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invention relates to a nethod of protecting the
catalytic activity of a 5 netal | oal uni nophosphat e

nol ecul ar sieve. In particular, this invention rel ates
to a nethod of protecting the catalytic activity of a
ol ccul WELhaD Ol Mo AR SRPEMuYR LT AR SrRg, |©
process. 10 BEENS IVITY
Met al | oal um nophosphat e nol ecul ar sieves contain a
PPIELBYOF aHE ISVENTIOR¢éSential |y a network of uniform
pores and enpty cavities connected to one another,
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amethod wd ptotérame tite citd gticaptiaity o a SAPCes®lcchlansithebpi ze

of the.pqres.and cavities. .Mdlecules of .a |arger size
c%nnmnﬁsfﬁy SPAfng i pelecyln ievenrefispily dhsihe b aptesine
Thecegres and cavities of netalloal um nophosphate

nol ecul ar sieves are fornmed as a result of using
tenplate materials in the nolecular sieve 20

BALREROUNE G THE I ANION . "7 {1 Ce < ype cherm
S 1 ——a lattice type chem cal
st r uct MegalloSlubhffispdsiHatmbleeulat $18Fe3@ontainl d fote SYstem that is
phosphorous conponents that are used in maki ng t he

t

nesseitiadlylanetweshied spHereperss ardierapty caviligeeonnteied to one

I i 3 ! S I n e

| BTSN U R el AR AU byl e
aa}cbcan*fms satoh nfodxrcmhe@ gvit}iinefmonﬁeaﬂfnmltmﬁs. v\mehh@le&ﬁestb thet
nol ecul.ar sieve. T resul ting, nol ecyl ar sieve nmay be
cHRISAHEY haye hsiat sratel o dess it the £ige of the PEsISpd cayies.

aﬁio‘l’e%h.%e@ Y ‘Hr%&%?ze‘?:ﬁﬂﬂﬁ E)Flggéalgf entd?8n @&Uie@ﬁlals% il fure.

or to formlarger parti o make the nol ecu
sieve suitable for use, the tenplate nust be 30

renmoved, so that, t he. pores,and cavitie re n to
Cat on kbt Bt g caditieR o mepiopigtono el BoeBaniten gre
t feme®hes sl of hang Eeﬁiﬁ;lﬁe \ﬂa"té}{hﬁ@iﬂtth@fnole@ulfa?ﬁ@% t he
nol ecul es to forma desired product. The reaction

ceenfactiyiing progesspblusing thees formation of the molecular sieves themselves,

a lattice type chemical structure is formed from the alumina, silica or phosphorous

components that are used in making the metalloaluminophosphate molecular
sieves. This lattice type structure essentially wraps around the template material,
with the template material acting as a means of forming the pore structure within
the molecular sieve. The resulting molecular sieve may be combined with other
components for the benefit of adjusting various properties of the molecular sieve

or to form larger particles.

To make the molecular sieve suitable for use, the template must be
removed so that the pores and cavities are open to catch molecules, either for the
purpose of adsorbing the molecules from the environment or to react the

molecules to form a desired product. The reaction occurs when the molecules
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or cages as sonetines called, The tenplate is
conventionally renoved from £he nol ecul ar si eve by 5
calcining or burning out the tenplate. An elution
process can al so be used to renove the tenplate,

al t hough calcination is.preferred,..Once the tenplate
eomg i ealatont rilule i RerkiEnmer e et corieq patsalarty
ag/ithiAdRbrefiore 8REhE chiply tififtics R@agRGh s¥b@demMIBE Ul ar
sieve has its pore system including the enpty

cavities or cages open to the i mredi ate environnent,
and re i .

motal | S S omar Ry BhAtes fom e moleer iyl
stdlciamal arundphostphateenplBAPSO) ehmloa pudaass GineVseshe dsbdito
have catalytic sites within their mcroporous .
TR Sicle pibe qionperresered: &icy thedpumplate s

U RoniBied HHE ﬁloleclu&r 9RO Honsidb@atd b&éd%fvat%ﬁgg%égl @} ust N ehe

activated nol ecul ar sieves to noisture een
f antivdteloneleadar sieve dias Heparatsgdton) inchdighe ympfy cBAREs or

nol ecul ar, sjeves. .Utm‘or.tuna@tggle%l,d nme Irﬁéds of protecting
a5y SR Y O SAPE BT & ST A TR B a{ﬁﬁqty t"e harnf ul
effects of noisture are limted. US 6,316,683 Bl

(Janssen et al .adi scl oses a nmethod of protecting
cat al yActvatedmgiallpglpminaphosphgismmlaeilacigvas, partecydarky

Lo N . . p b | ecul '
B 5P P P S Pt
cihRirseicypotsusishectuitiagt Beenofourdtolasgéalsy dehsitiketo @aRiture.

serve as a shield for an activated sieve that dages

nB 2engral. et Hgamp prrogure of thecactixated gigleculag sighesdp anqisiare has
agtd i AN : . j eves
e B {otfactAEAMS Epra b W RBL RS BRIGH Sey .
ekpfisatety, metisids p€protdStidg G aRAB AT warletsilaetsieabs dgainst the

dj scl o t hod of protecting SAPO 37 catal yst
f Pt e Al oiginaraidedi t of contact with
noi sture. The catalyst is maintained under storage

conditions such that the organic tenplate conponent of
30 t heUbd, 210,08 Bk (Jenssen et algdiscloses 4 methiod oSpre@cBiig catalytic

nol ecul ar sigye, -unfil. such t.i .the cat.al yst i
orciias o asgteD Buardtlt pieve et pelie il s of e
CaloBlclBt sie$e B¥RABAHCt WRh hivestieCThe dhpINe iGEIReA 4cPSas the
wherein the reactor is operated at 400 to 600C
shield, or an anhydrous blanket can serve as a shield for an activated sieve that
does not include template. It is desirable to shield the active sites, because
activated SAPO molecular sieves will exhibit a loss of catalytic activity when

exposed to moisture.

US 4,764,269 (Edwards et al.) discloses a method of protecting SAPO-37
catalyst from deactivating as a result of contact with moisture. The catalyst is
maintained under storage conditions such that the organic template component of
the molecular sieve is retained in the SAPO-37 molecular sieve, until such time as
the catalyst is placed into a catalytic cracking unit. When the catalyst is exposed

to the FCC reaction conditions, wherein the reactor is operated at 400° to 600°C
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structure, and the catal yst gecones activated for the
cracki ng of hydrocarbons. According to this procedure,
there is little if any contact with noisture. 5 Mees
et al., "Inprovenent of the Hydrothermal Stability of

S y 44-45. first .
g fogene GRS Wher R fhows S0 850, i stpibis s
2fidvediifivnl ths @solecul@isiowd pofe spiifues tihd theARG sBBecomes
nmol ecul.ar si eve, . b? e(({*l on, a reversjble reaction of )
NRESTVAeR AOAEP Gréciing o1 By droEbaise keCOPPiR fogthi gioopgure, there is

t [ RRSE Ay BoneactviRARRRA. | N0 an NHA+-SAPO-34 i n
reversi ble way. The NH4+- SAPO-34 is said to be able

to withstand severe steam ng for an extended period of

time wthout .l ess of structural integrity.and acidity,
As new o5 gélsc ?V%mfﬁ’le%fydﬁ‘?tgﬁ‘ﬁ%ﬁ ﬁi#fﬂﬁﬁef g&) geéﬁx
t OB&m.USEmAbn. RO, (0244105 TRENRSANRESs MR a8 6aHca bt EYEhe
in the production process continue to be inplenented,
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contrnues to e nme an even greater
chalsfenge H'sSAROL3 £inkesid WHRT-SAROSI £hitreldisibRIvasy. STRINEL -

c rcial catalytic reactjon systens, where the

S lRe A sgite Brfble o pisbearbeapiesteaning fr 4n gseadedpeziod of

SEMEAthol 1 & ¥ than typical pilot

scal e fggtir]l igs{(?fes. C%Eﬁtf’%ﬁgé@éﬁlg % systens wil |

typically require at least 10 tons, and up to as nuch
ecul ar._si eve .to_operate

500,t f I
of 11 ci SR 1arEg S5 PP Tcis] PERHE TR Fao LR SRS v
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agai nst loss of catalytic activity are desired.
@rtedr HEotEIVENITE ONlecnlansieveadpa igss biicatalytiv ectivityras

p ' thods, which assist in the rotectio f
LR S ddeh SR AR RIS p becfen &len i i froee.
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effective as they are directed toward very early
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sdcalgesystems will typically require at least 10 tons, and up to as much as 500 tons,

of molecular sieve to operate efficiently. Accordingly, additional methods of
protecting metalloaluminophosphate molecular sieves against loss of catalytic

activity are desired.

SUMMARY OF THE INVENTION

In one aspect, this invention provides methods, which assist in the

protection of metalloaluminophosphate molecular sieves against loss of catalytic
activity. These methods are particularly effective as they are directed toward very
early stages of where problems start. In particular, the methods of this invention
are particularly useful in that they can be implemented at the manufacturing stage

of the molecular sieves. The molecular sieves themselves can be activated for
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of the nol ecul ar sieves. The nol ecul ar sieves
t hensel ves can be activated for WO 2005/ 000465
and pr ot erCBUST004/015794
storing or transporting prior to use. Alternatively,
the nol ecul ar sieves can be 4ornmulated into a
prefornmed catal yst. The preforned catalyst can be
activated to forman activated catal yst, and activated
catalyst is protected fromcatal ytic deactivatjon.
Tatal dicrysand prefaetad YassiarBISATIANEPOBHRG RIFGTde USS. Alternatively,
icPes1GA belfodRi ' . formed
SHPENEER sichdER v S RNAAI/ o PR el i TFE profqume
saatdl gt egyubepavtivhted ko formeaneatkivatedreatslystt el mtiosted catalyst is
inventiaqn provi des a_.nmet hod, of paki n, .activate
D e P BN R HT B o 86 dpaTeied Ry B e grred
CONRYdiReRSkihddat %élﬁraﬁfyepﬁ%iﬁés the Ind3f S¥dceve Earﬁ_cle size and

nmet al | oal um nophosphat'e nol ecul ar si eve having a

tlomgreas for commeraial soyleleguipimegt. t he ‘
nmet al | oal um nophosphat e nol ecul ar sieve at a first
tenperature to renove the tenplate and form an

act i vaheie efibbain<da thephieedt asRhadEpravides bl hithosll d\edking) an
contacti n? said activated nol ecular sieve with an

i aréiveted metadioalyminenhwephaitipeleatlar devss thermethed corpputyme the
v 5- . hei | ,
e oS TR Rl

utetniplatd thereim bg diching thiceneallmtuinainopiiosphatonmictonlapticte 2%
w. %or |ess. Preferabl ?( t he at nosphere used in

skisptemperaturg fq remaye agiempiate,anck orp a8 asiyalet ment , st ep

bﬁleﬁaﬁgﬁhﬁio?ﬁ@s hiteHOIBIRIRNET § SRtihg sRE ablivdt&PRbledular
w. % 20 s ear% based on the total werght of the
atienespittesreined gpo st 4 seoond temparatirh of afdeest 8254 the second

enbodi ment,. i n st G t he inper as a.relatiyv
oErefralRebigh 8 BRSR0t v bRy, MR B Ve fraf e
N@hpefaBib ghtiltthémolclir siE0E Bas Pk RELEHKRN 0h OR5GHER @less.
than 0.025. In yet another preferred enbodi nent, the

gas 25 used in step c) is air, nitrogen, helium flue

gas, n r. .

07 e DS EAABLIAES LAAERE b e K Bk
peabaIabhtystop bpfaktesiade iAQAAGmEPhere canmprising tahastiove %
enbodi ments, the netal | oal uni nophosphat e, pol ecul ar
ssteape based-pnsthp fotalay eighiRf R PIoaRRereeNBRAEAN. sj eve.
Also, in a separate preferred enbodi nent of any of

t he above enbodi nents, the netall oal um nophosphate WD
2005/ ORQh6the PRFEfddRACHMbddirhéidin step c), the inert gas has a relative

water pressure of not greater than 0.075, preferably not greater than 0.05, more
preferably not greater than 0.025. In yet another preferred embodiment, the gas

used in step c) is air, nitrogen, helium, flue gas, or any combination thereof.

In any of the previous embodiments, the temperature in step b) is

preferably of at least 400°C.

In any of the above embodiments, the metalloaluminophosphate molecular
sieve is a silicoaluminophosphate molecular sieve. Also, in a separate preferred

embodiment of any of the above embodiments, the metalloaluminophosphate
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conprises chlorine atons, such as with al um nium

chl orhydrol. 5 The nol ecul ar “si eves prepared by the
present invention are useful as catalysts for the
conversion of an oxygenate feedstock into one or nore
0 ' . r-di_n resent. i nvent.i.on al.so

P afeloele? ieve R38R0 oo RoRREDhioh PRt ER sfe

f eptdloslakninophospghas méletuliesi®leaiid a(inder.COBR¥nSinAyg, the binder
preparing an activated mpl ecul ar sieve by the nethod
ofOTaPHSes FhloTige aiems, sush gs withalursingim ghlortydrolo act i vat ed
nol ecul ar sieve under in an anhydrous environnent;
(iii) contacting the activated nolecular sieve with

t he oxYhematesulaesidsdsqrepardd by the peavestrinvigitian preowkefitl as

R O LD R

apbéotaingl, ipadskRdihwlitdARNATBRRL % ABIREM BF cstiveMfigfanom

catalytic deactivation due to contact with water.” The

nexyestate feedsfadsingy ond efi merenlefisy(s)l tovaprising 6 ppropping @

R SR R STk Ak BIRE Ao L1808 1o on Psoringghe

r enivdred nideduirplont @nédidn ah efilifdasusambiry@hed; (iii) contacting the
nmet al | eal ym nophosphat e nol ecul ar sieve having a water

2ertivatst applecyiar sisve gribdhe pxygeante feelstogk; (i) rerpyernga product

t S St b i vated netall oal um nophosphate
rrgcf ecrllj a sioévec?rglageﬁglﬁ%'t her enbodi nent, there is

provi ded a nethod of activating and drying

nmet al | pal um nophosphate nol.ecul ar sjeve. Tenplate is
renmove W&Hﬂ’t"ﬁ’éﬁer@éﬁﬁﬁ’c"&w aﬁﬁr‘i’lﬁ’éﬂ’é}ﬁ%% pshad qfpreteetme

Sh@M8tell %e@ﬂ!oia}(ﬁ{iﬁ%%ﬂg)%ﬁﬁé Ao\t ﬁg&@ﬁ’&ﬂ%@ﬁ%ﬁ deactivation

nol ecul ar si eve, he activate

n@uesto |coniiaciritiophiss pHat methol éxludes peivedieg as dried to

R D T e R N s g
OfnefallbalGin@RpR6sphh@AndlecBarMieviis RaSRIGo 28 bGL Rk 119 nd

of the activated 30 netall oal um nophosphate nol ecul ar
sfosyan agity gohmelodsmirghwbacousleadagicvedaying pevater

?Tt&‘ﬁgéé‘fg F)g ?@%&%ﬁ% 195 W% t’/gfl‘blag)ez%ll ol%mo&? %%Pg%? QP tth% activated

metalloaluminophosphate molecular sieve.

In another embodiment, there is provided a method of activating and
drying metalloaluminophosphate molecular sieve. Template is removed from the
metalloaluminophosphate molecular sieve to activate the
metalloaluminophosphate molecular sieve, and the activated
metalloaluminophosphate molecular sieve is dried to form an activated
metalloaluminophosphate molecular sieve. The dried sieve preferably has a water
content of not greater than 1.25 wt %, based on total weight of the activated

metalloaluminophosphate molecular sieve.
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The activated netall oal um noghosphat e nol ecul ar si eve
is contacted with a gas in 5%an environnment at
conditions effective to forma netal |l oal um nophosphat e
nol ecul ar  si eve havi ng a very |ow vvater content

pr ef er abl not ater than based ot al
wei ghtﬁ&fﬁ¥ °fi’6%ﬁ“&rrﬁ IHS%H%@W %t&ﬁ’i“g?c‘é‘tré%( °
Althgd Riipligd tHeﬂalﬁ E‘ léaﬂeﬂ‘éﬁﬂ{ dt&fin hiSa t%m%@fa’&ﬁg eftctiBKd NG
activated 10 netal I oal um nophosphat e ol ecul ar si eve.

| iemonie thertowd]ateeantd, activaterghteahttoBioalwmimophaspbiia nelecular SIeve

e LiSle aving a .t I therein is
e Tt e Bt e HEnei iRt £ o it 7S BoiSeBl Sk AEhs n
CadrvarbRthedd 4t BoliGas efecti€Otadbinh @MgetAfdaREkihyshdsphate
renove the tenplate and activate the

napkerilansioys opteos pia iy Wetes comtant, picksyebly Talegraeter Y2ak ed

1 I et . '
oEAF S8 A 0P URRBLSE B TRA LA PG kGl ive
used to cont act the netall oal um nophosphat e nol ecul ar

sSi eve nd renove the tenpl ate. h e rature at
whi ch Aﬁe prevfislgin dhiggvepiipns agneth f @nﬁeg pefivaied al so
%Et%ﬁéélﬁ&ﬁo%h&%’h&@e%blé&ﬂér‘é?év@d h‘frgﬁé"éﬂl@cﬁin?l%tn&’ phosphat e

mol ecul ar sievé having a water content of not greater
t etalldal@@inophosphbigseccarar siyethoviak atenplate théreinhie prov1ded

i vat dmeta n shaterme ar, si eve.
s e SR rhp b meBaR RS T Borigy o
N&SndRtbne L@ A@ ratnovieAhdiehil 6 afiCidivhRahsin nophosphat e
nol ecul ar sieve catalyst. I'n a ﬁgeferred enmbodi nent

angaPorliminophpwhatsinealeculansiovex Thaeetivatad and a bi nder

%gtaﬁb%ﬁ%}rgo h{)ﬁ)g&t;epl%leéu?%r s?e{ngllgth%tl %51&% to%e%tpeta?ur% Ii](%[)er

renove orma prefo

nitud tHao af theigaopRd P b@{ta:t iR i@etalledlusir@pRopattdnysibcularheeve
pref ornmed netall oal um nophosphate nol ecul ar si eve

cEdgeppeve the templalee tldg t@n@%mr‘faatgyﬁtgc thsactyats mglesulen pigve
Ofs 08613’1“_{9 1% ERLBVER ﬁh'aﬁ%}rﬁga S hda 188%&%@89&%&@“ ate

nol ecul ar si eve cata yst actrvate
nmbkkctleasiovd eypipswhiat eomalt ef nbiggreaterethen BAS edt?al hastd ors

dr ter content qf not aterthn125vvt
o}oota‘i sig aﬁtvﬁ'%affétatefﬂeﬁa palymiophopbate aglegar sieve

nmet al | oal um nophosphat e nol ecul ar sieve catal yst. WO
2005/ 000465 PCT/ US2004/ 015794 7 Al'so provided in this
i nvent Ingamoiter aspeeitdidle mfveriony there iaprawdadedmethod of making a

formulated metalloaluminophosphate molecular sieve catalyst. In a preferred
embodiment, a SAPO molecular sieve, matrix material, and a binder are mixed
together to form a slurry. Water is then removed from the slurry to form a
preformed metalloaluminophosphate molecular sieve catalyst. The preformed
metalloaluminophosphate molecular sieve catalyst is contacted a gas, a gas
containing steam, or steam to form an activated metalloaluminophosphate
molecular sieve catalyst. The activated metalloaluminophosphate molecular sieve
catalyst is dried to a water content of not greater than 1.25 wt %, based on total

weight of the activated metalloaluminophosphate molecular sieve catalyst.
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contai ning water vapor at copditions effective to
renmove the tenplate 5 and activate the

nmet al | oal um nophosphat e nol ecul ar sieve. The activated
net al | oal um nophosphat e nol ecuI ar sieve is contacted

with a s ti.ons o _f.orm an

ot 1 vat S BigfO B i R o SRk of farifE s
gﬁeatlealufmrmphoaphafe mme&ﬁlaxtsaaed [R6né &hBbdiMehaht of the
acti vated netall oal um ngphosphate nol ecul ar si eve,

agtallpgluadrqrhatrbgterae lary T veihaving depplatcdhersinde gpnipcted
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anot h I'nvention, the actrvateée
S%cﬂwhte ¢hd mletaﬁoaﬂummo@hmphate dn(ﬂéctﬂartsfeavpe Tt actevacdd at

| eas 50C. At _.such tenperature, nhydr ous st r.age
R GHREHOhEsHgte TRleGLRa o 8 Forcirded M o.ggs at condiions

eé@é&@ib@"&ﬂf&m%l atcti@atedwa%l étqhﬁw bRy st ﬁf‘ﬁ{{t Qfeater than

activati ng ecul ar sieve or t
f bt éﬁ,émsmretotal anelgtt edeaniivateremeatibalngirptiosphate

f f he ti are carrie n one
oPole6a? gt dnd st B gL i S fiofachRpomitenileeistn g is
aﬁdr‘ed lin el yhtd@ir&fs ehiigordhdrtV 8 Sbtisdr @¥Bodin®ont 8f the §EheBHbn, the
in the sane vessel. BRI EF DESCRI PTI ON OF THE DRAW W NG
2etioate SR salesylar sfeve insiared afrp fempstagin of nt leass 150°C. At

bR SR b O I b b Ropssorv oy

DETAI LED DESCRI PTI ON O: THE I NVENTION 1. M nim zi ng

Wat er Copntent of Actjvated M| ecular Sieves As noted

above ffhe N@%ﬁ@?&’f’é@%ﬁﬂ“%f the,mvepii thediwating prdéen agtivating

Sd)ietl{@ﬁlo?é'cﬁlar Srev@st h¥ %Iﬁgﬂ%wd olBY ﬂﬁef@ﬁﬁd Ak o g%%?ﬂ)lr

fromthe pore structure ecu Sl eves

adyingatfahk aotivhied glegs ama:arreadtceut irt tbt&% @anarevessalst Preferably,

th ctivated,. nol ar SI es.contajn active

A A Dot P S Theciest P lepe e chied amainy e

SdahRSveRdc® avail able to cone into contact with

nol ecul es entering the pore structure and

cat al yti caI I convert the rml ecuI es to a chem cal
EDESERIE AWENG i ng t he pore

e Rl tfdﬁ%étl@éﬂ %?ﬂm%ﬁﬁ&ié‘%tf%?“ iy whicn

nebibers tleadftat abehpsphat en rah@dud anates fileesmoldiehr tibes.
nol ecul ar sieves are likely to

DETAILED DESCRIPTION OF THE INVENTION

1. Minimizing Water Content of Activated Molecular Sieves

As noted above in the Background of the Invention, molecular sieves are
activated by removing template material from the pore structure of the molecular
sieves. Once activated, molecules can enter the pore structure. If the activated
molecular sieves contain active catalyst sites within the pore structure, the catalyst
sites are available to come into contact with molecules entering the pore structure
and catalytically convert the molecules to a chemical product. If the molecules

entering the pore structure are water molecules, and the molecular sieves are
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undergo catal ytic deactivation. This invention
provi des nethods that m nimze the anount of water 5

worlosoui4es | i kely to enter into or remai n i n aPCT/US2004/015794

acti vated netal | oal um nophosphate nol ecul ar sieve,

thereby causing a significan® |oss of catalytic

activity. The nethods of this invention can be

appli ed during making, storing and using activated

netalloalunlnophosphate nol ecul ar sieve so as

prnefelealumimwbhesphpte seolepulas siexps, shendhe mplacplar srﬂﬁ@ are likely to
net rly effective in protecting 10

s‘fng%% ﬁa?a'i %%%ﬁ&?e (SAPO nol ecul ar sieves from

| oss of catalytlc activity due to contact with

nmoi sture or water. The s of .this_inventign are
par t i cHHAHPFRERHRPY PSP g&f)gi‘ &é&%mézet hpgaunt of water

| NGREREY Hl&e%j td & lﬂ%to@ oL %aetmtédqﬂetalﬁ@ﬁmﬂn@ﬁwsﬁﬁate

sieve so as 5 ready for catal ytic use.
Ancbmda]ngexteothehﬁywamdmgi& 81gﬁ1fmbantslossmf@atlal}mm acmat}e cltiear

si € a opri at.el ctiv r ef rab ating,

aproa SRR iRligh i Anke o R Ve end iz
afdvivell inciB1BIuMhihdphosghateahyleb@iad éMveﬁs‘étds\t@pﬁ)tt&tt Bodifdt loss of
extended periods of tinme. 20 According to one

e}@tﬂ}mﬂt ﬁ:@tmltyo {The miethqdg weerparigenlardy effective in protecting

T 3 BRI oL B T PR vt

afetto célﬁamvaﬂlmﬁistwabﬁdatﬁiet al | eal um nophosphat e
nol ecul ar sieve having a water content of not greater
than about 1.25 w % based on dry weight of the

act i vajrinBmba d1Qfis &&Weﬁﬁ&b&%ﬁﬁ {&147R] 1R @RI, BIr@¥SmpRD

Preferably, the netalloalum nophosphate nol écul ar
ssmeanemc@'pmamdadtotmeth@im acmMngttmupreIasme‘asscm t6 bem

ARufrsr Eah e IR o BRtn Tl YRR PR bE i S i o e

Vh‘ievoéJ apPRpEiatIedcEik Bl Yor&etab b L REAing L RATcoARMY bni§-a8niMimal

% and nost preferably not greater than about 0.5 wt
oamoyh e EWaish carie andayiHemai in peatabiticglly agive state for

sphat e nol ecul ar sieve. 30 WO
%@FB%@%@ &%‘?‘ S2004/ 015794 9 Preferably, the water
content of the nolecular sieve is greater than O,

preferably greater than 0.0 npre preferably greater
t han OX@E?T 18&%%}16&41@%%%‘?“" %H‘t"e’@ﬂ‘m@ ARe activated

ThRLahd AT RAPRAS B S1Re66 HaPneSbBY Rte therein, is heated to
remove the template so as to form an activated metalloaluminophosphate
molecular sieve having a water content of not greater than about 1.25 wt %, based
on dry weight of the activated metalloaluminophosphate molecular sieve.
Preferably, the metalloaluminophosphate molecular sieve is heated to remove the
template so as to form an activated metalloaluminophosphate molecular sieve
having a water content of not greater than about 1.0 wt %, more preferably not
greater than about 0.8 wt %, and most preferably not greater than about 0.5 wt %,

based on total weight of the activated metalloaluminophosphate molecular sieve.
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5 The water content of the activated material is

preferably determ ned by taking about a 40 ng sanple
and heating the activatBdr/us2004/015794
material by contacting with dry air at a tenperature
of 600C for at |east one hou?. The water content is
cal cul ated as: Water Content = W W (100% 10 where
Wis the weight of the activated material before

dryin nd W5 is the weight of the water renoyed

o er relHehg thevairocanRar medv e Sy giegr then O,
R RLPR bR aRR @SN fofe #Efe_@@dl 2featet thadl (RUS bhsodbnitedl
to a desirable noisture Timt })1/ contacting with a gas
i weight ofdhe aetivared metalioalvmiopphdsphatpipiotesniae steve.s at a
tenperature of at |east 225C. This drying or
contacting step can be perforned as a cooling step,

whi ch Tigd Waneh cont&dt @P thetadtiRaéd Matesial I8 prefatablyydetermined by
Preferably the activated netall oal um nophosphate

nigkine abait astmg sprgple o eefbated Winteralang hsating the activated

e .

ARtk B Qe ETRCS Aiicflfe iFBOGTC 4 Bead i hou:
pTief witabtontent id enipeated s e of at | east 300C, and
particularly a tenperature of at |east 340C In

anot her enbodi nent of the invention, drying of the
activated netalloal um nophospfate nol ecul ar sieve is
carried out by Welst Cofenii th agiiy yd00%p5 This

cooling follows a conventional cafcination step. The
calcination is carried out at conventional calcination
t WRRE VLEIHhe Swdi ght lo€ ERRVAR Y REPatetiabhdoR @ yivia! #hdtWeis the
catal yst. Preferably, calcination is carried out in

t eight eidbawates rempiedafigadiolng. i .e., steam WO

2005/ 000465 PCT/ US2004/ 015794 10 The drying or

cooling step is desirably carried out at a tenperature
t hat i B orgtenitediherabe bctb@fedomdtallvdhinainopliosphate molecular
cal ci_nat,ign or, ac‘%igvat,i on st_eg. Pref er abJ%, t he

drigyerg depd iuprsighlomeqistpte lumit py goniaeHneayitha eaH B at ur e
t dfirohfhefif invoiRSH 1RRAMrrHIAEis R&!tOMHEBREe 8f atidiSt 225°C. This
cal cination or activation step; nore preferably at

| dystg catvoutacting §eCedndteqerfohmed af a ¢dndingatepi whichdellors a step

activatign s n S ref er abl t. | east bout
Scetie B Gt PR RE TS ol B DR oR R ep.
| MoRBElaL TBASHs B Racted nithi P48 I hiPBnvifdatheAFhdWRE £&mperature of
nol ecul ar sieve is

at least 250°C, more preferably a temperature of at least 275°C, most preferably a

temperature of at least 300°C, and particularly a temperature of at least 340°C.

In another embodiment of the invention, drying of the activated
metalloaluminophosphate molecular sieve is carried out by cooling with a dry gas.
This cooling follows a conventional calcination step. The calcination is carried
out at conventional calcination temperatures to remove template and activate the
catalyst. Preferably, calcination is carried out in the presence of water vapor, i.e.,

steam.
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nitrogen, helium flue gas, and any conbi nation
thereof, and the environmentln which the gas

contacts the activated netall oal um nophosphat e

nol ecul ar sieve is substantially lowin vvater

conten he wat er .cont ent, of .the e_n i ronmen

pref er The JWH%%FOPE%@H% ey ol kAt pature that i

S biff 1basE b 59°Ct B R Ahdt e dalc‘iﬂa@ioﬁ/@lf sétwﬂaﬁoﬁlgt%ﬁr Phdf@ably, the
occurs. Relative water pressure (Pr) in this invention

i drydref orrregling step ét aatiedoent B atemperatug rﬂ@at@ﬁf attlepst oot 00°C

Pl e R BRSPS RSB Th Bpov

Was@C Hemtﬁ)at ofTihe chlelnatibty 6r actight@in M1 a8dIHDst Sreferably at least
neasure of the wetness of the environment in which the

aequy APLE hedeve diat af thsicalpmation gy 3cdiyaiemm gewl ed. For
exanple, a Pr = 1 neans 100% 20 water saturation, and
a Pr =0 neans that it is conpletely dry. In one
enbodi hente anibadientrikie mtviention, tircachivtted aicdetubm s isar
sigve is

S B Ged P ARy sy G E LS T A rlakTeli e

e B ifoRHERALT s8s ﬁl%k’e@ﬁﬂl% Sel¥@AtEfroRItRS ?ﬁé‘hﬁ cBhsifg of air,
greater than out 25 0.075. Preferab t he acti vat ed

noitiegen, éﬂﬁh@meﬂ@e Bas, mebanygompinadinn dere ami thi envigpasnent in

ronnren a_rel t|v er. ure o
o MLEREE BT Rlac e of Blal i SRl SRS S lechB sigye s
t btaj@taaﬁ@lw 1061 182 6aterogbe b Srhdawfmeécmbérﬂ oﬁﬂie eivRadiéntt han
about 0.001. It is also preferable that the step of

chiefarhly has ¢ Frlathisl veaten ripssufecha inpufficigntlytesv $mthﬁhlettlp iter
mﬁﬁs%gptﬁﬁ%%é%ellgﬁﬁ% YA ﬁ%séu?e Elﬁi n tﬁg 119\%11‘[181? 1@@6{ﬁtne&) tas

rocess, icular prror
| ectal] ngrtialh preasiiré whthe dvatat(B) Jisidet by catarss¢dOwatgep@tsure (P,) at

transport container. 2005/ 000465 PCT/ U 2004/ 015794
13 21VRh deeRsRERTea A et lcalrtemﬁ%rawevggw 37gffe- Therelative
a%’cei’? IR LoEAREe S BY @fe 55 ¢ ﬁ@érﬂ%nhﬁ nrv?llueﬁ fnsel y

dry state by contacting WI ry gas. dry gas
us@tvaied malbealarsigvieds dmed:m:r@loohg §begxaa:rmie tad’r&n}ymgats 100%

convent i o ally . used to dry ecul ar  .si.eves. Exanpl es
et Rt e 43 Ptts dtht SEPBls RSt um 1 ue
gas (i.e., a 5 conbustion product gas low in noisture
content), or any conbination thereof. Dry air is

prefer Feehe ﬂmquant:maﬁ the inventipnghe aetivatad meleeulprdieneiis e

e TR Ry SRl O L O B0 G G i
which the environment has a relative water pressure of not greater than about
0.075. Preferably, the activated molecular sieve is heated by contacting with a gas
in an environment at a relative water pressure of not greater than about 0.05, more
preferably not greater than about 0.025, and most preferably not greater than about
0.001. It is also preferable that the step of contacting the molecular sieve with a
gas in the low water pressure environment is carried out as part of the drying
process, and in particular prior to loading the activated catalyst into a storage or

transport container.
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nmet al | oal um nophosphate nol ecul ar sieve is activated
so as to obtain a hardened, ldctivated nol ecul ar sieve
catal yst that is acceptably dry. Hardness of the
catal yst can be determ ned by mneasuring attrition

resi stance_usin ny conventional .nethod. K One such .
et hod BAEoiher sRBodet ohiBG VRHONES SRttt 4174 FRTPoREEE Figte is
ToitSinbFin® BRSO QntRAnd XiB% drl Bes. Doy d i
A(ﬁt%in%i 1cr)ln I%gggl or %ﬁﬁ@én I ndré%( % Dl) .r§r gee, eé. (39%asuusse -
Pt dryileg or cob]id Btep 64n heanbgBEenEnbionathcused tedl melecular

si.eve or catal yst, conpositi of  t.hi hbnventLon i S.
SRSV B SR Y S cineree i dle hsRen R0 i -
PéuAShURAdN PiREBGSas W i Bofstudd s@adEitRbE efly eombihetidnfereand
preferably hard enough to be introduced into 20 a

pPBcEEs iFfPred. olnmesiq e, pycresthaymedgalatse watey sreamre of
CRTAE BT WDt ARG AO0SE kB

nipbecpttfrabdy woteredtetaharcaiodt 0.025H and hicst pieteralilp nobgraatar than

Eé%senﬁg activated nolecular sieve catalyst having a
uE B yndex of not greater than 15. 25 Preferably,

t he netal | oal um nophosphate nol ecul ar sieve is heated

under conditions effective to obtain a hardened,

act i valnemgiothet embbdimest efitbe twentions & mdtalloahgniaopkosplase

I ndex of .not. greater than .10 r r.ef er abl ot .
e sinas 8RRt opar Pt e GrL o sipve
3eatadPst iat §LR0EMAbLy PR HanREsstITeh LW Barl Bél@terntin€d by
harder the conposition. In this invention, the

Da¢essioing piidicon fesisaeersmsany convewionalmethod Snosydonghsd
P. . - ol [ it
ROy ARy PSR, TP YR o
diha mefvison iAntritioa madsk. or Thevisvampdex (DI).t $ezne.gylj. 8RN0 a
standard 20, mnute test in a Fluid Catalyst Attrition
AppaF-aetgndrsPef> k- nrcsenlsanlat deye qreatabishoompasiig of this
PRGNS0 4B 004 L IR Pl e
r éxsilg traafpdriation o stotingf and grefesably lpad enaighso beattradneed into

broken apart durjng the test. The. ater fhe nunber
of PISFISLRI 4R PROViAS BIpiEoRoReast BRI fRinagssorig opaation.
the |l ess hard the catal yst. The Davison Index is

cal cul ated as
In one aspect, the invention provides heating the metalloaluminophosphate

molecular sieve under conditions effective to obtain a hardened, activated
molecular sieve catalyst having a Davison Index of not greater than 15.
Preferably, the metalloaluminophosphate molecular sieve is heated under
conditions effective to obtain a hardened, activated molecular sieve catalyst
having a Davison Index of not greater than 10, more preferably not greater than 5,

and most preferably not greater than 3.

In general, the lower the Davison Index, the harder the composition. In

this invention, the Davison Index is determined as follows:



Davi sion Index = wt. <20 mcron material fornmed during
test wt. original > 20 mcron fraction Il. Types of
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protecting any nol ecul ar sieve containing active
catalytic sites fron1deactiv§&ing due to contact with
wat er nol ecul es. Ml ecul ar sieves have vari ous

chem cal , physical and franmework characteristics.

o TR S SR S b« Dl e
Agsepseadi irdterdin GRIEAINE 9 ThO sdnhisle i thes s ec&é’ﬂﬁto'a@?ﬁl@ard 20

Conmissi on 15 on Zeolite Nonencl at ure

f mmwwnta@@dd“@é@yst kﬁ‘é@‘ltloné&npla{ﬁ@lsog gaarﬂ@ardened steel jet cup
f
CERERE bt o e R B B BB U RROR BT o,

oHaﬁdlflessspéﬁelfIIhﬁecpdimﬁBﬁlt ebthe @fnohhﬁﬁ&:amh}tsepar&bﬁs that are
Franemork ype zeolite and zeolite-type nplecul ar

sb@%f@%aﬂa& lmgéhp tests g Erente themambgreod padicles that gesproken

: e At ag Q%%te%f {h%e haff thEca p %Q’ES%H% é:xrlgleglgﬂa{éd as

Ite Frane ypes, tion
El sevi er, London, Engl and (2001), whi ch | s herein
fully incorporated by g& rence. talli%e nDIe%uIar
si eve nph@kbAlRIR! & :

connected framework svt @@gmab>%ﬁm¢€<§¢m€ractman ng T4
tetrahedra, where T is any 25 tetrahedrally
cBor di Ramesef Maleawlar Sigiescul ar si eves are typical |y

descr }fﬁg nln’%nﬁc?l{ Esefﬁgtlé%igl pzé)t%cgtin%;an&glg(géé@% ﬁ Q’% contnbmng

defines a A

Ofictivé caﬁalgilﬂiﬁ sit@s frdie deadiiyatifd B tof doareywitk wiayap enolecules.
charac{erlstlcs i n¢l ude the arrangenent of rlngs t hat

f korgexleg sigkes hane vouis chewisehihysisal, HidnEmagvaik gharacteristics.
BN%E%% ar sw@&dnaRIQ See?f’x@g Eela n&ﬁ%ntth% I@%u@l]ﬂgéeéo F&10t20F the

I'ntro uctlo Ite Science and
thﬂnatmm,al &mbfndssﬁompbﬂhai difgta the dulanof thx fARAEACIMInission

200 004 5 P US20Q4/ 015794 I tion ol une, 137,
2@3 BY Y o gvﬁelétyps]des memol( y and
'\E‘Jﬂ%ét \@@Qﬁ thét%@%ehralm&dlﬁétéd Reni )é@ﬁ@ﬂtl?cﬁlgocfle framework

mol ecul ar sieves are the small pore nolecular
sa@mﬁeSAﬁlabstﬂa@mn pP@e spaqxﬁc prﬁ]iertlAsr Yor thnmm@tﬂals CAS,

DAC KFl, .LEV, .LOV
ARGk SBACEOSEAR e RO sigs G Bt R ygture
f RasBeeh BRAKRAed, bfeashiRbedMRES Rit8I086 dh@hredeSotfbed i\He.41las
of Zeolite Framework Types, 5th edition, Elsevier, London, England (2001), which

is herein fully incorporated by reference.

Crystalline molecular sieve materials all have a 3-dimensional, four-
connected framework structure of corner-sharing TO, tetrahedra, where T is any
tetrahedrally coordinated cation. Molecular sieves are typically described in terms
of the size of the ring that defines a pore, where the size is based on the number of
T atoms in the ring. Other framework-type characteristics include the
arrangement of rings that form a cage, and when present, the dimension of
channels, and the spaées between the cages. See van Bekkum, et al., Introduction

to Zeolite Science and Practice, Second Completely Revised and Expanded
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t hereof. Ot her nol ecul ar sieves include ANA, BEA, CFI,
CLO, DON, @S, LTL, MR, MR MWW and SOD.
Non-limting exanples of preferred nol ecular sieves,
particularly for converting an oxygenate contai ni ng

et Pkl | At O A, B
1YAM and TON. I n one preferred enbodi ment the 15

nol ecul ar sieve of the invention has an AEl topol ogy
or a CHA topol ogy, or a conbination thereof, nost

f e smal | di and l.arge
P e Pt e ARoted g A% oye E T3 Bl Bl
ogle@sfsgmsgm AEPEJ;\AATFN MweAT\TmNmIEIK,, Clalse OMA, eol, AC,

sieves _enployed 20 herein have 8- - rin

S DR FoBR O QrR D LR b ot A M@ ra St Rl 12@@
fﬁ’ﬂ@ @H@ Eﬁbs ﬁté oflrﬁs {ﬂe eMartﬁ fn)éﬁf Ar¥1 otl%}ﬁllﬂgle%‘éy
si evés, pre era 15 coarl um nop osp ecd

SAEVLEEUOJ:HEU FER IMEB Melifrd, MHVE WET BJRON canel sebatitutell é@ﬁls

- BaBoR Rt s eatet Bk 5, SRR Bl s
pﬁ%%éo? uba{ek )hoﬁécﬁmr 3icPh lhaua@mA %@aﬁ CR2CMO), Bl atts, 1L,

sieves used herein are preferab

myviER, INMQRy M\H&\b hmt%@@t N onﬁmm:ilxlgl @Lamslee@épretfmd theleenlar
that includ

(B Teha PR SR al e ie bpiang i stock thto
abl@ﬂh@ )RRESEEEESAKATEION, CHA, B8, FAUDORR 'GIY, LTANETL, MER,

net al | oal um nopho hate mol ecul ar si eves include
[MMMOI'@,MTT; WWn8AMSidONe dn apepiefirredreimbsdimentthas
Si4l

SR e R SRR S g BT P LA Bogn gr 2

nmlﬁlb1natmrﬂ1a1eaf nostieeferaily ¥ €31A ok, have been

described in detail in numerous WO 2005/ 000465

PCT/ US2004/ 015794 14 publications including for

exanpl : B

o o o R0 e I YAt

El2-ope an gieatee frameykprk-iypat TypicdRy; thelndlb@ilG2deveEbARBGd

Mot 65 10°0r P ring siriireRahd G Buodeirsre panpipe Hagg of
Pab@beutNA t>15A82 %018 ¢ 1czﬂly6§1% nddidouldt stedfs %?e?erably

(FeAPSO), EP-A-0 158 975 and U.S. Patent
sﬂlcoalummophosphate molecular sieves, have 8- rings and an average pore size

less than about 5A, such as in the range of from 3A to about 5A, for example from

3A to about 4.5A, and particularly from 3.5A to about 4.2A.

Molecular sieves used herein are preferably metalloaluminophosphate
molecular sieves that have a molecular framework that include [AlO,] and [PO4]
tetrahedral units, such as metal containing aluminophosphates (AIPO). In one
embodiment, the metalloaluminophosphate molecular sieves include [AlO4],
[PO4] and [SiO4] tetrahedral units, such as silicoaluminophosphates (SAPO).
These silicon, aluminum, and phosphorus based molecular sieves and metal-

containing derivatives thereof have been described in detail in numerous
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war®@sofasent No. 4, 310,440 (ALPOY),

4,935,216 (ZnAPSO, EP-A-0 161 489 (CoAPSO), EP-A-0 158
976 (ELAPO, where EL is Co, Fe, My, Wnh, Ti or Zn),
EP- A-0 158CBB82004/015794
(SENAPSO), U.S. Patent No. 4 973,460 (Li APSO, U.'S
Patent No. 4,789,535 (Li APd* U 'S. Patent No.
4,992,250 (GeAPSO), U.S. Patent No. 10 4,888, 167
(GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S.

PYEra madaitd Ryl pb! 0Tt N, 458.65) BupRPQagere

AME58ME] Wn, 4Zn88r2C@)38J S.Patkdd N3 26, 4ao1,e7528462180)7 { $iropean Patent
143 (FeAPO), U.S.

AP BHATR EY A B0l 9013 (PRARBEOY ereiobis Aadien, L, Ga, G, Fe

e omn MORPILS Ay 1B B Suofre b Ot e N

54,8254 T8, %,G83 216, 4,564, %1(Hem/secn) EP-IA-G; 158a7& atd U Patent No.

832 G IR EP A i 4R S A B0 3% B BREARS)
(WhéitE’S@lsC‘d Be, NP tlﬁﬁt’ﬁd}kﬁl 1485ﬁ9ceﬁ§¢0 4341055511?) (A3BoHNEP-
5 492 ng APO S. Patents .

U &JPStCHPHDe‘hWMO @12&350&(16 S. Patent No.

(g pU PRI RS P

NQSSS 16 BEEATLY), U.SL, P@f’eﬁz N‘gﬁ og77 g@ﬂgmﬂsoﬂ U8 3p &1 No.

44 %gﬁ%@rﬂ’sgﬁdlfegatemm 459,919, 2&44@% 106 (G'PQBE.S.

|
il R62, 08,419, 1,583, 03813 240 el 8L T IMaARS ), Uss-
|Rﬂt¢n1|@t® #1564 4438 €saAR D .. Pakent Bbosﬂak?.l}lemaﬂm@ Of.S. Patent

VY ke SR U RC PR OV 4.5 JOF e b anad 15,535
r M@mm)eU g. fl%téﬁ@srﬁoprs%f@roﬁ@qn&f@'l% @biig%@{\?t i eggr, %&%t

SAPO nmol ‘écul ar si eves, and netal-s
RYP- éhlﬂ 75353dBeABS0),30iSt Bafent N®t4€940$7@5(BIeAB@),tT§ SaPetents Nos.

2 &0, TRy Blg F@bRa0 (nRrsbla SO Pa ek dias “Pilo 1.

t4)595 17236 9456054926 TRAP B, @18 NbaSent SNb &4, 828854, m@@bs of
1118, WO 2005/ 000465 PCT/ US2004/ 015794’

GEPBShgDiSh EsleniaNe diT a6 (CaPRER Ffr AdE292.987 Eapso,

oY o BB Pl QO i 8 et N 7020,
t%BG A3, 4y81 emumm nlsnemsm,m Sﬂnrb7§w{ng watsnrzg?]sszl 384,

P dic Ta
A 7066 i 0BTS B H0R. MSPEISOR 750 Hbob
t8ch are herein fully incorporated by reference.

Other molecular sieves include those described in R. Szostak, Handbook of
Molecular Sieves, Van Nostrand Reinhold, New York, New York ( 1992), which is

herein fully incorporated by reference.

The more preferred molecular sieves are SAPO molecular sieves, and
metal-substituted SAPO molecular sieves. Suitable metal substituents are alkali
metals of Group IA of the Periodic Table of Elements, an alkaline earth metals of
Group IIA of the Periodic Table of Elements, a rare earth metals of Group IIIB,
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G, G, My, Mh, Ni, Sn, Ti, Zn and Zr, and m xtures
thereof. The netal atons maﬁ/5 be inserted into the
framewor k of a nol ecul ar sieve through a tetrahedral
unit, such as [Me02], and carry a net charge dependi ng

on e Vt%' ﬁnc&l@s.t at %t he 10 nmetal substituept.. For
XS5 P fapthanidf GtaB T, CopmEh, ArfReofaRLm, S5pLiTent
hgin Riuvdl @GR! @laslistm} Rrbitid, dshrostin, Wimhifla, dbigmpet
charge of the tetrahedral unit 1S between -2 and +2

| hubha, grerbiinnendt lutetinm; ped sgandizimer yibiwoshihe Periodic Table of

cula .eve | repr 0 dr
e A S AT R
r ppiRBeTilde af Elearats 200 enikwingsl oftah of BgeninctapsRbRE.al one
an organic tenpl_ating{ agent: mis the nunber of noles
ofmpo@mentyheametpl is pelag %%y@dhag@umwﬁ%gﬂ% Afffu &t Fohicn

t@%ath %g,f Ieﬁqaﬂji 3SnOT1t %n%né ’Zr,%g nﬁﬁﬁﬁe% &F aﬁ{ey E&Pﬁb S
to ’O.%, . 20y, and z represent the nole fraction o
Amay Be amerthd ao thetfraafesdrlabf axiolkes]ar wleee thrivigh stetralmgial

sel.ected f he group consi stjn f Gaqu A, AA
reniC s (N Ime oy B nelatiese dapPading o ikl s plale of he
Ofnetad SutR8fepd Fbr-EﬁQhﬁllePi&l dak eABBHSnent vl tBO¥%tal MidsBtuent

one or nore netals selected fromthe group consisting
ohasgi val@nse staie ofth, +Bet4, +Gapr I thevagt chrge NF the Setyah@ilral @mit is

a Zr. 4n enbodi nent, mis greater than or 25
eg%g’leerfbjﬂl.dg{b'and X, y and z are greater than or equal

to 0.01. In another enbodinent, mis greater than 0.1
to about 1, x is greater than O to about 0.25, y is

i n t helnenegantedineninthe metallpalyngnophegphats wolegulangeyeainge
is f .
heptsBiileg o, ity fhofl odBRY By BleBbRRAR Y 15 10O 01

0.5, and z is from 0.3 mR:OMALRYD2005/ 000465

PCT/ US2004/ 015794, 16 Were the nol ecul ar. sieve i.s a
sVRFIEBLR GFRTRRSBISGE fshame Symplating 28s8h rPF%fPli‘?LWgan organic

Sjekd ' RORt Vi i
r taeth%pgf&fﬁess %g{g@%%}%%&eéggﬁmgéo esﬁé&?ﬁ‘%lﬁ l)%(l\?f%ﬁy]@)@ atlm
eharptadud few O todn pf@ably Artd Oparnd mektpreferdbdy Sothht 0.3; x,

SR 7B AP R B A P E YL ab ST e b M
gi)fia%gletgpﬂhc@eﬁ fidR MeARons cthsiting of et 140 10 1Bf BIB, IVB, VB,
VIB, VIIB, VIIIB and Lanthanide's of the Periodic Table of Elements. Preferably
M is one or more metals selected from the group consisting of Si, Co, Cr, Cu, Fe,
Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr. In an embodiment, m is greater than or

equal to 0.2, and x, y and z are greater than or equal to 0.01.

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



fromabout 0.32 to about 0.10, and particularly from
about 0.32 to about 0.15. Non-limting exanples of

w2 oenacs ALPO npl ecul ar si eves useful herei n PCDUSTIOS/015794
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one or a conbinati on of SAPO- 5, SAPO- 8, SAPO 11,

SAPO- 16, SAPO- 10 17, SAPO 182 SAPO 20, SAPO 31,

SAPO- 34, SAPO- 35, SAPO 36, SAPO 37, SAPO- 40, SAPO- 41,
SAPO 42, SAPO 44, SAPO- 47, SAPO 56, A1PO-5, A1PO 11,
A1PO- 1 ALPO- 34 37, Al 46,

o et T okl STRE A AlFoRipetoisté oy Mot

t be@&ningailidoalind@hbph kd) khe A RO alB/i 18 AR/ 8RR than
or a corrbl nati on of SAPO-18, SAP 34, SAPO 35,

SAd. spgh askgserisg 0.40; Hraxmupledess dhancs. 3% aad paristtarly less than

BRI K B OSE Phe AETSPRL NS D hpecs,
rrﬁbﬁi aboan®.ab mo aigout A€0] ?‘mg,l?\% (ﬁfmﬂ d’menegf(l}o gcﬁms ueege cfoiigilzample
ti and ne
{ngf}rbﬁﬁhﬁgggq {‘1‘?6}3&‘? Bﬁ@gmMMIYﬁ Rba Getbocbauif- 15.
the nol ecul ar sieve is an intergrowh material having

two or nore distinct crystalline phases within one
mol ecuNan-lghigng emmplosbf $APO and Alp@miélewlarsieves useful herein

o RSBl BB B ERba ofs K5, ke S ot 055 B8Y- I, g aro-
| ¥, e3AR0D118N8APBUI, iSe@i0-90 IR0 s&ﬁolﬁgﬁpmyblsmw
AEI‘H 16, 1998 both of which are herein ful

ABRLH), SARD-4265APOrA2; EABRCH, SAFIO-6%MP@; 568Aﬂit@ -$8AIPO-

SAb G- P B PR A PR oA B s i
stentginingeanolbarled silemﬂleﬁsmﬁ‘p()f &&s@tpai'tﬁua&trlyﬂfseful molecular sieves
I nt er gr om hmghase of AFT a r amewor k- t

eSEEF 8 P FOTRREIEOR AES AB@H& §AP@J% fSrA&’r%ﬁérﬁAPéﬁz’fSSAPo 56,
Al

E'lFEO &'8 riia ggegﬁ au%%ntgl‘éﬁfg J&Qgﬁv%h‘%rgcgfégcﬁ 23 %ne or a
Pedohbioati onoot S\RDPO-Z@OSABG)&BD%&POB@ 9118 advastallcohtaivify
2005/ 000465 P 82004 015794 17 111 f

R ROt 2nT SRy BIPPRSER SRR SN ARG, ALPO-13,
N%@ﬁwaaéontﬁhﬁg%eﬁ%tﬁ}exﬁ{er&f Meki ng Mol ecul ar Sieve

Crystals Generally, nolecular sieves (i.e., nolecular
sieve crystals) are synthesi zed 5 by the hydrot her mal
crysta urce

| zati o
al um niﬂﬁ I@F]&te&gfm‘ﬁﬁ 3§ ﬁberVﬁ §S ana1 e(ggtpggh 81,ater1a1 having
Stwd &QﬁoreV&ﬁétﬁfct &ystaBint pAMeaWitAEh HEaRbleciBMCHeRTofposition.

In particular, intergrowth molecular sieves are described in U.S. Patent
Application Publication No. 2002-0165089 and International Publication No. WO
98/15496, published April 16, 1998, both of which are herein fully incorporated
by reference. For example, SAPO-18, AIPO-18 and RUW-18 have an AFI
framework-type, and SAPO-34 has a CHA framework-type. Thus, the molecular
sieve used herein may comprise at least one intergrowth phase of AEI and CHA
framework-types, especially where the ratio of CHA framework-type to AEI
framework-type, as determined by the DIFFaX method disclosed in U.S. Patent
Application Publication No. 2002-0165089, is greater than 1:1.
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ni trogen containing organi c conpound. Typically, a
conbi nati on of sources of silicon and al um num or

nore tenplating agents, is placed in a seal ed pressure
vessel . The vessel is 10 optionally lined with an
inert plastic such as polytetrafluoroethylene, and
heated wunder a crystallization pr essure and

LBIPCr gl e n

ag M@Caﬁggantl ng. Non I im t| ng exarrpl es of silicon
sources include silicates, funed silica, 15 for

eRanpl Mak%nglepu@U@leﬁ@Qmwaﬂ e from Degussa Inc., New

York, ﬁml&%?a SR @y Slnlbl‘%ugl lsf%(lg?lgrgtsa'lslp Iore synthesized

conpounds £raal Kyrort Ica

ehﬁﬂ‘;&ll@drdimrrﬁtyhlyllﬂﬁﬁdmﬁl dne Q)ahfbré dMEurésf aluminum, a

tetraet orth05|llcate colloidal .silicas or
e Phoghorss, 8 sQurehef Sé]é“fon Wa?er anhfoeplatingagepissudh as a

Sﬁlitrogéﬁ’ & ARInE O%Na A8 &b ouﬂ&' ?%Ealgﬁogﬁﬁgfgﬁg%% of sources of

W m ngt on, 't ci c acl
csitrbdmend; atblnntnlue‘r e0 élhcdno ralummmm and phaspﬂlrpmsswa:ﬁer aidmiemrm
ncl ude a

| kaxi des, f
Zﬁﬁ?ﬁcﬁﬁﬁhﬁ% 355t Bate S PR e R esstis,
%rdmm Bned WRHLH MM pBdtRaLEn aMﬁ@@aﬂﬁRﬁMh%l@ne and heated

bsite and alumnumtrichloride, or any 2
cmﬂ@r AsTYstlizatien mrssurﬂan@mmqra@nts, wbil p ey strlling materielis

d
FrBREAar RS By BELRY Elltfioh e BR1 A RENEI Reiine

exanples of phosphorus sources, which nay also include

al um num gont ai ni ng phosphor us conposi tions, include

phos phdPR-dmiting examplespisilionn spisephalude sibigaths, damed silica,
eLiibie PGS AN ONATRLAN

fumkno ﬁospha?egﬁg‘ﬁ Qle %?%‘HSQEHOS’I\%OF us N&’York and

cOAIB-ORILMsS, bmnemﬁconﬁco‘#@oﬁﬁmﬁs‘u@ﬁ)@sdf&&aalkylorthosﬂwates for

SR SO e hostsal (LK S SR QeI RO

Sédlloﬁﬁ@Elﬁ@&é’lﬁ&ﬂﬁé&ﬁ%ﬁ%enhﬂnﬂﬁ%ﬁﬁ|for x‘é‘ﬂ?h@ﬂﬁd’&& -A880%81
or tenplates include conpounds that contain

ebvapable froof EGr @UBOII@ﬁ Nemdyes, Pélmingion, Dabarefilicic acid or
EI errentbl 1[%)’ ?L;g[ arly nitrogen, phosphorus, arsenic
]%5 cal tenplates also contain at |east
one aIkyI or aryl group, such as an al kyl or aryl
group having from1l to 10 carbon atons, for exanple
from INewrlignting exmplesoimlumnamaopises inshislealainamelkoxides,

Nfok ERAHNE aluminum isopropoxide, aluminum phosphate, aluminum hydroxide,

sodium aluminate, pseudo-boehmite, gibbsite and aluminum trichloride, or any
combination thereof. A convenient source of aluminum is pseudo-boehmite,

particularly when producing a silicoaluminophosphate molecular sieve.

Non-limiting examples of phosphorus sources, which may also include
aluminum-containing phosphorus compositions, include phosphoric acid, organic
phosphates such as triethyl phosphate, and crystalline or amorphous

aluminophosphates such as AIPO,, phosphorus salts, or combinations thereof. A

wat er and OPET/U82004/015794



cont ai ni ng conpounds, such as am nes, quaternary
anmoni um conpounds and 10 conbi nati ons thereof.
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by the general fornula RANt, where each R is hydrogen
or a hydrocarbyl or substltﬁted hydr ocar byl group,
preferably an al kyl group or an aryl group having
fron11 to 10 carbon atons. 15 Non-limting exanples of
Iat s include tetraal anmmoni um .conpou ds :
REPerar o pLPHasaliarnt © iR APk PAHEERYY B dsine
COTRQARASInopHRpEAEt hy| annonlun1conpounds tetrapropyl
ammoni um conpounds, and tetrabutylannnnlun1conpounds
cycl ohexyl am ne, norphollne -n- propyl am ne (DPA),

tZE)i Blr g[gx?/%leg?rpﬁlg %nw%t;lrteﬁtq h aorrn ?eﬁne;glatgéo‘ Tic L{] CSEE%‘%&HSQH& Rntain
Nol&in elitet Gydubanzyf |t1i?a"1]’¢}ﬁ)d1dY|f a¥ie 6if ]Elteiwhte,t fmmﬂmy fiepgen,

di cycl ohexyl am ne, N, N-di net hyl et hanol am ne,. choli ne,
NphqSPhfirye eFsgIip apd p]@{cgpmay Typical templates also contain at least one

L S AT ot P -

Netomat,fpt exahipdnrbmnt toel carboredtbyk. Pmif:prmdi teinpkates are nitrogen-
3 nmet hyl di N- et hyl | |

G B e, Sah ST 5 AT G FRrEPeEcs and
'\bd}ﬁblgétﬁg keok: SufiAZ gRIENS Hntnenidn REIpAARIY £Brepresented

di - n- butyl am ne, neopentyl anine, di-n-pentyl am ne,
i ls;oqhue @pmralrfpmula&ﬂﬂt\ylhere ganbrRjs Ieidr@geer@édlhadﬁqq@rbyl or
don Preferred t
-Gl Do PBS e P B Sl o S T EB R e
aﬁ&ﬁmt@qoscafgoﬁ,atorﬁg(cl opentyl am ne, am nonet hyl
cycl ohexane, piperidine, triethylamne, 30
cycl ohexyl am ne, tri-ethyl hydroxyethyl am ne,

nor ph '

e S L e
cévtinponats @omdirghaltetikreoVyBudld) BStetaiéhSl ammonium compounds
PCT/ US2004/ 015794 19 The pH of the synthesis H] gre
cl§HReHN i AgNERIU CRPPOHIH P tEPIOpY AT OB RRRAnCS

o Latin
R L o T

spmpyIamﬂer(dnﬂAé) ﬂnpr@yla&mne etmatﬂmlamnﬁer amBy), trictha®olamine,
Gener N e is

s@BP% ne, Br/?’yglogggyi nt ne meth pyn 1ne ﬁeﬁcdimet%ylb%gzo \famme N,N-

diethylethanolamine, dicyclohexylamine, N,N-dimethylethanolamine, choline,
N,N'-dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N', N',N,N-tetramethyl-
(1,6)hexanediamine, N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl
piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-
methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion;
di-n-butylamine, neopentylamine, di-n-pentylamine, isopropylamine, t-butyl-
amine, ethylenediamine, pyrrolidine, and 2-imidazolidone. Preferred templates
are selected from the group consisting of tetraethyl ammonium salts,
cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine (DPA),
pyridine, isopropylamine, heated degraded forms thereof, and combinations

thereof.
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heat ed, preferably under autogenous pressure, to a
tenperature in the range of from about 80C to about
POT/US2004/015794
exanpl e from about 125C to about 225C, such as from
about 150C to about 10 180G° In one embodi nment, the
synthesis of nolecular sieve crystalline particles is
ai ded by seeds from another or the same franmework type

nol ecul.ar _sieye. 15 The.tinme required to.formt.he

Cryot alft p ciisvaiheds rut G panritin S dnitthe silfen

t SRS, WpBoRdlR LHbsHIRIHs EdRpBsitiethdd Rinpltthotadent,is
several weeks. "Typically, the crystallizationtinme is
f generadlydn thegengs @Houfrce@ 2ite 18y wahas frometlos), fenaxamate frora i to
agout 45 m nutes to about 240 hours, for exanple from
about 1 hour to about 120 hours. The hydrot her mal
crystallization nay be carried out with or w thout 20

agitation or stirring. Once the crystal]ine nol ecul ar
si eve PFRAALE thesyniesisgux SF@qu%bQV%wp%lyd ins3 ygsgel and

i ﬁeaw P%?ﬁ:t&ﬁ?%&%ﬁ?%%)én U ﬁ%ﬁ%%fégg{/ Qgéﬁ?ﬁﬂ?g 'ﬁ?th\é@lu{ge of

known e art ugat 1 on or

f frbinrabbiio80°CTb @boe Q50T esdclc as/&oralabomel 002 to shomt 250°C, for
product, normally termed the “wet filter cake" nay

{ preRmRle EaEsTheH: 12506 Ho BROU2E R C.yiieleRs rem @betd S04 fasbout
sg@g s in air, before being formulated into a
catalyst conposition. Alternatively, the wet filter
cake may be fornmulated into a catal yst conposition
directly, that is wthout any dryi nug, or after only

g

part i altl eneyanhedimaentshe ykhesis Fonolasudraie st ystalling particles is

BB 12 g R R B SRR S e AR R 3G

Mol ecul ar sieve catal yst, which contains nol ecul ar

sieve crystal product, nd typical ly_ binder_ and

mat 1 x THGHEE ir%quglceg i kg fe Fraptilinepatisiesds wouely depeadens on
c . e I .

o Bl TR G B blo DA IR Ry fFPWEE. Fopically,

| thgwirygstallimtion tiald iy fwirt dbomrti8 0 innuted terar@ind2aiéals, dvich defrom
tg forma 5 slurry. e slurry is,then dri i, e.,

s 45 a5 e 24 oG O AP B ot Tl ot 120
t BoRb. aTRe Ay R6MEME] OB)sREafbn $1a§\R carPldd @Rt {vith Dr HithS6k

mol ecul ar sieve catalyst includes tenplate, it has
negitaber@r sigringat ed, and i s considered a preforned

catalyst. The catalyst in this formis resistant to
catal ytic |l oss by contact with

Once the crystalline molecular sieve product is formed, usually in a slurry
state, it may be recovered by any standard technique well known in the art, for
example, by centrifugation or filtration. The recovered crystalline particle
product, normally termed the “wet filter cake”, may then be washed, such as with
water, and then dried, such as in air, before being formulated into a catalyst
composition. Alternatively, the wet filter cake may be formulated into a catalyst

composition directly, that is without any drying, or after only partial drying.

B. Making Formulated Molecular Sieve Catalyst

1. Components of Formulated Molecular Sieve Catalyst



noi sture or water. However, the preforned catal yst
must be activated before use, 10 and this invention
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by further heat treatnent,dltoo mai ntain a | ow wat er
content within the activate catal yst. The liquid
used to formthe slurry can be any liquid
conventionally used in 15 formul ati ng nol ecul ar si eve

cat al .Non- 1 im.ting. es of suitable |igui

et BIeRaERSve i o B PORABE miBiecBits R0 Syl
aarkioypicady bipdert mdreafix mabdrials, is Sserepirriias bed fdrivlitet
Matrix materials are optionally included in the slurry
ueEdlyito I keade e npiing o gatf) o4 RAICTHAT SISP SFYSElselydnich ncludes

c t. af LS i i .ar. i

¢ PRI e JAE oA e R B ooy g forma
stiivey.dThgslhegts thewdried@.eq ditjaidyis temaverd)) edthoubesompleely
exanpl e, duri regeneration. They _can further act tao
RIS P dmRlate Ao the conlB TSIy, STRe fls dHed me Lyt sieve
StAAPRUACIRME ReRBlate! HBhs 8tHRBYANIVARM, Ald ik cbhidbred a preformed
resiStance, and to control the rate of conversion in a
peataliyziuThe cptalystiodhis Konm B3edistaitttd ngakyiiahsk by cofitacteith x

mat erial s_incluyde one, or re.of: .rare eart I
TEPEREof wal® HaF et e brofhfed YotatysR e Y dellullEd Pefbre use,
t K@ this, inB@itivh prdvid B upplopriate inhdtBedsVT act@ing, @BMrably by

m xtures thereof; for exanple, silica-nagnesia,.
sfurthenbest fre@aicat. tamaingan adow iafe confent withig thmaolixatsd d
s'&%tél?@[- alum na-thoria. 30 I n one enbodi nent, matri x
materials are natural clays, such as those from the
famlies of nontnorillonite and kaolin. These natural

Loy LS AP e B O B B
P ) ) e ol =0
PRI A N ARy B i i

dinckide evaternalcalio], &etomes, atkbyddseesta@ptdr arvahibinativh ¢hemetlr Water

material , .preferably any of the clays, are calcined,
SBipreiPasd bguid

and/ or chem cal treated before being
used as a slurry conponent. Under the optional

calcination treatnment, the matrix material will still
5 be chiwtiiximetegialgiargepiionatymckided &n theslrasusedh o make the

teri .bee r eviousil sed o in_a, catal yst.
RS Rt AR ARV Pl RC st el hicany
meffetilva ks thermalGiniky afdistigah ayieldyipcheaC H6IRAEE ELtslfst

A aSHAprfor oxample, during Fogenbration. Thoy can famher aét to-desify the
catalyst composition, increase catalyst strength such as crush strength and attrition
resistance, and to control the rate of conversion in a particular process. Non-
limiting examples of matrix materials include one or more of: rare earth metals,
metal oxides including titania, zirconia, magnesia, thoria, beryllia, quartz, silica or

sols, and mixtures thereof; for example, silica-magnesia, silica-zirconia, silica-

titania, silica-alumina and silica-alumina-thoria.

In one embodiment, matrix materials are natural clays, such as those from
the families of montmorillonite and kaolin. These natural clays include kaolins

known as, for example, Dixie, McNamee, Georgia and Florida clays. Non-
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10 titania content, and nost preferably the matrix
material is kaolin. Kaolin has been found to forma
it has aPCDWs2004/015794
fresh surface area, and it@packs t oget her easily due
to its platelet structure. ilnders are al so optionally
included in the slurry used to nmake the 15 fornul at ed
nol ecul ar sieve catal ysts of this invention. Such

mat er i al | ue, d t

o g imafes o otbey wilShairloitidepiiloyiia JBStaite dickite
Bnactifd] ayérﬁmﬂe cababyadly, (R0 FRaS fabRHal, PRiFerbbIy ahy RPthe clays,
exanpfes of binders include various ty es’ of
i 410 p@lamﬁ@, agid dentery Iasd/gu@wrra@l Hy#ébe@rfa QIng need, as a slurry

L O BT AT 0 g

aﬂudkmn@ldelféd Mg inB@rislods, oy o tBe ﬁbteﬂahhasrﬁdﬂ bb&ﬁ previously used
chl orohydrate. Upon cal cining, the inorganic oxide

o312 cafadyst §¥UBYAtOR. i nto an i norgani c oxide matrix
conponent, which 1is particularly effective in form ng

a hardened nol ecul ar sieve catal yst conposition. For
exanplln,a Imntiailaxrﬂmﬂmd&néntyﬂm imatrninaterial B aabayadriandl ay-type
oxi de .matri 1o eat treatnment. 25 Al uni.nium
GRSl Ly gl e e S BRI B g O gfon o
C@RhiicBhiRgt, afd ﬁﬁk%rbfé@ab@;ﬁéﬁ@ tn@ftrik BfterAl §0akRRVWR a88n has been
al um ni um ¢hl or ohydr ol as the general fornula A nO'

(fqul)lcbm mmnmblmh@h@phd petitent Blurey; #thas g low fiksh snrface o
2 |
Red i ister 8 e R08 ey o)) 150 "es i s

described in GM Wlterman, et al., St ud Surf. Sci.
and Catal ., 76, pages 105-144, El sevier,
2005/ oBwders apralsoepimellp Isholed nzﬂle/s#sﬁéwém mpljg the

%%gla'te% rP&%&!tlQr gék%&@ﬂ oe}gh@ Ynveifist. e mat@nag QLiHBG
e odl nent, or

ers are pre I'n
cglib) biadih® togetHeh thenrolecul msieye cotshedy amtl:mhd:rl Imttbm:{lg to form a
exarrp{ﬂs of ~al um na rmtel{ll al.s.such as 1 Nnj

al nj um
ShePtYSt GOPRSITGTh, NSRRI kR Rdde
b o HF{ho nfs @llmoﬁ@sucﬁ th?drHt‘&l Afimini Shids, BRd/or
5-a um a, m na, K-alum na,” and p-a umna

abthen lnoxgamk:rqxfr@echo&mlldene smbbdlmngmﬂibs mventlmaj/}abm@;r is an
Ol{lr%?rgar-go% ::Imtn%g sof)igregfcler%b y aﬂlrr]ndimurrrxll Z:(}txlor ?1 dra e. I?pon calcining, the
inorganic oxide sol, is converted into an inorganic oxide matrix component, which
is particularly effective in forming a hardened molecular sieve catalyst
composition. For example, an alumina sol will convert to an aluminium oxide

matrix following heat treatment.

Aluminium chlorohydrate, a hydroxylated aluminium based sol containing
a chloride counter ion, also known as aluminium chlorohydrol, has the general
formula
Al,On(OH)Cly*x(H,0)
whereinmis 1t0 20,nis 1 to 8, 0 is 5 to 40, p is 2 to 15, and x is 0 to 30. In one
embodiment, the binder is Al;304(0OH)24Cl712(H,0) as is described in G.M.
Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-144, Elsevier,



I n anot her enbodi nent, the binders are alum na sol s,
predom nantly 10 conpri sing al um ni um oxi de,

wW@piosooebd y i ncluding silicon. In yet another PCT/US2004/015794
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enbodi nent, the binders are peptised al um na nade by
treating alum na hydrates §Ech as pseudobohem te,
with an acid, preferably a non-halogen acid, to
prepare sols or alum niumion soI uti ons. Non-limting

PSR, D g PP iR domnet
Saac gﬁ%:nt Gheor I}Rtﬁg 'bﬁidlefseare #\lgkérfﬂ 4 &mﬁﬁﬁld}b’\aﬁ@ bne or more
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drylng) Preferably t he anobunt of binder used to

repare the nol ecul ar si eve, catal yst. es, fr.om
Pbout I5gppihenemnpedimest, Qﬁii%d%%e M?é‘ﬂ riginantly
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nzﬁhlanimhamt thie direlersoard pemttseeb alanliya inadd bmgrgatxmtalmmma hydrates

mat eri al | udj n er _dry

ok by cetiotey ih o aich A et RlaESlpdfido Bfbare
Thes SoiaaHIdh il S&tidiHsY Noallnifihg eRinisds ¥f ddinrhérglale,

and the optional matrix material and/or binder, using

conilebie colteitlaltadurhine gals dnelederNalee 3671 ayiaHlgble figm Nalco
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PEIMLISREO H ) 18058sh, M3 sdobusetshe slurry. The nore

t hor oug the stirring, the better the consistency of
the slurry. The mixing of the slurry is preferably
suffic I lvst
parti C*fg)gﬁl % o&g?‘r‘a 1ﬁ%a%@%ﬁ)ltl }a‘ri’n sg:g? tc%xt?fygtg the craltta yst is
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about 3,000 rpm | aboratory scale
eqptionally mcluded matrix material, excluding the liquid (i.e., after drying).

‘)-‘l)

Preferably the amount of binder used to prepare the molecular sieve catalyst
ranges from about 5% by weight to about 20% by weight, more preferably from
about 7% by weight to about 15% by weight, based on the total weight of the
binder, the molecular sieve, and optionally included matrix material, excluding the

liquid (i.e., after drying).

2. Making a Slurry with Molecular Sieve Crystals
The molecular sieve crystals are mixed with liquid, and the optional matrix
material and/or binder, using conventional techniques to form a slurry. The

components can be mixed in any order, and the mixture is thoroughly stirred to
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smal ler the solids particle size in the slurry. The
viscosity of the slurry sho#d not be too hi gh, so
that mxing is not effective in breaking apart |arge
particles, or too low, so that drying will not

R ARG SR g L R
1SQQH§;_P (0.1 Pa/sec) to about 9,500 cP (9.5 Pa/sec), as

nmeasured using a Brookfield LV DVE visconmeter with a
No. 3 spindle at 10 rpm Preferably, the slurry has a

I SCOS] - fr t. :
5 500 pio'ping T SR0is p ety Streishe e 4 B or
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Yot'o about 75 wt ased on total  wei ght
ofotdting as bpeedyof Riefseatsit §,000epm 2bosdtonyrsyalb aguisalsnd. i ds
content of from about 15 wt %to about 70 wt % nore
preferably fromabout 20 wt % to about 65 wt % based

on t hegdipfsdartied 858 othe SRy cth YE IndirediledGinidsd BPiedtking
can be measured using any conventional neans.

HbweisepsityofOmEMIVAS TrOgeneiadrtbeaigherthe viseosityr the smaller the

particul arl ref erred . I I i .
i Rlrardl HEUh L TRty BEME shin BT 1o e
t fethsd IﬁerIIY% Y seteffertiva keblehlieing apaitiagieqhrtiadése otitoariow, so that
si eve catal yst contains binder and matrix material at
admnggwil nodprostuse agaeptably: partiche {ametiers/ 000465

PCT/ US2004/ 015794 24 1:1. Preferably, the slurry used
to make the nol ecul ar sieve catal yst contains binder
and naln one emfodimait, the shirmydiaghtviscedityoofdfonf nloomt 100 6Pt o

12 re preferahly 10 tq 1:2, and nost preferahl

1! pSee) 18 ahqyt badh CM%-P’?%F%%Sr@e%%ﬂﬁtnafs_g’a%"Lﬁ?ﬁgt‘x
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3. Making a Preforned tal yst ter is fenoved from

t Wisceslity rof Yroooattoat 20heP (h2Pa'edcg budtwut 8,569 eP €§.§ Pakke), and
more preferably from about 350 cP (0.375 Pa/sec) to about 8,000 cP (8 Pa/sec), as

measured using a Brookfield LV-DVE viscometer with a No. 3 spindle at 10 rpm.

In another embodiment, the slurry has a solids content of from about
10 wt % to about 75 wt %, based on total weight of the slurry. Preferably the
slurry has a solids content of from about 15 wt % to about 70 wt %, more
preferably from about 20 wt % to about 65 wt %, based on the total weight of the
slurry. The solids content can be measured using any conventional means.
However, a CEM MAS 700 microwave muffle furnace is particularly preferred to

give results consistent with the values recited herein.

In one embodiment, the slurry used to make the formulated molecular

sieve catalyst contains binder and matrix material at a weight ratio of from 0:1 to
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conposition. The form ng unit may be any conventi onal
unit, such as a spray dryer,2%elletizer, extruder,
etc. In a preferred enbodi nent, the form ng unit is
spray dryer, which renoves water fromthe sl urry by a

t f bl th '
it Preeithinfishea e B Pkl st PR e el g
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When a spray dryer is used as the formng (or drying)

uhil to ﬂ§2p b;t prefhrablys]:Gite §:lofin cése whereeintens ard raiased,
tion rial and/or binder,
@efné(geﬁﬁar S%‘Jeggﬁ%gyne&l? rfgaa%?sta Pgng wWith a drying

gas. The drying gas contacts 20 the slurry and acts to
reane V\%er to formthe preformed nol ecul ar sieve

cat al yMekingsrRreformgd Sat ing conditions can be used.
Such conditions include an average inlet tenperature
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outlet te a an fro thC 0_ab
SHbferh s R A Me R LS B eatf Bty el f 88 o o
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dropl ets, resenmbling an aerosol spray, into a dryin
c Rhprfeming it maybe iy earveriiqreb ws sugk a5 spaay dyer, pelletizer,

R e e R e R R e

r ﬁdmgﬁfeﬁfzvafer ﬁﬁnﬁlﬂl@ ghurryI30a Ipsitiag bodsixgprodese. OBre;ﬁﬁalaly, the
(abouyt 690 kPaa to_about 6,895 kPaa). In another. 30

e St s niaaimed; At %/teF@e¥3é‘Hetsﬁﬁ"6l?§ﬁt°are§i°N§Pé‘1%@1tZ 0§ the

o[lﬂ WU Pt h%fs les along with an atom zation or
tacting ui'd such as air, steam flue gas, or any

other suitable gas. WO 2005/ 000465 PCT/ US2004/ 015794

25 In t anot her enbodi. e t he sl ur hat e

Co makiond By ot dhe, Sihing ot fthe ity Bigdlty, e
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sluriy into small droplets. The size of the droplets

i & fedin tholspren deying weit nmsw%l af@mn@rg@s Ih@dnymg@ss;pmraﬂy
Vl[he I uS | :%ﬁdeacgsgtg %gr{el?]\t/ee\gﬁtlero A forr{l Y ﬂra%)%ge&; n eé:ufar Sleand
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These droplets are then dried in a co-current or
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During spray drying, the slurry is passed through a nozzle distributing the
slurry into small droplets, resembling an aerosol spray, into a drying chamber
where atomization occurs. Atomization is achieved by forcing the slurry through
a single nozzle or multiple nozzles with a pressure drop in the range of from about
100 psia to about 1,000 psia (about 690 kPaa to about 6,895 kPaa). In another
embodiment, the slurry is fed through a single nozzle or multiple nozzles along
with an atomization or contacting fluid such as air, steam, flue gas, or any other

suitable gas.
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conposition. An exanple of a conventional spray drying
process is described in U S. Pat. No. 4,946, 814,
10P@X/US2004/015794
Protecting Ml ecul ar Sieve 2%d Cat al yst From

Deacti vation The nol ecul ar eve material of this
invention is protected by appropriate activation to
renove tenplate fromthe nol ecul ar sieve and mnim ze

ot SRk bl QLAY ALl i ot
taccaitailysﬁﬁﬁﬂydcmd“tc ﬂie@ie%{ittﬂed:eruﬁ'a spifrmfngrwlﬁe?ﬂi:aﬂ@is@ibu’;es the séurry
rans [ prjor. to _use wever, i s preferre

SR Pish g size b6 diramop gt s lgdiby pbogmors factors
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are typica most useful as a fornulat produc
ftbe sluttat &d shansdud dimgenrséonadd] the pozzli(sheer thh epinoiig rate of the

effective particle size.and hardness for comerci.al .
SAFE' Do BRneS oS Bef b B ShpREF ey of ai
nEssing erough YpRaedid@do foreim el nfoledi®aGldv¥ htaRBt DY
mai ntaj ning the activated nmaterial at a | ow noisture
cMInesition. %ﬂeﬂp@mﬂlﬂ of aropserdionalawrasriryws pretesgisalgsasibed in
thanpl. Laht he
nﬂg't{sé%)%taﬁ?' %24%%1542 ?ﬁﬁ%ﬁﬁg% Sgé&%tg&lg%‘,%ﬁ’p‘?ﬁ%é?ra%ﬁey not
greater than 1.0 wt % nore 25 preferably not greater

t 8 % d t f bl t eat, th
O&gn \?&m%’mﬁn {0 %P?Ingiq’ﬂe E’E}E @g{ﬁ‘;ysf %’fﬁrf]lgpﬁ%gt’ggﬁ%{ ev_eﬁ{1 i ng
wat er UM eaNAAS Ve Hattie of At in\(it@ﬁl‘?c% Hﬁl‘&gérf%ctﬁ?}é g;?pggﬁiate

material at a tenperature lower than the ¢
tashpairoatto remoyve twarpbite fra0 themoteulenbied aeihindizeheater

TR (MR

edcbostedBMcatalyfie ule 8t for storinp bof tah®Bineriod IPYLR. it 1
that is fo?rerleygl z:lls a roéssuflt ggf thsg’ cgfr%‘g)usti on o:‘l[@{vﬁeé,e%ls

Jooired tub thepotewsaGiaveo b s famulagl intnpprafamed catalyst, then

P he nol ecul ar,si eve erial is heated a
oL EE ke i e TR b RPN & & B Byp e The
abrmetbied profuct FinsralleHpeViadsihe moet dfectis pltcle@ibkiang t he
conmpustion process will not condense or be retained by
theadnesy or Gpramerciglsgale eqyipmeptabl y, the tenpl ate is
renoved by contacting with steamat a 5 tenperature
greater than the critical tenperature of water.

The activated molecular sieve material is protected from catalytic

deactivation by maintaining the activated material at a low moisture content,
preferably a water content of not greater than 1.25 wt %, based on total weight of
the material, as described above (e.g., preferably not greater than 1.0 wt %, more
preferably not greater than 0.8 wt %, and most preferably not greater than 0.5

wt %). This is achieved by limiting or preventing water from contacting the
activated molecular sieve material at a temperature lower than the critical

temperature of water.

In one embodiment of the invention, the molecular sieve material is
activated by removing the template by heat. In a preferred embodiment, the heat

is sufficient to remove water that is formed as a result of the combustion of the



Heating to renove tenplate and activate the nol ecul ar
sieve is generally referred to in this invention as
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used. Such devices include rotary calciners, fluid bed
cal ciners, batch ovens, 10 &bd the |ike. Calcination
time is typically dependent on the degree of hardening
of the nol ecul ar sieve catal yst conposition and the
tenperature. Conventional calcination tenperatures are

dpmplats. \Rrefesably thsvmoleerian sieve mafgridis heajeddid tegperature

\ . ! ot .
L SR AR e A el e o
rdanig the comastoi prbOes witl reb cvrideitsc0ROE, retpined &y dlid molecwlar
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Wl AR [ 20 nol ecul ar
gt?érél@gﬂaﬁisf@%%g%egg{my nceici%% tew%?fﬁgjgﬁgra{g%?y be at a
tenperature that is too high for imediately | oading

into container. In referr.e nbodi nent . t he

et v gy BevarSupelBlife BF HHeEEM et genmr ety
Srefred 10 HEMEY iAntiod ad t¥chigton. SohvelifbnalBAIBinatién devices can
prevented fromentering the pores of the nolecul ar
shesused. Smehederiagh ingludenetagnenl¢igers, fipig bedgalcifprsebatch ovens,
pr ef | y~@.dr . nek vent |
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noftth@ geifeculae bieveatilysteompasition andithe agrhperatniecon t her eof
at a relative water pressure of not greater than about
0. 075, preferably not greater than about 0.05, nore
prefer - | )

R AL T
desierinls@dd tedntivete the mokcpleefievaddtdydt lndthit ngertoin. \Sackd

nol ecul ar si eve cqpl ed by contact i 30, t S.in
DR o e e e i s tirent W0 Bt epod itsonc
(Zgreﬁrablfﬂi &sin Moliys00at th 8BSt 886LE anl hﬁfsﬁf)ﬁﬁr%l?tﬁoh?ﬁﬁ)‘ht
, nore preferably at | east 300C, and nos

pfErertabbgutd00iGast 340C). This activation and
subsequent cooling or drying of the WO 2005/ 000465
PCT/ US2004/ 015794 27 nol ecul ar sieve can be carried
out i NFSIRREh@hent ARALALIBE byRhlchisy for Bxdmsle StsBctheadd ng
unit, though in different regions of that unit. The
naplesdlangicysy is ceeled.ificadt Withgaagratiy be etip fampsratyis that igtoo

. .| 11T t . ul i ]
R G ROOBRANR FodRUG 16 pER YR rbihont, e
bactiwhied eidistalay siene iy @otaittgcontictingwith adss fpeeferabky mdry gas,

and : . -
so that water is prevented from entering the pores of the molecular sieve.

Preferably, the gas is a dry gas, more preferably a dry, inert gas conventionally
used to dry molecular sieves as described above (e.g., air, nitrogen, helium, flue
gas, or a combination thereof at a relative water pressure of not greater than about
0.075, preferably not greater than about 0.05, more preferably not greater than
about 0.025, and most preferably not greater than about 0.001). As also described

above, it is preferable that the activated molecular sieve be cooled by contacting

- the gas in an environment at a temperature of at least about 225°C (e.g., desirably

at least 250°C, preferably at least 275°C, more preferably at least 300°C, and most
preferably at least 340°C). This activation and subsequent cooling or drying of the
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activating nol ecul ar sieve particles, as well as
nmet hods for neking and activating fornulated

In a preferred enbpdi/meImn4/015794
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5 nol ecul ar sieve that has no | oss in _catalytic

asmpyitiaf watqr|is yefajeedbynibe petivated Gatadxet The, @réwa@fi cqtalyst can
WARH$8%: gﬁfapﬁ?t%icyvs%rg&j £ &R HnREd ﬁérﬁ)\ﬁeof{tfﬁ?et ifHSirdd. tI!;Ijef‘eralbly,

to no c
the preformed catalyst is activated by contacting with an air composition

comprising at least about 1 wt % steam, more preferably at least about 5 wt %,
and most preferably at least about 10 wt% steam, based on total weight of the air

composition.

IV. Stoﬁng the Molecular Sieves or Formulated Molecular Sieve Catalyst

The activated molecular sieve is stored so that there is not a substantial
loss in catalytic activity. Catalytic activity according to this invention is defined

by a methanol uptake index. The methanol uptake index is defined as the ratio of
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a preferred technique, about 5 ng of sanple is

i ntroduced into a thernograv®retric anal yzer (TGA).
The sanple is subjected to a heat treatnent process,
whi ch includes: (1) heating fromroomtenperature to

450C, wit heat up rate 0OC/mn, in ajir; (2)
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Desirably, the nolecular sieve material that is | oaded

into the contajner has a t hanol uptake i ndex of at
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not her, _enpodi nent, .of .t i nyenti.on,. the activated

b Befuenomapse. WahinelRer AT ReLRP Gty froREietbotadtie dhy
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| east 225C. Preferably the cat al yst is loaded into a

caritaaid gepling tog3 0f€ frper. ad fierdhe sample hag repeld 302600 aimblow is
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pefr 6.0 Bind Tie @inple iseoRIAtRH With tBis nitedgehmdghand4 BxtuddGor 180
2005/ 000465 PCT/US2004/ 015794 29 In _yet another
eriBeseihe mathaned adseptionicapacity Hethe syaight merceph weighldgorgase
aydy [ : j.ranment can be

prov ?ﬁdﬁmﬁﬁ%ﬁ%g??%g&?wgﬁ&g? %@%‘ﬁ?ggﬂa’ g’d into a

container with a gas or |iquid blanket under anhydrous

conditjons. As provided . herein, the anhydrous gas or
i qui it peaodignent ogﬁxﬁénmﬂsnﬁh? activase mmolerlp iy o material
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provi ded under vacuum condi tions or under atnospheric

oPegjrablyt, dre polesdarseeveonaterial diw is maded into the container has a
methanol uptake index of at least 0.15. Preferably, the molecular sieve material
that is loaded into the container has a methanol uptake index of at least 0.4, more

preferably at least 0.6, and most preferably at least 0.8.

In another embodiment of the invention, the activated molecular sieve
material that is low in water content is loaded into a container at a temperature of
at least 225°C. Preferably the catalyst is loaded into a container at a temperature
of at least 250°C, more preferably at a temperature of at least 275°C, most
preferably at a temperature of at least 300°C, and particularly at a temperature of
at least 340°C.
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than about 0.02 volunme percent water. The anhydrous
liquid bl anket will desirabl3? 10 have not greater than
about 200 ppm water, preferably not greater than about
100 ppmwater, and nore preferably not greater than

about 50 m wat er,. The hydrous envi ronnent can be
appl i e&ﬁ%’ﬁggﬁwgﬁﬁ?m P? ﬁﬁﬁﬁmw&t P 6AUPIRE BIPVIRARAD
afdhlydAfus nviRdrRfdng! Suchom BAGiraue I %‘5 gﬁﬁi&édadg&%weﬁ@ fhe

gas under standard tenperature an essure

coad lopdndsinteraocoptedner math & gaser liquiddrignkst et axlawirous

deagr i t,h t he | ecul.ar .si.eve structu The gas is
rEfons) 0 elMRe R Y R oS e RGP BlapelgriTiave fo
Ninbfengama lifielet oufdf wallet, TH2 anky@6eus gad BlankEah be provided
al kanes (especjally C2-C4 al kanes, particularly "

metdeh HeeuaRcad Hione pr undge plnosphesicedy saprterarsesuiesonditions, and
t . LT [y 20 4] The

ol el e R eredicing piofi £ 2o Rl OG0 Xcr iRy nov
ugrdater thao abont Or2 wdlupe pasentesatapaemsieprdiarably got@iedtdr than

LR BRSBTS

AR OB atet tHdh ‘chglst 628&? gbmi Wat8r, gie%%hﬂg%@ g%%%} g{gg%&t 100

tenperature and Ssure condi tions, S not
r RIUe Watay, andymere grafénablymot geegtee thamiabbutt epprmeatec Ul

eBeRs B Rt R e sl Ydings b o dhidieat te
Cietieaed adaderndli cs, al cohols, particularly C4+ branched

al cohols. 30 V. Uses of the Ml ecul ar Si eves The
nmol ecul ar si eves descri bed above are useful in a

vari et i_nel udi cki of Qr
excarpl T HRIREE RAAasPfs s Ao R ebprghE and
Ratsnte ADIRDAS AODIS DnoP¥eadt o200 iR dR4ie gt With the molecular
6,.300, 537) or. hi gher npol ecul ar wei ght (MN o
R EAF i5h s ez Spieraly sRjertest Bpbdhe Sronp apesistingleing

: , reql oy BF
Pk, bERRC0. 0531 alRBhiCn Hulf ARBles esbilcy Oy alkanes,
sprehcdarlyktharg andosshanek ciydatadllemenfnd hotuex trpdof, e @rafr. Air

fi t d [ 5 duct ; .
A5 GRHEREY Sy s gan Bt coabn Jal G bAEe By Preoednrhyding
afndef Pdcudedink ﬁnessu'ﬂéé%@@é‘ﬁ%d,te?eﬁ Ry EanJeE&glg%zficﬂuid at

chai n paraffins; absorption of, for exanple, y
pressures above standard, as long as the conditions remain anhydrous.

The anhydrous liquid blanket is a liquid under standard temperature and
pressure conditions, and does not react to any significant degree with the
molecular sieve structure. The liquid is preferably selected from the group
consisting of alkanes, cyclo-alkanes, C¢-Csg aromatics, alcohols, particularly Cy+

branched alcohols.

V. Uses of the Molecular Sieves

The molecular sieves described above are useful in a variety of processes

including cracking of, for example, a naphtha feed to light olefin(s) (U.S. Patent
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propyl ene to produce cunene or with |ong chain

ol efins; transal kyl ati on of ,3010 for exanple, a

conbi nation of aromatic and pol yal kyl aromati c

hydr ocar bons; deal kyl ati on; hydrodecycli zati on;

di sproportionation of, for exanpl e, toluene to nmake
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/ or aromatl Cs and converti ng unsat ur at ed
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d .est 0 Th
e EFph s (PR eta oy MR DB Rl Bce

A28l € ArdBatid 18/drdeaiboas Sichrhs ®knnb @ﬁ&imzpﬂfenh@neo BticHally
nore olefin(s). Typically, the feedstoc contai ns one

oVitherapylane in Bradacesmeamedr Mathdonpehnielelng iransalkylgtinn of,

0 U

ol Rhye o FhhGRRRgS b Hoh e A CRERAR,
edaﬂi@lahcm; hydrﬂzdéogcﬁﬁtmm,rdjmopdmamtioamﬁ foaetangplé,asluyne to
froml1l to 4 carbon_  atqms 1 t.i ng exanpl es of

RSP EG HI R HVIRGS cﬁ}ﬁﬁamﬁlagﬂ%@ R apEottora 80 h
a&aﬁakh@ﬂgilnm t hangl dl%g(yﬁza gL capt ans such as
met hyl , 30 rrerca tan an mer capt an, al kyl
sul fi des such as nmet hyl sul f| de, al kyI am nes such as

net hyl m ne,..al k such rreth

i et hylFLEF et ‘h%ses r‘&‘&'ﬁ{ﬂpé???ﬁ?es é)‘flﬁﬁﬁg‘l‘ Cighly
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2005/ 000465 PCT/ US2004/015794 = 31 ket ones such \
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FoBRELS re P BN BTRP EACk Bl tene o

=

- odldelndesr T @ over g et slcolinds, aciRlpand Edtesl | y, one or nore

organi ¢ conpound(s) containing at | east one oxygen
atom In the nost preferred

The most preferred process of the invention is a process directed to the
conversion of a feedstock to one or more olefin(s). Typically, the feedstock
contains one or more aliphatic-containing compounds such that the aliphatic
moiety contains from 1 to about 50 carbon atoms, such as from 1 to 20 carbon
atoms, for example from 1 to 10 carbon atoms, and particularly from 1 to 4 carbon

atoms.

Non-limiting examples of aliphatic-containing compounds include
alcohols such as methanol and ethanol, alkyl mercaptans such as methyl
mercaptan and ethyl ‘mercaptan, alkyl sulfides such as methyl sulfide, alkylamines
such as methylamine, alkyl ethers such as dimethyl ether, diethyl ether and
methylethyl ether, alkyl halides such as methyl chloride and ethyl chloride, alkyl
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enbodi nent of the process of invention, the oxygenate
in the feedstock is one or nore al cohol (s),

w@e@smo@Ebs y al i phatic al cohol (s) where the alipeEUS04/015794

noi ety of the alcohol(s) has from1l to 20 carbon
atons, preferably from1 to310 carbon atons, 10 and
nost preferably from1l to 4 carbon atons. The al cohol s
useful as feedstock in the process of the invention
i.nclude | ower straight and branched chajn aliphatic
Hetantes Pechasdlimpby} ke%@rseafqyma%déBY%mde‘faﬁm aeids such as acetic
Qgﬁfllniting exanpl es of oxygenates include nethano
anol, n- 15 propanol, isopropanol, nethyl ethyl
et her, dlnethyl et her, diethyl ether, di- isopropyl

et her,_for bag
ket onel &R S 3%%%8&%%@{ tH'%/ R’E‘%g@fn ﬁ%@%‘g‘{oﬁﬁeﬁjﬁ@“mk
%{anﬁf&{ee& ﬁﬁd}e %ﬂ?éé@lbﬂ%? RHore fsﬁ&lﬁ@aﬂ?ﬁ&f&& nhéte %ﬁgaﬁfct ed

fromone or 20 nore of nethanol, éethanol, dinet
etohrmoundﬁs)scmwmmtgmetea@rona o gD aterni Entheheose preferrq«ﬂo re

bl th d i hyl eth
ol Bt TS ARG o ety s bbb fREeefiRad s angor
@ﬁé%lcdh@[(ﬁ) priferably afiph£RAsdoB6l(s) Wité eienilipBatmoiety of the
Qj%ﬁ)nate nore particularly a feedstock containing an

Yp) hasdrom § te 3pgarper atopisi prgfarably ffigiol Enk0 earberptams,
An%lfrhg% ?}efﬁr-gg'@ 1?311? f1 tg ﬁ%&rb@%g edl‘IIe %B‘h%ﬂqlsg ngsfe%gfocig in

typica Carbon ons prefe

tthe @rdbafshﬁ'nhe alvenion inclunée jomet et Q]ht)anﬂ btrahcﬁe(tdrahoa{hphatw

atorrB still. nore preferably 2 to 4 carbons atons,
601}%%%“‘16 @f@’f‘%ﬁif@te‘gf’%‘m&rﬁ ®ene and/or propylene. 30

The catal yst conposition of the invention is

particularly useful in the process that is generally

r ef er rNon-{imitisg em;gamftowgﬂmfeis rim:h(utéTr@):thmcd,cﬁlsemob m-

L e T e R D R e
%goﬁwﬁ%ei@nﬁﬁaé}%@ CimetH$ barBbBh& ldalétyPketone, acetic acid,

nmet hanol - cont ai ni ng feedstock, is converted in the
pdgeirdeenthereofiol ecul ar si eve catal yst conposition’
into one or nore olefin(s), preferably and

predom nantly, ethylene and/or propylene. 5 In

addi t i Bithé mostisrefined endbéintanhanfelstockus belaStedrﬁbimamlo;r
t he feedst ock nmay contains one or nopre diluent

vsﬁpw fanethgnonesithanpls dpasthylethar diethyletheor acgmi @’R theyeof,
LR B U0, el A |
Non-limting exanples of diluents include

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

atoms, and most preferably are ethylene and/or propylene.

The catalyst composition of the invention is particularly useful in the
process that is generally referred to as the gas-to-olefins (GTO) process or,

alternatively, the methanol-to-olefins (MTO) process. In this process, an
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hel i um argon, nitrogen, carbon nonoxi de, carbon
di oxi de, water, essentially non 10 reactive paraffins

w@ eapoaised | y al kanes such as net hane, et hane, BOTUS2004/015794

propane), essentially non-reactive aromatic
conpounds, and mixtures thedéof. The nost preferred
di luents are water and nitrogen, wth water being
particularly preferred. The diluent, for exanple

wat er used either in a liquid or a vapor
e e @% PR FREt RIRLCEAREY R Brethanplacaniqipiag feadaipple | i
redé)glgct%gerdqg? ﬁ@pa Jg’séél%‘é B{r" % g%o c{lﬂ? sw(@@ﬂﬁ&%ﬁ:grrn%eg‘ﬁf)% ggo fine or
whote oléfg(s)ppiefaratlsand pmdemumn‘éy,ysﬂtylwmnd@r prapylen®he
present process can be conducted over a w de range of
tenperatures, 20 such as in the range of from about
200C t 23biieh td GRSyl @RAIBRALS:, SicBIfs nfdRitb], 28DfeedBock

about 800C, |nclud|ng from about 250C to about 750 C,
comy egtitaing Pe Jrrpercabloent(3o0idch aresaenallp sgmreacsxm todhe y

2ot - 2851 SIRE AP BRY SHE Y ce

phe easenieaivnsf thofeddadckd Noreiméting eﬁt@mﬁ)&@ QE dﬂﬁents include
pressures including_ autogenous pressure. Typically the
p%eahpma PIEORUE QR 6 bet’lh aion%éawm digeiflg SEV ‘Eﬁﬁelﬁﬁyy non-

R gt R e ek R RRE Sl el

fasomtialp non-SedcPa@artomatib OmhpdundBlFMld mixttesctheneef) | Bt thyst
froma 0 kPaa to about 50! 30 The i ht
BTG Ol b rriand Ey TR, Al Ao B g S BIAr I pagferred.

wei ght of feedstock excluding any diluents per hour
per wei ght of nol ecular sieve in the WO 2005/ 000465
PCT/ USPeodihgut fosxas@lecuatet, yoy be an@bgther ora liquigioc avhpgor

r es fro out. 1 h t Qut 500

BBt (s R g e Py G R S A g B
afpeditock diferihgtade@ir ai®EHdirddfl} to MRGeLBitVEMIEBRd Withfthom
about 10 hr-% to about 1000 hr 1. In one enbodi nent,
tTRelegE\sipes qafabytt 6PMPPREOIR0 hf 1 and, where feedst ock
contai ns nethanol and/or 5 dlnethyl ether, is in the
range of from about 20 hr-1 to about 300 h '. Were

t he proggassdnspoeditah bel comiuatell loweth wald rwgh, oftté@peratures,
superfjcial gas _ velaqcit t he feedstock

i HEh adinge mnesof frogh@op Edﬂ ab&a&&@@@ WPt FRRPiGEom
r #36E 2I0°8%S LES s@@@b RAdhdiaY FRk %o‘M mo@ 18 abb®e/50 °C,

reactor(s), 1s at |east % net er
conveniently from about 300°C to about 650°C, typ1ca11y from about 350°C to

about 600°C and particularly from about 350°C to about 550°C.

Similarly, the present process can be conducted over a wide range of
pressures including autogenous pressure. Typically the partial pressure of the
feedstock exclusive of any diluent therein employed in the process is in the range
of from about 0.1 kPaa to about 5 MPaa, such as from about 5 kPaa to about 1
MPaa, and conveniently from about 20 kPaa to about 500 kPaa.

The weight hourly space velocity (WHSV), defined as the total weight of

feedstock excluding any diluents per hour per weight of molecular sieve in the
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10 second (nfsec), such as greater than 0.5 nisec,

such as greater than 1 I n/sec, for exanple greater

conveniently greater than 3 m sSECT/US2004/015794

typically greater than 4 misec. See for exanple U. S.

Patent Application Serial N33 09/708, 753 filed

Novenber 8, 2000, which is herein incorporated by

reference. 15 The process of the invention i's

conveni ently conducted as a fixed bed, process

sty St RBeditign, Avpieally| rangss Som thoyt bhbctés@om S0 riyich as
t S

Bl Hed g ORIl Pl aRAbo 0 M 1o b 1500

andhandaiomemynttyl fubrdliabent 10dn™ po mgoom 'THe ope embsdiment,

oo NS e 20 MR i ool By P S
rcﬁﬁﬁ:ﬁiy@é‘théxo 'Psexﬁ tﬁé‘fyngé of A abbitidi e ey Besht 3068€1L1 on

zones “coupl ed toget circulating flujdized bed
reactors, riser reactors and the |ike. Suitable

conve 'on react or types.aredescr,i

et Weftee bERELT oqaREGa B & AHERAa 5L tnp BudeRficiqy gas
Byeddtity (B &) i @the fobdstdck, inéding ilfrdny sld Zeabiieproducts within the

Engi neering, D. Kunii and O Levenspiel, Robert E.

KieRelgiesystemy iBng ptisulaty vty a nmﬁﬁaﬁ&r@ inatyesss Okl motpyper
%c&th @ity 14, RgL eatei pialm 5 hAGOTRAL 94;@ %’thﬁffﬁ%‘i/?éb? Bor
eactors

rea ypes are riser
g@mﬁrpaé gryatdeman Qbﬁ,@ea noﬁeﬁ&nﬂy gftafie doind m/set, uinditgAtadliyn

and Fl |d Particl e Syste ,.-Rages 48 to 79, F.A _Zenz
EigetonsheD 48 i, SORAPHRIIPIBY f SRRHAPRISERGH SEHHNG: Now
Y?%/"/‘% ﬂ-%aﬁ)led A etdber 8,P8bG RbhicN@- he?bbﬂ ﬁﬁo%%?ated by reference.

st-flTuidi zed bed reactor), and t ent
Application Serial No. WO 2005/ 000465

PCT/ 004/ 0157 9/ 564,613 fi 00
(m O ERR0Pes b thebtestion Robrermanly SRR & o8RG b

| eBERUrah&rd tHicAIBf RremMadized Eledgj"t@ceﬁé Atln@Rs a turbulent bed
enbodi ment, the process is conducted as a fl uidized

beigeess), puadasgscopiinaustlunjdiresthadypreess, and partiselarlyasestiauous
”ﬁgéwﬁbg?yﬁEM%%ﬁﬂgd Sylem a regenerati on system and

PRPStch a process the reactor
system conveniently includes a fluid bed reactor

system having a first reaction zone w thin one o%nﬁ;e,
ri ser FRRRIOSPSSN fkg placg Iha ¥arecinat salalyes BacioBRIChAt Rytyid

A ealEAThatHAGe 9 dléﬁgégo%g' @X&Fﬁéﬁj n%ctg%@oﬁé’éé SRR bed
one of nore cyc n

ones one e ment e one or
nrEaetion Zaes coupled together, circulating fluidized bed reactors, riser reactors,

and the like. Suitable conventional reactor types are described in for example
U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and
Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977, which are all herein fully

incorporated by reference.

The preferred reactor types are riser reactors generally described in Riser
Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz and
D.F. Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S. Patent
No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application Serial No.



reactor(s) and di sengagi ng vessel are contained within
a single reactor vessel. Fresh feedstock, preferably

weonsadbng one or nore oxygenates, optional | yPed/UB2004/015794
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one or nore diluent(s), is fed to the one or nore
riser reactor(s) into which34 15 nol ecul ar sieve

catal yst conposition or coked version thereof is

i ntroduced. In one enbodi nent, prior to being

AT S e AP oSk or i R e

?{.g% d pu, iquid, preferably water or
ki noFe yngfég’fhcg gas, for exanple, an inert gas such
nitrogen. 20 In an enbodi nent, the amount of fresh

feedstock fed a nd/ or or to

r eact dft °4¢ ?faéﬁllcglserrmﬁ’dﬂﬂeél B 1? F 6te§ AAi fleleed bed
REbERHbr high Q’@R)‘éfty BRidi2a 188 brdRedsGfitzingSdhehctassylstedi)a
about 1 weight percent to about 75 wei ght percent,
megenecraiionsastenm dodarreetyot systemei ght percent to about 65
wei ght percent based on 25 the total weight of the
feedstock including any diluent contained therein. The

|'i qui dinaeh ¥ @ﬂﬁks&f tﬁe BBitE kistomyobenichtly Smigies a fluid bed
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(1RERIeBTHELeBY hEHiRS & ALK LRSI PR O HEred B reaFion(s) and

di {L.6EEMh i #’0@[&%@ hid BledsE 81%3%19&’% gﬁﬁ&%‘é 436 t @alf actor

systemis prefe y converte t|a _
fmdnhpnsmgnortehe rére syclomcﬁmonczmnbsodmmemt thegasem trs)re riser

ffl t t [ |
SO U R SRR 0 ARGl B AP R g er Sl
gﬁ%g{jfe@%’téck ?éfgﬂagﬂf%ﬁ’aanﬁ‘ﬁ o \hélRGx érﬁte@ $pgtRnally with

sengagi ng vessel "to separate t he coked
2005010064 HueaH) Us 28104 k1 B1rI Mm@ n@atraagtgn(s)e@t«vp’eiyph fon

fro t he . aseo s effluent con n|n

g"\‘ﬂ(’% FIEVGY ‘ﬂ?’ﬁ P HIQO%P%%P]I‘ COE;ﬂC% RV sg?regfﬁ' trﬁﬁ{()%uﬁed In
Cbﬁi‘é QNSSIIRER, P68 heRE inteddved i tBE Hegtreactan(d)ihe nidh@ular
dlsengaqlng vessel can al so be used to separate

csiced qagalyss gampesitipnar coked wemsioa thaselds §01?§ﬁ<ft13<hwtl a l@tulff’e r
ods..t t f.rom

RO AT er3F ARIBL kBl 68 RS imBRRERlc el sinnd

ehipowen. and the like. In one enbodinent, the

di sengagi ng vessel includes a stripping zone,

typically in a lower portion of the disengaging

vessel o, INe hb&iskhd B4 ﬁ%uﬁ?&ﬁfrésﬁ%ed%ﬂ)léﬁ FeLar! ﬁwﬁ& and/or a
e

conposi t| on is confact as, preferably one or

avafdr cothbireatoraystef is fretheyange oh fmm, 0.¢ anvetigint pelicenti td @bout 85

C\?V%Pg%nper}ggrl%xéu%ﬁ as E)c/)?nr abotit 1 wglrght percent to about 75 weight percent,
more typically from about 5 weight percent to about 65 weight percent based on
the total weight of the feedstock including any diluent contained therein. The
liquid and vapor feedstocks may be the same composition, or may contain varying

proportions of the same or different feedstocks with the same or different diluents.

The feedstock entering the reactor system is preferably converted, partially
or fully, in the first reactor zone into a gaseous effluent that enters the disengaging
vessel along with the coked catalyst composition. In the preferred embodiment,

cyclone(s) are provided within the disengaging vessel to separate the coked



an inert gas such as argon, preferably steam to
recover adsorbed hydrocarbons fromthe coked catal yst
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regeneration system 15 The coked cat al yst
conposition is wthdrawn frof the di sengagi ng vesse
and introduced to the regeneration system The
regenerati on systemconprises a regenerator where the
contacted with
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fr.om o 700 eneratio essure
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psia (138 kPaa) to about 250 psia (1724 kPaa), WO
2005/ 000465 PCT/ US2004/ 015794 36 i ncl udi ng from about
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gas may In tAe range
otordibmsaifdernp@atdte, prdssirp endestdence ta‘nc)ut 5 nol e
percent based on the total volunme of the gas. 10 The
burni ng of coke in the regeneration step is an

exot heNBnClihRAg ek MpledBFlsuitable regeneration media include one or more
of oxygen, O3, SO3;, N,O, NO, NO,, N,Os, air, air diluted with nitrogen or carbon
dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide and/or
hydrogen. Suitable regeneration conditions are those capable of burning coke
from the coked catalyst composition, preferably to a level less than 0.5 weight
percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. For example, the regeneration
temperature may be in the range of from about 200°C to about 1500°C, such as
from about 300°C to about 1000°C, for example from about 450°C to about
750°C, and conveniently from about 550°C to 700°C. The regeneration pressure
may be in the range of from about 15 psia (103 kPaa) to about 500 psia (3448
kPaa), such as from about 20 psia (138 kPaa) to about 250 psia (1724 kPaa),



in an enbodi nent, the tenperature within the
regeneration systemis controlled by various

wo embdgees in the art including feeding a cooPEHU§S4/015794
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to the regenerator vessel, operated either in a
batch, continuous, or seni-@&8ntinuous node, or a
conbi nation thereof. A preferred techni que involves
wi t hdrawi ng the regenerated 15 catal yst conposition

PRI sBaPe 25 SR F TS SE0BRBaY D BB AV M Bl A

C Lt T, I j : paENt |
o b K o s o
external to the regeneration system O her nethods for
oper ati a. regeneration stem are i.n.di scl os

Pt ent TREreSeBGGA & e B SR or s higp &8 Hifapeenfidmincbe
28 thefLisb of BbinyaboicsicRPinatcas s&krdldotrseait as Tidvén about one

regenerated catal yst conposition withdrawn fromthe
r mgyaeioak (0oninuteg sandrthe yelame oA pkygenin o ggenesation ggs may be

Gl et BRI PRS00 RS ey ton o

SiofM QoRmicadHtEé g conposi tion and/or feedstock and/ or
fresh gas or liquids, and returned to the riser
reactor(s). In one enbodi nent, the regenerated

cat al ygf,, ﬁﬁwa%f&rgggfegm%%%ﬁ%ﬁoﬂ §OMstNexbRGRAR TBckBA, and

system1s ret o0 theriser reactor(s) directly,
pinefnesmatiidymestf the terpesatimegwitlin cheptegenecationl systemde odrolled by

carrier, such as. an iner s,. feedst qck _ vapor, steam
oFariayg HatRisieR By g 81 i HinE Bfing Geop s ans (o BpFegenGaley
CORLLINYRUSEY cith@ B8 bhtBE] dohfiAldlis! teiilcb@iiiohs Alddefortahe
regenerated catal yst conposition to the reactor
syatkinptigr dEeolbA prafgradiechniguednvotpesevithdyawing the regenerated

CEREb S n Bt ot ol oA AR e

C e4TRI9SH dob R t@for@Qdodtbd reggeresddabdyst abmbysition. The catalyst
conposition fromthe regeneration systemtaq.the

r eeleipin arsgsbedimenthis adiset srehangsy Bat isrlogatideetihgr ingganal or

I la.Si it ¥ .
"BASE) 20 T A Ve TR0 SRR L rion
C oyrtdin btd indischweSULS. Patent Na. 6,20@P Y5 (conwotfiog ntoisture), which is
described . in M cha ouge, Experinental Techni ques,

I
cherein @lyﬁ@%%?@ﬁgﬁa‘? BEH: Grace, Avidan and
Know ton, eds., Blackie, 1997 (336-337), which is
herein incorporated by reference. Coke levels on the
cat al yThe cegepersictlicetaliat eompaiionewithslyawn fiody theieggnermiion

;g}ss%%)téf !g'g%tfarh(fﬁ Btgg%ft.bcte i&aj?lgf%t#%o etr,hls.e cc():rg 1\1/13(5 %viitﬁ% I?ersﬁ %neoslg’cular

sieve catalyst composition and/or re-circulated molecular sieve catalyst

composition and/or feedstock and/or fresh gas or liquids, and returned to the riser
reactor(s). In one embodiment, the regenerated catalyst composition withdrawn
from the regeneration system is returned to the riser reactor(s) directly, preferably
after passing through a catalyst cooler. A carrier, such as an inert gas, feedstock
vapor, steam or the like, may be used, semi-continuously or continuously, to
facilitate the introduction of the regenerated catalyst composition to the reactor

system, preferably to the one or more riser reactor(s).



content. Typical levels of coke on the nol ecul ar sieve
catal yst conposition, after regeneration, are in the

wo anwgeoabs from 0. 01 wei ght percent to about 15P@EUSIN4/015794
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percent, such as fromabout 0.1 weight percent to
about 10 wei ght percent, foB7 exanple from about 0.2
wei ght percent to about 5 wei ght percent, and 15
conveniently from about 0.3 weight percent to about 2
wei ght_ percent based or% wei ght of the nol.ecul ar

t he
si eve ByrtRatipdlinedhie flawiaf faseernsraiFd FRiplThpOmPoRTiOR g cooled
C Q r‘
JLaaane AT SERANh Lo AERS G YaA e ReEGH
29 stem i qptiesmaledelsegoener thetrhaltcidarsiavsetial yst eomposition

separatjng ol efin(s).and. purifyin lef.in(s) fr th
Rl fonPlgE BB et Ry Bsfiindis B (pidgine
OfiRy B a cATRIYEt REnRsitiBAEERAbEO T Michuall Lo, BeRAmRNiddN,
fractionation and/or distillation towers, colums,

s@ﬁhniamss CireulatingFhidizadeadsi Grace,/stidansand Jetovelton, eds.,
[.b f . L. 476, 978
THAEerioe qe van Vo st amtorp bRy ergial U 20

ket ones and ester manufacture (U.S. Patent No.
5,675,041), and other_  associ ated equi pnent, f,?r )
exanpl €okedeydugn tesaehsbsanpasdian B% Evanget &y withdrawing the
r 1,
AR G U @l prolds i dor A TRIE R Sfbon
Nentdnit.nTypicd levebniicelke af themeslecitl aveiavs catabisticongposition, after
splitters or .trains used | one.ar, i n conbi nation .
| HREFRFRIOTn & oR tpgrReegt Tipmy _@9@ t"ff‘é%rt?sw,enﬁo?@#’%\%ala yeight
Sbent |BAPEY RbiBodTERRMAL f&Eent 3o HRIAAD ’V&Ze@%xt gércent, for
epropani zer, a wash tower often WO 2005/ 000465
REEpB2 00dy D0 87D2 wedht petentite abaup Sacightegeeni, endvash

rvEriRas, RepiiPails v aaf PRI P0G 2o Rl e Rased on
stk ivtdi @t of e holbana siged) splitter. Various recovery
systens useful for recovering olefin(s), such as

et hyl ene, 5 propyl ene and/or butene, are described in

US Pate . . I .
st rean 1 BloeBsffuctP R it FECRRIAL bischlih Sy e ERR
Spd3tet] tﬁfohgh(alfecrﬂ%m(sj&ﬁp alglﬁté ﬂazﬁanygt/eﬂi krB&nﬁﬁUcoS\fery systems,
5,672,197 (pressure dependent adsorben , Cen
Ff&?]éfﬁﬁqugé‘?%@?eéé@t @%y‘bﬁegﬁ élhsqpé%%|°§e§“2n&> gnd pitiifyine
; d

car B i i SR RE BRE R R RgY g e o
SmB #7136 n{bird e ¢driomstseparation, dragienation bidier gistidation

| ant), an .S, P n .
ptower , CO um%s,usp 1t’cers,a ct>retrat1ns|,\|?eact10n systems such as ethylbenzene

manufacture (U.S. Patent No. 5,476,978) and other derivative processes such as
aldehydes, ketones and ester manufacture (U.S. Patent No. 5,675,041), and other
associated equipment, for example various condensers, heat exchangers,
refrigeration systems o,r chill trains, compressors, knock-out drums or pots,

pumps, and the like.

Non-limiting examples of these towers, columns, splitters or trains used
alone or in combination include one or more of a demethanizer, preferably a high

temperature demethanizer, a dethanizer, a depropanizer, a wash tower often



6,121,504 (direct product quench), U S. Patent No.
6,121,503 (high purity olefins wthout

waapsnbwert i onati on), and U. S. Patent No. 6, 298CP082004/015794

10

15

20

25

30

(pressure swing adsorption), which are all herein
fully incorporated by referefte. 15 O her recovery
systens that include purification systens, for exanple
for the purification of olefin(s), are described in

Ki r k- O hmer Encycl opedi a of, Chem cal Techno 4t h
EFRfetresio avawauﬁ%wgvasg Enrerandiey q&e@aﬁgwerw@epbe gé@rbers

2fdnfbfdned %ﬁ&% @99 spiifdt, ‘i)li‘?}isﬁerﬁqtg gt)lit{é? %@Qﬁt@ﬁ@(‘géz ¥?1}]tter.

ref erence uri ficatlon tens a so descr
for exanple, U S. Patent No. 6,271,428 (purification

20 of a diolefin hyd bon st .S, Patent No.
AR e AR S e Bihay e ig iyiene
Ugr%p RRak @ﬁu/or*@ﬁéﬂec dilel deBcriNed 11991/ $ 8813 Rof 5 b66lc4:EohRbry

000 (purge sfream using hydrati ng2cat aI

whicle hthalleée ﬁ‘é?aéi)nU S- iﬁ’@t@anpat%H Toh3s eftet.ehkan 29?52 481
RS By PRI Y BalTBP 67250 R R Rich o ds s,

fath on or ’accunu I'on O

pw&l&m@x bes pﬁﬂds&aﬁ/dﬁjgéﬁ @¢mo ey UaSti Ragsnt Bload 9041880 th
the preferred pripe products. The preferred

pliseieres methndl FoRYdrog e o i Hde BXaRsIsERb A gPatent No.
P52BY 088 gx'ecWe?edt A& kY Mﬁﬁee;gowér aﬁﬁbs &nd 1V.S. Patent No.
e manufacturi

defivati ng~process
p6)12iEB0# fditdcopropucicmesdy, U0 Pathetré.ox, 21,503 (high punisy olefins

it eﬁtﬁ%ﬁ%&?@ﬁ’%{ﬂqﬁvéaﬁi M Batsat 906 Yo T ¥t Eiksatnd Suing
F [ 46
FatsoRUR Ayl i igiin S/ pbr MO IRICRKORRICS

process are passed through a purification system that
renove Iow | eve of - pr or,. cont.am nants.
et DU fecgf S S Gine At BB b DB Bk Repaale gor
Vel pauiigiceiidiosh o1emi(s), ofe delsurﬁbea Y ROVl @ ndF En@)éwgi@lldafdfed
in the follow ng exanples: nﬁ’lh@ 1 About 4

i

c &hemipsl Tachralpey, 44 E@ﬁenq ‘6)&%@1 9 Wikey &iopp.cl 9081 nages

I
22473 L AP 4 ReSD, SRR el oo g RSPy SR Phlificaion
atysidingldre G50 @efovibedrinr for teklanplé Hou iPsteat NatayBEMRSr (parification

ssure, then cool ed do i ner as
Cebh otisliny Feratmnenynp U aobunt No. 69330b (Fpirating
propylene from propane), and U.S. Patent Apphcatlon No. 09/689,363 filed
October 20, 2000 (purge stream using hydrating catalyst), which are herein

incorporated by reference.

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

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



adsorption tenperature. The inert gas flow rate was
150 scc/mn (at standard conditions) and the pressure

WO poosl0e0465GA was 119. 7 psia (825.3 kPa). After BCT/BESZi0Y/@15794
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wei ght was established, water was injected into the
dry inert gas at a 15 controtd ed rate t hrough a
vaporizer. This provided a controlled steamflow rate
(cc/mn at standard condition). The inert gas flow was

d b t
PRl iR BFRR et « BB e
S tiaafBndvet v Rasls BF ¥{-prRiutis@Mchtafthabfte cat al yst was

calculated as P = (steamflow rate/150)* 119.7 psia.
20 When steam was added, the TGA recorded at first a

f%t :Ng;_gé_fﬁ §0f o%rg@ffecg%% tflgl\/ﬁ)(iiesc%{ Qs O](cqu:NIaf EL um

ads or ptv‘ afiousrasbaipeaofitds avertiva sspecintildiddst drnbllowing
parti pressure and tenperature. This adsorption was
c SFY. GS out for about 80 mnutes to approach 25

egyihbRni um adsorption. The wei ght increase, wt% due
to adsorption of water is calculated based on the dry

wei ght Abbutt4{emg af edtylyst partides, weveilgpuied ofto thesaumpladefisif a

bef.or stem s ad ted to the TGA.. The e te
iR Ba e i S eRBal SIS s atyerts Bl e citatyst
ades Eflbined vivB %irc Ab&H B30 F? incd Hah 48Ruf AukBSspRbrid hi s
increased steampartial pressure. The water

aBEeeTyse-ithen weprdrdoverindgadrypaet sesieentainingang weisr)30 the

SSRBAL L BETH  y FQ S 1 IEP r
r esnditicnsparl thb pyaasird it the Tk ves 1NDT @siahe825 BtkPh§8 &ftePa

=174, 2 %2005/ 000465 PCT/ US2004/ 015794 40 psi a
iteblf Weighbjas egpblishod water-wasgm]egteg dntg tleel«bfgsn@'t grata at

P
2ol Ty ot BiPribl Khid ptfitkd o 2Bitrdilea Meatn 10 rate
chlff)uneuh dtandard nondifionyatTée imats gaskiiy W dédyeasédiby th'E saine
I ndl gh ! er \tzvlgg ﬁ@%segtu z%sl%(? ?@i\}c ?I%G(Spagp )pressure of

( @t%iuﬁ)m ﬁ'fésgg@}mf(tﬂ% BwinBgb fe dabil W@i@ §é1@l)1at@@ %é P)= (f’gegl% flow
P/ P 0.222 287 353 0.389 1 W . %6 . 0.69

1g_a_t¢3/350)*1 19.7 psia.

" When steam was added, the TGA recorded at first a fast increase in weight
due to adsorption of water followed by a slower increase in weight as equilibrium
adsorption was approached at the specified steam partial pressure and
temperature. This adsorption was carried out for about 80 minutes to approach
equilibrium adsorption. The weight increase, wt%, due to adsorption of water is
calculated based on the dry weight of the catalyst, i.e., weight of the catalyst
before steam is admitted to the TGA. Then the water injection rate was increased
and equilibrium adsorption was achieved after about 80 minutes at this increased
steam partial pressure. The water adsorption experiment was performed at various
steam partial pressures to provide an adsorption isotherm as indicated by the data

in the Table. The results are shown in the Table. Note that at 188°C, P, = 174.2
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212 P/Po 0.093 0.134 0.174 0.214 0.235 212 wt.% 3.55
4.59 5.53 6.75 7.38 216 P/P 0.082 0.112 0.145 0.194

WQ1®s5000485 2. 79 3.78 4.85 5.71 322 P 22.9 322 RET/USIH04/015794

450 wt.%0 0 0 650 wt.%0 * 25.4 psia = 175.1 kPa;
26.9 psia = 185.5 kPa; 34.9 fsia = 240.6 kPa; 38.6
psia = 266.1 kPa; 45.3 5 psia = 312.3 kPa; 50.0 psia
= 344.7 kPa; 60.5 psia = 417.1 kPa; 61.5 psia = 424.0
kPa 67.7 psia = 466.8 kPa The data in the Table

psid (@D bak®a); Iah@ﬂ?@n?att%ﬁé raiat (L 9% @ HPOArG194C, Rot dELtar

peigPF s i3 Pt p sl P TSndt bR Bl r 26 or

| ess results i n subst antjragi watier adsorption by the
activated catalyst. This water adsorption is

corlsi dered tRelatiyspressura (Pg ahd ampuntaf wates gdsorbed (wt.%)
Adgdt|lal ytic activit yat imdiated water paytiabpyessuney (pgia)s

(°Crat|al yst | p2i4 i 1269 er3d.9 daddd i ntd-3t He Hdhp| 0ell 6bf
a__|ni_cr obdpsigice (5ia) gdipsiabnalpsieher aik) dr &siadet (Hste) | (psia)

67.7
(psia)

andl yzer]| TGA)| The |catal vist was cal dined wth ailr at

18bquP/lB50C for| nore [t han 4 B@2% s at atim@gBheri c 0.353

0.389

188r gssuvee, then was |cool ed daMn under |dr878 nert ggs10.69

11.33

(cgntai ning nol water|) to the adsorptign tenperatyre,

21280- PAC; The ) n®p3 |gas fllowlsdtle was |195074cc/ m n |[(@Rl4

0.235

219t andavd | 20 condi.4d an) and t4m pressurle 3.58 t he TGA wd$s

7.38

119. 7 psila (82b.3 kRa). Affter a|stabl g WO 20D5/ 000465

21RCT[ Ba2004/ ¢¥25[794 Towe2 ght was esamfl i shed| owes ar

g whyectedoi nto tHe xdrgy || nert [gagsat] a contryyil €d

ratje through a vaporfi zer. [This provided a controlljed

3Bl eampl T OWGF @LE (CC/[mi n at| standard condi tipn). The

32'2ner§m- ag fHow was decreasgd by [The same anopnt Sd

th hetotal ftowrate S Kegpt—at (150 sce/mn.| The

—

13 wa/ pregsure of 5teamipth Sogas mxture figw ng
L

othe catarysf—was [catcutjatedas P = (Steanfow

/| 1N * 1.1.0

650al eSO TS 7—psi

*25.4 psia = 175.1 kPa; 26.9 psia = 185.5 kPa; 34.9 psia = 240.6 kPa; 38.6 psia = 266.1 kPa; 45.3
psia=312.3 kPa; 50.0 psia =344.7 kPa; 60.5 psia =417.1 kPa; 61.5 psia = 424.0 kPa; 67.7 psia =
466.8 kPa

The ‘data in the Table indicate that contacting activated SAPO-34
molecular sieve catalyst with a gas at a relative water pressure of 0.082 or greater
and a temperature of 216°C or less results in substantial water adsorption by the
activated catalyst. This water adsorption is considered to result in a substantial

loss in catalytic activity.

Example 2
About 40 mg of catalyst particles were loaded into the sample cell of a

microbalance (traditional thermal gravimetric analyzer, TGA). The catalyst was
calcined with air at about 650°C for more than 4 hours at atmospheric pressure,
then was cooled down under dry inert gas (containing no water) to the adsorption
temperature, 180-184°C. The inert gas flow rate was 150 scc/min (at standard
condition) and the pressure in the TGA was 119.7 psia (825.3 kPa). After a stable
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When steam was added to give 25.3 psia (177.4 kPa)
steam partial pressure as indicated in the Figure,
i ncrease i n PADUS2004/015794
wei ght due to adsorption of water, followed by a

sl ower increase as eqU|I|brﬂdn1adsorpt|on was
approached at the specified steampartial pressure
(Pt. 1). This adsorption was carried out for about 80

FETERLETTE S TN T IC AR i
%{&H}oﬁgﬁg v Pﬁ?z%g @Hlsg)%l&nga wek8héd Qfadh %“Pﬁieadc?{/ﬁ{m at

) the ¢ st before steamis 15
asﬂmdatde@mﬂmonh eTHGAert Bae ﬂOWW@S\ﬂ&@I@ﬂSGdthébQ pame &raoléltmﬂlat

dt
BELSRSESH % gt Bt B8, DA bty SRRy f il 48
agRingixRfle B6WRIp t8IMIEatA0st RMaBehieslafeltas 2) . A furt her
increase in steampartial pressure to 69.7 psia

(480.6 kPa) showBd Gtepmrilaverate/ hROERKR PHawei ght of the
catal yst, due to additional water adsorption (Pt. 3).
The Fi gure shows that when 20 water injection was

st oppewWhan eteanlwasdidded toegive B3 puiagl T1. @thr)g;t@tn AdvBal

scc/ mn, . nost of the adsor ved fram
t PHESSHER 28] ipdicated gyibg digure.Als ga%a@wfg?# P lfif % axﬁkl%f&?se m
V\@'El ht ({u%r{B 'a@é 1&1"%&& ?Jllo@veqrbX/ agb‘?&nﬁl’lﬁ&%asfe%ﬁ eq@8brium

tes at C (Pt . I'n a Second step dryin
eadselptlma mags appteadwdatlt ;lEtSpscaﬁpﬂ geaga parftial priessure (Péak)e d hiso

284C in dr as .fo t

ceebimiion v s o0k 3888 amaHes 1 it B humc
CalBRYoRe TAE el BlcYea86 RS, Ade EBRIsbHtidh oF @i s calculated
degrees of buoyancy, t he san‘pl e was cool ed back to

1%@1 pm therdig et ght o6 thsl catabyst.tilge weish of esptalysgbefore steam is
tﬁé#ﬁ trlllgtq'f nga iﬁg Eh%@?ate!: ! Ig%%t?o SRS 1Hé¥ea%ﬁtt§f)rowde a

mater can

Cﬁﬁﬁh Bhutial priessied €I Ppsia B44. (Blﬂ)d)land B@uitionarh laﬂd;cyptlon was
described this invention, it will be appr.eciated b%

t adieved aftey abeyt SO miEeHPE 2) hétfufth%r NGRS StF2RARt
pglfe %%9"‘7 g&a 5 éé‘k]?a? ShAWEE ﬂlfrthepi%E%QEeL fi'eig W e Ut

it an scope O e |n enti on.
mtagﬁsdmezaaameﬁm/mmt@ﬂlsﬂan 3)4 The@igirkBhogs thhtavhen

1. A nmethod of paki i vat ed

ieler ToRalg s SHBBEh Lo e s wpefevingdt 1n@ sesom

Cﬁﬂ@tr dfsth@gdsbﬁ)%d%&ﬁﬁ%v&fremas}edoﬁ&ﬁ ikl Salfst. However, there was

net al | oal um nophosphat e nol ecul ar si eve having a
still 1.6 wt% of water remaining even after a dry gas purge for 100 minutes at
182°C (Pt. 4). In a second step drying experiment, the catalyst sample was further
heated to 284°C in dry gas for about 120 minutes. Since an accurate comparison
of weights at 284°C and 182°C cannot be accurately compared due to different
degrees of buoyancy, the sample was cooled back to 182°C in order to complete
the measure of the desorption of water. The Figure shows that after treatment at

284°C, the adsorbed water can be completely removed (Pt. 5).

Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of

parameters, without departing from the spirit and scope of the invention.



tenpl ate therein; b) heating the
nmet al | oal um nophosphat e nol ecul ar sieve at a first
W0 eoopeoEblire to renove the tenplate and form anCT/US2004/015794

activated netall oal um nophosphate nol ecul ar sieve, c¢)

contacting said activated nojecul ar sieve with an

inert gas at a second tenperature of at |east 225C,

the second tenperature being at |east 50C | ower,

preferably 100C | ower than the first tenperature unt i |
cular sieve has a water content of 1.25 wt. %

or | ess. 2. The nmethod of claim1, wherein the

agyogphere used in step b) is air. 3. The nmethod of

any of clains 1 or 2, wherein step b) takes place in

an atnosphere conprising at least 1 w. % steam

bés ed drmethed pbmakmgengriivaigd mpallozluminophesnhate molecular
| 4. The claim1l wherein after
S SRS TS nffloa b Sl Ad 06hs B -

um osphate nol ecul ar sieve
havi ngya pesvpdiag e nidisitRluminsSpiRsphiatsimbtuculr pieve habind a
time. 5. The nmethod of claim1l wherein after step (a)

aF?(HﬁIiﬁ?tPéber@Ba step (b) the netall oal um nophosphate
I
mol ecuj, gr héétgn\égtpg?ﬁ%@a@yﬁﬁﬁ?ﬂb%}ﬁﬁérﬁgfe%ﬁr élévesaft Qregét

for a erio od of claim1l
Wheiperatwzfto eemsteethe (anplate laed foret @l dctizhtedi nophosphat e

e BT SRDRY BRRETRESE o hor | ocat | on i n whi ch

| ocati gn {Beta A5d AN 2Rl nI QR GlevO GEH - 1nM\p§as at a second
2005/ 000465 PCT/ S2004/ 015794 43 7. The meth of

C teaperdtunerndrae laastaX258¢, the wo@@)ewtmeub@rn&aél@sbfpf) Cdypwer,

SR R R

| egddricemeht oLt loeates®)n t he heating of step (b) and
contacting of step (c) occurs. 8. The nethod of any of

the preceding clains, wherein, in step c), the inert

93s hagya e‘?lll&){t)+fvc?a1 %&heperil? ﬁl%%{tlﬁgﬁﬁéé%e@ Frrgégel?ﬁ) han

0.075, preferably no ‘great er
preferably not greater than 0.025. 9. The net hod of

any of the prece g.c ereln ed.in
sPep cjlhejme ]é‘?dro tqfﬁtfgﬂﬁ RE ‘M]ﬁeirelfllsif‘@qﬁg oS B °g iy
C AR PRt RBrpliSiB At least 1 wt. % steam, based on the total weight of the

atmosphere composition.

4. The method of claim 1 wherein after step (a) the metalloaluminophosphate

molecular sieve having a template therein is stored for a period of time.

5. The method of claim 1 wherein after step (a) and prior to step (b) the
metalloaluminophosphate molecular sieve having a template therein is stored for a

period of time.

6. The method of claim 1 wherein after step (a), the
metalloaluminophosphate molecular sieve having a template therein is transported

or shipped to another location in which location the contacting of step (c) occurs.



10. The nmethod of any of the preceding clainms, wherein

the tenperature in step b) is at |least 400C. 11. The
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nmet al | oal um nophosphate nol ecul ar sieve is a

silicoal um nophosphate nol ecad ar sieve. 12. The

nmet hod of any of the preceding clainms, wherein the

net al | oal um nophosphate nol ecul ar sieve is in a

f I d lyst it i, Si. i

bt al | OB R RSHSUm L Bt L e G B0 iRt 3Rt e
1hetalloglufBhdiHdsatehalebuldsievid 1R Righ teh@ld MEeRin is transported
contains chlorine atons. 14. The nethod of claim 13,

wAestepnedite @nefherdesation i hishdoeatigritha haefing pf sem (resd |
1 f tivated nol ecul ar sieve prepared
bgor%t#gﬁiﬁgﬁgte ((:)?&cﬁ‘r%

tho any of clains 1 to 14 as a catal yst
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ag activgt e“éI nol égul ar si evegrby the net h%d %1? ny g%ger
cthan @05, moreprederalfly npt greaer thgn 0I085act i vat ed nol ecul ar
sieve in an anhydrous environnent; (iii) contacting
the activated nol ecular sieve with the oxygenate

f eedst gaK metfdd\of ah§ 69&1@[Firé&di@g RIHLGVh 6N SdsRBePMEtep c)
or nore olefin(s). 17. The use of claim 15 or the

piscdle sEragen.dichiim, flge gomer anrcontunaiopdberaele  f eedst ock
conpri ses nethanol, ethanol, dinethyl ether, or
m xtures thereof.

10. The method of any of the preceding claims, wherein the temperature in

step b) is at least 400°C.

11.  The method of any of the preceding claims wherein the
metalloaluminophosphate molecular sieve is a silicoaluminophosphate molecular

sieve,

12.  The method of any of the preceding claims, wherein the
metalloaluminophosphate molecular sieve is in a formulated catalyst composition

comprising said metalloaluminophesphate molecular sieve and a binder.
13. The method of claim 12, wherein the binder contains chlorine atoms.

14.  The method of claim13, wherein the binder comprises aluminium
chlorhydrol.

15.  The use of an activated molecular sieve prepared by the method of any of
claims 1 to 14 as a catalyst for the conversion of an oxygenate feedstock into one

or more olefin(s).
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16. A process for converting an oxygenate feedstock into one or more
olefin(s), comprising
(i) preparing an activated molecular sieve by the method of any of claims
1to 14;
(ii) storing the activated moleéular sieve in an anhydrous environment;
(iii) contacting the activated molecular sieve with the oxygenate feedstock;

(iv) recovering a product comprising one or more olefin(s).

17.  The use of claim 15 or the process of claim 16, wherein the oxygenate

feedstock comprises methanol, ethanol, dimethyl ether, or mixtures thereof.



