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ENHANCED PROPYLENE PRODUCTION IN OTO PROCESS
WITH MODIFIED ZEOLITES

STATEMENT OF PRIORITY

[0001] This application claims priority to U.S. Application No. 14/636718 which was
filed March 3, 2015, the contents of which are hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the production of olefins from oxygenates. In
particular, this invention relates to the use of a new material for the conversion of oxygenates

to olefins with an enhanced selectivity for propylene.

BACKGROUND

[0003] The Methanol to Olefin (MTO) process is successfully commercialized by UOP.
This process is covered by many UOP patents. New improvements in the catalyst
compositions and process schemes are being made to improve the overall economics of the
process. Flexibility in the MTO product selection to integrate the MTO plant within the
existing petrochemical infrastructure is a challenge while designing new plants. The MTO
process produce significant amount of C4 olefins, Cs olefins, aromatics and heavier species in
addition to ethylene and propylene which are the desirable products. The effective utilization
of these by-products can significantly improve the economics of the process.

[0004] The US patent 6,303,839 issued to UOP explains an integrated MTO-Olefin
cracking process. The oxygenate feed stock is catalytically converted to paraffin’s, light
olefins (ethylene, propylene) and heavier olefins using a silicoaluminophosphate (SAPO)
molecular sieve catalyst in the vapor phase. The product is separated and the mixed butenes
and heavier olefins are reacted in a second reactor to produce additional propylene. The
catalyst used in the second reactor is same as that in the MTO reactor.

[0005] The US patent 7,317,133 issued to UOP explains a process for enhanced olefin
production. In this process, the MTO reactor product is separated in to light olefins and
heavier olefins. The heavier olefins are further separated in a second stage separation to
produce a C4 to C5 olefin stream and a heavier stream. The C4 to C; olefin stream is then

- 1-
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passed through an olefin cracking reactor (OCP) to convert a portion of the olefins to light
olefins like ethylene and propylene. The catalyst in the OCP reactor is from a family of
crystalline silicate of MFI or MEL like ZSM-5 or ZSM-11.

[0006] While there are many similar patents that cover integrated MTO-OCP process to
maximize ethylene and propylene, none of these processes has flexibility to control the
Propylene to Ethylene (P/E) product ratio. The P/E product ratio is largely determined by the
MTO and OCP reactor yields. A high P/E ratio, preferably more than 3 is desirable due to the

increased demand for propylene.

SUMMARY

[0007] A first embodiment of the invention is a process for the conversion of oxygenates
to olefins comprising passing an oxygenate feedstream to an oxygenate conversion reactor
operated at oxygenate conversion reaction conditions, wherein the reactor includes a catalyst
having an layered pentasil structure and wherein the surface of the catalyst has been modified
with silica or fluorine, to generate a process stream comprising olefins, wherein the catalyst is
a zeolite having a microporous crystalline structure comprising a framework of AlO, and
Si0; tetrahedral units, and an empirical composition in the as synthesized and anhydrous
basis expressed by the empirical formula of My"R *"AlSi;O, where M is at least one
exchangeable cation selected from the group consisting of alkali and alkaline earth metals,
"m" is the mole ratio of M to Al and varies from O to 3, R is at least one organoammonium
cation selected from the group consisting of quaternary ammonium cations, diquaternary
ammonium cations, quaternary phosphonium cations, methonium cations, and mixtures
thereof, "r" is the mole ratio of R to Al and has a value of 0.1 to 30, “n” is the weight average
valence of M and has a value of 1 to 2, “p” is the weighted average valence of R and has a
value of 1 to 2, "y" is the mole ratio of Si to Al and varies from greater than 32 to 400 and "z"
is the mole ratio of O to Al and has a value determined by the equation z=(mn+rp+3+
4y)/2. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph wherein the zeolite is further
characterized in that it has the x-ray diffraction pattern having at least the d spacing and

intensities set forth in the following Table A:
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Table A

20 d(A) 1/To
7.92-7.99 11.04-11.31 m
8.79-8.88 9.94-11.09 m
20.28-20.56 4.31-4.35 W
23.10-23.18 3.83-3.84 Vs
23.86-24.05 3.69-3.72 m
29.90-30.05 2.97-2.98 W
45.02-45.17 2.00-2.01 W

[0008] An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph wherein the zeolite has a
mesopore surface area between 140 m*/g and 400 m*/g. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein the zeolite is made using a charge density mismatch method (U.S. Pat.
No. 7,578,993), and further comprises a microporous crystalline structure comprising a
framework of AlO, and SiO; tetrahedral units, further including the element E and having the
empirical composition in the as synthesized and anhydrous basis expressed by the empirical
formula of My"'R,”" Al;..E<SiyO, where "m" is the mole ratio of M to (Al+E) and varies
from O to 3, "r" is the mole ratio of R to (AI+E) and has a value of 0.1 to 30, E is an element
selected from the group consisting of gallium, iron, boron, indium and mixtures thereof, "x"
is the mole fraction of E and has a value from 0 to 1.0, "y" is the mole ratio of Si to (AI+E)
and varies from greater than 32 to 200 and "z" is the mole ratio of O to (Al+E) and has a
value determined by the equation z=(mn+rp+3 +4y)2. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising separating the process stream into an
ethylene stream, a propylene stream, a C4 stream, a Cs stream, and a Cs. heavies stream, or
some combination thereof. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph further
comprising passing the heavies stream, comprising C,+ olefins, to an olefin cracking unit, or

passing the Cy4 stream and/or the C4” stream to a metathesis unit along with some portion or
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all of the ethylene stream. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph wherein the
oxygenates comprise alcohols, aldehydes, ethers and mixtures thereof. An embodiment of
the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the oxygenate comprises methanol. An embodiment
of the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein oxygenate conversion reactor comprises a fluidized
reactor bed, and wherein the oxygenate conversion reactor generate an effluent stream
comprising catalyst and a process fluid, wherein the effluent stream is separated into a spent
catalyst stream and the process stream comprising olefins. An embodiment of the invention
is one, any or all of prior embodiments in this paragraph up through the first embodiment in
this paragraph wherein the catalyst stream is passed to a regenerator to generate a regenerated
catalyst stream. An embodiment of the invention is one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph further comprising passing
the regenerated catalyst stream to a stripper, to generate a stripped catalyst stream comprising
catalyst with carbon oxides removed. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph
further comprising passing the stripped catalyst stream to the oxygenate conversion reactor.
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the oxygenate conversion reaction
conditions include a temperature in the range from 300°C to 600°C. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the oxygenate conversion reaction conditions include
an oxygenate partial pressure in the range from 100 kPa to 800 kPa.

[0009] A second embodiment of the invention is a process for the conversion of
oxygenates to olefins comprising passing an oxygenate feedstream to an oxygenate
conversion reactor operated at oxygenate conversion reaction conditions, wherein the reactor
includes a catalyst having a 2-D layered MFI structure and wherein the surface of the catalyst
has been modified with silica or fluorine, to generate a process stream comprising olefins,
wherein the catalyst is a zeolite of claim 1 having a microporous crystalline structure
comprising a framework of AlO, and SiO; tetrahedral units, further including the element E

and having the empirical composition in the as synthesized and anhydrous basis expressed by
-4 -
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the empirical formula of My"R,”" Al;E,SiyO,; wherein m" is the mole ratio of M to
(AI+E) and varies from O to 1, "r" is the mole ratio of R to (Al+E) and has a value of 0.1 to
30, “n” is the weight average valence of M and has a value of 1 to 2, “p” is the weighted
average valence of R and has a value of 1 to 2, "x" is the mole fraction of E and has a value
from 0 to 1.0, "y" is the mole ratio of Si to (Al+E) and varies from greater than 32 to 200 and
"z" is the mole ratio of O to (Al+E) and has a value determined by the equation
z=(mn+rp+3+4y)2
and it is characterized in that it has the x-ray diffraction pattern having at least the d spacing

and intensities set forth in the following Table A:

Table A

20 d(A) 1/To
7.92-7.99 11.04-11.31 m
8.79-8.88 9.94-11.09 m
20.28-20.56 4.31-4.35 W
23.10-23.18 3.83-3.84 Vs
23.86-24.05 3.69-3.72 m
29.90-30.05 2.97-2.98 W
45.02-45.17 2.00-2.01 W

[0010] An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the second embodiment in this paragraph wherein the oxygenate
conversion reaction conditions include a temperature in the range from 300°C to 600°C. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph wherein the oxygenate conversion reaction
conditions include an oxygenate partial pressure in the range from 100 kPa to 800 kPa. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the second embodiment in this paragraph further comprising separating the process
stream into an ethylene stream, a propylene stream, a C4 stream, a Cs stream, and a Cs.
heavies stream, or some combination thereof. An embodiment of the invention is one, any or
all of prior embodiments in this paragraph up through the second embodiment in this

paragraph further comprising passing the heavies stream, comprising Ca; olefins, to an olefin
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cracking unit, or passing the Cy4 stream and/or the C," stream to a metathesis unit along with
some portion or all of the ethylene stream. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the second embodiment in this paragraph
wherein the oxygenates comprises methanol.

[0011] Other objects, advantages and applications of the present invention will become

apparent to those skilled in the art from the following detailed description.

DETAILED DESCRIPTION

[0012] With the increased demand for propylene, the problem to shift the selectivity
towards propylene entailed adding other process schemes. The US patent 7,586,018 issued to
UOP explains an integrated MTO-ethylene dimerization-olefin metathesis process. In this
process, a portion of the ethylene produced in the MTO reactor is dimerized to make
additional n-butenes. Furthermore, the ethylene, butenes, pentenes and hexenes are processed
in a series of metathesis and isomerization reactors. The multitude of reactors and separations
add to the complexity in the process and escalate the project cost. Another US patent also
issued to UOP (7,732,650) explains a similar process where the C4 butenes are separated
from the MTO reaction products, subjected to i-butene separation, isomerization and
metathesis reactions with a portion of the ethylene produced in the MTO reactor. The heavier
olefins produced in the MTO reactor is converted to light olefins in separate olefin cracking
(OCP) reactor.

[0013] The present invention has found a new zeolite that has an improved selectivity
toward propylene in the conversion of oxygenates to olefins. The new zeolite has improved
deactivation, i.e. slower, properties which allows for longer residence times in the reactor and
slower cycling of the catalyst through a regenerator. The new zeolite can also be used in
fixed bed reactors, with reduced requirements for in-bed reactor regeneration.

[0014] The present invention is a process for the conversion of oxygenates to olefins.
The process includes passing an oxygenate feedstream to an oxygenate conversion reaction
operated at oxygenate conversion reaction conditions to generate a process stream
comprising olefins. The oxygenate conversion reactor includes a catalyst for conversion.

The catalyst is a zeolite having a microporous crystalline structure comprising a framework
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of AlO, and SiO, tetrahedral units, and an empirical composition in the as synthesized and

anhydrous basis expressed by the empirical formula of:
Mu" "R PTAlSi,0,

where M is at least one exchangeable cation and R is at least one of an organoammonium
cation, a quaternary phosphonium cation, and methonium cation. The catalyst has been
further modified with silica or fluorine.
[0015] Inthe formula, "m" is the mole ratio of M to Al and varies from O to 3, "r" is the
mole ratio of R to Al and has a value of 0.1 to 30, “n” is the weight average valence of M and
has a value of 1 to 2, “p” is the weighted average valence of R and has a value of 1 to 2, "y"
is the mole ratio of Si to Al and varies from greater than 32 to 400. The value of “z” is the
mole ratio of O to Al and has a value determined by the equation:

z=(mn+rp+3+4y)2
[0016] The zeolite can be further characterized by its x-ray diffraction pattern having at
least the d spacing and intensities set forth in Table A:

Table A

20 d(A) 1/To
7.92-7.99 11.04-11.31 m
8.79-8.88 9.94-11.09 m
20.28-20.56 4.31-4.35 W
23.10-23.18 3.83-3.84 Vs
23.86-24.05 3.69-3.72 m
29.90-30.05 2.97-2.98 W
45.02-45.17 2.00-2.01 W

[0017] The zeolite is also characterized by a high surface area and has a mesopore
surface area between 140 m*/g and 400 m*/g.

[0018] M is selected from alkali and alkaline earth metals, where M is preferably one or
more metals selected from lithium, sodium, potassium, cesium, strontium, calcium and
barium. M can include a mixture of alkali and alkaline earth metals. R is one or more

-7 -
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organoammonium cations that are quaternary ammonium cations, diquaternary ammonium
cations, phosphonium cations, and methonium cations. Preferred R organoammonium
cations include tetrabutylammonimum, tetrabutylphosphonium, and hexamethonium.
[0019] In an alternate embodiment, the zeolite further comprises a microporous
crystalline structure comprising a framework of AlO, and SiO; tetrahedral units, further
including the element E and having the empirical composition in the as synthesized and
anhydrous basis expressed by the empirical formula of:

MR Al1E,SiyO,.
[0020] In the formula "m" is the mole ratio of M to (AI+E) and varies from 0 to 3, "r" is
the mole ratio of R to (Al+E) and has a value of 0.1 to 30, E is an element selected from the
group consisting of gallium, iron, boron, indium and mixtures thereof, "x" is the mole
fraction of E and has a value from 0 to 1.0, "y" is the mole ratio of Si to (Al+E) and varies

from greater than 32 to 200 and "z" is the mole ratio of O to (AI+E) and has a value

determined by the equation:
z=(mn+rp+3+4y)2.

[0021] The oxygenates in the oxygenate feedstream can include one or more of alcohols,
aldehydes, ketones, ethers and carboxylic acids. A preferred oxygenate feedstream
comprises methanol, dimethyl ether, or a mixture of methanol and dimethyl ether.

[0022] The oxygenate conversion reaction conditions include a temperature in the range
from 300°C to 600°C, and preferably between 300°C to 550°C. The reaction conditions also
includes an oxygenate partial pressure in the range from 100 kPa to 800 kPa. The pressure in
the reactor can also be in terms of the partial pressure of the oxygenate. For methanol, the
partial pressure is between O and 1.4 MPa, with a preferred partial pressure between 100 kPa
and 800 kPa.

[0023] The process further includes passing the process stream from the oxygenate
conversion reactor to an olefins recovery unit to generate an ethylene stream, a propylene
stream, a C4 stream, a Cs stream, and a Cs; heavies stream. Further processing downstream
can include combining one or more of the Cy4, Cs and Cs., streams, or operating the olefins
recovery unit so as to not separate the C4+ hydrocarbons.

[0024] An aspect of the invention includes upgrading the process stream through

downstream process reactors to increase light olefin generation. One downstream process

-8 -
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includes passing a portion of the ethylene stream with the C4 stream, the Cs stream, or a
combination of the C4 and Cs streams to a metathesis unit to generate a metathesis effluent
stream comprising propylene and/or butylenes. Another downstream process includes
passing one or more the Cy4 olefins stream, the Cs olefins stream, the Cs. olefins stream to an
olefin cracking unit to generate an olefins cracking effluent stream comprising ethylene and
propylene.

[0025] The present invention can be operated as a fixed bed reactor system for the
oxygenate conversion reactor, or as a fluidized bed reactor system for the oxygenate
conversion reactor.

[0026] The oxygenate conversion reactor can comprise a fluidized bed reactor wherein
the oxygenate conversion reactor generates an effluent stream that includes the process fluid
and the catalyst. The effluent stream is separated into a spent catalyst stream and a process
stream comprising olefins. The spent catalyst stream is passed to a regenerator to generate a
regenerated catalyst stream. The regenerated catalyst stream is passed to a stripper to
generate a stripped catalyst stream wherein adsorbed residual carbon oxides have been
removed. The stripped catalyst stream is then passed to the oxygenate conversion reactor.
[0027] The process using the new catalyst has displayed high propylene selectivity, in the
range of 47% to 52%, and an uncharacteristically low ethylene selectivity of between 3% and
6% when tested under methanol to olefins (MTO) reaction conditions. Typical MFI catalysts
reach similar but lower propylene selectivities or around 40%, while having higher ethylene
selectivities, in the range from 10% to 20%. The unique and novel features of this material,
which allows high propylene and low ethylene selectivity's, appears to result from the unique
catalyst morphology (2-dimensional crystal size rather than the typical 3-D growth). This 2D
crystal lattice appears to allow altered diffusion properties, which may affect the reaction
mechanism leading to highly selective propylene formation without the production of high
levels of ethylene.

[0028] In addition, it was discovered that external surface modifications with silica or
fluorine can be utilized to boost the primary product yields via limiting externally catalyzed
secondary reaction when reaction pressures are elevated. The surface modified materials
may be modified using known methods, e.g. phosphorous doping, etc., within the art to allow

improved or selectivated performance of the solid acid catalyst.

-9-
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EXAMPLE 1 - LAYERED PENTASIL 1

[0029] An aluminosilicate reaction solution was prepared by first mixing 39.36 g of
aluminum tri-sec-butoxide (95" %), 991.99 g tetrabutylammonium hydroxide (55 mass-%
solution), and 800 g of ice water mixture while stirring vigorously. After thorough mixing,
1489.97 g tetraethyl orthosilicate was added. The reaction mixture was homogenized for an
additional hour with a high speed mechanical stirrer. A composite aqueous solution
containing 9.11 g of NaOH dissolved in 269.58 g distilled water was added, drop-wise, to the
aluminosilicate solution. After the addition was completed, the resulting reaction mixture was
homogenized for 1 hour, transferred to a 2000 ml Parr stainless steel autoclave which was
heated to 115°C and maintained at that temperature for 65 hrs. The solid product was
recovered by centrifugation, washed with de-ionized water, and dried at 80°C.

[0030] The product was identified as a pentasil zeolite by powder x-ray diffraction.
Representative diffraction lines observed for the product are shown in Table 1. The product
composition was determined by elemental analysis to consist of the following mole ratios:
Si/Al =42.1, Na/Al = 0.85. A portion of the material was calcined by ramping to 560°C for 5
hours followed by an 8 hour dwell in air. The BET surface area was 492 m*/g, the micropore
area was 273 m’/g, the mesopore area was 219 m?/g, the micropore volume was 0.14 cc/g,
and mesopore volume was 0.99 cc/g. Scanning Electron Microscopy (SEM) revealed clusters
of nano spheres of less than 20 nm. Chemical analysis was as follows: 1.02% Al, 44.6% Si,

and 0.74% Na, Na/Al=0.85, Si/Al,=84 2.

TABLE 1

20 d(A) | Ix%

7.94 11.12 m

8.79 10.04 m

20.38 435 w
23.16 3.83 VS
23.86 3.72 m
29.96 2.98 w
45.07 2.00 w

- 10 -



10

15

20

25

WO 2016/140839 PCT/US2016/019223

EXAMPLE 2 - PENTASIL LAYERED EXTRUDATES

[0031] The pentasil zeolite of example 1 was formulated into a catalyst containing 70%
zeolite and 30% silica. In the catalyst preparation, the zeolite was mixed with LUDOX AS-40
and Hi-Sil 250 into a muller mixer. Additional water was added to the Muller mixer, while
mixing, until dough with a proper texture for extrusion was formed. The dough was extruded
to form 1/16” diameter cylinders, which were dried at 100°C overnight and then sized to a
length to diameter ratio of 3. The dry extrudates was calcined in a box oven with a flowing
air at 560°C for 6 hours to remove the template. The calcined support was then exchanged
using a 10 wt-% NH4NOs solution at 75°C for one hour. This was followed by water wash
using 20 cc of water per cc of extrudates. The NH4sNO; exchange and water wash was
repeated three more times. The extrudates was then dried at 120°C for 4 hours and then

activated at 550°C.

EXAMPLE 3 - FLUORINE MODIFIED LAYERED

[0032] 50 g of NHy-extrudates from Example 2 was impregnated with a solution of
NH4HF, by dissolving 3 g of NH4HF, in 100 g of water. The impregnation was done via
evaporative impregnation. The F-extrudates were calcined at 507°C for 2 hours with 3%

steam. Fluoride analysis in the final catalyst was 2.29%.

EXAMPLE 4 - SILICA MODIFIED LAYERED

[0033] 50 gof NH4-extrudates from Example 2 were treated with a solution of tetra
orthosilicate and hexane. The hexane was removed and the sample was dry at 150°C. The Si-

extrudates were calcined at 550°C x 2 hours. The silica deposition in the extrudates was

1.5%.

EXAMPLE 5 - STANDARD PENTASIL

[0034] An aluminosilicate reaction gel was prepared by first weighting 848.26 g of
Ludox AS-40 colloidal silica in a 2-L beaker, and then added 138.10 g of
tetrapropylammonium bromide solution (50%) was added. A composite aqueous solution
containing 33.92 g of NaOH and 25.63 g of liquid sodium aluminate dissolved in 353.37 g
distilled water was added drop-wise to the silicate solution. The final gel was allowed to mix
for 20 minutes. The gel was transferred to a 2-L stirred reactor and heated to 125°C for 72 hrs

-11 -
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at 500 RPM. The solid was separated by centrifuge and washed 3 times with water, dried and
determined by XRD to be a zeolite with a MFI structure.

[0035] The product composition was determined by elemental analysis to consist of the
following mole ratios: Si/Al =41.4, Na/Al =0.66. A portion of the material was calcined by
ramping to 560°C for 5 hours followed by an 8 hour dwell in air. The BET surface area was
365 m*/g, the micropore area was 310 m?/g, the mesopore area was 55 m*/g, the micropore
volume was 0.161cc/g, and mesopore volume was 0.52 cc/g. Scanning Electron Microscopy
(SEM) revealed discrete and small crystal size between 20 to 50 nm. Chemical analysis was
as follows: 1.06% Al, 45.6% Si, and 0.66% Na, Na/Al=0.66, Si/Al,=82 4.

[0036] The standard pentasil zeolite of example 4 was calcined at 560°C for 8 hours
under nitrogen and then under air. The standard pentasil zeolite was then ammonium ion
exchanged to exchange Na for NH," by contacting 500 ml of 1 M NH,NOj5 solution with 20 g
of calcined standard pentasil zeolite at 80°C and stirring for 1 hour. The product was then
filtered and washed. The procedure was repeated three times. The final sodium level was
0.004%. This standard pentasil zeolite was then calcined at 550°C in air for 2h to convert

NH," to H™ by loss of ammonia.

EXAMPLE 6 - PENTASIL EXTRUDATES

[0037] The pentasil zeolite of example 5 was formulated into a catalyst containing 70%
zeolite and 30% silica. In the catalyst preparation, the zeolite was mixed with LUDOX AS-40
and Hi-Sil 250 into a muller mixer. Additional water was added to the muller, while mixing,
until dough with a proper texture for extrusion was formed. The dough was extruded to form
1/16” diameter cylinders, which were dried at 100°C overnight and then sized to a length to
diameter ratio of 3. The dry extrudates was calcined in a box oven with a flowing air at 560°C
for 6 hours to remove the template. The calcined support was then exchanged using a 10 wt-
% NH4NOj5 solution at 75°C for one hour. This was followed by water wash using 20 cc of
water per cc of extrudates. The NH4NO3 exchange and water wash was repeated three more

times. The extrudates was then dried at 120°C for 4 hours and then activated at 550°C.

EXAMPLE 7 - FLUORINE MODIFIED

[0038] 50 g of NHys-extrudates from Example 6 was impregnated with a solution of
NH4HF, by dissolving 3 g of NH4HF, in 100 g of water. The impregnation was done via
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evaporative impregnation. The F-extrudates were calcined at 507°C for 2 hours with 3%

steam. Fluoride analysis in the final catalyst was 0.83%.

EXAMPLE 8 - SILICA MODIFIED

[0039] 50 g of NH4-extrudates from Example 6 were treated with a solution of tetra
orthosilicate and hexane. The hexane was removed and the sample was dry at 150°C. The Si-
extrudates were calcined at 550°C x 2 hours. The silica deposition in the extrudates was

0.7%.

EXAMPLE 9 - FIXED BED PERFORMANCE

[0040] Fixed bed pilot-plant test conditions and results are as follows. An 80/20 wt%
solution of methanol/water was fed with an ISCO pump to a pre-heater for vaporization with
suitable feed rate and catalyst loading (600 mg) to allow a WHSV (weight hourly space
velocity) of 2.5 h™'. The vaporized feed was then carried via inert carrier gas (N,) through a
fixed bed micro-reactor maintained at suitable pressure to allow a 40 psig methanol partial
pressure. Reactor temperature was controlled at 435 °C. The resulting performance values at

9 hours on stream were obtained for the materials prepared in Examples 2-4 and 6-8:

Sample Si/Al, | Conversion | C; % | C3% | C5/Cy”
Layered Pentasil Extrudate (ex2) 71 100 5.1 13.0 2.6
Standard Pentasil Extrudate (ex6) 80 100 33 7.1 2.1
Silica Treated Layered Pentasil 71 100 59 15.7 2.7

Extrudate (ex4)
Silica Treated Standard Pentasil 80 100 4.0 8.6 2.1
Extrudate (ex8)

Fluorine Treated Layered Pentasil 71 100 6.1 19.3 32
Extrudate (ex3)
Fluorine Treated Standard Pentasil 80 100 5.1 11.2 22

Extrudate (ex7)

[0041] Note that selectivity values listed are all obtained at identical time on stream with
100% conversion (methanol + DME). Selectivity values are given as wt% component. From

this data it can be observed that addition of catalyst surface modification (silica or fluorine
- 13 -
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treated) allows increases in performance over the un-treated sample for both the standard
pentasil and the layered pentasil. Furthermore, the layered pentasil and its surface treated
analogues display improved light olefin selectivity (ethylene plus propylene), and C;/C,~
ratio compared to the modified and un-modified standard pentasil benchmark materials.
[0042] While the invention has been described with what are presently considered the
preferred embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.
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CLAIMS

1. A process for the conversion of oxygenates to olefins comprising:

passing an oxygenate feedstream to an oxygenate conversion reactor operated at
oxygenate conversion reaction conditions, wherein the reactor includes a catalyst having a
layered pentasil structure and wherein the surface of the catalyst has been modified with
silica or fluorine, to generate a process stream comprising olefins, wherein the catalyst is a
zeolite having a microporous crystalline structure comprising a framework of AlO, and SiO,
tetrahedral units, and an empirical composition in the as synthesized and anhydrous basis

expressed by the empirical formula of:

MR PTAISI,O,

where M is at least one exchangeable cation selected from the group consisting of alkali and
alkaline earth metals, "m" is the mole ratio of M to Al and varies from 0 to 3, R is at least one
organoammonium cation selected from the group consisting of quaternary ammonium
cations, diquaternary ammonium cations, quaternary phosphonium cations, methonium
cations, and mixtures thereof, "r" is the mole ratio of R to Al and has a value of 0.1 to 30, “n”
is the weight average valence of M and has a value of 1 to 2, “p” is the weighted average
valence of R and has a value of 1 to 2, "y" is the mole ratio of Si to Al and varies from greater

than 32 to 200 and "z" is the mole ratio of O to Al and has a value determined by the

equation:
z=(mn+rp+3+4y)2.
2. The process of claim 1 wherein the zeolite is further characterized in that it has the x-

ray diffraction pattern having at least the d spacing and intensities set forth in the following

Table A:
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Table A
20 d(A) 1/To
7.92-7.99 11.04-11.31 m
8.79-8.88 9.94-11.09 m
20.28-20.56 4.31-4.35 w
23.10-23.18 3.83-3.84 VS
23.86-24.05 3.69-3.72 m
29.90-30.05 2.97-2.98 w
45.02-45.17 2.00-2.01 w
3. The process of claim 1 wherein the zeolite has a mesopore surface area between 140
m?*/g and 400 m*/g.
4. The process of claim 1 wherein the zeolite further comprises a microporous

crystalline structure comprising a framework of AlO, and SiO; tetrahedral units, further
including the element E and having the empirical composition in the as synthesized and

anhydrous basis expressed by the empirical formula of:

M "R Al <ESiy O,

where "m" is the mole ratio of M to (Al+E) and varies from 0 to 3, "r" is the mole ratio of R
to (Al+E) and has a value of 0.1 to 30, E is an element selected from the group consisting of
gallium, iron, boron, indium and mixtures thereof, "x" is the mole fraction of E and has a

value from 0 to 1.0, "y" is the mole ratio of Si to (Al+E) and varies from greater than 32 to

200 and "z" is the mole ratio of O to (Al+E) and has a value determined by the equation:

z=(mn+rp+3+4y)2.

5. The process of claim 1 further comprising separating the process stream into an
ethylene stream, a propylene stream, a C, stream, a Cs stream, and a Cs- heavies stream, or

some combination thereof.
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6. The process of claim 5 further comprising passing the heavies stream, comprising Cay
olefins, to an olefin cracking unit, or passing the C, stream and/or the C4” stream to a

metathesis unit along with some portion or all of the ethylene stream.

7. The process of claim 1 wherein the oxygenates comprise alcohols, aldehydes, ethers

and mixtures thereof.

8. The process of claim 1 wherein oxygenate conversion reactor comprises a fluidized
reactor bed, and wherein the oxygenate conversion reactor generate an effluent stream
comprising catalyst and a process fluid, wherein the effluent stream is separated into a spent

catalyst stream and the process stream comprising olefins.

9. The process of claim 1 wherein the oxygenate conversion reaction conditions include

a temperature in the range from 300°C to 600°C.

10. The process of claim 1 wherein the oxygenate conversion reaction conditions include

an oxygenate partial pressure in the range from 100 kPa to 800 kPa.
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