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PROTECTI NG CATALYTI C Acmmwm m APO MOLECULAR S| EVE Thi s invention

rel ates WP 80/H848od of e catalytic activity JCTAUHOREI6S

nmol ecul ar sieve, and to a nejlsped of maki ng-an ol efin product by contacting
the activated catalyst with an oxygenate feedstock. In particular, this
invention relates to a method of protecting the catalytic activity of a
SAPO nol ecul ar SI eve 10 shi el di_n the cat al t| c, sites_of the nolecular
si eve. Silicoal MR E’ﬁﬁ 5@%‘; 3&1’&%%‘3 LEGIEAR ang
catal ysts. As cat aI ysts SAPOs have beeBER¥Ed |n processes such as fluid
catal ytic cracking, hydrocracking, isonerization, oligonerization, the
conversion of alcohols or ethers, and the al kyl ation of aromatics. In
particul®&ar, the use of 15 SAPGCs in converting al cohols or ethers to olefin
products, particul army:rﬁbﬁt}dmfatartd ameahyd ehﬁotebﬁngmeaaiatygxccafcngﬂtﬁafer

interest for large s , commerci al |anac |t|e is known in
the devel opnent g aarsbeére,sad@teare%ﬁ?@?fﬁwe%m et Y PPRAENE n ¢ he
commodi ty Chegh@i\%tn}a’téﬁl'c'af'a?}%t with'ah. &95&1&1&”@@&6&9 Th a&ﬁufaPEthECiﬂ&tlHH from

| abor at ory an | ant”™ operati on This 1s particularly a concern in
catal ytic ream:latns tsys'teehnd ofipeotecting the catelytic activtyfiaSAR®D Imoleeularsitveal

orders mag | ar,ger an .t ilot scale facilities. For

exanpl e% conv&%’t#bﬁi@f’g F@oﬁ%ﬁb‘ti}t%ggﬁ‘é %&8 YSYf naking ol efin products
from oxygenat e feedkiRéRhiRMIPKIsPHateé (SATDK) bySbeehQRES aPidsaietiis aad 9" ans.
Conventi onal Iar e pilot 25 plant Oﬁ)el’atl ons may utilize as much as 50 kg

of catalyst, rraalysts. obs eatdyss,deAPQy havg been nseddn Rracesses aied a5 flyid rasplgtic

P ouCt s out - WPhckide® hRUERLRRE SSSmER SR N BohRrE AR SARvERoOR! 2 | ar e
scal e, comerci on , 1f one were in

exi stence todatjcohbts onetHets, Ianddtealk)dhicm df(lrmpamat én patigdars ¢lad wse of ormer ci al

d t f t al | oad f 3 wh
R GRS U TN TN TR s e ek oty
of ethylene a%d?ﬁéﬁ}’érﬁnﬁ bBE&ﬂiﬁgtofgkéaté ,ﬁtetemafat ﬁr BRAcsthmefcpali di ng such a

| arge quantity of catalyst could be used. | 74848 PCT/ US00/ 15468 - 2
Qperating |lar qeommfacdﬁmsver0| al productl on faC| lities clearly presents

great challenges in,th t t o-use
chain. By productio stsg( Hge %ﬁg:ﬁﬁvélg&&g n(t?"%%elggﬁt |a|lg §'E‘(L§'gér l8pact| vities
begi nni ng wi ]E t‘prbdhﬁ:tlpn Wﬁids@mth’efclolrmhmmyl cmbmﬁdaﬁhmri]ndssmha@i ;7“r|gblem larisein viti es
as rece t 0 tar ng5 terials t hrough f he sta | i on process.
Al so in uded ?ts‘ia H&qfﬁtﬁf}’o‘"{?&&éﬁgﬂ &F@‘q"ﬁt gi‘ ﬂP%"f‘@ YRvities

whi ch i ncl ude doaedm t@&atstglu@teatm $SEAE Wherblahld WfeSopafiion WiRbe BBieRAll al s.

activation of the manufactured sieve and finished catal yst; storage,
transport, | oauderyof magwitudieriarger thawtypical pilotscale Eacilitiesf Far stampleat al yst: as

wel | as other practic associated with t andl,i a aration of 10
the sieve and Srituined EFARGL RafRrbtistes ot et BEr e oBRhRiErBHe o use
chain ends at febPar@biducyddomitii Malw|16ﬁd|o%b&ltgvgi‘am§ Cohveatibhd dargd pilott he
reaction system For purposes of this inventiaon, the end of the

pr oduct #dn- t o-Rlang oehratmns@m@sutrﬂ&e qﬁé@@é@éﬁplkg ofsatalyst makingranthe prden of he

ol ecul ar i vy 5 AV IGRUGADebBithel DEME IR ils TR esS IiiRliBIPS SCal @
syst ens are very I’ arreous neasurenents are

practically femmplahﬁtm tbrwhaaagagsmlee cemntemm,pntd\euom fudility lvmuid)pmdeceghai n

may be consi dered as conpl eted sone ti rrfq hjn. 12 hours, of iadl ng an

activated cat df §3& Wer§t exigtenceteday. ol esipble to ORAFE 1ABS tﬁa %0 date
relating to pr f on of
oxygenat e fee ?‘gﬁ g Fg&%g@%ﬁlf?ﬁtnt?éesg%oﬁhﬁnﬁy @%%X%gsﬂgamg%ﬁ pil ot plant
activit3@s, |ianyivereffrcnmy,080 kerto 700,00kikg, peatucingiatywhere Hronp 6abtce409,000

associated with th ernmedi ate activjties i he produyctiqn-to-yse chain.
For exanple, |5&H DI RO R ORieTE Qe e hetl meltod Ghpe s Sus age,
transport, et Qarg@Qu&xﬁ&?BY@&tal?EttdomdtBéyuséd nce srrall scale activity is rather
easi |y manageabl’e e today only relatively small quantities of catalyst
are stored and transported, large 25 quantities of materials will need to
be handl ed for comrercial operations. This nmay require storage of |arge
guantities of sieve and catalyst materials for considerabl e periods of
time, at nmultiple |locations, and under rather rigor m

conditions. As the managenent of sieve and cat al yst(ﬂmml“m‘\ “ﬂm ‘ﬂmayst
production-to-use 30 chain expands in volunme and conpl exisi;¥+ there is the

| i kel ihood that mllions of dollars will be tied up in catalyst inventory,

and the value of the sieve and catalyst will be lost if quality is not
mai nt ai ned at every step Loss of qual i ty Wi II WO U0/ 74848 -3
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Al t hough there has been sone work published relating to the internedi ate
activities in the catal yst production-to-use chain, few of the probl ens
associ at ¥® ©H4%48wi t h have been addressed. For exanple, U. QCT%?"B/M“NO.
4,681,864 to Edwards et al. discuss the-.pse of SAPO 37 nol ecul ar sieve as a
commercial cracking catalyst. It is disclosed that activated SAPO 37

nol ecul ar sieve has poor stability, and that stability can be inproved by
using a particul aracti.vation ocess. _I.n this pracess rgani c tenplate is
removed fromthe c9P8’a§P$ EP@% C%‘%@T(I‘e{ﬂ@ %P%Vé'%]’g%ct?ﬁtb‘?sicg?agﬁd’”&%msacti ng
with feed to ?@amﬁn&egi-s in iR develepmentCotlthe cdtalystp1bdReibh18-ubdIEhatn. €B tO a
tenperature of 400-800C within the catalytic cracking unit. U S. Patent No.

5,185, 310 to Preguetipneto-use chainde meartdhe ersirp erearpfmpidvities begianingwithghe

silicoal um no t S| : Lk s Scalls
for contacti ng'%gﬁ@%s aﬂq@ kﬁgwm \iet@gﬁ%@gﬁ%&%ﬁgﬁa%{;ﬁp@sﬂgﬁn i na and
wat er, &nd t hmatsblspon tteanghthe chyatalfization prdcessatAlse artudéd miCthe preduveiahi ng
process is first carried, out i,n the, presence, o{ylgag 0X 8en epl eted gas, and
then in the ploadserrbaingre iftermerite sctiyitips vhich incldf e dtion of thesieveg "pr ocess

s to enhanceywl)®iriet arddthet thater®dls, ldeBvARMILYRE madliEctafddSicietahd ifh¥shed

enhanced as a result of the 20 iInt I 'mate contact bet ween the alum na and the
si eve. Bri endcatalyst| stprage, tringport,dbading, (vadRding®f ngslemia ditse and finished at

SAPO- 34 | oses _|j.t.s .crystall ipit hen t he. l.ar,e .has. been renpoved fromthe
o eve and_t necaiiTstEha AR at bihet dralER 388%ialed RiPIng nARSINE Y AreHREA O O &
are prasent edtheRipwedad finished Batslysrfosits bifialatOwR! The prédiftioh-fe-usdiéiain t er m

this crystallinity loss is 25 reversjble. Even over_ a period of perhaps two
years, the dattdsstthigaeintiwhen the olegplar sieye)isiiptzadyced insq thegepgtioniiftame er t ai n

tenpl ates ar epYSfipodel bg\ﬁxl‘x@inggﬁiogotrheeklnﬁ St ?&&ﬁ%n&@-ﬁsy%iﬁaoéﬁp 37

: e .
mol ecul ar sieve in a zeolite catalyst conposife as a commercial cracking
cat al yst. Accuecdssaglyt medrhthednstantoviien thd moleeular sjews is inteoduiced mto ther et ai ned i n

t he SAPO 37 npl ecul ar, sieve 30 until a catal yst conposjte containing
700l i e and { FFACHOREDIStER, S{pce JATge, als fiemeare, ey JATBE AN RSAARERE.  and |

t her eafiser t hegqrdthetits arehof praclicilySeasitléleIn RRtchle QPstems, ke PrYGARS - 4

PCTI USO0/ 15468 wherein exposure to noisture is mnimzed, the crystalline
structure of toneseShpio reay beeansideredasvpmpletes someetime withitbl 2housgofeen from

t he di scl osur | @?‘E%%‘%%%?@gﬁ?‘kﬁﬂmqmﬁ ap acti vated SAPO nol ecul ar

sieve will ex ytic acna/kls'tsy When exposed to a
moi st ur e- cont ai ni n8inea wifomationtto dated-elating tof frodudtion of okefinpeodirts@en the time

the catalyst is activated and even after as little as_one day of storage.
Mor e i npor t antat3ytGEoETsonok Pygenate fqegiw?wﬂbsg%ﬁ@fteése I&Pw}/tzfyaedi Vity is

not reversi bl gnaf bkt Plart gg%ﬂ%, Ritle i InPhtténtibk had &&@ﬂﬂ%&ﬂ@&bﬁmﬁ&er efore,

to obtain an actiVvated ( ecul ar."si eve and 1 ncorporate that nolecul ar
si eve into a awsociated vothithe pntermesisatdadtonteeslinthe productivmdty-ube chadt. i Bort y becones

too great. In order .to overcone at |east. one of the n robl ens i nherent
i the prior SrmPieBe ARERIET Bas ReeaPthied 80 e meaci At STERL FATRENCE Al yt i
activity of aostdthlySicdctivitylGRfte SRAREaleRERAY! iR FatidrRUGIYWAdgeatiet WHIR Used in
converting an oxygenate feedstock to an ol éfin product, particularly an
ol efi n productodaponlyrrpletivelygmetl iqyantities op easplystanestotad apd transprted dergeon
agai nstysl 0ss 8&3&&%?&" thh%rials 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 multiple 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

dollars 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



activity is provided by covering catalytic sites of the nol ecul ar sieve
wth a s@gb&%&gg or to contacting with the oxygenate feeds{, soo% lytic
contact, 1.e., contact of feedstock with nol ecul ar sieve un catalytic
conversion conditions, nust be nade beforé-a par anet er defined herein as

t he net hanol uptake index drops too 20 low. In addition, the weight percent
net hanol conversion of the catal yst, determ ned at standard paraneters,
shoul d not be Rbés3NEIY tiasidiedd 1688 0P Praiuti dualitymasiesls 8 fosd6f proiei Juantitiet hanol
upt ake i ndex or nethanol conversion which are too lowwll |likely result in
a catal yst thandithesgiproduct lossesiconld for eusweighithe eest phithg siexe gad s¢talyst pr ocess.

55 Im this i . : ) : _
shi eld can be the rAstuafiside RafbeIohe Purk ubfithed FoitiFlodhe Btkmnedil
nol ecul ar si e\#&tiviﬁ‘gs irSthlk Icmallfyst' pro_ﬂbaiomtggusé hbai_h,%w: clifttbe ﬁnr?lblmnstdssaoqinuc_bus
tructur thint mol ecul gr, siev nventj qn ot epp| ate is
?emljseg gywcaltl??fm”ﬁg,ha&E%q%Qqude. OR E¥NP e V%oﬁ?‘l‘ﬁ’eNﬁnﬁééﬂjgg‘imsi eve.
Leaving the t.‘?ﬁ%ﬁﬂ?etﬂlﬁcﬁédﬁs& fhe u§90fﬁ8159917y1?§ﬁl;ﬁlhf‘ﬁe§é dsUcddtmerdc the

proper tinme w owever, protect the catalytic sites that are within the
Por ous st ruct wrackirdg ¢atadystoItds disalosed thatactivated SAPOFA B apledmldpGiemMebay paot68

Even if the tenplate is.remved the mol ecul ar sieve can,still be protected
by provi di ng osfn%é]?tyt etgatoﬁggbéﬁt?'é?ﬂge L 'é’ds(i'sy pige 8£€§}c§;{a|r8ctyapgg_ For
exanpl e, car bqiagRoUR thislgRbéeds, orgdhidRnipiatelisaemoved frommthe Ere swastuf of

provi di ng the carbonaceous materital is to partially calcine or burn the
tenpl at &9 | eavthe geenmspior te spwactingavith fegd to\be prapkdd, el hediracesg pallsiiar

nol ecul ar si ey, . i i Qlithi i an al so
act as a shi eIS@P}egt\}%&\\)‘(ﬁ%%e%ﬂgt?’@r‘rﬁtgﬁ%ﬁgﬁ) a.@*abp gd:’)nace'g{tj}}\sé c%r%ﬂgrﬁ ir%ﬁ&"ﬁ S been
removed. An anjmdrous environnent is one that is depleted in water content.
It can be either a gas_or a_liquid environnment a particular

. 10 In
enbodi ment of pr ot dé RetentalNe 31853 WdpiRaengn etral disgloses andther methedebnat e
nol ecul ar si evgy: i i i 4L ol kdnie C Lhaphosphat e
nol ecul ar si evagtl‘r,\%at\k}ﬁn%lmég{hylyﬁ@gg%éegl%%rc g{agglth géd&ggg?sﬁis({nls'l g?é &Hc?f%gat alytic
activitys by coalls forgoniattinga etystallohe stlivdaluminaphosphate witke gelodl@ninaand si eve

into an oxygenate reaction system. wherein the l.ar sieve has a 15
ot hanol bt aRERtEr ag thsreater BealiBe s atire o prlgsb R £ The et PER By dhar e
under condi ti ot @A@FitYE tHepreRAdeEsLant d¥§ g d&tdad gai an®tHRhiimer oduct . To
provi de protection for storage and transporation the shield should be

provi ded wi t hipfesenee efAncexidizinggasy Ehe objecttof thesheating prasessds pr ¢nbangeghe ont act

wi th oxygenate_.longer r n . at.] t require
that the shi elaccf“t%a%rﬁ%\??h‘ceéa&%@s\?ﬁ ﬁ# %&‘{P%&e{f{g i'%?@“?‘gér]ad#odn%g@ t g@t:rﬁleods of
tinme, e2Q., 24ntimdtecontactbstivien the ajuniibaped ti@8jeveont hs. The protected

nol ecul ar sieve is of qg‘)i:eat begef i’é’@i n Iar%e scal e commer ialﬁﬁrocesses of

maki ng ol efin proddUerend:esal-ok yunLthems 433 P8ck2708276; teashthat SABR3My ol efi ns
cont ai ni ng et I kS ?rﬂﬂlg or 25
di nmet Ihy: gt heIrWéﬁ%gﬂ%&@{@%%ﬁ?ﬁé%%l%ﬁ??%?&ﬁg@?@ gﬁhgﬁ?ag?{r’]@pr 0 ﬁct from
an oxygenat e fdeetdnipiatéd, atthvatedsiemethas beensexposed tommirh @rhtandre phesentefdr i ses

roviding a silicoal un.nophosphate nol ecul ar .si eve havin talytic sites
B Chin ¢ e molTative WAV RISET Rt reigt Fatiine fprt Brpy BisEre ROy ¢ |
sites fpom corjeaghibltl tEVeNRVE! a BRI pBaps AHPYaRY tidWars figakdl hand, after

renoving the shield, contacting 30 the sieve Wth an oxydge€nate feedstock
under condi ti caystalinigelosyis reverpbleduiiea cartainltemplatesacsiused, wherein the

activated sieve COI’EIQ%ZL(S'I 90§ 8&5 zﬂ%(c}/ gigguastsees ti;ee Sgesotf%cﬁ’&%? 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 00/ 74848 PCT/ USO0/ 15468 -6 a net hanol uptake index of at |east O0.15,

preferab re preferably at | east 0.6, and nost pr m%h’o | east
20.8. In %% /éP4sgmmodi ment, there is provided a nethod of egncgl{ﬂ ngM%ﬁBol efin

product from an oxygenate feedstock, conpfi-sing removing a tenplate froma
5 silicoal um nophosphate nol ecul ar sieve and contacting the nol ecul ar sieve
with the oxygenate feedstock under conditions effective to convert the

feedstock to aphepéiftfekposit@dUnbistied RminihgedRhé ayelallintisBliuld Giake SAPRRE bel ow
0. 15, prefer abl7y 01._4, nore preferably 0.6, nost preferably 0.8. It is
t3¢eh

desirabl e t hat3 ecompasiteiremainsctabde. si eve that is contacted with 10
oxygenat e feedstock, have th I nver si of at.le 10 .% at a
orandard i on stACRER e RsufRER e Rtk o for8 Ther o p¥yaled

vel ocity (VWHS\QARD mifledular'sieve Wiktleghiblilayloéshsf catalygiculctivity whee esgused tb Have a

nmet hanol _conversion of at least 15 wt. % at a standard_tine on streamof 5
mi nut es and a MPENYrGEoNAINing egvirgpent and thatthis\Joss qeeyns hatyreepdhgmeth of at

east 20 w. %calaih N RAVAEAafd EenUer B AEGRBHOLaPorhE VARl 2 VSV of 25

hr' 1. The shield can renoved ex situ (outside the reactor per se) or in
situ. In a prempprtaatly meddvernow, fountthatthe labs iof cathlytit ectpliytie natmtversible

tenplate is repoved outside, of.the reactoy, unit .per se i.n order to mnimze
product cont arﬁﬁ%ﬁ? Fff:‘n)_ n periq Q{Hﬂ?'lylﬁfi“tsf% nthﬁ'ifﬁ‘?rﬁ’rﬁor?ifar"bﬁ“ aeHyated nitrogen
conponent s W t9ARD sndledul #GRVe 4Ad FRDEpdrAE Btht HIERLAL Siebd o ARYtaliRicUsed as the
shield. In another preferred enbodi nent) once the shield has been renoved,

t he nol Ktul ar pspessebefare lpss ofataliicrastividy becomesyies areatr e of at | east 150C,

with no shield, with Lit ' | Vi s .du 0,,eXposur e
of catalytic sites I\Bviotr er%?%%ré?xﬁgxﬁ l%ﬂtt %ll"és(8@#%3"0%“?@%‘?1&3%'enhﬁ{ﬁ%él(i:"uﬁh r sieve

i s preferably prior attathe étlveatiompdvides apesthddioRprofectifcataly Ot vityof a
preferably at al.telnperatur of 175-60QC, apjr% nost pre&erabl y at a

t enper at ure ofSiisgalEHBRPhosPhstemplecylan PR Which dstoheused i ¢onyERing apy of er abl y,

the tenplate igygedatd fe@@s‘i&%%‘?{léﬂmom&,r%dgér}nﬂrt ?]AD 6l€fiﬁg?ﬁu¥t the

ni trogen-contai nfng hydrocarbon 1s sel ecte e group consisting of a
30 tetrHet hyl campoisingrettyjeheppiopglenelar bothy Rrotectiorydgainst koss aficatalyie hy |

cycl ohexane, piperidine,. triethyl.amne .cy Iol}ﬁg |l am ne, tri-ethyl.,

vl oxyet hyl afeREY aPRriod RecovsriBR sppvafsies S0y rbleraar sieks PR Gifhe and
WO 001 74848 , prior td’&ﬂtiﬁﬂ?/\ﬁﬁﬂﬁg oxygeithte!tfeéddfock N @atibftic cbifact, i.e., contact of

si |l i coal um nophosphate nolecul ar sieve is preferably

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 methanol uptake index or methano! conversion
which are too low 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.



selected fromthe group consisting of SAPO 5, SAPO 8, SAPO 11, SAPO 16,
SAPO 17, wele¥4dds, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPQcEGysovAsses37,
SAPO- 40, SAPO- 41, SAPO 42, SAPO-44, SAPO-47, SAPO-56, metal 5 containing
forms thereof, and m xtures thereof. The Oxygenate feedstock is preferably
selected fromthe group consisting of nethanol; ethanol; n-propanol;

| sopropanol ; C4-C20 al cohols; nethyl ethyl ether; dinmethyl ether; diethyl
et her; di-i sopropylEvenhifthe téroplatelisl eémaiced thé¢ moeideylar sigveeancstidl becpratected|

ket one; aceti ¢ _acid.. and, m xtures,.thereof. re. pref b 1 he
oxygenat e fee&é’tp&%ai’@ ?’MF&P?B’P‘F@%&%PH r'%fge[ ?Fégyt?cl‘ﬁ%g 2 e)fa(t)nptle, _

si | i coal um noplfsoREcEoRs Matefalital beshsRd As & 3Riel. (VAW EY vf provididi thder materi al ,
and the tenplate can be renpved by heating at a tenperature between 200C

and 800C. |n cathonagegus matasial isitp pagiallycalgine orbup) e templasalsaying epeugly ocess

Is prefefably r . \ 145 The
pr esent eslr nventciglgor?il\?\}[l #Fﬂ%?lblﬂlg E@%ﬁ%ﬁﬁé?g}égé%@??ig?g&g%@gﬂf (z)!?e? %(laeléet ailed
Descri ption of the Amashydraus enbieontherk@an hisgattesra shidld) evbre when thehed

drawi ngs, wherein: FIG 1 shows net gﬁg conver si.on usi n% a m)rEhoI i ne

ol .
based nol ecul 4PMBIAIA/T, cathanaseons matssian hashegn aemeyedy £ HUYCEANS ERYRIRIE)
condi tions; 2Gs fhd3 ?is%@ﬁ\e&drme%neeﬁmkearpﬁqatﬁapagmwﬁqmsed mol ecul ar
sieve;, and FIG 3 shows nethanol conversion using a SAPO 34 nol ecul ar sieve
whi ch has beerengtrommehtunder vari ous conditions. SAPO catal ysts, in

particular, are susceptible to.struc ch I t of continued
exposurL(?t o even | ilvﬁpé{}‘éﬁ“ argfnbﬁgllnéﬂtﬁ%S’loé’ﬂc(t:lﬁgggt?@?iaﬁ“g (zljs?sa 25 Paulitz et
al ., M cropor aiiddaheiihdhdsphate AdfecdidBsievd) e inverivh\vemprisés/srosidinga t hr ough
X-ray diffration (XRD), nuclear pagnetic resonance (NVR), infrared (IR and

nitrogen (Nz) sHiroaluptinephosphats meleculansieyshaving catalytiasites pEoigeted against ge| v

reversi bl e. r S, : aht Infie | yses

i ndi cate tha'{\I€i és{{sr&lg?? SS{? agﬁgi%@’ﬁ%\;eﬁg?g‘gfh%hé@g,r@?gﬁg?&t | stH%jat (!1 %a[}ﬁnot be
relied upon 3Gieve into anmotygetate readtidnaysten whateal the imoleajansieve has a
particular, we have, foupd.that .SAPO mul.ecul ar sieves lose catal ytic

act i vi t§° when RiBaRoLpRlase jndex pf sy gp‘é??bBE’écPf%ww}*‘iﬁ’éV@é"ﬁ&?%{’EOO/ 15468
_g_ to an openroaditioRMFéHNERS tonveit tRSortyglhdte tislefin bRNUBO UTSprabider
activation, and that |oss of catalytic activity is irreversible after a

certain poi nt .Pratsetignofos storagetand grnsporatipathe shieldshewld e proyidgdywithinghe j vity
presents a pr L N; ' r tiQon-1os. } N st or age
and transportqg(lflg%h%%ﬁ?g%qgglg{eg%ﬂgﬁg P @gtjgl dfgﬁcﬁ:gﬁﬂ %gy vgire' e{‘%gflgt ively

| ong peri od ofstdrageandficansporatigyl eonditioms asayrequifecthat the shiekll bequovidedsi eve can
be storgd anywhere from ours to y. mont hs, perhaps as |ong as one
year, b&fore i‘Y‘éh‘FF}Waﬁ?“%‘ié’rQ%“géﬁpﬁ'&? S\Pg.t"é‘lf’ E&’a@I‘VE’PFS= RF‘E%WQE B} sieve,
as well as the,sRRGbMRs ecul ar sieve blended with 10 other. catal yst

material, can be protected fromnnegative effects of noisture by properly
shi el di ng cat al yt i cTheipretected mvleculansieve ixafigreat benefit én largesgsale conmimdrdiahg can

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



be acconplished in a variety of ways. The catalytic sites can be shiel ded
by nai nt@}igyoAgssd tenpl ate within the nolecul ar sieve, by ee¥Aidobgsskde Sites
.with a carbonaceous material ‘or by maintajning the sieve, even wthout a
tenplate, in an 15 anhydrous environment™® Renovi ng tenpl ate or carbonaceous
material fromthe active sites of the nolecular sieve results in an
activated nol ecul ar sieve, neaning that the nol ecular sieve has its

catal ytic sit gmetimol aprdke idey of &t 16650 06! prefiralsly 00K mofd PreTerabiy a0 least

envi ronnment serves_as a shield for the activated nolecular sieve in the
sense that it O$hped mestpreferablyatlaasy 8. sites from contact with open air
condi tions, 20 part|l I i F @l < Al e SAPO
nol ecul ar si eve asi%&%ﬁé?%&yg@hﬁ%ﬂé, @ﬁilegf h*bﬁqucge'{i abrguﬁg%gg{é'k@gcﬁsc?%%? t he
catal ytic sit esodatt fréra anmixggenats feedstock, camphigng pemoviing & cempslate ffomedst ock.

Once the shield i§ renoyed, however, the catalytic sites are open .to
cont act Swi t b AFRRERIROphOshate melecila irteandraniarins the TRleqsf sicvs wifl
local i zed 25 gvixyRérHEfeedftdciCantie candifisiis effectivd @ dbnbért Bfelfeddstock 154k ended
exposure of catalyfic sites to such conditions generally results in
i'rreversi bl e blsfis psodustibefoga the methanpl uptakeindercdropp below & il §,eprefarably @.ds t ai n
point, the nolecul a 1, i ractical use in a |large scale
catal ytic proE:“eog‘ér.’rc er%gx)?ﬁﬂggpsﬂgéegﬁ%l?@g. "arge scale catalytic process is

ane having a react dris desithblexhatthe xebagedaholebulkosievethit is bitatted (i having a
reactor. 30 system | oadi ng} in excess of 500 kg, esgeci ally one having a

r eact orl0 oadi REY§eRatsteedstockhavgpmethanol copwersionnfay leastgl 0wt Yo atectandards

Ext ended expog i i 116 ~:AC B econes
undesi rabl e, ?‘g{egjgfs?ﬁglhqg‘cc r gls r?ghtleg@?ﬁ %L‘@@‘éﬁ{’?@ﬁg‘ﬁ‘$¥gé'§%’?’ﬁ§mst‘ﬁﬁ? ake

i ndex. Accor dRfigrt. oPtefirably theembleoular sitnee shouldaravt aumdtbiro! comexsiosofif | ned as
the rati o betywee h xi mum net hanol. adsogpti.on capaci 29 .pf an
acti vat ed SAnggt%Wg%ﬂﬂ &St 8\%"?? 9%?{“’%8}_:? m"HQEﬁ arﬁ@q hﬁ%%#"g@a 6F pti on
capacity) and nioh@?mrm;lglmaﬁm RbhvRrsiSRBPdRI1éast L0Vnt %R atod sthitRrdGime\vat ed SAPO
mol ecul ar sieve at the time of catalytic contact wth a feedstock (i.e.,

t he metlfanol slaeast pf § srinwepand 2 WHSV p€edheont act). At the tine of catalytic
contact with a fee 1 ols flon-t ain. 10
At the time of cat gﬁ%g iﬁéldg% El'tg %g T‘nrgr‘é%edqneg‘ s‘?'tﬁe(ggtg‘ldﬁttﬁéj}rlﬁf‘%oﬁgﬂ %%ﬁ‘si?’ﬁgem'ac i vat ed
SAPO nol ecul an pséferved erabadinient; thecshield 13 the sethplatd and drndmplaosis rethéedt | ve to
convert the feed to_product, the %r oduct contai hi ngﬁ)&easurab] e .portions of

et hyl ene and BP@’_{S‘?I"@  TEREPLUNILRSRE SF 4} ofdarjomingigize product foftaminati t hanol
adsor ption Ca?ﬁ’ﬁi’cﬁlﬁér]?hjtf&g["eﬂ coRainiatioN'dnk (Phitrogbl Lormp SinAtwitiif a%?&g{enl nstant
that feed confacts activated 15 nolecular sieve. This Is because it may not
be posA®l e t gontainingtemplatpihatingy be usediasahe shigldparticularly in eval uating

| arge scal e reactign_systens, Therefore  the net | adsorptio apacity
' feed contact  mudk aiRb G GERERy, ote (% BB has YEF FROBR B80T\ U
feed. For nol gfglécalarSieQ¥ Bardbd mimtfiRked 4t atbipPeratud@of 4tTBasb BS0MESRitRGlo! vat i on

and actual contact with feed is short enough such that the 20 initial
met hanol adsoshieidowitbdittheiftapy icatalystsastivityldsy duejto exposure of catalytic siteshwittol

adsor pti on capagi.t { [f.eed, contac resulting i.n_aethanol. upt.ake i ndex
o appr oxi mat Srgreure. B Mg EmpEAR e MERHIA ke’ ofERbY s AR

capaci 135 at f egrberstliieisti]1 5610 BOOPD endR¥ ?}dﬂéh]ﬂ? afl8 tdhRERuRSMI789800°@) anl O
actual contact with feed under catalytic conversion conditions. Under some

ci r cunst ances mosspreferatily gt atempefBud @i 200G00IC in drdergo nsainthim eyalystns, as
close as practical may extend up to as nmuch as 12 hours between activation
and actual coAfH@Y-with feed under catal ytic conversion conditions.

According to this i i bdiniaf i ( . e i ndex
be at least 0. 15, IPpr el5 g%m?b’gfﬂaﬁe‘gé? itgqgf%%tragﬁ%é Q@éggﬁp@mgrem@ 0.6,
and nost 30 pthef rtragénycantaihing hiyd®c@borist seteated feommthecgroap panisistingof i ty can
occur a met hangl . upt ake i pdex .hel qw 0..15, the, nol ecul ar, si eve at that
otate 10 mot sy REGR RYEOREE s GHtHEPURRRE PR o

| rreversibl e loashdxand Pigeriines uritthylathink, Wcldhekylkmine, tri-¥RyPO/ 74848
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hydroxyethylamine, morphotline, dipropylamine, pyridine, isopropylamine and




occur below this point to the extent that the catalyst is no | onger of
benefit W, g agiPde scal e catalytic process. The cat alytic }accllt/'%ydohg“ f the
nol ecul ar sieve for use as a catal yst for_converting oxygenaté to ol efin
product is considered sufficiently preseTWed or 5 protected when the

nol ecul ar sieve has the desired nmethanol uptake index at tinme of contact
W th oxygenate under conditions effective to convert the oxygenate to

ol efin productmixfréitfiedeb THe SiRCAAlurhinbplkphate solébuldr sitvems prefrably me i f the
nol ecul ar sieve is inproperly handled, contact with ogﬁ enat e _under

reacti on condiseleegd fiopbihe groureansisting pESARQ-HSAPLE S gak]e SAF@RA6.dr ops
bel ow 0.15. 1 Gal t @9?@_ I 4#6_ eshPAe¥y. SR APESf ption

capacity nust%béei%ngzs%%% .ﬁTec ni gg’ess O?Hh%gggﬁ%ﬁg met %g’ﬁ%l adsorption
capacity are SAPO-370SAPOst), SAPD-di, [ BABO<R| SAPOR44, ISAPO-47, SAPQ-56; afetalr ed

techni que, about 5 ng_of sanple is jntroquced into a thernogravinetric
anal yzer® ( TGacontpiningfarms thereof, @W‘gﬂsﬁ'\?m&gheat treat ment process, which

includes: ( 1) heathengybéate fe@%éﬁ%%f%ﬂé@efe@te&%oﬂ?ﬂn@gr&iﬁ Srishfgt up
rate of 200 mn. in air; (22, hol ding at 450C for 40 nmin. in-air; and
cool i ng to 300fimethanol; eftfanek; ntpirepanahipsapropanol;, Eadhe dlcghals; methylsthylf | ow i s

switched to a t hano Qnt ainin itrogen fl Wt artial
pressure of 0.°g§r’ ‘ﬁWF{h?‘EEt% %ﬁbﬁtl@qieg‘e o&ri’tq%f’@{épal?vﬁn\{hfﬁ Wl?aslﬁreﬁ)&p ?;gégﬂé‘ﬁﬁ%[at hanol
m xture for 1&arbohive! difhethiid Rethé;uabtid acidiant piiktutesthoreef. t Motesprefeeablgi ght

percent_ wei ght increase 20 after the 180 m nutes contact with the methanol
vapor. b obt dhhoxyeepatereadstock isapetbanal or dimatiyd ethee appropri ate met hanol

upt ake i ndex, the i : i e p; al el d,
whet her tenpl at e, ﬂeggggg@%*g@prlr{gﬁer|§ﬂ°lgglrﬂ§}a% yedr& I(;)ﬁ*smYlla?qdufv ﬁgﬁ%da%g, can be
renoved i nsi dendtéréaly @dchetenpiate lcen berpameved by heating atg tepperaturobetweemever, in
a preferred enhodi ne 20 the tenplate or carbonaceoys erial is renoved
ex st tur | Thi o 2005874 BOR'T; 1In{0Edes 10 Paibiet he GRRERAE It WRR BIQLHEh FHR RIESS? f os. of
the nol ecul ar ;gi ﬂlfsdiﬁ" fat GREMbE twed $00°€ HEGRHSE there is |ess

| i kel i hood thé%blt%ﬁegatggﬁ)g rfégtaeri g’rlﬁwaﬁafé)%eontzamfonat e the reaction products.
Thi s islfarti cul ar IThelpzesehii inveitiontvell tetbetteragidesstbadrbydeferenck te the net hanol
reacti on process . o be.very.low in any nitrogen. or sul f ur - cont ai ni ng
cont ani nant s. ﬁ%?'leaé??ﬁ?@m ?ﬁbﬁﬁ%“”\ﬂb\”éﬂl ﬁke%ﬁﬂssﬁha' ‘wgl?gmenzmag ar sieve
tenpl at e cont raings, avierdihogen conmponent and the desired product of the
reaction process iS _ethylene, it may be desirable to renove the tenplate ex
WD 001 74848 PCT/ L) %30/ 15h®8s methanoliognedrsion using apmarphoeline based meleculag| |
amounts of nit J t ] ' .t he subsequent
conver si on of s{e&g’ ePlﬁg Pé;r}geegrag}(%g{;&{ %%qsye§9¥§@%{éfm JIOHKR'?@SI% sensitive
reacti 020 syst ens, IKiGe2showsmiethaysituptakeiofia morphalink dajddahelecnlbesieval awhn be

added as makeup an ctivated in situ. _Even in re sensitive reaction
processes, makeup g”&&?ismW%@ﬁthsgol&PPmlpyuvesfhr?él’r%gémqﬁc arglevej n sjty
addi tion, sinGg,ifRkaUReRSdrdd SHieFdtiddE Eﬂ?ﬁérﬁ! led to add catal yst at
relatively |l ow quantities over a peri og of tinme, thereby mnimzing

possi bl e product c&AROrcatalystsin pertisiltar,adse gysceptiblermkstmptusal ¢hangesias s directly
to a return line i ch.sends regenerated catal yst.from.the regenerator back
Lo the.r eact oreSilyohsaRimed, sxpesciyeyeh fi oltRint aishire, sugk pibGkiR AR on o
cat al ysgs out sipdglifet kN NIcPGsdrous Makefials, 252230708 (A99HThSWever, Havaskbvid on,
whi ch”includes addition at the return [ine or the regenerator. \Wen ex situ
activation of thieughd|-waydifiration XRD),nuglear magneig resonance{NMip) infeated t o not

| et the metha upt ake | [ bel ow t he desirabl 0. 15,
preferably O. Zﬁ{)rﬂ??é‘?%?%?‘gﬁgﬁ?‘@@%{‘ ggaﬁ%se%r@gaf ﬂﬁr%‘?‘?&'&%ﬁﬁ%ﬁ? &E%#gr e using
the nol ecul ar revepsiblel NevertiReléss] We hivedfoandthar@thdagh adsogstionaulgsest hi s i s
because irreversible loss of catalytic activity, which is represented by a
signi ficant digficate tha stregterel ehangsis lmeiwe\eféﬁbé thisdataeanpatbs reledhurans on,
will r h al L g ' ' L& f: iGal ' 0 It has
al so b?gér:] four?g\éﬁk%({’ghganrcdeﬁ ?ﬁe%?ggt’falfy@gta gt(lj‘tl%tlg@lg{c"@g Yoa 32.6‘?'%}8‘1% heat ed
system whet heSARG ailezilar siegeslosatandlytis acdivity other thepuatdlytid sitel erecaxposedi ng
system or any type of storage environnent, |oss of catalyst activity is
greatly reduced, even when a shield is not present. At a tenperature of at
| east about 150C, catal yst activity has been found to be stabilized. This
nmeans that at a 25 tenperature of 150C or above, noisture has very little
i npact on active catalyst sites. It is preferred to maintain active

nol ecul ar sieve at a tenperature of 150 to 800C, nore preferably at a
tenperature of 175-600C, and nost preferably at a tenperature of 200-500C
in order to maintain catalyst activity. Undesirable drops in nethanol

upt ake i ndex can be controlled by proper 30 handling during storage or

e e - A N~ o o "



purposes of this invention, standard nmethanol conversion conditions nmeans

t hat met WoHI74848nversion is deternmined at a time on streaQITESYP/15468 5
.mnutes and a WHSV of 24 hr'1l. As definedgherein, nethanol conversion is

t he wei ght percent of nethanol converted to product, wi th any dinethyl
ether present in the product 15 not being included as part of the converted
product. The nethod for calculatin hano onversion.is, carrjed out
using a standi? § PP AGFRHANEENSSr %fﬂﬁ ch@_etlﬂ_, Cftf’b‘ﬁ"’c?‘fﬁﬁ&ﬁ‘é‘@‘@&c"r’lﬁi_rt.ﬁatA sanpl e
of the nol eculdk of t&YKtiO activifAs MroversiSleahiet & céraih Peinfiol ecul ar sieve is
added to the reactor and 100% nethanol is added as feed. The reaction is
carried out at 450&hepopsibilityoef ireeersibledoss ofx@talgiqactivity presentagipiehien 20
partial press i } i ity (WHSV) of
e b 17" Thoth BedorierBAL fbunditd -iE chilh il scheBBREERRRRGY 11D O

chr omat agr aph molécular Afelve and catalyst can blei over o Pelativebalong iperiéd of imeeFob M nut es
of contacting nethanol w th pol ecul a{ sj eve under rea&ti on conditijons),

met hanol conv&kaMpls. the ag manyfagtuged meleculansieve can by stered apvvhere flomAOnve) | ef t
in the 25 pro «;@5’# g g&q} [ i s defined
as the wei ght ﬂgl?ﬁ?%gﬂpge ﬂédp%rg&]gi%qgﬁ%wr eacﬁag%%gd\?é?tk?l?#e perahhour)

di vi ded by t hectivateghdataystt he sili coal um nophosphate nol ecul ar si eve

conmponent of the C%:’}? st.in the reactar. Th i i coal.um.nophosphat.

mol ecul ar si eve co rﬁ%ﬁ‘?leﬁf’laf ﬁ‘&"%_&fé’?e@‘sﬁs tp%gﬁﬁbéﬁﬁlgall%bs’?% MY the
si | i coaloum nopines pitalys: MRleA§ILLAT beSproteRtdddtdm abgdtiveleffeéts oPfloaitie®ywW t hi n t he
catal yst. This excludes catal yst conmponents such as non WO 00| 74848

PCT/ US00/ 15468ropedy shieldie:aislyiopitrs syithin thempleculpnsicvs dreper shielding can

di luents, ineglgecd ’1§h§@fn%‘v§@£9’8ﬂ9§&§ Th%tc%talﬂ]lesiéé RPN osphat e
mol ecul ar sieves of ‘Thi'S I'nventi’on conprise a three-dr nensional “m cropor ous
crystal framewnitainingictertipiate ivithin the moléodldiZjevarisy ¢dveldhg tirtsitehadthal units.

The way Si is i%gcorporat ed .intq the structure can be determ ned by z9Si MAS
NVR See Bl acK@@pnacgnus paterighr by mppipningthersievegevenyyiiput 4 sgseplaterifdanges; r ed

SAPO npjlsecul agaisi : high ' ; ' S NWR,
wth 2 chom carDgfkRentrabmel IRntoHiEteriplafE bEBaiE milerid o IS,
conbi ned peak activessites of thetmolegular sifveaesulte irsan @dixatetl mdieculwtsidvepmeakning ea 10
of all peaks w a chenmical shift i) in the range qof -88 o,-11 5
pprm wher o & nibe s RIS Gty i calaBlip e P00 Py Yo soPAHIBRISIRK, ane

(TMB) . Si|i coghe ahinaRbRsaivebAmBRt sehilek a§ a ShieMefBr tHeQcHdied lbleculat sisdé i ed as
bei ng m croporous naterials having 8, or 12 nenbered ring structures.

10, . I
These ring st thectensecthatcis phipldy actine catadysh sitesfrnm cantaet withhependgpis sanditignsut

3. 5-15 gngst r?Hﬁicul]aﬁ RisleidindnesiEe the small pore SAPO nol ecul ar sieves
havi ng an average po?'e st ze ranging fromabout 3.5 to 5 angstrons, nore

preferably from 4. On brdebtdusaniys 8 ABOamolétidsesi¢vecdsar caeaily shahe slieldasustbe
typi cal of nolecul gr sieves having 8 ne erﬂejﬂ rings. In general,
57 P T Coal i noBHERYSREN HRSF e GRVIisBsar 6 e colat icve cBy i oo o 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 5000 kg.



20 framework of corner-sharing [Si Oz], [A102], and [P0O2] tetrahedral units.
Thi s t ypeowb/7ds4anmework is el ective in converting various eRyysSn®issss i nto

ol efin products. The [P02] tetrahedral ugts within the framework structure
of the nol ecul ar sieve of this invention can be provided by a variety of
conpositions. 25 Exanpl es of these phosphorus-containing conpositions

i ncl ude phosphoric_acid. organic phosphates such as triethyl phosphate, and

al unmi nophosphat es. Extgedesigxppsuse.crdbe pointatwhieh lossrpbeatalyvnactivity becomes wi t h

reactive sili : ' I Riang ey ropriate
R b et
within the f rAGE?mmF ts tlﬁ?mvﬁmmn;&lie hethpricl upthke idexds defiriedtay thd ratio 4
conposi tions. a es of these al ym num contal.ni onposi t]ong J|.Nclude

al uni num al koRSEAEEh g amAxiBuRy eH AR RSP ARAHE &t o _ aﬁ&lgafgﬁ_SA%

PCT/ US0Q/ 15468 ofecdtr ﬁ%%.@.,%@i’ﬂ%ﬁazhg}tﬁ%pl é’dst?ﬁBH'Ehﬁ%ﬂgPZﬂdjﬁe nRHriM

al um nate, and pseudoboehm'te. um num cont ai ni ng° conpositions are

m xed W th resdspiptionsapacity{whdio qf thesastivated SARQ miokeicnlgr siovpatthe timefunder

t he appropriate.conditions,to.formthe | ecul an sieve. 5 Th i (7]
tetrahedral u %@"W?"&?cﬁ vpthea ﬁef‘gsftr%%(:’]'ﬁ" Q%r‘ﬂ%‘ﬁtﬂ% agsa?ﬁptboé’ WSVF’H&%% a

vari ety of copgiesdt) | Anthe timedTRh@BtiRcohfaeowitk b lféedetock aMariay the 8d 6PtHROSI ti oNns
include silica sols and silicium al koxi des such as tetra ethyl

ort hosi | i cat eProgueionitorusg haiBnt ai ni ng conpositions are nixed with reactive

alumn and phosp - el Lid : rLake 10
condi tilfgns to formnfﬁg%rrn?fg:u %@f@%%ﬁ%&S@??S@SME%eQ%%1?12/%& e used
in this i nvenSABO.mdleadar sieseistomiacted eith deseinaildery conditions 2 fediveRECenvert

met al - cont ai ni.ng sjlicoal um nophosphat es. The al can b |.kal i et al
Tone. (Group. |15 Tea R FFEh e ARONE CM OB PATRpTS SLEBYIERAY | ons
(Goup I'I1B, hriapyIdad Mohik B6ed i iMpROhSwal e WA tRe mlefAhSPIHISNptidR chpdcity M
praseodym um  neodym um samarium europi um gadolinium terbium

dysprosi um hafifa¢d.enntast piuste calrulatedrat the exachinsientihet feed eontasts aetivatedcandi um
or yttrkum a | t4 I ! t I VB, VI B,
VIIB WIIB, g‘ﬁh&ﬁm& ﬁg?éefiéﬁggl bf?g‘ﬁﬁzé e’ ?%tﬁb?e"s?gﬂ?'sc‘é gn%%gécﬂ%é%se Zn, M,
Mh, Coh Ni, Genécdd?ﬂiﬁnzfﬁaﬂibulaﬂy li(n ﬁﬁluaﬁhg lagdsdaoez reIh&ﬁﬁyﬂ&tde lmarefdre, tihﬁserted
into the tetra r ramework thro a [Me tetrahedral unit. The
[MeCe] et r an@athapoladsarptan F@P@g'%atrfégy aameest et b tAsSRERAY on the

val ence st at ep@ttidallBefORS @ntat Rithiféede Hor Mﬁé&l&@ﬁv@%&tﬁ}m&qmﬁﬂﬁ% tifas a

val ence state of +2, +3 ~ +4, +5, or +6, the net electric charge Is between
-2 and +3. | negswpen adtivetiorodnd dctualconthctovitipfeed istshpg epsughysuich shat the

S ove. Ponoveritis BikhatS) fHbioR (ARG ettty PRI HStmgthbel i o -
si | i coal um nogpdvefidalc ﬁ&yaefdeakoﬁhayﬁe%urtin%imﬂmeﬁﬁ%} takidaSef SAPO- 11,

SAPO- 16, SAPO 17, SAPO- 18, SAPO 20, SAPO- 31, SAPCB4, SAPO 35, SAPO 36,
SAPO- 37, SAPCRRREOXimafaly b1 Forgnrsiusstivatigncthe methanobagsorption capauisyss feedhe net al

containing fo ] x& . f 8,
SAPO- 34, SAPcécgEa,& %ﬁﬁ%"%\g‘é&%ﬂsﬁs &’B‘%&‘?@féﬂ F@r&?y"%gig%‘% ?ifﬁﬁﬁgi‘éo 34,
i ncl udi ng t hecavslytid canvetsionndonditions. NEnder\AGme@irddrBst8ndes; TéspEfisllyl wh&aB - 15
thereof, and m xtur emt her eq As used herein,, i

f. the termm xture i
synony@éus wi fealing withasge seale systeras, as ploseas practica Gﬁ%&é‘ﬂ‘éﬁ B tQ)#S THBEN 25

having two of1fRafs GERER 8akAtibAalPickidl SoMbORAMN f08 BnddrRBAIAIceSS of heir
physi cal state. The silicoal um nophosphate nol ecul ar sieves are synthesi zed
by 5 hydr ot hecomkersomyconditiongat i on net hods generally known in the art. See,
for exanple, U S. PRat. Nos. .4, 6440,871: .4,861, 743: 5,6 096, 684; and 5, 126, 308,
the nethods of mkéﬁ@r@psm%mg?@qnmt|1§,pqe1$g{9pﬁbfft§laeelaé‘ﬁgchiunf M%Fer ence.
A reaction m g afast §.150preRebbDY atTeast 09, MRSEHRRFabILACEAY 8.65hhd fBS, al um num
and phosphorus conponents, along with at |east one tenplate. Cenerally the
m xt ur 8010 i spretesatdyl atlgast Refat Although seme syplytio activitysanogewray s metkanolire, to a

t enperature of ] eas 00C, eferably.frao -250C. until. a crystalline
or oduct 1 st ovate X hadP s, Pein@e iR P Bas b o MR uner o
from around 2adpedhimbRialScaldigdtalfst. Ir¥veediSle 1dsh of GatRlyEaa&vitySkillllieRg OF
seeding with crystalline material wll facilitate the forfmation of the

product. 15 Typically, the nolecul ar sieve product will be forned in
solution. It can be recovered by standard nmeans, however, such as by
centrifugation or filtration. The product can al so be washed, recovered by
the sanme neans and dried. As a result of the crystallization process, the
recovered sieve contains within its pores at |east a portion of the
tenplate used in nmaking the initial 20 reaction m xture. The crystalline

~ structure essentially waps around the tenplate, and the tenplate nust be

. S o, o - o M o,



25 are structure directing agents, and typically contain nitrogen,
phosphon¥®) 0054848cn, car bon, hydrogen or a conbi nati on therrzif/yseid46an al so
.contain at |east one alkyl or aryl group,jgdvth 1 to 8 carbons being present
in the alkyl or aryl group. Mxtures of two or nore tenpl ates can produce
m xtures of different sieves or predom nantly one sieve where one tenplate
is nore strongly directing than 30 another. Representative tenpl ates

i ncl ude t et r a@CcFRn belawis Deint o the extentthatybe catalyst is 80 lopger gfenefit in a

cycl ohexane, W&B@E&a‘i‘é% s h&; Ry am ne, WO 00/ 74848 PCT/ US00/ 15468 - 16
cycl ohexyl am ne; tri -et%ﬁ y(fr oxyet hyl am ne, norpholine, dipropylam ne
(DPA), pyridine, i skheroamjytinactieityofltheandlecdarn sseve fohesecasfa caBidyst dor ed

tenpl ates are triethylamne, cycl OheXé} am ne,. Bi aer' . ne‘i)’ﬁﬁ%/ri didne,

i sopr opyl ami n&OnYEItiPE OXyReRats iR oefinradct & copsidersd spifjcicnt ¥hYeC OFhe

t et raet hyl amppbrdéred dlhks tie mbkbuldesibad KAthd Y dsiredTRManE) tptakOmdeead fzdO ~,
tetraet hyl amoni um phosphate, tetraethyl anmmonium fluoride, tetraethyl
amoni um br oniof eontaetiwitleoxydenatgranden ganditions effective se corvertythe grygenaigte

acetate. Preferred agt hyl., a ni.uwm.sal t. re.tetr | ni um
hydr oxi de and oéegﬁl r‘gé?ﬁ%;l %gnrﬁx‘?é}r‘ﬁ o 63%5"&%%%3“%0‘%%&%’%?gériqﬁ{‘/%’nt I eon, t he
tenpl at es can nixsleditfrchidve is ithgrogerly Raritéda byiitaer with &ygehatt hadérAbKetidnl ecul ar

sieve fromcontact. with water pol ecul es. Sipce the tenplates will be
present wit hi FORFIEIORS HoylshecsyE before the methagpl yptakesindepdrops belewhlecul es wil |

not be gple to entefy, ﬁ%lﬂ?'&x’?‘e’iha%l GRSk SInBYE mdthdnbe Bidonsticabh E&ﬁtrﬂﬁh pdt th
the catal yst sites. This nmeans that a nol eClﬁ‘ar Sl eve ‘cont aPnl g a tenpl ate
15 can even baneasaedd Tiechnigiesffor measutiag eneflanni adsotption tcapazity acakdevn tiss  of

catal ytic acti j

vity.once activated. en_stor L,n.wet filter cake form the
ol ccul ar o eVAosor BRGHY Skl BRirh, IePORr S decHhishgysnyt o e FERFIREE
Then, the nol gkEddiced ity 8 thathoPRivirAdtfit Afflyie? (TEADY The BanpIRTPhbj&ted to

Car bonaceous material can also be used to shield the catalytic sites of the
20 SAPO nol ecd heat weasment pracesp, whiskvinstidesi{l) heating &iome raomstempegsturgitocan be

w thin e m g Y., i ROr e ShEMHct-ure or it n_ be,de ] .10

cover ~t 2 poré Sgﬁé’r%%@é%e#ﬁ'@ rg%r%?padzé%ﬁsﬁﬁgt Qr)ihé’f“%’é%% 1353) gﬁé}c%(g%‘t"ﬁi n the
crystalline pQiasd Eotiling!t6 303C RAdif.| ARkytheWimplethat FAch@IMU E! thedit RW @ SO
that carbon residue remains within the nol ecul ar sieve. Carbonaceous

material can awsighesbto methangl capisinieginitrogesflowavitha methanokpartialpressirgcul ar

or Ccat al yst  cORORP R, TROEMBIIS cotthcte wi MR slefodslindhdnol PG 8187, L
in a catal yti anipafseThe mieianvPidsorptiof cRpdcit idthe weiglt peitent Weightincreliat

tenplate is renoved fromthe nol ecul ar sieve, |eaving active catalytic
sites W h t hefer thed §9maiputes Gaptae vathythe methang] ¥aperar “si eve 30 open for
contact with feed. ti . ISty Y j y

cal cining, or essen???ftﬁlgl %%g?%blgiugﬁt%z%ﬁIh§¥lg¥§%&§p%%pnr%g§§?%?ga2§%om 200
to 800C i n t hengexetershieldtarabe emoyediircsitut aThat isgthg abield, whetheetengdats, it may
be WO 00/ 74848 - 17 PCINSPO/ 15468 desiragble to hgat in an envj ronment
having a | ow SRIREACOUREBHRTRALT YHY RS SAP 0L 833 CBR BE ROV dn%‘?%eq f or
partial or cofpicéroritRéRgeherftor Bl SHEPAtRne Howeivet, ea prifér&d etbcdimbme Pore
system In other cases, particularly with smaller .ten}l)_I.at es, conplete or
part i al 2¥ enov dhe template loe carbenaseaus-materialds remyivied lex ditwyy This means thahlis

desorption praocesses,such as. thqgse.used i.n nmaking st.andard,zeglites. Once
he ol ecul ar FEFE0EE &7 seedins PARTHE B ar e Rete Rl EERtp€REmRac been
activated, an rgstiordrTHiSisdeYiuse s 163 1ikeRhdddANatdRélsiagld anatérid wdll agai nst
wat er nol ecul es contacting catalyst sites within the nol ecul ar sieve. Such

an envi r onnentcostaminate theogration prgdusts, ihinig partisularly\heneficial vehegtbe desited qui d
bl anket 10 it . i L0 s hyd
DTaTke | 0 B RO o 8 B AR RS T O

gas bl apket casnlfosceitavingadntanttinty cRorexampledintdasesSwhere thedkhieldisrspheric or

greater pressure caondiitions, and w2 | haye | ess than about 1.2 vol une
percent wat er )mplealan sigyeiemplate ¢ansainiap 3 fitrqgen compangnt gad therflesifgd Mpdugior e

i quid bl ankerorut TRt et WothLdER, it BRSCRable Whcilove INECRIMERECS | o

about 100 ppmwater, nore preferably |ess than about 50 ppm water. The
anhydrous environnment can be applied during storage, transport or | oading
of the catalyst. The anhydrous gas bl anket is one which is a gas under
standard




20 tenperature and pressure conditions and does not react to any

si gni fi cand osle@isee Wi th the nol ecul ar sieve strucxure. Thep@pgsdofs4ss

preferably selectedfromthe group consistjng of nitrogen, helium CO CGs,

H2, argon, Oz, light al kanes (especially C--C4 al kanes, particularly

met hane and et hane), cycl o-al kanes and m xtures thereof, e.g. air. The gas

bl anket can be maintained at any pressure, including 25 under vacuum or at

pressures abowsitusinge therpiesenve of very smell gamubtsof mitsogenguitht ethylgrreanight es above
.the conditions remain anhydrous |iquid

t andar d, | d . Th
ol ankar & 5% (aandtsdly it S Sinianan dopveran S By e BRgRE oG 1 ons and

does not eactpolyftifidhes ITAMesk s&RatfvedBaLtiBR sYQtErﬂs,tHEﬁveWx', Ratdlydf contfitiRga
structure. The I'iquid is preferaalcé sel ected fromthe group 30 consisting
a

of al kanes, cyemplate matasal caabe@ddedhasonaleup and activates io sitpaEverin metey C4+

branched, al cohgl s.. 00/ 74848 - 18 P 00/ n this inventi.on, the
nol ecul gsr Si e\?S"ﬁ%éV%‘&&%'W‘e‘{JaﬁF%fe&r ma%%upi gl ?a‘gaf"?ifd?%’t& to°c‘2‘§§ yr’rléem)lgi ng
the shi el di ng sitaaddition sincelrhalielp addisionkan bejcomrolied ek add caalgqjat retadivelyder

anhydrous conditions,to shield, an already activated nol ﬁ’cul ar. sieve, the
bl anket or |i deVAUARIEIes Qwp? perind ofdires, dhereRy miymizing,pessible RdUftque. This

can be as si MlGeaisin B?'P%‘etﬁn%gj, B hileeu 'aﬁ&i'ﬁ%h??di?éé‘élg‘%matr&u%e%ﬁﬁﬁpher e
ndard filtrat If a

or by using any sta I'on or Separation technique.
car bonaceous rsendsrregéneratedisatalystSrann thesregenierhtor back smthel reactdreor additionds by

exposi ng. the sieve to su~cient tenperatu onditions to decommpose the
car bonag%pus r}g?lgrqeg?n_erqg?reqsg ab%@?&'h@lc@&?ﬁgﬂ‘été’él&?grﬁfﬂ'teg?tpra'l SeitdS  enpved by
10 cal ci ni ng gonddéredeesitd MddticH, wHIeH inckides &fdon dtithé Fetinin@oF 8 t hat the
nol ecul ar sieve not be exposed to hydrous conditions once the shield is

renoved. O herffgeneralethere nmay be irreversible catalytic | oss. However, the

ol ecular sieve canyhe &f G CtivhianSARE hifkclar SR00 oo if gACt Or system
I'n a hy as Tong as

inits unshielded form fousS environnen t he net hanol
upt ake i ndex dmpsrtattto hed let the Inthaholl bptake inlex ddolpybelbwitherdesieabbe edles abl y 0. 6,

nost pref er abl .8.. The silicoal um sphat e nol_ecul gr_ si eves .may be
i x6d T3 bl oty PHTERD G b IFS PestPiabl U ouioH TS RRCcrably e, B bing
conmposi tion i shd wdieealat lﬁ’ie{r@frﬁ[ feﬁ&i&n‘hré&es@ AF] Heﬁﬁéﬁéd@b{&@@,hﬁﬁ%‘@é_cﬁusfeSAPO)

catalyst, with the catalyst 20 conprising the SAPO nol ecul ar sieve.
Mat eri al s whi ditereasibledoss| afieatalytigiactivity avinalt ie ceprasentrddyen Signifipant deari ious

mater i al s | noeneh aRE 1ok sUBEab BieRiany cafPhs RS LEH o JREFGA S,  TO0
forms of rare undedifablefonpacticdl bpération- zeol i te catal yst conponents, zeolite
catal ysi, component g, 25 al um 2 or, alum 42 Sol. {LLADLA ZuLgam S duart
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



m xtures thereof. These conponents are also effective in reducing overall
catal yst ww@gresdcting as a thermal sink to assist in heat ghjgkelagest N€
.catal yst during regeneration, densifying the catalyst and I ncreasing

catal yst strength. Wien blended with nor-1i1 i coal uni nophosphat e nol ecul ar
sieve materials, the anbunt 30 of nol ecul ar sieve which is contained in the
final catalyst product ranges from 10 to 90 wei ght percent of the total
catal yst, prefugé abd yataiQtié protessyedtaliptic RevigWillte dcoeptibie abuffiientyst. WO
U0/ 74848 - 19 PCT/ US00/ 15468 I n one enbodi nent of this jnvention, a feed
cont ai ni ng an shigldiaseancbe Maiatained hywoming ar transpertisg theomelegplapsipvaier or

apparat us W t RaafAeddtding indlofichla?biesh G i AEADUR o AkinPAPEGSBRNT! LT O
ei ~ective to produce Trght olefins, 1.e., an effective tenperature,
pressure, WHS carbonedeghs matanial whivhashiehdsahe tatplytiositesTrapicontaed wigh an
effective anount, of diluent, correé’at .to &%ﬁ?ﬁjce l.i ght. olefins.

Typi cal I, t haQxYHferfated Wheagetiiated, sutiicient shietding ¢ao hepajptpined hyestoringe
oxygenate is igpt@nidRdig (hEacHvatddOMBIeRilar §iBFe B QEayst cBi&Xi_nhfg hamdiIgdigut in a
liquid or a mxed vapor/liquid phase. Wen the process is carried out in a
I qui d phase eteva ik aghydsgusrehviropmentphase, different conversi ons and

sel ectivities of fel?ﬂ'ais%'}% rol %?éth%eJaQti&a?éf#éng'Rgl?%déﬁgsieu g{;vt he cat al yst

. . a .
and reaction condition errns Can genera uce g w de range

of tenper at ur gsethdidl edriveedion 6f  peasal 0 0y %4, prererablylst ¢eabBI®t. 2R Mndse from about
200C to 700C. At the |ower end of the tenperature range, the formation of
the desl®ed olpseferablyradenst 20 Whye, 3t stapdardmethagpl convessiongonditiens phelr  end of

t he tenperatur r t ] t of
product . An ofarRBRse s vehol SRR BMkaRD confisfbR TR IRETAH
preferred. Onimghim! ttveversidnuisaleteimiried ap a tioeson stream (P S) of Gasinatebland ho carry
out the proce t npesent i nyention use of the | ecu] ar si eve
catal ysts in m&a?#% ed W@ﬁ‘ygﬁeﬁ’nw"%g‘fﬁ"&”ﬁ’"_ ﬁiﬁ%e‘f?gié‘fp’f‘fe&ﬁsport
beds rather tR¥indtiandl éhveh¥®tb REGudty Witk Bhy dimetifyl ReHek pfedéritlih YhedR6ducbl € to
operate the reaction process at high space velocities. The conversion of
oxygenal®s t o N9t being inalyderias ppr of the cenyertrd Rraduct eGhemethod for calpulating of
large scale cafahyldGo &‘e?ﬁ&?fs%arriefacdu'ﬂqkiﬂga Bibard Q2 di%ktgf'sk,o@({d{ yd bed
reactors and CONCUIT ENE 1186l reactors a8 described 1h ree’ Fa actor,
25 Fl ui di zat i confongius eeactorg A sampieiof the audedhiariseeve 08 picataly stiRadneaihing the<r i eger
Publ i shi ng Co. , 1977, .incorporated in it tirety . herein ref erence.
Addi 5 onal |y QGG e b AR g B rgror and R amethng)ds alded s dedh SThe
conversion pr S ; , s A " Rosfk actor",
Fl ui di zati on gﬁ 'éf‘d. Pgért&igtcﬁ?gg‘g%t%éﬁi& égs(ggﬁ}é’kggs&gﬁj%, Zenzangﬁd D. F.
Ct hno, Rei nholparts) preskure ofiRHi gsigrapd a weight H60rly spaee drelocity GWIEHSN) aff25\Hni ch ar e

expr essl y 1 noal gL e Nt Sl e HERSHS)SSilyzed with an on-inegas

chromatograph (GC). After 5 minutes time on stream (i.e., after 5 minutes of
contacting methanol with molecular sieve under reaction conditions), methanol
conversion is calculated as: 100 - (wt.% methanol + wt.% DME) left 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
silicoaluminophosphate molecular sieve component of the catalyst in the reactor.
The silicoaluminophosphate molecular sieve component of the catalyst is intended

30 to mean only the silicoaluminophosphate molecular sieve portion that is contained

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



WO U0/ 74848 -20 PCT/ US00/ 15468 Any standard comrerci al scale reactor system
can be uged. J.pbgeluding fixed bed or noving bed systens. The. c L al
scal e re%%ﬂ@@stem can be operated at a weight hourly g%z}‘@gs%%‘ﬁéi ty
(WHSV) of from1l1 hr'1l to 1000 hr''. In th&-case of comercial scale

reactors, WHSV is defined as the weight of 5 hydrocarbon in the feed per
hour per weight of silicoal um nophosphate nol ecul ar sieve content of the

catal yst. The_hydrocar ntent wi |} e n car bon
Whi oh’ ey opt TR BREEER ritecyiio RS EE Ab G e Tt rarb e
si |'i coal um nogdimsdnentscetonl ecul ar sieve content is intended to nean only the
si |l i coal um nophosphat e _nol ecul ar sieve portion that i s confained within the

10 catalyst. This dhesilicealuminepbesphats molesularsiqyen gbthis inyentipd fogprisear ¢ s,
rare earth Cogpéwa sioﬂinqnic@o&a.swnmam&ﬁer@ctm &g@abmmz]amd
at nd a Te

tenperature o east 300C nperature Corrected Nornalized Methane
Sensitidity ([RO{)Brrabédrabunitst [The vedyRitis corpdrated intaethgistructuieeseantbgan about

0.012, nore prefer.ably ies bout 15, 0. 01. | S [ r
preferred t haggfm"?ié%tgsbmgﬁﬁfﬁi gﬁ%B a&FWFﬁﬁP%gg%%f’f %&S P @%’%’X%’enat e
conprise a WH363(1988). 'BasdesiréPSAPOGnbtecularyiévey &il @xkibi fond or fidfe peakNVS of
| ess than about 0,016. As used herein, TCNVMS is defined as the Nornalized

Met hane Sel ecinithe £351 MBS NMRewith asheminsbshift (¢S) inghe eange o8 t90d¢PPEhe NVB

i s defined t he. 20 h duct .vi el d_dj vi.d hyl duct
Vel wherei nLEHh §icBMIHE ek St Fings Of 1620, oL i Glal fedl g | %5, °
basi s. 1ghen t Bealt SERE WAhW éhelnical ORI [0Si) € B8 lrftige ofhER fihike-113 pw,iwrﬁek by the

foll owi ng equation, in which T is the average tenperature within the
reactor in C: thEQ{$VBcheiiBal Shifis(Ffen GOdvternal)tetramethplailareA TM®. pressure al so may

vary over a wide r e,, 1 ncl udi aut ogenous pressures. FEffective .pressures
may be in, but ar egﬁ@f’élﬂ@é’é@i’af'ﬂr}\g? ?‘Pﬁaﬁérds'?vcf? %%@ééﬁéf'ﬁfzé 8?75%{ ut 0.1
kPa to about dicrifsroufmafetialsadving®s 30 &S12ahémbéted Hfig bii@areof Tﬁ&@lﬁn§5 kPa to
about 5 MPa, with the nost preferred range being of from 30 about 50 kPa to

about 0.5 MPastruptires eAnchye 8D aperage peresiza ranging fromapeuto}. SdR\angstigmo| 74848

PCT/ Usqgl 1546 re’f&iled a%gkge%aw& Sggogmé;é‘é@h rﬁ'l@{kg h'wiﬂg ’anra%l?éc\e,\f)?rﬁtspﬁ parti al

pressuré of the oxygehate comnpoun 0 xtures thereo eedst ock.
At the | ower eanding/fren abod 305 tol hengsoomganomg poeferably feomalness.0 afygstroatse of
selectivity, i‘ggs\é%rres .ercl)'er:]d g(r)]r%/s?zres gr%at%iicacinof %aéiec%?atr sPe%esO E&v‘n&u Enmembered
rings.
In general, silicoaluminophosphate molecular sieves comprise a molecular

20 framework of corner-sharing [SiO;], [AlO:], and [PO;] tetrahedral units. This
type of framework is effective in cofl\;ening various oxygenates ir;to 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 [AlO;] 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,



5 One or nore inert diluents may be present in the feedstock, for exanple,
i n an anworon/7e$48f rom 1 to 99 nol ar percent, based on the tratraisonusdsgr of
.ol es of all feed and diluent conponents,fed to the reaction zone (or

catal yst). Typical diluents include, but are not necessarily linmted to

hel i um argon, nitrogen, carbon nonoxi de, carbon di oxi de, hydrogen, water,
paraffins, al kanes (especially 10 nethane, ethane, and propane), al kyl enes,
aromati ¢ conpaluméimym phasphates, Lﬂminuhehseinéxrdé;rsedipnedlemﬁxmﬂe anduPnts are water

and nitrogen. an b ected in either u rm. The

D ocess may. beseudataehitey th Al donaihing Somnpsliom e BiREEHith Fadtiue
fashion. The gremead phdspittuseoriaingtonpoditidsh§ndRr 'Elfbaéi)tpi‘ iat©@E¢hditiord Number
of 15 reaction zones arranged in series or in parallel he | evel of
conversi on oftqfhendaq/@ehalrlersmem be maintained to reduce the | evel of
unwanted b roduc ff ently high
to avoig t%epneed ?;ﬁﬁ [SS@ rcr gﬁl&ﬂﬁﬁ%@ﬁﬁglﬁqﬁi evgl% llréeg‘b&l ng gf °
unreact ed f eepiovidéd bgduatieyroficompositiohe dEtamplenolithése sila:oaemntamgg

conversion 20 noves, from 100, mol % to about 98 ppl % or |ess. Recycl ing up
t0 as nuch asCOMRAHIONY nflydesiliga wéeﬂnr*é@wre Eveh asted 6yt abi e

Therefore, co H‘Z’kfﬂ about 50
nml %to abou'?P‘{}SJSS‘;%lr(rzr)fbS }rthg\ré lcagem r?ﬁﬁ%%'ﬁy ‘m%out rr‘?){tﬁg% 'E:fg%about 98 nol
% However, i slumsnuah and almpbd:mb-lcenﬂanung:d:umltumnuedmtberapmbpmia 98 nmol %

and 10 %r ord r to the 25 recycling process. Oxygenate
convergpon naff) zﬁg&‘e?%rs”l V&vel using a nunber of nethods

famliar to personSu&tmwsnﬂox cif hisb bk Dsdd i@l tRis invehti NP TREseicBfipeERds but are
not necessarily limted to, adjusting one or nore of the foIIovvr ng: the
reaction tenpdegenarally known s eAﬁS&nqralreéal(qonemms/\nswalummosmeaegr ee of
cat al yst rege - fic
reactor 30 co?ﬁr g‘rﬁirag? ?noﬁémkﬁ al gﬁ&g@‘ﬁ? ]{A% Elk£lﬁxléde§.f1 %‘ ﬁ‘ger‘a‘ 'gfr?%l s which
af fect the coHWgrrarecearth nome\uﬁmanaﬁa“mg}swmmmde&a:dnts rlaglmnanatr on is
i t he npl ecul ar ,si eve ¢ st can, be conti nuous i ntroduced as a

requir al
o T8ug ' ooy GEAEPATIOH: RETH Rl Es ST iR IR} BoABIAIEN BN as 1 or
exanpl e by rea%)sr&mn@arromﬂﬁ&%ﬁnﬂmu%he&ﬁemunbxn&mr&m Q‘ﬂd's@axfl‘l'ihm or

oxygen-contai ni ng atnosphere. In a prefefred enpodi nent, the 5 catalyst is
subject to a Y%mh#@tﬂlend@tlelpﬁlMbﬂompng)mbf&mdﬁacé@%b@,ts
accunul at ed d L@ conversion reactions. The oxygenate feedstock
conpri ses at Ieas't (9 organi ¢ conpound whi ch contains at |east one oxygen

atom such as al i ppriférablg] theMe fepresbite atomsSRERONZH, MEPRALCASNI, LalBhydes,
ket ones, car box#rr c acids, carbonates, esters and the like), 10 and the

feedst @0k rmayTb 1@ﬁaﬁq’9“Q:GHt'5h?§e&E°mse‘é‘§t edh%"né WB%WW&% ning a halide,

mercaptan, sugf ghot
significantly |llrnrpeé Re pe nce %(?a'%e cat yst ﬁm]og(a&g%nate is
an al cohol thaetadlmurmthammdepnndmgenahe wllenph atatecofitbe ate;al hub/strn@pnt roml to 10

car bon atoms, ref r abl 0 4 car o] Re ntative

al cohol s incl gép 89'89%9” ﬁ?éc?e A Sipte ‘l’%r%ir&k gg {%"15 ﬂg'r"gstﬁ?ﬁ‘? tght and
branched chai E'leékhbléhé’r’gb@s @étﬁ@é}mzsandﬁhe'lhcdiﬁéﬁﬁéﬂ aftﬁ@nfe%l%ﬁprﬁéﬂt% and the
ni trogen, hal ogen and sul fur anal ogues of such. Exanples of "suitable
oxygena’iﬁe con’Dth@HS accmmr:dtsbed aﬂﬁmm masal componend during sythesisodf thet hanol

n- pr opanol ; |so ol s net hﬁﬁ? et h %ogt her,; di net hyI

et her; diet hyfno @F Sled? ﬁélgﬁYedp?/‘?S?@('ﬁE Sisibp e t hyl

carbonate; di net hy Buit®§ificoahsifinophddphate niNsbultir $ieVe Eichiae SATO- sPreferred
oxygenat e corrEounds are net hanol, dinet hiYet her, or a m xture thereof. The

met hod of mak ﬁgor%esl"p‘?‘éfléﬁéaool%wq:ﬂ RARO:18, SAPO-20,54RQ-3h $ARO: ncl ude

the additiona PN such 25

as oil, coal, k??f%%d gREQIn%tS |orrass an 4bagur aln{lo@%?ﬁ%‘%@@%} maki ng

t he coerosr ti SAPOR4E SAROVS6) uheiﬂmlabhmnTﬁp&emﬁrdtereMsmdnmkudes theregfnt at i on

to al cohol or _ether, making synthesis R@ t hen converting the synthesis
sARQr 204 SAPOAG

gasht o al cohoP“’&”@t%érSAP W8, hARQ- 3|éa 5 8AF Lt and dwn processes
30
such as st earhﬁrt‘ﬁ&e a : \Mq"‘}l'ﬁ Qrwgm 34 %c‘i’édﬂé‘ﬂrgﬁﬂgﬁlp’c‘%fa‘nrﬁﬁ?&hﬂ' zati on.

One skilled SO appreciate S produced by

t he oxygenate-to-ol efin conversion reaction of the present invention can be
pol ynmeri zed to form pol yol efins, particularly polyethylene and

pol ypr opyl ene. WO 001 74848 PCT/ USO0/ 15468 - 23 Processes for formng

pol yolefins fromolefins are known in the art. Catal ytic processes are
preferred. Particularly preferred are netall ocene, Ziegler/Natta and acid
catal ytic systens. See, for exanple, U S. Patent Nos. 3,258, 455; 3, 305, 538;
3, 364, 190; 5 892 079; 4 659 685 4 076 698 3 645 992 4 302 565 and

A PN AN NN A . o o N



15 gas phase processes, it is preferred that the tenperature generally be
W thin aw@psa 60 to 160C, and that the operating pressgy gween 5
and 50 bars. Tﬁ‘l&fs invention wll be better understood with ﬁ'fléebr%egce to the
fol | owi ng exanpl es, which are intended t-d3i4|ustrate specific enbodi ments
within the overall scope of the invention as clained. 20 EXAMPLE 1 Sanpl es
of SAPO- 34 containing a norpholine tenplate were heated in order to renobve
the tenplate. tﬁ?@oﬁm utb‘f‘é’éfeqksfteéd RerBUfHe téfm ﬁm&e 9 s?%r‘fyﬁwu@md by 3
hours at 650C I1n air in osed furnace to renove t he tenpl at 25 The
sanpl e was st ovnttdcdmhmarmmegnd ipoonsidered eorgrasitiancafamatias having dwe pr 22096 at

20C). A second sa was heated in the 53 ner. stored for 3
days at 80% r@Pg‘P% %MW‘PW&%’&’% regfres m?ﬁﬁl}' rg)’hxg?%l s&%e tenpl at e was
removed in the sameThenilivebluniifvphicephatd Melechlar sievesape synthesided dysf erred at
150C i nto a fixed bed, contjnuous reactor innediately after tenpl ate

renoval .5 The thbfﬂmh%ﬁb‘l;fémﬂﬂlz&h%“ methodhgenerallyknomm inghea.sSegy &R sanpl e
portion. Each jp PP RGNS | 9426

continuous react o? og actfﬁl&t‘e#gﬁelrhg S’r;lsgél 1%3%?,?%%11%{‘1%2226'5%%8%800/ 15468
was nai nt ai nednelhod%ﬁf@xakﬁrgs&whxehmﬁxﬂyemoeqtdrated hereiriny referenc@5 AHsi g.

Met hanol feed was conti nuo to the reactor at.,.a SV.of 25 hr-1
React i on proddﬁatcgowe‘“é‘h’élliﬁgéﬁiw MRKIng, togrther 1eactiye Sé‘&tﬂ"ﬁg&a“wft A%, FI D and
TCD detector. pﬁbﬁhoﬂusﬁﬁﬁﬂﬁm%ts Ycg wWith BEBs ofOTeRIAted GRRerdlly tHeGhix@lte Of TOS .
(in mnutes). The 5 nethanol conversion of the first sanple at a TOS of 5
m nut eslOas aptwe@ladrmﬂéteytempmfer%y TmAer ARORENIYS p&swe,rtgradnmmraMeogﬁcond

sanple at a T

conver si on of (PS g Qq? Bre P’ém&t Ww@n@i%wgéﬁ%g%%&% eI y 100
wt. % 10 EXAN%EnZuo'iaamhesq@tan%Rﬁb% 64HfaRé Ahyvehede FFOMUIOAdEhOHGER] & € Wer e
heated in order to renove the tenplate. One sanple was heated for 5 hours
at 650C i n N2 mushiasRovesky. In spmg eases, stmme ar seading with srystalinegmaterialawid t o
renove the te ?&@ I red for 1 day under anbient

condi tions. Aqgée@%n anple %gth%?%dggged in the sane manner, but was
stored fr 5 days Uhgérallgnthe endlecntandieve progluct! willbet formed Hemhitmn tlheant enpl at e
was removed in situ flxMed cqnt i nuous dreactor) under

nitrogen at 6%@@8&%%&&"93’ IBEATSRAVEYST: SHeh agbyesgtrifpgation qriltrationy, o

third sanpl e wWag pisdictbaf £15b BSwhilRd, Rcslaydd HBORe sahié iRhfs AW drie@n. The sanple
portions having the tenplates rempved were reasured for methanol 20 uptake

according to the fd\drasulyopthesexstallizating piaces, thy re¢overadpievesantainst r oduced

subj ot ed t o M ftp BETEs 2t foRS FRMNAETRS [ehdpl AP Bietimacludahe il DETH © VS
t enper a2ur e tcredb’ﬁeﬁlmlmui'dn Theagitallipe St&li&urefess%ﬁﬁ‘ﬂm Wraps mrcmndthe(tampmé di ng at
450C for 40 mn. jin ai and cooling ta ,3QC in ﬁ{)%ﬁer t he arrpl e

reached 30C, tA8tHhy t,emp[a(g ibesFmoretie Ctbém%tcﬁéltyﬂﬁﬁﬁq“"tyo rﬂ“‘rﬁj ¢ ogen
floww th a ngf ﬁﬂd@ed%étdagn mrees ano t‘ﬂ’:xt r@mgﬁns?ta%hlhgmﬁﬂ E‘caM‘@cFa hen

contacted with this nitro m Xt ure t he
met hanol adsonmrawystdhwpmmyym cal cul ated as the wei ght percent i ncrease

ft the 180 m thth th | .. Fl 2 .sh 30
?ret ﬁ;nol eadsor&?gﬁ%?ﬂcpﬁ %Fﬁ%ﬁ@n‘?@ggﬁe ’g‘gg;eftﬁﬂgﬁt?fn I%fn%rést?ﬁe The

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, aminomethy! cyclohexane, piperidine, triethylamine,



hori zontal line fragnents indicate the saturation |evel. WO 00/ 74848 - 25
PCT/ USOOMdbgbrassBne mnet hanol upt ake i ndex was cal cul at ed bagegysys/164se
.saturation | evel aged sanples versus the _saturation |level of the "0 days
agedlin situ" sanple. The 0 days aged/i A 18t u sanpl e was defined as the
base case, having a nethanol uptake index of 1. The nethanol uptake i ndex
for the 1 day | ab aged sanple was 5 cal cul ated as approxi mately 0.85, and

t he met hano: Uggnaie&yes lanting ti‘iQ:Jth)tlIhgdnfinxlslet)l;?lfahﬁiﬂe,axgdirﬁhcsltﬁtpti‘tprdm@arﬁiabcu:c ated as
approximately 0.65. EXAMPLE 3 A sanple of SAPO 34 contai ni ng, a DPAf TEACH
tenpl ate was EPPAY pynding isppropklamingand combingtipns thereqf, Frefarred templatesnp) e
was stored fo : ) o s & S, ). The

tenpl ate was t eéﬁeﬁﬂg@\}%%tb?ﬁog}éu iil%eﬂpéliuﬁné’(bly?l ?g‘(f @E@,Oﬁglgﬁ!tlﬁuous

react or) undetetmaethybgremoatunt£8, gk miktimesitheretift dhe tetrapthytammenomadalts

met hanol_ was coptjnuously fed to the reac a V. of 25.hr'1 while
mai nt ai Ai ng twpﬁgﬁq?ezbﬂ?mwwgmﬁd%@%% tetfacthyl AmMEnIYE o s yre at
23 psig. ReaCPh&dbhﬂt@Pﬁb‘ﬁétﬁﬁlVﬂrﬁoﬁﬁﬂﬂ fhicide\MetraetBl imbhilith Kronde)i pped with a

Fm and TCD detector for ethylene and propyl ene yield. Mthanol conversion
was cal cul at etetrasthyh yomonjum chiprids, iietrasthyl amponivraagetats. Prefermed tetrgethyldat a

Sampi e or_sapeipntn S el Bea 38 gmens PR L AR B L el o G

in a wet filtehosphkte. form with the tenplate being left in place. After
storing for 44 days, the filter, cake was dried,, then the teppl ate s then
rem)veg‘oand net hani‘l‘ﬂﬁ%’ﬁ‘\Yé'l‘téqntheé&‘PBme&t"éﬂ li’ﬁ&‘é?ﬂ"&isﬁtj’l‘{ thec Yﬁﬁcﬁgéﬂgfe of

Exampl e 3. 25 e slotil 8t AWl ok vith FBFloectled SARDMR O SAPO-34

containing a tenplate was ered and stored in a wet filter
cake form wi templates wilirhé ptesersavitign thefrhicrapopduscstructisfe afith€Siewe, ovatery for 73
days, the filter

met hanol conv é?cﬁfggg n,ad%f g% 'gtglg5%%%?,&11%38{%%%a%fvggﬁr%&%@%gf&%ﬁ%%eagfj The
data are showsithithé&t4ealyst sites. This means that a molecular sieve containing a template
15 can even be stored in wet filter cake form, without noticeable loss of catalytic
activity once activated. When stored in wet filter cake form, the molecular sieve
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 coverthe 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 block the pore openings.

As is 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



WO 001 74848 -26 EXAMPLE 6 PCT/ US00/ 15468 A sanple of SAPO 34 containing a

DPA/ T' EAQR b/Rdsat € was dried, with the tenplate being | efgeqdvobhdfss: The
sanpl e was stored for 132 days under anbient conditions. ﬁ%lﬂg\senp?gte was

then removed and methanol conversion caté&ltated accordi ng to the procedure
of Exanple 3. The data are shown in FIG 3. EXAMPLE 7 10 A detenpl at ed
SAPO- 34 was aged under anbient conditions for 18 nonths. Methanol

adsor ption cagesriablé tYRSatdR bR eAVifsHinehEt AR _amaxydgm doneéitAbe. Thiskysel e 2.
Fromthe initial methanol adsorption capacity and the methanol adsorption

capacity at feEprogesscarbg useddonpartialpsicompleit eemayabef thesereplpteframee as 0. 12.
| S Met hanol ' : hs.:
eval uat egngc cg‘?@éﬁ’ééllg‘gtpﬁtée %;sge%unfcgﬂ%fcﬁgaé%‘}xém%ﬁy a’A@%ggF%ﬁgﬁp §4°§I|’r\?flut es,

t he met hanol caerpletesir partishsenzévad Front thesiend can Beliscomplishedrbytcenyertionalhet hanol
conversion haq significantly dropped to,0.63 W.% .The data indicate that a
Sili cpalsum' noﬂ?ﬁ? W&tpé°%f°ééﬂ?qh‘?sp'59$)€°ﬂéﬂ/ﬁ“ﬁ§m&s@ﬁdﬁgtzﬁglﬁﬁ? upt ake i ndex of
0.12 is catal yticaphye ffelrhIBculf sidvericaialyREédnesniak tﬁ% ifﬁ%lecbﬁl"ﬁ)é% hast he

catalytic activity of such a nolecul ar si"eve drops off very quickly,
i ndi cati ng t hheenzactivited, ainanhgdrousemaronmgniscanibeproddedvas hishield againstke i ndex

is | desirabl e f i or it L d.to i h '
(T equency at RRICE moiseuleR apaiafing Sela g aites Witk i mplgeBlE plet SFd . 26° o
uoi ~4s4s - 27 ghAtddienPsal/BéY0Vided 61 cdveting M 10wk With Aqks 6Oli@iid Blagkétn product .

from an oxygenate feedstock, 2 conpri si_({\fg provi ding a L

si | i codPuni noprdss gabxdsoysRoaditions. As pravideg\hergin,dhe rousag of Hauidi t hi n t he
nol ecul ar sie : 113 ' i t ock
inder cond t | SALRRARRRLEE Ad uhGuRl GEtfucl TheARHOIAE DA pdke) BRFE 0°

si | i coal um nopluvided aindemwakewm icanditons/ar undert atoiospipricloe goeayey eresswref eedst ock

has a 6 net hanol .. uptake index of at least. 0.1 preferab of . at .| east O. 4,
mor e pr ef er apPgndiiae s wilavedess ManaBRit 2 ypEmelhteept Bptet ety 55 1 2
The nethod of tiahabsut’.2 VolameiperdeREwatef \heoré prefaablyNassitheh {66 026KIlumeas a

met hanol conversion of at least 10 wt%at a standard tine on streamof 5 3

m nut edSand apwESy veter2d. hnmnhydrpu%ﬁ@ﬁéblayk@ﬁviathavewa thag abewt,200 ppmst andar d
o7 L oy 1 e o P ELBRGELY O
25 hr 1. 1 3. 50ppmmedtéroChefanhydrons énvironthenvdanrbei appliédeduring\storage, mai nt ai ned
at a 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 strucmure. The gas is preferably selected from the group
consisting of nitrogen, helium, CO, CO,, Ha, argon, O,, light alkanes (especially
C,-C, 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 liquid at
pressures above standard, as long as the conditions remain anhydrous.
The anhydrous liquid blanket is a liquid under standard temperature and
pressure conditions, and does not react to any significant degree with the
molecular sieve structure. The liquid is preferably selected from the group

30 consisting of alkanes, cyclo-alkanes, Cs-Co aromatics, alcohols, particularly C4*

branched alcohols.



2 tenmperature of at least 15UC prior to contacting with the feedstock. 1 4.

Met hod ofvdpsopilassst i Nng and activating a silicoal um nophosphagerdsigilkfigu! ar
sieve, conprising providing a silicoal ur{g’jnophosphate nol ecul ar sieve 3

havi ng catal ytic sites; providing a shie to protect the catalytic sites
against loss 4 of catalytic activity; and renov ing the_ shield under
conditions such that the 5 nol ecul ar sieve has a nethanol uptake index of

at least 0.15, preheahidlihventiod, theBictecnladsiRiveisibhde fealy foranse in4 eitalyeibl y 0. 8.
1 5. The nethod of claim4, wherein the shield is a tenplate. 1 6. The

met hod of cl ArASesS biremeying theshieldipg sourditianss Jf the gag of figwiditlankst i§r oup
od « f . o . . e
consisting o agﬁaﬁ&& ?ﬁd&%@?@{‘%{&gﬁ%fg siG8anRfahy Ativited M&Hﬁ% 3

cycl ohexane, per1di ne, cycl ohexyl"am ne, tri-et

hydr oxyet hyl ahe hianketmorpiqold med miérelydeyemovercby gy statidaed technigne p¥hiacame and
5 m xtuges thereof. WO 00l 74848 PCT/,.US00/ 15468 - 1 7. The nethod of

ol a5 or | 0 ple S FHECly GRRIRE 21 WERKEIRS, AYateEy o3 SRR o Y

t enper at ur e haineay seafAGrPeirafiBn br sdpafitioh 2éthiiqaet ween 200C 3 and 700C. 1 8.

The nmethod of any of clainms 5 or 7) wherein the tenplate is 2 renoved by
cont acting with anfexathonaceons aatérradisgised anthershicld; dti can@tso befremoved/by 3 to

cal cine the mpl ecul ar sieve. 9. . Th t hod of. | ai 51to 8,
wherein the t%ﬁ?ﬁ?’gg Zhal Al tBrsBé’lcbeé)aIw?qegﬁpﬂeecoagplg@gYoaﬁgcg&ggééﬁg a wet filter
cake. 1 10. Tdaeboratévnd neiteridl aPreéfErabMithecarbonbczounsinaterial Biremoked by dried. 1

11. The nethod of any of clainms 5 to 10, wherein the tenplate is 2 renoved
by cont@ct i ncCalfIRiAG aha temaneratyeecof abows309n8Q03C) v in t he absence of 02, under

3 conditions effecgiv f, ar sieve. 1
22" e method of R Fefgred R fe MORARIRLA S UhbalS MBI & © BV
| i quid. 1 13.cohdgtiomebhegthefshieldis mdvedwWi@therwisd, bieers mag b itrevensiblanhydr ous

as. 1 14. The hod of claim 13, wherein the, anhydrous gas. comrises a 2
g ag!at i ,}/e%h

gas sel ect ed $RBYHG Ioss. gHpwpver otheimglecylar stevacan be siared, upnsppitedef logded 1
argon, 3 02, i \eéin o it : claim
12, wherein tlh{e&gteiagog (S a’ﬁﬂgtrﬁ hq}{/l§ rlgﬁg& Fﬁﬁ?rﬁ?ﬁ%dral)%slé%]%?ﬁ%ﬂeg% QJCI aim
15, whéfei n tthe mathandi optake index doéssnos filksiaw 02 5 prefierathly O, augreconsi sti ng of

al kanes, cycl o-al kan C6- C3 ropatics, al cohols 3 and m xtures thereof.
1 17. The rretWS%r%ﬁygl%ams&pr&&%bigg'wher ein the anhydrous liquid is 2

renoved and the noTResiliodalsmhivphosphate Mcledubst siveHmap bexiiaeredqblehdéd)i ng gas
3 under conditions effective to calcine the nol ecul ar, si.eve., 18. The

met hod of cl aVih gthefmaterials. {When bleaded, the raswltingenmapassion istypieallyi al . WO
00l 74848 PCT/ %.p%{ ‘1= . tqm i in the
shield is pr O{/e? e té%%é?llggglg%ﬁhg%ﬁ@m& c%%#’%@eﬁﬁg%ﬁ%?of any of
clains2@ to 1&mprisingeihe SARO molexalar sievei eve 2 has a pore size of |ess than
5 angstrons. 1 2| The nmej.hod o ny.of clains 4 to 20, wherein the 2

si | i coal unmi nophos pmeé"a}ﬁo‘f’é‘@gl‘:%ﬁ I’%&@é‘éedi @'tggﬁe&?lgﬂhﬁ ?ﬁetéﬁg% VaupHs

consi sting of indrt dPRataRicaii4etiVe matértalsl br varitidbifer Pidals THeA MatkRials
SAPO- 20, SAPO4 31, SAPO 34, SAPO 35, SAPO 36, SAPO 3?, SAPO 40, SAPO 41,

SAPO- 42, 5 SAmcludg comppeitiam, sushpoksdinzand other slays,onrigunfongs pbrase earther eof . 1
22. A silicoal um nophosphat e. nol ecul ar sieve havin met 2 upt ake
Cndex of at I EaRe ghgeRonAdi BT BiohEE 2GFle el FBAsS, P
preferably 3 Sufinalorhumihasbl, kitdd, 2iFtsiR aakh ailRa 0 kitica basilica Solcandhi ch has
been 2 protected and activated according to the nethod of any of clains 4
to 21. 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.



1 24. Method of making an ol efin product from an oxygenate feedstock, 2

whi ch coweydosgggsPr ovi ding a catal yst conprising a silicoalpefRgpiQsphate 3
nol ecul ar protected and activated by the thod of any of clains 4 to 21
and 4 contacting the catalyst with an o'x{%'gnate f eedst ock under conditions
effective to 5 produce an olefin product. 1 25. The nethod of claim 24,
wherein the shield is renoved inside the 2 reactor used for naking the

ol efin product. 1 IRGneEmbodihénddf this invention? b feedivaneiming he oxygenbt is s r enoved

insid 2 | | gr._ si tor. 1 27. Th t hod im 26,
0 S e BB P b S B R AR .
ol efin producfevekatiyst dfrob®s kosti@énsfective © prodcedipht Blefifs, ivh@nei n the

mol ecul ar sieve 2 is maintained at a tenperature of at |east 150C prior to
cont act i ng wieffectivetegipgsaserenpressute AWHS ¥o(weight honogpaserselecinand)soo/ 15468 -

-30 1 29. The_ f of. i t [ el . lytic sites
2 are prot ectoé’g118 %{)E{‘j ﬁg egﬁﬁg\feaa ?@n?gﬁf‘ég‘%tcgéﬁheg%@ gdﬁggﬁlgﬁtacg%ﬁat | east 24
hours, nore 3rypicligy tbloxygénatefeed iskontanted with the chnralysowherc thewixiyFeriateeis
oxygenat e feedstock. 1 30. The thod of any of clains 24 to 29, .wherein 50
kg, pref er abli} avaperphage. Heevesy @r%ﬁsﬁs\/myogecw{geepum adiaWdPT L ITiNES ar o
used. 1 31. mﬁ]offﬁim@?hﬁge. Wexpﬁe?l‘@eﬁﬁs 4riel odbin é"ﬁﬁfi@bﬁas@@a%*&?nate IS
2 selected fromt group consi sting of methanol, ethanol, n-propanol,
i sopropanol , apodliqid phaseotiffessnt penviepsionstang |selectirdties ofi feed-toyproduttamay di et hyl .
et her, 18“ -iso r@@ﬂ 4.ether. .for I?eh de " di net }E | carbonate, dinethyl

S St fi reagt !

ket one, ~ aceti e&"’%‘Hag%P?M’F&P °n1°°§ﬂ.%?ﬁe nmet hod of any of

claims 24 to 31, VORfifS barl genendlyibéPprédhcéd eﬁd@im%éomampaﬁm&.mh t he
oxygenate feedstock in a reactor at a WHSV of 1 hr3 1 to 1000 hr-1. 1 33.
The et hod ofefigativeppesitifigtsmparatuse mnge gppbefram about,2QA°Crig 780°C. 2Aptsduced at

a TCNVS of | L]fiﬂc . ¢ HIRE . Of | 0 33,
wherein the ﬁéﬁg’éu artqg‘iwee\?n e%att;f’r;é r(a:x-xr tfact e’gﬂvilvlloﬁho t Hedé(%&flgte)%g@r@ecgstock at
a pressure ofmiy bevothelImarRedly sloi) 0ABthkRaperlend ®f thehempetahoe ramgeahy of cl ai ns
24 to 34, wherein the olgfin product 2 conprises. ethyl ene ropylene, or a
conbi nb | on HTEPES MY oL R RATTR BROWRAT ALk oy BPEFIHE (G ean

ol ef i n pr oducdr a216ahi 0P aridupl 95005 RGsfefRfredny Of claims 24 to 28 is
contacted with a polyolefin3 form ng catal yst under conditions effective to

form a pol yol ef i n.Owing to the nature of the process, it may be desirable to carry out the
a0 R ey oSS e hes it inyéntion Ry iR oY e midliGauihr s By IRR A5 A AC
, 9$. 0241 GIN rdh@RFPRdEyktem M g lsgata il e vhe ey T Haaslortdds adthér]tha inal cal cal ca
] ca] cagcaU] Cif] cRa] ca] ca] ca‘{ cay| ca] cal] ca] cal] cal] ca] ca%lgca
Y&5DI N894 [ : | Aiedbed sygsem., d ig Ppixicplady dayirab]ectajapsTasathe sackpe BIQCEISA] ca] ca] cau
] ca] ca] ca] ca]rﬁgﬂ I%kg %lgg%ig%\] ca] calcaV]ca]ca]calcalca]calca! $®Wo k' """’ i(OVY
YO*=**+7 G -Z-F... % v >1{vgl ga\ W ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] He] cony erajonaif oaygemhtea td pafacd fight plefins ajaydbecafrizd!cat e 111G222
3 334 . . . . . - .
RSt mhmumiiniointe s
calJca]ca]ca ] ¢ eajcal]l:::);[;
- Be<<=" === >@>>€%%&@§YB§%cé%DEqukf a\W gg] ga] %g]lcaU]&gé] ca] ca] ca] caV]
ca] ca] 4] ca] duidkdaviah Laginapring, I Komjical | Lexpnspial, Rabeitda | Krdgen] caU] ca] ca! EE
#GHSIKKLLL™ L NBP, TTUdUUU | f a\\W
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silicoaluminophosphate molecular sieve portion that is contained within the

10 catalyst. This excludes components such as binders, diluents, inerts, rare earth

components, etc.
It is highly desirable to operate at a temperature of at least 300°C and a

Temperature Corrected Normalized Methane Sensitivity (TCNMS) of less than
about 0.016, preferably less than about 0.012, more preferably less than about

15 0.01. It s 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
range 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
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"10% & ()- all feed and diluent components fed to the reaction zone (or catalyst). Typica
diluents include, but are not necessarily limited to helium, argon, nitrogen, carbon
monoxide, carbon dioxide, hydrogen, water, paraffins, alkanes (especially

10 methane, ethane, and propane), alkylenes, aromatic compounds, and mixtures
thereof. The preferred diluents are water and nitrogen. Water can be injected in
either liquid or vapor form.

The process may be carried out in a batch, semi-continuous or continuous
fashion. The process can be conducted in a single reaction zone or a number of

15 reaction zones arranged in series or in parallel.

The level of conversion of the oxygenates can be maintained to reduce the
level of unwanted by-products. Conversion can also be maintained sufficiently
high to avoid the need for commercially 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 commércially 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 mol %. However, it is also acceptable
to achieve conversion between 98 mol % and 100 mol % in order to simplify the

25 recycling process. 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

conversion.
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The oxygenate feedstock comprises at least one organic compound which
contains at least one oxygen atom, such as aliphatic alcohols, ethers, carbonyl
compounds (aldehydes, ketones, carboxylic acids, carbonates, esters and the like),
10 and the feedstock may optionally contain at least one compound containing a
halide, mercaptan, sulfide, or amine, as long as the optional components do not
significantly impede the performance of the catalyst. When the oxygenate is an
alcohol, the alcohol can include an aliphatic moiety having from 1 to 10 carbon
atoms, more preferably frcm 1 to 4 carbon atoms. Representative alcohols include
15 but are not necessarily limited to lower straight and branched chain aliphatic
alcohols, their unsaturated counterparts and the nitrogen, halogen and sulfur
analogues of such. Examples of suitable oxygenate compounds include, but are
not limited to: methanol; ethanol; n-propanol; isopropanol; C4- Cyo alcohols;
methy] ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;
20 formaldehyde; dimethyl carbonate; dimethy! ketone; acetic acid; and mixtures
thereof. Preferred oxygenate compounds are methanol, dimethyl ether, or a
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.
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A preferred polyolefin-forming catalyst is a metallocene catalyst. The
10 preferred temperature range of operation is between 50 and 240°C and the
reaction can be carried out at low, medium or high pressure, being anywhere
within the range of about 1 to 200 bars. For processes carried out in solution, an
inert diluent can be used, and the preferred operating pressure range is between 10
and 150 bars, with a preferred temperature range of between 120 and 230°C. For
15 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 reference 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 N;
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
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ah ot line 6 &fipped With a FID and TCD detector. FIG. 1

shows wt % of methanol converted as a function of TOS (in minutes). The

weére anal

methanol conversion of the first sample at a TOS of 5§ minutes was approximately
27 wt.%. The methanol conversion of the second sample at a TOS of 5 minutes
was approximately O wt.%. the methanol conversion of the third sample at TOS

of 5 minutes was approximately 100 wt.%.

EXAMPLE 2

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 N»
followed by 3 hours at 650°C in air in a closed furnace to remove the template.
The sample was stored for 1 day under ambient conditions. A second sample was
heated in the same manner, but was stored for 5 days under ambient conditions.
In a third sample, the template was removed in situ (i.e., in a fixed bed, continuous
reactor) under nitrogen at 650°C for 5 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
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
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 after the 180 minutes contact with the methanol vapor. FIG. 2 shows
methanol adsorption capacity or methanol uptake as a function of time. The

horizontal line fragments indicate the saturation level.

g 1 8RS () -
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0 days aged/in situ sample was defined as the base case, having a methanol uptake
index of 1. The methanol uptake index for the 1 day lab aged sample was
5 calculated as approximately 0.85, and the methanol uptake index for the 5 days

lab aged sample was calculated as approximately 0.65.

EXAMPLE 3
A sample of SAPO-34 containing a DPA/TEAOH template was dried,

10 with the template being left in place. The sample was stored for 25 days, then
mixed with SiC (0.36g SAPQO/5g SiC). The template was then removed in situ
(i.e., in a fixed bed, continuous reactor) under nitrogen at 625°C for 1 hour. After
template removal, methanol was continuously fed to the reactor at a WHSV 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 conta;in_ing a DPA/TEAOCH templafe was fiitered
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 §
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
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.
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A sample of SAPO-34 containing a DPA/TEAOH template was dried,
with the template being left in place. The sample was stored for 132 days under
5 ambient conditions. The template was then removed and methanol conversion
calculated according to the procedure of Example 3. The data are shown in FIG.

3.

EXAMPLE 7

10 A detemplated SAPO-34 was aged under ambient conditions for 18
months. Methanol adsorption capacity was determined 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
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7 of at least 0.6 and most preferably of at ieast 0.8.
1 2. The method of claim 1, wherein the sieve contacting the feedstock
2 has a methanol conversion of at least 10 wt% at a standard time on stream of 5
3 minutes and a WHSV of 25 hr-1, preferably of at least 15 wt% at a standard time
4 on stream of S minutes and a WHSV of 25 hr-1, more preferably of at least 20
5 wt% at a standard time on stream of 5 minutes and a WHSV of 25 hr-l.
1 3. The method cf claim 1 or 2, wherein the sieve is maintained at a
2 temperature of at least 150°C prior to contacting with the feedstock.
1 4, Method of protecting and activating a silicoaluminophosphate
2 molecular sieve, comprising providing a silicoaluminophosphate molecular sieve
3 having catalytic sites; providing a shield to protect the catalytic sites against loss
4 of catalytic activity; and removing the shield under conditions such that the
5 molecular sieve has a methanol uptake index of at least 0.15, preferably 0.4, more
6 preferably 0.6, most preferably 0.8.
| 5. The method of claim 4, wherein the shield is a template.

6. The method of claim 5, wherein the template is selected from the

group consisting of tetraethyl ammonium salt, cyclopentylamine, aminomethy!
cyclohexane, piperidine, triethylamine, cyclohexylamine, tri-ethyl

hydroxyethylamine, morpholine, dipropylamine, pyridine, isopropylamine and

wm b W N =

mixtures thereof.
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1 10. The method of claim 9, wherein the wet filter cake is dried.

1 11. The method of any of claims 5 to 10, wherein the template is

2 removed by contacting with an inert gas, substantially in the absence of O, under
3 conditions effective to remove the template from the molecular sieve.

1 12.  The method of claim 4, wherein the shield is an anhydrous gas or
2 liquid.

1 13. The method of claim 12, wherein the shield is an anhydrous gas.

1 14.  The method of claim 13, wherein the anhydrous gas comprises a

2 gas selected from the group consisting of nitrogen, helium, CO, CO5, Hj, argon,
3 09, light alkanes and mixtures thereof. .

1 15.  The method of claim 12, wherein the shield is an anhydrous liquid.
1 16.  The method of claim 15, wherein the anhydrous liquid is selected
2 from the group consisting of alkanes, cyclo-alkanes, Cg-C3( aromatics, alcohols
3 and mixtures thereof.

1 17.  The method of claim 15 or 16, wherein the anhydrous liquid is

2 removed and the molecular sieve is contacted with an oxygen-containing gas

3 under conditions effective to calcine the molecular sieve.

1 18. The method of claim 4, wherein the shield is a carbonaceous

2 material.
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sxglcoalummophosphate molecular sieve is selected from the group consisting of
3 SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-
4 31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42,
5 SAPO-44, SAPO-47, SAPO-56 and metal containing forms thereof.

[—

22.  Asilicoaluminophosphate molecular sieve having a methanol

2 uptake index of at least 0.15, preferably 0.4, more preferably 0.6, most preferably
3 0.8. |

1 23.  Assilicoaluminophosphate molecular sieve which has been

2 protected and activated according to the method of any of claims 4 to 21.

1 24.  Method of making an olefin product from an oxygenate feedstock,
2 which comprises providing a catalyst comprising a silicoaluminophosphate

3 molecular protected and activated by the method of any of claims 4 to 21 and

4 contacting the catalyst with an oxygenate feedstock under conditions effective to
5 produce an olefin product. .- -

1 25. The method of claim 24, wherein the shield is removed inside the
2 reactor used for making the olefin product.

1 26. The method of claim 25, wherein the shield is removed inside a

2 molecular sieve regenerator.

1 27.  The method of claim 26, wherein the shield is removed outside the
2 reactor used for making the olefin product.

1 28.  The method of any of claims 24 to 27, wherein the molecular sieve
2 is maintained at a temperature of at least 150°C prior to contacting with the

3 oxygenate feedstock.
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500 kg, more preferably 5000 kg of molecular sieve are used.
1 31.  The method of any of claims 24 to 30, wherein the oxygenate is
2 selected from the group consisting of methanol, ethanol, n-propanol, isopropanol,
3 C4-Cyp alcohols, methyl ethyl ether, dimethyl ether, diethyl ether, di-isopropyl
4 ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid and
5 mixtures thereof.
1 32.  The method of any of claims 24 to 31, wherein the activated
2 catalyst is contacted with the oxygenate feedstock in a reactor at a WHSV of 1 hr-
3 116 1000 hr-1.
1 33. The method of any of claims 24 to 32, wherein the olefins are
2 produced at a TCNMS of less than 0.016.
1 34. The method of any of claims 24 to 33, wherein the molecular sieve
2 is contacted with the oxygenate feedstock at a pressure of from 0.1 kPa to 100
3 MPa.
1 35.  The method of any of claims 24 to 34, wherein the olefin product
2 comprises ethylene, propylene, or a combination thereof.
1 36. A method of making a polyolefin wherein an olefin product
2 obtained by the method of any of claims 24 to 28 is contacted with a polyolefin-

3 forming catalyst under conditions effective to form a polyolefin.



