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-1 N SAPO MOLECULAR SIEVES This invention relates to a nmethod for #hepg 2003
preparation of a silicoal um no- phosphate (SAPO nol ecul ar_si eve IC
- &xhi bi t vanordssended |ife when its catalytic sites are Spdu¥Ip

noi sture-containing environments. It also relates to SAPO nol ecul ar si eves
with an extended life, to their use t. nmake ol efin products from oxygenate
feedst ocks and to pol yol efins obtained fromsaid ol efin products.

Si | i coal um nophosphat es ( SAPGCs ve hee rbents and catal ysts.
As catal ysts, SAPGCs ham#[bggg gﬁﬂgr‘&g%%;;g?ﬁégs fluid catal ytic
cracki ng, hydrocracking, i D SR 0 MOLEC i*Zzation, the conversion of
al cohols or ethers, and the al kylation of aromatics. To ,ﬁg qL‘ise]‘ul as a
.catalysts, SAP@H®ineentiowrehitesves nieahad fop thecpreparation & sINERHYANOG ¢
activating SAPGs are known. U. S. Pat.ent «fk VHer@r ds at al .
di scifss t hephosghats (SAREH ™ ec%%%ﬁl%‘%%“a@%%“ﬁ'&i al cracking
ccatalyst. 1 f Js. di ab nifdriréadonthiniABRNHbAnTentse dtalso relatesdo has poor
stability. %@bcggﬁt,%géﬁzﬁp?ﬁay can be inproved , by usiﬂr}get art@:tétsar
activati on $APOasslecularaiaves withtap extended ifectotheip pipte; @ﬁﬁf‘&f 4 1 enpved
fromthe core structur f the sieve |U |s BmCRaH Sefinboductd) feed to
be cracked.ﬁmé’%ﬁgﬁ%ée‘g%?‘?% a‘f’%*" ﬁ% lgcéﬁ%ﬁﬁ%deﬁs‘lneve to a%(t)enperature of
400- 800C wi t hi n §ieonaiflophbephared (KAPQs)inie bedd 1Bed Rasksorbenss aml 185, 310 to
Degnan et al. discloses another nmethod of , activatin

si |'i toal uni caplysts pAacatalysiseSAPOs h&Yfehﬁéﬂé'a?ﬂp‘Ba'?‘f%?Fé.sgﬁ*h%S fluideatalytic || ¢ (o
contacting a cyystalline,si]i Ul d0 BligsikreRonithd c@ilersibaiof na and water,
and t her eaf F@Fﬁﬁgﬁﬁdﬁ%“?ﬁdéhhs%%ﬁd} git? Teast 435C. The heatin process is

first carri gioRels of Ethéfcandrthe elkghtion ofiaromaticseTaibpnsshl psFGaANHE t hen in
the presence of an oxidi zing

! as. The obj f : i feess is to
enhance t he SARS) molﬁé'ﬂlﬁWlF‘fﬁsd’la"g%bec%ﬁ%(F Tﬁf%o@sg%‘?%ﬂ%@ﬁ Fvsp?;l@fs enhanced
as a result k%wg'he inti mate contact between the alum na and the sieve.

Briend et al. Phys. Chem 1995, 99, 8270-8276, teach t O 34
15 U.s. Izlatent No. 4,681,864 to Edwards et al. discuss the use ofﬁ?&%%

molecular sieve as a commercial cracking catalyst. It is disclosed that activated
SAPO-37 molecular sieve has poor stability. However, stability can be improved
by using a particular activation process. According to the process, organic
template is removed from the core structure of the sieve just prior to contacting

20 with feed to be cracked. The process calls for subjecting the sieve to a
temperature of 400-800°C within the catalytic cracking unit.

U.S. Patent No. 5,185,310 to Degnan et al. discloses another method of
activating silicoaluminophosphate molecular sieve compositions. The method
calls for contacting & crystalline silicoaluminophosphate with gel alumina and

25 water, and thereafter heating the mixture to at least 425°C. The heating process is
first carried out in the presence of an oxygen depleted gas, and then in the
presence of an oxidizing gas. The object of the heating process is to enhance the
acid activity of the catalyst. The acid activity is enhanced as a result of the

¢ intimate contact between the alumina and the sieve.

30 Briend et al., J. Phys. Chem. 1995, 99, 8270-8276, teach that SAPO-34
loses its crystallinity when the template has been removed from the sieve and the
de-templated, activated sieve has been exposed to air, Data is presented, however,
which suggest that over at least the short term, crystallinity loss is reversible.



loses its crystallinity when the tenplate has been renoved fromthe sieve
~and the de-tenplated, activated sieve has been exposed to air. bmtsﬂm
presented, however, which suggest that over at |east the short t

cryst al Wigormsdsoss is reversible. 1 0 DEC 2003 WO 4017484@CTAIS00/15454

*PCT/ US00/ 15454 Even over a period of a couple years, the data suggest that
crystallinity loss is reversible when gertain tenplates are used. As seen
fromthe disclosure herein, we have founhd that SAPO nol ecul ar sieves wll
exhibit a shortened catalytic life when the catalytic sites are activated
and exposedEven ovendipstiod of z conplé pears, thadatacugeest thatgnstatliaity Igss i8at al yti ¢

life is likely npt reversible nd can _qccur over a very short period of
time. In ed§ E‘B,ﬂ’wi‘fﬁge %’é?"&‘gﬁﬁﬁﬁ‘iﬁ’ﬁc life is due to a loss in the
nunber of acid cgkaken fromihd ERclobireihreiflofé hiaval found ket SARGmoteoulabt ai n a
SAPO nol ecul ar sieve that can be activated wth little to no Josg in acid

catal yst sidiexes valicexbibit dshorenedcatalytic life Whap thegatalytic sitgs areactivgie 5

nol ecul ar sieve wou] d be highly desirabl.e f use: i | Lely of ‘-,
cataldtic ¢ PESDLI0A mﬂﬁh‘&ﬁ"’%ﬁ‘&i%”%&“ﬂg@ﬁénﬁ‘ %&?f%@u&gﬁﬂg{fg%t iC
processes. pidly Abfifversibl€ Al @A Bedir dveRa veishoftfperiod ofaime. dneksencs; i nher ent
in the prior art, the invention provides a nethod of, maint alsri]tlgggl}am d

cat al yst si thisdos§ oficataliytic bifedis due top bess in theanunsheoof apid) catalytis & SAPO

nol ecul ar si,eves, ar,e onposi.ti o i e rting
various hydfe¥a 150H‘°F'ef§‘éfgpq%btwm.ﬁ%gﬁ%%%%%éﬁhﬁéﬁﬁi?%ﬂ?y‘%%%ct ured by
reacting a fpetedid 1885 i ARy talyst BRed, and exkibh@rehtively@ong odtalytielifeorponent s
used in the reaction process is a _tenplate, although npre t.han.one
tenpl@te caSuthea malecularisieve avauldbe bighivdesirable for ug EFJ&n‘ﬁEF@'% t unnel

|'i ke structur (al I ] r 1th NtiE nideess@APO
conposi ti ong&&'&&%&&?‘goﬁ}&lﬁ%g%&#&oﬁg@fﬁgﬁ%@ ggn be used as a
catal yst, the teilplosdes tousérciine aeleastamhe of iesmahy problerbsinhergntin thhen

m croporous structure in which, feedstoc an.enter n 3 talytic
sites, and PrREARDSIRVERHOD PERYIRSS atRFhE meaﬁ;n@n%%cﬁc%tgﬁ'\%ﬁhgﬁoffﬁe
template is sflﬁBPleﬁﬂn&k%Ho's had {SLPOJ AR Il sledb ASWPO fiolexnlar bipvesaare wi t hin
t he m croporous struc ur%. I'n order to preserve catalytic activity, i.e.
mai ntldi n acicompasitions Whixhtagt as ¢atalysts ImCRVENtng YATOUS b@émé?mﬁ’@f' Stthi ch

COMpr1 525 Dol g, LR SRR e B 4RO Gasi
chemical components. One of the components used in the reaction process is
template, although more than one template can be used. The templates are used to
form channels or tunnel like structures (also called microporous structure) within
20 the SAPO composition. To activate the SAPO composition so that it can be used
as a catalyst, the template must be removed. These leaves behind an open ‘.

microporous structure in which feedstock can enter, contact the catalytic sites, and
the resulting product can exit. The manner in which the template is removed will
affect the acid catalyst sites that are within the microporous structure.

25 In order to preserve catalytic activity, i.e., maintain acid catalyst sites, this
invention provides a method which comprises providing a template-containing
silicoaluminophosphate molecular sieve and heating the template-containing
silicoaluminophosphate molecular sieve in an oxygen depleted environment under 2
conditions effective to provide an integrated catalyst life that is greater than that

30 obtained in a non-oxygen depleted environment. The heated molecular sieve

_exhibits at least one peak in the infrared region in a range of from 3630 cm™ to
3580 cm’™. Preferably, the heated molecular sieve exhibits a combined peak area



silicoal um nophosphat e nol ecul ar sieve in an oxygen depl eted environnment
~under conditions effective to provide an integrated catal yst Ii feansEE zpﬁ
greater than that obtained in a non-oxygen depl eted environnent. The heated
nol ecul avoed/@48a6 exhi bits at | east one peak in the infrarRPdTUSH/13454 n a

" ‘'range of from3630 cm1 to 3580 cm 1. Preferably, the heated nol ecul ar
sieve exhibits a conbi ned peak area 10[_)E3C_2003 WO 00/ 74846 -3 PCT/ US0O0/ 15454
in the 3630 cm1 to 3580 cm 1 range of at |east 10% of a total peak area of
all peaks in an infrared regi on between 4000 cm1 to 3400 cm 1. In a
preferred erpda 3630tcm tre3 3860 ¢ rangemslat lastl0% of o totel peakarea ofall o nake an

ol efin product, from.ap oxygenate feed ck..1Thi -hod conprises providing
an acti vat ePeAt @&H‘Bﬁa@?égé’o@;ﬁf%qq'i@t&af?OIOQ&SE%L'ar ea in an infrared
£egion from 3630 gy dﬂiefe?reamdamléntt hittactiatel nhemlar $ie%6 ofn ke wsetlab peak
area in an infrared region from4000 cm1 to 3400 cm1, and contacting the

activated rmilecar alefis pevduchfrom amexygegeje fegdstocke ddisarathotheRMPTISSRdi t i ons

éffective to_ cgnvert the axygengte.feedst LB bR fHEbd The
‘ol ef i n* pr odRFPY | Wfﬁgﬁéafgthﬁigvﬁéﬁﬁﬁghgéq%%%ﬁi 3‘(‘13‘3 as part of
the inventi oRgion @360 e tbi3SL0IcHErNt ierat leasd 1096 of atqmal ippak sfeann amde by
contacting the olefin product with a 80| ypl efin-formng catalyst under

condi ti ons einfraped regiondrarn 4080 emi'te 3908, @ad comaGHER ARG 3F1Valed” o) ecul ar

AP 11 BApeD KaulatEte Fith s pl ARl LU SRIEpdi s BlfeehlE o SVD- S
SAPO 36, SAPRvért thOBIgtateToesatk to SARRMPprodGAPThE 4lefis praiuty made d

SAPO- 56, netal containing forns thereof, and (gxt ures . th re@%. M}!le

pref edfibl y, atrerding tethismethod ralse inchpdediaspartof the Wé(e‘tj'PBuS“ Heh ¥ ng of
SAPO- 18, SAPQ- 34. P W Ldulch\ith @r N

t her eof , and%%%%??f?@ggd%graggﬁ)ﬁfﬁ]%ﬁo eféﬁﬁgﬁtﬁggﬁgﬁg%&m t he heated
mol ecul ar  si pulyoRfin-formgaatalys uaderatonditivns zffpctive tofcenvsft the olefnde 4 grans
of net hanol converted per gramof nolecular sieve. It is also preferred
that the nol BelPlhinsi eve have a pore size of Iless than 5 angstronms. In the

method, it is prefgeiRilebdialsifRAs phderaBlyCstldct@iretithd grodncansistiag of
15 SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-
31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42,
SAPO-44, SAPO-47, and SAPO-56, metal containing forms thereof, and mixtures
thereof. More preferably, the molecular sieve is selected from the group
consisting of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-47, metal

20 containing forms thereof, and mixtures thereof.

In another preferred embodiment the heated moleculer sieve exhibits an
integrated catalyst life of at least 4 grams of methanol converted per gram of
molecular sieve. It is also preferred that the molecular sieve have a pore size of
less than 5 angstroms.

25 In the method, it is preferred that heating be carried out in an oxygen
depleted environment. Preferably, the oxygen depleted environment is
substantially free of O;. More preferably, the oxygen depleted environment has

¥ an oxygen partial pressure of less than about 1.0 psia (6.87kPa), more preferably
less than about 0.2 psia (1.37 kPa). _
30 The molecular sieve is heated under conditions sufficient to remove

substantially all of the template from the molecular sieve. Preferably, the



depl eted environnent. Preferably, the oxygen depleted environment is
-substantially free of 02. Mre preferably, the oxygen depl eted enV0d&bie)t
has an oxygen partial pressure of |ess than about 1.0 psia (6.87kPa), nore
,bref er abhiip golres48 t han about 0.2 psia (1.37 kPa). The nol eealrarsosis#se is
heat ed under conditions sufficient to renove substantially all of the
tenplate fromthe nol ecul ar sieve. Preferably, the 1 0 DEC 2003 WO 00174&46
-4 PCT/ US00/ 15454 ol ecul ar sieve is heafléd to a tenperature of 200 to
800C. The nol ecul ar sieve is preferably heated substantially in the

absence of oxyaefiad flevéels RNeE ik tdphigeratureast 20010 800fht The meleculapkigve i s
sel ected fromthe group consisting of a tetraethyl amoniumsalt,

cycl opent yl an peferabiyrissattdrspbstantjadlyin theahsendgigfOX¥8fie, tri et hyl ani ne,
cycl ohexyl am ne, tyi-ethyl hydroxyethyl.am L d | P6RARKE aM ne,
pyridine, i sopropy#%tﬁgxgﬁﬁgreiﬁﬁﬁpg%’dﬁﬂlé@’ég?. Fﬁ%g:lgni%ncttfaoﬁ_éw Il be

bet ter under Sé-&?;gc@/siﬁt geséfea%ﬁaétgylta'ﬁﬁn@iiﬁﬂ%h&,&ycwpaﬂﬁyhmne,MnemnthYFI G |
shows the I RSpectra 1 n Broensted OH region of a SAPO.?&QIIIHDI ecul ar sieve

made wish a TeylloHeRide, pipspidinectrigthylamingceycinheyylamine iy procedure; and
FIG 2 shows

a co i.son of the.cat s e 66 affimheéesnid ar
si eve nmade wlﬁwrﬁ’%@WAW%@ﬁl@?’e&lﬁéiglaH I}Irllglp?%%ﬁg’f al?:?flﬁglat i on procedure.
Si |'i coal um nophgsRih&ebSAPO ol ecul ar sieves are conpositions which act

as catalysts 1 n converting various hydrqcarbqn feeds t r . These
conpositions are pa'hpiimtﬁngipﬂwgbFP&Wé’“ﬁGW%’gr‘i"yéFféfW&g&@'ﬁgﬁg eeﬁtype

feedstocks (e.q.. al s and ethers) to products containing a relatively
hi gh degree o&mgﬂ?%ﬁ‘ivﬁg?%éig nol ecul es having at | east one _non-saturated

hydr ocggbon bond) , FaGo@huws thedR speétest in Brbenstei@Higgion 62 SAPQdftposi ti ons.
component s. - CREMsIATReNS A & TRAGPUIPA Fu B FEeue R uEyation
ypr cal Ly rof BB e o ure dlrocti ng agents. «aad typically contain
n?”tor ogen?/ phosphor . @xshgws a comparison of the catgyst%?e ots 4 Sﬂ%fd Pno‘feculaY'
sieve made with a TEAOH/DPA template as a function of activation procedure.
15 Silicoaluminophosphate (SAPO) molecular sieves are compositions which
act as catalysts in converting various hydrocarbon feeds to products. These
compositions are particularly suitable for converting oxygenate type feedstocks
(e.g., alcohols and ethers) to products containing a relatively high degree of
olefins (e.g. molecules having at least one non-saturated hydrocarbon bond), along

20 with a variety of other hydrocarbon compositions.

SAPOs are manufactured by reacting a mixture of several chemical
components. One of the components used in the reaction process is a template,
although more than one template can be used. Templates are typically referred to
as structure directing agents, and typically contain nitrogen, phosphorus, oxygen,

25 carbon, hydrogen or some combination thereof. They are used to form channels
or tunnel like structures (also called microporous structure) within the SAPO
composition, For the SAPO materials to be useful as catalyst compositions,
however, the template must be removed to open up the channels or tunnel-like
structures. This allows feedstocks to flow into the channels and contact catalytic

30 - sites located within the channels, as long as the feedstock components are not too
large to enter the microporous structure. Thus, the SAPO material is actually a

molecular sieve, acting to sieve or screen out large molecules from contacting



carbon, hydrogen or some conbination thereof. They are used to form
-channels or tunnel like structures (also called m croporous Strufg;brff)m[ﬂ
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I'n the

remove mot® e Wt res w result in recovery of the original
pore struckipre haVbaiditmed that thissie a revezsible psocessisieh that haptang tAIEMOYEr | s t hat

the manner 'in which the tenplate.is renoved . he catal ytic
life of thmosstyne withipdhe pares @'ﬁé‘f“ RS o SfH‘?rs?é‘%g’@Fn%ﬁf"gt%mg@'t’%al |y

mnimzes the | §RxGas EQPoeiﬁ'gﬁkvi&ﬁlyﬁdéfﬁénsﬁhﬁeﬂ,Shmdvhf,ris thattheonsnnet r uct ur e.
This mnimzes the 1l oss of cata [

lyti"c activity without_ c LRg~ he

chendcal nakehigh the tmhqﬂa@Ammméhﬂ%ﬂm efface on the catal 'ﬁ?d’gﬁggsgpe mol ecul ar
sieves of this.inyention conmpgi i 1SRk 108s OFPROdcadis cryst al
f r amewor k ﬂqxﬂalu:"é‘)W rw@?fmﬁ%@f{e%ﬁmlggggi%t etrahedral units. The
si eves al sa@Kfit Gids witlathd pore sinborurde Fhisahinémres thedosscdf catalyHieoH gr oup
spectrum wher the tenplate nmaterial has bee r YN ved. Broensted
aci d OH gr cavity: withput ehsngiag the T‘%H@Wﬁq}w@bﬁtﬂgd Ref | ect ance
Infrared (DR IR " Hodeptar GRVedsf thizundkntibh@ogipaise 2 a range
of 4000 cm to 3 %ﬂfé%ﬁ%}ﬂ?ﬁ%ﬁﬁ%ﬁgpect r urrn However, silic % '&nghosphat e
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acid OH group spectrum, when the template material has been properly removed.

Broensted acid OH groups can be conveniently characterized by Diffused
Reflectance Infrared (DR IR) spectroscopy. The groups can be found throughout
20 a range of 4000 cm™ to 3400 cm™ of the IR spectrum. However,

silicoaluminophosphate molecular sieves which exhibit desirable catalytic activity

upon appropriate template removal have Broensted acid OH groups having one or
more bands in the IR with wave numbers ranging from about 3630 em™ to about
3580 cm™, with non-Broensted OH groups like Al-OH, P-OH and/or Si-OH being
25 Jargely located in the range of about 4000 em™ to abopt 3630 cm™’. The non-
Broensted OH groups are also typically located on the external surface of the
molecular sieve or at regions within the sieve which exhibit internal defects.
Preferably, the SAPO molecular sieve exhibits one or more peaks in the infrared
region in the range of 3630 cm! 10 3580 cm™ and have a combined peak area in
30 that region of at least 10% of the total peak area of all peaks in the infrared region
in the range between 4000 cm’ to 3400 em™.
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15 organic phosphates such as triethyl phosphate, and aluminophosphates. The
phosphorous-containing compositions are mixed with reactive silicon and
aluminum-containing compositions under the appropriate conditions to form the
molecular sieve.

The [AlO;) tetrahedral units within the framework structure can be

20 provided by a variety of compositions. Examples of these aluminum-containing
compositions include aluminum alkoxides such as aluminum isopropoxide,
aluminum phosphates, aluminum hydroxide, sodium aluminate, and
pseudoboehmite. The aluminum-containing compositions are mixed with reactive

silicon and phosphorus-containing compositions under the appropriate conditions

25 to form the molecular sieve.

The [Si0:] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these silicon—gontaining
compositions include silica sols and silicium alkoxides such as tetra ethyl
orthosilicate.. The sili'con-containing compositions are mixed with reactive

30 aluminum and phosphorus-containing compositions under the appropriate

conditions to form the molecular sieve.
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SAPO- 42, SARflefric chafge3dBetwictn -SARD+36 Intdrponstion lof thermetiah¢amponentds t her eof

and m xtures thereof. . . i< of th
15 typically accomplished adding the metal component during synthesis of the

molecular sieve. However, post-synthesis ion exchange can also be used.

Suitable silicoaluminophosphate molecular sieves include SAPO-5,

SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPQ-31, SAPO-

34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
20 SAP0O-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.

Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,

particularly SAPO-18 and SAPO-34, including the metal containing forms

thereof, and mixtures thereof. As used herein, the term mixture is synonymous

with combination and is considered a composition of matter having two or more
25 components in varying proportions, regardless of their physical state.

The silicoaluminophosphate molecular sieves are synthesized by
hydrothermal crystallization methods generally known in the art. See, for
example, U.S. Pat. Nos. 4,440,871; 4,861,743; 5,096,684, and 5,126,308, the
methods of making of which are expressly incorporated herein by reference. A

30 reaction mixture is formed by mixing together reactive silicon, aluminum and
phosphorus components, along with at least one template. Generally the mixture

is sealed and heated, preferably under autogenous pressure, to a temperature of at
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15 The reaction mixture can contain one or more templates. Templates are

structure directing agents, and typically contain nitrogen, phosphorus, oxygen,
carbon, hydrogen or a combination thereof, and can also contain at least one alkyl
or aryl group, with 1 to 8 carbons being present in the alkyl or aryl group.
Mixtures of two or more templates can produce mixtures of different sieves or

20 predominantly one sieve where one template is more strongly directing than
another.

Representative templates include tetraethyl ammonium salts,
cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine

25 (DPA), pyridine, isopropylamine and combinations thereof. Preferred templates
are triethylamine, cyclohexylamine, piperidine, pyridine, isopropylamine,
tetraethyl ammonium salts, and mixtures thereof. The tetracthylammonium salts
include tetraethyl ammonium hydroxide (TEAOH), tetracthyl ammonium
phosphate, tetraethyl ammonium fluoride, tetraethyl ammonium bromide,

30 tetraethyl ammonium chloride, tetraethyl ammonium acetate. Preferred tetraethyl
ammonium salts are tetracthyl ammonium hydroxide and tetraethyl ammonium

phosphate,
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15 under conditions effective to substantially extend the catalytic life of the sieve.
Under these conditions, the integrated catalyst life will be greater than that
obtained when heating is performed at non-oxygen depleted levels. The oxygen
depleted environment is one that has a substantially low oxygen partial pressure.
Preferably, the oxygen partial pressure of the oxygen depleted gas environment
20 will be less than about 1.0 psia (6.87 kPa), more preferably less than about 0.2
psia (1.37 kPa) (corresponding to approximately 6.8 mol% oxygen and 1.4 mol%
oxygen, respectively, at atmospheric pressure). The oxygen depleted environment
can be provided by applying a vacuum sufficient to substantially lower the oxygen
partial pressure. The oxygen depleted environment can also be provided by filling
25 a reactor system with oxygen depleted gas using a diluent such as nitrogen,
helium, hydrogen, xenon, argon, flue gas, or any combination thereof.

There will be little if any combustion of the template material in an oxygen
depleted environment due to the lack of oxygen. Rather than combustion, which
theoretically forms carbon dioxide, water, and possibly various contaminants, the

30 template will, in general, break apart and leave the microporous structure of the
SAPO material. The smaller and more volatile template compenents will leave

much more readily than larger components. Because some template components
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environment that contains oxygen at a partial pressure of greater than 1 psia,

preferably greater than 2 psia. Various gases can be used to dilute the oxygen.

Examples include nitrogen, helium, xenon, argon, flue gas, or any combination
thereof. In a preferred embodiment, calcination is performed in non-oxygen

20 depleted air. The non-oxygen depleted air can be partially diluted using any
dilution gas, with nitrogen or flue gas being preferred.

The preferred temperature range for calcination is between 200°C and
800°C, more preferably between 500°C and 750°C. Calcination is continued until
any remaining template is sufficiently removed, preferably between 5 minutes and

25 24 hours. - At the end of calcination, carbon on catalyst is preferably below 0.5
wt%, preferably below 0.2 wt%, most preferably below 0.1 w%.

In a preferred embodiment, oxygen partial pressure can be adjusted
according to the amount of template in the microporous structure. In general, the
less template occupying the microporous structure, the greater the oxygen partial

30 pressure can be during heating. In a most preferred form, a gas and a SAPO
molecular sieve are flowed into a contact system and contacted with one another

in a countercurrent direction. The gas coming into the system preferably contains
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it fl ' t f
cal o nat i onor e PR ReTELARRIEbAERER S Al RGR GRS B2t 07
750C. Cal ci Agithedgasinioves it countetcurnérnt lcontactywitletieimologularesiglen tiee oxygen

sufficiently renoved, preferably between 5 m nutes and 25 24 urs. - At
‘the end of HethersWIbeombust templars remARINGdR themGrRPUIPULSTNGIIC OIS 5\ / 4,
preferably 9 3 1 rred
enbodi nent , 9‘%@%\‘&%‘ %saﬂrq% gaaﬁ Iﬂg‘?éesg gtoﬁgﬁg%?%éﬁg%f? #ggégwwggg%dr]ﬁ?%ﬁ fe%at he
*amouns of t esmrahRk of thetdombusisropecesss Ifthe system és appropriatelysized; the gasess

tenpl at e occupyi ng the m croporous structure, the greater t oxygen
partial 30 ﬁ?’@é‘ﬁ}g@ @&Ff‘cb@“gd?‘?lﬁﬁﬁ?‘féﬁvf’ﬁﬁ?enf‘g thie cyeg ﬁ?’%?’@r h‘zlabef orm a gas

and a SAPO o@%&cdé:pﬂe(fi'ﬂl\éeco%ﬁﬁrédrﬂ%&mitﬁ @r&eﬁqg??éféraﬁwsécﬁﬂh&éﬂ.sﬁé}m acted
tner

wi th one ano n a countercurrent direction. The gas coming into the
syst em pr ef ¢habhe/SAPOtolemlanGi 6@ 17 intatdoxypen depdeted Endraposnt focYPI8Y0 15454

oxygen at a rtia ressure.of .greater than 1 | a r at er
than 2 psi a.°¥%355t°ﬁll1§gaé§'§atm§/%‘§'e i"ﬂ{h(?d’ﬁﬂ‘f"é‘rs %;%RF&%%RWQICS?&%?# t%‘ﬁg&%t)l ecul ar
si evap the gwexOedting finfelif tlcontdck bystemrbust tenplate renmaining in the

m croporous structure. This neans that as the gas, noves thrqugh the

contact system ilp appther preftomied ebordiment thegassupphiedipthe 5?“’_1"’&80_ onbust i on
process. |f p&g%?%ﬁ%e% §’r‘f#3'riﬁ E.é'aﬂfoﬁh%h ¢ filds tﬁaﬂ\jtmhxfllq'é%ﬁ% n% duddargont act

wi t h ol ecul®ar St eve™ en contact systemw | e oxygen depl eted.
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SAPO nol ecul.ar sieye is in an oxygen depl et ed,enyi ronnent Iy - 715% of
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conpri ses oxygen Inithe pountescmrrent isamtagtprocess; it ip preferres toTeeysle e 888 a st andard
exiting the contact system so that it can be reused as a dilution gas. Dilution gas,

whether recycle or make-up, is preferably input into the countercurrent contact
system such that the gas entering the contact system contains oxygen at a
20 substoichiometric amount for complete combustion reaction. This will ensure that
molecular sieve entering the contact system will contact gas that is sufficiently
oxygen depleted.
The gas exiting the countercurrent contact system is likely to be high in
partially decomposed template. The decomposed template will be present as a
25 result of the heat treatment in the oxygen depleted environment. Therefore, it is
preferred to bumn off or combust the exit gas prior to recycle.
A silicoaluminophosphate molecular sieve in which the template has been
properly removed exhibits one or more peaks in the infrared region in the range of
3630 cm™ 10 3580 cm™. Preferably, the molecular sieve has a combined peak area
30 in the 3630 cm™ to 3580 cm™’ range of at least 10% of the total peak area of all
_peaks in the infrared region in the range between 4000 cm! to 3400 cm™.
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diameter S8, fixed bed reactor at 450°C, and using 100% methanol as the feed at a
reactor pressure of 25 psig (i.¢., a methanol partial pressure of 25 psig). Although
it is possible for the binder or any other catalyst component to adversely affect the
integrated catalyst life of the molecular sieve itself, the effects should be such that
20 the impact is minimal, and that the integrated catalyst life of the catalyst still be

within the preferred parameters.
The integrated catalyst life is calculated as:

ZW.’HSV"C;*(&—I(-'-I))IGO
i

where WHSYV = weight hourly space velocity, based on SAPO
25 molecular sieve content of the catalyst (units = hr™');
C; = the weight fraction of methanol conversion at time on
stream t;; and
1; = time on stream / in minutes (units = min.).
WHSYV is defined in the calculation of integrated catalyst life as the weight
30 of the feed fed to the 1/2” reactor over time (per hour) divided by the weight of
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will be at |east gr.ams, of. et hanol conyerted per .gram.of e
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product analysis. At various tines on stream- 10 ti, sanples are w thdrawn

from t he pr gefeoed s asmsilicoaluminophnspharec(SAPO)ecatalyst owish theicadlisbs phat e
nol ecul ar si eves, ma bgAﬁgn x?d l(mbl ended)
comprising ‘the molecular sieve.

15 Materials which can be blended with the molecular sieve can be various

inert or catalytically active materials, or various binder materials. These materials
include compositions such as kaolin and other clays, various forms of rare earth
metals, other non-zeolite catalyst components, zeolite catalyst components,
alumina or alumina sol, titania, zirconia, quartz, silica or silica or silica sol, and

20 mixtures thereof. These components are also effective in reducing overall catalyst
cost, acting as a thermal sink to assist in heat shielding the catalyst during
regeneration, densifying the catalyst and increasing catalyst strength. When
blended with non-silicoaluminophosphate molecular sieve materials, the amount
of molecular sieve which is contained in the final catalyst product ranges from 10

25 to 90 weight percent of the total catalyst, preferably 30 to 70 weight percent of the
total catalyst.

A silicoaluminophosphate catalyst, which comprises the molecular sieve,
binder, and any other catalyst or inert component, may or may not exhibit the
exact same infrared spectrum as the silicoaluminophosphate molecular sieve by

30 itself. This is because the binder and other catalyst components may have some
effect on the infrared analysis of the finished catalyst. Even if there should be
some distortion in the finished catalyst of the infrared characterization of the
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mai ntai ning the.acid c ta.lhyst si tg)sé&g?ﬁ{rﬂ%luﬁio#}éacsg'l g&“’“?ﬂ%ﬁ@*c"a%osi tion
descri bed hEFEIEH ORt 11 a linwidiRbaseon s mixel edpardiquiy phass aiposit kon  that has t he

catal yti c bemnpidlé&; rated wth the nolecul ar, sieve itself. 5 1n this
i nvention, a feed ﬁ%&n%%awogggd’éﬂéfgﬂ? éeﬁfi‘i‘ﬁ’(“&@%@lmqﬁéﬂlﬁé&et ion zone

of 3. react ofeafﬁf@%mdiﬁ?m.t h 3 nol Fpulh?r isi ](caye catal yst at ]P][ oc;a_ss
D b o e et ok
Rl AL
. ge, the formation of the desired olefin products
may become markedly slow. At the upper end of the temperature range, the
process may not form an optimum amount of product. An operating temperature
20 of at least 300°C, and up to 500°C is preferred.
Owing to the nature of the process, it may be desirable to carry out the
process of the present invention by use of the molecular sieve catalystsin a
dynamic bed system or any system of a variety of transport beds rather than in a
fixed bed system. The critical feature of the reactor system utilized is the ability
25 to operate at high space velocities.
The conversion of oxygenates to produce light olefins may be carried out
in a variety of catalytic reactors, including, but not limited to, fluid bed reactors
and concurrent riser reactors as described in “Free Fall Reactor,” Fluidization
Engineering, D. Kunii and O, Levenspiel, Robert E. Krieger Publishing Co. NY,
30 1977, incorporated in its entirety herein by reference. Additionally,
Ccountercurrent free fall reactors may be used in the conversion process. See, for

example, US-A-4,068,136 and “Riser Reactor”, Fluidization and Fluid-Particle



10 the catal yst when the oxygenate is in a vapor phase. Alternately, the
.process may be carried out in aliquid or a m xed vapor/Iliqui dqphase. When
the process is carried out in a liquid phase or a m xed vapor/1I ﬂﬂiﬂm

phase, G&vdipossk4and selectivities of feed-to-product may rgspUsoodsepandi ng
‘upon the catalyst a,,. reaction conditions. 15 O efins can generally be
produced at a wi de range of tenperatures., An effective operating
tenperature range can be from about 2008%t0 700C. At the |ower end of the
tenperature range, the formation of the desired olefin products mnay becone
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not form an Mrum‘&r%unt of product. An operating tenperature 20 of at
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or any system of Anyatandard comnercinbyrale rebadssysrinhedn eRed, ifciadidg xed bed
systeng The ﬁ;é I'LC | feature,of the reactor systemutilized is the ability
'25 to operaté ac{ #ﬂ'ﬂngﬂaﬁée@&s@&ﬁ i-@?_c"ﬂf_@er&? ¥@fereamonsystemyeandhees t o
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reactors, ing¢luding, but not I'tmted to, reactors cohcurrent
riser react of§ case efkeommersial soaleTEaciorsFHS Rewdefimed s Heuveighteofs on

Engi neeri ng, . Levenspi el , .Robert E. Krieger Publishing Co.

Y. 30 1077, h_’{:arflgéogr’tgg‘l? RS e mef SR welght g $1Q?9£W"P@‘%Phﬁeénolemlaf )

Addi t i onal | ysievecanméns of ther candyst. Ele Eﬁrbcdﬁ&?é&&&t'mgbg%x#%&‘qﬁ &dtl}% Cor
a Ser Reactor",

conveiiion ﬁl’ﬁy&ﬁess See, for exanple, US- A-4,068,1
FI ui di%at i on™¥g%ecazbon whishimaycorsionablobe qorhised with the oxypEMt20 The

PCTI USCQO 1544 =59 .F. A Zenz.and,D. F. Oh Rei nhol d
Publ i shi ng @%@%E@R@ﬂ?‘ﬁ}%&%&isbﬁwSRE‘CB‘HS66?%?"&4?9&? Ineay BPB’SQ‘Fy

i ncor por at ecsilieqalimingphospbite neviecalar Aleye portfvalahat is GSHERSd Mhithif@lee I eact or
system can bg, &d i.ncly ing 5 fixed bed or noving bed systens. The
commerci al sca g r%”éﬁ%%§?‘§ﬂ@'@3ﬁ syeh apbjaders.cdilugnts,ioeg rarecrarthy space
velocity (WHSdporienfssew) 1 hr'' to 1000 hr4. In the case of comerci al

scal &4 eactors, WHSV is defined as the wei ght of
Preferred reactors are co-current riser reactors and short contact time

countercurrent free-fall reactors. In these preferred reactors, an oxygenate
feedstock is preferably contacted with a molecular sieve catalyst at a WHSV of at
least about 20 hr”, preferably in the range of from about 20 hr” to 1000 hr”, and
most preferably in the range of from about 20 hr to 500 hr.

20 It is highly desirable to operate at a temperature of at least 300°C and a
Temperature Corrected Normalized Methane Sensitivity (TCNMS) of less than
about 0.016, preferably less than about 0.012, more preferably less than about
0.01. Itis particularly preferred that the reaction conditions for making olefin
from oxygenate comprise a WHSV of at least about 20 hr* producing olefins and

25 8 TCNMS of less than about 0.016.

As used herein, TCNMS is defined as the Normalized Methane Selectivity
(NMS) when the temperature is less than 400°C, The NMS is defined as the
methane product yield divided by the ethylene product yield wherein each yield is
measured on, or is converted to, a weight % basis. When the temperature is

30 400°C or greater, the TCNMS is defined by the following equation, in which T is

the average temperature within the reactor in °C:



hydrocarbon in the feed per hour per weight of silicoalum nophosphate

.nmol ecul ar sieve content of the catal yst. The hydrocarbon content 'tl DSe
oxygenate and any 10 hydrocarbon which may optionally be conbi nehﬂlﬁk R0 he
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to mean only the silicoal um nophosphate nol ecul ar sieve portion that is
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on, or is cafyexjgd depletdll dikiett)andtiRSteer tdARO pirtiel presiues aftiee 1S 30 400C
or greater, the TCNMS is defined by the fol | ow ng equation, in which T is

t he aver age OKBsgsateROmROURds #ndion mixthires theseof| wittcfeedgoekn A8 e lpwer - 2003
PCT/ US00/ 15%‘??3'&{8 J%m@f:{éﬁg&% (agngQ tHe rafe §f‘9elem§ist§f ﬁqﬁﬁgﬁqr@gs 0 may

vary over a e range, | €Nous ~ pressur
pr esslr es mayd/oerdastiobmiay avebaoptimemessarily linmited to, pressures of from

about 0.1 kPa to about 4 MPa. Preferred pressures are jn the range of
about 6.9 kPa to cﬂftmczremsewwt%@ﬂms m3y bedresent marhggev&?fmg@r

example, in an amount of from 1 to 39 molar percent, based on the total number of
moles of all feed and diluent components fed to the reaction zone (or catalyst).
Typical diluents include, but are not necessarily limited to helium, argon,

15 nitrogen, carbon monoxide, carbon dioxide, hydrogen, water, paraffins, alkanes
(especially methane, ethane, and propane), alkylenes, aromatic compounds, and
mixtures thereof. The preferred diluents are water and nitrogen. Water can be
injected in either liquid or vapor form.

The process may be carried out in a batch, semi-continuous or continuous

20 fashion. The process can be conducted in a single reaction zone or a number of
reaction zones arranged in series or in parallel.

The level of conversion of the oxygenates can be maintained to reduce the
level of unwanted by-products. Conversion can also be maintained sufficiently
high to avoid the need for commercially unacceptable levels of recycling of

25 unreacted feeds. A reduction in unwanted by-products is seen when conversion
moves from 100 mol% to about 98 mol% or less. Recycling up to as much as
about 50 mol% of the feed is commercially acceptable. Therefore, conversion
levels which achieve both goals are from about 50 mol% to about 98 mol% and,
desirably, from about 85 mol% to about 98 mol%. However, it is also acceptable

30 to achieve conversion between 98 mol% and 100 mol% in order to simplify the
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and the feedstock may optionally contain at least one compound containing a
halide, mercaptan, sulfide, or amine, as long as the optional components do not
significantly impede the performance of the catalyst. When the oxygenate is an

20 alcohol, the alcohol can include an aliphatic moiety having from 1 to 10 carbon
atoms, more preferably from 1 to 4 carbon atoms. Representative alcohols include
but are not necessarily limited to lower straight and branched chain aliphatic
alcohols, their unsaturated counterparts and the nitrogen, halogen and sulfur
analogues of such. Examples of suitable oxygenate compounds include, but are

25 not limited to: methanol; ethanol; n-propanol; isopropanol; Cs- Czo alcohols;
methyl ethyl ether; dimethy! ether; diethyl ether; di-isopropyl ether;
formaldehyde; dimethy! carbonate; dimethyl ketone; acetic acid; and mixtures
thereof. Preferred oxygenate compounds are methanol, dimethyl ether, or a
mixture thereof.

30 The method of making the preferred olefin product in this invention can
include the additional step of making these compositions from hydrocarbons such

as oil, coal, tar sand, shale, biomass and natural gas. Methods for making the
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A preferred olefin-forming catalyst is a metallocene catalyst. The
preferred temperature range of operation is between 50 and 240°C and the
reaction can be carried out at low, medium or high pressure. For processes carried
out in solution, an inert diluent can be used, and the preferred operating pressure

20 range is between 10 and 150 bars, with a preferred temperature range of between
120 and 230°C. For gas phase processes, it is preferred that the temperature
generally be within a range of 60 to 160°C, and that the operating pressure be
between S and 50 bars.

This invention will be better understood with reference to the following
25 examples, which are intended to illustrate specific embodiments within the overall

scope of the invention as claimed.

EXAMPLE 1
A sample of SAPO-34 having a DPA/TEAOH template was heated from

30 ambient conditions 1o a temperature of about 525°C at a rate of about 1°C per
minute, then cooled to ambient conditions in a closed oven. The procedure was

performed in a shallow bed, injecting air at a rate of about 4.2 liters air/min.



5 One skilled in the art will also appreciate that the ol efins produced by
-the oxygenate-to-ol efin conversion reaction of the present inyg i[:qmacan

be polynerized to formpolyolefins, particularly polyethyle

_pol ypr o @d846- pr ocesses for forming pol yol efins fron1oFéFﬂﬁ§“@ known in
the art. Catalytic processes are preferred. Particularly preferred are

met al | ocene, Ziegler/Natta and 10 ackd%catal ytic systens. See, for exanple,
U S. Patent Nos. 3,258, 455; 3,305,538; 3,364,190; 5,892,079; 4,659, 685;
4,076, 698; 3, 645,992; 4,302,565; and 4,243,691, the catalyst and process
descriptions of each being expressly incorporated herein by reference. In
general , tgssepmmipads i nvol ve contacting the olefin product with a

pol yol efinTTorm ng catal yst at a pressure_and tenperatul?r:sgt tive to form

ff
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15 EXAMPLE 4
The products of Examples 1-3 were characterized by IR absorption using
diffuse reflectance spectroscopy. The IR spectra were obtained, and are shown in
FIG. 1. The IR spectra indicate that the Broensted acid characteristics of the |
SAPO material are affected according to the conditions upon which the template

20 is removed.

EXAMPLE §
A sample of SAPO-34 having a DPA/TEACH template was heated in situ

(i.e., in a fixed bed, continuous reactor) under nitrogen (50 ml/min) from ambient
25 conditions to a temperature of about 650°C at a rate of about 10°C per minute;
held for about 1 hour; then cooled to 450°C and tested from methanol conversion.
Methanol was fed to the reactor ata WHSV of 1.6 hr' and a pressure of 0.3 barg
(131.3 kPa). The reactor effluent was analyzed by an on-line GC. Methanol
conversion was calculated as (100 - (wt % methanol left in product)). The result

30 _ is shown in Fig. 2.



-

5 mnute, then cooled to anbient conditions in situ in an IR spectroneter

-using a high tenperature diffuse reflectance IR cell under vaitﬁtﬂ?)&/ about

0.1 bar (10.1 kPa). EXAMPLE 3 10 A sanple of SAPO 34 havi ng H

fenpl at eyaaerReat ed from anbient conditions to a tenperapgrgsediagput 650C

at a rate of about 10C per mnute, then cooled to anbient conditions in
situin an IR spectroneter using a bb@f_] tenperature diffuse reflectance IR
cell under vacuum at about 6 x 1Cr4 nTar. 15 EXAMPLE 4 The products of
Exanpl es 1-3 were characterized by 1R absorption using diffuse reflectance
spect r osScOEXAMBEEI 62 spectra were obtained, and are shown in FIG 1. The

el ial are af foerele SLSeR AT A SRR EEAEREHBls o F e b o o

uas hoat ed i H B RS do & B B A et or) Pander

I xe continuous reactor) under

ni trogen ( Sk heldforfaboos Sinhirgnhen Qplabrdinbienscanditionsdmpelasedr e of about |

650C at a rate of about 10C per. m nute; | d, for, abqut 1 hour, t.hen cool ed
to 450C anGVG%sTIE@TPPWW%mm@EMQFBQEW bedipiesHEs aifat s 0% o the
reactor at 92 Nr"1 and a pressure of 0.3 bang (131.3 kPa). The
reactor ef P??Jent W\R%!};S%Ha l‘ty;zed by an on-line GC. Methanol conversion was
calculated as (100 - (W % nethanol |eft in product)). The result 30 is

shown in Fig, 2. I _,0 DEC 2003 WD 00/ 74846 -20 PCT/ US00/ 15454 EXAMPLE 6 A
sanpl e of mw ng a DPA/ TEACH tenpl ate was heated from anbient

conditions to a t&@@ﬂé%&‘ﬂ 0034%%% PHRCTREAGH8ME1a0 wabRetted fiomper

m nute; held forAa ut 5 ﬁgurs; t he acool ed to arrblsent conditions in a

cl osH 5 owenbient benditionstd unemperatyseof svoue 8509C at stud 0Habawed0°Cpprcting air
f 4.2 |1 I in. , EXANPLE 7 ... .

at arate ?ninut%;b }?elfcti for a?bouigﬁtrn?rs;a 214 tr:noé]ed to aml\ﬁent conditions in a closed
oven. The procedure was performed in a shallow bed, injecting air at a rate of

about 4.2 liters air/min.

15 EXAMPLE 8
The products of Examples 6-7 were placed in separate 1/2” diameter S8
reactors at 450°C. Methanol conversion was performed as in Example 5. The

results are shown in Fig. 2.

20 EXAMPLE 9
Integrated catalyst life of the catalyst samples of Examples 5-7 was

ZWSV *Ci*(ti—ta-n)/60

calculated as

where WHSYV = weight hourly space velocity;
25 C, = the wt % methanol conversion at time on stream t;; and
t; = time on stream ;i in minutes.

The integrated catalyst life of each catalyst sample is shown in Table 1.

]



A sanpl e of SAPO 34 having a DPA/ TEACH tenpl ate was heated from 10 anbient
-conditions to a tenperature of about 650C at a rate of about f@ﬁ E%{l

m nute; held for about 5 hours; then cooled to anbient condit 5 {2003

.cl osed wiven748%he procedure was perforned in a shall ow beBCTIUSPELSES4Ng ai r
at a rate of about 4.2 liters air/mn. 15 EXAVPLE 8 The products of

Exanpl es 6-7 were placed in separate 14p. dianmeter SS reactors at 450C
Met hanol conversion was performed as in Exanple 5. The results are shown
in Fig. 2. 20 EXAMPLE 9 Integrated c %qv)is life of the catal yst sanples of
Exanpl es 5-7 was WHSV *CC *(to-tc+- 1?}?‘ cal cul ated as 25 where WHSV =

wei ght hourly s ace ve| oci 1y, C, = thé Wt % et hangl conversion fat tinme on
streamtt; and &freami |in nintegeated Catalystiede at ed catal yst
Jlife of each cat aI yst sarrp% I's shownlin (Enbnethanol/gr.sngbesieye)o3 | W

00/ 74846 PCT/ US(o+1+5454——24—Fatrre—t—rAgtvatrontmtegrated—Catatyst Life (gr.
Jret hanol / gr. nol|. meWﬁjﬁéCﬁﬁml hr.|8.6 air/525@.6 hrs. 3.7 airg650C 5
~hrs. 1.6 The datd-shown 1n EIG indigate that—a-si nnlflmgrﬂ- j ovement in
catalyst life cgn be gﬁ.ﬁg@b}gp&g renoyal of the te:m;al ate in an oEygen
depleted 5 envirignment. In this case flhe oxygen depleted envir nt (N2)

I s substantially fre MPLE |10 A cat al ysi gconposi tion conpri sing
SAPO- 34 nol ecul gr_si evgggsogé ) '

The data shown in FIG. 2 indicate that a significant improvement in
catalyst life can be gained upon removal of the template in an oxygen depleted
5 environment. In this case the oxygen depleted environment (N3) is substantially
free of O,.

EXAMPLE 10
A catalyst composition comprising SAPO-34 molecular sieve is heat

10 treated in a continuous rotary type calciner. Airflow is provided countercurrent to
the direction of flow of the catalyst composition. The rate of zirflow is provided
at less than stoichiometric oxygen to template ratio (combustion basis to CO3),
which is approximately 600-1000 sce/min of air per g-of-catalyst fed/min, based
on 13% hydrocarbon on catalyst. This ratio of volumetric airflow to catalyst feed

15 rate can be adjusted for different hydrocarbon on catalyst. A diluent gas is mixed
with the air to obtain the less than stoichiometric oxygen to template ratio. The
amount of diluent gas is also sufficiently low to obtain a depleted oxygen
environment for approximately 1/3 of the total calcination time. Total calcination
time is the total amount of time the catalyst is in the calciner. In this example,

20 total calcination time from 0.5-2 hr. Calcination temperature is approximately
650°C for the bulk operation. At the completion of the process, the carbon on
catalyst is less than 0.1 wt%. The calcined catalyst is placed in drums, and stored
under a nitrogen blanket.



.10 treated in a continuous rotary type calciner. Airflowis provided
20ehE80turrent to . the direction of flow of the catal yst conpositi on.U3p@15454
rate of airflowis provided at |less than stoichionmetric oxygen to tenplate
fatio (conbustion basis to CO2), whi-cd&2+s approxi mately 600- 1000 scc/mn

of air per g-of-catal'yst fed/mn, based on 13% hydrocarbon on Tt&D&( V& .

This ratio of volunetric airflowto catalyst feed 15 rate can be adjusted

for different hy@GkAHMBbon on catalyst. A diluent gas is nixed with the air

to obtain the |l ess than stoichionetric oxygen to tenplate ratio. The

amount of dil uent. gasMethodlof nakirigfancolefin ppdudviram ao ioxygenate feegdsteded oxygen

environnment for _a oxi matel,y 113 of the C ' ' 11ge. Total
cal ci nati onthrFWeS%&O’fyﬂgnthtfg?dlmlﬁﬁong?déqoﬁ@h Pt?g{ai‘}§?§§?§BS'béan t he
cal ci ner. |&d-bi i i k Rad b @bre dizeeoff lesyth@n®- 2 hr.

Cal ci nati onﬁ{%ﬁgg}lm@@? g%é#%&?#&fﬁ*?t g%o 11:orl t he %al kno eration. At

t he conpl etangstromsundencandisions effective i sonvesithe oxyganpts feegstogkto @han 0. 1

"W % The cal,gd t " | et : ni t rogen
bl anket . LeBYbaRs08, Shaiateliferth BNl o in bRl et Rprectief S 11
product fr ofasaieetygsared by henethod elhereber silicoalsminbphosphgbenotecbildedst ock i's
contacted wiith a catal yst conprjsi a _ . silicoal um naphosphat e nol ecul ar
si eve that He @"Mﬁ@gsqtﬂ%a%gﬁ? E@;ﬂ&ﬁdﬂ%" %w&aﬁ‘ﬁﬁ WJ%&BP'%HC‘-SE&"HU%S
effective tg HEAHRUSH B to%rg?mw&aa eniRRfEng AhdePcaiitions b remeveduct |
characterized In that sald si'licoal um nophosphate nol ecul ar si eve has been
prepar ed byessentizliall thih tarepigtefram said GBistAIINGIPIRTEPOFAYS SLRIEIUER, UVREeINS | ey e
conpri si ng | e i L hi it SERdcRed i ' rous
structure ﬁ% %gfiﬁ%eg%“gk%ﬁenﬁygéﬁbﬂﬁf%ﬁl r onrcrﬂef;l(%“,el tﬁ% igsr?’l?’gondi tions to
renove €ssednsistihd vf aitlogémeheliamp hyedregén, cenemiatgary yret fue gase andior éhor ous -

structure, whereiin the oxygen depleted,envirto n ' a gas

sel ect ed f rBfQovided byagalyin ?Pﬁ"gﬂ cbqng ?W%ﬁ'{gﬁ%grﬁ%&#g%iogen, xenon,
argon and flue gas, and/or s rQvided b yi vacuum ,cient to
substantially refove 9%@0@&“@ lwﬁﬂﬂ'@gtegggac%atﬂ% tf'e o&i&%ﬂ%@%q ed in
that the oxyQmRnRfRBt RiLsh offehpaniEe pleshiare ol lese M:GE618P&RPA) al pressure of

| ess than 6.87 kPa. 3. The nethod of any of the preceding clains,

characterized i n3t hat thi hfetfdd orEhy of the pritediRg elaindreheelerzed inthat
conprising at | east one tenpl ate . .
the silicoaluminophosphate molecular sieve comprising at least one template
within its crystalline microporous structure is heated to a temperature of 200 to

800°C. .

4, The method of any of the preceding dlaims, characterized in that
the template is selected from the group consisting of tetraethyl ammpnium salt,
cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
cyclohexytamine, triethythydroxyethylamine, morpholine, dipropylamine, pyridine,
isopropylamine and mixtures thereof.

5. The method of any of the preceding claims, characterized in that
the silicoaluminophosphate molecular sieve exhibits an integrated catalyst life of
at least 4 grams of methanol per gram of molecular sieve.

6. The method of any of the preceding claims, characterized in that
the silicoaluminophosphate molecular sieve exhibits at least one peak in an

infrared region in a range of from 3630 em~1 to 3580 cm1,

7. The method of claim 6, characterized in that the

AMENDED SHEET -



Wh i Ahdd4 S crystalline mcroporous structure |'s heated to a tenperatu f
-%g%t%bmsooc. 4. The nmet hod of any of the preceding clains, char acterp%eog”s“'“'

inthat the tenplate is selected fro he group consisting of tetraethyl
.ammoni um salt, cycl opentyl ani ne, am néret hyl cycl ohexane, pi per §Fnhéenn3
triethylam ne, cycl ohexyl am ne, triethyl hydroxyethyl am ne, norpholine,

et hod of 2y nePARphateAReaRd e iR  Bdl 4R i A ety

si l'i coal um payiip &Gyl el il ' Lcatal yst life
of at least ™4 gﬁgﬁn?eg'PrE?fAet ﬁgr?g?o %‘lgr @Fgﬁﬁégé%ﬁ%uqurﬁglg&gga? l@he met hod

of any of tBg inffReeddiéh fbmi 4080 AMar@e4GU Emeld in that the ,
si |l i coal um nophosphat’e nol ecul ar sieve exhibits at | east one peak in an

infrared region ign a i i ivod i met hod
of claim6, char Ig(’:t er F?ggﬁ?tﬁ&g Eg?wt ﬁ?gﬁ%ﬁ%&%ggﬁ%ﬁ%%&%‘&%%@%&mmm
- 23 1 D Dthe siimalustingphosphate maecolsp kieve isreelected| feom tieegroup xhndisting a t ot al

east 100 of! Sz SHEe, SO, SB35 AR, sl Ao ool T o
3400 cm 1. &ontdiningetthsthepéofand miliréethpredt.edi ng cl ai ms, characterized in
that the silicoal um nophosphate nol ecul ar sieve is selected fromthe group

consi sting of . SAPO 17 he phéthbd & any'$1Ghe precBdiRGclims, ShEiacttfized Rt 7.,

SAPO- 56, netal. containing forns thereof and m xtures thereof. 9. The
met hod of afijceplumninephasabalgimeje@ilalisitye iePARQdteri zed in t hat
sili coal um nophosphate nol ecul ar sieve is SAPO 34. AMENDED SHEET
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