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ALPO MOLECULAR SIEVE W TH ANHYDROUS LIQUID OR VAPOR 5 Field of the

I nvention This invention is directed to a nmethod of rejuvenating

si |l i coal um nophosphat e (SAPO and/or al um nophosphate (ALPO nol ecul ar
sieve catalysts, and to a nethod of using the rejuvenated catal yst to nake
an olefin gpodigeds from net hanol feed. In particular, thedshyghki on is
directed to 10 rejuvenating the sieve by contacting the nol ecul ar sieve

wi th anhydrous, polar [|liquid or vapor until a desired nmethanol uptake
ratio is achi eved. Background of the Invention Silicoal um nophosphates
(SAPGCs) and al um nophosphat es (ALPCB)PagPak/e 15 been used as adsorbents and

catal ysts. As cat t%) processes such
as fluid catalytl eg‘é’ ;‘%@f
ol i goneri zati on, the conv conot s 00 8 and the al kyl ation

of aromatics. In particular, the use of SAPGCs and ALPGs in converting

al cohol s ory etrh Es“thghpvlmetflé n products, particularly ethylene and

propyl ene, | S -ég—g'eco-m_rrg—o[’f greater interest for |arge scale, commerci al
production facili t'l['liisinvenéiSnissiirkatﬂiNnaimwﬂbﬁtef:djavaabtdngrrent of new | ar ge scal e,
commercial pr Ll t busi ness, nmany
probl ens ari seSH| n % : kg@r‘%ﬁ?ﬁ Iﬂ%nmo g&,‘ﬁﬁ %&‘%E)?fno ecu[%? ant

oper ati ons. Scﬁastfecatqmyspr Uidlt@mmetaod gfoising thecau\ah:ytd ogtalystde ialorrosyedinens wher e
large scale %?&ﬁ% 'fB?n *.Jmpﬁeé‘iﬁ‘gg{rﬁém&rtﬂfmmﬁ&IZE*HJEEQ‘EHTUde | arger than
typical pilot 'sca aclrlrties exanpl e, conventional |aboratory

scal e pr 001:'93seguwhﬂtmkhlemgﬁveb?eﬁqnttwmgd&ﬂ@olscuwsmm?ng!ehwlrcew,ﬂ’ebd are
conducted with; gieatog{, %fudh??‘ge%ir&{m @kg;ag yentional |arge pil ot
pl ant operati ons MRy Utilize as muc ‘gs 50 ‘cat al yst, making on the
order of 20 kg/hr ethylene and propyl ene product but this is

neverthel ess MRKSGHAFof the RiveftRAPar i son to what a large scale, commerci al
production faciTriy_would produce, if were in existence today. Large
scal e, commrerci al %WW%OW%?%(SM Q9 m‘éﬁmﬂ?@&ﬁih?té’ @LEQPNYSt | oadi ng
of anywher g f ree de®RAdkoibeh@ ad QAR 189 cathlf ] 8SEPOGand ALPOs have

been used in processes such as fluid catalytic cracking, hydrocracking,

isomerization, oligomerization, the conversion of alcohols or ethers, and the
alkylation of aromatics. In particular, the use of SAPOs and ALPOs in converting
alcohols or ethers to olefin products, particularly ethylene and propylene, is

20  becoming of greater interest for large scale, commercial production facilities.

As is known in the development of new large scale, commercial
production facilities in the commodity chemical business, many problems arise in
the scale up from laboratory and pilot plant operations. Scale up problems arise in
catalytic reaction systems where large scale operation will be several orders of

25 magnitude larger than typical pilot scale facilities. For example, conventional
laboratory scale processes of making olefin products from oxygenate feed are
conducted with catalyst loads of about 5 grams. Conventional large pilot plant
operations may utilize as much as 50 kg of catalyst, making on the order of 20
kg/hr ethylene and propylene product, but this is nevertheless minuscule in

30 comparison to what a large scale, commercial production facility would produce,
if one were in existence today. Large scale, commercial production facilities, can
require 2 catalyst loading of anywhere from 1,000 kg to 700,000 kg, producing
anywhere from 600 to 400,000 kg/hr of ethylene and propylene product.
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comercial production facilities clearly presents great challenges in the
devel opment of the catal yst production-to-use chain. The term
"production-to-use chain" refers to the entire area of activities

begi nning WQHMME producti on of nol ecul ar sieve, i nclradivegasieech
activities as receipt of 5 starting materials, on through the
crystallization process. Also included in the production-to-use chain are
internediate activities which includg,foymulation of the sieve with

bi nders and other materials, activatiGh of the manufactured sieve and

finished catal yst; Cpeftiggage thaR[\@RGekcial bRAaEHBE facitifbRdipre@hts TO! ecul ar
sieve and finished. catal ylge%q'e&%\s wel | as ot her practices associated with

the handling affgft fRplGRas) orgenk of dhecptalys PEadyctionie-assshrinatlgl yst for its
ultimate use. the“pReddidhitb A chhi” R 16 Rilcmire AdS ofktiHii@ bRghlitg When the

nmol ecul ar sieve.iﬁ intrgdugfd into.the reaction system For_ purposes of
this i nventi on3 HePrRARrtgt ofpechlapticye: evingsuehastiviies s rreeipted not

necessari | y5 neasmtitighRaterinds snthrovgiehe érp@alimliatpibass. A eMeclided ini thd r oduced into
the reaction syste ince large scale systens. are very |large_and 15

i nst ant aneous ‘#%%{]g@b%ﬁlﬁ? gmé‘raé tﬁ@eaﬂﬂﬁc?f%étﬁ %cgé‘ﬁg’flﬁfoé‘?“ﬂ?‘f?“l"ﬁr ge scal e
systens, the the sieneotithdimdes-aubahe haterialsayiatorcatsintanfcuas sieenpl et ed sone
time within 12 .h S | 0adi ng, cat al yst. int.o the reaction system Since
i nf or mati on tomgé#}éﬁ?deﬁ%aapﬁsthsgorta %’%arn(%’&%f‘%ﬂg’ B?IO%dltmegfolfﬁw PRy TS catal ytic
conversi on of fnishgdraiipt.fagweddtsodier fragticksesvciaiedinitl thethandliapandat ory and 20
smal | pil ot, pl ivities, little if : .ention-has heen paid to the
pr obl ens g%s %Fﬂaa{aggn.ﬁ \t/]\nyt%l%&%'%gn 4 %I}I%IF%%%I)&SF%Y%% l%"?’/"lﬂ I'Ss |?1pr?‘ﬁ’ on

product i on-t o-tagiee diaixiends 4-the poiaterep ths mdldchlpd steva istintrddierd idtathebeen f ocused
on the inpact Qf..stQrAGEe Fol QA his 18efis ﬁﬁk iVidy, since
smal | scal e actifit%kis r3t1€$§§a5|?jﬁﬁgﬁgb@gﬁ e.ﬁkﬁﬁﬁgag 3%%% only
relatively snethpingaesnol necessaridy meanithel igsiant whea the meleatlanpigvetis ansport ed, |arge
25 quantities giodiBdeihtoMeTedblidd syRGR k1R sQRNGhEHs £OVerF RIPIBLE! al
operations. Comercial operations maybe requirfed to store |arge

quantiti esldbf SfeERmeoRsdneament; ate npbrractipadly deapible. blange graleapitensper i ods of

tinme, at multikprolReioA-toXRS chadiithby HE Wbriderell 84 dBIpletdd GOhOtRe Wil 33 1 i al
conditions. As thefira%agem?nt_ of sieve and catalyst in the catal yst
product i On-tO-]i?élégo oading catalyst into the reaction system.

Since informati

D

inc tion to date relating to production of olefin products by
catalytic conversion of oxygenate feedstock has been limited to laboratory and
20 small pilot plant activities, little if any attention has been paid to the problems
associated with the intermediate activities in the production-to-use chain. For
example, little attention has been focused on the impact of storage, transport, ete.
on catalyst activity, since small scale activity is rather easily manageable. While
today only relatively small quantities of catalyst are stored and transported, large
25  quantities of materials will need to be handled for commercial operations.
Commercial operations may be required to store 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, a likelihood exists 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
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Page 3 necessarily translate to | oss of product quality, as well as |oss

of product quantgoes, and these product |osses coul d farcraustmesgh t he cost
of the sieve and catalyst. Although sonme work has been published relating
to the internmediate activities in the catal yst production-to-use chain,

few of the problens associated 5 therewith have been addressed. For
exanple, U S. Patent No. 4,681,864 to 2Edwards et al. discuss the use of

SAPO- 37 nol ecu
050l osed t hat MEERIEHERR GICATIRUG ik erdl A Befldlaudde S g

that stabilityanddhesprrofypplogipeepulsyfon parrrighabansstiof thabiare %ét?mlml on process.

|0 this process, oraaBid sbRERbRLS: in bEOKE L O estructure of
10 the sieve just pri oréﬁtso cont acttl)nnfjvvlt ?e e cra Ced. The process

calls for subj @9@ﬂtlﬂsglntﬂ??éﬂeﬂyet\l?@d#@wa-t?-ém%tfwef tbﬁrpmmnm@eamm hin the
catal ytic cgacsiiegitn h'zﬁ'e%ecnudécssé%atﬁf‘éxa%@}e @Slﬁﬁ:nm al681 Bgpan et al .

di scl oses anot her et hod activatin [ coal um nophosphat e nol ecul ar

si eve conposi t Férpgds eTh'edlf'Fé‘fsdBfi}‘SiBfWQ 37 mgleculas siewcsie fepaeeiy st al | i ne

si | icoal um nopé}@&aﬁeaelyw s @8flosad Ha¥ 2By aRA SAPDAY @lolecRBtSidvbRIs@adt er heati ng
the m xture to at | east 425C. The heatlngiﬁ process is first carried out in

the presence oft2tilify:GRe fahstapHity eanbe igpeved By Bsingpdtrtichlat 35tV sence of

oxi di zi ng gas. préues. qu@ﬁm&ﬁs srlgmmﬁblamgsﬂ@m@mmmltﬁedo& @ahasee the acid
activity of the catal The acid ﬁ‘cfuw h% %f anced a result of the
fi IRt

20 inti mat & colif HEYeIB P’\?\%‘éﬁ"‘i“ﬁé‘mﬁ“ﬂ e \P’é’ceSBF et al., J.

Phys. Chem 19Qbject@, the¥2ef@ tobalidperitara 6N400OLRRD CSMNRMD; B4 catdl@ffackihg
crystallinity when the tenplate has been renoved fromthe sieve and the
de-tenpl ated, ¥ttivated si eve has been exposed to air. Data are present ed
however, whi ch Sugges.tPatehetto. G\IES’ 31a)tto begﬁh efl al AisElogEs hnottefﬂibthwtbfs
crystalllnlty I Qass. i S..25 rever | e. uﬁn over s?t . fmg,ffirhaps t wo
years, the dat¥ 51}868%?%1}%?@ ?‘,SP FRPPFHAT £15vS GTROTUE; kRS o hen
certain templ atalls fomrentacsingla criiiR-sQic208nigGHhophaowith gd aweds ahdie use of
SAPO-37 ol ecu| ahrar gl{d%gereaﬂer heating the mixture to at least 425°C. The heating process is

first carried out in the presence of an oxygen depleted gas, and then in the

nnnnnnn £om nvridining gan Tha ahicak of fhe b
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atig proccss is to onhance the
acid activity of the catalyst. The acid activity is enhanced as a result of the
20  intimate contact between the alumina and the sieve.

Briend et al., J. Phys. Chem. 1993, 99, 8270-8276, teach that SAPO-34
loses its crystallinity when the template has been removed from the sieve and the
de-templated, activated sieve has been exposed to air. Data are presented,
however, which suggest that over at least the short term, this crystallinity loss is

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

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

30  until a catalyst composite containing zeolite and the SAPO-37 molecular sieve is

activated during use, and if thereafter the catalyst is maintained under conditions



zeolite catal yst conposite as a commercial cracking catalyst. Accdridi}ed 2004

the doc¥@ABU9I the organic tenplate is retained in the %FQU%IJBSM

nol ecul ar sieve 30 until a catal yst conposite containing zeolite and the

SAPO- 37 nol ecul ar sieve is activated during use, and if thereafter the

catal yst is maintai ned under conditions WO 01/80995 26 OCT 2004

PCT/ US01/ 13306 Page 4 wherei n exposur @age4noi sture is minimzed, the

crystalline structure of the SAPO- 37 zeolite conposite remains stable. A

group of rexkareRITPoSEE temistvshis mibirairied afhe Coyspelline $tasctiRtsthe BAPO-
tivated SAPO and/or ALPO nol ecul ar sieves wll exhibit a

di scovered at ,.ac
| oss 5 of &C&P@%%ﬂl&‘&lﬁ%ﬁ%ﬂm l&xposed to a noi sture-cont ai ni ng

envi ronnment. Thi LV whel: t he t.inme the catal yst
T netivat ed andarSiFoPtestitactt b BRI CHEh RS drip Sy ol te oo i
ways have hiigovéeditatietivabi SAP® ass/cp i LER %l & shitel Willexchitit yRysd be
highly beneficial to find a way to reverse the decrease of catalytic

activity i wfgatalyticcastizity sthepexpespkior moistirswiostaining #Avitomhant) i Tis
envi ronnent,. S ry of the Lnvention.ln order.to, overcone the various
o bl o ade5 3 ZEBHIGAFHOSHE PEREERIRE e 6 R ISP RYRea Ve 60er due o
contact by qg¥ikd 4 e ddY) 6f ddE AMBOBER WafBiatl bekn BRI I ik RMPIcE o U
cul n eral, R s

decrease, i.e., to rejuvenate the no r sieve. gen
i nventi on patlytdestiyityy beesdd bohighty bersfridlng fadmdyBetd fvesege Whi ch
conprises pyrovidin npl ecul.ar, si eve havi ng a nmet hanol uptake i ndex of

| ess than BECTEARF Yi¢ achvalyan agnelesnizr sisve gxpased fo ampgiatusers | i qui d or
vapor ygti | ﬁﬁ&,—n Nahledipt ake ratio is increased by at |east 10% 20
Prefera Iy,cot e r’%?%cu areﬂstl eve is selected fromthe group consisting of
si | i coal um nophosphat e nol ecul ar si eves, al um nophosphate nol ecul ar si eves
and m xtures theregf. Wien nentioned in relation to nolecul ar sieves, the
expressi onx4 B enconpasses physical nixtures and

i nt wt hs of ' t A -
orer vty -t ne Horaa D oveiBme T, SEHONpob S ALUER At MiGReselar™ .
than 0.5, mmtivtysR4 aoiduijaraiave dhanokonatibyemiontes, thaf invesSod paRidbsda  and

nost p{seferabl , a met h%rbol upt ake i ndex of | ess than 0. 15.
way to reverse such decrease, 1.e., to rejuvenate the molecular sieve. In general,

this invention provides a process for rejuvenating a molecular sieve which
comprises providing a molecular sieve having 2 methanol uptake index of less
than i; and contacting the molecular sieve with anhydrous liquid or vapor until the
methanol uptake ratio is increased by at least 10%.

20 - Preferably, the molecular sieve is selected from the group consisting of
siltcoaluminophosphate molecular sieves, aluminpphosphafe molecular sieves and
mixtures thereof. When mentioned in relation to molecular sieves, the expression
"mixtures thereof” encompasses physical mixtures and intergrowths of at least two
anolecular sieve structure types. Also preferably, the molecular sieve has a

25  methano] uptake index of less than 0.5, more preferably a methanol uptake index
of less than 0.3, and most preferably, a methanol uptake index of less than 0.15.

In another preferred embodiment, the methano! uptake ratio is increased by at
least 50%, more préferably by at least 100%, alnd most preferably by at least
500%.

30 It is also desirable that the molecular sieve be contacted with anhydrous

liquid or vapor until 2 methanol uptake ratio of at least 0.4 is achieved, preferably

at least 0.6, more preferably at least 0.7, and most preferably at least 0.8.



I n anot her preferred enbodi ment, the nethanol uptake ratio is mc%e?t T Dok
at least 50% nore preferably by at |east 100% and nost preferably by at
| east 500% 30 It is also desirable that the nolecul ar sieve be contacted
wi th anhydrous liquid or vapor until a nethanol uptake ratio of at | east
0.4 is achieved, preferably at least 0.6, nore preferably at |east 0.7,
and nost prefenapy at least OS. 2 6 OCT 2004 WO 01! 8G99/s6aTHt/S01/ 13306
Page 5 In anot her preferred enbodi nrent of the invention, the anhydrous
liquid or vapor is polar. Desirably, the anhydrous |liquid or vapor
contains not greater than about 30 wt.%water, preferably not greater
than about 20 W . %water, and nore ﬁr’iﬁa‘-’f%rably not greater than about 10

. % wat er . Iso deS| rahbl e at .t QI vapor have
a kinetic di arret er%oaiIl e PR eetaateg‘rboilﬁlem o?&gqv@ﬂlm{,qﬁ mﬁydéc\'/‘%fﬂglg% pore size of
t he nol ecul ar vapaeVsenolapr Besiralalf) the anbydrausdigtidor v4parrcofitalds bit gestet then  aver age
pore size. S desi Ie t ha Q Qr vapor have
a gas- phase p téﬁwg Yar%?rtg}'eér tnoetrgr%aﬁ%ﬁlﬂgra%g% /'F’l%aét%%ﬂ Ot on affinity
of water. Des|prca"dsrhi;lynd:ttgeeaacnthymlalmuslolmqﬁlwdtcorltivalmdeSir@lahataiecohol et her,
ket one, 10 car Ii ] i c bases or
m Xt ures thsgre ouﬁﬁgﬁ %@ﬂfﬂé’ﬂﬁet dl egg%ogﬁ%&gﬂr%vgéﬁcglﬁ% sel ected
fromthe gr oumvemgwaiosﬁ size@f UF motveulhlarﬂyb.,pr@erhidﬁmt,gredientmhlﬁ tiJB@SHbfr
propyl am ne, C - | | quid or
vapor is net har‘{%rf"&p?l e F 1%@%%%@&18&?@65%@1 %r?a LP@d ct egé?r om t he
group consi st i gagploe pro®n SHERTY BeatSARD-B eq@N@@ejpnlton gﬂﬁ@c’f @ateSAPO- 17,
SAPO- 18, SAPO- 20, 37, SAPO 40,
SAPO 41, SAPO- 42, ﬁ@i‘%}'ﬁ sl %‘“‘dﬁ% gg“%@% 31?%- R e netal
cont ai ni ngl¥ orarolidic edifl, aldehyHleniineasn eentaiting erginiFassser glbthy‘es thaseofol ecul ar
sieve is sel egs f p4, SAPO- 35,
SAPO- 44, SAPO J’IECF% i@gdrgﬁSQ%LIS%? ,°§’kfég%”é%8&° ALPO 31, oot 34 ALPO- 36,
ALPO- 37, and mtlp@nmhaphémﬁﬂwhﬁh@mﬂ@mammﬁgaﬁd@ﬁmmwpem and m xtures
thereof. More ,.ptedieradlimydrbii8iqiilob WHemapiosphate is selected fromthe
group consi sti ng of SAPOY APO- 3 ALPO- 18 and ALPO 34, the netal
cont ai ni ng forns frh%ﬁﬂé'G‘FUIaféﬁtP ispreferbbsseieptes e the group consisting of

15 SAPO-3, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-
31, SAPQ-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42,
SAPO-44, SAPO-47, SAPO-56, ALPQO-18, etc. the metal containing forms

thereof, and mixtures thereof. Preferably, the molecular sieve is selected from the
group consisting of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-47, ALPO-
20 5, ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, and

ALPO-46, the metal containing forms thereof, and mixtures thereof. More

preferably, the silicoaluminophosphate is selected from the group consisting of
SAPO-13, SAPO-34, ALPO—]S and ALPQO-34, the metfal containing forms
thereof, and mixtures thereof.

25 In an altemative embodiment, the invention includes a method of making
an olefin product from an oxygenate-containing feedstock. The method comprises
forming a rejuvenated molecular sieve; and contacting the rejuvenated molecular
sieve with an oXygenate-containing feedstock to produce an olefin product.

Desirably, the oxygenate-containing feedstock is selected from the group

30  consisting of methanol; ethanol; n-propanol; isopropanol; Cq - Cyg alcohols;

methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;

formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures



25 In an alternative enbodi nent, the invention includes a nethod gfgn@{tq" 904
an ol efin product from an oxygenate-containing feedstock. The netho
conprises formng a rejuvenated nol ecul ar sieve; and contacting the
rejuvenated nol ecul ar sieve with an oxygenate-containing feedstock to
produce an ol efin product. Desirably, the oxygenate-containing feedstock

i s sel ect edwdg amudshe group 30 consisting of nethanol; petthenabive

n- propanol ; isopropanol; C4 - C20 al cohols; nethyl ethyl ether; dinethyl
ether, diethyl ether, di-isopropyl ether; fornmaldehyde; dinethyl
carbonate; dinethyl ketone; acetic acjd;_ and m xtures 2 6 OCT 2004 Wo
111/ 80995 PCT/ USO1/ 13306 Page 7 cont allcaﬁczvith noi sture can be rejuvenated
by cal i nat | onu ottt hlidture by de¥Bliithiedy Abinatlaltd LARQRRA G HOWever
t he sane procec?ure. as been shown not to rejuvenate catalytic activity of
t he nol ecul ar ffagton paisem. Hewever hapines progedire ks bpegyshowgaiot @9/ 391, 770 to

Exxonhbbi | Chepg, 6 alue CRIRanviy Rk hasfiPhie/sabal ¥ bamRli Y diaps a result

th
of contact of nol ecul ar "si eve WI?% nmoi sture presents a pro% emin the
commer ci al pr odu@PBBhI0ge Bxeondehil fhegped Eompanyr age and transport of

ol ecul ar sy eve an%9@E@Ag@%ﬁ&uﬁoﬁc&g%sm%mmIuymbledﬁ&rfiey@bi@lds of tinme.

For example, it is possi . | ecul ar sieve or cata cont ai ni ng
mol ecul ar si eviaoigiuxe prrsents prellem mythheymmergig prodoctigerip-use eheinfdiege 10 nont hs,

perhaps as | ong, 2% ANRadfH ofMEARNET didve abtP&talydt An 6@LA) MblivelyAbRCESS. This
stored sieve or catalyst is likely not to have a tenplate wthin its

internal pore pesipdspétimeeFerexemple dis posgble utmelgrubespvereralel by cal cination
prior to storag@intliGhbleciladlifnRadle fbtEnyHherd\BHh th RARSRGS) al | Y

suscepti bl e to damage by contact with npisture. Even partial |oss of
catal ytic Httimpatys pahagh asjang 45 Opg Year bedere iy y5e i cgta|viis pacess dsal e catal ytic

process. As defdrbdevaer itdlyst B likay S& tSERE & teaplapd WilhiCitsRitead$6rel S ONe  havi ng
a reactor |oading in excess of 50 kg, particularly one having a reactor
syst em | oadi ng*tRFUE:eE & ESulbet haripe ey Feo ey Aricipatinganipelo siages Sg‘é'?act or
loading in excass odlatdii0Roligbe SHRQIG BTk LR Tiagd Byabniadt @xRS, as wel | as
catalyst Cont G an 2PN oh, ALER TRl Souleh, 2 eres e o bl
rej uvenat et byscele pitalgtid pagechsh ssibfined herein, Clatgaboptcatalytidpraselmyisioreus | i qui d or
vapor. Accordi hna i tgg rﬁg.ea,t:ltims loi r\ulge i?lte)icc%gs’ of 56 lxé",‘{:?r%g‘&lgrg/ one having a reactor
system loading in excess of 500 kg, especially one having a reactor loading in
excess of 5000 kg,
SAPO and ALPO molecular sieves, as well as catalyst containing SAPO
20  and/or ALPO molecular sieves, which exhibit decreased catalytic activity as a
result of contact with moisture can be rejuvenated by contacting the sieve or
catalyst with anhydrous liquid or vapor. According to this invention, rgjuvenated
molecular sieve is determined using a methanol uptake ratio. A molecular sieve
having a methanol uptake ratio of less than 1 is capable of being rejuvenated.
25 As used herein, methanol uptake ratio is defined as the methanol
adsorption capacity (wt.%) of a microporous SAPC or ALPO molecular sieve
having been rejuvenated by contact with an anhydrous liquid or vapor, divided by
the maximum methano! adsorption capacity (wt.%) of a SAPO or ALPO
molecular sieve (i.e., the initial methanol adsorption capacity). The anhydrous
30  liquid or vapor preferably has a kinetic diameter of not greater than about 1.5

times the opening (i.e., average pore size) of SAPO molecular sieve, preferably



nol ecul ar sieve is determ ned using a nethanol uptake ratio. A np Lﬂ(ﬁ'r 2004
si eve havi ngve arsvdpanol uptake ratio of less than 1 is capabl g U Llr}gﬂé
rejuvenated. 25 As used herein, methanol uptake ratio is defined as the
met hanol adsorption capacity (wt.% of a m croporous SAPO or ALPO

nol ecul ar sieve having been rejuvenated by contact wth azt anhydrous

| iquid or vapor, divided by the nmaxinmum hgnol adsorption capacity
(wt.9% of a SAPO or ALPO nolecular sieve (i.e., the initial methanol

adsor ption capatlicrsgf. Pieferably)yisl tieateldontiiiting feaBREk iPit B Rb% &eréup
G

kinetic dianeter of not greater than about 1.5 tinmes the opening .
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15 Brief Description of the Drawinos

The invention will be better understood by reference to the Detailed
Description of the Invention when taken together with the attached drawings,
wherein:
FIG. 1 shows rejuvenation of SAPO molecular sieve following contact
20  with methanol.
FIG. 2 shows methanol conversion for fresh, rejuvenated, and moisture

aged SAPO molecular sieve.

Detailed Description of the Invention

25 SAPO and ALPO molecular sieve catalysts, in particular, are susceptible
to structural changes as a result of continued exposure to even low levels of
moisture. Such authorities as Paulitz et al., Microporous Materials, 2, 223-228
(1994), however, have shown through X-ray diffraction (XRD), nuclear magnetic
resonance (NMR), infrared (IR) and nitrogen (IN2) adsorption analyses that the

30  structural change is largely reversible. These X-ray diffraction studies have been
found to be unreliable in determining loss of catalytic activity. For example,

Paulitz et al. have shown that SAPO molecular sieve once structurally altered by



aged SAPO nol ecul ar sieve. Detailed Description of the Invention 25§BFP 2004
and ALPO nol ecul ar sieve catalysts, in particular, are susceptible to
structural changes as a result of continued exposure to even |ow | evel s of
noi sture. Such authorities as Paulitz et al., Mcroporou$ Materials, 2,
223-228 (1994), however, have shown through X -, Tay diffraction (XRD),

nucl ear magmatiisess esonance (NMt), infrared (7R) and mictriuegasseé N2)
adsorption anal yses that the 30 structural change is largely reversible.
These X-ray diffraction studies have been found to be unreliable in
determning | oss of catalytic activi L% E{jor exanple, Paulitz et al. have
shown that SAPO nol ecul ar si eve once 8¢ cturally altered by 26 OCT 2004
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termkinetic diameter as used herein nmeans the average, effective size as
measured in anbdAYEARG SREREHET SiFpenmeaseed iBAPHES BPpEmehydr ous | i qui d or

vapor refers to a ghgsh&atin, M'Ilﬁﬁl@ﬂrvaﬁbrtr%fsté DcHeRGal | Qui d or vapor
state. Preferably anhydrous liquid o vapor contains no nore than about

30 Wt . % wat er COBPHHEPARISE imhe lighid of wa?f S%‘o&feferw fhydrpyidiaaid of nor e
preferably sno vewreoﬁtmoamymmomo%mmr, prlef‘erdbﬁf rrouﬁarmﬁn grei rable in

this invention that the anhydraqus liq or va have a gas-phase proton
affinity great—@r‘”tt/h‘éiﬁefoﬁm’@cli’ff‘e{‘fmbcbbn‘tIﬁéfeﬁfaB@JEﬂﬁ‘t ‘Hﬁ“tai?" of water. The gas

phase proton affi nitisfurer Hestd@d Ak vBfiod tBRhSMhYdIaR 1Qhid@fkpb: t 0 10 166.5
kcal /nol . Val ues of gas phase_proton affinities can be found in Azul ej ko,

J.E. and mwaﬁawasﬁs-ehasearﬂeg i SrPAehangRs sguabig dhenegted HARBLICi t ed therei n,
the descriptivans. tie gabplcabe b@nhﬂﬁﬁwﬁmcﬁmﬂlym@rgﬁaaﬂartlﬁwdreﬁ@mnce

Pl a0 e, RN P B L O et e el sl conely gl Ketone,
thereof. 15 B, hndml:l‘aﬁﬁoﬁ, ’ﬂBsUA@bIIBS TH3 P %R alisd xafeﬁmadsemdmheiem,elsqaeci ally
Cl-C12 al cohol s nd methanol  a d |inear alcohols; ethers,
especi al |y di ﬁ]@%cﬁéf Fﬁ'@?"}bﬂamﬁ?{ﬁ F‘?’ﬂ‘é ¥ PR ®YF et hers; ket ones,
especi al | y acet onePreferabhethe adtypeas haquicyor@aﬂroers aslalcblaihleﬂlechetmmunds i ncl ude
ethyl and bronthamngs A RSO Ll g ALONRN.ES o ARREEALLY. Denzene,
15 Partlcula:ly desirable compounds are alcohols especially Cy-C;2 alcohols, and
particularly methanol and linear alcohols; ethers, especially dimethyl ether and
other linear alkyl ethers; ketones, especially acetone; amines, especially
ethylanime and propylamine; and acetonitrile. Other suitable compounds include
aromatics, especially benzene, toluene and other methylated aromatics, and
20  mixtures thereof: olefins, particularly linear olefins, most desirably propylene and
butylenes, and mixtures thereof; and multiple bond compounds such as acetylene,
methyl acetylene, and butadiene. Another suitable compound includes carbon
dioxide.
In this invention, a molecular sieve is considered to be rejuvenated when a
25  methanol uptake ratio of at least 0.4 is achieved, preferably when a methanol
uptake ratio of at least 0.6 is achieved, more preferably when a methanol uptake
ratio of at least 0.7 is achieved, and most preferably when a methanol uptake ratio
of at least 0.8 is achieved. Thus, in the more practical form of this invention, a
molecular sieve having a methanol uptake index of less than about 0.4 is a more
30 likely candidate for rejuvenation, although a molecular sieve having a methanol

uptake index of less than 1 is capable of being rejuvenated.



20 m xtures thereof, olefins, particularly linear olefins, nost de?iﬁr ahlfyZUU#
propyl ene and butylenes, and m xtures thereof; and nultiple bond
conmpounds such as acetylene, nethyl acetylene, and butadi ene. Another
sui t abl e conmpound i ncludes carbon dioxide. In this invention, a nolecul ar
sieve is considered to be rejuvenated when a 25 nethanol uptake ratio of
at | east 0.XQY434¥hi eved, preferably when a nethanol gsITalsersssi o of at

| east 0.6 is achieved, nore preferably when a nethanol uptake ratio of at
| east 0.7 is achieved, and nost preferably when a nethanol uptake ratio

of at least 0.8 is achieved. Thus, inplhe nore practical formof this
invention, a nolecular sieve having a nethanol uptake index of |ess than
about 0.4 is a nor & BB ihvektinyremaerdiictails eorkidered ®jbd denatsiraed wisdhttough a
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t hi s inventi ot leastjabongm % oPrefesabbyoths rghevertion protres widivesntitin 4 ed when t he

rej uvenati on process .Je ts,in.a.relative inc e in the net hanol uptake
index of at I'€4&Y°EpSU é{ganib%?al‘ & g?"e‘r?ttaaméi’f,t atfoﬁ{eﬁ?‘gjnl?{/sé’ﬁ % %r ocess wil |
result in an lkastabesi@0onant mestmrtirabiylat leyst bket SO0 cthe nfreak béikast about 50%
nor e preferabl t | east ahaout  100% ..and st .preferably at |east about
500% the incrc\é/iggﬁgte %sltﬁ%am% (?ﬁr%ejél eﬁggo%%gqgﬂﬁ‘gvemﬁ]@f‘&l&ié?r%?nﬁvenati on and
after rejuvendtassisn on a percent basis. The | ower the nethanol uptake

i ndex of a nol ecul [ .syi tabl e the .nol ecul ar sieve for

rej uvenati on. From%g?]ﬁg%/ﬁﬁ%wtgﬁ%f@pﬁ%ﬁé%%%% ,m‘iﬁfculi}thI?L‘ff’ %‘F’ ef6rable to

rej uvenat e a nwiteduthamokewda @iewhiociwjuvastian. irorh amefficiapy ateadpointiétds of | ess

t han about ;0. I : . { referably

| ess thanlcgb J%fg%i.;lg%&%&%}%‘I@gt%lér@jﬁﬁs\}ée@ng‘}tﬂfcgﬁ%%emé%?at%gl@H‘Q%ﬁﬁrre %fgnol upt ake
i ndex of 1. Tdesahapabent &3 merharsbrablyesskhan pbae® 2, ane mostpodferaidisssspt | on

capacity nmust g abBRISU! ImpILRTHRHMRR rdsQils il Aol BotARLDRRSE 1. 2dS O pti on
capacity are known to 15 tﬂose of ordinary skill in the art. In a

preferred techni qué® calpBie msthprgl pitake apdsk.angthangl gesomtige eapagitymyistbe

t her nogr avi methiagurad) af ¥itdued HENLasudbyom SRARI Qsdrtiod WiHaGil £do@m 1& heat
treatment process, whjch includes: (1) heating fromroomtenperature to
450C, withl% HBE "fl?i'dmé‘tyéklgﬁn ?Oﬁ*n#'r?.l’r‘ff?fr%it‘f@m@‘f) abaih Hpﬁgf%%lpl,ﬁgﬁoc for 40

mn. in introduced into a thermogravimetric analyzer (TGA). The sample is subjected to

a heat treatment process, which includes: (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 has reached 30°C, the air flow in
20  the TGA is switched to a methanol containing nitrogen flow with a methano!
partial pressure of 0.09 atm. The sample is contacted with this nitrogen/methancl
mixture for 180 minutes. The methanol adsorption capacity is the weight percent
weight increase after the 180 minutes contact with the methanol vapor.
In general the anhydrous liquid or vapor is contacted with the molecular
25. sieve to be rejuvenated in a batch or continuous process. In either process, the
liquid or vapor is contacted with the molecular sieve for a time which can range
from several minutes to hours or up to several weeks. Contact can be stopped at
the time a desired degree of rejuvenation has been obtained. Desirably contacting
continues until a relative increase in the methanol uptake index of at least about a
30  10% has been obtained. Desirably, the vapor or liquid is flowed over the
molecular sieve at temperature in the range of from about 0 to 100°C, preferably

from about 10 to 60°C.



air; and cooling to 30C in air. After the sanple has reached 30C, 2t ] r2£04
flowin 20 the TGA is switched to a nethanol containing nitrogen flow wt

a nmethanol partial pressure of 0.09 atm The sanple is contacted with

this nitrogen/ methanol mxture for 180 m nutes. The met hanol adsorption
capacity is the weight percent weight increase after the 180 m nutes
contact wi t lwaheeyet hanol vapor. I n general the anhydr orcsrdshgused or vapor
is contacted with the nolecular 25. sieve to be rejuvenated in a batch or
continuous process. In either process, the |Iliquid or vapor is contacted
with the nol ecul ar sieve for a tine ?hi SH can range from several m nutes
to hours or up to several weeks. Con &t can be stopped at the tine a

desired degree of IgipWQBREE ARG BORAAPERI R FapoPRRt h@bular GORL act i ng
continues until a relative increase in the nethanol uptake index of at
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fl owed over th:%ndiﬁ&ls@&woﬂfloﬁipﬁﬂ,%rﬁéram?m&ﬁ&@&uﬂ@%Siofg}nxsi_l_khe range of from about
0 to 100C, preferably from about 10 to 60C, 2 6 2004 W1/ 80995
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in the range of from vacuum,K conditions to. about 100 psia, preferably from
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t hat incor por at@&wdribstGtlded Hio)]) (AP aRITD6} et aSARDINi 8 Mlthe tase of

al um nophosphat eéALPO) nol.ecul ar, sieve. The I ecg{!}ar Si ege conprises a

t hr ee- di mensi oHHIOSAPE A ABTTrETRERSIrg SirPPoreys ST BPIUELAE °bf [ Si 02]

[ A102] and [ PQalo/) eid @osxte@dhedtalivhids in helchie o€ ABPOOThe 9APEBisand a

t hree-di nensi onal m cropoyous crystal, franmework,. Sir. re, of [AL02] and
[ P0ST ¢ et dhedrarpaitd S TRutie ks peey AL S 1

i ncor por at ed | Blhdkowiel endPattan,LUPEs.qZemb) 82, d245a( 98 eThehlpsiiz@ SAPOIVE NVR.  See

el L Pe}g%}\l‘?alrr] Fie“;e's w?@lgyﬁ'ﬁbitgﬁg gllmorg éakég 1% 53 26§1‘ %ﬁh@%ﬂ sired SAPO

nol ecul ar si eVes 540 one. or nofée peaks 1 S NVMR wth
a chem cal shihfrhic8(sEif)5(Bi)in therangerng 806 -9 §Bmtand wilibe pymbineddeakiards a conbi ned

DStk o cHIBL oA ke AL s poggatoates o 0
wher e t he b{ Sishifcd(Sdrirctat ranks 4ft-88 ppreth eb15 womewhess thep(S ehamipad s1ills si | ane
(TVB) . refer to external tetramethylsilane (TMS).
It is preferred that the silicoaluminophosphate molecular sieve used in this
invention have a relatively low Si/Al, ratio. In general, the lower the Si/Al, ratio,
the lower the C;-C, saturates selectivity, particularly propane selectivity. A Si/Al;
20 ratio of less than 0.65 is desirable, with a Si/Al, ratio of not greater than 0.40
being preferred, and a Si/Al; ratio of not greater than 0.32 being particularly
preferred. A Si/Al; ratio of not greater than 0.20 is most preferred.
Silicoaluminophosphate and aluminophosphate molecular sieves are
generally classified as being microporous materials having 8, 10, or 12 membered
25  ring structures. These ring structures can have an average pore size ranging from
about 3.5-15 angstroms. Preferred are the small pore SAPO and ALPO molecular
sieves having an average pore size of less than about 5 angstroms, preferably an
average pore size ranging from about 3.5 to 5 angstroms, more preferably from
3.5 to 4.2 angstroms. These pore sizes are typical of molecnlar sieves having 8
30 membered rings.
In general, silicoaluminophosphate molecular sieves comprise a molecular
framework of corner-sharing [Si0;], [AlO;], and [PO;] tetrahedral units. This



It is preferred that the silicoal um nophosphate nol ecul ar sieve ugegl a7 2004
this invention have a relatively low Si/Al 2 ratio. In general, the | ower
the Si/Al2 ratio, the lower the Cl-C4 saturates selectivity, particularly
propane selectivity. A Si/A 2 20 ratio of less than 0.65 is desirable,
with a Si/Al2 ratio of not greater than 0.40 being preferred, and a

Si/A 2 rati qu@hiseat greater than 0.32 being particul arlgrRighskred. A
Si/Al2 ratio of not greater than 0.20 is nost preferred.

Si | i coal um nophosphat e and al um nophosphat e nol ecul ar sieves are

generally classified as being m croporous materials having 8, 10, or 12
menbered 25 ring structures. These PB§dIstructures can have an average
pore size ranging forom about. 3.5-15 angstrons. Preferred are the small
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i ncl ude phosphr(l)l‘r)igia?g{eg organi ¢ phosphates such as triethyl phosphate,
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with reactilve sili Gbal4l0ed tetehednil muitwvotht the frimgyodosuotgietcamrs under t he
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t et rahedr al unllg}ts v% hl&hﬁ%r%gf%g%eﬁ%gﬁéxgﬁw@g%fﬁg E(g]an Me?lc-g%r%gééded by a
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composi tions | fihilfif pfibRAURBhER K} HBSac hlinP SuhHElB4M | SOPT opoxi de,
al um num phosphat es, "al tm num hydr oxi de,- sodi um al um nate, and
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reactive 15 silicon and phosphorus-containing compositions under the appropriate conditions

to form the molecular sieve.

The [Si0;] tetrahedral units within the framework structure can be
provided by a varicty of compositions. Examples of these silicon-containing
compositions include silica sols and silicium alkoxides such as tetra ethyl

20 orthosilicate. The silicon-containing compositions are mixed with reactive
aluminum and phosphorus-containing compositions under the appropriate
conditions to form the molecular sieve.

Substituted SAPOs can also be used in this invention. These compounds
are generally known as MeAPSOs or metal-containing silicoaluminophosphates.

25  The metal can be alkali metal ions (Group LA}, alkaiine carth metal ions (Group
I1A), rare earth ions (Group IIIB, including the lanthanoid elements: lanthanum,
cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or
yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,

30 VIIB, and IB.

Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral -



15 silicon and phosphorus-containing conpositions under the appr 02' babET
conditions to formthe nol ecul ar sieve. The [Si 02] tetrahedral 2004
within the framework structure can be pro ide+d by a Variety of conposi
ions. Exanples of these Silicon-containing conpositions include silica

sols and silicium al koxi des such as tetra ethyl 20 orthosilicate. The

si | i con- contai disevgs conposi tions are m xed with reacti vecraksisism and
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i nvention. These conpounds are gene aII known as MeAPSGCs or
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metal ions ( GranbAkroAlkAMADS BBhLRITER nd 9100, (Rl Wflarmidiar © earth

ions (Goup II1B, e [anthanoi d el erre ant hanum cerium
praseodymi um amebdsetricnlnres dapardingan teasvalpiantate @a@ahwtailsuhﬂltuerér bi um
dysprosium h mELRbM hud 4 yideLpl and, 4 and scandi um
or yttrium 3*# é@})t élr?gtl trg!ﬂr?sﬁct%totn“gaztj?%ong 05f wﬁ%{&gggtl VB, VB, VI B,
VIM 30 VI Be‘teaimld ch&e iPhettvesnabhnyd +2 Hecotgoratiopefdbemetd comporentéuch as zZn, My,

'nto the t 5t r My pecpimglisfia sdify s Diimihen WAERAVEAGRDARE o0 "o ted
f ramewor k t hr oeggeular §iens0 Ploweer, pasienthdsis ion exchagpecaf Meadse ysed. e pestiedr al uni t
carries a nelyghRRlklifing it AfuASRBBMNDGIARIAE AURHEFIoRLbEQN the Metal

SUbSti tuent. len the netal conponent as a val ence state of +2, +3,
+4, ~-5, or +@ositigns ahan opersusiatardl theatrigcyler sievenst intocthe framerpek isplf.
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15  thereof, and mixtures thereof. As used herein, the term mixture is synonymous

with combination and is considered a composition of matter having two or more
components in varying proportions, regardless of their physical state. In particular,
it encompasses physical mixtures as well as intergrowths of af least two different
molecular sieve structures.

20 An aluminophosphate (ALPO) molecular sieve can also be included in the
catalyst composition. Aluminophosphate molecular sieves are crystalline
microporous oxides which can have an AIPO, framework. They can have
additional elements within the framework, typically have uniform pore
dimensions ranging from about 3 angstroms to about 10 angstrdms, and are

25  capable of making size selective separations of molecular species. More than two
dozen structure types have been reported, including zeolite topological analogues.
A more detailed description of the background and synthests of
aluminophosphates is found in U.S. Pat. No. 4,310,440, which is incorporated
herein by reference in its entirety. Preferred ALPO structures are ALPO-5,

30 ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, and ALPO-46.

The ALPOs can also include a metal substituent in its framework.
Preferably, the metal is selected from the group consisting of magnesium,
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More than two i deiE&hophit GldeliRa AMRABS ﬁbg[}‘lﬂtebﬁﬁd&ulﬁleﬁ)@é bhositifts! udi ng zeolite
t opol ogi cal ar}\gl ogues.. . A nore det a|1J descri_pt |uﬁ2§of t he background and

synt hesi s of %@ﬁﬁ%‘%ﬂé@e“i@fl‘f%%@ﬂ"s@% Rgh Nog 310, 440, which
i s incorporsat egse7ioes, %icﬂrpbtéteﬂﬁ@r&h%@@ﬁ'efeﬁtehﬂ& Bfiefyr ety. Prefel Ted ALPO

structures are ALP LPO- PO 31, .ALPO 34, ALPO 36,
ALPO-37, and ALPO- T neiatiappe A egh faeas F%@P&I&@n THEPBI S ubst i tuent i n
its frameworK.crysB frhmévalit stuctukef NM,aA10, andB.aethedal neMThése agr oup

consi sting of 04.\WO 01/ 80995 PCT/.US01/13306 Page 13
nmanganese, zi d¢." 9@‘8%%? g&“cﬁﬁ%f%xlfff’rn&n?ﬂ éBFor%%ﬁ%%rém & %l s preferably
exhi bi t adsorrpprem;sd bmmmtﬁag&alamd:bmhmaﬁrﬂnyhhyﬂmpﬂmmrdm es simlar to
al um nosi | § fate, al um nophosphat g §P|§) ica al um nophosphat e nol ecul ar

si eve conpositions. Menbers of t and their preparation are
described in U S. Pa@reinl\'lﬁ”reﬁrwnﬁavlemgne drgroisripeplating dgentgresent ibther ef er ence

inits entiret; w i onal
m cr opor ous 6i{}rlasct al n%}?%n%&}gfré gﬂyﬁ %%H%nﬁé\é? }%\1&6&2})@% gq}ﬁ%ggfet r ahedr al

units. These %%hwwluspf%ﬂa%éothheewxwm‘eﬁlwmmpﬁ?e prior to
cal ci nati on) Qﬁﬂenﬁﬁgug(ﬁﬂﬁz%_ﬁ@@éuﬁlgd?%nﬁ@ﬂ%'oﬂlﬁ@émpmﬁﬁééﬁtlmﬂ:ﬁﬁpos't'On on an

anhydr ous ba5| S MR (MAlYyY ys%

available void volume of the pore system of the particular metal
aluminophosphate involved, “x”, *y”, and “z” represent the mole fractions of the
metal “M”, (i.e. magnesium, manganese, zinc and cobalt), alominum and
phosphorus, respectively, present as tetrahedral oxides.

The metal containing ALPOs are sometimes referred to by the acronym as

20 MeAPO. Also in those cases where the metal “Me”" in the composition is
magnesium, the acronym MAPO is applied to the composition. Similarly ZAPO,
MnAPQO and CoAPQO are applied to the compositions which contain zinc,
manganese and cobalt respectively. To identify the various structural species
which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and

25  MnAPO, each species is assigned a number and is 1dentified, for example, as
ZAPO-5, MAPO-11, CoAPO-34 and so forth.

The molecular sieve of the present invention may contain mixtures of
silicoaluminophosphate and aluminophosphate molecular sieves, either as a
physical mixture or as an intergrowth of two or more molecular sieve structures.

30 The silicoaluminophosphate and alurinophsophate molecular sieves are
synthesized by hydrothermal crystallization methods generally known in the art.
See, for example, U.S. Pat. Nos. 4,440,871, 4,861,743; 5,096,684; and 5,126,308,



wherein "R' represents at | east one organic tenplating agent pr es?né @ 04
the intracrystalline pore system "m' represents the noles of "R* pr ergln
per nmole of (M, A yPZ)02 and has a value of fromzero to 0.3, the maxi num
val ue in each case depending upon the nol ecul ar di nensions of the

tenpl ati ng agent and the 15 avail able void volunme of the pore system of
the parti cuV8®VHE¥5al al umi nophosphate invol ved, "x", "RET/USafigs08 2"
represent the nole fractions of the netal "M, (i.e. magnesium

manganese, zinc and cobalt), alum numand phosphorus, respectively.
present as tetrahedral oxides. The np%@lp;cont ai ning ALPGCs are sonetines
referred to by the acronymas 20 MeAPO. Also in those cases where the
metal "Me" i n thdmetodsphsikingod whish arrefgliveis¢ampnrattdieraachonfrenddRO i s appl i ed
to the conpositjion. .Sim. 0APO ar.e applied to the
conpositions \f\%ﬁccﬁl%lg{r'i@al% ?\Drn]??dn%éﬁ%ﬁﬁrt\ ang'ggﬁgﬂcdsg%g aW%%%@cti vely. To

i dentify the waespherss ®mpowhty déngsptet ksst ongteroplatenenctly éealixtofe t he
subgeneric cl R R M;'fiﬁ ) Cl is
assigned a nu%;o%f%%n q%:%ﬁ%%@%&%@@%@% rrpse;g’)tcég%ﬁ’gﬁ%eeﬁfg PO I 1,
CoAPO- 34 arkd denstf 100%h prefenadlynipdoe -260°G, uetler cpfstalline podes erformiedvent i on may
contain m xtures of il icoal.um npphosphat e and_al um n osphat e nol ecul ar
sieves, eit herF%lénéa%gn Otﬁs) fS'/cé' 8%|merﬁr?<£1§trc3n gl{r;'e i g?lre |frP1 &% ﬁ?q.(;gﬁwsgtf’ % wo or nore
mol ecul ar si ewmuch by Lretaks.cBLsoBOcabtsestmiing o s@tingwitb plysisithemgedah erill

al um nophsoph . . Sl aV e synthesized by hydrot hernmal
crystallizati ggn‘:%ﬁe L?gg'%s{hg{é?\nedrfg}feﬁ)god%rfbvm inthe art. See, for exanple,

U S. Pat. Nos. 4, 42pi@1y,;them@eciyay 48ve moddi6yil 84 formertin Sqldtivg, B@8& 2 6 COCT

2004 V0 0140385, T SALAZ L R 1 by BRLDGScRlon R 1O of whi ch

are fully 1 ncorporated herein ere reaction mxture is forned
by mi xi ng t ogerdiset cepales homeashdd] feeqypred by haFampmeaptandghigs phor us conponent s,

along with at |eashs@ngut SN @sBalli?FRGdbdsy it REovaled kidbtontafpis S€2 €d and
heat ed, preferably under autogenous pressure, to a tenperature of at 5

| east 100C, priathétigmpores ptle apgioradie tapplite usgd wymaking|theipiialpr oduct i s

fornmed.  For matdcsh Rfxnid) ertelchshiliné ithetuil Wy Gadps bk tﬁ@tﬂﬁf)ﬁfe,e from .
around 2 hours to as much as 2 weeks. |In sonme cases, stirring or seeding

with cryst8 | ié Brsmplaigmusipe remoyedsp that e molepparsisy e icgbibfa e pr oduct .

activity. Once the template is removed, the crystalline structure that remains has
what is typically called an intracrystalline pore system.
In many cases, depending upon the nature of the final product formied, the

template may be too large to be eluted from the intracrystalline pore system. In

20 such a case, the template can be removed by a heat treatment process. For
example, the template can be calcined, or essentially combusted, in the presence
of an oxygen-containing gas, by contacting the template-containing sieve in the
presence of the oxygen-containing gas and heating at temperatures from 200°C to
900°C. In some cases, it may be desirable to heat in an environment having a low

25 . oxygen concentration. In these cases, howéver, the result wiﬂ typically be a
breakdown of the template into a smaller component, rather than by the
combustion process. This type of process can be used for partial or complete
removal of the template from the intracrystalline pore system. In other cases, with
smaller templates, complete or partial removal from the sieve can be

30 accomplished by conventional desorption processes such as those used in making

standard zeolites.



Typically, the nol ecul ar sieve product will be forned in soluti on.z Iﬁtogfm
10 be recovered by standard neans, such as by centrifugation or LT 2004
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 wthin its pores at |least a portion of the tenplate used in

maki ng the iwWDPiIAPIS reaction m xture. The crystalline struGhuiBes

essentially waps around the tenplate, 15 and the tenplate nust be renoved
so that the nol ecul ar sieve can exhibit catalytic activity. Once the
tenplate is renoved, the crystalline er' cture that remains has what is
typically called an intracrystalline poré system In many cases, depending
upon the nature of 'Ilhbﬁaaiﬁtioﬁahxtptl’eQMhtaananEﬂnoré Beghplatee MDdndifes TRY be t 00

large to be eluted fromthe |ntracr talline pore system In 20 such a
case, the tenpPECEeERCHE 28980 ayﬂ%ﬁécﬂfé‘ﬁ%mff%é’étpﬁ%‘ﬁ]ﬂorﬁ $¢8ds. For

exanpl e, the tmwnaﬁﬁro@mrbeoﬁahmoammﬂmmﬁem bo%lainyatfeﬁﬂbﬁlﬁill@iﬂ in the
presence of an o)ﬁy Tglnltalgm ﬁ‘é!{

t enpl at e- cont af™f é‘q’gi’é’(} RS EH Sg?‘@%@‘ E“Bf "t"’l BRY @H“H:ont ai ni ng gas
and heati ngs at Nm:euwesajfasbmreﬁoréfemma%@%ptraiuce&ﬁ!ﬂﬁiresloﬂm&aeﬁ seases, it maybe
desirable to hea n_enviropnent ha a Iow

concentrati on. Pf Orqlﬁaggﬁorg%eégw ?5?)%5’\}3?? at? %é’“’rfe%‘iﬁfl%yg\ﬁ"}m@/% cally be a
br eakdown of taettkenpl ate into a smaller conponent, rather than by the

conbusti on process., This be used for partial or
conplete renoval ofF reﬁnta{#cqe[fl%?tgéllf'%é‘%ﬁ‘%ﬁgﬁﬂmpr}’ssfléﬁ li ne pore system
| n ot her casesgyclapértylansing hingomtbpiplyclolesanecopaolding ariokylandnd, i al renoval from

t he sieve n I venti o sorpti.on processes such
as those ug@d |n1°§r§i¥%%m éuﬁh‘ d& etgﬁgr[lmg mo?%gh&ﬁliprf 04" WD 01/ 80995

PCT/ US01/ 13306(11?@@@}’1151&@ trﬁepnoeﬂ@:mmmwdrmmbmt@nemwo wredired rglates  nor e

tenpl ates. Tenpl ale@31.R5R, cy%lfoﬁéi%{ﬁfn%nﬁ]séﬁﬁ&gygﬂmﬂﬂ‘?sg% ?uﬁme typically

contain nitrogen, phosphorus car en or a conbination
thereof, and claWacHiy5enmertmsays, aieprtrpé'b@tmeowénamwthem dhgl group, with 1 to

8 carbons bei NG REE B8Rioniuth Jaﬂﬁnﬁhd@%étra%yl%ﬁlonﬂﬁﬂl&@mxﬁe“ pioihes of two or
nore tenplates can produce m xtures of different 'sieves or predom nant |y

one si eve Wher&U#ste! 3numeniuge phosrhatepietsacdiyl ppenjuoy fucride, tetepethan

ammonium bromide, tetrasthyl ammonium chloride, tetraethyl ammonium acetate.

Preferred tetracthyl ammoniurm saits are tetraethyl amumonium hydroxide and
tetracthyl ammonium phosphate.
The SAPO and ALPO molecular sieve structure can be effectively
20  controlled using combinations of templates. For example, in a particulatly
preferred embodiment, the SAPO molecular sieve is manufactured using a
template combination of TEAOH and dipropylamine. This combination results in
a particularly desirable SAPO and/or ALPO structure for the conversion of
oxygenates, particularly methanol and dimethyl ether, to light olefins such as
25  ethylene and propylene.
The molecular sieve is typically admixed (i.e., blended) with other
materials. When blended, the resulting composition is typically referred to as a
SAPO or ALPO catalyst, with the catalyst comprising the SAPO and/or ALPO
molecular sieve.
30 Materials which can be blended with the molecular sieve ¢an be various
mert or catalytically active materials, or various binder materials. These materials

include compositions such as kaolin and other clays, various forms of rare earth



anot her. Representative tenplates include tetraethyl ammoni um sal ES 0 004
cycl opentyl am ne, arni nonet hyl cycl ohexane, piperidine, triethyla ﬁe '-'EOZ
cycl ohexyl am ne, tri-ethyl hydroxyethyl am ne, norpholine, dipropylam ne
(DPA), pyridine, isopropylam ne and conbinations thereof. Preferred
tenplates are triethylamne, cycl ohexylam ne, piperidine, pyridine,

i sopr opyl amwiensedeet raet hyl ammoni um sal ts, di propyl am g s@Rsh, Xt ures
thereof. The tetraethylanunoniuni salts i ncl ude t et r aet hyl amoni um

hydr oxi de (TEACH), 15 tetraethyl ammoni um phosphate, tetraethyl amoni um
fluoride, tetraethyl ammonium brom ?, t et raet hyl amoni um chl ori de,
tetraethyl amoni um acetate. Prefer é‘%f et r aet hyl ammoni um salts are

tetraet hyl anmpailmday 8%i8ssi clfer Ab8lzeoliRlh@gR phate. The SAPO
and ALPO nol ecul ar si eve st ruét uréeoclar? @ ?‘#‘%@%g Olﬂgog control |l ed using

conbi nati ons JPTPEHFPAEEIN grRuTELRTPh |t1@mal Froanip Aragiesial thtvr[aybeqdhef erred

enbodi ment, 2B ARG sBe 4 b §b<ﬁ%ﬁdh§xrﬁ§@ﬂﬂ@ tenpl ate
conbi nati on oPﬁTEACl]-I ans |pr01[§: | anune. This r%g{ngpﬁg% r?H(?nészaﬁTts in a

particul arly oPé%"leffa‘lﬁl"é“‘SA‘ib'G“é b?haﬁe_vp@uﬁtﬁlmpw,@cWIaS%thembmler si on of

oxygenat es, 5 pabhésﬁﬂiln%it)éh@l&&x e Qha BNt dui LM dal afifyideQnd da@ilk, ©! ef i ns
such as 25 eth | ene .and LE) Ieng@ ﬁe m)%ecu | ar glg"gq?sat pically

admi xed (i . nfl frsreating © Fﬁ“@’ﬁ%ﬁ%rh 1spaftisylacky desirapjgdhat the inserampieriplie resul ting

conposi tion |&hattmh@ailtherc@r&@wt@&twams&&&@ﬁeae%ﬁ’agtﬁéﬁadﬂst with the
cat al yst corrprl Si ng)at he SAPO and/or ALPO nolecular sieve. 30 Materials

whi ch” can be HPBHAS] PRoR! & alE1 o Be Praferablydiom bant Qo gbaul B8 6al/g nert or

catal ytical |y «aCinhy freftef fréth SbouPd.1 YPdbb@WS dai/der materials. These
materials _include conp05|t|ons such as kaoli1nh and ot her clays, various

forms of rite eart fdditignabmpleyhysicygnaierianon be inclrdedlpa pasE e Page 16
netal s, netal mcﬁ@&;ysp&d&@ammzree?M&&@dtaakeﬁ{ate%m%ﬁﬁév% zeolite

cat al yst corrponent s, alumna or titanic, zirconia, magne3| a,

|
thoria, beryl |Lysts fjadpixure withithe SATO cafefystdfdesieds iStrpetarakipes obsmellni xt ur es
t her eof . Thesgoentiglesnenbisved tift arabuitable for @gdih & ihnkSARGLRMEL Ater al i a,

overall catalysfe Q93 ATt AI09 &, Bk XIS 8K pac, bR, EDL BRI

15 GOO,KXFI,LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and
substituted forms thereof. Structural types of medium pore molecular sieves that
are suitable for use in this invention include MFI, MEL, MTW, EUOQO, MTT, HEU,
FER, AFC, AEL, TON, and substituied forms thereof. These smaii and medium
pore molecular sieves are described in greater detail in the Atlas of Zeolite

20 Structural Types, W.M. Meier and D.H. Olsen, Butterworth Heineman, 3rd ed.,
1997, the defailed description of which is explicitly incorporated herein by
reference. Preferred molecular sieves which can be combined with a
silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.

The catalyst composition preferably comprises about 1% to about 99 %,

25 more preferably about 5 % to about 90 %, and most prefer«bly about 10% to about
80%, by weight of molecular sieve. It is also preferred that the catalyst
composition have a particle size of from about 20y to 3,0004, more preferably
about 30 to 2004, most preferably about 50g to 150y,

The catalyst can be subjected to a variety of treatments to achieve the

30  desired physical and chemical characteristics. Such treatments include, but are

not necessarily lmited to hydrothenmal treatment, calcination, acid treatment, base

treatment, milling, ball milling, grinding, spray drying, and combinations thereof.



5 to assist in heat shielding the catalyst during regeneration, densify

the catalyst and increasing catalyst strength. It is particul arI y2 b GLT ?ﬂﬂ‘l
desirable that the inert materials that are used in the catalyst to act

as a thermal sink have a heat capacity of from about 0.05 to about |

calg-C, nore preferably fromabout 0.1 to about 0.8 callg- C, nost
preferably fwomse#eut 0.1 to about 0.5 calig-C 10 AddiddrRRalis#ap! ecul ar
sieve materials can be included as a part of the SAPO catal yst

conposi tion or they can be used as separate nolecul ar sieve catalysts in
adm xture with the SAPO catal yst if desi red Structural types of small

pore nol ecul ar sieves that arc suita P¥l7or use in this invention include

égl Ag GO'SPCKF'IAT%1sE€/aItTcula@1§\!esmﬁW\{haﬁhéﬂgu%§eed (aofecul F@‘ﬂeﬁ@%mgmangm

substituted fonstionsused s ttornresetsof mpking olefn rssduptefetimuan qragesatero| ec ul ar

si eves t hat acfoﬂtaﬁ:iﬂgtf@éalst@ckf Qﬁoﬂé%%abb&lmm'o%ﬁs@ﬁfv%ﬂﬁdnoa{'feg&‘&hm MEL, MIw
EUO, MIT, HEU, .FER u, AEL ., and' substitute ormst ereof These

smal | and nredlWﬂeﬁﬁﬁeeanprﬁl’wya%dl@%@b%hﬂ?%mé%@ﬂ?%éwtﬁyglrﬂéla?cter detail in

the Atlas of Ze@thé Qxyzéhaét fs'é@ﬂté&e@'wﬁﬁ)éﬁ@tﬁlyst%ﬂ%mﬂ&h aveikdBabp O sen,
Butterworth Hei 3rd ed. 1997, the detailed descrl ption of Wmch i's

explicitly i nc‘B{‘}fﬁb‘ a2 FISYF IR &FRFiPENe G Splupe Ehs volbps iy hiehSuRbioBEel ar si eves

whi ch can be c:@mmeﬁsmrahtmecsmbﬁe@&ﬁummﬂapspb@dna;fﬁafcadwst i ncl ude
ZSM5, ZSM+ 34, erionite, an chabaéﬂme.rgThe catal yst conposition

preferably confBPiaEE AnEHFR OFER gt o theygackion systgmaiagbed| v about 5 %
to about 90 %“regmrms’twmﬂﬂfompa&by v&lﬂﬁﬂﬁvh&ﬂﬂ@ﬁr@nﬁ&ﬁhﬂdept&%r by wei ght of
e s e
to 200g, nost qonmtmlgablcyuazbtomhrsgbgemﬁmhﬁﬁmm The catal yst can be subjected
to avariety of !reploRili@dachl $hs MsiRdnfesliad Piusieal and

chem cal characteris reatnents I nc ar e
necessarily | iovpeshdtwhidinrdrteinhalevstiont oxyatmatom, suchak eliphatid almholam d

treatnent, ba spray drying,
and conbi nat i iﬁf? f%ﬁ?ﬂtgg?& @?‘ﬁ%’oep%&be?lg%g% E%Elgl%g%%?%% Page 17
It is part1'%u|eé?eﬁyn‘éi@éW@b“@e{lﬁﬁpxiﬁ@f‘?l@jﬂm‘@h&hEﬂdﬂlmoéeﬁnllwudsmve of this
i nvention be Uggghti otdBEnRin@ GeHS! 19710 BRbINIEhnR! Bbik BrefirDUHESm { tcyM an

oxygenat e- carbon atoms. Representative ailcohols include but are not necessarily limited to
lower straight and branched chain aliphatic alcohols and their unsaturated
counterparts. Examples of suitable oxygenate compounds include, but are not
20  limited to: methanol; ethanol; n-propanol; isopropanol; Ca - Cy alcohols; methyl
cthyl ether; dimethyl ether; diethyl ether; di-isopropyl ether; formaldehyde;
dimethyl carbonate; dimethyl 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
25  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
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
30  steam reforming, autothermal reforming and partial oxidization.
One or more inert diluents may be present in the feedstock, for example, in

an amount of from 1 to 99 molar percent, based on the total number of moles of



contai ning feedstock. In one enbodi ment of this invention, a feed

contai ning an oxygenate, and optionally a diluent or a hydrocar b(gnﬁaglel.[edznm'
separately or mixed 5 with the oxygenate, is contacted with a catal yst
containing a rejuvenated SAPO nol ecular sieve in a reaction zone or

vol une. The volume in which such contact takes place is herein terned the
"reactor," wWhoeieay be a part of a "reactor apparat UsperfsmsR@ct i on
system " Another part of the reaction systemnaybe a "regenerator," which
conprises a volune wherein carbonaceous deposits (or 10 coke) on the
catalyst resulting fromthe olefin cg ﬁ sion reaction are renoved by
contacting the catalyst with regener #5° medi um The oxygenate feedstock

of this inventjnLeCAIRiieafdnBbnhB3Siito B Salf DA or&mmﬁumﬂ adifibLh contains
at | east one oxygen atom such_as aliphatic alco ers, carbonyl

conpounds ( al dREFR EBueNBEERARBRSINORS BBIRY 1P esseptialisnongeactivanstoss 15 esters and

the like). Whefoither E’ié%gﬁﬁgfstemd%n%ﬁ'ﬁ%{"&x' to rdaREmEbHR0RLes AR | NCl ude an
aliphatic noiety having from| to 10 carbon atons, rore preferably from|

to 4 carbon afE#sisieck W@@é‘iﬁ%‘%‘t iTyeical didesAis ingludp it piengs pecessardy not

necessaril ys | i jiphited6h hdium| SVES, nifkbedl Gon %&Mcmﬁ%oﬁﬂalﬂ@ i phatic
al cohol s and their unsaturat ed counterparts. Exa l es of suitable

oxygenat e conpStHtyingR g beﬁfﬁﬂaf@épeﬁlé]tly ﬂvze}kﬂqem%aﬁ rpgbangrethaag o ;

et hanol ; n- pr opapRIpane), SERANAAG-rcadide auq,%@s @is@ﬂﬁﬁ}ﬁon—x@ﬁilw&omﬁlchw et her;
di et hyI et her; di eth | .ether, di -|§opr r};ﬂ et her; formal dehyde; dinet hyI
carbonat e; di SRy R’é"f“é)ﬁl@‘mrﬁﬁctﬁ??‘”é Rk A Bt @RLMEREeT Pr of er r ed

oxygenat e conpwuﬂaﬂc&naé&udaf&tih}ammkr,hqdidlasetrdpyﬂfoﬁﬁ her, or a mixture thereof The
nmet hod of king t referred,olefi oduct i s i.nvention can 25

i ncl ude the’ additi ¢ E’ °%¥MSH~3RH?B'°‘$ g@%fcfbﬁ) s©F% /48> #¢8m hydr ocar bons
such as oil, faalAs deﬂﬁedshanm h)&ll‘m.hxeonshicdlﬂ&ismﬂaméfd&éﬂtdstkai‘e gas_ Met hods for
maki ng t he col ositions ar. t hods i ncl ude

o an T on” ORRRhert GRoedlifons RRWE aicBotiedll biaul BREAPIIRIRAS VO |
t he synt hesi s ges cogactal withmdlecglar ae\heatalyﬁymhdaehydsocgmsnmmmbladqor oduced by

known pr 0Cesses, UG, 9 Al CAI LRt SULAINIEHIRL, S0 N0 and

partial oxidiza nore 1 ner ts may be present in the
f eedst ock, 15 ortherrefnBrederreil hydregarbamerifeedsafclvide cmepyleane bolens lpentylpnsy cent , based

on the total numRaLQfTRiRSedC, PhyloSiTonA U lQnd hhtQ0985.2CHoHS01/ 13306

preferred as co-feeds are a C;” hydrocarbon mixtures, with the most preferred
being C¢™ hydroacarbon mixtures which are obtained from separation and recycle
of reactor product.

20 In the process of this invention, coked catalyst can be regenerated by
contacting the coked catalyst with a regeneration medium to remove all or part of
the coke deposits. This regeneration can occur periodically within the reactor by
ceasing the flow of feed to the reactor, introducing a regeneration medium,
ceasing flow of the regeneration medium, and then reinfroducing the feed to the

25  fully or partially regenerated catalyst. Regereration may also occur periodically
or continuously outside the reactor by removing a portion of the deactivated
catalyst to a separate regenerator, regenerating the coked catalyst in the
regenerator, and subsequently reintreducing the regenerated catalyst to the reactor.
Regeneration can occur at times and conditions appropriate to maintain a desired

30 1level of coke on the entire catalyst within the reactor.

Catalyst that has been contacted with feed in a reactor is defined herein as

“feedstock exposed.” Feedstock exposed catalyst will provide olefin conversion



Page 18 all feed and diluent conponents fed to the reaction zone Qof (CT 2004
catalyst). As defined herein, diluents are conpositions which are
essentially non-reactive across a nolecular sieve catalyst, and primarily
function to nmake the oxygenates in the feedstock |ess concentrated.

Typi cal diluents include, but are not necessarily 5 limted to helium
argon, nitrwgensogsar bon nonoxi de, carbon di oxi de, watercrvssgensially
non-reactive paraffins (especially the al kanes such as net hane, ethane,
and propane), essentially non-reactive al kyl enes, essentially non-reactive
aromatic conpounds, and mxtures thgreed. The preferred diluents are
water and nitrogen. Water can be injected in either liquid or vapor form
co- Teed As. Gty e hor el Iy ocat bone reL bt ot b TR Feedst ock &
co- feed. As defjned.herein, rocar bons 1 nc ed wth the feedstock are
hydr ocar bon cSﬁtﬂfggiv&'fcgﬁssgﬁF’Eﬂ%%f"ératé%n‘gé?tiﬂ&ﬁWfl YRR PESVIde YR c al
arrangenent whemtceiptapateed itié d:dposEn kot fed, 2itRy tréigh dlcyading hege

hydr ocar bons can i EC{I uage .ol ef.i nf; d react i veFEgr affins, reactive

al kyl ar omat i c& SR ERY YT MERiY el B oK ARREMS S { hereof . Preferred

hydr ocar bord co- f eedsanypiventhetant ik (rpy; ls@neof thxdatalyerie thepebbywitine, C4+

hydr ocar bon n‘ig%ug(%? m%aatggdr&)gar bon .m xturlﬁls and m‘aht# es thereof. Mire
preferred as S5 eareaiRgeis A PP TP ST BB et pRa res e nost
preferred beinngyeCheen fegeheoitealr Hberefotex tanivesportionodt tiar oatabyistia ktha @chcfor om
separation ang, e roduct . .2 n t rocess, of this

i nventi on, co%é{!lﬁ%ét% jéﬁ%yfgct%tg‘g(n&g%s%r %’g%’ﬁ‘g’}‘*‘é"@é&“ ;‘}*“‘8%%%%“?%&‘6 fhe coked

cat al yst wi t h véuohdiepdilewatol thsrermbad icamvary theenowe offebd towhirAnvtriomt  t he coke
deposits. fhi j T iodical |yv. within the reactor by
ceasi ng thlg,\3 fﬁ)gﬁve%gsfe&?{eegcéea?g& ‘The r e&ét%%?gﬁluﬁﬁérg ﬁté%ﬁgoﬁq}eea‘gﬁaé? ation

medi um  ceasicglystifesdstodk exprsue éngenGYGHE intex)adisedrio quanditativgndefme nt r oduci ng
the feed 1o g Afinluhitn i oRite blild o GERERGTAIRE, R8I Shosdfegener ati on

may al so occur periodically or continuously outside the reactor by
removing a porti onAd¥set hacinetditt pdaxdtithe ol aFighitof feod dividepbit the tal egener at or
regenerating tRgneskRAecaRt Advifile., leReitdis biﬁcﬁﬂﬁf&ﬁé’,@fc?ﬁfﬂm@é‘h%ll:ﬁybsequem Iy

rei ntroducing the regenerated catalyst to the reactor. egenerati on can
occur at tiPneSCHPRFHOBLWR? A Eeph o Mestened shatihieanideavdesi red 30 | evel

of coke on theq@idiént Bm6 ditetay,Shd Wk (i thtdoif sHoBRGE Rng efetbRlokEbothhat has been
contacted with f ctor. i i [ﬁ;ei n as "feedstock

ed Ln are s defined
exposed. " Feeddt fg‘l?ﬂmé%ﬁlscé YEY 576955?"%\)??% aceoriug 19 &hedpastor pdconver si on

regeneration process step selected to allow the system to be viewed as essentially

continuous. In the case of reactor systems with periodic regenerations, this can
20 range from hours up to days or longer. In the case of reactor systems with
substantially constant regeneration, minutes or hours may be sufficient.

Flow rate of catalyst can be measured in a variety of ways. Inthe design
of the equipment used to carry the catalyst between the reactor and regenerator,
the catalyst flow rate can be determined given the coke production rate in the

25 reactor, the average coke level on catalyst leaving the reactor, and the average
cbke level on catalyst leaving the regenerator. In an operating unit with
continuous catalyst flow, a variety of measurement techniques can be used. Many
such techniques are described, for example, by Michel Louge, “Experimental
Techniques,” Circulating Fluidized Beds, Grace, Avidan, & Knowlton, eds.,

30  Blackie, 1997 (336-337), the descriptions of which are expressly incorporated

herein by reference.
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substantially | ower propane and coke content than a catal yst mhléhﬁléb? 2004
fresh and regenerated. A catalyst will typically provide |ower anounts of
propane as it is exposed to nore feed, either through increasing tine at

a given feed rate or increasing feed rate over a given tine. 5 At any

gi ven i nst anyo hikodss e, sonme of the catalyst in the reaqkﬂ%ﬁﬂw+¥mbe fresh,
some regenerated, and some coked or partially coked as ‘a resu of havi ng
not yet been regenerated. Therefore, various portions of the catalyst in

the reactor w |l have been feedstock exposed for different periods of

time. Since the rate at which feed fi2 to the reactor can vary, the

amount of feed to \M'ﬂ'ﬁ;hn%ﬂﬁd (yrﬁ¥ ﬁ"xg m?o?ercﬁllaros?e%e %ft%czchf pgttaég & é%%tgfea%n al so vary.

To account for this variation aver age ¥ exposure
i ndex (ACFE i natexhe' uﬁ@mﬂs@dtm@nqlsranf ACEE mded }Thdeitaly’sesenttbﬁle&éﬁcﬁﬂt to which

the entire catglysi éaﬂb%}ﬂ&efﬁe@ﬁ%?feig&h%}%tegﬁe com gnoogg ?J'Eb&of As used

herein, ACFE index is the tota G (VA *RHE™Mt ot al
wei ght of nol edereahichimay be (ﬂclr@ﬂtedéﬂerhdﬁhmge mmwlﬂnn thefeb@or et c., of the

cat al yst 155 cogpasiud i 0NVia IGN pib8 &Qﬁm{la??e%ﬁ gg)t e%c asug Eﬁ%g} shoul d be

made over an equivalent time fnterva tl shoul d be
| ong enough toTESWB@F-ﬁOfﬁtﬁa%ncﬂlcmftlmmh@n@lystnsmaﬁcalbwtdmlthef eedst ock rates

accordi ng to t g fanQf AeRE indefoenerati on process step selected to allow
the systemto be viewed as essentially continuous. In the case of reactor

systens with peri odtgpipisgedeibadimentof thihinkentiom a 2@d cemtagmng som hours up to
days or | ONger oxybdhele/ ¥ 6RSRIY  HyBRLLBEn, Sl s%gﬁatxxh;{&mgmﬁﬁ gotially
constant regeneration, mnutés or hours e s I cl ent Iow rate of
catal yst cif bEVERAEF %‘@tﬁcﬁda’“baﬁﬁtélﬁ?CQﬁtalmégl%feJulvﬁlateﬁtsAB@Slmyw of the

equi pment UsedALll’Dﬁﬁfeﬁlﬂattsféeeﬁ@?o@és‘é%&ndﬂﬁ)hy\ﬁﬁf:h\kn@ @Lﬁ%ﬁﬁnsé}ﬁlg regenerator,
the catalyst flow rate can be deternm ned given t%e coke gro duction rate in

the 25 react or™9HENEdhesy Yﬁ&ﬂ%“%’é@@f‘“%ﬁ of algastabput| | dqprefsebbyife 1 eact or

and the aver ageast wkmhe:FElmdeﬂmQEéﬂhge&Ifaﬁo@ﬁN@t%@otlshs?fe&%eﬁﬁfﬁ%ﬂge- I'n an
operating unit %ﬁga B st. flow, _a variety of neasurenent

t echni ques can™8 mhégggnbtl 4 eh‘fflaa‘ﬂ‘é% %Fsé’a'a‘é‘élﬁfllxl'ﬁﬁfﬁ“edf or exanpl e,

by M chel L.buge " Bxip etandaminttor syE&ﬂ&m Gblgﬁd inclidig\Hxad beagmndd bgdcyr[] zed Beds,
G ace, Avidan Bl acki e 97 (336-337 t he
descri ptions OI]II‘OgL 61\2'{ sya?%giseglg?eggg }'e)?ctorﬁ (al.rgch S?rée[ng er reactors and shart

contact time, countercurrent free-fall reactors in which an oxygenate feedstock
can be contacted with a molecular sieve catalyst at a WHSV of at least about 20
lr!, preferably in the range of from about 20 i to 1000 hr™', and most preferably
20  in the range of from about 20 hr'! to 500 hf'l. WHSYV is deﬁnéd herein as the
weight of oxygenate, and hydrocarbon which may optionally be in the feed, per
hour per weight of the molecular sieve content of the catalyst. Because the
catalyst or the feedstock may contain other materials which act as inerts or
diluents, the WHSV is calculated on the weight basis of the oxygenate feed, and
25  any hydrocarbon which may be present, and the molecular sieve contained in the
catalyst.
Preferably, the oxygenate feed is contacted with the rejuvenated catalyst
when the oxygenate is in a vapor phase. Alternately, the process may be carried
out in a liquid or a mixed vapor/liquid phase. When the process is carried out in a
30 liquid phase or a mixed vapor/liquid phase, different conversions and selectivities

of feed-to-product may result depending tpon the catalyst and reaction conditions.
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this invention, only the nolecular sieve in the catalyst sent to t ¢l 2004
reactor nmay be used in the determ nation of ACFB i ndex. The catal yst sent
to the reactor, however, can be either fresh or regenerated or a

conbi nati on of both. Ml ecular sieve which may be reci rculated to and
fromthe re thin the reactor 5 apparatus (i. pi pes or
annul ar reg?‘gﬁgglsowasnd whi ch has not been regenerat ed or J%SEHI%]'? contain
fresh catalyst, is not to be used in the determ nation of ACFE index. In

a preferred enbodi ment of this invention, a feed containing an oxygenate,
and optionally a hydrocarbon, either IEa‘stparatel y or mxed with the 10

oxygenate, is contagted with a yst ont aining a rejuvenated SAPO
and/ or ALPO nol ecul P§°°83\§8a"eﬁ°n‘?5§@ SSETE %F‘ttal“ﬁ esrg'égfef"&éﬁp%m’feﬁ pr oduce

olefins in a maﬁ'édnlifeivphemﬁgteh@er@tﬂie&h:}@banhﬁﬁoﬁﬁbd’s@@“ﬂﬂﬂ'ﬁ)o%;f at | east

about 1.0, prefe o ange of about
1.0 to 20 is ePrreEe&%H% WOP%Q ‘%taﬁg%‘fﬁf’”a Eelﬂbe %nihﬁ’“‘o%lsr%"dem rable. A
range of about 52}°(112Alﬂlemretmﬂlm|fﬂk|tqmnafaaﬁ‘mﬁ$dhefbﬁna@ﬁg(oﬁ&ﬁﬁﬂﬁ%dd react or
system can

| udi.ng fi x i d bed bed systens.
Preferred rgac?f)g%i’rg (%aybe Pléar’l"ia%?ed{s?{ Eo’wr és‘éi{{ ILH %&fgq?g%’pc htact tinme,
countercurrent rahgeﬁlefpaicbssmaobﬁozmanmpﬂinmulam&mtmﬁpmhmate feedstock can be
contacted with a v at St._a ast about 20 |
r'', preferably i gqt?%lg‘@ﬁie%m@ ¢ rcpgrr%%a o{ﬁglpéﬁmﬁ?v?% tf8gi(5: :ﬁg- 1, and nost
preferably 20Temperdtge Camqe:dm‘onhalund Iefletharte S2ithvity (TCtI*ﬂdSOmldaermm VWHSV i s
eft ned Mer o1 a6, 148haA) em&&%étﬁm&ﬁgna;s&ag iphi ch_mey

optionally be In e feed Rour per: Wwei | ar sieve
cont ent of lﬂheoleémﬁblysxygeﬁéwamesetmwsva?fetllsasttab@n%hte pi‘@edeg ock may

cont ai n ot her &1&:@&%&@%0&'@{1&3 or diluents, the WHSV is

calculated on t vvel ght asl s e oxygenate feed, and 25 any
hydr ocar bon whi ch nﬁy@@lﬁr@sgﬁNM%}ﬁdemasﬁmwmedMe%S?bntl\aimed in the

catal yst. Pref 6R8) dhen e iHARDRIE: Ethoe ARNNASCAn LRt e el uvenat ed

catal yst when the oxygenate is I n a vapor ase. Alternately, the process
maybe carried m@ihﬁnﬂlprpdadlb’ileéftﬁhﬂd@#byahwtmeP@é‘éﬂt midq@p@mmqﬁsaeeld Wwhen t he

process is j6ar hi.20re@H4, ok I} cBuverted 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)
The pressure also may vary over a wide range, including autogenous
pressures. Effective pressures may be in, but are not necessarily limited to,

20  oxygenate partial pressures at least 1 psia, preferably at least 5 psia. The process
is particularly effective at higher oxygenate partial pressures, such as an
oxygenate partial pressure of greater than 20 psia. Preferably, the oxygenate
partial pressure is at least about 25 psia, more preferably at least about 30 psia.
For practical design purposes it is desirable to operate at a methanol partial

25  pressure of not greater than about 500 psia, preferably not greater than about 400
psia, most preferably not greater than about 300 psia.

The conversion of oxygenates to produce light olefins may be carried out

in a variety of catalyfic reactors. Reactor types include fixed bed reactors, fluid



30 liquid phase or a mixed vapor/liquid phase, different conversipng (Td 2004
selectivities of feed-to-product nay result dependi ng upon the catal yst
and reaction conditions. 2 6 OCT 2004 WO 01/ 80995 PCT/ US01/ 13306 Page 21
The process can generally be carried out at a wi de range of tenperatures.
An effective operating tenperature range can be from about 200C to 700C,
preferably fwommsedeut 300C to 600C, nore preferably fropraRewsseo0C to
550C. At the lower end of the tenperature range, the formation of the
desired 5 olefin products may becone markedly slow. At the upper end of
the tenperature range, the process nay not forman opti mum anount of
product It is highly desirable to opglaétzé at a tenperature of at |east
300C and a T r =Tol |1 : h §ﬁ§§‘ Wity (TCNMVB)
of less than e%mlégfjat%%%%g%{c I't :ﬁ%rg%ét?{:égéu aﬁ%@%r g#%g?re tkth%t the reaction
condi ti ons f orflieicriny Enginedriagi I Kund aubRylgusnapiel, Reohe Ei Kdegar WHSV of at | east
about 20 hr"1 A i g}{%ﬁ, an about 0.016. As
used herein, T‘g{)lg/%ﬂ?s@ggﬁln%g’ %@e?%ﬁo@m I fek‘ ﬂl\}/'grféfﬁrglrrll%' Selectivity (NVB)
when the tenpepéitipnally, sountsscyrrens fee il o@ctorpimay RvSefl & thiefohyredoras t he et hane
product yied ﬁbéék&_%%@ﬁ{beﬁmﬂﬂh%b@[‘l%ﬂﬁ@wRéﬁhﬂ"ﬁjﬁ'm%z%n%ﬁach yieldis
15 measured on, or is converted to, a weight % basis. Wen the tenperature
is 400C or gréuddieridawsaapmses 482 Fid denzepd Prle Qtene, gichg/dequat i on, in
which T is thebAselate, herPedodint iGaith Uik iptoReor AR bR alsh BxfressHiVE TCNVE =
1+(((T-400) 1400) x 14. The pressure also may vary over ‘a w de range,

i ncl udi ng aut o'femesRted hsreahyrefstencers f ect i ve pressures maybe in, but are not

necessarily |imtedh{grefertll MOSGRRAL A HRABAtInAbus BpRHRH! B Aordopdst 1 psis,
rocess  is particularly effective at

preferably at |east 5 psia.,  The p

hi gher oxy na@‘“ecaﬁéxlﬁfﬁsé?m%%@‘gwhéﬁac'é’ﬁﬂqs%“’a‘h‘”e&%@ﬁ'&ﬁ%’n@’érﬂﬁ al pressure
of greater thacRRips dke dpedie tabksult dhig: BXkOPRQtigANd hal pressure is at
| east about 25 psi % g}ére %eferabI%/ a]'ﬁ) | east .about 30 Psi_a. For
practical desiGFoFarh&ssataiytly congees pilnf wemgrafpfnedinm comtaining hanol parti al
25 pressure ofoxygdn og bikatozidaiith sExamplas bf il oxiédns, indhude Dgrsaly) 1, 0NID, gr eat er

t han about 400Noz

N;Oys, and mixtures thereof. It is preferred to supply O; in the form of air.

15  The air can be diluted with nitrogen, CO,, or flue gas, and steam may be added.
Desirably, the O; concentration in the regenerator is reduced to a controlled level
to minimize overheating or the creation of hot spots in the spent or deactivated
catalyst. The deactivated catalyst also may be regenerated reductively with Hy.
CO, mixtures thereof, or other suitable reducing agents. A combination of

20  oxidative regeneration and reductive regeneration can also be employed.

In essence, the coke deposits are removed from the catalyst during the
regeneration process, forming a regenerated catalyst. The regenerated catalyst is
then returned to the reactor for further contact with feed. Typical regeneration
temperatures are in the range of 250-700°C, desirably in the range of 350-700°C.

25  Preferably, regeneration is carried out at a temperature range of 450-700°C.

It is desirable to strip at least some of the volatile organic components
which may be adsorbed onto the catalyst or located within its microporous
structure prior to entering the regenerator. This can be accomplished by passing a
stripping gas over the catalyst in a stripper or strpping chamber, which can be

30  located within the reactor or in a separate vessel. The stripping gas can be any
substantially inert medium that is commonly used. Examples of stripping gas are

steam, nitrogen, helium, argon, methane, CO,, CO, flue gas, and hydrogen.



psis, nost preferably not greater than about 300 psia. The conver Ié):b'of
oxygenates to produce light olefins maybe carried out in a varietfyBdfL 2004
catal ytic reactors. Reactor types include fixed bed reactors, fluid 2 6

OCT 2004 WD 01180995 PCT/ US01/ 13306 Page 22 bed reactors, and concurrent
riser reactors as described in "Free Fall Reactor,"” Fluidization

Engi neeri ngwddyistegni i and 0. Levenspiel, Robert E Kri eggseiRHsdas 1 shi ng Co.
NY, 1977, expressly incorporated herein by reference. Additionally,
countercurrent free fall reactors nay be used in the conversion 5 process
as described in US-A-4,068,13 6 and 'I;Riczgr Reactor”, Fluidization and
Fluid-Particle Systens, pages 48-59, #°A° zenz and D. F. Qthno, Reinhold

Publ i shing Corp., W¥a}96@esirhtlStodesiat leaea SRE&T dfiteirQRSertba Mw&aho@re al so

expressly incorporated herein by reference. In a gr ef erred enbodi nent of
t he conti nuoud®BH&ianerag e bs5or ¥ issepidiagk tp Hegfacton o hysbexchangenjesptels r enpved

fromthe reactQferlifotdVegdnbratbohBay RORAEH Adnve bdind 1RATGE thhgataigecumul at ed
coke deposits that i

result. during the catalytic reaction. In the
regenerator, tAer B gng?g‘f“hg@“’Bgﬁ?fﬂe{E% sgriEeh Whrdberemsario s um
cont ai ni ng s OX$GRA Q¥ kAW to 0Xd1 a8 h BmpEX@fRIED iPfoR AT 200X Hidkds | ncl ude
03, SGB, N20, NO, N2, N205, and m xtures thereof. It is preferred to

supply 02 in tthaboub2dGiovgr than the toyperarerof g qatplast dithdreerifrom e ni t rogen,
co2, or flue gr@&tor.aﬁgresdteﬁﬁ gﬂé °p&e@tgq?°q%’|eﬁage3?f#ge“€%|°¥v %thb@?@l%wﬁpnce”t ration

in the regenerator 1s reduc to a contr omnimze
over heat i ng orthdnitke tempattiugnf the chdyst wbdrawi font e reaplentThgrcocledict | vat ed

catal yst. The dg& tt&éﬁ%ﬂ?ﬁ’g?ﬂ%‘?@/tﬁ%ﬂﬂ %e-ewidggﬁlggwﬁr@g ed reductively

with H, CO mXtures or other “sui'tabl e reducing agents. A
conbi nat i ot ofreg@eratgy, deatly eWhenghavegaaeiatsh caiglept frew thetreagrersteijéner at i on can

al so be enpl oygdmed b HSREM Gt mhS: KB BURATAIoR s Uifydt AFRNEHnd r OM t he
catal yst during the regeneration process, formng a regenerated catal yst.

The regener at &80 Searaghan 3088, apduiheiplet rope dotasdusingthe enpladGatalygintp yr t her

contact W th fieedacicbbPleg@ieratdd SRR IAHRB thelaCFRR tMhipefaOfe Mt reddtdrhe range of
250-700C, desirably in the range of 350-700C. 25 Preferably, regeneration

is carried out & ¥ ¥nperature range of 450-700C. It is desirable to
strip at |east sonmm dik cinb@iivaltahd legt@hgblifennne belfigtred wah that maybe

adsorbed onto [Beh l%edc caétntaeil;té/ ﬁlte rggfanelra r(s:cfle gag,gysme}o?ei i?is irétgmg;li tg Eh%@gafct%g SIn an
alternative embodiment, the reactor and regenerator are configured such that the
feed contacts the regenarated catalyst after it is returned to the reactor. In yet
another embodirnent, the feed stream can be split such that feed contacts
20  regenerated catalyst before it is returned to the reactor and after it has been
returned to the reactor.
1t is preferred the catalyst within the reactor have an average level of coke
effective for selectivity to ethylene and/or propylene. Preferably, the average
coke level on the catalyst will be from about 2 wit.% to about 30 wt. %, more
25  preferably from about 2 wt.% to about 20 wt.%, In order to maintain this average
level of coke on catalyst, the entire volume of catalyst can be partially regenerated
under conditions effective to maintain the desired coke content on catalyst, It is
preferred, however, to recycle only a portion of the coked catalyst for feed contact
without regenerating. This recycle can be performed either internal or external to
30  (he reactor. The portion of coked catalyst to be regenerated is preferably

regenerated under conditions effective to obtain a regenerated catalyst having a



structure prior to entering the regenerator. This can be acconpli hgchrg 2004
bypassing a stripping gas over the catalyst in a stripper or strFppi
chanber, which can be 30 |ocated within the reactor or in a separate
vessel . The stripping gas can be any substantially inert nediumthat is
commonly used. Exanples of stripping gas are steam nitrogen, helium
argon, net havens@®2, CO flue gas, and hydrogen. 26 OClpcaaRéin¥¥e; 01/ 80995
PCT/ US01/ 13306 Page 23 It nmybe desirable to cool at |east a portion of
the regenerated catalyst to a |ower tenperature before it is sent back to
the reactor. A heat exchanger |ocateg,.externally to the regenerator may
be used to renove sone heat fromthe catalyst after it has been w t hdrawn
fromt he regern®katamicnt Menthbhn? wt. wgpekrablyaes tad a5 webs, ked oscool ed, it is
desirable to ¢ rature which is from about 200C hi gher to
about 200C |l o qglertahlglcs%ﬁe {g‘g’g%r ature of the catalyst wthdrawn fromthe
reactor. More desi adisrto mekeivp fmcmyemlalysmoasduﬁﬂpabadga{eﬁmf)ﬁ&m about 10-200C

| ower than the t Wi mthe reactor.
This cool ed ca%c31 @rﬁéﬁgw% cglraly% & urg%&/e% fif?fa"EY ?l?ng\leé b8rtion of the
reactor, . t He 1@d¢ddgéiracgataatsd aatalyamﬁlar it mﬁmwbdn&omﬂgeémmitadarﬁaﬁeal yst from

Lhe . egener a Sfoul e B Willihel:0. H0GLERIA ol pORLELHND (0 The
reactor's catal yst di sengaging =~ Zone, /or the inlet

zone. | ntrodudksstpritdepeodootledf thaltegetny@tedlcml@st Aﬁgeammbdfdnesmratatmgener at or
serves o 1 eduagnl e YA ATE L AIPRLALU G i BELISRGLAL n Bfifggener ator.

15 I n one enbodi ment act or regenera aré€ co ed such that
the feed contacts ﬂﬂéshﬂ@éemépaméldldwtﬂablygatcth@tftbvdeﬁxtslnrcsluo:eéwthaed to the

reactor. |{p aryy B@ﬁ@@gﬁy&ngﬁ@&pﬂemgﬁ of thiftedefieRondafld €9€NET ator are

configured such ontacts the regenerat ed catal yst after it
i s returned t&%W“Ffé‘é%f‘)ﬁflPOlb’?lle%tPm&‘i@ilhmlyf@wﬂﬁydﬂlnﬁt_%vﬂxpr@hbnef eed stream

can be split S&Sd%ss%@ﬁi‘fohﬁﬁgpﬁ Etﬁﬁ%m@eﬁh@%ﬂﬁﬁﬁﬁﬂ%e%t ehishc before it is
returned to the reactor gﬂﬁ ter it has been returned to'the reactor. It

is preferred tR¥FEStAF e tHhrtisulerereiged 3¢ mptaasengnZisgleyafa anbvel of coke
effective for =sglce@lytiviysgmt 05! yhanple MY/ BtenNAPY.L S s. Pi®lsegably, the

o 89° kS L B Sho A R SRLALSL oL B homdialt 2 e o cbout 30
mai ntain this tb_a/@.taa;g‘eand 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

polyolefin product.

20 A preferred polyolefin-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, 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

25  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.

In addition to polyclefins, numercus other olefin derivatives may be
formed from the olefins recovered therefrom. These include, but are not limited

30 to, aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl acetate, ethylene
dichloride and vinyl chloride, ethylbenzene, ethylene oxide, cumene, isopropyl

alcohol, acrolein, allyl chloride, propylene oxide, acrylic acid, ethylene-propylene



| evel of coke on catalyst, the entire volume of catalyst can be paftf @0Ty 2004
regenerated under conditions effective to maintain the desired coke
content on catalyst. It is preferred, however, to recycle only a portion
of the coked catalyst for feed contact wthout regenerating. This recycle
can be perforned either internal or external to 30 the reactor. The
portion of CHREWPIVAtal yst to be regenerated i s preferadCpuspiagwner at ed
under conditions effective to obtain a regenerated catalyst having a 2 6
OCT 2004 WO 01/80995 PCT/ US01/ 13306 Page 24 coke content of |ess than 2
w.% preferably less than 1.5 wt. % pandsnost preferably less than 1.0
w.% In order to nake up for any catalyst |loss during the regeneration or
reacti on procesgbers, prasderidenitleyant tromans dnd dombded ethPlesf popydéngor t he fresh
catalyst is 5 tH, .t HeGene st.after i is.repmoved from
t he regenerator, g’%a ﬁ?elgn&hog%t h agégﬁ%ﬁg%t&?%%?#ﬁaé%t‘(’:v?%%n.ow SweVer, the
fresh cat al yst art amd therefatkd are notdistuseed hemct or i ndependent |y of the

regener at ed cat al ysftlﬂs,&@éﬁtiu?lraéﬂgébeﬁgra@ﬁrﬁ%g%dt%%%é%%écetr?@i@tfotﬂgw% ded, but it

is preferred that an ‘ndex o mai ntalr ned. One skilled
in the art %ilé¢xampls whpbraggitended tohibustrath specifie fmbrglimpnisdathiadhdoyvetaie 10

oxygenate-to-0 j : S reaction of the present invention can be
icgﬁé d?ﬂ{éqwag?o% a8 Bairfed

pol ynmeri zed to form po efins, particularly polyethyl ene and

pol ypropyl ene. Processes for form ng polyolefins fromolefins are known
inthe art. Capalyhif processes are preferred. Particularly preferred are
met al | ocene, Ziegrer/Natta and acid catalytic systens. See, for exanple,
U.S. Patent Nos. 3/ %8PQ§4moeulgsiexagnthosized witlsamogpholing \@PRiOTS; 4, 659, 685;

4,076, 698; 183, 64iRe dndet NSRR 5 BERs, fRFedty’ Aol Pilours, SthRenfRlBkyst and process

descriptions of each being expressly incorporated herein by reference. In

general , thesefiPet RIEROY Relate. opamplesiohe detempisted SAP Gy bvwctoresdi th  a

pol yol ef i n-f ar giigh edbahtistat ﬁeiaﬁvéﬂuﬁﬁcﬁ?}%@~@@ﬂ(5£@i@@@@%ﬁuﬂf fetive to
formthe polyolefi Eroduct. 20 A preferred polyolefin-formng catal yst

n ; ) c
i s a netal | ocehd %41 hfiayarespeetixely. phemmethane) adserpen captitd of hngeredf operati on
i's between 50 anfiled4d@elach AdIRsanpBA0 i@ Btofedwile d&@fuide@Fefodndtt | oW, nmedi um

or M 01 P 865 R0 BNV G LD Dot I R0 o SO 1,10, 200 bar s
t he preferred opbaat idagpivuessidities waageasiusd bet svaentid@] thermographic
analyzer (TGA). In a typical experiment, a sample was heated in air from room
temperature to 200°C at 20°C/min, held for 30 minutes at 200°C, and then ramped
at a rate of 20°C/min to 625°C, and held for 30 minutes. The sample was then
20  cooled to room temperature and the methanol adsorption analyzed. The results
are shown in FIG. 1. From FIG. 1, it can be seen that the methanol adsorption
capacity can be largely rejuvenated to that of fresh molecular sieve by contacting
with methanol. Even after a 17 day storage at relatively high humidity, the
methanol uptake ratio was calculated to be ~0.87.
25
Example 2
A sample of SAPO-34 molecular sieve was heated in situ (i.e., in a fixed
bed, continuous reactor) under nitrogen at 650°C for 1 hour to remove the
morpholine template. After template removal, methanol was continuously fed to
30 the reactor at a WHSV of 25 hr'! while maintaining the reaction temperature at
450°C and the reactor pressure at 25 psig. Reaction products were analyzed with



25 and 150 bars, with a preferred tenperature range of between 1207 $0@CT 2004
230C. For gas phase processes, it is preferred that the tenperature
generally be within a range of 60 to 160C, and that the operating

pressure be between 5 and 50 bars. In addition to polyol efins, nunerous
other olefin derivatives may be forned fromthe ol efins recovered
therefrom Teesescscl ude, but are not limted 30 to, ajdaRyPBR: al cohol s,
acetic acid, linear alpha olefins, vinyl acetate, ethylene dichloride and
vinyl chloride, ethylbenzene, ethylene oxide, cunene, isopropyl alcohol,
acrolein, allyl chloride, propylene %xiq%, acrylic acid, ethylene

propylene 2 6 OCT 2004 WO 111/00995 ¢570s01/ 13306 Page 25 rubbers, and

acrylonitrile, a@dﬂlﬂe(}(l"f&];u Ppaeinc 1Brapd QED AR Mesthaltll CONLEIRE wak
butyl enes. The et had manuf acturing these derivatives are well known

inthe art, afffuirererigP o(wiatmethge! §iimetybdirIied @iprpductnMsthpeplent i on wi | |

be better undefosmﬁshWatftindh@.iﬁftmuh&fhﬂﬁaﬁ@kédmn%léﬁﬁf@vgs which are
i ntended to |I]ustrate s;ﬁem i.c enmbodi nents within the overall scope of

the invention qrisFhom Rkl vitatig abed “Fashp) ecul ar si eve synt hesi zed
wi th a norpholine terrpl ate was 10 cal cined under N2 for 5 hours, followed
by air for 3 hgurs, at a tenperature of 650C to renove the terrpl at e.

Sanpl es of the—-é%ﬁ'—‘ﬂ%%l ated SAPO-34 was stored at roomtenperature at a

relative humdity Qbfsm@&%ﬁ%&ﬂﬁo@mlﬂ\&'&eﬁr@éﬁbﬁk@ﬂbsitﬁ@ﬁderﬂitroé’enand 17 days,
respectively. hg neth g@sorptlon capac'%% of the stored sanples, as
wel | as a fresfr 2B Q)Cd %W?tbé’rhéﬁ)“g\‘lﬂeﬁ”éé hupsnioseBevBdicor e and 15 after
co ?L act : ng wit Ja?gﬁmmwn{wwlme détéilati ilae%\% {HBd f6red @fdezsau?veﬂb | The

met hano orpti.on r.e nmeasur in_a conventiona

t her nogr apﬂ? H’ﬁ?@fzfa{)?werﬁ%aﬁ}ﬁa@’a fhe s3mpls wapdated ig sitntigy o was
heated in air faradied mmutlﬁ@meio&ir)mﬂeﬁr@uc%@@@@s 26/ vuf), THeel d for 30

m nutes at 200C, nd t hen rang? wgﬂmgﬂ rat e, of ZQ%CY nto 625C and held
for 30 mi nut esS*™Piea hvprelipid igr ‘Eyerea At g Gﬁﬁfe?ﬂ?éi’%f&?e and the
met hanol adsor piowaﬁnﬂmat yezthdhe [dHE“T dastidged; NGMROHRRMtiodY FI G 1. From FI G
1, it can be seen that the nethanol adsorption capacity can be largely

rejuvenated to that of fresh nol ecular sieve by contacting wth nethanol.
Even after 1@ 1Exgapleétorage at relatively high humdity, the

A sample of SAP0O-34 molecular sieve was heated ex situ under nitrogen
~for 5 hours at 650°C, followed by heating in air for 3 hours at 650°C to remove

the morpl’to] ro fnrﬂ?qun 'T'l*\n Adatarmmntatad Scaua wroa ﬂ-va sl-ornrl e ﬁmbient

AR ER i e e e ] Was el Sk Vhllubld AL

conditions for 8 days. After the 8 day storage, the sample was contacted with
20  methanol in situ (i.e., in a fixed bed, continuous reactor) by pumping methanol
(~7.5 gr/hr) over the molecular sieve at room temperature for 1.5 hours. After
contact, the molecular sieve was contacted with nitrogen (100 mi/min) at room
temperature for 80 minutes to evaporate the methanol. The sieve was then heated
under nitrogen at 625°C for 1 hour. The sample was then evaluated for methanol
25  conversion as in Example 1. The result is shown in FIG. 2, with the label “8 days
aged + in situ MeOH extraction.”
FIG. 2 shows that a SAPO molecular sieve aged for 7 days has almost no
catalytic activity. However, a SAPQO molecular sieve aged for 8 days and
contacted with methanol will rejuvenate the catalytic activity of the molecular

30 sieve to essentially that of a fresh or non-aged molecular sieve.



met hanol uptake ratio was calculated to be -0.87. 25 Exanple 2 A sarpl0€To2004
SAPO- 34 nol ecul ar sieve was heated in situ (i.e., in a fixed bed,
continuous reactor) under nitrogen at 650C for 1 hour to renove the

nor pholine tenplate. After tenplate renoval, nmethanol was continuously fed
to 30 the reactor at a WHSV of 25 hr 1 while maintaining the reaction

t enperat ure Y@ 9VMHOC and the reactor pressure at 25 psiRET/URBASISI on
products were analyzed with 2 6 OCT 2004 WO 111/80995 PCT/ US01/ 13306 Page
26 art on-line GC equipped with a FID and TCD detector. Methanol
conversion was calculated as: 100 - payd27% et hanol -1- dinethyl ether)

| eft in product Methanol conversion as a function of the anmount of

met hanol fed/ gEsampé Snol ecul ar sieve in the reactor is shown in FIG_ 2,
with the | abel "fr n ST nol ecul ar si eve
was heated ex si tu%uﬁ e&)%ﬁtﬁ?%&@%ﬁm@ or %gﬁo‘ﬁnrds a O@bglh 'oF'I owed by
heating in ai rfoﬂlomdﬂ:yhmatn@,mamfor Ehmrmﬂaltmmmﬂfdﬁ?ﬁ:eo teawpd thte e. The

detenpl at ed si eve t hen st o i_ent 10 ondltlon for 7 days.
After the 7 dalf™®p @?3&‘8@"% esdrﬁ Hp%gﬂgg VS S f°ﬁm(tem%er%" ina fixed
bed, conti nfious arelatdé hnpiditn SO0 (ategled KND; &28ion) sofficikntiolong toThe  sanpl e
vvasthen eval uat.ed fa t r si.on as e 1, .The result is
shown in FIG gbtalnapﬁﬁ‘%n?uﬁg%r%’m'ﬁ?g%% Orlessm %@%@ﬁ%ﬁ(‘ﬁ%@ Ton " 15
Exanple 4 A saopplltaetetbﬁmSAB@aﬂmuMMemtandtéemvféaanMA@tdkeamedvaex situ under

nitrogen for 3 .hours .8 &reﬁk&%‘?ﬂ‘@ﬁl@%hheati ng in air for 3 hours at

650C to renpve the norpholine to plate e detenpl ated sieve was then

stored "-der al.-.b;.---.+ conditions for 8 days. After the 8 day
storage, tHQe sarrpl e was contacted wi t¥ebld et hanol in situ (i.e., in a
fixed bed, continuous reactor) by punping nmethangl (-7.5 gr/hr) over the
nol ecul ar sieve at roomtenperature MethahobUfaky §. Mithanol Uptekd gct, t he
nol ecul ar si eve BEsteactiopLagided: Wdpbh (ni t RadpeBef¢rt00 (M / Riatig Afitr r ogm
tenperature for 80 m nutes to evaparat Exttetionet hgnol Exfaetiay eve was t hen
heat ed methanol 0.09 1
9 wt% water in methanol 0.3 0.9
16 wi% water in methanol ' 0.2 0.9
20 wt% water in methanol 0.09 0.4
27 wt% water in methanol - 02 : 0.5
Methanol vapor; methanol 0.0% 0.3
partial pressure ~ (.12 bar
gthanol 0.2 0.85
* propylamine 0.09 0.9
acetonitrile 0.09 0.9

The methanol uptake ratio is a measurement of the degree of rejuvenation.
The percent increase of the methanol uptake ratio is a direct indication of the
15  percent increase in catalyst rejuvenation. Table 1 shows that polar compounds are
particularly effective in rejuvenating the catalytic activity of a SAPO molecular
sieve,
Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of
20  parameters within what is claimed, without departing from the spirit and scope of

the invention.



under nitrogen at 625C for 1 hour. The sanple was then eval uated gog QCT 2004
nmet hanol 25 conversion as in Exanple 1. The result is shown in FIG ™ Z,
with the label "8 days aged + in situ MeOH extraction.” FIG_ 2 shows that
a SAPO nol ecul ar sieve aged for 7 days has alnpbst no catalytic activity.
However, a SAPO nol ecul ar sieve agedsgor 8 days and contacted with

met hanol will rejuvenate the catalytic activity of the nolecular 30 sieve
to essentially that of a fresh or non-aged nol ecul ar sieve. 26 OCT 2004 WO
01/ 80995 PCT/ U%OJ/13306 Page 27 Exanple 5 A SAPO 34 nol ecul ar sieve was
heat ed unt¥B# ih¢lelRsgEs for 5 hours, followed by heating in air for 3 hours
at a tenperature of 650C to renove the tenplate. Sanples of the

detenpl ated SAPO- 34 were stored at roomtenperature 5 at a relative

hum di ty lof - 0%meslasdur foir e dejldéBitiag| wiliconunsndphosptard | yoleenlrt Gievept ai n a
met hanol uptake ratio equal to or less than 0.3. The sanples were then
cont act ed°WPERNE: pol ar |iquid or vapor, and the net hanol upt ake rati o was

determned. T . | t,s i I t Upt ake
Met hanol Upt a{}g&é@? gal;:dt |Sﬁ{cgﬁﬁgﬁel{%hg§b%gebor§ ul‘JﬁOB;e{ a&ar{gib &%}" (f)‘ éed

Ext ract i eafalyticactivionasetcsanof ébndil whwhoistuas, efid i n rret hanol 0.30.9 16 wt %
water in nethanol 0.20.9 20 wt% water in rrethanoIO 090.4 27 wt% water in

met hanol 0. 20. SONBEtREh g moleriar sigyenarith 2ohysoenso ligaid; prvapereustil ge. o 12

bar molecular sieve has a methanol uptake index that is increased by at least 10%

compared to the provided molecular sieve, thereby forming a rejuvenated molecular

sieve.

2. The method of claim 1, wherein the methanol uptake index is increased by at
least 50%.

3. The method of claim 2, wherein the methanol uptake index is increased by at

least 100%.

4. The method of claim 3, wherein the methanol uptake index is increased by at
least 500%.
5. The method of claim 1, wherein the anhydrous liquid or vapor contains less

than 30 wt. % water.

6. The method of claim 5, wherein the anhydrous liquid or vapor contains less
than 20 wt. % water.

7. The method of claim 6, wherein the anhydrous liquid or vapor contains less
than 10 wt. % water.

8. The method of claim 1, wherein the anhydrous liquid or vapor has a kinetic

diameter of not greater than 1.5 times the average pore size of the molecular sieve.



et hanol 0. 20. 85 propyl am ne0. 090.9 acetonitrile0.090.9 The net hanolz lﬁpﬁafez[m,1
ratio is a nmeasurenent of the degree of rejuvenation. The percent L

i ncrease of the nethanol uptake ratio is a direct indication of the 15
percent increase in catalyst rejuvenation. Table | shows that polar
conmpounds are particularly effecti vezHan rejuvenating the catalytic

activity of a SAPO nol ecul ar sieve ving now fully described this
invention, it will be appreciated by those skilled in the art that the

i nvention, can Qe perfor Wihin a der nge of 20 parameters within
what is clai meﬂ’,e 'ﬁf‘ﬁ’ﬂgd‘?e g’é’Ba#-th?‘Fﬁelf' i 1quid gpyaRQrd)e adkinetie
I nvent | Ojiar&eSf ot 8R4 ter gl?an\ﬁh?ﬁm'eﬂ}félﬁ HE bl% size-of thdTbRefaf Qbve.

rej uvenating silicoal um nophosphat e nol Sl eve, conprising:
provi ding a silicoal um nophosphate nol ecul ar SI eve havi ng decreased

catal ytic.actiyit result of .contact ture; and contacting
t he nol ecul ar éﬁi}ﬁ% ke l%l‘ﬁhg/-d?{léﬁﬁ%’nll‘i‘ Hsiaghy m\}%l ﬂi‘?’lﬁﬁﬁf’i‘?ort‘%@aﬁ@!‘%cul ar

si eve hasgifer TREDAL Oéarﬂﬁaﬂiiéeadl@ deriehyfl nﬁt?og[eﬁgécﬁ'@rﬁﬁglgb&g%lcl Eas! of Q0

conpared to the provided nolecul ar si eve rmng a rej uvenat ed
mol ecul amixgiretherecf. The nmet hod of claim 1, wherein the nmethanol uptake
index is increased by at |east 50% 3. The nmet hod of claim 2, wherein the
met hanol uptake index is increased by at |east 100% 4. The method of

clai m 3, her ey rﬁélﬁodf@it&ﬁﬂpi WiRl-ak €hd A4 Ziro'u§ hh&aro%ﬁ iD¥eldted kRSt 500%

5. The method of claim 1, wherein the anhydrous |iquid or vapor contains
| ess thdke wumon%tmdrmetﬁano'l'mhamﬂ hbnietlmyl cthei, ac&pneppesmilaminkcaminhy dr ous
liquid or Yapor, contains less than 20 wt. % water.

12.  The method of claim 11, wherein the anhydrous liquid or vapor is methanol.

13.  The method of claim 1, wherein the silicoaluminophosphate molecular sieve is
selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-
17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPQ-35, SAPO-36, SAPQ-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal containing

forms thereof, and mixtures thereof.

14, The method of claim 13, wherein the silicoaluminophosphate molecular sieve
is selected from the group consisting of SAPO-18, SAPO-34, SAPO-35, SAPO-44,

SAPO-47, the metal containing forms thereof, and mixtures thereof.

15.  The method of claim 14, wherein the silicoaluminophosphate molecular sieve
is selected from the group consisting of SAPO-18 and SAPO-34, the metal containing

forms thereof, and mixtures thereof,

16.  The method of claim 1, wherein the anhydrous liquid or vapor has a gas-phase

proton affinity greater than or equal to the proton affinity of water.

17. A method of making an olefin product from an oxygenate-containing

feedstock, comprising:



7. The nethod of claim6, wherein the anhydrous |liquid or vapor cgnﬁaﬁ}[;ug 2004
less than 10 wt. % water. 8. The nethod of claim1l, wherein the anhydrous
liquid or vapor has a kinetic diameter of not greater than 1.5 tines the
average pore size of the nolecular sieve. 26 OCT 2004 -29 9. The nethod of
claim 8, wherein the anhydrous |iquidgr vapor has a kinetic dianmeter of
not greater than 1.3 tines the average pore size of the nol ecul ar sieve.

10. The method of claim1l, wherein in the anhydrous liquid or vapor is an

al cohol, ether, .keton car boxyl i cid | dehyde, .nitrogen, containing
organi ¢ base, p(S?wg’_ngr‘?i@é@?ﬁ”‘f’ﬂ%ﬁi\?ﬂ%a?ﬁ‘i'ﬁeﬂ?ﬂ@r WE{’/‘PC:]W‘I&‘E"&F St 1, wherein
the anhyda@Waid dclvitglads resalpof cdritact ViGh&iGufd; QY the group consisting of
nmet hanol , et'hanol, dinmethyl ether, acetone, propylam ne, and

acetonitrile. coptactiigthgmndieanlasfsiave avith abhydnobeliguid of Nepaningititheus | i qui d or
i h .. 13. Th t hod laim 1 .wherein the

o1 T coal TTROBRoSiSHE s o Paslnay tofhls crofi b s BREG O ehdeagt 4R

consi sti rwn%area%’%@ rovRfR@ BoleSARCs Ve, ¢ ﬂe@ni%“f%u&e%ate%ﬁ@e&ﬁar

SAPG- 20, SAPO 31, SABO 34, SAPO- 35, SAPO 36, SAPG 37, SAPO 40, SAPO- 41,

SAPO- 42, SEAPOGMl4, SAPO 47, SAPO-56, the metal containing forns thereof,
and m xtures the{eof.

_.Th h . ai , wherein the . .
s SioribiGele ERSraler ELTPAR: ol FoGiheoyrising

L. . C
silicoal um nopﬂo

consi st i FeedsfocAPprolifice A RIELBArodRAPO- 35, SAPO-44, SAPO-47, the netal
containing forns thereof, and m xtures thereof. 15. The nethod of claim

14, wherein the silicoal um nophosphate nol ecul ar sieve is selected from

t he groupggconshst | 8 : he et al .contai nj forns
t her eof thd ?nﬂhét%é}g%d){)géétngl % ”X@g}g’?ﬁggﬁéﬁ%af '(J)‘?Gial%q % ?}ﬂllifnc\r/ﬁ?é?de?ﬂatt he
anhydr oudedst $pthd or vapor has a gas-phase proton affinity greater than or
equal to the proton affinity of water. 17. A nethod of making an olefin

product from an oxygenate-containing feedstock, conprising: 2 6 OCT 2004
-30 proviygi N9 meShdth6 P8t Uil PBNORABR Fe FRIHEY! Hraid BYS il BékAGLrLEAS
least 100%.

20.  The method of claim 19, wherein the methanol uptake ratio is increased by at
least 500%.

21.  The method of claim 17, wherein the anhydrous liquid or vapor contains less

than 30 wt.% water.

22.  The method of claim 17, wherein the anhydrous liquid or vapor contains less
than 20 wt.% water.

23.  The method of claim 22, wherein the anhydrous liquid or vapor contains less
than 10 wt.% water,

24.  The method of claim 17, wherein the anhydrous liquid or vapor has a kinetic

diameter of not greater than 1.5 times the average pore size of the molecular sieve.

25.  The method of claim 24, wherein the anhydrous liquid or vapor has a kinetic

diameter of not greater than 1.3 times the average pore size of the molecular sieve.



catalytic activity as a result of contact with noisture; and cont ?Cﬁiﬂ@T 2004
t he nol ecul ar sieve with anhydrous |iquid or vapor until the nol ecalar

si eve has a nethanol uptake ratio that is increased by at |east 10%
conpared to the provided nol ecul ar sieve, thereby formng a rejuvenated

mol ecul ar sieve; and contacting the yjej uvenated nol ecul ar sieve with an
oxygenat e-containing feedstock to produce an olefin product. 18. The

nmet hod of claim 17, wherein the nmethanol uptake ratio is increased by at

| east 50%, 19...The peth of cl.aim 18, .wherei he met hanol uptake ratio
is incr e?ged ngeawe@gag‘_’li%g%l i’g"].er%é“ ?WBBY%P“%IIIQP% 99 vaRtielfedh t he
met hanol a'lﬁb‘h@lﬁ%tlfeﬂ%e%nb,%dr&%yﬁ@%ﬁﬁ, Ql)ﬂglﬁde, ﬁi%g{:n é&ﬁ%ﬂnﬁiorg&ﬁ@bﬁ@t god _of

claim17, wherein the anhydrous Iiquid- or vap cont al ess than 30
Wt . % wat érmixpge theineofmet hod of claim 17, wherein the anhydrous |iquid or
vapor contains less than 20 w.% water. 23. The nmethod of claim 22,
wherein the anhydrous liquid or vapor contains less than 10 w. % water.

24. The gt hodrhefméethad Bf klaimME ehdteih e %Hﬁ&)’cﬁléli)suﬁcﬂlihq}fi&ggf i/ @pRfednas a

kinetic dianmeter of not greater than 1.5 t1nes the average pore size of

t he nol edipmthesgreyecomaBting o€ methtanol ethenall diinethyt etheh) ecetome, phapydarhipey ous
liquid O%n&%&ﬂ&ﬁﬂﬁs a kinetic dianeter of not greater than 1.3 tines the
average pore size ®f the nolecul ar sieve. 2 6 OCT 2004 -31 26. The method
of claim 17, wherein in the anhydrous liquid or vapor is an al cohol,
ether, ketone, carboxylic acid, aldehyde, nitrogen containing organic
base, or 28a mbbeumathedwdredaim 272 whemie theanhydious liguidionvdpor isvnethenal. t he
anhydrous liquid or vapor is selected fromthe group consisting of

met hanol , et henol dinethyl ether, acetone, propylamne, and acetonitrile.

28. The n®! hodhefmeéth@d 6f eldim W\ekldréintthe sifibEW et Riephdspfihte tnEci AR vel S
met hanol . 29. The nethod of claim 17, wherein the silicoal um nophosphate
mol ecul afs §¢lested from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-
37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal

containing forms thereof, and mixtures thereof.

30.  The method of claim 29, wherein the silicoaluminophosphate molecular sieve
is selected from the group consisting of SAPO-18, SAPO-34, SAPO-35, SAPO-44,
SAPO-47, the metal containing forms thereof, and mixtures thereof,

31.  The method of claim 30, wherein the silicoaluminophosphate molecular sieve

is selected from the group consisting of SAPO-18, SAPO-34, the metal containing

forms thereof, and mixtures thereof.

32. The method of claim 17, wherein the oxygenate-containing feedstock is
selected from the group consisting of methanol; ethanol; n-propanol; isopropanol; C, -
Czo alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;

formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures thereof,

33.  The method of claim 32, wherein the oxygenate-containing feedstock is

selected from the group consisting of methanol, dimethyl ether, and mixtures thereof.



is selected fromthe group consisting of SAPO 5, SAPO 8, SAPO 11, ?ﬁp@f%ﬂﬁﬁ
SAPO- 17, SAPO- 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SA ,
SAPO 40, SAPO- 41, SAPO 42, SAPO 44, SAPO 47, SAPO 56, the netal
containing forns thereof, and m xtures thereof. 30. The nethod of claim
29, wherein the silicoal um nophosphaty® nol ecul ar sieve is selected from
the group consisting of SAPO 18, SAPO 34, SAPO 35, SAPO 44, SAPO- 47, the
nmetal containing forns thereof, and m xtures thereof. 31. The nethod of

cl aim 30,, wherein the,silicoalum nophosphat e | ecul ar sieve is selected
from t he gt ou Jﬂ%tpg‘! Pt‘"gla‘(?? A‘H@rTE?geS%ﬁUeﬁﬁtggﬂ?ie SlCVEShEnRSty £ orns
t her eof , vaRfthBiox}senat-dANRAL feedstocl BEa RRIpEAGIO LS Q?}M%m@bef ein the
oxygenat e-contai hing feedstoCk is selected fromthe group consisting of
met hanol ; et hanol; n-propanol; isopropanol; C4 - C20 al cohols; nethyl

thyl et © di,net hyl . diethyl ether; di-i | ether;
eyl i ity SLOGE 01 LM 8 hetr g LSRR Loty
M Xt ur es wifeihe Qkygdate [l tIRhP atadbeic hidl WHRA, oPMAQER} o hbE

oxygenat e-containing feedstoCk is selected fromthe group consisting of
met hanol , di nmethyl ether, and m xtures thereof. 2 6 OCT 2004 -32 34. The

met hod of, cl aimn 17 erein e rejuvenated nolecul ar sieve i.s contacted
tht he Yy g RaaechdhBE Faitd s wheTbiRIER SHESa Pithpbp R e e Bt 700C
35. The nepleilie@iwit! Abiiidmat¥higll i n the rejuvenated nol ecul ar sieve is
contacted w th the oxygenate-containing feedstock at a WHSV of at | east
20 hf 1. 36. The nethod of claim 17, wherein the silicoal um nophosphate
nmol ecul ar,..si e i s,provided w.th .a hinder terial. .37. The method of

1 ai m 36 3 aherde B IR piboduitrein JOE PR pEash i canacied Wi &

pol yol ef ipgtyoRifiA- fofm il atalysk ubldon&ADRY difeive RS fofhldl w&leﬁﬁ.or ma

pol yolefin.” 38. The method of claim 17, wherein the ‘anhydrous liquid or

vapor has a gas- phase proton affinity greater than or equal to the proton
affini tysgf

Wa[theermethod of claim 17, wherein the anhydrous liquid or vapor has a gas-

phase proton affinity greater than or equal to the proton affinity of water.



