. ;e3eVtp| P6TVyb 1 MAI NTAI NI NG ACID CATALYST SI TES I N SAPO MOLECULAR

- Sl EVES This invention relates to a method for the preparatfi ®BEOIN0I
‘silicoalumi'no- 5 phosphate (SAPO nol ecul ar sieve which Wg&nﬁsg)ﬂ

ext endeqvbiof,ﬁ‘,%@en its catalytic sites are exposed to npi's -contai ni ng

-environments. It also relates to SAPO nol ecul ar sieves with an extended

life, to their use to make olefin prodycts from oxygenate feed

pol yol efi ns obtained fromsaid olefin products. Slmmnmmmmm""”m
Si l'i coal um nophosphat es (SAPGs) have been &m gQr bents and 10, .
catal ysts. As catal ystATNAREVING A (DA %E rocesses such as FI%i d
catal ytic cracking, hydrocreadP@MOIBEVLARSENED| i goneri zation, the

conversion of alcohols or ethers, and the al kyl ati on gf ig.ron@t ii&?.- To be
useful as a cal ayet senRAPRITEL Bftaos fevbupisayened Mo KeerEY Met hods

-of activation SA are known. 15 .. US. Pat i A BSLit864 to
Edwar gs et ospHAte ¢SISBOY htelamabréfeVS)NPGhﬁh‘gﬁf 8%8?%!13(1&8}?%\76 as a commeri cal

cracking catalyst. It Is disclo i acbionairefmEAPOIsortelatestCar  si eve
‘has poor st aialytic yites %9\&5’@?‘?"%’?@%&\“% {3 gﬂ%gﬁ,tglfe. i mproved by Qﬁus'rraguas
particul ar %ﬁfﬂg ?{?ie%ﬂlapgi%é’ssﬁith af\enendidrie, to theira1sg o SELE ! nrc tenplate

I s renoved e core structure o SLEVe s Qigdéfin prodootsact i ng 20

with feed t@dg ogygenkiedeedstbaks m%@@g’%’;{-ﬁ“ﬁé’{’ﬁbn%&s%ﬁgg; i thIE ﬂr% dsi eve to a

tenperature of 400-800 C wi.thi e een naekanapsarjents a U. S.

Patent No 5, 185, 33bcq W@ﬁﬁ%ogpg?tkgﬁ.%ﬁcl oses_another Rtfad phiyiel | vating

sili clccqal uni NQPROSPhAL EataTpie SAROS Bave\beer BRI AR PICEHES SU“The net hod cal I's for
a

cont ing a crystalline’sjlicoal um nap ?%ﬁ&@t' L e gatvessiomdfha and 25
wat er, and tmae'ag,thedrm@ahnﬂngH’é“ﬁﬁ“g’qu to at 1cl\ji’léast 425 C._. .The heating

process is first .carri | b RGopeEaematicsofTabe wseiy é8 acﬁ?{ﬁhé?sed gas, and

then in the ﬂF%‘%@ﬁe%et%%gaaﬁug?ﬁ (£:Il|kg| ng gas. ﬁ% PLeGLtivaling [SAHTdre ng

process is tSA?MBE@]EM@&Gihdvambe\/qc'%yatﬁql' g‘ogat aFyst. The acid activity

is enhanced as a result of the intinmate contact between the alum na and the

si eve. kppwend et al., J. Phys Chem 1995, 99, 8270 85 p-8ach that

SAPO- :ig | oses its{?é?ﬁ%é’rﬁ'bid?h’;aslmem Etwards aptl e 18IS P UEEY renoved from the
np

sieve’and the de-tenplated, activated,sie spheaRcR¥eptadattivatddr . Data
i s present ed mdlevdaresicve 29RCOMMIIHH ?cl?%%/a?%\lt% at | east thgeshort jerm

crystatlin tySAlga-sﬂin?olE&x\f&rs?é\@}ﬁs poor slabiiti Ho@egepstability can be improve
ctivation process. According to the process, Orgamc

ing a particular a |
ey to contacting

emoved from the core structure of the sieve just pnor

template is 1 .
the sieveto a

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

U.S. Patent No. 5,185,310 to Degnan et al. discloses another method of

| 1 iti e method
, activating silicoatuminophosphate molecular sieve compositions. Th

: . : d
calls for contacting a crystalline silicoaluminophosphate with gel alumina an

25 water, and thereafter heating the mixture to at least 425°C. The heating process 15

sence of an oxygen depleted gas, and then in the

first carried out in the pre
ance the

zing gas. The object of the heating process is t0 enh

resence of an oxidi
: 1t of the

oy “
acid activity of the catalyst. The acid activity is enhanced as a 1es

¥ intimate contact between the alumina and the sieve. 5
30 Briend et al., J. Phys. Chem. 1995, 99, 8270-8276, teach that SAPO-

] th
Joses its crystallinity when the template has been removed from the sieve and the

i 1 owever,
de-templated, activated sieve has been exposed to air. Datais presented, h

crystallinity loss is reversible.
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which suggest that over at least the short term,



"WD 00/ 74846 PCT/ US00/ 15454 -2 Even over a period of a couple years, the
. data suggest that crystallinity loss is reversible when certain tggp{]ﬂtﬁ@
"are used. As seen fromthe disclosure herein, we have found that PO

mol ecul ar_sieyes will exhibit a shortened catalytic |ife \W#EUS0PE5464L al ytic
" sites a?vé)@?‘}{ ated 5 and exposed to a noi sture-containing environnent.
This loss of catalytic |life is likely ngt reversible, and can occur over a
very short period of tinme. In essence, fthis |loss of catalytic life is due
to aloss in the nunber of acid catalytic sites. It is d _sir?ble
t herefore, %9 nog\;eqia:})e@i'b@%l?@c@giﬁ%hm tise daresuggest harcyEalBty 8 &4 wi th
little to ng'i inacid cata éﬁt sites, and exhibit a relatively |ong

0SS |
catal ytic |jdvessitlo vSieolreramsemplatesrare 8¢t woul d be hi ghly desirable for use _

in a wde variety of catal yti 0 i o  haVRifsind it AR mislechlim a
variety of catal YAS %eb%@é‘é&é&éﬁ?sﬁpgrﬁgg#ﬂ??% %aver c%rre at | east one of the
many probl ens, LNhaT efilibii A shBRenidl @ralgi¢ lifetwhen theaataGif PSR 4 et hod of

mai ntai ni ng~acrd catalyst sites of a silicoal um Hrah &1k A
mol ecyl ar  Siagd expGREE BUhE S PO HBRESCIYTONTST oﬂ%ggfp i ons V\}/&i ch act as

talysts i ti ' f ti0d jof tichec tIs esSThEE,
ggrrgogist ;sohglkgg'&/%ﬁwg‘ﬁ%%‘gg%i/gélcg‘zl}agg I@,:}ég’%{;}-yns%ﬁ)ﬁ(x?aeeﬁof S Fﬂ:@r.al chﬁ gg cal

conponent s. t@%ga%g]oft&%ﬁmngaﬁwsmsﬁmtueh@mt@a@f?eiﬁca I S

tenpl ate, al nore than one te ate can_h Theadionied ks are
used to forndeshablecthsrefore; MP‘“I%S@@W@EF@F@%AQ ggcacnal ed M Gr Opor ous

structure) within 2Q the P | Lhoexhibh aaetaitivehydong]gatggpdxgeonposi tion
so that it caiesengaey lﬁgégcgggg{{egﬁ’ thext_le I%tﬁe nust E‘F‘;a% vgd. These
| eavegy behi ndy@ia aRfetulircievpovauls bs highly desirap MERHIFRRYS GCKk can enter,
contact the catalytic sites, and the,r i QdBEtataRMic@rocesseShe nanner
i n which thecatelf!plP@P@PiO@“PB?rd’%gh ﬁ?‘ﬁfi bgﬁ#é%%ﬂ?ﬁgg agi d ail:a!?gll ystkl;'bt es that
are within the m g QROLQUSvSLAmEatTeast ce dfthomdey preblgpestietRat B8l yii ¢
activity, i.e., mantarn acid catalyst sites, .this i i ffegvrdes a
met hod whi ch pgierprt] thesnyention grojdes at@ﬁﬁlOQtOZ%’h‘?H‘u“#% %8%{3%_ ¢
si | i coal um nophosphat e m)lg “|(§,KP6> e SRt ISAPO meoleaiyl siaves #8nt ai ni ng
silicoal um ncﬁﬂ%f@§ aPRASPARG (2P s? &ve 1 n an _oxygen depl et eéjonqgéldsrt?nnent
under Gondi ti QRs Rhfds Whieh i apranlyss ineonvardes HaeRPSTAEP I TTE That is
greater than that 30 obtained.in a non-g@x hed msvire ofseratal The
heat ed nol ecupradueth.e¥be EXAPRTEANSATE PR acé‘%gﬁng%c?ngt he infrared region in
a range of fré},@gﬁégyoo oﬁeﬁ@. SR8 Qf e donfficriearsaiskd in thedeadigpPICTHA ' 8ul ar
conbi

si eve exhi bit ed peak area 10DE,?20 1Afeé Bre used to
PCT/ US00/ 1545¢mpSatealtoegh 680 angnedespiaty cam be ‘fsﬁﬁ’giggg ggg l'east 10% of a

t ot al k f al KS & i i OYERESTStICOE) Bithin
5900 cm o o femmchnarlePr BimehDRERmcRiee (i cnay ceOIns cil 2 3 p can

be usedgyto nmalge §§F9|&Hﬁbsﬁ?oﬁd%acﬁwmthSA?@g@m@“f% i'S"Tret hod

conpri §és 5 providing an activated pol ecul ar .Si \dMitd si0opent ot al peak
area in an infasarcatilysagh@tﬁmnl'ém%?,ggﬁ‘?ﬂ‘ove?o %g%ﬁgﬁw&iﬂl t hat pi%s_ at | east

10%of a total peak area | | cR@h® Bntler, monkoDtheatalyticS1eU B8 cmi 1,
and contact i nd“’fﬁﬁwé%‘ﬁ%gf{e&crig{r}r'o @fgﬁ?éaé?gtsq eve with the O N3l EofeasHat ock
under condi ti qps ra@hfteptpruéud cacexiv eFhe mpanesy Yeueh BFEBEETOCK to an ol efin
product. The ol efin product made 10 accofd] IrouBinictelel s al so
i ncl uded as paaffecttheragid ‘Fﬁ‘\"})héﬁtsft%&‘aﬁ fea gﬁ{' ?%n’?‘getrﬁ}guri_nventi oa i ny Iu,&‘ess a
pol yol gg n made by ﬁfggd@%ué? cecadipfic activitygluet maintain 2CBbtRY LT ¥ mi ng
cat al yst” under conditions ective to convert the'r?%gfté Thie-ddpanhef i n.
The nol ecul ar %mﬂgom&gemmhqdwmcb@pwm?mqvﬁé ourgpconsi.sti ng of 15
SAPG- 5, SAPG-8, SA. PO.11, SAPO 16, SAPQ- 17, <S4R e AR ontaARQ 31,
SAPO- 34, SAPO- SiHcoatpminopbospiasnglFey §A§8%483 iR ?E’L, SAPO- 42, SARO- 44
SAPO- 47, and SARO. ﬁgmi,ggiepthag 160 Bic0hIag sibos isart trygenfdepleteg SAVEPTIPEY YRR eof .
Mor e preferablﬁ, PHe D ecqu ar sieve is sele teg].fr1 t%qs QePhaR it St i ng
of SAPO 18, SARchBfionSARKOtiSE to W@c@mnn@m(ﬁ%‘ Né‘t?g] cg’:]t al nihgg forns

t hereof, and m xtures, thereof. | no : I raf IRateddholeailartsiyeheat ed
mol ecul 80 si ev@b@tmddmtasn%nowagf@?’ggQ@ﬁ%’g’?‘gé’?' I'liq?e of at Ie@t 4, granms of
met hanol CO”VG”g@'ﬁﬁg\é&&a&ﬂegpfeam%%%eéi@m il 4 range SF FOTHI BV eff t hat
the nol ecul ar sF&PE ve a pdre size of less than 5 %ngstro nedﬁ:%é\tﬁ‘eﬁhe
method, it is pisgbamitdpicRaiblpemihegetdencdeukar StEveEhPYS 3 PRGN depl et ed
environment. Preferably, the oxygen depleted environnment is substantially
free of Oz. More preferably, the oxygen depleted environnent has an oxygen
partial pressure of |ess than about 1.0 psia (6.87kPa), nore preferably

| ess than about 0.2 psia (1.37 kPa). 30 The nol ecul ar sieve is heated under
conditions sfficient to renove
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'.10.D -
E C 200 WO 00l 74846 PCT/ US00/ 15454 -4 nol ecul ar sieve i s hea

"tenperature of 200 to 800C
. ) C. The nol ecul i ;
subst anty,al cular sieve is
" enmbodi rretwkﬁ(]b/?%ﬂé@ttehi absence of oxygen. In yet anot Ereref S:EEE%?@@%‘%
tetraet hyl e urrp ate is selected fromthe group consisting of
pi peridine, triet hml salt, cyclopentylamfe, am nonet hyl 5 Vel ohe
mor phol i ne,  di pI‘Op§I o ne cycl g_hexyl ame, tri-ethyl hydrgiggfﬂsﬁgnﬁ
The i ! ! , pyridine, isopropylam : m ne,
Bt L gerheof s AP0
a SAPO- 34 mbm&ﬁanmfegygdfﬁggé%l ot Ehﬁq@@? 5580 &m” Br oenst ed ?Ja ?d i
activation proceduyre; VRS A'tenplate as.a fu t?glno"nf of
sl vat on procedt g GO L oyiee sspomamisobrOt @ LRIV 111 o
28;&2: ton g;,%e%ﬁrcgeqﬂﬁosm frora 20 D BHHGS &;Bg’@cl%gg@g@&ﬁnx&azcgmpgueq i on of
: C - . [ Si
AT monsussarsbie b AL AR st o baithn T cous
ygenate t ; r sui :
cont aini ng é“%?%a%ﬁﬁ%éﬁe??‘ﬁf‘éﬁ"3338@"*"**;‘“@5an&a@tylf% of SRYTpr BBVl 11O
. ree of ol efy : .
st e nonsssaapon oo io b oSBT St o
several cheni®a ecgwggéwggﬁ%q&eﬁa@ﬁg%%ﬁ%mmr b%dﬁt@ae@ffq:@ivr&'tgg i ) 81; eOLPer
process i ) onents i .
brocess I2"a Lommtaice snbat o AL R
- ) re : . :
typl calby conbelondingto Sgemeisids g imRuded Sk 8155 inbeitiono Jagddien, thad
struct ures (L er S 3 ks A RS gt By Confiarmths gl Wit OF SO
or th i ructure .t hj ‘o
ol ateesﬁﬁg[ rﬁgteb%?éem{'ﬁjm@&taﬂgﬁmdea@wwwﬁe%%%}gbﬁoﬁéggrwOSI tion.
This all ows fq:@dmldgq(n.gegot ]9| g\r/)veinn?p tﬂe channel s or tunnel-Ii keog\f\rlﬁ(rzi u£ 2:\
sites | ocat S o the channel s _and - . -
not £00 I ar Sg }tMot gln?}éeﬁgt% }fgm%?g?g&s preferaiiy sdsctﬁﬁé'%@gg{‘]’%g%toegrrﬁ%ﬁltg g?e
is actugd | . orous St WGt .
nol ecul gés ?‘/r gmsuggﬁtgﬂl??i@ﬁeﬁép%gh %gﬁ%‘é:é@*e&g?’ %%%’elﬁ’t %ﬁlt“efw?sm.e“ al
Sca alytic si %gé«,ﬁmg@ﬁgl.%g,%@gr%ggf%m@msmmségkﬁﬂ%n
R pepRO- B PO, ahdasA?Quﬁﬁ,dmtals)‘f°’&$i§’r']‘§§‘é’%‘8$‘9{’ Sl mbABtect | 1
: ; 1 0 l.on i : . ) ous pores
long s the | niwrn? Mloisaeeeubls R A A
consisting of SAPO-18, SAPO-34, SAPO-35, SAP m,dsﬁ?f-ﬁ‘?ﬁmétgp large to

20 containing forms thereof, and mixtures thereof.

In another preferred embodiment the heated molecular sieve exhibits an

grams of methanol converted per gram of

integrated catalyst life of at least 4
have a pore size of

molecular sieve. It is also preferred that the molecular sieve

less than 5 angstroms.

In the method, it is preferred that heating be carried out in
the oxygen depleted environment is
ed environment has

25 an oxygen

depleted environment. Preferably,

More preferably, the oxygen deplet

substantially free of Oa.
(6.87kPa), more preferably

an oxygen partial pressure of less than about 1.0 psia
less than about 0.2 psia (1.37 kPa).

30 The molecular sieve is heated unde
ate from the molecular sieve. Preferably,

r conditions sufficient to remove

substantially all of the templ the



S It is known that once the tenplate material is renoved fromthe SAPO

- .conposition, the remaining pore structure is sensitive to noisturé#.) B{idhd
et al., supra, have indicated that this is a reversible process such that
. heating to renmpve noisture within the pores will result irpgracspeas4siof the
origi nal“ﬂd’logqg‘@r ucture. What has not been previously denonstrated,
however, is that the manner 10 .in which the tenplate is renoved has an
effect on the catalytic life of the SAPOG4mterial. Proper renoval of the
tenplate actually mnimzes the loss of the acid catalyst sites within the

pore structure. This mninizes . .the | bygobec aThé widecubirtsheyat
changi ng t he mh@ﬁﬂ@éﬁ‘eﬁﬁk&%ﬁﬁé? aﬁﬁrgﬁ)%%gg ﬁg?‘%oﬁi al. The

si | i coal um naphosph htiSheMase absenbe of oxygemt i on conprise a 15
t hr ee- di rrensi‘Bﬁé‘?fg?ﬁ%wgg%%%ﬁgls%r;st}gl framewor k st ra.tmt url§ %ﬁﬁ[oﬁ\@%] . [AQ2]
and [ PO2] tetrahedimletumiotiser pifieTed ereedimesty thetpoplafe 1§ SHEFEE S ar Ty

desirabl e Broensted aci.d rou e 16 |@ffleahminombethylal has
been proper| ygroapeeagsueg %ﬁg‘*{t@a&ﬁi?%&&%a %%E%caﬁr?’gte. conveniently

char act gr i zed cbMoggajaE,ESggeﬂﬁﬁﬁé,Qﬁétﬁslmﬁmhejfcydnhcxy(amnﬁﬂ)"'eéb)élct roscopy. The
groups tan be Youn Youghout 20 _a range of, 4000. -,Ilﬂg}stp%&fﬂﬁﬁin‘éfﬁné 1 of
the 1R spectr i rdﬂgmﬂw@mins,imbmall%ﬁrid%%?ﬁﬁﬁt@’% aculrar ’si eves whi ch
exhi bit desirable ca&\%l tfi c activity upon appropriate tenplate renoval have
Broenst ed aci dEY BIFF havi ng one or nore bands in the [R vvir%)hdwave
numbers rangi ng frofpahQehticiowil waTbettet ondersiaod BEBEErERGs tojthe gitaghe

non- Er oensted OH groups |like Al -OH P-OH and/or Si-OH being 25 largely

| ocat ed in t hadrawings, whergbbut 4000 cni' to about 3630 crri 1. The non
Eroensted OH gr oupsF%:’el g}lomt},yﬂigﬁé&rx 1) Beadnetd QT reghen of@ 8ARE-34ur f ace of
the nol¥tul ar sieve o al regions W thin the sieve whj ch,.exiie bliyatiph er nal
def ects. Pref efafekilar sitee SABOWII 2 EEA/BPAemPIats it § 8176HE" o1 “for e peaks in
the infrared region in the range of 3630 crri | to 3580 cm 1 and have a
conbi ned peak prosedyrs; that region of at |east 10% of the Otﬁt‘: peak area
of all peaks in the &%ﬁ%ﬁ&gséé&hpﬁidoﬁofﬂte caaahmhf%?ﬂ/@e%ﬁp@o?)‘{)me ¥4 o 3400
cm . 1. O-DEC 2D0§ 001 79846 _-6 PCT/ 1JS00/ éﬁ%ﬁén SF L RARbY pdeatres phat e
mol ecul ar si evesvanmdgevitr aTEAQHEEFA 1588 &G cr opor ous't_mat elrliggl s
having 8, 10, or 12 nbered r4 f lechi¥@ Sieves arg compasitigpEYMCAN
have anldverage por g’rﬁ?cﬁagm?' 85‘.‘%&*‘?‘%?&%@3}? 3.5-15 an%zt ons.Pref erred
are the small porg GAREH envkaingsiasveshydaosarkpndiseds e %‘iucf)sbre Sl ze 5

rangi ng fromabout 3.5 to 5 angstfons rat é fédstocks 0
angst rons. Thesenwpém@ﬂﬁéﬁ’W&?g[ﬁ%thg%fgﬁﬁgéﬁ%??&%& ecul ar sieves

havi ng 8 rrenbeg(g%_ A drd W18 produictsi conaiining avgiatbebnbiel degresQll ar
nol e

sieves conpris cul ar frarmework of corner-sharj j bohd) &¥8hg and
[ PO2] t et r ahedraitfinsfets malhiestmvingst legst ?’Pd}?é?\'ﬁaﬁi{g‘f% Hgﬁ;@?{%ﬁ/eoiﬁ &

converting various oxy.gen: [ ShicBmpbadesd s. The [P02] tetrahedral
units wi4thin th\éﬂtgf‘é’ r%cgﬁ?rt}@?ﬁbrcg}bof ctrr?g mol ecul ar_si eve of thhs

i nvention can be progiatesh &y magufaaruret by rACtingni®: ixtyre gf sever
he components used in the reaction process is a template,

components. One of t
dto

although more than one template can be used. Templates are typically referre

as structure directing agents, and typically contain nitrogen, phosphorus, oxygen,

25 carbon, hydrogen or some combination thereof. They are used to form channels

or tunnel like structures (also called microporous structure) within the SAPO

composition. For the SAPO materials to be useful as catalyst compositions,

however, the template must be removed to open up the channels or tunnel-like -

stractures. This allows feedstocks to flow into the channels and contact catalytic

30 - gites located within the channels, as long as the feedstock components are not too

large to enter the microporous structure. Thus, the SAPO material is actually &

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



. Exanpl es of these phosphorus-containi ng conpositions include phosphoric
-.acid, 15 organic phosphates such as triethyl phosphate, and 1U(PEC 00
al um nophosphat es. The phosphorous-cont ai ni ng conpositions are m xed W tﬂn :
_ reacti vgﬁéhé/z&% and al um num cont ai ni ng conposi ti ons undBETREV/HAM opri at e
condi ti ormthe nolecular sieve. The [AlQz] tetrahedral units wthin
the framework structure can be 20 provided by a variety of conpositions.
Exanpl es of these al um num cont ai ni ng 5c'orrposi tions include alum num
al koxi des such as al um num i sopr opoxi de, al um numvﬁgosp&%;igé;ﬁ?e | um num
hydr oxi de, sodi um al_umi: a1 dprpaatts olhinhhare fame cap ont ai ni ng
conposi ti cﬁ?éa?)ﬁtrl%%ﬁsx\gghgmﬂteﬁr%reacti ve sili COE and nﬁ)e%ﬁsg&%é]ﬁ"xﬁﬂmﬁi ni ng
conposi t i opsh ¢aGEfst kit capdrengiavapet ofnione oh HIRMIOFRTT ne nol i%gu'l ar
sieve. The [SIi Q2) tetrahedral units W.thi nﬁpﬁh?s JRBEWOIokg @k thecinitiae can be
‘provi ded b§ARO/eampasiicet 8¢ H§8§f‘f’§th(5?%\,\1.s b&%‘ esIS of these silicon-containing
conposi tions Jnclu i Ld SPkSendMcomt toui larpedd kes@PBes such as tetra et hyl
orthosili cafoéil.u.Ct dr%ecegensoﬁ({:é gﬁ?corrglt ai ni ng. co .o]sj ti o§‘§ed’;\ﬁ.§mr{},ggm th reactive
'30 akuni num and Iphaaiohartba-anos thei tAMRL %B‘Pr%g‘é BrEReY Uinder t_hedapg]aopri ate
conditions to formthe nol.ecul ar sieye. is sehsitivbtEmCishiie3 BAGNOBE #4846 _7_
PCT/ US00/ i cBmpasitioBstETean8A8E can&gllss% be used in this invention. These
conmpounds are gﬁQ@{]ﬁldlc)éteW’lﬁM@hiﬁ& MeARSiie procamstsaFh theh heatingdg e

silicoal umsﬁgﬁoahosp ates. The netal _can be al ] irRREuttFeuUp | A),
al kal i ne eagbituretrihin thepogaswill Fesultap regoyery @%‘% Rﬁgfggispd(;% tg‘up | | ‘lgﬁ B,

i ncl udi ng the | anthanoi d el . I:,adgmg@md,&o@mvmmt pir e &AAPRY um -
neodym um samr%ﬁt?’éﬁ?%gﬁegﬁ&g§%ﬂ inium terbium d}ﬁyl 25k 'gApOO! M um

er bi t hul i Wilich¥hd Rmiplateisaethobed bas mﬁ'ﬁ&hangl?eﬁﬂﬁﬂ i{? ytlt‘rl um and t he

addi tional transition cation G o - VhiBes Wk Id8s oftlid Bidind | B.
Pref er abl y, mabegialePrenss W@o%g@éﬁ%hﬁ@g 1¥§1m , Mh) Co, Ni, Ga, Fe, 10

Ti, Zr, Ce, %guﬁﬁggesm}g%%%r@ﬁwammmmms st PHRYY%t r ahedr al

framework tf J tetrahedral unit. e . tb@&lr ahedral unit
carries a nektigkeofthoot dlogie theehemital g ﬁ"“PrP-éEQ‘\‘/ea$‘§?§éﬂastate of the netal

substituent. \Wen_the.net al. thdl@mia sierbeolbissteandiopfcONPrise 43 - 14,
+5, or +6, the ne?h"e’f“é%qah“&mgﬁiﬁgﬁﬁg

e I's between -2 and . rAagi on of
the netal cqReNEHenkidnal mitiopbas Icwsmé@mwoslh@&’%‘&fﬁioxgsﬂigc[%ﬁe?@lﬁcorrponent
duri ;% synthesis of the ml eLQ}J]J_LIFar Si vemﬁg‘F\@\#‘ -,cugg@tdesiyaﬁlb&b@stedn

exchange can[P£)-3 tettsbedrabepitss i SI5VE° €79 FEoal U 1 nophoSphat e | ecul ar si eves

i ncl ude SAPO-5 PQO- 8, Lihen e Rnifate SRDa] Nas ISxp@r At YIAPSYSD,
SAPO- 31, SAp@l%Q% R g e e SARO e SABLY YA DiffRO- 42,
SAPO- 44, 20 SAPO- %ifoerSfid@ciid)Higreunsea2a Pe ORI ARG Torns  her eof , and

m xtures thereof. Pr rr r BonySATe gtéu s&%ﬁ’@ei@m@h@@&?‘ and
SAPO- 47, par KCQG%P?;{“%@@?‘§{3§6€%% SPIS i nc%?u i}'ﬂogwt he netal contai ning
forms bﬂf;er eof, ., ARofA0b0nEStot 3300 ent’. ofAbe TR eppctieme 0 VEHTE term mixture is
synon% us alytic activity
silico
upon appropriate template removal have Broensted a

aluminophosphate molecular sieves which exhibit desirable cat
cid OH groups having one or

-1
more bands in the IR with wave numbers ranging from about 3630 cm™ to abox.n
ke Al-OH, P-OH and/or Si-OH being

)

3580 cm), with non-Broensted OH groups li ;
1 4000 cm™ to about 3630 cm . The non-

largely located in the range of abou |
- o external surface of the

Broensted OH groups are also typically located on the

molecular sieve or at regions within the sieve which exhibit internal defect

APO molecular sieve exhibits one or more peaks in the infr:
eak area in

ared
Preferably, the S

range of 3630 cm” 10 3580 cm! and have a combined p

region in the .
i e infrared region

30 that region of at least 10% of the total peak area of all peaks in th

. -1
in the range between 4000 cm 103400 cm™.



Wi th conbination and is considered a conposition of matter havin éb\g %
- nore 25 conponents in varying proportions, regardless of their p%&f PERIIN
state. The 'siiicoal um nophosphate nol ecul ar sieves are synthesized, by

~ hydrot hw(ggé g&hystal lization methods general ly known in thBCHPEOVISERE £ or
exanple, U. é Pat. Nos. 4, 440,871; 4,861, 743; 5,096, 654; and 5,126, 308, the
nmet hods of maki ng of which are expresslg_i ncor porated herein by reference.
A'30 reaction mxture is formed by m xing together reactive silicon,

al um num and phosphorus conponents, along with at |egst .oneg .
General |y the m XiHo3linfinsstalsphatameblbpdareeves 2E g?ra%ﬁfy mgﬁgiﬁ%ﬁ’éﬁous

pressure, to a tenperature of  at 0.0 E 3 Rbi484These ring
PCT/ US00/ 15454r098r_omse@@@nai@bwn$)Pe?‘ir"ét}?f“?’rg%%’??od’ﬁ%oc, until a

crystalline product is fo iz Rading froncahmit 3l $-13angFERIMEL can
t ake anymhelsg'“ﬁ“%c&?iaﬁ%&g&%&{fﬁ% as. aﬂrr)éljc%

h as 2.weeksVrI eipﬁgas- ases,
S]Ei rLi ng O(rj P?@ﬁ%@%é%hnﬁﬁp@tﬁﬁ%bmf@éllﬂélevﬁﬁ M"“F%Emfa elaln ;&) n((1)rmat idon
of the product. , 5 Typically, the nolec ' UG §o 940l dng 0r e
i n solsuti on.rahging &irem amltﬁéc@\/se?’&f“f’?’&ﬁ“é?ﬁe?%gm yﬁgand%&gﬁgﬁgg?, such as
by centrifugation or fi ' Rapsfofiueculnaniexesaies Y ecover ed
by the sane ﬁ?regﬁﬁg%kéréggeigrea@?esul t of the crystallization process,
the recoveregpgd eve contains 10 within its pores at |east a port%on‘ of the
tenplate used Tn naking the initial,! I 3t SleVéLcomprseca yoieghlar ne
structure essenti é?gsne\i\#laﬁi C%T‘HHW(QPP%%%?%CW%F%?Q and the itjtgr}g aﬁ. must be
removed to og’t ai n oﬁgbg%#é&s}ﬁﬁh'g‘[f,i@é], [@10g], nhé [R@ripeErhedral Witodl, t he
crystalline Pl 8 at remarns has what is ty&é’ Q,A#gs fb bhginan
i ntragpyst al kygeeofiiameeveyrk ieeffonive in FRRVETINE Y UL T ; The reaction
m xture can contain one or nore tenplates. Tenplates are structure
directing ag@ﬁ@@!mand typically contain nitrogen, phos horusf oxygen,
carbon, hydrogen theqmmamdr@mﬁheviédn,thaﬁam@a’ﬁﬂéf CREPR at | east
one al kyl or aryl group, with 1 to 8 c rbg&dmﬂgvaﬁe@%ﬁcdmpdshbnal kyl or
aryl group. NMhedeoslassieye @fitBisanveRbPrs cf"éﬁﬁlp es cah produce mi xtur.es .qf
di fferent sieves qr [T Tclo} i bynteRm g caposihansdnende PEATANINE 8F8: nor e

. g% e these I;? . .

strongly directd Y %an arot her . _Represer&,gtl ve tle@{uﬁslﬁﬁ hidek UtiRe
tetraefdlyl angmpahidphesates susicasopeHY PR te, 209 AGRERIR/ OBV el ohexane,
pi peridine, triethylamne,. cyclo &ytg(g\giapgmi*gdwﬁhhydctihyd'ﬂb:oynanﬁyl am ne,
mor phol i ne, dphﬁsﬁb‘}fpﬁﬁﬁ"ﬂ’é‘%}g(?ﬂgié, pyridine, i sop[op‘}:/(g‘?z‘idﬁ.ne {ani‘grmthe
conbi nati ons_{lereat. oRelifg teapostipiaider theapproriiay PARfTHETS ©°
cycl ohexyl am ne, piperidine, pyridine, isopropylamne, tetraethyl anmonium
salts, and nmi xiolemdarisieveeof . The tetraet hyl ammoni um salts incl ude
tetraet hyl ammoni u:ﬁ h;ﬁjﬁ@)&i geaHeARA s MmﬁthemmrﬁwggBﬁat e,
tetraet hyl ammoniu hFI Gior t (}e, tetraethyl ammlgi uré%@r é)er’rllqgﬁn@,g_g&w,@ﬁg hyl
anmoni yg chl orjrgéided & aefidty lof apmpasitipnsa JefapRes FerT'ed tetraet hyl

amonium salts are tetrae | , anmni QichdR aifinued isaptdpokidgnmroni um

phosphat e. EODWOtlEDE"‘EE‘J%é Wﬁ */j%’%gfsm US00115454 g . Conventional |y

tenplate is reéivggﬁqni m;,qggﬁhes, ARIngiaumetydsoxide, sodiven pBIMIBHCa 2 at t r eat ment
pl €, tenpl ate can be cal ci neghio% afiﬁﬁ%d@ith)‘eacﬁve

process. For e ) .
conbust ed, - i n §dagdgboehmitec Toe aimiBpRIRBIREACAIRTG gas,” by contacting the

t enpl at e-contai ning sj eve jn the Sftidiainduyterpproprita congitipls and
5 heating at t@]’rﬁ@’r*’d{d& pl?%?ﬁc%%éﬁfgg&?g%c 1I n this invention, however,

the ma r of {c{eﬁgﬂ‘h@?n{o@uﬁpmbate has an inmpact upon the catalytic

per f or nince of ecul ar sieve. Nbregver I,PE BghtdtBreisadtbecan have a
prof ound effect on ﬁhe[&%btﬁﬂﬂb@fa]c‘?’atsﬁ”ggg,th%égc eg\roggteri zed by DR IR

spectroscopy. Upon Qrﬁgkaﬁeﬁgg@n&%s;mﬁ. troRiplésof thesk(siheaneeoniRInng

obt ai ned whi chPFaad alyst life, particular|yi onverting
oxygenate to Olcﬁm Bstidhelinthge gice solaland siligaumn alkepides uUFh, a3 #‘Féml%l egi on .
characteristic Tor Br oensted acid sites. Accoritq&ﬁlgmgqni&ggv}m,v@a&ﬁ@n, a
t enpl at e- cont aigiheglisatei. JbaslisPRrEpRGEPIL FYTPOS ]

30 aluminum and phosphorus-containing compositions under the appropriate

conditions to form the molecular sieve.



. molecular sieve is heated in the presence of an oxygen depl eted environnent
- 15 under conditions effective to substantially extend the cat al y\xq: édo@ﬁﬂ of
the sieve. ‘Under these conditions, the integrated catalyst life w [I]
. great eerPtbg}:)4§4gat obt ai ned when heating is performed at nEoTEs0pgss4 depl et ed
| evel s.” The oxygen depl eted environnent is one that has a substantially | ow
oxygen partial pressure. Preferably, the oxygen partial pressure of the
oxygen depl eted gas environnent 20 w 117 be i ess than about 1.0 psia (b.87
kPa), nmore preferably |ess than about 0.2 psia (1.37 kPa) (corresponding to
appr oxi mat el y 6'§ub@9§u%#§m9§ BRdIsh-bé u¥ed % iy geentiorsPeese Fompgundst
at nospheri c pressure). e oxygen depl eted en,\/i_ronﬁrent can ges Rﬁt@é’i ded by
appl yi ng a aragsmuraidpkicown enMerd® SQmetmeial-apmtpiRgg ICPHRMBVPRGRAS ¢ i al
.pressure. The oxygen dep| eted environnen bkadroup filling
'25 a react o’fhes?lstagﬁ#‘v\ﬁ’ﬁ kgl gt lﬂ’ésp@f)gﬂhg‘gigamﬁagiln%;kagﬁ ddi?tlgtﬂ\élr:\%e(suchp as
ni trogen, | i I il tHel lagthgasid eementy lanthiadbfat i on
e ks PHEBRr G RTRm, i

thereof. r le"if any conbustion of the E%Q%rgi terial in
*an oxygen d&piwﬁ,qﬂamn@mmmmbdmm@!m,cﬁam?émlﬂa@vé’%‘“%‘x%‘%":\‘.’“ ther than

conmbustion, which theqretically f C LAX L BtiumBdrdrscariitm possi bl y
vari ous conf¥HFasipmsho Fﬂ‘ém?ﬁr.“'{"é’r%glpg?% &{%}Ig,rﬁn?hgée\ﬁeral . bre part and

| eave the mMGFERYEANeHdTURIGT BansitidrheatiBAPOL faoeps BV, YHeVEm and nore
vol atile tenplaté conponents will |eave much nore readily than | arger
conmponent s. VBEEqaséIBonme tenpl ate conponents 1 0 D E C Z003 . WD 00/ 74846

PCT/ US00/ 15454 é,lo% yﬁﬁé‘ﬂe@eb&s&ﬂ?a@n&‘sr KRR 29 Th, MS,Mﬁ,L@CENi,eG%rfﬁafter t he
conpl ete heat tr af ‘process 1 n an oxygen depl et ed en'\fl ér%gment, it is

pref ey ed t ariSERiRS Snt &ed Gredfhdse etmskcapARANsested iNIhHE t tion. In such

mbodi t, it i ticul desirabl. lcagies
Sieve in an TieyeuerabiomED 8 Menis) FRREEN B of g D70s] (FaRlfE TR cReie S

treating ting, . nfefer dhlye dependidoafithé belehed abtefufabe metshsubsituentae. The

total heat treating tine rregns the total tine.chat,t ieve is
heat treat edwhen aire mxtpheompashbhesi waience %ﬁpéigg%%’ 'B‘gﬁgg{’rg%g%\rﬁe?onnent :

The total conbined heating ting, i ehARritidies e metdDcomponens isand 24
hours. 10 T e‘ﬁPEFE?‘?EéF?Eg‘H%éera %Jlrﬁie_p{'gfr?geﬂ%‘a(lgr tenplate renp in an oxygen

v
depl ejed env{ybgﬁn?a&cdxﬁplmw\@@dingG&Gnmhcmm}enﬁdﬂ@nﬁ)ﬁﬂﬁb‘?s kﬂq{}hebet ween S00C
and 750C. Thé nol ecul ar sieve is heated until the ég@%g&gﬁ&@uffi ciently
removed, pr emelesylay sisuewBloweRery PR WEERY ' Iy HOGT &S cination to renove

any remaining tenplala. iR AEmARSHOs R Aofeutlr sipvesinchide SAPEI onal
processes. These processes generally involve heat .t 1 RARTL -

envi r onment SMO-BQ&ABDHBI,(SWGaSXBOphT,tS‘AéTgﬂ%e§é§§j§5g1[§°§ﬂr@eg?’e§%ﬁan I
psia, preferahl € I ).00S SAPELRE 1 COMP D12 SABOHt, di | ut e

t he oxygen. gaﬁﬁ?@éﬁ’?&%@é@h%‘rﬁ%ﬁﬁ,s\@?iu?n xenon, argon, flue_gas, or
any copbi nat isap@agr 88PO-56) the peed eonteitirgfoous teareof, and PRHHEH gierees-
performed in non-oxygen 20 depl et i T, oy olgt ed air can be
partially di fﬂﬁﬁféﬁeéﬂmwﬁywd%&@gﬂ'a%‘é’gp'#t%?')r&bglﬁsgrp fl ue gas being
preferred. The bre SAPOES3 4, ¥Jedihg the mbetal cattaioing fermpet ween 200C

and 800C, morté pr e%rg{%%ﬁ?t-get ween 500C and 7SOC. Cal ci nat.i on iﬁmgggti nued
until any reRrpérebfant eipluadsaherso uhs issiddherein, hederReEXHI SYREY Y bt ween 5

m nutes and 25 24 hours. . the .end,of i.atd 1t RHatiap twe ocaiosd yst i s
preferably beviahcpmBingtiop a@ @fc@Pé‘gFVdﬁeﬁoﬁ%hgﬁv&%a nost p?eferabl y bel ow

0.1 WheIn a qn SARMH brtiocRX regardjeas of gleinpphysicalrtatean be adj ust ed
accor d?sng to ﬁnggog{ﬁéﬁnrt‘ of teﬁr%Pate in the mcr ogor ous tﬁ%ﬁ%gtbgr e. In
general, the less Thepilliaogunowpbgsphgte melesplar SE¥FLAS SEPPRTUrE, the greater
the oxygen palgygcllr%{hennal crystallization methods generally known in the art. See, for

example, U.S. Pat. Nos. 4,440,871; 4,861,743; 5,096,684, and 5,126,308, the
methods of making of which are expressly incorporated herein by reference. A

30 reaction mixture is formed by mixing together reactive silicon, aluminum and

horus comporents, along with at least one template. Generally the mixture

phosp
is sealed and heated, preferably under autogenous pressure, to a temperature of at



30 pressure can be during heating. In a nost preferred form a gas and a

" 'SAPO nol ecul ar sieve are flowed into a contact system and contacted with
one another in a countercurrent direction. The gas coning intol 0B&CSY8t em
- preferabB¥9 08G#f4dins ~ o o E ¢ 2003 ' ~' VO 00/ 74846 PCT/ USST/UuN85411
oxygen at a partial pressure of greater than 1 psia, preferably greater
than 2 psia. As the gas noves in count erccurrent contact with the nol ecul ar
sieve, the oxygen in the gas will conbust tenplate remaining in the

m croporous structure. This neans that as the gas noves through the contact
system it yédst 106°C) preferaplyefrens B)0a2504C; estillatcrpstaliine prashstistPBAehr ocess. | f

the systemis appropriately sized,, K the s com.ng intq_co i
mol ecul ar siFevmaten ef thagrysialling product %@%Whep%ﬁoxgﬁﬁ%nﬁggé?ﬁté > The
count er ourt it Nt A6k PAGERS daSeDLGHAEWhkATANIIE Lataiiembleriel bilE SAPO

mol ecul ar si&VE P 1'R-an oxygen depleted environnment for 10-75% of the
total heat tpgHtdtithetforeation dfvkepootumtt system preferably 15-60% of the

total 10 heat treating time ipn the contact syst.e | n, ang rred :-

enbodiSment, the gﬁﬁ"%ﬁb’pf“i‘%@l‘oﬂﬁu %é‘eﬁﬁpﬁdﬂgtﬁhb%ﬁpgg%%g‘ %Ogﬁggrq'%ggrgxygep in

an amunt t%%%xﬁhgvéafﬁoﬁ%tﬁt%}ﬁ%g 5@AMrE Gfbahd) sActSdsydanttifogadussi on reat i on
[ a

of tenplate. S neans t quantity should be cal cul ated based on
theoretical flemafibet The prdsust canalsd be wapieds rcoveredbythesapsMeAns:@fe and 15
wat er as the_pmain conbustion products. In the countercurrent contact
process, it ‘il%edpref erred to recycle the gas exiting the contact system so

that it can be reusededst & (helcHstz % prédeks) thorc@ased sibet ttaainecycl e or
make-up, is preferably 1 nput into the countercurrent contact.system such

that 1he gaswithireits payes Mdeasntpartion gEthe ferariate 2ised INgRYRA the nitias |
subst oi chi,onetrj.c_ amunt j {d theitémplatd, ensure
S SRR TR %&gggin%tsﬁu%@éé%m%, Rl dr6iind tHoliSmita

t hat nol ecul HA° contact syste contact gas that is

sufficientl Yaﬂdm&ngﬁpé giusrbe rEhmved so ebthinicatplytiveactiviint Oneeithedamplabht act
systemis likely to

k e high in partially deconposed.tenpl .
deconposed t isgsmeved.ihe F%@“ﬁ?%%‘@’r?f“’&éh%r%’?ggﬁl‘%’%fs tg'ﬁ'éﬁﬂgg?ﬂ-{h‘reaenat ment in
t he oxygen d ?fs@a i iBRYoBfdus Gtrudtire). s preferred to burn off or
conmbust the g’)&!‘a{% gaslﬁﬁ‘érl*)%@rb??aﬁre(é@;%. Assinlli cl;)dgll um nophogphat e nol ecul ar
S
‘e

si evelbn whi ch t hélhearpitimnenixisre [sar AONtaiHrane OF MPTE tmpk afes &he or

more peaks in the infrared region.in : bs. b 580 ciri
1. Preferabl yUFHE ﬁb‘?‘:g&ﬁlaﬁ?%g’i etngéslpygcdémgﬁr?ﬁgitnggﬁ,gg%ﬁﬁgﬂéﬁ 3 Qviang t he 3630
cm 1 to 3580 affdn, Bydrap@eood cahbinensd thiff,ahd e alsotabtaiperfeast eee dkylal |
peaks in the infrared region in the range between 4000 crpi to 3400
crri'. 0 DCE30'129083,WﬁDbFWﬁSﬂr@OP‘Eﬁ?‘%BGi%A%ﬁ’e-aﬁ?’ %%Igéoéutﬂ' ar sieve or

a catalyst Cqitahilk BPch06r RIS feiite St fodceimigttiestifidifferennsitvésass or

mai ntai n a nmaxi mum [eve aci d catalyst sites when the tenpl ate has been
properdoy r enmpredomiviantly enmsieee whermaing tomplateyis mose steanghsdiseABBAR when a
t enpl at e- cont ai gibeng si |l i coal ununophosphate nol ecul ar sieve is heated in an
5 oxygen depl®0&fTenvironnent under conditions effective to provide an

integrated Representative templates include tetraethyl ammonium salts,

cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine

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

30 tetraethyl ammonium chloride, tetraethyl ammonium acetate. Preferred tetraethyl

ammonium salts are tetraethyl ammonium hydroxide and tetraethyl ammonium

phosphate.



catalyst life that is greater than that obtained in a non-oxygen depleted

- enviTonnent. Ihtegrated catalyst life is defined herein as the E!cq[?@rﬁ 2@1 ght
of net hanol converted per weight of silicoal um nophosphate nol ecul ar” si'eve

- at the \paQoMigs@ 10 run. If a catalyst containing a silicPaTsNBpidsphat e
‘nol ecul ar sieve is evaluated, only the weight of silicoal um nophosphate
nol ecul ar sieve in the catalyst is used in the calculation of the
integrated catalyst life. The end of the run is the point in tinme when
met hanol conversion is less than 10 wt% The conditions of the. {bm shoul d

be kept rel ati vebyyeéngidahrptemplate i$ tanguedfowaghomolesulabeys BV Pht egr at ed
catalyst life, each run should be nade usin Eifled,| o esSintialy er SS,
fixed bed abetgatragnt PSOTESS-ahieF WPW@E%&W%%‘%&%%?Qgg 1 ﬁq f;e?d at ‘a reactor
.pressure of 2 S| | . 8 PedritdiAingas Sswontasfing epsi g) .

Al t hough ifomgu%%%g'?g}ee&fe%ern%%%gaﬁi n eern or any other cat aI%%t onponent to
adversel y Qgﬁlgl%tcotnt@nihgtsmeénmpraﬁmbygftheiwgéﬂ'ct’?fé‘“w& fP&r si eve

itself, the effects should be SLb[%I;l thgb 2@ the inpact is mniml, and that
"the isnt egr Atathgoattiemperatyrey Bows2 he 108091 §st still be within the preferred

paraneters. The . nt.egrat | ESofGamevingttbeteaslate WeSkA * C~
*(t~-t c~->>)/ 60 M Fg" n’zﬁé\/\\g'%\)géfi?hﬁ(})r&?f]ym%?ace \?gl 0| \ééobas d on SAPO 25
nol ecul ar q}n%ga mﬂttg@t;a@fyﬁuperfommopgfﬂ@ jotesular ieve ) Moge ver, e | ei ght

fraction of nethanol conversion at ti on diaci@fled jas= time on
streami i mrntmf%'sse@&@ﬂt}@vesaﬂ?{%)".‘& c’l"ﬁ%l%?% A the cal cul ation of

integrated gata if BNt UBEh pfopeheenicetioffthel temmplateea 1/ 2"
react or oveﬁ‘afq#%&%%lgbl%%sbgﬁrli de bygt hg ptei E of . 1 ]0 iP E C 2003 WO
. Q0174846 | PgTieHsDR/obbedhed whmhﬂmsgimuqbdangﬁﬁ%%fg %‘h&f’%‘cwgcul ar sieve
conponent of the_ catal yst in e rea 1 igeARdduRithO b eegidrat e

mol ecul ar sFEVEEESTIREREEL? Ot & %’h‘ftz]%%%te%%qfﬁ?i(anded to nean only the

silicoal um R“%Q&é@ aler Mbaktddadcidsdirye portion that is contained within the
catal yst. This excludes catalyst conponents SUChiﬁssiPQ&hﬁrﬁno hosphate
si | i coal um nophosiaicardingitn bednventiena/ ETPIHEHGBRPRINE P TEnt s, Pherts, rare

earth conponents, etg, . Ledehdd SOHmAS:Bges deplbtgd envirdranetit| | be at
Least 4 graf¥® qu%%gﬁg g%gél\?ﬁeﬁ%gg&aer gram)g@et he]érfi g%ecgﬂhggjeggphosphate
mol eqy ar s hader coviditioans eiffective/iorsubsiantiadly extenddhe 8 EEIHG 3 react or

equi pped with an on-1ling.gas chroma : éz06tuhdn thanl ysis. At
“various ti mddndss thase é%‘ﬁ“gﬁs’f}?ﬁ ‘nge%?cgéﬁglsg(lv%gmg?gﬁ from.t hg}xgr oduct
stream and acgh‘?aiﬂgtﬂhvl’xéﬁﬂeaﬁng'ﬁb9eﬁbhﬁsmlmmowgﬂ0ém§?@]wse&he &eves may
ended) w

o o ity o g 10 B SR i s 0o,

catalyst, w lgrréférgl?ly?ﬁiteaolv%ﬁén FAHRY jredshee sftfie SAVKRnrdvpieted gas esvigorment

20 will be less than about 1.0 psia (6.87 kPa), more preferably less than about 0.2
psia (1.37 kPa) (corresponding to approximately 6.8 mol% oxygen and 1.4 mol%
oxygen, respectively, at atmospheric pressure). The oxygen depleted environment
can be provided by applying a vacuum sufficient to substantially lower the oxygen
partial pressure. The oxygen depleted environment can also be provided by filling

25 a reactor system with oxygen depleted gas using a diluent such as nitrogen,

helium, hydrogen, xenon, argon, flue gas, or any combination thereof.

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

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

much more readily than larger components. Because some template components



15 Materials which can be blended wth the nol ecul ar sieve can be various
inert or catalytically active materials, or various binder materials. These
material s i'ncl ude conpositions such as kaolin and other clays, 19dtild¥ -

. forms of rare earth nmetals, other non-zeolite catal yst cos@gpgmliE4sszeolite
cat al ysWO¥9d8#fents, alumina or alumina sol, titania, zirconia, quartz,
silica or silica or silica sol, and 20 m xtures thereof. These conponents
are also effective in reducing overal t1@atal yst cost, acting as a thermal
sink to assist in heat shielding the catal yst during regeneration,

densi fying the catalyst and i [ ¥ &iths tomplgtebeattreatnmiEngnded wit h
non-sil i codﬁ‘wer%*ﬁﬂ6%%??a?ggor#8%%sﬁﬁ@§lf&g?’ges%éﬁm erial s? he &gglu?nt of

mol ecul ar Sdrec‘!é'ss“iﬁ'hﬁ@x%l ercdvplendcheyitonmtent ifis peaferged W) SV;FC 8t ranges
from 10 250 90 wei gh Percen_t of the total %%td%%ﬁtit'sgﬁﬁﬁ&ﬂ%y 30 to 70
wei ght per cieedtedSAPEEo ofing! celsingfipn In ucdian et o s phat e cat al yst

whi ch conpri ses, { he .no] gcy ' e @l eflldypletddenviatmepist or )
i nert conpoﬁl@map{‘?rf%heﬁ}%ﬁlooﬁog%ﬁﬁ;?ite theane%%t sg?re i.nf r%iﬁd spectrum as -.
the sili coajynigIoshasrheiot) Nedtacatiag tisiecpreiasgblyd Sa0se pf et PFY because

the binder and other catal yst conponents 116k ficCinoRdulahe
infrared antegdngtioe. (e pfalheehEg t%tgpﬁﬂ%.gxsé\ﬁ}gxgﬁa§ t here shoul d be sone

distortion in the fini | esitdepfetddnmdianfonasygen Heplaeder i zati on of the
1 ~~DEC 2’(9?53"1h%iwﬁg{kggﬁ%géﬁéﬁ\?eﬁdpe to the presence of ,bi ﬁ&resand
ot her cat al wgireamemerThectotzbeotabingd heawgh§Pr ”ﬁg)'let?ﬁ R ng the acid
catal yst sites of the nol ecul ar sieve conposition described herein wll
provi de a f janf QAL al yst conposition that has the catalytic benefits
asso ioat ed with thge g—%&t&hp@ﬂaﬁiteﬂﬁgsﬁbrftemﬁlaltmIM\@l INATe86R, a feed
contadining an oxygenate is contacted in a rsgﬁi on Z?%eraﬁi BethvRagt or
appar at us widdpl@edrenvicariment isi tetweened 0 G and 400§ JEYELTESH it Tons effective
to produce light olefins, i.e. . an effecti te By fREHciestly VHSV
(wei ght hour5&scand/B0GE: %ﬂ%ﬂ%&?"‘%&ﬁ%ﬁ%b%@? ‘g{nmgl?%g{pﬁe amount of
di luent, correl a %dgﬁe?ﬁ%lg@%ehis%inuﬁés%iiQShobJsuaI ly, the oxygenate feed
1 e

i s contacted M at al yst When t he oxygenat e‘zﬁf -&Tr?edva%&?rrdi ase.

Alternately, the |Qaisstorrmyerhoye anyremaingenplatg cf or a m xe
vapor/liquid phase. .' Wjen the p ' Ehd fivbivierheat fréaqingdnphase or a
ni xed1%apor /19 §RE"B g%é’,m‘iffslﬁ?'e?g%%%g%éneésee%% orfgﬂi}énd sel ec&im\r/tt i.es of
feed-to-pr Od%ﬁ{’ir%eﬂﬁﬁbﬂ dontirpeng geatipmatial pecsseref gERLAAET LRYH on
conditions. 15 O efins can generally.be pro jatkEthe erf)f

t enper at ur es prefarabby gr@étqf‘&*@ngr}@aatygflb‘“is eéggﬁﬁrgggérdaﬁgdgucan ?g?gf,r om about
200C to 700C_ At the gl\ggrnig nOhellUd§, e gir flee gasn ge any hembmehari on of
the desired 6‘?’%"1"?% products y beconme markedly sl.ow. At BH% r end of
t he tenper at yhereofinbes ptdfmrqdmd@ﬁbnmw%ﬂatmr‘%%o’aﬁf‘ilﬁﬂm ér)r‘gg%? of
product. An operating nper at ur e e&s;;argg ihAedlugipg aooy 500C i s
pr ef erdled. W‘F%Whﬁ’ﬁé‘f’ﬁ%y%ef“ %%‘é’?%ir%{:‘é%ls, it rrg;(/abe desirable to carry
out , the procegsyfin éégewﬂh%ﬁ&'&nionﬂeagimimg/pn@wedf t he nol ecul ar si eve
catalysts in a Jynam"c bed system or any s%s emtof i?b?@éeﬁtﬂm% ahd ansport
beds rather than i The piéfemet lsaperae sMSCFRECACTHWLP °Feature of the r]eact or
systemutilized is the abjl |t 25 ° 1t chlciabriow acontieheduntiles .
The conver si oﬂo@i?c,éﬁ‘?fﬁé’i’i%fjtc@bly%gﬁt%?e& ucee{%?gﬁ}%@bﬁefi ns may be carried out in
a variety of catal ylic &@a@fa&rﬁ suffidfehilglrexgovedyprefioebly beivwess SBinutes A ped
reactors and (Prene riser reactors as described in "rFéS,eD{&L,I feactor,”
Fl ul di 38t on BagioaeerAnge ebi ofcatiinationdcabon ey eHaFEf PreRRRI: P R eger

Publ i shing Co. NY, 30 1977, incorporated if i ior s.herein by
ref erence. Add’?ff’/i’,dlﬁﬁﬁe{%b,ly E@ﬁ‘ﬂgg’%’%r@ﬂg W%@’g&)b}.ﬁ%é}aﬁgs may be used in

the conversion pr Ocﬁlsaspre%‘:éd ehBbdRRE ged&&rﬁa]@r@ﬁhx’e,%@eaﬁﬁas&qﬂi ser
Reactor", FluidizatToen and Fluid-Particle In seneral. the
according to the amount of template in the microporous structure. in g ,

ccupying the microporous structure, the greater the oxygen partial

less template o

30 pressure can be during heating. In a most preferred form, a gas and a SAPO

molecular sieve are flowed into a contact system and contacted with one anot
ably contains

her

in a countercurrent direction. The gas coming into the system prefer



1 0DEC 2003 W 00/ 74846 PCT/ US00115454 -15 Systens, pages 48-59, F. A

" Zenz and D. F." @ hnmp, Reinhold Publishing Corp., NY |yo~, the Hg$E(i)si ons

of which are expressly incorporated herein by reference. st andard

An
. conmer ciwb 08élde react or system can be used, including fiXeyUS&Y18P movi ng

bed systens. The commercial scale reactor systens can be operated at s
wei ght hourly space velocity {VWHSV) afijfrom1 hr'' to 1000 hr's. In the
case of commercial scale reactors, WHSV is defined as the weight of

hydrocarbon in the feed per hour per i ght. of_ sil..c ] ate
nol ecul ar sbxgen sbnpartial w#ssﬂﬁeoﬁﬂﬁ%{ﬂ/’g& 9??1‘&’ W%’B@X%g%a#pc@%&gﬁ’t%% Il be
oxygenat e apd any. 10,8y ff A Ath0s- i bofadphtimstabilsr deves ombomegtnui th ( he

oxygenat e. i'coal um nophosphat e nol ecul ar sieve content s intended

o nmean onl i thheaswili esmtiustiengrite sphaitio grin tiemicapPEPRYETYENTE It hat i s

-

contained within the catalyst. This excludes conpongr fignder s,
diluents, i meensthatasthe BareYeSIHAYER esqonéa[ciysgeﬁljpg\}pﬁ?‘gﬂﬁ?gg@f ors are

co- cugrent Ll gelo i SRalUmbASHomhiRkkssC anthasystir iPagupiaelgusizaiythd gase- fal |
reac

reactdrs. | A FHE8e preferre tors, an oxygenate feedst o&_ﬁ {PS preferably
contact ed Wb iAW @nticawithimoleculan sdvg sntesing he/pasiagsysiem WHLPe apout 20

hr'', preferably in the range of from about ' d nost
preferably iowygenedaplgiese Bie FOURHT BTNt coz%wﬁpm%%%sﬁgeéﬁ‘ﬁ%}’%mz‘%d Siugmhi ghly
desirabl e t I ARRL SABOTholBoul EPEVEAS H &1 ofygah deglest eA0DEment far TSP at ur e

Corrected Normell zed thane Sensitivity (TCNM5) of |e han 0. 016,
preferably |ofske toked heatbratingtitedn themoptagt %F%@F?/fe{a@bsff'ﬁéﬁ‘? 3{)%33 &6, 01. It
is particularl referred th ction conditions for nmaking olefin

fromikygen eéyggamgi?%e 13‘%75—@%7%@%%%’%& about 20 hr's producing ol efins
and 25 a TCNMB of iyl @6thet preferpddcisibddirfdrt, thagasisgpling tethg ca N s defined
as the Nornmalized Methane Sel ectivit N when t ] Ms@nladl ess

than 400C. TRTECORCOMPrIZRSOXHEN %W#“Hé&h%@%é“ﬁ?%@u@gt {/els{eq?gagfvi ded by the
ethyl ene product ieldwhergimigacThkinilads irst tRapuanty shonldbe cacwateder t ed
to, a weight Y% Dbasrs. en thne tenperature is 30 _400C or %%eaéer t he
TCNVS i s def based ohyheoheictlatdnmplitegombustions lemplatgp Ay caroop oy epidie

tenperature within the.reacgor. in Cucts WO 001 74846 TCNMS -16 NVMS ~ .0 o~C
z003 BTl Usowies asthemaip EaMRBHOPRS 14. 84) The pressure al so may vary

over a wi de rangeyy iHeGbisslbrormen @peRopsceEs ds sipreferredtd syrledhp 8% sures my

be in, but are not necessarily limted to, pressur.es. of {r 0.1 kPa
to about 4 Mexitingithsf eontastisysieas s hakit SpL0g W“? Sty 4@36’@ a%. g‘éﬁ? ﬂgaé’ kPa to

about 2 WPa, ehfly |A6cITDS bnaRE ShCl felerBRAApRahtoghe olmeruebnt kot kPa t o

about 0. 34 Oregol ng pressures are exclusiye of any. oxygen
depl et ed di | gpaiem saclsthahths pas edtering the chusagiy StER COptARSANYEEBP Bhe oxygenat e

conmpounds and/or mxtures thereof wth : t frg;d WiEénsaréithapper
end of20t he f SPRYHIF mﬁFé’s“é’Eﬁ‘E’t?%fncﬁg??et? %@ﬁggsklgﬁg?acggv'egtﬁ IVity. conversion

10 and/ or reggdiQilarBeverieriig tRPédntatibystane will comaa gexthgtrs Fiepy di | uent s
may, be present in the feedstock, for
_ oxygen depleted.

The gas exiting the countercurrent contact system is likely to be high in
partially decomposed template. The decomposed template will be present as a
25 result of the heat treatment in the oxygen depleted environment. Therefore, it is

preferred to bum off or combust the exit gas prior to recycle.

A silicoaluminophosphate molecular sieve in which the template has been
properly removed exhibits one or more peaks in the infrared region in the range of
3630 cm” 10 3580 cm™. Preferably, the molecular sieve has a cornbined peak area

30 in the 3630 cm™ to 3580 cm’ range of at least 10% of the total peak area of all
- -1
peaks in the infrared region in the range between 4000 cm™ t0 3400 cm™.



exanple, in an anmobunt of from1l to 99 nolar percent, based on the total -
- nunber of noles of all feed and diluent conponents fed to the re@E(qgizone
(or catalyst). Typical diluents include, but are not nece%Sﬁ{J%]doésisi“mted to
. hel i umW@pYHH846 15 ni trogen, carbon nonoxi de, carbon di oxi'de, hydrogen,

‘wat er, paraffins, al kanes (especially nethane, ethane, and propane))
al kyl enes, aromatic conpounds, and mxfures thereof. The preferred diluents
are water and nitrogen. Water can be injected in either liquid or vapor

form The process may be carried qut in a. lar GRIE WU @NEIbAT
continuous 20 PIBRIEGHAT SfeNE %rao??éé?tccgﬁt%nelgggﬁéd]w&&ggh{n a single reaction

zone or a number; Qf of @%ﬁ{g&iﬁa RONRSnAlevaNSRstid tatalysi stes ovhenthptamplatel . The
| evel of cOHVErsion of the oxygenat es can he ma&nta.l nedﬁgga_ié%?ug%ghe | evel

of unwant eghsiheeppesheclyTemGoel AVgintenanan 0ArYH cBEIPESNEAP Yitiently

high to avoi d_the need faﬁqu(?:ﬁmrer cihﬁ%}éﬁ%g%ﬁ%‘ﬁ%éw i Bebdircdn recycling of -

25 unr eact ENHEEFON ARG § BR9p

y-products i s seen when

conver si Onoﬁé’e‘é%eh%%ﬁ G ARk ¥ hiicRbonditiOfs eff¢driverto pepdde ReuyedTai®d up to as

much™ as abo % of the feed is comercially acc e. Therefore,
conver si onchtalyel Bfevthitah geeeter thea thattabtaingd ¥ %P%“P}/‘W’h‘g%t‘:%ggo nol % t o about
98 nol % and, desirably, from about 85 nol %to about 98 nol % However, it is
al so accep€RWI¥BENt o achi eve conversion between 98 rnol % and 10? mol % i n
order to sinplifidbhied catalfst RFEiIAHIRE heRiNES Heaos PEBISOS - 17

recycling process. “Oxygenat e _conver si on be. mai nt ai t S | evel
usi ng a nurdoevertdd prewrenghs of silicpalamInQPhosk %?O&C“W&}eﬁgﬁ‘g‘@?"lhwf?n the art.

Exanpl es i ncl Ug‘g% ca&%ﬁ‘gstﬁfgﬁt@%}l@%Qt%ﬁﬁ;%ﬁh{ihé!pﬂdsﬁﬁéte(i&:dl@culmﬁimtib ng one or nore

of ,t¥e f ol ™8 enperature; pressure; flowrrate {i.e.,
WHSV) ;| evelyaRiatkddeglyaRe kight cRsilitoaiomirepbnsphats Baleculdpsifve &t Meat al yst

re-circulation; the specific react confi gurati.an: h&esh sonpasi tion;
and ot her peatalypssiswsediipithecazguiation ‘ﬁrﬁBe ygﬁgg{;ég?ctg{naﬁ)y 2k ér?:,glgaener ation is
required, tih?hgﬁl)igf;{ﬁltﬁﬁe SIEY B1cfitind] ¥sivession idesahan ddeda%d. yThet roduced to a
regenerati on "Z2ohe ere it can be regenerated, suc

¢ 10 as_for anpl e by
renovi ng Cac&miit&mamishermm@b\dﬂé)edﬁepbﬁﬂW%‘EQ‘HW’H"nig%ﬁt?%)?f]’&%o%p%gféont ai ni ng
atnosphere. I n a.preferre mbodi e ¥eddel usi stendard 0/23
regeherati oﬁlgqléﬁg%g}‘t%?tﬁgﬁ%alggt?lwggr cgnlggg}éﬁga?eposiet s"ggé%urrul at gd duri ng
t he conver sggﬂ,&@r@sﬁ,&‘&%beﬂt@c@xmﬁm’@aﬁéadagd@ﬂ"/‘c@ﬁﬁ?ﬁp%‘e@ the 1988 2LR one

organi ¢ conpound which 15 contains at. | east one_ ox A S
al i phati ¢ arecturipsesseneted28 ,PS’Ge(F-EQHWe‘EHWEBEIﬁH‘E P{céf‘}égﬁ’?%g??@'e@ﬁg@m

oot onal 1y o PR R P N e e e cant an.

one conpound cont ai ni g#ea h |Ilg%, rfn? tan,
sul fide, or iﬁt@%ﬂ%d casalysolife oftht elepilaroiee itseHpisEHest s §8OW St °§Pn§h cantly
i npede the performance, of the, catal yst. adaealist s8N b2l
al coR8l , thaheimepasbis T&H‘t‘f“?"n&‘?%ﬁ‘ég’ﬁ "éﬁegb%gcfl&é&?r%ilggéghavi ngyf rom1l to 10

car ’bo : within the preferred parameters.
) The integrated catalyst life is calculated as:
ZWSV*Ci*(h—T(i-I))/6O
where WHSV = weight hourly space velocity, based on SAPO
25 molecular sieve content of the catalyst (units = hr);

C, = the weight fraction of methanol conversion at time on

stream t;; and
t; = time on stream i in minutes (units = min.).

WHSYV is defined in the calculation of integrated catalyst life as the weight
30 of the feed fed 1o the 1/2” reactor over time (per hour) divided by the weight of



atons, nore preferably from1 to 4 carbon atons. Representative al cohols
include but are not necessarily limted to | ower strai ght and gzﬁm:?@g
chain aliphatic alcohols, their unsaturated counterparts and t gen,
hal ogen wodo/s4ké ur anal ogues of such. Exanpl es of suit abl BCHXSY¥ITAe
“conpounds include, but are 25 not limted to: nethanol; ethanol;

n- propanol ; isopropanol; C4-C20 al cohols; nethyl ethyl ether; dinethyl
ether; diethyl ether; di-isopropyl ethdBd; fornal dehyde; dinethyl carbonate;
di mret hyl ketone; acetic acid; and m xtures ' thereof. Preferred oxygenate
conpounds are t hanol . .di lei @, ! fend dagdiefin the0 The net hod
of maki ng t%SHEBQBW%QPhSFéf%tEH&IO E%tmivg c’?ﬁ]ipghiéﬁ\%nti on %gn i ncl ude the
addi ti onal gga@ﬂgr_drhaghtdstgumhmomﬁp@mbtdmmsiﬁwonomy@re@éaf@éﬁétagﬁhﬁ as oil,

coal, tar sand, shal e, bionass_and natural gas. t . i t he WO
00/ 74846 PCEraged o Sean anbobs silicealupppoRiosp %E‘OX?Ec@pagg%\X}%B?ﬁ‘gﬁﬁiéﬂgsrt. These

et hods i nclyde, LOGARN AaRILE 3h6aeldBt cRbpSrconmkeng sograsimen S gas,

then conver tf e synthesis gas to al cohol or ether. Synthesi,s gas can be

produged by shiesempicphesstase sobdtules seves binderso AHPeRss: ingFiSot 2P 1 ef or mi ng

and partial oxidization. S One ski.l]ed. i ' gefate that
t he ol ef i ns COPPERRIEY CHy ']E}Pfd’ré%@gﬁat(e&af%‘f%ﬁttg??tﬁ{%gér?f\l/tlla)l? saﬁllgr%ar“ Zé;gh ion of the

present i“"‘?;‘]'éthzg{&&' R84 PRE ¥ARS bEaH siiRofkidtosphat motsculaasieveul ar | y
pol yet hyl ene and polypropyl efe. Processes for, form ngr ol yol ef.glnésnfrom

ol efi ns” are knowMethandleoarersioBataalbgtmensyyied MeBgATEAF Refl g

Particularly preferred are netal ' s Nae toar imés eicétekamat al ytic
syst ens. See‘?"";’lfrgaéf %ogﬁpé%bgtﬁﬂﬁoﬂége&g@%égij??&éﬁé% 538t; e

3,3641390; S, 892pRRY e WithkEwHTFsm 4hOf616a81re@NGAS 200@21¥2802, 565; and

4, 243, 691, the catal yst and process descripti.ons of .each bei essly
i ncor por at ed her eThe $ilicoadpminopaasphate l@@lﬁgl,llg{ SieY§iduyy %;%cﬁ%xggd ﬁ(\e/ \%

contacting RSPl i@l fhetitidhapanpl nalihiobgosiion ioapistst at a

pressure and™ erature efrective to formthe 1S pol yo| efiq roduct. A
preferred ol affirfeditoragiantlicoahmbiyephasphate (BABD) satelyst, Wandhs €32l¥she preferred
t enper at ure range,of opergiior’i iﬁ bet ween SO and 240C and the reaction can
be carried ofemBEsipHe 872'% 98 ®pr essure. For processes carried out

in sohytion, an iRehird WHEH cadi Hendes edth Behdlbalprsizvecretie BREQUSt i ng
pressure 20 range I's between 10 and 150 bars, with a pr Sf efhﬁe?edmﬁfe rature
range of bet imesorkatilyivdllp 30iive materighisORYRIONS Bryler TwRedials; (1heE BESFER ! ed

that the tenmperafure hih Rhé ofhef 81 @,x&ﬁo@@fomsbﬁﬁﬂ;eaﬂd t hat
t he operatin c?%ggﬁrpgﬁgﬁhg%{‘%e%ﬁ(@land 80 ebarg._ This invention will be

better under shaslg othérmonefeelitncealys cotmponesits, 3aPIHE cz@é&%??bﬁ’%@?‘sm ch are

intended to illustrate specifi.c enbodi men i Bl Y ilied solsamipe of the
i nvention as aYrAMALR 2l Iptitanig, IEana, q%?r%kgga;bi SEESigng e DPA TEACH

tenpl & was HeakEdnkfed Phe/Boifdhemoaed diceffective in tednging averal calyshout
525C at a rate of about 1C per mnute, then o%.ed to ?nbi a0k gondi tions in
a cl osed overcosfaging asccttiermalfink to assist n heat shielding the catalyst durin

! regeneration, densifying the catalyst and increasing catalyst strength. When
blended with non-silicoaluminophosphate molecular sieve materials, the amount
of molecular sieve which is contained in the final catalyst product ranges from 10
25 to 90 weight percent of the total catalyst, preferably 30 to 70 weight percent of the
total catalyst.

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

30 itself. This is because the binder and other catalyst components may have some
effect on the infrared analysis of the finished catalyst. Even if there should be

some distortion in the finished catalyst of the infrared characterization of the



performed in a shallow bed, injecting air at a rate of about 4.2 liter$
- air/mn. WD 00/ 74%$46 -19 EXAMPLE 2 1 0 D E C 2003 PCT/LTS0011, 4%@ AI]
sanpl e of SAPO 34 having a DPAI TEACH tenpl ate was heated from ahbi %12 D
. conditions to a tenperature of about -8B6C at a rate of about 10C per 5
m nute, then cooled to anbient conditions in situ in an IR spectroneter

using a high tenperature diffuse refl.ectanc vacuum at about
0.1 bar (1Unglek\ﬁaaﬁlc‘9éda«?ﬁﬁé‘°§”iﬁ“% %fla{’ﬁ?) eé"‘%&'égrp%‘%ﬁ“lﬁg&?ﬁg a DPA/ TEACH

tenpl ate was he R S GRndi the 808 chtalys segppthatisleubi about 650C
at a rate o?o%og‘tﬁ@g’l%%‘iﬁgér mfﬁlt%%,l P%en cool edytgto anmbi ent conditions in

situ in an Repegostisatdescrived herem willghovidepénished eatdyFCOBRONEP ect ance TR
cell under vacuum at about 6 x 10-4 g)ar 0 15J E)fArhéli’elvgi'gél?'he products of
Exanpl es 1- Bahkasdhesatnlyie Beneibersrriated WBk fegpp s HsING 'a7 1 f use refl ectance
spectLoscopy. ey R iPaRha WEA Sonblalenathuy ottt combaunin fvekdion, 1. The

a

IR, spectra indicate the Broenste acid characteristics of the SAPO
mat eri al  ar go@f ffackadorapparatisivtit ombleeulensiel e datahst aiRFACSHRFAMIEME t enpl at e

20 is renoved. EXAMPLE 5 A sanpl e .of SARO- 34 havinhg_a enpl at e
was heated effedivedo produce light QEBJ‘F‘F%& aﬂ&gt,?ct V&ﬁf’?‘ﬂ%&% 4 gagé{%’r gt?r\léler
nitrogen (50 nd {m ' iof AN iah efGiveamduhediiiuattyr e of about
650C at a rg‘f%lgé&%%gﬁcg%%@g@?ﬁﬁi ﬁjzltge; 'p)ﬁel d for about 1 hour; then cool ed
to 4S0C andcbesked té paanceligntdfinsobverly| te oxyeanbtgrfosd ingentaead Wbt he

reactor at a WHSV of 1.6 hr-1 and, a pressure of,.0. 3 har a). The
reactlér ef f Ithestalys &vhendng Pygerqe ﬁﬁngr’f???rr? a&.“%é‘?%‘?ﬁ’& eé%o%ésesﬁrgﬁgn was
cal cul ated - - Of: 2l JaBbiliduid PRAREUMHeh thelftBcdsessul t 30 is
shown in Fi %’% C%n% O\V\b{n\é\%ﬁl %%E%Qﬁi%édlzag ltfl)l#i CEZDOB PCT/ JS%gif5454 EXAMPLE b

A sanpl e of cSARDBMirhaliquig phaserRAA TENGH aperit it ebasasdiHeEnbe P EBIAPANDI ent
conditions to

f f
m nut e; hel d‘“figfﬂ%%b[%%t[sat %%Gtt%éergaﬁ:gt a?é%%éﬁi%%d%ﬁ)l gﬁtm%‘%ﬁ%%stt i%gﬁspﬂl a

closed . 5 Q¥&ition EhadiBe@cedure was perfornmed in a shall ow bed, injecting
air at arate of about 4.2 liters air/mn. EXAMPLE 7 A sanple pof SAPO 34
havi ntp a DPA/ TEAGPlefianprancgeaciatly bperadaerd 3t Y140 13n86 PLISTPERRAFY i Ohs to a
tenperature bout h50C at a. r O odmpoec. Aeh for about
5 hours; the‘%%ﬁ?ﬁ? %ergglgaﬁ@?’%rﬁt[ur%gaﬁé?%nggr%s |njdg&éngedc}!00ven. The procedure
was per f or megdwiPedi SRS legpebRle ridge bt ifdtenativn obthe desimtielafin mbdusts 4.2 liters

air/mn. 15 EXAMPLE 8
may become markedly slow. At thc upper end of the temperature range, the
process may not form an optimum amount of product. An operating temperature
20 of at Jeast 300°C, and up to 500°C is preferred.

Owing to the nature of the process, it may be desirable to carry out the
process of the present invention by use of the molecular sieve catalysts in a
dynamic bed system or any system of a variety of transport beds rather than ina
fixed bed system. The critical feature of the reactor system utilized is the ability -

25 to operate at high space velocities.

The conversion of oxygenates to produce light olefins may be carried out
in 2 variety of catalytic reactors, including, but not limited to, fluid bed reactors
and concurrent riser reactors as described in “Free Fall Reactor,” Fluidization
Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger Publishing Co. NY,

30 1977, incorporated in its entirety herein by reference. Additionally,

countercurrent free fall reactors may be used in the conversion process. See, for

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



The products of Exanples 6-7 were placed in separate 1/2" di aneter SS
reactors at 450C. Met hanol conversion was perfornmed as in Exan'?l e‘gft ('Jlipe
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desirably, from about 85 mol% to about 98 mol%. However, it is also acceptable

30 | to achieve conversion between 98 mol% and 100 mol% in order to simplify the
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continuously introduced to a regeneration zone where it can be regenerated, such
10 as for example by removing carbonaceous materials or by oxidation in an oxygen-
containing atmosphere. Ina preferred embodiment, the catalyst is subject to a
regeneration step by burning off carbonaceous deposits accumulated during the
conversion reactions.
The oxygenate feedstock comprises at Jeast one organic compound which
15 contains at least one oxygen atom, such as aliphatic alcohols, ethers, carbonyl
compounds (aldehydes, ketones, carboxylic acids, carbonates, esters and the like),
and the feedstock may optionally contain at Jeast one compound containing 2
halide, mercaptan, sulfide, or amine, as long as the optional components do not
significantly impede the performance of the catalyst. When the oxygenate is an
20 alcohol, the alcohol can include an aliphatic moiety having from 1 to 10 carbon
) atoms, more preferably from 1 to 4 carbon atoms. Representative aicohols include
but are not necessarily limited to Jower straight and branched chain aliphatic
alcohols, their unsaturated counterparts and the nitrogen, halogen and sulfur
analogues of such. Examples of suitable oxygenate compounds include, but are
25 not limited to: methanol; ethanol; n-propanol; isopropanol; Cs~ Cao alcohols,
methy! ethyl ether; dimethy! ether; diethy! ether; di-isopropy! ether;
formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures
thereof, Preferred oxygenate compounds are methanol, dimethyl ether, ora
mixture thereof.
30 The method of making the preferred olefin product in this invention can
include the additional step of making these compositions from hydrocarbons such

as oil, coal, tar sand, shale, biomass and natural gas. Methods for making the
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processes are preferred. Particularly preferred are metallocene, Ziegler/Natta and
10 acid catalytic systems. See, for example, U.S. Patent Nos. 3,258, 455; 3,305,538,
3,364,190; 5,892,079; 4,659,685; 4,076,698, 3,645,992; 4,302,565, and 4,243,691,
the catalyst and process descriptions of each being expressly incorporated herein
by reference. In general, these methods involve contacting the olefin product with

a polyolefin-forming catalyst at a pressure and temperature effective to form the

15 polyolefin product.

A preferred olefin-forming catalyst is a metallocene catalyst. The
preferred temperature range of operation is between 50 and 240°C and the
reaction can be carried out at low, medium or high pressure. For processes carried
out in solution, an inert diluent can be used, and the preferred operating pressure

20 range is between 10 and 150 bars, with a preferred temperature range of between
120 and 230°C. For gas phase processes, it is preferred that the temperature
generally be within a range of 60 to 160°C, and that the operating pressure be
between 5 and 50 bars.

This invention will be better understood with reference to the following

25 examples, which are intended to illustrate specific embodiments within the overall

scope of the invention as claimed.

EXAMPLE 1
A sample of SAPO-34 having a DPA/TEAOH template was heated from
30 ambient conditions to a temperature of about 525°C at a rate of about 1°C p'er
minute, then cooled to ambient conditions in a closed oven. The procedure was

performed in a shallow bed, injecting air at a rate of about 4.2 liters air/min.
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t] ambient conditions to a temperature of about 650°C at a rate of about 10°C per
minute, then cooled to ambient conditions in situ in an IR spectrometer using a
high temperature diffuse reflectance IR cell under vacuum at about 6 x 107 @a.
?

15 EXAMPLE 4
The products of Examples 1-3 were characterized by IR absorption using

diffuse reflectance spectroscopy. The IR spectra were obtained, and are shown in
FIG. 1. The IR spectra indicate that the Broensted acid characteristics of the

SAPO material are affected according to the conditions upon which the template

20 is removed.

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

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

30 ~ is shownin Fig. 2.
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EXAMPLE 7
A sample of SAPO-34 having a DPA/TEAOH template was heated from
10 - ambient conditions to a temperature of about 650°C at a rate of about 10°C per
minute; held for about 5 hours; then cooled to ambient conditions in a closed
oven. The procedure was performed in a shallow bed, inj ecting air at a rate of

about 4.2 liters air/min.

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

results are shown in Fig. 2.

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

ZWHSV *Ci* (i —10-1)/60

calculated as

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

The integrated catalyst life of each catalyst sample is shown in Table 1.
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The data shown in FIG. 2 indicate that a significant improvement in
catalyst life can be gained upon removal of the template in an oxygen depleted
s environment. In this case the oxygen depleted environment (N;) is substantially
free of Oa.

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

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

v 1S rate can be adjusted for different hydrocarbon on catalyst. A diluent gas is mixed
) with the air to obtain the less than stoichiometric oxygen to template ratio. The

amount of diluent gas is also sufficiently low to obtain a depleted oxygen
environment for approximately 1/3 of the total calcination time. Total calcination
time is the total amount of time the catalyst is in the calciner. In this example,

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

under 2 xﬁUogen blanket.
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has been prepared by a method whereby a silicoaluminophosphate molecular
sieve comprising at least one template within its crystalline microporous structure
is heated in an oxygen depleted environment, under conditions to remove -
essentially all the template from said crystalline microporous structure, wherein
the oxygen depleted environment comprises a gas selected from the group
1 ~ consisting of nitrogen, helium, hydrogen, xenon, argon and flue gas, and/or is
provided by applying a vacuum sufficient to substantially remove oxygen.

2. The method of claim 1, characterized in that the oxygen depleted

environment has an oxygen partial pressure of less than 6.87 kPa.

3. The method of any of the preceding claims, characterized in that
the silicoaluminophosphate molecular sieve comprising at least one template

within its crystalline microporous structure is heated to a temperature of 200 to
8ooeC. .

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

5. The method of any of the preceding claims, characterized in that
the silicoaluminophosphate molecular sieve exhibits an integrated catalyst life of

at least 4 grams of methanol per gram of molecular sieve.

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

infrared region in a range of from 3630 cm~1 to 3580 cm-l,

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

AMENDED SHEET -
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-9 The method of any of the preceding claims, characterized in that

silicoaluminophosphate molecular sieve is SAPO-34.
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