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i ncor porate
¢specially aleohols, are convertible into light olefin(s). Methanol, the preferred

alcohol for light olefin production, is typically synthesized from the catalytic
reaction of hydrogen, carbon monoxide and/or carbon dioxide in a methanol
reactor in the presence of a heterogeneous catalyst.  The preferred methanol
conversion process is generally referred to as a methanol-to-olefin(s) process,
where methanol is converted to primarily ethylene and/or propylene in the

; presence of 2 molecular sieve.

[0003] Some of the most useful molecular sieves for converting methanol to
olefin(s) are the metalloaluminophosphates such as the silicoaluminophosphates
(SAPQ’s) and the aluminophosphates (ALPO’s). SAPO synthesis: is described in
U.S. Patent No. 4,440,871, which is herein fully incorporated by reference. SAPO
is generally synthesized by the hydrothermal crystallization of a reaction mixture
of silicon-, aluminum- and phosphorus- sources and at least one templating agent.
Synthesis of a SAPO molecular sieve, its formulation into a SAPO catalyst, and
its use in converting a hydrocarbon feedstock into olefin(s), particularly where the
v feedstock 1s methanol, is shown in U.S. Patent Nos. 4,499,327; 4,677,242;
4,677,243; 4,873,390; 5,095,163; 5,714,662 and 6,166,282, all of which are herein
fully incorporated by reference.
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calcmmg or burmng out the template. An elution process can also be used to

remove the template, although calcination is preferred. Once the template is
removed, the molecular sieve is considered to be activated or ready for use. The
activated molecular sieve has its pore system, including the empty cavities or
cages open to the immediate environment, and ready for use.

[0008] Activated metalloaluminophosphate molecular sieves that have
catalytic sites within their microporous structure, e.g., silicoaluminophosphate
(SAPO) molecular sieves, have been found to be sensitive to moisture. In general,
significant exposure of the activated molecular sieves to moisture has been found
to deactivate the catalytic activity of the molecular sieves. Unfortunately,
methods of protecting activated metalloaluminophosphate molecular sieves
against the harmful effects of moisture are limited.

[0009]  US Pat. No. 6,316,683 (Janssen et al.) discloses a method of protecting
catalytic activity of a SAPO molecular sieve by shielding the internal active sites
of the molecular sieve from contact with moisture. The template itself can serve
as the shield, or an anhydrous blanket can serve as a shield for an activated sieve
that does not include template. The anhydrous blanket can be a liquid or a gas
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g: fngZFum ngﬁhgﬁphaﬁé %e@ %’gggﬁ%t{.'% IS:at 3l { disc 0%%5': XH o%ffor addressing
the problems relating to protecting molecular sieves from damage due to contact
with moisture and damage due to physical contact. The method requires the heat
treatment of a molecular sieve containing a template under conditions effectlve to
remove a portion of the template from the microporous structure and cooling the
heated molecular sieve to leave an amount of template or degradation product
thereof effective to cover catalytic sites within the microporous structure.

[0012] US Pat. Nos. 6,225,254; 6,448,460; 6,503,863 to Janssen et.al. disclose
a method for preserving the catalytic activity of silicoaluminophosphate molecular
sieves which comprises heating template-containing silicoaluminophosphate in an
oxygen depleted environment under conditions effective to provide an integrated
catalyst life which is greater than that obtained using a non-oxygen depleted
environment. o

[0013] US Pat. No. 6,498,120 (Janssen et al.) discloses a method of
rejuvenating a molecular sieve with anhydrous liquid or vapor, until the methanol
uptake index is increased by at least 10%. In the examples, this document
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treatment, activated metalloaluminophosphate molecular sieves are protected

against degradation by water or steam.

[0016] As seen from the disclosures described herein, many
metalloaluminophosphate molecular sieves will exhibit a shortened catalytic life
when exposed to a moisture-containing environment. This loss of catalytic life,
which is due to a loss in the number of acid catalytic sites, can occur over a very
short period of time. This loss of catalytic life is sometimes reversible, but if loss
of catalytic activity is too severe, it cannot be restored. In addition there may be
irreversible loss of molecular sieve crystallinity and porosity on aging during
storage and handling after manufacture.

[0017] As new large scale, commercial production facilities, which use
metalloaluminophosphate molecular sieves in the production process, continue to
be implemented, protecting the activated metalloaluminophosphate molecular
sieves from loss of catalytic activity as a result of contact with moisture continues
to become an even greater challenge. The present invention provides a new
method of protecting the catalytic sites of activated metalloaluminophosphate
molecular sieves or catalysts containing metalloaluminophosphate molecular
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conversion conditions, wherein, prior to contacting said feedstock, said
metalloaluminophosphate molecular sieve has been aged in activated form while
in contact with a liquid mixture of alcohol and water, the mixture of alcohol and
water containing from 45 wt% to 99.8 wt% alcohol.
[0020] In a third embodiment, the present invention relates to a method of
aging a used catalyst composition, which method comprises the step of
maintaining the used catalyst composition in contact with a liquid mixture of
alcohol and water, wherein the mixture of alcohol and water contains from 45
wt% to 99.8 wt% alcohol. -
[0021] In a fourth embodiment, the present invention relates to a process for
the manufacture of metalloaluminophosphate molecular sieve catalyst particles,
the process comprising the steps of:

a) combining a metalloaluminophosphate molecular sieve, a binder and a
liquid medium, the liquid medium consisting of a mixture of alcohol and water,
wherein the mixture of alcohol and water contains from 45 wi% to 99.8 wit%

alcohol; and



al cohol and water, wherein the m xture of al cohol and water contains from 45
w%to 99.8 wt% al cohol. [0021] In a fourth enbodi nent, the present

i nventio eI at e o a process for the nmanufacture of

met al | oal zﬁ%ﬁ’ﬁ%gé)hat e nol ecul ar si eye cat al yst parti cIPeCsT/US%"HWS“%Ocess
conprising the steps of: a) conbining a netalloal um nophosphate rml ecul ar
sieve, a binder and a liquid nmedium the liquid mediumconsisting of a

m xture of al cohob) ﬁmmin@mmalloaluhﬂcqxhpspﬁa&a moletuinesiefe ctalpsiqlartindes. wat er
contains from45 w %'t 8 w% al c hol ; and WD 2005/ 046867

PCTI Us2004/ 0E¥048b eﬁl ‘ﬂ?‘ﬁr FRgdmang aP’i?ﬁ?qt\dBﬁ%E‘ﬁﬁa"te tepfe cularystleve

catal yst par (%1% L éc‘uat.rt%ﬁ@i? di HRen RVIRSERtthe ﬁﬂfron
relates to aHse &1r%§1mm§ nééhalc?g% umt nop slcP HIErﬂitqe i(?:lgrfar sraielve :ﬁ aliquid ,
medi um wher meﬂmfrheoﬂsrsmwfch mrmdnewfrafumhel atdsmér avherent theaniduralof alvohobnd

wat er, wherein_ the mxture of alc and water contains from45 w%to

99. 8 wt % al ce%watef ertas ﬁ'ﬁnh‘f%W{/"ffogﬁt?o‘ﬂf(yﬁréf?PhOlt he present invention ,
| at t f t t t
relates to a qurlg a Sgﬁ% ﬂl@ﬁtn(r??r{]ﬁz&?r? %ﬂ'lo%cfglsﬁés % QY Slufrd ys

particles i n er el diumconsi sts”o

m xt ure of atmmhluﬁnﬂomsﬁra,te nidemilar didve cafélyﬁtLpaetldés al adhymid avdiwaj er
contains from45 wt %1 o, 99. % al cohol . . [ 0024] ﬂ preferred aspect of each
of these enb¥derrihths 1@@6&@% qQnsksts R a8 TS o aloshokand svatsr Whegsa dheg

metal | oal um g Rtt&fkscgl”hg%cﬁ: Ef& BntSin€ Yidnf 44 M $h 953" ({Elal% Shélf € i nt ai ned

with a mxture water containing fromb5 Yoto 99.5 wt %
al cohol , nor ¢0Qzdpf erlabl prefferrmﬂl 553pm:% afo &@hw 6b aﬂreséfolembud]maas,hethe
preferred aspect of eac f t hese f%{: nbodi nents, the re, of al cohol and

wat er cont ai f¢talloglwnynephgsphate, smo %%t%rvesm% rﬁ?te eafi srhat; 5 w %
% d
to 50 wt % vai,ehiecnld Qe éafhrf:,gqﬁnﬁ)éfreeér glgl afil ectwgﬂ;afrgnqlhhﬁeeaf GRBRYI 4dy sai

al cohol and water m xture pre group consr sting
of al kyl al cufmtdrsmfhh@g frbiay0 wt% tip 908 witkgaltolmod) thoteqpréferaldy from 55 ent, nor e
preferably fro

nore preferaHt §5 ¥t o 5 L fﬁﬂf@%gg%%?ﬂggs@?ﬁgf;%%&&g%%hﬁ eenasLE h(r)1|of5 e
et RO s ik, T ko 1
i ncorrpasées pheferably from 0.5 wt% to 50 wt% water.

[0025] In each of these embodiments, the alcohol in said alcohol and water

mixture is preferably selected from the group consisting of alkyl alcohols, the

alkyl group having from 1 to 16 carbon atoms, more preferably from 1 to 5 carbon

atoms, and mixtures thereof. The alcohols are more preferably selected from the

group consisting of methanol, ethanol, propanol, isopropanol and mixtures

thereof; most preferably, the alcohol is methanol.

[0026]  In all its embodiments, the present invention also incompasses the use

of mixtures of alcohol and water selected from the group consisting of technical

grade methanol, technical grade ethanol, technical grade propanol, technical grade

isopropanol and mixtures thereof, more preferably technical grade methanol.

[0027] While the metalloaluminophosphate molecular sieves or

metalloaluminophosphate catalyst particles are in contact with the mixture of

alcohol and water, it is preferred that the metalloaluminophosphate molecular

sieve have a methanol adsorption index of at least 0.5.



of m xtures of al cohol and water selected fromthe group consisting of
technical grade nethanol, technical grade ethanol, technical grade
pr opanol , wectnsiosssk7 gr ade i sopropanol and m xtures ther egftyusrosmspioef er abl y

techni cal grade nethanol. [0027] Wiil® the netall oal um nophosphat e
nol ecul ar sieves or netall oal um nophosphate cat aI yst particles are in
contact with the m xture of alcohql and water, I.S referredthat t he

met al | oal uni n8PRs ph&reerbhe dhe a%etaquaB%nﬁwépbatmﬂ%ﬂ 8geoIHEslesied ndex of
t | t 0.5. S%&Q) [A0] 4IL§ 0 0 th
?ret aleﬁzal um no %ﬁosphagé §%§ f@- Sl ége§%g%ée4?§(ﬁ&%%l3gf rgglr%d;%\gg@p@ 4éAPO i?,

SAPO- 18, SAPCE 8HO-SB ARGt} Bontaiiig B7ms SAROGI 44d int&ARvb ormsehakofcont ai ni ng
forms thereof and intergrown forns thereof. [0029] The nol ecul ar, si eves and
catal yst parti088s off 11?H’é016¢18§eﬁ1ﬁ"e? ritplyst pardcles ebihg pressplinyeRtionsase ¢ he

conversion of, . 0, gﬁ%? ted
feedst ocks int o}ﬁg Qﬁ%ﬁ v§thee§031?%ls (?fﬁd}a%octd]tb%fng é&\ﬁ@ﬁ%l'rlg?%}t% rab é;&?

et hyl ene or psfogryigemseed fedstocks imso dexivayilvedyisnels as ight\blekins, DRGEREERABN, OF THE

| NVENTION 1. ] ntroduction [0030] Metalloal um nophosphate, especially SAPQ,
catal ysts ar eetbﬂg%?ﬁprgpﬂenﬁ,grélgt syPRetRYlgminesi ty and structural changes as a
result of continued exposure to even |low |evels of noisture. W have found
t hat SAPO nol ecul ar sieves |l ose catalytic activity when the catalytic sites
are exposed t DETAIDED DESCRIPMITON O THE INVENTION | e as a few hours after
activation, and that |loss of catalytic activity is irreversible after a
certain poi ntM‘Hhe possibility of irreversible |oss of catalytic

activity pres u N wher e
13105 sy o B SRR, SO CLAGE il e
over a relatiwetyaliingctpdry adl stofctiraimehanges aenaepile of bhnmamd nexpofuae ttoir ed

nol ecul ar sieve can be stored or tra sporte g %b om 12 hours to many
mont hs, even &0 lgWgleyels fangistire. V%ee Beetqupd that “léﬁS’éﬁ?ﬁ lpse ed
catal yst. Eve t oncern
in large scal ghtggﬁ%?%vll@ovgg%rgglse gcgfs@%sél e? |ﬁ='tnée)%§J E%dr {eols?ln Qger{)gi 8%%‘% g

catal ytic profess litde ase feawhogs afeabetlvation,| awldibag ldse of catbgicodetivity g,

particularly one h a cat al st | oadi ng i n excess of 500 kg, especially
one having au?,eé{‘?réﬁ’y%?ﬁ?rd‘a‘iﬁrﬁ@ MPlexcess of 5000 kg.

[0031] The possibility of irreversible loss of catalytic activity presents a

problem in the commercial production-to-use chain where storage, handling and
transport of the molecular sieve and catalyst can be over a relatively long period
of time. For example, the as manufactured molecular sieve can be stored or
transported anywhere from 12 hours to many months, even as long as one year, |
before its final use as an activated catalyst. Even partial loss of catalytic activity is
of particular concem in large scale catalytic processes. As defined herein, a large
scale catalytic process is one having a catalyst loading in excess of 50 kg,
particularly one having a catalyst loading in excess of 500 kg, especially one
having a catalyst loading in excess of 5000 kg.

[0032] US Pat. No. 6,316,683 (Janssen et al.) discloses a method of protecting
catalytic activify of a SAPO molecular sieve under a blanket of anhydrous
alcohol, the alcohol having less than about 200 ppm water. We have now
surprisingly found that metalloaluminophosphate molecular sieves and catalysts
comprising metalloaluminophosphate molecular sieves can be effectively

protected from degradation during storage or handling, by contacting the



[0032] US Pat. No. 6,316,683 (Janssen et al.) discloses a nethod of
protecting catalytic activity of a SAPO nol ecul ar sieve under a bl anket . of
anhydr ous w@hRli9dss7 t he al cohol having | ess than about 2%19@'90 1$§00 V€
have now surpri s‘% ngly found that mnetagl oal um nophosphate no ec%ar Si eves
and catal ysts conprising netall oal um nophosphat e nol ecul ar si eves can be

effectively protected from degradati on during storage or handling, by
cont acting t hmolaGuR06SrOWGRATIXRET WE2lo0k¢iCRise0er iBsiard ef amlydrasisalenhad.t h

m xtures of al cqhol , apd er instead of .anhydrous. al coho uch pratective
effect can be WSEHOEFHHY‘? \é\g%'\"tc‘"‘&?g]eygﬁe,g qu gegla%/ag?]ﬁit 1¥ ﬁﬁ?gﬁgglaﬁgfs 8 ?"%been
used in a catglaphised R PERBItic Brodeks, GRR AR LESREH BR aRsttBEMaIGH, Ak Yibdatalysie: a
catal yst that has been uséd in a c¢atalytic process, when’'the used catal yst

has to be hantiiathas teet weahinopeatayiioprogess, when thiuesed gatatpst hasuotbedmodled
react or opera,{,i ons. 2. Water, and al cg‘_IBoI g’xtures 1{:3003%}"Accordi ng to the
present i nvenPFEREN ARFTAHGNIHLS A & IBAEPRMONS IR FRAGHOL PPERUORSS o catal ysts

conpri si ng neb afyapakidhiooriesikiate nol ecular sieves are protected from
degradati on during agri ng by contacting the nolecular sieves or catalysts

with |iquid nf0033] es Adcordinphdd dhel patsent {nyedtn, Sunetatbbaluminophedphaied wat er
m xtures include |jquid m xtures of alcohol a ter contajning from 45
Mo6 Lo 00 8 vl ifved ot PR, cPriRSs meblodtBhGlorbSRale e
preferably frﬁ@%&%&“p%tb&e@%o\ﬁi% agans duf@hgiﬁé@fyeé@ﬂcﬁngftﬁé)%cﬁ&u%% to 95

wt % al cohol . Preferably, the alcohol and water m'xture contains fromO.2
W% to 55 w Y%iwedsar catatysts witleliquid mhixtifresood dccholennd weteB0 wt % water, even

nore preferab froml.W%to.4 % . nos.t . pref bl.y from5 wo/ t,0 40
o wat or - DelPHL T b AIchRaT kL e snre e B hBE MRt b 4PoRicy oo
are sensitiVeaddwakt ebitaRing?lr6ahP witth WO weRHicthbl, poefeRibsy HBRNOLGRL - %
wat er, such as 20 wt % or nmore water, do not deteriorate significantly the

catal ytic actd 99.6ywilé, merequeferably fowe S8wiinie 89 ortiigalcohalaBist pregerablyer and
al cohol m xtuge al,sq _cont aj t Q engs jyn . trace apount such as
ot her oxygen afrgﬂlngﬁ n‘ﬁ% &8 s&? f"%é{(' .an?E'ﬁ) r%?fg? %q&eﬁ%%lg?hol cad}dg 8’?551'9 i Iglxi@ied s,
carboxyl i c est@itsins BOHOXD HRS, toSIFOXi% aterCindpd Prefepibl iftoane s wiktPi3s] withi | e any
al cohol may be used, preferred al cohols Include al kyl alcohols. Mre

preferably, twates eshanore prefprablyr framviewtle tatdeywt s meest preferahlyiowts wiée  al kyl
group, which o %A)l \;Jﬁglgbe%iteb{h%r}ﬁaetﬁat rplgtgll{ga{lgnmm]bpiugsp%lgtccrﬁcrﬂgglﬂaraéi8\%58’

are sensitive to moisture, alcohol mixtures containing more than 16 wt.% water,

such as 20 wit% or more water, do not deteriorate significantly the catalytic
activity of molecular sieve during storage.

[0035] The water and alcohol mixture may also contain other components in
trace amounts, such as other oxygenated compounds (f. ex. ketones, aldehydes,
carboxylic acids, carboxylic esters, peroxides, epoxides, ethers) or alkanes.

[0036] While any alcohol may be used, preferred alcohols include alkyl
alcohols. More preferably, the alcohol is one or several alkyl alcohols in which the
alkyl group, which may be linear or branched, has from 1 to 16 carbon atoms,
even more preferably from 1 to 9 carbon atoms and most preferably from 1 to 5
carbon atoms. From practical and economic points of view, the alcohol is
preferably methanol, ethanol, propanol or isopropanol. Commercially available
liquid mixtures of alcoho]l and water are suitable for the present invention.
Examples of commercial liquid mixtures of alcohol and water include crude

alcohols, or any other grades of alcohol, which typically contain percentage levels



even nore preferably from1 to 9 carbon atons and nost preferably froml to
5 carbon atons. From practical and econom c points of view, the alcohol is
pr ef er abl Wogedsanetls; et hanol , propanol or isopropanol. Ceorers2ialosys0o
available liquid m xtures of alcohol &nd water are suitable for the present
invention. Exanples of commercial liquid m xtures of al cohol and water

I ncl ude crud h r d | | gal ly
contai n per cg’%t‘g{ﬁtggl gi\)/%fteg%@%g’%%%Gé%;&P%% %%cg%ﬁ?xgg{ﬁ%s‘g’%@ﬁ%% )éad/a@er.
Preferred comsiidnodl gradé eh methandlc SDGTON grade esethaml,udmder etianolmeiiinol |
grade A nethanol, "MIQ' grade nethanol, crude efhanol 6 crude r.opanol ,
crude i sopr oFEMIN0L CTUgsyiSRTARANO Pé&@yd’ﬂmﬂ%@‘g %#%%P@O%ﬁfaﬁl g thee
appropriate | . e t t ) are al so
SOl tabl o o AEPPEre MGG plfek, NERREL oF 6t M GMODb el Bl T ol Ao

al cohol s haguitahlé. rQ@tted siitablkbwatar bod akbbolsmi{taes TiclWeemixtives nd addoholsol and
wat er, various grades of water can be used, including dem neralized water,
boil er feed WAYEE Bie 16 FEROBROESss water. The water should not contain
nore than O. per e : nor e
preferably ng(t)w re ?ﬁ{a%% @@%&%&%@ﬁmﬂﬁéﬁ a?\(%g.jof[o %&%h%e Srend’xture of
al cohol and imdleding slemmetrdlizel iveptérg beilat feedviniater arqnirifiet ipnocest hateactTheat ed

met al | oal um nophosphat e nol ecul ar sieve, Such contactjing can take place
under a vari é’f"}efoﬂmil@n‘ﬁférc&?@ﬂbm&%aﬁ%)sg&‘fté’eﬁcﬁﬁﬁipﬁ B‘i‘i‘gﬂ3 DAt ageradhan Rd ni xture

of al cohol a o5, rhcke PSRRI iR 1 01010 e bSntaiBhACT | N typi cal
takes pl ace | Mérsing or saspendi ng the nolecul ar sieve or catalyst in
t he al cohol [6@38]wat €he mixtire & aldahol endhwpleeis in thBqdid statowhie sbntaciingof

pafticles in the Jiquid | cohol /water m xture. .,100391 If the catalyst is
i nt ended for ‘B‘“sécﬁ"ﬁt“g mpetalloalumingphqsy at&é’f@%%“éﬂ‘&%?"&f iué&ﬁ%ﬁ%?%scapéake
hydr ocar bon s SRAR] | :
generate new%%%lr?oa% %génﬁf)%ﬁ%‘??e'ﬁ‘ﬁ?rg %@?ﬁgﬁg%ﬁéer Sll ghﬁ%ﬂdgg&% mBI}Fn se way,

the water and aldohohand watet iy mausaided o thediguid statee Contaatihg dypicaliyopkess phat e
nol ecul ar  si ive does not need to .be oggllet !Q%/ .renoved .or,. even g es not
need to be PEIFSAGIYREISING ofupRsnding, fhe ?S‘F‘ﬁ sip¥e ProcaiRlyst iretBe elfebeleact or .

Excess wat er /aHGRRE! miaaR, fdSxhhpRein SRUUAR of Ok 8f PhARNGtinShe §idfR of the

conver si on process V\nthquf any special equi pment or additional purification
step. [0040] aBwholeatengixtfire he nol ecul ar sieve or catalyst with the water
and

[0039]  If the catalyst is intended for use in a process for the conversion of
oxygenates to hydrocarbon products, it is best to choose an alcoho! that will }not
generate new unknown by-products during the conversion process. This way, the
water and alcohol mixture used to protect the metalloaluminophosphate molecular
sieve does not need to be completely removed or, even, does not need to be
removed at all, before the catalyst is loaded into the reactor. Excess water/alcohol
can easily be removed from the product streams of the conversion process without
any special equipment or additional purification step.

[0040] Contacting of the molecular sieve or catalyst with the water and
methanol mixture is conveniently performed by using a liguid mixture of alcohol
and water having the desired alcohol content, and pouring or pumping it over the
molecular sieve or catalyst that needs to be protected, to form a liquid blanket.
Alternatively, the molecular sieve or catalyst can be immersed or dumped into a
vessel containing the liquid mixture of alcohol and water having the desired

alcohol content.



met hanol m xture is conveniently performed by using a liquid m xture of

al cohol and water having the desired al cohol content, and pouring or :
punpi ng i{yaPaREndicRey nol ecul ar sieve or catalyst that needg i@eR@spodt ected,
to forma liquid blanket. Alternativghy, the nolecul ar sieve or catalyst
can be i mersed or dunped into a vessel containing the liquid m xture of

al cohol andOMM%ohol content. WO 2005/ 046867

PCT/ US2004/ ri Yesid CAAlykeS Theftol and Catal ysts Thereof 10041] The
net al | oal uni RERPS PMBieamemlatntophbsitat Mmbicthlaipgvétewhishdndybe L& iAr esent

I nventi on have been described in detail _in numerqus publications _including

for exanpl e, the, [Sesemhtivyanting . haye sigenogescripdapOdgiE i pEMEEPURHpubligationsn  or

Co), US. Patent.No. 4 440 . A0
159 624 (ELAB%%WE cEmp ‘5’8&@5 (Pg pg %5’69@%9’(‘@%@;@11@%% qg%%ﬁh
or Zn), U S Zﬁ’ adraly), UDS Fbtéﬁéqol%t(ml:@m Surcgﬁhﬁ%ﬁmf\hppﬂcﬁﬁﬁ JFPL8,
4,683,217, 4, 744,885 (FeAPSO), EP-A 0 158 975 and U.S. Patent No. 4,935,216

(ZnAPSO, EP- A=Q)1i_%6.244 ARSARGEre Bl As, Beg BeCo £ép, @@, AoFesbieMe, B H o,

(SEnaso) s Al Tt NG, 3riadofo (BEROS 4 el o ARadg C2c

(Li APO), U. S46B’§tzem4m88% , EBaRSS, 915 dnd BB, PiteniNo. 4,9331567
(GeAPO), U.S. Patent No. 57, 29 gBAPSO S. Patent No. 4, 738, 837

(CrAPSO), U. @nﬁﬂbiférﬁlé*%slﬁlﬁg%@ -B; Q%%ig 966 (EbARRpwhete EL Bat ent s

e, 180 88 AR PriRh, S RBNG, 0, MRSl S Bl

4,913, 888 ( SO), 7. P Haednt NN1,978 ﬁﬁﬁ(ﬂi&a’sey §18. PhenoNd. 4,789F53833
(MhAPSO), U. Patent's Nos. 5,345, 011 and 156, 931 (I\/hAPO U S. Pat ent
No. 4,737, 35@iABOMPEES, Patent Nyt 4992250 @@4@@?& Sodhtat Ny 4,88846dnt s Nos.

il 0 Al R T B A
(CoAPSO), U ErATSONT SOPadutd Xod 05731805l £F512305 RORITY U §-Pahi uher e Q

i s framework OXI de uni ents_ Nos, 567,029,

4,686, 093, 4Npg1, 884l 944:8% (5%45 4&“:@@&%@@ 47& 7§§:{M|9’¥PSQ) 843, %ﬁﬂ@tﬁo 952, 384,
4, 956, 164, 44%§§’11§f@=eﬁy%§3d§5’taé3?‘}% §94§1é‘9(%sﬁ%d’}“%§ 4RnP5Q. al | of

which are herérnmfu orpor a erence

4,913,888 (AsAPO) U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833
(MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent
No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPQ), U.S. Patents Nos.
4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651,
4,551,236 and 4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO,
where Q is framework oxide unit [QQO2]), as well as U.S. Patents Nos. d\1,56'7,029,
4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384,
4,956,164, 4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of
which are herein fully incorporated by reference.

[0042]  Other metalloaluminophosphate molecular sieves include those
described in EP-0 888 187 B1 (microporous crystalline metalloaluminophosphates
(UIO-6)), U.S. Patent No. 6,004,898 (molecular sieve and an alkaline earth metal),
U.S. Patent Application Serial No. 09/511,943 filed February 24, 2000 (integrated
hydrocarbon co-catalyst), PCT WO 01/64340 published September 7,

2001(thorium containing molecular sieve), and R. Szostak, Handbook of



[ 00421 O her netall oal um nophosphate nol ecul ar sieves include those
described in EP-0 888 187 Bl (m croporous crystalline

ret al | oal wp mopbasphates (U O 6)), U S Patent No. 6, 00RCBE82q0amsroul ar
sieve and an alkaline earth metal), WiS. Patent Application Serial No.
09/511,943 filed February 24, 2000 (integrated hydrocarbon co-catalyst),

PCT WO 01/ 641%@9%9}5? 'sk@)%@%%g%oggiag RéinhoROREG! Tofd %&1@'5%9?/23 Whicgcul ar

si eve), and ost ak, WO 2005/ 046867 PCT/ US2 31400 11
Mol ecul ar  Si gread, heddn illhsincerpdraRad bjhafetenddew Yor k, New York (1992), which

are all herein fully_ incorporatedq by reference. 31 The, nost preferred
mol ecul ar si P43l or @thrﬁfF%E‘} é‘ila/lg‘f"ﬁ?}'esé‘?veﬁﬁﬁ‘? E%g’ P“%EBL"’.T flEyee dd PO
mol ecul ar - si 2468 subdhoRPE AW thotBallar s TahAnd emBilimahk e offBAiah sl & oup

| A of the Periodic | ements, an al kaline earth "netal of Goup 1IA

of the Peri oatkali TadihleoHd Graipe ik ndfsthe Parmds Eabie ofnBlemienisf ataliatine |datts,
including the Lanthani X nt han eri raseodym um neodym um
samari um eu%@ﬂh&rﬁﬁgﬁﬁicﬁitﬂ e Ig}faﬁ%e Oéﬁnﬁi?%ﬁsd’ﬁﬁf_ ‘:ﬁ?fgl%i? o
thulium yttafdinehang &HtL%hﬂMdeéqﬁnﬁﬁﬁ\?g'déﬁhﬁ{ prisebi DEB&)G%H odic

Table of Elenents, a transition metal of Goups'IVB, VB, V|B, VIIB’ VIIIB,
and | B of theam®ami,0curoplah) egabliffuenyetdrbinmgr dysprosivms flmany, odfrbiuhgse net al

cbnsi st ng. o] foht ing BHET B scgfie: Shpbhepesant Galeal” 5"
m xtures theg;f;&?ﬁﬁs}g%ﬁéiﬁgﬂ?nélﬁtcﬁ*ériagﬁéimﬁ‘,%wmﬁf%wmﬁ%ﬁI@b%@ may be

r epr esent ed e enpirical formula, on an anhydrous basis: nR (M AlyPz) Q2
wher ei n R r ePersdotlabkt of Batents) r tneixpires ohHgnngé tligse pmetélespabiey. dn cmegani ¢!

tenpl at i t: mis th nber of nl f | e .of 2) 2 and
m hag & val BEtGhsEbadent gl Siegctonaht B s BE SRS ILLRY 11 om 0
to 0.3; X, Yy, RAGZ GeMEMRNINI BE, TOVA ahd 26 dn@Mni@turdd thédeoptnd P as

tetrahedral oxides, where M is a netal selected fromone of Goup |A 1A
13, 111B, 1 VEOHB, Wi mytaBoaluntinapBospivitd moickuiarl dgve muly hehpresentediby Tabl e

of Elenents, .preferahly M.is selected fromone of the group consisting of
Co, Cr, Cu, ,EHE%E’C%{‘}/“%?’W“ ,Yamgﬁ,{’asﬁ', Zn and Zr. In an enbodinent, m
is greater than or equal to 0.2, alﬁm;mxmypgog z are greater than or equal
to 0.01. In-another enbodinment, mis greater-than 0.1 to about 1, Xis

great er t hanwherem dbongpregerts, aty ldast jone t femplatinge agintf praferably eo orggyic
templating agent; m is the number of moles of R per mole of (MxAl,P,)O» and m
has a value from 0 to 1, preferably 0 to (.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of M, Al and P as tetrahedral oxides, where M
is a metal selected from one of Group IA, IIA, IB, IIIB, IVB, VB, VIB, VIIB,
VIIIB and Lanthanide's of the Periodic Table of Elements, preferably M is
selected from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Nj,
Sn, Ti, Zn and Zr. In an embodiment, m is greatgr than or equal to 0.2, and x, y
and z are greater than or equal to 0.01. In another. embodiment, m ié greater than
0.1 to about 1, X is greater than 0 to about-0.25, y is in the range of from 0.4 to 0.5,
and z is in the range of from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x
is from 0.01 to 0.2, v is from 0.4 to 0.5, and z is from 0.3 to 0.5.
[0045]  Non-limiting examples of SAPO and ALPO molecular sieves of the
invention include one or a combination of SAPO-5, 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, SAPOG-42, SAPO-44, SAPO-47, SAPO-56, .



and z is in the range of fromO0.25 to 0.5, nore preferably mis fromO0.15 to
0.7, x is from0.01 too.2,yisfromO0.4to00.5, andzi sfrom0.3to00.5. [00451 .

Non-1i mi tj - es of SAPO and ALPO nol ecul ar si eves gfrtiBRo4biueNt | On
pei ude. BRI O Con o SAPO-5, SAPO-8, SAPO 11,9@9@% 16, SAPO- 17,

SAPO- 18, SAPO-20, SAPO- 31, SAPO- 34, SAPO- 35, SAPO- 36, SAPO- 37, SAPGO- 40,

|§é$/o ug%bozSL/A gg&%f’ﬁ, S@igﬂﬁéb gﬁﬁ%‘i@} ﬂsﬁ&ﬁg @9 Oiggg %%EPC&%HQ'% PO- 36,
ALPO 37, ALl s, A ABLALofARkE ARAuP!RAM RersdioVPhe WL Gatentle More

preferred nolecular Sieves iInclude one or a conbination of S

SAPO- 34, SARfibl3tular AR IHANdSARQISHconbiRDIGIBo ESKP AL FDS2P.0-84,5AROF3S,
preferably one or a_combination 0];'\;1325853 SAPO 34, ALPO- 34 and ALPO 18, .
and netal  coMt@idh ShRRPEC MEO-1§ ROr b reven MoteoRietessly 9895 2one or a
conbi nati on ]-%P o d |34C aiami l.egu Si eves

t her eof . [00‘%@1b ougsg’g ﬁgrgei n,’oﬁﬁﬁt g?m%?l}r‘le%?g gﬁgiﬁggﬁwﬁﬁm

conbi nat i on wathinihg nedecidaieds thezesfpasl mostpreferabdy bee ohavombitaon@f nor e

conponents in varyin roportions, reqgardl ess of their physjcal state. In
particul ar, SM@%‘&%@%@ ‘lgpﬁ%’in@@ﬂ c%q;@mge@olggu%@pveg ¥ R%%r growt hs of at
| east two di ent | eve S : . - OX t hose
dosor i bed 1 DR py AT LG Hokln A (ETHERTEOnRSE AR hARERRRAE | IP°F,
09/ 924016 f iiksednsidggedt cémpasifidn of matter hanihg tivorenmore hempaieatuinarargingve i s an

intergromth material havipg two or re distinct phases of crystalline
struct ures WPEPeTHOBH erogaTdleEs ofr theit physeaiysate: iIBnPngﬁla%mﬁt FREOTIDAERSA| ment

t he nol ecul ' GRERY . f@%“"h@ ' and CHA
f ramewor k-t %hgéi.c%% ex,ararép??ﬂg?i a%k%g , Agg %&;ﬁr (cjr\/%ﬂtl‘gﬁﬁeggfearéﬁb&a

f ramewor k- t ygimecivaer] saslPQ@s 3fbr eaampleCtibse rdesmviedkin PETe Publicagof i Mie.h O

enbodi nent the | ecul ar si ev onpr.i ses 1 xt.ur f inter mat eri al
and non-i nt e‘?&ﬂ %&t@rﬁ’%ﬂﬁngﬁé&%@ O'Q%Igfﬁe‘ﬁmﬁzaggéﬁ% aRhe
present i nveghioRmaRy gk uie%w@févegﬁ QMM%%%% Br HRrgcu!l ar

si eves which are parficular unstable to "noisture e e.g. norpholine
t enpl at ed SAdHENR4 phasks f\cr yetdlind etrusdasts tvathis toabinhelzearedietd sahyositbirst ur e

i nsensitive | ecul ar sieves such as dual tenpl ated DPA and TEA SAPO- 34
mt o &l 5 whiCOE BRbadRRy P ol Bt 4G @R SRUSUORERVBds. of
agi ng or on gRROSHAET Ad (AL fraMRRAEk-types. For example, SAPO-18, ALPO-18 and

RUW-18 have an AEI framework-type, and SAPO-34 has a CHA framework-

type. In a further embodiment the molecular sieve comprises a mixture -of

intergrown material and non-intergrown material.

[0047]  The method of stabilization of the present invention may be utilized
with metalloaluminophosphate molecular sieves which are particularly unstable to
moisture exposure e.g. morpholine templated SAPO-34 and may also be used 1o
stabilize relatively moisture insensitive molecular sieves such as dual templated
(DPA and TEAOH) SAPO-34 materials which may be significantly affected
during extended periods of aging or on exposure to water vapor.

[0048] Generally, metalloaluminophosphate molecular sieves are synthesized
by the hydrothermal crystallization of one or more of a source of aluminum, a
source of phosphorous, a source of silicon, a templating agent, and a metal
containing compound. Typically, a combination of sources of silicon, aluminum
and phosphorous, optionally with one or more templating agents and/or one or

more metal containing compounds are placed in a sealed pressure vessel,



[0048] Cenerally, netall oal um nophosphate nol ecul ar sieves are synthesi zed
by the hydrothermal crystallization of one or nore of a source of al um num
a source vob 2pi3m3¢saor ous, a source of silicon, a tenplatipag/Eszentosiend a
nmetal containing conpound. Typically,13a conbi nati on of sources of silicon,
al um num and phosphorous, optionally with one or nore tenplating agents

and/ or one Of; itie G §RdrDh A6k C QIFROM SEATREGE8Mend]) afid $BReEd
pressure veséglw\l/%l%gS 6126867 P%T/ b82004/ 31400 13 opt'i:]%)r’lal I 31 iﬂ:en’ed W th

an inert plashie suecystalbzatiohypressnzef hud toppdigtiuem antihaderystalling, matgriglets a

For moa, | and (HEHEY CRB P TBS I Pt (Rt AR ol SFARCERR i ng.

Exanpl es of mabahlaalrwiinphesbahGpiRt etslbailarsi@eesyhinebi @8hditieRNRhdd ONns
have been described in U S. Patent Nos. 4,440,871, 4,861, 743, 5, 096, 684,

and 5, 126, 308en whesaribedr én aUIS. hBatentn Nasl | 4:44h8 DY, pd.Bal 44300, 196i68densl [ 0049]
Non-limting l.es.of te ating,,agents include, cyclohexyl am ne,
mor phol i ne, é%@ﬁo}ﬁ%c&ﬁ‘ﬁ l’ﬁ%@xlly#ﬁmﬁﬁeﬁhwﬁg{ﬂ%i ethyl ani ne (TEA),
tri et hanol amghg49) i pﬂbhﬂinﬁi_ﬁn§ %yﬁi@e%y{emﬁmmg %eﬁ@tim\hdm SohGyidhide

[

di met hyl benzyl anmi'ne, N, N-di et hyl et hanol ami ne, cycl ohexyl am né, N, N
di met hyl et hamodrpheline, diFopropylaniingl (AP Akt iypropplemans, naietiylamine (TEA),

di azabi cycl 0(2,.2, 2)octane, N .N N Nt thyl - (h,6 di ani N-
et byl ot haBPEHAR PRyt na B RGE Reot ATTBTBERTTEne, Ne%rot hy! -
pi peri dine, NimBhpiHeaRIARRXY! RIN-BRthyRthRlMthiY, | didjRlohéxyiRinine, - PMINLi ne,

qui nuclidine, N, N -direthyl- 1,4-diazabicyclo(Z2,?2, 2& oct ane ion,
di - n- but yl amdimethylsttmpelaminani ne, cliling, pent W.hirilimesthylpiperagingl am nél,4-

t-butyl -am ne, t hvil | apl_ne, LAk LAl ne n -i,.m dazol i.done. .JThe
preferred teﬁb”}zﬁﬁic é(’%gﬂ‘:{%‘f’e’ teﬁ%f‘%ﬁ\é’k‘%ﬁﬂeg%yf'éé?ﬁﬂm% corpound,
such as tetr agdthyldietmRBRRIHE Kyfstayl-elaroldARl) N-inethyh §iperidids T Heth-
phosphate, tetraethyl amoniumfluoride, tetraethyl anmmonium bronide,

tetraethyl ampipmidinn, Jhmsthydeycdehexylamingt hi-methyipniding ackmathyl-pyridivae
agents T s usQTREBAL Aol PR e 2 sftag By U S TR e
and phosphor gispersAuiG®, [ 0084]-péititamisyi t ablsepropyiambeal un maplicapis) e
nol ecul ar sieves for-use in - the present invention my be prepared_as
descri bed i n etndenedigmine, NTolglige cangls 3-imidagatidens; i rdiet preferend; wnaating
tenpl ating aga%@ﬁt P &E%?ﬁ@ofsoﬂs ktra&h?lanﬁﬂ&rﬁ% '38mpound, such as tetraethyl
ammoniumm hydroxide (TEAOH), tetraecthyl ammonium phosphate, tetraethyl
ammonium fluonide, tetraethyl ammomum bromide, tefracthyl ammonium
chloride and tefraethyl ammonium acetate. In one embodiment, a combination of
two or more of any of the above templating agents is used in combination with
one or more of a silicon-, aluminum-, and phosphorous- source.
{0050] Other suitable metalloaluminophosphate molecular sieves for use in
the present invention may be prepared as described in U.S. Patent No. 5,879,655
{controlling the ratio of the templating agent to phosphorous), U.S. Patent No.
6,005,155 (use of a modifier without a salt), U.S. Patent No. 5,475,182 (acid
extraction), U.S. Patent No. 5,962,762 (treatment with transition metal), U.S.
Patent Nos. 5,925,586 and 6,153,552 (phosphorous modified), U.S. Patent No.
5,925,800 (monolith supported), U.S. Patent No. 5,932,512 (fluorine treated), U.S.
Patent No. 6,046,373 (electromagnetic wave treated or modified), U.S. Patent No.

6,051,746 (polynuclear aromatic modifier), U.S. Patent No. 6,225,254 (heating



6, 005, 155 (use of a nodifier without a salt), U S. Patent No. 5,475, 182
(acid extraction), U S. Patent No. 5,6962,762 (treatnent with transition

metal), Wygaooidsgt Nos. 5,925,586 and 6, 153, 552 ( phospbeqaissedingis ed)
U.S. Patent No. , 925,800 (nonolith gypported), U S. Patent No. 5,932,512

(fluorine treated), U S. Patent No. 6, 046, 373 (eI ectromagneti c wave treated .
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01/ 60746 putll/aidd pabljslsd Mgusrz@mzqosh Gsﬂtmn 0@& V.S, Ragnt PgpdinatioxpHerialat i on

Seril 098 B0l L ShNLTS, o, PRECRS PR TS mhge U S

| npregnat i ona. Islﬁﬁh&sils&a@qp@eowﬁws% ﬁ’@aem?Appl pLCH! '(ﬁi%td}bunﬁg 6i6n469

filed Septenber O (conductive nlicrofilter), and U S. Patent

Appl i cation lﬁeludmg ctrkpper)SU?SélE@dm Applicetion é‘fmd}%m 4@0ﬁk(df Sqﬁmbﬁdr%ﬁ ng the

I I h h t b
[0054] T orDEiekeEKe TtBle o4 Ust St SmmbeRi el e P ES B E Ve <
activated affgy Jﬂﬂaﬁﬁﬂ'ﬂ)’m?ﬁ-&!@ dﬁﬁﬂg%aﬁlrhaéanmoaeveﬁowm lafe AVhBLRERIYNE
tenplating agent is substantial Iy, preferably conpletely, removed after

crystalli zatmmrpm;atedmf&nwev\el | known techni ques for exarrpl e, heat

treatnments s cal ci n ti,.on n_inv cont ac t he

mol ecul ar m@@gl]comlﬁl ORF F§ Pl e’?éﬁﬁl‘%&ﬁ%ﬁ%ﬁﬁ@ SPﬁat gcu Sg?‘@rlzim y
contai ni ng Oj¥gsRd aﬁawe&%zlsﬁ@é cryQABREGR iFep tak p%fbc%laeﬁfétt%ﬂ lggper ature
sufficient to either partial or conpletely deconpose and oxi d| ze the -

tenpl ating aagsnt is [s@lw@]txallm, pre&relr?ﬂtvo@nmﬂntely,tm:mﬂeaﬁﬂraarysmé\mdmbya Si/A12

tio | th f | han, 0. feraply | th
0-30. ana. moSEReprL A DRI S8 ARG S50 Crd; HERE SrRBe i 45 oi eve
i's synthesi Z@h%lﬁ:iiﬁmmbﬁﬁ:ﬁiaﬁbn Sﬁmeesr&mtdchﬂg th@‘ﬁldlécﬂﬂé:eﬁeﬂf cSitAhRg thy

contacting the nolecular sieve wth a liquird water/al cohol mxture to
prevent wat eﬁeﬂm&pHSdagf?nénWtih a rgasnprefergblr containing ngm,otab@myddwr@decul ar

sieve can then b orrru ated.in ul ar osi tion.

In anot her eHWBSH k e r%?vf} Iﬁ%ﬁﬁ“ﬁo% 8’?%&4% %%{ aﬂéﬁ?‘@eé) as

synt hesi Zed,cdm;ﬂetew dé&@mboﬁbadﬂdﬂﬁldlmeénphﬁngﬁgﬁﬂtﬁt e (for exarrpl e'in the
[0052] In one embodiment, the molecular sieve has a Si/Al2 ratio less than

0.65, preferably less than 0.40, nore preferably less than 0.32, and most
preferably less than 0.20.

[0053) Once the molecular sieve is synthesized the molecular sieve may then
be handled or stored by contacting the molecular sieve with a liquid water/alcohol
mixture to prevent water degradation of the molecular sieve. The protected
molecular sieve can then be formulated into a molecular sieve catalyst
composition. In another embodiment, the metalloaluminophosphate molecular
sieve as synthesized, i.e. without having removed the template (for example in the
form of a wet filter cake), may be formulated into a catalyst composition.
Activation of the molecular sieve then occurs from within the catalyst
composition, once the catalyst composition is heated under conditions that allow
partial or complete removal of the template from the molecular sieve pore

structure.



formof a wet filter cake), may be fornmulated into a catal yst conposition.
Activation of the nolecular sieve then occurs fromwthin the catal yst
conposi t i wo,2008x8sd7he cat al yst conposition is heated und®TESHRHEIIYNs t hat
allow partial or conplete renoval of¥3he tenplate fromthe nol ecul ar sieve
pore structure. WO 2005/046867 PCT/ US2004/ 031400 15 100541 Mol ecul ar si eve

‘activation t an ri t QL& t ﬁ&% at, sie been
formul ated i mj(ﬁ)sﬂ ca@gcﬁ%tl&}cg%%s%ﬁ otr@I Itﬁﬁseg:?:'ﬁ %%m% ese rtoer%oélﬁ?r%ﬂt?es, t he
catal ytic si trasleaflat dievertnls deeh fornmildedinta@n chialyst atrepdseitbna giai casht of thaser

degradati on during nol ecul ar sj eve and/or catal yst handling and/or. storage
by mai nt ai ni REROSENEHSE, E|°a¥313§¥°ei}@s€? té%@og%gﬁfﬁﬁvei%ng@rﬁrg&ct i AR5t | qui d

mxture —of waf a Aibhe hAGAMr didveSdrlah calalit RBEA £ oY
conposition car}g{)% gdc?gbgy cgﬁéﬁ[{ ni ng tﬁjﬁee met alclaoa um noplosp (gt e&%%ei ecul ar
si eve w t h a Wy mdatai@ngtler malenalar sieverat theicalalyst m domtact svithod Bauid arixtsreve

cat al yst conpasition. h'bs catal yst conposition is forned into useful
shaped and sifetRtgandialqobel-py wei | - known techni ques such as spray drying,

pel l'etizing, @ykgusi eiﬂ?c?%sttﬁﬁeltaiﬁgﬁ%ysk EorhP&ititH S6'Yedhad Y SorMifinB 9

activated before conbining wt I nder” and/or the matrix material, it is
best to handhetaAoadusimpbosphetermbleculhnsiesd with a4 bindemdarsdsr avitatrbamiategial d

m xture of water and | cohol. accor&ién to the present jnvention, for as
long as practiPciephya saledulftesiov gatalyst EPmBRRIoR. o A ChREt Campestion &
protecting a b b I d
before the no gﬁéﬁ g?o?ig%ﬁ&gggaggggﬁn%{gggg %ﬁﬁﬁém%bgll%gg? tgﬁg# resr?g?ﬁfi

mat eri al . Thespnat dnyires gelidtzotm lexriisionjrand the Bide. atfdbe dialepular sigvischap besrent

i nvention are suitable nmediuns for, fornulati | ecul ar si. | nt
Lailal ylst s. | Wﬁ%@ﬁ‘%ﬁﬁr%‘é‘ﬁ%&%wﬁ]&p}w& ﬂh@@’é%&&?ﬁﬁilﬁ%‘%ﬁaﬁﬁ%ﬁ%ﬁ?ﬁn ecul ar
sieves can bensHRr £ Aste BdibleBBliat Bield i @n@&?%thad‘ﬁquﬁ@hﬁknﬁ& StWhRpa the

invention after nolecular sieve, synthesis. The other catalyst formulation
agents can t haeotiod accaidieg ta thetphessnt inmendionafod as langrasipransiceldypossitdé. e Ve

o % e ook Bl v ! e SRR R Bo Bl o
conposi tion. WNQBsshiil}i fideBo BEHTRIVed BbfdRl NbekSlebiat sidV@is dbuetiéd MR Or i N
conbi nati on 4 ncl ude-"vari-ous types of hydrated alum na, silicas, and/or
ot her i nor ganbindenandér switrix araterpl.e {The meaderaand ralendiot miixttasinged eesording to
the present invention are suitable mediums for formulating molecular sieves into
catalysts. In an embodiment, the activated metalloaluminophosphate molecular
sieves can be stored as slharries in the alcohol and water mixtures of the invention
after molecular sieve synthesis. The other catalyst formulation agents can then be
added to these water and alcohol molecular sieve slurries at the time of catalyst
formulation.
[0056] There are many different binders that are useful in forming the
molecular sieve catalyst composition. Non-limiting examples of binders that are
useful alone or in combination include various types of hydrated alumina, silicas,
and/or other inorganic oxide sol. Omne preferred alumina containing sol is
aluminmln chlorhydrol. The inorganic oxide sol acts like glue binding the
synthesized molecular sieves and other materials such as the matrix together,

particularly after thermal treatment. Upon heating, the inorganic oxide sol,

preferably having a low viscosity, is converted into an inorganic oxide matrix



al um num chl orhydrol . The inorganic oxide sol acts |Iike glue binding the
synt hesi zed nol ecul ar sieves and other materials such as the matrix

t oget her, w(pforog/' &g&arl y after thermal treatnent. Upon hegd ﬁg;m@hgljo@organi c

oxi de sol, “prererably having a | ow vijgcosity, is converted into an

I norgani ¢ oxide matrix WD 2005/ 046867 PCT/ US2004/ 031400 16 conponent. For

exanpl e, an alumna s wll convert to a al1 m num oxi de, matrix foll ow ng
beat treat ne‘fﬂn.lpqnﬁﬁtw%loﬁleﬁ?ﬁlﬂ meB I BRAFY) W gcﬂ?/vcﬁno PR I O%AG based

sol contai ni pearNBkag e c&#mesr. 1on, has the general fornula of
Al mMn(OH) o'y x(H20) wherein ms 1 to20,nis 1 to 8,0 is 5 to40,pis2to 15,

andxi sOt o 30[0067] oneAlusitnou ichiorhydrolh e hydmaalatddsalwmiss payeyl 2alcioni@ipin@0) as is

described in M., Wlterman, et al. t ud. SuLf. ' nd al /6, pages -
105- 144 ( 19085010TiAf kSR de Bhe St Bt i Blr QLD SR BTN hreites

enbodi ment, @ng Pko BBI R iPI1NEES So 34 & 104U Retl (15N a8 1970 BPBE. OhhéHe
non-limting exanples of alumna materials such as al um num oxyhydroxi de,

y-al um na, bemehoditent, dhespndez, is afl ;O B Cloh2(H20)| asnisndescBbeth imdG.M.al umi na,
0-alum na, yglymna, 6-aluym.na, .e;alum -_alum na, ., an =al ym.na,

al umi num tri '@833%?? agugtﬂdagur(fﬂ s‘?DtrHe, 355«)7& PRESS ﬂﬁé}@sﬂpgﬁhi LiB":’h Hoyelite,
and m xt ur espdBRriaQrpoladt refelerRBO I BhotREGAH MR Ent, biLorthHLAIRIRE Gred! UM Na
sols, predom nantly " conpri'sing al um num oxi de, optionally including sone

silicon. |In genbiasdwit onewbouéreesther nowelipitimi: examples of plwpig miatemialsa made

by treating alym na hydrate such as_.pseudobaheni t with an acid
preferably aft' c"}soai'ﬂ'rﬂé{m%B yyﬁ‘&"‘ﬂ%n"f’%lﬁ'ﬁm?’ %ﬂ %‘nqewﬁp(?rep!a& QF@S%PEI or
al um num i ongmelindsi Ak ad\QRaluinid, | AANRRAAP hRARurha, GOIWRIMG! aLdlMm@nsai 4-abl e
col | oi dal alumina sols include Nal'co 8676 available from Nalco Chemi cal
Co., Naper vi dlugying, | and gi-duminad Aymasoim aivikydmside, fsughn ahgitbgite,Chaymitat i on,

Val | ey Forge, Pennsyl vani 0059], The netal | oal um nophosphat e nol ecul ar
si eve may beh%r(slﬁ%"f"rsﬁ%ta’ ygeﬁte, %q@mg%%?léer%?ri Xx material (s). Matrix materials
are typical | ypo38f ectinVahothier ciffbdihéid, téchinlidrs Gad alunsina GOR! preliomimgtiyner mal

sinks assisting in shielding heat from the catalyst conposition for exanple
duri ng regeneemprising abiswisimnyoX¥ide. onpdionaky paduding samessiicann, In et anptherg

catal yst strength su . GI £09 an (AR resi and to
control the glggggig:fen{ég}r'l%glrngl&g%p? ﬁérg paia?ul"(lzl.lggfad%rb c&e%gi.ng[%%%%%&g%ﬁsi mting
exanpl es of gsEdhrdsipsedctiohahite, wigh Wfl @cil) @referablyr & &id thiaddées not contain a

halogen, to prepare sols or aluminum ion solutions. Non-limiting examples of

commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, Hlinois, and Nyacol available from The PQ
Corporation, Valley Forge, Pennsylvania.

[0059]  The metalloaluminophosphate molecular sieve may be combined with
one or more matrix material(s). Matrix matenials are typically effective in
reducing overall catalyst cost, act as thermal sinks assisting in shielding heat from
the catalyst composition for example during regeneration, densifying the catalyst
composition, increasing catalyst strength such as crush strength and attrition
resistance, and to control! the rate of conversion in a particular process.

[0060]  Non-limiting examples of matrix materials include one or more of: rare
earth metals, metal oxides including titania, zirconia, magnesia, thoria, beryllia,
quartz, silica or sols, and mixtures thereof, for example silica-magnesia, silica-
zirconia, silica-titania, silica-alumina and silica-alumina-thoria. In an

embodiment, matrix materials are natural clays such as those from the families of



earth netals, netal oxides including titania, zirconia, nagnesia, thoria,
beryllia, quartz, silica or sols, and m xtures thereof, for exanple

si | i ca- magveso@/o46ct i ca- zirconia, silica-titania, silicacausmoeiaed
silica-alum na-thoria. In an enbodi nerit, matrix materials are natural clays
such as those fromthe famlies of WO 2005/ 046867 PCT/US2004/ 031400 17

mont mor i |1 onjyd 2 nARGdRR! dud: kabBS ErHesd Hirital Qiaﬁfy?ndlﬁlfél HdBerianRehathéRs and

t hose kaolins known as, for exanple, D xie, Namee, Georgia and Florida

cl ays. Non- kacrhnsrlmgwnma,rrliot esampledi)ixe& M@ﬂams@, E@D@la andsFionidh gbigs. Men-oysi te,

kaol i nite, klte n cr| uxrte In nbodl trix
mat eri al , §m5ﬁ938 OﬂFﬁEQ ﬁ%ﬁm¥#5“§ &“F H&@F?tk Eﬁﬂa

modi f i cat i OnnﬁérREeésﬁfauﬁiﬂ&hI@%n&%h%ﬂﬁﬂén@nthe aﬂaﬁﬁrmﬁeﬁﬂ ? yagyd/ or
chenmical treatnent. [0061] in one preferred enbodi ment, "1 he na r|x naterrm
is a clay orthe cdasayaretgu(gpecbedmpomlt kuawn modifwation yrqchﬁes: bagh @ caddivationy pe
conposi tion ha tent, and nost preferably the

t t
matri x mater ia’<:§r‘¥/I ngc ‘EH'S"I(‘#‘}FI]{%T’FO(T{PGH’I&%B %%5@%0 ‘ound to form a punpabl e, hi gh

solid contenfogg1yng; In! éneh@efe@re'd%ﬁcrdeﬁém, ferhaeR AaRAal RNfclay oPacKgy-t 0get her
easily due to its platel structure. A preferred average particle size of

the matrix méyperdomposiiost plrcrfeahiyatbfr ylamoblabr type crﬁmmmmmvmg)aiowumnt o about
0.6 mwith a article s utlon [ 0062]
In one embodi® Eg‘%“? 2 ponler; Pmsr? e&lﬂﬁ i“ﬁlbsa???imn;@??]w ﬁn%t erial
are conbi nedygh FAMdPiE AL R ﬁﬁnpﬁhblel Gt sbifd fc@ﬁt@htaslﬁiﬁbe?tuhﬁ a3bRVReshcat al yst
conposition, where the anount of binder is from about 2% by weight to about

30% by wei ghisurfaseetres: apd jt packsaicgsther e@;lytﬂuevt@ n@}pﬂatg]@t MIIeZMWﬂﬂm ght ,

and nore preferabl m. ab 1%.b %:by. based
on the total %f’ %ga%fl%t%’ee %ﬁé‘?gm’%/ﬁle ﬁ%ﬁ] Faomévllaé’ W;E?rgfh%tt erial,
excluding the.1 pﬂlwodar{o@tfoea e ith raam@phnlcﬂ&ﬁ@é’:axshﬁb@mtdfqmem%mnt the

wei ght ratio of the binder to the matrix material used in the formation of
t he nol ecul arl Miveve catal yst conposition is from 0:1 to 1:15, preferably

1115 Lo 115, g P ﬁ,[s,gea% bodidit! fie Thiftderd % APl 8 B er,e%%ﬁmtﬁo L

It has been REF eV Conte i X COR

i ncreases t hrmamiaewé &fonﬂilﬁiédeuﬁﬁieabiséﬁéncewm@Siqm@mo rieﬁﬁqr mleRlar fiewever,
| ower sieve content, higher matrix material, inproves the attritjion.
resi st ance ofcatahst Wﬁqu, avhere the amount of bmder 1s from about 2% by weight to

about 30% by weight, preferably from about 5% by weight to about 20% by
weight, and more preferably from about 7% by weight to about 15% by weight,

based on the total weight of the binder, the molecular sieve and matrix material,
excluding the liquid (after calcination).

[0063] " In another embodiment, the weight ratio of the binder to the matrix
material used in the formation of the molecular sieve catalyst composition is from
0:1 to 1:15, preferably 1:15 to 1:5, more preferably 1:10 to 1:4, and most
preferably 1:6 to 1:5. It has been found that a higher sieve content, lower matrix
content, increases the molecular sieve catalyst composition performance,
however, lower sieve content, higher matrix material, improves the attrition
resistance of the composition.

[0064] Upon combining the molecular sieve and the mairix material,
optionally with a binder, in a liquid to form a slurry, mixing, preferably rigorous
mixing is needed to produce a substantially homogeneous mixture containing the

molecular sieve. Non-limiting examples of suitable liquids include one or a



[ 0064] Upon conbining the nol ecul ar sieve and the matrix materi al,
optionally with a binder, in aliquid to forma slurry, mxing, preferably

ri gor ous wiy 20088168& needed to produce a substantial |y homrgogars20asgesmdost ur e
containing the nolecular sieve. Non-limting exanples of suitable |iquids
i ncl ude one or a WO 2005/ 046867 PCT/ US2004/ 031400 18 conbi nation of water,

o et i RIS, AR, KASEE! SactBed DauiorDERLET T Sl gl ds are

wat er / al cohd Fres an ’'n one’ e the "slurry 1s

col | oi d-mi | | efetred Hauidy ire dvapér/déoi] sikfures st whier.prlndune enibodideas] thed sl urry
texture, sub- partlcle si ze,. and/ or, 38? B rSu l.e size distribution. In the

present i nvabwTy Breollid-milledyfor 3 PEFiQ e de profncqhedesired slRY i ci al
n the cat alyplye TOPRARUL W LAGRE SuBSalitie WCHiAINARA! - B Mid'pfesBhOt 6CLS -

t he nol ecul ar” si éve rom gfa ation rong t ation pr cess [ 0065]

The ol ecul davaitivethande wtar inixtomrt ¢f dladhol and witer Gpbénefiaial in deetatalysty be in
the sanme or different liquid, _ and n@y bhe combi ned in any order, together, .
si mul taneousﬁoﬁn“]s?@%éﬁ??eéis |35 the waterdJrehiol anPidre: profesty the) molseulas gY@ ment |

the slurry ﬂ‘%l ev &f%geﬁ%? VIR o} dﬁdﬁﬁcfkgd matrix materials is mxed or

mlled to yun| ormslurry of sub-particles of the
mol ecul ar si {8965) Caﬂaieyﬁblecuﬂmmsvd ardnmatnixt méaterithend ftiedotional biaden, Agryuni t
t hat produces the nol ecul ar ve cat al yst. conposition. In_a Preferred
embodi nent, ¥ ﬂ’GngorLﬂiff@m‘E ﬂu@pﬂﬁ‘?mad'r bepomtnped in 2py ordgetagstherng uni t

I's maintai “eamgh?ffeo PELQHHE flbfrfal rﬁ&hﬁﬁ&l tﬁe?émvmﬁétmﬁ;odhﬂ&a' j@uid from

t he sl urry, |ng I'TD ecular sieve catal yst COI'T'pOSItIOI’]

The resul ti nguﬁﬁbalthsm(ﬂeanSIdvepbuMbemd arabeixd materidls & m;ed dratoéitedttoe form
of m crospher es [ 006 | n_anot her enbodi nent, the for&gl at ed rml ecul ar
si eve cat al yadhieveoppyéiiciensly upiform rlury of, siborartialss 1of thsomel ‘399 S§¥ee

preferably f f’&ﬂnﬁ% ut 10%
to, about 80§%Qﬁg§[%§eﬁfp8ﬁﬁigﬁg%t?£&%fcg?c{pu? ar si ‘\E/Itelt %%Z%&{ ogés%/ e tot&ll?aq wei ght
of the nol ecsibwaercaﬁ;alymeon@bsitiymt In = proferssd érabodifnent He formagotritsis asphagdi ment

t he wei ght percent. of RQin In_or an.the.spray . drjed nol ecul ar. sieve
cat al yst confJo&¥-t ildR'Ba¥e eo‘?‘iﬂﬂﬁ‘@ Wyt iy %@Hﬁ@f %W@%?%&rs“fg%mtet@ul ar

\?vlele\éﬁt ag?e% Jﬂ%rt g?nﬂgclb% u?d %&W@%%ﬂ?%&%‘?wﬁ%ﬁ S%HI%Q,{ and nore
preferably f ca:naiystlmnmominby Tive repnttingocatabyst cothpositign wdieg ivrmed in this way
takes the form of microspheres.
[0066] In another embodiment, the formulated molecular sieve catalyst
composition contains from about 1% to about 99%, more preferably from about
5% to about 90%, and most preferably from about 10% to. about 80%, by weight
of the molecular sieve based on the total weight of the molecular sieve catalyst
composition.
{0067} In another embodiment, the weight percent of binder in or on the spray
dried molecular sieve catalyst composition based on the total weight of the binder,
molecular sieve, and matrix material is from about 2% by weight to about 30% by
weight, preferably from about 5% by weight to about 20% by weight, and more
preferably from about 7% by weight to about 15% by weight.
[0068] Once the molecular sieve catalyst composition is formed in a
substantially dry or dried state, to further harden and/or activate the formed

catalyst composition, a heat freatment such as calcination, at an elevated

temperature is usually performed. A conventional calcination environment is air



[ 0068] Once the nol ecul ar sieve catal yst conposition is fornmed in a
substantially dry or dried state, to further harden and/or activate the
formed ca@bosi4esemposition, a heat treatnent such as cacaiusasds@ma4soat an
el evated tenperature is usually perfaenmed. A conventional calcination
environment is air WO 2005/ 046867 PCT/ US2004/ 031400 19 that typically

includes a spml | ?@%nt- e Rl Gak &l nag SIRRIAL Ur es
are in the r?;:i%rfget ro a%@&?agigo%l%{geg[%ﬁt 1, OOOIC, refer)g)gﬁl/ LITarom 0glbout
500C t o abouterfidfturaande the rrge ffemabbont #0076 whabout 5H0C G, prefombly fral0C,

f bly i | cinati ' t lr, nit he] i fl
fas. (conbust ABHASHGAS Heh SO CrFemest Breterigly i ol SA0har abeit [ 0069]
i one embodh iRt piElsINGt 4 BNcAbibNENRTRMALRN Mok Gt dlen Shatifhy, il al yst

conposition is c In any nunber of well known devices i1ricluding
rotary cal ci ges &onfbustich preductdéan inexggen) arcinycombmation therdrd. | | ke.

Calcination tinme is _typically. dependent .on the degree of hardening of the
mol ecul ar si dQR69% at alny She chioisastt; grlcwation 1pf &Sn@g@a\]@ ].110??95 131‘%? a

preferred eﬁ%&ﬂigfggmmgasnﬁoﬂg ":?‘?%?n %ﬁbﬁxi RYGEeAbY #E1 KRIRAAedic & inbRdingeat ed in

nitrogen at at erature o about "600C to about 700C. Heating~ is
carried out fromrecadenérodfiuifl bed neicingi baich pvénspandBherdikeu tCatcinatiohSirhoisr s,

preferably from 1 hqur to aboyt 10 hours, .nore prefergbly from about 1 hour

Po” about’ 5 1BUFALY SeRenAgs o therdaeath 91 PrgAmas ot he FRgrdar SEEHEDH hours.

[00711 Ot her CHE]%)BQQ§HW&EQEI£‘¢‘§}EM a nol ecul ar sieve catal yst conposition,
I N, I U

are descri bed for exanple, U S. Patent No. 5,185,310 (heating nol ecul ar
sieve of gell0@10)ni nh apetfeamdeambodimed, (Be, melETINGIOE/ CAEDFRE combbsiBbre s

Appl 1 cat i on’ SERPAn REFOEoD 87 s PR LA ABPTH: SO8°C SOB A0 S oliPg as pCT
Publi cation ho.caffed Bdf §R99SpdiddIGNEERN tifically (ORI gueﬁﬁ{dt&nt@ﬁsnﬁé,g%ul ar

sieve), which are all herein fully incorporated by reference. [00721 In
addi tion to tpheferablyafrbmal bmimiopthoup héheurspinore prefergblyfeom tahout Lhowd tpst

ddr ¢ onal o AParyt el A8 Bioet EFRINEACE iR TonE AU AP “one or several
ol L omi ng MOM ] o g, e e P Vs
descri bed i rare described wwiforgxamplea U ) RterpdNe 5118863 1 0ghagmegosolpcuiasie s (U, S.
Patent NOS. o) alumina and water to 450 C), PCT WO 00/75072 published December 14,
2000 (heating to leave an amount of template), and U.S. Application Serial No.
09/558,774 filed April 26, 2000 and published as PCT Publication No. WO
01/80995 to Janssen et.al (rejuvenation of molecular sieve), which are all herem
fully incorporated by reference.
[0072] In addition to the metalloaluminophosphate molecular sieve, the
catalyst compositions of the present invention may comprise one or several
additional catalytically active materials. In one embodiment, one or several
metalloaluminophosphate molecular sieves are combined with one more of the
following non-limiting examples of catalytically active molecular sieves described
in the following: Beta (U.S. Patent No. 3,308,069), ZSM-5 (U.S. Patent Nos.
3,702,886, 4,797,267 and 5,783,321), ZSM-11 (U.S. Patent No. 3,709,979), ZSM-
12 (U.S. Patent No. 3,832,449), ZSM-12 and ZSM-38 (U.S. Patent No.
3,948,758), ZSM-22 (U.S. Patent No. 5,336,478), ZSM-23 (U.S. Patent No.

4,076,842), ZSM-34 (U.S. Patent No. 4,086,186), ZSM-35 (U.S. Patent No.



3,702,886, 4,797,267 and 5, 783,321), ZSM 11 (U.S. Patent No. 3,709, 979),
ZSM 12 (U. S. Patent No. 3,832,449), ZSM 12 and ZSM 38 (U.S. Patent No.

3, 948, 758)wo3sM@adkdU. S. Patent No. 5,336,478), ZSM 23 ( eny No.
4,076, 842), ZSM34 (U.S. Patent No. 4,86, 186), ZSM 35 (H’%’”gﬁ’gﬁ“%. WO

2005/ 046867 PCT/ u52004/ 031400 20 4,016, 245, ZSM- 48 (U. S. -Patent No.
4,397,827), ZSM58 (U S. Patent 4, 698 Pat ent. No.
4, 639,358§, ﬁ@\l/ﬁé“éb@ ﬁétaéﬁtns Nptent,Ne7 4, 339?%2)7)%]563 FPe?c%’ég?Nﬂo
4,632, 811) U

4,639, 357; %%é ?ﬁ gcggtent k@aten{ll\gog g %‘58)@@6@ Eﬁg P%gten

4,623, 527) |\/CM{;6]73 iSQ) SN[(H@I-}I’(U S\IOPateﬂt O, ‘&m 81WCMEB&{4U(‘[S.S %&thNO
4, 954, 325) MCMs 41 (U S. Pat ent 5,098, 684 MA41S ( %S Pat ent No.
S 105 6a3). MAMASTLUMEMERIETS. Retent oy obbanas). icheS (1) Pt No.

4310, 440) . trtaRtiin WIS e N Aol 01 SR8 o)

E)or og) S |( i (éam%ﬂﬂs ME(ME.‘m (INS Patbn?ENb 24934, 325f)1 MCLm#hl(gm gBﬂhﬂISNhatS es
TAP U. Pat ent m xtures of Z 5 and ZSM 11 (U
Patont No. 4 5:006,084%) Mgt LB Balsht N SADLRSS, SENG483 6.5 res) Mo

anot her embodi Mom t I t her
nol ecul ar si g?/e% dlﬁfst oseg']?grﬂ{eg%a%(f]e 'n ?ﬁgmﬁ:ﬁfe\n@ SF%EESQB bound
ALPO-5 (U.S. SE%ZQW) NALPS)-27 A1 293 PateRCTNINGA,3 80,820y Jtitpnintr Sihﬂﬂnoﬁhcﬁtﬁé)er 23,
1988 (nol ecul ar sieve and Fischer-Tro sc?é? U S. Patent No. 6,300,535

( MFI - bound zé@ﬁspés) %9& n@%ﬁ%r@ugzﬁb Shl Berog sificates (GS. Rateat Nonos

6,201 090, 0858, (el MO S0P (TAB) (ST PaBE N 1 560541, P11 1

i ncor por at ed by ief I*onge necessary I'n

syst ens. [OQﬁétiurémoﬁZfSMISheﬂd aMedil @RS, Patest Mg, a4,229 1240 ETRASPAASE
nol ecul ar si eve e conbined with a nmetal catalyst, for exanple as a

Fi scher - Trop?@FPnEhIPaﬁsﬁgs 34@0075] The catal yst conpositions of the present
;P\e\elgtsl O\r/]\hirrgﬁ %@p[):aﬁg%ﬂ%bﬁfeﬁg bOHR%&t g{ﬁéeﬂigﬁmn%@ﬂ@m&n@wﬁﬁgl um nopﬁdesphat e
nol ecul ar si enethes utileautarzdold, tae dlisslosed efot iekamplekn tiwl fodlomdng:sEAPOs34
et al | oal umi RopbobhROet St hiuorB. bl Bedfe P WL THRE publishedrgi ng
Condi ti0NS  pegember 23, 1988 (molecular sieve and Fischer-Tropsch), U.S. Patent No.
6,300,535 (MFI-bound zeolites), and mesoporous molecular sieves (U.S. Patent
Nos. 6,284,696, 5,098,684, 5,102,643 and 5,108,725), which are all herein fully
incorporated by reference. Binder may no longer be necessary in such systems.
[0074] In a further embodiment, the metalloaluminophosphate molecular sieve
may be combined with a metal catalyst, for example as a Fischer-Tropsch catalyst
[0075] The catalyst compositions of the present invention may comprise one
or more metalloaluminophosphate molecular sieves, which may be combined with
one or more non-metalloaluminophosphate molecular sieves such as zeolites of
zeolite-like molecular sieves described above. It is preferred that the catalyst
comprises metalloaluminophosphates as the sole molecular sieve component.

4. Aging Conditions

[0076] In the context of the present invention an aged
metalloaluminophosphate  molecular sieve is  either an  activated
metalloaluminophosphate molecular sieve or an acitvated

metalloaluminophosphate molecular sieve in a formulated catalyst particle, which



[0076] In the context of the present invention an aged

met al | oal um nophosphate nol ecul ar sieve is either an activated

met al | oal wwDopdmespdTat e nol ecul ar si eve or an acitvated per/us2004/031400

met al | oal um nophosphate nol ecul ar sieverin a fornul ated catal yst particle,
which WO 2 00 5/04 6 86 7 PCT/US2004/031400 21 has been stored for an

ext ended peri.od of tine after synt 1S,.Qr +t.1s net al l.oal um nophosphat e
nol ecul ar si g\?’é t?‘reﬂle?tf’gﬁd, f%%h%(ﬁ%{l?ggeéeﬁogsce’%&ﬁ%e aa%elé% PP 055})6%533 and
has been remadiédinidophésphaRCASRcOlar tsi¥Phateihly WiGERIHAS heeliNded in a

non-opti mum process conditions such as in a shutdown phase. Simlarly, in
the context ofatalytic preoesstand fas heeraxgapved figny thet priepessirt temporasibaretained vat ed

¢at al yst iti f d, whi: f . extended
borfou of ¢1 it iearop EPuattes offHifiths B REEL, ShaRG0s bRise D REHBIER i cr
has been usedhé BotegBdfthY bhventitd, ameped 2BELIESHBEt dreiRtest v AeMchiaBit Process

dr tenporarily retained under non-optinum process conditions such as in a
shut down phasempRyitientas ferseed, phiobdus been stered forsamexdended psded efitipeafieer t han

6 hours, preferabl.y greater than . referabl v .nore.than 24
hours, even ef)%’e%e&é%? yseélr %gilisr?t ctoﬁﬁaﬁglggn,%ﬁpga,ﬁ%g - g%?énm r?o?aéabg?cef erably
greater than f8cdi9Wwhd, had WeiRéerhoridefromathby pceRt & tentpdpdiily Zelafied under
Preferably, the period of aging in the presence of a water and al cohol

m xt ure does neEtontERED ppraesss fropdivone sbefhas 12 ashitdewn ThasperBy extsndedyi ng

while in contgact ,w t h hal m re under, a riety
of tenperat ¥ ,Odﬁﬁgplﬂ}eelgﬂm%&gzggﬁﬁ gllgn% ﬁlﬁ?orgvﬁ%g& Rr@%’&gﬁe&%ﬁm@eﬁm xture
is in the |ilguire nsdratpeefefa8Bmibre thaddditbh@eded o peferatly bhatdhecad ar
siéve or catalyst with a mxture of water and al cohol, the period of aging

can be under thdtsh yahenen mgere prferablygragiaihan 48 hewss, endampstorefarablyserasted

contai ner su ag 0 ' Aci.|Li re of the
sieve or cat gp?/lgt% ;Slfn%§8%r%§eéﬁiyaghe%ﬂ%ﬂédgg%? %‘gg L\l}\nt%‘% pgéﬁ%ﬁéeugggﬁé%%efof

al cohol and vdlédtol afixtufeedosd Mo BRE plady €6r thore, tharh €2 WinteUTAE psli®léef 4ling

nol ecul ar si eve-contai ning catalyst conposition is stable., By stable is

meant that thehide inconiact withytha Water japd @igeholomixinge may het ynder ¢ Yriephel

mol ecul ar si eye OBiOL %ﬁ'@c S%lﬂ‘e %BH&i%ﬁsﬁg}Mdetdhtﬁg%gélr/@?%IeHﬁlliﬁ?éﬂl Rlin ng e

conpared to thé*same no ular sieve I nt al ne sane conditi ons,
but wi thout clixpiidetateni th a water and al cohol m xture of the invention. The

nol ecul ar sieve_or catalyst may be maintaiped in contact wwth the
[0077] In addition to Contacting the molecular sieve or catalyst with a mixture

of water and alcohol, the period of aging can be undertaken under an inert
atmosphere, for example in a sealed container such as storage drum or holding
facility after manufacture of the sieve or catalyst.

[0078]  When aged in contact with a liquid mixture of alcohol and water of the
present invention, the molecular sieve or molecular sieve-containing catalyst
composition is stable. By stable is meant that there is less reduction in the
catalytic activity of the molecular sieve maintained in contact with the water and
alcohol mixture compared to the same molecular sieve maintained under the same
conditions, but without contact with a water and alcohol mixture of the invention.
The molecular sieve or catalyst may be maintained in contact with the
alcohol/water mixture for an extended period of time, which is typically at least 6
hours, preferably at least 12 hours and which may be for any period of storage,

shipping or handling greater than 12 houss.



al cohol /water m xture for an extended period of tinme, which is typically at

| east 6 hours, preferably at |east 12 hours and which may be for any period
of stora i.ppibng or handling greater than 12 hours. ! 67

PCT/ USZO%E?&%‘%%EQL’ZZ [0079] Internatipnal Patent Appli c%(\flﬁgﬁ%%ﬁﬂaﬁ

PCT/ US01/ 43653, published 6 Septenber 2003 as WO 02/ 068364, discloses a

met hod for converting an oxygenate to an olefin product, using a

si | i coal um n¢@O®} phaintematiemalil Ratent edpplicaian RPAE/DEONA3653,aublished =n

| cohol i | cohol t t t |.ef
conversi on 1 Sspemder 28" b Sch O odarE: girttnery & SHHERE HRVEBECEY 11 om
the process gk(?%éng&% molé@n%‘o@ﬁ&?:ﬁﬁng %ssmémﬁﬁﬁéﬁmsphmqmbanar §iggdli res

that the net al um nophosphat e nol ecul ar sieve be maintained in contact -
with the m xtthatchasfbezhcmimtdct avith \aatéwohbbnnan dm@hdmdtapbzomipubr to tee I n

t he context of V\DO 003%& contactln e m xture of. gﬁg and water is
performed fol*¥EHA% 1 gy epHon Feget SISO TR %n SHEG Mt i on. .
‘The present 4 &é%nﬁbﬁﬁﬂﬁwb%sgrkﬁsc‘l&ééﬂ'ﬂWdﬁ/@GSf@ﬁcﬂs't'ﬂB pr&RnE ahvdhiisd While
being protected wth a ture of al cohol and water, while WO 02/068364

envi si ons a requazes rthat th&idﬂ@imnmpmsyihatc mokeculap siewti by mhletmmdaluyt iC
performance of t tal l.oalu ) | ecul ar,sj eve. . WO
02/ 068364, t r?@n‘&?‘c%fﬁg‘%h%’%%& fﬂ?‘ﬁ%’?ﬁ%ﬁ] g AP A Frtsndsd pentod ?ﬁ}\“’é%ui“hr si eve

continuously (&d ol GPWO0H/088363P 86ROk tix@lref SOAARA Uindlwher lis t O
about 500 hr-1, whereas in the present invention, the mxture of alcohol

and water ar q:erfonnécb&)rcshnrteanSyqf time tthrea mparésarﬁle iprasentt inention. f Thed
amount of the mxture f al cohol and wat xed, with t Iecul ar

si eve or cat 3F§ERt &Wﬁeﬁl SOVISION B %Bﬁﬁg r?éﬁ(/ﬂ ﬁ“@?@gc%aﬁ}@ygtdﬂ'rhf fPelife
.entire duratiphegbd With £ MkRe bPalcORSIUATIPateN Hidle WENI2/00864P&Hvigshs 4 0080]
I n one enbodinent of the present invention, fhe mol ecular sieve is

cont acted wi tme-aemwat Iefsre matilytin use rte hodifnthd ealetytizipsrfumsneqpéithe abl y at

B TS A

possi bl e bef gpe nye‘iﬁloahﬁﬁﬁ»spﬁ%ghﬁteemmbﬁl&nmevelQbﬁﬁﬁuduagem adfeigRf ho@dy in this
application, of the nolecular sieve or catalyst has not dropped below 0.5.

[ 0081] Bef or epagsi mj0¢lw phéropr ebeuick hofl fpr@cmhé@@ harld vahesedsoin thiexaresent t he
nmol ecul ar si eve shoul,d be in a.s atlvefo m _ Pr ef rabl t he
nol ecul ar  si'BV& % ﬂ%? %1‘%%8F %ﬁgﬁ &n%%xr t F%%&?mal us H’ré‘fé’%bl y at

least 0.6, nNQresent mventlon, a fixed amount of the mixture of alcohol and water is mixed

with the molecular sieve or catalyst particles, and remains with the catalyst during
the entire duration of the contacting (storage and/or handling) period.

[0080] In one embodiment of the present invention, the molecular sieve is
contacted with a water/methanol mixture for at least 24 hours, preferably at least
48 hours and most preferably at least 72 hours at ambient conditions. Ideally the
molecular sieve or catalyst is held in this state as long as possible before use,
provided the methanol uptake index, as defined in this application, of the
molecular sieve or catalyst has not dropped below 0.5.

[0081] Before aging in the presence of the water and alcohol mixture, the
molecular sieve should be in a sufficiently active form. Preferably, the molecular
sieve has a methanol uptake index of at least 0.5, preferably at least 0.6, more
preferably at least 0.7 and even more preferably at least 0.8 before aging in the
presence of the water and alcohol mixture. If the methanol uptake index of the

molecular sieve is lower than 0.5, it may be necessary to rejuvenate the molecular



preferably at |least 0.7 and even nore preferably at |east 0.8 before aging
in the presence of the water and al cohol m xture. If the nethanol uptake
i'ndex of tWe200sekessul ar sieve is lower than 0.5, it nmay PETNEScERNATHPOt O
rejuvenate the nol ecul ar WO 2005/ 0468628 PCT/ US2004/ 031400 23 sieve before
aging, for exanple by the rejuvenation nethod disclosed in US 6,498, 120.
[0082] One sujeatlefort®idhfd HplexdBbRS BY thé Gefutbmitbhlmamhbd WditdoAdincagal yst
activity loss over tine I's to determ ne the methanol adsorption capacity
(MAC) of thé,488l1@6ul ar sieve or catalyst imediately after activation and

to nonitor thj capacity.wi.th tine..|deal .1 he C.shoul d remai s high
as possible E{S&% th nep%}t%@ledpe\kﬁ&cfﬁrt & SRS . ggl S s‘é‘ﬁ% a

conver si on PLeGARSlosdHer MHEER Wb abteniing Ve £@ihahdISddSorphibh eiparit¢ MACYet ed in
situ, i.e. the tenplate is renbved on introduction of the nblecular sieve

to the convertly owignbec siye artatalystrampediataly afige activatioo randrig meniteyl thisont act
with feed i s short enough ch, tha e.ini,tial. t.hanol adsorptign
capacity is &S8R iv%fa? %@qﬁ#ﬁyetﬂ?m tshgﬁﬂé y alr?oqg%éabgsrmﬁsﬂ]ﬁ? “ﬁi‘bgﬁ ty at
feed contact poff)@Bwhichithé HRIdchR sRbe iﬁ%@d@ﬂ%@ﬁ\‘eﬁ_@ﬁﬁﬁ)&&? RRigidlebilat | e
when the activated nolecular sieve is contacted with feedstock under

condi ti ons efsfevetdatalystsy whicheare adtivatefleindsitwcke.t thepicoygplate is tiemoped duct
cont ai ni ng nmeasuy apl e rtions of desir roduct. This dogs not inply,
ovever ¢ hatiTHECREE AR MRRGR Siegh (b ApmeRI IR PRORES: Mor WhYey (| ¢
contact Wi th jbhesrfopestit asthalmushtafiewnh! el ak edhodt efdi@nh €ARAL that MR ARtialt hat

f eedst ock contacts activated nol ecul ar sieve. This i's because it may not be
possi bl e t o mugthangt hdserphrascéapacitiaiscassatiaBy eqwaiakenictol the methanobeddomptionng | ar ge
scal e reactiaon E%Tfytg?@f‘ Therefore, the nethanol adsorption capacity at feed

contact nust “BE E9M%E soon as practical before contact with feed.

Under sone qpg3ynst ARERSHmE oP Rl dbhtdcieihsdBabbindinMitb wiRhdRe a6RlafedSy st ens,
as close as practical nmay extend up to as nuch as 12 hours between

activation ameblestarsicvecs soataetedivith feeddocknender conditigns effesting do sonvert

conditions. [0084] I he pre t invention..contacti t he mol.ecul ar sieve
Wih a moxi uree sl S BroueR AR pUFC B BRI REP AR EREL: hanol
upt ake properkbdit. OhishRes KB Ry MowdvaY,ahatvhe elfetidind] hi@hsiord bpacihhase
achi eved when the nol ecular sieve is -not contacted with the m xture of

al cohol and whe éime of catalyiicontaet with yhes fredstpek mapst bp palemlatedupetheoixagl cohol
containing u%ét?nt%éat"fe%s% Confict atHviER tlrllo%c%lﬁ'fsieve. This is because it may

not be possible to run such a precise calculation, particularly in evaluating large

1

=

scale reaction systems. Therefore, the methanol adsorption capacity at feed
contact must be evaluated as soon as practicai before contact with feed. Under
some circumstances, especially when dealing with large scale systems, as close as
practical may extend up to as much as 12 hours between activation and actual
contact with feed under catalytic conversion conditions.

[0084] In the present invention, contacting the molecular sieve with a mixture
of alcohol and water is effective in retaining the methanol uptake properties of the
molecular sieve, which are hi gher than those achieved when the molecular sieve is
not contacted with the mixture of alcohol and water. It is particularly surprising
that mixtures of alcohol contaiming up to 55 wt% water are susceptible of
preventing water damage of the molecular sieves.

[0085] The measurement of MAC may be used in the context of the present

invention to demonstrate the effective stabilization effect of water/alcohol



preventing water damage of the nol ecul ar sieves. [0085] The neasurenent of
MAC may be used in the context of the present invention to denonstrate the

ef fecti vewstabibdsgert i on effect of water/al cohol WO 2005/ @¢6A&%004/031400
PCT/ US2004/ 031400 24 m xtures of thesynvention. Contacting the nol ecul ar

sieve with al cohol and water mxtures results in inproved MAC val ues after
aging (i.e. storage, shipping, handling). According to this invention, it
i s pref err edmiktarestdfehd/@eafiorr Contacting thewnslaculiesieveqwithl akdobohaid/ weteer

m xtures is at. | east %. preferab t least,.40 %  nore prefer.ably at
| east 60% aRd<HESt 'SP ?é’r‘_a’B’rpﬁ?ovf_? %@tv%ﬁ% affgr :m%g J}‘?'gﬁtﬂgﬂg‘a’ ﬁﬁl&p’ﬁéf ore
contacti ng tﬁﬁ‘ndm{gﬁ‘ac Ek!c%rcﬁﬁ_lggtbethi&” ihVeritaf, fli6 pRItraNthaVBHeVIAT ¥fidt RntaRECOr di Ng

to the present i1nvention. chniques for measuring net hanol adsorption -
capaci ty arewithothe liquid alvsbolowater thixtares is lat ldast hS%Yohpreferably] 8088} 4876t her way

to express the loss. of .catalytic activity over ti LN | cul ate the
met hanol upt ZK&° ipﬁ?fgwfb%w féa%tféor%’l %%Paﬁyeﬁeﬁ%bl&aqﬁ%ﬁs%g of & O iai s

defined as t g raldoreD@intReRg the niiecu B VR VAR Yhe ARERSIPHIOWaCARRRILY (W
%9 of an activated nol ecul ar "sieve or catalyst (i.e., the initial nethanol

adsor pti on caparding)o dreopresmmt myehidon Teclimougst foomeasypng rogthénal adgorption he
activated nolecul ar sieve or catalyst after the nolecular sieve or catalyst
has been aged®#at %e&%t%é?ﬁeoﬁaoﬁ%nﬁyr%?fﬂc%?ﬁi ng to this invention, it
is preferredbdd] th&nMder RRy 1BlexpRAS thO10ke of RREAK AR WIG! oveRaihe, Qt fo MOre

preferably at least 0.45 and nost  preferably at Teast 075, at the tine of
catal yti c comcelzulate henmathanel eftakdmder MU fundlechlas seye wor datdlyst.eThdqe MUI

d bel 15, 87] In t t f th t i ti d
et ai 1 oal um NP etefles' G S GRVER (renabiBfiek FiFtfael aOSEERieR Sopel) ( ne
bul k state. Byt by} lof siab&ivaed BRIMculaR sideeof Ramiyt (R ahdSnifial eletRioat eri al

or catalyst conprising the netalloalum nophosphate. Typl cally a bulk sanple
has a batch sdzwpién caragite) and:the methappl adsomtionmapaciiyawtyeppbtheactivatedh 10

ki | d t f er abl t t 50 ki | h i b
indest aken | AR St el AR e molagugsicle G abie haS bR SRy ang
al cohol  m xt Wved peridd®MES EREcokdive i thlinvéntich, RGS prebéreed @at e MUEBe gr ades

of inert gases which were hitherto unacceptable for  netall oal um nophosphate
mol ecul ar si @ deast é Hyeprafesatily af deast O,i morehprafenablys atulaast Baldt et moStich

gases, Y. 0 Bl RARL b, AUSHh i Ao ofRR 918wl hor
should thus occur before the MUI drops below 0.15.
[0087]  In the context of the present invention aged metalloaluminophosphates
are typically present in large amounts i.e. the bulk state. By bulk state is meant in
the form of a large batch of material or catalyst comprising the
metalloaluminophosphate. Typically a bulk sample has a batch size of greater
than 1 kilogram, preferably greater than 10 kilogram and most preferably greater
than 50 kilogram. The aging may be undertaken in the presence of an inert gas in i
addition to the water and alcohol mixture. In the present invention it is possible to
utilize grades of inert gases which were hitherto unacceptable for
metalloaluminophosphate molecular sieve storage due to inter alia their moisture
content. Such gases may be of lower purity and quality e.g. they may contain
higher than normal levels of impurities such as oxygen and/or moisture.
[0088] The present invention provides a method of protectiﬁg an activated
molecular sieve or catalyst from ambient degradation during handling and storage.

Handling of an activated molecular sieve or activated catalyst starts to occur after



[ 0088] The present invention provides a nethod of protecting an activated
nol ecul ar sieve or catal yst from anbi ent degradati on during handling and
storage. wandddngs@f an activated nol ecul ar sieve or actrRERdoLE a0y St
starts to occur after W 2005/ 046867 PBT/ US2004/ 031400 25 nol ecul ar sieve
synthesis and calcination. At that nmoment, it is particularly useful to

handl e the activated nol ecular. sieve .or,.catalyst in the.formaf.a slurry in
an al cohol aﬂ&aiﬁ%{ﬁ%rrm?ﬁe% Slﬁ%@?aﬁ?lﬂﬂl% M@t PoRsEth ﬁdﬁ?aﬂilﬁli' griy st hg
nol ecul ar  si gy ®aRlle GRS abi¥dlked SoRCRlf 61e96 opQaialat PRI Pk SeIEREShom:

Furthernore, for large scale operations, it is very practical and
conveni ent t o akmhd] end ater inigtute agoegdingdo ¢his aheentiorn sihés wag bl magleatiamppi ng,

truck | oadi ng, .truck | padi n d l.oadi i pto reactar wvessel s. wat er

woul d sever ol P& RESBEDAT I RIPTCieH Agrins ymiaien draradafl eﬁﬁﬁﬁﬁ%}’%"ﬁegsf%rt @fﬁ’sﬁ it is
very advant agegys dprdindblteist Ry $RacticSIORQ] cafekniént @6 hatidld Huffes' @ik t han
water to carry out these handling steps. [0089] In another enbodi nent, water

and al cohol minsatenials teahsfen esuch e shipping, tmnk Beading druck ywleading anhicadingt from
| oss of catalytjic activity, dufing,reactor operation interrupti.ons that
requi et enporBiPyreadpl estiss o5 Matsr SEHIT s RB. BRI abIY Sl be
necessary to Shdb HaR8lLidEaeps it MOy hdvadidchbels BbeCdPE U SY alebholiand avdéranned
shut down and mai ntenance cycle. Wien this occurs it is often necessary to
renove the usanixbuesiather thanoyaterie cagyeuidtheserindlingsteRse t he catal yst into
tenporary stor which is usual | nder an J nernt ,atnpsphere. Soneti nmes
renmoval is not[%c!ess ?n% erd%gﬁ?dé%‘F ’é‘ﬁéefﬁ?él %3?hé]|1ysn9?r§s Rgﬁhetlélivgéﬁm\m thin
the plant itsgghfbe hfedoed Pratbdtuedtilpfsiréielotatodl ysdlytics apticief dﬁi’iﬁ% edctdroSi ng
its catalytic activity and/or other properties due to aging effects. During
such events c&patajion infemuptings dhat aequisgdpyipprapy edalyst HARASPURNECEVESDs of
wat er by bl an | ] ' f t el ' di ment
t he used cat a:i‘géé[eg%a;\ﬁ %@y rﬁe%?%‘J %sgl@v&gts%aﬂatﬁﬁ chégfog%%hfeéthgl} %%x@%%gﬁgg d water
as it is renoyged plaafed BRutfbwitand mbtenah@s £adle.0When thisusuaft Beoften

mai ntained in contact with the catalyst as it is re- introduced to the
plant. In an ZcewspEyttovemend i vwisdtcatahst fouy theareastps and do plasgitlqicataysthi n t he
pl ant duri ng h -adi Ny Lod ¢ , It
may be desir aglﬁtg-q%%‘ﬁére ‘rgttg?%g{] ‘ﬁ'gi C%%g,%?ﬁ{a;aﬁdﬁﬁg %gp os% %%?%ﬁ‘l?r‘%r egcu éa}ir{ﬁéssi eve
from contact wirhbvdlhe net metmbargrnd demirshle and the catalyFhissmaanaibed adihiredrd by
any nethod, for exanple, fi]Jtration, centrifugation, d?tianti ng, drying,

cal cinati on, @emhiielonii bethisinatigns; the catalysh is under nsk of losing its catalytic

activity and/or other properties due to aging effects. During such events catalyst

can be effectively protected against the effects of water by blanketing with
mixtures of alcohol and water. In this embodiment the used catalyst may be
treated with a liquid mixture of alcohol and water as it is removed from the plant;
the water/alcohol mixture can be maintained in contact with the catalyst as it is re-
introduced to the plant. In an alternative embodiment the used catalyst is treated
within the plant during or after shutdown.

[0090] After the aging period is over, it may be desirable to separate the
metalloaluminophosphate molecular sieve from contact with the alcohol and water
mixture. This can be achieved by any method, for example, filtration,
centrifugation, decanting, drying, calcination, or any combination of these steps.

5. Using the Molecular Sieve Catalyst Compositions

[0091] The molecular sieve catalysts and compositions of the present

invention are useful in a variety of processes including: cracking, hydrocracking,



5. Using the Ml ecular Sieve Catal yst Conpositions [0091] The nol ecul ar

sieve catalys

ts and conpositions of the present invention are useful

vari ety otw@ptmsessses i ncluding: cracking, hydrocracking, pi@woak)i345

PCT/ US2004/ 03
hydr ogenat i on,
al kyl ation, t

1400 26 isonerization, palynerization, reform ng;
dehydrogenation, dewaxing, hydrodewam ng, absor pti on,
ransal kyl ati on,

deal kyl at i on, inguieeabion i nelyroerizatiops og@fonnmat i ydlroganatjendeh ydsegenation,

dehydrocycli zation and there e pr
of the presen‘flwa%vé’ltlo ﬁ ‘Pe%aéé‘?%g t?sglépesg’ di r%%?’iaglgo thg cor%ﬁgl g«:&%
f eedst ock CowaWMnmﬁrﬁccﬂm&oﬁﬂmmhﬁﬁmh@n one or noré&lighakdrization,e

products, suc

h as nethyl amnes or olefins, nost preferably olefin(s).

[ 0093] Prior Q@YB@CM@I%@@IM@CQIHB@&IM@@@ s, the water and al cohol

used to prote
I f desired.

e, TecpidegpPLE TATRA HEAOEhaReS ot

in.a
67

cesses
n of a

m Xt ur e
enoved
ocks,

t he wat er anair@ks“dqhome [Fo¥dision dTesfeaditodleCRESMEINE Ynd @€ tndre dx§gérdvied

before | oadi n

g into the reactor, or even before contacting wth the

oxygenat ed f e@iseraRRIetsISEvaiive producdy, sneh as wetyiamiaes erglsnsEnst preferablypr ocess

of the invent
specifically,

|0ﬁ%( ihe f eedst ock conprises one or nore oxygenates, npD
nore organi c conpound(s) containing at Ieast on

re
e

oxygen atom {0098he Refir tobeingrused in elidze ProaesiesOthet wisgteD il eR6h6lf mixtwent i on,
the oxygenate in the feedstock is one or nore alcohol (s), preferably

al i phatic al ceseditp Protapicihe malecudar sievet fremasakient dgpradation gy ncsmgyedqefs from

Gesbl, oy B, BOPPUNGid BRfefectOpdlls CRUSRAR Rt Mle Wl |
the process ofnd hleohdl\namu:e dotsadtuntecdsailymesd tabg hémeved bufarecibading aton

1 to 20 carbo
preferably fr

aliphatic al
exanples of o
met hyl et hyl
f or mal dehyde,

cohol s and their unsaturated count erparts [ 0095] . Non- 1 i
fhpgeasiaredr gvsBIbgtES RertAdng Witk therrypenated fsedsheskdreginss opr o

R@Bﬂt hy rrEEatltr}%onate h?&bydfkﬂ{eoﬁg’,ceai:g :@ggﬁﬂ’gﬂm t@%

mting
panol ,
r

m xtures t herﬂ:eﬂstocﬁlﬂﬁ&ﬁbnkas b omaﬁrepcng@ematm mofeoshicoifithlly,t e beedsdeock i s
sel ected from one, &éof nmet hanol et hanol , di net %I ether, diet

ether or a co
ether, and no

Wtq"m(’m@ } eRtaining 3 ?ﬁsb?%er g}@{gyn AR eamgstdpr
SthbBdiftlefif 8£¥ process of invention, the oxygenate in the feedstock is one or

more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,

and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in

hyl
I

the process of the invention include lower straight and branched chain aliphatic

alcohols and their unsaturated counterparts. |

[0095] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,
and mixtures thereof.

[0096] In the most preferred embodiment, the feedstock is selected from one
or more of methanol, ethanol, dimethyl ether, diethyl ether or a combination
thereof, more preferably methanol and dimethyl ether, and most preferably
methanol.

[0097) The protected metalloaluminophosphate molecular sieves of the

present invention are suitable for use as catalysts in a vanety of hydrocarbon

~



met hanol . [0097] The protected netall oal um nophosphat e nol ecul ar si eves of
the present invention are suitable for use as catalysts in a variety of
hydr ocar beyp Yéas49ses 046867 PCT/ US2004/ 031400 27 convers;‘,gqn%rzm%§§ﬁ§

i ncl udi ng aromatic al kyl ati on, the mangfacture of nethylam nes and

manuf acture of olefins. For aromatic al kylation, the feedstock conprises at
| east one oxygenat ed hydrocarbon and at | east one aronmatic hydrocarbon; for
net hyl ani ne nemvémiohureocestes, f mehbslinge karomatic i skylation, | thas tmamméconyg gefiat ed

hydr ocar bon and_a n| a; t he nuf of efin e.fee stock
conpri ses at ‘i“@@éf 6&‘{/5&5 Qéiloifgws [%Jﬁ%af" t)“‘a aH‘FYE
enbodi ment, Jt&‘i‘(d%ﬁghsespﬁteflé‘arsﬁ%ﬁ 9{ g@ﬁﬁe@rhﬁ@éﬁr b MHENA! Rast bRe

seonverted |n the presente of a nolecul ar “si eve cat st conposition into
ol efi n(s) havarngatic hyd®carhoixofos nadtoyteminer momrfadiine, ﬁlet &edsto,dsr bemprisesras. Mor e

preferably, the olefin(s) | qne conbi nati,on converte r a

feedst ock coll‘?f‘sélc’ﬁfer?ﬁy @3‘@’8@?& gbfagfné?ﬂli’f fop @@H%?Cguﬁ?bg-totl#ﬂ%)erabl y
met hanol , t?}@?eed@fo@l&%rﬁﬁﬂséﬁlaﬁéam& Ry ettt AR afonPT OPY! ene. [0099] The
nost preferre rocess Is generally refefred to as gas-to-olefins (GIO or

al ternativel yLOOﬁ\&l hadnla-prafeutedfamimd@ma’@) thel &edstmkopwfembbspf pypbraidrg an

oxygenat ed. feedstock, nost referably a et cont feed tock, S
converted in ?’f?’@e’b‘i‘tﬁ%éﬁﬁ’é‘vﬁ‘i{e‘g P BESF osflaé'{} qlg,\getcaeagﬁ%ggmppg *Mnhto one

or nore ol efin'ﬂ:(é])eﬁn&ﬁ ﬁﬁﬁﬁ?@'tﬁ @d%gbcﬁfs%@&ﬁé }a}.‘;l ehdylanRnancther Myrepy! ene,
often referred to as’ |1 ol efin(s). O] The feedst ock can contain one

or nmore dil uepltefesably,t ghplczlaﬁn(y) e mlocombldmtm tdne convartedt fremi @ feedstothe

f eedst ock, and ener al non tive t he , feedstock nol ecul ar
i pve. cat al yo O RUBEIR P IRRE P TR i aisk B st BRI daribEalre fite
hel i um argon remﬁeﬁqgﬁm(s)ce@gﬁ% dﬂé%’ﬁr&iﬂﬂerﬁar bon di oxi de, water,
essentially non-reactive ‘paraffins (especially al kanes such as. rret hane,

et hane, and [#08%hne)Theenssipreteried prosess énegenerallnrefpmed ¢o @@rg@@ﬁmdbﬁnand

m xtures ther referr ue r and nitro wth
wat er bei ng pgﬁq))c?ﬁ Q%Tr}?wﬁ fréeﬁ?aélaF%T?c:lgkﬁ? {MZQS ?ﬂéﬁ\éﬁb I?rgc?ﬁ’e%fp‘g?‘ﬁ%er in a
liquid or a V&D%Ecyééifaf@d REdRockS Hidkt f‘}ﬂéﬂeﬁblﬁ B%@ﬂhfanol-r&'@tﬂhin'gemedét&kelﬁ her
added directly to f eedst ock enterlng into a reactor or added dlrectly

into a react o¢0nvsrtetb@m&m wresence ofgl meleplar slpes eatalyst eanyBasitiipes on on.
more olefin(s), preferably and predominantly, ethylene and/or propylene, often

referred to as light olefin(s).
[0100) The feedstock can contain one or more dilueni(s), typically used to

reduce the concentration of the feedstock, and are generally non-reactive to the
feedstock or molecular sieve catalyst composition. Non-limiting examples of
diluents include helium, argon, nitrogen, carbon monoxide, carbon dioxide, water,
essentially non-reactive paraffins (especially alkanes such as methane, ethane, and
propane), essentially non-reactive aromatic compounds, and mixtures thereof.
The most preferred diluents are water and nitrogen, with water being particularly
preferred. The diluent, water, is used either in a liquid or a vapor form, or a
combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition.

[0101] In a preferred embodiment of this invention, feedstock used for the
GTO process is used as the alcohol and water mixture that contacts the molecular

sieve during catalyst handling and storage.



[0101] In a preferred enbodi nent of this invention, feedstock used for the
GIO process is used as the al cohol and water m xture that contacts the

nmol ecul ar ey ring catal yst handling and storage. 8
PCT/USZOdﬂPé@@%@BQHZB [0102] The procggs for convertlngvgkfggggﬁégwgy
especially a feedstock containing oné or nore oxygenates, in the presence
of a nol ecul ar sieve catalyst conposition of the invention, is carried out

in a reacti OFUIIBIZPCGSBhd r8cds€ afr Otonvertiey & tBedsioke esspediallp 4 i feedstbikd
process, di zed bed process (includes a turbulent bed process),

pr ef er abl y aCYBHNING LSO NATEREEH Y %ﬂ&e@gmaﬁﬁ aipeleculgr siexe safplysh
cont i nuous hb&pg{e o Ynd bd¥edltia dis2 #H fﬁf 2 refetdnl r-gggssrlﬁaf}%a%ﬂ)r

processes can ace In a variety ticre tors suchas’ hybrid .

reactors t hawhbﬁvmeapﬁeme;s ke dixed Hedxlﬁdcéé;gdarfﬁﬁdit'zb@ bed Qit8Sess NEobides faast
fluidized bed reaction zones coupled together, circulating fluidized bed
reactors, ri Sebuleniabedprocesshprefrsall Y@econgﬁﬂ?%ﬂﬁldé@ﬁ\}f@ﬁtm@ﬁﬁﬁ ambEost types |

are describ /96, U.S. Patent No.

6, 287,522 {%féf I ser@%ﬁ%?&? ﬁ%ﬁtr(lh%ﬁgl n ggc?;ﬁg, D. Kunii and O
Levenspi el , [mb)e]t EThe 1¥atth@eprobedabs 64t falie phiep am i, vabiety ofodakalyieyeatiors 1977,
which are all herein _fully incorporated by reference. [0104] The preferred

reactor type Seiheas fghsid yeagiprsothat basise éqmsy bied 95 fxsd befl Feagtionzonee ard/or | |
| ui di [ D. F.
il 22t o s SRR gl SUpe Thop 8R06Rc: | Gcifhink Myjaflpe O\

6, 166, 282 (f asictdrs, unshrzledctbrs;i aneathé dtk)e Suilalile Sconl?aitmhl fmtcircg;pe@rarc Seri al

No. 09/564,613 filed May 4, 20Q0 (rul lB,Ie riser reac which are all
herein fully Pm%dﬁaaf?reecwlw §r8#6@ p048%¢, 796 Vpe Pﬁﬁ%ﬁéﬂq 2&h7adi ment

a {1 ui di zed pech BRSST Pl MbnYehSRkite 15! Kofl 360 DI BEARIRoekUIES @

reactor syst genera I on system an recovery sys The
react or syst &riggeePablishing Compaity, Welv Bedk,r Nawt Yorks y&t7e whiety aregalh herleln st
reaction zone within one or nore riser reactor(s) and a second reaction zone
wit hin at Ieﬁ%liy’@ﬁmraé%%@fﬂﬁn%ssel preferably conprising one or nore

i sengagi ng NBLC " RA Biittred 26pelienPE B0 IRl raRlol FALAN eshibed in |
f eedst ock, prfhﬁae&wablpr, Huidization agd Shed-Gartichr Bystenyg) agese4t toofR,iFoAakenz Wit h
one or nore dl | Lbegt E)tl?u:no, ﬁemﬁd]d Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application
Serial No. 09/564,613 filed May 4, 2000 (multiple riser reactor), which are all

herein fully incorporated by reference.

[0105] In the preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor system, a regeneration system and a
Tecovery sysiemn.

[0106] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone
within at least one disengaging vessel, preferably comprising one or more
cyclones. In one embodiment, the one or more riser reactor(s) and disengaging
vessel is contained within a single reactor vessel. Fresh feedstock, preferably
containing one or more oxygenates, optionally with one or more diluent(s), is fed
to the one or more niser reactor(s) in which a molecular sieve catalyst composition
or coked version thereof is introduced. In one embodiment, the molecular sieve

catalyst composition or coked version thereof is contacted with a liquid or gas, or



to the one or nore riser reactor(s) in which a nol ecul ar sieve catal yst
conposition or coked version thereof is introduced. In one enbodi nent, the
mol ecul arw®i ®vs04686t al yst conposition or coked version theteeiookH31G60t act ed
with a liquid or gas, or WD 2005/ 04686y PCT/ US2004/031400 29 comnbi nation
thereof, prior to being introduced to the riser reactor(s), preferably the
liquid is water or nethanol, and the gas is an inert gas such as njtrogen.
[0107] The f é‘éﬂblﬂé"éqtn divreadi pgox lebelbg anterdused fo MG HSG TEAEPIED) PredTARIYT t ed,
partially or 4 W ffluent that
enters the cft'fxalslvgat&{]/%s[{sléetp Eﬁ‘g%gé?? ig co e[illtdé)a P%@ﬁﬁeﬁ%gi&leve cat al yst
conposi tion. [01m] t he’l‘]tiH ededstoeld @té?mgi thenieactoy Glysesy §9 préferably tdwertbdengagi ng
wessel are designed to separate the nolecul ar sieve catal yst conpgsition,

preferably aPedRBH omfulébunathe fstapRetentaeyisto @ GARROYS cfident f&ra& #hterethgaseous

ef fl uent con r S %gﬁgﬁ g zgne.
~Cycl ones ar eh%’?% t%rg1 éﬁ%sﬁoa\/l\e%?fthgr %e%ﬁ 31 {nh 1Qvet Q:?ﬁlgét ét% | sghg]glgi ng
vessel will glesgrefeepdrenitodifients eyddnesd) v@ﬁﬁmﬁe &ismglﬂgmﬂhme desiguds
effluent. Qther nethods for separating the catal yst coppositions fromthe

gaseous effl %W“ﬁ%ﬂﬁd@lﬁﬂ@aftﬁé@e&ﬁmﬁséﬁ%ws@é% PT@P@BW cokied maleculary e
[0108] 1n ong.crmodi e Q:'inénga 1Itt19§ ﬂ'bﬁle ag«isg&fssléﬁtlﬁm c%nlit% (%SS{E%%Q d—HS’r gSystem

i ncludes a dlsengaglng v ower ‘portion I'sengagi ng

vessel is aotetﬁm(sgpmﬂgnzthmdtselhgngiﬂpzater | Qpilowges zoe préflged; divedver lgestdyar si eve
catalyst co 05|t|cn is contacted with_a gas, preftg‘rsabl one or .a
combi nat i on &Heds F4HRin th?eglﬁ%égméé’te%hwélu@ Reparate, bR‘PIHEOSﬂPRIHr ogen,

or an inert ﬁ%]l] r& lﬁﬁt?‘s%
hydr ocar bons%ﬁ%ﬁét e&?gl?gﬁdgg ?ﬂ{? fngﬁlﬁsglgg?}zstegat a %glte co 03| S
t hen i ntrodudeth the gabeous efftueat mtiuda thesyss of platdsneapspelhews, et ik likent the

stripping zo IS in a sep te vessel fromthe disengaging vessel and the
gas i s passed0Hi8la gg'sonf?ofiﬂl%@l@%}é} fthe figengagng Syptem, thy @RANLIBNG SYSEM hr-1 t o

about 20, Ooolﬁbﬁu&esgaﬁgalggﬁnépre¥ B'fa Hﬁ&r?@ﬂtd@&f’ﬂﬁ@ d?gengélﬁgr%re %ecul ar

1
si eve catal yst conpositi y-at an elevated tenp rom 250C
to about 7506 apstepmngldopef rhtﬁlmtntnppﬁ@&ﬁne dhé& s0KEd nmlmularlm‘evceodmdystol ecul ar

si eve catal yst conpositio 109] The co S|on te rature ed in
The. convers) GHTBPORERSS coRRt] FREA B RPN, HES Pb SCRBIDIAHOR St e 1 t ho
range of fromakeut 286k &1&1d@b&%on1%9&1d9rﬁ§cﬁ5§éﬂ mea[noﬁieﬁbé’&t sweRQs tO

about 800C, nore preferably from about 0Cto abodut yet nore
preferably frugonalueferadp Gteam,atvonecover adsorbed hydrocarbons ﬁom the coked

molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSV) of from 1 hr-1 to about 20,000 hr-1 based on the volume of gas fo
volume of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.

[0109] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 200°C to
about 1000°C, preferably from about 250°C to about 800°C, more preferably from
about 250°C to about 750 °C, yet more preferably from about 300°C to about
650°C, yet even more preferably from about 350°C to about 600°C most
preferably from about 350°C to about 550°C.
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1 to about 1500 hr-1, and most preferably from about 10 hr-1 to about 1000 hr-1.
In one preferred embodiment, the WHSV is greater than 20 hr-1; preferably the
WHSV for conversion of a feedstock containing methanol and dimethyl ether is in
the range of from about 20 hr-1 to about 300 hr-1.

[0113] The superficial gas velocity (SGV) of the feedstock including diluent
and reaction products within the reactor system is preferably sufficient to fluidize
the molecular sieve catalyst composition within a reaction zone in the reactor.
The SGV in the process, particularly within the reactor system, more particularly
within the riser reactor(s), is at least 0.1 meter per second (m/sec), preferably
greater than 0.5 m/sec, more preferably greater than 1 m/sec, even more
preferably greater than 2 m/sec, yet even more preferably greater than 3 m/sec,
and most preferably greater than 4 m/sec. See for example U.S. Patent
Application Serial No. 09/708,753 filed November 8, 2000, which is herein
incorporated by reference.

[0114]  During catalyst use, the catalyst becomes coked. The coked molecular

sieve catalyst composition is withdrawn from the disengaging vessel, preferably

Application Serial No. 097708, 753
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[0114] During catal yst use, the catal yst becones coked. The coked nol ecul ar
sieve catalyst conposition is withdrawn fromthe di sengagi ng vessel,

pr ef er abl WOM02008¢7046867 PCT/ US2004/ 031400 31 by one opcimisenosmsisones(s),
and introduced to the regeneration system The regeneration system
conprises a regenerator where the coked catalyst _ conposition is contacted
with a regeneration nmedium_ preferably a _gas containing oxygen, under

general r egeh)é ORE| Fn Hl?é‘?\dﬁyﬁlloﬁ?%s)ofan@e’ﬁﬁéﬂ%ﬁedr to, ther EgeRgTatio #YstemsiTence
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% eedstock, or contacting with fresh nol ecul ar eve catal yst conposition,

or contact i n§*Y#th “é‘@’é@@ﬂ@?-latr%ﬁfneﬁ?ﬁ%c%ﬂr@%h@ﬁth ERERYET  BSPESiAon or a
cool ed regengipf-fe 4R gecul ar sieve catalyst conposition described bel ow

Y 0116] The regenerated nol ecul ar sieve catal yst conposition w thdrawn from
the regener afi1ds) sysinem iembodimxnnes potrtidn af fliee sbkadpinetnehlar si¢cveveataigttal yst
conposition and/or re-circul ated npl ecul ar | ve cat at{aé/st co osi t.ion and/ or
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‘reactor syste referabl to the one or nor iser re ctor(s [0117] By
controlling 183100 PHEYHeeRHRASH U Ohd) %‘Eﬁ?CLFe@P%‘@E cRokFoy iﬂf sieve

conposition 9£ta%99<lo‘?zgporsﬁﬂﬁr&5 el bERMseCUl ar sieve catal yst conposition from
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the regenerat emto t e reactor system the optinmum]|evel of coke on
the nol ecul §116j ev eT]maaieghgaated: ompesildristave eatadyst ngmpdmtmremﬂldramfrom
mai nt ai ned. There are man technl s for..con eﬁhrm the flow of a

mol ecul ar si Bife IeESREIRAICR S ngd%l"to Fe It Be HHRY sisyg geatalyst

Experi nment al | gtgg,,s | and
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ref erence. [ OEd8pcK lhnd/gnfesgasedf llqmds and refuriedk twvdhe fsenTdaher@). demmegi ng
SYSL o AN | R T A B Aol B S e Bl o
ol efin(s) angelﬁiiédrftﬁﬁhﬂ&ly or continuously, facilitates the introduction of the regenerated
molecular sieve catalyst composition to the reactor system, preferably to the one
or more riser reactor(s).
[0117] By controlling the flow of the regenerated molecular sieve catalyst
composition or cooled regenerated molecular sieve catalyst composition from the
regeneration system to the reactor system, the optimum level of coke on the
molecular sieve catalyst composition entering the reactor is maintained. There are
many techniques for controlling the flow of a molecular sieve catalyst
composition described in Michael Louge, Experimental Techniques, Circulating
Fluidized Beds, Grace, Avidan and Knowlton, eds. Blackie, 1997 (336-337),
which is herein incorporated by reference.
[0118] The gaseous effluent is withdrawn from the disengaging system and is
passed through a recovery system. There are many well-known recovery systems,
techniques and sequences that are useful in separating olefin(s) and purifying
olefin(s) from the gaseous effluent. Recovery systems generally comprise one or

more or a combination of a various separation, fractionation and/or distillation



olefm(s) fromthe gaseous effluent. Recovery systens generally conprise one
or nore or a conbination of a various separation, fractionation and/or

di still atywemodbh£e35/ 046867 PCT/ US2004/ 031400 32 t ower SpceRlsYilms1400
splitters, or trains, reaction systengzsuch as ethyl benzene nmanutacture
(U.S. Patent No. 5,476,978) and other derivative processes such as

al dehydes, ketones and ester manufacture (U S. Patent No. 5,675,041), and
ot her associoateses] aduinpsyesdlitfers; @x&apise reationusystondenderas, ethglbenzehanger s,
refrigeration systens _or chill trains,. co egsors,. knock-out dru or pots,
punps, and tlﬁé“‘?/f?%gr.e f[8§1§ftemnN8r gé%%%?fg%ﬁ@f SeHAlvE PIORIESs YA dng of
the present | Mﬁiaké Qi torled Gh ShBAnTaRRT:BRAO (OIS, YRIAHNBNE 89S D41]1%h Ythert he

fol |l owi ng ex%lﬁp es ar e0 g??gred. 6. Exanppgs 101201 SAPG 34 y\as preeggar ed
accor di ng t cassbeiatbd| lkequipngnpr for e duemple8Ovatious gcarideatearsyi riea( Penchhngsis, Condea
759 was m xed.w th 422.3 of deionjsed water to forma.slurry. To this
slurry was a’@gé%i:r"ltg%’. ﬂSt@‘ngf"rp%ﬁpﬁ&nﬁc Cﬁ‘E'PBeSEcg?fO/J%"Qﬁ?‘f‘PPt drsms, P\FulgPott% form a
honogeneous M xtdteq ihEQidehi S honmogeneous mi xture was added 53.1 g of

col | oi dal siﬁhgg’ﬁuc?ox AS40), followed by the addition of 157.4 g of

mor phol i ne (Y] wi tth oriden tog ptayideo anbetteh amderstanding ofi the upresernt dnvduition
honogeni zed m xture was added 2.0 g of -qeeds. This resulted jn an

overal | secl Faerian AfiaRter el BF BDRvE Spmblsn e Aifcsd

conposi tion Q.fE)Eg&%l dni xture was: A1203 : P205 : 0.6 Si02 : 3 Mrpholine : 50
H20 + 206 wt~ ppm 7 seeds [0121] The m xture was placed in a 1 liter

st ai nl ess st HRORut ocl SAPO-Bé wtae greparedtascdrdbig toihafollowing protedue: 8Xxi.rri ng

and kept at that,te at u or, 4 urs. . The.resul.tant ,slurry o

crystal line ﬁé’?é@?&?@%’gﬂiﬁﬁ%’&d%%%&i‘”éﬁ Y& H’l’%‘h@liazttgogéﬁ'_@.nfs‘?‘%@mbqrel d of
dried SAPO- 3¢, f&'ﬁh%rs'hﬁfla& 'Fd‘ﬂﬁ@ﬁﬁﬁfgvﬁ:% adddd P08 %B?pﬁ&;bﬁbric 1l (&%) SRt hesi s

slurry, was 16.5 % 22] This SAPO-34 was calcined for 5 hours” under
ni t rogen, f ostirngdo 3a thomogengvaie rmaitureat T6SHE homoganeoes nhstuns gaasi ¢

ae "t resni'y CERgsAdGE oL B bicd 8 S ARG, Ftyead REAREBS P IIF E e
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homogenized mixture was added 2.0 g of CHA seeds. This resulted in an overall

seed concentration in the mixture of 206 wt ppm. The molar composition of the

mixfure was:

AL,O3 : P20s : 0.6 Si0; : 3 Morpholine : 50 H;0 + 206 wt ppm CHA seeds

[0121) The mixture was placed in a 1 liter stainless steel autoclave, heated

up io 175°C in 8 hours without stirring and kept at that temperature for 48 hours.

The resultant slurry of crystalline material was washed and dried overnight at

120°C. The yield of dried SAPO-34 material, expressed as a wt% on the total

initial synthesis slurry, was 16.5 %.

[0122] This SAPO-34 was calcined for 5 hours under nitrogen, followed

by 3 hours under air at 650°C to remove the organic templating agent

(morpholine). This sample shall be hereinafter referred to as "freshly calcined

SAPO-34".

[0123] A portion of the freshly calcined SAPO was stored under water,

while other portions of the freshly calcined SAPO were stored under

water/methanol mixtures of varying water content. Afier storage for a given
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wat er / met hanol m xtures of varying water content. After storage for a given
WO 2005/ 046867 PCT/ US2004/ 031400 33 ampunt of time, the SAPO 34 powders
were dri ewoedoo60@sdor 10 mi nutes before determ ning theperiRidddnflsoe
adsorpption capacity. [0124] The met hamol adsorption capacity of the freshly
.cal ci ned cal ci ned SAPO- 34 and of the SAPO 34 sanples stored under the

various studied conditions was determ ned as follows: [0125] Each SAPO 34
powder sanpl amorn of tiaws fthe BABO-3 powdeara ware driedi aeb°S Bt 029B0tesibeinre aneous

DSC/ TGA graviiretr.ic o] o] .atus. After activation of the SAPO 34
in air at 65%%51?13%%%95%%}?8& aa?%%hﬁ?ﬁaqa%}{h anbient to 150C, 30 m nutes
| sot her mal af0124PC, ZO%mnibthﬁbDﬁﬁsbﬁ%ﬁﬂ EapaSiBhf tHehReshnpdl€ine@ saleeded t o
80C under a tlow of Helium and nethanol vapor was allowed into the system

at 30C. The HAPRa¥blanda@fothet FABCHhaamples( magyd junden dhenvasious ostudisd hanol
adsor bed whep_the te 1S 1N | Ji.briumand is given as the increase in
“wei ght (in %O@foél%ﬁ%y‘%}%é&dagigﬁvﬁi af ter net hanol uptake. [0126] The
met hanol upt pigesj ndex EéH ) SAROMRS i poedieaSsdnfifle I Hak Or@isférhel iNRASUrEAl

met hanol adsor ption caﬁam tgq after storage and the nethanol adsorption

capacity of HgsumenishISPEal%thedingiiroras. D TG Ul t@avumstrioy dseipHen i n

Table 1. Table | M . i l.anket. ¢ Rt g Storage tine
(hours) Wat e?pg%dt%s.réﬁ%g%%t}déﬁ&%% @9%‘1’2@ 3%61§6%)u #%ﬁi%?&oséﬁwﬁ 0.39
n.d.* n.d.* (A000NBinVEbEr ambientltd)05®(H B 0mbrluté: Bothenba & BY°C2309CAHIN0. 81
0.91 0.91 0.92 0.89 15 1.00 0.96 0.98 n.d.* 0.74 n.d.* 5 1.00 0.98 0.96

n.d.* 0.87 nfram150°F tg 650°Ghtheisareplaivras poeledda 39fCrredar raflew of Helium, s | ear
ot hanol / wat 510 MSPAILs YR FalauBhBl Ofo (b SREREEE G Thdhdtnamor .
| argel y abovedsdrptionasagaciveMAa) gethy ardome oDmetlanokaisorbeld avtten the system
is in equilibrium and is given as the increase in weight (in %) of a dehydrated
SAPQO-34 after methano! uptake.
. [0126] The methanol uptake index (MUI) is defined as the ratio of the

measured methanol adsorption capacity after storage and the methanol adsorption

capacity of the freshly calcined SAPO-34. The results are summarized in Table 1.

Table}
Methanol uptake index
Blanket composition Storage time (hours)
Water % in methanol 0 3.75 7.75 25 | 36 | 60
100 1.00 0.55 0.45 0.39 n.d.* n.d.*
(pure water) '
50 1.00 0.68 0.61 0.69 0.63 0.69
25 1.00 0.81 0.91 0.91 0.92 0.89
15 1.00 0.96 0.98 n.d.* 0.74 n.d.*
5 1.00 0.98 0.96 n.d.* 0.87 nd.*
*n.d. = not determined
i [0127) ‘From Table 1, it is clear that activated SAPO-34 can be maintained

in contact with liquid methanol/water mixtures for long periods of time while
maintaining a MUI largely above 0.15 and even largely above 0.5 or even above
0.6.



0.6. 34 dains 1. A nethod of aging a catalytically activated

net al | oal um nophosphate ol ecul ar sieve, wherein said catalytically
activated netall oal um nophosphate nolecular sieve is maintained in contact
with a fixed amount of a liquid m xt e of al cohol and water for a peri od
of time sufficient to prevent |loss of catalytic activity in said
catalytically activated netall oal um nophosphate nol ecul ar sieve as a
consequence ﬁ‘if' exposure of said nolecular sieve to an open air environnent,
the liquid e of alcohol and water containing from45 wt%to 99.8 wt %
al cohol , prefera y fro OwmM%to 99,5 w % al cohol, nore preferably from
55 Wt %to 99 M%al%dﬂ?}%‘grﬂfj J9N9A Rtaticaly ?%'V%SWW%WPRB?@P@ ably from

0.5 W % to pibiatublr $RUE wherElR sﬁﬁtc@{a}ﬁﬁtbé]@'écﬂvai‘é‘&th¥t§ﬁ@éﬁ.|m|no?hosphate molecular
met al | oal um nophosphate nol ecul ar sievé having a nethanol uptake I ndex of at

| east 0. 4 wsievedgHoeintaingddn eaniaci with afixed ramavet ¢f@diquid reixasrerpfialcopiRbandi n t he

m xture of nga?egg&a qé}gd"@{n%ﬁ suﬁﬁ@ﬂ@l&?r&v@%@? o‘f"tcé?a"iﬂ c%gt.\&a\g‘f\ﬁ s/ﬁl@l cohol. 3.

The et hod € mxture ter contains
from 55 wtt /catatytic&§ astidated mmloalumunoﬁhespmtd’lo-ablemﬁ!aars;evefa_s: hawmaduehoe 8F,

wherein the netall pal L#‘]n %‘%{Josphat? nol ecul.ar Si eve ?_. i ’d\,ﬁ )g ted
catal yst paftPHUEE MOIFSHRE FieyP 1O,A orsn 2T epvirpnmentyths liayid o Frﬁ?

M xture of alceABOkndRgker Y&t Sihing B4t/ foCQB @wt@/o wlcéhd Oprééravw/cfmtsarm% to
preferablyfromOS w%to 50 wt% water. 6. The nmethod or slurry of any of

the precedi §-%Wih Aigohaltfaereinfeferably fm%‘hwt% 9% W% alcalip! ARe fomHb2 Q’F‘VeLﬁ)55
consi sting Qhoalty! P@f&%ﬂ?%@é@%%'t&%b W Qilter, thé\éh@@tiééi@@cﬁvatt& 16 carbon

atons, preferably carbon atons, and m xt'ure reof. 7. The
met hod or slmataljpabﬁmmghoemhatmmotaceleedevaghevleg r@s methiapplaiptakelindexaif edbadt i s

selected fr he qrou onsl sting of nethanol, ethanol, propanol,
i sopr opanol CH;JF]%"'?H %éac?wzécz 35 8. The rret hod of any of the preceding

cl aims, wherein the rret al | oal um nophosphat e nol ecul ar sieve has a net hanol
upt ake index of at |east 0.6 before contacting the m xture of al cohol and

wat er .
2. The method of claim 1, wherein the mixture of alcohol and water

contains from 50 wt% to 99.5 wit% aleohol.

3. The method of claim t, wherein the mixture of alcohol and water
contains from 55 wiS to 99 wi% alcohol.

4. The method of any of claims 1 to 3, wherein the
metailoaluminophosphate molecular sieve is in a formulated catalyst particle.

5. The method of any of claims 1 to 4, whereln the mixture of alcohol and
water contains from 0.2 wi% to 55 wt% water, preferably from 0.5 wt% to 50
wto water.

6. The method or slurry of any of the preceding daims, wherein the
“alcohol is selected from the group consisting of alkyl alcohols, the alky! group
having from 1 to 16 carbon atoms, preferably from 1 to 5 carbon atoms, and
mixtures thereof.

7. The method or shurry of any of the preceding claims, wherein the
alcohol Is selected from the group consisting of methanof, ethanol, propanoal,
isopropanol and mixtures thereof,



9. The nethod of any of the preceding clains, wherein the

net al | oal um nophosphat e nol ecul ar si eve has a net hanol uptake index of at
|-east 0.7 before contacting the m xture of al cohol and water. 10. The net hod
of any of the preceding clainms, wherein the netall oal um nophosphate

~mol ecul ar sieve has a nethanol uptake index of at |east 0.8 before
contacting the m xture of alcohol and water. 11. The nethod of any of the
precedi ng dai ms, wherein the mixture ofs al cohol and water is selected from
the group consisting of crude nethanol, grade Anethanol, crude ethanol,
crude propanol, crude isopropanol and m xtures thereof. 12. The net hod of
claim11l, wherein the mxture of alcohol and water is crude nethanol. 13.
The met hod of any #fThé hrethed @f el of ghe preceding oldivas, avherekgthieg | ncl udes the

period of storli he t al | oal ym nophosphat e | ecul ar. si eve before
catal ytic useme%ﬁ?é'uﬁi@’%ﬂ%ﬁ %#ecgﬁgglgye R 'B?‘g%fé’ﬁvﬁaﬁ%'r‘a wherein the
met al | oal um npaG@EPRAGre coMbding tiay miktupy 6F dicdhelindatatsl, f r om SAPO- 11, SAPO- 17,
SAPO 18, SAPO- 34, SAPO 35, SAPO 37, SAPO 44, SAPO 56, netal containing

forms thereof and intergrown forns thereof. 15. The nethod of claim 14,

wher ei n the netal |@ahé MetRd bpaRitke prebddiiguiaims, whekeh genpri ses at | east one
phase of intergrown nol ecul ar siev pe and of the

lea? of . the C%IAOEramework t

AEl framewor k HurRjaophegphateyolerutan sigvehas amethandl Hetake ipde 9@y dai ns,

wher ei n t he nphdlolOsdferaicoRaiting HhRIA®bEAtharan8ivaiv®. has a net hanol upt ake
index of at Ileast 0.5 throughout the aging period. 17. The nethod of any of

the preceding clainms, wherein the netall oalum nophosphate nol ecul ar sieve
i's maintained i n cRNTRChethbd bf Aryaf thedprecbdingiasing, ahefeinahgéohol and water for a
period of at |east 12 hours. 18. The nethod of, any of th recedi ng dai ns,
further conpr MR l%'éopggipg ﬁol?cﬁﬁbgwafﬁé"%’?& P‘éta'ﬁﬁ’"‘g‘?@gﬁél and wat er
bef or e t he nDleastOlebefcre evtadting thestidturdofaalcdbblang Waterpr ocess. 19. The net hod
of any of the preceding dains, wherein the netall oal um nophosphate

nol ecul ar sieve has been activated by cal cination after
11. The method of any of the preceding claims, wherein the mixture of

alcohol and water is selected from the group consisting of crude methanol, grade
A methanol, crude ethanol, crude propanol, crude isopropanol and mixtures
thereof,

12. The method of claim 11, wherein the mixture of alcohol and water is
crude methanol,

13. The method of any of the preceding claims, wherein aging includes
the period of storing the metalloaluminophosphate molecular sieve before
catalytic use.

14, The method of any of the preceding claims, wherein the
metalloaluminophosphate molecular sieve is selected from SAPO-11, SAPO-17,
SAPO-18, SAPQ-34, SAPO-35, SAPO-37, SAPO-44, SAPO-56, metal containing
forms thereof and intergrown forms thereof.

15, The method of claim 14, wherein the metalicaluminophosphate
molecular sieve comprises at least one phase of intergrown molecular sieves of
the CHA framework type and of the AEI framework type.



synt hesi s of the netall oal um nophosphate nol ecul ar sieve. 20. The met hod of
any of the preceding clains, wherein the netall oal um nophosphate nol ecul ar
si eve has been synthesized by a nethod conprising the steps of (a) form ng
a mxture in a liquid nmediumcontaining at |east two of a source of
~silicon, a source of alum num and a source of phosphorus, optionally also
containing a tenplating agent as well as optionally a source of netal; (Db)
subm tting the mxture to crystallizatign conditions; (c) recovering

met al | oal um nophosphat e nol ecul ar sieve crystals. 21. The nmethod of any of
the preceding clains, wherein the tenplating agent used in the synthesis of
t he nol ecul ar sieve has been renoved fromthe porous structure of the

mol ecul ar si eve prijgryHeGnetfidd ¥ ahyloft the precedifg 8simef whétein thé xt ure of water and
met hanol . 22. A nethod for converting. a feedstock into a hydr ocar bon product

in which a neveplicslyminephrsphate preigedangigvehas & methangluntakedndex 8faled with a

feedstock undgls haeslehdMalit the atiné p@sod bon product conversion conditions,
wherein, prior to 37 c%{r?t act iagigéj?he f eedst ock, the netall oal um nophosphat e

nol ecul ar sieve has been aged by the nethod of any of clainms | to 21. 23.
The met hod of cl ai qz_%mfgn@gmg pretedinglaaims \Whaehivgd of storing the
phat e I I

net al | oal um nophos nol ecul ar sieve In activated form before catalytic

use. 24. The mreetalsgiupinophasphate molegwler sigve ioigaintgined i eantasct with thediauidy of

storing the A 3RP RaePRAE DB Sttt B I(fs. af ter catal ytic use.
25. The net hogﬁg?]"éaﬁ;‘k of clainms 22 t%g 24, wherein the feedstock that

contacts the nol ecul ar sieve conprises an al cohol selected fromthe group

consi sting of nethagome i tany B BB PRRbdind SREONARE comfpAsifg teur es t her eof .
6. The nethod of any of clal msnEZ %25, V\%erei h t he fg‘gds‘{:ﬂock t hat

0
contacts the ritRPafmerBgving the mbtyre phalpohobarst watercbefpie dhe molecularisieverist hod of any
of clainms 22 tRedfra ibfockgge hydrocarbon product .conprises ethyl ene
and/ or propyl ene. 28. The nethod of any of clains 22 to 27, wherein the
oxygenated feedstock that contacts the nol ecul ar sieve further conprises

amoni a. 29. The mabhod mdthed dFiafy 8Bthe pheedhgciiiive, Wiydeiadisy bon product
compri ses metalloaluminophosphate molecular sieve has been activated by calcination after
synthesis of the metalioaluminophosphate molecutar sieve.

20. The method of any of the preceding claims, wherein the
metalloaluminophosphate molecular sieve has been synthesized by a method
comprising the steps of

{(a) forming a mixture in a liguid medium containing at least two of a
source of silicon, a source of aluminum and a source of phosphorus, optionally
also containing a tempiating agent as well as optionally a source of metal;

(b) submitting the mixture to crystaflization conditions,

(c) recovering metalloaluminophosphate molecular sieve crystals,

21. The method of any of the preceding claims, wherein the templating
agent used in the synthesis of the molecular sieve has been removed from the
porous structure of the molecutar sieve prior to aging in the presence of the
mixture of water and methanol.

22. A method for converting a feedstock into a hydrocarbon product in
which a metalloaluminophosphate molecular sieve is contacted with a feedstock
under feedstock to hydrocarbon product conversion conditions, wherein, prior to



-met hyl am nes. 30. The nethod of claim 26, wherein the oxygenated feedstock
that contacts the netal |l oal um nophosphat e nol ecul ar sieve conprises a

m xture of alcohol and water of the sanme conposition as the m xture of
al.cohol and water that contacts the netaltoal um nophosphate nol ecul ar sieve

“while it. is aged.

37

contacting the feedstock, the metalioaltminophosphate molecular sieve has been
aged by the method of any of claims 1 to 21.

23. The method of daim 22, wherein aging includes the period of storing
the metalioaluminophosphate molecular sleve in activated form before.catalytic

use.

24. The method of claim 22, wherein aging includes the period of storing
the metalioaluminophosphate molecular sieve after catalytic use.

25. The method of any of claims 22 to 24, wherein the feedstock that
contacts the molecular sieve comprises an alcohol selected from the group
consisting of methanol, ethanol, propanol, iscpropanol and mixtures thereof.

26. The method of any of claims 22 to 25, wherein the feedstock that
contacts the molecular sieve further comprises water.

27. The method of any of claims 22 to 26, wherein the hydrocarbon
product comprises ethylene and/for propylene.

28. The method of any of claims 22 to 27, wherein the oxygenated
feedstock that contacts the molecular sieve further comprises ammonia.

29. The method of claim 28, wherein the hydrocarbon product comprises
methylamines.

30. The method of claim 26, wherein the oxygenated feedstock that
contacts the metalloaluminophosphate moleculer sieve comprises a mixture of
alcohol and water of the same composition as the mixture of alcoho! and water
that contacts the metalloaluminophosphate molecular sieve while it is aged.



