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Use of Transition Metal Containing Small Pore Molecular Sieve
Catalysts in Oxygenate Conversion

Background of the Invention
Field of Invention

This invention relates to a process for the conversion of oxygenates to
hydrocarbons using small pore molecular sieve catalysts. More

10 particularly, this invention relates to a process for conversion of
oxygenates to olefins using silicoaluminophosphate molecular sieve
catalysts which have been incorporated with certain transition metals after
the synthesis of the molecular sieve.

15 Background Art of the Invention

Olefins have traditionally been produced through the process of petroleum
cracking. Because of the potential limited availability and high cost of
petroleum sources, the cost of producing olefins from such petroleum

20 sources has been steadily increasing. Light olefins such as ethylene
serve as feeds for the production of numerous chemicals.

The search for alternative materials for the production of light olefins such
as ethylene has led to the use of oxygenates such as alcohols, and more
25 particularly to methanol and ethanol or their derivatives as feedstocks.
These and other alcohols may be produced by fermentation or from
synthesis gas. Synthesis gas can be produced from natural gas,
petroleum liquids, carbonaceous materials including coal, recycled
plastics, municipal wastes, or any organic material. Thus, alcohol and
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it is well known in the prior art to convert oxygenates to olefins by
5 contacting the oxygenate with various types of catalysts. Medium and
large pore molecular sieve catalysts, such as borosilicate, ZSM-5, SAPO-
11, and SAPO-5, may be used. For example, US-A-4292458 teaches a
process in which a crystalline borosilicate, is converted to the hydrogen
form, ion-exchanged with Ni(NO,). in water, washed, and then calcined to
10 give a catalyst useful for conversion of methanol to ethylene and
propylene (among other products). Similarly, US-A-4311865 teaches the
use of the medium pore zeolite, ZSM-5, (approximately 5.5 Angstroms)
which is ion-exchanged with cobalt, and then calcined to produce a
catalyst which is then used to convert methanol to hydrocarbons
15 (including olefins). Both of these processes use ion-exchange to add the
metal to the medium pore molecular sieve. N. Azuma, et al., Nickel(l)
Location and Adsorbate Interactions in  Nickel(ll)-Exchanged
Silicoaluminophosphate Type 5 As Determined by Electronic Spin
Resonance and Electron Spin Echo Modual Spectroscopies, Journal of
20 Physical Chemistry, Vol. 99, No. 17, pages 6670-6 (1995) and V.
Mavrodinova et al., Effect of the Introduction of Ni(ll) - On the Catalytic
Properties of SAPO-5 Molecular Sieves, Zeolite Chemistry and Catalysis,
Pages 295 - 302, Elsevier Science Publishers B. V. Amsterdam (1991)
also teach the process of using the large pore catalyst SAPO-5
25 (approximately 8.0 Angstroms), for conversion of methanol to olefin;
however, in these instances, the nickel is incorporated during synthesis,
rather than by the use of ion-exchange.
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i on- exchange. have been ion-exchanged with the metals. Based on the favorable effect
| 10 of metal addition to the medium pore molecular sieve, it would seem that
this same effect would be seen using the small pore molecular sieve.
However, until now, as taught by Inui, the metal ion has had to be
incorporated into the catalyst during synthesis, rather than by post-
synthesis ion exchange.

Inui has confirmed that nickel substitution into SAPO-34 during the
synthesis process results in improving the selectivity of methanol to
ethylene. The Inui experiments tested three different SAPO-34 catalysts
for use in the conversion process. In the first, the catalyst without any
20 nickel substitution was used as a comparative sample. In the second and
the third, nicke! was substituted during thé synthesis for a resulting silicon
to nickel ratio of 100 and 40 respectively. In all three experiments, a feed
of 20% methanol and 80% nitrogen diluent was used. The reactions were
carried out at a total pressure of one atmosphere (0.1 MPa), a
25 temperature of 450°C, and é gas hourly space velocity (GHSV) of 2,000
 hr'.

The experiments teach that the ethylene yield will increase from 30% to
60% by using the Ni-SAPO-34 catalyst with the Si/Ni ratio of 100, as
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One can see thaf the nickel incorporation has a definite impact upon the
ethylene and propylene vyields. However, even though Inui has
demonstrated that nickel substitution is attractive, the technigue of nickel

10 substitution was achieved by substituting the nickel during the catalyst
synthesis process. Metal substitution via catalyst synthesis generally
requires elevated temperatures, elevated pressures, and special

" equipment, therefore making it commercially less attractive. In contrast,
post-synthesis metal incorporation can be carried out under milder

15 conditions. In addition, the physical characteristics, such as particle size,
can be varied prior to metal incorporation to achieve greater flexibility,
thus allowing a wider range of operating parameters with which to achieve

the incorporation.

20 Therefore, in view of the problems associated with incorporating the metal
during synthesis, it would be commercially useful and desirable to be able
to produce such a catalyst wherein the metal could be incorporated after
molecular sieve synthesis, rather than during synthesis. A post-synthesis
technique would be a way of providing flexibility in catalyst preparation, |

25 choice of metal additive, metal concentration, and selection of molecular

sieves.
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definite inpact upon the
This invention provides a method for converting a starting material to

olefins, comprising contacting the starting material with a small pore

5 molecular sieve catalyst under effective conversion conditions to provide
olefins wherein the molecular sieve has been modified after synthesis by
incorporation of a transition metal (from Groups VIB, VIIB, or VI as
defined by the CAS Version in the CRC Handbook of Chemistry and
Physics, 74th edition, 1993) originating from a metal compound.

10
One embodiment of the invention includes the case wherein the molecular
sieve catalyst consists of a silicoaluminophosphate (SAPO), ZSM-34,
chabazite, erionite, or mixtures thereof, preferably a SAPO, and most
preferably a SAPO-17, SAPO-18, SAPO-34, SAPO-44, or mixtures
15 thereof.

An additional embodiment includes wherein the molecular sieve catalyst
pore size is greater than about 3.5 Angstroms and less than about 5.0
Angstroms, preferably greater than about 4.0 Angstroms and less than
20 about 5.0 Angstroms, and most preferably greater than about 4.3

Angstroms and less than about 5.0 Angstroms.

Another embodiment also includes wherein the transition metal ion
consists of nickel, cobalt, or mixtures thereof, and preferably is nickel or
25 cobalt.

Still another embodiment includes wherein the transition metal compound
. comprises a halide, sulfate, acetate, carbonyl, nitrate, or mixtures

thereof, and preferably comprises a carbony! or an acetate.
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process for converting the starting material to olefins is conducted at a
temperature of from about 200°C to about 700°C, preferably from 250°C
to about 600°C, and most preferably from about 300°C to about 500°C.

10
An additional embodiment includes wherein said starting material feed
consists of methanol, ethanol, n-propanol, isopropanol, C,; — Czo alcohols,
methyl ethyl ether, di-methyl ether, di-ethyl ether, di-isopropyl ether, di-
methyl carbonate, carbonyl compounds, or mixtures thereof, preferably is

15 methanol or dimethyl ether, and most preferably is methanol.

Another embodiment also includes wherein the starting material also

includes a diluent, preferably wherein the diluent consists of water,

nitrogen, hydrogen, paraffins, olefins, aromatics, or mixtures thereof, and
20 most preferably wherein the diluent is water or nitrogen.

Still another embodiment includes wherein the starting material
comprises a halide, a mercapian, a sulfide, or an amine.

25  Yet another embodiment includes wherein the process for converting the
starting material to olefins is conducted at a pressure of from about 0.1
kPa to about 100 MPa, preferably from about 6.9 kPa to about 34 MPa,
and most preferably from about 48 kPa to about 0.34 MPa.

——————
—
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choice of netal additive, netal concentration, and selection of nolecular
Si eves. . Summary of Invention 5 This invention provides a nethod
for converting oxygenates to olefins conprising contacting the
oxygenates w t\p gzé | pore nol ecul ar sieve cat al yst upgeissspdghizt i ons
effective to p?8 ol efins, wherein the oxygenat es consi st of

nmet hanol , et hanol n- propanol i sopropanol, . Cferr]- 10 (err] alcohols,

met hyl et hyl et her, di -net hyl ether, di-ethyl ether, dif=
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Detailed Description of the Invention

The present invention is characterized by use of a small pore molecular

10 sieve catalyst, which has had the transition metal incorporated after
molecular sieve synthesis, rather than during synthesis, in a process for
the conversion of starting material to olefins.

For this application, the molecular sieve may be a zeolite,
15 silicoaluminophosphate (SAPO), ZSM-34, chabazite, eribnite, and
mixtures thereof, preferably, but not limited to, a SAPO catalyst. In the
present invention, small pore molecular sieves are defined as having a
pore size of less than about 5.0 Angstrom units. Generally, suitable
catalysts have a pore size ranging from about 3.5 to about 5.0 Angstroms
20 units, preferably from about 4.0 to about 5.0 Angstroms, and most

preferably from about 4.3 to about 5.0 Angstroms.

Zeolite materials, both natural and synthetic, have been demonstrated to
have catalytic properties for various types of hydrocarbon conversion
25 processes. In addition, zeolite materials have been used as adsorbents,
catalyst carriers for various types of hydrocarbon conversion processes,
and other applications. Zeolites are complex crystalline aluminosilicates
which form a network of AIQ, and SiO, tetrahedra linked by shared
oxygen atoms. The negativity of the tetrahedra is balanced by the
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25 An addi tional enbodiment includes wherein the nolecular sieve catalyst
pore size is greater than 3.5 Angstrons and | ess than 5.0 Angstrons,
preferably greater than 4.0 Angstrons and | ess than 5.0 Angstrons, and

nost preferably greater than 4.3 Angstrons and | ess than 5.0 Angstrons.
Anot her embosowiesal so i ncl udes wherein the transition nmetRFT/YYH19673
consists of nickel, cobalt, or mxtures thereof, and preferably is nickel

or ~cobalt. 5 Still another enbodi nent includes wherein the
transition netal conpound conprises a halide, sulfate, acetate,
carbonyl, nitrate, or mxtures thereof, and preferably conprises a
carbonyl or an acetate. Yet anot her-&nbodi nent includes wherein the .

nodi fi ed nol ecul ar sieve 10 has a silicon to nmetal atomc ratio in the
gg?epfgf L; gg} 3 |85]>18%‘110tg0c1f1(? %g%sijch as Bikali rekairle’ 88 nletdt idhs2Ofh the and
manufacture of some zeolites, non-metallic cations, such as
tetramethylammonium (TMA) or tetrapropylammonium (TPA), are present
in the synthesis. The interstitial spaces or channels formed by the
5 crystalline network enable zeolites to be used as molecular sieves in
separation processes and catalysts for chemical reactions and catalyst

carriers in a wide variety of hydrocarbon conversion processes.

- Zeolites include materials containing silica and optionally alumina, and
10 materials in which the silica and alumina portions have been replaced in
whole or in part with other oxides. For example, germanium oxide, tin
oxide, and mixtures thereof can replace the silica portion. Boron oxide,
iron oxide, gallium oxide, indium oxide, and mixtures thereof can repiace -
the alumina portion. Unless otherwise specified, the terms “zeolite" and
15 "zeolite material® as used herein, shall mean not only materials containing
silicon and, optionally, aluminum atoms in the crystalline lattice structure
thereof, but also materials which contain suitable replacement atoms for

such silicon and aluminum.

20 SAPO's have a three-dimensional microporous crystal framework
structure of PO,", AlO;, and SiO. tetrahedral units. The chemical
composition (anhydrous) is:

mR:(Si,AlLP,)O,

wherein “R” represents at least one organic templating agent present in
the intracrystalline pore system: “m” represents the moles of “R” present
per mole of (SixAlLPz)O; and has a value of from zero to 0.3, the maximum
value in each case depending upon the molecular dimensions of the



Anot her enbodi ment of the invention includes the case wherein the

process for converting the oxygenates to olefins is conducted at a 15

t emper at ure of fron1200[err]C to 700[err]C, preferably from250[err]Cto
600[ err] C, Jjost preferably from 300[err]C to 500[er An
addi ti onal enb%’%@n? i ncl udes wherein the oxygenate preferab'{&%swl%n

nmet hanol or dinethyl ether,. and nost preferably is nethanol. 20 .

Anot-her enbodi ment al so includes wherein the oxygenate feed al so

i ncludes a diluent, preferably wherein the diluent consis 3 ggs B
nitrogen, hydrogen, paraffins, olefins, arqgatics, or mxj ﬁ S EéNd
nost preferably wherein the diluent is water or nitrogen.Loti]ll [
enbodi ment i ncludes wherein the oxygenates conprise a halide, a

mer captan, a sulf itdﬂ?laﬂhgat@eﬁmmﬁthe availableY&id aommeof theipote spstemi oicthedes
wherein the process

converti n% 9égena Ef,l efins | conduct ed
at a pressure of uar SARQ spgcies invalved, f@fﬂ y’epr,egﬁp%t g NP8 to
33 MPa, and most Wa%ﬁ@f’ié‘@i Sflidon?Fuftiinum and &B'@‘pltr@rug redpd&ively. Typical small
pore SAPO’s are SAPO-17, SAPO-18, SAPO-34, SAPO-44, and others.

5 “R" may be removed at elevated temperatures.

The metai which may be employed in the incorporation process is a
transition metal selected from Groups VIB, VIIB, or Vill or mixtures
thereof, as defined by the CAS Version of the CRC Handbook of

10 Chemistry and Physics, 74th edition, 1993. Preferably, the metal is either
nickel or cobalit.

The metal containing compounds which may be used in the present
invention may be of various compositions, i.e. in the form of the

15 corresponding halide, sulfate, acetate, carbonyl, nitrate, or mixtures
thereof. When the desired catalyst comprises SAPO-34 and the metal is
nickel, it is preferable to use the hydrated form of nickel acetate as the
metal containing compound.

20 The process of taking the molecular sieve and incorporating the transition
metal be accomplished through any one of the standard methods well
known to those skilled in the art. In one embodiment, a solution of the
desired metal is first made by dissolving the desired amount of the metal
containing compound in water under mild conditions. Preferably the water

25 is de-ionized. The temperature of mixing is dependent upon the solubility
of the metal compound in water, or whatever other medium is selected.
The process may be conducted under pressure or at atmospheric
pressure.
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Yet still another enbodinment includes wherein the process for converting
oxygenates to olefins using the treated nol ecul ar sieve is conducted at a
VWHSV in the range of fromO0.01 to 500 hr[err], preferably fromO0.1 to 200

hr[err], and nost preferably fromO0.5 to 100 hr[err]. 5 Det ai | ed
Descri pti on 3O ¥¥Wd62nventi on The present invention i BCHHIOAM 2 zed
by use of a snmall pore nol ecul ar . sieve catalyst, which has had the
transition nmetal incorporated after 10 nol ecul ar sieve synthesis, rather
than during synthesis, in a process for t he conversion of starting
material to ol efins. For this application, the nolecular sieve
my be a zeolite, silicoal um nopﬁdgbhat e (SAPO), ZSM 34, chabazite,

erionite, and 15 mxtures thereof, preferably, but not limted to, a SAPO

| o h i ' '
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defined as having a ze 0O ngstrom uni ts.
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Angstroms, and mofe F@ses, Siging, s E?toﬁ?% aﬁ'.dBri@P% 'QB‘ELUF nay Rﬁgg%lﬁ ons.
Zeol i te materi alyhdidi@bedn3éural timed assghdnet it6, pbanie BREdekweaNsdvert 6 tO
have catal ytic properties for various types of hydrocarbon conversion
processes. | 1§ adacarperationeolfhe catalystr prapuctnis,bepciiliered.coptionally washedlt s, 25

oo per o - Y SR AR MO oMt BT 0D,
whi ch form a networ k- 6f Al err] and Sierr] %letrahedra | i nked by shared

The amount of metal which is incorporated into the molecular sieve may
vary over a wide range depending, at least in part, on the selected

10 molecular sieve catalyst and the incorporation method. The amount of
metal incorporated is measured on an atomic metal basis in terms of
silicon to metal ratio. The silicon to metal atomic ratios are in the range
from about 0.01:1 to about 1000:1, preferably from about 0.1:1 to about
500:1, and most preferably from about 5:1 to about 50:1.

15 |
The conversion process employs a starting material (feedstock)
comprising “oxygenates”. As used herein, the term “oxygenates” is
intended to comprise aliphatic alcohols, ethers, carbonyl compounds
(aldehydes, ketones, carboxylic acids, carbonates, and the like) along

20 with also those compounds containing hetero-atoms, e.g., halides,
mercaptans, sulfides, amines, and mixtures thereof. The aliphatic moiety
preferably contains from 1 to 10 carbon atoms and more preferably
contains 1 to 4 carbon atoms. Representative oxygenates include, but are
not limited to, lower straight or branched chain aliphatic aicohols, their

25 unsaturated counterparts and the nitrogen, halogen and sulfur analogues
of such. Examples of suitable compounds inciude, but are not limited to:
methanol; ethanol; n-propanol; isopropanol; C,; — Cy alcohols; methyl
‘ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether; methyl
mercaptan; methyl sulfide; methyl amine; ethyl mercaptan; di-ethyl sulfide;
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thereof. The term “oxygenate” as employed herein designates only the
5 organic material used as the feed. The total charge of feed to the reaction

zone may contain additional compounds such as diluents.

The conversion process is preferably carried out in the vapor phase such
that the feedstock is contacted in a vapor phase in a reaction zone with
10 the defined molecular sieve catalyst at effective process conditions so as
to produce the desired olefins, i.e., an effective temperature, pressure,
WHSV (Weight Hourly Space Velocity) and, optionally, an effective
amount of diluent, correlated to produce olefins. Alternatively, the
process may be carried out in a liquid phase. When the process is
15 carried out in the liquid phase, different conversions and selectivities of
feedstock-to-product may result with respect to the relative ratios of the
light olefin products as compared to that formed by the vapor phase

process.

20 The temperature which may be employed in-the conversion process may
vary over a wide range depending, at least in part, on the selected
molecular sieve catalyst. The process is conducted at an effective
temperature range from about 2002C to about 700°C, preferably from
about 2502C to about 600°C, and most preferably from about 300°C to

25 about 5002C. Temperatures outside the stated preferred ranges are not
excluded, although they do not fall within certain desirable embodiments
of the present invention. At the lower end of the temperature range, and
thus, generally, at a lower rate of reaction, the formation of the desired
light olefin products may become markedly slow. At the upper end of the



]

15 "zeolite material" as used herein, shall nmean not only materials

¢ont ai.ni ng silicon and, optionally, alum numatons in the crystalline
| attice structure t hereof, but also materials which contain suitable
repl acenent atons for such silicon and al um num 20 SAPO s have a
t hr ee- di nenswWoal21682 cr opor ous crystal franmework st r uctRETAIB6198LY err ],
Al err], and Sigerr] tetrahedral units. The chemcal conposition
(anhydrous) is: [err] 25 wherein
"R' represents at | east one organic tenplating agent present in t he

Intracrystalline pore system "ni represents the noles of "R' present
per mole of (Si[err]AlyPz)0[err] and has-¥®~value of fromzero to 0.3, the

maxi num val ue in each case dependi ng upon the nol ecul ar di nensi ons of
t he ti ng i | abl i.d of
the pore syste rﬁede%rﬁg:réergRbg andh MY 1R DrodkesANAY 'R 16mY AnCoptPh e

amount of light olefin products.

The process is effectively carried out over a wide range of pressures

S including autogeneous pressures. At pressures in the range from about
0.1 'kPa to about 100 MPa, the formation of light olefin products will be
eftected although the optimum amount of product will not necessarily form
at all pressures. The preferred pressure is in the range from about 6.9
kPa to about 34 MPa, with the most preferred range being from about 48

10 kPato about 0.34 MPa. The pressures referred to herein for the process
are exclusive of the inert diluent, if any, that is present, and refer to the
partial pressure of the feedstock as it relates to oxygenate compounds -
and / or mixtures thereof. Pressures outside the stated range are not
excluded from the scope of this invention, aithough such do not fall within

15 certain desirable embodiments of the invention. At the lower and upper .
end of the pressure range, and beyond, the selectivities, conversions and
/ or rates to light olefin products 'may not occur at the optimum, although
light olefins such as ethylene may still be formed.

20 The process is effected for a period of time sufficient to produce the
desired olefin products. In general, the residence time employed to
produce the desired product can vary from seconds to a number of hours.
It will be readily appreciated that the residence time will be determined to
a significant extent by the reaction temperature, the pressure, the

25  molecular sieve selected, the WHSV, the phase (liquid or vapor), and the

- process design characteristics selected.

The process is effectively carried out over a wide range of WHSV for the
feedstock and is generally in the range from about 0.01 hr” to about 500



particul ar SAPO species involved, and "x" , " y", and "z" represent the

nol e . fractions of silicon, alum num and phosphorus, respectively.

Typi cal smal | pore SAPO s are SAPO 17, SAPO 18, SAPO 34, SAPO 44, and
others. 5 "R' nmay be renoved at el evated tenperatures. t al
whi ch may be eWﬂ% ¥&in the I ncorporation process is a Pﬂﬁ%ﬁ@?ﬁ%n
netal selected from Goups VIB, VIIB, or VIII or mxtures t hereof, as
defined by the CAS Version of the CRC Handbook of 10 Chemi stry and
Physics, 74th edition, 1993. Preferably, the nmetal is either ni ckel or
cobal t. The netal containing conpoungs which may be used in the

pr esent i nvention may be of various conpositions, i.e. in the form of
the 15 corresponding halide, sulfate, acetate, carbonyl, nitrate, or

m xtures t hengdf pralbeibly fism vt 69 Belttal sbiut @001 sared MeBCpraferably t he
metal is ni ckel , "it iséggrejerabl e to,use the hzdrat ed form of r]%ckel
acetate as the fromrabaut Qhihi mney 188founds thexgatalyst may, canain,othel,; g

the ol ecul ar si eye,andshiifich Q[f}r ih8s,the WFIS'WSiELd'agQJIated on'tRé Wei%babi%

acconpl i shed thr oug% any one o he st'andard net hods wel | . own to

t hose skilled in tdfenethanol andcmallauoe tiolendar sieveoised. on of t he desired
nmetal is first nade by dissolving the desired anount of the netal

contai ni ng conpound in water under mild conditions. Preferably the water 25

i's de-ionized. TherHeeshverdioh pratesdimdysptichafig bersieriéd opoin thbepraséndei ofi ty
of the metal conpound in water, or whatever other nediumis sel&zsct‘t:“‘«:ekd.for

The process may bepnecendmare daem diluenis: whichr @ay be,present nHbe;tee
pressure. example in an amount between 1 and 99 molar percent, based on the total

number of moles of all feed and diluent components fed to the reaction

10 zone (or catalyst). Typical of diluents which may be employed in the
instant process are helium, argon, nitrogen, carbon monoxide, carbon
dioxide, hydrogen, water, paraffins, hydrocarbons (such as methane),
aromatic compounds, and mixtures thereof. The preferred diluents are
water and nitrogen.

15 ,
The olefin production process may be carried out in a batch, semi-
continuous or cbntinuous fashion. The process can be conducted in a
single reaction zone or a number of reaction zones arranged in series or
in parallel, or it may be conducted intermittently or continuously in an

20 elongated tubular zone or a number of such zones. When multiple
reaction zones are employed, it may be advantageous to employ one or
more of the defined small pore molecular sieves in series to provide for a

desired product mixture.

25 Owing to the nature of the process, it may be desirous to carry out the
process of the present invention by use of the molecular sieve catalysts in
a dynamic bed system or any system of a variety of transport beds rather
than in a fixed bed system. Such systems would readily provide for any

regeneration (if required) of the molecular sieve catalyst after a given
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-10- After adequate m xing, the solution is then added to the
sel ected anount of the nol ecul ar sieve. The resulting m xture is
stirred as required. In sone cases, stirring is not required and the

m xture may e 9wAEs2 undi sturbed for a time adequate to PeFHF¥14
desired level of 5 incorporation. The catalyst product is then filtered,

optionally washed, dried, and cal cined by nethods well known to those
skilled in the art. The amount of metal which is incorporated into

t he nol ecul ar sieve may vary over a w de range depending, at least in
part, on the selected 10 nolecul ar sievelfatal yst and the incorporation
nmet hod. The anount of metal incorporated is neasured on an atom c netal

ati os are i n t reiogghime” W rideriain bt einclédih VP batapdl 21 U
;LS{R aggetl. 0-1%1 lcdrobé kentinuoushbtroduced ds mmbving dfee b yegeneratidrorone: 1 t o
where it can be regenerated, such as for example by removing
carbonaceous materials or by oxidation in an oxygen-containing
5 atmosphere. In the preferred practice of the invention, the catalyst will be
subject“ to a regeneration step by burning off carbonaceous deposits

accumulated during the conversion reactions.

The following examples illustrate, but do not limit, the present invention.
10
Examples

Catalysts were prepared and then tested for methanol conversion.

15 SAPO-34 was prepared according to US-A-4440871 to provide a basis for
comparison with the examples of transition metal incorporated small pore
molecular sieve calalysts as prepared by the methods as described
above.

20 Examplel
Ni-SAPO-34, was prepared as follows. A nickel containing solution was
prepared by dissolving 0.26g of Ni{(OAc)»*4H.O in 23 cc of de-ionized
water at room temperature. This solution was added to 3.82 grams of
SAPO-34 and the mixture was stirred at room temperature for two hours.

25 The finished catalyst was filtered, and then dried at 110°C for 4 hours.
The resulting dried catalyst was then calcined at 550°C for 16 hours. The
silicon to nickel atomic ratio measured in terms of an atomic weight basis

was about 1:10.



The conversion process enploys a starting material (feedstock)

conpri sing "oxygenates". As used herein, the term "oxygenates" is

i ntended to conprise aliphatic alcohols, ethers, carbonyl conpounds

(al dehydes, ket rboxylic acids, carbonates, and the I|i 20
with al so those‘ggg?% g%ds cont ai ning hetero-atons, e.g., hali 5@'}/0%691'3973
nmer capt ans, sulfides, am nes, and m xtures thereof. The allphatlc noi ety
pref erably contains from1 to 10 carbon atons and nore preferably
contains 1 to 4 carbon atons. .Representative oxygenates include, but are
not limted to, lower straight or branched g@ain aliphatic alcohols, their
25 unsaturated counterparts and the nitrogen, hal ogen and sul fur anal ogues
of such. Exanples of suitable conpounds include, but are not limted to:

nmet hanol ; et hanol ; ExarpRPRNOl ; isopropanol; Cferr] - Cer r] al cohol s;
met hyl et hyl ether; dlnethyl et her; dlethyl et her; di-jisopropyl ether;
net hyl mer capCarBARR{ 34y wasrepared asciolgws.ad erbalt-ganjaining solsionwas

di -ethyl sulfide; .
PCT/ US96/ 19673 prepared vas%Uv?ﬂé%Sg of Co(OAc).*4H;0 in 25 1t:t:lof_ de-ionized

di - et hyl am ne; et¥Wwgler cdtlroomdtemﬁemamm ddiysi solution mashgdderhtcbdrﬁﬂ gramb of
methyl ket one; aC eé}\goz_a& ahd ﬂ\e mlxtl?rleIWas Ieﬂ1 to {Sand at roorx temperaij ure overmg#tyI
The catalyst was filtered, and washed with 25 cc de-ionized water twice.
The finished catalyst was dried at 110°C for 4 hours. The resuiting dried
catalyst was then calcined at 520°C for 16 hours. The silicon to cobalt
atomic ratio was about 1:1'0.
10
Each of the prepared catalysts, the comparative and the two metal treated
catalysts, was then tested using the following procedure. 5.0 cc
(approximately 2.7 grams) of the selected SAPO-34 catalyst, were mixed
| with 15 cc of quariz beads and loaded into a 3/4” outer diameter 316
15 stainless steel tubular reactor which was heated by a three-zone electric
furnace. The first zone, acting as the preheating zone, vaporized the
feed. The temperature of the center zone of the furnace was adjusted to
give the desired reaction temperature of 4502C. The reactor was purged
first with nitrogen at 50 cc/min flow rate for 30 minutes. The feed, a
20  4:1(molar ratio) of water and methanol, was pumped into the reactor and
calibrated to give a flow rate of about 0.7hr’ WHSV. The effuent was
analyzed at pre-determined intervals by an on-line gas chromatograph
fitted with both a thermal conductivity detector and a flame ionization

detector.
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that the feedstock is contacted in a vapor

and m xtures

phase in a reaction zone with |0
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phase
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pr.ocess. 20
process may
sel ected !
ef fective g I : S DO 2 L6 f
preferably fro Dot v 0 _anjoutr ovulerr]c =TT TTOST
preferably fro Eﬁm&n%mr/er ] C t 4955 abdut 508%-8r r]c Terrpé%ﬁ ures
out si de t he st ted—preferredrranges—arenygt exctudpd—atthough—tihey do
not fall withir k’mpylane wk%i [ abl e 3dbodi mgnts 24.8 of t he pr &Seht
i nvention. At the—tewer—enrg—pi—the—terpergture—+ange—ahd RS
general ly, at Totakof CAtamdof read@3idn, the for@®Bi on of the sb®ired
light olefin p oduE§§ n%y beponme markedly sl ow. At the ppper end of tjhe
3 wt.%
The examples illustrate an increase of over 30% in the ethylene yield
5 using the Ni-SAPO-34 catalyst, as compared to the untreated SAPO-34
catalyst. The Co-SAPO-34 catalyst achieved a 7% increase in ethylene
yield as compared to the untreated SAPO-34 catalyst. The combined
ethylene and propylene yield also increased by 8% and 3% respectively.
10 These results are comparable to those of Inui, which illustrated the
positive effect that the presence of transition metals has on methanol
conversion yields on SAPO catalysts. These improvements were effected
with the more flexible catalyst preparation process of the present
invention.
15
Thus, in the conversion of a starting material to olefins, the use of a small
pore molecular sieve which had been metal incorporated after synthesis is
attractive. The present invention produces a similar catalyst which had
the metal incorporated during synthesis, but avoids the commercially less
20 aftractive elevated temperature and elevated pressure metal incorporation

process during synthesis.
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t enperature range and beyond, the process may not form an optinmum

anount of I'gh\avd)%ﬁflksg products. The process is effectdMGlosefadsd | €d
out over a w de range of pressures 5 including autogeneous pressures. At
pressures in them—abea{— 0.1 kPa to about 100 MPa, the
formati on of I| ucts will be ef fected al t hough the

opt i mum anount mﬂ”ﬂ{' ot necessarily form at all pressures.

The preferred press:ure range fro out 6.9
MPa, wth the nost preferred range being f%ﬁbabout 48 L@H@EEE#ﬁHéﬁ (it ;T
0.34 MPa. The pressures referred to herein for the procgss REPLAG

excl usive of the Whatis®Clbimed js:i f any, that is present, and refer to the
partial pressure of the feedstock as it relates to oxygenate conpounds

and / or mxtures thereof. Pressures outside the stated range are not

excl uded from t he 15COpA Rioyhd Sof BYARIAG stéting aloraV 40 GeffiobofBlibing! t hi n
15 certain desirabl e enbodi mnents of e i nventi on | ower and upper
end of the pressure rang@t,acmmthﬁe§tamng nw&er@élvetbta\smaﬂemrednnleewsr sieyeand

/or rates to ljght ol ghiRPlRAUFLAIRY RIBRE 15 baldiooi@iild, THHBreR thaouo"

molecular sieve has been modified after synthesis by incorporation

of a transition metal ion using a transition metal compound, wherein
the transition metal ion is from the Groups VIB, VIIB, VI, or a
mixture thereof.

10

2. The method of claim 1 wherein the molecular sieve catalyst

consists of a silicoaluminophosphate (SAPO), ZSM-34, chabazite,
erionite, or mixtures thereof, preferably a SAPO, and most
preferably a SAPO-17, SAPO-18, SAPO-34, SAPO-44, or mixtures

15 thereof.

3. The method of claim 1 or 2 wherein the molecular sieve catalyst
pore size is greater than about 3.5 Angstroms and less than about

5.0 Angstroms, preferably greater than about 4.0 Angstroms and

20 less than about 5.0 Angstroms; and most preferably greater than

about 4.3 Angstroms and less than about 5.0 Angstroms.

4, The method of any of the preceding claims wherein the transition
metal ion consists of nickel, cobalt, or mixtures thereof, and
25 preferably is nickel or cobalt.

5. A method of any of the preceding claims wherein the transition
metal compound comprises a halide, sulfate, acetate, carbonyl,

This Sheet Has Been R
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i ght ol efins such as ethylene may still be forned. 20 The process is

effected for a period of tinme sufficient to produce the desired olefin
products. In general, the residence tine enployed to produce the
desired product can vary from seconds to a nunber of hours. It will be

readi |y appr e e/mdsazt hat the residence time will be detern REFUSW19%673 g
significant extent—by the reaction tenperature, the pressure, the 25
nol ecul ar sieve selected, the WHSV; the phase (liquid or_vapor), and the

Carried oo over NNMKIMRVIBRUASS\ 7o e T T
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generally in the range frdm #&boat 0.01 hr[®8rr] to aboutl50Q
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e lorr], and most. pr oo modthel iRl AR efbrdn chfiphand & B BFY) e

the catal yst may contgH fegdhtBer

6. A method of any of the preceding claims wherein the modified
5 molecular sieve has a silicon to metal atomic ratio in the range of
from about 0.01:1 to about 1000:1, preferably from about 0.1:1 to

about 500:1, and most preferably from about 5:1 to about 50:1.

7. A method of any of the preceding claims wherein the process for
10 converting the starting material to olefins is conducted at a
temperature of from about 200°C to about 700°C, preferably from
- 250°C to about 600°C, and most preferably from about 300°C to
about 500°C.

15 8. The process of any of the preceding claims wherein said starting
material feed consists of methanol, ethanol, n-propanol,
isopropanol, Cs — Cxo alcohols, methy! ethyl ether, di-methyl ether,
di-ethyl ether, di-isopropyl ether, di-methyl carbonate, carbonyl
compounds, or mixtures thereof, preferably is methanol or dimethyl

20 ether, and most preferably is methanol.

9. The process of any of the preceding claims wherein the starting
material also includes a diluent, preferably wherein the diluent
consists of water, nitrogen, hydrogen, paraffins, olefins, aromatics,

25 or mixtures thereof, and most preferably wherein the diluent is

water or nitrogen.

10. The method of any of the preceding claims wherein the starting

material comprises a halide, a mercaptan, a sulfide, or an amine.

This Sheet Has Been Reﬂlaced
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materials which act as inerts, the WHSV is cal cul ated on the wei ght basis

of nethanol and small pore nol ecul ar sieve used. 5 The conversion
process may optionally be carried out in the presence of one or nore
inert diluents which may be present in the feedstock for exa Ie |n an

amount bet ween WOHHSBD npl ar percent, based on the total
mol es of all Wonents fed to the reaction 10 zone (or
catal yst). Typl m g di l uents whi ch may be enployed in the i nst ant
process are heI m' gen, carbon nonoxi de, dioxj de,

o i””‘ rocar bons (sug)h as met gﬁéﬁ SHEET HASrBEEN | C

hydr ogen, water *
conpounds, and m xtures 't héreaf. The preferr d diluents areﬁ‘EPLACEwater and

nitrogen. 15 The ol efin production process nay be carTTed out
bat ch, sem - continuous or continuous fashion. The process can be
conducted in a single reaction zone or a nunber of reaction zones

arranged in seriesibr The pracepschamedf thepréceding clsinswhelein te process for

of cuch zones. vhen mil SyERING R Mafifo FSHRELE] dethg F Ededl B Npo0e"
advant ageous to enpl oy preesure of from abom of wﬁaetoobﬁuwnadomlprpmreblyﬁimul ar
sieves in seri es to provide for desi Fed productp:tn Xt ure.

to the nature the priRugs.9 |‘rt’3 3o MProard mosth ?’aB[th‘Q’“@bOUt 48

process of the present kﬁﬁ’?ﬂ‘&ﬁ&ﬁo@hyﬁ of the nol ecul ar sieve catalysts in
a dynam c bed systemor any systemo a variety of transport beds rather
than in a fixed bed system Such systens would readily provide for any

regeneration (11 eaul Mt nlndd'ss diY 61 ib BrectktrciSloirihb Brofodd 167"

converting the starting material to olefins using the treated

10 molecular sieve is conducted at a WHSV in the range of from about
0.01 to about 500 hr”, preferably from about 0.1 to about 200 hr™,
and most preferably from about 0.5 to about 100 hr™.

This Sheet Has Been R
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of tine. If regeneration is required, the nolecul ar SB@?LAMN;ESHEET can
be continuously introduced as a noving bed to a regereriati on .zone'; ,’'{, Where

it can be regengnasesnosuch as for exanple by renovirg 07&13&!%69%'6 u}

materials or by oxidation in- an oxygen-containing 5 iatjnosphere. In th

‘preferred practice of the invention, the catalyst wiljl ‘te SuUbject to a
regeneration step by burning off carbonacepus depositis accunul ated’
during the conversion reactions. The foll ow ng exanples illustrate,
but do not limit, the present invention. 10 - Exanples Catal ysts

were prepared pingared todisé entrbated SARGB4 catalysts Jiheruse ofithe MIAPAP434as
prepared accor di ngI to US-A-4440871 to 6)( ovi de_(? basj s for
catalyst with the Si/Ni ratio of 40 increased from 58% to 80% the ethylene
yield as compared to the untreated SAPO-34 catalyst. The combined
ethylene and propylene yield was also increased on an absolute basis by

5 25% and 34% respectively.

One can see that the nickel incorporation has a definite impact upon the
ethylene and propylene yields. Hdwever, even though Inui has
demonstrated that nickel substitution is attractive, his one technique of

10 nickel substitution was achieved by substituting the nickel during the
molecular sieve synthesis process rather than after the.mélecular sieve
synthesis process. Metal substitution via molecular sieve and/or catalyst
synthesis generally requires elevated temperatures, elevated pressures,
and special equipment which complicate an otherwise straightforward

15 process. These complicated features of a metal substitution process
make such a process commercially less attractive than one would typically
desire for a large scale industrialized process.

In contrast, post-synthesis metal incorporation can be carried out under
20  milder conditions. In addition, the physical characteristics, such as
particle size, can be varied pﬁor to metal incorporation to achieve greater
ﬂexibility; thus allowing a wider range of operating parameters with which

to achieve the incorporation.

25 The'refore, in view of the problems associated with incorporating the metal
during synthesis, it would be commercially useful ahd desirable to be able
to produce such a catalyst wherein thé metal could be inCorporated after
molecular sieve synthesis, rather than during synthesis. A po_st-synthe_sis
technique would be a way of providing flexibility in catalyst preparation,

' AMENDED SHEET,
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conparison wt
ol ecul ar ‘si ev

above. 20 Exanple | Ni - SAPO 34, wa$ prepared b = e 1Y
cont ai ni ng sol uti on was prepared by dissolving Q. 26g of 1 * > %,
Ni (QAc)[err] 4H[9%@]5%’05<5b 23 cc of de-ionized wat e |at O7ciwN {18 er
This solution was added to 3.92 grans of SAPO- 34 d the m xturg

stirred at roo

filtered, and then dried at 1 10'C for 4 lgurs.

" catal yst was t

1:10.
PCT/ US96/ 19673
Exanpl e 11

sol ution was

10

15

h the exanples of transition netal incorporated small pore

e catal ysts as prepared by the nethods Pﬁm §

mtenperature for two hours. 25 . The fijished catal yst

was about

 \8RowcH afl Atetal additive, metal concentration, and selection of molecular

, -15 -
SIBESSAPO- 34, was prepared as follows. A cobalt containing

Summary of Invention

This invention provides a method for converting oxygenates to olefins .
comprising contacﬁng the oxygenates with a small pore molecular sieve
catalyst under conditions effective to produce olefins, wherein the
oxygenates consist of methanol, ethanol, n-propanol, isopropan_ol,. Cs—
Cao alcohols, methyl ethyl ether, di-methyl ether, di-ethyl ether, di-
isopropyl ether, di-methyl carbonate, carbonyl compounds, or mixturés
thereof, wherein the molecular sieve catalyst pore size is less than 5.0
Angstroms, wherein the molecular sieve catalyst comprises a framework
which is treated after synthesis by the incorporation of a transition metal
ion onto.the framework by an incorporation process using a transition
metal compound, wherein the transition metal ion is from the Groups VIB,
VIIB, VIII, or a mixture thereof.

. One embodimeht of the invention includes the case wherein the moleculai'

20

sieve catalyst consists of a silicoaluminophosphate (SAPO), ZSM-34,
chabazite, erion"it_e, or mixtures thereof, preferably a SAPO, and most
preferably a SAPO-17, SAPO-18, SAPO-34, SAPQO-44, or mixtures

thereof. .

25

An additional embodiment includes wherein the molecular sieve catalyst
pore size is greater than 3.5 Angstroms and less than 5.0 Angstroms,
preferably grea_ter' than 4.0 Angstroms and less than 5.0 Angstrdms, and
most preferably greater than 4.3 Angstroms and less than 5.0 Angstroms.

958062 ' o Asset #5 - MTO

, The resulting.dri.ed
_ hen cal ci ned at 550C for 16 hours. The "silicon to nickel
atomc ratio neasured in terns of an atom ¢ wei ght basis



prepared by dissolving 0.25g of Co(QAc)[err]4H err]0 in 25 cc of de loni zed
water at roomtenperature. This solution was added t ¢ ] Th

SAPO 34 and the m xture was left to stand at roomter P@G%ma ﬁ )
The catal yst was filtered, and washed with 25 cc de-ijoni zed wat er. tw ck.
‘The fi ni shed catgﬁ.\l%i{: s dried at 110C for 4 hours. |THe 0 @sIAN 1998 dii d
catal yst was tH ¥ ned at 520[err]C for 16 hours.] The silicon to}lcbbalt
atomc ratio was about 1:10. 10 Each of the pregar catal ysts, the
conparative and the two metal treated _g_catalysts,| was then tested. &si ng
the foll ow ng procedure. 5.0 cc (approximately 2.7 granms) of the

sel ected SAPO 34 catal yst, were m xed with 15 cc of quartz beads and

| oaded into a HfhthéUlepibsHiment eéls<§Jiﬁcllﬂessf/vﬁbfélﬁsﬂ'\estt@isﬂtdﬁ'buhétl’al ri@act or
whi'ch was heated by a three-zone electric furnace. The first zone,
acting as the poekists phoickeheobaipor mbdurashinereof, anda&referablyttermdfeitq:re of
the center zone Bf the furnace was adjusted to gi ve the desired
reaction tenpefq alte of 450[ err] C. The reactor was purged first with
nitrogen at 50 cc/min flowrate for 30 mnutes. The feed, a 20 4:1 (nolar

rati o) of wat er, lﬂ?f@ﬁ ' '
calibrated’to gﬁt@ é{{ﬁ %Q@vﬂrgége "p% ?98)"%&? ﬁ?}ﬁ%@@ﬂ r?ﬁ&qi CF %'n ngp dvvas
~anal yzed at pr eofifjrivesi 2edhdlidesr sitfate,ducataton-darbenyasitrateoet ogixdyrtes
fitted with both a thermal conductivity detector and a flane ionization
det ect or. therep arw predernably comprisés a carbonyl or an acetate.

PCT/ US96/ 19673 ' ' :

Yet another embodiment includes wherein the modified molecular sieve'

'10 has a silicon to metal atomic ratio in the range of from 0.01:1 to 1000:1,
preferably from 0.1:1 to 500:1,-and most preferably from 5:1 to 50:1.

Another embodiment of the invention includes the case wherein the
process for converting the qugenateé to olefins is conductéq at a

15 temperatﬁre of from 200°C to 700°C, preferably from 250°C to 600°C,
and most preferably from 300°C to 500°C.

An additional embodiment inc_:iudes wherein the okygenate preferably is
methanol or dimethyl ether, and most preferably is methanol.

20 -
Another embodiment also includes wherein the oxygenate feed also

includes a diluent, preferably wherein the dilu_ent consists of water,
nitrogen, hydrogen, paraffins, olefins, aromatics, or mixtures thereof, and
most preferably wherein the diluent is water or nitrogen. Still another
25 embodiment includes wherein the oxygenates comprise a halide, a

mercaptan, a sulfide, or an amine.

Yet another embodiment includes wherein the process for converting

oxygenates to olefins is conducted at a pressure of from 0.1 kPa to 100

30  MPa, preferably from 6.9 kPa to 34 MPa, and most preferably from 48
. kPato0.34 MPa. - |

958062 o | Asset #5 - MTO _



- 16 - The results are shown in the follow ng table.

effect that th

10

15

eYBf SHIPBAGtHRF enititibhOmclTRIed! Bhérem e PRIBIS%r converting
oxygenates to olefins using the treated molecular sieve is conducted at a
WHSYV in the range :of from 0.01 to 500 hr', preferably from 0.1 to 200
hr", and most preferably from 0.5 to.100 hr™.

Detailed Description of the Invention

The present in\)ehtibn is characterized by use of a small pore molecular
sieve batalyst whicH has -had the transition metal incorborated after
molecular sieve synthesss rather than during synthesis, in a process for
the conversion of startlng matenal to olefins.

For this application, the molecular sieve may be a zeolite,
silicoaluminophosphate (SAPQ), ZSM-34, chabazite, erionite, and
mixtures thereof, preferably, but not limited to, a SAPO catalyst. In the
present invention, small pore molecular sieves are defined as having a
pore size of less than about 5.0 Angstrom units. Generally, suitable

~ catalysts have a pore_"size rénging from about 3.5 to about 5.0 Angstroms

20

25

units, preferably from about 4.0 to about 5.0 Angstroms, and most
preferably from about 4.3 to about 5.0 Angstroms. '

Zeolite materials, both natural and synthetic, have been demonstrated to
have catalytic- properties for various types of hydrocarbon conversion
processes. In addition, zeolite materials have been used as adsorbents,
catalyst carriers for various types of hydrocarbon converéion processes,
and other applications. Zeolites are complex crystalline aluminosilicates
which form a network-of AIO; and SiO, tetrahedra linked by shared
oxygen atoms. The negativity of the tetrahedra is balanced by the

958062 ’ Asset#5 - MTO

Et hyl ene, w. % 49. 2 . - . 655 .

wt. % ¢ 34.0 24. 8. ' 33.6 d
83.2 .90.3 ' 86.2 . . Cefrf= - he
exanpl es illus ncrease of over 30%.in the efhy upi ng
the N - SAPO 3455%%@65‘?6 as conpared to the untreate E‘AWGPAN}W) caj aj yst.
The Co- SAPO- 34 catal yst achieved a 7% i ncrease in’ et fyheag——yi ap
conpared to the untreated SAPO 34 catal ystz_ The combined et hyl ene and
pr.opyl ene yield al so increased by 8%-and '3%_respect | VEery 10 These"
results are conparable to those of ‘Inui, which Illustrated the positive



conversion yi el ds on SAPO cat al ysts. These i nprovenents were effected
.Wth the nore flexible catalyst preparation process_of the present

i-nvention. 15 Thus, in the conversion of a sta REPEAGEB@NF" HEET.

ol efins, the use of a snall pore nol ecul ar si eye pwher—hats .Jret al

produces a si nEARREBE VSt “uhi ch had - the netal] nii?pimﬁ%‘“ G

synthesi s, but avoids the commercially less 20 attnadtive elevate

tenperature and el evated pressure netal |gcorporat|on ' process duti ng
synt hesi s. VWhat is Clainmed is: , 3~ A——rret-trod for
. converting oxygenates to ol efins conprising contacting the
oxygenat es W tﬂén@pléﬁﬁ? lagBAt ana%@%v%ﬁéblé'm@voéume of the p6fd &tS HFGer
conditions effectiv I ns, wherern oxygenat es

consi st of rretp@?ti@ularﬁmg@;pueccemsgngplaedj and é;d’pf‘)d’pandl"z” represent the ridler r] -
(err] alcohol fraction B haltj sific 7 W'au?n%ﬁFn and pﬁgsmorugt nbeesrpectlveh?t : ylpcceatl gﬁ{all
' pore SAPQ'’s are SAPO-17, SAPO-18, SAP0-34, SAP0O-44, and others.

5 “R" may be removed at elevated temperatures. '

The metal which may be employed in the incorporation process is a
transition metal selected from Groups VIB, VIIB, or VIl or mixtures
'thereof, as defined by the CAS Version of the CRC Handbook of

10 Chemistry and Physics, 74th edition, 1993, Preferably, the métal is either
nickel or caobailt.

The metal containing compounds which may be used in the present
invention may be of various compositions, i.e. in the form of the

15 corr;esponding halide, suifate, acetate, carbonyl, nitrate, or mixtures
thereof. When the desired catalyst comprises SAPO-34 and the metal is
nickel, it is preferable to use the hydrated form of nickel acetate as the
metal containing compound. |

20 The process of taking the molecular sieve and incorporating the transition
metal may be accomplished through any one of the standard methods well
known to those skilled in the art. In one embodiment a solution of the
desired metal is first made by dtssolvmg the desired amount of the metal
contalnlng compound in water under mild conditions. Preferably the water

25  is de-ionized. The temperature of mixing is dependent upon the solubility
of the metal compouhd in Water, or whatever other medium is selected.
The process may be. conducted under pressure or at atmospheric
pressure.

958062 . | A Asset #5 - MTO
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wherein t

m xt ures thereof,

Fess than 5.0 Angstrons, vvher
conprises a framework which i
i ncor porati on S kRssbbdpsi tion
i ncorporation process using a transi
the transition netal

m xture thereof.

si eve catal yst
ZSM 34,
SAPO, and npst
or m xtures

wherein the_nol ecul ar sieve cat al yst

nd léﬁé’netg@g L—}Hg convertmg oxy

3.5 Angstroms
than 4.0 Angst

chabazi t e,

di carbonat e, carbonyl conpounds, or
sieve catalyst pore size is 10

t he nol ecul ar sieve catal yst

- met hyl

,m Ifﬂ‘ﬂ*ﬂﬂﬂu, ynthesis pythe .

he framewRRN
tidn fetal

LACRMENT. SHEET

conmpoundj -.c.c.“
ionis fromthe Goups VIB, VIIB, |}
2. The nethod ofz.claim 1 whefe n %ﬂo@g%ul

consists of a silicoal um nophosk hatp (SAPQ .

. erionite, or mxtures th reof

erabl

VaSRAtaS b, FER, ompdting

preferably gr eat er ¢dritacthg thegskydutates with a sﬂﬂdpb§%5%UI§ Qieve

Angst rons.
5

10

15

25

- catalyst under conditions effective to produce olefins, wherein the

~ oxygenates consist of-methanol, ethanol, n-propanol, isopropanol,

incorporation process using a transition metal compound, whersin

958062

C4 — Cz alcohols, methyl ethyl ether, di-methyl ether, di-ethy! ether,
di-isopropyl ether, di-methyl carbonate, carbonyl compounds, or
mixtures thereof, wherein the molecular sieve cat.a.lys't pore size is
less than 5.0 Angstroms, wherein the molecular sieve catalyst
comprises a framework which ie treated after syhthesis by the
incorporation of a transition metal ion onto the framewor_k by_an

the transition metal ion is from the Groups VIB, VIIB, VIII, or a
mixture thereof. | '

The method of 'elaim 1 wherein the molecular sieve catalyst
consists of a silicoaluminophosphate (SAPQ), ZSM-34, chabazite,

_erionite, or mixtures thereof preferably a SAPO, and most

preferably a SAPO-17, SAPO-18, SAPO 34, SAPO-44 or mixtures

thereof.

The method of claim 1 or 2 whereln the molecular sueve catalyst
pore size is greater than 3.5 Angstroms and less than 5.0
Angstroms, preferably greater than 4.0 Angstroms and less than
5.0 Angstroms, and most preferably. greater than 4.3 Angstroms
and less than 5.0 Angstroms.

" Asset#5-MTO

preferabl y g

What is Claimediisf erably a SAPO-17, SAPO 18— G SARD-4A |
C t her eo 3. The met hod of claim1 or 2

por e S|ze is greater than
reater

ar




4. The method of any of W@B wher ei n the tran5|t|on
nmetal ion consists of nickel . cobalt, or mXtures ther gofant:
preferably is nickel or cob l”l"””'”"'”? met hod of LACMMl
clains wherein the transiti l m” al conpound [cOnprises "a-

hal i de, sulfate, acetate, car bonyl nitrateg, OVO.W‘JAN’W% '
t hereof, and p97éf<855élﬂq¢ conprises a car bonyl or an acet at e.
10 6. A method of any of the preceding clains wher ein '
mol ecul ar sieve has a silicon to netal atomic ratio in jthe range of

.fromO0.01:1 to 1000: 1, preferably from O 81 to 500: 1, mnaTOST
preferably fromb5:1 to 50: 1. 15 7. A net hod of any of the preceding

| wh th f t. h t t
cl af s her el ngthe_RRQCRSMdLhe oy of the precsdiAY Sididy Owheiais e drnsian,
700[err] C, preferabetalr aon 256Hsmsts ] 6 trﬁcI@PO[&bé]tC oraﬂﬂxt'ﬂﬁéé thereof, and

preferably from 300[err]C to 500[err]C. The process of' any of

the preceding cl ai nprefaeatdy is niskeloncpbaitt e preferably is

met hanol or dinmethyl ether, and nost preferably is et hanol .
5 & A method of any of the preceding claims wherein the transition

metal compound comprises a halide, sulfate, acetate, carbonyl,
nitrate, or mixtures thereof, and preferably comprises a carbony! or
an acetate.

10 6. - A method of any of the préceding claims wherein the modified
molecular sieve has a _silicdn to metal atomic ratio in the range of
from 0.01:1 to 1000:1, preferably from 0.1:1 to 500:1, and most
preferably from 5:1 to 50:1. |

15 7. A method of any of the preceding claims wherein the process for
converting the oxygenates to oleﬁhs is conducted at a temperature
of from 200°C to 700°C, preferably from 250°C to 600°C, and most
preferably from 300°C to 500°C. |

20 8. The process of any of the preceding claims wherein the oxygenate
preferably is methanol or dimethyl ether, and most preferably is
. methanol.

9. The process of any of the preceding claims wherein the oxygenate
25 feed also includes a diluent, preferably wherein the diluent consists
of water, nitrogen, hydrogen, paraffins, olefins, aromatics, or '
mixtures thereof; and most preferably wherein the diluent is water
. or nitrogen.
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9. The process of any of the preceding—ctaifs wherein

feed al so i ncludes a dlluent referabl e|n t he dllﬁenL'ronSIStS
of water, nitrogen, hydrogen Eﬂﬂ“!mu ar onatfi WLA@E SHEET

the di | uen

m xtures thereof, and .nost p
or nitrogen. .

10. The net hoghLrRss8mpocof the precedi ng clainms wherein th &(Zg@fﬂa?@g

conprise a halide, a nercaptan, a sulfide, or an anine.
process of any of the preceding clains wherein.-the proc
converting the oxygenates to olefins is etaxducted at a

the oxygenate 25

—

11. The
pss for

TesStH-e—-af

from0.1 kPa to 100 MPa, preferably from6.9 kPa to 34 MPa, and

nmost preferably from 48 kPa to O. 34 MPa.

10.  The method of any of the preceding claims wherein the oxygenates

comprise a halide, a mercaptan, a sulfide, or an amine.

5 11. The process of any of the preceding claims wherein the process for

converting the oxygenates to olefins is conducted at a pressure of
from 0.1 kPa to 100 MPa, preferably from 6.9 kPa to 34 MPa, and

most preferably from 48 kPa to 0.34 MPa.

10 12. The method of any of the precedihg claims wherein the process for

converting the oxygenates to olefins using the treated molecular
sieve is conducted at a WHSV in the range of from 0.01 to 500 hr”,
preferably from 0.1 to 200 hr', and most preferably from 0.5 to 100

hr.

958062
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10" 12.

315~/

The nethod of any of the preceding clains wherein the process for

converting the oxygenates to olefins using the treated nol ecul ar

si‘eve is conducted at a WHSV in the range of from0.01 to 500 hr[
and nost preferably from O /PSS

preferably fromO0.1 to 200 hrferr],
hr[err]
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