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protecting the catalytic activity of a nolecul ar
sieve. In particular, this invention relates to

nmet hods of maintaining or protecting the catalytic
activity of a netalloal um nophosphate nol ecul ar sieve
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to formlarger particles. To nmake the nol ecul ar sieve

sufizapf e peics g8 cavities, ardhispelolepales ol laegensied sol t hat
the pores and cavities are open to catch nol ecul es,
either for the purpose of adsorbing the nol ecul es from
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SR 1ally wraps aroun the emp ate mater1a1 ith the template material acting
as a means of forming the pore structure within the molecular sieve. The resulting
molecular sieve may be combined with other components for the benefit of

adjusting various properties of the molecular sieve or to form larger particles.

To make the molecular sieve suitable for use, the template must be
removed so that the pores and cavities are open to catch molecules, either for the
purpose of adsorbing the molecules from the environment or to react the
molecules to form a desired product. The reaction occurs when the molecules
come into contact with catalytic sites located within the pore system, particularly

within one or more of the empty cavities or cages as sometimes called.

The template is conventionally removed from the molecular sieve by

calcining or burning out the template. An elution process can also be used to



calcining or burning out the tenplate. An elution

process can al so be used torenove the tenpl ate,
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is renoved, the nol ecular sieve is considered to be

activated or ready for use. The. activated nol ecul ar

sieve has its pore system including the enpty

cavities or cages open to the inmedi ate environnent,
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20 f roXmoteh ! nol.ecul ar sieve pore structure, and the
cat Ay Et PPRUSMES activated for the cracking of
hydr ocarbons. According to this procedure, there is

US 4,764,269 (Edwards et al.) discloses a method of protecting SAPO-37
catalyst from deactivating as a result of contact with moisture. The catalyst is
maintained under storage conditions such that the organic template component of

25  the molecular sieve is retained in the SAPO-37 molecular sieve, until such time as
the catalyst is placed into a catalytic cracking unit. When the catalyst is exposed
to the FCC reaction conditions, wherein the reactor is operated at 400° to 600°C
and the regenerator operated at about 600° to 850°C, the organic template is
removed from the molecular sieve pore structure, and the catalysf becomes

30  activated for the cracking of hydrocarbons. According to this procedure, there is

little if any contact with moisture.



little if any contact with noisture. Mees et al.,
"I nprovenent of the Hydrothermal Stability of
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20 which means that the sieve would then be of essentially no commercial value.

SUMMARY OF THE INVENTION ;

In one aspect, this invention provides methods that assist in the protection
of metalloaluminophosphate molecular sieves against loss of catélytic activity.
These methods are particularly effective under certain conditions where activated

25  molecular sieve is contacted with water vapor or steam. In one embodiment, the
activated metalloaluminophosphate molecular sieve is protected against loss of
catalytic activity by contacting the molecular sieve with a gas containing water at
a temperature above water critical temperature. In another embodiment, the
molecular sieve is protected against loss of catalytic activity by contacting the

30  molecular sieve with a gas containing water at a temperature below water critical

temperature to maintain a desired or predetermined catalytic activity index.



catalytic activity by contacting the nol ecul ar sieve
Wth a gas containing water at a tenperature above
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nol ecul ar sieve is protected against |oss of catalytic
activity by contacting the nolgecul ar sieve with a gas
containing water at a tenperature bel ow water critical
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activi i,nd CAl), e.g., | capabl e  of
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= time of contactCal= cap(a(dTyﬁf(M“tqtt})"waalpha{t‘)ours) T =
tenperature.at contact (0C) PPwater = Partial Pressure
of vvateP’VlﬁlWIbontact gas (psia) al pha = -0.1to -0.005

Hourk (TO + 273)))
ea = -5500 OK TO = 20 Pwat & rSO é

PPWater/TPS@mperaluriéh)cdntz@:ti% for T > 18000 (453K)
| PPwat ep T PPwat er / Psat
+1.14) P W@@r 1%’%‘%311&65%%8 Wf‘tiiégl ‘E?K}aciéﬂs ®sigbnc (433
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n=1to4

AT = exp(ea(1/(T +273) — 1/(T,+ 273)))
ea=-5500°K |

T, =200°C

SPPyater) = (26.2 * PPyaier/Piye + 1.14) # 0.175,  for T = 180°C (453°K)
SPPyater) = ((26.2 + 0.272 * (180 — T)) * PPygyer/Peze + 1.14) * 0.175,
for 180°C (453°K) > T > 150°C (433°K)

Psa = Saturation pressure of water at T (psia).

In one embodiment, a desirable or predeterminéd catalytic activity index is
a CAl of at least 0.7. Preferably, the desirable or predetermined catalytic activity
index is a CAI of at least 0.8, more preferably a catalytic activity index of at least
0.9. In another embodiment, n =2 or 3.5 in the catalytic activity index. In still
another embodiment, alpha = -0.0079 or -0.071. Preferably, whenn =2, alpha = -
0.0079, and when n = 3.5, alpha = -0.071.

This invention particularly pertains to exposing activated molecular sieve

to gas (i.e., exposing to a gas) environment that contains water. In one



In one enbodi nent, a desirable or predeterm ned
catalytic activity index is a CAl of at least 0.7.
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activity index is a CAl of at least 0.8, nore
preferably a catalytic activity-index of at |east 0.9.
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about 100 hours. In other embodiments, the gas is contacted with the activated
molecular sieve from about 0.01 hour to about 50 hours, or from about 0.1 hour to
about 50 hours, and more preferably not greater than about 24 hours or about

12 hours or about 6 hours.

In yet another embodiment of the invention, the activated
metalloaluminophosphate molecular sieve is contacted with a gas that contains
water, but for a time, and at a temperature, that does not significantly affect
ethylene or propylene selectivity. Preferably, the activated
metalloaluminophosphate molecular sieve is contacted with the gas for a time

effective to maintain an ethylene or propylene selectivity of at least about



about 50 hours, and nore preferably not greater than
about 24 hours or about 12 hours or about 6 hours. In
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al um nophosphates (AIPO. In one enbodi nent, the
met al | odhe mobheeplao sighat wedrbbetLdra prefer@bigsnétaltdaldrinophosphate
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SARObAdImeBHRE m&alloaluminophosphate molecular sieves include [AlO4],
[PO4] and [Si104] tetrahedral units, such as silicoaluminophosphates (SAPO).
Preferred metalloaluminophosphate molecular sieves include one or a
combination of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18,
SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40,
SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, AIPO-5, AIPO-11, AIPO-
18, AIPO-31, AIPO-34, AIPO-36, AIPO-37, AIPO-46, and metal containing

molecular sieves thereof.

In one embodiment of the invention, the metalloaluminophosphate
molecular sieves contain silicon and aluminum. Desirably, the
metalloaluminophosphate molecular sieves contain Si and Al at a Si/Al ratio of
not greater than about 0.5, preferably not greater than about 0.3, more preferably

not greater than about 0.2, still more preferably not greater than about 0.15, and



SAPO- 20, SAPO- 31, SAPO- 34, SAPO-35, SAPO 36, SAPO- 37,
SAPG- 40, SAPO-41, SAPO- 42, SAPO- 44, SAPO- 47,

weARBBGLHA PO-5, Al PO 11, A PO 18, A1PO 31, Al PEeBAIS2004/017611
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AlPO- 36, Al PO- 37, Al1PO 46, and netal containing

mol ecul ar sieves thereof. In_#ne enbodi ment of the
i nvention, the netall oal um nophosphat e nol ecul ar
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at calte?l}?t?g ac%i%ityiné)é)x of at least 0.7, etc.). Preferably, the activated molecular
sieve is also maintained at an ethylene or propylene selectivity of at least 25 wt %.
The gas contains water up to saturation conditions, e.g., is at a relative water
pressure of from 0.0001 to 1. The catalytic activity index can be maintained under
conditions where the gas contacts the activated molecular sieve at a temperature

less than water critical temperature.

The invention in another aspect is directed to a process for forming olefin
product from oxygenate feed. The process comprises contacting an activated
metalloaluminophosphate molecular sieve with a gas containing water at
conditions effective to maintain the activated sieve at a desirable or predetermined
catalytic activity index (e.g., a catalytic activity index of at least 0.7, etc.),

preferably at an ethylene or propylene selectivity of at least 25 wt %. The water-



The gas contains water up to saturation conditions,
e.g., is at arelative water pressure of from 0.0001
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under conditions where the gas contacts the activated

nol ecul ar sieve at a tenperatye |ess than water

critical tenperature. The invention in another aspect
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The invention furt ovi des a netho activating

netretdlloaluttinoydphgsphabeculat sevdl. dn tisd @ethod)a t he

gg%{égﬁ?]hp rlr{Ilet | l[s a u&gggﬁg%sl haFO%%H@LE %el#rllp ertte Slsl Sr\(/)(\e/ided. The
metalloaluminophosphate molecular sieve is calcined in a calcination unit to
remove the template. Once calcined, gas is swept through the calcination unit to
cool the calcined metalloaluminophosphate molecular sieve, while maintaining
the calcined metalloaluminophosphate molecular sieve at a desirable catalytic
activity index of at least. The sweep gas contains a measurable amount of Iwater,
such as a gas having a relative water pressure of at least 0.0001. The gas is
desirably sufficiently cool to cool the calcined molecular sieve, such as at a

temperature less than water critical temperature.

The invention also includes a method of starting-up an olefin forming
reaction system. The method comprises sweeping gas through the reaction system

to heat up the system, with the reaction system containing activated
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20 UEILEON LS, SR of, protecting catalutic actinli,
Si gMRated Mt dafurhiBbPAdRBhate molecular sieve with a gas containing water to

effectively maintain the activated metalloaluminophosphate molecular sieve at a
desirable or predetermined catalytic activity index, and the activated
metalloaluminophosphate molecular sieve contains Si and Al at a Si/Al ratio of

25  not greater than 0.5. In a preferred embodiment, the activated
metalloaluminophosphate molecular sieve contains Si and Al at a Si/Al ratio of
not greater than 0.3, more preferably not greater than 0.2, still more preferably not

greater than 0.15, and most preferably not greater than 0.1.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Various embodiments of the invention are shown in the attached Figures,

wherein:
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15The i nventors have now found that adsorption of water
nol ecul es by an activated netal |l oal um nophosphat e
nol ecul dhe sivenercizave bewdomd thiat atsotpyioadif wetdr mgplecules by an

activated metalloaluminophosphate molecular sieve can be controlled by adjusting
the conditions of the partial pressure of water in the gas or environment contacting
the molecular sieve, the temperature of contact, and the time of contact.

20 Controlling water adsorption controls the rate of deactivation, since generally the
more water adsorbed results in a greater rate of deactivation. If activated
molecular sieve does not adsorb any water, then there will be little to no
deactivation as a result of having activated molecular sieve exposed to the
environment.

25

According to this invention, deactivation of the molecular sieve is
determined by a catalytic activity index (CAI). The CAI provides a measure of
catalyst deactivation as a result of catalyst exposure temperature, relative water
pressure, and water contact time working in concert to deactivate the catalyst.

30  Thus, for example, although a low relative water pressure generally causes less

catalyst deactivation, higher relative water pressures may be mitigated by limiting



the conditions of the partial pressure of water in the
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and 1 for a catalyst having nmaxi mum catal ytic
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15 cal cul at ﬁd according to the foll owi ng equation: CAl
exp(/(TY' “FPp Water)n * alpha t) whereint = time of
' cont act t ofineaifabitatt ofichialysbivith Wake WhSurs)

T = temperature at contact (°C)

PPy.ater = Partial Pressure of water in contact gas (psia)

alpha = -0.1 to -0.005

20 n=1to4

AT) = explea(1/(T + 273) — 1/(T, + 273)))

ea=-5500°K

T, = 200°C

APPuaed) = (26.2 % PPyaie/Pet + 1.14) # 0.175,  for T > 180°C (453°K)
25 SPPyate) = (262 + 0.272 # (180 = T)) * PPyyager/Peae + 1.14) * 0.175,

for 180°C (453°K) > T > 150°C (433°K)

Psot = Saturation pressure of water at T (psia).

In a preferred embodiment, catalytic activity is representative of catalytic
30  activity in reaction processes selected from the group consisting of catalytic

cracking, hydrocracking, dewaxing, olefin forming reactions, aromatics forming
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In one embodiment, the metalloaluminophosphate molecular sieve is a
SAPO molecular sieve and n =2 or 3.5 in the catalytic activity index. In still
20  another embodiment in which the metalloaluminophosphate molecular sieve is a
SAPO molecular sieve, alpha = -0.0079 or -0.071 in the catalytic activity index.
In a particular embodiment, the SAPO molecular sieve is SAPO-34, n= 3.5 and
alpha =-0.071. In another embodiment, the SAPO molecular sieve is an
intergrown form of CHA and AEI structure types, n =2 and alpha = -0.0079.
25
In another embodiment of the invention, the activated
metalloaluminophosphate molecular sieve is activated SAPO molecular sieve, and
the activated SAPO is contacted with a gas that contains water, but for a time, and
at a temperature, that does not significantly affect ethylene or propylene
36 selectivity. Ethylene or propylene selectivity is the actual selectivity of the
catalyst to form ethylene or propylene in the product. Preferably, the activated

SAPO molecular sieve is contacted with the gas for a time effective to maintain an
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gas is not considered conpletely dry. The anount of
water in the gas can be effectively determ ned .
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at. a given tenperature below the critical tenperatur
of By, iy e exmtamp vtk P@t@qwéﬁsg%re oF B2 25 v _@@J *0.41 =
MEGSY rv@hegé OhP ?sﬁé"?& AR S0 RtichFat Esrs%gﬁ‘? B8echN WhlCHlistfiEis
activated nolecular sieve I's contacte
heated up to 205°C, the relative water pressure becomes 0.29/250 = 0.00116,
where 250 psia is the saturation water pressure at 205°C. The relative humidity of
the gas at 205°C is 0.00116 * 100 = 0.116%. This example illustrates that one can

use high humidity room air to do the purging at elevated temperature to provide an

environment having a low relative water pressure.

In general, the higher the water pressure, the greater the tendency of the
contact with the gas to deactivate the catalyst, given constant catalyst exposure
temperature and time of gas contact. Nevertheless, by increasing temperature or

lowering time of contact, increased water pressure can be tolerated. In one
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and at a relative water pressure to maintain the desired catalytic activity index. In
a particular embodiment, the gas contacts the activated molecular sieve at a
temperature of from about 150°C to about 300°C. In another embodiment, the gas
25  contacts the activated molecular sieve at a temperature of from about 160°C to
about 280°C, and in yet another embodiment at a temperature of from about 180°C

to about 260°C.

The higher the relative water pressure of the contacting gas, or the lower
30 the temperature of the gas, the greater the effect of loss on catalytic activity.
Generally, the activated molecular sieve is contacted with the gas for not greater

than about 500 hours. Preferably, the activated molecular sieve is contacted with
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gas cannot be |iquefied, regardl ess of the pressure.
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rrbeabeltaghu ActhaRh @Ie@ﬂaulg rrasaba&ewhanldsbea'etamedwylthehactwated
contain active cat al t| C sites th%t re catal ytically

semslecilpesierespdireler mcagateds{?@ savE p ALy content
fa&f R ‘Ee%tié'? Ly #%%hjt YZg G704, iniadd Cﬁl? %Iﬁ%'fltﬁe LhivAgyi ng

e acC |ve cat tic sites come | gnl I cant
c omblectilansithe. V\Mtoesr pmﬁlrzﬂxtja tieesactiFeted nelleaphdr sgvo hat & wafer
Wactzoenrten(% r(l)% Elgtl gqgagteri t artl about Tt W ol, stﬁf)rrn%resﬁ/rg%e?e{gl}g) IIO’[ greater than
about 0.8 wt %, and most preferably not greater than about 0.5 wt %, based on
total weight of the activated molecular sieve. The amount of water entrained in
the activated molecular sieve can be effectively reduced using conventional drying
techniques. Preferably, the activated molecular sieve is dried by heating to a

temperature of greater than water critical temperature.

Deactivation can occur upon activation of the sieves in an unformulated or
formulated state. According to this invention, however, deactivation can be
controlled to acceptable limits by controlling one or more variables of time of
contact with the water molecules, catalyst temperature at contact, and relative
water pressure of the contact environment or any gas contactihg the activated

sieve.



vari ous netal |l oal um nophosphate nol ecul ar sieves can
have an undesirable effect on catalytic activity.
woesisriabiey, no water shoul d be retai ned by thePCT/US2004/017611
activated nol ecul ar sieves. Preferably, the activated
nol ecul ar sieves have a waterjgontent of not greater
than about 1.25 w % based on dry wei ght of the
activated nol ecul ar sieve. Mire preferably, the
activat&dtwolgcuLaQ%fie&ﬁ has a wat er cont ent Oflﬂ?ta
gr eat er CPHAT A Fstyated olgFulst Sieys Wit Rt VAP EP 6FY That
Or @aief oft $186es8 BRkdmardl thkoufho@d@neribBsSlocidhk evighh YudhQrocess
greater than about 0.5 wt 9% based on total weight of

t heysteensi \Paick araessset ilchide dhesmanufaytarepidimactiyptedanelpcular
© ntifr: ! r(])?? l’ll‘nrll,llgl:’[(t}(}? ok tchl‘é?&igge g'é%lggtglth%{ h?c'\ie}vegn %@tﬁ]va?e%; handling,
ef fECTIVE y e uced usi ng convent ronal dryi ng

5t eﬂlgpmetu,eahd desrageo bk vctivahel sisies vafoeshumddocidl ggts;3inéd vee of
is dried by heating to a tenperature of greater than
welhe sieyes o1 cataly Seimgercier wyetempancdiding thegrc frpng degnerator

up Y [ ; :
o e R By e a3 A o D A B S thafling
hosgnmmnentdeact i vati on can be controlled to acceptable
limts by controlling one or nore variables of tine of
contact with the water nol ecul es, catal yst tenperature

10 at Acont agtos @MblE&lIAtdinesWat er pressure of the contact
envi ronnent or any gas contacting the activated

si eve. Cbit motecular sicvéswmtd bermipl ase pteferalsly anasallgal ymingpleasphate
vapor can .occ iin a varie of process. syst nd

¢ iRBlsgHanHoVES thas hve B Flecgial FRmemork Bk ey {A1Q:T and [PO.]
SY&liri&iral SMRY SEREEHSHS colishmdhinfiaopmisphasd WIPOYS Ii i
activated nol ecul ar sieves or fornulated nol ecul ar

si emeodiment, {hetrsetplhealumhinpphespbate moaleaputar sigveningnde hglO4],

shj nt | ' r

15 5SRO0 G0N Bl SRS SURNRR Y saPo)
c aTkdsy silisoh,mliigaeh and phésphdrus baded dhslgeul dissigveaatidmernd
regenerator units in the reactor systeg;, nd in

catgjaing(dsethgs therepd Sres besndlesriven ISP FRE .
A dRESoR in ‘?iﬁg lf%raerxatr?lgfev £5s PaeniRbLes 862026 g@\éz@@d@ﬁge
he? erably phat

eln are pre t al'T oal um nophos
noMedsi Mar, M, &ngsr ChptU.BaRaters Noo# 44083t ($ABORVDIrépeah Rntent

20 ' "KbotSbaERA- A &AW APSO where Bl is As, Be, B, Cr, Co, Ga, Ge, Fe,
Li, Mg, Mn, Ti or Zn), U.S. Patent No. 4,554,143 (FeAPO), U.S. Patents No.
4,822,478, 4,683,217, 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No.
4,935,216 (ZnAPSO, EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO,
where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO,), EP-

25  A-0158 350 (SENAPSO), U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No.
4,789,535 (LiAPO), U.S. Patent No. 4,992,250 (GeAPSO), U.S. Patent No.
4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No.
4,738,837 (CrAPSO), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S.
Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S.

30 Patent No. 4,554,143 (FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent
No. 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



tetrahedral units, such as netal containing
al um nophosphates (AIPO. In one enbodi nent, the

worb@ldems um nophosphat e nol ecul ar si eves i ncl BA®/US2004/017611

[AIA], [PA] and [SIO] tetrahedral units, such as
si | i coal um nophosphat es ( SAPO)7-These silicon,
al um num and phosphorus based nol ecul ar si eves and
nmet al cont ai ni ng deri vat i ves thereof have been

d

FoRCendnpres RFARS s PR N° 4B s TR A e b s
| S4]801,309, 4,884,6 OF arido), 880,528 (TRAPSOY, UNS. Pa%ﬂélmosmsoo 651,

( SAPQ), Eur opean Patent Application EP-A-O 159

( ERRPSS 0vAed &.68p.4P% (TAAP(Rel- B Patents Ny 4,824,558t 7#6:97% ,

U COReSC), 108 iy N9, 5725006 Fp Ms 0P 07703 R EAPso,

5 ( FeABSQ) is FERndw@k B&1eqitht [QQR]Y.aSweRak &hS. Noentd N3 5, 2676029,

Z EP- A-O 161 4 PS EP- A- 6
 ERRRe T B4 fomaba EROLEED 15507 hIDE§ 76, 6,952.384,
P
( oRb b 4. 5562068, 4 A0 PS8 08 o 0B And 3875,050,all of
Pawdicth axpherdin7BHy H8%ri{oratedty refetesice. Pat ent  No.

4,992,250 (GeAPSO), U.S. Patent No. 4,888,167 (GeAPO),
U S. Patent No. 5,057,295 (BAPSO, U.S. Patent No.

10 4, 738, 83 hdr QMR sidveSinc AL eiiss d%&ﬁbe(ﬂmﬁ@ 982&%1( BAsibook
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4,851,106 (CrAPO, U.S. Patents Nos. 4,758
4. 8BMofzglar Sieves, \3ndl @H@@Rmmoldsmewm@mmw Ym1g1992) which

Pat nt 4 554 14 U S. Patent No.
eé"i%“lyA?fx‘ﬁgﬁjate BEEalE . o, 4,913, 888 (ASAPO),

u S. Patents Nos. 4,686,092, 4,846,956 and 4, 793, 833
(I\/hAPSO)T U.S. Patents Nos 5, 345 011 and 6, 156 931
( MhAPO) Themsre mgfearednpolecularsicves are(Rpamyecular sieves, and

4L B By R i

Pa_tr&mlsoﬂ‘ﬁﬁmp A A0 the@Petiodit, Bible X338 ementts, anGlikalid8 2arth metals of

Ti APO U.S. . 824,554, 4,744, 9
A‘P‘S’)dSIA ofis Pt bkt Ifemans sﬂdere(wﬁmls ebGaowp 1B,
29?110%7né@é@§§haﬂ‘fﬁ@sr @an@ldn%nf CEHTEN G &e@&%ﬁﬁm’ﬂ Nebdymium,

, as well as Pat énts Nos
4 S%Bﬁarﬂ% eump?lm @ﬂahnmmz &3biagy dysp;rwllm;%l@ﬂmlmnsﬁﬁxung7

o o8 S A 50 bt GRS g P o

heE&lnEbnfé,J trhﬂsmlcsime@ﬁrcﬁt@dupmmf\ﬁg,e\mg@ VIIB, VIIIB, and IB of the
Periodic Table of Elements and mixtures of any of these metal species. In one
embodiment, the metal is selected from the group consisting of Co, Cr, Cu, Fe,
Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. The metal atoms
may be inserted into the framework of a molecular sieve through a tetrahedral
unit, such as [MeQO;], and carry a net charge depending on the valence state of the
metal substituent. For example, in one embodiment, when the metal substituent
has a valence state of +2, +3, +4, +5, or +6, the net charge of the tetrahedral unit is
between -2 and +2.

In one embodiment, the metalloaluminophosphate molecular sieve is

represented, on an anhydrous basis, by the formula:



O her nol ecul ar sieves include those described in R
Szost ak, Handbook of Mol ecul ar Si eves, Van Nostrand

weebishoods New York, New York (1992), which i sPO@museew4/017611
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fully incorporated by reference. The nore preferred
nmol ecul ar sieves are SAPO maljgcul ar si eves, and

nmet al - substituted SAPO nol ecul ar sieves. Suitable
metal substituents are alkali netals of Goup IA of

the Periodic Table of Ele al kaline earth
nmetals of G oup HA of t H8 ﬁg&m%abl e of Elenents,
a rare RR&b NRhadsento bt Ieh WRe tdiiblatiniCddedi, PE:fédBly an organic

Lant hani des: | anthanum_ cerium praseod

getg@ylﬁtlmg]ag@’ﬁwmlﬁi theynugben pf majes gggdqe;r Al 4 fué\n@p@ypumz and m
h
PR Tt B e EReR) U 07 Hid BB, BT 0.3

T%b lafid @freprbRAEME $nolé fractiontdfoyl, PreadMsagtbtraliedry) 9x1deE, where M
VB, VIB, VIIB, VIIIB, and IB of the Periodic_Tabl e of

! El & panatal salaterifionytheerem conyistre phetamddy HA. i8R VB, VB,
gP\(])fuﬁﬁ] Clg]%ts)?s | a5 o?rft%l &%(ﬂl t&?er’i&h@&tﬁg %{;Eféﬂleh&e Preferably

Ni M iSone df mo@meald s&l@cteé lﬁ@nmhxtgmﬂ@scdnhlenm)d’)f Sl',l'ﬁe @eCalL Fe,

atoms_may he ins d t f k
no@%c,(ﬁﬁ g, Qﬂgj\}& g ;aggg Zémr% oy ?ﬂt? m i§ g{ﬁqteaglan or
Py 0.278d 9(0#; 513{%? afé reﬁ&qﬁ&?ofj&ﬁﬁp@' 01, O dnbfher

val'ence state substituent. For exanpl e,
i renotrelimetto o ingreater wibhmr() 1 hneahwt hlx ls@@ltﬂrtthferﬁ torabous0.25, y is
val e ce sta

f
orindhpEe Phiret G KL% hin (eaPeest g 025 % 4 SoRe™
eniefi-AB n isitdén 085 % b9ak WikaapivIseited, s iFBloatokas 0.5, and z is

si‘eve i s represented, on an anhydrous basis, by the

f ofrem|0a3 teF8-8 VK Al sz)02 wherein R represents at | east
one tenplating agent, preferably an organic tenplating
agent; mis the nunber of noles of R per nole of

(WA me)cqle%mmdumdn asthe itvadntien fthé)me't'hllbaluilnincﬁpmﬁ}ﬂfaednl y
O to 0.5, and nost preferably fromO to

;o X,.. Y, and
z m@]@ﬁ%‘%ﬁﬁ"ﬁtsr?én‘i%! sliganzandiaghnigpma)In gpnezply %Mf‘é@/ty"d ratios lead
t %rlé%d&e%u%oﬂ Cates éﬁﬁqﬁ%}éylA@Is %%%n S® bbb RBHiddsom
group consistin oup A , 1B, IHB, 1VB,
Va{oM:&r higheB SiMil IreltB)saaIﬂ bt asﬁdhmdierj‘éleapmfoptiate cPaditiogh @f

Tabl e of Elenents. Prefer
temperature, water partial pressure and ¥1me of contact with water. Desirably, the

metalloaluminophosphate molecular sieves of this invention contain Si and Al, at
a Si/Al ratio of not greater than about 0.5, preferably not greater than about 0.3,
more preferably not greater than about 0.2, still more preferably not greater than
about 0.15, and most preferably not greater than about 0.1. In another
embodiment, the Si/Al ratio is sufficiently high to allow for increased catalytic
activity of the molecular sieve. Preferably, the metalloaluminophosphate
molecular sieves contain Si and Al at a ratio of at least about 0.005, more

preferably e‘1t least about 0.01, and most preferably at least about 0.02.

Non-limiting examples of SAPO and AIPO molecular sieves useful herein
include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-
17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37,



Mis one or nore netals selected fromthe group

consisting of Si, Co, C, Cu, Fe, G, G, My, M, N,
wenpose46gn and Zr. I n an enbodi nent, mis greaCeStdwan17611

or equal to 0.2, and x, y and z are greater than or

equal to 0.01. In another enbedi nent, mis greater

than 0.1 to about 1, x is greater than 0 to about

0.25, yisinthe range of from0.4 to 0.5, and z is

t roApg 408 SRy SAIR Do bk SApBPA SPG03OS A fro-
t 0110 A0 ABIAP -3 1 f A1PD-84, A 1PO-15, AIPOB DA @ABOgdBeHal Of

the invention, the netalloal um nophosphate nolecular |
si containing mad¢qulasisievesothergnfl Qf Upesa patticplerlyaseibmolecalapsieves

Si/A ratios l.ead t rod [ i t

i d5hip Bt EphifRfon & s 8 SRPLLYE SARD 58! ERe 008, sapo-56,
5 hi givey-1 8 AIRO-3 abd DB etaBonening edrivatiles thdiefaquph aponadrea

conditions of tenperature, water partial pressure and

t | qpentonatvernt SAP Qul 8IS ARR B, ARG abIRD-18a8d metal containing

ne&e?“e&@s%ﬂér@?ig Iglgcis %?@Egﬁl(llf%e,e&;% &gm@%@%%%ﬁﬂdﬂﬁ, AlIPO-18,

i nvent1 on con rati o of  not
gradimstal dvamiabg derititives thember abl y not greater than
about 0.3, nore preferably not greater than about 0.2,

still nore preferably not greater than about 0.15, and

most  progf fe%?(} i a0 htDord Rpaf
10 S bod! rabn ¢y i, GE BRARI 3RDe A0RH e }W}W‘Sh Bt Rifing
al twavorfrooreidistinetaspstalting phases withiot angimglegflartsigye composition.

ecular sieve. Preferaply, the g
el s RGO bR e b bt deserbekindg e Rt
an ?ﬂcaﬁgm 2ybladation No. 2602-6BSD3RRAUINtEMIEEnal PBBIRation No. WO
preferably at |east about 0.01, and nost preferably at

| 2154960 publiBheDApiiord, 1998, biotigolexkialp brediestin §Alyanegrgorated

15 ¢ ghrin Fof BRRES AT ATRETR R POEaRATE
1 75raréRK LG pe, SAPOAPQ)-3PARY GHA ARGV -ty SAPThBSthe molecular

SAPO- 36, SAPO- 37, SAPO- 40, SAPO-41, SAPO-42, SAPO- 44,
sapeyeqped bapin Bay commigsest lgagione intergrowth phase of AET and CHA

1 . \ j
L1 AIERAS MPB A PR A R0 AT g e
t hgsraewddrtlybe uk detdeyminsd by kherdIFFal raethsd diselosatia [hBePaent

20 SapEp g oA PRlCRta Nas S0 AR o Rt B i g
derivatives thereof, such as one or a
Generally, molecular sieves (i.e., molecular sieve crystals) are synthesized

by the hydrothermal crystallization of one or more of a source of aluminum, a
source of phosphorus, a source of silicon, water and a templating agent, such as a

25  nitrogen containing organic compound. Typically, a combination of sources of
silicon and aluminum, or silicon, aluminum and phosphorus, water and one or
more templating agents, is placed in a sealed pressure vessel. The vessel is
optionally lined with an inert plastic such as polytetrafluoroethylene, and heated
under a crystallization pressure and temperature, until a crystalline material is

30 formed, which can then be recovered by filtration, centrifugation and/or

decanting.



conmbi nati on of SAPO 18, SAPO 34, A1PO 34, AIPO1 8,
and netal containing derivatives thereof, and

wezpsmoedsBy one or a conbi nati on of SAPO 34, APEODUS1®H/017611
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and nmetal containing derivatives thereof. In an
enbodi ment, the nolecular siewae is an intergrowth
material having two or nore distinct crystalline
phases wi thin one nol ecul ar sieve conposition. In

P O Bk R TRl BT b et e85 e 25504 B
2002z 088 rand2 b iwAlaBIE iR DeRuah [HAINSN Ydkk, N&® York, and

98/ 15496, published April 16, 1998, both of which are
hele ABrOfSILIN-5; Argsnprkiconeqmippunds ek as tetraplsylogiaasthsates, for

SAPO. 18, Al PO- 18 and. R v -
el S NGRS AR ORISR amostipe (EQS),
Thatsloidahilioay @ adhédus Sueéssiomatielesf, €omexampleiudux-§8-4atsol

| east one intergrowth phase of AEl and_CHA .
f ravedaRle kopyBdsdu e de Nsmoprsadimingtan, Pslavsrg siligjgpcid or
fr - 12 El framework-type, as determ ned by
th%%%@?%ﬁ&%gofgi sclosed in U S. Patent Application
Publication No. 2002-0 165089, is greater than 1:1.

Generally, ol ecul ar sieves (i.e., nolecu) ar sjeve .
crystal @yn—&ﬂgtlggﬁ%m?%ﬁw&womﬁ Rl e alkoxides,
Crir Eﬁﬁ‘énlxr#lé @ftﬁlﬂﬂuﬁfiscg)?@pé)%de[rﬁ’lﬁﬁliﬁfm ghés%ﬂﬁt%,ealﬁﬁlinum hydroxide,

al um nu a source hosphor us, source of silicon,
wadogiuna abindndtemskadd-beghagengipbstecindaduminnin trighleride, or any

cont ai.ni.n rgani ¢ conpound. Typi cal.l .a_conbi.nation
of CRIRIPRHED Bt | e BN S o armig iy prggR postme

al SHi AR PREPPRIBGAL YSilichALBincREsAR BblebBlAEsieve:

tenpl ati ng agents, iS placed in a seal ed pressure
vessel. The vessel is optionally lined with an inert

pl asti c,suech .as pol vt.et rafl ugr oet .

inder NEF9R s PORG ol BoPE Sl p e AR Sfbiuce
Unilumiins-cyghiatdg phospiairey doapdsiiohsrinEdde phvsphorieatid, beganic
be recovered by filtration, centrifugation and/ or

dephkasphates N6k af irivthyl RhopRaispIEcryTtaline PLyRODEY  es

ol ude ol L :
LR P S5 PO, LR s R .
Yocdavemant sGiide Of Phasphbins iopgaplosid dcod pageorizoyvden puaducing
as t,§,t raal kyl ort hosilicates, for exanple,

t et SIHFRAIFRNTOPRORBLERE cate (TMOS) and
tetraethylorthosilicate (TECS),

In general, templating agents or templates include compounds that contain
elements of Group 15 of the Periodic Table of Elements, particularly nitrogen,
phosphorus, arsenic and antimony. Typical templates also contain at least one

alkyl or aryl group, such as an alkyl or aryl group having from 1 to 10 carbon

atoms, for example from 1 to 8 carbon atoms. Preferred templates are nitrogen-
containing compounds, such as amines, quaternary ammonium compounds and
combinations thereof. Suitable quaternary ammonium compounds are represented -
by the general formula R;N", where each R is hydrogen or a hydrocarby! or

substituted hydrocarbyl group, preferably an alkyl group or an aryl group having

from 1 to 10 carbon atoms.



colloidal silicas or aqueous suspensions thereof, for

exanpl e Ludox-HS-40 sol available fromE. I. du Pont de
woOkmBne68 W | m ngton, Del aware, silicic acid oPCamg2004/017611

conbi nation thereof. Non-limting exanples of al um num

sources include al um num al koxj des, for exanple

al um num i sopr opoxi de, al um num phosphate, al um num

hydr oxi de, sodi um al um nate, pseudo-boehmte, gibbsite

and al upd nym trichloride, or.any comnbjnatjon ther.eof.

A conveﬁ]%-ﬁ igipg PAmRPs of twml?éug@ﬁaﬂkﬁmwlg@
paii&rh a6 IR sl AACITNG1cR a$ teilafRByY BInhRNAS BHAHSunds,
mol ecul ar sieve.” Non-limting exanples of phosphorus
sotgtreetbyl antroiumegomiodinds, testapdpyhrmmonim eonpedndsigd

b BRAR Y s ER SomeRu s, o RS RS ieing i
5 z Ir %%ﬁdﬂiﬁ&ﬂ%)@ﬁﬂﬁ@g@ﬁﬁinaj tiRibyRpkias pIes g $righalolasine,

phosphorus salts, or conbinations thereof. A

copipendisatcysiohexsdaninephagiindpuiding NoNokipistyikengdpgine, N,N-

ti,cularly when. ing.a Sidie i .
R kR BEREBR.  SASUTORRRSRL S e
CONpYUWighstHyhaperaing, di hdiababienl (2 2f2)GEtand NLIN'N N-fetramethyl-

Periodic Table of Elenments, particular]y njitrogen,
phospheransdiapinge N-@eﬁwail%th%nqa%ﬂw Nmtbﬁreth@%%&%é\l -methyl
al ' . | : J -

10 3 PReGRE 3Rl bERAR R Aty OG5 Ml Sy RARR, 4
at aigghyl-poridiaxampielifiineyN;N'tdm8thght Hatiazbmyslo(FH2,8) estargdion;
tenpl ates are nitrogencontai ni ng, canpaunds, ,such as
AR RUY AN E AP T AT B PERS GHAS SRR T ¥

thehaRf ethﬁ@h%cﬁﬁhﬁle%cﬁfdﬂﬁ[ YnPIRBHaHON FREP OLTE e Befiplates
represented by the deneral fornmula PM\t, where each R

i sateysdlectgé firony the ghoywdr @osistiyd ofbietratihd tamnenddm salts,

hydr ocar byl group, preferably an al kyl. gr.ou r_.an
15 ar 9¥C?%R688%31ﬂ§91 ﬂﬁl@&x&ﬁ\yﬁcxczoﬁ{eéa%ea P{P&’ﬁdmg’ trleﬁly?amme,
at eydle ¥R tabiing, i Rehye hmkﬁalgq&m@mbgﬂ@ﬁnemmgﬁmne (DPA),
tetraal kyl ammoni um conpounds including salts thereof,
supyridise, tisoprenydarnipe, hegted ficaraded s Mepscof; ad epmitations
a néogm conmpounds, tetrapropyl ammoni um conpounds,
18t abut yl ammoni um conpounds, cycl ohexyl am ne,
nmor phol i ne, di-npropyl am ne

20 The pH of the synthesis mixture containing at a minimum a silicon,
aluminum, optionally a phosphorus composition, and a templating agent, is
generally in the range of from 2 to 10, such as from 4 to 9, for example from 5 to

8.

25 Generally, the synthesis mixture described above is sealed in a vessel and
heated, preferably under autogenous pressure, to a temperature in the range of
from about 80°C to about 250°C, such as from about 100°C to about 250°C, for
example from about 125°C to about 225°C, such as from about 150°C to about
180°C.
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(DPA), tripropylamne, triethylamne

(TEA) 5tri et hanol am ne, piperidine, cycl ohexyl am ne,
wa-20stoagdepyr i di ne, N, N-di net hyl benzyl am ne, PCT/US2004/017611

N, Ndi et hyl et hanol am ne, di cycl ohexyl am ne,
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(N- m6=.‘% E;ﬁagg%éﬁgf)@ﬁ;eﬁgh mat h | giiﬁl% E%)}l aarc,lﬁge crystalline particles is

3- Rtel Wy-spédRef drf aR@heNbriTBS M&ﬂ&h&b@ﬂ&ﬁéﬁn@&ulm sieve.
3-net hyl pyridine, 4- nethyl-pyridine, quinuclidine,

N, Nhe dimeeienyired tofon é@&@ym«lbn@p@‘tlgles)s usvalindericodent on the

O A SRR BRI Bty

5py rcfﬁ;tdlliﬂiaﬂ@n tiadeds thm%az 90 haRes toRr @iy WeeksesRhat 85m
are_sel ected fron1theﬁ€roup consi sting of tetraet hyl

am%bwtd]%rg@p@ to elart & heyrs.dat eremplerframnahiony 1 hour to about 120

cy ‘ciz‘jlwﬁe Xy P ﬁ%dlr&lﬂ& rgi%%lh%tk)%dh %x%%ﬁf%?ﬁﬂr%lfh or without

noagmnkmn3sudnggopylanlne (DPA) pyri di ne,
I sopropyl am ne, heated degraded forns thereof, and
conbi nations thereof. The pH of the synthesis mxture

10cont ai i@ Atth&d F9r R Atidh ivoRRs sﬁ% Héﬂé& aélue(fus reacélon

optionally a phosphorus conposition,
agenkturg cson@mag ahleycdsr ambentrod Iagemplfatlﬁg egan? td ﬂyﬂi@],hzsmmhunder

as.fro for l.Le from Gener

¢ by herntonitot, =St Aiors HLamuuue: bveaamatp s seve
V e$6i@latidh end 8RS Gtion A BleA etV LR UIIEARUS temgla‘ung
pressure, to a tenperature in the range of from about

806gent 8nd{poenganis e, todnluhit dissélnten abtba ol GOdE sieye.aBery tfor

15 2 S imple st ARoe AR ikt bt BHR Meebimia Ry

t hecfeignédiesi s of nol ecul ar sieve crystalline particles
is aided by seeds from another or the sane franmework
type nol ecul ar sieve. The tine required to formthe

eyt e Ao B ASFAOAEDE B0 06 ol
s evieval arevdeses bedindl (SaPhtynt Xdhe Xfﬂ%ﬁé(béﬂtfcﬂhmg)fhe tratiteofl the

20 fr ?erglp?e%?nugt ag%gt to pli]xosp%orus) [? atent cyv%eOkOSS 15% u(gshe oafsa r;odlﬁer
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 (phosphorus modified), U.S. Patent No. 5,925,800 (monolith
supported), U.S. Patent No. 5,932,512 (fluorine treated), U.S. Patent No.

25 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 template),
PCT WO 01/36329 published May 25, 2001 (surfactant synthesis), PCT WO
01/25151 published April 12, 2001 (staged acid addition), PCT WO 01/60746
published August 23, 2001 (silicon oil), U.S. Patent Application Serial No.

30 09/929,949 filed August 15, 2001 (cooling molecular sieve), U.S. Patent
Application Serial No. 09/615,526 filed July 13, 2000 (metal impregnation

including copper), U.S. Patent Application No. 09/672,469 filed September 28,



about 45 mi nutes to about 240 hours, for exanple from
about 1 hour to about 120 hours. The hydr ot her nal

wonrystiaddes zat i on may be carried out with or w PODWIS2004/017611

5

10

15

25

30

agitation or stirring. One nethod for crystallization
I nvol ves subj ecting an aqueousszreaction m xture
contai ning an excess anount of a tenplating agent to
crystal lization under hydrothermal conditions,

es i shin i\br bet wee Iecu r.sie

£ ol <5y S g ehesbr i Uisn BoeeprTRafiy s Rshtigss.s12
t hglRXaResy USIT 13rbdr8 dRERR theaNSle a0 SN whibRER: dltherein fully
inhibit dissolution of the nol ecul ar sieve. See, for
exdiepinorated By referieaet: No. 5, 296, 208, which is herein

fully incorporated by reference. O her nethods for

synt hesi zi ng ol ecul ar sieves or nodifying nol ecul ar

si eves are denee itadydtalikk ﬁolelaalaeﬁevé\prodﬁctagﬁ)rﬁﬁa usually in a
(controlling the ratio of the tenplating agent t
phé@ﬂﬁéﬁﬁ%)‘t mey be reogyapd brany gagstasd @slsmau%evel%&nawn in the art,

( ac:| Pr éc{']l on lﬁlg%ﬁé{ &bfélli&g @§%E%\gged7%§4tZﬁln%%gnICIe .

(t pﬁﬁlﬁmte ﬂbrnmllyl’teffrm@lrthe t'wetrfilee icalke)’, maly ﬂlen%tmhedhb;ach as with
5, 925, 586 153, 552 (p phor us nDdIfI

Pat @i agd.t @@zﬂsi 3@%%%@?@6@9}&5&%?@ wﬂ@aw& Yeht
NO ¢ ompS3or? 1R1trhAMHRYY, BR WA EAke Iﬁlagso e fodh ﬁfﬁe&ﬂ%ﬁo a catalyst
6, 046, 373 (el ectrondgneti c wave [ |ed§,

U. Sompediort diNetlysthass witheuf( qmtyld}rymgl cafaxrfteaommial drying.
nodifier), U S. Patent No. 6,225,254 (heating

tenpl ate), PCT WO 01/36329 published May 25, 2001
(swfacm(%mhh@ﬁe@mlé%@mrmv@@a 1 published

April 12, 2001 (staged acid addition), PCT WO 01/60746
publ i shé“@nmg@ms opBornpiwed Meldculss Bicye(Gatalysts. Pat ent
'3‘882' ?2 crqfc#ga% %ﬁ%lg '\@gfrs 5 Slhéc\%/lgcjo%ﬁ%sféln(l)lgg%l'g‘ru clajvset crgl'gal product,

Apphd @@Idaﬂ? bbelet ald NatrixGR4tedds, 32816 rdf@ﬂed]w ag aﬁmﬂ@i@@
regnation i ncl udi ng copper) t ent

(et al
Ap ptaly st il ngﬁ mgle bygpismg tegether m@saéérp%l@mstés (w@eb includes

éé%ﬁ*g#‘% EP9EG ey WA Gt SRR P B E AL i o
dr yiuntg. The slwadyas theardrisd éve)liquidhisabmaveel) akithdue cempletely

fuII i.nc orated. by refere
n¥ov1ng t er‘gemglate frorX the molremﬂar sieve. Since this dried molecular sieve

catalyst includes template, it has not been activated, and is considered a preformed
catalyst. The catalyst in this form is resistant to catalytic loss by contact with
moisture or water. However, the preformed catalyst must be activated before use,
and this invention provides appropriate methods to protect the activated catalyst

from significant deactivation.

The liquid used to form the slurry can be any liquid conventionally used in
formulating molecular sieve catalysts. Non-limiting examples of suitable liquids
include water, alcohol, ketones, aldehydes, esters, or a combination thereof. Water

is a preferred liquid.



Once the crystalline nolecul ar sieve product is
formed, usually in a slurry state, it nay be recovered

woypo@mngoss andard techni que well known in the aPCT/uS204/017611
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exanpl e, by centrifugation or filtration. The
recovered crystalline particls product, normally
ternmed the "wet filter cake", may then be washed, such
as wth water, and then dried, such as in air, before

FRECAA SR R R AR

| NfoPmalabt b NS laCHERA <0 Bf thid BOEtion. tgﬂl@ﬁ nia$eriéﬂl§ 0Yfpically
any drying, or after only partial dryin B

Fotffactise asithrnal sinka essitingdn @hltehln;gshealfromdhp éﬁélﬁﬁts o
c a?Oéﬁl]g/O%%tl%d or e%gnglg tr%lll.srﬁ% T n%?cr? %a% o> t'fhgg canCHIrt% et gﬁt % gensify the

sCUI%ar "Sreve ¢y
pr &uﬂédyit,coﬁipdsmml ig@khge chla@estrenacth sWeh b xruﬁmteéngai &nd dtGition
also referred to as a fornulated catalyst. It is nade

byregisianey ané feeaniol hsiraie of apnverdoming Restignlar HrWPﬁSé hNon-
' n{ﬂnﬂﬂ%ﬁe&%ﬁg@s%&‘ﬁ) ﬁila rllal qﬁ'élg%le dr(?l%}]el ur g Agrﬂiunetals

orma S

S| metay oxided ineludihy tﬂahlé Izn@omaj mqgnedla; 'Slorle,rbwﬁﬁ)t,, quartz, silica or

wi t hout conpletely novi ng, th nplate fromthe
Tk Rd ey dherfh 6 SRHPEle g GHTHBR S Pl silica-

ﬁl’lﬁsglllbé{]&l m{d%aailﬁmldatth&% not been activat ed

and 1s considered a preformed catal yst. The catal yst
inthis formis resistant to catalytlc | oss by cont act
W th nojsture .or..water. Howeve t he, pr.ef or ne

cat al ysin SRSSTIRIGEN DAFSHErYs gedeaalgas R et as those from

| N Fhrh2s Bf RGhERSIRRRE QRd kadlR. "BlebOfFulPelRy Cinkke kilins
activated catalyst from significant deactivation. The

| | lermvm ars &t exambler PixideNumes; Geargibandabilprify glaysl Non-
USRS 3 AR R ME AR Bl o

i nﬁdcﬂ@l@ ovvahfikite ab@ﬁbﬁdl],y, &ehﬁaﬂﬁs matdridg ipyﬁegblyeﬁyeffshe €lays,
a conbi nation_thereof. is a prefe

| | yaicalemstlraod teated, |aaqi/§r ﬁl?eémé%itt?eéﬁé |b|e§pr¢ h%lrlg. geadl asp ey
J{Hﬁ ondi€ dUﬁcﬁ:Ir B i‘%f?u‘t)ﬁﬁ_cfal%ﬁl{ngﬂfn%gnﬂéﬁ{ it %ﬂh%ﬁal will still

st of 't vention. Such materials
t v ealsidgredfvigid mdeeriakastlbeg asthe matdeml hma‘tﬂaeﬂgpnemously used
ShJ el di ri}g E?at from the catal yst conposition, for
20 exmASREAYH doHR Bgener at i on. ~ They can further act to
density the

In a particular embodiment, the matrix material is a clay or a clay-type
composition, preferably a clay or ‘clay-type composition having a low iron or
titania content, and most preferably the matrix material is kaolin. Kaolin has been
found to form a pumpable, high solid content slurry; it has a low fresh surface

area, and it packs together easily due to its platelet structure.

Preferably, the matrix material, particularly clay, and preferably kaolin, has
an average particle size of from about 0.05 um to about 0.75 um; more preferably
from about 0.1 um to about 0.6 um. It is also desirable that the matrix material
have a dgg particle size distribution of less than about 1.5 pm, preferably less than

about 1 um.



catal yst conposition, increase catalyst strength such

as crush strength and attrition resistance, and to
woamisrod468 he rate of conversion in a particul aPCT/US2004/017611

process. Nonlimting exanples of matrix materials

i nclude one or nore of: rare-garth netals, netal

oxides including titania, zirconia, magnesia, thoria,

beryllia, quartz, silica or sols, and m xtures

t hereof ;. f.or exg

silica- %mﬁ%ﬁf r@?gt 0@3{1}1 {né:ﬁ}dng %gﬁe silgryalilseﬁ]to gxaket e

Si ﬂohﬁﬁlaféh%l@&liﬂh@é’de @ataly3tsQUTEhi MBRES® NSuchastetins act like
materials are natural clays, such as those fromthe

f aghi¢,ibiling togather the madedulas seve crstaly and othergrateralste form a

cl kaol i ns,. kn .. fo L@: DL Xi
Rt SO N AT BB e

5 exﬁﬁi@h@%’ £ oPinb ﬁ&ixlide)@omaéueli h@hgdrited Ialmlmfnam ailicayy and/er
, kaollnlte dickite, nacrite, or anauxit

qmth@naong?nlcpﬁéle s il onpermpodimentfdhe | %néfﬁmgpna Hie tindey fpan
e
tr BB e SO Bro G RSB GT chuBERy Blac? (B injag, he
t hi@ogahicexade smhh@cmﬁzbrteduntd aaimmmhic dxtide mmatrixi component, which
material wll still be .con der%ﬂ gin materi.al as
o gy ot BITORRSE AM BRGh Bl D e S SHgY [
10 a(%o%ﬁ'd%ftloBOWL: 8 anl dhurRinB 361 W A et R AT AIIR M iumt Jidde
ri’x materi al a clay or a clay-type conposition,
prmmﬁmabngwagdmmmannaﬁay type conposition having a
lowiron or titania content, and nost preferably the
matrix material is kaolin. Kaolin has been found to
form a RURARINE chlBiBdRR) h dyS@RYBRA abliinivth bhdedR8Bcotaining
low fresh surface area, and it packs together easily
d uechlorifle eoupteatien, etsodmowo e plimimuet eratohydrof, thas thetgenszal
er|ﬁl particularly clay, and preferably kaolin,
H4aver age particle size of fromabout 0.05 nmto
about 0.75 nn1 nDre pr&f ey Cl ai,apout 0.1 mmto
about 0.6 mm is also deS|rabIe t hat

rrahwberpm Mg} &0 ao d’g‘ééé? Bi e 1se> Widlerds $1¢ i%@?& &ris éfto PRslp one
t
mn‘gﬂ (%gl%lé}lt i!hesf’l %@46 p{)%’ )(/3& ienCF% de% RReLibld ; n G.M.

ers’are a so 0 In the slurry
usBlietmarg keealt, kSeud Sum&atced Croble 6, pagesile$d 44 Aladviet s

of th|S|nve materlals ct i ke
20 b AHE G ORCTRER S TrSrBcoorre BE rerE e s St
Ot BEhodTRER!, bRt §r mbR HifdeR &re present in combination with one or more

other non-limiting examples of alumina materials such as aluminium

15 4

oxyhydroxide, y-alumina, boehmite and transitional aluminas such as a-alumina,
B-alumina, y-alumina, §-alumina, e-alumina, k-alumina, and p-alumina,
25  aluminium trihydroxide, such as gibbsite, bayerite, nordstrandite, doyelite, and

mixtures thereof.

In another embodiment, the binders are alumina sols, predominantly
comprising aluminium oxide, optionally including silicon. In yet another
30  embodiment, the binders are peptised alumina made by treating alumina hydrates
such as pseudobohemite, with an acid, preferably a non-halogen acid, to prepare

sols or aluminium ion solutions. Non-limiting examples of commercially



fornmul ated catal yst conposition. Non-limting exanples
of binders include various types of inorganic oxide

weabws/wueskh as hydrated al um nas, silicas, and/ scTash®r/o17611
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i norgani c oxide sols. In one enbodi nent of the
i nvention, the binder is an apgim na-contai ning sol,
pref erably al um ni um chl orohydrate. Upon cal ci ni ng,
the inorganic oxide sol, is converted into an

[
par‘g %B‘l:e(‘toﬁéldg%l%ir{avs)élsl 1%5[?%@1?}?%0 8%? 8@&8 able rom II\Ieacl:col ar
Si eemizal @b yﬁhpmﬂtepﬂliﬁ(bi@,mnd Wac@])@alﬁﬁﬂﬂe ﬁ@[h thk Wyiao@l Nano
sol wil] convert to_an al um nium oxide matrix
f ollPRPIRgY Aekat Bosterh Msschusqttni ni um chl orohydrate, a
hydr oxyl at ed al um ni um based sol containing a chloride
counter ion, also known as al um ni um chl orohydrol, has
t he genHrtﬁhde%dnmilmedannﬁiﬁQﬁ)s@ﬁdlpc@k{rkﬁ@)e oataé}rseitlne a:atélgst is
1to 20, is, 1 to 8, 5 .ta 40, is 2 to.15, and
x pestieiss mndglesH kst éﬁblﬁéﬂtls Ui Tt et pEbipflgratged to
4( 9?%%4@167 mbhlag Q)ev@@atél?stQErﬁf‘éE isBRHadJut DMy weight to about
VT t 76,

rai an, et al ScL and Catal,
page’ bl!OBGlglzﬂtélbaSEﬂ Qe\‘vlneetx)tal mghepﬁ‘dnmblm@QShe wiolechlar sieve, and
herein nco rat e n,.anqt her
enﬁwrﬁ@mm d ity e f 1?5 fig ¢ w@ém affpr drying).

C OpRIfably Ahe Mhbilht smaér wHed € ﬁﬂeb% tﬂ@ﬂroldcﬁ]alr 518Gk catalyst
exanpl es” of alum na materials such as al um ni um

oxyange Binaboutgi’a bynveight thalrwi20% tanveighbmsire prsiripdly from

al ul'l)out 9‘% By ngﬁ’? to%%o?utuig"}] %& W ré’l,t,l’%grs]%fl%r_l %eﬁ!r)ntléwg, B3ht of the

a| b e, ﬂi@lﬁ(ﬁlb&’l}lﬁf dsiedignd @ptiohalsingiudbs ntatrix Maeinl, tRcluding the
nordstrandlte doyelite, and mi xtures thereof. In
anb@ﬁéKl%nﬁ%ﬁlﬁ%ﬁg) t he bi nders are alum na sol s,

5 predom nantly conprising al um ni um oxi de, optionally
|nclud|ng silicon. In yet another enbodi nent, the

bi Ader s MakengpeepiuityedttaMobdcniar Bde Coystals eat | ng al um na
pseudobohemte, wth an acid

hydr at eg, suc
ot f er abh TRleigih REVOHNeRAGmAY il lidyd withe gptional matrix

al Hﬁe@i‘a}‘ﬁﬁd/&rblﬁ&lr WsionvdRRnki t@&ﬁﬂl(ﬁ\ﬁés & PdH?J £8u@V. The
conmer ci al | yavai | ‘abl € col [ oi dal al um na sols include

Nat@op@67t cay be Inzik¢dinfany prdds) and the mixture is thoroughly stirred to

form the slurry. The more thorough the stirring, the better the consistency of the
slurry.
( The mixing of the slurry is preferably sufficient to break any aggregates or
large particles into smaller, more uniform particles. In general, the more vigorous
the mixing, the smaller the catalyst particles formed in the slurry. Mixing using
high-shear mixers is preferred. In general, high-shear mixers are capable of
rotating at speeds of at least about 3,000 rpm laboratory scale equivalent.

Solids particle size of the slurry can be indirectly determined by measuring
the viscosity of the slurry. In general, the higher the viscosity, the smaller the
solids particle size in the slurry. The viscosity of the slurry should not be too high,



Chem cal Co., Naperville, Illinois, and Nyacol
avai |l able fromthe Nyacol Nano Technol ogy Inc.,
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t he nol ecul ar sieve catalyst, the catalyst is
considered a binderless catalyst. If binder is used,

t he anount of binder used to prepare the nol ecul ar

si eve catal yst ranges from about 2% by wei ght t o about

30% t he .t ot I L.

o1 R M b RS B R R dHk ﬁ‘?es bhp o the
B 1§ ing VAR ﬁJduc@a@éE}fS]td 18 @attd fo@uich. (i . e., af ter
drying). Pre erably the anount of binder used to

prepare the nol ecuI ar SI eve cat al yst ranges from about

5% by ight to t jues I

fr(:)m a 5‘ng‘ ?6}"’891 nltj tRFf' %%'tvgl%g%}oy ﬁ%ﬁgﬁgﬁlg@sed
onotinea/éeey & aboki QBOO elP @. ﬂPa/bed)ﬁﬁmedsh&dlmhg(aBﬁbkﬁeld LV-
sieve, and optionally included matrix materia

exRVEdiisrgmetss WithaNg: 7 spiadle aq§Q im.gPspfsahly. the SllVﬁ‘lYlhﬁﬁa
S| YELiMoF f} ﬁ[}{ba}bgﬁtl&(ﬁ)r cpﬁ'gez’ﬁﬁ/% ?(ﬁ)t eﬁJo + $860 gph@@ %%Ecgn%rfd

si eve crystals are m xe |qU| ‘and t he opti
MBibioprefatably BbmabdAE50PROST5 Passer)toabomtehG0oePa(8 Pa/sec), as

techni ques. to for l_ur The co nept s can
mi RERFUTSH USing %?@@Pﬁggﬁaﬁpﬁ{é Visoommeig P g PG B flf‘? at 10 rpm.
stirred to formthe slurry. The nore thorough the

stirring, the better the consistency of the slurry.
The m Xinregotifer emboditnent, yhd Surpy bdser soibidy centértiof ifepm abagt

ol VB PSP o) 2 beed o ol Beaht S e o PG ab e
t hguii, XhdWsolddB @odtBRY dfFFonk BISoE A5 &t Y6 to Svut 70 b\@%,frﬂcﬁrﬁEd
in the slurry. Mxing using high-shear mxers is

prl@ﬁﬁmﬁéﬂ froprabggh2t wt % 1oi apRuistPewt Yorbassf ondhetoia prgghs of the
t t
iR bt e SRERT o atesl B fing R borteihel Bifhus

t hHoﬁ/bera/CEMI\/fﬁS 700ini@cwhve wefflerfinedispartiedalyr prafgrred to
the viscosity of the slurry. In general, the higher

t heive resaliseanpistanh @it i yavesppgited dierei® particle size in
the slurry. The viscosity of the slurry should not be
too high,so that mxing is not effective in breaking
apart | Br@e epshodimérgsthe shurtyased mvpalsathe lﬁatnudiatyd mglegitlat
nogleverc(gl(’c:I }(l:s(te Cgl’(l:tgl?ls Hoﬁl%lef a " gtlrlc):iln(leaterlaln?a welght ratio of from 0:1 to
1:1. Preferably, the slurry used to make the molecular sieve catalyst contains
binder and matrix material at a weight ratio of from 1:15 to 1:2, more preferably
1:10 to 1:2, and most preferably 1:6 to 1:1. In case where binders are not used,

the molecular sieve component itself acts as a binder.

3. Making a Preformed Catalyst

Water is removed from the slurry containing the molecular sieve crystals to
form a preformed molecular sieve catalyst. Preferably, the slurry is fed to a
forming unit that produces the preformed molecular sieve catalyst composition.
The forming unit may be any conventional unit, such as a spray dryer, pelletizer,
extruder, etc. In a preferred embodiment, the forming unit is spray dryer, which

removes water from the slurry by a heating or drying process. Preferably, the



In one enbodi ment, the slurry has a viscosity of from
about 100 cP (0.1 Pa/sec) to about 9,500 cP (9.5

woan®s@o)468 as nmeasur ed usi ng a Brookfield LVDVEPCT/US2004/017611
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viscometer with a No. 3 spindle at 10 rpm Preferably,
the slurry has a viscosity ofodrom about 200 cP (0.2
Pa/ sec) to about 8,500 cP (8.5 Pa/sec), and nore
preferably from about 350 cP (0.375 Pa/sec) to about

8,000.cP (8 Palsec as, measured i ng, a Brookfie
R whharunEid a5 g SuitE B0l soF oy of e
anpghefrogipedive®nt , the slurry has a solids content of
fromabout 10 wt % to about 75 wt % based on total

wei ght of the slurry. Preferably the slurry has a

Iid f, f o 7 g
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bagiedy onttehgoleailal sieveipghiclef atd@tidhalr hytrix bhaterdallahd®r binder,

content can be neasured using any. conventional neans.
Holrefgd fo, the sprex/Avies wobalgng wé ngreps-o Lhe diyangeegs sontacts
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s| eatalystu Sodvémionalkdryingeohditinnd ende used.eSudharonditiene include an
catal yst. contai ns binder and matrix materi al a

weP e BBFTF R TSI from pogut @ﬁ? 2 55 Bnd an

S| MehYoelbR ALk &&P%{ﬁﬁe mgmgﬁﬂr&ﬁ Ubéikt 19heY & afupbysiC.
contains binder and matrix material at a weight ratio

of from1:15 to 1:2, nore preferably 1:10 to 1:2, and
nost pref erabl 6 tg 1:1. In ca wher e bi nders..ar.e

ot uselu Py tag e Uiy b TaSRIGHEHEn fpgefs CinkiBlif te
a Qi efto shall MBI réscRithg aiBerosalsplaySintd R iBfind Shamber

renmoved fromthe slurry containing the nol ecul ar sieve
cr yhetglatomigatiasy qpcarsp Addizaten insichicuedby Eireing thoatlary geough

Pr ef.erabl t | .ad i '

o SRRy RuFbHE b LBy bl P Hhde 41m aou
COnpPPdi4 tocboutl he0d peiaiabgut ot kYo bisowa 6896 Giwein tTh ansther
unit, such as a sp_rafly dryer, pelletizer, extruder

et embodimgnip thersbrpiely fecibernahemingle H@ZZ#%?WH@pEﬁﬁQZZ§e§ along
PLAN off rayo%iéatm' FRoAELRY M@E% as;dgﬁ‘? gﬂeﬁllﬂeﬂﬁé s ¥r 8% Rher

ﬁeatlng or drying process. Prefter thef ofmi ng unit
| ssuimbletgasned at a tenperature sufficient to renove a
majority of the liquid fromthe slurry.

In yet another embodiment, the slurry that is used to make the preformed
catalyst is directed to the perimeter of a spinning wheel that distributes the slurry
into small droplets. The size of the droplets is controlled by one or more factors
including slurry viscosity, surface tension, flow rate, pressure, and temperature of
the slurry; the shape and dimension of the nozzle(s); or the spinning rate of the
wheel. These droplets are then dried in a co-current or counter-current flow of air
passing through a spray drier to form a preformed molecular sieve catalyst
composition. An example of a conventional spray drying process is described in

U.S. Pat. No. 4,946,814, which is incorporated herein by reference.



When a spray dryer is used as the formng (or drying)
unit, typically, the slurry of the nol ecul ar sieve

weanisiood4es, and optional nmatrix material and/ opChiuse®n/o17611

is fed to the spray drying unit along with a drying
gas. The drying gas contacts_pde slurry and acts to
renove water to formthe preforned nol ecul ar sieve
cat al yst. Conventional drying conditions can be used.
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about 2500C, During spray drying, the slurry is passed
t hisugeformedbmplesuldr sieYq gaRlY H Gormesisipi pe §s forfkposering pctive
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perimetér of a spinning wheel that distributes t

s| seateequipmerdnal | dropl ets. The size of the droplets

is controlled by one or nore factors including slurry
viscosity, surface tension, flow rate, pressure, and

t enper afdig@e @hbdditBerdloff teyinvériRnsthe Poledithr GieVe Rt nl
the nozzle(s); or the s?l nning rate of the wheel.

Thegwated gy remeviag éhe tewplaie by Beatn Ima prsfertadreaphodgpent, the heat
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ar sieve ca

cotgpgsatt.i Breferdblyetkiampleubi sﬁve nmvaml isdrealed aps eympbiatureg
process is described in U S N%@ 946, 814, whjch
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material is activ y renoving the tenplate from
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as. to expose ive. C tic

20 Sishis DR ekt e PR G I SreSorie Raoranpeferably:
following removal of the template, any water entrained in the catalyst is also
removed, preferably by appropriate heating using a dry gas. Preferably, the dry

gas has a relative water pressure of less than 0.0001.

Heating to remove template and activate the molecular sieve is generally
referred to in this invention as calcination. Conventional calcination devices can
be used. Such devices include rotary calciners, fluid bed calciners, batch ovens,
and the like. Calcination time is typically dependent on the degree of hardening

of the molecular sieve catalyst composition and the temperature.

Conventional calcination temperatures are effective to remove template

materials and to activate the molecular sieve catalyst of this invention. Such



conventional technique, including for exanple by
el uti on nethods or by heating. The nol ecul ar sieve

wonystiadsst hensel ves can be activated for i mmedCats2004/017611
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catal ytic use or for storing or transporting prior to
use. However, it is preferresdzgdhat the nol ecul ar

sieves be fornmulated into a preforned catal yst, then
activated, since the sieves are typically npost useful
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aﬁef@m;ﬂ G At SCIPIED Gbaht $908C LarfiCHbS rabllyMrddi gbout
enbodi nent of the invention, the nol ecul ar sieve

mad ¥’ Cdp abeuta@07Gat ed by renoving the tenplate by
heat. In a preferred enbodi nent, the heat is
sufficient to renove water that is forned as a result

of Dt he swrpesifiARfivatd Shwe e Fpmaileted Paefigstabl y, the
nol ecul ar_sieve material is heated at a tenperature
gr eat er Follpying heat@etiyation bytcalppupg i csayple deaptivagd

t N 31 GiAP ﬁfe?é i rcgole}ﬂasgﬁre if &ﬂp?%lgg#fé/itﬂé%t tagégéé}%fﬁiéésthétqg too
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by contacting wi.th steamat a tenperature greater than
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in the catalyst is also renoved, preferably by

appdepri ate heating using a dry gas. Preferably, the
dry gas has a relative water pressure of |ess than
0.0001. Heating to renove tenplate and activate the

ol ecul BY oriel @R dirfierl SRi6Tead1hYsié RS @ntLhink Gerhplateldk § preformed
i nvention as cal ci nati on. Conventi onal cal ci nati on

devdtdesf iseaicibed inseeplcimition weiip gelivatethedadequdargioye. Following
cal gi-ners, .fl uj '

CoLBRE, o O B FE1 PR RS0 AR
degiokeulaf sibas @enedagelfactingedrplobeuladbicsé)dy eoslad, ahy placed in a

conposition and the tenperature. Conventj onal .
cafitaingr fontransppid ohlarags. dnis astyaion apd sibsedwsnb geeling can be

tegpiéd Gut kAL Bnitd\ i %@s‘égi it phdiSuldRY G WoiateeEM¥hs of
ca?%lyst gﬁgﬁa;rs ?Irlllventllhon. S\éﬁlté er%t u#esé%rg Eitfis o
gethesahe ynitn t he range from about 4000C to about

1, 0000C, preferably from about 5000C to about 8000C,

and nost preferably from about 5500C to about 7000C.
Once the temperature of the catalyst falls below water critical temperature,

catalyst deactivation begins to occur as water molecules will generally be present
as a result of the combustion process. Gas can be swept through the calcination
unit to aid in cooling, and the sweep gas can also contain water vapor. Although
the presence of water molecules can deactivate active catalytic sites, the presence
of some water is tolerated according to this invention, since catalyst temperature
and time of contact with water vapor can be controlled to minimize catalyst

deactivation.

Examples of sweep gas (the gas contacting the activated molecular sieve)
include air, nitrogen, helium, flue gas, CO,, and any combination thereof. The gas

that contacts the activated molecular sieve contains at least a measurable amount



D. Storage of Activated Sieve or Fornul ated Catal yst

Fol |l owi ng heat activation by calcining for exanple,
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generally be at a tenperature that is too high for

I medi ately handling or loadifig.into a container. In a

preferred enbodi nent, the activated nol ecul ar sieve or

formul ated nol ecul ar sieve catalyst is cooled and
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contact, I1ncreased water pressure can be tolerated. In
one enbodi nent, the gas containing water has a

20 relati Vlen }\ll\eﬁ{:1 Eal(;orther embodiment of the invention, the container provides an
anhydrous environment for the activated sieve. Such an environment can be
provided by covering the activated sieve loaded into a container with a gas or
liquid blanket under anhydrous conditions. As provided herein, the anhydrous gas
or liquid blanket will have no more than a limited amount of water. The

25  anhydrous gas blanket can be provided under vacuum conditions or under
atmospheric or greater pressure conditions, and will desirably have not greater
than about 1.2 volume percent water, preferably not greater than about 0.2 volume
percent water, and more preferably not greater than about 0.02 volume percent
water. The anhydrous liquid blanket will desirably have not greater than about

30 200 ppm water, preferably not greater than about 100 ppm water, and more
preferably not greater than about 50 ppm water. The anhydrous environment can

be applied during storage, transport or loading of the activated material.



pressure of at least 0.001; in another, a relative

wat er pressure of at least 0.01, and in yet another a
woeb@toowss wat er pressure of at least 0.1. At PCT/US2004/017611

tenperatures where water adsorption by the activated

catal yst can occur (e.g., belpw water critical

tenperature, such as not greater than 3000C, 28Q0C or

2600C), the activated nol ecular sieve is contacted

with the swee as (i..e.,.the gas is.s t hr ough_t he
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anot her enbodi nent of the invention, the container
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15 conditions, and will desirably have not greater than
about 1.2 volunme percent water, preferably not greater
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preferably not greater than about 0..02 volune percent
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tenperature an

hydroisomerization, olefin hydroisomerization, olefin oligomerization, olefin

polymerization, reforming, alkylation, and disproportionation of aromatics.

25 In operation, the various reaction systems are generally operated at
temperatures above the water critical temperature. In certain unit operations, e.g.,
unit start-up, unit shut-down, unit interruptions, etc., temperatures may drop to
below water critical temperature. If water vapor is present when temperatures
drop to below the water critical temperature, catalyst deactivation occurs. It is,

30 therefore, important that the reaction systems be operated to control one or more
variables of time of contact with the water molecules, temperature drop below the

critical water temperature, and relative water pressure in the reaction system.



pressure conditions and does not react to any

significant degree with the nol ecul ar sieve structure.
woheosgasies s preferably sel ected fromthe gr oupPCT/US2004/017611

consi sting of nitrogen, helium CO CO2, H2, argon,

@2, light al kanes (especially3{1-C4 al kanes,

particul arly net hane and et hane), cycl o-al kanes and

m xtures thereof, e.g. air. Air is a preferred gas.
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tenperature, catalyst Ivation occurs.
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bebws EREpt through the system) for a time effective to maintain a catalytic

activity index of at least 0.7, preferably at least 0.8, and more preferably at least
0.9. The activated molecular sieve is loaded into the system either before or
during the start-up procedure, and is desirably contacted with the sweep gas (i.e.,

25  the gas is swept through the system) for not greater than 500 hours, preferably not
greater than 250 hours, more preferably not greater than 100 hours. In other
embodiments, the sweep gas is contacted with the activated molecular sieve from
0.01 hour to 50 hours, or from 0.1 hour to 50 hours, and more preferably not
greater than 24 hours or 12 hours or about 6 hours.

30

It is desirable to heat up the reaction system as quickly as possible so as to

minimize any possible damage to the catalyst in the system as a result of the



critical water tenperature, and rel ative water

pressure in the reaction systemln one enbodi nent, the
woeeaistooorws system i s heated to start-up the reaeCras2004/017611

system by sweeping a gas containing water through at

| east a part of the system Expnples of sweep gas (the

gas contacting the activated nol ecul ar sieve) include
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eventually fall below water critical temperature. It is desirable to maintain a shut-

25  down temperature of at least about 150°C for as long as reasonable where there is
contact with water molecules in the sweep gas and the activated catalyst. At
temperatures below water critical temperature, e.g., not greater than 300°C, 280°C
or 260°C, the activated molecular sieve is contacted with the sweep gas (i.e., the
gas is swept through the system) for a time effective to maintain a catalytic

30 activity index of at least 0.7, preferably at least 0.8, and more preferably at least
0.9. The activated molecular sieve is desirably contacted with the sweep gas (i.e.,

the gas is swept through the system) for not greater than 500 hours, preferably not



greater than 24 hours or 12 hours or about 6 hours. It

is desirable to heat up the reaction system as quickly
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the catalyst in the systemas a result of thecatal yst

com ng into contact with noistyure below the critical

wat er tenperature. Once, the systemis above critical
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i ndoeasedewat er pressure can be tol erated. Increased

wat er pressure is also desired to the extent that

wat er generally has a higher heat capacity than dry
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cooling down the reaction s stem In one embodi nent,
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20 ot r | CNPRTIBIRE Grparig: (F bt G eGP BRp B REHde
30Q06ho1£&fH&s methanol and ethanol, alkyl mercaptans such as methyl

mercaptan and ethyl mercaptan, alkyl sulfides such as methyl sulfide, alkylamines

.er ..
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such as methylamine, alkyl ethers such as dimethyl ether, diethyl ether and
methylethyl ether, alkyl halides such as methyl chloride and ethyl chloride, alkyl
25  ketones such as dimethyl ketone, formaldehydes, and various acids such as acetic

acid.

In a preferred embodiment of the process of the invention, the feedstock
contains one or more oxygenates, more specifically, one or more organic
30 compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or

more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
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activity index of at least 0.7, preferably at |east
0.8, and nore preferably at lgast 0.9. The activated
nmol ecul ar sieve is desirably contacted with the sweep
gas (i.e., the gas is swept through the systen) for

Dot lsTRLRRs figtR 1 7 4P sPibh by BisFaaR it 196 T8 heh s,
| nasfet 184t pedtBRBlyNReth 9, to YUNQronRedIng aBhd AcsHIN @etigds edbtock in
the activated nol ecul ar sieve fromO0.01 hour to 50

hotlie process dirtberinyentiovinelude layer iseight andrianabed chain aliphatic
pref erabl I hours or 12 hours or
ab%ﬁ@“%s%%Uﬁ%&“%%ﬁ?%%dﬁéﬁﬁg?ﬁ %rruptions, it is
desirable to maintain the reaction system at
tenperatures at |east as_high as water critical

t enper atordimifipgexasplenezaxygenatsdpdndemgihrnelgetiangl. n-

in t:] i fqf o ' t @ 1
coPSPEEHIRERD s et Sl ai BRP Qer, BcBRPL TR 00

dr Bpgropy dtisaneformhldahydet éimetlyl carbahate,alimethat kietene, tabetic acid,
reacti on system.can be effectively operated as in shut
doﬂ%“ﬁﬁ@g?sﬁﬁﬁﬁﬁe enbodi nent of the invention, the
reaction systemis an olefin formng reaction system

in which feedstock is converted into one-or nore

ol ef n( sl th@ ypiscprefoyredtehbofimechs ttbe feedgintkaisssleoiae fipm one or

nore al/ tic-containin ounds, such that ,the.

o FprRt B ol R iRy PR S SHE o mtipign thereot
at HidFo prefécablRfefiaf dhdld@meyFanh&o fnBinesiEprefefiblyEnaiahésl.
from1 to 10 carbon atons, and particularly from1 to

4 carbon atonms. Non-limting exanpl es of

al i phat {-c- cont ai-ni 0 S pnel ch
s ot il AN RGP ARG 0F R RGN A g
meédiydining AR o f@dnate, atote partiyllanes Caditack caltkiyiingsml di¢otes is
such as nethyl_sul fide, al ky]am pes such as

meeYFEeA Pramarlyiplo enersmore plefingd dhaleRiis) sraduped from the
di Fe%@f«l)ckﬁtgplﬁé]]l}afgﬂie@&ﬂwt8t3h365rb§£Q A sr g#e%gl’ﬂ?g: tE%ﬁ%rbon

such as ori de and et hyl
k eatomssmereqitefamblii 2red 6yarbluetions, stilomoed wrefeyabés? tah darbons

vari ous aci ds sych @s, ac ti'c acy d.
atoms, and most preferably are ethylene and/or propylene.

The catalyst composition of the invention is particularly useful in the
process that is generally referred to as the gas-to-olefins (GTO) process or,
alternatively, the methanol-to-olefins (MTO) process. In this process, an
oxygenated feedstock, most preferably a methanol-containing feedstock, is
converted in the presence of a molecular sieve catalyst composition into one or

more olefin(s), preferably and predominantly, ethylene and/or propylene.

Using the catalyst composition of the invention for the conversion of a
feedstock, preferably a feedstock containing one or more oxygenates, the amount
of olefin(s) produced based on the total weight of hydrocarbon produced is greater
than 50 weight percent, typically greater than 60 weight percent, such as greater



In a preferred enbodi nent of the process of the
i nvention, the feedstock contains one or nore
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conmpound(s) containing at |east one oxygen atom In
the nost preferred enbodi nent;of the process of

i nvention, the oxygenate in the feedstock is one or
nore al cohol (s), preferably aliphatic al cohol (s) where

i B Sy Al i B
andy et fﬁ% h¥of e{tl%m:r;e 4R/ ot ey RAIR REARd bdf on the total
al cohol's useful as feedstock in"thé process of the

i weight afihyiinchibde praduet protineddgh greated thanddcheightateegent, such
Ny ORI BEaT Gk L Rk s TeEhERISH and
et iaRelbly PRARPARAI7S Weigﬁgat@ﬁsgﬁﬂl Typi@lpyihe abdtyht &hjiefe

di'net hyl™ et her, diethy r, diisopropyl ether,

f oprndiiagd Hy teightl pereetiyplsaslarbiba satel, weighfal thy fraeatben groduct

aceti.c gcid nd, mxtures thereaq .
riapufeedir arestatu YEiEh paERERben A wbaly BB 3 weis,
ONEer&int,TOF ExagfpldBleb@n Han 46 tWdgtalperadhtrdh hyditiehibe amount of
di‘et hyl ether "or a conbination thereof, nore

prigpeylans profuecddn seighh aeigrmertA o éotal weightidiydrocarbon
pr.ef . QU ' .
250 Bhe BLotTEd 83 Pher (RIER 0 EloBl Perk R TR Brcle? A8 g
Oxjygesnatior exmipte penter thahd0Iweightfpemdst, ank pefertbdly wreater diman
al cohol, is converted primarily into one or nore

ol BF WAk Perqit ol ef i n(s) produced from the feedstock
typically have from2 to 30 carbon atons, preferably 2
to 8 carbon atons, nore preferably 2 to 6 carbon

at ons, Bitadditiomdp ¢heprxyienaib tymponteot, Jucheasinetbans dhe feedstdck

nost preferably are hyl ene, and/ or p I . ..ITh

c oy Betaias RS EPG AR e T RO aF £ near pictiF B g
usRE@todkbritiSle AIIAGRSS chia@ist tSmBRRRMaINdYrd BhRialle dsddrodsduce
the gas-to-olefins (GIO process or, alternatively

t hide werdsanation of the &fedsiack. NFe)-lipridesewmples afdilgents mclude

proGgess, an o n f c / )
R R s R
pr Rs@Reatiffias (septdilyalkMieevehea tdilysie, ahapoaid propane),
into one or nore olefin(s), preferaply and

pr esseHiaHH APR-yeacky p FIOEREC SABPEYN]Sy Fs\ipEsigres thereof. The most

preferred diluents are water and nitrogen, with water being particularly preferred.

The diluent, for example water, may be used either in a liquid or a vapor
form, or a combination thereof. The diluent may be either added directly to the
feedstock entering a reactor or added directly to the reactor, or added with the

molecular sieve catalyst composition.

The present process can be conducted over a wide range of temperatures,
such as in the range of from about 200°C to about 1000°C, for example from
about 250°C to about 800°C, including from about 250°C to about 750 °C,
conveniently from about 300°C to about 650°C, typically from about 350°C to
about 600°C and particularly from about 350°C to about 550°C.



Usi ng the catal yst conposition of the invention for
the conversion of a feedstock, preferably a feedstock
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of ol ef m(s) produced based on the total weight of
hydrocarbon produced is greaggr. than 50 wei ght
percent, typically greater than 60 wei ght percent,
such as greaterthan 70 wei ght percent, and preferably
greater_.than 75 weight percent. In.one enbodi.nent, the
anount B équg%ﬂ@s‘%ﬁﬁf FSSfRBAGIcRdIS LT &Y 1ge§\§aél_ge 8§
t ?es%ﬁ‘é@knc‘f‘fﬁii%ﬁut@éenﬁ%@ﬁ@%f@ Oy URE partiaiditestrd &F the
wei g

greater than it ‘percent,” such as_greater than
7 deatstoghexgusive nf anyf diluentthensincergplenedein thépiecyss ingl prange

per.cent,. an r.ef er abl rgater .th 7 [

PSSR o) ARG AR BB e ARl B e s
WeNTDAY, aRE E&BRhichaP BEnPabotilZ0 kPdato abBigHIl kPha.

hydr ocar bon product produced, is greater than 30

wei ght percent, such as greater than 35 wei ght

percenty, for. r 0 ' .

" e TeofviefiRUR Spite BloCly (AL Ul M tAPORA Weightof
wakghitocRekel@bingbag diluais pdidoudperl weightgifitmadécular sieve in the
hydr ocar bon pr oduct ﬁgoduced IS gre? er than % ,ght
peatadyst compesitions typiedly gangep fienpebopg | Ykt top%"&‘& 00 rypsuch as
e I r,aqti i ref ebak1%00
o BR bR b AR TPY e Ll ) gt

OXyﬁﬁmQMEmcﬁﬁ@ﬂbehhnabmﬂhO&SJMEﬂhnméow)hﬁeIﬁ@edsm@oﬁnwnt
al.ns one_or

my con re djilyent(s), ich.are
aheROTh] inarareuen 20 BT ol ner bRl tcbi i Rebapel andror
Si Cﬁ%@th%?%tﬁleﬂfginqmﬁgé b REmABBuE it XO bt Bwo used to
reduce"t he concentration of the feedstock.

Non-limting exanples of diluents include helium

argon, nitraogen, carbon .monoxi de. . car L OXI .

wat er, @ﬁg‘? BIOFGSS ﬁ%ﬁ(fnéig‘ét?g\l}’ea glglrdg%efi Po%@ tgég eegiﬁ% } &S

al Jednes (Sush) otheeédiane in@udiag diluan endreap@dieproducts within the
essentially non-reactive aromatic conpounds,

.ar and
i IxadipieRy stette pad partivyarlyrpdthings dee reastpre) i ahleast rlemeter per
wat er it i t [ '
o F o 0GR ere el Bl BIsh B 16k RAGEAEL AR fusce, for
ei dxaipld gredtet thenl 2 dn/sdc, sonv@piently greater drans mbetiandtyweally

thereof. The diluent may b t ded di tly. t
e o oot 0 o2 1 e e fh et 1o
Egk?)é ‘((f—};a’?f}?,oﬁled ovBRI6% WobH Wilieh FHRGH LROrpOEAYEDY reference.

ys$t  conposi tion.

The process of the invention is conveniently conducted as a fixed bed
process, or more typically as a fluidized bed process (including a turbulent bed
process), such as a continuous fluidized bed process, and particularly a continuous

high velocity fluidized bed process.

The process can take place in a variety of catalytic reactors such as hybrid
reactors that have a dense bed or fixed bed reaction zones and/or fast fluidized bed
reaction zones coupled together, circulating fluidized bed reactors, riser reactors,
and the like. Suitable conventional reactor types are described in for example

U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and
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of tenperatures, such as in the range of from about
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about 8000C, including from about 2500C to about 750
0C, conveniently from about 3{300C to about 6500C,
typically from about 3500C to about 6000C and
particularly from about 3500C to about

5500C. Simlarly, th esent, pProcess .cap pe duct ed
R I B el S U T R
PressidhRe Comaag] Now thek e ivakk POES StHiéh 4 all Merein fully
feedst ock exclusive of any diluent therein enployed in
t hacprporsésskbyi idrencehe range of from about 0.1 kPaa to
about 5 MPaa, such as from about 5 kPaa to about 1
MPaa, and conveniently from about 20 kPaa to about 500
kPaa. Tihge pefdgid rbtdrltypes pachsey etaeirt gereViiS\Jescritedliin®dser
as the total weight of feedstock excl udi ngoj an

9 B0 E A Fepgend

di Reastars Fedizafipmrangdiluigiel gticle o sts Ragrst
A . 4t i . b.oLit

S R P LN O . i

abNu1 6, 3e8)D8 hfast-fluidizedebednpactorf) ramch 1A BoBR4terd Applitatian Serial No.

about 1500 _hr. .1, and nveniently fromabout 10 hr.1
¢ OUBEAR L ritse My 4 200 ConBls s srsior "y el bl flly

ar gabSbrat A" 1 and, where feedstock contains
nert%halﬁ)ofa and/ or ! |cr$et hyl ether, is in the range of

fromabout 20 hr 1 to about 300 hr 1. Where the

process.is conducted in a fluidized bed e -
super f i 4 4 Iﬁ%\‘gl‘:@leqngéqdflyertt THET REC %%C&egitag&ﬂmdlzed bed
| NEloB&ls B9 hibihl veRslty TeHis Rl P cRs QEliaHS a Ydabtdk Bystdig, a
reactor system and particularly within a riser

r ergenariion systemeand|aggeqvery Systpit-er per second (i sec),
such as greater than 0.5 nfsec, such as greater than 1
nm sec, for exanple greater than 2 m sec, conveniently

gr eat er Irf du@h aPrévesLibe rédtdr kyfém abhyengsrelatiadluddsarflud bed
n sec. See for exanple U.S. Patent, Applicatiqn Seri ad
NoTeagior SXseeny Baving f et Kepgom genegyItbip se OIoEsTiTes 14361oashand
I N o . .
| o ieP R oot Yore ARl B €ast SEAREAGRES: hsciebietlly
pr cemssingonenmrmeort ypeloads! Yin ase embbdinging itk dyecrprare eissr
(i ncluding a.turbul ent ged gr oces
Bet

GBS e EE et 7 BEbgges Wb HLrEs CerPsior yossel
COPfek R HRHSo O, YReri@b e ohthidih bl &8HoRASkyBERERS Sptionally with
one or more diluent(s), is fed to the one or more riser reactor(s) into which a
molecular sieve catalyst composition or coked version thereof is introduced. In
one embodiment, prior to being introduced to the riser reactor(s), the molecular

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

preferably water or methanol, and/or a gas, for example, an inert gas such as

nitrogen.

In an embodiment, the amount of fresh feedstock fed as a liquid and/or a
vapor to the reactor system is in the range of from 0.1 weight percent to about 85
weight percent, such as from about 1 weight percent to about 75 weight percent,

more typically from about 5 weight percent to about 65 weight percent based on



The process can take place in a variety of catalytic

reactors such as hybrid reactors that have a dense bed
wonodsieeds bed reacti on zones and/or fast fl ui deeedSkhmdo17611

reacti on zones coupl ed together, circulating fluidized

bed reactors, riser reactorsygand the |ike. Suitable

conventional reactor types are described in for

exanple U S. Patent No. 4, 076 796, U S. Patent No.
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erein foI y 1 ncor porat ed erence.
(gt}iqs Wi

preedmrtiec afdhesaore endifferent feedst ihibe same gedidierent diluents.
described in R ser Reactor, Fluidization and
Fluid-Particle Systens, pages 48 to 59, F. A Zenz and

5 D. F. OfHeFeed30icR Ratedinpul fesdtbngy steal Riefeiably; cdﬂwﬁe\dopkmally
1960, and U. S. Patent No. 6,166,282 (fast-fluidize
beu fullsade 6xe)ﬁrstam@|ctm Zgne [P 8rEASCRYp Pffbm hat exders e %ﬂgagmg
09/ 56 613 f.i
arvest! 4PE gt i eQR g0 Wituoditidl B pSRincl S dient,

| reyerae(y a@tpr@\aﬂecewbmdlmedhtsengtagmgpztesnebassepsratedh@l cakedd
as a fluidized bed process or lgh vel ocit f|UIdlﬁ$
besatahysh 6@BROSIEIY frgmﬁlge gaspeusciBert entamingone Ry anr Qisine)

Y, S favit Bff

10 PXSARTRNsheh BBV, NI cl RoflGhe BrlRar phnldeects
r esaﬁzﬁm lthesdasehgaglhgwengl @nfalgoste usedtxt separagothe castqalyhﬁ gpmpesition

nore riser acto d a.second.re
; o R sr ST OB GAG R DR BIS [yt anye Ghispositon
ORRL 13 PR ARG e RIcRideNRd QR&TF pldtds, @%}% bWl Ane e like.

the one Of nore riser reactor(s) and i sengagi ng
vessel ar e contained within a si ngI e reactor vessel.

Freshf edsto bl cont ai

15 (s oondnaes copotise §F MRteERa Bst BRaRRE o SieMRlaSone.
f el?pfc@llyt ﬁlea RRRr PortidR e tHel EfhgiEAE veyséls In it aripping bora: the
nmol ecular sieve catal yst cc@ﬁrgosnl on or co};yed ver si on

t rmke@f:atials/sﬁ qerResilioads cantpcievidhn at. PEHErabl NG OT fo
Pt it hRubhE ahRS S SAC aitcRnoroAle hydrogen, or

Ieve ¢a ositi’on or co VEr sl on
t hat et gh§subﬁ ak afgtoﬁﬁprﬁfeﬁ‘iblﬁ sﬂemq;ﬂodrﬁccmee hdsogizidyhydescarbons

or net hanol , and/or a ert _gas.
20 s fremghe coked catalyst composmon that is the nlgzcroducecp to the reger?eratlon

system.

The coked catalyst composition is withdrawn from the disengaging vessel
and introduced to the regeneration system. The regeneration system comprises a
25  regenerator where the coked catalyst composition is contacted with a regeneration
medium, preferably a gas containing oxygen, under conventional regeneration

conditions of temperature, pressure and residence time.

Non-limiting examples of suitable regeneration media include one or more
30  of oxygen, O3, SO3, N2O, NO, NO,, N, Os, air, air diluted with nitrogen or carbon
dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide and/or

hydrogen. Suitable regeneration conditions are those capable of burning coke



nitrogen. In an enbodi nent, the amount of fresh
feedstock fed as a liquid and/or a vapor to the
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percent to about 85 wei ght percent, such as from about
1 wei ght percent to about 7544yei ght percent, nore
typically fromabout 5 wei ght percent to about 65

wei ght percent based onthe total weight of the

f eedst.ock. i ncl udi ng any..dil uent ,contai n ej

| i e T R ke Ry B Fls Gy 1A S el
CORRRA! bdsedon Ble tHRY welpht 8f the ¢aked MGlepilandétd ndynf the
sane or different feedstocks with the sane or

dicofoposition dittetieg the. regunsration dgttenk Fenexaninle thhteeprapics
SYShEtluPe P HE LR KB AN HAE thorR 3683ctal Aol 19080¢ Youch Bs

into a gaseous effluen

ef&@h 8bé 800t RNGREL NEDOYESHE kxahple drom alout B0 Wbloedbout
catal yst conposition. In the preferred embodi ment,
cy7ép6éee(n§)coav@lwld\fr% aboutoRP e thd s é@@ AEFeRgralien pEassure
o JuBERESh e pPRRLER! FLISH (RETRES bl oS
Wi 1{[?&)3 sﬁdgﬁas(ﬂcﬁﬁ _ag@gizl??)siae(ﬁ&klt’ellqaam fimmg _5(¢psia ohed ldne),

r erreaq, ravit efrtecLs I.n .S n
D ebelbfing fomaptant 125 e 06 b st e S OOST YLD, and

L] f d

c 06689&11&@{‘&&5 %H%&eth’)? a;t@!;gﬂsg@'yl sp&d)ftb HERE 60 %ﬂaqnlznﬁpm. s

for separating t st conposition'fromthe
gaseous effluent include the use of plates, caps,
el bows,__and

: the 1ike. I n one enbodi nent,, the
di seng aBl}en‘rgmé%tgg dime %’[}lﬁ aigtglygt CQP}QOB@]OB & Q‘Ig r%rgg.,genera’cor may be
t ViRit€@ah¥e bifrém!2B¥EF orRHhihliRRo Qévekd BotisSaRBag fidgh about one
vessel. Tn the stripping zone the coked catal yst

c omjnugd toi 10A nhisuiesrand dhevplwing lof axypss in reapesngiitipn gaemgy be

a copbi nat | of , st t C b DX

4P BRI P R LR 05 AP OBl pacd n e
argevoRhRfFhigdsas. steam to recover adsor bed

hydr ocarbons fromthe coked catal yst conposition that

is then introduced to the regeneration system The

i sengan e ST PR bR ot Bttt R R chOLIe eaction, and

Syistaarembbdéndre ghe enajcranresyishie thecoggerai®s sgstem is controlled by

(r:g%a;ig)gg %&%ﬂﬁ%ﬁr&%e&%gﬁ% er?%%géigflg %.ch)ol(é‘:g ggso tsoi thé: ?e%elilesrator
vessel, operated either in a batch, contihuous, or semi-continuous mode, or a
combination thereof. A preferred technique involves withdrawing the regenerated
catalyst composition from the regeneration system and passing it through a
catalyst cooler to form a cooled regenerated catalyst composition. The catalyst
cooler, in an embodiment, is a heat exchanger that is located either internal or
external to the regeneration system. Other methods for operating a regeneration

system are in disclosed U.S. Patent No. 6,290,916 (controlling moisture), which is

herein fully incorporated by reference.

The regenerated catalyst composition withdrawn from the regeneration
system, preferably from the catalyst cooler, is combined with a fresh molecular

sieve catalyst composition and/or re-circulated molecular sieve catalyst
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sui tabl e regeneration nedia i nclude one or nore of
oxygen, O3, SO3, N2O, NO, NOZp .N2CG5, air, air diluted
Wi th nitrogen or carbon di oxi de, oxygen and water
(U.S. Patent No. 6,245,703), carbon nonoxi de and/ or

hydr ogen. Suj,tabl e regenerati.on conditjons, are t .
S Sl PGS TBARE A BT s B B s
C b1 B He Pegenb@ial cataffss cdipdbitibrbwithd
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métoat theaegesieriion spsteth ysteturnediodhe risg reastats) dieethe preferably

ti t F - 1t i
¢ EflEaR e SRy M ot SRR En SR Al ficdstonk
akapdr, ehh QcheSH&Fm@? bk fusen, aiipiiéondiB0OEs]Y or @lntintiously, to
e

10000C, for exanp rom about 4500C to about 7500C,
arecilietetbainsimdngtic ofitharrgercraisd gaalyst croprpeitiopdg the reactor

regenerat .o e [ ' ange of from
D S R L S R BV
kPaa), such as from about 20 psia (138 kPaa) to about

250 psia (1724, kPaa)ﬂ, i ncl udi ng from about 25 .Q.si a led
( 172k ) cangrodngube 15y qféhearega%%e‘i P%@Y St cQppposition or coole
(o] i J i . 0
SITUSPATH s oot o AT gkl 0 b

c agmon| theaptimmnt keelrdgekeoatiomaolaguliyesiéve catadyst ergposgion
from about one mnute,t veral hours, .such.as froFr
AISBURTTG U TR B PO FHEGRS ARG R oot the

041’&@8%& E‘atmg& RHRHEHR UERAbERH MBShaBIEL duge] Bepefaeaenl Of
from about 0.01 nol e percent to about 5 nple percent
baReebinignes Bérculoting Faudtiaedh Beds, GrasegAkidarped Koewltag cds.,

¢ Rt (R A bisB R h Rl BB a1y
the regeneration systemis controlled by various

techniques in the art including. feeding a coole as
to t he Ceigdmesinemihevatatyst corpRsitzaneie ér}e@fﬂ%?‘f P%Wéifgﬂ‘%%?ﬁ the

contin d i - ' andi: '
oA T BB BB R
t h@nteag engried] éevetsaifabois bn denpalscdlamsieviercatalysh eomposition, after

regeneration system an assing i.t, through catal v.s
C OSBRICTALONS P i theggpscct i D90 ol bR P Pl ighe
¢ %&%’t,tsha{]as 158 aﬁ@ﬁ@.)’%igh‘[ percent to about 10 weight percent, for

example from about 0.2 weight percent to about 5 weight percent, and

conveniently from about 0.3 weight percent to about 2 weight percent based on

the weight of the molecular sieve.

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 various separation, fractionation and/or distillation
towers, columns, splitters, or trains, reaction systems such as ethylbenzene

manufacture (U.S. Patent No. 5,476,978) and other derivative processes such as



cooler, in an enbodinent, is a heat exchanger that is
| ocated either internal or external to the
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onefrigeratids sysierds oreehill freihss eonresspisslarock et €819, Pofsy
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adsorption), which are all herein fully incorporated by reference.

Other recovery systems that include purification systems, for example for
25  the purification of olefin(s), are described in Kirk-Othmer Encyclopedia of
Chemical Technology, 4th Edition, Volume 9, John Wiley & Sons, 1996, pages
249-271 and 894-899, which is herein incorporated by reference. Purification
systems are also described in for example, U.S. Patent No. 6,271,428 (purification
of a diolefin hydrocarbon stream), U.S. Patent No. 6,293,999 (separating
30  propylene from propane), and U.S. Patent Application No. 09/689,363 filed
October 20, 2000 (purge stream using hydrating catalyst), which are herein

incorporated by reference.
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wel I known recovery systens, techniques and sequences
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propyl ene (C3) splitter and butene (C4) splitter.
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ol efm(s), such as ethylene, propyl ene and/ or butene, .
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U.S. Patent No. 6,121,504 (direct product quench),
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f urlnl)r)é Jarr]b%?lra?gnrmg its%?sobp%o u%feg.r %ﬂg gr'nount of C4+ hydrocarbons is
normally less than 20 weight percent, such as less than 10 weight percent, for
example less than 5 weight percent, and particularly less than 2 weight percent,
based on the total weight of the effluent gas withdrawn from the process,
excluding water. Typically, therefore the recovery system may include one or

more reaction systems for converting the C4+ impurities to useful products.

Non-limiting examples of such reaction systems are described in U.S.
Patent No. 5,955,640 (converting a four carbon product into butene-1), U.S.
Patent No. 4,774,375 (isobutane and butene-2 oligomerized to an alkylate
gasoline), U.S. Patent No. 6,049,017 (dimerization of n-butylene), U.S. Patent
Nos. 4,287,369 and 5,763,678 (carbonylation or hydroformulation of higher

olefins with carbon dioxide and hydrogen making carbonyl compounds), U.S.
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pressures are in the range of from about 2 MPa to about 100 MPa. Synthesis gas
streams are produced from natural gas, petroleum liquids, and carbonaceous
materials such as coal, recycled plastic, municipal waste or any other organic

material. Preferably synthesis gas stream is produced via steam reforming of

natural gas.

The next step in the process involves contacting the synthesis gas stream
generally with a heterogeneous catalyst, typically a copper based catalyst, to
produce an oxygenate containing stream, often in combination with water. In one
embodiment, the contacting step is conducted at temperature in the range of from
about 150°C to about 450°C and a pressure in the range of from about 5 MPa to
about 10 MPa.
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excluding water. Typically, therefore the recovery
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Polymerization processes include solution, gas phase, slurry phase and a
high pressure processes, or a combination thereof. Particularly preferred is a gas
phase or a slurry phase polymerization of one or more olefin(s) at least one of
which is ethylene or propylene. These polymerization processes utilize a
polymerization catalyst that can include any one or a combination of the
molecular sieve catalysts discussed above. However, the preferred polymerization
catalysts are the Ziegler-Natta, Phillips-type, metallocene, metallocene-type and

advanced polymerization catalysts, and mixtures thereof.

In a preferred embodiment, the integrated process comprises a process for

polymerizing one or more olefin(s) in the presence of a polymerization catalyst
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20 A Example 1
An activated SAPO-34 molecular sieve catalyst was loaded into a tapered

element oscillating microbalance (TEOM, Series 1500 Pulse Mass Analyzer from
Rupprecht and Patashnick), and calcined under air at 625°C ur}til all the coke
present on the catalyst was removed. Coke removal was considered complete

25  when the change of mass measured by the TEOM reactor, as a function of time,
was approximately zero. The duration of calcination was approximately one hour.
After calcination was complete, the reactor temperature was brought to a methanol
to olefins (MTO) reaction condition of 425°C, and allowed to stabilize.
Subsequently, methanol at a constant flow rate was introduced to the reactor, and

30 the MTO reaction was allowed to proceed. The products of the reaction (i.e., C»-
Cs hydrocarbons) were measured at discrete intervals of time using gas

chromatography (GC). The mass gain of the catalyst (due to coke formation on
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FE);iﬁ%:iggl?trcggaerﬂ%)a@ﬂo%e%%ﬁro%gh .{hré%%{:aﬁys? B&P 1|11¥t{ﬁﬁes fnaés\{'ost asa
function of time was approximately zero. The molecular sieve was then heated to
425°C and allowed to equilibrate. The MTO reaction was run following the same
procedure outlined above. Once the reaction was complete and samples analyzed
by GC, the results of the analysis of the steam treated sample were compared to
that of the undamaged sample. The catalyst was then calcined and treated with

steam using the procedure previously outlined to further damage the catalyst.

This procedure was repeated to determine steam damage as a function of
time at a given temperature and partial pressure of steam. Many temperature and
partial pressure combinations were tested, starting with an undamaged sample, in
order to calculate the effect of temperature and steam partial pressure upon

catalyst deactivation.
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the change of mass neasured by the TEOMreactor, as a

L e

C HeffoAdd &RakiBSs &ﬁiﬁ@faﬁlr@/stebﬂ%aaﬁ@&@t@ﬁur& ermﬁnams); 1elavies
bro ht to a methanol to oleflns(MTO) ctlon

Ixtticastivity ipBgEweshdetemipand @ tions of

bse uent | :

P PERHER gL BB %,ﬁ%ﬁﬁ%ﬁﬁf&%@ V?l‘é%%‘?%%h%;m“s
aldr@y}ﬁﬂvﬁmtmmga&d. The products of the reaction
(i.e., C2- C5 hydrocarbons) were neasured at discrete
intervals of time using gas chromatography (GC). The
mass 99 PthgﬁExEulﬁ lecée}tgig Yeadifll4Goh Yal %@nft@ﬁé@l%'l&@erﬁﬁ% Hthe
catal yst) as a ftuncti ? tinme was recorded by th
TE@MIysn Hfegimecalativa td an whhnwem caalysti (ﬁatalm lidgtinosveras laben to

s B o 8k GUE» BEEBETIEDON OGNS g 07

De&%tvérg 3hio? hetiiBol Gh £ KRr (RS bERNSDERLQE PR PhREBrdfiestnted

ano conversion on a water-free basis was | ess
t hara fi:@%on, Thatdtastion being thavatio péthedifptime ohthsdgmagedcatalyst
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ha¥’*h THRe By Steam (i.e., maximm
catalytic activity). Once the cat al yti c activity of
the undanaged catal yst (i maxi mum cat al yti c
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constant, the CAI is increased to 0.95. See Point 2 of Figure 1. Thus, Figure 1
demonstrates the effects of water partial pressure, temperature and contact time on

catalytic activity of activated metalloaluminophosphate molecular sieve catalyst.

B. Example 2
The data from Example 1 was used to calculate a formula for catalytic
activity index (CAI). The formula is as follows:
CAI = exp(A(T) * fPPyaer)" * alpha * t)
wherein
t = time of contact of catalyst with water (hours)

T = temperature at contact (°C)
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wi th anqppgdaneqers.s a7, « (180 orDgk PPQ.L/RL.cHll due +0heS5,
effect of tenperature and steam partial pressure upon
cat al yst deafril$8iG 61153%)0%T%115é)85éﬁ3§1§@e matri x of

experi ngnts s..conpl et ed é,e er+nents performed at
var i ougﬁiate_n% 18’?3’?‘??158% ﬁégﬁtaTE%%a ssure .
conditions), relative catalytic activity indices were

det ermi ned and conpared as functions of tenperature,

st eam p¥etipes waserpatipleoressures.itipe of coninst aleataly vt watsi-
The results ar h ' Fi.qur he oAl
caf%tvg?lg&g%catnlg\(fé t?“\é\@r}elirl\lg%& gse‘%n&# gﬁg{eédtq ﬁ{éﬂf}ggsem ng of
t healgdhtaysdortespaidinpecatalid dotiwity andicesu Atiamesykislare shown in
catal yst. Catalyst lifetine was taken to be the anount
of Teblgd. t aken for a given catal yst to achieve |ess
than 10% conversi on of nethanol on a water free basis.
Deactivation is therefore pgggpnted as a fraction,

that fraction being the ratio of the lifetine of the

damaged catalyst over the lifetime undamaged—ecatabyst,
Reff er gt 0 Fi gurBinde twp di ff <EARBt contagidemperature (T)
arge sh ) 0.8, a0@olrsyS. [AUTRE @0l NTS Oy @aeh pllane 500c
shown havé the sane CAl value. A" any
15 6 0.82 0.96 0.98
12 0.67 0.92 0.95
25 6 0.37 0.88 0.95
12 0.14 0.77 0.9
40 6 0.01 0.64 0.88
12 1.50E-04 0.4 0.77

Table 1 shows the effects of water pressure, time of contact of catalyst
with water vapor, and temperature of contact on CAI. The lower the CAL the less
active the catalyst. In general, the higher the temperature, the lower the water
partial pressure, and the lower the time of contact with water, the higher the CAI,

which is highly desirable.



conbi nation of tinme, tenperature, and water parti al
pressure above a particular plane, the CAl will be

woOesws/as t he |isted val ue. For exanpl e, Poi nPCL/US2004/017611
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Figure 1 represents catal yst being exposed to gas at a
wat er partial pressure of 30.8 psia at 1700C for 1.5
hours. The CAl at these conditions is 0.8. By
decreasing water partial pressure to 18.7 psia, and
ke(?pi ngEtaerB;eéature and tinme of contact constant, the
CAr i s TTcre4sed to 0.95. See Point 2 of Fi gure 1.
Thus, FEgure cdtaleruasmeallesluiisophbigatesmolecuiat geves) with
partial pressure, tenperature gnd coptact .tine Ofl]

c avagloys St Aééattio\W‘ir? teéfedé@fiiarv%qa@ang conditions similar to the ones
me L0al L | 1 S :

s B Fr AR EPRALED BRI ocs PRI s oY
calesulting €Ad uhdertht sadaus St/atl adtiosi c activity index

(CAl). The formula is as follows: CAl =exp T)
*XPPwater)n * alpha * t) whereint time of contact of
catal yst with water (hours)TfTblézt enperature at contact
(0OC)PPwater = Partial Pressure of water in contact gas
(psi(?g]t lal ha =§;/21307_L PPwater® |T) =Texp(ea( kibdel +|273 [
- |1/4aralyst 2173 a f - K TO =e¢§0 0C e|lr) =
(26.2 * PPw t?archnt- 1_6%%9 * 10, 1‘79 fo (‘1,‘ 5 18 )c)
(453 0K) PPwat &6 = ((2640 + Q.2728% (180 TI§ * 0.35

PRWat e/ Psat + 1 1A) 0. 3£5, f[or 0C (453 > >

1500C /433K Ppaq%: Satu#gtior prég(zure of \i/%ter at q_g

(psi a)cVvari pus ovgt er |parypal presgpfes,| tinksof 1.0
. ! .

contact—of—catalyst—y tercontatninggas, —and
contact tenperatures were entered into the fornmula to

cal cul arge 8ig iic0sb1€ S demdhftitsahallywercSiAtitiatidd lad to lower

indices. The results are shown in ..
deactivation rates and higher CAIs for a given set of conditions.

f

D. Example 4

Example 1 was repeated, except that the catalyst used was a SAPO which
is an intergrown form of CHA and AEI structure types. Figure 2 shows values for
CAI = 0.8 for this catalyst (Catalyst 2), as well as for the catalyst of Example 1 at

a CAI = 0.8 (Catalyst 1), over an extended moisture exposure period of almost 90

hours.

E. Example 5

The data from Example 4 was used to calculate a formula for catalytic
activity index (CAI) for Catalyst 2. The formula is as follows:

CAI = exp(AT) * f{PPyater)" * alpha * t)

wherein

t = time of contact of catalyst with water (hours)

T = temperature at contact (°C)

PP,,aeer = Partial Pressure of water in contact gas (psia)

alpha = -0.0079



Table 1. Table 1 CAl at contact tenperature (T) "water
Tinme (psia) (t, hours) 1600C 2000C 2500C 15 6 0.82

wO0.206/000468 12 0.67 0.92 0.95 25 6 0.37 0.88 0. 96T/1R2004/017611
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0.14 0.77 0.9 40 6 0.01 0.64 0.88 12 1.50E-04 0.4 0.77
Table 1 shows the effects of sywater pressure, tinme of
contact of catalyst with water vapor, and tenperature
of contact on CAl. The lower the CAl, the | ess active
the catalyst. In general, the higher the tenperature,
the | oRer“the water partial pressure, and the |ower
the ti efe BCt +0i78 Ter 273 hi gher the CAI,
whi ch ?zg)hi é%l@éétdgrsi rab)lbz\.l\ﬁé. ?FExarr)g)lee 3 Several

cat al y@tﬂg-éé@Q"Y(net al | oal um nophosphat e nol ecul ar

si eves g%@oqfa_ri ous Si/Al ratio were tested under
steam ng conditions simlar to the ones described in

Exanpl gpd,, Job(® 2+ el Qupdesenipes. 196 gani rgr €arid0tC ¢#458°K)
and resulting | under the various Si/Al ratios.

Tabl e ZPPRuwaXe((28.2t4 OB 7Lt B30,s 1))t PRaeie T hb)a) 0-16%)

t, h A0 16 4 0 . Q7 40 180 16 0.8
E: 0. Oguzg) ZfSr h@"@_(&%ﬁéhjﬂ%gﬁ% éggl@ 2 denonstrates
that | PreL Sahdrord ﬁ‘gésﬁfe Jf8fed R T G

Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of

the invention.



deactivation rates and higher CAls for a given set of

conditions. D. Exanple 4 Exanple 1 was repeated,
wexeEmhodskat the catal yst used was a SAPO whi cRCTAIS2W4/017611

intergrowm formof CHA and AElI structure types. Figure

2 shows values for CAl = 0.8s5%0r this catalyst
(Catalyst 2), as well as for the catal yst of Exanple 1
at a CAl = 0.8 (Catalyst 1), over an extended noisture

exposyre period of alnost 90 hours. E. Exanple 5 The
dmgm Exanple 4 was used to calculate a fornul a
for catalytic activity index (CAl) for Catalyst 2. The

f lqr Lrul f*) m%m}qh@a of gttt aaNatefzi m@ubzairmlﬂm@mae@aecular
al pha ereint = time of contact.of catal
wat er clege oM pssof ‘@F?éﬂica%q??’@y FOMYBIFIG A g g %ﬁ\ﬁg&‘

= Part

N pﬁ; '_‘Tge’fﬂg‘?gﬁj%%@“’%’h%@@% (;{églf ?1??5 a5th a%§ c&lﬁ&hﬁiﬁ water at a
% ;\?;\)&% ) t?%pef?tll’ﬂi&(fgﬁdfeﬂ}ﬁhmmm@sm@ eﬁ?vm\teép atn 12181 2 *

PPuct oSS 2o ag 37 i) figy whery e T%»E\Rﬁ‘iagi‘;’ s han
1.14) Qer%?ﬁcalﬁ%géx%@@aﬂcﬁ'ﬁg Qh?)alﬁc-ﬁcﬁvlﬂllﬁ%& ﬁ‘l‘é%aﬁi_ﬁ)ed by

Psat ='Saturation pressure of water at (psi a) Vi ng
now f ulthyfod@skr i bed this invention, it will be

‘appreciated by t e skilled in t r at the
i nvention can begg‘ir‘fe‘éﬁpgtb *\ﬁﬁ(]il'ﬁ“raﬁfs}g* g&ph%iltange of
paranetgrs.i thin what is clainmed, wthout departing

(S)
fromthe spirit and scope of the invention. CLAl M5
t = time of contact of catalyst with water (hours)

T = temperature at contact (°C)
PP,aecr = Partial Pressure of water in contact gas (psia)

alpha = -0.1 to -0.005

n=1to4

AT) = exp(ea(1/(T +273) — 1/(To + 273)))
ea=-5500°K

T, =200°C

APPyater) = (26.2 # PPygier/Psa + 1.14) # 0175, for T > 180°C (453°K)
SPPyaied) = ((26.2 +0.272 % (180 — T)) * PPyater/Psat + 1.14)  0.175,
for 180°C (453°K) > T > 150°C (433°K)

P.a: = Saturation pressure of water at T (psia).

2. A method for converting oxygenate to an olefin product, the method
comprising the steps of:
a) loading an activated metalloaluminophosphate molecular sieve into
a reaction system; ‘
b) contacting the activated metalloaluminophosphate molecular sieve
loaded into the reaction system with a gas containing water at conditions
effective to maintain the activated sieve at an ethylene or propylene

selectivity effective to convert an oxygenate feed to an olefin product,



1. A nethod of protecting activated

nmet al | oal um nophosphat e nol ecul ar sieve froml oss of
woabalopede8 activity, conprising contacting thePCT/US2004/017611

acti vated netal | oal um nophosphat e nol ecul ar sieve with

a gas containing water at a.ggoperature and water

partial pressure effective to naintain a predeterm ned

catalytic activity index, wherein the tenperature is

| th i tical :
i T e
exp(/ ( bhsédARRowaveIghhoBhy@iiecatbdn) prothesedj andt = time of

contact of catalyst with water (hours) T = tenperature
at contlct (COTpCPRiEe é\fatefcpﬁ‘iaﬁ‘ieg [S1CpE é‘)g@Lﬁné)X@Ee %F‘lf %

cont act i ha = -0.1to -0.005n=1to0 4
[T = &‘%‘?@a‘*ﬁﬁ‘@@%‘%) - 1/(T0 + 273))) ea = -5500K
'cl)'O = ZO](C)OC XPPwat er) = (26.2 * PPwater/PSat + 1.14) *

. 175, for T > 1800C (4530K)./PPw ate = 26.2 +
03272 Thepaghad gfjany RIS qla@siw}%r@%rat% actiygyed
18Q0C (ﬁéﬁ?@u@ngpﬁosﬁwﬁoﬁé@% KevERaloTitacRH UVieH 1h€/3as at a
pressure of water  at psia). 2. A nmethod for
conver tiémperatygamniayeet partdal podsefiereffoctciommaintain aeatdlpidc

ot ol | GSAEHY HOhBCHSEOb0 FoEleaay Cr Ut P o0, more
reacti f%ﬁ%(glat%ﬂqpqt acting the activated

net al | hosphat e nol ecul ar si eve
4. A method of starting-up an olefin forming reaction system, comprising the
steps of:
a) sweeping gas through the reaction system to heat up the system,

wherein the reaction system contains activated metalloaluminophosphate
molecular sieve and the activated metalloaluminophosphate molecular
sieve is maintained at a catalytic activity index of at least 0.7, preferably at
least 0.8, more preferably at least 0.9, while the system is at a temperature
less than water critical temperature; and

b) contacting the activated metalloaluminophosphate molecular sieve

in the heated up system with an oxygenate to form an olefin product.

5. A method of shutting-down an olefin forming reaction system, comprising
the steps of: ’
a) contacting an activated metalloaluminophosphate molecular sieve
in a reaction system with an oxygenate to form an olefin product;
b) stopping contact of the activated metalloaluminophosphate
molecular sieve with the oxygenate; and
c) sweeping gas through the reaction system to cool down the system,
wherein the activated metalloaluminophosphate molecular sieve is

maintained at a catalytic activity index of at least 0.7, preferably at least



| oaded into the reaction systemw th a gas contai ni ng
water at conditions effective to maintain the

waaebiswat4es si eve at an et hyl ene or propyl ene PCT/US2004/017611
selectivity effective to convert an oxygenate feed to
an ol efin product, wherein thgsal efin product contains
greater than 50 wei ght percent olefin, based on total
wei ght of hydrocarbon produced; and c) contacting the

- d .si i :
L SETLRES S D R A e el

pr ecediigh whidt RicaVRafRidturehe acti vated
net al | oal um nophosphate nol ecul ar sieve is contacted

with the gas at a tenperature and water parti al

pressurg ef ' t ' i: 3 vy :
ox oreqpefiELbly d (Bl Aufil Ankhef 1k, Hiddelative
| east Gydler provsareufart kst §00df prferhidasdf @ l@st 8001Amore

met hod of starting-up an olefin form egactjon

syst emprefgrabhi &f qﬁgeaﬁﬁ%okﬁ%%ve&fmms?@nsééﬁi (ﬁ tieget 0.1.
through the reaction systemto heat up the system
wherein the reaction systemcontains activated

met.al | cametiodopfact phimienetall burhimpplyisphae aedecule sieve, the

acti vat ed ngt al | oal um no hogphat e nol ecular sieve is
mai nt ai AEBOGEOBPESIRGINeSIPSQEt i vity i ndex. of at | east

0.7, prgferghbyiapls dﬁ&ﬁiloﬁuﬁino?&é@h%@ﬁ(ﬁé@@éﬂéi@% cbe@fifing

0.9, whi'le the systemis at a nperature | ess than
wat er demplatsal tenperature; and b) contacting the

tivated netall.oal.uni hgsphat i .
fhe hedbed ey e MR HPRRERRER) So RS S8 € ul B
ol ef i N RI@HHvhunft-to AenidlchBetepiplabut ti ng- down an ol efin

formng reaction system conprising the steps of: a
cont act®ng avesping\zas Baoyskt the celainabemEphvssoRathe calcfHed

o o BT RSN BB R s

act i vatmetaiieilamhimphosphate phdsaiiatstevent @ cathlytic sctewity indehof at

the oxyl%e?srt] %Ff ;pre?‘enrgbly of at least 0.8, more preferably of at least 0.9, wherein
the gas has a relative water pressure of at least 0.0001, preferably of at
least 0.001, more preferably of at least 0.01 and even more preferably of at
least 0.1, and while the system is at a temperature less than water critical

temperature.

8. The method of claim 7, further comprising removing the activated
metalloaluminophosphate molecular sieve from the calcination unit and

storing the removed molecular sieve in an anhydrous environment.

9. The method of claim 7, further comprising removing the activated
metalloaluminophosphate molecular sieve from the calcination unit and
contacting the removed molecular sieve with an oxygenate to form an

olefin product.



c) sweeping gas through the reaction systemto cool
down the system wherein the activated
worb@ldems um nophosphat e nol ecul ar si eve i s nmaparaiSe®d/017611
at a catalytic activity index of at |east 0.7,
preferably at |east0.8, nore-pgeferably at least 0.9,
while the systemis at a tenperature | ess than water
criti g_al telrrp_erat ure. 6. Thjé nmet holI(IJI1 of anylgg_ t he :
pr ecedi [ - : : Iy
or $2cur A oy P 8F gtycels AR Aty LG MBI ne
0. 001, smaivatedmedleciddn sfevefat aterhgastireCof@ionahH0°€Vier3 00tC.e
preferably of at least 0.1. 7. A nethod of activating
met al | oal um nophosphat e nol ecul ar sieve, the method
copri ST]Haneﬁﬁ)d%f 8RY oPfire |‘P;i)’%ce@irng\6lzaﬁiﬂn!§‘,gwl'§’erein the activated
met al | oal um nophosphat e ecular sieve containing
t enpl at eetdipalnadicophiosghatchmoleetlat dioa is vomtegbd spthahe gas for not
nol ecul ar sieve in. a calci.natiqn unit.to r ve the
t enpl at &ea@fﬁgﬁégﬁihﬂﬁrsg%feﬁ%%grﬁﬁl @thB‘éﬂ%% %%6h uni t
to cool the cal cined netall oal um nophosphate nol ecul ar

sieve, while maintaining the calcined _ i
mel2l | oZheimetiwdndsphaf thermt¢asding staims.oviecrein the acitvategt i ¢

o0 5, " movsPateRastysutsofade: SotoS fisaftipifiprogete
has a rglofdcuMesivaé er pressure of at |east 0.0001,

preferably of at |east 0.001, nore preferably of at
| east 0.01 and even nore preferably of at least 0.1,

ang, whi Y ' t :
ot b o e MRS ORERETLE hehe@gh BRSNS WidiehIaeaqiaa,
f ur t her nleepriugiingphospiavd mgletllar dedd avatatas Si and Al at a Si/Al
nmet al | oal um nthosphat e mol ecul ar sieve from t£e
Qe imagre

cal ci natatiorPLgar grealsr thep O, Recterrbly mohgiratgr Hp
si eve iBre?%??gyg%g%r%ﬁiO@nnent. 9. The net hod of

claim?7 onprising renoving the activated
nmet al | oal um nophosphate nol ecul ar sieve fromthe

cal gl natlon, Mt 200 0N Being Lhe. SIRET ! coul ar

metalloaluminophosphate molecular sieves contain Si and Al at a ratio of

at least 0.005, preferably at least 0.01, more preferably at least 0.02.

15.  The method of any of the preceding claims, wherein the

metalloaluminophosphate molecular sieve has the CHA or AEI structure

type.

16.  The method of any of claims 1 through 14, wherein the
metalloaluminophosphate molecular sieve is an intergrown form of CHA

and AFI structure types.

17.  The method of any of the preceding claims, further comprising stopping
contact of the activated metalloaluminophosphate molecular sieve with the

gas and storing in an anhydrous environment.



ol efin product.10. The nethod of any of the preceding
clains, wherein the gas contacts the activated

wounbesmnosms sieve at a tenperature of from 15Q0€CT@S2004/017611
3000C. 11. The nethod of any of the precedi ng cl ai s,
wherein the activated netal l.ggl.um nophosphat e
nol ecul ar sieve is contacted with the gas for not
greater than 500 hours, preferably fromO0.01 hour to

50, hours,. 1 he nethod of an f r L .
T e, igrERaed OF wEoidBS pbedy ol AR EEEEHIE ioppine
DI ecul @htast 6MBe bVt Ihét@ﬂ@dltwﬁinbﬁﬁd%p&@tlaaﬁcﬂembére@aﬁe avith the
sieve. 13. The nethod of any of the preceding clains,
wher ei reasiad gentpciingaHitingt axeRME iR HEmasPaiag Broduct.

nol ecul ar sieve contains Si and Al at a Si/A ratio of
not greater than 0.5, preferably not greater than 0.3,
more prefanehby ohaty ¢fthaperedihgolafing whidein Teecarabythvomttivity
of any of the preceding clainms, wherein %he

met al | dalcatalyiie pRéEphaTeackon srnesses sslesfed frembe grpug;

and Al Q. ' : t -3l :
feast 0 iBTRBEOA UG rap St SeERing! )RR it forming
met hod ehctiny, admbties forming deavtjond, parakiin ishmesrationhelefin

nmet al | oal um, ngphos t l.Lecul ar..si e as, t.he .
AEI st PR ARy Iy SRS A0 O Sy D B Tt
throughyidfn oMEGRE&IZERDIEME 1) 98t HHHoRORRAERRA lkkylation, and

nol ecul ar sieve Is an intergrown formof CHA and AEI
st r uct udiepropgéienativh. of Bhematisshod of any of the

precedi ng clains, further conprising stopping contact
of the activated netall oal um nophosphat e nol ecul ar

sigye Whdhmbingd 886lapnd9SkRdrkinghé atalitiaBdiitdiyds satalytic activity
environment. 18. The nethod of any of the preceding °

A ¢ { 9
cl ai ns, infanralefiy fogmingrieadtiog ased dispadhiyates modequlagsicypés contacted
acti vat ed l | um 8{3:0 LBCHRS ofSdt 8%t M 4Poq
t he gassoaansgg t%rg‘rll tg%ﬁ%nrgtgﬁgg\n h&%g%%/%gﬁ ate 1?}{)0 form an >
ol efin product. 19. The nmethod of any of the preceding
claims, wherein the catal yti .ac}lvitvé]/ . .

21. ' The method of any of the preceding claims, wherein the activated
molecular sieve is a metalloaluminophosphate molecular sieve, catalytic
activity is catalytic activity in olefin forming reactions, and contacting
with the gas containing water occurs for a time effective to maintain the
activated metalloaluminophosphate molecular sieve at a catalytic activity
index of at least 0.7 and at an ethylene or propylene selectivity of at least
25 wt %, wherein the gas is at a relative water pressure of from 0.0001 to

1.

22.  The method of claim 21, further comprising contacting the water-contacted
sieve with an oxygenate feed to form an olefin product, wherein the olefin
product contains greater than 50 weight percent olefin, based on total

weight of hydrocarbon produced.



is catalytic activity in reaction processes sel ected

fromthe group consisting of catal ytic cracking,
woydsmossmg ki ng, dewaxi ng, ol efin formng react PONAIS2004/017611

aromatics formng reactions, paraffin isonerization,

ol efin isonerization, paraff.igg_hydroi soneri zati on,

ol efin hydroi sonerization, olefin oligonerization,

ol efin polynerization reform ng, al kylation, and

2 m 19 BpLpFeRL 2 PP oSt po R R e n e

aCt I vi t(ﬂeﬂrﬂp@ﬂu&' @fthéplegertt l@@aﬁn@@@ﬁdrﬁﬁltuﬁﬂ@tdlm system in a
activated nol ecul ar S|eve is contacted so as to

mai nt ainelymerigation eeetosto PrAyFE eReoBPERANEPrEFuCk:
least 25 wt % 21. The nethod of any of the preceding
claims, wherein the activated nol ecular sieve is a

net al | oal um nophosphat e nol ecul ar sieve, catalytic
activity is catalytic activity in olefin form ng
reactions, and contacting with the gas containing

wat er occurs for a tinme effective to maintain the

acti vated netal |l oal um nophosphat e nol ecul ar sieve at a
catalytic activity index of at least 0.7 and at an

et hyl ene or propylene selectivity of at least 25 wt %
wherein the gas is at a relative water pressure of
fromO0.0001 to 1. 22. The nethod of claim 21, further
conprising contacting the water-contacted sieve with
an oxygenate feed to forman olefin product, wherein
the ol efin product contains greater than 50 wei ght
percent ol efin, based on total weight of hydrocarbon
produced. 23. The nmethod of claim22, further
conprising polynerizing olefin in the olefin product,
in the presence of a polynerization catalyst systemin
a polymerization reactor, to produce one or nore

pol ymer products.



