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Formati on of carbonaceous’ deposi
cracking petroleum feeds. Because of the limited supply of competitive

petroleum feeds, the opporiunities to produce low cost light olefins from
petroleum feeds are limited. Efforts to develop light olefin production
technologies, based on alternative feedstocks have increased.

15 An important type of alternate feedstocks for the production of light
olefins are feedstocks containing one or several oxygenates, such as, for
example, alcohols, particularly methanol and ethanol, dimethyi ether,
methyl ethyl ether, diethyl ether, dimethyl carbonate, and methyl formate.
Many of these oxygenates may be produced by fermentation, or from

' 20 synthesis gas derived from natural gas, petroleum liquids, carbonaceous
materials, including coal, recycled plastics, municipal wastes, or any
organic material. Because of the wide variety of sources, alcohol, aicohol
derivatives, and other oxygenates have promise as an economical, non-
petroleum source for light olefin production.

25 The reaction, which converts oxygenates to desired light otefins,
also produces by-products. Representative by-products include, for
example, alkanes {methane, ethane, propane, and larger), C4* olefins,
aromatic compounds, carbon oxides. Formation of carbonaceous deposits
(also referred to as "coke") on the catalyst is also observed.

30 During the conversion of oxygenates to light olefins, carbonaceous
deposits accumulate on the catalysts used to promote the conversion
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stream to remove the carbonaceous deposits is typically referred to as
regeneration and is typically conducted in a unit called a regenerator,

Previously in the art, catalyst regeneration was accomplished by
removing the deactivated catalyst from the process stream, removing the
carbonaceous deposits from the catalyst, and then returning the
regenerated catalyst o the reactor near the inlet of the reactor or reaction
vessel. Conventionally, this inlet is located near the bottom quarter of the
reactor or reaction vessel. By returning the regenerated catalyst near the
inlet of the reactor, the regenerated catalyst would immediately contact
fresh feedstock and begin conversion of the feedstock. However, doing so
does nothing to control the conversion of the feedstock into by-products.

For example, United States Patent No. 4,873,390 to Lewis et al.
teaches a process for catalytically converting a feedstock into a product in
which the feedstock is contacted with a partially regenerated catalyst,

Lewis et al. describe that a partially regenerated catalyst improves the
selectivity of the process 1o the light olefin products. While contacting the
feedstock with a partially regenerated catalyst may improve the selectivity
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teaches a process for catalytically converting a feedstock into a product
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produce more ethylene and propylene from the oxygenate feed and to
produce fewer by-products. In the present invention, the selectivation of
15 the catalyst occurs by contacting the catalyst with the by-products of the
conversion reaction. However, the light olefins produced by the oxygenate
conversion reaction can also be used for the selectivation of the catalyst,
either separately or in combination with the by-products. As one well
skilled in the art will appreciate, it is preferred that as much as possible of
20 the by-products selectivate the catalyst and as little as possible of the light
olefins selectivate the catalyst. As the by-products contact an at least
partially regenerated catalyst, primarily the C4* olefin portion of the by-
products, is primarily converted to light olefins and carbonaceous deposits
which form on the catalyst. While the accumulation of the carbonaceous
25 deposits does contribute to the deactivation of the catalyst, the
accumulation of the carbonaceous deposits also contributes to the
selectivation of the catalyst. When the selectivated catalyst contacts the
oxygenate feed, selectivity of the conversion reaction to forming light
olefins, particularly ethylene and propylene, is increased and/or formation
30 of by-products and/or formation of carbonaceous deposits on the catalyst
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15 In this process, the at least partially regenerated catalyst may also
be exposed one or several light olefins to selectivate the at least partialty
regenerated catalyst to forming light olefins. This process may also
include the step of contacting at least a portion of the selectivated at least
partially regenerated catalyst, i.e. the catalyst obtained in step (d), with the

20 feedstock containing one or several oxygenates. This step and step (d)
may be conducted simultaneously.

Another aspect of the present invention is directed to a method for
converling oxygenates to light olefins. The method comprises contacting,
in a reactor, a feedstock containing one or several oxygenates with a

25 molecular sieve catalyst that has been selectivated according to the
prgsent invention. The feedstock is contacted with the selectivated catalyst
under conditions effective to convert said feedstock to a product containing
one or several light olefin. This method may include the additional step of
recovering the light olefins. if the light olefins are recovered, then this

30 method may also include the step of polymerizing the light olefins to form
polyolefins.
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regenerated catalyst; and contacting the at least partially regenerated

catalyst with the by-products to facilitate an endothermic reaction with the
by-products.

15 Other advantages and uses of the process of the present invention
will become apparent from the following detailed description and
appended claims.

Detailed Description of the Invention
When converting oxygenates to light olefins, it is desirable to

20 maximize the production of light olefins, and to control, typically to
minimize, the production of by-products and the formation of
carbonaceous deposits on the catalyst. The present invention
accomplishes this result by subjecting at least a portion of an at least
partially deactivated catalyst to at least partial regeneration and

25  introducing the at least partially regenerated catalyst to the conversion
reactor so that the at least partially regenerated catalyst contacts at least a
portion of the by-products of the oxygenate conversion reaction before the
catalyst comes into contact with fresh oxygenate feed. Doing so,
selectivates the catalyst to form light olefins and causes the overall

30 process to produce fewer by-products.
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ether; methyl formate; formaldehyde; di-methyl carbonate; methyl ethyi

carbonate, acetone; and mixtures thereof. Desirably, the oxygenates used

in the conversion reaction are methanol, dimethyl ether and mixtures

thereof. More desirably the oxygenate is methanol. As used herein, the

term “oxygenate” designates only the organic material used as the feed.

The total charge of feedstock to the reaction zone may contain additional
compounds, such as diluents,

In the present invention, a feedstock containing one or several
oxygenates is contacted in a reaction zone of a reactor with a molecular
sieve catalyst at process conditions effective to praduce light olefins, i.e.,
an effective temperature, pressure, WHSV (weight hourly space velocity)
and, optionally, an effective amount of diluent, correlated to produce light
olefins. These conditions are described in detail below. Usually, the
feedstock containing one or several oxygenates is contacted with the
catalyst when the oxygenates are 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 feedstock-to-product may
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may not be practical due to time constraints and costs of continued
15 regeneration. For those reasons, as much as possible of the
carbonaceous deposits are removed from the catalyst. In other words, the
catalyst is at least partially regenerated. However, the catalyst is,
desirably, regenerated as fully and completely as practical. The remainder
of the deactivated catalyst remains in the reactor. Desirably, a portion of
20 catalyst is removed from the reactor for regeneration and recirculation
back to the reactor at a rate of from 0.1 times to 10 times, desirably from
0.2 times to 5 times, and most desirably from 0.3 to 3 times the total feed
rate of the feedstock oxygenates to the reactor.
It has been found in the present invention that the use of an at least
25 partially regenerated catalyst provides better light olefin selectivity with
reasonable catalyst activity, and provides better control of the reaction
temperature inside of the reactor than prior art processes. In the present
invention, the amount of coke residue or carbonaceous deposits remaining
on the catalyst after partial regeneration ranges from 0.1 wi% to 95 wt%,
30 desirably from 0.5 wi% to 85 wt%, and more desirably from 1 wi% tc €5

wt% of the original amount of coke residue or carbonaceous deposits
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car bon nonoxfkfedes d rageneration gases. Desirablif, the oxygen concentration in
the regenerator is reduced to a controfled level to minimize overheating or
15  the creation of hot spots in the spent or deactivated catalyst. The
deactivated catalyst also may be regenerated reductively with hydrogen,
carbon monoxide, mixtures of hydrogen and carbon monoxide, or other
suitable reducing agents and gases. Depending on the other oxygenate
conversion reaction parameters and the feedstock, a combination of an
20 oxidative regeneration and a reductive regeneration can be employed.
Before the deactivated catalyst is at least partially regenerated,
especially oxidatively regenerated, at least some of the volatile organics
are desirably stripped from the catalyst in a stripper or stripping chamber,
using steam, nitrogen, or methane, among others. Stripping the catalyst
25 may improve the process economics, process operation and/or emission
control. If the organics are not removed, they will provide at most fuel
value. With removal, the recovered organics may have a higher value as
chemicals, not as fuels. In addition, the amount of organics removed
during regeneration or partial regeneration is reduced. This leads to better
30  heat management both in the catalyst regenerator and on the catalyst,

particularly when an oxidative regeneration method is used. Less carbon




) sw tabl e reducing agents and gases. Depending on the other oxygenate

convérsion Teaction parameters and the feedstock, a conbination ¢f g 780
oxidative regeneration and a reductive regeneration can be enpl oyed.
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Desirably, tk@ialyst i Hnisdoitiabeantaet \alﬂmtlm/byi-plwdlsrﬂs;chmgophonally the light
olefins in combination with the by-products, may occur either inside or
15  outside of the reactor. Desirably, the initial contact is achieved by sending
the at least partially regenerated catalyst, at a suitable temperature, to a
location in the reactor which contains mostly the by-products, and
optionally an amount of the light olefins. This portion of the reactor may
aiso contain either the non-regenerated, deactivated portion of the
20 catalyst, an amount of the unreacted oxygenate feed or a combination of
both. This contact with the by-products, and optionally the products, of
the conversion reaction serves to selectivate the at least partially
regenerated catalyst to forming light olefins. The selectivated catalyst is
then mixed with the rest of the at least partially deactivated catalyst to form
25 amixture of the nonregenerated catalyst and the selectivated catalyst,
followed by contacting the catalyst mixture with the feedstock.

Desirably, the at least partially regenerated catalyst is returned to
contact the by-products, and optionally the light olefins, when the at least
partially regenerated catalyst is hot. By “hot” it is meant that at least the

30  catalyst from the regenerator is not cooled below the temperature of the

catalyst already in the reactor prior to being contacted with the by-
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the at TRESkygdRate' AnVérdisiPRdetish &F 158 tp?fiels\’éntl ifention | may be
conducted in a fluidized bed reactor which has a riser (or riser region) and
a dense fluid bed section (or dense phase region). Typically, the dense
phase region is located above the riser region. When this type of reactor
is used, the at least partially regenerated catalyst is returned to one of the
following locations in the reactor: above the dense phase region;
immediately beiow the dense phase region; or anywhere between about
the top one fourth of the riser region and the dense phase region,
desirably between about the top one-fourth of the riser region and about
the bottom one fourth of the dense phase region.

S.

In another embodiment of the process of the present invention, the
contact between the by-products, and optionally the light olefins or a
mixture thereof, of the oxygenate conversion reactor and the at least
partially regenerated catalyst fraction to selectivate the catalyst may occur
in a separate vessel outside of the reactor. The temperature, pressure,
time period, and other reaction conditions effective for the initial contact
are determined by factors including, but not hecessarily limited to, the
oxygenate conversion reaction conditions, the amount of residual
carbonaceous materials present on the catalyst, the level or degree of the




The oxygenate conversion reaction of the present invention may be
conducted in a fluidized bed reactor which has a riser (or riser1qu”pmw
and 15 a dense fluid bed section (or dense phase region). Typically, the
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In the oxygenate conversion reaction of the present invention, the -

temperature useful to convert the one or several oxygenates to the

15  products varies over a wide range depending, at least in part, on the
selected catalyst, the fraction of the regenerated catalyst in the catalyst
mixture, and the reactor configuration. Although not limited to a particular
temperature, best results are obtained if the process is conducted at a
temperature from 200°C to 700°C, desirably from 250°C to 600°C, and

20 most desirably from 300°C to 500°C. Lower temperatures generally result
in lower rates of reaction, and the formation rate of the desired light olefin
products may become markedly slower. However, at higher temperatures,
the process may not form an optimum amount of light olefin products, and
the coking rate may become too high.

25 Light olefins form, aithough not necessarily in optimum amounts, at
a wide range of pressures including, but not limited to, autogeneous
pressures and pressures in the range of from 0.1 kPa to 5 MPa. A desired
pressure is from 5 kPa to 1 MPa and most desirably from 20 kPa to 500
kPa. The foregoing pressures do not include that of a diluent, if any, and

30 refer to the partial pressure of oxygenate present in the feedstock as it

relates 1o oxygenate compounds and/or mixtures thereof. Pressures




the oxygenate feedstock with the selectivated catal yst increases the
selectivity of the oxygenate conversion reaction to producing |ilghaié 2003 -
olefins. In the oxygenate conversion reaction of the present invention, the
tenperatu to convert the one or several oxygenates to the 15
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sel ected catalyst, the fraction of the regenerated catalyst in the catalyst
m xture, and the reactor configuration. Although not |linmted to a
particular tenperature, best results ar&obtained if the process is
conducted at a _tenperature from 200C to 700C, desirably from 250C to 600C,
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light ol ef i nregemduatos. Because at faastedhiciitftidPod@ireNa ddftain amount of
replacement catalyst is used to replace the catalyst fines generated and
separated.

15 A wide range of weight hourly space velocities (WHSYV) for the
feedstock, defined as weight feed per hour per weight of catalyst, function
with the present invention. The WHSV should be high enough to maintain
the catalyst in the fluidized state under the reaction conditions and within
the reactor configuration and design. Generally, the WHSV is from 1 hr '

20 10 5000 hr ™', desirably from 2 hr”' to 3000 hr", and most desirably from 5-
hr'' to 1500 hr. For a feedstock comprising methanol, dimethyl ether, or
mixtures thereof, the WHSV is most desirably in the range of from 5 hr' to
300 hr'', Because the catalyst may contain other materials which act as
inerts, fillers, or binders, the WHSV is caiculated on the weight basis of

25 oxygenates in the feedstock and the molecular sieve content of the
catalyst.

One or more diluents may be fed to the reaction zone with the one
or several oxygenates, such that the totai feed mixture comprises dituent
in a range of from 1 mol% and 99 moi%. Diluents also may be used in

30 connection with recharging the at ieast partially regenerated catalyst back
to the reactor. Diluents which may be empioyed in the process include,




catal yst regeneration cycle and the oxygenate conversion reaction to
achieve the desired catalytic perfornmance, such as activity naintengnti,

to light olefin selectivity and control of by-products. In addition, a
portion o&goﬁh ﬁgtalyst may be recirculated in the reactor before it is
sent to t ‘L@é rator. Because at |east sone attrition od€UYUS00A3YErtain
anount of replacenent catalyst is used to replace the catal yst fines
generated and separated. 15 A wi de range of weight hourly space velocities
(WHSV) for the feedstock, defined as waisaght feed per hour per weight of
catal yst, function wth the present invention. The WHSV shoul d be high
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m xtures themawth as 50 mol% of the feedstock is commercially acceptable. Therefore,
conversion levels which achieve both goals are from 50 mol% to 98 mol%
and, desirably, from 85 mol% 1o 98 mol%. However, it is also acceptable
15  to achieve conversion between 98 mol% and 100 mol% in order to simplify
the recycling process. Oxygenate conversion may be maintained at this
level using a number of methods familiar to persons of ordinary skill in the
art. Examples include, but are not necessarily limited to, adjusting one or
more of the following: the reaction temperature, pressure, flow rate (i.e.,
20  space velocity); level and degree of catalyst regeneration; amount of
catalyst re-circulation; the specific reactor configuration; the feed
composition; and other parameters which aifect the conversion.
Fixed beds may also be used to practice the process of the present
invention, but are less desirable because an oxygenate-to-olefin
25  conversion reaction run in such a reactor fequires several stages with
intercoolers or other heat removal devices because of the exothermicity of
“the reaction. Further, the oxygenate conversion reaction also results in a
high pressure drop in a fixed bed due to the production of low pressure,
low density gases. In addition, the processes of removing the deactivated
30  catalyst and recharging the at least partially regenerated catalyst are
difficult to perform.




The |l evel of conversion of the oxygenates -- particularly during a steady
state of the reaction - can be maintained to reduce the |evel OIfﬁAymm]it ed
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good oxygenate conversion catalyst.

Useful zeotlitic molecular sieve catalysts include, but are not limited
to, mordenite, chabazite, erionite, Z8M-5, ZSM-34, ZSM-48 and mixtures
thereof. Methods of making these catalysts are known in the art and need
not be discussed here.

Silicoaluminophosphates ("SAPOs") are one group of non-zeolitic
molecular sieve catalysts that are useful in the present invention.

20  Processes for making useful SAPOs are known in the art. In particular,
small pore SAPOs are desired. SAPO type molecular sieves have a
three-dimensional microporous crystalline framework of PO.*, AlO;, SiO,
and MeQ,™ tetrahedral units, with or without metals in the framework. The
‘m” superscript represents a net electric charge depending on the valence

25  state of the substituent, Me. When “Me” has valence state of +2, +3 +4
+5, or +6 valence state, m is -2,

15

-1, 0, +1, and +2, respectively. “Me”
includes, but is not necessarily limited to, Zn, Mg, Mn, Co, Ni, Ga, Fe, Ti,
Zr, Ge, Sn, Cr, and mixtures thereof. Because an aluminophosphate
(AIPOy,) framework inherently is neutral in electrical charges, the

30  incorporation of silicon or other metallic or nonmetallic elements into the

framework by substitution generates more active catalytic sites,




Mol ecul ar sieve catal ysts can be zeolitic (zeolites) or non-zeolitic (non-
zeolites). "Useful catalysts may al so be formed from mixtures of LeE I 5
and non-zeolitic nolecular sieve catalysts. Desirably, the catalyst is a
non-zeolitic nol ecul ar sieve. Desired catalysts for use with the process of
the preseMO 94986 i on i ncl ude "smal 1" and "medi unt' pore nolFEIHPPEBye
catal ysts. "Small pore" nol ecul ar sieve catalysts are defined as catal ysts
wi th pores having a dianmeter of less than 5.0 Angstrons. "Medium pore" 10
mol ecul ar sieve catal ysts are defined aslScatal ysts with pores having a
dianeter in the range of from5.0 to 10.0 Angstrons. Properly adjusted
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cobalt, manganese, zinc, titanium, strontium, magnesium, barium, and
calcium. The substituents may be incorporated during synthesis of the
15 MeAPSOs. Altemaiely, the substituents may be incorporated after
synthesis of SAPOs or MeAPSOs using many methods. The methods
include, but are not necessarily limited to ion-exchange, incipient wetness,
dry mixing, wet mixing, mechanical mixing, and combinations thereot.
Desired MeAPSOs are small pore MeAPSOs having pore size
20 smalier than 5 Angstroms. Small pore MeAPSOs include, but are not
necessarily limited to NISAPO-34, CoSAPO-34, NiSAPO-17, CoSAPO-17,
and mixtures thereof. ,
. Aluminophosphates (ALPOs) with substituents, also known as
“MeAPOs,” are another group of molecular sieves that may be suitable for
25 use in the present invention, with desired MeAPOs being small pore
MeAPOs. Processes for making MeAPOs are known in the art. Suitable
substituents include, but are not necessarily limited to nickel, cobalt,
manganese, zinc, titanium, strontium, magnesium, barium, and calcium.
The substituents may be incorporated during synthesis of the MeAPOs.
30 Alternately, the substituents may be incorporated after synthesis of ALPOs

or MeAPQOs using many methods. The methods include, but are not




particularly acid sites, and increased acidity. Controlling the quantity
and location of silicon atons and other elenents incorporated i n't1(3J AL 2003
AlPO4 franmework is inportant in determning the catalytic properties of a
parti cul arwgAlB@eiggpe nol ecul ar sieve. Suitable SAPGs for use in the 5

i hvention include, but are not necessarily linmted to, SAPOFSA/USENpRNS 7
SAPO- 1 8, SAPO 44, SAPO 56 and m xtures thereof. In a nore desired

enbodi nent, the SAPO is SAPO 34. Substituted SAPGs form a class of

nol ecul ar. si eves known as "MeAPSOs," whi®h are ‘al so useful in the pr esent
invention. Processes. for. &o maki n% MeAPSGs are known in the art. SAPGCs
with substit essagly imited ip ianeexc aagsoineipjentavemessdiy rhixingiseeti n t he

present i nvermgiy, mekth ﬁhﬁbs t .. Me " include, but are not
necessarily i nx?tfged to,éﬁll:%lkrg ) 'é&ﬁ’éﬁ%gmﬂ%ﬁ@@oﬂzi nc, titanium

strontium magnesi Tihg catalystmaybd incmb6iaiad inld | .5 may be
I ncor por at ed b P Cg.s'iﬁlgts%rrhg?ef@?’ t he

pﬁg | n@l s%gl esis of the 15 MeAPS

substituents h {gra ¥ RAJtiles dinawhigh the patiatyst issprelseRARCEN @mddPSCs usi ng |
many met heds.effbttivelb | re not necessarily limted to

i on- exchange, i nci pi e%gﬁm}ggéng?sawﬁr@égﬂ@fﬁ%" '%a'%x he solid pagiciasal

m xi ng, and dBAbINRde acatalytically. etieetive ethdnh BB ééﬁmhkgﬁg@& MeAPSCs

havi ng pore g . spml ] er than 5 Angstronms. Snall i ncl ude,
but are not %%@é‘?ﬁ%’?@abﬁrﬂtﬂ%ﬁﬁ‘m%fw@rmte@mmm BaRMial, to
CoSAPO- 17, ovide>d desifed ij@@é, . i.nophosphat es POg) W th
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si eves that Ifgchaniedisteangth aod the bkede the soiitecompesilion] TG Hriafirix Wi t h

desired AP ' ore MeA . Processes for making Cs are |
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met hods include, but are not
example, synthetic and naturally occurring substances, metal oxides,

15  clays, silicas, aluminas, silica-aluminas, silica-magnesias, silica-zirconias,
silica-thorias, silica-berylias, silica-titanias, silica-alumina-thorias, silica-
aluminazirconias, and mixtures of these,

The solid particles preferably comprise 1% to 99%, more preferably
5% to 90% and still more preferably 10% to 80%, by weight of catalyst;

20  and an amount of 1% to 99%, more preferably 5% to 90% and still more
preferably 10% to 80%, by weight of matrix material.

The preparation of solid compositions, e.g., solid particles,
comprising the catalyst and matrix material, is conventional and well
known in the art and, thersfore, is not discussed in detail here.

25 The present invention will be better understood with reference to

the following examples, which illustrate, but are not intended to limit the
present invention.




WO 00/ 49106 -16 PCT/USOQ 03915 necessarily limted to ion- exchange

i-nci pi ent wetness, dry m xing, wet mxing, nmechanical mxing, a

conbi nations thereof. The catal yst may be incorporated into a soIh&jl—‘«Uﬁ 2003
conposition, preferably solid particles, in which the catalyst is present
in an anmowwb obvaefobective to pronmpte the desired conversion FERSdoRRe1s The
solid particles may include a catalytically effective anmount of the
catalyst and matrix material, preferably at |east one of a filler nmaterial
and a binder material, to provide a de;si ed property or properties, e.g.,
desired catal yst dilution, mechanical strength and the like, to the solid

conposi tion. Egmhisx 10 materials are often to sone extent porous in
nat ure and of one nonsel ective catalytic activity to pronote the

formati on of undesparegss @rggjﬁﬂb%fwcg@#at rafggyth%phaﬁg)rﬁ"gﬁg&y {o pronote

the desired chem cal conversion | nder
materi al s i nc¢awedsinair ah&HASCdor 3§ houes was wlnbeddneiwelehquuartz wool

51T oa nagheoh s T4 4 o drfier Hian LeadiBBipgortheliibe was igbnpered
silica-titsaniipgo aﬁldleétﬁcﬁlwﬁeétédtzbﬁé '\nﬂﬁch %%erac}lglh%d‘ﬂ%h eq%%”' as, and

m xtures of these. The .solid particles pre conpris %to 99% nore
preferably SoBropalogeaphdos onilineranalyspsaf pradugts.1 Thietmesoute ihsidestght of

catal yst; 20 rmre ref era 5% to 90% and
still nore mq&?ﬁ@ﬁ%b#@é%’ﬁ'ﬁ‘g?g% élﬂs'% hel ?(%ﬁéké?’%%?r”’eTh(e
preparation ofegufdtor] vnngbrm WS ﬂwamtame'd%tn@dﬁeee%enmms' idyg the
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2003 WO 00149d418lyRCTThEPPOARAIS in the effluent were directed to a gas
'chromatographic column for analyses. The ethylene conversion was
calculated by subtracting from 100% all of the detected gas phase
hydrocarbon products other than ethylene feed itself. Selectivities to the
15  products of interest are shown in Table I. Coke vield was not determined.
EXAMPLE 2
The procedure described in EXAMPLE 1 was repeated except that
one milliliter (ml) gas samples of propylene (C3™) were used as feed. The
propylene conversion was calculated by subtracting from 100% all of the
20 detected gas phase hydrocarbon products other than propyiene feed itself.
Selectivities to the products of interest are shown in Table I. Coke yield
was not determined.
EXAMPLE 3
The procedure described in EXAMPLE 1 was repeated except that
25 one milliliter (ml) gas samples of 1-butene (1-n-C,7) were used as feed.
The butene-1 conversion was calculated by subtracting from 100% ali of
the detected gas phase hydrocarbon products other than butene-1 feed
and other butene isomers. Selectivities to the products of interest are
shown in Table |. Coke yield was not determined.




-17 r EXAMPLE 1 A 0.055 g sanple of SAPO 34 catal yst that had previously
been calcined in air at 550C for 16 hours was placed between twpSoaIB@-
wool plugs in a 4 mmdianeter quartz reactor tube. The tube was then
inserted vhohahfRean €l ectrically heated zone which was directly linked to a
gas chromat ograp% for on-line anal yses of products. The preRSTfis00/43815e of
the reactor tube was maintained at 16.5 psig by using a back-pressure

regul ator. The tenperature was nai ntai ned at 4502C. Helium was used as a

carrier gas at a flowrate of 60 m/m8n. One nilliliter (mM) gas sanples 10
of ethyle were injected successively at 30 mnute intervals onto
the cata P products in the effluent were directed to a gas

chr omat ogr aphi f or al.yses. | ene conversion was

cal cul ated by g-ll} fé’%@%'%% ?‘?%‘%ﬂ%‘d%@ﬂﬁﬁw@v%w gxeeptitha

hydr ocar bonepniochlitéis(uit lhfiid hise tivities to the
15 produches [_Pf inter(é?thg?e%;hﬁ?ﬁ ?Ki%@f%rﬁfﬁ EO(E%B%%?EJS%QSA%M

det er ni netPed-El09/PERieneTh Sopretsieniwes daiaulatedcy sulifidiRigRramwegoos epeat ed

exceptsg th A as_sanpl es, of propyl ene (C3L) were used
as feed. %rr'\gf ﬂﬁ%%qfkieér#ebégh\végé%’gﬁr%bﬁpaﬂ%%ﬁtw tban 8-hg from 100%

al | of t hieezDantbother €5 ‘yeempbands. NSdieeaaiib n propyl ene
feed itself Sel ecfl'_i viti espt o the produétg?%?ﬁél)ﬁ@%stgbgﬁgeé%gm in Tabl e

|. Coke yRE ShowRin fabledet Coke selectivitywas Bos detemyined dnithis esampld.bed in
EXAMPLE 1 ted except that 25 one milliliter (m) gas sanples of
WP%?P

1- but ene were used as feed. The butene-1 conversion was

cal cul ated by Fhétprecedurg deseribédGyvEXAMPLE fﬂ%s%b&ﬁ%e%de tRagse
er

0, BPe B e o Chestorerd-n Srmmorenssames || ove 3 o
was not dieleel MHeReptbne- PEGhVES RN was calculated by subtracting from 100%
ali of the detected gas phase hydrocarbon products other than heptene-1
teed and other C5* compounds. Selectivities to the products of interest
are shown in Table |. Coke selectivity was not determined in this exampie.
15 EXAMPLE 6
The procedure described in EXAMPLE 3 was repeated except that
the reaction temperature was maintained at 500°C. The butene
conversion was calculated by subtracting from 100% all of the detected
gas phase hydrocarbon products other than butene-1 feed itself and other
20 butene isomers, Selectivities to the products of interest are shown in
Table I. Coke selectivity was not determined in this example.

Table |
Example Feed Conversion Selectivity (%) Relative
(%) ~ 1C. | Cs° Cs Cs™* Rxn Rate’
1 Co- 2.2 N.A. | 55.3 14.7 6.6 1
2 Cs™ 22.8 15.3 [ N.A, 56.6 11.8 12
3 1-n-C,~ 31.5 9.8 | 66.0 N.A. 13.8 17
4 1-n-Cg™ 13.3 11.4 | 45.2 41.1 N.A, 6
5 1-n-C;~ 52.6 1.4147.0 51.0 N.A. 33
6 1-n-C4° 457 15.8| 66.3 N.A. 15.5 27
@500°C '

" The reaction rates were calculated based on first order reaction rates
and weight hourly space velocities (WHSV) were estimated. The rates are

25 expressed as relative raies to the ethylene reaction rate, which is set as 1,
In order to mitigate any potential WHSV measurement inaccuracies.




V\D 00/ 49106 -18 PCTI US00/ 0391 5 EXAMPLE 4 The procedure described in
EXANPLE 1 was repeated except that one microliter (1) liquid samsles 1oh
1-pentene (1-n-C5-) were used as feed. The pentene-1 conversion was

cal cul ated by subtracting from 100%5 all of the detected gas phase

hydr ocar vamoganogict s ot her than butene-1 feed and ot her OFET/USMNPAUACS.
Selectivities to the products of interest are shown in Table |I. Coke
selectivity was not determined in this exanple. EXAMPLE 5 The procedure
described in EXAMPLE 1 was repeated except that 10 one microliter (1)
liquid sanples of 1-heptene (1-n-C73') were used as feed. The heptene-1

conversi on was catfylalafl AT abs E@.ﬁs&'tﬁ& L9k A0%iaRlbi nrblgyiet ect ed gas

phase hydrocar bon produ

conpounds. Smwttymcal esygmatéleopverdmmonﬂnmm éTI@@teIaﬂW@r@a’imwn ratesTabl e |.
Coke sel ect|V| ty was _determned in this exanle. EXAMPLE 6 The
procedure de%cqqu§8‘W91 EE‘”Q'%E'eﬁ‘é‘p‘ééttwsefﬁé@ﬁth?ﬂ&@e ratgeofr eact i on

t enperature a [ | cul at ed
by subtracting Fﬁﬁﬁ%m hc?&%@gl%h?n%ﬁ{ﬁ%agé?@égésé Iﬂadr océéi@'

pr oduct s 50t heonvignied toushorer thagedefins elhienasuhtadting a aanmmme m@lemias
212511y S ol ST B R bt s 1
were cal cul a eaetd‘r' 1 8 a@ldifiBgs il GbdsB i regenoiédBhralar | v

space vel 00|t|es ( wer e est | mat ates are 5 expressed as
relative rattesthecoxygenatd@tbmsmemodmts figstdo fuﬂherrndmea;bhemeﬂqlehmm or der

L R e e P S P o oot hieasps o ovgrl
1C2=2. 2NA Syieltildr ddiebtivity of the desired light olefins and reduces the amount of
heavier olefins.

Example 6 shows a much higher reaction rate of converting
butenes to light olefins by contacting with an oxygenate conversion
catalyst at a higher temperature without adversely affectlng the

15 selectivities to ethylene and propylene.

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

20 inthe art. Catalytic processes are preferred. Particularly preferred are
metallocene, Ziegler/Natta and acid catalytic systems. See, for example,
U.S. Patent Nos. 3,258,455; 3,305,538; 3,364,190; 5,892,079; 4,659,685;
4,076,698, 3,645,992; 4,302,565; and 4,243,691, the catalyst and process
descriptions of each being expressly incorporated herein by reference. In

25 general, these methods involve contacting the olefin product with a
polyolefin-forming catalyst at a pressure and temperature effective to form
the polyolefin product. |

A preferred polyolefin-forming catalyst is a metallocene catalyst.
The preferred temperature range of operation is between 50°C and 240°C

30 and the reaction can be carried out at low, medium or high pressure, being
anywhere within the range of about 1 to 200 bars. For processes carried
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The resul {egipfleglgp! © | show that ethylene is relatively unreactive under
typi cal oxygenate conversion conditions. The relative react PERUSHIINS of
converting C3~ to C7- were at least six tines faster than the rate of
converting ethylene. Accordingly, longer chain olefins are preferentially 5
converted to shorter chain ol efins when-&ntacting a non-zeolitic nolecul ar
si eve catal yst such as SAPO-34. \Wen a regenerated catalyst is sent back
to the react oPut insalytion\aminegadilvent carbpased, aAdtkE préteAabgdhingSt 1o

t he oxygenat |0 roducts first to further convert heavier- ol efins
to ethyl ene 2%%%%%‘%?% %r%eqw?ﬁpsmn%ﬁ‘é}&é? bass,evithea pprefentadetemperature over al |
lo yield or smhgetdf\bd Coesd [ i and reduges the anount
of yheavi er ol e?i ns. Etxlgggl ‘E‘% showgggo(l;rfugﬁP nggﬁ)bf‘\gé@é‘a‘qutﬁ?sf gt‘% of

converting b¥etafERd thatlthgriiempesdtures gbeaily beokithis avanaedst gotrasnat e
conversio cpé@b/%tn% hi gher tenperature w thout adversely affecting
the 15 sePect Vi t1 &S a&“l"ﬁ/ﬁ@ﬁ@“&ﬂ?ﬁ?%?lhﬁﬁ@“ﬂ@ﬁé Sangisédars. t he art will
oL 50 apPrectal e, ! addifonks poeIa Aol olfbe obfHIRIRE S TRhES T o, v

conversion reactiqon of the present invention can

pol yol ef i ns, 'BEPed dtAmthg ojsfinsimgueed: byrite prodessrotrivé préserPiMadespAs | or
procesacs. ar Sorets AT MAIRERY R ek, butaraetimindie,
, ethylbenzene, ethylene oxide,
cumene, isopropyl alcohol, acrolein, allyl chloride, propylene oxide, acrylic
acid, ethyiene-propylene rubbers, and acrylonitrite, and oligomers of
ethylene, propylene or butylenes. The methods of manufacturing these
derivatives are well known in the art, and therefore are not discussed here.
15 As stated above, the preferred oxygenate for use in the methods of
thg present invention is methanol. Each of the methods of the present
invention may also include the step of forming methanol. Methods for
forming oxygenates, such as methanol, are-known in the art and will not
be discussed in detail here. Two methods for forming oxygenates include
20 fermentation and formation from synthesis gas. These methods are also
useful to form other oxygenates.
As also stated above, the at least partially regenerated catalyst can
be used to manage heat within the conversion reactor. As one skilled in
the art will appreciate, the conversion of the oxygenate feedstock to light .
25 olefins is an exothermal reaction. By retuming the at least partially
regenerated catalyst to contact the by-products of the conversion reaction,
the longer chain by-products of the conversion reaction are converted to
_ shorter chain light olefin products. The conversion of the longer chain by-
products to shorter chain light olefin products is an endothermic reaction,
30 The conversion of the by-products into light olefin products consumes heat

produced by the conversion of the oxygenate feed, thus, reducing the




4,076, 698; 3, 645,992; 4,302,565; and 4, 243,691, the catal yst and process
descrlptlons of each belng expressly |ncorporated herein by reference.

25 general, these nmethods involve contacting the olefin product1waﬁm%@n
pﬁlyolefin form ng catalyst at a pressure and tenperature effecti 4orm
the polyolefin product. A preferred polyolefin-form ng cat

met al | ocoM@0¥/49Pyst .  The preferred tenperature range of @éﬁ%t |0%9r¥§| S
between 50C and 240C 30 and the reaction can be carried out at |ow, nedium
or high pressure, being anywhere within the range of about 1 to 200 bars.
For processes carried 15. U62003 WO 00/ 48106 -20 PCT/ US00/ 03915 out in
"solution, an inert diluent can be used, and the preferred operating

pressure ranggetdll hgdtw ¢eadiibramdc ﬂé’z(&tdr&twngw ¢dtalyzed e:hemlml t errper ature
range of between 120C and 230C, For phase processes, it preferred

- that the tenpenversion pKcess) By fsedmghﬁ h°h°4tal¥§§t% egeacias, écﬂfﬁi t and that

the operatin r

pol yol ef i ns, gﬂﬁk@?ﬁ%&ﬁ%%ﬁgﬁﬁ% ﬁﬂﬁﬁSiggﬂﬁ??eggﬁﬁﬁygdﬂgng?ﬁﬁﬁag?ﬁﬁﬁthe
ol efi ns prodokgihsvr, abRast, Qhemtal?sttcbalqocasbetreducedﬂn size amd/arl ef i ns
recovered therefrom These |nclugﬁ but %h H ' b && hd | dehydes,
al cohol s,5 aceeptingguly. The bat calpshissaoieaio t 9|rﬁ§¢'t°5 ¥R ghdphielnif | ene
di chlori de a r t IEpee,

i sopropyl al gg o%'tyg%rﬁo h%lhﬂﬁe ?ﬁ'“éﬁ?orl gangr'gﬁéﬂﬁ"eé}?ﬁg? efglgry lic
aci d, ethyl epeopylenylaadecakebbers, and acrylonitrile, and oligoners of
ethylene, propyl ene or butylenes. The nethods of manufacturing these
derivatives are well known in the art, and therefore are not discussed
here. 15 As stated above, the preferred oxygenate for use in the nethods of
the present invention is methanol. Each of the nethods of the present

i nvention may al so include the step of form ng nethanol. Methods for
form ng oxygenates, such as nethanol, are, known in the art and will not
be discussed in detail here. Two nmethods for form ng oxygenates include




20 fernmentation. and formation fromsynthesis gas. These nethods are al so
useful to form other oxygenates. As al so stated above, the at |east )
partially regenerated catalyst can be used to manage heat wit hi h5t406 2003
conversion reactor. As one skilled in the art will appreciate, the
conver si onwal ogidogneoxygenat e feedstock to light 25 olefins is an exot her mal
reaction. By returning the at least partially regenerated cHtHV$00{03%1§
contact the by-products of the conversion reaction, the |onger chain

by- products of the conversion reaction are converted to shorter chain
light olefin products. The conversi on of %4ie | onger chain by- products to
shorter chain li ol efin products is an endotherm c reaction. 30 The
conversi on of y-products into light olefin products consunes heat

produced by the convgigth f V. te feed, thus, reducing the 1 5
AUG 2003 WD 00/ 49106 Pd%é%@'&ggi@@-%&gﬁ@% Rialystopaidamethash in a
react or duri nFOREEING:yzed chem cal conversion process. By feeding the hot
catalyst to the re .catalyst cooler may be elimnated fromthe

or. a
apparatus used to Z&%W@W'Pﬂa A EsTeaster, afegdstoci containing asie, ort stverdlt al yst
cool er cansbe oxpgeitads | With %Sﬂ leicn L QL dyty. The hot catalyst is
cooled in the reactor by tf?(zalﬁgn otzﬁesrl%ecg&@wEP@?%?PQH'"?'FI%eﬁgﬁ’@@' Ochai n
(C4, C5, C6 afffmM BrRjedycCtaiontaining oneoeséwarankght drém&v%ﬁqsy_a&gdg&gesaigj 5 AUG
200 WO 00/ 49199”&%%”58%%%80/ 03915 eC1 ai s } Afrret ho of "pro u_ci ng a
sel ectivated catalyst, PRcequUs Ranasits jo form opa@tileastiangortion of
reactor, a feeditmolecoRittsfevdi EftafRe 1A y ' enates. with a
nol ecul ar si eve ca@l yst under cgﬁdi t??‘r?g @P@ggwﬁ\@%{éﬁ\«a@ﬁﬁtﬁ% oduct
cont ai ni ng one or VEMRVING giporore bf saidateadbiyatedasitalst ré@i shid :
16 reacior;
(c) regenerating said portion of said deactivated cataiyst to remove
at least a portion of said carbonaceous deposits from said deactivated
catalyst removed from said reactor, thereby forming an at least partially
regenerated catalyst; and
15 (d) exposing at least a portion of said at least partially regenerated
catalyst to at least a portion of said by-products obtained at step (a).

2. The method of claim 1 wherein, in step (d), said at least partially
regenerated catalyst is also exposed to one or several light olefins.

20
3. The method of any of the preceding claims wherein step (d) is

carried out while said portion of said at least partially regenerated catalyst
is hot,

25 4, The method of claim 3 wherein said portion of said hot at least

partially regenerated catalyst is cooled by an endothermic reaction with
said by-products.

5. The method of any of the preceding claims further including the
30 step (e) of contacting at least a portion of the catalyst obtained at step (d)
with said feedstock containing one or several oxygenates.
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contacting causing carbonaceous deposits to formon at |east a portion of
sai_d, nol ecul ar sieve catal yst, thereby produci ng deactivated catal yst; (Db)
renoving a portion of said deactivated catalyst fromsaid 10 requStMB 70€3c)
regenerating said portion of said deactivated catalyst to renove | east
a portion of said carbonaceous deposits from said deactiva st
removed f PWEWIY421% reactor, thereby forming an at | east par?}legﬁsgmﬁiy
regenerated catalyst; and 15 (d) exposing at |east a portion of said at

| east partially regenerated catalyst to at |least a portion of said

by- products obtained at step (a). 2. THe3 et hod of claim 1 wherein, in step
(d), said at least partially regenerated catalyst is also exposed to one
or several light olefins. 20 3. The nethod of any of the preceding clains

\SQrGE ieiatlnl ;t reg g)era_l[s%car : QESI%’mg]‘P{}a?eres"g d 8?%4811@&%6%3%% % alégnagf wherein .

said portion oy at least partiall y regenerated catalyst is cool ed
by an endot heérﬁf%“gglpeact?on with said by-products. 5. The nethod of any of
the preceding clainms further including the 30 step (e) of contacting at

cont ai ni ng orfe or U Byifod o) Bim BT U BEelngiafhs Mherafh serifie andecs ok
PCT/ US00/ 0391@ a?@cﬁrneﬂ‘t%tﬂﬁfd Midigéd bleal renBtonieh Inclutessa eiger egjorand (e)
are carried ou simul taneously. 5 7. The nmethod of any of the preceding

cl ai ns wher ei ancsaslensePhasadegiomahave said ripeuregienin a | ui di zed bed
reactor which includes a riser region and a dense phase regi on above said
riser region. 8. The method of claim7 wherein step (d) is carried out at a
point to aboge safke method ofglaim.7 wherein step {(d) is carried out at a point

10 above said riser region.

9. The method of any of the preceding claims wherein the moiecular
sieve catalyst used at step (a) comprises a small pore non-zeolitic
molecular sieve.

15
10. The method of any of the preceding claims wherein the molecular

sieve catalyst used at step (a) includes a silicoaluminophosphate (SAPO).

11. The method of claim 10 wherein said SAPQ is selected from the
20 group consisting of SAPO-11, SAPO-17, SAPO-18, SAPO-34, SAPO-44,
SAPO-58, and mixtures thereof.

12.  The method of claim 11 wherein said molecular sieve catalyst is
SAPO-34

25
13.  The method of any of the preceding claims wherein said at least

partially regenerated catalyst obtained at step (c) is fully regenerated.

14.  The method of any of the preceding claims wherein said at least
30 partially regenerated catalyst obtained at step (c) retains from 0.1 wi% to

95 wt% of said carbonaceous deposits.




9. The nethod of any of the preceding clains wherein the nolecular. sieve
catal yst used at step (a) conprises a small pore non-zeolitic Iiﬁw a3 -

sieve. 15 10

. The nethod of any of the preceding clains wherein th

nol ecul ar sieve catal yst used at step (a) includes a

si i coal un™Mb¥W9teshate (SAPO). 11. The nethod of claim 10 Wg SAPO
Is selected fromthe 20 group consisting of SAPO 11, SAPO 17, ,
SAPO 34, SAPO 44, SAPO 56, and m xtures thereof. 12. The nethod of claim
11 wherein said nol ecul ar sieve catalyst_js SAPO-34. 25 13. The method of
any of the preceding clains wherein said at |east partially regenerated
catal yst obtained at step (c) is fully regenerated. 14. The nethod of any
of the preceding clains wherein said at |east 30 partially regenerated

I bt ail®ed akh [ ; %4t Sy WM % of id
car bonaceo taf%%si tsi:?:%fsﬁbégﬂ’“%ﬁé‘%ﬁ@%# bk ridtiasssersiod The

car bonaceous

met hod of cl ai

ysie O Q-2 Tecla A5 widhtof said/carbanBesSLepssiisd! VSt

retains from0.5 wt%to 85 wt % of said carbonaceous deposits. 5 16. The
met hod of claim15 wherein said at |east partially regenerated catalyst

retains frdm 16w %Tthe ®ethadobtlaiailg Wﬁél@ﬂﬂ@&ﬁ%ﬁeéjﬁ%ﬂ@&i 78%7' Tne met hod

of any of the cedi clainsg wherein said portion
catalyst is ré i r?%’?ﬁt’

geeaied at ed
QImy 1 vitEre 165 at %ot saie cafbdnaceols Hepbsitd.i es to 10

times the total feed rate of the feedstock oxygenates to the reactor. 18.
The nethod of claim 17 wherein said portion of said deactivated catalyst

is removed frdf saferrathagt obanyof ieqreéedin

BdimS WhdfRh L8aporidF3s 1° e

ck, oxygenat es 90 the reac

total feed r e _fepdst
aé&docieécrﬁva{eae cata?yst 1S removed from said reactor at a rate of from 0.1

10

15

20

25

30

times 10 10 times the total feed rate of the feedstock oxygenates to the
reactor.

18.  The method of claim 17 wherein said portion of said deactivated
catalyst is removed from said reactor at a rate of from 0.2 times 1o 5 times
the total feed rate of the feedstock Oxygenates to the reactor.

19.  The method of claim 18 wherein said portion of said deactivated
catalyst is removed from said reactor at a rate of from 0.3 to 3 times the
total feed rate of the feedstock Oxygenates to the reactor.

20. A method for converting a feedstock containing one or several
OxXygenates to one or several light olefins comprising the step of
contacting, in a reactor, a feedstock containing one or several oxygenates
with a selectivated molecular sieve catalyst obtainable by the methods of
claims 1 to 19 under conditions effective to convert said feedstock to a
product containing one or several light olefins.

21.  The method of any one of the preceding claims wherein the one or
several oxygenates contained in the feedstock is selected from the group
consisting of methanol; ethanol; n-propanol; isopropanol; C4 - Cy alcohols;
methyl ethyl ether; dimethyl ether; diethyl ether; di-isbpropyl ether; methyl

) )




—19—The nethod of claim 18 wherein said portion of said deactivated
catalyst is renoved fromsaid reactor at a rate of from0.3 to 3 tines the
total feed rate of the feedstock oxygenates to the reactor. 20 ig.wﬁ\m@t hod
f-or converting a feedstock containing one or several oxygenates“to one or
several light olefins conprising the step of contacting,pdyyseoidastor, a
f eedst oOKO®BHIMBNI ng one or several oxygenates wth a selectivated
nol ecul ar sieve catal yst obtainable by the methods of 25 clains 1 to 19
under conditions effective to convert said feedstock to a product
contai ning one or several light olefi®8- 21. The method of any one of the
precedi ng clainms wherein the one or several oxygenates contained in the
feedst ock isgrmestes tbienaltienydd; ik nesthyicatiBonadesmethyhgthyl caonal®l ; et hanol ;

n- propanol ; isopropanol; C4 - C3Q al cohols; nethyl ethyl ether; dinethyl
et her; di etawtom;rmqwur@dbﬁfﬁﬁ% ether; nethyl A 5 Nufi 2443 WO 00/ 49106
25 PCTIUSOO 03915 fornmate; fornal dehyde; di-nethyl carbonate; nethyl
| et hyl carbonate, acetone; and m xtures thereof. 22. The nethod of any of
, the precediggy clphewethedei angaf the pregedingiclaimsowhrraimsaig 16eRdsIBFk sever al

t furth i ncl ud di | | ect i sti f
ot o rasgeainng BPe g6 Sover gvsTates et Figssl R Hilforsprepne Bt O
paraffins, JL@'}B?@B%%}@%B{?M&bP%EéfPﬁﬁ?ogeﬁ,rW&tb'g@n,mmlﬂmdand m xtures

t hereof. i of “any one of "t he precedi rbg cc&al n%ofurther

i ncl udi ng t&eboatrapnotidecoaliven,i argosparaffing, kghtsalwralad NYYREAHODS; ns. 24.
The nmethod of claim23 further, inel udi e step of polynerizing said
light ol efiﬁi@ﬂﬁi%‘?’ﬁPBHD%Péﬂ‘hB‘?”’%g‘@%ebprhe met hod of claim 23 further
including the step of formng an olefin derivative fromsaid Iight ol ef
i ns.

10 23. The method of any one of the preceding claims further including the

step of recovering said one or several light olefins.

o4. The method of claim 23 further including the step of polymerizing
said light olefins to form polyolefins.

15
25 The method of claim 23 further including the step of forming an

olefin derivative from said light olefins.

26. The method of any one of the preceding claims wherein said

20 oxygenate is methanol.

.’l

27.  The method of claim 26 further inciuding the step of forming said

methanol.




SHoIEdiai ns wherein said 20 {4
I s nmethanol. 27. The ; ™ 26 further includi ng“f‘r

Wi A S e r%% " JGRs
step of formng said nmethanol. ""i!t‘i“rt“l %m Fﬁs Pl ease add t\rjeqémj

new cl ai s td roving the selecti i ght
olefins in f@ggsﬁfag?g&s@%%’lgégﬁewr ng oxygenate f eedst ocks to ol efins.
conprisin 2 cnt actl ng an oxygenate feedstock vm th a rroI ecul ar si eve

catal ysf KF 0GR QEhFOT & oAig 3 the i7; i

C2-4 ol efr ns; form ng_car bonaceous deposr ts on at | east a portron of the -
nol eculcqR 2 QX YECNIAKT AF Bt pigslBZ:deact i vat ed cat al yst;

regenerating at Ieast a port|on of t he deactlvat ed cat aI yst under
condi tions effectiopata n o pgemate feedstoc] pinppleeyl antshevecatahys ANEEIIS

itions, 2 fontiaenns:t he regener at ed
catal yst vmth at |least a port|on of the product streamto forma

sel ectivated cat alfgeningzambonacephis daposiisn et leasta pertion o npleswlangiey
contacting at |east a portion of the_ selectivated catalyst with the
oxygen&g@lysbdherchy forming a deoctivated Galal¥d of clai m 40 wherein the oxygenate
feedstock is select ed from rret hanol et hanol n-propanol |sopropanol
4-C10 a| COhOl S, =14 7 t d A h actl :-'! catalys G CO LD
et her

ng

di - i sopr.opyl

nethylclbﬂlf-ﬂf D) SR B At dehyde
di - ;n- aIkyI hal i des
haV|ng Ay arbon atons; and

{m xt ures thereof' r 4T" The'nethod of
feedst ock conpri se =EH

357972 0% 534&0 Sctzs%%gx(x):%:o'%g/tl‘%l\l %)%e ect:va ed catalyst.

2 ﬁ AT The method of claim 40 further comprising contacting at least a portion of the

selectivated catalyst with the oxygenate feedstock.

V> 42, _The method of claim 40 wherein the oxygenate feedstock is selected from

methanol, ethanol, n-oropaﬁol. isopropanol; C4-C10 alcohols, methyl ethyl ether; dimethyl

cther; diethyl ether; di-isopropyl ether; methyl formate; mcthyl chloride; methyl bromide;

methyl iodide; ethyl chloride; ethyl bromide: ethyl iodide; formaldehyde; di-methyl
carbonate; methy! ethyl carbonate; acetone: n-alkyl halides havinz-n-akvl croups of from

about 3 to about 10 carbon atoms:; and mixtures thereof.

% ( 437 __The method of claim 42 wherein the oxygenate feedstock comprises

methanol.
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of claim 40 wher efPEIRESHE Generated catal yst has &
#'bonaceous carbon cont-entBFEER 0. 1% by wei ght, to apfats==

350% by vt g1lgr ¢ {4 Frh f%lﬁgﬁgﬁ&gﬂlﬁe%rgﬁEhaiégé%&ta]yg{hqtggeen 15,406 200

deacti vat ed

cat al ys&mg@c@ﬁa&ap&f U of ERRP bt BB Ny i chd, AERR Y590 by Bei Dt We' ght,

to abo nt of

e el the %ﬁ%ﬁﬁ%gous CMJ@%%?MBﬁ;g%fdegéﬂfaﬁ_@fd“étﬁayggfe' n the regener ated
cat ut 1% by weight to

about 65% b weight, relative to the carbonaceous carbon content of the
deactivated catalyst. If 41T The nmethod of claim40 wherein the ' ‘

regenerat{ng,,s cartd gdglordlys U1 6 0Ll 0D a@bw 2208

L, TSR @@E@uﬁf&ﬂ?ﬁﬁ? Wenddo e °f/o o
e i = T 2

monoxi de, hydrogen, helium argon, parrafins, saturated hydrocarbons,
aromati c hydrocarbons, and m xtures thereof 17 -51 The net hod of cl ai m50

wher ei n t»p(fe(_glézl uenthL LR

t he nol ecu

gg?;gzﬁ%osﬁsc&ﬂ&t d‘i‘pffﬂm aBthFi%-,/ M _E%(? Bou J‘% anvg]tgﬁ'ﬂé)

carbonaceous carbon content of the deactivated catalvst.

(

14T The method of claim 40 wherein the regenerating is carried out at a

temperature of from about 250°C to about 750°C.

16 48 The method of claim 47 wherein the regenerating is carried out at a
temperature of from about 300°C 10 about 700°C.

1} 48 The method of claim 42 wherein the oxygenate feedstock further comprises

from about 1% to about 99%, by weight. of a diluent.

)

10 567 The method of claim 49 wherein the diluent is selected from water. nitroeen

carbon dioxide, carbon monoxide. hydrogen, helium, argon, parrafing, saturated

hvdrocarbons, aromatic hydrocarbons, and mixtures thereof.

1 9 AT. The method of claim 50 wherein the diluent comprises water.

Go _s3~ _The method of claim 40 wherein the molecular sieve catalyst has a pore size

of from about 5 to about 10 angstroms.
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SAPO- 18, SAPO 20, SAPO 31, SAPO- 34, SAPO 35 SAPO- 36 SAPO- 37 SAPO- Lh&s
SAPO- 41, SAPO- 42, SAPO-44, SAPO-47, SAPO-56, the netal contai n|1 Ao

t hereof, and mxtures thereof 1- 44 The met hod of c¢laim53 \/\herel n the
m)lecular45| ySt _ C e Arrethodfor
| nprovi ng l/h € Ty ot e B ' G G EREC ng

5000 hr
f orm ng S' t he

silicoal um nophosphat e nol ecul ar sieve cat aI yst thereby form ng .
adeactivated catal yst; regenerating at least a portion of the deactivated

cat al yst g'ld%.Conﬁihteirﬂélﬁoc%fﬂgﬁﬂS’fwh,ml{;eﬁg ol ulgres%%t &aR2 tionn.of_ t he

car bonaceous "0OeposSits fromtne portrom o - er eby
form ng sypeganerated catal yst, and contacting at |east a portion of the
regeneraied catalyst with at |east a portion of theproduct streamto form
a selectivated catalyst. contacting at |east a portion of the selectivated
catalyst with the oxygenate feedstock. This anendnent does not add newer to

the appl igqtisan papemsthodyBPRidrotiak iRl HpiRg gt otlglﬁshﬁqg @-JQ‘?% sfBy be
find throughout the application papers as origin y . Appl . No
(PCT/ USOEbRR88AG0X RenketfediatRT BV AOARE 40mgesiab4403 AVENDED SHEET 4 Q
contacting an oxygenate feedstock comprising water and methanol with a
silicoaluminophosphate molecular sieve catalyst at a termperature of from about 200°C to -
about 700°C and a feedstock weight hourly space velocity of from about 1 hr™ to about 5000

hr”, to produce a product stream comprising of C,-C4 olefins:

forming carbonaceous deposits on at least 2 portion of the

) silicoaluminophosphate molecular sieve catalyst, thereby forming a deactivated catalyst;
regenerating at least a qution of the deactivated catalyst under conditions

effective to remove at least 2 portion of the carbonaceous deposits from the portion of

( ' ‘ deactivated catalyst, thereby forming a rcgénerated catalyst; and
’ contacting at least a portion of the regenerated catalyst with at least a portion

of the product stream to form a selectivated catalyst.

contacting at least a portion of the selectivated catalyst with the oxvgenate

feeds?_:ock.

This amendment does not add new maffer to the application papers. Support for the
amendments to the claims may be fodhd throughout the application papers as originally filed.
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