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‘or any organic material.

This invention relates to a process for
converting an oxygenate to high purity olefins by
contacting the oxygenate with a molecular sieve
catalyst. More particularly, the invention relates to
a process for converting a methanol or methanol-water
mixture to polymer-grade propylene by contacting the
feed with zeolite or silicoalumincphosphate catalysts.

High purity olefins such as propylene have
traditionally been produced through the process of
steam and/or catalytic cracking. Because of the
limited availability and high cost of petroleum
sources, the cost of producing high purity olefins
from such petrbleum sources has been steadily
increasing. Curtailment in the availability of
inexpensive petroleum raw materials threatens the
supply of high purity olefins such as polymer-grade
propylene. Polymer-grade propylene is used in the
production of many types of plastics such as
polypropylene.

The search for alternative materials for high
purity olefin production has led to the use of
oxygenates such as alcohols, and more particularly to
methanol and higher alcohols or their derivatives.
These 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,
Thus, alcchol and alcohol
derivatives may provide non-petroleum based feeds for
high purity olefin production.
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‘oxygenates to olefin-containing hydrocarbon mixtures.
US-A-4,025,575 and US-A-4,083,889 disclose processes

5 for conversion of methanol and/or methyl ether to
olefin-containing products using ZsSM-5-type zeolite
catalysts.

Chang et al., US-A-4,724,270, describe a process
for converting methanol feedstocks to aromatic _

10 hydrocarbons using zeolite catalysts (having a silica-
to-alumina ratio of at least 12) at a temperature of
at least 725°C (1337°F). By conducting the reaction
at elevated temperatures, zeolite dehydroxylation can
occur. This can lead to zeolite decomposition to

15 amorphous silica and alumina.

US-A-4,433,189 to Young teaches conversion of
methanol to light olefins over zeolite catalysts
having a silica-to-alumina molar ratio of at least 12,
and at a temperature of from about 200°C (392°F) to

20 500°C (932°F). The Young patent does not teach
conversion of methanol to products such as polymer-
grade propylene.

US-A-4,677,243 to Kaiser teaches the formation of
light olefins using silicoaluminophosphate catalysts

25 at a temperature .f from about 200°C (392°F) to 700°C
(1292°F) . Kaiser does not teach the formation of high
purity olefins or polymer-grade propylene.

High purity olefins are generally recognized by
those skilled in the art as products, excluding

30 methane, which have a } :raffin o-olefin weight ratio
of less than or equal to about ..05. Purification of
high purity olefins traditionally requires removal of
low-level impurities which interfere with
polymerization catalysis, or which interfere with
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iptpcesses requiring high-purity reactants. Low-
level contaminants include, but are not limited to
pelar molecules, oxygenates such as water, alcohols,
carbon monoxide, carbon dioxide, carbonyl sulfide
(COs), oxygen, and other miscellaneous contaminants
including hydrogen sulfide, mercaptans, ammonia,
arsine phosphine, chlorides. Low-level contaminants
are removed by a variety of processes including, but
not limited to adsorption and fractional distillation.
Lighter or heavier hydrocarbon molecules having fewer
or more carbon atoms than the desired olefin product
must also be removed. These hydrocarbons are
typically removed by fractional distillation
techniques. |

One such high purity olefin is polymer-grade
propylene. Polymer-grade propylene is required for
the production of polypropylene and useful for the
production of other propylene derivatives. Polymer-
grade propylene is characterized by very low
concentrations of impurities, including low levels of
paraffins (saturated hydrocarbons) such as propane,
ethane, and butane.

Commercial chemical-grade propylene, unlike
polymer-grade propylene, is characterized by higher
concentrations of saturated hydrocarbons. Propane is
the most difficult of the saturated hydrocarbons to
remove from propylene, due in large part to the
proximity of the boiling points for propane and
propylene. Typical polymer-grade propylene purities
range from 95% to 99.5% propylene, and are more
preferably above 99%. This degree of purity
corresponds to propane-to-propylene ratios of about
0.05 to about 0.01 or lower. Hitherto, this low
propane level could only be practically achieved
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through the use of the well known art of fractional
distillation. The fractional distillation scheme
employed for effecting the difficult separation of
propane from propylene is called "“superfractionation."
However, superfractionation requires a substantial
investment in facilities and consumes copious amounts
of energy. Alternative means for removing paraffin
impurities, such as membrane techniques and adsorbent
techniques, are as costly as the superfractionation
techniques. The present invention teaches a means for
producing high purity olefins having the required
range of paraffin-to-olefin ratios, without the heed
to resort to superfractionation or other expensive
purification techniques. According to the teachings
of the present invention, a superfractionator is not
required, thereby significantly reducing the cost of

producing l.igh purity olefins such as polymer-grade
propylene.

SUMMARY OF THE INVENTION

In accordance with the present invention, there
is provided a process for selectively catalytically
converting oxygenate starting material to high purity
olefins which comprises contacting the oxygenate
starting material with a molecular sieve catalyst
having a preselected silica-to-Me,0; molar ratio, at a
preselected weight hourly space velocity (WHSV), and
at a temperature of from 350°C to 550°C, and
recovering the high purity olefins. The high purity
olefins are preferably polymer-grade propylene. The
process employs molacular sieves such as the
crystalline aluminosilicate, ferrosilicate zeolites,
and silicoaluminophosphate (SAPO) catalysts.
Preferred embodiments employ 2ZSM~-5, 2SM-48, FeZSM-5,
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temperatures above those usually employed with
molecular sieves; it is this, together with selection
of the nature of the catalyst and the matching
temperature and flow conditions, which enables the
selective conversions to high purity olefins
characteristic of the invention. The reaction is
conducted at a temperature preferably within a
narrower range, more preferably about 450°C (842°F).
Oxygenate conversion under such conditions produces a
product, substantially rich in high purity olefins,
such as polymer-grade propylene.

By employing the teachings of the present
invention, a person having ordinary skill in the
catalysis or olefin art should be able to produce a
high purity olefin product from oxygenates without
needing to resort to purification techniques such as
adsorption or superfractionation. However, such
additional purification techniques may be employed to
produce olefins having even higher degrees of purity
than high purity olefins.

The invention is distinguished from the teachings
of US-A-4,638,106 to Pieters, et al. which teaches a
process of converting alcohols to olefins using 2ZSM-5
having a silica~-to-alumina ratioc of about 400 because
inter alia the ZSM-5 is modified by depositing
carbonaceous materials on the catalyst (column 11,
line 57 et seq.). This post-synthesis modification is
a requirement of the Pieters, et al. invention (claim
1). In contrast, the instant invention does not
require such a limitation, and the process is able to
obtain high purity olefins without the post-synthesis
modification described by Pieters, et al; Pieters, et
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having a high, preselected silica-to-metal ratio, at a
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achieve the conversion.
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ET. D _DESCRIPTION OF E INVENTION

15 In accordance with the present invention, an
oxygenate feed“is catalytically converted to high
purity olefins by contacting this feed with a
molecular sieve zeolite and/or silicoaluminophosphate
catalyst. The process obviates the need for a

20 conventional superfractionator to separate paraffins
from olefins. It is within the scope of the present
invention to use additional purification steps well
known in the art to remove impurities other than
paraffins having the same number of carbon atoms as

25 olefins. Additionally, superfractionation may be used
with the present invention to achieve still higher
degrees of olefin purity. More particularly, the
present invention relates to a process for
catalytically converting oxygenates to high purity

30 olefins such as polymer-grade propylene.

Zeolites are a class of molecular sieve
catalysts and are porous, crystalline-hydrated
metallo-silicates of Group IIIA and VIII elements (Me)
interconnected through shared oxygen atoms.

This Sheet Has Been Rep

AL Mll i




- 3- ot her processes requiring high-purity
[ "\buL are not limted to
SHEET 3 ET 1 PCT/US93/05056

Preferable metals include aluminum, iron, gallium,
nickel, cobalt, and boron. The rigid three
dimensional network of silica and metal (hereinafter
"Me;03;") creates a tetrahedral form which comprises

5 the primary building unit of the zeolites. The metal
constituents in zeolites include, but are not limited
to, aluminum, iron, gallium, and boron. Because the
oxygen atoms in zeolites are shared by tetrahedra, the
framework possesses a net negative charge.

10 For example, the net negative charge of
aluminosilicate zeolites is balanced by exchangeable
cations in the crystalline structure, leading to the
representation:

Myn [(A102), (Si0;)y] * 2H0

15 where M is the cation, n is the cation charge, and z
represents the water of hydration. The silica~-to-
alumina molar ratio is controlled by the amounts of
alumina "x" and silica "y" in the zeolite. When M is
a proton, the zeolite acquires the characteristics of

20 a Broensted acid (e.g., HZSM-5).

Other positive ion-containing catalysts include
ferrosilicates, borosilicates, and gallosilicates. Of
the ferrosilicates, FeZSM-5 may be employed in the
process of the present invention. FeZSM-5 is composed

25 of silicon and iron oxide (Fe;03) in a manner similar
to the aluminosilicate zeolites.

Zeolites generally have ordered, porous
crystalline structures containing a small number of
cavities that are interconnected by a number of still

30 smaller channels. The cavities and channels are
uniform in size within a certain type of zeolitic
material. The dimensions of the pores or cavities
allow for adsorption of molecules of certain
dimensions while excluding molecules of larger
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from the intracrystalline free space. This
phenomenon, also called "shape-selective catalysis,"
5 derives from zeolite geometry.

An important component of zeolite geometry
derives from the proportions of silicon and Me;0;
atoms comprising the tetrahedra. The molar ratio of
silica-to-Me,0; may be determined by corventional

10 analysis, such as wet chemical analysis (e.g., Atomic
Absorption Spectrometry or Inductively Coupled Plasma
Emission Spectrometry:;) or by the stoichiometry of
silica and Me;0; used to synthesize the zeolite. The
silica-to-Me,0; molar ratio is meant to represent, as

15 closely as possible, the silica-to-Me,0; ratio in the
rigid anionic framework of the molecular sieve
crystal. Me,0; in the binder or in cationic or other
form within the porous channels is not considered in

_ calculating the silica-to-Me;03 ratio. The ratio of

20 silica-to-Me,0; in the molecular sieve imparts
selective catalytic and adsorptive properties. The
catalytic and adsorptive properties of the molecular
sieve may also be varied by changing the ions within
the catalyst. Conventional ion exchange technigues

25 may be used to change the cationms.

To those skilled in the zeolite catalyst art,
ZSM-5 is generally considered a siliceous zeolite.
This is because it may have a "high" silica-to-Me;0s,
or more specifically, silica-~to-alumina molar ratio.

30 Z2SM-5 is particularly advantageous for converting
methanocl-containing feedstocks to light olefins.
Siliceous zeolites (i.e., zeolites having a high
silica~-to-Me,0; ratio), such as those described for
use in the processes of the present invention, are
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tetramethylammonium (TMA) cation is particularly
advantageous in synthesizing a siliceous zeolite such

5 as ZSM-5 having a silica-to-alumina ratio of about
1000. It is thought that silica forms hydrogen bonds
with the TMA and traps or clathrates the organic
cation within the silica. Alumina is less efficient
in hydrogen bond formation, so the zeolites formed

10 with organic templates such as TMA have a higher
silica-to-alumina molar ratio. The presence of a
trivalent metal site within the silicate structure
provides the desired acidity in an environment which
limits access to the site by molecules of appropriate

15 size. This limits the acid catalyzed reactions to
those which are carried out in a "shape selective™
manner. Template cations which are usually present in
these materials when they are synthesized may be
removed, and the zeolite converted to the hydrogen

20 form by exchange with ammonium. ions, followed by
heating to drive off ammonia, or by direct exchange
with an acid such as hydrochloric acid, provided the
zeolite is not degfaded by the acidic treatment.

The silicoaluminophosphate (SAPO) molecular sieve

25 catalysts exhibit properties characteristic of both
aluminosilicate zeolites and aluminophosphates. The
SAPO molecular sieves have a microporous crystal
framework structure of PO;*, AlO;" and SioO;
tetrahedral units. The composition (anhydrous) is:

30 mR: (Si,Al,P,) 0,
wherein "R" represents at least one organic templating
agent present in the intracrystalline pore system, "m"
represents the moles of "RY" present per mole of
(siAl,P;)0, and has a value of from zero to 0.3, the

e —————
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‘maximum value in each case depending upon the

molecular dimensions of the templating agent and the
available void volume of the pore system of the
particular SAPO species involved, and "x," "y," and
uz" represent the mole fractions of silicon, aluminum,
and phosphorous, respectively. As will be understood,
t»+ nature of SAPO catalysts means that any
p--.3elected silica-to-Me;03 value may be used.
Representative SAPO molecular sieves, as described in
US-A-4,440,871, include SAPO-~5, SAPO-11, SAPO-17,
SAPO-20, SAPO-31l, SAPO-34, SAPO-35, SAPO-37, SAPO-40,
SAPO-41, and SAPO-42.

The oxygenate starting material or feed comprises
hydr arbons containing aliphatic moieties such as,
but ..ot limited to, alcohols, halides, mercaptans,
sulfides, amines, ethers, and carbonyl compounds
(aldehydes, ketones, carboxylic acids, and the like)
or mixtures thereof. The aliphatic moiety preferably
contains from about 1 to about 10 carbon atoms, and
more preferably 1 to 4 carbon atoms. Thus the term
"oxygenate starting material" is intended to mean not
only what might be considered "true" oxygenates, e.g.,
alcohols, ethers, carbonyl compounds:; but also those
compounds which behave in a similar fashion to "true"
oxygenates in the presence of the specified catalysts,
such as substituted paraffins, e.g., halides,
mercaptans, sulfides, amines. Representative
oxygenates include methanol, isopropanol, n-propanol,
ethanol, fuel alcohols, dimethyl ether, diethyl ether,
methyl mercaptan, methyl sulfide, methyl amine, ethyl
mercaptan, ethylchloride, formaldehyde.

‘dimethylketone, acetic acid, .n-alkylam.nes, n-

alkylhalides, and n-alkylsulfides having alkyl groups
of 1 to 10 carbon atoms or mixtures thereof. In a
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feed comprlses methanol. In another embodiment, the
feed, e.g., methanol, contains a diluent. The
addition of a diluent to the total feed charge

S decreases paraffin production_relative to olefin
production.

The term "oxygenate starting material" or
"oxygenate feed" as employed in the present invention
and described herein designates only the organic

10 material used as the feed. However, the total charge
to the reaction zone may contain additional compounds
such as diluents. Use of a diluent as part of the
feed, which is miscible with the oxygenate, imparts as
a non-limiting example, a smaller propane to propylene

15 (Cs0/C3=) ratio than the use of essentially anhydrous
oxygenate. However, even anhydrous oxygenates contain
trace quantities of diluents. Even though the'process
described herein may employ a diluent, computable
quantities of the oxygenate feed (i.e, composition and

20 Weight Hourly Space Velocity (WHSV) are to be computed
as an essentially diluent-free oxygenate feed unless
otherwise stated.

The process is generally conducted in the
presence of one or more diluents which may for example

25 be present in the feed in an amount between about 1
and about 99 molar peréent, based on the total number
of moles of all feed and diluent éomponents fed to the
reaction zone (or catalyst). The amount of diluent
added to the oxygenate feed will depend in part on the

30 type of catalyst selected, the silica-to-Me,0; ratio,
and the reaction temperature. Preferably, the molar
ratio of oxygenate feed-to-diluent (feed:diluent) is
about 1:1 to about 1:4. Diluents include, but are not
limited to, helium, argon, nitrogen, carbon monoxide,
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In accordance with the present invention, there is provided a process for

sel ectively LAl ly converting a..starting material conpris n
oxygenat e, osﬁégémt uted paraffin VWH, h¥s_a halide, a nercap?gg/us%ii/ﬂs““
sulfide or an amine, to high purityfol $ ﬁ@fl process conprises
contacting the starting material at iREA rﬁﬁﬁms ace velocity (VWHSV)

of fromO0.01 hr.[err] to 100 hr[err], enper gture of from
350[err]C to 550[err]C, with a mol ecul ar Si Ve ca t conprising ZSM 48,

a ferrosilicate zeolite or a silicoalum nophosphate (SAPO), which

nmol ecul ar si eve catalyst In the case of ZSM 48 or _ferrosilicate zeolites,
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‘The instant process is preferably conducted in

5 the vapor phase such that the oxygenate feed is
contacted in the vapor phase in a reaction zone with
the molecular sieve at effective process conditions to
produce a paraffin/olefin, e.g., propane/propylene
ratio characteristic of high purity olefins or

10 polymer-grade propylene, i.e., an effective
temperature, silica-to-Me,0; ratio, pressure, WHSV
and, optionally, an effective amount of diluent, |
correlated to produce high purity olefins or polymer-
grade propylene. Alternatively, the process may be

15 conducted in a liquid phase.

The process may be effectively carried out
over a wide range of pressures including autogeneous
pressures. At pressures between about 0.001
atmospheres (0.76 torr) and about 1000 atmospheres

20 (760,000 torr), the formation of light olefin products
will be effected although the optimum amount of
product will not necessarily form at all pressures.
The preferred pressure is between 0.01 atmospheres
(7.6 torr) and 100 atmospheres (76,000 torr). The

25 pressures referred to herein for the process are
exclusive of the inert diiuent, 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

30 are not excluded from the scope of this invention,
although such pressures do not fall within 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
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olefin products may not be optimal, although light
olefins such as ethylene may still be formed.

The process is effected for a period of time
sufficient to produce the desired light olefin (and
high purity 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 molecular sieve selected, the WHSV,
the phase (liquid or vapor), and process design
characteristics selected.

The olefin production process may be carried out
in a batch, semi-continuous, or continuous 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 elongated tubular zone or a
nmmber of such zones. When multiple reaction zones
&re employed, it may be advantageous to employ one or
more of such molecular sieves in series to provide for
2 desired product mixture. Owing to the nature of the
process, it may be desirous to carry out the process
cf the present invention by use of the molecular sieve
catalysts in a dynamic (e.g., fluidized or moving) bed
system or any system of a variety of transport beds
rather than in a fixed bed system. Such systems would
==adily provide for any regeneration (if required) of
—*e molecular sieve catalyst after a given period of
—ime. If regeneration is required, the molecular
s=ieve catalyst can be continuously introduced as a
moving bed to a regeneration zone where it can be
—=generated, such as for example by removing
carbonaceous materials or by oxidation in an oxygen-
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tenperatures above t hose usually enpl oyed with nol ecul ar si eves;

it is

mat ¢ aREWV0 9 )

convél = hi'C : | S The .

r eact; - 8 3 BRI narromer range,
nore ferably about 450[err]C (842[err] F) =X ohver si on under
such ‘condi tions produces a product, substanfi ' i g high purity

ol efins, such as pol yner-grade propyl ene. By enploy'ng t he teachi ngs
of the present invention, a person having ordinary skill in the catalysis

or olefin art shoul caibonaceous peterials loxybyp @xidatdia iin @roRKYIenom
oxygenates wi thout pagdbRgihg aeHRsbhlereRlr it tHd Prd RATUD Pialdtide 361

the invention, the catalyst will ‘be subject to a
regeneration step by the burning of carbonaceous
5 deposits accumulated during reactions.

The effect of feedstock flow rate over molecular
sieves is well known to those skilled in the art.
Increasing the flow rate (WHSV) enhances olefin
production relative to paraffin production. However,

10 the enhanced olefin production relative to paraffin
production is offset by a diminished conversion of
oxygenate to hydrocarbons at the higher flow rates.

According to the invention, the process for
conversion of an oxygenate feed to high purity olefins

15 such as polymer-grade propylene using molecular sieves
is for example conducted at temperatures of from
approximately 350°C (662°F) to about 550°C (1022°F),
preferably 450°C (842°F) to 550°C (1022°F), and more
preferably at 440°C (824°F) to 460°C (860°F). The

20 silica-to-Me,;0; molar ratio is preselected according
to the type of molecular sieve employed, the reaction
temperature used, and the degree of high purity
olefin, e.g., polymer-grade propylene, production
required. The WHSV of this reaction is for example

25 approximately 0.01 hr.”! to about 100 hr.’',
preferably 0.5 hr.”' to 10 hr.”', and more preferably
0.8 hr.”! to 1.2 hr.”'.. For zsM-5, at 0.8 hr.”! to
1.2 nr.’', approximately 98% to 100% conversion of the
feed to hydrocarbons has been found to occur.

30 . In the process using ZSM-5, which zeolite is
described in US-A-3,702,886, the process temperature
is preferably 400°C to 550°C, more preferably 440°C to
460°C; and the silica-to-~Me,03 molar ratio is
preferably 350 toc 2500, more preferably 950 to 1050.

eet Has Been Replaced
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ion or superfractionation. However, such additional purification

y t @98 MA3burity olefins. of -A-4, 638, 106 to Pi et pCI/USI3/65056

hes a process of converting alco JH%; g W-okefins using ZSX-5 having a
i ca-to-alumna ratio of about 40Q becal |ﬁM§r the ZSM5 is

npdi fied by depositing carbonaceous qu?ﬁ t956N atal yst (colum 11,
Fine 57 et seq.). This post-synthesis Tokd {F n isfa requirenment of the
Pieters, et al. invention (claim1l). In contrast, t i nstant invention
does not enconpass use of ZSM 5, and the process is able to obtain high

purity ol efi nne Wasw a9 Procesd eid preferably 0.1 hr.”! to
10 hr.”!, and more preferably 0.8 hr.”! to 1.2 hr.’l.
Using 2SM-5, at 0.8 hr.”! to 1.2 hr.”', approximately
98% to 100% conversion of the feed to hydrocarbons has

5 been found to occur. _

In the process using ZSM-48, which zeolite is
described more fully in Us-A-4,397,827, the process
temperature is also preferably 400°C to 550°C, and
more preferably 440°C to 460°C. The preferred silica-

10 to-Me,0; molar ratio is however from 300 to 2500, more
preferably 320 to 353. The WHSV of the process using
2SM-48 is preferably 0.5 hr.”! to 10 hr.”!, and more
preferably 0.8 hr.”! to 1.2 hr.”'. Wwith zsM-48, at
0.8 hr.”! to 1.2 hr.”!, approximately 98% to 100%

15 conversion of the feed to hydrocarbons has been found
to occur, comprising approximately 30% propylene and
<1% propane in the case where the olefin is propylene.

In the process using FeZSM-5, which zeolite is
described in Us-A-4,843,183, the preferred process

20 temperatures are as recited for ZSM-48. However, the
silica-to~Me;03 molar ratio is preferably from 332 to
368, more preferably about 350. The WHSV of the
process using FeZSM-5 is preferably 0.1 hr.! to
10 hr.”', more preferably 0.8 hr.”! to 1.2 hr.”'. wWith

25 2SM-48 at 0.8 hr.”! to 1.2 hr.”', approximately 98% to
100% conversion of the feed to hydrocarbons has been
found to occur, comprising approximately 25% propylene
with no propane production, in the case where the
olefin is propylene.

30 In the process using SAPO-34, which catalyst is
described in US-A-4,440,871, the process for
conversion of an oxygenate feed to high purity olefins
such as polymer~grade propylene may be conducted for |
example at temperatures of 350°C to 550°C, preferably

Sheet Has Been Replaced
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nmodi fication described by Pieters, et al. Pieters, et al. defines N

select|V|tyvo H?ﬂ% line 1 et seq.) in such a manner that i%szuglear
ot h

t hat productlon 0 ol efins and pa ffhns I.S_ ant|C|pated by 93/05056
i nvention. In contrast, the process of for the

production of high purity ol efins, sudh as pgpy

400°C to 550°C, and more preferably at 440°C to 460°C .
The WHSV of this process is preferably from 0.01 hr.~!
to 100 hr.’!, more preferably 0.1 hr.”! to 10 hr.”!,
and most preferably 0.8 hr.”' to 1.2 hr.”'. with

5 SAPO-34 at 0.8 hr.”! to 1.2 hr.”!, approximately 98%
to 100% conversion of the feed to hydrocarbons has
been found to occur.

The following examples illustrate the invention.

10 Example 1
~ Zeolites ZSM-5, having silica-to-Me,0; molar
ratios (s lica-~-to-alumina molar ratios) of 35, 350,
and 1000 (determined stoichiometrically), were
produced as described in UsS-a-3,702,886.

1% Each 2ZSM-5 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion exchange was repeated two or three times, with
a calcination at 510°C (950°F) between each ion

20 exchange step.

The catalytic conversion of methanol or
methanol/wat~~ to hydrocarbons using each ZSM-5 having
a preselecte. silica-to-alumina ratio of 35, 350, and
1000 was carried out in a fixed bed (1/2", 1.27 cm

25 diameter), stainless steel reactor, equipped with a
1/8" (0.32 cm) coiled preheater. 1In addition, the
reactor was em:ipped with a 1/8" 10.32 cm)
thermocouple weil running axially through the reactor.
The reactor was heated in an Applied Test Systems 3

30 zone t-:be fur—nace (12", 30.5 cm long; 1 1/4", 3.18 cm
I.D.) having ae reactor with three spaced zones. The
first reactor zone is used as a preheater zone, and
the cata’yst bed is heated in the second reactor zone.
The thii. reactor zone operates as a quench zone

This Sheet Has Been Replaced
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peit a ysts aV|ng a high, preselfec
fected flow rate, and at tenper
E*are optinized to achieve the conver
val ent US- A-4,849,573) describes g Qrgcess
iols (like methanol) in presence of a crystalline alum nosilicate

catal yst. The ratio silicon oxide/alum nium oxide
he zeolite is at |east 140, the range 298 to 2000 belng ?referred The

5) wused as

havi ng a paraffin-to-olefin weight ratio of | ess than or
This paraffin- topglefin weight ratio is possible b
Iﬂ’gdﬂ"&wlca to ..... net al rat CH"U§P3’<‘95036
resﬁgpﬂhéﬂ: eSEgip

- A- 2935863
the conversion

paiptyinac atea henpeEAbUFe: 0f caboube20RG) &d te

600[err] C, w t Apblae BDUIE lqgt;\gepp 400 and 550[err] C being preferred.

Wat er vapor

10

can b% nuesrea 1y, dglzl'au:negt (0.07 ounces) catalyst

(-14/+20 mesh) were mixed with 2.5 grams (0.09 ounces)
of quartz (-20/+60); the first and third reactor zone
were filled with quartz chips (-10/+20 mesh). To
improve the heat transfer between the second reactor
zone (containing the catalyst bed) and the furnace
heating coils, the second reactor zone was equipped
with a cylindrical (“4", 10.2 cm long; 1 1/4", 3.18 cm
0.D.) aluminum or stainless steel block. This block
contained a central hole in order to be able to
measure the block temperature.

Gas flows (nitrogen or hydrogen) were controlled
by mass flow controllexs, while liquid feed rates were
controlled by a Beckmann 114M pump or a Sage 341B
syringe pump.

The product emerzing from the reactor was
analyzed on line for {i) carbon monoxide; carbon
dioxide; water; dimetxwl ether; methanol; C;-C;
hydrocarbons with a P=zepack Q column using a thermal
conductivity detector and (ii) C;-A,; hydrocarbons
with a DB~1 column usZmg a flame ionization detector.
The feed was either meethanol or methanol:water (1:1 or
1:4 molar ratio as demmxted in Table I) at a
WHSV=1.0 hr.”'. The rm=ction was conducted at 450°C
(842°F) . The results =re shown in Table I.

The same procedur=s as recited in Example 1,
using the same equipme=nt, conditions and measurement
techniques, were emplcwed with several different
catalysts. These cat=Trysts, and the analyses of the
products made employirmssy the process of the invention,
are further described =n Examples 2 - 4 and Table 1.

This Sheet Has Been Replaced:

i

e taught by Pieters,



According to exanple 11, the ratio of olefin to paraffinis 29.7 at

500[err]C a%%?,&fg{ 550[err] C. DE-A- 2935863 al so teaches processes
enmpl.oying Z 35 and 38 as catalyst DETALLFD DESCR

THE | NVENTI ON n accordance with tm% ISHEBE MASI BBEANT i on, an oxygenate

feed is catalytlcally converted to hi purREBLNgtgflns y contacting this
feed with a ZSM 48, or ferro silicate

él LC alturorT

si |l i coal um nophosphat e catal yst. The procesg obvi ates the need for a
conventional superfractionator to separate paraffins fromolefins. It is
Wi thin the scope of the present invention to use additional purification
steps well known Bxamplke 2t to renove inpurities other than

The .zeolite ZSM-48, having a silica-to-Me;0;
mo™ 'r ratio of 336 (determined by wet chemical
analysis), was produced as described in US-A-

5 4,423,021.

ZSM-48 was calcined at 51o°c (950°F) and the
calcined material was ion exchanged with ammonium
nitrate solution (85°C, :"5°F; 12 hours). Generally,
the ion exchange was rerr ted two or three times, with

10 a calcination at 510°C (. J°F) between each ion
exch: jye step.

The feed was methanol:water (1l:1 molar ratio) at
a WHSV=1.0 hr.”'. The reaction was conducted at 450°C
(842°F) . The results are shown in Table I.

Example 3
'~ The zeolite FeZSM-5, having a silica=-to-Me,0;
ratio of 350 (determined stoichiometrically), was
produced as described in US-A-4,843,183.
20 . FeZSM-5 was calcined at 510°C (950°F) and the
' calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion ekchange was repeated two or three times, with
a calcination at 510°C (950°F) between each ion
25 exchange step.
The feed was methanol:water (1:1 molar ratio) at
a WHSV=1.0 hr.”'. The reaction was conducted at 450°C
(842°F) . The results are shown in Table I.

30  Example 4
SAPO-34 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion exchange was repeated two or three times,'with

This Sheet Has Been Replaced
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araffins having the sane nunber of carbon atons as ol efins. Additionally,

perfra may be used with the present invention to_achi eve stil
hi gher d?h?g§§k3$polefln purity. Myge particularly, e presgﬁgvpﬁﬁynﬁWEh
relates to a process for catal ytical IyucngErﬂiﬁngMW enates to high purity
ol efins such as pol ynmer-grade propylene. REPLACED
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a calcination at 510°C (950°F) between each ion
exchange step.

The feed was methanol:water (1:4'molar ratio) at
a WHSV=1.0 hr.’'. The reaction was conducted at 450°C
s (842°F). The results are shown in Table I.

Table I
Polymer-Grade Propylene Production
Propane/

10 Molecular Silica-to- Feed/Diluent propylene
Sieve Mes05 (molaxr ratio) {C30/Cz=)
ZSM-5 35 Methanol/Water (1:1) 0.770%%
ZSM-5 1000 Methanol (NA) 0.044
15 ZSM-5 350 Methanol/Water (1:4) 0.037
ZSM-5 1000 Methanol/Water (1:1) 0.000
ZSM~48 336 Methanol/Water (1:1) 0.038
Fe ZSM-5 350 Methanol/Water (1:1) 0.039
SAPO-34 NA=* Methanol/Water (1:4) 0.001

*NA signifies "not applicable.™
*% signifies comparative.

As shown in Table I, olefins are formed by contacting
25 the oxygenate feed with a molecular sieve at a
temperature of between 350°C (662°F) to 550°C (1022°F).
By preselecting the silica-to-Me,03 ratio and/or
diluent, a product having a propane/propylene ratio
characteristic of high purity olefins can be produced.
30 This can be achieved without the need of
superfractionation to remove propane.

en Replaced
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-7- Zeolites are a class of nol ecul gr—s+eve catalysﬂs and &

crystal i ne+ppdpf@dimetal | o-silicates fﬂﬁd&&ﬂﬂW&% Lh% 111 el

i nterconnected through shared oxygen atqns. PRepeie al s i N
al um num i ren—gattHum—nickelt, cobalt, an {gid three ™%
di nensi onal and net al (herelnafter "N@[err]CIerr]") v
creates a tet mmnmr"lﬂ Immnch conpriseg gge.primary building unit of t
zeolites. The ret&l Ekonstistueénts in zeolites include, but are not limted"
to, alumnum iron, gallium and boron. Because the oxygen atons in

zeolites are shar tetrahedra, the framework possesses a net negative
char ge. For , the net negative charge of

1. A process for selectively catalytically
converting oxygenate starting material to high purity
5 olefins which comprises contacting the oxygenate |
starting material with a molecular sieve catalyst
having a preselected silica-to-Me,0; molar ratio, at a
preselected weight hourly space velocity (WHSV), and
at a temperature of from 350°C to 550°C, and
10 recovering the high purity olefins.

2. A process accoréing to claim 1 wherein the
temperature is from 450°C to 550°C, preferably from
440°C to 460°C.

15

3. A process according to claim 1 or.2 wherein -
the WHSV is from 0.01 hr.”! to 100 hr.”!, preferably
0.5 hr.™! to 10 hr.”', more preferably 0.8 hr.”! to
1.2 hr.’'.

20

4. A process according to any preceding claim
wherein the molecular sieve catalyst comprises a
crystalline aluminosilicate zeolite, a ferrosilicate
zeolite or a silicoaluminophosphate (SAPO) catalyst.

5. A process according to claim 4 wherein the
catalyst comprises ZSM-5, ZSM-48, FeZSM-5 or SAPO-5,
11, 17, 20, 31, 34, 35, 37, 40, 41 or 42, or a mixture
of any two or more thereof.

30

6. A process according to any preceding claim
wherein the silica-to-Mez03 ratio of the catalyst is
from 300 to 2500.

is Sheet Has Been Replaced
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f¥Fcate zeolites is bal anced by exchangeabl e cations in the

syokaqre, leading to the r Al o ——
M er F?Pe?r] ) X l( Sigerr])y] [err] ﬁﬁ?ﬂgwaeﬂm t he RGTAUSP3/05056
t he bncharge—and—zrepresents t heluat er "6fLARERr ati op. The silica-to-

mol & TR | |l ed by the anounts of alumha "x" and silica
¥ he z[al“lmmﬂlmuamlm a proton, Lh%lzeol Ite acquires the
charjt eri sti es of ta Broénsted acid. her ‘positive ion-containing

cat g@sts include ferrosilicates, borosilicates, and gallosilicates. O the

osi | i cates, FeZSM5 may be enpl oyed in . the process of the pyesent
Ention. FeZSM 5 i s? conp8s BFOGESS mdd'lm itr%)rﬁﬂ(%éinhé whersin dalr]) in
Bnner sin | arthi® ¢d€abysti 09s25M<6t andethet eatio is from 350 to

2500, preferably from 950 to 1050; or (b) the catalyst
is 7ZsM-48 and the ratio is from 320 to 353; or (c) the

5 catalyst is FeZSM~-5 and the ratio is from 332 to 368,
preferably about 350. .

8. A process according to any preceding claim
. wherein the oxygenate starting material is selected
10 from the group consisting of methanocl, ethanol,
propancl, dimethyl ether, diethyl ether, and mixtures
of any two or more thereof.

9. A process according to any preceding claim
15 wherein the oxygenate starting material additionally
comprises a diluent. '

, 10. A process according to claim 9 wherein the
diluent is water.
20
1ll1. A process according to any preceding claim
wherein the high purity olefin product comprises
olefin and its corresponding paraffin in a paraffin to
olefin weight ratio of not more than 0.05.

12. A process according to any preceding claim
wherein the high purity olefin coﬁprises polymer grade
propylene containing not more than 5 wt%, preferably
not more than 1 wt%, of propane.

30

13. A process according to any preceding claim
wherein the high purity olefins are subjected to
additional purification by superfractionation.

This Sheet Has Been Replaced
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14. The use of (a) 2SM-5 having a silica-to-
Me;03 ratio of from 350 to 2500, preferably from 950
to 1050; or (b) 2ZSM-48 having such ratio of from 300
to 2500, preferably from 320 to 353; or (¢) FeZSM-5
5  having such ratio of from 332 to 368; or (d) a
silicocaluminocphosphate (SAPOi, as catalyst for
selectively converting oxygenate starting materials to

high purity olefins by the process as defined in claim
1. '
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dlnen5|ons The crystal structure of zeolites provides a sete
constrained access to and egress fromthe intracrystalline f REE

phenonenon, also called "shape- selectlve cataly5|s " derive 'ronizeol
geonetry. An i nportant conpon g'}gggrl try d _quTNﬂMnWﬁE
)

proportions of silicon and Me[err] conpr|5|ng t heltetrahedra
The nolar ratio of silica-to-M][err]] C{erﬁ erm ned
conventional analysis, such as wet Cﬁen1cal analy5|s (e.qg.,

PRODUCTION OF HIGH PURITY OLEFINS JP0S

BACKGROUND OF THE INVENTION

This invention relates to a process for
converting an orygenate to high purity olefins by
contacting the oxygenate with a molecular sieve
catalyst. More particularly, the invention relates to
a process for converting a methanol or methanol-water
mixture to polymer-grade propylene by contacting the
feed with zeolite or silicoaluminophosphate catalysts.

High purity olefins such as propylene have
traditionally been produced through the process of
steam and/or catalytic cracking. Because of the
limited availability and high cost of petroleum
sources, the cost of producing high purity olefins
from such petroleum sources has been steadily
‘increasing. Curtailment in the availability of
inexpensive petroleum raw materials threatens the
supply of high purity olefins such as polymer-grade
propylene. Polymer-grade propylene is used in the
production of many types of plastics such as
polypropylene.

The search for alternative materials for high
purity olefin production has led to the use of
oxygenates such as alcohols, and more particularly to
methanol and higher alcohols or their derivatives.
These alcohols may be produced by fermentation or from
synthesis gas. Synthe51s gas can be produced from
natural gas, petroledi llqulds, carbonaceous materials
including coal, recycled plastlcs mun1c1pa1 wastes,
or any organic material. Thus, alcohol and alcohol
derivatives may provide non-petroleum based.feeds for
high purity olefin production.



Absorption Spectrometry or Inductively Coupled Plasma Emi ssion
Spectronetry;) or by the stoichi o a and Me[e
synthesi ze the zeolite. The silica- kel | ol ar l

represent, as closely as possible] the BEPUA@aDtO- r] ratlﬁ b? t e
rigid anionic framework of the nolecula rrZQQ ]1 6(‘:
the binder or in cationic or other forn1mﬁth|n the por ous {channel s
considered in calculating the silica-to- %brerr]C{err] ratip.-The ratio of
silica-to-Me[err](Jerr] in the nolecular sieve inparts selbctlve cat-abytTt
and adsorptive properties. The catalytic and adsorptive propertles of the
mol ecul ar si eve najodlesmlag \sirdvas bysudtaras neryseal bhseweeplitene

catal yst. Conggrbhgadls,’ e iGl%d GHhOE StiiYcBfvessiohOoghange the
oxygenates to olefin-containing hydrocarbon mixtures.
Us-aA-4,025,575 and US-A-4,083,889 disclose processes
for conversion of methanol and/or methyl ether to
olefin-containing products using ZSM-5-type zeolite
catalysts.

Chang et al., US-A-4,724,270, describe a process
for converting methanol feedstocks to aromatic
hydrocarbons using zeolite catalysts (having a silica-
to-alumina ratio of at least 12) at a temperature of
at least 725°C (1337°F). By conducting the reaction
at elevated temperatures, zeolite dehydroxylation can
occur. This can lead to zeolite decomposition to
amorphous silica and alumina.

US-A-4,433,189 to Young teaches conversion of
methanol to light olefins over zeolite catalysts
having a silica-to-alumina molar ratio of at least 12,
and at a temperature of from about 200°C (392°F) to
500°C (932°F). The Young patent does'not teach
conversion of methanol to products such as polymer-
grade propylene.

US-A—-4,677,243 to Kaiser teaches the formation of
light olefins using silicoaluminophosphate catalysts
at a temperature :f from about 200°C (392°F) to 700°C
(1292°F) . Kaiser does not teach the formation of high
purity olefins or polymer-grade propylene.

High purity olefins are generally recognized by
those skllled 1n the art as products,'excludlng
methane, wh1¢h ‘have a L.raffln o-olefln welght ratio
of less than or equal to about ,.05. Purification of
high purity olefins traditionally requires removal of
low-level impurities which interfere with
polymerization catalysis, or which interfere with



T those skilled in the zeolite catal yst are, ZSM5 is generg
a siliceous zeolite. This is because it nmay have a "high"
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silica-to-Me[err](err], or nore SpEfI5fey I gﬁ a-to-al um nol ar

ratio. ZSM5 is partlcularly adva tageogsffggDc ting S 2@“ﬂ0V‘W96

zeolites (i.e., zeolites having a gh—stlr to-Meferr]gery] tio), such
dl ©

as those described for use in the progegses of the present ijhvertioen;

other processes requiring high-purity reactants.

Low-

level contaminants include, but are not limited to
polar molecules, oxygenates such as water, alcohols,
carbon monoxide, carbon dioxide, carbonyl sulfide
(COS), oxygen, and other miscellaneous contaminants

including hydrogen sulfide, mercaptans, ammonia,

arsine phosphine, chlorides. Low-level contaminants

are removed by a variety of processes including,

but

not limited to adsorption and fractional distillation.
Lighter or heavier hydrocarbon molecules having fewer
or more carbon atoms than the desired olefin product

must also be removed. These hydrocarbons are
typically removed by fractional distillation
techniques.

One such high purity olefin is polymer-grade
propylene. Polymer-grade propylene is required for
the production of polypropylene and useful for the
production of other propylene derivatives. Polymer-

grade propylene is characterized by very low

concentrations of impurities, including low levels of
paraffins (saturated hydrocarbons) such as propane,

ethane, and butane.
Commercial chemical-grade propylene, unlike

polymer-grade propylene, is characterized by higher
concentrations of saturated hydrocarbons. Propane is

the most difficult of the saturated hydrocarbons
remove from propylene, due in large part to the
proximity of the boiling points for propane and

to

propylene. Typical polymer-grade propylene purities

range from 95% to 99.5% propylene, and are more
preferably above 99%. This degree of purity

corresponds to propane-to-propylene ratios of about

0.05 to about 0.01 or lower. Hitherto, this low
propane level could only be practically achieved
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through the use of the well known art of fractional
distillation. The fractional distillation scheme
employed for effecting the difficult separation of
propane from propylene is called "superfractionation."
However, superfractionation requires a substantial
investment in facilities and consumes copious amounts
of energy. Alternative means for removing paraffin
impurities,'such as membrane techniques and adsorbent
techniques, are as costly as the superfractionation
techniques. The present invention teaches a means for
producing high purity olefins having the required
range of paraffin-to-olefin ratios, without the need
to resort to superfractionation or other expensive

‘purification techniques. According to the teachings

of the present invention, a superfractiocnator is not
required, thereby significantly reducing the cost of
producing ligh purity olefins such as polymer-grade
propylene.

SUMMARY OF THE TNVENTION

In accordance with the present invention, there
is provided a process for selectively catalytically
converting oxygenate starting material to high purity
olefins which comprises contacting the oxygenate
starting material with a molecular sieve catalyst
having a preselected silica-to-Me,0; molar ratio, at a
preselected weight hourly space velocity (WHSV), and
at a temperature of from 350°C to 550°C, and
recovering the high purity olefins. The high purity
olefins are preferably polymer-grade propylene. The
process employs molacular sieves such as the
crystalline aluminosilicate, ferrosilicate zeolites,
and silicoaluminophosphate (SAPO) catalysts.
Preferred embodiments employ ZSM-5, 2SM-48, FeZSM-5,
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characteristic 0l BAlllres above those usually employed with .
molecular sieves; it is this, together with selection
of the nature of the catalyst and the matching
temperature and flow conditions, which enables the
selective conversions to high purity olefins
characteristic of the invention. The reaction is
conducted at a temperature preferably within a
narrower range, more preferably about 450°C (842°F).
Oxygenate conversion under such conditions produces a
product, substantially rich in high purity olefins,
such as polymer-grade propylene.

By employing the teachings of the present
invention, a person having ordinary skill in the
catalysis or olefin art should be able to produce a
high purity olefin product from oxygenates without
needing to resort to purification techniques such as
adsorption or superfractionation. However, such
additional purification techniques may be employed to
produce olefins having even higher degrees of purity
than high purity olefins.

The invention is distinguished from the teachings
of US-A-4,638,106 to Pieters, et al. which teaches a
process of cénverting alcohols to olefins using ZSM-5
having a silica-to-alumina ratio of about 400 because
inter alia the ZSM-5 is modified by depositing
carbonaceous materials on the catalyst (column 11,
line 57 et seq.). This post-synthesis modification is
a requirement of the Pieters, et al. invention (claim
1). In contrast, the instant invention does not
require such a limitation, and the process is able to
obtain high purity olefins without the post-synthesis
modification described by Pieters, et al. Pieters, et
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al. defines selectivity (column 22, line 1 et seq.) in
such a manner that it is clear that production of both
olefins and paraffins is anticipated by the invention.
In contrast, the process of the invention is for the
production of high purity olefins, such as polymer
grade olefins having a paraffin-to-olefin weight ratio
of less than or equal to about 0.05. This paraffin-
to-olefin weight ratio is possible by using catalysts
having a high, preselected silica-to-metal ratio, at a
preselected flow rate, and at temperatures outside
those taught by Pieters, which are optimized to
achieve the conversion.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, an
oxygenate feed is catalytically converted to high
purity olefins by contacting this feed with a
molecular sieve zeolite and/or silicoaluminophosphate
catalyst. The process obviates the need for a
conventional superfractionatdr to separate paraffins
from olefins. It is within the scope of the present
invention to use additional purification steps well
known in the art to remove impurities other than
paraffins having the same number of carbon atoms as
olefins. Additionally, superfractionation may be used
with the present invention to achieve still higher
degrees of olefin purity. More particularly, the
present invention relates to a process for
catalytically converting oxygenates to high purity
olefins such as polymer-grade propylene.

Zeolites are a class of molecular sieve
catalysts and are porous, crystalline-hydrated
metallo-silicates of'Group IIIA and VIII elements (Me)
interconnected through shared oxygen atoms.
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Preferable metals include aluminum, iron, gallium,
nickel, cobalt, and boron. The rigid three
dimensional network of silica and metal (hereinafter
"Me,0;") creates a tetrahedral form which comprises
the primary building unit of the zeolites. The metal
constituents in zeolites include, but are not limited
to, aluminum, iron, gallium, and boron. Because the
oxygen atoms in zeolites are shared by tetrahedra, the
framework possesses a net negative charge.

For example, the net negative charge of
aluminosilicate zeolites is balanced by exchangeable
cations in the crystalline structure, leading to the
representation:

Myn [(A10;)x (Si0z),] + 2H0
where M is the cation, n is the cation charge, and z
represents the water of hydration. The silica-~to-
alumina molar ratio is controlled by the amounts of
alumina "x" and silica "y" in the zeolite. When M is
a proton, the zeolite acquires the characteristics of
a Broensted acid (e.g., HZSM-5).

Other positive ion-containing catalysts include
ferrosilicates, borosilicates, and gallosilicates. Of
the ferrosilicates, FeZSM-5 may be employed in the
process of the present invention. FeZSM-5 is composed
of silicon and iron oxide (Fe,0z) in a manner similar
to the aluminosilicate zeolites.

Zeolites generally have ordered, porous
crystalline structures containing a small number of
cavities that are interconnected by a number of still
smaller channels. The cavities and channels are
uniform in size within a certain type of zeolitic
material. The dimensions of the pores or cavities
allow for adsorption of molecules of certain
dimensions while excluding molecules of larger

A" represent the
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from the intracrystalline free space. This
phenomenon, also called "shape-selective catalysis,"
derives from zeolite geometry.
An important component of zeolite geometry
derives from the proportions of silicon and Me,0;

atoms comprising the tetrahedra. The molar ratio of
silica-to-Me;0; may be determined by conventional
analysis, such as wet chemical analysis (e.g., Atomic
Absorption Spectrometry or Inductively Coupled Plasma
Emission Spectrometry:;) or by the stoichiometry of
silica and Me;0; used to synthesize the zeolite. The
silica-to-Me;0; molar ratio is meant to represent, as
closely as possible, the silica-to-Me,0; ratio in the
rigid anionic framework of the molecular sieve
crystal. Me;0; in the binder or in cationic or other
form within the porous channels is not considered in
calculating the silica~-to-Me,0; ratio. The ratio of
silica-to-Me;0; in the molecular sieve imparts
selective catalytic and adsorptive properties. The
catalytic and adsorptive properties of the molecular
sieve may also be varied by changing the ions within
the catalyst. Conventional ion exchange techniques
may be used to change the cations.

To those skilled in the zeolite catalyst art,
ZSM-5 is generally considered a siliceous zeolite.
This is because it may have a "high" silica-to-Me,0s,
or more specifically, silica-to-alumina molar ratio.
ZSM-5 is particularly advantageous for converting
methanol-containing feedstocks to light olefins.
Siliceous zeolites (i.e., zeolites having a high
silica~to-Me,0; ratic), such as those described for
use in the processes of the present invention, are
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most effectively synthesized using templates such as
alkylammonium cations. For example, the
tetramethylammonium (TMA) cation is particularly
advantageous in synthesizing a siliceous zeolite such
as ZSM-5 having a silica-to-alumina ratio of about
1000. It is thought that silica forms hydrogen bonds
with the TMA and traps or clathrates the organic
cation within the silica. Alumina is less efficient
in hydrogen bond formation, so the zeolites formed
with organic templates such as TMA have a higher
silica-to-alumina molar ratio. The presence of a
trivalent metal site within the silicate structure
provides the desired acidity in an environment which
limits access to the site by molecules of appropriate
size. This limits the acid catalyzed reactions to
those which are carried out in a "shape selective™
manner. Template cations which are usually present in
these materials when they are synthesized may be
removed, and the zeolite converted to the hydrogen
form by exchange with ammonium ions, followed by
heating to drive off ammonia, or by direct exchange
with an acid such as hydrochloric acid, provided the
zeolite is not degraded by the acidic treatment.

The silicoaluminophosphate (SAPO) molecular sieve
catalysts exhibit properties characteristic of both
aluminosilicate zeolites and aluminophosphates. The
SAPO molecular sieves have a microporous crystal
framework structure of PO;*, AlO;" and SioO;
tetrahedral units. The composition (anhydrous) is:

mR: (Si,Al,P,) 0,
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
(si,Al,P,)0; and has a value of from zero to 0.3, the
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"maximum value in each case depending upon the

molecular dimensions of the templating agent and the
available void volume of the pore system of the
particular SAPO species involved, and "x," "y," and
uz® represent the mole fractions of silicon, aluminunm,
and phosphorous, respectively.  As will be understood,
the nature of SAPO catalysts means that any
préselected silica-to-Mej;03 value may be used.
Representative SAPO molecular sieves, as described in
US-A-4,440,871, include SAPO-5, SAPO-11, SAPO-17,
SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-37, SAPO-40,
SAPO—~41, and SAPO-42.

The oxygenate starting material or feed comprises
hydroCarbons containing aliphatic moieties such as,
but not limited to, alcohols, halides, mercaptans,
sulfides, amines, ethers, and carbonyl compounds
(aldehydes, ketones, carboxylic acids, and the like)
or mixtures thereof. The aliphatic moiety preferably
contains from about 1 to about 10 carbon atoms, and
more preferably 1 to 4 carbon atoms. Thus the term
"oxygenate starting material" is intended to mean not
only what might be considered "true" oxygenates, e.g.,
alcohols, ethers, carbonyl compounds; but also those
compounds which behave in a similar fashion to "true"
oxygenates in the presence of the specified catalysts,
such as substituted paraffins, e.g., halides,.
mercaptans, sulfides, amines. Representative
oxygenétes include methanol, isopropanol, n-propanol,
ethanol, fuel alcohols, dimethyl ether, diethyl ether,
methyl mercaptan, methyl sulfide, methyl amine, ethyl
mercaptan, ethylchloride, formaldehyde.
dimethylketone, acetic acid, n-alkylam.nes, n-
alkylhalides, and n-alkylsulfides having alkyl groups
of 1 to 10 carbon atoms or mixtures thereof. 1In a
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The term "oxygenate starting material" or
voxygenate feed" as employed in the present invention
and described herein designates only the organic
material used as the feed. However, the total charge
to the reaction zone may contain additional compounds
such as diluents. Use of a diluent as part of the -
feed, which is miscible with the oxygenate, imparts as
a non-limiting example, a smaller propane to propylene
(C30/C3=) ratio than the use of essentially anhydrous
oxygenate. However, even anhydrous oxygenates contain
trace quantities of diluents. Even though the process
described herein may employ a diluent, computable
quantities of the oxygenate feed (i.e, composition and
Weight Hourly Space Velocity (WHSV) are to be computed
as an essentially diluent-free oxygenate feed unless
otherwise stated.

The process is generally conducted in the
presence of one or more diluents which may for example
be present in the feed in an amount between about 1
and about 99 molar percent, based on the total number
of moles of all feed and diluent éomponents fed to the
reaction zone (or catalyst). The amount of diluent
added to the oxygenate feed will depend in part on the
type of catalyst selected, the silica-to-Me,0; ratio,
and the reaction temperature. Preferably, the molar
ratio of oxygenate feed-to-diluent (feed:diluent) is
about 1:1 to about 1:4. Diluents include, but are not
limited to, helium, argon, nitrogen, carbon monoxide,



and about 99 nol ar percent, based on the total nunber of noles of all feed
and diluent conponents fed to the reaction zone (or catalyst). The annunt

of diluent added to the oxygenate feed will depend in part—epa—the—t
catal yst selected, the silica-tof ValeeSHEEE @E]p Erg?ﬂa , and tﬁEPUP@&@\ENgFﬁHEtT

tenperature. Preferably, the nol fr raiﬁﬁ%ﬁ xygenat e feed-tfo=di T uent
(feed:diluent) is about 1:1 to abeut uent.s i ncl udg, bg??@ﬂ@V“@@é
limted to, helium argon, nitrogen, cagbor nonoxi de, carlor oxi de
hydr ogen, water, paraffins,
REPLACEMENT SHEET

hydrocarbons (such as methane and the like), aromatic
compounds, and mixtures thereof. Preferably, the
diluent is water. '

‘The instant process is preferably conducted in
the vapor phase such that the oxygenate feed is
contacted in the vapor phase in a reaction zone with
the molecular sieve at effective process conditions to
produce a paraffin/olefin, e.g., propane/propylene
ratio characteristic of high purity olefins or
polymer-grade propylene, i.e., an effective
temperature, silica-to-Me;0; ratio, pressure, WHSV
and, optionally, an effective amount of ‘diluent,
correlated to produce high purity olefins or polymer-
grade propylene. Alternatively, the process may be
conducted in a liquid phase.

The process may be effectively carried out
over a wide range of pressures including autogeneous
pressures. At pressures between about 0.001
atmospheres (0.76 torr) and about 1000 atmospheres
(760,000 torr), the formation of light olefin products
will be effected although the optimum amount of
product will not necessarily form at all pressures.
The preferred pressure is between 0.01 atmospheres
(7.6 torr) and 100 atmospheres (76,000 torr). The
pressures referred to herein for the process are
exclusive of the inert diiuent, 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,
although such pressures do not fall within 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
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olefin products may not be optimal, although Iight
olefins such as ethylene may still be formed.

The process is effected for a period of time
sufficient to produce the desired light olefin (and
high purity 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 molecular sieve selected, the WHSV,
the phase (liquid or vapor), and process design
characteristics selected.

The olefin production process may be carried out
in a batch, semi-continuous, or continuous fashion.
FThe 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
oxr continuously in an elongated tubular zone or a
mumber of such zones. When multiple reaction zones
=re employed, it may be advantageocus to employ one or
more of such molecular sieves in series to provide for
& desired product mixture. Owing to the nature of the
ETrocess, it may be desirous to carry out the process
—f the present invention by use of the molecular sieve
catalysts in a dynamic (e.g., fluidized or moving) bed
=ystemn or any system of a variety of transport beds
r=ather than in a fixed bed system. Such systems would
==adily provide for any regeneration (if required) of
the molecular sieve catalyst after a given period of
+—Hme. If regeneration is required, the molecular
sieve catalyst can be continuously introduced as a
moving bed to a regeneration zone where it can be
r=generated, such as for example by removing
carbonaceous materials or by oxidation in an oxygen-
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the invention, the catalyst will be subject to a
regeneration step by the burning of carbonaceous
deposits accumulated during reactions.

The effect of feedstock flow rate over molecular
sieves is well known to those skilled in the art.
Increasing the flow rate (WHSV) enhances olefin
production relative to paraffin production. However,
the enhanced olefin production relative to paraffin

production is offset by a diminished conversion of

oxygenate to hydrocarbons at the higher flow rates.

According to the invention, the process for
conversion of an oxygenate feed to high purity olefins
such as polymer-grade propylene using molecular sieves
is for example conducted at temperatures of from
approximately 350°C (662°F) to about 550°C (1022°F),
preferably 450°C (842°F) to 550°C (1022°F), and more
preferably at 440°C (824°F) to 460°C (860°F). The
silica-to-Me,0; molar ratio is preselected according
to the type of molecular sieve employed, the reaction
temperature used, and the degree of high purity
olefin, e.g., polymer-grade propylene, production
required. The WHSV of this reaction is for example
approximately 0.01 hr.”! to about 100 hr.”',
preferably 0.5 hr.”! to 10 hr.q, and more preferably
0.8 hr.”! to 1.2 hr.'. For 2zsM-5, at 0.8 hr.”! to
1.2 hr.”!, approximately 98% to 100% conversion of the
feed to hydrocarbons has been found to occur.

In the process using ZSM-5, which zeolite is
described in US-A-3,702,886, the process temperature
is preferably 400°C to 550°C, more preferably 440°C to
460°C; and the silica-to-Me,03; molar ratio is
preferably 350 to 2500, more preferably 950 to 1050.
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The WHSV of the process is preferably 0.1 hr.”! to

10 hr.”!, and more preferably 0.8 nr.! to 1.2 hr."\.
Using ZSM-5, at 0.8 hr.' to 1.2 hr.”', approximately
98% to 100% conversion of the feed to hydrocarbons has
been found to occur. _

In the process using ZSM-48, which zeolite is
described more fully in US-A-4,397,827, the process
temperature is also preferably 400°C to 550°C, and
more preferably 440°C to 460°C. The preferred silica-
to-Me,0; molar ratio is however from 300 to 2500, more
preferably 320 to 353. The WHSV of the process using
ZSM-48 is preferably 0.5 hr.”' to 10 hr.”', and more
preferably 0.8 hr.”' to 1.2 hr.”'. With zZsM-48, at
0.8 hr.”! to 1.2 hr.”', approximately 98% to 100%
conversion of the feed to hydrocarbons has been found
to occur, comprising approximately 30% propylene and
<1% propane in the case where the olefin is propylene.

In the process using Fe2SM-5, which zeolite is
described in US-A-4,843,183, the preferred process
temperatures are as recited for ZSM-48. However, the
silica-to-Me,0; molar ratio is preferably from 332 to
368, more preferably about 350. The WHSV of the
process using FeZsM-5 is preferably 0.1 hr.”! to
10 hr.”', more preferably 0.8 hr.”! to 1.2 hr.”'. With
ZsM-48 at 0.8 hr.”! to 1.2 hr.”!, approximately 98% to
100% conversion of the feed to hydrocarbons has been
found to occur, comprising approximately 25% propylene
with no propane production, in the case where the
olefin is propylene.

In the process using SAPO-34, which catalyst is
described in US-A-4,440,871, the process for
conversion of an oxygenate feed to high purity olefins
such as polymer-grade propylene may be conducted for
example at temperatures of 350°C to 550°C, preferably
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400°C to 550°C, and more preferably at 440°C to 460°C .
The WHSV of this process is preferably from 0.01 hr.™!
to 100 hr.”!, more preferably 0.1 hr.”! to 10 hr.”',
and most preferably 0.8 hr.”' to 1.2 hr.”'. With
SAPO-34 at 0.8 hr.”! to 1.2 hr.”', approximately 98%
to 100% conversion of the feed to hydrocarbons has
been found to occur. '

The following examples illustrate the invention.

Zeolites ZSM-5, having silica-to-Me;O; molar
ratios (silica-to-alumina molar ratios) of 35, 350,
and 1000 (determined stoichiometrically), were
produced as described in Us-A-3,702,886.

Each ZSM-5 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion exchange was repeated two or three times, with
a calcination at 510°C (950°F) between each ion
exchange step.

The catalytic conversion of methanol or
methanol/water to hydrocarbons using each ZSM-5 having
a preselected silica-to-alumina ratio of 35, 350, and
1000 was carried out in a fixed bed (1/2", 1.27 cm
diameter), stainless steel reactor, equipped with a
1/8" (0.32 cm) coiled preheater. 1In addition, the
reactor was em:ipped with a 1/8" 10.32 cm)
thermocouple weil running axially through the reactor.
The reactor was heated in an Applied Test Systems 3
zone t:be furmace (12", 30.5 cm long; 1 1/4", 3.18 cm
I.D.) having  ae reactor with three spaced zones. The
first reactor zone is used as a preheater zone, and
the cata'yst bed is heated in the second reactor zone.
The thiix. reactor zone operates as a quench zone
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Generally, 2 grams (0.07 ounces) catalyst
(=14/+20 mesh) were mixed with 2.5 grams (0.09 ounces)
of quartz (-20/+60); the first and third reactor zone
were filled with quartz chips (-10/+20 mesh). To
improve the heat transfer between the second reactor
zone (containing the catalyst bed) and the furnace
heating coils, the second reactor zone was equipped
with a cylindrical (4%, 10.2 cm long:; 1 1/4", 3.18 cm
0.D.) aluminum or stainleéss steel block. This block
contained a central hole in order to be able to
measure the block temperature.

Gas flows (nitrogen or hydrogen) were controlled
by mass flow controllers, while liquid feed rates were
controclled by a Beckm=nn 114M pump or a Sage 341B
syringe pump.

The product emer=ing from the reactor was
analyzed on line for {3i) carbon monoxide; carbon
dioxide; water; dimet=wl ether; methanol; C{~C;
hydrocarbons with a Pz—epack Q column using a thermal
conductivity detector and (ii) C;-2A4 hydrocarbons _
with a DB-1 column us=mg a flame ionization detector.
The feed was either me=thanol or methanol:water (1:1 or
1:4 molar ratio as demmxted in Table I) at a
WHSV=1.0 hr.”'. The r==ction was conducted at 450°C
(842°F) . The results =re shown in Table I.

The same procedur=s as recited in Example 1,
using the same equipmesmt, conditions and measurement
techniques, were emplcwed with several different
catalysts. These cat=lysts, and the analyses of the
Products made employimmy the process of the invention,
are further described =in Examples 2 - 4 and Téble 1.
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Example 2
The .zeolite 2SM-48, having a silica-to-Mey0;

molar ratio of 336 (determined by wet chemical
analysis), was produced as described in US-A-
4,423,021. )

ZSM-48 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with ammonium
nitrate solution (85°C, . °"5°F; 12 hours). Generally,
the ion exchange was rer- ted two or three times, with
a calcination at 510°C (. J°F) between each ion
exchange step.

The feed was methanol:water (1:1 molar ratio) at
a WHSV=1.0 hr.”'. The reaction was conducted at 450°C

"(842°F) . The results are shown in Table I.

Example 3

The zeolite FeZSM-5, having a silica-to-Me,03
ratio of 350 (determined stoichiometrically), was
produced as described in US-A-4,843,183.

FeZSM~-5 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion ekchange was repeated two or three times, with
a calcination at 510°C (950°F) between each ion
exchange step. '

The feed was methanol:water (1:1 molar ratio) at
a WHSV=1.0 hr.”'. The reaction was conducted at 450°C
(842°F) . The results are shown in Table I.

Example 4

SAPO-34 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,

the ion exchange was repeated two or three times, with
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a calcination at 510°C (950°F) between each ion
exchange step.

The feed was methanol:water (1:4'molar ratio) at
a WHSV=1.0 hr.”'. The reaction was conducted at 450°C
(842°F) . The results are shown in Table I.

. Table I
Polymer-Grade Propylene Production
Propane/
Molecular Silica-to- Feed/Diluent- propylene
Sieve Me;03 (molar ratio) (C30/C3=)
ZSM-5 35 Methanol/Water (1:1) 0.770%#* .
ZSM-5 1000 Methanol (NA) 0.044
ZSM-5 350 Methanol/Water (1:4) 0.037
ZSM-5 1000 Methanol/Water (1:1) 0.000
ZSM-48 336 Methanol/Water (1:1) 0.038
Fe ZSM-S 350 Methanol/Water (1:1) 0.039
SAPO-34 NA* Methanol/Water (1:4) 0.001

*NA signifies "not applicable."
** gsignifies comparative.

As shown in Table I, olefins are formed by contacting
the oxygenate feed with a molecular sieve at a
temperature of between 350°C (662°F) to 550°C (1022°F).
By preselecting the silica-to-Me,0; ratio and/or
diluent, a product having a propane/propylene ratio
characteristic of high purity olefins can be produced.
This can be achieved without the need of
superfractionation to remove propane.
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550[err] C (1022[err]F), and nore preferably at|440[err]C
(824[err]F) to 460[err]C (860F). The silica-to-Me[err](efr] nolar ratio is
presel ected aggar®isig to the type of nol ecular sieve enpl:« '
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tenperature used, and the degree of high purity olefin, e.g., polymer-grade

propyl ene,

productlon required. The WHSV of this reaction is "for exanpl e

approxi mately 0.011hr.[ekrprocessoficriseliectiiyelly catalytically

converting oxygenate starting material to high purity
olefins which comprises contacting the oxygenate
starting material with a molecular sieve catalyst
having a preselected silica-to-Me,0; molar ratio, at a
preselected weight hourly space velocity (WHSV), and
at a temperature of from 350°C to 550°C, and
recovering the high purity olefins.

2. A process according to claim 1 wherein the
temperature is from 450°C to 550°C, preferably from
440°C to 460°C.

3. A process accofding to claim 1 or.2 wherein -
the WHSV is from 0.01 hr.”! to 100 hr.”', preferably
0.5 hr.”! to 10 hr.”', more preferably 0.8 hr.”! to
1.2 hr.’.

4. A process according to any preceding claim
wherein the molecular sieve catalyst comprises a
crystalline aluminosilicate zeolite, a ferrosilicate
zeolite or a silicoaluminophosphate (SAPO) catalyst.

5. A process according to claim 4 wherein the
catalyst comprises ZSM-5, ZSM-48, FeZSM-5 or SAPO-5,
11, 17, 20, 31, 34, 35, 37, 40, 41 or 42, or a mixture
of any two or more thereof.

6. A process according to any preceding claim
wherein the silica-to-Me;03 ratio of the catalyst is
from 300 to 2500.
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7. A process according to claim 6 wherein (a)
the catalyst is ZSM~5 and the ratio is from 350 to
2500, preferably from 950 to 1050; or (b) the catalyst
is ZsM-48 and the ratio is from 320 to 353; or (c) the
catalyst is FeZSM-5 and the ratio is from 332 to 368,
preferably about 350. -

8. A process according to any preceding claim
wherein the oxygenate starting material is selected
from the group consisting of methanol, ethanol,
propanol, dimethyl ether, diethyl ether, and mixtures
of any two or more thereof.

9. A process according to any preceding claim
wherein the oxygenate starting material additionally
comprises a diluent.

10. A process according to claim 9 wherein the
diluent is water.

11. A process according to any preceding claim
wherein the high purity olefin product comprises
olefin and its corresponding paraffin in a paraffin to
olefin weight ratio of not more than 0.05.

12. A process according to any preceding claim
wherein the high purity olefin coﬁprises polymer grade
proleené containing not more than 5 wt%, preferably
not more than 1 wt%, of propane.

13. A process according to any preceding claim
wherein the high purity olefins are subjected to
additional purification by superfractionation.
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14. The use of (a) 2ZSM-5 having a silica-to-
Me,03 ratio of from 350 to 2500, preferably from 950
to 1050; or (b) 2ZSM-48 having such ratio of from 300
to 2500, preferably from 320 to 353; or (c) FeZSM-5
having such ratio of from 332 to 368; or (d) a
silicoaluninophosphate (SAP05, as catalyst for
selectively converting oxygenate starting materials to

high purity olefins by the process as defined in claim
1. '
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A process for converting an oxygenate feed to high

purity olefins such as polymer-grade propylene (C,0/C3= =
0.05) at a temperature of about 450 °C (842 °F), using a

molecular sieve catalyst having a high preselected Si/Al,
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(such as FeZSM-5), or SAPO-34.
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PRODUCTION OF HIGH PURITY OLEFINS

BACKGROUND OF THE INVENTION

This invention relates to a process for
converting an oxygenate to high purity olefins by
contacting the oxygenate with a molecular sieve
catalyst. More particularly, the invention relates to
a process for converting a methanol or methanol-water
mixture to polymer-grade propylene by contacting the
feed with zeolite or silicocaluminophosphate catalysts.

High purity olefins such as propylene have
traditicnally been produced through the process of
steam and/or catalytic cracking.
limited availability and high cost of petroleum
sources, the cost of producing high purity oclefins

Because of the

from such petrbleum sources has been steadily
Curtailment in the availability of
inexpensive petroleum raw materials threatens the
supply of high purity olefins such as polymer-grade
propylene.

increasing.

Polymer-grade propylene is used in the
production of many types of plastics such as
polypropylene.

The search for alternative materials for high
purity olefin production has led to.the use of
oxygenates such as alcohols, and more particularly to
methanol and higher alcohols or their derivatives.
These alcohols may be produced by fermentation or from
synthesis gas. 8ynthe§is gas can be produced from
natural gas, petroleum liquids, carbonaceous materials
including coal, recycled plastics, municipal wastes,
or any organic material. Thus, alcohol and alcohol
derivatives may provide non-petroleum based feeds for
high purity olefin production.

P =
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Molecular sieves, such as crystalline zeolite
catalysts, are known to promote the conversion of
oxygenates to olefin-containing hydrocarbon mixtures.
Us-A-4,025,575 and US-A-4,083,889 disclose processes
for conversion of methanol and/or methyl ether to
olefin-containing products using ZsM-S5-type zeolite
catalysts.

Chang et al., US-A-4,724,270, describe a process
for converting methanol feedstocks to aromatic
hydrocarbons using zeolite catalysts (having a silica-
to-alumina ratio of at least 12) at a temperature of
at least 725°C (1337°F). By conducting the reaction
at elevated temperatures, zeolite dehydroxylation can
occur. This can lead to zeolite decomposition to
amorphous silica and alumina.

US-A-4,433,189 to Young teaches conversion of
methanol to light olefins over zeolite catalysts
having a silica~to-alumina molar ratio of at least 12,
and at a temperature of from about 200°C (392°F) to.
500°C (932°F). The Young patent does not teach
conversion of methanol to products such as polymer-
grade propylene.

US-A-~4,677,243 to Kaiser teaches the formation of
light olefins using silicoaluminophosphate catalysts
at a temperature of from about 200°C (392°F) to 700°C
(1292°F) . Kaiser does not teach the formation of high
purity olefins or polymer-grade propylene.

High purity olefins are generally recognized by
those skilled in the art as products, excluding
methane, which have a paraffin-to-olefin weight ratio
of less than or equal to about 0.05. Purification of
high purity olefins traditionally requires removal of
low-level impurities which interfere with
polymerization catalysis, or which interfere with
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Exahple 1 Zeolites ZSM5, having silica-to-Me[err](ferr] nolar ratios
{(silica-to-alumna nolar ratios) of 35, 350, and 1000 (determ ned
stoi chionetrical | red as described in US-A-3,702, 886

Each ZSM5 wa @ﬁPﬂNOHNENat rr]C (950[err]F) and the cal cined materi al
was ion exchang S gnijum nitrate solution (85[err]C, 185[err]F;

12 hours). Generhl Eﬁﬁn exghange was repeated two or three tines,
with a calcinati nlzﬁ §;J;i(lPS[err 950[ err] F) between each ion exchange step.
The catal ytic met hanol or nethanol /water to hydrocarbons
usi ng each ZSM5 haV|ng a cted sl Pca-to-alunina ratio of 35, 350,

and

other processes requiring high-purity reactants. Low-
level contaminants include, but are not limited to
polar molecules, oxygenates such as water, alcochols,
carbon monoxide, carbon.dioxide, carbonyl sulfide
(COS), oxygen, and other miscellaneous contaminants
including hydrogen sulfide, mercaptans, ammonia,
arsine phosphine, chlorides. Low-level contaminants
are removed by a variety of processes including, but
not limited to adsorption and fractional distillation.
Lighter or heavier hydrocarbon molecules having fewer
or more carbon atoms than the desired olefin product
must also be removed. These hydrocarbons are
typically removed by fractional distillation
techniques.

One such high purity olefin is polymer-grade
propylene. Polymer-grade propylene is required for
the production of polypropylene and useful for the
production of other propylene derivatives. Polymer-
grade propylene is characterized by very low
concentrations of impurities, including low levels of
paraffins (saturated hydrocarbons) such as propane,
ethane, and butane.

Commercial chemical-grade propylene, unlike
polymer-grade propylene, is characterized by higher
concentrations of saturated hydrocarbons. Propane is
the most difficult of the saturated hydrocarbons to
remove from propylene, due in large part to the
proximity of the boiling points for propane and
Propylene. Typical polymer-grade propylene purities
range from 95% to 99.5% propylene, and are more
preferably above 99%. This degree of purity
corresponds to propane-~to-propylene ratios of about
0.05 to about 0.01 or lower. Hitherto, this low
propane level could only be practically achieved
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distillation. The fractional distillation scheme
employed for effecting the difficult separation of
propane from propylene is called “superfractionation."
However, superfractionation requires a substantial
investment in facilities and consumes copious amounts
of energy. Alternative means for removing paraffin
impurities, such as membrane techniques and adsorbent
techniques, are as costly as the superfractiocnation
techniques. The present invention teaches a means for
producing high purity olefins having the required
range of paraffin-to-olefin ratios, without the need
to resort to superfractiocnation or other expensive
purification techniques. According to the teachings
of the present invention, a Superfracticnator is not:
required, thereby significantly reducing the cost of
producing high purity olefins such as polymer-grade
propylene.

SUMMARY OF NVENTION

In accordance with the present invention, there
is pravided a process for selectively catalytically
converting a starting material comprising an oxygenate,
or a substituted paraffin which is a halide, a
_mercaptan, a sulfide or an amine, to high purity

olefins, which process comprises contacting the
starting material at a. weight hourly space velocity
(WHSV) of from 0.01 hr.” to 100 hr?, and at a
temperature of from 350°C to 550°C, with a molecular
sieve catalyst comprising 2ZSM-48, a ferrosilicate
zeolite or a silicoaluminophosphate (SAPO), which
molecular sieve catalyst, in the case of 2SM-48 or
__ferros:.llcate zeolites, has a silica-to-Me,0, molar
EEElO (where Me is a Group IIIA or VIII element) of
from 300 to 2500, and recovering the high purity
olefins. The high purity olefins are p;gferggi§

polymer-grade propylene. Preferred embodiments employ
FeZSM-5,
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and SAPO-34 as the molecular sieve. It is to be noted
that the process of the invention is performed at
temperatures above those usually employed with
molecular sieves; it is this, together with selection
of the nature of the catalyst and the matching
temperature and flow conditions, which enables the
selective conversions to high purity olefins
characteristic of the invention. The reaction is
conducted at a temperature preferably within a
narrower range, more preferably about 450°C (842°F).
Oxygenate cogversidn under such conditions produces a
product, substantially rich in high purity olefins,
such as polymer-grade propylene.

By employing the teachings of the present
invention, a person having ordinary skill in the
catalysis or olefin art should be able to produce a
high purity olefin product frém oxygenates without
needing to resort to purification techniques such as
adsorption or superfractionation. However, such
additional purification techniques may be employed to
produce olefins having even higher degrees of purity
than high purity olefins.

The—s " i s gived— " -
of US-A-4,638,106 to Pieters, et al. whieh-teaches a
process of converting alcochols to olefins using ZSM-5
having a silica-to-alumina ratio of about 400 because

" inter alia the 2ZSM-5 is modified by depositing
carbonaceous materials on the catélyst (column 11,
line 57 et seq.). This post-synthesis modification is
a2 requirement of the Pieters, et al. invention (claim
1). In contrast, the instant invention does not -
éncompass use of ZSM-5, and the process is able to
obtain high purity olefins without the post-synthesis
modification described by Pieters, et ali Pieters, et
al. defines selectivity (column 22, line 1 et seq.) in
such a manner that it is clear that production of boeth
olefins_and paraffins is anticipated by the invention.

In contrast, the process of the invention is for the



REPLACEMENT SHEET

zone (containing the_cs @d) and the furnace heating coils, the
with a cylindrical (10.2 cm (-4"); 3.18 cm

second reacto cmﬁ\ﬁq
g@feA ss steel block. This block contained a

(11/4") O D.) ja
central hole i rd Cﬁ@. hgd%abl ejt o measure the block tenperature. Gas
%/ gen) ré controld &d by mass flow controllers,

flows (nitrage
while liquid fe | by ckmann 4M pu or. a Sage
341B syringe p :bi t‘l"tﬁe?ﬁ ﬂg Eiﬂﬁft ﬁgc}’ez?& &° &hnal yzed
on line for (i)gts Lage Ty dhaa;v:crag bmrpairaﬁfua'-tmbélezm mih;nt Hﬁm
met hanol ; Cerr fCﬁ_ggg] cRug %}{g’_ ,%:P BouEChepack
t her mal conduct|V| ti/ det ec?’o?ﬁa ||\M' errT1 Eerrg h?& ocygt‘)kons vmth a
DB-1 col um usi §~9 Flf&ﬁewleé-ﬁhi-'atqm@e%%c?@$51 le by using catalysts
having a high, preselected silica-to-metal ratic, at a
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those taught by Pieters, which are cptimized to

achieve the conversion.

DE-A-2935863 (equivalent US-A-4,849,573) describes
a process for the conversion of alcohols (like
—methanol) in presence of a crystalline aluminosilicate
(ZSMFS) used as catalyst. The ratio silicon
oxlde/alumlnlum ox1de in the zeolite is at least 140,

_the range 298 to 2000 being preferred The WHSV is from

600°C, W.'Lth the range between 400 and 550°C being
preferred._ Water vapor can be used as diluent.
According to example 11, ______j;y.e ratio of olefin to
paraffin is 29.7 at 500°C and 35.3 at 550°C. DE-A-
...2933863 also teaches processes employing ZsM-11, 12, 35
and 38 as catalyst.

DETAITED DESCRIPTION OF THE INVENTION

In accordance with the present invention, an
oxygenate feed is catalytically converted to high
purity olefins by contacting this feed with a ZSM-48, or
ferro silicate Zeolite and/or silicocaluminophosphate
catalyst. The process obviates the need for a
conventional superfractionator to separate paraffins
from olefins. It is within the scope of the present
invention to use additional purification steps well
known in the art to remove impurities other than
paraffins having the same number of carbon atoms as
clefins. Additionally, superfractionation may be used
with the present invention to achieve still higher
degrees of olefin purity. More particularly, the
present invention relates to a process for
catalytically converting oxygenates to high purity
olefins such as polymer-grade propylene.
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cafalysts and are porous, crystalline-hydrated
metallo-silicates of Group IIIA and VIII elements (Me)

interconnected through shared oxygen atoms.
Preferable metals include aluminum, iron, gallium,

nickel, cobalt, and boron. The rigid three
dimensional network of silica and metal (hereinafter
"Me,0z") creates a tetrahedral form which comprises
the primary building unit of the zeclites. The metal
constituents in zeolites include, but are not limited
to, aluminum, iron, gallium, and boron. Because the
oxygen atoms in zeolites are shared by tetrahedra, the
framework possesses a net negative charge.

For example, the net negative charge of
aluminosilicate zeolites is balanced by exchangeable
cations in the crystalline structure, leading to the
representation: ' '

Men [(A10)x (S1i0z)y] * 2HZ0
where M is the cation, n is the cation charge, and z
represents the water of hydration. The silica-to-
alumina molar ratio is controlled by the amounts of
alumina "x" and silica "y" in the zeolite. When M is
a prbton, the zeolite acquires the characteristics of
a Broensted acid tergrr—H28M=5F.

other positive ion-containing catalysts include
ferrosilicates, borosilicates, and gallosilicates. Of
the ferrosilicates, FeZSM-5 may be employed in the
process of the present invention. FeZSM-5 is composed
of silicon and iron oxide (Fe;0s) in a manner similar
to the aluminosilicate zeolites.

Zeolites generally have ordered, porous
crystalline structures containing a small number of
cavities that are interconnected by a number of still
smaller channels. The cavities and channels are
uniform in size within a certain type of zeolitic
material. The dimensions of the pores or cavities
allow for adsorption of molecules of certain
dimensions while excluding molecules of larger
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dimensions. The crystal structure of zeolites
provides a selective constrained access to and egress
from the intracrystalline free space. This
phenomenon, also called "shape-selective catalysis,"
derives from zeolite geometry.

An important component of zeolite geometry
derives from the proportions of silicon and Me;0;z
atoms comprising the tetrahedra. The molar ratio of
silica-to-Me,0; may be determined by conventional
analysis, such as wet chemical analysis (e.g., Atomic
Absorption Spectrometry or Inductively Coupled Plasma
Emission Spectrometry;) or by the stoichiometry of-
silica and Me;0; used to synthesize the zeolite. The
silica-to-Me;0; molar ratic is meant to represent, as
Closely as possible, the silica-to-Me,0; ratio in the
rigid anionic framework of the molecular sieve
crystal. Mey0; in the binder or in cationic or other
form within the porous channels is not considered in
calculating the silica-to-Me;0; ratioc. The ratio of
silica-to-Me,0; in the molecular sieve imparts
selective catalytic and adsorptive properties. The
catalytic and adsorptive properties of the molecular
sieve may also be varied by changing the ions within
the catalyst. Conventional ion exchange techniques
may be used to change the cations.

NG N o T F- - NP Yo QN By Bl ol o V- A -To P I R o - o7- R o~ B A4 v = ’
ZSM-5 is geneial ‘considefed a siliceous zeolite.
This is because it may“haye a "high" silica-to-Me,Os,

or more specifically, silica-Towa umina molar ratio.
2SM-5 is particularly advantageous for~sagverting

R A T — Srr-a-+-m--no O e ie e e WA C W A Y.

Siliceous zeolites (i.e., zeolites having a high
silica-to-Me,05 ratio), such as those described for
use in the processes of the present invention,'are
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(1:1 nolar ratio} @ [errr]. The reaction was conducted at
450[ err] C (842F) e ¢hown in Table I. Exanpl e 3 The

zeolite FeZSM 5, : - Nb[errLC{err] rati o of 350 (determ ned
stoichionetrical ky), was produced ds desTrPb&d in US-A-4, 843, 183. _
FeZSM 5 was cal citred—at—St0fTTT]C (950F) and the calcined material was ion
exchanged with an ammoniumnitrate solution (85C, 185[err]F; 12 hours).
Ceneral ly, most effectively synthesized using templates such as

alkylammonium cations. For example, the
tetramethylammonium (TMA) cation is particularly
advantageous in synthesizing a siliceous zeolite such
as—FSM~S-having a silica-to-alumina ratio of about
1000. It is thought that silica forms hydrogen bonds
with the TMA and traps or clathrates the organic
cation within the silica. Alumina is less efficient
in hydrogen bond formation, so the zeoclites formed
with organic templates such as TMA have a higher
silica-to-alumina molar ratioc. The presence of a
trivalent metal site within the silicate structure
provides the desired acidity in an environment which
limits access to the site by molecules of appropriate
size. This limits the acid éatalyzed reactions to
those which are carried out in a "shape selective"
manner. Template cations which are usually present in
these materials when they are synthesized may be
removed, and the zeoclite converted to the hydrogen
form by exchange with ammonium. ions, followed by
heatihg to drive off ammonia, or by direct exchange
with an acid such as hydrochloric acid, provided the
zeolite is not degraded by the acidic treatment.

The silicoaluminophosphate (SAPO) molecular sieve
catalysts exhibit properties characteristic of both
aluminosilicate zeolites and aluminophosphates. The
SAPO molecular sieves have a microporous crystal
framework structure Qf PO,*, AlOy;" and Sio,
tetrahedral units. The composition (anhydrous) is:

| mR: (Si,Al,P,)0,
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
(Si,Al,P,)0; and has a value of from zero to 0.3, the
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‘maximum value in each case depending upon the
molecular dimensions of the templating agent and the
available void volume of the pore system of the
particular SAPO species involved, and "x," "y," and
wz" represent the mole fractions of silicon, aluminum,
and phosphorous, respectively.  As will be understocd,
the nature of SAPO catalysts means that any
préselected silica-to-Me,;05 value may be used.
Representative SAPO molecular sieves, as described in
US-A-4,440,871, include SAPO-5, SAPO-11, SAPO-17,
SAPO-20 , SAPO-31, SAPO-34, SAPO-35, SAPO-37, SAPO-40,
SAPO-41l, and SAPO-42.

The ewygemate starting material or feed comprises
hydrocarbons containing aliphatic moieties such as,
but not limited to, alcohols:'halides, mercaptans,
sulfides, amines, ethers, and carbényl compounds
(aldehydes, ketones, carboxylic acids, and the like)
or mixtures thereof. The aliphatic moiety preferably
contains from about 1 to about 10 carbon atoms, and
more preferably 1l to 4 carbon atoms. Thus the term
"oxydenate starting material" is intended to mean not
only what might be considered "true" oxygenates, e.g.,
alcohols, ethers, carbonyl compounds; but also those
compounds which behave in a similar fashion to "true"
oxygenates in the presence of the specified catalysts,
such as substituted paraffins, e.g., halides,.
mercaptans, sulfides, amines; Representative
oxygenates include methanol, isopropanol, n-propanol,
ethanol, fuel alcohols, dimethyl ether, diethyl ether,
methyl mercaptan, methyl sulfide, méthyl amine, ethyl
mercaptan, ethylchloride, formaldehyde.
dimethylketone, acetic acid, n-alkylamines, n-
alkylhalides, and n-alkylsulfldes havxng alkyl groups
of 1 to 10 carbon atoms or mixtures thereof. In a
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preferred embodiment of the present invention, the
feed comprises methanol. In another embodiment, the
feed, e.g., methancl, contains a diluent. The
addition of a diluent to the total feed charge
decreases paraffin production relative to olefin
production. . o

The term "cwmpgenmate starting material” or
"ewygenate feed" as employed in the present invention
and described herein designates only the orgadic
material used as the feed. However, the total charge
to the reaction zone may contain additional compounds
such as diluents. Use of a diluent as part of the -
feed, which is miscible with the oxygenate, imparts as
a non-limiting example, a smaller propane to propylene
(C30/C3=) ratio than the use of ,essentially anhydrous
oxygenate. However, even anhydrous oxygenates contain
trace quantities of diluents. Even though the process
described herein may employ a diluent, computable
quantities of the oxygenate feed (i.e, composition and
Weight Hourly Space Velocity (WHSV) are to be computed
as an essentially diluent-free oxygenate feed unless
otherwise stated.

The process is generally conducted in the
presence of one or more diluents which may for example
be present in the feed in an amount between about 1
and about 99 molar percent, based on the total number
of moles of all feed and diluent éomponents fed to the
reaction zone (or catalyst). The amount of diluent
added to the oxygenate feed will depend in part on the
type of catalyst selected, the silica-to-Me,03 ratio,
and the reaction temperature. Preferably, the molar
ratio of oxygenate feed-to-diluent (feed:diluent) is
about 1:1 to about 1:4. Diluents include, but are not
limited to, helium, argon, nitrogen, carbon monoxide,
carbon dioxide, hydrogen, water, paraffins,
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.Tabl e | Polyner- e Propyl ene Production

Pr opane/ NbL, i Feed/ Di | uent propyl ene Si eve
Me[err](Jerr ((err]/Cerr]) ZSM5 35

Met hanol / Wat M 5 1000 Met hanol (NA)
0. 044 ZSMm 5 Met hanol / Water (1:4) 0.037 ZSM5 1000
Met hanol / Wat 48 336 Met hanol / Water (1:1)

0. 038 Fe ZS Met harrol ¥¥ater (1:1) 0.039 SAPO 34 NA*

Met hanol / Wat (1:4) 0. 001

hydrocarbons (such as methane and the like), aromatic
compounds, and mixtures thereof. Preferably, the
diluent is water.

The instant process is preferably conducted in
the vapor phase such that the oxygenate feed is
contacted in the vapor phase in a reaction zone with
the molecular sieve at effective process conditions to
produce a paraffin/olefin, e.g., propane/propylene
ratio characteristic of high purity olefins or
polymer-grade propylene, i.e., an effective
temperature, silica-to-Me,0z ratio, pressure, WHSV
and, optionally, an effective amount of ‘diluent,
correlated to produce high purity olefins or polymer-
grade propylene. Alternatively, the process may be
conducted in a liquid phase. - .

The process may be effectively carried out
over a wide range of pressures including autogeneous
pressures. At pressures between about 0.001
atmospheres (0.76 torr) and about 1000 atmospheres
(760,000 torr), the formation of light olefin products
will be effected although the optimum amount of
product will not necessarily form at all pressures.
The preferred pressure is between 0.0l atmospheres
(7.6 torr) and 100 atmospheres (76,000 torr). The
pressures referred to herein for the process are
exclusive of the inert diiuent, 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,
although such ﬁressures do not fall within 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
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olefin products may not be optimal, although light
olefins such as ethylene may still be formed.

The process is effected for a period of time
sufficient to produce the desired light olefin (and
high purity 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 molecular sieve selected, the WHSV,
the phase (liquid or vapor), and process design
characteristics selected.

The oclefin production process may be carried out
in a batch, semi-continuous, or continuous 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
oxr continuously in an elongated tubular zone or a
number of such zones. When multiple reaction zones
axe employed, it may be advantageous to employ one or
more of such molecular sieves in series to provide for
a desired product mixture. Owing to the nature of the
rocess, it may be desirous to carry out the process
of the present invention by use of the molecular sieve
catalysts in a dynanmic (e.é., fluidized or moving) bed
ssystem 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 period of
time. If regeneration is required, the molecular
sieve catalyst can be continuously introduced as a
moving bed to a regeneration zone where it can be
regenerated, such as for example by removing
carbonaceous materials or by oxidation in an oxygen-
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containing atmosphere. In the preferred practice of
the invention, the catalyst will be subject to a
regeneration step by the burning of carbonaceous
deposits accumulated during reactions.

The effect of feedstock flow rate over molecular
sieves is well known to those skilled in the art.
Increasing the flow rate (WHSV) enhances olefin
production relative to paraffin production. However,
the enhanced olefin production relative to paraffin
_production is offset by a diminished conversion of
oxygenate to hydrocarbons at the higher flow rates.

According to the invention, the process for
conversion of an -ewsgenate feed to high purity olefins
such as polymer-grade propylehe using molecular sieves
is for example conducted at temperatures of from
approximately 350°C (662°F) to about 550°C (1022°F),
preferably 450°C (842°F) to 550°C (1022°F), and more
preferably at 440°C (824°F) to 460°C (860°F). The
silica-to-Me,0; molar ratio is preselected according
to the type of molecular sieve employed, the reaction
temperature used, and the degree of high purity
olefin, e.g., polymer-grade propylene, production
required. The WHSV of this reaction ishfor example
approximately 0.01 hr."! to about 100 hr.’!,
preferably 0.5 hr.”! to 10 hr.”!', and more preferably

0.8 hr.”! to 1.2 hr.’'. {~Per-gsM-S——at—g-o—hrl to—

In the process using ZSM-48, which zeolite is described
more fully in_US-A-4,397,827, the process temperature is preferably
400°C to 550°C, and more preferably 440°C to 460°C. The preferred
si]ica-to-Me,Q;mo1ar ratio is 320 to 353.
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2. A process according to claim1 wherein the tenperature is from
450[err] C to 5%fkewWHSY, qff efiee aptocésonuddfgersMcaso USYPreféfably 0.5 3.

A process accopding {9 ghahp b 0,4y WRSLE b e By ' 6.8"RP. to 1.2
hr.*. With 2sSM-48, at 0.8 hr.?* to 1.2 hr.7},
approximately 98% to 100% conversion of the feed to
hydrocarbons has been found to occur, comprising
approximately 30% propylene and < 1% propane in the case
where the olefin is propylene.

CemreratuYens SO =PE SEXDRN-GE

more preferably 440°C to 460°C. The preferred silica-
to-Mey03 molas ratic is however from 300 to 2500, more
preferably 320 to™S&3. The WHSV of the process using
ZSM-48 is preferably 0.%Nr.”! to 10 hr.”!, and more
preferably 0.8 hr.”! to 1.2 K™, With zsM-48, at
0.8 hr.”! to 1.2 hr."t, approximatel™~gg8% to 100%
conversion of the feed to hyérocarbons h¥s.been found
to occur, comprising approximately 30% propylerfesand
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In the process using FeZSM-5, which zeolite is
described in US-A-4,843,183; the preferred process
temperatures are as recited for ZSM-48. However, the
silica-to-Me,03 molar ratio is preferably from 332 to
368, more preferably about 350. The WHSV of the
process using FeZSM-5 is preferably 0.1 hr.”! to
10 hr.”', more preferably 0.8 hr.”! to 1.2 hr.”'. With
ZSM-48 at 0.8 hr.”! to 1.2 hr.”', approximately 98% to
100% conversion of the feed to hydrocarbons has been
found to occur, comprising approximately 25% propylene
with no propane production, in the case where the
olefin is propylene.

In the process using SAPO-34, which catalyst is
described in US-~-A-4,440,871, the process for
conversion of an oxyqeﬂate feed to high purity olefins
such as polymer-grade propylene may be conducted £foxz.

—oHABPlO—A - LonpPAratures- of 350°C—L0—-5502C—preferahly-



0.5 hr.[err] to 10 hr.[err], preferably 0.8 hr[err] to 1.2 hr.[err].

4. A process o | receding claim wherein

conpri ses ZSM 4 5, SAPO 11, SAPO- 17, SA%@E&‘T‘C%%@%ET
SAPC- 34, SAPO- 3% ., SAPO-41, or SAPO-42 or a mxture of any
two or nore ther

400°C to 550°C, and more preferably at 440°C to 460°C .
The WHSV of this process is preferably from 0.1 hr.”
to 10 hr."', and more preferably Swi—hFwl-to 10 hzwty
~and-mest-preferably 0.8 hr.’! to 1.2 hr.”'. With
SAPO-34 at 0.8 hr.”' to 1.2 hr.”!, approximately 98%
to 100% conversion of the feed to hydrocarbons has
been found to occur.
The. following examples illustrate the invention.

Exa e .

Zeolites 2SM-5, having silica-to-Me,0; molar
ratios (stlica-to-alumina meolar ratios) of 35, 350,
and 1000 (determined stoichiometrically), were
produced as described in Us-A-3,702,886.

Each ZSM-5 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion exchange was repeated two or three times, with
a calcination at 510°C (950°F) between each ion
exchange step.

The catalytic conversion of methanol or
methanol/water to hydrocarbons using each ZSM-5 having
a preselected silica-to-alumina ratio of 35, 350, and
1000 was carried out in a fixed bed 1.27 cm (1/2")
diameter , stainless steel reactor, equipped with a
0.32 cm (1/8") coiled preheater. -In addition, the
reactor was equipped with a 1/8" (0.32 cm) )
thermocouple well running axially through the reactor.
The reactor was heated in an Applied Test Systems 3
zone tube furnace 30.5 cm (12") long; 3.18 cm (13%")
I.D.) having one reactor with three spaced zones. The
first reactor zone is used as a preheater zone, and
the catalyst bed is heated in the second reactor zone.
The third reactor zone operates as a quench zone
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maintained at a temperature of about 200°C (392°F) to
about 300°C (572°F).

Generally, 2 grams (0.07 ounces) catalyst
(=14/+20 mesh) were mixed with 2.5 grams (0.09 ounces)
of quartz (-20/+6Q); the first and third reactor zone
were filled with quartz chips (-10/+20 mesh). To
improve the heat transfer between the second reactor
zone (containing the catalyst bed) and the furnace
heating coils, the second reactor zone was equipped
with a cylindrical (10.2 cm (-4"); 3.18 cm (1%")

0.D.) aluminum or stainléss steel block. This block
contained a central hole in order to be able to
measure the block temperature.

Gas flows (nitrogen or hydrogen) were controlled
by mass flow controllers, while liquid feed rates were
controlled by a Beckmann 114M pump or a2 Sage 341B
syringe pump.

The product emerzing from the reactor was
analyzed on line for {3i) carbon monoxide; carbon
dioxide; water; dimethyl ether; methanol; Cy-C;
hydrocarbons with a : Porepack Q column using a thermal
conductivity detector and (ii) Cy=Ay s hydrocarbons
with a DB-1 column ‘ustng a flame ionization detector.
The feed was either methanol or methanol:water (1:1 or
1:4 molar ratio as denoted in Table I) at a
WHSV=1.0 hr.”'." The reaction was conducted at 450°C
(842°F). The results Aare shown in Table I.

The same procedures as recited in Example 1,
using the same equipment , conditions and measurement
techniques, were empleoyed with several different
catalysts. These .catalysts, and the analyses of the
products made employin@ the process of the invention,
are further described -Zin Examples 2 - 4 and Table 1.
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xample 2

The zeclite 2ZSM-48, having a silica-to-Me,;0s
molar ratio of 336 (determined by wet chemical
anaiysis), was produced as described in UsS-A-
4,423,021, .

ZSM-48 was calcined at 510°C (950°F) and the
calcined material was icn exchanged with ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion exchange was repeated two or three times, with
a calcination at 510°C (950°F) between each ion
exchange step.

The feed was methanol:water (1:1 molar ratio) at
a WHSV=1.0 hr.”'. The reaction was conducted at 450°C
(842°F). The results are shown in Table I.

Example 3

The zeclite FeZSM~5, having a silica-to-Me,0;
ratio of 350 (determined stocichiometrically), was
produced as described in US-A-4,843,183.

FeZSM~-5 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion ekchange was repeated two or three times, with
a calcination at 510°C (950°F) between each ion
exchange step.

The feed was methanol:water (1:1 molar ratio) at
a WHSV=1.0 hr."'. The reaction was conducted at 450°C
(842°F). The results are shown in Table I.

Example 4

SAPO-34 was calcined at 510°C (950°F) and the
calcined material was ion exchanged with an ammonium
nitrate solution (85°C, 185°F; 12 hours). Generally,
the ion exchange was repeated two or three times, with
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a calcination at 510°C (950°F) between each ion
exchange step.

The feed was methanocl:water (1:4'molar ratio) at
a WHSV=1.0 hr.”'. The reaction was conducted at 450°C
(842°F). The results are shown in Table I.

Table I
Polymer-Grade Propylene Production
Propane/
Molecular Silica~to-  Feed/Diluent- propylene
Sieve Me,04 (molar ratio) (Cx0/C3=)
ZSM-5 35 Methanol/Water (1:1) 0.770%* .
ZSM~5 1000 Methanol (NA) 0.044
ZSM~-5 350 Methanol/Water (1:4) 0.037
ZSM-5 1000 Methanol/Water (1:1) 0.000
ZSM-48 336 Methancl/Water (1:1) 0.038
Fe ZSM-5 350 Methanol/Water (1:1) 0.039
SAPO-34 NA* Methanol/Water (1:4) 0.001

*NA signifies "not applicable.™
** signifies comparative.

As shown in Table I, olefins are formed by contacting
the oxygenate feed with a molecular sieve at a
temperature of between 350°C (662°F) to 550°C (1022°F).
By preselecting the silica-to-Mey0; ratio and/or
diluent, a product having a propane/propylene ratio
characteristic of high purity olefins can be produced.
This can be achieved without the need of
superfractionation to remove propane.
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1.

A process for selectively catalytically

converting a starting material comprising an oxygenate, or a
_substituted paraffin which is a halide, a mercaptan, a sulfide or

an amine, to high purity olefins, which process comprises contracting

_the starting material at a weight hourly space velocity (WHSV) of from

0.01'hr. to 100*hr , and at a temperature of from 350°C to 550°C,

with a molecular sieve catalyst comprising ZSM-48, a ferrosilicate

zeolite or a silicoaluminophosphate (SAPQ), which molecular sieve _

catalyst, in the case of ZSM-48 or ferrosilicate zeolites, has a silica

-to-Me,0; molar ratio (where Me is a Group IIIA or VIIIelement) of from
300 to 2500, and recovering the high purity olefins.

2. A process according to claim 1 wherein the

temperature is from 450°C to s'so°c, preferably from
440°C to 460°C.

3. A process according to claims 1 or.2 wherein -
the WHSV is from o= = =1

0.5 hr.”! to 10 hr."!

, mewe preferably 0.8 hr.”! to
1.2 hr.™.

—— ~ gy = B€ - -

wherein the molecul®

e catalyst comprises a
crystalline alumincsilicate zeolifwy—a.ferrosilicate

..... £ P 1 = - B =) AL S

4. A process according to @hy preceding claim, wherein i:he
catalyst comprises #9M—5; ZSM-48, FeZSM-5 or SAPO-5, 0—11
_SAP0-17, SAP0-20, SAPO-31, SAP0-34, SAP0-35, SAP0-37, SAP0-40, SAPO- 4],

or SAP0-42 or a mixture of any two or more thereof.




12: The use Qf.@a;~ZSML48.. Vi a silica-to- Me[err](err] ratio of from

.300 to 2500, pﬁeﬁgpg@¢mmgmfng o0 353 ; or (b)FeZSM5 having such ratio

of from332 to}§3 i Ilf coal uni nophosphat e (SAPO), PLACEVIENT SHEET
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for selectivel i ng mat eri al conpristng—an—oxygenerate or

a substituted garpf EZI L)fggggsrr:;czqm,cwuﬁ'mw’lﬂmﬁr an
| Mos

ami ne, to high §pu
S. A process according to claim 4, wherein (a)
the catalyst is ZSM-48and the ratio is from F50—te
2506—preferably—from950—to~1+0501—or—{tbr—tire—catalyse-
! @i 320 to 353; or (b) the
catalyst is FeZSM-5 and the ratio is from 332 to 368,
preferably about 350.

b A process according to Eny preceding claim
wherein the oxygenate startlng material comprises
. m v ethanol,
propancl, dimethyl ether, diethyl ether, and mixtures
of any two or more therecf.

L A process according to any preceding claim
wherein the -ewtgenater starting material additionally
comprises a diluent.

8. A process according to claim 7 wherein the
diluent is water.

:9. A process according to any preceding claim
wherein the high purity olefin product comprises
olefin and its corresponding paraffin in a paraffin to
olefin weight ratio of not more than 0.0S5.

10. A process according to any preceding claim
wherein the high purity olefin coﬁprises polymer grade
propylene containing not more than 5 wt%, preferably
not more than 1 wt%¥, of propane.

11. A process according to any preceding claim
wherein the high purity olefins are subjected to
additional purification by superfractionation.
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1). The use of (-a) ZsM-4® having a silica-to-

Me,03 ratio of from 300 to 2500, preferably from 320
to 353 :

or (b)FcZSM—s having such ratio of from 332
to 368 , peeferak e

14

-haw—rnq—-sueh——za—t—re—e—ﬁ-—ﬁ;em—;&a—t@—m or (c) a
silicoaluminophosphate (SAPO), as catalyst for
selectively converting astarting material comprising an
oxygenerate or a subst1tuted paraffin which is a halide, a mercaptan,

a sulfide or an’ am1ne, to high purity olefins by the process as
defined in Claim 1.
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PRODUCTION OF HIGH PURITY OLEFINS

ABSTRACT

A process for converting an oxygenate feed to high
purity olefins such as polymer-grade propylene (C,0/C;= =
0.05) at a temperature of about 450 °C (842 °F), using a
molecular sieve catalyst having a high preselected Si/al,
ration (such as ZSM-5, 2ZSM-48) or preselected Si/Fe, ratio
(such as FeZSM-5), or SAPO-34.



