0 3 DEC 2003 WO 00/ 74848 PCT/ USOQ 15468 -1 PROTECTI NG CATALYTIC ACTIVITY
OF A SAPO MOLECULAR SIEVE 5 This invention relates to a nethod of
protecting the catalytic activity of a SAPO nol ecul ar si eve, ardS DEL 2003
-wet hod of meking an ol efin product by contacting the actjvated catggll yst

with an WRYMEAEBe feedstock. In particular, this inventi oRCT{HEMIMES o a
met hod of protecting the catalytic actiwily of a SAPO nol ecul ar sieve 10 by
shielding the catalytic sites of the nol ecul ar sieve.

Si |'i coal um nophosphat es (SAPGs) have been used as adsorbents and

catal ysts. As c eg ' rOC fluid
catalytic cr ac%ﬁéWEWIEQ H}TnR %ﬁgmﬁgm t he
conversion of alcohols or ethers, and | kyl ati on of aromatics. In
particular, the use of 15 SAPGCs in converting al cohols or ethers to olefin
products, particularly ethylene and propylene, is becom ng of greater
interestS for |arge scale, commercial production facilities. As is known in
t he devel opnent of Thisinventpa relates e a methudrafipedtectingableicatalyticaevity of®s in

the commodity chem cal business, nan rohl ens arise.in 0 the scale up
from | abor at or3AEA & HS’EY%@G%EM‘@r#.’“*mgsm‘i ée%ﬁng‘ﬁ?é\’??mﬁa%cer n
in catalytic rtﬁ@&é&ievgféd%){ﬁ[;@ﬂe 'ﬁit}i\’@ﬁ&ﬁyéeﬂmqe&ﬁﬁkﬁ BPRIradI) this idveRBos ever al

orders of magnitu arg than typical pilot scale facilities. For
exanpl e, conwvelatesomamettmidof prajestingchd catzlyticagivisy obp SAROQ mplequddrisiever oduct s

fromo enat fe are conducted with catalyst |oads of about 5 grans.

Convenﬁyognal ﬁ’grs&ée? P$8F°2§’P’81°§HFS S%Fﬁqq%%@ryﬁ’ﬁ‘f/e'uti lize as much as 50 kg

of catalyst, maki ngsipébahlasinopidRphadés (smds?uhh_re bekmbednus adoskbens@ul ene

product, but this is neverthel ess mnuscule in conparison to what g | arge
Suid eatalyhc

scal e, commer catalysty: cheatatysts, SARIOs haye hesn upes ingpraeesses such gg

exi stence tod L I ' . Sk conmmer ci al
producti on fa%ﬁgégf&ﬁgﬂagﬁngéidé%%ﬁ?%%ggglglg'g%aygb’a?]ggg| ng 'g? o:f?;o anywher e
of oty ene. ang. pL ooyl e ot bt T o Tt hod. ot AL oW ding Such
of ethyl ene an opyl ene product,, if are e et hod.o royi di ng such a
| arge olfanti tﬁ‘%ﬁéﬁa’tcﬂ‘wm&é’&?@'ﬁgr ctaerg to ‘BB‘!'OFHSEBPEE“WMHY et\fny?ene

and propylene, is becoming of greater interest for large scale, commercial

production facilities.
As is known in the development of new large scale, commercial

production facilities in the commodity chemical business, many problems arise in

20 the scale up from laboratory and pilot plant operations. This is particularly a
concern in catalytic reaction systems where large scale operation will be several
orders of magnitude larger than typical pilot scale facilities. For example,
conventional laboratory scale processes of making olefin products from oxygenate
feed are conducted with catalyst loads of about 5 grams. Conventional large pilot

25 plant operations may utilize as much as 50 kg of catalyst, making on the order of
20 kg/hr ethylene and propylene product, but this is nevertheless minuscule in
comparison to what a large scale, commercial production facility would produce,
if one were in existence today. It would be desirable to operate large scale,
commercial production facilities, which may require a catalyst loading of

30 anywhere from 1,000 kg to 700,000 kg, producing anywhere from 600 to 400,000

. kg/hr of ethylene and propylene product, if a reliable method of providing such a

large quantity of catalyst could be used.
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facilities clearly presents great challenges in the devel opnent of the,

catal yst production-to-use chain. By production-to-use chain is t the
SR T

entire area of activities beginning with the production of nol

si eve, iWOUWEME such activities as receipt of starting 5 PET/ESGas4ES on
through the crystallization process. Al sgincluded in the production-
to-use chain are internmediate activities which include fornulation of the
sieve wth binders and other materials, activation of the manufactured
sieve. and finished, catal yst; storage, transport, |oading, unloading of
mol ecul ar si eve angpﬁrﬂ‘ﬁl&%ﬁf scaley spmmercialprodudtiondaclities clparky priesents

associ ated wi , j | of, 10 .the sieve and £i ni shed
catal yst for #’?@tcti}?tl?%ggled @ggwgﬂgﬁg@géﬁ& ?%ﬁlyft@rﬂg%‘gme'a‘loﬁu“é’ﬁﬂg' t he

poi nt when t hwodudtieniubarse shaiw & insantithé extiie afkal olaltivifies beg@ahingWwiyptem For .
pur poses of thi&Pi.nve tign, the end of the production-to-use chain does not

necessarily rREQINGIRR of malegylar sityve, ingluding wehpativitipeasreceipt of statinged i nt o
th ti ' . J d. .
St antancouas ETaiE Bn BHAGH DEEHSRRERLG BB ARS ool Hefin B FroRditisn- 5o o

I nst ant aneous 15 neasur enen

systens, the tpruselokdin are inteomediatecdvtivitiesayhidicineide ifehenaatics oEMEBleos €d sone
time within 12 hfP).urs of , l.oading,an activated catalyst into the reaction

system Si nce¥ihyigaeRsand othes magrials, actiyatieg of ab etused Sevexndifinished oduct s
b catal yti . | | 1 d.e o]

I gbor at org aﬁ:g%%ﬁs’é%?{] tfSli}li"ﬁ()atf%p antﬁg@@ﬁ@@#@@&?ﬁl@f@&q@@n scait)[e@ent I on
has been pai cratalyst;is wellodsl ather paaatives atsediatddtwith the Handkngrend pieparation of ti es

in th rodugtj on-to-use chain. Faor . exanple, lifttle attention has been
f_ocusglé)0 on tf\"éé ﬁ%eaﬂ&_%?’s ‘:&o‘iﬁ%ﬁ‘??fr%éﬂgﬁc usg; cLhe pEpducgionrtodise ghain vi ¢y,
since smal | s@as & A6 bbifit Wheh &éﬁ&i&ﬁﬁlaﬁﬁébé%i@%&?{ggmﬂ&kﬁon JP@%&V only

relatively small quantities of catalyst are transported, | arge
25 quantiti eFo5purpeses ofthis inventionctbe end ofithelpodiictidntoruse chain doesatot

oper ati ons. | ' Q of |arge.quantities qf sieve and
catal yst mat yr%%ﬁasﬂ?ﬁ?éﬁgﬁ%iﬁ@# Q’E}?'g erP?]IS‘d‘él LHEYS igdntroguced intp the,

| ocati ons, arréadtiofgystém;] Sifice lafgdcalSysted dfd vérilarg® BAW irisfiSanedss t he
manag nt of sieve and catalyst in the catalyst production-to-use 30

chai n ‘expandS"aUEFBIEniSare Aot Ridsaally feagible. nhylargescaln systemel tha poucticn:
of the ai ove ‘S Siein ey be RoninEiga Up chitplRR Yok bW nafiffe N 2t
every step. Llowmingin aptovated\catalyst int@theredetaGystem.
Since information to date relating to production of olefin products by
catalytic conversion of oxygenate feedstock has been limited to laboratory and
20 small pilot plant activities, little if any attention has been paid to the problems

associated with the intermediate activities in the production-to-use chain. For

example, little attention has been focused on the impact of storage, transport, etc.
on catalyst activity, since small scale activity is rather easily manageable. While
today only relatively small quantities of catalyst are stored and transported, large
25 quantities of materials will need to be handled for commercial operations. This
may require storage of large quantities of sieve and catalyst materials for
considerable periods of time, at muitipie locations, and under rather rigorous
industrial conditions.
As the management of sieve and catalyst in the catalyst production-to-use
30 chain expands in volume and complexity, there is the likelihood that millions of
doliars will be tied up in catalyst inventory, and the value of the sieve and catalyst
will be lost if quality is not maintained at every step. Loss of quality will



3 0 3 DEC 2003 PCT/ US00/ 15468 necessarily translate to | oss of product
guality as well as |oss of product quantity, and these product | osses

coul d far outweigh the cost of the sieve and catal yst. Al though ?‘BEE @gs
been sone work published relating to the internediate acf’éi’i!%ﬂoégg& 12

“cat al ysWHIG4¥Et i on-t 0- use chain, few of the probl ens associate

therewith have been addressed. For exanpBe, U.S. Patent No. 4,681,864 to
Edwards et al. discuss the use of SAPO 37 nol ecul ar sieve as a comerci al
cracking catalyst. It is disclosed that activated SAPO 37 nol ecul ar sieve

has poor stabilit an t, St ali | | | i
particul ar aﬁ%ﬂ%ﬁ’“ﬂ?ﬁ%@égg ﬁ%r#ﬁcﬁqﬁaﬁl{g{gggﬂgﬁ ?ﬁﬁ?gpﬁé’é’uﬁ%dgtg?ﬁf”s
removed fromahilehe8® produkt lssdsrcduldl fad Butineigtsthe costjafshe gieveandcatalysht act i ng

with feed to be cracked. The process calls for. , subjecting the sigve to a
tenperature of 40Glgsmghithensihas bern somevoRk Wbéﬁwekﬁng ER\&'F .‘A}H@?‘ﬁgﬁt ent
No. 5, 185, 31Q ta..De n | selose Néms acbéiREl N
silicoal um nd| \gg%gﬂgienc%ﬁtag%hpgoﬁaugﬁégg) l?:%%%&?ﬁ%%& he nrg% hod 1 15 calls
Sfor comgacti fgerawith hat@bédn@idsessed: OPdrexampld) REH.Ratenta. H,6§4864kuni na and

water, and thereafter heating the m re.to.at |east 425C.  The ;heatin
process is fEdV@Fd%érﬂl-i@Wﬁa‘q Wep?éﬁg’h;g%Meﬂaréwvﬁﬁaéﬂmﬂ’gfﬁ?%lt ed gag,

and then in the. e 3 il PhibReilafietd s oot | NG
process is t(g?%%%%iﬁ?ﬁéﬁ%cﬁ%l%%l%'ﬁﬁo t%%ﬂ(?g al yst. T_t:ee_aci activity
i s enhanced asabilitycsnd thapétabiliey &h berinipraned byosinga particvleesctivalion| uni na and

the sieve. Briend L., J. Phys.. Chem 1995 99 _8270- t hat
SAPO. 34 | 0SdOTES by NS BIOPFSS: SXERNFPERS 8 Spr SR e Y Fruch80R 10
the sigye andntbigve flis pRGPIALAhcg WithFeathowairgciits T processaallefort 0 ai

Data are presented, wever, whi suggest that over at |east the short
term this crsbjeatihg tlieisievectos tempeiture ofA@0-80Q°C within the sxtalytip EarkaL of

perhaps two years, the data suggest that «crystallinity loss is reversible
when certain W¥apl ates are used. EP-A2-0 203 005 al so di scusses the use of

SAPO- 37 ol ecul ar @}g\lfa:é PR, 528831590 Djyidry/é lal. GRstisses hrothe ntetharhofer ci al
cracki ng catal yst. ccorcli.li ng to the doclment, if the orgapjc t late is

retained in tduﬁyﬁhipifi@’oaimhhmuhasplmmele@dmsim f-‘&aﬂl_&iitlﬂnﬁ-s Tt"’?: ite
cont a1 1470, 2eel 5 S <SR Be LM AEP S5 S B8R g1 0
DEC2003 , , 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
20 intimate contact between the alumina and the sieve.

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

25 reversible. Even over a period of perhaps two years, the data suggest that
crystallinity loss is reversible when certain templates are used.

EP-A2-0 203 005 also discusses the use of SAPO-37 molecular sieve in a
zeolite catalyst composite as a commercial cracking catalyst. According to the
document, if the organic template is retained in the SAPO-37 molecular sieve

30 until a catalyst composite containing zeolite and the SAPO-37 molecular sieve is
activated during use, and if thereafter the catalyst is maintained under conditions



wo oon4848 PCT/ USOOL15468 4 wherein exposure to noisture is mnimzed, the
crystalline structure of the SAPO- 3 7 zeolite conposite remains stable. As
seen fromthe disclosure herein, we have now found that an activatepEC BHPO ,
wol ecul aﬁvééﬁ.)ﬁgdvi Il exhibit a loss of catalytic activity when exposed to a
5 noi sture-contail ning environnent, and that this |oss occuPGI'B&0S4¢ t he
time the catalyst is activated and even-afier as |little as one day of
storage. More inportantly, we have now found that the | oss of catalytic
activity is not reversible after a certain period of time. It is

desirable, th | n,an-acti.vated , SAPO nol ecul ar si eve and
i ncor por at e t%ﬁ%&gg&?gﬁ%?ﬂg\%@ﬁeﬁ '?'ﬂm@a}}l?t%tal@%ﬁtmgo WP Pnss of
catal ytic act i3V zepliteccomposite pomgin sdable! N order to overcone at | east one of
the many problens inherent in the prior art, the invention provides a

met hod of prot ecti NS sepnaligmithe diselpsure herein, ave have nowdbund thadncsginated .
nol ecul ar sie i ' ol gnverting an, .oxygenate feedstock

to an olefin pr oﬁuc‘:’?@e%%ﬁ éﬁ%‘&e‘gﬁfég’émp%ﬁéﬁ Pﬁ“’ﬁ?‘&'g’ui‘?"’i% AsxPeseddo 2

et hyl en&, pr omydistee-contahitdienvitonirreat, ARNIRGBIOREs Q88 Wer@ttﬁé FHeCthe y
activity is provjded by covering catalytic sites of the nolecular sieve

with a shi el dSaBfyshis activatsdiand evenafigrap litthecasong glay of stofagedMarek. Cat al yti c
contact, i.e. ;¢ L 10 ool ecul ar. si eve under catagl ytic
conversi on coggpteﬁongj,’ %E?Jegg’%%%%%g%%rlgssaﬁgﬁ BEPVIBES MOLEEVEESRIE N as
the methanol efienkeetaidegeridd optinie0 Gt i3 dediable, kherafordl 1d ShtainahGciiRired’t per cent
nmet hanol conv§ﬁ(gg%§&{uéhe_cat alyst, determned at standard paraneters,

shoul d not be ArigYs andiingerperatgithat ruoleqar siave ange 2 cBlalytic i n

met hangb upt akegd p@#Q : ' ich are too loww Il likely
result in a cgt alesgtséﬁoﬁ%ltdg?é 0 hlg?ﬁq‘mrﬁkgﬂnﬁs\r’ggﬁ?gl use in a large

scal e process. 25 IIn arfiérsoionerentrieanjeastione dfitiad MlamgsroblemBifhéréln the sever al
ways. The shi @I.d Pﬁgﬁ' be the term‘b(%te &B&?ri al which is actually used to
make the rol eRUPh &\ JRVENUAR PIVIGES AP phiprogeting eatalytie agivatyeofiaor ns t he
porous struct siliRodtubiih6pKd3phdte riFetuft sisl € WhichTo Y gegr;ﬁ%% }r@ﬁnterrp! ate
I's renoved by calcining, essentially burning 1t fromthe rmefte ar sieve.
Leavi ng the t e¥ysenate fgedstoek toren olefin produatcpartiubrly areokefin pedduce f or t he

L oBer 181 T° o i o5 oo R e M

activity is provided by covering catalytic sites of the molecular sieve with a shield
prior to contacting with the oxygenate feedstock. Catalytic contact, i.e., contact of
feedstock with molecular sieve under catalytic conversion conditions, must be
made before a parameter defined herein as the methanol uptake index drops too

20 low. In addition, the weight percent methanol conversion of the catalyst,
determined at standard parameters, should not be allowed to drop below a
minimum percentage. Drops in methano] uptake index or methano! conversion

which are too Jow will likely result in a catalyst that is of little or no practical use

in a large scale process.

25 In this invention, the shield can be provided in several ways. The shield
can be the template material which is actually used to make the molecular sieve.
As is known in the art, the template forms the porous structure within the
molecular sieve. Conventionally, the template is removed by calcining,
essentially burning it from the molecular sieve. Leaving the template within the

30 intracrystalline structure for the proper time will, however, protect the catalytic
sites that are within the porous structure of the molecular sieve.
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can stiill be protected by providing other types of shields to cover the
catalytic sites. For exanple, carbonaceous material can be used g% 0&C 2003

“shi el d. YRIMEBof providing the carbonaceous naterial | BCTESBYIWOY| |y
calcine or burn the tenplate, |eaving engugh 5 carbon material within the
pores of the nolecular sieve to provide the shield. An anhydrous

envi ronnment can al so act as a shield, even when the tenplate or

car bonaceous naterial been renoved. ., An anhydrous enviroonment g one
That 1" deplet od | FEREGRe OGS eMEvEl oo R HaowS S PeRTPEEERd
envi ronnment . §0ptdvidinR dter Gipedbf HIANIEVEr BE cRaRAIB i) Fdrakampld C activity
of a silicoalum nophosphat’e nol ecul ar sieve, the invention conprises

provi ding a sirbomazzbunmatepiloep fausedad eshutidr Oneovey diprividingdbal ytic sites
‘protected against |oss of .catal yti.c,acti.vity, b overing ,w th a shield,
Bnd i ntr oduc, FEOPMEERE Batsrars Rparaly Fighe Y b6 PAIE Evink SagiRi
Wher ei nst he npirB&M hidterfull SN e pBrebof R MaRAllatévaks pravdgtheishidd | east 0.1
5 at tine of contact with oxygenate under conditions effective to convert
t he oxygenate to olAdfanbygdvoys eevironmenpeandlseact gs aiskield;, evenrwhensther age and
transporationet j(;atsrbirel %Psipoul d be .%r ovibded W t hin,the rO{Iecul.aor sieve for
at |east 12 hi{R 6r| BB AREn 'lfaﬁ S%ng?gfg'. AE(?HB% §F'6‘P5d‘éne d

t ranspor at i oniscshiedhit i9 depleey inf water eéntédtalt dai®e hthér Lgdsdrriiguidied 20 wi thin
the shield for l.onger periods of tinme, e.g., 24 hours, | nonth, or perhaps
many nont hs. $MErQNRfMct ed nol ecul ar sieve is of great benefit in large
scal e ggmerci al SRRE j g3 : ygenat e
feedstgck, partich’grgl(by ma%r%@Fgﬁ?%@r%enwfnﬁoﬁ%gﬁ%ﬁﬁwgﬁor propyl ene

f r om f eedst ockilicoalpmirophgsphetemasie¢ul arrsidfe, theriwtenyibn edprisesiprovidipgra i cul ar

enbodi nent of .mwaki,ng.an,ol efin prodquct from an xygenat e feedst ock, the
ot on i o sCaA B phOsaRlelEHIR Sete Having) AN e aas protecied agas

si I'i coal um nopf3e PEARRLIEALIAGY BT coveBNEWRR % sRRkIE ahd intidducihb tRS mMidciiap t he
mol ecul ar sieve; providing a“shield to protect the catalytic sites from

contact with sigue mto apoEygenats reaction systems wherginithe molegnlar sigie bas 2 enovi ng t he

shi el d;ccont act j.n Q_the. siey, | t epate feedstock und
condi + 1850 PP Sph Lt Jald 0 78 sPENESP e SISO SR EORERAer | . o
si eve contact coglititns effectieatt dntae tiloxgedatstobl il roddet0 To phbviden4848
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protection for storage and transporation the shield should be provided within the

molecular sieve for at least 12 hours prior to contact with oxygenate. Longer
storage and transporation conditions may require that the shield be provided

20 within the shield for longer periods of time, e.g., 24 hours, 1 month, or perhaps
many months.

The protected molecular sieve is of great benefit in large scale commercial
processes of making olefin product from oxygenate feedstock, particularly making
olefins containing ethylene or propylene from feedstock comprising methanol or

25 dimethyl ether. In a particular embodiment of making an olefin product from an
oxygenate feedstock, the invention is to a method which comprises providing a
silicoaluminophosphate molecular sieve having catalytic sites within the
molecular sieve; providing a shield to protect the catalytic sites from contact with
water molecules; removing the shield; and, after removing the shield, contacting

30 the sieve with an oxygenate feedstock under conditions effective to produce an

olefin product, wherein the activated sieve contacting the oxygenate feedstock has



a met hanol uptake index of at least 0.15, preferably 0.4, nore preferably
at least 0.6, and nost preferably at |east 0.8. In another enbodi nent,,
there is provided a nethod of naking an olefin product from an ng ﬂﬁgq
feedstock, conprising renoving a tenplate froma 5 silicoaluninégio e ’
mol ecul WO ¥7/d§8 and contacting the nol ecul ar sieve with PRISLHAGRt e

f eedst ock under conditions effective to_ganvert the feedstock to an olefin
product before the nmethanol uptake index drops bel ow 0.15, preferably 0.4,
nore preferably 0.6, nost preferably 0.8. It is desirable that the
activated nol ecul ar sieve that is contacted with 10 oxygenate feedstock
have a net hafdnebaw) aptaksindsx ofat jeast<Q. 15, pprofieraldinf.4a more perferablyt atdeasbn

stream (TQS) Ooé hagd lc{lykleq?er@ﬁg a;’flle\%ti(gglt hourly space velocity (WHSV) of 25
’he nol ecul ar

W Preferably" i'eve shoul d have a met hanol conversion of at

| east 15 wt. % at dnahemhepembddiiRny theré isgRGvided 2 methud ©f nAkihglan/$ielin of 25 .
hr"', nore preferably a nethanqgl conversion of at |east 20 wt.% at a

st andard ti mPreduct om areemgsnats feadstockcomprising mopvang 2 template frem ashi el d

can be g enoved. I ' I [ r_ 1.0, Si | Q0 @
prefer rsfad en;sga: ?’@é’ﬁ'ﬁéh}%gbﬁ%lf gﬁft clﬁg?r £ .ﬁg& %gwlgt?g%ﬁt&%t‘ﬁgcf@#p#%ee%tg
removed out shelexyienitedesdstek @hdernddnditions efettiveabdonver the faeddtack pranduct
contam nation, _particularly nitrogen contam nation due to nitraq

conponent s witlefimpraductihedore theomethapelyptakegndexgrons beloma®. 1 feprefesa ggd, as the
shield. In ari%ﬁ?ﬁref@faﬁk%.ﬁeﬂo&'ﬂ?gﬂ}a@pés once the shield has been renoved,
be nmai'nt al ned

the nol ecul ar si‘eve can ‘at a tenperature of at |east 150C,
with no shield, viitistdesichlhie ¢hat thecarsivated aoledul@aiéve thyt ik gontaced with exposure

oL STLRLY L Svibebinol Ao ong i b S S °
f erabl : _ ,

Penpor atur e o508 SEGEECHOS) o s himn by s Sefn: My Blact SRR (WHSV) of

Preferably, t2fchrf'e (Ppéferably the maledulargiave shotidihave g nisthianod zoireersioRroéfier abl y,

of 2 30 Lot r A6y S "EAdhs BN AHOIR et of s jimitimd s SHESE 23 omet hy!

cycl ohexane, rRbfqiréfdiabfy a hietRhbYéchTbiifon 6DHt 1QREXY WY, BEa stehdartine on

hydr oxyet hyl am ne, norpholine, dipropylam ne, pyridine, isopropylam ne and
WD 00/ 1848 mmamqﬁé@mg@crsmda“m%v oty?-S hr',

The shield can be removed ex situ (outside the reactor per se) or in situ. In
a preferred embodiment, the shield is the template and the template is removed
outside of the reactor unit per se in order to minimize product contamination,
particularly nitrogen contamination due to nitrogen components within a nitrogen-

20 containing template that may be used as the shield.

In another preferred embodiment, once the shield has been removed, the
molecular sieve can be maintained at a temperature of at least 150°C, with no
shield, with little if any catalyst activity loss due to exposure of catalytic sites with
moisture. In this embodiment, the molecular sieve is preferably maintained at a

25 temperature of 150 to 800°C, more preferably at a temperature of 175-600°C, and
most preferably at a temperature of 200-500°C in order to maintain catalyst
activity.

Preferably, the template is a nitrogen-containing hydrocarbon. Preferably,
the nitrogen-containing hydrocarbon is selected from the group consisting of a

30 tetraethyl ammonium hydroxide salt, cyclopentylamine, aminomethyl
cyclohexane, piperidine, triethylamine, cyclohexylamine, tri-ethyl
hydroxyethylamine, morpholine, dipropylamine, pyridine, isopropylamine and



PCT/ USOQ' | 5468 m xtures thereof. The silicoal um nophosphate nol ecul ar sieve
is preferably selected fromthe group consisting of SAPO 5, iﬁfﬁ}ég
SAPO- 11, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 3 1, SAPO 34 %35,

- SAPO- 36 WO (Rgxg37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, SARCFMSO0/18M80- 56,
metal 5 containing forms thereof, and mtures thereof. The oxygenate
feedstock is preferably selected fromthe group consisting of nethanol;
et hanol ; n-propanol; isopropanol; Ca-C2o0 al cohols; nethyl ethyl ether,

di met hyl ether; diethyl ether; di-isopropyl ether: formldehyde; dinethyl

carbonat e: dimisstures thireobriEhe sitieaalumiaepkpspbatel melseplar sieve prpredérablyp: e

preferably, 10 the_.oxygena hSOr |_fret er. The
Wﬁgﬁﬂ%&w@&@%&a@%sﬁo%@m ShP@LIE!ubosigher - T

si | i coal umi ndp I si®eve can Provi ded" W th a
material, angAPE-17SSAPOLES, GAPGR0; SAPOSA, BXPOMM, SAPA35aSAP@R36,at ur e

‘bet 200C and 800C. | der t t fi
roduct .t he $ABRA%eSAPO-fh, Sttt SREPTS, SehOxE SATIALT shB s Earhiabn 200c
and 70%0. 15 ﬁmﬁilﬁé@&%‘ﬁ&g@p?ﬁ@ﬁi 1deb tRfedpet t er understood by reference

e t he

‘to the ™ Detai criptiond nventi on when taken together with the
attached drawi ngsThevdxygenate fdedSock ispheferablyselested| framn thecgroup £ORSISNg a

mor phol i ne based nol ecul ar . sieve, ,which has n d, undear ,varhous
envi r onnent aIOdeﬂM nol; -propario; 1 Mt(ﬁ'gtﬁﬁla?%gf’%kg ylgﬁn!%r phol i ne
based nol ecul ersai%y@mér;d% | Shet@MSopTBEYI AR, fopRnldenydy) diméthgl a

SAPO- 34 nol ecul'al sieve which has been stored under various cond|tions.
SAPO cat al ystaarbanatep dimethyl|ketonearastic acidpand mdurestheraofic Morg preferallies as a

resul t_ of continued e syre.t.o I A I f nmoisture. Such

aut hori{ies d e°§§gq93{§fﬁ??&?]{°eq“§m%¥ﬁﬁflco?gb%§é s Materials, 2, 223-228

(1994), howvever, Wﬁ@%@%ﬁp%ﬁlﬁtﬂﬂ&um Eifepat:impro@iﬂﬁ?)\ﬁthmbim;

magneti c resonance , infrare nd ni.trogen adsor pti on

anal yses t hat matesiak and the templateganbe rF‘&"Y"éﬂ@’gFﬁt'“g E%Fggpﬁf@r%‘g%%el ess,

we have foun t__al ' I L ur al
020032 ang 5B g?‘e‘?'%?ﬁ‘.@’h% R B iite oUHIRAHB LB e ProuRs

change is largely reversib ata c e relied upon 30 as an

i ndi cator of jsgy&ferablyGRirfornkd at Atthipetaiyre berweea200%ihat 7008€.have found t hat
SAPO nol ecul ar 'sieves | ose catal ytic, activity when the, catal tthl C sites ate
exposedS0 3 ULU 200he presannimvegtion witibe bxitsy undgsgood By reterence to the

Detailed Description of the Invention when taken together with the attached

drawings, wherein:
FIG. 1 shows methanol conversion using a morpholine based molecular
sieve, which has been aged under various environmental conditions;
20 FIG. 2 shows methanol uptake of a morpholine based molecular sieve; and
FIG. 3 shows methanol conversion using a SAPO-34 molecular sieve
which has been stored under various conditions.
SAPO catalysts, in particular, are susceptible to structural changes as 2
result of continued exposure to even low levels of moisture. Such authorities as
25 Paulitz et al., Microporous Materials, 2, 223-228 (1994), however, have shown
through X-ray diffration (XRD), nuclear magnetic resonance (NMR), infrared
(IR) and nitrogen (N) adsorption analyses that the structural change is largely
reversible. Nevertheless, we have found that although adsorption analyses
indicate that structural change is largely reversible, this data cannot be relied upon
30 as an indicator of loss of catalytic activity. In particular, we have found that
SAPO molecular sieves lose catalytic activity when the catalytic sites are exposed



to an open air environnment for as little as a few hours after activation,
and that |oss of catalytic activity is irreversible after a cert_ﬂiﬁ;azpoi-nt.
The possihility of irreversible loss of catalytic activity pr esBAt 003

pr obl em PU7AYS conmrer ci al producti on-to-use chai n where sPOTHGH/LHHGS
transport of 5 nolecular sieve and catal ygt can be over a relatively |ong
period of time. For exanple, the as manufactured nol ecul ar sieve can be
stored anywhere from 12 hours to nany nonths, perhaps as |ong as one year,
before its fipal use as an actiyated catalyst. SAPO nol ecul ar sieve, as

vel | as the SAPH MFPANLFHITORMEDLIon a8 hitttepsg fewv haurs afiercactivation, pad thant er i al |
can be prot ec;oggofé@gyﬁ@g@wi S%{Miﬁleqfﬂemigéﬁ%ﬁm% properly shiel di ng
S

catalytic sites within the nolecular sieve. Prope ielding can be

acconpl i shed in a ¥he pessjbilify afigreverSible Inat of gatalgtis attivityopesdnes Sprobleied by

~ maintaining a.t late within the nol ecul.ar sieve, by covering the sites '
with a car bolrﬁlatggg?@"ﬁ?g?rgg“%ﬂo"ﬁ? Ysgicheinivrher storageand teanspartef wi t hout a

tenplatge, in ma]eaﬁlaﬁgilgyglw_gatgpytidagry% P&Eﬁ?\‘!&lﬁ'%& Al e, _Cﬂ;rbonaceous

material fromthe active siteS of the rm?ecu ar"siéve results in an
activated nol €@mple, the asmanufactniedgmotelalar sikee carl bestored aiyerheretfaam 12 S

catalytic sit en_and read 0 contact feedstock. .Th nhydr ous
envi ronnent sgor%l\'/'g{sb %gn%n?H 1%“*‘%‘?5 FHB“%\E??%Y?J’ P BNl YpeAsan n  t he

sense that itadivhteddatay@t.i ve catal yst sites fromcontact with open air
conditions, 20 particularly nmoisture in the air. In order to use the SAPO
nol ecul ar si eve asSAPES:malegular sieyr; ag el ag the) SAP: moleentay sigve blehdédwitht he

catal yjgc sit ul.an. si be open t ontact feedstock.
Once the shi eﬁﬁf’%ﬂé} rm"\q/ge? ,aqh%)a\?\'eb\feéra%?@aﬂ:clod? DEERIVE Qf?et‘:&s° d?%‘s‘B_H’eW to

contact with propeyshieldingadafetyticeites avigih thelMateciRyY silé_ee.pPﬁ:%féf%iél&inEX n
| ocal i zed 25 envi rongghnt .and cause_a loss of catalytic activity. t ended

éxposure of cOft accomplished, 1D @yapigtysefomaxso ddercatalytiqeies can by shielded by i n _
v 1 sk e Al SR g by S

poi nt, the nolecular~ sieve I's no In a

catal ytic prowskanacegusdestenial or by maintaining theghdewr; aven without\iltempRie) Gess | S
one hayg ng a reactor laading. ipn excess of 50 k particul arly one having a

react or” 30 syStemorsSarFgmete Q&tewbtka{g@amw pashal fremthyy a

Ig(é?'f tug rOO|’ (i)gg igﬂ:ﬁvé BitescoftRé moficufaP Sidvk Fesuf Gl AN 48\ 31t Hol%ctﬁg-sig\%? ﬁmeaning

tﬁat the molecular sieve has its catalytic sites open and ready to contact feedstock.
The anhydrous environment serves as a shield for the activated molecular sieve in
the sense that it shields active catalyst sites from contact with open air conditions,
20 particularly moisture in the air.

In order to use the SAPO molecular sieve as a catalyst, the shield must be
removed such that the catalytic sites of the molecular sieve can be open to contact
feedstock. Once the shield is removed, however, the catalytic sites are open to
contact with moisture or other components that may be present in the localized

25 environment and cause a loss of catalytic activity. Extended exposure of catalytic
sites to such conditions generally results in irreversible loss of catalytic activity to
the exposed site. At a certain point, the molecular sieve is not of practical use in a
large scale catalytic process. As defined herein, a large scale catalytic process is
one having a reactor loading in excess of 50 kg, particularly one having a reactor

30 system loading in excess of 500 kg, especially one having a reactor loading in
excess of S000 kg.



Ext ended exposure, or the point at which |loss of catalytic activity becones
undesirabl e, is defined according to this invention by a nethanol uptake
index. According to this invention, the methanol uptake index 08 s 063ed
.as the MWQWF4848et wveen t he nmaxi num net hanol adsor ption cag¥di¥$P0(&#680y of an
activated SAPO 5 nol ecul ar sieve (i.e.,-.®he initial nmethanol adsorption
capacity) and the nethanol adsorption capacity (Wt % of the activated
SAPO nol ecul ar sieve at the tinme of catalytic contact with a feedstock

(i.e., the nethanqg| adsorption capacity at ffeed contact). .At the tinme of

catal ytic contact %m'ﬂe@@rmgw& SR tt"ﬂ@‘gbﬁ’as 8’?"4@")%8%1’?%‘?% 0- use

chain. 10 At AR (T 'H : ' AKe ihi when t he
5 Rh%fsﬁa ﬁ?xsl(?lfeﬁﬁéﬂ dbodkding RO RiAihve TRy & Hﬁuﬁﬁblrﬁgtdl& ihde

activated nol'ecul ar siteve is contacted with feed under conditions
ef fective t o Avoomding to thiséanéesibn] the pnesbiarm] uptake insley dudafined as therratig

owever,  { haBePHREDToA RAREIM FEaP) RiFRLE Ferpeni oAb R e TRARO
cal cul af ed atndiBe)&sice (1.6 hitlalWetHaf6Tadiorptivg capatity) ardihe methaiel ecul ar

‘sieve. This is because it nay not be possible to run Such a precise

cal cul ati on, agdsorpiientapatiyy (wit %) af thetactiyated S§PQ melesulap sigve #rihetimeats

val uat od as Sabeonag: wip eiarokBRATE" BiheRBRtp IR R Mabed Y .,
si eve activalcgeiakd). Akthe tirh@%fkitﬁﬁtic lRehtaEERith @ feadatock matksthe endief theont act
with feed is short enough such that the 20 initial nmethanol adsorption

capacity is osedustipadtd-iseepdinagl ent to the nethanol adsorption capacity at

feed cgntact, resu]t.i in ' - Of: ' 1. For
b oi 1D hect vat t ot B bal AR ack BeBlE e Ut i time Ipigh 6 AEHvEIH
shoul d be evaaARb eshi@aissitie i8comicéed withifeédumizt baddiiansteffettive tblvofresrtl under

catal ytic conversion conditions. Under, sone cCi rébtim;ta,nces ﬁ!a ecially when
25 deal i ng with/faed g progust, thegrogustcontgining measusable pariops of ethglgneand g yp o

as much as . é%«\o/@fiyﬂé g5 &ﬁ}%%d%%bl‘&?h&@@v 2hathe Wikth4ndDAdi6iptioh chpdcagd under

catal ytic sion conditions. “According to this invention, it is
preferred that féeddeomactmnst beupiculated attbs exdnt instant that feed comtactg aetivatedh| y at

| east 4, nor referably.at .| east.0.6, and nost. 30 preferably at | east

0. 8. A%I hougﬁn‘glﬁﬁ’é”c%‘?vgr 3#1‘%‘569,‘?? £y may, po %’ﬂ?ss‘yetg fﬁfgﬂf r?‘%}e&ﬁegt ake i ndex
bel ow 0. 15, tdaguldRioRCprAéulad P ifevilludtingtarge 3t 4le réaction sysfenis! dtierefote, shel ue  as
a comercial scale catalyst.” Irreversible |oss of catalytic activity wll

li kely wo oormehanol adprpiion cipacity)atfeed contact must be evaluated as soon as
practical before contact with feed. For molecular sieve activated in situ, the time

between activation and actual contact with feed is short enough such that the

20 initial methanol adsorption capacity is essentially equivalent to the methanol
adsorption capacity at feed contact, resulting in a methanol uptake index of
approximately 1. For ex situ activation, the methanol adsorption capacity at feed
contact should be evaluated as close as practical to actual contact with feed under
catalytic conversion conditions. Under some circumstances, especially when

25 dealing with large scale systems, as close as practical may extend up to as much as
12 hours between activation and actual contact with feed under catalytic
conversion conditions.

According to this invention, it is preferred that the methanol uptake index

be at least 0.15, preferably at least 0.4, more preferably at least 0.6, and most

30 preferably at least 0.8. Although some catalytic activity can occur at a methanol
uptake index below 0.15, the molecuiar sieve at that state is not of practical value

as a commercial scale catalyst. Irreversible loss of catalytic activity will likely



PCTI US00/ 15468 occur below this point to the extent that the catalyst is no
| onger of benefit in a l|arge scale catalytic process. The catalytic
activity of the nolecul ar sieve for use as a catalyst for corﬁlkrﬂﬁrﬂ%
oxygenatWotg/7¢848f i n product is considered sufficiently pragenyssidiedesd
protected when the nol ecul ar sieve has the desired nmethanol uptake index at
time of contact with oxygenate under conditions effective to convert the
oxygenate to olefin product. Since the nethanol uptake index will drop
over tinme if the nolecular sieve is inproperly handl ed, contact with
oxygenat e undegcur &glowy this peinhti the extentshatuhelcaalystris e fanger dflbenwit iremol

upt ake i ndex eé?g . 15. 10 To cal cul ate net hanol uptake index,

met hanol adsoﬂgp%o%ﬁpec %Y?fﬁfyr%ﬁ?t be measured. Techniques for neasuring
met hanol adsor ptlOfl‘hﬁ%ﬁﬁ¢ﬁld/acﬁf/ﬁ¥)5f'ﬂx\éﬂhdiéhulérf3%@ £0F uR'adlaN@falystifdd | in the
art. In a preferred technique, about 5 ng of sanple is introduced into a

t her nogr avi mefenvertngexyeenate teplefin predushissonsidered swifictnty presenedorat
treatmeat pro ' ' - tin romroomtenperature to 15
4500, i th = e GERibIERE: ity haR B8l 443ded mfana Ry b e 20
mn. in air; ohcuhtawetitngxygenate Gnier cahdition¥ éfictiveeo Saveh ehdiasydenaieligd 30C

the air flow il; switched to a nethanol containing nitrogen flowwith a
met hanol partf ﬁnﬂ%‘i‘éﬁ&r incg theynethangl yptake index will drop ovestimaeifahe wi t h t hi s

ni trogen/ met happleu i $eve§s § rP% iqunPﬂHt %tungth%JyE%g&% U@ﬂ%?r Iﬁgnm nut es

capacity is the weight percen I’ hcreas
contact with comslithesishould azpobeforEahomethanolaipfikieGnhdex dropd BelowieVE havi ng

t he appropriate methanol take jndex, the shiel an be rempved in situ.
That | 2 he shi ol Ejg%ﬂcé‘f#grﬂefi‘@ﬁﬁi‘é&‘@“ index Bb’ﬂf&ee OFPOB CARACIYMstBPdr ous
liquid or gasmegsied?CTESHIBYRS fdrr}ﬁédﬂﬁiﬁéﬁcthﬁﬁﬁ%%rpﬂ%% %ﬁ%ﬁgﬁéﬁ{oﬁﬂo during

operation. However, in a preferred enbodi ment, 25t ate or
car bonaceous theseef endinasy skillin the ask Ipiatpreferrad technigne, aboat 5 g éfsamplefser r ed

to activate t Vi i f the | ec si.eve outsi de.of the

reactor. Thi smlﬁ-ga eca‘#sdégyﬁegﬁ' ggrla gi ¥ s%ﬂ@’@fﬁ@%h %\fa'?‘ﬂ%‘ss’f‘ﬁ%é‘fcbedrfﬁteri al

will contan nbea ttatmemarocess) whickincludes: (1) Heafisg fohi rob teimp¥rafifeed i i al

when tpﬁ desiéqugfro&'lcjgzé of the nethanol reaction process is to be very |ow
|

in any'hitrog wi ¢t ug rate oh 28 1Giminy iv aift R haldmesat 45687C SorABomin, in n
cases where t el d | oMl ecul ar sieve  t | at.e ptakni ng, a nitrogen
conponent and%h%gcfggl 'r‘%?%??ﬁ‘c T ﬁ?l’i@e Fple ﬁ%“'ﬁ?l}%é@s&ﬂ o %{ﬂ"éf'ﬁa, it
may be desi r abieched to @mmetharidl Corteiitigatitvogon O Oith 2 RdRand bartial pressure

0f 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
20 after the 180 minutes contact with the methanol vapor.

To obtain a SAPO molecular sieve having the appropriate methanol uptake
index, the shield can be removed in situ. That is, the shield, whether template,
carbonaceous material or anhydrous liquid or gas, can be removed inside the
reactor or the regenerator during operation. However, in a preferred embodiment,

25 the template or carbonaceous material is removed ex situ. This means that it is
préfencd to activate the catalytic sites of the molecular sieve outside of the
reactor. This is because there is less likelihood that the shield material will
contaminate the reaction products. This is particularly beneficial when the desired
product of the methanol reaction process is to be very low in any nitrogen or

30 sulfur-containing contaminants. For example, in cases where the shield is a
molecular sieve template containing a nitrogen component and the desired product

of the reaction process is ethylene, it may be desirable to remove the template ex




0 3 DEC 2003 PCT/ilso0/15468 situ since the presence of very small anopunts
of nitrogen in the ethylene m ght adversely inpact the subseqUﬁgt
conversion of the ethylene product to polyethylene. In |ess se iq';i[‘\/@ﬁ3

't eact i onveyer4sss, however, catalyst containing a tenpl atRCHHEI54¢8 can be
added as nakeup and activated in situ. [Gjen in nore 5 sensitive reaction
processes, makeup addition can be directly to the reactor, i.e., in situ
addi tion, since nakeup addition can be controlled to add catal yst at
relatively low quantities over a period of tjne, therebéhﬁi ni rri.z‘_ifng

possi bl e pr odsit singeghe presense obwery smallamaynts of mptEogeaia ths FR¢ BRights

directly to a return. line ' ' Wbilo fromthe
regener at or b%‘[:‘i?rste e t@%%??“%?%&‘fsﬁ%gﬁrﬁpggﬁgl? gﬁ' e regenerator
itsel f. AdditpgInemfleadt B lsisennifive activh syitemscasrever, icatalyst comainggwi der ed
ex situ addition, which includes additjon at the Efftur.n Lé}’ne .or_the
regenerat or. \gmpatematerialcanche added anmakeupapd asierted U SIQ KNENIB MEIF i ed out,

it is [nportant. ; ?;ﬁtklgﬁ - ' fHe regdtonvi.thén

‘desi rab#e val %&gg%%r%%haﬁﬁifé%r&é era @%‘?@,%ée&%?ﬁgé ably 0.6, and nost
preferably 0. §tu bdditore singé ngkéupadditioncah be contealleditn add catalyst #relghipelyss. As
ment i oned above, this is becaus& I.rreyversi bl.e l.ass of '[‘ﬂat ?&{J&C activity,
which is reproyeavaditisyover aincAed PEUME. WPTERY MHMAHEDE BRIV PIARE i ndex as
wel | ‘as met hag mﬁﬂﬁﬁ%s ratiy, the hiaRedp Adiforsk direély Yosa rewiitl dine vettitle f or
practical operation. It has”al so been found that once the actjvated

catalyst is | semisdegentrated catadyst framdhe regameraion bagk tothereagtor, aradditionds or or

any other part qQf the operati.ng..syst
envir oﬁﬁe nt, F‘b&'f Tggeng %I‘?glk' ggg;%ﬁtogggt%l%trog:g%@éé’ﬂ?gg%ag e ?{sg@gsn when a
shield i s not .pheGead ex Hu AdhRAPFhithufidudes additionastheabmm lind 50e cat al yst

activity has been found to be stabilized. This neans that at a 25
t enper at ur e ofegEBEWIWr above, noisture has very little inpact on active

catalyst sites. |tylg %sgx&ea%{i?ﬂioh%ﬂi?ég?&%tﬂaﬁﬁwe"i? chfle@ Gt 31 isSi eve at a

tenperature of 150 to nore pre ably at a tenperature of 175-600C,
and nost pref ¢mpbitantas nat ietthepethanolneptakie i@Ea-dsop below the desirable yalwnehi n

cot v 2L U3 G L 98 D AR o G

ST B RO B e rbits Spenigibos i westee < 1

00! 74848 PCT! liis©@rsibledass of catalytic activity, which is represented by a mgnigcant drop 1n
methanol uptake index as well as methanol conversion, will reach a level that is
undesirable for practical operation.

20 It has also been found that once the activated catalyst is loaded into a
heated system, whether reactor, regenerator or any other part of the operating
system, or any type of storage environment, loss of catalyst activity is greatly
reduced, even when a shield is not present. At a temperature of at least about
150°C, catalyst activity has been found to be stabilized. This means that at a

25 temperature of 150°C or above, moisture has very little impact on active catalyst
sites. It is preferred to maintain active molecular sieve at a temperature of 150 to
800°C, more preferably at a temperature of 175-600°C, and most preferably at a
temperature of 200-500°C in order to maintain catalyst activity.

Undesirable drops in methanol uptake index can be controlled by proper

30 handling during storage or transport. In environments maintained below 150°C,

this means that as long as there is sufficient shielding of the catalytic sites before



-12 use in a catalytic process, catalytic activity will be acceptable.

Sufficient shielding can be maintained by storing or transporting the

nol ecul ar sieve or catalyst containing the nolecular sieve wtl3pgg 003

t enpl at ewg)rwwéyg an acceptable carbonaceous material which shields t%]e
f

catal yticC sl romcontact with 5 noisture. Even when acP{iAiSae{15468
sufficient shielding can be maintained by2storing or transporting the
activated nol ecul ar sieve or catal yst containing the nolecular sieve in an
anhydrous environment. It is also preferable that the activated SAPO

nol ecul ar si eye :hav. . met hanol  conversion .of at |egst 10 w./a,

preferably atﬁ/ﬁ%égsatcg‘f?ﬁb&?r%es ytfoawg.yéylgthefcaqpt?. &st%“g)g’ﬁl%‘. % at

standard met hedelling @ SeThRained by sichibg ortRinsRIIRE BimBlechfdf SickyPNt I ON,
met hano

standard net hanol conversion conditions neans tha conversion is
det ermi ned at catalystieenigining theamolequds) sieve Withiits aeroplaterat with ¥WHShtepfabBy hr - 1.

As defined heggj ql. ,cgnver.siang s the.wel ercent .of methanol
converted to %?(b) @8{"6}5\/\” {&ﬁngr‘"&"ﬁ?ﬁgfﬁwm& WIBFIE%B'IFH CAPRAEWBRoduct 15 not
bei ng i ficl udesoturpaEvenivheMsctiatidesifidient Slbiding chibe ARGy ﬁaﬁ@" ating .
met hanol conversion is carried out using a standard 1/2" dianet'er SS fixed

bed, conti nueiisansperting the ctivaied moleqularrsieversiraatalyst coteiningthe analetdary st

containing th ol | eve 1s added to the reactor and 100% et hanol
I s added as f%g‘éﬁ{mfﬁ(eé%%ergg%ig}) FOmIeBL i ed out at 450C, a reactor pressure

of 25 psig (i.e., Rissisdprafiratle tiathd dltivitedSAPO niflectlarRidvdhavead a wei ght
hourly space vel ocity (VHSV) The reaction products are

of 25 hr, 1.
pref er abl y an@Eaae| cpnversion ofat leagtd Ogu%s, prefesably @ leaphl  weye, moster 5
mnuteggti me grafesdbi | ' ' hanol w th
nmol ecul ar si eeg unt{jgramregéa{g? i%th'%’c%ensioﬂn tE ?lolﬁn@#ﬁﬁrr%]t gﬁogﬂkﬁhgggﬁgoﬁ S
cal cul at ed aspurposEs of this dvemtidng siahdard \metharddVepnverfibn conditiens2megisaHatct . | n
testing for the,nethanol COEQ’@{’Si aqn, , WHSV i s defi n(ef'?Q%S t he wei ght of the

feed fed to tREhEAShconyersion s dejermiped . 3 e ofstredm AT (S) o Syinuies aidRght  of
the silicoal WHSwBADS B! &s BEthfAHeRlin SheMEnAURRORSRN iQIhet\pﬁggﬁﬁeeg{:&gt in

the reactor. The silicoal um nophosphate nol ecul'ar sieve co f the
catal yst is i¢faethenpl sonvestede prasucyy withanyidinetwl ethenpreien ih thesprodketcul ar

S eve B0 L orude 0L 4 S e B
methanol conversion is carried out using a standard 1/2” diameter SS, fixed bed,
continuous reactor. A sample of the molecular sieve or a catalyst containing the
molecular sieve is added to the reactor and 100% methanol is added as feed. The
reaction is carried out at 450°C, a reactor pressure of 25 psig (i.€., a methanol

20 partial pressure of 25 psig), and a weight hourly space velocity (WHSV) of 25 hr’
! The reaction products are preferably analyzed with an on-line gas
chromatograph (GC). After 5 minutes time on stream (i.e., after 5 minutes of
contacting methanol with molecular sieve under reaction conditions), methano!
conversion is calculated as: 100 - (wt.% methanol + wt.% DME) ieft in the

25 product.

In testing for the methanol conversion, WHSYV is defined as the weight of
the feed fed to the 1/2” reactor over time (per hour) divided by the weight of the
siticoaluminophosphate molecular sieve component of the catalyst in the reactor.
The silicoaluminophosphate molecular sieve component of the catalyst is intended

30 1o mean only the silicoaluminophosphate molecular sieve portion that is contained

within the catalyst. This excludes catalyst components such as non-



PCT/ US00115468 si |l i coal um nophosphat e nol ecul ar si eves, binders, diluents,
inerts, rare earth conponents, etc. The silicoal um nophosphat e nol ecul ar
sieves of this invention conprise a three-dinensional m cropd}ﬁ)tliétdmst al

- ramewowb oetragagt ure of [Si 2], [A102] and 5 [PQ2] tetranSusm/1646Bt s. The

way Si is incorporated into the structgr]gﬁcan be determ ned by 29Si MAS
NVR. See Bl ackwell and Patton, J. Phys. em, 92, 3965 (1988). The
desired SAPO nol ecul ar sieves will exhibit one or nore peaks in the 29Si
MAS NVR, with a chem cal shift [(Si) in the range of -88 to -94 ppm and

W th a conbigikebaheainophesphate molatulaosieeesobinders) dihents2pestsranciearthot al peak
area 10 of all peaks with a chemcal shift [(Si) in the range of -88 ppmto
-115 ppm WHEMPONERES: £1€Si ) chenical shifts refer to external

tetranet hyl silanerfd Mﬁ):oaémﬁiﬂdpﬁ_@?ﬁ]ﬂm NORBERP RS dTRhiS tileRfioBEdtipitsed €

L3

generally classified as being mcroporous materials having 8, 10 or 12
nmenber ed ri nijreetdimensiossl mitheppsous enystakframeworkestrughise ﬁ%&ﬁégdni‘ﬁ@e}%@e por e

size rangin about , 3..5- angsty.Qns, Pr. ef dfige STRI | pore
SAPO Iecu?ﬁ'frdzipéé@gg&ﬁg\‘}?‘%glé}f ‘38%55‘8@?6?%’2?92‘@@%5@%@ r?r omabout 3.5 to
5 angst r ons, déininéd BY #SaMAS NMR. 45¢e Blackwdll dnddsition)d PhysiGiree:. [52ef er r ed
pore sizes ar;ﬁ%gi cal of nolecul ar sieves having 8 nmenbered rings. In

]gener al , ksi ]Icli &8 obheolssiied SARE) @@lﬁcﬂlaféieﬁ%‘é’ﬁ]cmqg@%”?ﬂ%’ Sar 20
ST, T A R

This type of Mt K'is efrec varTt ous oxygendtes into

ol efin  prodagfwith 2tenlbHed]pebk af @iadha Irangdl dfat Wkt 20% bhtheftotalnprak akea
structure of the nolecular sieve of this invention can be grovid d by a

vari el of cohalbpdaks with a clemicalahift HSi)dn theyasge phfSanm ths-1d o AP WREG
it i ngl. h ' i d._organi h triethyl
Shosphat . s LGt RerbigrlBifretes 6 eiermal s ARRRESERDL I 00 S0 rmosi i ons

are mxed with regffcodRinihdg A8 thol@ulEFsTbvES &r@HeAbraily glasHfg@DEs Belmgns under
the appropriate conditions to formthe nolecular _sieve. 30 The [Al102]

tetrahedral migroporais materialkschaving 8wk rr 12 membgred rng stpicturgy. Thege BBy a

variety of cg Siti X .he | W o .35 Qi .
conpositi ons“ﬁ%ﬁ%%ﬂﬁ%&%@%&%&@%&dﬁ% sugﬁ'galfgglgﬁgkr’rﬁﬁnum |sso roglg_xi de, 0 3
DEC 2363' , Wef@fe/a84l small pore SAPO molecular sieves having an average pore size

ranging from about 3.5 to 5 angstroms, more preferably from 4.0 to 5.0 angstroms.

These preferred pore sizes are typical of molecular sieves having 8 membered
rings.
In general, silicoaluminophosphate molecular sieves comprise a molecular
20 framework of corer-sharing [Si02], [AlO2], and [PO;] tetrahedral units. This
type of framework is effective in converting various oxygenates into olefin
products.
The [PO-] tetrahedral units within the framework structure of the
molecular sieve of this invention can be provided by a variety of compositions.
25 Examples of these phosphorus-containing compositions include phosphoric acid.
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.
30 The [AlQ;] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these aluminum-containing

compositions include aluminum alkoxides such as aluminum isopropoxide,



- 14 PCT/ US00/ 15468 al unm num phosphat es, al um num hydr oxi de, sodi um
al um nate, and pseudoboehm te. The al um num containing conpositions are
m xed with reactive silicon and phosphorus-containi ng corrp05| t |[]031§E51m§fr

t he appwapobadgagconditions to formthe nol ecul ar sieve. §]
tetrahedral units within the framework structure can be prow 8e

variety of conpositions. Exanples of t hed#-si | i con- cont ai ni ng corrp05| t I ons
include silica sols and silicium al koxi des such as tetra ethyl
orthosilicate. The silicon-containing conpositions are nmixed with reactive

al um num and zphasr pﬁQﬂ:E ﬁ‘l‘nﬂﬁm‘f'@"ﬂi‘é’a’éﬁ% sggﬁrrmgﬁrg}f&%seangppr opriate 10

conditions to formthe nol ec ar sie stit can al so be used

i n this inverpsgudobothmie. d'dlepbxmmsm-wnmgﬂgeombbsmkm niiged\WAR TE1i0€

nmet al - cont ai ni,n SI l,i coal.um nophosphat es. . The tal can be al kali netal
ions (Group I°H C% ?ﬁoﬁ%h‘é%"’ Fﬁ“‘ﬂ'@?‘% COmpQsitioRs B{‘Ef the gpproprigtecaitiansi ons

(G oup 111 B, tbﬂrgﬂnpmquoge)agla}g,@{,ganm d el enents: |anthanum 15 cerium
praseodym um neodym um samarium europium gadolinium terbium

dysprod&i um hol m eEﬂﬁummhedmllunmwmhﬂhbﬁumewuikkunﬁ@ﬁnetmband scandi um
or yttrium additjo tran5|t tio of , Grous NB, VB, VIB,
VIEB, VI qugﬂﬂgﬁy RN Ma‘g’Faé’Bﬁ%% ese SiliFoR-COnIAMAg 71 My,
M1, Co, Ni, Gadmpbsition2fhclide ;nea .@Ps a:ﬁn.nh dUQ%ﬁ ﬁstgﬁ 90 be inserted

ahedr a

mtothetetrahedral framewor k through a tetr nit. The
[ Me02] t et r aiEthosilicytsi (Theziliconscontainiog c@hmtmns achaum\dnlpmdnvag on the

val ence stat tituent. onent has a
val ence st at gl%nﬁlgﬁaﬂ%ﬁﬁésﬁgﬁg-co 1113# Wsﬁ&“s “53%(}?? P]?:prgﬁé"rtﬁe i s between
-2 and0+3. | roaditionsito foimothe nidlediiraleveonponent is 25 typically

acconpl i shed addln the metal conponent during synthesis of the nolecular
si eve. Hovvever suhited, 8APOs  can alsq bp usrgdn ¢his isnestion e These¢ompsundsabl e

sil'i coal um ngp, APO- 11,
SAPO- 16, AP 1 SAW %ﬁ(ﬁ@ﬁ@@?"@i{ﬁﬁﬁ 5?3'?%}&';@%8 ’%@ﬂ\é& 36,
SAPO- 37, SAPCFMOnetaAmlzmm&lAﬁ@tzmnsWA) aRal RGN MetdlAbKS @roup he net al
cont ai ni ng f t her eof. a@% m r.e;l éhereof Preferred are SAPO 18,
SAPO- 34, SAPOG'35f “§R|36849;'_,‘5 SHQuEABR, insluding the lapthapeid elsmentsi danghasumapo. 34,
i ncl udisng t heefiBin2prasedtyahibid) hebdim! Grituft 8fopium, gadolinium, terbium,

dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or

yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,

VIIIB, and IB.

Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
20 Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO-] tetrahedral unit. The [MeO,] tetrahedral unit carries
a net electric charge depending on the valence state of the metal substituent.

When the metal component has a valence state of +2, +3, +4, +5, or +6, the net
electric charge is between -2 and +3. Incorporation of the metal component is
25 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, SAPO-31, SAPO-
34, SAPO-35, SAPO-36, SAP0O-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
30 SAPO-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 SAPQO-18 and SAPO-34, including the metal containing forms



15 0 3 DEC 2003 PCT/USOO'] 5468 thereof, and m xtures thereof As used
herei.:n, the termmxture is synonynous W th conbination and is consi dered
a conmposition of matter having two or nore conponents in var\JHhgeC 203
o pr oporthr@mmgar dl ess of their physical state. The sil irxAISMIIBBhosphat e
nol ecul ar” si eves are synthesized by 5 h)yggr ot hermal crystallization nethods

generally known in the art. See, for nple, U 'S. Pat. Nos. 4,440, 871;
4,861, 743; 5,096, 684; and 5, 126,308, the nethods of making of which are
fully incorporated herein by reference. A reaction mxture is fornmed by

M xi ng toget fRredfeand Aufdsitheedf, Azlused hereinatie teqmn mixiter is SymoTypeousnt s,
along with at | east one te | ate, Cenerally, the xtuge .10 is seal ed and

heated,. pr emﬂmrgbmwm a Wﬂﬁﬁ%d HPQERAFitioN of gnajter baying v 0L MATE 5¢

| east 100C refera fr om 1 £ el ikd1NEatpr oduct is
-formed. For (fBFPER° f haefy’é’ﬁfﬁpﬂ?i he eg d'iucs:ta g{gn%thgie anywher e from ar ound
2 hours to as nuctheasiicbalifissphosphaemelecakesievestare syrmkgpsmcdé?e'edl ng vm t h

crystalline material wll faC| litate the f rnatlo. f r.oduct .
- Typi cably, t hedreshermgl arystallagtion msthads BWCI"? '1“%5 SS‘FJ?‘? on. It can

be recover ed %ﬁfea'ﬂﬁé” 'ﬁé‘é’&mb%‘ﬁ@ﬁaﬁ#@mm £R1% 126 9GRIthon or

filtration. P odlUct” can al so be’ ias fecovered By the same neans

and dri ed. A’ine’ihédﬁ@ﬂma!ﬁﬁgbﬂﬁrhmhmﬁllllbrlmcmrpmteﬂribmby refergneeecdver ed si eve
contains withinits ores at |east .a ortlon

t d
maki ng the i Keactign 1 ‘Féaﬁ: PHQP’HPE oggther & ¢ Ycaflf Wﬂﬁ?‘ﬁ "
essentially ;% glﬁxo?{v t Mlﬁtstﬁ Fith at lﬁﬁ%nﬁh&nﬁlﬁ@'(%rﬁrmy&he hfixtaggroved to
Vi

obtai n cat al Once e tenplate is renoved, the crystal l'ine
Structlgre t has seaberhamiheasesl, pn&rabls unW|a@mgeyol§apr%eraw atqmnefmw fatinc

Forpl Ztyéée”‘zgéra?s?asg i gm0 G ol Bl Bl BekBll  °
ni trogen, gﬁHﬁ of pk&yagaaum&e{ohe& call YAke QaGWhére ﬁamc Sidiaind attioRrs folwar eof ,

and can aI so contarn a st one alkyl or aryl group, with 1 to 8 carbons
bei ng pr esentmich aslﬁmhlkwllncsomcyses,gﬂtmmg OmekdeégﬂtﬁfY%t%“SmmW‘anl at es

can produce ure di tfer t si,eves or predom nantly one sieve where
one tenpl aterPP%‘E' ghes{o ?%rc?fif’ﬁg than 30 another. Representative

tenpl afses incl ude Tg;h&a de maNkBHlAY sigvesbilisct wilt be fornedtiy salutior, Ttanannonet hy|
cyel ohexane. ch):I rggcrnlrercc? gy sttaiulia% ?n%lat?smhggever such as by centrifugation or filtration.
The product can also be washed, recovered by the same means and dried.
As a result of the crystallization process, the recovered sieve contains
within its pores at least a portion of the template used in making the initial
20 reaction mixture. The crystalline structure essentially wraps around the template,
and the template must be removed to obtain catalytic activity. Once the template
is removed, the crystalline structure that remains has what is typically called an
intracrystalline pore system.
The SAPO molecular sieve can contain one or more templates. Templates
25 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
predominantly one sieve where one template is more strongly directing than
30 another.
Representative templates include tetraethyl ammonium salts,

cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
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hydr oxyet hyl am ne, norpholine, dipropylam ne (DPA), pyridine, .

i sopropyl ami ne and conbi nations thereof. Preferred tenplates agé& DEC 303
tri et hylwgippesssgycl ohexyl am ne, piperidine, pyridine, i sop% | mgﬁ '
tetraet hyl amonium salts, and m xtures thereof. The tetra ﬁ‘)@flﬁ I um
salts 5 include tetraethyl ammonium hydrd&Fde (TEACH), tetraethyl ammoni um
phosphat e, tetraethyl amonium fluoride, tetraethyl anmonium broni de,
tetraet hyl ammoni um chl ori de, tetraethyl ammoni um acetate. Preferred

tetraethyl ajaRRekNTamAld $ri-af *qqq,qq d ' nd tetraethyl
anmoni um phosphattﬁ}l_o I'n trﬁéhﬁr\?gﬁt%hmﬁ e ’Jéﬂn%péf é@%@ﬁa%é"eused to
shield the cdDRAX pyridinedsorsépylamineasBGombiratidnanhaest Préfeaadeanpiats Wit h
wat er nol ecul .Since.the .te at.es wil] . be presenf within the
ni Cr opor ous sat?gh%etﬁlﬁ%mb’?‘?’ f%céolgqr;gl;@}mw%qndx%| nEs 1SQPTAPYHSRINBe abl e to
enter the portesadiyllaitmbhioiialth d¥ iichits el OThE SrractiyldindBRiukRLdHsY St

npl at'e

sites. This means that a nol ecular sieve containing a t can even
be stored i n Mirde tetragthytammonmmrhydsoxide (TEASH); aetidethyll assnarfiumat al yt i c

activity onc | n stored in.wet filter cake form. .the nol ecul ar
si eve \>/lm | | ?;S%Ha# %gg&gaee ‘@??E’&‘Wﬁ'ﬁﬁ&?@%ﬁﬁ%ﬂbﬂwwﬁm bromide;hen ¢ he
nol ecul ar  si deteaetiyl anmoniam@hisilel fira@ROVAnidfidik A0dtalee Pr t E@Eﬁfzégﬂngipo

e

material can also.be used to shield the catalytic sites o

mol ecul ar oi GPEROTHM $3is g igGerthd pmmeninmdnsisesids anditesraethlyl seumdéunii t hi n
the m crocryyhgiiHafe pPore structure or it can be deposited to cover the
pore entrance. The carbonaceous material can be placed within the
crystaldine pore Istthisdovantomythe semplates yarbby usedotshizld SRR bf al SO

t hat carbon rlgsggg@ re"rai]g{s . Wihin the nplecul ar sieve. Carbonaceous
material can ] MR TREt P§Vea BN‘@&%WZB waier eelesulesr Soicethe nol ecul ar
sieve to0 bl ogémpReesRAIlbeqRRhIHhinifie hﬁcrbggx\éﬁs's{}u&gf‘e &'t esi@ieg\%{l:?r sleve

or catalyst containing the nolecular sie must be actrvatéd prior to use
in a catal yt imolpedeswil natceiablet toomter the pores of thediéve, prevéntimgnanyrontachat

templat e i s KeRPNELalAILIAC I SCHlaS] SR L SV 00, act L Ve, catal Vi c

sites with the m croporous channe €for

cont ackS wi t h creden Béstoredtih wat filter gike $6:9% withdut Rofiddable RECONBRdighed by
cal cining, or essential I,xggg,ati ng the tenplate at a tenperature of from 200
-aWher

to 800C in GRRVIG; QREeEACH ipzed inowetdilteragke form, the molesulansiese it may
be will typically be dried without removing the template. Then, the molecular sieve
can be calcined to remove the template.

Carbonaceous material can also be used to shield the catalytic sites of the
20 SAPO molecular sieve. In this embodiment, carbonaceous material can be within
the microcrystalline pore structure or it can be deposited to cover the pore
entrance. The carbonaceous material can be placed within the crystalline pore
structure by partially burning the template material so that carbon residue remains
within the molecular sieve. Carbonaceous material can also be directly applied to
25 the exterior of the molecular sieve to biock the pore openings.

As ts known in the art, molecular sieve or catalyst containing the
molecular sieve, must be activated prior to use in a catalytic process. Activation is
performed in such a manner that template is removed from the molecular sieve,
leaving active catalytic sites with the microporous channels of the molecular sieve

30 open for contact with feed. The activation process is typically accomplished by
calcining, or essentially heating the template at a temperature of from 200 to

800°C in the presence of an oxygen-containing gas. In some cases, it may be
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envi ronnent having a | ow oxygen concentration. This type of ph%cmﬁs &ﬁn be
used for partial or conplete renoval of the tenplate fromthe 2

- i ntracryewar4ddbe pore system In other cases, particul ar IRCEHPSIVISHRRI | er
tenpl ates, conplete or parti al reanallj[on1the si eve can be acconpli shed
by conventional 5 desorption processes such as those used in naking
standard zeolites. Once the nol ecul ar sieve or catalyst containing the

nol ecul ar sieve has been activated, an anhydrous environnent can be

provi ded as deswilile kdhtagm AL Envirgament having a llex OXBEANEANCARITION, RIS IYRE t o5

within the ecul ar y

Goveri ng ¢ hePLdTBtRSS vt e fat hifl sREBEIHE RSV BF el EmBlaf kHRnS

condi tions. xﬁ&a&&ﬁiﬂllﬂ@@of@s’y@toﬂ; Inhehémdayed; parsicgladly witH srallet terhlblatek,et will
"have a limted anobunt of water. The anhydrous gas bl a ?degycan be E)row ded

under vacuungasupietetor opdiabrempyalfromy the sishe car be accomplis EQigRHona
condi t4 ons %eggrﬁﬁphgnm%s%ats&a?? tHSQ: 543854 n‘flak% erdiaR AREQNt vater,

prefer bly I nme percen wat er, nore preferably | ess
than about 0.02 vOhtethe hfolpariaaidvewntoatalyst bmtamhggchheumlémdmmbvbllanket will

have | ess than abqut 200@§gm wat er. preferab) Ies than "i‘ﬁm 180 ppm

wat er, nore preareivaed; ap Qrﬁﬂhwe“sﬁmb ”?ﬁg’

envi r onment ki @SRl deomcnanof t he
catal yst. Th%g{aénﬁﬁd&g%scggtg% é@al?hﬁ@gﬁghﬁﬂhc IS a gées under standard 20

t enper at ur e eri\dropmsmdaeqnndndbd by soacrmmesmnemﬂmw ardiquid/blenkghi f i cant

degree_ with t | ecul ar SJ eve,structu r Ly selected
from tfe gro °"é rQys; GRRdRons; AS PIAV) e‘i]ﬁ?’?’&nﬁ‘ %ﬁywﬂgggég{ﬁ@éon

light al kanegl hRsRAAIIAVE ¥ linfited @hotink 8Nwater PTh hittydadusygasildnikercanrte et hane)
cycl o-al kanes and m xtures thereof, e.g. air. The gas blanket can be

mai nt ai ned aprmm@edpmdsrsweummedmnﬁgr W%ﬁﬁ'@?sl’b%%ewtea?reﬁf"égsures above
st andard, even dd“? g)dg@ﬁl Pa%%q&%md{r%igg 1#} ohp‘;, ? Eﬁswmp\ﬁeﬁﬁgmasd as

| ong as the Co Tons renmal n anhy e an rous |1duid blanket is a
liqui d under yiginabdarai2 velmms fircene wate, mprecreferably tesslthanabout @62 volsms not

| qui dSi s pr eFtsPADVEe AeaRBUIONS VAL R R 8N AR R0 cs,
¢ lygl)ﬁof"s kaneg,q, B F8AbR1104Bthh Shouk 100 pRinSwatA mdre préfetaklydéss thivi abuued

50 ppm water. The anhydrous environment can be applied during storage,

transport or loading of the catalyst.

The anhydrous gas blanket is one which is a gas under standard

20 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, CO3, Ha, argon, Oy, light alkanes (especially
C1-Ca alkanes, particularly methane and ethane), cyclo-alkanes and mixtures
thereof, e.g. air. The gas blanket can be maintained at any pressure, including

25 under vacuum or at pressures above standard, even if the gas becomes liguid at
pressures above standard, as Jong as the conditions remain anhydrous.

The anhydrous liquid blanket is a liquid under standard temperature and
pressure conditions, and does not react to any significant degree with the
molecular sieve structure. The liquid is preferably selected from the group

30 consisting of alkanes, cyclo-alkanes, C¢-Cao aromatics, alcohols, particuiarly C

branched alcohols.
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nol ecul ar sieve is made ready for use in a catalytic process by renoving
the shielding conditions. If the gas or |iquid blanket is appl(@dtinggr
anhydr owso e@dlisgi ons to shield an already activated nol ecul(?]r_{H |eve6‘g t he
bl anket or liquid need nerely be renoved by any standard t B (184681 s
can 5 be as sinple as nerely opening thel®tanketed systemto the at nosphere
or by wusing any standard filtration or separation technique. If

a. carbonaceous material is used as the shield, it can also be renoved by
exposing the sieveq e the
car bonaceous nateri ?ii?s%éghgiri’g%lﬁaeﬁﬂrﬁi#%%ng@ggtgga ter| a‘?gﬁé}q}&gﬁoved by
10 cal ci ni ngpmcess b)erqmngmm shﬁeldingu:bn&ﬂﬁnﬁ(ﬂ'ﬂle gas or sigpidelabkeeit t hat the

nmol ecul ar si e d[ke) éﬁfép sed to hﬁ)’/drougl con ons, once the shield is
removed. Clh%? h ¢Rnditions e Flﬂlaé'a Ya??’c"aEe d malscularsigseer | t he
nol ecul ar  si ﬂ'léeblﬁﬁ&t B?h&bﬁﬁ%id rhérRASROERBePby h@?ﬂ%&hard fcfind ée?ﬁ?’s%

syste inits unshielded form in’a ydrous en onment as ong as '15 t he

met handl upt bkas simpls asimssely opesiagithhblanket@l syStenproghe atmidsphére4r byor e
preferably O

G eves rmy oeoing B RBRIGGHRAIn O emprelBndocrhi@ley 12l o Vion bl cnded the.

resul ting conposi §f #Barbsnieedis Matetial iAises a@daetsﬁle&ﬁnacai'dléoqwta%'v pprosphat e
(SAPO) catalyst, with the catalyst 20 conprising the SAPO nol ecul ar” si eve.

Materi al s mwmswhséwmeéna@ﬂﬁmmmemmm aonditions ti decompose the vari ous

bi nd I Th
mterial s i e ek pRlaCpR ARk oo LR TR by S Toe

f or ns 10f rarealemﬁgmmhqieaamntdﬁboﬁmozmwue catal yst conponents, zeolite
catal yst conponents, 25 alunina or alumna sol, titania, zirconia, quartz,

silica or silica dtisgrefessd that theymelecniax sigyemotibeexpesed 1hydmus onponent s ar e

al so effectl I 0 as t hermal sink
to assist in edg{ioﬁf&’dﬁ@(}ﬁ%aﬁ 1@%;{18?{?6‘,[()’@%”% ﬁ;“Fe %%%&Fg?'%eﬁsabl&eny fying
the cat al yst catalyticiosse diowevet,aha Inysiecutdrisivg chn bdfored, thaspdadd v loaded

non-sil i coal uni W&)ﬂphate nol ecul ar. sieve materials, the anount 30 of

mol ecul ar si @ systeay, 40 jts wasghuelded formg jma hydrausenpitonmestiadiong anges
fromi9® to ff M@ﬂhgml URAESRBeC Bodd Yot #if Biow 813! Yriterahl Y £/mdiey 30 to 70

wei ght percent of th
preferably 0 6, most preferably 0.8.

The silicoaluminophosphate molecular sieves may be admixed (blended)
with other materials. When blended, the resulting composition is typically
referred to as a silicoaluminophosphate (SAPO) catalyst, with the catalyst

20 comprising the SAPO molecular sieve.

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,

25 alumina or alumina sol, titania, zirconia, quartz, silica or silica or silica sol, and
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

30 of molecular sieve which is contained in the final catalyst product ranges from 10
to 90 weight percent of the total catalyst, preferably 30 to 70 weight percent of the
total catalyst.
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enbodi nent of this invention, a feed containing an oxygenate is)3d@&Qtpgt ed
ihar tion zone of a reactor apparatus with an activatrgﬁ.rﬁ% gar
"sieve ¢C ﬁd\”&g’f“%at process conditions effective to produce 119 E(g#efi ns,
i.e., an effective tenperature, pressuf®; WHSV (wei ght hour space

vel ocity) and, 5 optionally, an effective anount of diluent, correlated to
produce light olefins. Typically, the oxygenate feed is contacted with the

catal yst when theyoxvaenal Sk st ofitilis hyéARGH, aPES Contdiling ¥R loxygématdis0Cess may

1]
be carried out in a liqui dﬁor a mxed vapor/liquio g%ase. en the process
is carried ciontacteddinla readtibrpdune of o reagtorappedatuy apibran|activated pielesulardi f f er ent

conversions and selectivities of. feedxto-product resul 1 dependi ng
.upon the catSit¥pqatalyst af praoesonditions ngﬁgg{@@pﬁgﬁ%ﬁﬁﬁ%gﬁ,elf%' y be
produced at Gramide 1drRfteepd, ]Jr@samrmsxegve@n hodk kgt vileciepeind] i ng

tenperature range can be from about 200C to 700C. At the _|ower end of the
‘t enper&t ur e optiogelly,tanceffestiveamonntaff dilnentoeasrelated t predyredightioletiss. nay becone

mar kedl y sl ow. .At. the upper end ,of t { :0CEeSS
may not for nﬁﬁﬁcﬂﬁ ir'}?ﬁ.u‘?ﬁ%%%ﬁﬁ?eegfm ﬁ?'ﬁ%ﬁ%fwﬁx%&o%ﬁ%{t ?}r}\%ﬂtﬂéérrp lgélt%t‘}?g) of at
| east 300C, @nchapdr pRase0Foweventhé protéd maPlen@mied dunén a liguider afmixhé
process, it may be desirable to carry out the proi.ess f the @Ee ent
i nvention byvapou/lignid phasero Whenithe propess és cagned gutia ajliquid pq'\?%%{rﬁ d system
or any system of x: |.eL Y Qs of fR4-tbhrédukPriayxed bed
system |t i‘s’ap%z’i/rhta}"cﬂﬂzf?%’ydlggglh{r%ﬁﬂ%g&{ogs%gdgs:ezli%e t_%(rgor eactif)brﬂ procegs at
hi gh space vedsaktidepaniinghinsomcihe canlystoandoéactiny genditions. t o pr oduce | i ght
olefins may be carried out in.a variety, of l.arge sc ti,¢ reactors,
i ncl udi ng, " but nopl?tf‘?ﬁqaé‘cgef'ﬁr,aiIYPﬁPEPdﬂ‘é%i atr‘é’%’?f’gwe 2& oeg%tﬁ#er&/"en riser
reactors as Qﬁé&f\ﬂe%@r&ﬁg"tgﬁlgégﬁ?%}anEE\?%hFUUermiiﬁoﬂmbﬂtmvwm Bagthaeer i ng,
ober .

D. Kunii and 0. Levenspié€l, Krieger Publj S'hid[]glgﬁilg' ,. 1977,

i ncor por at edldweriend of the teapgratere sangepthe farmation 08 the desigrd ¢ PT‘@,EC‘S
countercurrent free fall, r S | PY/ahst QRe Process.
See, for exawaec?gftﬂalﬂcﬁ@g?%% ﬁé{r@)’{”&%srgﬁg ggﬂgttgﬁr]ﬁ?r&% uid Zation and

FI ui dqBar ti cpfoceyshayhot orgem cpliniuth ahoukt of produat dAiDoperating temperaRyenhol d 30

Publ i shing Corp., NY 1960, the descriptions, of which are expressly
i ncor por at ed of at least 300°C, and up to 500°C 1s 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 catalysts ina
dynamic bed system or any system of a variety of transport beds rather than in a

20 fixed bed system. It is particularly desirable to operate the reaction process at
high space velocities.

The conversion of oxygenates to produce light olefins may be carried out
in a variety of large scale catalytic reactors, including, but not limited to, fluid bed
reactors and concurrent riser reactors as described in “Free Fall Reactor,”

25 Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Co. NY, 1977, incorporated in its entirety herein by reference.
Additionally, countercurrent free fall reactors may be used in the conversion
process. See, for example, US-A-4,068,136 and “Riser Reactor”, Fluidization and
Fluid-Particle Systems, pages 48-59, F.A. Zenz and D. F. Othmo, Reinhold

30 Publishing Corp., NY 1960, the descriptions of which are expressly incorporated

herein by reference.



herein by reference. wo oon4848 0 3 DEC 2003 PCT/USOO'] 5468 -20 Any
standard commerci al scal e reactor system can be used, including fixed bed
or noving bed systens. The commercial scale reactor systenms can @)@ DEC
operat edyatupdegii ght hourly space velocity (WHSV) of from1l hr'l to 13%
hr'1l. In the case of commercial scale reactors, WHSV is d’é?'rm”éé“& he
wei ght of 5 hydrocarbon in the feed per-2fcur per wei ght of

si li coal um nophosphate nol ecul ar sieve content of the catal yst. The

hydr ocarbon content will be oxygenate and any hydrocarbon which may

optionally be comy The siligoal um.nqgphosphat e
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si |i coal um népled Sphat movingadedIspsterns.eYRe BSthinefialt deale kh&@ﬂk%&%n%é hin the
10 catal yst. This .excludes conponents such as binders, di I uents, inerts,

rare earth CBfigiRIaheverghthourly spage yelggity (WéiSVhbf ﬁomol betock090ar ™ a In

tenperature @fie &dse b ted l'ized

Met hane Sensiti w%e Z N%%‘Fg?ﬂ?é%gto Wﬁg@t BSFﬁBe eﬁ’feégg bly less than
about @. 012, hydrocarporiretimifeed peehiout ]lmilweiémldfsilﬁoghﬂﬂmoéﬂosbﬁaté‘%{dléﬁﬂ&ar| y
preferred that t he rea é'h léond thzgns for making olefin “from oxygenate

conprise a WPSYE 5pnteRt q ygrocarbpp sanientyilb be pxygsnatechndaanfCNVS of

| ess than abcﬂ 8rolarBaf | fined a Nor mal i zed

Met hane Sel ec |1;/| ty Wlﬁag“\%ﬁg%&ﬁﬁgwtag ﬁ%ﬂr@m?g" cggge?aﬁ% ?ﬁﬁoc The NMS

i s defined agllmdummmb;dme Ipolechilart sigvecdontedit ¥4 iieshded té ARa® bhilyl thee product
red on IS converted to, a weight %

| d wh d
%/Iagl s. Vﬁreﬁl ?h%@g%%ﬁbp eilgala‘ifaﬁré‘%?ewg?at 15 geataimeduRithin thef i ned by

eactor in CoTONE KT LRl urh 85 oG A AERERE MR i D) (o°

may vary oveFO'apweé}ES, Eterge, i ncI ud| ng aut ogenous pressures. Effective
bout 0.1 kpa to Mishtyafabeh, BFaRR A incraise Shpeie B ana - © 1O
Temperature Corrected Normalized Methane Sensitivity (TCNMS) of less than
about 0.016, preferably less than about 0.012, more preferably less than about
15 0.01. Ttis particularly preferred that the reaction conditions for making olefin
from oxygenate comprise a WHSV of at least about 20 hr producing olefins and
a 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
20 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
400°C or greater, the TCNMS is defined by the following equation, in which T is

the average temperature within the reactor in °C;

NMS

TCNMS =
1+(((T-400)/400) x 14.84)
25

The pressure also may vary over a wide range, including autogenous
pressures. Effective pressures may be in, but are not necessarily limited to,
pressures of from about 0.1 kPa to about 10 MPa. Preferred pressures are in the
Tange of about 5 kPa to about 5 MPa, with the most preferred range being of from

30 about 50 kPa to about 0.5 MPa. The foregoing pressures are exclusive of any



10 net hane, ethan

range of about 5 kPa to about 5 MPa, with the nost preferred range being of
from 30 about SO kPa to about 0.5 MPa. The foregoing pressures are
exclusive of any w o 00!74848 -21 0 3 OEi 2003 PCT/US00/ 15468 pXMEET003
.depl et esv@lodrae4st , and thus, refer to the partial pressurepOT/USMEISE@E8/ genat e
conpounds and/or m xtures thereof V\nth_%ﬁgdstock At the | ower and upper

end of the foregoing pressure ranges, e rate of selectivity, conversion
and/or reaction my not be optinmum 5 One or nore inert diluents may be
present in the feedstock, for exanple, in an anount of from1 to 99 nol ar
percent, basefygen depletedaiilabntpartbthos,otfertd the paitial atdssure ef thaxygiehate nt

ts fed to t h t t | di |
"heh ude. " but COPROWRJE SHUGEELHREH JHer e EULIeEA I | AP AP HERE SBHOE  ar bon
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pr oparte yl enes omati ¢ conmpounds, and
m Xt ures thmagmbtbél’hmmmmferred d| |l uents are water and nitrogen. VWater can
be injected in either liquid or vapor .form

h b d
7 o batch, sem - CREF MRS LGNS FRYGSPrereat i 4R CerRpehy D SRem i e

conducted i ”a@aﬁbﬁ‘xﬁi‘&ﬁ&@ﬂé 99‘nfdi‘é}$efbrenﬁ baLEEE the hotallfurhle@afimalezones
arranged in series or paral | The I'evel of conversion of the

oxygenat es calhfded mdldﬂumtmempommsﬁldae thmmacﬂlmﬂedﬂf eatelast)-edypigalpr oduct s.

comrar oi al |y SR ERGR Aot miresacty By el ke bl i T

reduction i nrﬂbﬁ&ﬁﬂb%ﬁrﬁbﬁd&éﬂﬂ&ﬁyﬂmg&nﬁ@ﬁ&%ﬁiﬁiﬁglﬁﬂﬁhsé (3pefialipves from 100
mol %to about 98 nbt % or | ess. Recycllng to as rruchpﬁ .about 50 not %

3;1 tﬂdof ﬁed mtmmbmeamwprap@@ta&mi@eswemsIcempemdﬁe B'H’é‘“"qsevelz
st raply. 1 sfaoty Aag Pylehfablen 30 Gldler 3l HRfogfh Wi sinfEeledh 0

acceptabl e eRheardiguikler vaporfommi on bet ween 98 nol % and 100 nmol %in order

to sinplify the 25 recyclin oces xygenat e cpnversi on
nmai ntglpnedyat t hi éfhp@v%aeswghge y aEFﬂBHEOWt%‘PP? L C%/'B"‘HB'PSSons of

ordinary ski If niod, [Tl pRbless Qﬁ%oﬁﬂlfxct%cﬂieﬂ g%ﬁﬁléﬂiaﬁh%ﬂ@h BRoAbERSS | Y

limted to, adjusting one or nore o oW ng the reaction
t enperldt ur e; reactes BONES ai‘rlangednntsmt(smrénpm\m&\/) | evel and degree of

?2;2![ gft regener at’llhe Qéve?gp conversxon oafltﬁle &2 genate(s: Icgnc 4 A 4n?ar}i"leti %ereﬁﬂ&%é e

level of unwanted by-products. Conversion can also be maintained sufficiently
high to avoid the need for commercially undesirable levels of recycling of
unreacted feeds. A reduction in unwanted by-products is seen when conversion

20 moves from 100 mol % to about 98 mol % or less. Recycling up to as much as
about 50 mol % of the feed is commercially acceptable. Therefore, conversions
levels which achieve both goals are from about 50 mol % to about 98 mol % and,
desirably, from about 85 mol % to about 98 mof %. However, it is also acceptabie
to achieve conversion between 98 mol % and 100 mol % in order to simplify the

25 recycling procéss. Oxygenate conversion may be maintained at this level using a
number of methods familiar to persons of ordinary skill in the art. Examples
include, but are not necessarily limited to, adjusting one or more of the following:
the reaction temperature; pressure; flow rate (i.e., WHSV); level and degree of
catalyst regeneration; amount of catalyst re-circulation; the specific reactor

30 configuration; the feed composition; and other parameters which affect the

CONnVersion.



30 configuration; the feed conposition; and other paraneters which affect
the conversion. WD 00/74848 -22 0 3 LEU 2003 PCT/US00115468 |f ,
regeneration is required, the nolecular sieve catal yst can be C%ﬁﬂ&ﬁdmnsly
i nt roducwo sega|agnovi ng bed to a regenerati on zone where it%‘%{a}g Bﬁ]l 68 C
regenerated, such as for exanple by renovi ng carbonaceous P 1348, by
oxi dation in an oxygen-containing atnospi#@re. In a preferred enbodi nent,

the 5 catalyst is subject to a regeneration step by burning off

car bonaceous deposits accunul ated during the conversion reactions. The
oxygenate feedsto ' Lc.C ound whi ch contains
at | east one oxygggra onﬁh@§§%ﬁ§§h§@?§ﬁg?ﬁ%ﬁgﬁggﬁgF??GEEﬁ%& , car bonyl

conpounds ( aladehyuimsly inttodnea] ascamboing| bed toairelenerafio omed Where§béaAte and t he
like), 10 and_the feedstock.may optionally contain at |east one conpound
cont ai ni ng a "e¥EFFated. syeh asfar example by kemoving cashonaceons maserialsor bhe opt i onal
conponent s dgxidationSh dRidki Ebrfail f.0 f,. t.he al yst.
When t he oxygenat“e)fli s an y%?goé%rl, eﬁig%@geﬁ%?ﬁ)caaél@w&g]ebogﬁngﬁ?%ﬁat iC

moi ety Shavi ngatalstris subject @ z segeneration step byrtursing offfcertabhoeols @opdsits 0 4

carbon atons.,  Repre ative al cohqgls inglude 15 but are not necessarily

limited to |&%§?’R%1Pfe§1‘g‘ﬁtﬂgéﬁﬁcﬁ?vé’ﬁ%%6“€ﬂa% aliphatic alcohols, their

unsat ur at ed count erkeagst ' : | ogues of
)f%eﬁiﬁé fédRidek IchRPEides ﬁgtl.sa(gg&‘ll ncll tﬁ'g%?é %@Bé?%@ﬁﬁlgﬁ

such. Exanpl es of suitable oxygenate conpoun
limted to: rPeRWHsAL least prawtygen atomysuch las aliptafic aleahals, ethigs, Gaorgl cohol s;

net hyl et hyl - 1) hyl ether, diethyl ether; di-isopropyl_ ether; 20
f or nal dehyde;Cgh‘?r%%?%sy{a%ge&%%ﬁﬂgf@?eﬁm © ids, Fsbonates, estersand.the like),

m xturkls  t henddie feBdstbek may opUYSARACMAR TPREA She 85R mmﬂiningiaﬁet hyl
ether, or a  m.,xture thereof. The nethod of making tﬁe preterred ol efin

product in t halide, mercaptam sulfide, pnamingcas leag asithetdptiond] componerits dalobng t hese
bi ommas. and ASTATg IAPEISMHE pestitidance ot Siatists SipenhE g ale Bown 1 n
the art, Thesisohel Hedalcolwd can inchatersmnilihatie mofety BAGRRELNOT 11 G&drbodTaki NY
synt hesi s gag, t hen con%/)fer Hygg the synthesis gas to al cohol or ether.
Synt hesi s gad"¥h "SECHHER By lkﬁ?o%ﬁ“_ _ B%_éf@we&nmwt@tsve ajechols inelade ni ng,
aut ot fiesr mal - baf fe Hob e lishrPd il 8 ¥ WA alght 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
not limited to: methanol; ethanol; n-propanol; isopropanol; Cq- Cao alcohols;
methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;

20 formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures
thereof. Preferred oxygenate compounds are methanol, dimethyl ether, ora
mixture thereof,

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

25 as oil, coal, tar sand, shale, biomass and natural gas. Methods for making the
compositions are known in the art. These methods include fermentation to
alcohol or ether, making synthesis gas, then converting the synthesis gas to
alcohol or ether. Synthesis gas can be produced by known processes such as
steam reforming, autothermal reforming and partial oxidization.

30 One skilled in the art will also appreciate that the olefins produced by the
oxygenate-to-olefin conversion reaction of the present invention can be

polymerized to form polyolefins, particularly polyethylene and polypropylene.



30 One skilled in the art will also appreciate that the ol efins produced by
the oxygenate-to-olefin conversion reaction of the present invenéizod’kccan

be .polynerized to form polyolefins, particularly polyethyl ene an 2003
.pol ypr o eyragesVO 00174848 23 0 3 DEC 2003 PCTI USC0115468cTFusaoasssss f or
form ng polyolefins fromolefins are knﬁﬁn in the art. Catalytic processes
are preferred. Particularly preferred are netall ocene, ZieglerfNatta and
acid catalytic 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; apghcdysedfor@rming polielefisFas blefinel afy lonpasindbs ani @atabne of each

bei ng expressly incorporated herein by reference. |In geperal. thes
met hods i nvoprosessenareqr¢feryed.hBargivelarly prrfeaed erepetaliocengLicgleNatta pagt i ng

catal yst at a.pres e and t at yr ff @Chl f 453e3 399kygl ef i n
‘product. A p?@?&?‘ﬁﬁcﬁg%g’ﬁesﬁ?{% M&E(%?a%}gﬁt I:q{s}sg()jrggf aI@f ocene catal yst .
The 10 pref eregd9besReT, 619146 IH6RS 4W76098] 3645,092.54,802,56% and8,24369240C and
the reaction can be carried out at |ow, nedium or high ressu';]ei .bei ng

‘anywhefe wi theioatalyst and prsesssdesgrintions of gachdsmgaexpresshy InGprpoml @8rried
out in solution..an ife || . f waiper ati ng
pressure ran %rgfgregg?mﬁ'neé]etnf%'l, tﬁ%ﬁh@%ﬁrﬁ‘s&ﬁvﬁ%ﬂﬁg%pégg gﬁf@c]ﬂ ?%l%ger ature
range of bet wepRoleth-RirsirnB@falystat a presgars apd semaperamceefative ta form the ef erred

that the tenperature generally be wwthin a range of 60 to 160C, and that
t he oper ati ngolyplefippredwsd. bet ween 5 and 50 bars. This invention will be

bet t der st 0od g\ f : ' '
etter understoo feferfl ﬂﬁi‘gﬁ% ir-r%.ggl c&ﬂ&bﬂ%ﬂﬁzﬁﬂ@d&b@&aly‘mlm are

intended to illusfrate sp ntS wthin the overall scope of

the i meent i opreferred entperatuQaigé/dfRipEratiofanipitwsen 0 SuPAEL angrthei ni ng a

nmor phol i ne tenplate were heated in or&ler tciﬁrermve tl“zeﬁl;tle I tee. One

sanpl e was héeacten £t b carpad sutat lewomediymgr high, pressiug %ﬁﬁ@&gg at 650C in

A gl S O3l HNaGS SuBIPYP20d Gark OB fbBessdicahel SaTRLINGR ufil o1 ed
ica gel (re

for 4 days over si atrve humdity X20% at 20C). A second
sanpl e was héadredilient térebeased, ardithe preferned opesatingopressureyange hetvesn 10300,

he sare. maniof 150Bas, vtk sarerered FepRessipr ke o P ERE AL BRnC TR O 12
fixed ys 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 5 and 50 bars.
This invention will be better understood with refergnce to the following
examples, which are intended to illustrate specific embodiments within the overall
scope of the invention as claimed.
20
EXAMPLE 1

Samples of SAPO-34 containing a morpholine template were heated in
order to remove the template. One sample was heated for 5 hours at 650°C in Ny
followed by 3 hours at 650°C in air in a closed furnace to remove the template.

25 The sample was stored for 4 days over silica gel (relative humidity <20% at 20°C).
A second sample was heated in the same manner, but was stored for 3 days at
80% relative humidity and 20°C. In a third sample, the template was removed in
the same manner. However, the third sample was transferred at 150°C into a fixed
bed, continuous reactor immediately after template removal. The third sample

30 was designated as the “0 days aged” sample portion. Each portion was then

individually evaluated in a fixed bed, continuous reactor. Reaction temperature



bed, continuous reactor imedi ately after tenplate renoval. The third
sanpl e 30 was designated as the "0 days aged" sanple portion. Each ortlon
was then individually evaluated in a fixed bed, continuous r eadt HPEC 2003
React i ong/ Wﬁ@[ ure 03 DEC2003" WD 00174848 -24 PCT/ US00/ 15468 was

0

mai nt ai ne C. Pressure in the reactor was held at 25PGF/U§00/158e8anol
feed was continuously fed to the reactor-p4.a WHSV of 25 hr-'. Reaction
products were analyzed with an on-line GC equipped with a FID and TCD
detector. FIG 1 shows w % of nethanol converted as a function of TOS (in

m nutes), The 5 nethanol ersion of the first sanple at a TOS of 5
m nut es was aﬁﬂs %ﬁ Fi)f‘tg%émb%ssufﬁg‘ﬁhﬁfmlw%?&? 3P psigofMethanalecond

| t T t th
Comversi on of The TR Homty R deRkeLy 4Rl Al oo B RENEh LS 100

W. 9% 10 EXANPeFe mai;mghenhaﬁomm@@emppaj wimgmrmaﬂmn Hexecto£NPI@IE were
npl ate. One_sanple was heated for 5 hours

heated in order to ve.the te

at 650C in N23°9%% %\égp’wﬂ@“ﬂb‘iﬂ"é’e’é‘? WJ@HF‘I'P‘W TOJ (a minytesl The nace to
remove $he temdtidndl

conditions. A secondc%ﬂgr%gsléﬁ\;\‘ggﬂl ﬁ#mdﬁ 8%3’%“%&1%%?&”%@

stored for 5 @3y8.%ndbe methinohcomamsion Dﬁmeseddndaambidd aJOPLES mifqet errpl ate

was renoved | itu gqgn flxed cont inuous .reactor) under
nitrogen at 6 PR ﬁS]Xré l‘é‘?‘}"eﬁfc’ third samplg #tsTOS The
third sanpl e wAS migsted Baka 1%%1&15{%] Q}oqgm aged" sanple portion. The sanple
portions having the tenpla es rem)ved were neasured for nethanol 20 uptake

according to the foll owi ng procedure: About 5 ng of sanple was introduced

i nto ajferki n%ﬂgﬂﬁ- 2 thernogravinetric analyzer (TGA). The sanple was
subj ected to ment, which included: (1) heating fromroom

tenperature to 4508ampidsibf‘$ml34%nfaﬁhﬂg aﬂ'for%ﬂ'mn@‘t&n late \@éréh t&) nho' di ng
at 4500C for 40, mn. in air; and cooling to 30C Z%alr ter the

sanpl e reache8rdsoio remavethe tmkiﬁem@lesmnihws heated for6thancs at(ﬁéﬂ‘l@lmng
then cont act eI T DOREH 658 ik Baciont fedees foatmewpibpplats. ~and
Eor e
In a third sample, the template was removed in situ (i.e., in a fixed bed, continuous
reactor) under nitrogen at 650°C for § hours, followed by air at 650°C for 3 hours.
The third sample was designated as the “0 days aged” sample portion. The
sample portions having the templates removed were measured for methanol
20 uptake according to the following procedure:

About 5 mg of sample was introduced into a Perkin Elmer TGS-2
thermogravimetric analyzer (TGA). The sample was subjected to heat treatment,
which included: (1) heating from room temperature to 450°C, with a heat up rate
of 20°C/min. in air; (2) holding at 450°C for 40 min. in air: and cooling to 30°C in

25 air. After the sample reached 30°C, the air flow was switched to a methanol
containing nitrogen flow with a methanol partial pressure of 0.09 atm. The
sample was then contacted with this nitrogen/methanol mixture for 180 minutes,
and the methanol adsorption capacity was calculated as the weight percent
increase afier the 180 minutes contact with the methanol vapor. FIG. 2 shows

30 methanol adsorption capacity or methano) uptake as a function of time. The

horizontal line fragments indicate the saturation level.



30 net hanol adsorption capacity or methanol uptake as a function of tine,
The horizontal line fragments indicate the saturation |evel. V\@Solg)qu?fb@% -
25 - 03 DEC 2003 PCT/ USOQO 15468 The net hanol uptake index was cal cul at'ed
-based owa bme7484 ur ati on | evel aged sanples versus the s@GQIVEI08AIG8evel of
the "0 days aged/in situ" sanple. The _Gsdays aged/in situ sanple was
defined as the base case, having a nethanol uptake index of 1. The

met hanol uptake index for the 1 day |ab aged sanple was 5 cal cul ated as
approximately 0.85, and the nethanol uptake index for the 5 days |ab aged
sanpl e was cal cul dfledmethanpipmpteke mdeswas@akslatahbassl en the sawrationdevgl SAPO- 34

t ai ni DPA/ TEACH t | at I ed 1 | A€ o | | ef t
o bl ace. ThaBeA MTBIeRYESOY B atroren Jvef be Y glly kel TS hETBHME PRR"G °
SAPQ 59 Si C) .q diiR agedT Shesaffipte WheHefinedRY B¢ Habe Gdst,thavirig. emethanolaiptakesd bed,

continuous reactor) under nitrogen at 625C for | hour. After tenplate
renoval , met hademd ofasThomethanolptakeriedexifer thed daydeh agedsamplogesy of 25 nr"

whil e intai njng the react.ion,t e 15
pressure at f@iﬁ?ﬁt .W&ﬂ"gﬁ&& @ggc{ngtt\b‘\éﬁlgﬁj éﬂ‘gllﬁl%zg‘é%r}gmdtﬂ gﬂﬁgﬁa ne aC
equi pped Wi t haRagddlanjfle WabcaleblarRt as approxiaidely 6166. and propyl ene yi el d.

Met hanol conversion was cal cul ated as: 100 - (w % nethanol + DVE) left in

product. The data are shown in FIG 3, with the |Iabel "fresh, cal cined

sieve." 20 E%gﬁésanpl e of SAPO 34 containing a DPA/ TEACH tenpl ate
was filtered dinawt filter cake form wth the tenplate being

left in place. AftArsamploof SOPOSH cbataitiysa DPR¢TEADE tempdite waadrigdi ed, t hen

the tenplate was then renpved, and. nethanol conversion.cal-cul accordi ng

to the{%r oced%l’r*bﬂ!ﬁte%ngé’“&]eaz@ plare- dhesampls W&gﬂﬁe‘?#rélsééygttﬁ MPLE 5 A

sanpl e of SARGL3Y ﬁ%?ﬁi Qﬂ% SAPBA HAPHIb ERRlphk e wibhehrtheveddn skod st or ed
or

in awt filter cake th the tenplate being left in place. After 30
storing for 7@.edays fixet bedj dontnuanakeactagsuniier aiwrogemat H25RE forhhpur AlRls t hen

removed and et hanol eomYer ehon Cal el Al S0P SRl the bt WIPWRIEOSHV © Of
25 hr! while maintaining the reaction temperature at 450°C and the reactor
15 pressure at 23 psig. Reaction products were analyzed with an on-line GC
equipped with a FID and TCD detector for ethylene and propylene yield.
Methanol conversion was calculated as: 100 - (wt % methanol + DME) left in
product. The data are shown in FIG. 3, with the label “fresh, calcined sieve.”

20 EXAMPLE 4
A sample of SAPO-34 containing a DPA/TEAOH template was filtered
and stored in a wet filter cake form, with the template being left in place. After
storing for 44 days, the filter cake was dried, then the template was then removed
and methanol conversion calculated according to the procedure of Example 3.
25 The data are shown in FIG. 3.

EXAMPLE S
A sainple of SAPO-34 containing a DPA/TEAOH template was filtered

and stored in a wet filter cake form, with the template being left in place. After
30 storing for 73 days, the filter cake was dried, then the template was then removed
and methanol conversion calculated according to the procedure of Example 3.

The data are shown in FIG. 3.



WD 00n4848 -26 0 3 DEC 2003 PCT/ US00/ 15468 EXAMPLE 6 A sanpl e of SAPO 34
containing a DPA/ TEACH tenpl ate was dried, wth the tenplate being left in
pl ace. The sanple was stored for 132 days under 5 anbient conditi&ﬁlBEC’mge
tenpl at g, n renoved and net hanol conversion cal cul ated according to’
the procedure of Exanple 3. The data are shown in FIG 3FPOERU§BfE68 10 A
det enpl ated SAPO 34 was aged under anbi-e2&- conditions for 18 nonths.

Met hanol adsorption capacity was determ ned according to the procedure of
Exanple 2. Fromthe initial methanol adsorption capacity and the nethanol
adsorption capacity at feed contact, the nethanol uptake index was
calculated as 0.12. 15 Methanol conversion of a sanple of the 18 nonths
aged SAPO 34 pdasMPIVRIguat ed according to the procedure of Exanple 3. At a
TOS of 2 minutes, the methanol conversion was 26.97 w.% At a TOS of 5

m nutes, the net haﬁq&mplé@nﬂ\'iéﬁ’ﬂ-éﬁmnmaﬁ\DPMEEAIQHMpEdNMrﬁadGS Wt .

The dat di cat | t | h
20 et hanol - ciiAs ke tnd S 3n BRCEREP SEmRe Srel red v 13 NS iRt ”Se?. o
of tims.  Howmbimt cofiditiony. ahe temphed | wus theén eéméviéd arl MBthessl dnvérsyne dr ops

of f very quic Iy, I ndi cat i ng that a nol ecul ar si eve having such a | ow
met hanol upt SKE0IRtedaccordingdgdhe prosequip PEExyRpleda cThedata gest inFIG wil
tend to incrgase the frequency at which the nolecular sieve will need to

be regenerated. 25 0 3 DE i; 2003 -27 CLAIMS 1. A nethod of nmaking an
ol efin product from an oxygenate feedstock, conprising - providing a

silicoal um nmg nol ecul ar sieve, in the formof a wet filter cake,

having cata #=es within the nolecular sieve shielded from contact

w th vater nol eculﬁgae@ E&‘mgﬁw"s %BQ{nH &E@n{;wngﬁr&gr foPi€ve 1N the
e e

formof a wet filter - renoving t ate by calcination to
acti vat e themanthsc lMa‘qhagq&l@dgqrpamigapaclty was detemnned according to the procedure

of Example 2. From the initial methanol adsorption capacity and the methanol
adsorption capacity at feed contact, the methanol uptake index was calculated as
0.12.

15 Methanol conversion of a sample of the 18 months aged SAPO-34 was
evaluated according to the procedure of Example 3. At a TOS of 2 minutes, the
methanol conversion was 26.97 wt.%. At a TOS of 5 minutes, the methanol
conversion had significantly dropped to 0.63 wt.%.

The data indicate that a silicoaluminophosphate molecular sieve having a

20 methanol uptake index of 0.12 is catalytically active for a brief period of time.
However, the catalytic activity of such a molecular sieve drops off very quickly,
indicating that a molecular sieve having such a low methanol uptake index is less
desirable for reaction systems, as it will tend to increase the frequency at which

the molecular sieve will need to be regenerated.
25



- after renoving the tenplate, contacting the nol ecular sieve with an
oxygenat e feedstock under conditions effective to produce an olefin
product, the nol ecul ar sieve contacting the oxygenate feedstock having a
met hanol uptake index of at |east 0.15. 2. The nethod of claim1, wherein
the tenplate is selected fromthe group consisting of tetraethyl Oantieinjgm
salt, cyclopentyl am ne, am nonet hyl cyg¢] ohexane, piperidine, triethylamne,
cyclohgﬁxhﬁglne tri-ethyl hydroxyethylam ne, norpholine, dipropylam ne,
pyridine,  1sopropylam ne and mi xtures thereof. 3. The nethod of clains 1
or 2, hhe®ehod ﬁfe“@'l“l‘g e&a!eﬁwwaw&gm@wawteafepéﬁt@c@pczreprmng ess than 5

angst I Opfovidifig aEh@oﬂ%fﬂ@ﬂ'ld%Bhﬁb%dl&uﬁbr Sibvel in fﬁ@%rﬁf df 3 vTrel?ﬁlter cake havmg

silicoal %m no hos h%? ﬁ;%gu' ar sieve is selected fromthe grou

consi sfdt &'%ﬁ' mejgptarsieve ghislded dromgeplachwithatergnplecules by aignmiale

i ncl udi storirigtre mteahlacsiemnmmrrﬁef@mtfmermfe and m xtures thereof. 5. The

nmet hod of an of, th [ece d| I ai wherein the tenplate is renoved by
heat i n'g’eHP"'a thed tﬁﬁg%ﬁp @B&a?%&tmo'gﬂ%s'e&é@r ably between 200C

and l?OOﬂterﬁemm thetdnu:dhte,fcoamytntg‘thé thqcnlacae\veﬁtméram%enaMfHeestﬂcﬂ lrler ]
t ' t ' { t . T
ot hodt SeitBnd SRR o BradiRg R SIcRA Brathbe e Hbeelier Sy R &PS I E8Fsnals 1 1

envi r ofeedstock Hexing mgnetharmhuptekemdex ofrat Eastr@itd.on. 8. The net hod of any of the
precedi ng clains, wherein the shield is renoved inside the reactor used

for maRi rMhetnfethaa affclaim prwikreih.thétemplate isklaoidd rlbmahabsap tofdisting rolﬂ\i&&i-‘:air'u]ﬁdt h?
shield i ener at The nmethod o
cl ai s 1%{% %\?ﬁfﬁmﬁali g?%gq%hgd bgl ﬁlr?o&neﬁmvéo@ %1 sP'BE"‘fﬂ% " egr%q%'Peused for
maki ng  tchdotsixgiamineptrieetyl hydrox@HDEGIR) @B ret28ne, Diprophening tiyodinef any of the
pr ecedi n%°§L‘@’?g§¥"¥g‘§‘;’ﬁ'&%g%gﬁ -dDd ecul ar sieve is maintained at a

t enper at ur pri or to contacting with the oxygenate

f eed f di ng_ cl wh
or of or SorT e SR oREhLP Gy Sl e SBBRASEHENEG Ao B iPe Hredh

13. The rogs$twthsof any of the preced| ng clains, wherein the oxygenate is
selected fromthe group consisting of net hanol , dinethyl ether and
m Xt ur s Thierettadd. of thimsTher ZetHeeaindhe siivoaimiidphosphateadolagulel sidvats saMdttsdei N

roactor Aot BB sHend of SR8l ARDIch, BREO- B RABR G AT S ' [

pr ecedi ngAEICabGENcluditertbé metah eondhieing frma thergnf catdlovistuedts theréGNVS  of

5. The method of any of the preceding claims, wherein the template is removed by heating at a
temperature between 200°C and 800°C, preferably between 200°C and 700°C.,

6. The method of any of the preceding claims, wherein the template is removed by contacting with
an oxygen-containing gas.

7. The method of claims 1 to 5, wherein the template is removed by heating in an environment

having a low oxygen concentration.

8. The method of any of the preceding claims, wherein the shield is removed inside the reactor

used for making the olefin product.

9. The method of claims 1 to 5, wherein the shield is removed inside a molecular sieve
regenerator.

10. The method of claims 1 to 9, wherein the shield is removed outside the reactor used for making
the olefin product.



|l ess than "0.016. 16. The nmethod of any of the preceding clainms, wherein the
nol ecul ar sieve is contacted wwth the oxygenate feedstock at a pressure of
fromO0.1 kPa to 10 MPa. 17. The nethod of any of the preceding cId]$ﬁECZm3
wherein the ol efin product conprises ethylene, propylene, or a conbination
thereof. 18. The nethod of any of the preceding clains, wherein the
tenplate is partially calcined, |eavin enough carbon material within the

por es he | ecul ar . sieve to shield the catalvytjic sites of th

ol eoul br Bragfhod Gy o b Biseatio SR, Unnienuhe hRlakr sBle BihahSiaar i i s
renoved aemperatanpefiadiaase!50eC phario c@@8ding mith 8@0RBygeredadebdstock. n an acti vat ed
nol ecul ar sieve ready to contact the oxygenate feedstock. 20. The nethod
of cl alznThe,mether sfiany bhibe petpliag elaints, phedeiredd kg, prdferalite 80t kg, meaé pregerably an
envi rogm ha\{i n%ga | ow oxygen concentration. 21. The nethod of any of
the pr 9 MAlequIE Sy PSP conpri si ng, once the mol ecul ar si eve has

been acti_vated, rovi di ng an anhydrous envifonnent as a. shi d ai nst

s o i e matod syt e et PR Eoe. Bremin e PRIGANStR & SHSTHAEYn TSB! ar
Si eve, corsibting ohvéthgndl raimethiladtitkr apd emndkes thereof.o nake the nol ecul ar si eve
ready for catalytic use. 22. The nethod of claim 20, wherein the anhydrous

envi r oRgErNe nhéthdd 6Mdng @FthB YoréeeuiRg icatng, WMeriree activialeld catalj@bis @bntattgd ivih eanket
under a%ydrmigs condj tions. 23. Tgﬁrﬁrﬁ:hhag o cl a1i m 22, wherein the
anhydr 8%&egale fenosierien § eagpLtiajdl &R GAR P Fondi ti ons or under

at nospheric or greater pressure conditions, having | ess than 12 vol une

per cenfl5- Wgtregthodpfany P&@P;Prerceglgg clakps. wherelihe plsfinare prrduged ata ThHYMS of

pref er glak vhah@met han 0. 02 vol une percent water. 0 3 DEL 2003 -29- 24. The
met hod of clainms 22 or 23, wherein the gas is selected fromthe group

consi st g NgheGhethd kof anof (hgﬁb?ébedihﬁ leiathia, wheirtg mol&_rﬁla%igﬁg‘is cHrtacted with the

al kanes, cycl oal kanes and m xtures thereof. 25. e nethod of claim 22,
wher ei AXY9gBatg fRpdatoskiat 2 prgesuwie Bl fEamBd kFade (@ME3: han about 200 ppm water,
preferably | ess than about 100 ppm water, nore preferably | ess than 50 ppm
wat er . 126lheTheihorbefiany obthe eregeding Slaimg mhetein the elefip gradyct compesescetdden® om t he

group leRd, iond gﬁ,bﬁ,gﬁ@ﬂﬁg s cycl oal kanes, C6-C30 aromatics, alcohols. 27.
The ne ﬁ{)ﬁg o} am? of the prrggedi ng cl ai ns, wherein the

si | i cogh U NORROSEA %{ 'p?&ﬁ'éhﬁg ci%iirﬁéfglheﬁﬁ'nlﬂ Eriisle 4 ;SJF‘iéh&'&SlEinE&tlé‘é\ﬁi@' S, as
a catalyst conprisin e si |1 coal um' nophosphate nol ecul ar sieve. 28. A
met hod eosughecarboaimateripl withiathye mqteSa@fttme/mpl;mdar sigyede shigld thaicataipo sites eldhe ar

Si eve, nftial Skig:

19. The method of claim 18, wherein the carbon material is removed at a temperature between
200°C and 800°C, resulting in an activated molecular sieve ready to contact the oxygenate

feedstock.

20. The method of claim 18, wherein the template is partially calcined by heating in an environment

having a low oxygen concentration.

21. The method of any of the preceding claims, further comprising, once the molecular sieve has
been activated, providing an anhydrous environment as a shield against water molecules contacting
catalyst sites within the activated molecular sieve, and removing the shielding condition to make the

molecutar sieve ready for catalytic use.

22. The method of claim 20, wherein the anhydrous environment is provided by covering the sieve

with a gas or liquid blanket under anhydrous conditions.

23. The method of claim 22, wherein the anhydrous gas blanket is provided under vacuum
conditions or under atmospheric or greater pressure conditions, having less than 1.2 volume percent
water, preferably less than 0.2 volume percent water, more preferably less than 0.02 volume percent

water,



a) providing a SAPO nol ecul ar sieve having catalytic sites protected

agai nst loss of catalytic activity by covering with a shield; b) renoving
the shield; and c) once the shield has been renoved, maintaining the

nol ecul ar sieve at a tenperature of at |east 150C, with no shi qutgﬁmle
exposing the catalytic sites with noisture. 29. The nethod of claim
wherein, in step c), the nolecular sie Is | oaded in a reactor,

regene ggtm ngém&% ctayrn@thr 53 | B, AYh RNERRy f%% th pﬁoug%n&gma%?gr ding to

claim leve IS terrper ature
of 150M¥rBgEpbeiym G, &% 2, @sonﬂ%m&ﬁd&a@s chbmlnam angiTeixwres théreof.

nol ecul ar sieve is maintained at a tenperature of 175 to 600C in step c).
32. Thé5.nhbetmesihast of glaith 212 3aherein éhecanhydrious limiidianicet has lesethas abmit20@ppred at a

t enper ghidr ?ré?éragﬂﬁ’ests%an% t@s;ﬁi#féat% mo$§ reTJP%ba{rféké‘gﬁn%Iizﬁg aﬁ% t he

precedi ng clains; wherein od of claim

33, wh I | I I.n_wet
I L R R T R
sh| el dcyO@aH@nw@@ -G30 arpemptids) albghaisal ci ni ng t he rml ecul ar sieve. 36. The

met hod of any of clainms 33 to 35, wherein the shield is renoved in step b)

by heafT7.hetnathod afiEpy af the atecading nhmnsatvbereinthe éih@iﬂtﬂlﬁ]ﬂonrmsﬂ%ﬁnbmcmh&sieve

2. wn et P AR i o s EitaiRCcombfiapd 1R TEbRSHingoodipte mdiglidly “7,c°

met hodsie¥e.cl ai m 37, wherein the shield is renoved in step b) by cal cining
| at a tenperature of 200-800C. 39. The nethod of any of clainms 28 to 32,
i wher ei B8.tAeethhd ef maintairdny catdlytdraotidty ef an activated SAPLOmolébwamsidvieoconadrisiiigai m 39,
|

wherein the |

bl anket undar b\ﬁﬁq%l%c%us cﬁ?éh%@@agéfn%v%%ﬁuﬁb%e ?%Sﬁyoq?%(f gqa%sgg’%sm#a}éeﬁ# t he
shi el daﬂb‘lt)abvmhm\@tj‘sagasldbl anket that has less than 1.2 vol une percent
wat er. 42. 9% &'aﬁhm 39, wherein the shield is an anhydrous
liquid blan et tha ess than 200 ppmwater. 43. The nethod of any of

t he precedi Pkpree merﬁé"elﬁb\m& keen remevegApaniainieaiie arolepulay sieve alsplegpetature obah
the grQup 1304 'vﬁ:hlnegshréfd W&%sm&&r&%ﬁm s&% &’@r.%fhstu%PO 35, SAPO- 44,

SAPO- 47, SAPO-'5 metal containihg forns thereof, and m xtures thereof.
29.The method of claim 28, wherein, in step c), the molecular sieve is loaded in a reactor,
regenerator or any type of storage environment,

30. The method according to claim 28 or 29, wherein the molecular sieve is maintained at a
temperature of 150 to 800°C in step c).

31. The method of claim 30, wherein the molecular sieve is maintained at a temperature of 175 to
600°C in step c).

32. The method of claim 31, wherein the molecular sieve is maintained at a temperature of 200 to
500°C in step c).

33. The method of any of the preceding claims, wherein the shield is a tempiate.

34. The method of claim 33, whersin the molscular sieve provided in step a) is provided in wet filter
cake form.

35. The method of any of claims 33 and 34, wherein the shield is removed in step b) by calcining the

molecular sieve.

36. The method of any of claims 33 to 35, wherein the shield is removed in step b) by heating the
template at a temperature of from 200 to 800°C in the presence of an oxygen-containing gas.

37. The method of any of claims 28 to 32, wherein the shield is carbonaceous material.



44. An activated SAPO nol ecul ar sieve which is maintained at a tenperature

| of at least 150C when exposed to noisture in a storage environnment. 45.

| The nol ecul ar sieve of claim44, wherein the nol ecul ar sieve is maintained
at a tenperature of 150 to 800C. 46. The nol ecul ar sieve of claim45,
wherein the nol ecular sieve is maintained at a tenperature of 175 Bk BgOC.
47. The nol ecul ar sieve of claim 46, \!vgtg_rei n the nol ecular sieve is
mai nt ai 4 ecl ' f any
o oI e by thotod &R erbh it 3 el i Step By By BRURRYLES ieytgiug 1
group eBMEIOPGg of SAPO 17, SAPO 18, SAPO 34, SAPO 35, SAPO- 44, SAPO- 47,
SAPO- 56, netal containing fornms thereof, and m xtures thereof.

39. The method of any of claims 28 to 32, wherein the shield is an anhydrous environment.

40. The method of claim 39, wherein the shield is provided by covering the sieve with a gas or liquid
blanket under anhydrous conditions.

41. The method of claim 39, wherein the shield is an anhydrous gas blanket that has less than 1.2
volume percent water.

42. The method of claim 39, wherein the shield is an anhydrous liquid blanket that has less than 200

ppm water.

43. The method of any of the preceding claims, wherein the SAPQ molecular sieve is selected from
} the group consisting of SAPQ-17, SA-PO-18, SA-P0O-34, SAPO 35, SAPO-44, SAPO-47, SAPO-56,
metal containing forms thereof, and mixtures thereof.

44, An activated SAPO molecular sieve which is maintained at a temperature of at least 150°C
when exposed to moisture in a storage environment.

45. The molecular sieve of claim 44, wherein the molecular sieve is maintained at a temperature of
150 to 800°C.

46. The molecular sieve of claim 45, wherein the molecular sieve is maintained at a temperature of
175 to 600°C.

47. The molecular sieve of claim 46, wherein the molecular sieve is maintained at a temperature of
200 to 500°C.

48. The molecular sieve of any of claims 44 to 47, wherein the SA PO molecular sieve is selected
from the group consisting of SAPQ-17, SAPQ-18, SAPO-34, SAPO 35, SAP0O-44, SAPO-47,
SAPO-56, metal containing forms thereof, and mixtures thereof.






