molecular sieve catalyst composition comprising catalyst particles that contain
molecular sieve particles bound together to form catalyst particles larger than the individual
molecular sieve particles, wherein the catalyst particles, after being submitted to calcination,
have an EMARI of equal or less than 0.7 wt %/hr.



particles conprises an inorganic oxide sol binder. 50. The net hoglﬂ ch@% m
49, wherein the binder is alum niumchl orohydrate. 51. The netho ULc m
50, wherein the provided first dried nolecular sieve catalyst conprises a
clay filler. 52. A calcined nol ecul ar sieve catal yst composition conprising
catal yst particles that contain nol eculﬁ] sieve particles bound together to
formcatal yst particles |larger than the di vi dual nol ecul ar sieve
particles, wherein the catalyst particles, after being submtted to
calcinati o9, TvRedtd 5N DiwiReiRtheQbep! FPRovidIASa Birsf dVibd Mbl¥euladsivel UL 200D
34 53. The nethod of claim1, wherein tﬁe Step of providing a first dried
mol ecul ar catdlpsigompeiseal yst conprises: (i) mixing a conposition conprising

nol ecul ar si evg i nde water: . i i osition to form
the first drieu rﬁg(l"%cau{oé’?& git"é@ecg}élg?gﬁgg}o.iecg% Q&%&éﬂﬂ%@ﬂ%&%ﬁ%{&cﬁﬁ m 2, wherein
the wat er usedii) drying the epmpssdorato foraathe fidst drikd tholemtilar sievéatalyhe net hod of

claimb54, wherein the water used in b) conprises at |least 98 wt % water.
56. The nethod of claim 12, wherein the nol ecul ar sieve catal yst particles

obtai ned 541 e) Thd\a¥Bo@Bf SRR, vHerdiRtheGVRAURED tnBRoMprisedtat Ihi197 v Be white.
met hod of claim56, wherein the nol ecul ar sieve catal yst particles obtained

in e) have an EMARI of not greater than 0.3 w % hr. 58. The nethod of
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wherein the nol ecul ar sieve catal yst particles obtained in e) have an EVARI
of not greater, than 0,3.w. % hr. 60. The nethod of claim42, erei.n the
ol ocul ar 51 evEharsed 8 ety 1 oineie b drotaaIar segs cattd ool SERRMEH Rt
greater tRAR  Q-EMMRI ¥ Ut oréader theR® 7Rt g, of clai m 60, wherein the nol ecul ar

sieve catal yst particles obtained in e) have an EMARI of not greater than
0.3 w %hr. 62. The cal ci ned nol ecul ar sieve catal yst conposition of claim

52, wh i . i f ; . . ) ,
e St ALY 1o BESA R 8L B0 A AR n Rl A} |
have an EMARI of not greater than 0.3 wt %/hr.

58.  The method of claim 24, wherein the molecular sieve catalyst particles obtained in e)

have an EMARI of not greater than 0.7 wt %/hr.

59.  The method of claim 58, wherein the molecular sieve catalyst particles obtained in e)

have an EMARI of not greater than 0.3 wt %/hr.

60.  The method of claim 42, wherein the molecular sieve catalyst particles obtained in e)

have an EMARI of not greater than 0.7 wt %/hr.

61. The method of claim 60, wherein the molecular sieve catalyst particles obtained in ¢)

have an EMARLI of not greater than 0.3 wt %/hr.

62.  The calcined molecular sieve catalyst composition of claim 52, wherein the catalyst

particles, after being submitted to calcination, have an EMARI of equal or less than 0.3 wt %/hr.



