WD 2005/ 000465 PCT/ US20041 015794 1 METHOD OF PROTECTI NG SAPO MOLECULAR

SI EVE FROM LOSS OF CATALYTI C ACTIVITY HELD OF THE | NVENTI ON Thi s invention
relates to a nethod of protecting the catalytic activity of a 5

met al | oal ughRaRleEpHat e nol ecul ar sieve. In particul ar ,pcirftisSoos/3¥s98 | on
relates to a nethod of protecting the catalytic activity of a SAPO

mol ecul ar sieve by appropriately actiVating the nolecul ar sieve, preferably
during the manufacturing process. 10 BACKGROUND OF THE | NVENTI ON

Met al | oal um nophosphat e nol ecul ar SI eves contain a pore systemthat is
essentially a netwatk ) e L.y, Ll .,ﬁ,@nnect ed to one
anot her inside a AT e Structure. These
pores and cavities cat 5 ¥ ALHXILY or structure. The

nol ecul es that 15 are caught have a size equal to or less than the size of
t he pores an@IEBEDIQF FHE INWENTIONs of a Iarger si ze cannot physical ly enter

into the nol ecul Structure he pores_.an ties

net al | oal unmi nopho ﬁmvgnmrg{gﬁplqagale@\gggfgrp c F’rﬁﬁf%c PHEOfR of usi ng

tenpl at e smat gietaflbSunhdphesphie aoldcakr ae@vqnganaﬁauﬂﬁ@fhuénuaﬁ rfliteeRes. During
the formation of the nolecul ar sieves thenselves, a lattice type chem cal

structure |smﬁioﬁéépﬂtf@ﬁ%ﬂ’écammﬁ@“%’lOﬁP@éP@rmﬁlﬁ@éWVéM corrponents t hat
are used in a@fbﬁﬁtél scd%ﬁ@éﬂhe%wma%s ?&@aﬁ@ﬁﬁ@;& This

| attice type structure essentially waps around the ate rraterlal W th
the tenpl at epreatséri al acting as a neans of formng the pore structure wthin
25 the nol ecul ar sieve. The resulting nol ecul ar sieve may be conbined with
ot her conponents for the benefit of adjusting various properties of the

mol ecul al0 si BACKGROUND OFTHE JﬂfEﬁﬂ Ncl es. To nake the nol ecul ar sieve
sui tabl e for use, | at e e30rermvdsotht t he pores and
cavities are openh’{ Eﬁﬁeﬁﬁgﬁ“ ﬁﬁ‘i’s@% E]Ia’f HEYSS Lo %a’Pﬁé’ore System that 15

essentially a network of uniform pores and empty cavities connected to one

another inside a crystalline or semi-crystalline molecular structure. These pores
and cavities catch molecules within the molecular structure. The molecules that
15  are caught have a size equal to or less than the size of the pores and cavities.

Molecules of a larger size cannot physically enter into the molecular structure.

The pores and cavities of metalloaluminophosphate molecular sieves are

formed as a result of using template materials in the molecular sieve

20 manufacturing process. During the 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 laftice type structure essentially wraps around the template material,
with the template material acting as a means of forming the pore structure within

25  themolecular 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
30 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



pur pose of adsorbing the nolecules fromthe environnent or to react the

nol ecul es to forma desired product. The reaction occurs when the nol ecul es
WO 2005/ 000465 PCT/ US20041015794 2 cone into contact with catalytic sites

| ocat ed Wi wbiznostobgspor e system particularly wthin onmerarszoineef the
enpty cavities or cages as sonetinmes called. The tenplate is conventionally
renmoved from the nol ecul ar sieve by 52al ci ni ng or burning out the.
tenplate. An elution process can also be used to renove the tenplate,

al though calcination is preferred. Once the tenplate is rem)ved t he

nmol ecul ar si r or The
activated rml%ecu*n?o Sggﬁié&gﬁ gtaiy%gggegﬁ‘géageég{l%&eﬁc%asgytea nﬁ’t y cavities
or cages opewthiroortelve marerefithe emptyvaviticsvrenges aa sanétknat\caflat. use 10 Activated
met al | oal um nophosphat e nol ecul ar sieves, particularly

sil'i coal um nophosphate (SAPO) nol ecul ar sieves, that have catalytic sites

within their mi CTI‘ﬁ@tbhiplﬁie ﬁtobﬁfdnuﬁmmamo&a%ﬁmsmﬂn&mabaewm ally
sensi ti ve to nojsture. . Ugeneral signi fjcant exposure of the activated

nol ecul ar Jsi é%lé@mtgd’rﬁ’ﬁ%”é‘%gﬁ thedemplats. Yashitogpirpetsraaalie bevsaddot he catal ytic
activity of RaL-fld rotecting
activated SAIS%E%{}E%:%M%%{I/@S galg#f%%c{?h%ﬁ ha%’%nﬁ?ﬁ%??:g%l?% éc))f noi sture are
limted. US @qr@cmdﬂssnglepul(auan@slem@tde@ﬂtq belaativhiod esreadyvior hesd T prot ecti ng
catal ytic P r t he internal
active si tes k $1¥c Vgﬁ S%S?\i/% sﬁ’wgl%’ lé%r'f?m gtgye@ﬁyr%r%‘lqg%%f The

tenpl ate |tsehgescpenmehe/mmaiiﬁtb]mvimhm&ltdandaﬁa@rfoﬂmydrous bl anket can serve
as a shi gbd for an activated sieve that does not include tenplate. It is
desirable“to shield the active sites, because activated SAPO nol ecul ar
sieves will exhi bA&:uaatémsmn&alzﬁﬁlhalbnotsplﬁtaﬁblleeafulml%@ﬁsaﬁi@umpos ed to

noi sture. US 4, 764, 269 (Edwards et al di scl oses a net hod of protecting
SAPO- 37 cat alhygqlummﬁwehﬁe (SARQ)molewilag sieges, that bave catalylie sitesiiriitmi st ur e.

The catal yst yiey microporous structure have been found to be especially sensitive to moisture.

In general, significant exposure of the activated molecular sieves to moisture has

15  been found to deactivate the catalytic activity of SAPO molecular sieves.
Unfortunately, methods of protecting activated SAPO rﬁolecular sieves against the
harmful effects of moisture are limited.

US 6,316,683 B1 (Janssen et al.) discloses a method of protecting catalytic
20 activity of a SAPO molecular sieve by shielding the internal active sites of the
molecular sieve from contact with moisture. The template itself can serve as the
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

25  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

30 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



mai nt ai ned under storage conditions such that the organic tenplate conponent
of 30 the nolecular sieve is retained in the SAPO 37 nol ecul ar sieve, until
such time as the catalyst is placed into a catalytic cracking unit. Wen
the catalyst is exposed to the FCC réaction conditions, wherein the reactor
is operated at 400 to 600C 3 and the regenerator operated at about 600 to
850C, the organi c tenplate is renoved fromthe nol ecul ar si eve pore

structure, t he catal yst be i for t Ckl ng of

hydr ocar bon@ CTEg %ﬁ#ﬂ%"iaﬁségﬁ" égékbh&ﬂé"gag’c F‘inP 15 f "any contact
wi th noi stureemvéiﬁu&ﬁmeaﬁola&ulamd fa/memfe aid thb eathlystiebbgesal Stability of
SAPO- 34," Chem  Conmun., 2003, 44- 45, first published as_an advance

article on 3cHyatedp thesyacking OfMé@cm‘hP%%lﬁé&%fél% trihinPRCHUIBBIrEét i ng SAPO- 34
mol ecul ar  SiAN & an Qﬁgfﬁvﬁﬁ’xrﬂo arsible reaction of NH3 with acid sites of
t he sieve. The ne 10 transfornms a |t-SAPO-34 into an NH4+- SAPO-34 in
reversi ¥ e way. The NHa+- SAP034 is said to be able to withstand severe

st eam ng for an (q i ol Gt ur al
integrity and aci éésty %};Q@{Rh&% e?lfth IgEd%émaP%ﬁ!%ﬁfo%A?é ; 1995,

8270- 8276, Ghexc|Cozosmt, m0151)56444ssﬁmfplﬂiﬁaﬁd&4aﬂad\ancahmbwﬁthesi zed with two
different te at in_order to' stu e d ti.on and, for the
t enpl at e- frﬂ%ﬂ gﬁ,idﬂiﬁg 5‘5“3%%‘?53%1?% % ﬁgﬁﬁgﬁg’g g‘ﬁmggeﬁﬁi AFGHS at vari ous

t enper at ur esasédéh 4 A¥verdidld reatdtichioTBE, vﬁaa 2RV 6ited bO@e B0t CThERRIBACI al

pr oductjon faciliti %(S) t hat use 20_netfal | oal um nophosphat e_no| ecul ar si eves

in the I odiosiogns p HoSARO-34 mtp HHWO'SAQ’Q hin revessiblevayp ldedtd ng t he

mol ecul ar s £rO34fi§ QA toBEHbRS to GRlHALNE kéveRFddatiity/ foR fin eﬁ’tcﬁ@éll'ﬂeho@t)fcont act

wi th noisture continues to becone an even greater challenge. Such challenge
i's particul dme yitheutiless of etnictural inteegly andapiditsommer ci al catal ytic reaction
systens, where the anount of nolecular sieve material that is used is 25

several orders of magnitude larger than typical pilot scale facilities. Such
| arge scal e sydSBuismd ehvll,I. Plyysi Chérhy 99 629 1985,48270-823%, di®lasesisio and up to as

much as; 5500 5ehi8'5F SAPO-34 materials synthesized with two different templates in order to'
study template decomposition and, for the template-free materials, upon

hydration-dehydration conditions at various temperatures and for various times.

_ Asnew large scale, commercial production facilities that use

20  metalloaluminophosphate molecular sieves in the production process continue to
be implemented, protecting the molecular sieves from loss of catalytic activity as
aresult of contact with moisture continues to become an even greater challenge.
Such challenge is particularly of interest in large scale commercial catalytic
reaction systems, where the amount of molecular sieve material that is used is

25  several orders of magnitude larger than typical pilot scale facilities. Such large
scale systems will typically require at least 10 fons, 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.



of nol ecul ar sieve to operate efficiently. Accordingly, additional nethods
of protecting netall oal um nophosphate nol ecul ar sieves agai nst | oss of
catalytic activity are desired. 3A SUWARY OF THE I NVENTION I n one aspect,
this invention provides nethods, whicdy assist in the protection of

met al | oal um nophosphat e nol ecul ar sieves against |oss of catalytic

activity. These nethods are particularly effective as they are directed
toward very 5 early stages of where problens start. In particular, the

met hods of SUMMARKRCOFITHE mvg,motN cularly useful in that they can be

i mpl emented at the manufagturi ng sté urln% stage, of the nolecul ar sieves. The

mol ecul ar si evestiRE ARty this v BBP%‘E(W&F@HW Srhighgssistin b 0465

PCT/ US2004/ GiRtfidh oﬂn@tﬂﬁ&luﬁlh@phk!%ateaxﬁglcﬂﬂﬁtsﬁﬁ&e alrSf 1084 EX dafhlytR

transporting prior to use. Alternatively, th ecul ar sieves can be
f or nul at ed mww6ydﬂyweﬂwﬂwﬂﬁMEaaﬁmybﬂyeﬁh@VQnam@yw@dne@adﬁwV§@V®ah be

or ot et ol 1 PRSP HBAERs SO I Bl BB WA SEFARIRNRR T ¢

pref erred bSare pitidikarin usefaliimthat they gmimmi;ﬂqmqmtad\m dxesmadufnctmmg stfgkect i ve
article size, and rdness 0 r.ci al n one
Ebod nent . ShHERSls Do, D RoffHREU s RS a0 PR TR an  act i vat ed

nmet al | oal um nophosphat e nol ecul ar sieve, the nmethod conpri sing the 10 steps
of : a) providing a netalloal um nophosphat e nol ecul ar sieve having a tenpl ate
therein; b) heating the netall oal um nophosphate nol ecul ar sieve at a first
tenperature to renove the tenplate and forman activated

nmet al | oal um nophosphat e nol ecul ar sieve; c) contacting said activated

nol ecular sieve with an inert gas at a second tenperature of at |east 225C,
the second 15 tenperature being at |east 50C | ower, preferably 100C | ower
than the first tenperature until the nolecul ar sieve has a water content of
1.25 wt. %or less. Preferably, the atnosphere used in step b) is air. In
anot her preferred




enbodi nent, step b) takes place in an atnosphere conprising at least 1 w. %
20 steam based on the total weight of the atnosphere conposition. In

anot her preferred enbodinent, in step c), the inert gas has a relative

wat er preswg mogsoosnt greater than 0.075, preferably nopcguenbggisiohan 0. 05,
nore preferably not greater than 0.025. In yet another preferred

enbodi nent, the gas 25 used in step c) 4s air, nitrogen, helium flue gas,

or any conbination thereof. 1In any of the previous enbodi nents, the
tenperature in step b) is preferably of at |east 400C. 30 In any of the
above enbodi nents, the petall Qal um nophosphate nol ecul ar . sieve is a

si |'i coal um nGPRBERRsh andgpiseieh der sgqr@.g@rtrmsggttmgﬁngrtgélﬁgr%{tgnﬁvglfyer red

enmbodi ment  ofp ARNMe@larlsitReSLAR t&%ﬂﬂ%ﬁéprefohﬁed@ﬁﬁ%t%hé‘ﬂeﬂﬂﬁg&sphate WO
2005/ 000465 PCT/ U82004/ 015794 5 nol ecular sieve is In formul at ed catal yst

conposi ti on eairlystiosh hy aesiviated toréaral angativaidreaistist ph@@@vmﬂ@@talyatrls si eve and a
binder. Conve Pdt%?%l ﬁ{t?m E%ﬁ].;zﬁ& Hga%Pg%n‘éﬁ R 285 atel Lﬁﬁlk&%ﬁﬁ %rgsqr SfHEN as with

al um ni um chFor Sl eves prepare fig pr esent
I nventi onSsar enﬂ)sdameht, gince ngemlrgugtmoﬁd&s thdmost effectivs lpmlcmfsmmndxygenat e
f eedstock into one or nore .ol ef Accordingly, the present invention

in(s).
al so rel ates e85 Sy sommereig SC@Bﬁé‘é‘%’?F’Hg an oxygenate feedstock into one or

nore ol efin(s), conprising (i) prepari ng an activated nol ecul ar sieve by
the nethod of any of clains 1 to 9; (ij) storing, the 10 activated nol ecul ar

si eve under in anlheneyaErodimenthe ererRshinvention provadss o srathadpfimaking et i vat ed
mol ecul ar si %@va‘f@dtxﬂetﬁmﬁhﬁfﬂ }ﬁtefrﬁﬁg&tlé?@iéve (tlllé/ﬁ‘l?ﬂle& QMﬁ?ﬁs‘ﬂ%tﬁe pr oduct

COprI’I Si ng one or nore . I'n one enb Odl nmen nvention al so
provi des 1& rrsteps)clf of pmvuhm:a m@lloalfanmphasahawmnbpdm evedaiimgphosphat e

nmol ecul ar i cat.alwyiij.c g]“ 9 th water. The
nmet hod | ncI u tgplﬁtp elredll%r% ]%'?tah%% g(lg%%ﬁl{\ém norb %sgﬁ%t%gno(rf%l“jeaggl%‘éér,\ﬂt3| eve having a
tenpl ate therfﬁstmemﬁfauren@fmdveaﬂlam;mmmdﬁr&tmamtraedul ar sieve is heated to
rermvethetenépfa and
fal oalummophosphate molecular sieve; ¢} contacting said activated molecular
sieve with an inert gas at a second temperature of at least 225°C, the second
15  temperature being at least 50°C lower, preferably 100°C lower than the first

temperature until the molecular sieve has a water content of 1.25 wt. % or less.

Preferably, the atmosphere used in step b) is air. In another preferred
embodiment, step b) takes place in an atmosphere comprising at least 1 wt. %
20 steam, based on the total weight of the atmosphere composition.

In another preferred embodiment, in step ¢), 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

25  used in step ¢) 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.

30 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



forman activated netall oal um nophosphat e nol ecul ar sieve having a water 20
content of not greater than 1.25 w 9% based on total weight of the
activated nmetall oal um nophosphate nol ecul ar sieve. In another enbodi nent,
there i s py@Yéodashsgs met hod of activating and drying necaldsembusraophosphat e
nol ecul ar sieve. Tenplate is renoved fromthe 25 netall oal um nophosphate
nol ecul ar sieve to activate the netall dal uni nophosphat e nol ecul ar sieve, and
the activated netalloal um nophosphate nol ecular sieve is dried to form an
activated netall oal um nophosphate nol ecul ar sieve. The dried sieve

preferably h er . €0 e . 1.25 % based on
total weight @#&Pﬁg&%{ﬁlfs@a%@%g%%ng%gw%ﬁ%%gﬁ%ﬁpﬁ%rﬁa Sa}r,(;fiol ecul ar sieve. WO
2005/ 000465 REehilodiMibphdspiRd mofeciilar yiete aud atbivaler. eDdrvehiestiy, thedinder

nmet al | oal um nophos te qﬁl ecul ar si.gjvaﬁ havi %Malrgirpl ate therein is heated
with steam afBPTERPEPIAIESPEIS N W%@gg ‘tenpl ate and activate

t he netal | oal um nophosphat e nol ecul ar sieve. The activated

met al | oal um nophosphat e nol ecul ar sieve is contacted with a gas in 5 an

envi ronmeht at cohel Bplsrlarsiqvse prepared By thgprssentiuteationar upfoShos phat e

mol ecul ar s engl 8K Mk AnVékin bPk Wl RAIRIL inBoAE 6 ABlcbidiRs) o cat er than
1.25 wt % based on total weight of "Che metalloal um nophosphate”nol ecul ar

si eve. Al soAseardingbydthe presérit énvientiemalsconelates tona preress dorsonvartingan act i vat ed 10
met al | oal um | ecul Le n . di. en

met al | oal um ﬁ%ﬁ%gﬁa %0%8 g’cou §?m§?ee3\?§ﬂ%%?vf°ﬁ‘3p%a“% e@dré&%gh gﬁ‘%r einis
provi ded. Theivatetaldlaaladsienoiphihs pletiiod ofehyafidldms 4ite 9a(11) stotingthact ed with a

as at nditions effective to, renove, the tenpl ate and activate the
Dot al | oal i AU BB A P s PRy S THER R i patactng the

net al | oal um agRARE AR BiPEWItR thedxQ¥dhale TeddoBbk; RO rRdvdrga frediRer at ur e
| ower than that of the gas used to contact the netall oal um nophosphate
nol ecul ar si EVEPrIERgIONCORBIAEe PIsEnEkpl ate. The tenperature at which the
activate nol ecul ar sieve ‘

In one embodiment, the invention also provides a method of protecting
15  activated metalloaluminophosphate molecular sieve from catalytic deactivation
due to contact with water. The method includes providing a
metalloaluminophosphate molecular sieve having a template therein. The
metalloaluminophosphate molecular sieve is heated to remove the template and
form an activated metalloaluminophosphate molecular sieve having a water
20  content of not greater than 1.25 wt %, based on total weight of the activated

metalloaluminophosphate molecular sieve.

In another embodiment, there is provided a method of activating and
drying metalloaluminophosphate molecular sieve. Template is removed from the
25  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

30 metalloaluminophosphate molecular sieve.



Is cooled is also effective to forman activated netal | oal um nophosphat e
nol ecul ar sieve having a water content of not greater than 1.25 w % based
on 20 total weight of the activated netall oal um nophosphat e nol ecul ar

sieve. | n wpeppbos@spect of the invention, there is prad@ededomedhod of
making a fornul ated netal | oal um nophosphate nol ecul ar sieve catalyst. In a

preferred enbodinent, a SAPO nol ecul a sieve, matrix material, and a binder
are mxed 25 together to forma slurry. Water is then renoved fromthe
slurry to forma prefornmed netall oal um nophosphat e nol ecul ar si eve

catal yst. The preformed netal | oal um nophosphat | ecul ar. si.eve catal yst is
contacted a gas, %‘E&@°%ﬁ pHMTE. & Mg alﬁ&@Pﬁ%gg%tBnPb‘Pma’éﬂe‘éFctivat ed

met al | oal um RARKAVS RAPIRe theRIEE HbAEd Wit ¥iBark af AlaSbratuldSiREV 1At ed
met al | oal um nophosphat e nol ecul ar sieve 30 catalyst is dried to a water

content of nemayedintemplateand potrsts fhe metaflpelemingphqsphaie molgsplghtictss t he
tivat ed ' L Ryt | ded
activated me L&ﬂhﬂém&?ﬂﬁ%ﬁogﬁ%gﬁﬁﬂéﬁg%igbh%glta?éﬁ)’eqs8 t%ff\ﬁmoalitz adthSO Provide

in this invention Is a mnet | vated neta um nophosphat e
mol ecul ar5 si ewvenvifonmentsat eorisiititingeffective toriorm lalnged!loaiunopdpbeghatee nol ecul ar

si eve having_t | at.e t.herein is contacted W t.h S _contai ni ng wat er
vapor at conm‘fﬁ%@ﬁ%mg‘fﬁf}ggﬂg\%‘/e 210 ewn%?/recofltﬁ]ét’ P@#’ﬁ?@f go @?ﬁﬁ tivate the
met al | oal um ngphasphaieal dbrretight Eitevtetalldaumsiabphosgiatt molecular sieve.

nmet al | oal um nophosphate nol ecul ar sieve is contacted with a gas at
conditions effective to forman activated catal yst having a water content

of not greater thafe plovidedih tik inP@IRE iCmEObALr WRkiBPhctRhteliNe acti vat ed
nmet al | oal um nophosphate nol ecul ar sieve, and the activated

met al | oal@ni mspiloalpminopheaphete plokaculsr Hee. il ongembagimentis an anhydr ous

ol coular | si ERUBAUARpHERIRe iR Ol R P o sy g ¢ SO

t enper at ur e, Thnmatatlyalmirepbdsphagmoteaular Hevrantontstadotitnegaasary. | n an
enbodi nent, the,. d of making an 15

activated nmefHt %ﬁ%ﬁ%‘ﬁﬂ%‘%ﬁh&%@e : O]gllﬁtgleag‘? g%r‘pe{? ® t he method conprising the
steps of . a) mptallvaldmippBospRita hlolaliMPtioap I Tas pfataednol ecul ar si eve having a
15  metalloaluminophosphate molecular sieve is then cooled to a temperature lower
than that of the gas used to contact the metalloaluminophosphate molecular sieve
and remove the template. The temperature at which the activate molecular sieve
is cooled is also effective to form an activated metalloaluminophosphate
molecular sieve having a water content of not greater than 1.25 wt %, based on

20 total weight of the activated metalloaluminophosphate molecular sieve.

In another aspect of the invention, there is provided a method of making a
formulated metalloaluminophosphate molecular sieve catalyst. In a preferred
embodiment, a SAPO molecular sieve, matrix material, and a binder are mixed

25  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

30  catalyst is dried to a water content of not greater than 1.25 wt %, based on total

weight of the activafe(i metalloaluminophosphate molecular sieve catalyst,



tenpl ate therein, which is transported or shipped to another |ocation; b)
heating the netall oal um nophosphate nol ecul ar sieve at the another |ocation
at a first tenperature to renove the tenplate and forman activated 20

met al | oal um nophosphat e nol ecul ar sieve; and c) contacting said activated
nol ecul ar sieve a the another location with an inert gas at a second
tenperature of at |east 225C, the second tenperature being at |east 50C,
preferably at least 100 C lower than the first tenperature until the

ol ecul ar si eve W oWk 10RBond s @thﬁéo%tonn@%vﬁt@@s 25 In the

vari ous enbodi nents of the invention, eat1 ng and/or activating of the
mol ecul ar sm@lo@mmmhommml@ulanﬁm;anam gmb;qﬂgngm@ t he cool i ng and/ or

drying of t H{@E rogessel s.
Preferably, gfé{i@tﬁi’l %ﬁos}hg\ég%oo clﬁ%gz%n %3&?‘“ el?heg%gat%l vated sieve are
carried out with atgascoxﬁanmgmtarersmlat coi‘xdmoB&iEdéhﬁEﬁ@SmWé bl t<DRplatelE DRAW NG One
enbodi nent nven I n.t ched Figure. ich shows the
effect o %‘Pr%é %ﬁ‘aﬁ%aﬁ&“{}‘i“ﬂ%h"\ﬁ%'}agerm& e, %?%‘P’at\g?eve. 5 DETAI LED
DESCRI PTI O\In@ﬁlfﬁhiﬁnhﬁﬁgﬁﬁb&ﬁhﬁklniolechﬂaﬂbmﬁslag]tm(bmﬂ@ghmtcomﬁnmt i vat ed

Mol ecul ar Si g not ed abovea@y£ Back round of _the InVﬁl ntion,

mol ecul ar si 1@‘ ’é’eéci‘g’"nd"&af"i}‘éﬁ‘@cf riopfent o nos PR e o t he pore

structure ofy, ztshﬂ%uiaem&ﬂbtal%@Mﬁ@ftthata@meMﬁbﬁdmmwh@@ﬁhes can enter the
pore structur |f the activated 10 | ecul ar, si eves contajn active catal yst

sites withi P"ﬁ%‘aﬁé‘%ﬁ’é{‘ﬁl theragt wtedymgtalioglumigophosphiatearolgeular $iexe 1Sap e to cone

i nto confpacistopédtih aﬁ%wlﬁ%nﬁ%ﬁ{énﬂ%%&h&%&oaﬁéﬁ%ﬂﬂhemv%ﬁl‘ibn‘}ﬁiem ytically
convert the nolecules to a chem cal product. If the nolecules entering the

pore struct @F&vale AR malechsr sievs ’é§t°“’d’rﬁ§ atqmperasie ofiptdpast 1306 Adr e WO
2005/ 000465 SE@%%Q %éZ%dr&s storage environment is not necessary.

In an embodiment, the present invention provides a method of making an
15  activated metalloaluminophosphate molecular sieve, the method comprising the
steps of® a} providing a metalloaluminophosphate molecular sieve having a
template therein, which is transported or shipped to another location; b) heating
the metaltoaluminophosphate molecular sieve at the another location at a first
temperature to remove the template and form an activated
20 metalloaluminophosphate molecular sieve; and ¢) contacting said activated
molecular sieve a the another location with an inert gas at a second temperature of
at least 225°C, the second temperature being at least 50°C, preferably at least 100
°C lower than the first temperature until the molecular sieve has a water content of
1.25 wt. % or less.
25
In the various embodiments of the invention, the heating and/or activating
of the molecular sieve or the formulated molecular sieve and the cooling and/or
drying of the activated sieve are carried out in one or more vessels. Preferably,
activating and cooling and/or drying of the activated sieve are carried out in the

30 same vessel.



nmet al | oal um nophosphat e nol ecul ar sieves, then the nol ecul ar sieves are
likely to wundergo catal ytic deactivation. This invention provides nethods
that mnimze the anount of water 5 nolecules likely to enter into or renain
in an activated netall oal um nophosphate nolecul ar sieve, thereby causing a
significant loss of catalytic activity# The nethods of this invention can
be applied during making, storing and using activated

net al | oal um nophosphat e nDIecuIar sieve so as to protect against |oss of
catal yst ac 4 L¢f¥ arly effective in protecting 10
si li coal um o] eves fromloss of catalytic
activity due to contact wWth rtraisture-or water. The nethods of this

i nvention are pa tlcu neficial . for, exa when .i.ncorporated into
ot hods of -act | vObF RSt S pepd in B Rt Bl 0] 77 or

catal yti c ushowsihe effedt 6fkcinperatife dieichioding Gatet fiofm 4 MyRBElaONevenDl ecul ar si eve
appropriately actlvated preferably by heating, will contain only a m ninal
anount o% atalytically active state for
ext ended “pe - e a- enbodi ment of this invention,
a netalloalunlnophosphate nDIecuIar sieve, having tenplate therein, is

heated to rIervamegMC@nmm @fsAdwat&d)MulanlaaSieivgt ed

netalloalunlnoph a Vi n content of not
greater than abo teéeb%tel% e%%& ““grt’%&fean Htm?) C‘tlﬁéméfsstl Vat ed

met al | oal umanﬁmtvds:ghahevmptmmutama&nﬂ\f&m the pB‘feesftzamfﬂ of,thd taelecular

met al | oal um no hat e | ec sieve IS heate nove tenpl ate so
as to form &Y %ct?f‘@ﬁ E@t téS’glFﬁ EB‘Ffz‘itsé“ 5;10%#58 havi ng a
wat er corgt eﬁiolﬂiﬂaﬂﬁév@hﬁﬁﬁaﬁfachhﬁéhta’ij@kﬁes Wwithin/the %rermn@:uuarmé edtalpkty not

greater than, about 3 % and npst er abl not reater fhan about 0.5
W % basedBY %‘t"’gf‘b%m ‘Efr'i‘?e’Bf" Gopiz %@ﬁ RO $HBISHES phat e
mol ecul ar siagy eatatyﬁ?&ny\&z&%&h@%{b@ﬁem/ch&%@%rmz 914 theSnolecules

entering the pore structure are water molecules, and the molecular sieves are

-~




Preferably, the water content of the nolecular sieve is greater than O,
preferably greater than 0.02, nore preferably greater than 0.05, based on
total weight of the activated netall oal um nophosphate nol ecul ar sieve. 5
The wat er wonh@mboses the activated material is preferaliere@RiRiEmed by

t aki ng about a 40 ng sanple of activated material and heating the activated
material by contacting wth dry air at8a tenperature of NOT for at |east one
hour. The water content is calculated as: Water Content = W (100% s 10
where Wis the weight of the activated naterial before drying, and W is the
wei ght of the water renoved after drying. In one enbodi nent, the activated
met al | oal uni mstsHeapmimnophosphate molgeulansieves,dhen the melecular sigves agrdikelydd| e noi st ure
limt by con ' ] +JaSd. N an environment in which the environnent
is at a tenp{é%%g%tﬂg@cgcgﬁ eastﬂ'2250. This drying or contacting step can be
performed as a cooling step, which follows a step to activate the catal yst.
Preferably the acti.vated. netal.l gal um hosphat nol e ar. sieve is
contacted with a %%gﬁ}vﬁnaor?pé?w{i%gﬁe#eoﬁg ﬂ%&i}‘l"' :'Izg%?%%%‘fng# h‘ﬁvgterof 20 at | east
250C, nor® phefeenlabliielnto caigp efia biwemainiinah attdasid n2elAcalumiadphpspbber abl y a

tenperature of at |east 300C, and particularly a tenperatu of at | east
390C. | ancPHPUBhE MERPY S1ioDe AR Tt aRpYHG ST @habact | vat ed

met al | oal umi ﬂlembwmﬁ{senﬁﬁﬁ&p&h%aﬁplﬁa@uﬁﬁgﬁaﬁh%%rﬁig_tm@msiﬁgol ing with a dry
gas. 25 This cooling follows a conventional calcination step. The

cal ci nati on pativatsd meiadlogiymingphosphate molesnlar sievs seian i protect agivstlatsiifes to
renove tenpl . [ : : r ..calcination is
carried out ?%@?ﬁ%%‘f‘%é’ef’éﬁ“é‘%%’%’%‘? g?‘h\%ﬁ)@r ?ﬂigﬁgéﬁlﬁgﬂteée(%n VO 2005/ 000465
PCT/ US200%/ OgiBdaduminoplibphattr (FARE) oroleculat siengs stoaplopsofdetlytialttyvityar ri ed out at

a tenperatur g LHal S with moisture-or water:

The methods of this invention are particularly beneficial, for example,
when incorporated into methods of activating the molecular sieve so as to be
15  ready for catalytic use. According to the methods of this invention, molecular
sieve appropriately activated, preferably by heating, will contain only a minimal
amount of water content, and will remain in a catalytically active state for

extended periods of time.

20 According to one embodiment of this invention, a
metalloaluminophosphate molecular sieve, having template 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.

25  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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at | east about 50C bel ow that of the calcination or activation step.
Preferably, the drying or cooling step is carried out at a tenperature that
is at |east about 100C below that of the calcination or activation step;
nmor e pref ewehboswassst east about 5 150C bel ow t hat of theaalBid@asiden or
activation step, and nost preferably at | east about 200C bel ow that of the
cal cination or activation step. In one9enbodi ment this invention, the
activated nolecular sieve is obtained in a relatively dry state by
contacting with a gas in a relatively dry 10 environnent. The gas is

preferably selectegd.fromthe group c isting of air i trogen, helium flue
gas, and any corrb?'ﬁffﬁbg’ﬁ ﬂi‘an‘ﬁ?tgr ?{%’éﬁ%ﬁf&dgﬁg?rrsmﬁﬁﬁeaﬁt{’ﬁch t he gas
contacts t hepReeribippeatenBiaa 000 ahoreipreatisly phatce tHxB 05| Ibakd sk &va | S
substantially |ow jin water content. The water content of the environnment
pref erabl y h¥&igat ofghegqtyated metalloglpminophosphatgmolegular sigyeei ent | y | ow so t hat

little water 15 adsorption occurs. Relative water pressure (P,) in this
invention is defined as actual partial pressure of the water (P) divided by

sat ur at ed® wat er pFlesswitercontent of the actiyhtodmategalia preferelly Welerminedley criti cal
tenperature Qf. (B i . I.S;a neasure of
the wetness 0 he&griav@rlé%r%nrﬁw:gfn&ﬁk?%dhﬁﬁ?ﬁ%mégé ﬁ@gg&fﬁ@@% ar sieve is
dri ed or coomattrialinyrcoasaating with dryRir at a tenesateare b 606°CHoma tlemst anathomat | on, and a
P, =0 rreans,gltlhat it istcog&gﬁ#eglag_ dry. In one enbodi nent of the invention,
the activat ed HEMELIANATRL &6 ‘obtained in a relatively dry state by
contacting with a gas in an environnent in which the environnent has a

rel ative water pressure of not greater than about 25 0.075. Preferably, the
activated nol ecul ar si eveygeftgatad by cdatactiggywith a gas in an
environnent at a relative water pressureWoWVsnot grieater than about 0. 05,
more pré&®erably not greater than about 0.025, and nost preferably not

greater thanwﬁgrg%istgelg%ilggtL%%égﬁhﬁhtﬁﬁgﬁfegiwmﬁ%gw%tm&Q@ §tth§.p of contacting

t he nol ecul ar sreve w EEUre"eWVi ronnent s
carried out wsigheofitthoWwatehrentved alerdb/igy. ocess, and in particular prior to
| oading the activated catalyst into a storage or transport container. WO
2005/ 000465 PCT/ US2004/ 015794

In one embodimpnt, the activated metalloaluminophosphate molecular
15  sieveis dried to a desirable moisture limit by contacting with a gas in an
environment in which the environment is at a temperature of at least 225°C. This
drying or contacting step can be performed as a cooling step, which follows a step
to activate the catalyst. Preferably the activated metalloaluminophosphate
molecular sieve is contacted with a gas in an environment having a temperature of
20  at least 250°C, more preferably a ternperature 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.
25  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.



11 I n anot her enbodi nent of the invention, the activated nol ecul ar sieve is
obtained in a relatively dry state by contacting wwth a dry gas. The dry gas
used in the drying or cooling step can be any gas conventionally used to

dry nol ecuydhroospbayes. Exanpl es of such dry gases incl ydanszéosoiszés ogen,
helium flue gas (i.e., a 5 conbustion (g)roduct gas low in noisture content),
or any conbination thereof. Dry air i&preferred. In particular, dry gases
having a rel ative water pressure of not greater than about 0.075 are
desired, preferably not greater than about 0.05, nore preferably not

greater than about, 0,025, and.nost .preferably not greater .than .about 0.001.
10 I'n anot her enbiﬂ??f‘é’?ﬂg%fw%%si?wgﬁ?s% ?’cg}éﬁ@?lg‘ﬁgﬁiﬁnﬁﬂﬁmﬁﬁl@éﬁhate

nol ecul ar si @viRast Sbaxg 5008 isv SRt 86thi ealéthdtiah dr activafisieass], Pragtabiatted nol ecul ar
sieve catalyst that js acceptably dry. Hardness of the catal yst can be

det er mi ned bylryIRERESRPIRFSten s caried qutrad 8 temnerriwre thid jsy leastyabeWr 0B i onal _
met hod. One gueh tHRLPRR chRidafiod BaciRdtlon$RBRorkreftiaBiyAl idalilabRt Met hod. Thi's

is also commonly referred to as the Davison Attrition | ndex or Davison
| ndex (DI p. $6@&'C belay that pfdhe peeinatiqoor actmatiopzsteps andmdstprefenbls nbleasthe

nmol ecul ar si %&3%0"@6&?& St Sﬁﬁp%&#@ﬁﬁg%&%’]&%ﬁ%ﬁpvem lon is desirably hard

enough to provide protection agalns ge during transportation
or storing, and preferably hard enough to be introduced into 20 a process

unit to provide protecti,on. agajinst physical .d e.during aperation. In one

aspect, the i nvenh?ﬂ?eﬁb8ap6%‘ztbﬁ%‘3¥$nﬁénﬂtﬁ%acﬁﬁgtg‘?ﬁ’85°ﬁ% ﬂgﬁh‘gsphate

mol ecul ar  si @Uﬁiﬂé@ﬁﬁirﬂ‘dﬁﬂgﬁytdr?ﬁt&te%%fgeﬂhdtmgvﬁ& bk AraathRideped, activated
g a

nol ecul ar._si eve catal yst havin vi son I ndex of not, greater than 15. 25
Pref erabll), eraropment | B sasiswpreblsalededirodhe goup pansisting ofrifat ed under

caral yst - havt e e o o B Bt P er abl y ot
gr eat er t han which thegasrpostacty thef astivdied mefalloalymeinophosphatamglecidd siave dgpener al , t he
| over the Da\élllbss?arﬁtl!a]ﬂpl%%(v’ mWa?engrrltgﬁ.r TLQ Wafef &Hl?&llt E}f {8 'en‘yiponment

preferably has a relative water pressure that is sufficiently low so that little water

15 adsorption occurs. Relative water pressure (P;) in this invention is defined as

actual partial pressure of the water (P) divided by saturated water pressure (P,) at

a given temperature below the critical temperature of water (374°C). The relative

water pressure is a measure of the wetness of the environment in which the

activated molecular sieve is dried or cooled. For example, a P, = 1 means 100%

20  water saturation, and a P, = 0 means that it is completely dry.

In one embodiment of the invention, the activated molecular sieve is
obtained in a relatively dry state by contacting with a gas in an environment in
which the environment has a relative water pressure of not greater than about

25  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. Itis 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

30 process, and in particular prior to loading the activated catalyst into a storage or

transport container.



this invention, the Davison Index is determned as follows: WO 2005/ 000465
PCT/ US2004/ 015794 12 A sanple of nol ecular sieve with binder material is
anal yzed to determine the average dianeter in mcrons. The sanple is then

subj ect ed wo 2pswb@gslard 20 mnute test in a Fluid Cat gotadsadifoidrbd On
Apparatus using a hardened steel jet cup having a precision bored orifice,
using an air flow of 18 liters per mnlte. 5 Hardness is determ ned as a
result of the anpunt of catalyst particles that are broken apart during the
test. The greater the nurrber of particles that are broken apart during the

test, the less hard t he Davi s dex, i s, cal cul ated as

Davi si on | ndex —aéh tg‘ ?Ptﬁﬁi\;@ﬂl?vépuqnoa’r‘?\?ﬂp HBleERESINE IS or i gi nal 220
ni cron fraCtb]ﬂ&ned—ﬂaarIMﬁ@e‘l afyd‘eﬁikB?a&r@dcnﬁgma&pgihlmeldw@a%mnl s
effective in _protecti ng any nol ecul ar sieve containing active catalytic

sites from dthedryinges segling den epnchsrany ges sanventigpally uspgocdsymeoleculagp| ecul ar
h t
Si eves have wardsOughheddadln ésqﬁ’él gﬁd%@%%?ﬂ%{&n G IB%QSJ LStics.

Mbl ecul ar si eves have been we C aSSI tructu A ssi on of
the Inte¥ nacdmnomﬂmtgasﬁlswdnmstmn cmtcm) ¢t any combtidmtion theesofof t he | UPAC

Cormmi ssi on 15 on_Zeol rrencl e A fra Vo e descrihbes the
Copol oy andDEBRRER PR )R FetehEh def pesfidiy DR el ¥RERER SR S e
const i t ut i ngnétieeater dnmwbowt,0.073 ke dlmkeds pﬂdﬁeralilythgEatemhﬁaHoheO Bﬁpem fic

properties for those rials eze and zeqglite-type
mol ecul ar E’\?éeser%’fa % gﬁ”&“"&ﬁ*‘ﬂ&{"ﬂﬁq‘éwéﬁa i)f’?‘gr%‘?ﬂ ter assigned a

t hree Ietteram@e_o@nd are described in the Atlas 20 of Zeolite Franmework
Types, 5th edition, Elsevier, London, England (2001), which is herein fully
i ncor por & ed by ref erence. Crystalline nolecular sieve materials all have a

etranedr a - wher erpep BRI oF B MChGt BB AR . Nl ecul ar
sieves are t ;tplemllat sievids aativbted so as toebtain Dlﬂarddmd,sach'eatcﬁ mbleeulai sigyet hat def i nes
a pore, wher (e:a ﬂ?alt 1Zseacc|:esptalf)(f1 &ry ?f'arc{n 1% o HiE ca{alys{ can be determined by

measuring attrition resistance using any conventional method. One such method

15  isthe well-known Jet Cup Attrition Method. This is also commonly referred to as

the Davison Attrition Index or Davison Index (DI). See, e.g., U.S. Pat. Nos,

5,547,564 and 5,364,516. The molecular sieve or catalyst composition of this

invention is desirably hard enough fo provide protection against physical damage

during transportation or storing, and preferably hard enough to be introduced into

20  aprocess unit to provide protection against physical damage during operation.

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.

25  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.

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

this invention, the Davison Index is determined as follows:



T atonms in the ring. Oher framework-type characteristics include the
arrangenent of rings that forma cage, and when present, the dinension of
channel s, and the spaces between the cages. See van Bekkum et al.,

| nt r oduct i o 2@f30bdasLeol i te Science and Practice, Secongpdpampbriosdys Revi sed
and Expanded WO 2005/ 000465 PCT/ US2004/ 015794 13 Edition, Volune 137, pages
1-67, Elsevier Science, B.V., Ansterdabhd Netherlands (2001). Non-limiting
exanpl es of nol ecul ar sieves are the snall pore nolecular 5 sieves, AEl,
AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR, ED, ERI, GOQ

KFl, LEV, LOY, _LTA NMON PAU PH. RHO RODS., T n ubstituted forns
t hereof ; t hgﬂrﬁ?’a‘ip @rﬂf&ﬂléecu PR VP bgdmgt?miﬁsdntgifﬁoddé%@mﬁﬁi PER, MEL,
MR, MIW  MTiyverdgdianieiet i ulisrohd. UlRGahpleSthed Ajed to akEnddé 20 ar ge pore

nmol ecul ar sieves, EMI, _FAU, and substituted forns 10 thereqQf. O her

mol ecul ar si BYRYe [P gdduid Gatalysialinion Aprepatys ysg 2 hepdgned steel jet g voR MV W
and SOD. Nonnhyiflg § pReisPX BERISRifeé, ultE b bir Sdw BT 18 Hr@per nSingiéeS, particularly
for converting an oxygenate containing feedstock into_olefin(s), include
ALL, AFY,3SB ,ﬂ@ﬁﬁ,lsé%ﬁmmanm,lt ofits, amopp oficxialyshrticlesvhatiare MOR, MIT, MW
W TAMand T . e | eI | eve of the
I nvention hasgr%gﬁlllW&é%&%gtb?hg%%tggg%f%éé&?p%‘rﬁcgphlgg iﬁlﬁlozla(?]%l on thereof,
nost pr ef er alpart duritieithe tosipthe tpps hakll ¢hesoamlyst. Theddaviroa dmtlelk as cpdeubadedeasnol ecul ar
sieves have froma 4-ring to a 12-ring or greater franework-type.

Typi cal ly, the nol ecul ar sieves enployed 20 herein have 8-, 10- or 12- ring
structures and an aver.age pore S4iz€20 Mictdhemdtay]) forbled diimmeabout 3A to 15 A
More typically, thE2HigpR &1~ SHAVETRind? 80 RIGEA Faction! | coal um nophosphat e
nol ecul ar sieves, have 8- rings and an average pore size |ess than about

S5A, such as in theysaRgRIMculal SvaA t 0 about SA, for exanple from 3A to
about 4.5A, and particularTy from3.5A to about 4.2A 25
10 This invention is effective in protecting any molecular sieve containing

active catalytic sites from deactivating due to contact with water molecules.
Molecular sieves have various chemical, physical, and framework characteristics.
Molecular sieves have been well classified by the Structure Commission of the
International Zeolite Association according to the rules of the JTUPAC Commission
15  on Zeolite Nomenclature. A framework-type describes the topology and
connectivity of the tetrahedrally coordinated atoms constituting the framework,
and makes an abstraction of the specific properties for those materials.
Framework-type zeolite and zeolite-type molecular sieves for which a structure
has been established, are assigned a three letter code and are described in the Atlas
20  of Zeolite Framework Types, S5th 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
25  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

chanpels, and the spac;es between the cages. See van Bekkum, et al., Introduction
30 to Zeolite Science and Practice, Second Completely Revised and Expanded



Mol ecul ar sieves used herein are preferably netall oal um nophosphate

nol ecul ar sieves that have a nol ecul ar franework that include [A104] and

[ PO4] tetrahedral units, such as nmetal containing alum nophosphates (ALPO).
I n one eRpgIsRBEsss t he netal | oal um nophosphat e nol eculpginsbRySHs79nCl ude

[ ALO4], 30 [PO4] and [SiH4] tetrahedral units, such as

si li coal um nophosphates (SAPO). TheselXilicon, alum num and phosphorus
based nol ecul ar sieves and netal - containing derivatives thereof have been
described in detail in nunmerous WO 2005/ 000465 PCT/ US2004/ 015794 14

publications _incl ; xa U.S. Pate . 4,567 9 APO wher e
Me is My, MhE@H ﬁ"’ug?m%) %Pﬁ qggt @lr‘i?“ﬁogcwﬁfw?}%vs s &p@ie&&] ean Patent
Application Egofy.0 159 624 (ELAPSO where El is As, Be, B, C, Co, (&, GCe,

Fe, Li, My, WMh, Ti or Zn), U S. Patent No. 4,554,143 (FeAPO) U S. Patents
No. 5 4,822,478, 4,683,217, 4,744,885 (FeAPSO) EP- A-0 158 975 and U. S.

Patent No. 4, 935 G&‘ﬁncﬁbﬁ@xm%ﬁﬁf:ﬁoﬁcéﬁ%%%s é:@%psé@lgoﬁé:méﬁregulﬁs 976

(ELAPO, where EL 1Is at ent No. 4, 310, 440
(Al P04), EP- sisves, ABB ATT0APCRAIMRIDT, ATV AWPA BIK: CAB, CHAQCZBILABAC( Li APSO), U.S.

Pat ent No. SO, U S
Patent No. 1@’331@%?33’?%‘(75@%6)&%@@ P eh’ﬁﬁﬂbﬁ‘@%’g@@éﬁ?’gps)o), u.s.
(Pat ent ) No.  ZHUBSnBabsieARSE)s,ihdrkds; memmmpdrbmleeumﬁﬁex%magd 1851, 106
Cr APO), U.S. 4. 758 419 4,882 038, 5 434 326, and 5, 478, 787
(MgAPSO), U, 4EL, gﬁ?’e%‘iﬁiﬁl‘@iﬁﬁéﬂ%&% 1%%?@3 sufiedNgy, 894, 213
(AsAPSO), U. fperddataafihe IN% plre HolecBf® si@@&AE’@T FAUSandRab&fbied Ness 4, 686, 092,
4,846, 956 and 4, 793, 833 15 ( MMAPSO) ' “Patents Nos. 5,345,011 and

6, 156, 9310 ( N&m@f Otbesnotaamewevemciudew B, (BLAR90) DOY, §1S.Bdilent No.

(riApsy . U SERRhiOR, By e el it s o o s 7 by

U. S. Pat ent ssikiss, W@@ﬂqIBBﬁ}r cofiygding Qﬂﬁxyaemﬁmnglfﬁds@dt et No. 4,735, 806
(GAPSO) EP- f r e t [Q2]),
as well as Ajggnéit“éi ‘A'@ﬁ? gég‘ % %D(l? ﬁ‘fU ﬁm ]l“(T )ﬂﬁ!‘ Mﬁﬂ
MF1, MOR, MTT, MWW, TAM and TON. In one preferred embodiment, the
15  molecular sieve of the invention has an AE] topology or a CHA topology, or a
combination thereof, most preferably a CHA topology.

The small, medium and large pore molecular sigves have from a 4-ring to a
12-ring or greater framework-type. Typically, the molecular sieves employed
20  herein have 8-, 10- or 12- ring structures and an. average pore size in the range of
from about 34 to 15 A. More typically, the molecular sieves, preferably
silicoaluminophosphate molecular sieves, have 8- rings and an average pore size
Iess than about 54, such as in the range of from 3A to about 54, for example from
3A to about 4.5A, and particularly from 3.5A to about 4.2A.
25
Molecular sieves used herein are preferably metalloaluminophosphate
molecular sieves that have a molecular framework that include {AlO4) and [PO4]
tetrahedral units, such as metal containing aluminophosphates (A1PO). In one
embodiment, the metalloaluminophosphate molecular sieves include [Al0Q4],
30 [POq] and [SiO4] tetrahedral units, such as silicoaluminophosphates (SAPQ).
These silicon, aluminum, and phosphorus based molecular sieves and metal-

containing derivatives thereof have been described in detail in numerous



4,686,093, 4,781,814, 4,793,984, 4,801, 364, 4,853,197, 4,917,876, 4,952, 384,
4,956, 164, 4,956, 165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of
which are herein fully incorporated by reference. 25 O her nol ecul ar sieves
i ncl ude t RRseos6REds bed in R Szostak, Handbook of Moketwbmosdasemes, Van
Nost rand Rei nhol d, New York, New York (1992), which is herein fully

I ncorporated by reference. The nore pr]é]f erred nol ecul ar sieves are SAPO

nol ecul ar sieves, and 30 netal -substituted SAPO nol ecul ar sieves. Suitable
nmet al substituents are alkali netals of Goup | A of the Periodic Table of

l omont s, a PRFERIIDARAE T BaRbE, §15, Ao yshagsa/ifaREL e o TR € O

PCT/ 1J 82004/ BIE5YNg, Mb5SZn, e IQodliUhE. Ratent Nand,hm8 HaSAPIQ)EdrepeamPateat | um

8;22?82?3”5“”@%%%{&%@59aﬁ?%@i&ﬁ{ e U Ao G b G h e Hha scandi um
or yttrium ofj Mge &), Tahpae@No. Ejsstmmz @:eAtPUquSISt paents®Woal s of G oups
VB, VB, VIB, V1IB and | B of t Peri odi c Table of Elenents and

mi xtures bf ABEHE, fhﬁégal (8 8§§é‘%ﬁ%§0§4$~? - L5&R iRt EatemBonet al i s
sel ect ed frOﬂyimﬁg(zaups@omlp@bl1ag4sﬁ(c%ps@) EIQ&’-O 68 9763@LAPD, M3, M1, N,

Sn, Ti, Zn and Zr, m Xtures thereof. Thé netal atoms may be |nserted

into the frawbmﬁklbﬂo,aF%M&Mn, 3 orA 4. St Patont @¥e- 4,31 B440.68BPa), EPuni t, such as
[MeQ2], and %ﬁﬂr% ﬁgg@éNﬁfl@b?%g%‘?&gNggﬁgﬁd &ﬁﬁ@@g it RE. the 10

net al substituent n one e I men he net al
substi t uent 4maesmmm);mmammm 4992 258 (G¢eAPSA@Y U.SrPatént Nbhe net charge of

et al | oaf i MAUEE G ROn S bre 16 208756 CAPETPABREMIN o1, an anhyar ous

basis, by th¢7js>sa’mﬂcmrs®) m&iaﬁi&)l@s 4m6m9133 and?4 semmﬁ\so;m keast one

tenpl ati ng agent, preferably an aorganic 9 agen mls t he nunber

of noles of Fatpus Nﬁi)l”fé“éf“? MG2B3) @3% aflé 3 478 78

Patent No. 4,554,143 (FeAPO), U.S. Patent No. 4,854,213 (AsAPSO), U.S. Patent
No. 4,913,888 (AsAPOQ), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833

15 (MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 {(MnAPO), U.S. Patent
No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos.
4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651,
4,551,236 and 4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970
(CoAPSQ), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO,

20  where Q is framework oxide unit [QO;]), as well as U.S. Patents Nos. 4,567,029,
4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,552,384,
4,956,164, 4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of

which are herein fully incorporated by reference.

25 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
30 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 ITA of the Periodic Table of Elements, a rare earth metals of Group IIIB,



has a value fromO to 1, preferably O to 0.5, and nost preferably fromO to
0.3; x, 20y, and z represent the nole fraction of Al, P and M as
tetrahedral oxides, where M is a netal selected fromthe group consisting

of Group Ivoa2bdsdoossB. 111B, VB, VB, VIB, V]IB, VIIIB phagyse@aloasi de' s of
the Periodic Table of Elenments. Preferably Mis one or nore netals sel ected

fromthe group consisting of Si, Co, Ct5 Cu, Fe, Ga, Ge, My, M, N, Sn,
Ti, Zn and Zr. In an enbodinment, mis greater than or 25 equal to 0.2, and
X, y and z are greater than or equal to 0.01. In another enbodinment, mis

greater than,O, 1.to about 1, X i reater than to about 0. 25, y|5|nthe
range of fro?ﬂcbljaﬂ"gc%ega@hm’é‘?ﬁﬁx]fmg CETRHI, PR3RGREHIRY, BSpdYRIWE (o 0.5, nore
preferably msirfarfun®®ufd ih&tged&mimn,xerbﬁrﬁa 1&%1{0 erbyurh,S from 30 0.4
to 0.5, and z is from83to .5. VWO 2005/ IU2004/015794 16 Were

the nol ecul aﬂluéli-l@o'@“‘?fémﬁl mdﬂwe@amnﬁﬁ??@ﬂw& thgePerjodicclghlegitni ng
silicoal um n@[ﬁla% Apﬂ]%r i gss than
0.65, such as Tess t mJnhﬁﬁﬁég f&ﬁgéﬁq% ess t%ﬁ"l§ Eﬂltd (?lfpartl cularly
| ess thanS 0P@®le¢ Tatdeief Blainents pwhmixtires crfameoﬁlham ételspedies IaosflAI ratio in
t he range of u u fr ut 0.40 to
about 0. 10, exan%pl%rﬁ?tgd ?eéeﬁ%&%l% %"E%ojn% CBE%%%?GO gﬂgﬁpar’tl cularly

f r om about 0(&2(}6 AVgdu} N1) Sit, 3, ZiNata-Zri mdtnnbtgn@théfadaies‘heﬁneﬁe\%and Al PO

nol ecul ar si eve usefu herei_.n inc e one a conbi pation SAPO 5,
SAPO- 8, SAPo!I!PY ﬂﬁé’i‘%" 3&%‘?‘”&% 0%‘? moleey 118"3 ‘%ﬁ%gfde %ﬁgéi 31, SAPO 34,
SAPG- 35, SAP%@uch'Sﬂg@le’#Z 1, andCiRE £kt c%%&e%@md 18 2 alemANatd df theAPO- 47,
SAPO- 56, Al PO-5 11, AIPO18, AP O 34, Al PO 36, Al PO 37,

Al PO 46, 18ndmetal substitignt For pxagupky inens earbodimsng then drepetal sgbstityant

BAPO 34, - SAPRSE g ERBEE 2 BN PR pr R e i Co bR BB Rt ls OO g
derivatives bhHmrenf2andit®h as one or a conbination of SAPO 18, SAPO- 34,

Al PO 34, ALPO 18, and netal containing derivatives thereof, and especially
one or a conbination of SAPO 34, ALPO 18,

In one embodiment, the metalloaluminophosphate molecular sieve is
15  represented, on an anhydrous basis, by the formula:
mR:(MxALP,)O;
wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M,Al,P;)0; and m
has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
20 v, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from the group consisting of Group IA, A, IB, IIIB, 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, Zp and Zr, In an embodiment, m is greater than or
25  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
30 0.4t00.5, and z s from 03 to 0.5. '



and netal containing derivatives thereof. 20 In an enbodi nent, the nol ecul ar
sieve is an intergrowth material having two or nore distinct crystalline
phases within one nol ecul ar sieve conposition. |In particular, intergrowth

mol ecul ar wH9yRpoREL described in U S. Patent Applicat ipinf2eslesddd on No.
2002- 0165089 and International Publication No. WO 98/15496, published April

16, 1998, both of which are herein full§ incorporated 25 by reference. For
exanpl e, SAPO 18, AI PO 18 and RUW 18 have an AEl framework-type, and SAPO 34
has a CHA framework-type. Thus the nol ecul ar sieve used herein may

conprise at | east ne nter hase. of AEl an framewor k-t ypes,
especi al |y where t %‘F a&ﬂﬂ‘? %?WWB@OSP AR TT amewor k- type, as

det er m ned bwoﬁthﬁldalsﬁﬁa&umi&pﬁdspﬂatsch@smomx&@ha!?a.sgm 1280 ldPHan cat i on
Publ i cati on .. 2002- 016 089, is grea&er than 1:1. WD 2005/000465

PCT/ uszoowo?ﬁgﬁw #51es$ han QD rigrxagplavasei g B4, aad paicwlpilylessdbifst al s and
For mul at ed. Molz0 th ghic ersboifiedtah thybuld-sichBiinEsM 86 e S Bst Grystal s

General ly, nolecular sieves (i.e., nolecular sieve crystals] are synthesized

5 by the RAyddfionbontd. 6&tw%lloat®i&atmhmqﬂmnam@t%40mbeubﬁ 1G4 fergupmpleof
al um num a ﬁ%ﬁfﬁb%ﬁt 6’%2 EH‘A%%HP(S’E 'garﬁconﬁﬁﬁ&ﬁ aBodt0%3N, HRE BN sand a

tenpl ati ng agent, such as a I ni'ng organi ¢ conpound.
Typi cal ly, a conbination of sources of silicon and alun1nun1 or silicon,

al um num and phosphorus,. wat er .an r re templatin ent.s, is pl aced
in a seal ed pressgl?’ﬁ ‘W&E&%P"WA@‘\?&@@@ P?‘%“&Bﬁ“ﬁﬁﬁ’?ﬁ FIRERFTSPt h an i nert
plastic such u@c&ud@@hybeamﬁbm&eiflsm,sms reeEdl, smpl@rlﬁas&mst allization
pressure and tenperature, until _a crystalline materia formed, which can

then recdfer dd HFPilB SAPORY, Sé@ﬁﬁrl %o%ﬁ&ﬁoﬁﬂ@c%ﬁﬁﬁ@ 37on-1imiting
exanpl es of ialpcren s@@ﬁ-ﬁ?%mw%@\m 144%-47 f3Hms 86 SAlPCER AlpdS fOr

exanpl e, Aerosi|-200 available from Degussa 1nc., New York, 'New York, and
CAB- O SI L M 3], SIP@abt ALPOedn ARDBGUAHBE- @AHP%%&IPQ%,Hydmahom licates, for

containing molecular sieves thereof. Of these, particularly useful molecular sieves
are one or a combination of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56,
15 AIPO-18, AIPO-34 and metal containing derivatives thereof, such as one or a
combination of SAPO-18, SAPO-34, AIPO-34, AIPO-18, and metal containing
derivatives thereof, and especially one or a combination of SAPO-34, AIPO-18,

and metal containing derivatives thereof.

20 In an embodiment, the molecular sieve is an intergrowth material having
two or more distinct crystalline phases within one molecular sieve composition.
In particular, intergrowth molecular sieves are described in 1J.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

25  byreference. For example, SAPO-18, AIPO-18 and RUW-18 have an AEI
framework-type, and SAPQO-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

30 Application Publication No. 2002-0165089, is greater than 1:1.



exanple, tetranethylorthosilicate (TMOS) and tetraethylorthosilicate (TEOS),
col loidal silicas or aqueous suspensions thereof, for exanple Ludox-HS-40
sol available fromE.lI. du Pont de Nenours, WI m ngton, Delaware, silicic
acid or 2AQp3se06medi nation thereof. Non-limting exanplcgasedosdisdsy num
sources include alum num al koxi des, for exanple al um num i sopropoxi de,

al um num phosphat e, al unm num hydr oxi del?7 sodi um al uni nate, pseudo-boehnite,
gi bbsite and alum numtrichloride, or any 25 conbi nation thereof. A

conveni ent source of alum numis pseudo-boehnite, particularly when

produci ng a l i cpal,u ) € L ) 1 ting exanpl es
of phosphor us™soutt S O eting SIS AT MO e g phosphor us
conpositionsg ldvachggg phosphorl c aci d organic 30 phosphat es such as
triethyl phosphate, . and crystall ne or, anor phous al um nophosphates such as
Al PO4, phosp r usMaking Molggular SigyeAvidhs t hereof . A WD 2005/ 000465

PCT/ US2004/ 015794Geﬂe§alﬁpfi%?d&hl§f'§1ev°egﬁrec Gr‘ncﬁécu&?@l%@é"%ktﬁls se BiARRRNLd I ¢ acid,
particul arly when producing a silicoal um nophosphate.” I n general,

tenpl atind agethediyaiotheampl cayssallization affencosmeswelssonrrgof elymimimn 2 5 el enents of
Group 15 of g e (PhQ%%\SmIai)éo‘%:c%fofEllh@ LW E{&r&?}f{e@'ﬁtﬁ&% éeﬂ?'sh%l?%ean

phosphorus, arseni con at | east
one al kyl onitmggﬁccgptanupgoganﬂoCMpamdaII‘kmbalb'raemybmg:mmqfsblwesmg from1l to 10

carbon atons,. for e Iefroml 0 8 carho ons. Pref rredterrplates are
ot rogen. coRMaTnda EBmG oot Aibut g PhePhS vt End i fons um
conpounds  anghottemPliting afdne) s Iﬂzi'c%d @04 seafod pfeaéurevmat Fheagsgeladmoni um
corrpounds are represented by the general formul a RAN+, vvhere each Ris

hydr ogen 18r apwe%ba@db\ylﬂimme@@mq ek atpolytetraflugrasytiyienecind beptedt er abl y an
al kyl group gpqeaq cAk sﬂhﬁﬁ%tﬁi’é dﬁﬁterﬁﬂe?dﬁﬂ: il égrﬁﬁﬂﬂl@'?nﬁérﬁ['ﬁ 15

Non-limting exanples ates include tetraal’kyl anmonium conpounds

i ncl udi ng saffermed,tvéieloéan thercigcarsraddilyfiraiionydentrifugation and/ongrsaniitg,

Non-limiting examples of silicon sources include silicates, fumed silica,
15  for example, Aerosil-200 available from Degussa Inc., New York, New York, and
CAB-0-SIL M-5, organosilicon compounds such as tetraalkylorthosilicates, for
example, tetramethylorthosilicate (TMOS) and tetracthylorthosilicate (TEOS),
colloidal silicas or aqueous suspensions thereof, for example Ludox-HS-40 sol
available from E.I. du Pont de Nemours, Wilmington, Delaware, silicic acid or

20  any combination thereof.

Non-limiting examples of aluminum sources include aluminum alkoxides,
for example aluminum isopropoxide, aluminum phosphate, aluminum hydroxide,
sodium aluminate, pseudo-boehmite, gibbsite and aluminum trichloride, or any

25  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
30 phosphates such as triethyl phosphate, and crystalline or amorphous

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



tetraet hyl ammoni um conpounds, tetrapropyl amoni um conpounds, and

t et rabut yl anmoni um conpounds, cycl ohexyl am ne, norpholine, di-n- propylam ne
(DPA), tripropylamne, triethylam ne (TEA), triethanol am ne, 20 piperidine,
cycl ohexyl wa F06s/008468€t hyl pyri di ne, N, N-di met hyl benzyl amp¢gysbadisros

di et hyl et hanol am ne, di cycl ohexyl am ne, N, N-di net hyl et hanol am ne, chol i ne,

N, N - di met hyl pi perazi ne, 1, 4-di azabi cyt8 o(2, 2, 2)octane, N,

N ,N Ntetranmethyl- (1,6)hexanedi am ne, N nethyl di et hanol am ne,

N- net hyl - et hanol arri ne, N-methyl piperidine, 3-nethyl-piperidine,

qui much | e ORISR Bk g DAPeRERy ) Rhfp et oy ety s pie

di - n- but yl anﬁnﬂwoa]@ﬁmmdgbm ne, di-n-pentylam ne, isopropylamne, t-butyl-
am ne, ethyl enediam ne, pyrrolidine, and 2-im dazolidone. Preferred
tenplates are selected fromthe group consisting of tetraethyl anmonium

salts, cyclopentyhagnaa) te?ﬁﬁlé\:ﬁfél’aggﬁ& oﬂﬁbﬁ%hﬁ:’ﬂﬂe chnBﬁuEx}d‘é“tﬂh%coﬂtﬁhet hyl am ne,
30 cycl ohexyl anmine,  tri - et hyl é roxyet hyl am ne, norpholine, dipropylan ne

(DPA), pYri elementsiof Grupdylaf theReriofie Teblg oﬂB ismeis cpartirulaslyiegenf . and
conbi nat | ons puld ﬁ&rﬁ&’farseéﬁ@aEQ91?:19&1‘}%%1?%&%{%9%400&&% b ghe pH of the

synthesis m e cdntaining a Fur num optionally a
phosphor us caﬂmbmaryltgmupamthashmmlkyladrlaqggmgpmavmgﬁongbmdmedatbpnl n the range
of from2 to 4 to0.9 le fr 5tao 8. 5 CGenerally,
t he synt hesi §t%m5xf°ﬁF’éanH’i%% etﬂ B.epEhoB & {oglssg‘gﬁgedi tﬁmgf)a%ggeeqm%g?a heat ed,
preferably ugg@iinglcoRpnaids, sAtiesSdtiifes, {itatandrg dR@loatuM Corhpbuhfeandange of  from
about 80C to about (250C, such as from about 100C to about 250C, for exanple

from abod® 1sembinations dhereodoSintabls quatesiary AEMERINEY pOPSBRdsiaEe IEprssRated 0 180C. | n
one enbodi Megy, ¢l AReralBENAL RINT WHER! GEINREE hytr536R of L ¥§ERLdbR®rParticles is

substituted hydrocarbyl group, preferably an alkyl group or an aryl group having

from 1 to 10 carbon atoms.

15 Non-limiting examples of templates include tetraalkyl ammonium
compounds including salts thereof, such as tetramethyl ammonium compounds,
tetraethyl ammonium compounds, tetrapropyl ammeonium compounds, and
tetrabutylammonjum compounds, cyclohexylamine, morpholine, di-n-
propylamine (DPA), tripropylamine, triethylamine (TEA), triethanolamine,

20  piperidine, cyclohexylamine, 2-methylpyridine, N,N-dimethylbenzylamine, N,N-
diethylethanolamine, dicyclohexylamine, N,N-dimethylethanolamine, choline,
N,N'-dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N', N',N,N-tetramethyl-
(1,6)hexanediamine, N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl
piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-

25  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 tetracthyl ammonium salts,
cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,

30 cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine (DPA),
pyridine, isopropylamine, heated degraded forms thereof, and combinations
thereof.



ai ded by seeds from anot her or the sanme franework type, nolecul ar sieve. 15
The tinme required to formthe crystalline particles is usually dependent on
the tenperature and can vary fromimmedi ately up to several weeks.

Typi cal | y, woldgssoadaést al | i zation time is fromabout 30 rgcuBosboPs94 ound 2
weeks, such as from about 45 mnutes to about 240 hours, for exanple from
about 1 hour to about 120 hours. The hYdrot hermal crystallization may be
carried out with or without 20 agitation or stirring. Once the crystalline
nol ecul ar sieve product is formed, usually in a slurry state, it nmay be

recovered by any techni.que well known in.the art, for exanple, by
centrifugation orﬁ'?’gﬂ ﬂ’ieéﬁn B outaRng At & pufimume $iligon; ¢ o 25 product,

normal |y t er gRehi@e, o éﬂﬁ@ﬁalfyl d preEpheals@ompbiitiorn, BeNa REpIAREaEknt,S4/Ch as Wi th
water, and then drie such as in air, before being formilated into a

cat al yst coﬁﬁ%ﬂylﬂﬁherﬂl&eé?fm%& 19, sucheas fiom 4 101%, dor exampledm Hi f or mul at ed
into a catal gst conposition directly, that is without any drying, or after
only partial drying. 30 B. Making Formul ated Mol ecul ar Sieve Catal yst 1.
Conponent § of Fornul ated Ml ecul ar Si eve Catal yst WD 2005/ 000465

PCT/ US2004/ 015794 cuI Whi ¢ ont ain | ecul ar
sieve crystal pro %aﬁép @ gﬁ\ﬁ%eg %é/dSatbb&elrsrﬁﬁr‘]flimr?a‘feéﬁ'e Q{&D is al so

referred to @&sated, bmfemlblah&dbr anagaioyls press}ui'e ta mﬁ@erabxe in thé nmgé oget her
nol ecul ar sieve crystals (which in de tenpl at e and a |

iq
optional Iy wilfoR qucﬁﬁfﬂé?‘%t&ﬁoognﬂ'}c @s Brmabput 108°¢ i ghoxt %SOSCJ}OFy The
slurry is thep dr b b ‘Q;Otl'gm {€ly renoving
t he tenpl ate fro lbﬁﬂgl(dr?gﬁt lczal(g?&%sh:&edv%s :gr%}é]gggt ﬁséﬁa%j@?ggono ec&]‘ si eve

cat al yst 10nclhgores tenplate, it has not been activated, and is consi dered a
preformed catalyst. The catalyst in this formis resistant to catal ytic

| oss by contact with noisture or water. However, the preforned catal yst
nust be activat edkb@ﬁeQ{nﬁaoHﬁﬁ‘ent%%&e&@bﬁnb!&&ﬁﬂ%&@ cBsaMifdSarRRRIOPr i ate

met hods of activating, preferably by further heat treatnment, to maintain a
| ow wat er comidedby apadh fram; anetharer thesame framework type molecular sieve.

15 The time required to form the crystalline particles is usually dependent on
the temperature and can vary from immediately up to several weeks. Typically,
the crystallization time is from about 30 minutes to around 2 weeks, such as from
about 45 minutes to about 240 hours, for example from about 1 hour to about 120
hours. The hydrothermal crystallization may be carried out with or without

20  agitation or stirring.

Once the crystalline molecular sieve product is formed, usunally in a shurry
state, it may be recovered by any standard technique well known in the art, for
example, by centrifugation or filiration. The recovered crystalline particle

25  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 afier only partial drying.

30 B. Making Formulated Molecular Sieve Catalyst
1. Components of Formulated Molecular Sieve Catalyst



catalyst. The liquid used to formthe slurry can be any liquid
conventionally used in 15 fornul ati ng nol ecul ar sieve catal ysts.
Non-limting exanples of suitable liquids include water, alcohol, ketones,
al dehydes, wesioes/mo46®r a conbi nation thereof. Water s geRuSbeid18d4! 1 qui d.
Matrix materials are optionally included in the slurry used to nmake the 20
formul at ed nol ecul ar sieve catal yst of 28his invention. Such materials are
typically effective as thermal sinks assisting in shielding heat fromthe
catal yst conposition, for exarrpl e, during regener ation They can further
act to densify t t ength such as
crush strength ang)l ﬁﬁ%%"?{%‘g&“ﬁ e’S| S haér?g{%ms e e%ﬂg%wg txfé{(é&}rcélt e of
conversion i mnditmmaﬂybnidafaudrmﬂsmtehhin, 1251sd> raﬁrt‘edrtg aexmhm&dof mat ri x

material s include aope or. nore o re earth netal s t al. qxjdes including
titania, zirc8 tﬁg’ﬁt %ﬂﬁmbé{mﬁwsmga%%@f’ PYlpcsieve st aisgg’fq%ilﬁtg sol's, and
m xtures thert&@;ﬁlatcf &dd @&ﬂi@'oﬁhoﬁﬂ&kﬁtﬂnﬁﬂﬁlﬂﬁﬁeﬁﬂ aiﬁﬂdrﬁﬁﬁé:' fc@fha, silica-
titania, silica-alum na and silica-alumnpa-thoria. 30 In one enbodi nent,

matrix nefer sHIE. The shiEyds ten duied (e, Uqpidiszemeyesd vithoghsommi@elani | | es of
| | k
mont nmor i 0”' gﬁo@g?ﬂ%%é}gﬁe ﬁ%&tﬁ@ﬂ?&cﬂfaﬁéleféoi@[%a Hﬂgcﬁmﬁggﬁl%%? nown as,
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for exanp orgia and F ays

PCT/ U82004/ ox:smlw inglud¢si temnplategit brsenop been aofivatedaend momaldcrm mefoahed i ncl ude:
hal | oysite , nacr j [ X ti o aIIy, t he
matrix mater i a % ec?‘%f?lsgmél&fs f%?n Rgir ls{a‘ﬁ%&? ata%g?ioséé?’@o’% CI d treated,

and/ or chem QﬁdlstﬁfcmmtbrbHﬁ‘@Eﬁsr,hEe mfmaﬂcmmmisweracuvﬂaimammbe Under the
optional calcination treatnent, the matrix e |II 5 be

consi der & v@Pﬁﬁﬂs ¥ entton provides jagprgpripte Pﬁ@o%%‘?“éﬁtmﬁdﬁreéq@?’ M¥en previously
used in a CaiheyhbattRhtMiEnRtd MBintaldla BwPRkthr GlcAt wRITR Y d¥RPAted t Ne matri X
material is a clay or a clay type conposition, preferably a clay or

cl ay-type cop®@bisti on having a lowiron or 10 titania content, and nost
preferably the matrix material is kaolin. Kaolin has been

The liquid used to form the slurry can be any liquid conventionally used in
15  formulating molecular sieve catalysts. Non-limiting examples of suitable liquids
include water, alcohol, ketones, aldehydes, esters, or a combination thereof. Water

is a preferred liquid.

Matrix materials are optionally included in the slurry used to make the

20  formulated molecular sieve catalyst of this invention. Such materials are typically
effective as thermal sinks assisting in shielding heat from the catalyst
composition, for example, during regeneration. They can further act to densify 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-

25  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.

30 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-



found to forma punpable, high solid content slurry; it has a | ow fresh
surface area, and it packs together easily due to its platelet structure.

Bi nders are also optionally included in the slurry used to make the 15

f or nul at edwooessbss Si eve catal ysts of this invention.p&uehoshisnt al s act

i ke glue, binding together the nol ecul ar sieve crystals and ot her
materials, to forma fornulated catal%ht conposi tion. Non-limting exanpl es
of binders include various types of inorganic oxide sols such as hydrated
al um nas, silicas, and/or other inorganic oxi de sols. In one enbodi nent of

the inventio t he b| er s an 20 al u C sol.... pr.eferably

al uni ni um ch;l}jc'ﬂ1 Ub%ﬁf%fr‘éﬂ# 3] %(% #“ﬂic? %I%kéolb‘w d‘il%g . is

converted i Nigeritd) ot mmgﬁal Optioiatl® ﬂmhﬁmxmwml?@fﬁﬁrabl\?ﬂ%hﬁbfthbslap@rt icularly
St corrp03| tion. For

effective in for a, hardened. nol ecul ar si cat a

exanpl e, an e G @%Véhﬁw@%qea%eﬁrﬁbmwﬂaéasmu x fol | owi ng
heat treatmeglmp &énwtyﬁaepmersgﬁma@maﬂafoﬁtu%amhwlﬁm%a%ﬁa%mtﬂ' um based
sol containing " a chloride counter ion, also known as alum nium

chl or ohydﬁol be hensidered vigeiremalerialfas fong |25 thalmatrriabhysoot bsetupre@ushyaBedher ein mi s
1 to 20, to 40, pis 2to 15 and x is 0 to 30. In one
enbodi rrent ?nn&cttaq#gfor&ﬂ&,&gl3o4(0—|)24C17- 12(H20O) as is described in GM
Wlterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105- 144, El sevier,

WD 2005/ 000465 P IUSZOO /015794 Anst.erdam . 199 h is herein

i ncorporated by .r ?Ji el“?ia g}f‘: n%ﬁ’f)ﬂ'@?er‘?éh a6 é’rGFfW bi nders are
present in C@Bi’ﬁ d!‘.ﬂidno eﬁriﬁl:r@ﬂﬁy@fclﬁ?f}@ec&hﬁtﬁiﬁhdi‘ﬂﬁvin 6w ign@xanpl es of

al um na mater. a s such as al um ni um_ oxyhydroxi de, aluni na, boehmte and

transiti oflal ttminfoRisat suEmogrefombly heatiy mnexjal;isikaalin. K aplindas besna| uni na,
c- al Ui na, | Go s WS a AR BIERTLAIR conht i, WHab § W Hihufiee SUCh as

gi bbsite, bayerite, nordstrandl e, doyelit
area, and it packs together easily due to its platelet structure

Binders are also optionally included in the slurry used to make the
15 formulated molecular sieve catalysts of this invention. Such materials act like
glue, binding together the molecular sieve crystals and other materials, to form a
formulated catalyst composition. Non-limiting examples of binders include
various types of inorganic oxide sols such as hydrated aluminas, silicas, and/or
other inorganic oxide sols. In one embodiment of the invention, the binder is an
20  alumina-containing sol, preferably aluminium chlorohydrate. Upon caleining, 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.
25
Aluminium chlorohydrate, a hydroxylated aluminium based sol containing
a chloride counter ion, also known as aluminium chlorohydrol, has the general
formula
Al On(OH)Clyrx(H;0)
30 whereinmis1to20,nis 1108 0is51t040,pis2to 15, and x is 0 to 30. In one
embodiment, the binder is Al;304(0H)24Cl;+12(H,0) as is described in G.M.
Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-144, Elsevier,



m xtures thereof. In another enbodi nent, the binders are alum na sols,
predom nantly 10 conprising alum nium oxide, optionally including silicon.
In yet another enbodinent, the binders are peptised al um na nade by
treati ng alonooswdydr ates such as pseudobohenite, w thpafiygdbdorspyef erably
a non-hal ogen acid, to prepare sols or alum niumion solutions.
Non-limting exanples of comrercially 2Zavail abl e col |l oidal alum na sols

i nclude Nal co 8676 available from Nalco 15 Chenical Co., Naperville,
[I'linois, and Nyacol available fromthe Nyacol Nano Technol ogy Inc.,

Boston, Massgchusetts. |f hinder is, not us I n mati t he nol ecul ar si eve
cat al yst, th%?@%#’s‘“’mﬁ%ﬁ effé‘?‘@&"raorﬂiieﬁggf‘?r}%@gcec APYSE. 1f binder is
used, the anmgBbdiflent)bfAi mote®thdeR arelRehEiR3bRbinAGoE 61 &m&keve catal yst
ranges from about 2% by wei ght to about 30% by wei ght, based on the total

wei ght of t hethst pppchimitingexarpplee of alymigip materialg sich asUBIEBIM v i ncl uded matri x
material, ex aidene alyh i . ; ' ref Ly the anount
%gﬁ‘gfgﬂ)%ﬁc, al ‘B%ﬁ%l‘}né\ge zfngll hhfordl o such'a§ a@i‘hgis%%(,

of binder use  prepare t ) ular sieve catalyst Trang rom about 5%
by wei ght 5t o fedbumina, 208k uinayé-alyintina, selming, ¢ fabumipk,yanfl pealw@Baabout 7% by wei ght

to about 15% by .wei based gn_th otal weight of.th L nder, the

nol ecul ar si @8%”‘1 ﬂ%ﬁﬁﬂ%ﬁr@gﬁ%s @1 ?sré]?%ﬁ{a%f?g%\{\é? igf%ﬁ%%“é’ftﬁa‘f%? elgﬁ’calnudi ng the
liquid (i.e. migutesthetbofi Ng). 2. Malting a Slurry with Ml ecul ar Sieve
Crystals 30 The nol ecul ar sieve crystals are mxed with liquid, and the
optional matrix material and/or binder, using conventional techniques to

forma slurry. Thg, afefEP eRBoditertothe Bindels ¥RALIMINA B¥s Prét®imindMg the m xture is
thoroughllé stirred to WD 2005/ 000465 PCT/ US2004/ 015794 23 formthe slurry.
h

The nor e Phorcompiisingduminiymioxide, eniienalbrindpdingéilicomn Jn seteamethebt the slurry.
The m xi ng of, ] ey 13?,-5 gregates or
5 large part ieg%é@nﬁ%%#éﬂ%ﬁ%ﬁ%;@ﬁ%ﬂ?%%m oéﬂﬁa’lﬁ%gﬂrfctﬁlglsﬁ nag@é%t?% , the nore
Vi gor ous such as pseudobohemite, with an acid, preferably a non-halogen acid, to prepare

sols or aluminium ion solutions. Non-limiting examples of commercially
available colloidal alumina sols include Nalco 8676 available from Nalco

15  Chemical Co., Naperville, Illinois, and Nyacol available from the Nyacol Nano
Technology Inc., Boston, Massachusetts,

If binder is not used in making the molecular sieve catalyst, the catalyst is

considered a binderless catalyst. If binder is used, the amount of binder used to
20  prepare the molecular sieve catalyst ranges from about 2% by weight to about

30% 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).

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
25 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 Sharry with Molecular Sieve Crystals
30 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



the mxing, the smaller the catalyst particles forned in the slurry. Mxing
using high-shear mxers is preferred. In general, high-shear m xers are
capable of rotating at speeds of at |east about 3,000 rpm | aboratory scale
equi val ent walfh$moisds particle size of the slurry can bgci/fgiobdsitioy

determ ned by measuring the viscosity of the slurry. In general, the higher
the viscosity, the smaller the solids2particle size in the slurry. The
viscosity of the slurry should not be too high, so that mxing is not
effective in breaking apart large particles, or too low, so that drying

Sl urry hab o PCReEEE! e Robbishufins S57Hb Bob4RurtaRRSegY A "5 500 cp

(9.5 Pal/sec) slhs. measured using a Brookfield LV- DVE visconeter with a No. 3
spindle at 10 rpm Preferably, the slurry has a viscosity of from about 200
cP (0.2 Pa/sec) to about 8,500 cP (8.5 Pa/sec), and 20 nore preferably from

about 350 cP (0. 3TﬁeMiﬁ§8fth591uﬂj9%rf]'1§reM%§%ﬁn$tmé .ag@fegatBP@sur ed using

a Brookfield LV-DVE visconeter with a No. 3 spindle at 10 rpm |n another
enbodi menf, d#ge partiglesintpsmaller moreunifosmpariicles s Iy genamah e more(yigorouw t o about

75 wt % bas : I | . | ¥rids : slurry has
a solids con?fgenltﬂﬁg#é) rglrﬁggggg% cé%ély%ﬁr&?{egf%r%g%@’@%ﬁvﬁﬁ.%fl&ﬁgggmﬂ%ref erably
from about 2hightshesrimixedsdepreBBbredt Igentrak bigheshear mex¢ro awlcapablegdht of t he
slurry. The solj.ds_ conten an, he ured_,usi.ng any caonventional neans.
However, a CENF t%%%drgnoé?tgﬁeﬁb%oﬁﬁ@erp ?bnoé%ggﬁsgﬁ%ﬁ?‘fly%ﬁfﬁqarl y preferred to
give results consistent wwth the values recited herein. 30 In one
enbodi ment,, the slury used ,to ke the for.myl ateq nol.ecul ar sieve catal yst
cont ai ns 181 nder pﬁaﬁ%{amfie ﬁﬁﬁ%ﬁ%@hﬁ@%ﬁ%@%@%ﬁ%ﬂgto Vo
2005/ 000465 RECTiLISARAH BISHHSS 1Pfindil thelBighepine Blskosity\Be Shitldthaused to make
ont ai ns i nder

t he nol ecul ar sieve catal yst c and matrix material at a

wei ght rati o selidsegieleisizednhe shurpy. Thsrviscesityfos thetslupry should not be too high,

so that mixing is not effective in breaking apart large particles, or too low, so that
drying will not produce acceptable particle formation.

15

In one embodiment, the slurry has a viscosity of from about 100 cP

(0.1 Pa/sec) to about 9,500 cP (9.5 Pa/sec), as measured using a Brookfield LV-
DVE viscometer with a No. 3 spindle at 10 rpm. Preferably, the slurry has a
viscosity of from about 200 cP (0.2 Pa/sec) to about 8,500 ¢P (8.5 Pa/sec), and

20  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 shurry has a solids content of from about
10 wt % to about 75 wt %, based on total weight of the slurry. Preferably the
25  slury 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.
30 ,
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



1:10 to 1: 2, and nost preferably 1:6 to 1:1. In case where binders are not
used, the nol ecul ar sieve conponent itself acts as a binder. 5 3. Miking a
Preformed Catal yst Water is renoved fromthe slurry containing the nol ecul ar
si eve cryswalsosidosst or m a prefornmed nol ecul ar si eve catmhysd2onaidieber ably,
the slurry is fed to a 10 forming unit that produces the preforned

mol ecul ar si eve catal yst conposition. #he formng unit may be any
conventional unit, such as a spray dryer, pelletizer, extruder, etc. In a
preferred enbodi nent, the formng unit is spray dryer, which renpbves water

fromthe slurry eating or i rocess.. Preferabl the formng
unit is mai ntlali' n]ggfe%{:'{}a&?ér?%gr ?{g{oéag(gfﬁ%%?g% tsbevfggmt%éh ority of the
15 |iquid fr ondehedshatiix ynatdibat adweght dtioTiem 1:35 tskY, asretpheferbbtfymi ng (or
drying) unit, typically, the slurry of the nolecul.ar sieve particles, and
optional mat rlfkp%ﬁ'é AR °%Y|P6?f8'|allﬂb’ilr%f8rl;l' §a?eéﬁh65%b‘f’ﬂ?§s§16r“8§/“"&iji ng unit
along W th auhmbiesilgafeve th8nsichi RBIFARS a8 9Bina&t S 20 the slurry and acts to
renove water to formthe pre]foormad nol ecul ar sieve catalyst. Conventional
dryi ng cofditions can be used. Such conditions include an average inlet
tenperat ure mangi el t o about 550C, and an average outl et

t enperat ure r3angi ng f omrg%gg%d% 0 tto about 250C. 25 During spray drying,
the slurry is pas t. h n l,e di str.i.but, slurry jnto small
dropl et s, r evenl T dn ieved BoRaRe eyttt i Rt ke o

atom zati on o ftuns préfonnedzadleonar steva chthlgste Prdfyrablys the siyrdyliefedkaisry through a
single nqQzzle or. mul.tiple nozzles with a pressure dr In the range of from
about . 108 peEise i bEtPratisetig erelormes lecB e SRy CHAt SHBRIENE05 kPaa) . |
anot her 30 e%@%rﬁﬁﬁgmﬁﬁ@yﬁééﬁy@bnv&ﬁﬁﬁﬂuﬁiﬂrsﬁ&%ﬁ?ﬁyﬂﬁ&&,%@%ﬁi&,_ or nmultiple
nozzles along wth an atonization or contacting fluid such as air, steam
flue gas, or catydestetrerin aprgfermed anbpdimenpthofhonmgoolésspromiysyabich015794 25

removes water from the slurry by a heating or drying process. Preferably, the

forming unit is maintained at a temperature sufficient to remove a majority of the

15 liquid from the slurry.

When a spray dryer is used as the forming (or drying) unit, typically, the
shurry of the molecular sieve particles, and optional matrix material and/or binder,
is fed to the spray drying unit along with a drying gas. The drying gas contacts

20  the slurry and acts to remove water to form the preformed molecular sieve
catalyst, Conventional drying conditions can be used. Such conditions include an
average inlet temperature ranging from about 150°C to about 55 0°C, and an
average outlet temperature ranging from about 100°C to about 250°C.

25 During spray drying, the shurry 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

30 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.



In yet another enbodinment, the slurry that is used to nmake the preforned
catalyst is directed to the perineter of a spinning wheel that distributes
the slurry into small droplets. The size of the droplets is controlled by
one or norwofhetoessss | ncl uding slurry viscosity, surfasemeesonsrd | ow rate,
pressure, and tenperature of 5 the sl E‘Hy; t he shape and di nensi on of the
nozzl e(s); or the spinning rate of th wheel . These droplets are then dried
in a co-current or counter-current flow of air passing through a spray
drier to forma preformed nol ecul ar sieve catalyst conposition. An exanple

of a conventi onal inSf sbtilk ¥hnBEaiReRC 3 Subr§ thR KGlsed Bmbhitk thpreforindd . NO.
4,946, 814, which is incorporated herein by reference. 10 C.' Protecting

Mol ecul ar Si eatdystiridiegtedity the pErimateDefrcwpinnme wieelthet digtributes te skitgve materi al
of this invept] i t ! o101 Y] I yatiQ ve tenpl ate
From the mol hut Rl SoB68" TG 8 BYePERbAR L BhtolBFhy A oo BAGHUIP
material . Thinchdingslirgrvisiosite suface tankion! flvwmed, pessutg and empbrangt b/ at ed for

catalytic.usg or for storing.or transporting prior to .use. ver, it is
pr ef erred?t hﬁ’tﬂS.“ﬁ%{_’%I%@GI%&_“@%‘@Q%@WB%@&% eﬁm{"bm%mﬁ?g? ¢ med cat al yst,
then activag@esl. Théxe erdplds St firied th 4 PG RNt OF ddBster-tiirfintflow sf &r f or mul at ed
product. The fornul ate produc'% tgenerally provi des the nost effective

T

particle sizB28H8 thfﬂ‘éﬂh(fr@w drigF ﬁﬁé@éﬁfﬁm@é@@%ﬁieﬁ?@ﬁlﬁtm The activated
mol ecul ar si ey, dHioR! M'eéh%gﬁro%% &%&Japﬁv%%&&esﬁsa&%ﬁy&imon by

mai ntai ning the activate terral at a re content, preferably a
wat er cont entl.HPatadio. 4P4G8 ek, whithris heorpomted Hererabyentfasenceot al wei ght of the
materi al ,~as descri bed above (e.g., preferably not greater than 1.0 wt %
nore 25 preferably not greater than 0.8 w % and nost preferably not
greater thanC0.5 Protectifig Mblecslat SicecitidaSutadyds Frdn Deddtivaticr preventi ng wat er
fromcontacting the ctivated nol ecul ar ,si eve materi at a tenperature

| oner than the crﬂq’B@Pcm?ré’w&mﬂ%?&%ﬁ“\%‘feﬁwn@@rqt?f’t%wa‘?ﬁ"rent of the
i nvention, tRQivalde¥iRévetkRyRte Fdre fedholédular sieve and minimize water

content in the activated material. The molecular sieve crystals themselves can be

15  activated for catalytic use or for storing or transporting prior to use. However, it is
preferred that the molecular sieves be formulated into a preformed catalyst, then
activated, since the sieves are typically most useful as a formulated product. The
formulated product generally provides the most effective particle size and
hardness for commercial scale equipment.

20

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

25  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.

30 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



activated by renoving the tenplate by heat. In a preferred enbodi nent, the
heat 1is sufficient to renove water that is forned as a result of the
conmbustion of the WD 2005/ 000465 PCT/ US2004/ 015794 26 tenplate. Preferably,
t he nol ecutvar2oes/mogsmateri al is heated at a tenperat ur epcgueabguisiopan the
critical tenperature of water. At this tenperature water fornmed during the
conbusti on process will not condense o6 be retained by the nolecul ar sieve.
Preferably, the tenplate is renoved by contacting with steamat a 5
tenperature greater than the critical tenperature of water. Heating to

renove tenplate and _agtivate the | ecul ar sjeye i ner al | referred to
inthis invei"FE"i‘IB °'agr°fﬂé?l’\c{ > g 9‘HD%§(§FF\Y.8HW%L‘F%E§?‘€?%§PIPBW&. i ces can be
used. Such d@wafethah M difiSaltethpdrimfealrale! At this tiraperRiask wakclonfés. batch
ovens, 10 and the like., Calcinatigon time is typically dependent on the

degree of haduerg thg combustine prasess sl apt condense ethede by HisgReleswE and t he

t enperat ure. ' ' | : f.fective to renove
tenpl ate m?ﬁ?ﬁ%ﬁgﬂhﬁg‘% |é\§g%llee H%de% gg%ﬁ%?%tlﬁg%%ﬁggfgal yst of this
i nventi ond Stentperabire igenaise than thxcositisaldergperatme dfwaten. t he range from about 400C

to about 1,000C, preferably from about 500C to about 800C, and nost
preferably fromabout 550C to about 700C. Foll ow ng heat activation by

cal cining for exaHptihg tb fendeténgslitednd Activaledlid holeclarasidreisgenenllgd, since it
will generally be at a.tenperature that is tog i gh for |nmediately | oading
into a cont aF‘}r/f@?ﬁ?dtPﬁnguﬁJ‘Pﬁ?”é’PPéﬂc %Wn&?ﬁenflﬂ’éﬁc%&‘??%‘?ﬂwﬁﬁ%‘cul ar sieve

i's cool ed by peQeidaGubin@evibel hofidd dGtaryRaRIR I thid bd SAYinEi8 SatchSRehd)at water is
prevented fromentering the pores of the nol ecular sieve. Preferably, the

gas is al@ryaphthe liker Calpination tiabe is typieplly deperdent ogdhe degreraitipdamingy 25 used to
dry nol ecul ar ¢si | ( - | trogen, helium flue
gas, o o cogbis REE sRES SR SR b B Sotpipinll T P95 ot o eater

t han about 0.075, preferably not greater than about 0:.05, nore preferably

oL greater N A0 02 el el YR Ve S B et NN 20OV
materials and to activate the molecular sieve catalyst of this invention. Such
15  temperatures are generally in the range from about 400°C to about 1,000°C, .
preferably from about 500°C to about 800°C, and most preferably from about
550°C to about 700°C.

Following heat activation by calcining for example, the activated

20 molecular sieve is cooled, since it will generally be at a temperature that is too
high for immediately loading into a container. In a preferred erabodiment, the
activated molecular sieve is cooled by contaciing with a gas, preferably a dry gas,
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

25  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

30 - 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



above, it is preferable that the activated nol ecul ar sieve be cool ed by
contacting 30 the gas in an environnent at a tenperature of at |east about
225C (e.g., desirably at |east 250C, preferably at |east 275C, nore

pr ef er abl ywat20bsm6ds5 300C, and nost preferably at | eastpSH0&Ghossolkhos
activation and subsequent cooling or drii ng of the WD 2005/ 000465

PCT/ US2004/ 015794 27 nol ecul ar si eve n be carried out in separate heating
units or in the sane heating wunit, though in different regions of t hat
unit. The nmethod of protecting actlvat ed nol ecul ar SI eve, i.e

met al | oal um ion due to
contact wt h%%gﬁggkg e St f%LH i v%%%%%p%%g?&? ﬁle%gl?ﬁhéa\{ﬁ% maki ng
and acti vat iunii, thadghdn differant eagivnp af thatkmls, as wel | as met hods for rraki ng and
activating fornulated nolecul ar sieve catalysts. In a preferred enbodi nent,
the nmethod of protecting activated nol ecul ar sieves is incorporated into

met hods for maki nghafdthod @f potdcyg adIQatfe@EﬁchaIaﬁﬂef@i @cul ar sieve catalysts.
I'n one enbodinent, faornulated cat agr/st I s made m X1 N t oget her

met al | oal ani AefAlioalminephasphaieamolsoulsr sigxe, ﬁwamt%!w@?tw onditdea bi nder to
forma slur rcxmaéfe%ﬂfwat& aaﬁfme%ﬁ@hunegrﬁléo%ﬁwfnwmmoa@fomqagsﬁ ormed

nol ecul ar sieve 15 cat al desired, tg;e orned catal yst can be
stored unti| agtivaingmolgg sw»?awrtl%twll@nmr ds dorpdung andrectivalingr ef or med
state, the c o as a result
of contact W?{J 1Mrr%‘%ds élreg'ﬁ rllggr‘\%t gf%@g@%@gﬁﬂére g??rmed%{ (%doc}}y S
acti vat ed by praiedtmgtactigiedirhdleculd serves mmcanplorm&mmmahodsdomﬂmgaﬂderrpl ate
material . .ln ord tect. the activated catalyst from deactivation, it
is dried8r @8 ‘f"gﬂ }?T“Efiq(afélrm%l?c‘g%sfeﬁﬁfatfaﬁl@ﬁ%i gnificant anount of water is
retained by the activated catal yst. The activated catal yst can then be
appropriately stored for an extended period of time, if desired. Preferably,
the pref ormed cat54'9%‘?(f’m@dﬂéﬁrﬁ’\fa‘fﬂéﬂatﬁ"%ﬁﬁta%@#%w&xﬁlgéﬁgﬁlﬂqf conposition 25
conpri sing atmétagat,..a it PRt RERHEL &R biRlier At ADOUL 5 wt
efer tgp]\ east&%%out i I

% and nost pr ao wt % st eam based on total weight
of the air  slurry. Water is removed from the slurry to form a preformed molecular sieve

15  catalyst. If desired, the preformed catalyst can be stored until a later date, when
activation is to occur. In the preformed state, the catalyst is generally protected

against deactivation as a result of contact with moisture.

In one embodiment, the preformed catalyst is activated by contacting with
20  air or air and steam to remove template material. In order to protect the activated
catalyst from deactivation, it is dried or cooled in a manner so that no significant
amount of water is retained by the activated catalyst. The activated catalyst can
then be appropriately stored for an extended period of time, if desired. Preferably,
the preformed catalyst is activated by contacting with an air composition
25  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.  Storin Storing the Molecular Sieves or Formulated Molecular Sieve Catalyst
30 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



conposition. IV. Storing the Ml ecular Sieves or Fornul ated Ml ecul ar Sieve
Catal yst 30 The activated nolecular sieve is stored so that there is not a
substantial loss in catalytic activity. Catalytic activity according to

t hi s i nvenwiozoos/mo4def i ned by a net hanol uptake index. gdgysmédnagel upt ake
index is defined as the ratio of WO 2005/ 000465 PCT/ US2004/ 015794 28 the
met hanol adsorption capacity (w % of28&n activated netall oal um nophosphat e
nol ecul ar sieve at the tinme of nmeasurenent to the maxi num et hanol
adsorption capacity (wt % of the activated nol ecular sieve (i.e., the

initial methgnol ..adsorption capacjty,.aftfer activation). For exanple, this
neans that a ea{B?tPW? 3’%"%?%Ic@iagﬁlé{;ms/?):?ft@ntaﬁ%‘fatt%dﬁlgc‘aa'{?%lgol?hr?sfgjﬁi’g;I ytic
activity w | indieviar siev@ithBighe Uphedsarementts thexhadmumhes®aml adsoftiohvat ed

nmol ecul ar sieve fhat has little to no catalytic_ activity will have a

met hanol upt §RRAcTty, (Rt op ot the acf’é(éﬁﬂﬂﬂ%_gmﬂ?v%&s@ﬂlﬁﬁﬂrﬁﬁ%bl adsor ption
capacity are ;4aobnlcapddyhh tieatﬁoﬁf.chdae&%nﬁ&gmg;ﬂeang Al dtivaidy 2 preferred
techni que, about” 5 ng of "sanple I's "introduced Into a thernogravimetric

anal yzer fTGajolecukas sisueribithas g0 Sash reeataditictagtivity widkhave p encthasoluptakecess, whi ch
I ncludes: (1 | r gg@&?% Iy |t neat up rate of
20C/mn. in é}@?%&%%%%{ﬂﬁa&g{ﬂeﬁ or ldlﬁgc%gtnt}aé?i%%tgwf’;cgtgﬁggcool ing to 30C
in air. Aftenctihly wilihaiea mthandaptakelindeof @.he air flowis 15 switched to a
met hanol containing nitrogen flow with a nmethanol partial pressure of 0.09
atm The sanple is contacted with this nitrogen/ nmethanol m xture for 180

m nutes. The net hgashniqids Rk Richsifing &e@héladsdiptidifcapiligite RRWAABL Wei ght
increase_after the 180 ninutes contact_ with the nethanol vapor. 20 In one

enbodi medf ofhaspef prdinsnt skfhin thewrt e nreferer ivphniqus shouss meoframdleial i s
| oaded into @nmn&ew@ratha}&%vw&i&awwg@@gtqhxgwple_%s sbpBlehteant |y |ost.

Desirably, the nolecular sieve material® that oaded I nto the contai ner
has a net hahedt tepimenbpionesaxwigéh imclufiesal) heating fromr ey talspsraturdite nol ecul ar

Sieve mater i goect Yo /el BRI 6818 Mol 480% AELIARL' UPL 2Ke

i ndex of at |'eéas
air; and cooling to 30°C in air. After the sample has reached 30°C, the air flow is

15  switched to a methanol containing nitrogen flow with a methanol partial pressure
of 0.09 atm. The sample is contacted with this nitrogen/methanol mixture for 180
minutes. The methanol adsorption capacity is the weight percent weight increase

after the 180 minutes contact with the methanol vapor.

20 In one embodiment of the invention, the activated molecular sieve mate|ria1
is loaded into a container before the catalytic activity is significantly lost.
Desirably, the molecular sieve material that is loaded into the container has a
methanol uptake index of at least 0.15. Preferably, the molecular sieve material
that is Joaded into the container has a methanol uptake index of at least 0.4, more

25  preferably at least (.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

30  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.



25 preferably at least 0.6, and nost preferably at |east 0.8. In another
enbodi nent of the invention, the activated nolecular sieve material that is
low in water content is |oaded into a container at a tenperature of at

| east 225GyoRiRfoedsgd! Y the catal yst is | oaded into a coigtraisa®u/osa
tenperature 30 of at |east 250C, nore preferably at a tenperature of at
| east 275C, nost preferably at a tenmp®ature of at |east 300C, and
particularly at a tenperature of at |east 340C. WD 2005/ 000465

PCT/ US2004/ 015794 29 In yet another enbodi nent of the invention, the

cont ai ner provid an nhydrfous envi.ronnent. Such_ an envi.ronnment can be
provi ded by cove%t?‘}?@‘“@mtao élbelpﬁ?’ﬁ“”.é’ %?ﬂnéﬁ%rpr?/‘\?{eﬁmé gas or |iquid
bl anket undegntdifing eptfonn@si) Fuch SNenvirEmBItQYwh B ProRRIe8 by cotdiiag @ghydr ous gas
or liquid blanket will have no 5 nore than a limted anount of water. The

anhydrous ga&®¥t apkedintogroplginst Wik & &8s ordiqyidrblanket deraldforbns or under
at mospher | ¢ iRl RS pikEANESE BRYA| A P Blioul LhuileRl Ritosghave not

greater than about 1.2 volune percent water, pre not greater than
about 0. 25 vomgrethpes bmited amownt of wakdr. riheanhydséusrgab blankeicamybeprowided han  about

0.02 vol une tep.. The | guj | anket will desi.rably 10
have not gregf‘{ée?%}#g}r%‘ac é’g@l&{’@?}dﬁ g%ﬁﬁqﬁvé ef'r"r,Ecl (%;%%gelr%gg S?/“%S%%“ﬁé%’t%ﬁ t han about
100 ppm wat eill dasivablythees qut gfeateathhy atit 1 @rveiings pardeatiwaten prefarfbippos wat er. The

anhydr ous environpgent, can,be applied during, storage, . fransport _or |oading of
the activat E’ifa‘i?’ég‘gﬁ’ pbgut 8@9’ REFRSOLY s Oﬁlpé%%@]r’fyi‘?t Epe@tﬁgthﬂ?lder
standard t enpRsuabIOR S oRMt peRieRSHAEE T8O RftlydidU8 Hma b ARESwiN UesiFBRCL tO any
significant degree with the nmolecular sieve structure. The gas is

pref er ably sBreEaobgrenieothan prouy 2 pyme Batst prafergblymot grateidhamaborelum  co, o2,
H2, argon, Oé%amlw‘agéi',tanﬁlr}ﬁ?!:bﬁ?erﬁlﬂ?ﬁ@c;ér%llér)ﬂmgab% 5%'@%?&. warticularly
cycC n reo

nmet hane and hane), cycl o-al kanes : m xtures t , €.g. air. Air 20 is
a preferred gehydrophenyjtonmghinakde applied daringstotage, iadspett cadoadmgad ther e,

i ncludi ng under [ or at pressures above standard, even if the gas
becones | qui?ugJ 3&6}4%#&%' '

15 The anhydrous gas blanket is a gas under standard temperature and
pressure conditions and does not react to any significant degree with the molecular
sieve structure. The gas is preferably selected from the group consisting of
nitrogen, helium, CO, CO;, Hj, argon, O, light alkanes (especially C;-Cy4 alkanes,
particularly methane and ethane), cyclo-alkanes and mixtures thereof, e.g. air. Air

20  is a preferred gas. The gas blanket can be maintained at any pressure, including
under vacuum or at pressures above standard, even if the gas becomes liquid at

pressures above standard, as long as the conditions remain anhydrous.

The anhydrous liquid blanket is a liquid under standard temperature and
25  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, Cs-Cso aromatics, alcohols, particularly Cs+
branched alcohols.

30 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



pressures above standard, as long as the conditions remain anhydrous. The
anhydrous liquid blanket is a liquid under standard tenperature and 25
pressure conditions, and does not react to any significant degree with the
nol ecul ar ®oa¥es;widssict ure. The liquid is preferably selmetedodsioastos he group
consi sting of alkalies, cyclo-al kanes, C6-C30 aromatics, alcohols,
particularly C4+ branched al cohols. 380V. Uses of the Ml ecular Sieves The
nol ecul ar si eves descri bed above are useful in a variety of processes

i ncludi ng cracking of, for exanple, a naphtha feed to light olefin(s) (U S.

Pat ent WD 2005/ 465 PCT/ US2004/ 015794 . 30 No., 6, 300, 537) qr__hi gher

mol ecul ar vve@nggg%’gg’nﬂ&%&P%ﬂ’gth&mWP%@ﬂ%‘ﬁﬁwydr ocracki ng
of , for exanpi@ocdBehsyhRRbeXkBIEBEABHLQAMpLY Gbdvy pefrSIEAS AGK: cyci@Mer i Zation of
for exanpl e, Ifaromall% I.cs 'such a%,fgy’l ene'ie pol éﬂErlﬁatI?n of , for exanple, one
or nore ol ef feedepelk; dsogresiaation LERAMPIC, FopyaBeR UEl ageflencii ng; hydr ogenati on;
dehydr ogenat .:pglé]ri:neﬂﬁmio@gfopéxaﬁp?er ot 'RoE 1eﬁﬂ§?£o 8&&8'&}3[&&‘9”‘)"9 strai ght
chai n paraffins; absorption of, for exarere, af‘ aro I'C conpounds for
?] egar ati lr)lg optodjuﬁtommgléwémgwa&bﬂc)lfb?&d;mann; ﬂmaxz@(dlnflmlr examgplgnat i ¢ I
ydrocar bons,such as henzene and, a zene tipna Wi propyl ene
to produce C&P@rﬁgarﬁ ns&f {A9EA a‘%ﬁtfbﬁxgﬁéwﬁs%sﬂpgﬁ%Sgggfleég?‘glﬁ’ %ff]},d 10 for
exanpl e, a cefindfiaicoRpoiids draemiritiagdatisfiatry kol aale@ionbf¥per ocar bons;

deal kyl ati on; hydrodecyclization; disproportionation of, for exanple,
toluene to REREPIHSEFBHE IE’HEP%%PMP%@“%‘WQBW&WW, eptionallt  exanpl e,

strai ght andy;fgr 16 PRIdBculchO65With RAE ARR ¥RERS Yahd dtdRof 15 Preferred
processes include processes for converting naphtha to highly aromatic

m xt ur es;10codwrexaiply, # peyphinatiogfof arosiatic andpalpkyiaromatichydrocartvss;and

| ubri cants; FuN . f ) erti i.ght paraffins
to olefins arﬁlgéa%%%‘;é{f g?rdértS g%g&ﬁ%@ﬁg%sgr\?&b ﬁ°¥1‘£g]‘£°§n°sf’at§g% rﬂé%é, %‘éﬁlrngggr bons

(et hyl ene anddale baezehe irelpryaxlylene;aligehyritation of, far@ruepls) simighhémi al cohol s,

acl ds and es tb?arncszhed chain olefin(s); and dehydrocyclizaﬁon.

15 Preferred processes include processes for converting naphtha to highly
aromatic mixtures; converting light olefin(s) to gasoline, distillates and lubricants;
converting oxygenates to olefin(s); converting light paraffins to olefins and]br
aromatics; and converting unsaturated hydrocarbons (ethylene and/or acetylene) to

- aldehydes for conversion into alcohols, acids and esters,
20
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
25  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 sthanol, alkyl mercaptans such as methyl
30  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 chioride and ethyl chloride, alkyl



20 The nost preferred process of the invention is a process directed to the

conversion of a feedstock to one or nore olefin(s). Typically, the feedstock
contains one or nore aliphatic-containing conpounds such that the aliphatic

noi ety conweizoi/obdsesn 1 t o about 50 carbon atons, such ggrivsasasbidrey 20 car bon
25 atons, for exanple from1 to 10 carbon atons, and particularly from1 to

4 carbon atonms. Non-limting exanpl es3lof aliphatic-containing conpounds

i nclude al cohols such as nethanol and ethanol, al kyl mercaptans such as

met hyl 30 nercaptan and et hyl nercaptan aIkyI sul fi des such as net hyl

sul fide, alk Ian1ne such as net alkyl,ethers ch as, di net hyl
et her, diet aéﬁﬂl'l"thﬂtlﬁgﬂpﬁtfgm an&IVI@?P“SI‘P&quG a3EHHiCas et hyl

chloride andmﬁ&hyl chloride, alkyl WO 2005/ 000465 PCT/ US2004/ 015794 31
ket ones such as di nethyl ketone, fornmaldehydes, and various acids such as
acetic acid. In a preferred enbodi nent of the process of the invention, the

feedstock S contlirefllics Ohndhey SUUBIRLRSr WIBLERRESh gkl one o more

organi ¢ conpoun contarning a ne oxygen a nost
preferreds ecdntaikisraetor oford Mgmmassrempemﬁmﬂy,tomm ntohaeorga:rygenat e in the

feedstock is _one o [e aIc refera al i phatic.al cohol (s) where
the aliphati %Ol?ﬁ?i"ﬁ‘i(ﬁ)%qn Lﬁgﬂ?)‘)?‘é’g on ey Bb%]e g" ﬁ% & bon at ons,
preferably fé&mpdimén oimew&mm&ﬁﬁon ili%oa@gedm% tﬂUiﬁécﬁfo@MSYOnEme 1to 4
carbon atons. The alﬁshols useful as feedstock rocess of the

i nvention i n@PEEohalkD)y Prsferably;pliph WWK@H@W%W&W@PPMwe thg| cohol s and
their unsat Uil@&tﬁftsﬂ%'ﬁtoﬁ{ Pﬁﬂoscarﬂﬂﬂ'&tdxﬁs”?{efd?&lffraﬂipﬂ t%qo%rb%x&?daat es include

nmet hanol , et hanol’,” n- propanol , 1 sopfopano et hyl et her, dinethyl
ether, di®t hgndmtnsliere,ferebly ﬁlosnbwdwrboe-tatms 'Hl‘@raimhdehgﬁfd asdgedslotlyin car bonat e,

di met hyI ket ga %toc@s%eotfiﬂ?e iAGdation e Mwek w}ﬁghttaﬂg bAEhed chain aliphatic

alcohols and their unsaturated counterparts.

Non-limiting examples of oxygenates include methanol, ethanol, n-
15  propanol, isopropancl, methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,

and mixtures thereof.

In the most preferred embodiment, the feedstock is selected from one or
20  more of methanol, ethanol, dimethyl ether, diethyl ether or a combination thereof,
more preferably methanol and dimethyl ether, and most preferably methanol.

The various feedstocks discussed above, particularly a feedstock
containing an oxygenate, more particularly a feedstock containing an alcohol, is
25  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.

30 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



In the nost preferred enbodi nent, the feedstock is selected fromone or 20
nore of methanol, ethanol, dinethyl ether, diethyl ether or a conbination
thereof, nore preferably nethanol and di nethyl ether, and nost preferably
met hanol . Wwoeosswooess feedst ocks di scussed above, partigeaegbosoasHeedst ock
cont ai ni ng an oxygenate, nore particularly a feedstock containing an

al cohol, is 25 converted prinmarily in3 one or nore olefin(s). The

ol efin(s) produced fromthe feedstock typically have from2 to 30 carbon
atons, preferably 2 to 8 carbon atons, nore preferably 2 to 6 carbon atons,

still nore preferab to 4 carbon at ons, . and .nos referably are

ethyl ene andf”é‘FgeBﬁﬁcLéF‘iﬂ%"%’ %Stﬂﬁ%fgr&@yél%eg}?@liwg@ﬁ“ﬁgﬁaﬂ % fe i nvention is
particul arlycstseftet inithe ﬁﬁ%ﬂc@&%ﬁﬁﬁcﬁlﬂ%ﬁeﬁ_&aﬂ?ﬁﬁb b¥iti6ein®d srRGbrt 0 as the
gas-to-ol efins (GIQ process or alternatively, the nethanol-to-olefins

(MrO) pr oces&orq ¢jefips Prsfesakly and predopginsmtiysstdenegmdforpropelenn 4/ 015794 32
oxygenat ed feedstock, nost preferably a nethanol -containing feedstock, is
converted in the presence of a nolecul ar sieve catal yst conposition into one
or nore 8l ef i n( shn additiohde thel oxygandiespmponent aunhl ag mathanyl, thedeesistwtlor propyl ene.

5 20 L1 OBl 8ol G5V ISR SRR VR ar Sl pHRLARAR g e 1 eedst ook

may contains one or nore difuen ner a ntgﬁi}er eactive to the
f eedst ock or fesddteck dramolsdudaraievatathlyss composition dnt are tgpidalbyr@ed Jopedwlel y used to

reduce the goncentratio f .t eedstock. Non-lim.tjng ex | es of
di l uents inc&ﬁd’@m’eﬁ ?‘?%ﬂr}tﬁ?ﬁa%?“ki ﬁga%laﬁ?n%w#%%%%&évﬁe bon di oxi de,
wat er, essenhlaim, YargdBnikBgdr osrbbRofXidf édrbsh diSERE G a8dr] dbsadkilli@sm-such as

nmet hane, et hane, and propane) essentially non-reactive aromati c conpounds,
and ni xt &9esrqaﬁfewaﬁgm1@5. nesiadly alkpecs suoheag mpthane fthangrand wrapare)and ni t r ogen,

wi th water bei.ng: I ¢ T, ' I | e water, may
be used eit hgésgﬁ]aﬂg%#g%cg&%%og%‘g%%{rﬁ qﬂqif %h?rrﬁ]kh%%%crgéﬁbﬁhga I'on t hereof.
The di |l uent peeferted dilbediearcaddiardndinitregen, with ovatdndeinf pedistlodik pefdreedi ng a
reactor or added directly to the reactor, or added with the nolecular sieve
catal yst conposition. ‘

The diluent, for example water, may be used either in a liquid or a vapor
15  form, or a combination thereof. The diluent may be either added directly to the
feedstock entering a reactor or added directly to the reactor, or added with the

molecular sieve catalyst composition.

The present process can be conducted over a wide range of temperatures,
20  such as in the range of from about 200°C to about 1000°C, for example from
about 250°C to about 800°C, including from ab-out 250°C to about 750 °C,
conveniently from about 300°C to about 650°C, typically from about 350°C to
about 600°C and particularly from about 350°C to about 550°C.

25 Similarly, the present process can be conducted over a wide range of
pressures including antogenous 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.

30

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



The present process can be conducted over a wi de range of tenperatures, 20
such as in the range of from about NOT to about 1000C, for exanple from
about 250C to about 800C, including fromabout 250C to about 750 C,

conveni ent Wwo Feswwabout 300C to about 650C, typically fporabauwis8p0C to
about 600C and particularly from about 350C to about 550C. 25 Simlarly, the
present process can be conducted over 3 w de range of pressures including
aut ogenous pressure. Typically the partial pressure of the feedstock

excl usive of any diluent therein enployed in the process is in the range of

fromabout 0.1 kPaa to ,about 5 MPaa, iuch as fromabout 5 kPaa to about 1
MPaa, and coRYaNH&AmPYsition, typicablyranges e 20e1 14650 i abonbs (0845 » sueh 2he wei ght

hourl'y 'space sgl Beii ¥t \tbi@ut 3068 e S BSrlpErbAkBbut WaIrY S bt 10pedst ock
excl udi ng an&#l | uents per hour per wel ght of nolecular sieve in the WO

2005/ 000465 ayiently7fem abaut ¢ehe] tp sbout dARBRY ¢ ilnane embridimenity r anges
from about 1 f r | ;L0 about 3000
hf 1, for exa#%l@hﬁygﬂgggﬁjp%ggﬁflp %ng, ‘g%%gfe%?%%% C%ﬁ}aﬁgqgén%%%%nr%%ni ently from

about 10 Bf 1 dinwtiat ether, i0AAhdfahge ¢fifroansboattioldi e about 300Rr WHSV i s greater than

20 hfl and, where feedstock contains nmethanol and/or 5 dinethyl ether, is
in the range of fromabout 20 hi' to about 300 hfl. Were the process is

conducted in a f| whtezR6pRRehs i$ ERdSdIRER i fRidzedRa, thY SdpReidial ghsSGV) of the
feedstock including diluent and reaction products within the reactor

system and pelPei@CIDI0f the feedstock incjuding dilagnt apd regytion producty withie thg. 1 net er
per 10 secon : L e reater than
1 m sec, for geaé%%fe)enﬁ? gg{g}g?ﬁt aﬁﬁ%ﬁ#ﬁg%‘gr’@acg% \)/’reﬁr“nﬁ@%%slt ?/Hgl?eet%ﬁ)g? ‘than 3

m sec, and@ t ypond(thisec) ek negreattyathan0. frindsec, suSeas groaterthampingset) f  Pat ent

Application rial . 9,708, 753 fi.l enber, 8, 200 whi,ch is herein
I ncor por at ed§§a§np3%?rggtgﬁtggpéfgsgdfh%o%?%%nglg’sgl%%}/er%?ﬁlﬁ{?g‘f‘itap‘gwpfcg‘h%onveni ently
conduct ed as geeafer thadl 4lp/dec. [Feo farexampsle U Patchypplizhtion SgiabdNb) ui di zed bed
process (i nClObIHb£953aﬁfeH E\T%lxjrlenelgér 8?%100, which is herein incorporated by reference.

15 The process of the invention is conveniently conducted as a fixed bed
process, or more typically as a fluidized bed process (including a turbulent bed
process), such as a continuous fluidized bed process, and particularly a continuous
high velocity fluidized bed process.

20 The process can take place in a variety of catalytic reactors such as hybrid
reactors that have a dense bed or fixed bed reaction zones and/or fast fluidized bed
reaction zones coupled together, circulating fluidized bed reactors, riser reactors,
and the like. Suitable conventional reactor types are described in for example
U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and

25  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

30  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.



process), such as a continuous fluidized bed process, and particularly a
continuous high velocity fluidized bed process. 20 The process can take
place in a variety of catalytic reactors such as hybrid reactors that have
a dense bewvmzoosnooeed bed reaction zones and/or fast fl upgiaeshodfidresr eaction
zones coupl ed together, circulating fluidized bed reactors, riser reactors,
and the Iike. Suitable conventional re3tor types are descrlbed in for
exanple U. S. Patent No. 4,076,796, U S. Patent No. 6,287,522 (dual riser),
and 25 Fl uidization Engineering, D. Kunii and O Levenspiel Robert B.

Krieger Publ YQr. New York 1977 all herein
fully incor B%Qfg%m gﬂl\lg&/(m% BF%’F%HFF’&IW&"&;H‘%M% e riser
reactors gengiRldoYatélESridlgshel N Ri ser 30 Reactor, Fl uidi zat i on and

Fluid-Particle stens, pages 48 to 59, F.A Zenz and D.F. OQhno, Reinhold
Publ i shi ng Corporation, New York, 1960, and U S. Patent No. 6, 166, 282

(fast-fluidized b , | L, G-

2005/ 000465 PCT/ Ugg%‘{?j%%%?%ggn%ﬁ?é%?é@%’{sfcﬁ?‘glé{e%%lﬂz&%% J3rm| tiple
riser reaét op)qcembtghafebac&yﬁluidézedbudpmbdsyuﬁﬁzing)amactatsz,dtehyaref erence. . In
one practical_enmbodi men ‘1”@ B%O cess.is conducted as a fluidized bed. 5
process or hi'g¥ %‘i‘%‘cﬁyt*&?h’r 4 garyggﬁ Brocess utilizing a reactor system a
regeneration systemand a recovery system |n such a process the reactor
syst em conveni ent I pcl udes fluid bed reactor system haw ng a first
reaction zone wi tHﬂm ROTRSESTIBF Eartpsyptemeqryaensly mgiues sluid bedcond reacti on
zone W thin afaclo@apten? AfiAl  BRYALLNE 268SWRhin ohY B £8td rYseFRANGI(SHNg One or
nore cyclones. In one embodinment, the one or nore riser reactor(s) and

di sengagilfg weseail rwc‘eorcmneamﬂerdat\,lpasm:n disengagiigevessshdymvallyessel . Fresh
feedstock, preberabl v, QAL AN & ABESNY JRNALES mopDfdpnal | v with
one or nore dritien I} F 0 & on riser treac or(s) into

whi ch a 15 nméaemﬂs}amrhdlﬁmgam wsyathreccomame&i tmhm asinglefeactoyesssslon t hereof is

ntr |
I ntroduced. resh feedstock, preferably containing one or more oxygenates, optionally with

l.'ﬂ

one or more diluent(s), is fed to the one or more riser reactor(s) into which a

15 molecular sieve catalyst composition or coked version thereof is introduced. In
one embodiment, prier to being introduced to the riser reactor(s), the molecular
sieve catalyst composition or coked version thereof is contacted with a liquid,
preferably water or methanol, and/or a gas, for example, an inert gas such as
nitrogen.

20

In an embodiment, the amount of fresh feedstock fed as a liquid and/or a

vapor to the reactor system is in the range of from 0.1 weight percent to about 85
weight percent, such as from about 1 weight percent to about 75 weight percent,
more typically from about 5 weight percent to about 65 weight percent based on

25  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
30  or fully, in the first reactor zone into a gaseous effluent that enters the disengaging
vesse] along with the coked catalyst composition. In the preferred embodiment,
cyclone(s) are provided within the disengaging vessel to separate the coked



one enbodi nent, prior to being introduced to the riser reactor(s), the

nol ecul ar sieve catal yst conposition or coked version thereof is contacted
with a liquid, preferably water or nethanol, and/or a gas, for exanple, an
i nert gas wswchoamosesi trogen. 20 In an enbodi nent, the apEwp§06fo150esh
feedstock fed as a liquid and/or a vapor to the reactor systemis in the
range of fromO0.1 weight percent to abddt 85 weight percent, such as from
about | weight percent to about 75 weight percent, nore typically from
about 5 wei ght percent to about 65 weight percent based on 25 the total

wei ght of the tock.including an Fl uent . contained th i The liquid
and vapor feecéisaf}%géo pr?gwoﬂg%%@e ggsﬁ%%c%ﬁrrlfo%gf%twg gpe ?ﬁfﬁorc? %L@g{}% varyi ng

gr ?)port i onshaﬁi}fﬂiﬂﬂﬁlemkgdgingi\ieééeﬁ:rmgtougbeﬂﬂdmk&pm':fbﬂied, @&vﬁfﬂeﬁ‘ecgslr di fferent .
iluents. The feedstock entering t reactor systemis preferablly converted,
partially 3cyﬂ81mﬂ1§|q?wgqamwés panElsor6 dstfo sodpmle fsrcatalyLesTRGR LRt f | Lent

that enters tffn GeREDAYbMlent SRR mefloddfbr YegabatinB theCladpht 6thpdsivh
conposition. In the preferred enbodi ment, cyclone(s) are provided within

t he di sendagifrm theggagous efflyeninclude thowse obRlakes\neps iomeomd 5 Like.

PCTI US2004/ 015794 35 catal yst conposition fromthe gaseous effl uent
containing one or nore olefin(s) wthin the disengagi ng vessel. Although
cycl ones are pref dnorelemboedimentythe fiisengpging wedstli includes adirppimgazgheyg vessel can
al so be used ta arate the.catal yst conpositio fram.he eous

of fluent . o HEORBORGILvFaPris R n Forperahe Yeaiek: fhuhe LORMBEFATAR 5 1rom t he
gaseOIrJﬂS) gffl L@B&d%ﬂﬁij&dﬂd&nﬁ&‘@ﬁdﬁﬁ@c@ﬁaﬂﬁd&ﬁﬂﬁa gﬁ@;ﬂﬁfer&llmraand the like. : In
one enbodj nent, t{he di sengagi ng vessel inc¢ludes a strippjng zone, typically
inalo pmb&?u%f’?ﬁ%! agqaﬁﬁn@&%{swarwmﬂ@ & hisesrd: Fone { he
coked cat al ysj is@PpRSUEH &fhrich, By §Ehnith RecBvadsoriiddlyafRindnone or a 10

conbi nati on of steam nethane, carbon di oxi de, carbon ndnoxi de, hydrogen, or
an inert gas fsmtepoked eptalyst perapasitiop|that ix themintrodnoed tothe regsussdtidne d

hydr ocar bons sygt(ﬂ%mthe coked catal yst conposition that is then introduced to
t he regeneratron

15 The coked catalyst composition is withdrawn from the disengaging vessel
and introduced to the regeneration system. The regeneration system comprises a
regenerator where the coked catalyst composition is contacted with a regeneration
medium, preferably a gas containing oxygen, under conventional regeneration
conditions of temperature, pressure and residence time.

20

Non-limiting examples of suitable regeneration media include one or more
of oxygen, Os, SO3, N0, NO, NO,, N20s, 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

25  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

30 750°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),



system 15 The coked catal yst conposition is withdrawn fromthe di sengagi ng
vessel and introduced to the regeneration system The regeneration system
conprises a regenerator where the coked catal yst conposition is contacted
w th a regevermsommss nedi um preferably a gas contai ni ngepxx¥agieisader
conventional regeneration conditions of tenperature, pressure and residence
time. 20 Non-limiting exanpl es of suitdble regeneration nmedia include one or
nore of oxygen, 03, 503, N20, NO, N2, N2CGb, air, air diluted with nitrogen
or carbon dioxide, oxygen and water (U.S. Patent No. 6,245, 703), carbon

nonoxi de and/.or. ..hydrogen. Suit regeneration.c Ltjons _are those

capabl e of bd?ﬂ?ﬂﬁgg%%%ﬁgtzlfs’r%’rﬁétﬁ?z‘%‘@a%gb%@ﬁé\q)%?a@gjllr%%?&tainanz pref erabl y
to a level | estvinially@rom MInOIU psid@0T EPda) RAamoth (Upsid\@14 gbad). wei ght of the
coked nol ecul ar sieve catal yst conposition entering the regeneration
system For exanple, the regeneration tenperature may be in the range of
from about 200C t%@'?é’siﬁenéer’@tga goftﬁé'@xﬂalgﬁco gﬁdé@i&ggqﬁeéggl .ol t 1000C, for

exanpl e from about 450C to out 30 750C, conveni éntly from about 550C
to 700C. Phe inthgaargeatifiom shostengmeinutede sayeral hours sucheasfwmaboiit om about 15

psia (103 kPaga). 1t 1 0 | 4 kPaa) ,..such as. from t 20 psia
(138 kPaa) téﬁégtgg @@%‘%@%aﬂﬂ??%"ﬁ%ﬁ%ﬁﬁ?ﬂy\@a %@?@W@?nﬁ%ﬁ?’%@%om 015794
36 i ncl udi ng if ierusdeaiftronbatpat @01 héRigRart tb abah Suhold pecagibased ba3e kPaa), and
conveniently from aboué 30 psia (207 kPaa) to about 60 psia (414 kPaa). The
resi dence ti & 2bYolPREOtME 8Py st conposition in the regenerator may be S in
the range of from about one mnute to several hours, such as from about one
mnute to 100 m nutes, and the volune of oxygen in the regeneration gas may
be in thé range dheprorngefsoke b theregeeation sien i an XoRsHMC reacton. énder cent
based on the jn bRbAbodifettiotlmbdiunarithic e Indibid fhefilis BRI LY N
regeneration step I's an éxot m c reaction,” an :

various techniques in the art including feeding a cooled gas to the regenerator

vessel, operated either in a batch, continuous, or semi-continuous mode, or a

combination thereof. A preferred technique involves withdrawing the regenerated
15  catalyst composition from the regeneration system and passing it through a

catalyst cooler to form a cooled regenerated catalyst composition. The catalyst

cooler, in an embodiment, is a heat exchanger that is located either internal or

external to the regeneration system. Other methods for operating a regeneration

gystem are in disclosed U.S. Patent No. 6,290,916 (controlling moisture), which is
20  herein fully incorporated by reference.

The regenerated catalyst composition withdrawn from the regeneration
system, preferably from the catalyst cooler, is combined with a fresh molecular
sieve catalyst composition and/or re-circulated molecular sieve catalyst

25 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

30 facilitate the introduction of the regenerated catalyst composition to the reactor

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



I n an enbodi nent, the tenperature within the regeneration systemis
controlled by various techniques in the art including feeding a cool ed gas
to the regenerator vessel, operated either in a batch, continuous, or

sem - cont i mmem@s/a0ess, or a conbination thereof. A prefettedbH6RRquUE

I nvol ves wi t hdrawi ng the regenerated 15 catal yst conposition fromthe
regeneration systemand passing it thrddgh a catalyst cooler to forma

cool ed regenerated catal yst conposition. The catalyst cooler, in an

enbodi ment, is a heat exchanger that is |ocated either internal or external

to the regeneratign system O her t hods far operating.a regeneration

systemare in di s%Y&gﬁ‘aolﬁvgm@g%%ﬁq\rﬁgeng{%ﬁ@%g 8P o g‘ﬁ’l i sture),

which is 20 hedegératell dhialysi JoaRbHasREGSE thyrep@fcftioh Sfstend RSthe R@ERET at €d cat al yst

conposition withdrawm fromthe regener ation system preferably fromthe

cat al yst coolS¥tem, the epfmin deyel plicrke0n the sipleenlap sigyegatalyst eQrapesiion yst

conposition : a Lk CUL 2 ro S : osition
AL thFedohdr 8 nfRibhelD R bAlm iy 3 hn b Slo¥ BlnyroRinz D

and/ or feeds nd/ or fresh gas or |1 quids, et ur ne o the riser
react or (sP. [fleworfa catubisticorepasition describesbindishasti Lowgea Eymmerinwoteposi t i on

W t hdrawn fr. regepner ath on_Syst s neturne he_ riser reactor(s)
directly, preIO‘E(;ﬂr"E y&%f‘{aglpg?g‘slsfer% egﬁroﬁé%Agldf%é%%%é&lio&F%ﬂ A carrier,
such as an i Bladkieyd997 (38€d3T)pwhkich welpedin itbparatalbytbferdncke, may be used,

sem -conti nuously or continuously, to 30 facilitate the introduction of the
regener ated catal yst conposition to the reactor system preferably to the
one or NDre r'i Ser CoR@ME bf the HRROMBIIONGS BreRfdhb SR 00 410daHAE 17 By
controlling the flow of the regenerated catal yst conposition or cool ed
regener atléd caelystcompesitip Sow; thacaversiop processgaf detgrmigingdipsadamit o t he react or

t th ' |
system the %g%ﬂeﬁw BybRYAbvel oftBkEorPlle hdfeclRt &gﬁ% cﬁllafl]%s'rt ga{g?o;éﬁfﬁgh%/f&% echni ques

conposition L eri the reactor 1s maintain

for control | ireggnetaBorg afd inheohinge of fitoad §.81 weighyesécni wrabdetsiSridighd i n M chael
Louge, Experinental ., Techniqu Cireul ati | yi.di zed  Beds ace, Avidan
and Knowl t on PEESEL suchgs %81?1‘“ ?‘?@9]9‘761 chgg‘?,ageﬁilgﬁvﬁl tﬁ%ﬁ”%‘#ﬁ% ncor por at ed

by ref erence.example from about 0.2 weight percent to about 5 weight percent, and

15 conveniently from about 0.3 weight percent to about 2 weight percent based on

the weight of the molecular sieve.

The gaseous effluent is withdrawn from the disengaging system and is
passed through a recovery system. There are many well known recovery systems,
20 techniques and sequences that are useful in separating olefin(s) and purifying
olefin(s) from the gaseous effluent. Recovery systems generally comprise one or
more or a combination of various separation, fractionation and/or distillation
towers, columns, splitters, or trains, reaction systems such as ethylbenzene
manufacture (U.S. Patent No. 5,476,978) and other derivative processes such as
25  aldehydes, ketones and ester manufacture (U.S. Patent No. 5,675,041), and other
associated equipment, for example varions condensers, heat exchangers,
refrigeration systems o;' chill trains, compressors, knock-out drums or pots,

pumps, and the like.

30 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



Coke | evels on the catal yst conposition are neasured by withdrawi ng the 10
catal yst conposition fromthe conversion process and determning its carbon
content. Typical |levels of coke on the nol ecul ar sieve catal yst conposition,

after regevtefodémooiss are in the range of from0.01 wei gh¢T/BSI06HREL0 about
15 wei ght percent, such as fromabout 0.1 weight percent to about 10 wei ght
percent, for exanple from about 0.2 wei8ght percent to about 5 wei ght
percent, and 15 conveniently from about 0.3 weight percent to about 2 wei ght
percent based on the weight of the nol ecular sieve. The gaseous effluent is

System Ther OBt iy R Wb IAT e GRSy GFErabrortses, AR ucs and’
sequences t haherdb@ndssthidbnd qu; Siied ptdpdlent 603)RpBter AR bierd (8 Balitet. ef i n('s)

fromthe gaseous effluent. Recovery systens generally conprise one or nore
or a conbi nation of various separation, fractionation and/or distillation

towers, colums, d | | t hyl benzene
manuf acture (U.S. s‘%&%ﬁ%ﬁoﬁ%ﬁ%@% _978)ﬁgﬁgé‘é@ﬁ%rﬁﬁﬁﬁﬁgﬁ%&&ﬂ%ﬁ%ﬂgbsses such
as 25 al déhydwepylénstandios buteut, erstdescribad i A5t BatentNo. $,96@84%(secdidarys, 675, 041) ,
and ot her assgci.ahed i f e [ rs, heat
exchangers, ﬁ(%f?ﬂﬁg%r}easﬁgﬂanjg@%??g%%?s.é%{f?,h%,:ﬁgsg@?f(%@%ﬂgg@rS, knock- out
druns or pot s(menjhraeSepadatibnt)n¥.S. Pient 3672\ T-(biessutd depeicangiserdents), t hese
towers, colu , oSplitter rai ns used or_in | nation include
one or nore orﬁ%aPﬁm%gﬁ%%gég hﬁ&@ﬁ@?%‘&ya}é’a{hggﬁateqt&%égﬁ‘g% denet hani zer,
a_det hani zer , (r@of§Bd RRABLARS hyBoAThd LABEHE didkids i M 9 80PAGR No.

PCT/ US2004/ 015794 38 referred to as a caustic wash tower and/ or quench

t ower, abkbr bBP%7,063dEsprepdmethanakin gasdwbing pRyrEHent), epd Ush PatenelNo. propyl ene

(C3) splitter heoe ht ek, We) r useful for
recovering ol %’?@ gs(%u( sugﬁﬁgést q@%%?é%é P%é{lgygb?}?%lﬁe a%% ?r"]ﬁ ﬁélgﬁ%, are
descri bed i n witiut Rgediactidimtion), AGOUS4 Batentdbn 2B, P98 (Hresquretsivirigene st rean),
U.S. Patent N&%%Orpﬁbr%}v%hi%ﬁ%fc a?l’h%?e%ﬂ %{igcggpo?atgégy é?e%ence. '

15 Other recovery systems that include purification systems, for example for
the purification of olefin(s), are described in Kirk-Othmer Encyclopedia of
Chemical Technology, 4th Edition, Volume 9, John Wiley & Sons, 1996, pages
249-271 and 894-899, which is herein incorporated by reference. Purification
systems are also described in for example, U.S. Patent No. 6,271,428 (purification

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

incorporated by reference.

25 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 mauufacﬁning processes such as polymerization processes,

30  Therefore, in the most preferred embodiment of the recovery system, the recovery

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



(menbrane separations), U S. Patent 5,672,197 (pressure dependent
adsorbents), U S. Patent No. 6,069,288 (hydrogen renoval), U S. Patent No.
5,904,880 (recovered nethanol to hydrogen and carbon di oxide in one step),
U. S. Pat enfyo™Naesobfic®, 927, 063 (recovered net hanol to gaspdmwiddbdirifoyer
plant), and U S. Patent No. 6,121, 504 [("di rect product quench), U. S. Patent
No. 6,121,503 (high purity olefins w BRout superfractionation), and U.S.
Pat ent No. 6,293,998 (pressure swing adsorption), which are all herein
fully incorporated by reference. 15 Qther recovery systens that include

purification _syste for exa for | on. of. oleln(s) are
described in H@‘f“ﬁ@ﬂ%&“}éﬁwgﬁt@é’&?%“ﬁePf’éﬁ%‘rﬁ“@&ﬁ %B%%‘%?PS’@WS Hh Edition,
Vol ume 9, JohhatVWh@ys &ovoRREls oABRrodidAgesconidinadisl and 894-899, which is
herein incorporated by reference. Purification systens are also described
in for exanple, U S. Patent No. 6,271,428 (purification 20 of a diolefin
hydr ocar bon sy €aiyem éofm;saaemeas@na@m&msm ating propylene from
propane), and U.S. Pat plication iled October 20, 2000
(purge stPeam usi ﬁ@nhywmqungenia@fathyswennwehxeemélmémzethn foliavdng por at ed by
reference. 23 (eperal ly acconpanyi ng nost recovery systenms is the

production, generation or accunul ation of additional products, by-products
and/ or cont dxampietls al ong with the preferred prinme products. The preferred

prime products, e f,i a |.ene and. pr | ene, are
typically purifi edﬁ’ F{)‘i&i‘}gg?? 1&*3#’?’6‘8@?%78”%9&%%? e'sﬁﬁ'plf’p"(?ﬁ@ﬁges such as
pol yneri zat i ahicfbeleessesnvestibnkh@eRi0 tavirdlrid £R1y70S TGA)ETRE eaglysnbodi nent  of

the recovery system the recover system al so i ncludes a_purl f i cation

system P&~ sdispicwed P alra@HQO%\ﬁI%Q“Cer%IyOI\ﬂ@@W&BBOSPM%sz004/ 015794
39 produced Hﬁ’és%ﬁx%%%édbléd@o%“&ﬁbﬁ&?ﬁﬁﬁ%a@(e%nﬁﬁﬁ?g% WREWthea purification

system that renoves |ow | evels of by-products or contamnants. VI. Exanples
of Mi sture Edswptien temperharavblheduerhgas Jowirate WBs\IAPL sevmindpbabaidarint s of this

invention ar ecoﬁ?ﬁﬁ%5 la.lfld ﬁlg pi‘egS\IIQﬁ'l tLQ ITb%V\av&glIQJ psia (825.3 kPa). Aftera

stable weight was established, water was injected into the dry inert gas ata

15  controlled rate through a vaporizer. This provided a controlled steam flow rate
(cc/min at standard condition). The inert gas flow was decreased by the same
amount so that the total flow rate was kept at 150 scc/min. The partial pressure of
steam in the gas mixture flowing to the catalyst was calculated as P = (steam flow
rate/150)*119.7 psia.

20 |

" 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

25  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

30 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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TGA). The
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Exanpl e 1 About 40 ng of catal yst particles were |oaded into the
|1 of a mcrobalance (conventional thermal gravinetric analyzer,
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650 wt.% 0
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*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 SAPQO-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 sce/min (at standard
condition) and the pressure in the TGA was 119.7 psia (825.3 kPa). After a stable



psia (2147.1 kPa); and at 315C, P = 1,532.1 psis (10563.7 kPa). Table
Rel ati ve pressure (P/P) and anmount of water adsorbed (w.% Ads. T at
i ndi cated water partial pressures sia (00 25.4 26.9 34.9 38.6 45.3 50.0 60.5

61.5 67.7 WO m4ewiads) (psia) sia (psia) (psia) (psia) (peiesoipasmy 188 P/P
0.222 0.287 0.353 0.389 188 w.%6.44 8.78 10.69 11.33 212 P/P 0.093 0.134

0.174 0.214 0.235 212 wt.% 3.55 4.59 %153 6.75 7.38 216 P/P 0.082 0.112
0.145 0.194 216 W .%2.79 3.78 4.85 5.71 322 P 22.9 322 wt.%O0 450 wt.%0 O
O 650 -;W,0 * 25.4 psia = 175.1 kPa; 26.9 psia = 185.5 kPa; 34.9 psia =

240. 6 kPa; 38, ia =.266.1 kPa: 45,3 .5 la =.312. 3 KkPa: .0 psia =
344.7 kPa: 6&egghggﬁa%eséabi‘fg?diwﬁgé?"a%’i‘!%‘eﬁéﬁtg%h:e g iy %ﬁt;a%d??gﬁ Sia = 466.8
kPia Thle dat a rata tHnghhbJpl Gﬁi:dﬁﬁﬁ‘ﬁiafpﬁ)vﬁdbafa caﬂﬁTIRdtsieangt'amadeﬁPo ?40 082
mol ecul ar sieve, catalyst with.a gas_at a relative water pressure of O. or
greater 10 éf?ﬂd"’rigf’ i Ei‘%méft £99 few es fii’é’é?s?de@h@%am%a@%f‘%&‘ﬁ‘i al water

adsor ption bynd @Rl A6k M8 Wad kGl $05ke/mil Bkl pRASRS bt i ingneonsi dered to
result in a substantial loss in catalytic activity. Exanple 2 15 About 40

ng of cat &l y<es pasedlowingertee ¢atalyré wos ealanlatetbassanpl e cel | of a microbal ance
(traditional thermal gravi ”?ufg%ﬁﬁ%wﬁ%ﬁﬁo)%'? gige catal yst was cal ci ned
no an ) g

with air at about 650C for r ours at nospheric pressure, then
was cool ed down under dry inert gas (containing no water) to the adsorption

When steam was added to give 25.3 psia (177.4 kPa) steam partial
pressure as indicated in the Figure, the TGA recorded at first a fast increase in
10 weight due to adsorption of water, followed by a slower increase as equilibrium
adsorption was approached at the specified steam partial pressure (Pt. 1). 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
15  admitted to the TGA. Then the water injection rate was increased to provide a
steam partial pressure of 49.9 psia (344.0 kPa) and equilibrium adsorption was
achieved after about 80 minutes (Pt. 2). A further increase in steam partial
pressure to 69.7 psia (480.6 kPa) showed a further increase in weight of the
catalyst, due to additional water adsorption (Pt. 3). The Figure shows that when
20  water injection was stopped and only dry inert gas was flowing at 150 scc/min,
most of the adsorbed water was removed from the catalyst. However, there was
still 1.6 wi% 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
25  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).

30 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.



tenperature, 180-184C. The inert gas flow rate was 150 see/mn (at standard
20 condition) and the pressure in the TGA was 119.7 psia (825.3 kPa). After
a stable WD 2005/ 000465 PCT/ US2004/ 015794 41 wei ght was established, water
was injected into the dry inert gas at a controlled rate through a
vaporizer. This provided a controlled ? eamflowrate (cc/mn at standard
condition). The inert gas flow was decreased by the sane anbunt so that the
total flow rate was kept at 150 sec/min. The partial pressure of steamin
the 5 gas mxture flowing to the catal yst was calcul ated as P = (steam fl ow
rat e/ 150) ELAIMIS/ psia Wien steam was added to give 25.3 psia (177.4 kPa)
steampartial pressure as indicated in the Figure, the TGA recorded at
first a fast increase in 10 weight due to adsorption of water, followed by
a slower jncre LLddt i A6A ' / : pecified
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150 scc/mn, nost of the adsorbed water was renoved fromthe catal yst.
However, there was still 1.6 wt% of water remaining even after a dry gas

purge for2100 THeWERS 8f claitBR GHeRlin th)providedan&eUQMenigbstibspliard MgleeXper i nent
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m nut es. Sp¥fdeheteciedemarashe innpriate sivhform appotjrteghnetabigalyginophaseha@2C cannot
be accur a&giexulﬁlosg%fh%@ing‘égw&& Bhichedrst %regtgg{hgr??.o% BURENG tordi WRight P! € was
to 1 I'n G6rder to conpl et

cool ed bac
of the activated metalloaluminophosphate molecular sieve.

3. The method of claim 2, wherein the provided metalloaluminophosphate molecular
sieve is heated to remove the template and form an activated metalloaluminophosphate
molecular sieve having a water content of not greater than 0.8 wt %, based on total weight

of the activated metalloaluminophosphate molecular sieve.

4, The method of claim 3, wherein the provided metalloaluminophosphate molecular
sieve is heated to remove the template and form an activated metalloaluminophosphate
molecular sieve having a water content of not greater than 0.5 wt %, based on total weight

of the activated metalloaluminophosphate molecular sieve.

5. The method of claim 1, wherein the provided metatloaluminophosphate molecular
sieve is heated by calcining and then cooled by contacting with a gas in an environment

having a temperature of at least 225°C.

6. The method of claim 5, wherein the provided metalloaluminophosphate molecular

sieve is heated by calcining and then cooled by contacting with a gas in an environment



t he neasure of the desorption of water. The Figure shows that after
treatnent at 284C, the adsorbed water can be conpletely renoved (Pt. 5). 30
Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be perforned within a w de range
of paraneters, without departing fromthe spirit and scope of the
invention. 42 CLAIMS 1. A method of p#dtecting activated

nmet al | oal um nophosphat e nol ecul ar sieve from catalytic deactivation due to
contact with water, the nethod conprising the steps of: a) providing a

et al | oal pidpoPRRpERateoNRl@stdmrcsi eve having a tenplate therein; b)
heating the netall oal um nophosphat e nol ecul ar sieve to renpbve the tenpl ate
and forman activated netall oal um nophosphat e nol ecul ar si eve having a water
content o n . 9 . j

acti vat edirret gﬁ%ﬁ%ﬁéﬁ?él%%ﬂgg%hjwa%gmmr}r’gﬁ%u asg%@gfz&lggp%%&%?ﬁ%ﬁ I%fe claim
1, wher ei sievehiehgualbydaicimeg ahd thah doolabiphasHean g wirth lagasl irean ensiremeents heat ed
to renove, the tenpl ate atnd fori‘g an activated netal | oal um nophosphat e

mol ecul ar MYINBASeRRGTAMEe of #8ast2Ootht ent of not greater than 1.0 wt % based
on total weight of the activated netall oal um nophosphate nol ecul ar sieve.

3. The nmethod of claim 2, wherein the provided netall oal um nophosphat e

mol ecul ar8. si elte hethedef daim 5 whemiy thetphevidedrmétaliaalumidophosphatgemalscyletat ed

| 1 oal yni hosph ..l I ' s f
el | oo RSy JE SRR Lo Y ARG Ay T SO sl 7!
met al | oal kavinpaplempphaaireofmllestd@eCsi eve. 4. The nmethod of claim 3, wherein

t he provi ded netall oal um nophosphate nol ecular sieve is heated to renove
the tenplate and forman activated netal | oal um nophosphate nol ecul ar sieve

having a yat erTanpbRed (l)PJlaiHP{;, viHeRAH Bl ptdAdedOnetalibaiihinb@RRphad mbRE@Ar Wei gh

t
of the activated netall oal um nophosphate nol ecul ar sieve.” 5. The nethod of
claim1, siknsriehentedey qalciningend then avdledhbuerintrsphg withatges inotnesnyirapmend eve i s

heat ed by, cal cinin nd n Led by contacting with a gas in an
enui r ool et GRS of BIRFBRECS: 2, “Tenet 2280

10.  The method of claim 5, 6, 7, 8 or 9, wherein the gas is air, nitrogen, helium, flue gas,

or any combination thereof.

11.  The method of claim 10, wherein the environment has a relative water pressure of

not greater than 0.075.

12.  The method of claim 11, wherein the environment has a relative water pressure of

not greater than 0.05.

13. The method of claim 12, wherein the environment has a relative water pressure of

not greater than 0.025.

14.  The method of claim 13, wherein the environment has a relative water pressure of

not greatet than 0.001.

15.  The method of claim 1, wherein the metalloaluminophosphate molecular sieve is

SAPO molecular sieve.



6. The nethod of claimb5, wherein the provided netall oal um nophosphat e

nol ecul ar sieve is heated by calcining and then cooled by contacting with a
gas in an environment 43 having a tenperature of at |east 250C. 7. The

met hod of claim6, wherein the provided netal |l oal um nophosphat e nol ecul ar
sieve is heated by cal cining and then cooled by contacting wwth a gas in an
envi ronnent having a tenperature of atd| east 275C. 8. The method of claim
7, wherein the provided netall oal um nophosphate nol ecular sieve is heated
by cal ci ning and then cool ed by contacting with a gas in an environnent
having a {enperid HeBodbf @hin gaaﬂieréﬂﬁéatingcheTrha_am@umaoﬂ&os?maaé fMofculgherei n the
provi ded netal | oal um nophosphate nol ecular sieve is heated by cal ci ni ng and
t hen cool gevedy reraeicabe femplate end 2ctiyats thermetplleatyminephasphate malerwlar Bevedsper at ur e
of at |east.. . d of claimb5, 6, 7, 8 or 9, wherein the gas
is air, n???%&ggylé%??ﬁﬂ?egFﬁgggas, or any conbination thereof. 11. The

nmet hod of claim 10, wherein the environnent has a relative water pressure of
not great than 0.075. 12.. The,nethod o | aim 11, wherein the environnent
nas o ral Bt veAvestiad ShactGiing 26¢ IimesedosfurnppRgsptgBolsgar e et hod of
clai m 12, maihgd 8bfplidifs BR\icpOBITENt has a relative water pressure of not
greater than 0.02%._14. The met hod of claim 13, wherein the environnent has
a rel ative wat#prpdisg ametadioalungnophoshatermelpeilargicye having 8 temiate theravad of

ot coul ar " si vl g BAURE RIS G B EEH R iSloEUE, el
met al | oal agvivae pitoaphbdaduminopliasplate moleevlar $iove; emdve the tenpl ate and activate

t he netal | oal uni noph sphatec{mle ul ar, sieve, is arried out, in one or nore
m

vessel s. ¢) drying the activated metalloaluminophosphate molecular sieve to form an

activated metalloaluminophosphate molecular sieve baying a water content of not greater

fav)

than 1.25 wt %, based on total weight of the activated metalloaluminophosphate molecular

sieve.

18.  The method of claim 17, wherein the activated metalloaluminophosphate molecular
sieve is dried to form an activated metalloaluminophosphate molecular sieve having a
water content of not greater than 1.0 wt %, based on total weight of the activated

metalloaluminophosphate molecular sieve.

19.  The method of claim 18, wherein the activated metalloaluminophosphate molecular
sieve is dried to form an activated metalloaluminophosphate molecular sieve having a
water content of not greater than 0.8 wt %, based on total weight of the activated

metalloaluminophosphate molecular sieve.

20.  The method of claim 19, wherein the activated metalloaluminophosphate molecular
sieve is dried to form an activated metalloaluminophosphate molecular sieve having a
water content of not greater than 0.5 wt %, based on total weight of the activated

metalloaluminophosphate molecular sieve.

21.  The method of claim 17, wherein the template is removed from the

metalloaluminophosphate molecular sieve by contacting with a gas containing water vapor.



17. A method of activating and drying netall oal um nophosphat e nol ecul ar
sieve, the nethod conprising the steps of: a) providing a

nmet al | oal um nophosphat e nol ecul ar sieve having a tenplate therein; b)
removing the tenplate fromthe netall oal um nophosphate nol ecul ar sieve to
activate the netal | oal um nophosphat e n@%ecular sieve; and c) drying the
activated netal | oal um nophosphate nol ecul ar sieve to forman activated
met al | oal um nophosphat e nol ecul ar sieve baying a water content of not
greater than 1.25 w % based on total weight of the activated

met al | oal 23 nopixospthed ef claire t7) Ivdereirs ihe weetal b8luniiingphogthaedn décuddraiave is7,

wher ei n tgg @Ctiva ed. net al | oal um nophosphate nol ecular sieve is dried to
form an actf YAPYEWRSIEFoal umi nophosphat e nol ecul ar si eve having a wat er
content of not greater than 1.0 wt % based on total weight of the activated

met al | oal um nophosphat e nol ecul ar sieve. 19. The nethod of claim 18, wherein
the activated methed plslpisb bhodisrein te fgmplata isselectaddiaa the gapupegnsigfingor m an

activated j p . S i . cont ent of
ot gr eat TR B ERRERRSLAR BeDIERY, Bk PRI, piBliGhe

nmet al | oal uiethytyohios plyelbhexybdneoelltasetisi bydroxy2thylahinee, medrpbalinef diptopylamli®:, wher ei n
the activ met al | oal um nophospha nmo| ecul ar, sigeve is dried to farm an
heti vat ed Ik PN S GO DR B i fedttHed Four e P BT O ams gy ont of
not greater than 0.5 wt % based on total weight of the activated

met al | oal um nophosphat e nol ecul ar sieve. 21. The nethod of claim 17, wherein

the tenpl e i Shemphoddl ¢lpionl 1. méeraipthg laptbetadrmetalinadispinaphospittedaleatiarsi eve by
contactin i L h. WY . . ; claim
T wher ot ik Bl B2 oAt E iAol B en 8 Bhenchiving & rldhie Wb s © %)

si eve. 23of ndigraart had 0d¥75cl ai m 17, wherein the tenplate is selected fromthe

group consisting of tetraethyl ammnium salts, cyclopentyl am ne,
am nonet hyl cycl ohexane, piperidine, triethylamne, cyclohexylam ne,

tri-ethyl2fydropyQEMyd arting 24T HRR theQctivhtda RN &MiBophosphate molecular
sieve is dried by contacting with a gas in an environment having a relative water pressure

of not greater than 0.05.

26.  The method of claim 25, wherein the activated metalloaluminophosphate molecular
sieve is dried by contacting with a gas in an environment having a relative water pressure

of not greater than (.025.

27.  The method of claim 26, wherein the activated metalloaluminophosphate molecular
sieve is dried by contacting with a gas in an environment having a relative water pressure

of not greater than 0.001.

28.  The method of claim 17, wherein the template is removed by calcining with steam
and the activated metalloaluminophosphate molecular sieve is dried by contacting with a

gas at a temperature of at least 225°C.

29.  The method of claim 28, wherein the template is removed by calcining with steam
and the activated metalloaluminophosphate molecular sieve is dried by contacting with a

gas at a temperature of at least 250°C.



(DPA), pyridine, isopropylam ne, heated degraded forns thereof, and

conbi nati ons thereof. 24. The method of claim 17, wherein the activated
nmet al | oal um nophosphate nol ecular sieve is dried by contacting with a gas
in an environment having a relative water pressure of not greater than
0.075. 25. The nethod of claim 24, wherein the activated

net al | oal um nophosphat e nol ecul ar  si eV is dried by contacting with a gas
in an environnment having a relative water pressure of not greater than
0.05. 26. The nethod of claim25, wherein the activated

met al | oal 3fa nophospthat ef olalne 29 elicreis tlevemplateds roaehvby by ogitiadtig with stednh a gas

in an environnment having a.rel ative wate ressure, .of not greater than

0" 055, oy hE g et SR P Bt P Slen e aovgcs e bocpontadling Wik a

net al | oal ypd NanbnsRhaloMPleagu7arc. sieve is dried by contacting with a gas
in an environnment” having a relative water pressure of not greater than 0.00

1. 28. The nethod of claim 17, wherein the tenplate is renoved by cal cining

with steam an [ . l.um I i SLeve i s

i od by bt adht AEUEEoE kTS0, Tikheih G bR RIRB By TRLSRE Bl RbS ' T
met hod of and the act28itednheaiboaurhineplicphgtameletslar sevev edridybycaincictinggitivat h st eam
and the activated netall oakun‘i E‘?osphate nol ecul ar sieve is dried by

cont act i ng2vft@fempergyee ofpat aftéﬁg -ature of at |east 250C. 46 30. The nmethod
of claim29, wherein the tenplate is renoved by calcining with steam and
the activated netall oal um nophosphate nol ecul ar sieve is dried by contacting
with a gd3 at The method ofelaine 3bfwhereip gedemplagds regioved hi cateiningdvige stednai m 30,
wherein t L LS. f il ' . e . .activated
met al | oal Bﬁq {rlllgg&é@%%a'{@al@%ﬁg%}%g?%v%Ogé'ﬂ%rSl'v%e‘;&q%?/}'%o t%’cpl ?’H%glﬁnltﬁl% a gas
at a tenpgasitunempdrataic df@akhst3d0W. 32. The nethod of claim 31, wherein the
tenplate is renoved by calcining with steam and the activated

nmet al | oal um nophosphate nol ecul ar sieve is dried by contacting with a gas

at a tenpegat Ufge Rkt of 8@ith 134 erein removing the template from the
metalloaluminophosphate molecular sieve to activate the metalloaluminophosphate
molecular sieve, and drying the activated metalloaluminophosphate molecular sieve is

carried out in one or more vessels.

34. A method of activating and drying metalloaluminophosphate molecular sieve, the
method comprising the step of:

a) providing a metalloaluminophosphate molecular sieve having a template therein;

b) heating the metalloaluminophosphate molecular sieve with steam at a
temperature effective to remove the template and activate the metalloaluminophosphate
molecular sieve; and

¢) contacting the activated metalloaluminophosphate molecular sieve with a gas in
an environment at conditions effective to form a metalloaluminophosphate molecular steve
having a water content of not greater than 1.25 wt %, based on total weight of the

metalloaluminophosphate molecular sieve.

35.  The method of claim 34, wherein the activated metalloaluminophosphate molecular
sieve is contacted with a gas in an environment at conditions effective to form a

metalloaluminophosphate molecular sieve having a water content of not greater than 1.0 wt



33. The nethod of claim 17, wherein renoving the tenplate fromthe

nmet al | oal um nophosphat e nol ecul ar sieve to activate the

nmet al | oal um nophosphate nol ecul ar sieve, and drying the activated

met al | oal um nophosphate nol ecul ar sieve is <carried out in one or nore
vessels. 34. A nethod of activating and_drying netall oal um nophosphate

nol ecul ar sieve, the nethod conpri si ng the step of: a) providing a

nmet al | oal um nophosphat e nol ecul ar sieve having a tenplate therein; b)

heati ng the netall oal um nophosphat e nol ecul ar sieve with steamat a

t enper at utg badell @6 totwlewdightrof NivaiReth e lirgipp s ghatn@oRcllhivadwe. t he

net al | oal um nophosphate nol ecul ar sieve; and c¢) contacting the activated
met al | oal um nophosphate nol ecul ar sieve with a gas in an environnment at
condi ti onge ef f gl kol Bf LIITBH Wik IR ALNTIAROMBNGH foPRIsBIEM AbleSlIgy €
having a water content of not greater than 1.25 wt % based on total weight
of the nesiald ioabnipitebpith s ghsineanreplvizenrent asjopdigiong&ffectivetotethed of cl ai m 34,
wherein the activate tal | gal um nophosphat e nol ecul ar . sieve i ont act ed
W hea gal S Eiop o RHE Mot G SR PRI LR E R o Pt b e D68

et al | oal eqrbadepbasablaleghmf eeuhasllsleiaopteping: Moladlersieé@nt ent of not
greater than 1.0 wt 47 9% based on total weight of the

met al | oal um nophosphat e nol ecul ar sieve. 36. The nethod of claim 35, wherein

the activayed iRt hthBabpethinORE QrAAA ﬁle’ﬁﬁ’dtﬁfﬁ&h%etalfﬁ;h%\&ﬁg&p’ﬁo%@{eaﬁ ed with a

gas in an environment at conditions effective to form _

met al | oal mwieeulphsisyehiatentastdwith agasinemenhiaainmeyt at ceaddiongefidcene todbrimat

greater thanp,0.8 w . % based opn total weight of th tal |l oal ,um osphat e
ol cul ar MEUGtmoohaon AR RS s b Py Ao e h o i Bl A Rl

net al | oal eqribasep A s@biateghtradhirotbalodikMephospit@niaktsdr sévdeh a gas in an
environnent at conditions effective to forma netall oal um nophosphate

nol ecul ar sieve having a water content of not greater than 0.5 wt % based

on total i gh | Lna: : i ...38. The
met hod of g\%'l ai %gﬁ?ﬁj\?\ﬁg@?ﬁ{ %ﬁ?ﬂﬁlgﬁﬁgﬁ ﬁ%ﬁ?ﬁﬂ@gg atagerrprgl}egl}éﬁlséer%ésl eve is
SAPO nol eSAP8rmsleana sieve.

39.  The method of claim 34, wherein heating the metalloaluminophosphate molecular
sieve with steam to remove the template and activate the metalloaluminophosphate
molecular sieve, and contacting the activated metalloaluminophosphate molecular sieve

with a gas is carried out in one or more vessels.

40. A method of making activated metalloaluminophosphate molecular sieve, the
method comprising the steps of:

a) providing a metalloaluminophosphate molecular sieve having a template therein;

b) contacting the metalloaluminophosphate molecular sieve with a gas at conditions
effective to remove the template and activate the metalloaluminophosphate molecular sieve;

¢) cooling the activated metalloaluminophosphate molecular sieve to a temperature
lower than that of the gas used to contact the metalloaluminophosphate molecular sieve in
step b), with the temperature effective to form an activated metalloaluminophosphate
molecular sieve having a water content of not greater than 1.25 wt %, based on total weight

of the activated metalloaluminophosphate molecular sieve.



39. The nethod of claim 34, wherein heating the netall oal um nophosphate

nol ecul ar sieve wth steamto renbve the tenplate and activate the

nmet al | oal um nophosphate nol ecul ar sieve, and contacting the activated

met al | oal um nophosphate nol ecul ar sieve wth a gas is carried out in one or
nore vessels. 40. A nethod of meking a Eivated met al | oal um nophosphat e

nol ecul ar sieve, the nethod conprisiné the steps of: a) providing a

nmet al | oal um nophosphat e nol ecul ar sieve having a tenplate therein; b)
contacting the netall oal um nophosphat e nol ecul ar sieve with a gas at

condi ti ongl. efTb@ﬁﬁﬂmdbbchémnﬁemmhﬂnﬂmn@hmﬂﬂuaﬁdeﬁeﬂhvarﬁnhhﬂaahmwd

net al | oal um osphat e nDI r sieve, coolin e acti

ot al | oal NG BHB AL PhHBITEICR-Gr SEYE I MEA WAERIAS LR EARIN AN 1 hat of
the gas us@oéaéea oﬁ@&ma@élgﬁtft&tﬁeeécﬁwt@@lnumaaeﬁmah@sﬁgﬁatmcﬂ&ulaaaleﬁé eve in step
b), with the tenperaturé effective to forman activated

nmet al | oal um nophosphate nol ecul ar sieve having a water content of not

greater t im 1Tﬁéorsn\é€§1 E(ng QI%‘?'EQ] %cﬁ‘e% E’He tgiﬁél%gh%’llggqf%&% ﬁﬁ; nﬁ%l?lgtwated

net al | oal uti nop ecular s eve ai m 40,
wherein t h&tdll@ﬁﬂpmﬁlﬁiphb@hmﬁ neflécnbir isieee havidgdd Watancatdnt whh@Greater than 0.8 wi

nmet al | oal hos phat e | ecul ar eve h V|n r content of not
greater t s gn ptal weiehial diF @Hvetsé metaigglymin rghosphase mAlDLE S

net al | oal um nophosphat e nol ecul ar sieve. 42. The method of claim4l, wherein
the tenperature is effective to forman activated netalloal um nophosphate
mol ecul ar 48i ev@hehmihn@ oficlaim &2, véhsreie fite tehiparaiuregs effective thonm@ngctiratedy  based

on total t]aglhslu tﬂgsr%%%'n%? c%ijarfs’%t hzlv?rféeé‘ma@? &?&Eh?ﬁcﬁfg?&k?%ﬁf 5 @f EVe

43. The ne ure Is e |ve to Torm an

acti vat ed%, rhsaﬁeaIolnmahlumlgl@tpdf@lsqmawemlefaummmsr@pb&s@hﬁtemdmuarwatfeer content of
not greater than 0.5 wt % based on total weight of the activated
net al | oal um nophosphat e nol ecul ar sieve. 44. The method of claim40, wherein

the activagjed fgd ﬁl:ﬁh%@b%ﬂbﬂ?@@ QARRAA the iRl G rﬁétallédlﬁﬁﬁobl?osgﬁlﬂé ﬁ’n@le%ﬁlala
tenperature that Is at |east 50C lower than that used to contact the

met al | oal sirvaisishelsivet @mmtaarr@nﬂat isgit bpass SOTC dvesp thain thawse(flth@onte@thbﬂ of claim
44, wherein act | %d net al oalunlnggagsphate nol ecul ar sieve is cool ed

to a terrp@1 53{" glgmgl}?g 3P atgtmqlecgsa[r%&eﬁ r than that of the gas used to

45.  The method of claim 44, wherein the activated metalloaluminophosphate molecular
sieve is cooled to a temperature that is at least 100°C lower than that of the gas used to

contact the metalloaluminophosphate molecular sieve in step b).

46.  The method of claim 45, wherein the activated metalloaluminophosphate molecular
sieve is cooled to a temperature that is at least 150°C lower than that of the gas used to

contact the metalloaluminophosphate molecular sieve in step b).

47.  The method of claim 46, wherein the activated metalloaluminophosphate molecular
sieve is cooled to a temperature that is at least 200°C lower than that of the gas used to

contact the metalloaluminophosphate molecular sieve in step b).

48.  The method of claim 40, wherein the metalloaluminophosphate molecular sieve is

SAPO molecular sieve.



contact the netall oal um nophosphate nol ecul ar sieve in step b). 46. The

met hod of claim45, wherein the activated netall oal um nophosphat e nol ecul ar
sieve is cooled to a tenperature that is at |east 150C | ower than that of
the gas used to contact the netall oal um nophosphate nol ecul ar sieve in step
b). 47. The met hod of cl aim 46, mhereig t he activated

net al | oal um nophosphat e nol ecul ar sie 2 is cooled to a tenperature that is
at | east 200C | ower than that of the gas used to contact the

met al | oal um nophosphate nol ecul ar sieve in step b). 48. The nethod of claim

40, wher e t hehdmbdbd ofdibin MO RIHREMN edrRadiiBg eeuhasll@lgridoplospiafPO mol ecul ar
sieve. 49 49. The nethod of claim40, wherein contacting the
met al | oal Geleqpighyieysithoa gasdosemeve the tegpiatgandacivaia dhet o renpve the tenpl ate

and act | vatGbARmidBhabhAR HUTLARPIRIPIAY Bk HulcRvadl Ve, and cooling the

activated neta nop phat e nol ecul ar "sieve Is carried out in one or
nmor e vessmiketllo80minaphesphatd noflecwbik sieye & chiedwhtinede pemakd watalsri nophosphat e
nol ecul ar sieve catalyst, the nethod conprising the steps of: a) m xing

t oget her netal |l oal um nophosphat e nol ecul ar sieve, matrix material, and a

bi nder to56.0r Man&hot sHtmaking 4 RV Me@dlRialdniiaepHolshasd MbleyulirGidver m a
preformed netal |l oal um nophosphate nol ecul ar sieve catal yst; c¢) contacting
t he pref of#dustiae Eethod|comprisina depps €fnol ecul ar sieve catalyst with a gas

to forman act J\a I i j L.yst; and
?ﬁ‘?‘:"v ttggaﬁnéét R @g]u@ﬁ]ﬂﬁ%gﬁ%gfe%mm&gte%,l mAtRY Srtéfaf a3

d) drying the phate nol ecul ar sieve catalyst to
a water abmtdertp foin mslurrgyr eat er than 1.25 wt % based on total weight of the

activated netalloalumn osphat e nmol ecul ar si eve catalyst. 51.. The nethod
o Bl 50 R RPHNE watd MR sl R s R RS R iosR ety o ove
cat al yst msledilaéledeatadyst an activated netal | oal um nophosphat e nol ecul ar

sieve catalyst having a water content of not greater than 1.0 wt % based

on total wei gh®) contagtig the prafermed aniglioglumingnhiasnhgisiaclprarsiays caalyptarithsi eve

catalyst., gas to form an activated metalloaluminophosphate molecular sieve catalyst; and

d) drying the activated metalloaluminophosphate molecular sieve catalyst to a water
content of not greater than 1.25 wt %, based on total weight of the activated

metalloaluminophosphate molecular sieve catalyst.

51.  The method of claim 50, wherein the activated metalioaluminophosphate molecular
sieve catalyst is dried to form an activated metalloaluminophosphate molecular sieve
catalyst having a water content of not greater than 1.0 wt %, based on total weight of the

activated metalloaluminophosphate molecular sieve catalyst.

52.  The method of claim 51, wherein the activated metalloaluminophosphate molecular
sieve catalyst is dried to form an activated metalloaluminophosphate molecular sieve
catalyst having a water content of not greater than 0.8 wt %, based on total weight of the

activated metalloaluminophosphate molecular sieve catalyst.

53.  The method of claim 52, wherein the activated metalloaluminophosphate molecular
sieve catalyst is dried to form an activated metalloaluminophosphate molecular sieve
catalyst having a water content of not greater than 0.5 wt %, based on total weight of the

activated metalloaluminophosphate molecular siecve catalyst.



52. The nethod of claimb51, wherein the activated netal] oal um nophosphate

nol ecul ar sieve catalyst is dried to forman activated

nmet al | oal um nophosphat e nol ecul ar sieve catalyst having a water content of

not greater than 0.8 wt % based on total weight of the activated

met al | oal um nophosphat e nol ecul ar si evs catal yst. 53. The method of claim

52, wherein the activated netall oal um Bphosphat e nol ecul ar sieve catal yst

is dried to forman activated netall oal um nophosphat e nol ecul ar si eve

catal yst having a water content of not greater than 0.5 wt % based on total

wei ght of 54he Themethat eficlaint &0, viakdintheaphaiphaiisophokgiatd moleailasteve dd al yst .

50 54. ngpg\e[tgh]od of .cl aim 50, wherein the netall oal um nophosphate

mol ecul ar S6FABOIFQIASKNE | ecul ar sieve. 55. The method of clai m 50,

wherein the contacting of the prefornmed netall oalum nophosphate nol ecul ar

sieve catalyst and the drying of the activated netall oal um nophosphate

mol ecul ar 5&i evéhemetipg of claign g@\rwheéfdn thetcontactingofdhe profosmedssel s.  56. A

met hod of rLng: ' I ' . : si eve, the

ot hod ooy okl Aht 4k ndIg Rl % UEAARRE TR BB FRUESMALE S ho e

nmol ecul ar netadtleslutmdnophgsphetephaé@ldr bievetnalystly catied @t tin org: drimdore vessels.

nmet al | oal um nophosphat e nol ecul ar sieve with a gas containing water vapor

at conditions effective to renove the tenplate and activate the

net al | oal wgi NORNASREPSEtdRIgeRtVALd RbBUSIuRRNEpdspEAS hRchRLsiEReuRCt | vat ed

met al | oal um nophosphate nol'ecul ar sieve with a gas at conditions effective

to form amethodicomprsing thessteps of:havi ng a wat er content of not greater than

1.25 wt % bas t i . i e | 1L hophosphat e

nol ecul ar si ev%?prg‘ﬁﬁ%‘%&%%%@r%m%hgg %ﬁ%ﬁé&é@*@iﬁ@ﬁ%@g? ge?nﬁ#%pﬁ h%oeg%ﬁat e

nmol ecul ar si ev) ahtastiggpthe mdtalloaluminsphyshhatesnalosulargieve mtith a5phs cdiiginimgt hod of

claimb56, wherein the activated netall oal !%Qr}hgg@ho phat e | ecul ar sieve of
[

step c) i YaAHNERE AEEPIIHoRS & e Ip repgnet PRSP % form an acti vat ed
met al | oal W MERNRHRPALShAR InFAttuB sRiE%Rdhaving a water content of not
greater than 1.0 wt .
c) contacting the activated metalloaluminophosphate molecular sieve with a gas at
conditions effective to form an activated catalyst having a water content of not greater than
1.25 wt %, based on total weight of the activated metalloaluminophosphate molecular sieve;
and
d) storing the contacted metalloaluminophosphate molecular sieve of step ¢) in an

anhydrous environment.

57.  The method of claim 56, wherein the activated metalloaluminophosphate molecular
sieve of step ¢) is contacted with a gas at conditions effective to form an activated
metalloaluminophosphate molecular sieve having a water content of not greater than 1.0 wt

%, based on total weight of the activated metalloaluminophosphate molecular sieve.

58.  The method of claim 57, wherein the activated metalloaluminophosphate molecular
sieve of step c) is contacted with a gas at conditions effective to form an activated
metalloaluminophosphate molecular sieve having a water content of not greater than 0.8 wt

%, based on total weight of the activated metalloaluminophosphate molecular sicve.

59.  The method of claim 58, wherein the activated metalloaluminophosphate molecular



% based on total weight of the activated netall oal um nophosphate nol ecul ar
sieve. 58. The nethod of claim57, wherein the activated

met al | oal um nophosphate nol ecul ar sieve of step ¢c) is contacted with a gas
at conditions effective to forman activated netall oal um nophosphate

nol ecul ar sieve having a water content gf not greater than 0.8 Wt % based
on total weight of the activated netal Pdal umi nophosphat e nol ecul ar si eve.
59. The nethod of claim58, wherein the activated netall oal um nophosphat e
nol ecul ar 51 sieve of step c) is contacted with a gas at conditions

ef f ecti vesieee dftatep Qlis antdctediveith a pwtan bémlitiongeffopive spfratmernrotiexted ar si eve
having a water content of not eater than 0.5 wt . % _.based on total weight
of the acticAlPEUMASPEPIREAR BRISRAA SEKH LB MABLFoend PEVE Lrets RD-T¥E od - of
cl ai m 56, o)Magdeion tétPwEBhEI IR HVhBP RRANDA Bl oFROPRAE Alol&uRY Sicle  SAPO

nol ecul ar sieve. 61. The nethod of claim 56, erein the contacting of the
activated netall oal um nophosphate nol ecul ar sieve catalyst with a gas is
carried ogp | ”Tﬁé‘%eﬁ&g TPLiGim X6 SPfkain th%%net@ho%mﬂﬁ]h%gpt?aie%bﬂé&@rcsﬁ%vﬁ?st ed

met al | oal uni nophosphat e ol ecul ar Si eve, e nethod conprising € steps
of . a) pr8uPdimgleaulaaieak] oal um nophosphat e nol ecul ar si eve having tenpl ate
therein; b) contacting the netall oal um nophosphate nol ecul ar sieve with a
gas containing water vapor at conditions effective to renove the tenplate

and activagie tige Hi%ih@hbpahm&%ﬁ%ﬂﬂﬁkénﬁaﬁrl%%ﬂﬂ%a&ib%@; and c) contacting

the activated netall oal um nophosphate nol ecular sieve with a gas at

condi t i onsetlpaluminophesphatemaleaylagsiev eatelpst cthed gasts ¢pami¢cheptan opetasmasent ent  of
not great %ss@l?an 1.25 wt % based on total weight of the activated

met al | oal um nophosphat e nol ecul ar sieve; and d) storing the contacted
activated netall oal um nophosphate nol ecul ar sieve of step c¢) at a

tenperature of at |east 150C. 63. The thod of claim62, wherejn the
act i vat ed%fet alt @ﬁ?hﬁaiohﬁtﬁﬂﬁ%%‘é’f"@d mtaéggﬁugpnopgpg&éte@polgq% SEyeitee cont act ed

with a ga%eﬁ{od%&ghgihg[}{% S@Jpg%p_t ive to forman activated

a) providing a metalloaluminophosphate molecular sieve having template therein;

b) contacting the metalloaluminophosphate molecular sieve with a gas containing
water vapor at conditions effective to remove the template and activate the
metalloaluminophosphate molecular sieve; and

c) contacting the activated metalloaluminophosphate molecular sieve with a gas at
conditions effective to form an activated catalyst having a water content of not greater than
1.25 wt %, based on total weight of the activated metalloaluminophosphate molecular sieve;
and

d) storing the contacted activated metalloaluminophosphate molecular sieve of step

¢) at a temperature of at least 150°C.

63.  The method of claim 62, wherein the activated metalloaluminophosphate molecular
sieve of step c¢) is contacted with a gas at conditions effective to form an activated
metalloaluminophosphate molecular sieve having a water content of not greater than 1.0 wt

%, based on total weight of the activated metalloaluminophosphate molecular sieve.

64.  The method of claim 63, wherein the activated metalloaluminophosphate molecular

sieve of step ¢) is contacted with a gas at conditions effective to form an activated



met al | oal um nophosphat e nol ecul ar sieve having a water content of not
greater than 1.0 wt % based on total weight of the activated

met al | oal um nophosphat e nol ecul ar sieve. 64. The nethod of claim 63, wherein
t he activated netall oal um nophosphate nol ecul ar sieve of step c) is
contacted with a gas at conditions effective to forman activated 52

net al | oal um nophosphat e nol ecul ar si eve“having a water content of not

greater than 0.8 wt % based on total weight of the activated

nmet al | oal um nophosphat e nol ecul ar sieve. 65. The nethod of claim 64, wherein
the acti \émbﬁd%m&iobb@phm Aapdakp blatr??avﬁigecwht&r cofnﬁeineuﬁndrfgr@tee fhaf 0.8 wt

cont acte th a gas at co itiagns ective to m an_acti vat ed

met al | oal %ﬂﬁ%g‘ﬁﬂd’f“égm gmcavat %ngp%wéftt%m%eaﬁ%ﬂfwof not
greater than 0.5 w % based on tot aI vvel ght of the activated

met al | oal um no_El[\osphat e nol ecul ar sieve. 66. The nethod of claim 62, wherein
t he net al $dal u ermgh@@pﬁzl@lm ﬁfbIvétv;cﬂnamegctw@,emrsetalsmhmnmm}@@ma@rmgiceuer 67.

The net hod of n can e Qe ated net | oal
um nophosp Otcs ﬁnesccéptalg e&“@\%“%ﬁsta% adh%cl’gsfsecé E e)crlmc?namiwna?eéjne or nore

vessel s. @Stalla’mannﬁpms@haé nilletu iy &évewmtr@ dwitBiecontent afidt Reatk eanofs w) occurs
in an envjronment havi ngl a relative water pressure not greater t han about
0.075. 6970 §#ed pRididlgveeh @lféherﬁcuna%@ﬁtéll?ﬁlwneoe'wvh%@m&!ﬁ‘éb ap$ie¥d) occurs in
an environnent having a relative water pressure not greater than about
0.075. 70. The nethod of claim56 wherein the contacting step of c) occurs
in an envbé.onnBir methed phejaien 62 Mdieieirethaanctslloplusdsaphesphete rgeleadassievhsn  about
0.075. 71 od. of claim®62 wherein the contacting step of c) occurs
in an enviS Qr?%‘ﬂecul?% 'evﬁg a relative water pressure not greater than about
0.075. 72. The method of claim50, wherein the gas conprises air, steam or
any conbination thereof. 73, The method ,of claim50, wherein the activated

met al | oal @i nopoeshed ef daimeds |“éhereus?<§wt'a&fh§|angat?dsmetsB@aéwnﬁyp%m%t i ng
With a drygasial deR Wiy b5 BRRE Bavh BFe & mdére ve&EREr ature of at |east 225C

68.  The method of claim 34 wherein the contacting step of c) occurs in an environment

having a relative water pressure not greater than about 0.075.

69.  The method of claim 40 wherein the cooling step of ¢) occurs in an environment

having a relative water pressure not greater than about 0.075.

70.  The method of claim 56 wherein the contacting step of ¢) occurs in an environment

having a relative water pressure not greater than about 0.075.

71.  The method of claim 62 wherein the contacting step of ¢} occurs in an environment

having a relative water pressure not greater than about 0.075.

72.  The method of claim 50, wherein the gas comprises air, steam, or any combination

thereof.

73.  The method of claim 50, wherein the activated metalloaluminophosphate molecular

sieve catalyst is cooled by contacting with a dry gas in an environment having a



74. The nethod of claim 73, wherein the dry gas is air, nitrogen, helium
flue gas, or any conbination thereof. 75. The nethod of claim 74, wherein
the environnment has a relative water pressure of not greater than 0.075.

53

temperature of at least 225°C.

74. The method of claim 73, wherein the dry gas is air, nitrogen, helium, flue gas, or

any combination thereof.

75.  The method of claim 74, wherein the environment has a relative water pressure of

not greater than 0.075.





