
WO 2007/005353PCT/US2006/024712 METHODS FOR RECOVERING
ACTIVITY OF MOLECULAR SIEVE CATALYSTS BACKGROUND OF
THE INVENTION [0001]The invention is directed to a method of
rejuvenating silicoaluminophosphate 5molecular sieve catalyst that has
been deactivated hydrothermally as well as a method of using the
rejuvenated catalyst to make an olefin product from an oxygenate feed. In
particular, the invention is directed to rejuvenating the catalyst by
contacting it with warm water, ammonium salts, or low pressure steam
until the catalytic activity level of the catalyst has been increased to the
desired extent. 10100021Silicoaluminophosphates (SAPOs) have been
used as adsorbents and catalysts. As catalysts, SAPOs have been used
in processes such as fluid catalytic cracking, hydrocracking, isomerization,
oligomerization, the conversion of alcohols or ethers, and the alkylation of
aromatics. The use of SAPOs in conversion of oxygenates to light olefin
products, particularly ethylene and propylene, is becoming of greater
interest for large scale, 15commercial production facilities. Catalysts
deactivate during use due to various reasons. Some catalysts are
sensitive to exposure to moisture while other catalysts are impacted by
the operating conditions in a reactor. In the methanol to olefins (MTO)
process, for example, SAPO-34 catalyst deactivation can be divided into
two types: 1) short term deactivation due to coking; 2) long term
deactivation due to hydrothermal aging. The short term deactivation 20
can be completely reversed by careful coke burning. Activity lost during
hydrothermal aging is much more difficult to recover. The present
invention provides a method for rejuvenating SAPO catalysts that have
deactivated due to hydrothermal aging. [0003]As is known in the
development of new large scale, commercial production facilities in the
commodity chemical business, many problems arise in the scale up from
25 laboratory and pilot plant operations. Although some work has been
published relating to the intermediate activities in the catalyst
production-to-use chain, few of the problems associated therewith have
been addressed. For example, US 4,681,864 to Edwards et al. discuss
the use of SAPO-37 molecular sieve as a commercial cracking catalyst. It
is disclosed that activated SAPO-37 molecular sieve has poor stability,
and that stability can be improved by using a 30particular activation
process. In this process, organic template is removed from the core  WO
2007/005353PCT/1JS2006/024712 structure of the sieve just prior to
contacting with feed to be cracked. The process calls for subjecting the
sieve to a temperature of 400 to 800C within the catalytic cracking unit.
[0004]US 5,185,310 to Degnan et al. discloses another method of
activating silicoaluminophosphate molecular sieve compositions. The
method calls for contacting a 5crystalline silicoaluminophosphate with gel
alumina and water, and thereafter heating the 



mixture to at least 425C. The heating process is first carried out in the
presence of an oxygen depleted gas, and then in the presence of an
oxidizing gas. The object of the heating process is to enhance the acid
activity of the catalyst. The acid activity is enhanced as a result of the
intimate contact between the alumina and the sieve. 10[0005]Several
patents assigned to ExxonMobil Chemical Company have addressed a
discovery that activated SAPO molecular sieve will exhibit a loss of
catalytic activity when exposed to a moisture-containing environment -
both from the ambient humidity as well as the high temperature steaming
environment exposed to the catalyst in the conversion of oxygenates to
olefins. These patents have addressed several different methods for
recovery of  is catalyst activity. In US 6,498,120 and US 6,825,391, a
silicoaluminophosphate molecular sieve is rejuvenated through contact of
the catalyst with an anhydrous liquid or vapor, in particular methanol.
Another method is disclosed in US 6,756,516 in which the catalyst is
treated with certain organic nitrogen compounds to protect the catalyst
from degradation through exposure to moisture. [0006]Although it may be
possible to use the above techniques to protect a catalyst from the
exposure to moisture within an ambient atmosphere, there still remains
the need to rejuvenate catalyst that has been deactivated from exposure
to high temperature steam environments. Surprisingly, in light of the
observations by ExxonMobil and the other prior art regarding the
deactivation of SAPO catalysts by exposure to moisture, it has now been
25discovered that water or ammonium salts can be used to rejuvenate
deactivated catalyst, especially SAPO-34 that has been deactivated by
high temperature steam. SUMMARY OF THE INVENTION [0007]In order
to overcome the various problems associated with decrease of activity of
a molecular sieve due to contact with high temperature steam, this
invention provides a way 30to rejuvenate the molecular sieve which
comprises providing a deactivated molecular sieve  WO
2007/005353PCT/1JS2006/024712 and contacting the molecular sieve
with warm water, water vapor or ammonium salts until the catalyst activity
has been increased by a desired amount. [0008]Preferably, the molecular
sieve is a silicoaluminophosphate molecular sieve and its activity is
increased by at least 25% through contact with water and preferably by
more. 5While there may be other liquids mixed with the water, the liquid is
at least 50% water. There also may be solids, such as ammonium salts
dissolved in the liquid. Among the salts that may be used are ammonium
nitrate, ammonium chloride ammonium phosphate, ammonium sulfate,
ammonium acetate, ammonium carbonate, as well as other ammonium
salts. [0009]In addition to the rejuvenation of the catalyst, the invention
comprises the use of 



10the catalyst in making an olefin product from an oxygenate-containing
feedstock. The method comprises forming a rejuvenated molecular sieve;
and then contacting the rejuvenated molecular sieve with an
oxygenate-containing feedstock to produce an olefin product [0010]It is
also desirable that, in the method of making the olefin product, the
rejuvenated molecular sieve is contacted with the oxygenate-containing
feedstock at a 15temperature of 200 to 700C and a WHSV of at least 5
hr4 and preferably at least 20 hi- 1. [0011]The invention also provides
contacting the olefin product with a polyolefm- forming catalyst under
conditions effective to form a polyolefin. The preferred olefin product
contains ethylene and/or propylene, which can be used to form
polyethylene and/or polypropylene. The olefin and polyolefin products so
formed are also considered to be 20encompassed by the invention.
DETAILED DESCRIPTION OF THE INVENTION [0012]SAPO molecular
sieve catalysts, in particular, are susceptible to structural changes as a
result of continued exposure to even low levels of moisture. It has been
shown through      X-ray diffraction (XRD), nuclear magnetic resonance
(NMR), infrared (IR) and nitrogen 25(N2) adsorption analyses that the
structural change is largely reversible. [0013]The loss of catalytic activity
as a result of contact of molecular sieve with moisture at both storage
temperatures and at steaming temperatures within a reactor present a
problem when large quantities of relatively expensive catalyst are needed
for commercial operations. In general, this invention provides a process
for rejuvenating a molecular sieve 30which comprises providing a
deactivated molecular sieve and contacting the molecular sieve with warm
water, water vapor, dilute acid, or ammonium salts such as ammonium
acetate,  WO 2007/005353PCT/1JS2006/024712 ammonium chloride or
ammonium carbonate, ammonium phosphate, ammonium sulfate, as 



well as other ammonium salts, until the catalyst activity has been
increased by a desired amount. Preferred dilute acids include nitric acid
and hydrochloric acid that are from 0.01 to 2 N, preferably 0.01 to 1 N and
most preferably from 0.01 to 0.5 N. 5[0014]Preferably, the molecular sieve
is a silicoaluminophosphate molecular sieve and its activity is increased
by at least 25% through contact with water and preferably by more. While
there may be other liquids mixed with the water, the liquid is at least 50%
water. There also may be solids, such as salts dissolved in the liquid.
[00151SAPO molecular sieve, as well as catalyst containing SAPO
molecular sieve, 10which exhibits decreased catalytic activity as a result
of hydrothermal deactivation can be rejuvenated by contacting the sieve
or catalyst with water at relatively moderate temperatures from room
temperature up to 300C. More specifically, it has been found that contact
with water at a temperature from 15 up to 200C can more than double the
activity of the catalyst in conversion of oxygenates to olefins. Preferably
the water temperature is from 25 to 100C 15and most preferably is 65 to
90C. 100161In this invention, rejuvenation is considered to be
demonstrated when the rejuvenation process results in a relative increase
in catalyst activity of at least 25%. Preferably, the rejuvenation process will
result in an increase in catalyst activity of at least 50%, most preferably at
least 100%, the increase being calculated as the change before
20rejuvenation and after rejuvenation on a percent basis. [00171In
general the liquid water or water vapor is contacted with the molecular
sieve to be rejuvenated in a batch or continuous process. In either
process, the water is contacted with the molecular sieve for a time which
can range from several minutes to hours or up to several weeks. Contact
can be stopped at the time a desired degree of rejuvenation has been
obtained. 25 Desirably contacting continues until a relative increase in the
catalyst activity of at least 25% has been obtained. Desirably, the water is
flowed over the molecular sieve at temperature in the range of from 25 to
100C, preferably from 65 to 90C. [00181The pressure at which contact
between the water in liquid or vapor form and the      molecular sieve can
vary. Desirably, pressure is in the range of from vacuum conditions to
30690 kPa, preferably from 0 to 345 kPa. [00191The preferred catalyst
that is used in this invention is one that incorporates a
silicoaluminophosphate (SAPO) molecular sieve. The molecular sieve
comprises a three-  WO 2007/005353PCT/US2006/024712 dimensional
microporous crystal framework structure of [Si02 ], [A102] and [P02]
tetrahedral units. This type of framework is effective in converting various
oxygenates into olefin products. [0020]When a silicoaluminophosphate
molecular sieve is used in this invention, it has a 



5relatively low Si/Al2 ratio. In general, the lower the Si/Al2 ratio, the lower
the CI to C4 saturates selectivity, particularly propane selectivity. An
Si/Al2 ratio of less than 0.65 is desirable, with an Si/Al2 ratio of not greater
than 0.40 being preferred, and an Si/Al2 ratio of not greater than 0.32
being particularly preferred. An Si/Al2 ratio of not greater than 0.20 is most
preferred. 10[0021]Suitable silicoaluminophosphate molecular sieves
include SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18,
SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal
containing forms thereof, intergrowths of two or more of these SAPOs and
mixtures thereof Preferred are SAPO-18, SAP0-34, SAPO-35, SAPO-44,
and SAPO-47, particularly 15SAPO-18 and SAPO-34, including the metal
containing forms thereof, intergrowths of two or more of these SAPOs and
mixtures thereof. [0022]The silicoaluminophosphate molecular sieves are
synthesized by hydrothermal crystallization methods generally known in
the art. See, for example, US 4,440,871; US 4,861,743; US 5,096,684;
and US 5,126,308. A reaction mixture is formed by mixing 20together
reactive silicon, aluminum and phosphorus components, along with at
least one template. Generally the mixture is sealed and heated, preferably
under autogenous pressure, to a temperature of at least 100C, preferably
from 1000 to 250C, until a crystalline product is formed. Formation of the
crystalline product can take anywhere from around two hours to as much
as two weeks. 25[0023]Typically, the molecular sieve product will be
formed in solution. It can be recovered by standard means, such as by
centrifugation or filtration. The product can also be washed, recovered by
the same means and dried. [0024]As a result of the crystallization
process, the recovered sieve contains within its pores at least a portion of
the template used in making the initial reaction mixture. The 30crystalline
structure essentially wraps around the template, and the template must be
removed so that the molecular sieve can exhibit catalytic activity. Once
the template is removed, the crystalline structure that remains has what is
typically called an intracrystalline pore system.  WO
2007/005353PCT/1JS2006/024712 [0025]In many cases, depending upon
the nature of the final product formed, the template may be too large to be
eluted from the intracrystalline pore system. In such a case, the template
can be removed by a heat treatment process. For example, the template
can be calcined, or essentially combusted, in the presence of an
oxygen-containing gas, by 5contacting the template-containing sieve in
the presence of the oxygen-containing gas and 



heating at temperatures from 200 to 900C. In some cases, it may be
desirable to heat in an environment having a low oxygen concentration. In
these cases, however, the result will typically be a breakdown of the
template into a smaller component, rather than by the combustion
process. This type of process can be used for partial or complete removal
of the 10template from the intracrystalline pore system. In other cases,
with smaller templates, complete or partial removal from the sieve can be
accomplished by conventional desorption processes such as those used
in making standard zeolites. [0026]The reaction mixture can contain one
or more templates. Templates are structure   directing agents, and
typically contain nitrogen, phosphorus, oxygen, carbon, hydrogen or a
15combination thereof, and can also contain at least one alkyl or aryl
group, with 1 to 8 carbons being present in the alkyl or aryl group.
[0027]The silicoaluminophosphate molecular sieve is typically admixed
(i.e., blended) with other materials. When blended, the resulting
composition is typically referred to as a SAPO catalyst, with the catalyst
comprising the SAPO molecular sieve. 90[0028]Additional molecular sieve
materials can be included as a part of the SAPO catalyst composition or
they can be used as separate molecular sieve catalysts in admixture with
the SAPO catalyst if desired. Structural types of small pore molecular
sieves that are suitable for use in this invention include AEI, AFT, APC,
ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ERI, GOO,
KFI, LEY, LOV, LTA, MON, PAU, PHI,  25 RHO, ROG, THO, and
substituted forms thereof. Structural types of medium pore molecular
sieves that are suitable for use in this invention include MFI, MEL, MTW,
EUO, Mn, HEU, FEE, AFO, AEL, TON, and substituted forms thereof.
Preferred molecular sieves which can be combined with a
silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and
chabazite. 30[0029]The catalyst composition preferably comprises 1% to
99%, more preferably 5% to 90%, and most preferably 10% to 80%, by
weight of molecular sieve. It is also preferred that  WO
2007/005353PCT/1JS2006/024712 the catalyst composition have a
particle size of from 20 g to 3,000 g, more preferably 30 g to 200 g, most
preferably 50 g to 150g. [0030]It is particularly desirable that the
rejuvenated molecular sieve of this invention be used in the process of
making olefin product from an oxygenate-containing feedstock. In one
5embodiment of this invention, a feed containing an oxygenate, and
optionally a diluent or a hydrocarbon added separately or mixed with the
oxygenate, is contacted with a catalyst containing a rejuvenated SAPO
molecular sieve in a reaction zone or location. The location in which such
contact takes place is herein termed the "reactor," which may be a part of
a 



"reactor apparatus" or "reaction system." Another part of the reaction
system may be a 10"regenerator," wherein carbonaceous deposits (or
coke) on the catalyst resulting from the olefin conversion reaction are
removed by contacting the catalyst with regeneration medium. [0031]The
oxygenate feedstock of this invention comprises at least one organic
compound which contains at least one oxygen atom, such as aliphatic
alcohols, ethers, carbonyl compounds (aldehydes, ketones, carboxylic
acids, carbonates, esters and the like). 15When the oxygenate is an
alcohol, the alcohol can include an aliphatic moiety having from 1 to 10
carbon atoms, more preferably from 1 to 4 carbon atoms. [0032]In the
process of this invention, coked catalyst can be regenerated by contacting
the coked catalyst with a regeneration medium to remove all or part of the
coke deposits. This regeneration can occur periodically within the reactor
by ceasing the flow of feed to the 20reactor, introducing a regeneration
medium, ceasing flow of the regeneration medium, and then reintroducing
the feed to the fully or partially regenerated catalyst. Regeneration may
also occur periodically or continuously outside the reactor by removing a
portion of the deactivated catalyst to a separate regenerator, regenerating
the coked catalyst in the regenerator, and subsequently reintroducing the
regenerated catalyst to the reactor. 25Regeneration can occur at times
and conditions appropriate to maintain a desired level of coke on the
entire catalyst within the reactor. [0033]Any standard reactor system can
be used, including fixed bed, fluid bed or moving bed systems. Reactors
that can be used include riser reactors and short contact time
countercurrent free-fall reactors in which an oxygenate feedstock can be
contacted with a  30 molecular sieve catalyst at a WHSV of at least 5 hr-1,
preferably in the range of from 20 hrl to 1000 hr-1, and most preferably in
the range of from 20 hr-1 to 500 hr1. WHSV is defined herein as the
weight of oxygenate, and hydrocarbon which may optionally be in the
feed, per  WO 2007/005353PCT/1JS2006/024712 hour per weight of the
molecular sieve content of the catalyst. Because the catalyst or the
feedstock may contain other materials which act as inerts or diluents, the
WHSV is calculated on the weight basis of the oxygenate feed, and any
hydrocarbon which may be present, and the molecular sieve contained in
the catalyst. 5[0034]Preferably, the oxygenate feed is contacted with the
rejuvenated catalyst when the 



oxygenate is in a vapor phase. Alternately, the process may be carried out
in a liquid or a mixed vapor/liquid phase. When the process is carried out
in a liquid phase or a mixed vapor/liquid phase, different conversions and
selectivities of feed-to-product may result depending upon the catalyst and
reaction conditions. 10[0035]The process can generally be carried out at a
wide range of temperatures. An effective operating temperature range can
be from 2000 to 700C, preferably from 300 to 600C, more preferably from
350 to 550C. At the lower end of the temperature range, the formation of
the desired olefin products may become markedly slow. At the upper end
of the temperature range, the process may not form an optimum amount
of product. The pressure 15also may vary over a wide range, including
autogenous pressures. [0036]In a preferred embodiment of the continuous
operation, only a portion of the catalyst is removed from the reactor and
sent to the regenerator to remove the accumulated coke deposits that
result during the catalytic reaction. In the regenerator, the catalyst is
contacted with a regeneration medium containing oxygen or other
oxidants. In essence, the 20coke deposits are removed from the catalyst
during the regeneration process, foiming a regenerated catalyst. The
regenerated catalyst is then returned to the reactor for further contact with
the feed. Typical regeneration temperatures are in the range of 250 to
700C, desirably in the range of 350 to 700C. Preferably, regeneration is
carried out at a temperature range of 450 to 700C. 25[0037]It is desirable
to strip at least some of the volatile organic components which may be
adsorbed onto the catalyst or located within its microporous structure prior
to entering the regenerator. This can be accomplished by passing a
stripping gas over the catalyst in a stripper or stripping chamber, which
can be located within the reactor or in a separate vessel. The stripping
gas can be any substantially inert medium that is commonly used.
Examples of 30stripping gas are steam, nitrogen, helium, argon, methane,
CO2, CO, flue gas, and hydrogen. [0038]It may be desirable to cool at
least a portion of the regenerated catalyst to a lower temperature before it
is sent back to the reactor. A heat exchanger located externally to the
WO 2007/005353PCT/1JS2006/024712 regenerator may be used to
remove some heat from the catalyst after it has been withdrawn from the
regenerator. When the regenerated catalyst is cooled, it is desirable to
cool it to a temperature which is from 200C higher to 200C lower than the
temperature of the catalyst withdrawn from the reactor. More desirably, it
is cooled to a temperature from 100 to 200C 5lower than the temperature
of the catalyst withdrawn from the reactor. This cooled catalyst then may
be returned to either some portion of the reactor, the regenerator, or both.
When the regenerated catalyst from the regenerator is returned to the
reactor, it may be returned to the reactor's catalyst disengaging zone, the
reaction zone, and/or the inlet zone Introducing the cooled catalyst into
the reactor or regenerator serves to reduce the average temperature in
the 10reactor or regenerator. The catalyst may also be cooled with water
in accordance with the 



present invention. [0039]The reactor and regenerator may be configured
such that the feed contacts the regenerated catalyst before it is returned
to the reactor. In an alternative embodiment, the reactor and regenerator
are configured such that the feed contacts the regenerated catalyst 15
after it is returned to the reactor. In yet another embodiment, the feed
stream can be split such that feed contacts regenerated catalyst before it
is returned to the reactor and after it has been returned to the reactor.
[0040]It is preferred the catalyst within the reactor have an average level
of coke effective for selectivity to ethylene and/or propylene. The average
coke level on the catalyst 20will be from 2 to 10 wt-%. In order to maintain
this average level of coke on catalyst, the entire volume of catalyst can be
partially regenerated under conditions effective to maintain the desired
coke content on catalyst. It is preferred, however, to recycle only a portion
of the coked catalyst for feed contact without regenerating. This recycle
can be performed either internal or external to the reactor The portion of
coked catalyst to be regenerated is 25preferably regenerated under
conditions effective to obtain a regenerated catalyst having a coke content
of less than 2 wt-%. [0041]In order to make up for any catalyst loss during
the regeneration or reaction process, fresh catalyst can be added. The
fresh catalyst may either be added to the regenerated catalyst after it is
removed from the regenerator, and then both are added to the 30reactor
or the fresh catalyst may be added to the reactor independently of the
regenerated catalyst.  WO 2007/005353PCT/1JS2006/024712 [0042]One
skilled in the art will also appreciate that the olefins produced by the
oxygenate-to-olefin conversion reaction of the present invention can be
polymerized to form polyolefins, particularly polyethylene and
polypropylene. Processes for forming polyolefins from olefins are known in
the art. In addition to polyolefms, numerous other olefin 5derivatives may
be formed from the olefins recovered therefrom. These include, but are
not limited to, aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl
acetate, ethylene dichloride and vinyl chloride, ethylbenzene, ethylene
oxide, cumene, isopropyl alcohol, acrolein, allyl chloride, propylene oxide,
acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and
dimers of ethylene, propylene or butylenes. The methods of
10manufacturing these derivatives are well known in the art, and
therefore, are not discussed 



herein. [0043]This invention will be better understood with reference to the
following example, which is intended to illustrate specific embodiments
within the overall scope of the invention as claimed. 15EXAMPLE [00441A
SAPO-34 catalyst was obtained that was made according to the following
process: In a container orthophosphoric acid (85%) was combined with
water. To this there was added a silica sol and a 35 wt. % aqueous
solution of tetraethylammonium hydroxide (TEAOH). Finally, alumina in
the form of pseudo-boehmite along with water and SAPO-34 20seed
material were added and blended in. The mixture was now placed in a
steel pressure reactor equipped with a turbine stirrer. The mixture was
now stirred and heated to 100C over a 6 hour period, held at 100C for 6
hours, then heated to 175C over a period of 3 hours and held there for the
reaction time of 24 hours. Finally, the reaction mixture was cooled to
ambient temperature and the solid product recovered by centrifugation
and washed with 25water. Then, a coked MTO catalyst, removed from a
demonstration plant, that comprised 40 wt-% SAPO-34 + binder was first
calcined to remove coke (Sample I). The sample was then hydrothermally
treated at 700C, I atm H20 for 800 hours (Sample II). A series of
treatments as outlined below were done to the hydrothermally deactivated
sample. All treated samples were then dried at 120C overnight and
followed by exposure to ambient conditions for 48 30hours to achieve a
consistent LOI on the samples. The samples were then sent for a
microreactor test to determine activity of the sample. - 10-  WO
2007/005353PCT/1JS2006/024712 Sample and treatment description and
catalyst activity S ample  # Description K-Oxygenate (volumetric rate 



constant 1/s)  Starting material that has been regenerated (550C, 15  1
hours). Dried at 120C, then left at room temperature for 48 hours. 370
Regenerated catalyst is steamed at 700C for 800  2 hours at 1 atm water
pressure. Dried at 120C, then at room temperature for 48 hours. 106
Rejuvenated with distilled water at room temperature  3 for 4 hours,
washed 5 times with 50 ml distilled water, dried at 120C, then left open to
air for 48 hours. 144 4 Rejuvenated with distilled water at 85C for 4 hours,
washed 5 times with 50 nil distilled water, dried at 204 



120C, then left open to air for 48 hours.   Rejuvenated with hot 2N
NH4NO3, dissolved in distilled water at 85C for 4 hours, washed 5 times
with  5 50 ml distilled water, dried at 120C, then left open to air for 48
hours, calcined at 650C for 5 hours, left open to air for 48 hours. 195 6
Rejuvenated with steaming at 150C for 4 hours in N2, 25% steam (200
torr H2O) dried at 120C, then left open to air for 48 hours. 125 7
Rejuvenated with steaming at 200C for 4 hours in N2, 25% steam (200
ton H2O) dried at 120C, then left open to air for 48 hours., 126  [0045]In
the microreactor reactivity test, 150 mg of catalyst is loaded into a 8 mm
ID quartz reactor with sintered glass nit at the middle of the reactor to
keep catalyst in place. Catalyst is first pretreated at 500C for 1 hour in dry
N2. Reactor temperature is then lowered 5to 450C and methanol feed is
introduced. Methanol feed is introduced by passing a stream of N2 (350
cc/min) through a 3-leg saturator filled with methanol and set in at 5C
constant temperature bath. An online GC is attached to the plant for
product analysis. According to literature, reaction rate is assumed to be
first order with regard to oxygenates concentration. Catalyst activity is
expressed as first order kinetic constant for oxygenates conversion which
10 is expressed by the equation -kt = In(1-x) where x is oxygenate
conversion, t is space time and k is a first order kinetic constant. First
order kinetic constant for all the catalysts tested are summarized in the
above table. Oxygenates conversion was determined on a water and coke
free basis. It is clear that treatment of the hydrothermally deactivated
catalysts with  
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CLAIMS:

1. A method for rejuvenating a silicoaluminophosphate molecular sieve,

comprising:

providing a silicoaluminophosphate molecular sieve having decreased

catalytic activity as a result of contact with high temperature moisture; and

contacting the molecular sieve with low temperature liquid comprising at

least 50% water or water vapor wherein said low temperature is between

15° and 300°C until the catalytic activity of said molecular sieve increases

at least 25% as compared to the molecular sieve having decreased catalytic

activity.

2. The method of claim 1 wherein the catalytic activity is increased by at

least 50%.

3. The method of claim 1 or 2 wherein the low temperature is between 25°

and 100°C.

4. The method of any one of claims 1 to 3 wherein the

silicoaluminophosphate molecular sieve is selected from the group consisting of

SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31,

SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-

44, SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.

5. The method of any one of claims 1 to 4 wherein the

silicoaluminophosphate molecular sieve is selected from the group consisting of

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

6. The method of any one of claims 1 to 5 wherein said low temperature

liquid further comprises at least one dissolved solid.

7. The method of claim 6 wherein said dissolved solid is selected from the

group consisting of ammonium chloride, ammonium phosphate, ammonium sulfate,

ammonium acetate, ammonium carbonate, ammonium nitrate and mixtures thereof.

8. The method of any one of claims 1 to 7 wherein said low temperature

liquid is a dilute acid.

9. The method of any one of claims 1 to 8 wherein said

silicoaluminophosphate molecular sieve is used to make an olefin product from an

oxygenate-containing feedstock.

WO 2007/005353PCT/1JS2006/024712 water or with water containing
ammonium salts resulted in recovery of significant amount of lost activity.
It is anticipated that such way for catalyst activity recovery can be applied
to other SAPO based molecular sieves. [0046]This invention can be
applied in commercial operation where hydrothennally 5deactivated
catalyst coming out of regenerator can be treated with warm water and the
treated catalyst can be returned back to regenerator or reactor directly.
CLAIMS:       1. A method for rejuvenating a silicoaluminophosphate
molecular sieve, comprising: providing a silicoaluminophosphate
molecular sieve having decreased catalytic activity as a result of contact
with high temperature moisture; and contacting the molecular sieve with
low temperature liquid comprising at least 50% water or water vapor
wherein said low temperature is between 15 and 300C until the catalytic
activity of said molecular sieve increases at least 25% as compared to the
molecular sieve having decreased catalytic activity.       2. The method of
claim 1 wherein the catalytic activity is increased by at least 50%.       3.
The method of claim 1 or 2 wherein the low temperature is between 25
and 100C.       4. The method of any one of claims 1 to 3 wherein the
silicoaluminophosphate molecular sieve is selected from the group
consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17,
SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO44, SAPO-47, SAPO-56,
the metal containing forms thereof, and mixtures thereof.       5. The
method of any one of claims 1 to 4 wherein the silicoaluminophosphate
molecular sieve is selected from the group consisting of SAPO-18 and
SAPO-34, the metal containing forms thereof, and mixtures thereof.       6.
The method of any one of claims 1 to 5 wherein said low temperature
liquid further comprises at least one dissolved solid.       7. The method of
claim 6 wherein said dissolved solid is selected from the group consisting
of ammonium chloride, ammonium phosphate, ammonium sulfate,
ammonium acetate, ammonium carbonate, ammonium nitrate and
mixtures thereof.       8. The method of any one of claims 1 to 7 wherein
said low temperature liquid is a dilute acid.       9. The method of any one
of claims 1 to 8 wherein said silicoaluminophosphate molecular sieve is
used to make an olefin product from an oxygenate-containing feedstock. 
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