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WO 2007/005353PCT/US2006/024712 METHODS FOR RECOVERING
ACTIVITY OF MOLECULAR SIEVE CATALYSTS BACKGROUND OF
WOHE7INYEATION [0001]The invention is directed to a method©T/US2006/024712
rejuvenating silicoaluminophosphate 5molecular sieve catalyst that has
been deactivated hydrothermally as well as a method of using the
rejuvenated catalyst to make an olefin product from an oxygenate feed. In
particular, the inDeEASHORSiF B ES Lgyﬁ,%%ﬁrg%ém lyst by
contacting it with MFM@EQ%ﬁ %%T Ltg\ﬁjfﬁessure steam
until the catalytic activity level of the catalyst has been increased to the
desired extent. 101BACKISRICOANDNOIAEES INGES TBAROS) have been
used as adsorbents and catalysts. As catalysts, SAPOs have been used

[0001} PrOEESERRAHGH R0 HEHAE Bil.fl%j RlpslachiogateRmeHAsLMate

oligomerization, the conversion of alcohols or ethers, and the alkylation of

moleqylarigiascatply Tidhaphavimen dpastnvieshidotsrahate ellir sighed of
using RRRFERIve PR QRIS SN VIRE ANGIRRRHRIR . BRFGABING QI AEGBLAT In

interest for large scale, 15commercial production facilities. Catalysts

particylagcthgaiiy aninnyis derefiediovacaaieng dirscatdist atayiactingit with warm
waterSSRHNRUD SHROH NS W PRALRIY %Ml%fhﬁe%ﬁiﬁ§ﬁfﬁi@9%?gfgﬂe catalyst

the operating conditions in a reactor. In the methanol to olefins (MTO
has besm besgeased ixtin grsitsd piRalY catalyst deactivation can be divided into

[0002}VO0 [YiBSo AN SHRCHERISPLERRGS/RPOR) HGd BELAHIEA 23 ARG and catalysts. As

deactivation due to hydrothermal aging. The short term deactivation 20 )
catalysth HARGHIG OGRS dn PRPeesash Tt Blwdirtalitis sipeb i yydgocracking,

isomdWAShesmalAaingts M o Sl ewlAl KBEoyEEhERe PE8IRBkIkylation of
invention provides a method for rejuvenating SAPO.cataIi%sts that have

aromatics - hhsiase o S AP Kb aeensisianig rsasiastaslighwlsfin products,
paﬂicﬂ%ﬁlcaﬂ@%%ﬁ% %&%'S@cﬁﬁﬁiﬂ@%ﬁ@’e@f&qwii@& Reiliigs tadie

commodity chemical business, many problems arise in the scale up from

commgscigh BrafsHaR das s EiahEa ARSIt SHERESEIR AW ACRES BigAsoDs.
SomelbdisRRchreRiREIR %%i?;@'ﬁ@dj%i@ﬁﬂ\émﬁﬁl%ﬁh@r%&@w%{s are impacted by the
ew

roductign-to-use chain, of the problems associated therewith have

OPeraggg qonstitions dp 2rercisi Mbike metbepaltaple iR EIPE oS fEample,

SAPS4UeaBfsB AR A BB WBIHIEUR] A5t S SRIIIRECIR) SHarkBenC@iadyshtlbn due
is disclosed that activated SAPO-37 g&ol cular sieve has poor stabil

to cORHE Ao STy AR DRSS By RS TS Sl B S iR Cdtivation

can bPRELSRIT) FiGPIOL BSTaREAATEKE BiRlatE I A eIviey eskfiQFinBh g@feth¥ial aging
. 2007/005,3%§PCT/1J82006 024712 structure of the sieve just %{lﬁ){ to. .
is mugh MOrsi AR FOL8°RVBE ReRiESeA HR VSRS RS ?&@ﬁﬂ}at §fivenating

SAPGIigselista tenparatisf 9400 a0y wiihiethe gatalytic cracking unit.
04Jus 3;“185,3,10 to Degnan et al. disclffsrées an?ther methad. of

00033 e STEB R RS PR RO R I €758l ot RPBERIGHE Profction
facilifies ot codssdignéastiiead theiysts)linensi izobl ey peisb os phatedd thipdfebm
laborafrtjl’clourr}];I !’ﬂl% %ﬂgt\'fé aﬁr b%&%éggg.e/axffﬁ%ﬂgﬁgg éhvsork has been published relating to the
intermediate activities in the catalyst production-to-use chain, few of the problems associated
therewith have been addressed. For example, US 4,681,864 to Edwards et al. discuss the use
of SAPO-37 molecular sieve as a commercial cracking catalyst. It is disclosed that activated
SAPO-37 molecular sieve has poor stability, and that stability can be improved by using a

particular activation process. In this process, organic template is removed from the core
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mixture to at least 425C. The heating process is first carried out in the
presence of an oxygen depleted gas, and then in the presence of an
WQMIZME8hs. The object of the heating process is to enhancB¢RAIA246/024712
activity of the catalyst. The acid activity is enhanced as a result of the
intimate contact between the alumina and the sieve. 10[0005]Several
patents assigned to ExxonMobil Chemical Comg\ﬂ ny have addressed a
I

structyre QfJBR SIR%E hpaien e apseB e Wit desd e Daireknsh Bhegsasess calls for
subJe@ﬁﬁ%'YH@ﬁé‘%"ﬁU AMRETHERaERS DG TSR e GARIAITIBS AANHRVPRR g unit.

oth from the ambient humidity as well as the high temperature steamlng

[0004é nvur&%ﬁ?%ﬁ%&%ﬂ@é ebthigfitclosrernsthiarmethed ekpgéraiias to

silicoBlgfififepitRpARGIARISHAN RIS e«%ﬁ%ﬁ&sﬁ%@mfﬁ%ﬁmf@eﬁe%ﬁ dBftacting a
recovery of is catalyst activity. In US 6,498,120 and US 6,825,391, a

orystalline silicRalBpHBPRRIRNAD WEH &F labvBRe AndvedstednthhergaTissheating the

mixtiREEatabast WINP@NEHY Behians HeeidsOs YA alndaasiEHah SR theRQ of an oxygen
Another method. is disclosed In US 6,756,516 in which the catalyst is

deplefpd gas anIRaHin AbS BEGSRASRPE G P EIinng fs Thorbiset o éb&hﬁﬁg%g process
is to drbanelegiagatioriRigreniexpasye B alste (908 IMhased 4t IR%REof the

ossible tibgse the above technigues to protect a catalyst from the

inﬁm%)?rﬁ?%?% TsRAIhe aminaAshPFit Smosphere, there still remains
[0003h ehneedeﬁalrpmqs aﬁlgﬁbalyeﬂiaﬁém:sm%eﬁaﬁeatl rﬁa?éﬁfaavéﬁsed a
. o era environments, Surprisingly, t of the
discoysy IRt ¥8693Lé§&§ AR feeodt efrabﬁﬁ?%ﬁa& m&mc activity when
exposddactivaiiisnat-IsRErmadsisoanenposdR ffbﬁi‘ HR{ b amNRNPaS Well as
25discovered that water or,ammonium salts can be used to rejuvenate

the hiégé%wgféﬁ%%fé‘i%{“@sﬁévdfaﬁy’é%ﬁ@%% 3&%%‘8%‘&%51&9%81’5‘;@ of
oxygdriglesemylefiaiEhaieapatehis MiMARNMeXsed H&dzNV&N&'&NrﬁQQQﬂH FRERbvery of

cately g R AL LIS e o SHISRASFS SRS ol

sieve uwemmaned\ﬂﬁea@wamﬁﬂt@fnwwagtﬁ WﬁHﬁﬁ@ﬂlﬂjﬂfcﬁl@\l@W& ishvapor, in

. comprises proyiding a deac oI Qul WO. . .
prt B LR AR RSN KOt s
treatewmith/aertamamamatﬂtmgaob@npﬁm prasistnbhtilestEahidepghi¥ityon
as been mcreased by a desired amount. [0008]Preferably, the molecular
Ve e St an ophosphate molecular sieve and its activity is
[0006creadétbbyhait W&@@sﬂﬂbw@nee Ifliatabmthtwhiﬁq&éﬂt@ !ﬁfﬁé@bh/cbtalyst from

more. SWhile there be ot er xed ith th ater t e liquid is
the A A T 20 oy RS L PR A AR 1
reJuvmmmm that liraslbleeeunﬂemlﬂamémltmpﬂmyehe h@,@p&@f@eﬁtﬁi@ Rt

LT T O

art rewmgaﬁeﬁﬁmadaiﬂmmé(be;mlby efpbsunatalysiistoee]ivBaIOOw been

discoVeleth {ha?%vg;c'eer Lch’eanqmomum salts can be used to rejuvenate deactivated catalyst,

throu%

especially SAPO-34 that has been deactivated by high temperature steam.
SUMMARY OF THE INVENTION

[0007]  In order to overcome the various problems associated with decrease of activity of
a molecular sieve due to contact with high temperature steam, this invention provides a way

to rejuvenate the molecular sieve which comprises providing a deactivated molecular sieve
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10the catalyst in making an olefin product from an oxygenate-containing

feedstock. The method comprises forming a rejuvenated molecular sieve;
WQRHTHEMEdNtacting the rejuvenated molecular sieve with an PCT/US2006/024712

oxygenate-containing feedstock to produce an olefin product [0010]lt is

also desirable that, in the method of making the olefin product, the

rejuvenated molecular sieve is contacted with the oxygenate-containing
andfequdagtioR reanidestpesiveovith200mo WSS wiafdravepbtSY afiatdaash Salts until

the 95{51@%&&@{3@5?%%19@&%}@%%& %%%%L; le%;]_\l{.&ntion also provides

contacting thé olefin product w lefm- O(m'ing catalyst under
[00Q§)n it Breseslativhermntdenvlamsinysi éfia siticeatnafmeptostifateprodemtlar sieve and
i Ins; i [ o form
e B ot Doty more
Whils;therg mey e otbsnbiaidsanixpd witk towates ¢he liguiddsiattaatoh0% water. There

alsoia]AUSeHds FrGHHE TN R Tdafes NN QNHQ%%I?.A@%I@E& YA that may
sieve catalysts, in particular, are susceptible to structural changes as a

be %W%W%smmmi@mmmmamm

sul fHROMMBHRNB heetats! DHTFACHCOBIR e, SQWQE%MQEfM&ﬁ% %ﬁ'&a?ts.
NMR), infrared (IR) and nitrogen 25(N2) adsorption ana yses that the

[00‘!(3}uctu1r%ﬁéﬁ§w@et?sq’&r§é}9’¢§@’éf’§ it catalytctheds it iyoimprisasithe use of

the @a?a@y&@ﬁ&%@fcﬁ@ﬂﬁ%@ﬁﬂ}ﬂ%ﬁ@ﬁaﬁ% W@g@fﬂ%&%ﬁhﬁggggéﬁgﬁ% The method

temperatures and at steaming temperatureS within a reactor present a

comBrSRiRTEPIERE epmetinal snter iy asdgbariventatingstheriveradd

mol LR BIEVE RFidh Qﬁ%ﬁ%tgéﬁ?téfb.@ﬁ@ﬁfﬁ% RGO RIRVAES A0 Bioduct.

for rejuvenating a molecular sieve 30which comprises providing a

[0019] 5 cridtie alspsletitahlesible inrtbesnathed o mekme the dtefiv veduits therm

rejuVéEAREd WRIRICHRIR Qe Ul 1N @ At FIRMAY| ﬁﬁ%%ﬁaﬁﬁﬁ%@%ﬁ@ﬁéﬂ ata
acetate, WO 2007/005353PCT/1JS2006/0 12 ammonium chloride or

temparAMEhRIAA o AEC Anth o BN Yorbapleass SdmimandurteSuhbe ableast 20 hrl.

[0011]  The invention also provides contacting the olefin product with a polyolefin-
forming catalyst under conditions effective to form a polyolefin. The preferred olefin product
contains ethylene and/or propylene, which can be used to form polyethylene and/or
polypropylene. The olefin and polyolefin products so formed are also considered to be

encompassed by the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0012] SAPO molecular sieve catalysts, in particular, are susceptible to structural changes
as a result of continued exposure to even low levels of moisture. It has been shown through
X-ray diffraction (XRD), nuclear magnetic resonance (NMR), infrared (IR) and nitrogen
(N2) adsorption analyses that the structural change is largely reversible.

[0013]  The loss of catalytic activity as a result of contact of molecular sieve with
moisture at both storage temperatures and at steaming temperatures within a reactor present a
problem when large quantities of relatively expensive catalyst are needed for commercial
operations. In general, this invention provides a process for rejuvenating a molecular sieve
which comprises providing a deactivated molecular sieve and contacting the molecular sieve

with warm water, water vapor, dilute acid, or ammonium salts such as ammonium acetate,
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well as other ammonium salts, until the catalyst activity has been

increased by a desired amount. Preferred dilute acids include nitric acid
WQRWHPREBhloric acid that are from 0.01 to 2 N, preferably 0.®CTAUB0a4712

most preferably from 0.01 to 0.5 N. 5[0014]Preferably, the molecular sieve

is a silicoaluminophosphate molecular sieve and its activity is increased

by at least 25% through contact with water and preferably by more. While

ammemdreehlpride otrrmirpitramepibaneith ammaaten BReIRNAE-idnmenims gulfate, as
well %&%ﬂe&%&fbﬁfﬁ& W,Qﬁ;ﬁpﬁ%scﬁﬂﬁjgt%%q}? rlistrethiidhgd ggig desired

00151SAPO molecular sieve, as well as catalyst containing SAP

amoyfo| Beeliemededibate eaidiineludpniiiresisherthydrachione a6t thatae b 0.01 to
2 N, plaifihe e daqchiyAtian: (RorbauRI tiGRaed Ryoconacting the sieve

or catalyst with water at relatively moderate temperatures from room

[0014k mpHesfsrably thsmolecwar sieyrismsiligonmainsabospbatrrneigadsiave and
its acWW@IﬁE@E&&%?F?E‘I_@Héf%%'ﬂﬂ&gl?6&?&@%‘@1@6\/&‘?&*&1@9&@%’%}59Qnore.
y

activity of the catalyst in conversion of oxygenates to olefins. Prefera

Whilgihsrararxdip plienliaidsminedsnistibocvasnibediguid izt ispt 18" er. There
also Ba% bd QL lh RIS BYRD IR IR RRE Bigfgconsidered to be

demonstrated when the rejuvenation process results in a relative increase

(0015} catRQBERRFWBITiREsAo 80! Py eptrhishcanBiRing BAREd MpleasSiRHe,
whiclESHiiRAEincIaseatn satalval AGthAtY efat leasi foftermapt piefeiol @n be

_ least 100%, the increase being calculated as the change before
rejuvsnRigdanitrHRE RReiu A TISH SHEA Peitdirsiadiscnmeaerie temperatures
from36081 tlifRiuclupates QrvaabMRRCIS CARIAE IR Wit irmaales Waktact with

sieve to be rejuvenated in a batch or continuous process. In either

watehhademnFratwaEPme tontiied YRtk ¢ moredhrsydouble e aehux fithp catalyst

in coRPErSRIUST BRPBSANEI 3 DIKIESHRRPANE Fhd iR RYYaIaNEHS foaNeto 100°C
can be stopped at the time a desired degree of rejuvenation has been

and %Bfémé&r%ﬁéQ'ﬁgﬂﬁl%ﬁacting continues until a relative increase in the
[0016RtalYE ARtvilveatiahleapiventtidian bepadtdines: Resiahvdhenaiends

flowed over the molecular sieve at temperature, in the range of Irom 25) go
0.

rejUVERREONPEIEFSLIGSHERTSS Tl Strrse TherHyshart ANitieh e

Pref¥ghIVe et RFUNEHEN IR asidsorvanesiRm andhfse imatabpaciong 6au least
. vary. Desirably, pressure ig. in the range of from i/a uum conditions t

50% 05 PKe ST ek S HOR o i 32590 DR epLovlaN e i By R fore

rejuvEiRhisraRHANGS]iRRtON bhaRibs: beggporates a

silicoaluminophasphate (SAPO) molecular sieve. The molecular sieve .
(001 p dagsnetnldhe igred S H GBS EBIPERIEIS S6BE P g sieve to

be refiifépRRIdUS BAistabiasnanesissiructuselnlel8i82plobdd) Thanai? @2 ontacted with
tetrahedral units. This type, &iframewor is effecti\ge in conve tin‘g various
)

the mQlsWAE 80" Gl PEHEI (T RS AR SRCBERAHIS RO pivacp to several
weellBOREAIT AR itorRd it thistimwatiesrdti@gre of rejuvenation has been obtained.

Desirably contacting continues until a relative increase in the catalyst activity of at least 25%
has been obtained. Desirably, the water is flowed over the molecular sieve at temperature in
the range of from 25° to 100°C, preferably from 65° to 90°C.

[0018]  The pressure at which contact between the water in liquid or vapor form and the
molecular sieve can vary. Desirably, pressure is in the range of from vacuum conditions to
690 kPa, preferably from 0 to 345 kPa.

[0019]  The preferred catalyst that is used in this invention is one that incorporates a

silicoaluminophosphate (SAPO) molecular sieve. The molecular sieve comprises a three-
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Srelatively low Si/Al2 ratio. In general, the lower the Si/Al2 ratio, the lower

the CI to C4 saturates selectivity, particularly propane selectivity. An
WGEHNIPPAES of less than 0.65 is desirable, with an Si/Al2 ratio BERAISGpeefiaH712

than 0.40 being preferred, and an Si/Al2 ratio of not greater than 0.32

being particularly preferred. An Si/Al2 ratio of not greater than 0.20 is most

preferred. 10[0021]Suitable silicoaluminophosphate molecular sieves

dimeintindErsiAREomS ARSS fampentk sisrpe- 05 Rp G 1 Ol pd-IR)2)
SAPQ- PO-3 - - 36 - :1to
D B R e R R

oleficprdinitsg forms thereof, intergrowths of two or more of these SAPOs and

Ixturgs thereql B < Rikds 200 3RisIARRIA, it h
[002 nd SX@%‘A{?{? é%%ﬁiﬁ%%%ﬁ%g%é%rﬁﬁipo& includi;lsg thg rr%etal1 we
relativeltanirdjtatpratioe locgeiatakghsitvco tha Sichimerdop thadews Aledy 40 G4

Xt Q0A2AT e RO AUNBINARN AGPS I MAUES YA IQUES GBS i
Samé?/%t%i%%@(? %e& h{/‘drotheyr%?g?gglstallization methods%lgnerally known in ls_
desirdieamiten Stidxaatiolef s erepier dren Q4 being meferred, susbangisaly ratio of

: gb?[ﬁ'ﬁ ' ;ﬂ}% Weda farmashhy apdng 2NteaaiBethan 0.20 is

not eagg\%%ﬁs%}%%?ﬁm'nungﬂ%ﬂ phosphorus compgnents, annggWith at o 1
mostlgeafenaé template. Generally the mixture is sealed and heated, preferably

[oozgpder%{%%%@fﬁ%%ﬁ&@@ém&w@_sqé@éslaﬁqaa&@@mg%a@m-s,
om 1000 to 250C, until a‘crys allln%ég%oduct is formed. Formation of the

SAPEHIdtalihR Qi b BEN i R eFAROM GrSAR Al RARO 16 %S MR-

SAPQEMCSWPG‘S%?@%%}@WALIPSM%}@M@Q@M@M! BAPO-56, the
ormed in solution. It can be recovered by standard means, such as by |
metat eanitingag dararsibeaneh Intreirvdis P AL epe REdsEs %E&?&%gfﬁy“ms

therdd m&fwmﬁ@%l&m@@%@m@,CSAWM?@{H@M?O-M, particularly

process, the recovered sieve contains within its pores at least a portion of

SAPQ SeanpiSAP3d iinehudipg theamsiahroalnnig Amsmutherend Jpicrmpxmiag of two or

morsSHHEIE €5PEtAlY WiahRafestagithe template, and the template must be
removed so that the molecular sieve can exhibit catalytic ag:tivi?l)/. Once
10028 torRpteatlgsbimipaEhaREbers SRARFSE S HEHSRATA Y EHRRHRS Rt grmel

crystREHNGALAh 8 %@Héfﬁr R4 RPMR-SHEISER, WY @xample, US 4,440,871;
2007/005353PCT/1JS2006/024712 [0025]In many cases, depending upon,
US 4186 hattheL 51 S0 aribel thoAamERRE THXT B ol Tt Biting

togeflESELERNe eI aRYSIAHDSIAGIRSYBERIR. dohipiHb A asendheitRaNtake one
can be removed by a heat treatment process. Fqr example, the template

i oA AR 377 e A BT eGP Py BonO S ressre,
to a RYPEAGRY GRINING SEH (P PERIMABING A 1B0MIeE50e0faia sigyeliine product

the presence of the oxygen-containing gas and
is formed. Formation of the crystalline product can take anywhere from around two hours to

as much as two weeks.

[0023] Typically, the molecular sieve product will be formed in solution. It can be
recovered by standard means, such as by centrifugation or filtration. The product can also be
washed, recovered by the same means and dried.

[0024] As a result of the crystallization process, the recovered sieve contains within its
pores at least a portion of the template used in making the initial reaction mixture. The
crystalline structure essentially wraps around the template, and the template must be removed
so that the molecular sieve can exhibit catalytic activity. Once the template is removed, the

crystalline structure that remains has what is typically called an intracrystalline pore system.

-5-
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heating at temperatures from 200 to 900C. In some cases, it may be

desirable to heat in an environment having a low oxygen concentration. In
WQRH88eWadeEs, however, the result will typically be a breakdow® T HE2006/024712

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 10template from the intracrystalline pore system. In other cases,

[0025th simttemiecaptaekpendinietpar hatisirenbiel frohbdwiersean, de:

ccomplished by conventignal desorption processes such as those use
template o |ng %t%gﬁaér zgce)éfl gg}%’gf}gﬁ@}gﬁgﬁgﬁg/ﬁéﬁ Sr%oﬁ%lﬁy&ﬁ%i\i(%ﬂ a case,
the lemplote demipl ateso erbylatembte stnsot pmcaiscRinexagmits iendmplate can be

' i nitrogen, phosphorus, oxygen, carbon, hydrogen or
el R i ARG P S Ao OIRE i oy
conigeting theitieripmi8-carttainmpeieycpretepmsthecaikhooaygbaroryiaining gas and
ili i Q lecular sieve.is typically admixed .

b 0 P R AR MR BR e BEABIE S et n am
envigomsos hioving ay/lsivadlyyede cenctnizatiac APDesatalsest, hoitretlee, databssit will

. risi ular, sieve. 90[0028]Additional lecular,sieve
typ o O Rt el BT IR T ke
comius{iamprpecss dchitstyepaf procnsi eeulbe sieddaaatyisiincanplateiremyitial of the

' ired. I f I lecul
ol T e VA R A e

IS Invention II’IC%
complets oa partiamemavalfr BIkhCASeCrirh CGlato DAShBDEY, debveRiRing @Sorption

prodéfsl?sls'c:réil ésqp{oge M%Maﬁﬁ‘ sthdbr egiﬁgg., ROG, THO, and

substituted forms thereof. Structural types of medium pore molecular
[0026kve s Thareaetionirmbitnte cassintdiisony entiondichplathsF T enplatds T4/ structure

. ; E , ' for erepf,
S R0 Tl B S o
combipetiantharenhenpvarcalmaneeinatitesy on-8kyiSvagd, gxopitejtinkto 8 carbons

bein%@%@%ﬁ{‘?n ﬁpggggﬁ]gpgﬁa%@g@t composition preferably comprises 1% to

Yo, more preferably 5% to 9 %, and most preferably 10% to 80%, by
[0027bightlderridiecalzmiiephosphatsl seonaflan sig b it typioally admixed (i.e., blended)

withz(gﬁgxl M&?ﬁ?%ﬁ%ﬂ%&%@ 3¢ }gsﬁﬂﬁlgactﬁyﬁérﬁa\%?épﬁos%ﬁgaglgvr%ﬁned toasa

particle size of from 20 g'to 3,000 g, more pre 0 g, most

SARS}ersabisly witlythe el Joogopisngaheobiely) tedaailie sietthe
[0026)UVenSH SRISHHIaL fieE0L %ﬁéﬂ%@@&%?%ﬁ?&}gggﬁﬁ?ﬁ%@o

making olefin product from an oxygenate-containing n one
catalyshepBRsEHIOPL e Yraahbio Hsed et paAtaimislgcalroigyercatalyatsdn admixture

withARE@DENY B Aiyenird-gudReaken g%@?‘éisﬁﬂéﬁagm Rfoﬁ@m%\éﬁ%%g&at are

oxygenate, is contacted with a catalyst containing a rejuvenate

suitablsiEdinee Bidhés inecriigaionlrdn A BLIOEEkhP Thd TOEATT i\ INich B(dh BIK,
CASUHRE! (ke DRRCHISREFSH, BRTIRFIGOE KERFRY, WG MY, REGNFAY, pry,
RHC?, 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, EUO, MTT, HEU,
FER, AFO, AEL, TON, and substituted forms thereof. Preferred molecular sieves which can
be combined with a silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and
chabazite.

[0029]  The catalyst composition preferably comprises 1% to 99%, more preferably 5% to
90%, and most preferably 10% to 80%, by weight of molecular sieve. It is also preferred that
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"reactor apparatus" or "reaction system." Another part of the reaction

system may be a 10"regenerator," wherein carbonaceous deposits (or
WQRAMEYWARe catalyst resulting from the olefin conversion readok{E906/024712

removed by contacting the catalyst with regeneration medium. [0031]The

oxygenate feedstock of this invention comprises at least one organic

compound which contains af least one oxygen atom, such as aliphatic
the ol ARTIDREPOT B AR Al R 6 oMY e K00 Foners pEsdpmably 30 1 to
200 19eidst pestepatitieso estensend the like). 15When the oxygenate is an

Icohgl, the glcohql can.include an aliphatic moiety having from 1t0 10
1003080 SsERRECHTE SraFeRlB i dhs LB A eiFR SR RENE Tis i Aanvention be

used [ OepFo0shIS iNvRHTIOblcERke” GRialGInCaI RS dEERAREHAM ML FRRIBRIRI In one
b té’le coked catalyst with aﬁre eneratign medium to remoye aI,Wart of the

embog R P PR BB AL BRI A0 PV BTN Ry SRSt or 2

hydrdeybeasiddethefaratellyfoeehivah et thaciofgdntiesisciogtacted Sviet atimalyst

medium,.ceasing, f f the regeneratign medium, and then reintroducing .
contaf R R iy 3 LTS BTt AU P B [BFAUBR i oeetion

in whidheadcusmetiadicslhl arede hirein wahn edi thidie¢het s AGIBA Y HaBY K1Pad of a

e EALR IS G RGP AP L PRI ) RRISERR)

“regeregosiarddreaialydidoatteue deposi BRI Reghrptite canlosctosakiip Gom the
olefi acnd conditions%a%&ro riate to maintain a desjred I%I of coke on the, .

e LA SRR ATt E PRS0 P GOB SR S 3t Yol regryeratipg medium.
[0031e usEhe notyeliag: fredstuedt, dilda Hvsativrovtngphises sy Stast onB eaLIAIS

that can.be used include riser reactors and short coptact tim
com T S SRS SRR R s R GRS o
carbonghtantpdunitt (aldbydeicketencicyaleatplicsiald § Wiioraetdseashidibd like).
ferably in the range of from 20 hrl to 100Q hr-1, and.maqst preferably in
W R 50 oD b B R S 1 B PR et v from
to 10 weright atbawy gesnratpredaicblydroaatiort whibbnmaymptionally be in the
ed, per WO 2007/005353PCT/1JS2006/024712 hour per Wei.%ﬂ of the |
looszfﬁolecl%ulélreéjlg\’/cée%so% ent cl)?Yﬁ%%coé’t’a‘f)%d%@Eéﬁ%tecﬁﬁle e ke éy contacting
the cdeatisttadksnajticamtaenethidgsrmasdiiatstoheafvac bl Dinentsofrtbl dekésidpesits. This
WHSYV is calculated or: taI% wejght basis of tflhex oxygenate feed, and an

resent S SRR i S R SRR R R T e
reactdh(_ématdtmlga@@@‘tjaeﬂmahbﬂiﬂm; cxaiey devfed dhis regeireiednviibdiven, and
then r{e?h%%%ggg &%t?elgatt\év %”ﬁﬁ'ﬂ%‘r or partially regenerated catalyst. Regeneration 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 reintroducing the regenerated catalyst to the reactor.
Regeneration can occur at times and conditions appropriate to maintain a desired level of
coke on the entire catalyst within the reactor.
[0033]  Any standard reactor system can be used, including fixed bed, fluid bed or moving
bed systems. Reactors that can be used include riser reactors and short 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 5 hr-1, preferably in the range of from 20 hr-1
to 1000 hr'l, and most preferably in the range of from 20 hr-! to 500 hr-l. WHSV is defined

herein as the weight of oxygenate, and hydrocarbon which may optionally be in the feed, per
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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
Wi ¥hase or a mixed vapor/liquid phase, different conRGEGAZ08¢{024712

selectivities of feed-to-product may result depending upon the catalyst and

reaction conditions. 10[0035]The process can generally be carried out at a

wide range of temperatures. An effective operating temperature range can

hour erfsighicnfithe molreulsreisnageholtheisatdntt, Resaussrtre easalysiomn the
feedstrk RBPHntA HiROMIBAAR MM SBMRERRIY B allien i ntoMagonOlalculated

the desired olefin products may become markedly slow. At the upper end

on thgMright hasisafihe pxyvgenairloed caad anuvbersrhravbishmem hetesnt, and

the nffle¥EbsieVd @ RIARSHR HRabapuay vary over a wide range, including
autogenaous pressures. [0036]In a preferred embodiment of the continuous

[003Yperatitsforsily-d1sottigReptnded s partacterwitbdhegritrenased fofalry when the
oxygSRRE R the fegengrate! IHaMmeNS, e prsssiiapdcekeieepasiis ANafuid or a

result during the catalytic reaction. In the regenerator, the catalyst is

mixed 3R HGHA RS2 MHER-H5 PTRERHLIR KB Ag bR saidophsgeenr a mixed
vapofKiflantshdsecameanent Honwasoks ARPQIISREdCHTREI BRI tRGRIBIYEbult

Iring the regeneratic%réfﬁroce_ss, foiming a regenerated catalyst. The
i

d
depepdmepardicsatabet RnhEsrsHAN RRRAIHIRR reactor for further contact with

[0033he fegde Typics caf GRALMINNTS BMRREAbLE a1 YiadbmpnaR@hpGatiRes. An
700C, desirably in the range of 350 tq 700C. Preferacg([%, regeneration is

effectiy RS GHP & ST IRRIH S AHREFA7YePE A0 897 do 08 frablydenapio” to
600°()) sibiR péeasbSOMANS 50 oS3l orIaRc]6ARRIIEs sh RigkpBAaN R ange, the

adsorbed OC{]tQ the catalyst or located within its microporous structure prior

formagioahod b drsirrd R RERRE Ty ¢hsean trsoree sRARTRHE 18y pAL dhegiaper end of the

tempSHIRBINGIRRS Mg doess abaly Abt bl iR ptiRfuSi RRGMEHCHRIRRIc VI pressure
can be located vv,iéhin the reactqr or in a separate vessel. The stripping

also MAY YRy B¥CE A LA SRR RalR HARS ARG RRHS PISS YR Monly used.

[003&xamplespet Bastippinel gasnA S iebhtHiaashAioi) oalrgarhonRINanthe
as, and hydrogen. [0038]It may be desirable to cool at

CQ2, CO, flue
catalyStis i O e St A1 Sl Jhe FS ST RS AT BN Db epenplated

coke ideporitvaek testedigagiahcAhastiexehangemasstrgcdanoalhiccdyst is
WO 2007/005353PCT/1JS52006/024712 regenerator may be used to

contaglRd RYHILA AT TRELAPD AL CAYEINAS X YRR SE OLPGR AEIFNIS B Ftrace, the

coke RgopesaieraMbesdthencgrneraled eatply shisreaalehibispestsabierifing a
cool it to a tem%ﬁrature which is from 200C higher to 200C lower than the

regengratpd Cataleshr e Earngatth SRipNHy oSt s tha sraciesipg iy tier
contast edciatld GeadeTyparatvsseliontibaQdiapddtrSlanent ian-iigdoMpsyatyre00°C,

. af the catalyst wi wn f he reactqr. This cooled catalyst then may
st G Bt i S o B g S PP
tempiier fhagegensoatedzoatayst from the regenerator is returned to the

actqr,.it ma returned to the reactar's catalyst disengaging zone, the
w""’iﬁact%ﬁszig%?é},/agﬁed%rsmg %ﬁ%ﬁ%&?&l&?&ﬁﬁ&ﬂ%@%gmﬁmmw ich may
be adioebkebeios tieregelistaitlosends/ihieits e dhapanpingeuta e Piadtte dtering the

the 10reactor oy regenerator. The catalyst m Iso be cooled with water
regencrator. | qun%aél\kﬁﬁ ﬁ%mpaﬁsheg gy passan%/g a stfai%p%ng gas over the catalystin a

stripper or stripping chamber, which can be 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, CO9, CO, flue gas, and hydrogen.
[0038] It may be desirable to cool at least a portion of the regenerated catalyst to a lower

temperature before it is sent back to the reactor. A heat exchanger located externally to the
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present invention. [0039]The reactor and regenerator may be configured

such that the feed contacts the regenerated catalyst before it is returned
WQRRAENEa%tor. In an alternative embodiment, the reactor and PEJénE 24712

are configured such that the feed contacts the regenerated catalyst 15

after it is returned to the reactor. In yet another embodiment, the feed

stream can be split such that feed contacts regenerated catalyst before it
regeniertmaite uhedreaerse vhepatechaptiem danostaliplea{tes thbasckrapivithdrawn

from Eﬂ@%@%@d&&(&{%&ﬁ%% ffeg@_lyeﬁfaw&Qﬁ}gﬁ@trﬁwe@,ai\f@?%ﬁwﬁ@qs ¥kt to a

of coKe effective for selectivity to et?& ene and/or propylene. The average

tempeigRe sayBichri o antdy < histinr e dawerchgn dhe feBREER B edithafatalyst
withdWRERIRAIRFUEL 0 aAse GRIBlYSE 8RNH S vPlumBeRiteAlalssh 48P 200°C

partially regenerated under conditions effective to maintain the desired

lower-tiea thsrienpeiriszea)de eatabrenaitbdamanwarey the 1easiele BHE o ekrstalyst
then b} GGekRALAIE Bk SPEIRRACANAT AN RIALISY SREF8SELr OIS 62 BRI When the

can be performed either internal or external to the reactor The portion of

regenegied eaimiptfienp thedgeresinion isrsBpnekianhy reanbiiguRgasturned to the
react&ogleHiaﬁm‘if;a@é;gﬁ%%@nﬁer&%ﬁ&@&%sﬁ@mﬁ@mm FofekmEaIRMg the
n 2 wt-%. [

of less tha 041]In order to make up for any catalyst loss during

cooleghgatalyshistiarhn HRRA QI SRRy SPEGS tats peingsdampprature in the
reactiiE v Eaialysionanethare adfatdntha searnatpipdsatohshbaiiatd ith the

removed from the regenerator, and then both are added to the 30reactor
presegt {RECHEM catalyst may be added to the reactor independently of the

[0039PYeNerRIRA GBI e YA ARR HRTHRRE Hidel PABGIR 41 2 EIQAAIMIShe
skilled in the art will also aEpreciate that the olefins produced by the

regensiaigd ratalyst Sriredb JéatrorratenelprsaiErRiErRieh tadipent, the
react QO RZedIAdPsR pyReiasaRAMEY IREYRAeIINeN®&Renerated catalyst

polypropylene. Processes for forming polyolefins from olefins are known in

after §his seturpeddaithsreaieyBieiehanptivisrsae dnentothri fesd stisatn 6anhg gplit such

that foeifesmastiRELHeeRigintrpsteesesitherefionnd Thaseriachd anhuk@ret has been
not limjted to, aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl

returned-ta e &aagtehe dichloride and vinyl chloride, ethylbenzene, ethylene

[0046]<ide JCdPRASH IRPIOMhBISOREhiAGHR edRc RIN RRIAH AL eRIEPMPAIRL DI,
acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and

effectiindds ssieativibne, RISNETYPLRORIRNS. FhE AStRBRISAe level on the catalyst
will BRI e gD SReoHRIBIMARMAIR R iiBRIrE IvEIRPEbIRMh catalyst, the

entiré Q’%rl%}‘géedfacraq[arll%t%iasg %gsip%?'tially 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 the reactor. The portion of coked catalyst to be regenerated is
preferably regenerated under conditions effective to obtain a regenerated catalyst having a
coke content of less than 2 wt-%.

[0041] In order to make up for any catalyst loss during the regeneration or reaction
process, fresh catalyst can be added. The fresh catalyst may either be added to the
regenerated catalyst after it is removed from the regenerator, and then both are added to the
reactor or the fresh catalyst may be added to the reactor independently of the regenerated

catalyst.
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herein. [0043]This invention will be better understood with reference to the
following example, which is intended to illustrate specific embodiments

WrtHiHié8verall scope of the invention as claimed. 15EXANMPEIRUSRIAH 924712
SAPO-34 catalyst was obtained that was made according to the following
process: In a container orthophosphoric acid (85%) was combined with
water. To this there was added a silica sol and a 35 wt. % aqueous

[0042]|ti&tne skiliedsin fhemrh WAl shpapssGinte thentbe-o afinamyoduaediby the
oxygéﬂﬁté%%f&ﬁ?@&%&@ﬁﬁﬁ%ﬂ&@i&%ﬂ%%ﬁgé@é{?{rﬁ‘z@ﬁtﬁﬁ%Qr%é SaRfized to form

material were added and blended in, The mixture was now placed in a
polycdefimsppesticlariyebreglfmscadmel wronsisasshrescssae fon fasraingrolyolefins

from B IEd ANBAIRIAS. IOAGIANG! B BINIERRLIAIGILILERIGIR:O

hours, then heated to 175C over a period of 3 hours and held there for the

derivagiyes grntibe foroedions the Rlplneeceyssed thatsitora- Whssedpritdg, but are not
limit&MbiaMderaperatoRddir selid RreAMSIIRCONE RS Ay peldiiigaiiRfliene

and washed with 25water. Then, a coked MTO  catalyst, removed from a

dichlegids ek nghobleridarstheienzrasaciyline o Sap cumeepispRiPRA S R0l

acrol SRICANISH dR1 6800 YR e 63 HAR by TE D B SATBRIGI¥RSHIP 1BNE FatE) ald
treated at 700C, | atm H20 for 800 hours (Sample Il). A series of

acryleyaiiilgeid HinerrsindiBmeiy Qb sthsdente R Rs ROBNEYIFRGS dbasnetheds of
man Aldseaterl sHBpias wellaHyem dneskald 206 MyRIEhhaNgbt discussed

.followeg by exposure to ambient conditions for 48 30hours to achieve a
hereipynsistent LOI on the samples. The samples were then sent for a

[0043]iCroMEAS AN RSO0 W DEbR e AGHYEN QL G/ 3R MBercdQo MéQollowing example,
2007/005353PCT/1JS2006/024712 Sample and treatment description and

which i3 dpfendediiailstistgsresiBe sebadimei® wigunshe Qstath stnee qfdhe mvention

as claimed.
EXAMPLE

[0044] A SAPO-34 catalyst was obtained that was made according to the following
process: In a container orthophosphoric acid (85%) was combined with water. To this there
was added a silica sol and a 35 wt. % aqueous solution of tetracthylammonium hydroxide
(TEAOBR). Finally, alumina in the form of pseudo-boehmite along with water and SAPO-34
seed material were added and blended in. The mixture was now placed in a steel pressure
reactor equipped with a turbine stirrer. The mixture was now stirred and heated to 100°C over
a 6 hour period, held at 100°C for 6 hours, then heated to 175°C over a period of 3 hours and
held there for the reaction time of 24 hours. Finally, the reaction mixture was cooled to
ambient temperature and the solid product recovered by centrifugation and washed with
water. Then, a coked MTO catalyst, removed from a demonstration plant, that comprised 40
wt-% SAPO-34 + binder was first calcined to remove coke (Sample I). The sample was then
hydrothermally treated at 700°C, 1 atm HpO for 800 hours (Sample IT). A series of treatments
as outlined below were done to the hydrothermally deactivated sample. All treated samples
were then dried at 120°C overnight and followed by exposure to ambient conditions for 48
hours to achieve a consistent LOI on the samples. The samples were then sent for a

microreactor test to determine activity of the sample.
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constant 1/s) Starting material that has been regenerated (550C, 15 1
hours). Dried at 120C, then left at room temperature for 48 hours. 370
WERUWeHeF3idd catalyst is steamed at 700C for 800 2 hours at ACASA6}24712
pressure. Dried at 120C, then at room temperature for 48 hours. 106
Rejuvenated with distilled water at room temperature 3 for 4 hours,

washed 5 times with 50 mI dlstllled water dried at 120C, then left open to
air for 48 hougsfmﬂ?ti BELfe SR &&MW%&C@S@M 4 hours,

cho [ aN=Y] | Adic |r\r44nla}n_v‘ drind at 20
VV(]QI T \J CIIITCQ V\IILII [wAv IIITUDLIIICU VVOLlCT, Urrcoac =
K-Oxygenate
Sample . .
y Description (volumetric rate

constant 1/s)

Starting material that has been regenerated (550°C, 15

1 hours). Dried at 120°C, then left at room temperature 370
for 48 hours.
Regenerated catalyst is steamed at 700°C for 800

2 hours at 1 atm water pressure. Dried at 120°C, then at 106

room temperature for 48 hours.

Rejuvenated with distilled water at room temperature
3 for 4 hours, washed 5 times with 50 ml distilled water, 144
dried at 120°C, then left open to air for 48 hours.
Rejuvenated with distilled water at 85°C for 4 hours,
4 washed 5 times with 50 ml distilled water, dried at 204
120°C, then left open to air for 48 hours.

Rejuvenated with hot 2N NH4NO3, dissolved in
distilled water at 85C for 4 hours, washed 5 times with
5 50 ml distilled water, dried at 120°C, then left open to 195
air for 48 hours, calcined at 650°C for 5 hours, left
open to air for 48 hours.

Rejuvenated with steaming at 150°C for 4 hours in No,
6 25% steam (200 torr HyO) dried at 120°C, then left 125
open to air for 48 hours.

Rejuvenated with steaming at 200°C for 4 hours in N, .
7 25% steam (200 torr HyO) dried at 120°C, then left 126
open to air for 48 hours. .

[0045] In the microreactor reactivity test, 150 mg of catalyst is loaded into a 8 mm ID
quartz reactor with sintered glass frit at the middle of the reactor to keep catalyst in place.
Catalyst is first pretreated at 500°C for 1 hour in dry Ny. Reactor temperature is then lowered
to 450°C and methanol feed is introduced. Methanol feed is introduced by passing a stream of
N2 (350 cc/min) through a 3-leg saturator filled with methanol and set in at 5°C constant
temperature bath. An online GC is attached to the plant for product analysis. According to
literature, reaction rate is assumed to be first order with regard to oxygenates concentration.
Catalyst activity is expressed as first order kinetic constant for oxygenates conversion which
is expressed by the equation —kt = In(1-x) where x is oxygenate conversion, t is space time
and k is a first order kinetic constant. First order kinetic constant for all the catalysts tested
are summarized in the above table. Oxygenates conversion was determined on a water and

coke free basis. It is clear that treatment of the hydrothermally deactivated catalysts with
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120C, then left open to air for 48 hours. Rejuvenated with hot 2N
NH4NO3, dissolved in distilled water at 85C for 4 hours, washed 5 times
WM 78065085 distilled water, dried at 120C, then left open to RCRTVAH06/024712
hours, calcined at 650C for 5 hours, left open to air for 48 hours. 195 6
Rejuvenated with steaming at 150C for 4 hours in N2, 25% steam (200
torr H O‘(g(dried at 120C, then left open to air for 48 hours. 125 7
wate QL I Eh AR SRR RS FRMATBBEAL s ihiRee ey oL ienificanbamount of

lost detiv ity @)igeiatdonpaed atheotalap Fendaaayisfac#Bil)adte ek @alPRd aPRied to
t icroreactor reactivijty test, 150 mg of catalyst is loaded into a 8 mm
Otherlgzﬂérié?ﬁeéifa%l?&ﬁﬁrﬁﬁf@rsed glass nit at the middle of the reactor to
[0046Fep qatislitsidhtidacan Gatpyhtisifircimretrenlashaibof vt Hyavs e Anslly
N2. Igigé:éor temperature i? then lowered 5to 450C and methanol feed is
deaciiyatsch raSlY RAEHRING TeE O RTSHINCEB D USERG WikhWaRPOF e aiifhe treated
catal ey cai behraugied Ehikgeaipeatedttlied redtionethagl and set in at 5C
constant temperature bath. An online GC is attached to the plant for
product analysis. According to literature, reaction rate is assumed to be
first order with regard to oxygenates concentration. Catalyst activity is
expressed as first order kinetic constant for oxygenates conversion which
10 is expressed by the equation -kt = In(1-x) where x is oxygenate
conversion, t is space time and k is a first order kinetic constant. First
order kinetic constant for all the catalysts tested are summarized in the
above table. Oxygenates conversion was determined on a water and coke
free basis. It is clear that treatment of the hydrothermally deactivated
catalysts with
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WO 2007/005353PCT/1JS2006/024712 water or with water containing
ammonium salts resulted in recovery of significant amount of lost activity.
It is anticipated that such way for catalyst activity recovery can be applied
to other SAPO based molecular sieves. [0046]This invention can be
cieppiesl in commercial operation where hydrothennally 5deactivated
catalyst coming out of regenerator can be treated with warm water and the
treat talyst can be.retur ed bac e ener tor or reactor directl
Crams MR R R S A e
comphesintar sieve, comprlsmg providing a silicoaluminophosphate
molecular suage hav1 creaselq 8][ tic ctlv as a result of contac
with hlgrplfgmpgpa?uslle r% 0IS u'rnOp r?apc Ntacd 68”[ PR RIS ER
low tempnatdlyare aqwdmasmlwmg(mmaatﬁﬂ% Wigte tepnpeedier @ aposture; and
wherein sai ?W tri:hmp iietglﬁfa betewvﬁﬁqll nd 3%%0 uptll t(l‘_]% cg:r%talgltlc
activity Of SA MBISCUIT STeva Mereases aWeggto ompare%f torme
moleculdeaseh@/handisy arevetersempoaveahgia rmetivityw termé'btermabekweén
claim 1 wherein ta ti S at least 509
The met %d orc gﬁn&_"? or ff]%ereng(/t éa(fg ié@%ﬁgtﬁrs%%%twéé%l Qgeases
and 1008@t. | east £25¥hesroatipatedftatiyeonel efutiiss/ & hevBngldecetastitbcatal ytic
sHmoaIugB{]\? hosphate molecular sieve is selected from the group
consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17,
SAPQ-18heietDed®f SRiD134hS AR hadat 8 MRGEB/| FAPI0cBSised by at
Ie%b‘g -37 SAPO-40, SAPO-41, SAPO-42, SAPO44, SAPO-47, SAPO-56,
metal containing forms thereof, and mixtures thereof. 5. The
methdd dhamyethasl of claimsl bit@ avivrere the hevsibnazdahiresiebpbenes°
an@gﬁg ar sieve is selected from the group consisting of SAPO-18 and
-34, the metal containing forms thereof, and mixtures thereof. 6.
The rhethbd wEthod ohanyf oleinicihitoSivbSreinesaitithey temperature

SRRt a et ant Lot ol e roln ORISR =

SAParbntahRnE: K6 e L ansmBRaItio, mm%&&@%@%&&m -31,

[ t
mlxturde:]sgtgr‘:gt:g%s %A%%we method 015a any one o clalms ﬁ%)%gq%ersepfﬁo )
44 58 Ravd éntpdatofe thfuicElsl £afitatei agithrms tberehk andiinbxtwieatiyerses.

of claimerpda Bheie s cRalRNgRBRgIE molecular sieve is

used to fin product from an oxygenate-containing feedstock.
silicoaluminophosphate molecular sieve is selected from the group consisting of

SAPO-18 and SAPO-34, the metal containing forms thereof, and mixtures thereof.

6. The method of any one of claims 1 to 5 wherein said low temperature
liquid further comprises at least one dissolved solid.

7. The method of claim 6 wherein said dissolved solid is selected from the
group consisting of ammonium chloride, ammonium phosphate, anmonium sulfate,
ammonium acetate, ammonium carbonate, ammonium nitrate and mixtures thereof.

8. Themethod of any one of claims 1 to 7 wherein said low temperature
liquid isadilute acid.

9. Themethod of any one of claims 1 to 8 wherein said
silicoaluminophosphate molecular sieve is used to make an olefin product from an

oxygenate-containing feedstock.
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