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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a process of controlling the ratio of ethylene to propylene in an oxygenate to
olefin (OTO) conversion process.

BACKGROUND OF THE INVENTION

[0002] Light olefins, defined herein as ethylene and propylene, are important commodity petrochemicals useful in a
variety of processes for making plastics and other chemical compounds. Ethylene is used to make various polyethylene
plastics, and in making other chemicals vinyl chloride, ethylene oxide, ethyl benzene and alcohol. Propylene is used to
make various polypropylene plastics, and in making other chemicals such as acrylonitrile and propylene oxide.
[0003] The petrochemical industry has known for some time that oxygenates, especially alcohols, are convertible into
light olefins. The preferred conversion process is generally referred to as an oxygenate to olefin (OTO) reaction process.
Specifically, in an OTO reaction process, an oxygenate contacts a molecular sieve catalyst composition under conditions
effective to convert at least a portion of the oxygenate to light olefins. When methanol is the oxygenate, the process is
generally referred to as a methanol to olefin (MTO) reaction process. Methanol is a particularly preferred oxygenate for
the synthesis of ethylene and/or propylene.
[0004] US2002/147376 discloses a method for converting an oxygenate feed to an olefin product.
DD257740 discloses a method for producing C2 to C4 olefins.
US4638106 discloses a two stage process for improving the catalyst life of zeolites in the synthesis of lower olefins from
alcohols and their ether derivatives.
US4825013 discloses the preparation of ethanol and higher alcohols from lower carbon number alcohols.
US4304946 discloses a process for producing ethanol.
EP0109645 discloses a method for the simultaneous production of methanol and ethanol.
GB2078745 discloses a method for the production of alcohols from synthesis gas.
US4605677 discloses a process for C1 -C4 alkanol production from synthesis gas.
US4398050 discloses a process for the production of olefins from synthesis gas.
US4596782 discloses a process for manufacturing catalysts containing copper, zinc and aluminum, useful for producing
methanol from synthesis gas.
LEONARD J P ET AL: "Non-conventional sources for ethylene?" Energy Progress, New York, NY, US, Vol. 1, no. 1-4,
December 1981 (1981-12), pages 41-44, ISSN: 0278-4521.
TAKEUCHI KAZUHIKO: "Synthetic process of basic chemicals from syngas" CAPLUS, 2 January 1997 (1997-01-02).
Depending on the respective commercial markets for ethylene and propylene, it may be desirable to vary the weight
ratio of ethylene to propylene formed in an OTO reaction system. It has recently been discovered, however, that although
percent conversion may vary with a change in reaction conditions, e.g., temperature or pressure, the selectivity of a
methanol-containing feedstock for ethylene and propylene in an OTO reaction system is relatively insensitive to changes
in reaction conditions. Thus, the need exists in the art for a process for varying the ratio of ethylene to propylene formed
in an OTO reaction system.

SUMMARY OF THE INVENTION

[0005] According to the invention, there is provided a process as defined in any one of the accompanying claims.
[0006] In one embodiment, the invention is to a process of controlling the ratio of ethylene to propylene in an oxygenate
to olefin (OTO) conversion process, wherein the process comprises the steps of: (a) varying the ratio of methanol and
ethanol that is directed the OTO conversion process reaction zone, wherein the weight ratio of methanol to ethanol is
greater than 6.0 and less than 10.0, and preferably greater than 6.5 and less than 9.5, and most preferably about 7.3;
and (b) contacting the methanol and the ethanol in the reaction zone with a silicoaluminophosphate molecular sieve
catalyst composition at a temperature of 350°C to 1000°C to convert the methanol and the ethanol to the light olefins
at an ethylene to propylene weight ratio of greater than 1.0 without adding heat to the reaction zone. By directing methanol
and ethanol to the reaction zone in the weight ratios indicated above, the net heat of reaction, ΔHnet, for the conversion
of the methanol and ethanol to the light olefins can be balanced for maximum ethylene synthesis. Thus, the light olefins
formed in the reaction zone are relatively rich in ethylene (compared to the light olefins formed from a feedstock comprising
about 100 wt.% methanol), which typically is a more desirable olefin than propylene. For example, the light olefins may
have an ethylene to propylene weight ratio of from greater than 1.0 to 2.5, or more preferably from greater than 1.0 to 1.2.
[0007] Optionally, the molecular sieve catalyst composition comprises a small pore zeolite or a molecular sieve selected
from the group consisting of: MeAPSO, SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-
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31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, AEI/CHA
intergrowths, metal containing forms thereof, intergrown forms thereof, and mixtures thereof. By implementing such
small pore catalysts, the amount of aromatic compounds formed in the OTO reaction system can be advantageously
minimized. In one embodiment, the light olefins are yielded from the reaction zone in an effluent stream comprising less
than 5.0 weight percent, more preferably less than 1.0 weight percent, and more preferably less than 0.05 weight percent
aromatic compounds, based on the total weight of the effluent stream.
[0008] Preferably, the methanol and the ethanol are formed in a synthesis zone containing a methanol synthesis
catalyst and an ethanol synthesis catalyst, optionally in a weight ratio of from about 1.0 to about 5.0, preferably from
about 2.0 to about 4.0. Thus, the process optionally includes a step of: (c) contacting syngas with a methanol synthesis
catalyst and an ethanol synthesis catalyst, prior to step (a), under first conditions effective to convert the syngas to the
methanol, the ethanol and water. Alternatively, the methanol and the ethanol are formed by contacting syngas with a
single synthesis catalyst (rather than a combination of different catalysts) under conditions effective to form the methanol
and the ethanol. In this embodiment, the synthesis catalyst preferably comprises one or more of the ethanol synthesis
catalysts described herein, which forms methanol in addition to ethanol. Typically, water is formed during the synthesis
of the methanol and the ethanol, and the process may include a step of: (d) removing, prior to step (a), a weight majority
of the water formed in step (c) from the methanol and the ethanol formed in step (c) to form a dry alcohol-containing
stream comprising a weight majority of the methanol and a weight majority of the ethanol formed in step (c). In one
embodiment, the invention includes the step of varying the first conditions, e.g., by changing the temperature at which
the contacting in step (c) occurs, to modify the weight ratio of the methanol to ethanol formed. Step (d) optionally is
responsive to a determination that the weight ratio of ethylene to propylene in the light olefins formed in step (a) should
be increased or decreased.
[0009] Optionally, a natural gas stream contacts oxygen in a syngas generation zone under conditions effective to
convert the natural gas stream into the syngas. The methanol synthesis catalyst preferably comprises a metal oxide,
and the ethanol synthesis catalyst preferably comprises an alkali-treated metal sulfide. The methanol and the ethanol
preferably are directed to the reaction zone in an alcohol-containing stream comprising from about 0.1 to about 10.0
weight percent water, based on the total weight of the alcohol-containing stream.
[0010] Optionally, the invention further comprises the steps of: (c) contacting a first amount of a first syngas stream
comprising carbon monoxide, carbon dioxide and hydrogen with a methanol synthesis catalyst in a first synthesis zone
under first conditions effective to form a methanol-containing stream comprising the methanol provided in step (a); and
(d) contacting a second amount of a second syngas stream comprising carbon monoxide, carbon dioxide and hydrogen
with an ethanol synthesis catalyst in a second synthesis zone under second conditions effective to form an ethanol-
containing stream comprising the ethanol provided in step (a). The process optionally further comprises the step of: (e)
combining at least a portion of the methanol-containing stream with at least a portion of the ethanol-containing stream
to form a combined stream, wherein step (a) comprises providing at least a portion of the combined stream to the reaction
zone.
[0011] In another embodiment, the invention is to a process for forming ethylene and propylene from an alcohol-
containing feedstock comprising methanol and fuel alcohol. As used herein, "fuel alcohol" means an alcohol-containing
composition comprising ethanol, one or more C3 alcohols, one or more C4 alcohols and optionally one or more C5+
alcohols. Optionally, the methanol in the alcohol-containing feedstock is formed in a process for converting syngas to
methanol in the presence of a methanol synthesis catalyst composition, while the fuel alcohol in the alcohol-containing
feedstock is formed from a reaction of syngas over a fuel alcohol synthesis catalyst. The alcohol-containing feedstock
is directed to an oxygenate to olefin (OTO) reaction system for the conversion thereof to ethylene and propylene. The
resulting weight ratio of ethylene to propylene formed in the OTO reaction system advantageously can be varied by
varying the weight ratio of the methanol to fuel alcohols in the alcohol-containing feedstock that is directed to the OTO
reaction system.
[0012] In one embodiment, the invention is to a process for forming light olefins from an alcohol-containing stream. In
this embodiment, the process comprises the steps of: (a) providing a methanol-containing stream comprising methanol;
(b) providing a fuel alcohol-containing stream comprising ethanol, a C3 alcohol and a C4 alcohol; (c) combining the
methanol-containing stream and the fuel alcohol-containing stream to form a combined alcohol-containing stream; and
(d) contacting at least a portion of the combined alcohol-containing stream with a molecular sieve catalyst composition
in a reaction zone under conditions effective to form ethylene and propylene. Optionally, the ethylene and propylene
are yielded in an effluent stream having an ethylene to propylene weight ratio of from about 1.2 to about 2.0. In one
embodiment, the process further comprises the steps of: (e) contacting a first syngas stream comprising carbon monoxide,
carbon dioxide and hydrogen with a methanol synthesis catalyst under first conditions effective to form the methanol-
containing stream; and (f) contacting a second syngas stream comprising carbon monoxide, carbon dioxide and hydrogen
with a fuel alcohol synthesis catalyst under second conditions effective to form a fuel alcohol-containing stream comprising
ethanol, the C3 alcohol and the C4 alcohol. Preferably, steps (e) and (f) occur in parallel.
[0013] Optionally, the fuel alcohol-containing stream is formed by contacting syngas with a fuel alcohol synthesis
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catalyst comprising a microporous zeolitic material under conditions effective to convert the syngas to the fuel alcohol-
containing stream. The fuel alcohol-containing stream optionally is formed by contacting syngas with a fuel alcohol
synthesis catalyst under conditions effective to convert the syngas to the fuel alcohol-containing stream, wherein the
fuel alcohol synthesis catalyst comprises one or more of Cu/ZnO/Cr2O3 and Cu/ZnO/Al2O3, and wherein the fuel alcohol
synthesis catalyst optionally is alkali promoted. Additionally or alternatively, the fuel alcohol-containing stream is formed
by contacting syngas with a fuel alcohol synthesis catalyst under conditions effective to convert the syngas to the fuel
alcohol-containing stream, wherein the fuel alcohol synthesis catalyst comprises rhodium. Additionally or alternatively,
the fuel alcohol-containing stream is formed by contacting syngas with a fuel alcohol synthesis catalyst under conditions
effective to convert the syngas to the fuel alcohol-containing stream, wherein the fuel alcohol synthesis catalyst comprises
an oxide of one or more of zinc, chromium, copper, cobalt, and nickel, and wherein the fuel alcohol synthesis catalyst
optionally is alkali, lanthanum or cerium promoted. Additionally or alternatively, the fuel alcohol-containing stream is
formed by contacting syngas with a fuel alcohol synthesis catalyst under conditions effective to convert the syngas to
the fuel alcohol-containing stream, wherein the fuel alcohol synthesis catalyst comprises one or more of MoS2 and
Co/MoS2, and wherein the fuel alcohol synthesis catalyst optionally is alkali promoted. The fuel alcohol-containing stream
optionally comprises less than about 75 weight percent methanol, based on the total weight of the fuel alcohol-containing
stream. Additionally or alternatively, the fuel alcohol-containing stream comprises at least about 10 weight percent
ethanol, preferably at least about 25 weight percent ethanol, based on the total weight of the fuel alcohol-containing
stream. Optionally, the fuel alcohol-containing stream comprises at least about 10 weight percent C3-C4 alcohols, based
on the total weight of the fuel alcohol-containing stream.
[0014] Optionally, the methanol in the methanol-containing stream is formed by contacting syngas with a methanol
synthesis catalyst under conditions effective to convert the syngas to the methanol in the methanol-containing stream,
wherein the methanol synthesis catalyst comprises an oxide of one or more of copper, zinc and aluminum.
[0015] Optionally, the combined alcohol-containing stream comprises less than about 91 weight percent methanol,
based on the total weight of the combined alcohol-containing stream. In terms of lower range limits, the combined alcohol-
containing stream optionally comprises more than 86 weight percent methanol, based on the total weight of the combined
alcohol-containing stream. The combined alcohol-containing stream optionally has a methanol to C2-C4 alcohol weight
ratio of from about 0.1 to about 4.0, preferably from about 0.33 to about 3.0.
[0016] In another embodiment, the invention is to a process for producing an alcohol mixture suitable for use as a
feedstock for an oxygenate to olefin reaction system, the process comprising the steps of: (a) contacting a first syngas
stream comprising carbon monoxide, carbon dioxide and hydrogen with a methanol synthesis catalyst under first con-
ditions effective to form a methanol-containing stream comprising methanol and water; (b) contacting a second syngas
stream comprising carbon monoxide, carbon dioxide and hydrogen with a fuel alcohol synthesis catalyst under second
conditions effective to form a fuel alcohol-containing stream comprising ethanol, propanol and butanol; and (c) combining
at least a portion of the methanol-containing stream with at least a portion of the fuel alcohol-containing stream to form
a combined stream, wherein the combined stream has a methanol to C2-C4 alcohol weight ratio of from about 0.1 to
about 4.0, more preferably from about 0.33 to about 3.0, and most preferably from about 0.5 to about 1.0. The process
optionally further comprises the step of: (d) removing the water from the combined stream to form a dry combined stream.
The dry combined stream optionally comprises less than about 10 weight percent water based on the total weight of the
dry combined stream. The methanol synthesis catalyst and fuel alcohol synthesis catalyst may be selected from the
catalysts disclosed above. Preferably steps (a) and (b) occur in parallel. The process optionally further comprises the
step of: (d) directing the combined stream or a portion thereof (either an aliquot or non-aliquot portion) to an oxygenate
to olefin reaction system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] This invention will be better understood by reference to the detailed description of the invention when taken
together with the attached drawings, wherein:

Fig. 1 is a flow diagram of a methanol synthesis system;
Fig. 2 is a flow diagram of one embodiment of the present invention;
Fig. 3 is a flow diagram of another embodiment of the present invention;
Fig. 4 is a flow diagram of another embodiment of the present invention;
Fig. 5 is a graph plotting prime olefin selectivity and reaction temperature as functions of ethanol content in a
methanol-containing feed;
Fig. 6 is a flow diagram of another embodiment of the present invention; and
Fig. 7 is a flow diagram of another embodiment of the present invention.



EP 1 685 086 B1

5

5

10

15

20

25

30

35

40

45

50

55

DETAILED DESCRIPTION OF THE INVENTION

A. INTRODUCTION

[0018] The present invention provides processes for forming one or more light olefins, defined herein as ethylene and
propylene, from an alcohol-containing feedstock comprising methanol and ethanol in a desired weight ratio. It has now
been discovered that by varying the ratio of methanol to ethanol that is directed to an oxygenate to olefin (OTO) conversion
process, the ratio of ethylene to propylene formed in the conversion process can be desirably controlled. It has also
been discovered that an alcohol-containing feedstock having a methanol to ethanol weight ratio of greater than 6.0 and
less than 10.0, preferably greater than 6.5 and less than 9.5, and most preferably about 7.3 provides ideal thermodynamic
conditions for forming light olefins from an alcohol-containing stream comprising methanol and ethanol.
[0019] By directing methanol and ethanol to the reaction zone in the desired weight ratios described herein, the net
heat of reaction, ΔHnet, for the conversion of the methanol and ethanol to the light olefins can be balanced to effect a
maximum production of ethylene without adding heat to the reaction zone. Specifically, the heat evolved from the
exothermic conversion of methanol to light olefins is utilized in the endothermic conversion of ethanol to ethylene thereby
providing a commensurate increase in operating efficiency. Additionally, the light olefins formed in the reaction zone are
desirably rich in ethylene, which typically is more valuable than propylene, compared to the mixture of light olefins formed
from a feedstock comprising entirely methanol.
[0020] The methanol preferably is synthesized in a methanol synthesis unit, and the ethanol preferably is synthesized
in an ethanol synthesis unit, which preferably includes an ethanol synthesis zone and/or a fuel alcohol synthesis zone.
The alcohol-containing feedstock is particularly well-suited for use as a feedstock in an OTO reaction system. Thus, in
one embodiment, the present invention is directed to a system for producing light olefins, which system optionally
comprises a methanol synthesis unit, an ethanol synthesis unit and an OTO reaction system.
[0021] In a similar embodiment, the invention provides processes for forming an alcohol-containing stream comprising
methanol and fuel alcohol. As used herein, "fuel alcohol" means an alcohol-containing composition comprising ethanol,
one or more C3 alcohols and one or more C4 alcohols. The methanol in the alcohol-containing stream is formed in a
process for converting syngas to methanol in the presence of a catalyst composition. The fuel alcohol in the alcohol-
containing stream is formed from a fuel alcohol synthesis reaction or reactions of syngas in the presence of a fuel alcohol
synthesis catalyst. The alcohol-containing stream preferably is directed to an OTO reaction system, wherein the methanol
and fuel alcohol contained in the alcohol-containing stream are converted to ethylene and propylene, optionally one or
more butenes and/or optionally one or more pentenes.
[0022] According to one preferred embodiment of the present invention, the resulting weight ratio of ethylene to
propylene that is formed in the OTO reaction system can be varied by varying the weight ratio of the methanol to fuel
alcohol contained in the alcohol-containing stream that is directed to the OTO reaction system. Thus, in one embodiment,
the present invention is directed to an integrated system wherein methanol is synthesized in a methanol synthesis unit,
and fuel alcohol is synthesized in a fuel alcohol synthesis unit. Preferably the methanol and the fuel alcohol are combined
to form a combined stream, which is directed to an OTO reaction system for the formation of ethylene and propylene.
A detailed description of methanol synthesis systems will now be described.

B. METHANOL SYNTHESIS SYSTEMS

1. Examples of Methanol Synthesis Processes

[0023] There are numerous technologies available for producing methanol including fermentation or the reaction of
synthesis gas (syngas) derived from a hydrocarbon feed stream, which may include natural gas, petroleum liquids,
carbonaceous materials including coal, recycled plastics, municipal waste or any other organic material. Methanol is
typically synthesized from the catalytic reaction of syngas in a methanol synthesis reactor in the presence of a hetero-
geneous catalyst. For example, in one synthesis process methanol is produced using a copper/zinc oxide catalyst in a
water-cooled tubular methanol reactor. Syngas is defined as a gas comprising carbon monoxide (CO), preferably hy-
drogen (H2) and optionally carbon dioxide (CO2). Optionally, syngas may also include unreacted feedstocks such as
methane (CH4), ethane, propane, heavier hydrocarbons, or other compounds. Generally, the production of syngas
involves a reforming reaction of natural gas, mostly methane, and an oxygen source into hydrogen, carbon monoxide
and/or carbon dioxide. Syngas production processes are well known, and include conventional steam reforming, auto-
thermal reforming, or a combination thereof.
[0024] Methanol compositions can be manufactured from a hydrocarbon feed stream derived from a variety of carbon
sources. Examples of such sources include biomass, natural gas, C1-C5 hydrocarbons, naphtha, heavy petroleum oils,
or coke (i.e., coal). Preferably, the hydrocarbon feed stream comprises methane in an amount of at least about 50% by
volume, more preferably at least about 70% by volume, most preferably at least about 80% by volume. In one embodiment
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of this invention natural gas is the preferred hydrocarbon feed source.
[0025] One way of converting the carbon source to a methanol composition is to first convert the carbon source to
syngas, and then convert the syngas to the methanol composition. Any conventional process can be used. In particular,
any conventional carbon oxide conversion catalyst can be used to convert the syngas to the methanol composition. In
one embodiment, the carbon oxide conversion catalyst is a nickel containing catalyst.
[0026] The hydrocarbon feed stream that is used in the conversion of hydrocarbon to syngas is optionally treated to
remove impurities that can cause problems in further processing of the hydrocarbon feed stream. These impurities can
poison many conventional propylene and ethylene forming catalysts. A majority of the impurities that may be present
can be removed in any conventional manner. The hydrocarbon feed is preferably purified to remove sulfur compounds,
nitrogen compounds, particulate matter, other condensables, and/or other potential catalyst poisons prior to being con-
verted into syngas.
[0027] In one embodiment of the invention, the hydrocarbon feed stream is passed to a syngas plant. The syngas
preferably has an appropriate molar ratio of hydrogen to carbon oxide (carbon monoxide and/or carbon dioxide), as
described below. The syngas plant may employ any conventional means of producing syngas, including partial oxidation,
steam or CO2 reforming, or a combination of these two chemistries.
[0028] Steam reforming generally comprises contacting a hydrocarbon with steam to form syngas. The process pref-
erably includes the use of a catalyst.
[0029] Partial oxidation generally comprises contacting a hydrocarbon with oxygen or an oxygen-containing gas such
as air to form syngas. Partial oxidation takes place with or without the use of a catalyst, although the use of a catalyst
is preferred. In one embodiment, water (steam) is added with the feed in the partial oxidation process. Such an embodiment
is generally referred to as autothermal reforming.
[0030] Conventional syngas-generating processes include gas phase partial oxidation, autothermal reforming, fluid
bed syngas generation, catalytic partial oxidation and various processes for steam reforming.

2. Steam Reforming to Make Syngas

[0031] In the catalytic steam reforming process, hydrocarbon feeds are converted to a mixture of H2, CO and CO2 by
reacting hydrocarbons with steam over a catalyst. This process involves the following reactions:

(1)

CH4 + H2O " CO + 3H2

or

(2)

CnHm + nH2O " nCO + [n+(m/2)]H2 and

(3)

CO + H2O " CO2 + H2 (shift reaction)

[0032] The reaction is carried out in the presence of a catalyst. Any conventional reforming type catalyst can be used.
The catalyst used in the step of catalytic steam reforming comprises at least one active metal or metal oxide of Group
6 or Group 8-10 of the Periodic Table of the Elements. The Periodic Table of the Elements referred to herein is that from
CRC Handbook of Chemistry and Physics, 82nd Edition, 2001-2002, CRC Press LLC.
[0033] In one embodiment, the catalyst contains at least one Group 6 or Group 8-10 metal, or oxide thereof, having
an atomic number of 28 or greater. Specific examples of reforming catalysts that can be used are nickel, nickel oxide,
cobalt oxide, chromia and molybdenum oxide. Optionally, the catalyst is employed with at least one promoter. Examples
of promoters include alkali and rare earth promoters. Generally, promoted nickel oxide catalysts are preferred.
[0034] The amount of Group 6 or Group 8-10 metals in the catalyst can vary. Preferably, the catalyst includes from
about 3 wt % to about 40 wt % of at least one Group 6 or Group 8-10 metal, based on total weight of the catalyst.
Preferably, the catalyst includes from about 5 wt % to about 25 wt % of at least one Group 6 or Group 8-10 metal, based
on total weight of the catalyst.
[0035] The reforming catalyst optionally contains one or more metals to suppress carbon deposition during steam
reforming. Such metals are selected from the metals of Group 14 and Group 15 of the Periodic Table of the Elements.
Preferred Group 14 and Group 15 metals include germanium, tin, lead, arsenic, antimony, and bismuth. Such metals
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are preferably included in the catalyst in an amount of from about 0.1 wt % to about 30 wt %, based on total weight of
nickel in the catalyst.
[0036] In a catalyst comprising nickel and/or cobalt there may also be present one or more platinum group metals,
which are capable of increasing the activity of the nickel and/or cobalt and of decreasing the tendency to carbon lay-
down when reacting steam with hydrocarbons higher than methane. The concentration of such platinum group metal is
typically in the range 0.0005 to 0.1 weight percent metal, calculated as the whole catalyst unit. Further, the catalyst,
especially in preferred forms, can contain a platinum group metal but no non-noble catalytic component. Such a catalyst
is more suitable for the hydrocarbon steam reforming reaction than one containing a platinum group metal on a conven-
tional support because a greater fraction of the active metal is accessible to the reacting gas. A typical content of platinum
group metal when used alone is in the range 0.0005 to 0.5% w/w as metal, calculated on the whole catalytic unit.
[0037] In one embodiment, the reformer unit includes tubes which are packed with solid catalyst granules. Preferably,
the solid catalyst granules comprise nickel or other catalytic agents deposited on a suitable inert carrier material. More
preferably, the catalyst is NiO supported on calcium aluminate, alumina, spinel type magnesium aluminum oxide or
calcium aluminate titanate.
[0038] In yet another embodiment, both the hydrocarbon feed stream and the steam are preheated prior to entering
the reformer. The hydrocarbon feedstock is preheated up to as high a temperature as is consistent with the avoiding of
undesired pyrolysis or other heat deterioration. Since steam reforming is endothermic in nature, and since there are
practical limits to the amount of heat that can be added by indirect heating in the reforming zones, preheating of the feed
is desired to facilitate the attainment and maintenance of a suitable temperature within the reformer itself. Accordingly,
it is desirable to preheat both the hydrocarbon feed and the steam to a temperature of at least 200°C; preferably at least
400°C. The reforming reaction is generally carried out at a reformer temperature of from about 500°C to about 1,200°C,
preferably from about 800°C to about 1,100°C, and more preferably from about 900°C to about 1,050°C.
[0039] Gas hourly space velocity in the reformer should be sufficient for providing the desired CO to CO2 balance in
the syngas. Preferably, the gas hourly space velocity (based on wet feed) is from about 3,000 per hour to about 10,000
per hour, more preferably from about 4,000 per hour to about 9,000 per hour, and most preferably from about 5,000 per
hour to about 8,000 per hour.
[0040] Any conventional reformer can be used in the step of catalytic steam reforming. The use of a tubular reformer
is preferred. Preferably, the hydrocarbon feed is passed to a tubular reformer together with steam, and the hydrocarbon
and steam contact a steam reforming catalyst. In one embodiment, the steam reforming catalyst is disposed in a plurality
of furnace tubes that are maintained at an elevated temperature by radiant heat transfer and/or by contact with combustion
gases. Fuel, such as a portion of the hydrocarbon feed, is burned in the reformer furnace to externally heat the reformer
tubes therein. See, for example, Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd Ed., 1990, vol. 12, p. 951; and
Ullmann’s Encyclopedia of Industrial Chemistry, 5th Ed., 1989, vol. A-12, p. 186.
[0041] The ratio of steam to hydrocarbon feed will vary depending on the overall conditions in the reformer. The amount
of steam employed is influenced by the requirement of avoiding carbon deposition on the catalyst, and by the acceptable
methane content of the effluent at the reforming conditions maintained. On this basis, the mole ratio of steam to hydro-
carbon feed in the conventional primary reformer unit is preferably from about 1.5:1 to about 5:1, preferably from about
2:1 to about 4:1.
[0042] Typically, the syngas formed comprises hydrogen and a carbon oxide. The hydrogen to carbon oxide ratio of
the syngas produced will vary depending on the overall conditions of the reformer. Preferably, the molar ratio of hydrogen
to carbon oxide in the syngas will range from about 1:1 to about 5:1. More preferably the molar ratio of hydrogen to
carbon oxide will range from about 2:1 to about 3:1. Even more preferably the molar ratio of hydrogen to carbon oxide
will range from about 2:1 to about 2.5:1. Most preferably the molar ration of hydrogen to carbon oxide will range from
about 2:1 to about 2.3:1.
[0043] Steam reforming is generally carried out at superatmospheric pressure. The specific operating pressure em-
ployed is influenced by the pressure requirements of the subsequent process in which the reformed gas mixture is to
be employed. Although any superatmospheric pressure can be used in practicing the invention, pressures of from about
175 psig (1,308 kPa abs.) to about 1,100 psig (7,686 kPa abs.) are desirable. Preferably, steam reforming is carried out
at a pressure of from about 300 psig (2,170 kPa abs.) to about 800 psig (5,687 kPa abs.), more preferably from about
350 psig (2,515 kPa abs.) to about 700 psig (4,928 kPa abs.).

3. Partial Oxidation to Make Syngas

[0044] The invention optionally provides for the production of syngas, or CO and H2, by oxidative conversion (also
referred to herein as partial oxidation) of hydrocarbons, particularly natural gas and C1-C5 hydrocarbons. According to
the process, one or more hydrocarbons are reacted with free-oxygen to form CO and H2. The process is carried out with
or without a catalyst. The use of a catalyst is preferred, preferably with the catalyst containing at least one non-transition
or transition metal oxides. The process is essentially exothermic, and is an incomplete combustion reaction, having the
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following general formula:

(1)

CnHm + (n/2)O2 " nCO + (m/2)H2

[0045] Non-catalytic partial oxidation of hydrocarbons to H2, CO and CO2 is desirably used for producing syngas from
heavy fuel oils, primarily in locations where natural gas or lighter hydrocarbons, including naphtha, are unavailable or
uneconomical compared to the use of fuel oil or crude oil. The non-catalytic partial oxidation process is carried out by
injecting preheated hydrocarbon, oxygen and steam through a burner into a closed combustion chamber. Preferably,
the individual components are introduced at a burner where they meet in a diffusion flame, producing oxidation products
and heat. In the combustion chamber, partial oxidation of the hydrocarbons generally occurs with less than stoichiometric
oxygen at very high temperatures and pressures. Preferably, the components are preheated and pressurized to reduce
reaction time. The process preferably occurs at a temperature of from about 1,350°C to about 1,600°C, and at a pressure
of from above atmospheric to about 150 atm.
[0046] Catalytic partial oxidation comprises passing a gaseous hydrocarbon mixture, and oxygen, preferably in the
form of air, over reduced or unreduced composite catalysts. The reaction is optionally accompanied by the addition of
water vapor (steam). When steam is added, the reaction is generally referred to as autothermal reduction. Autothermal
reduction is both exothermic and endothermic as a result of adding both oxygen and water.
[0047] In the partial oxidation process, the catalyst comprises at least one transition element selected from the group
consisting of Ni, Co, Pd, Ru, Rh, Ir, Pt, Os and Fe. Preferably, the catalyst comprises at least one transition element
selected from the group consisting of Pd, Pt, and Rh. In another embodiment, preferably the catalyst comprises at least
one transition element selected form the group consisting of Ru, Rh, and Ir.
[0048] In one embodiment, the partial oxidation catalyst further comprises at least one metal selected from the group
consisting of Ti, Zr, Hf, Y, Th, U, Zn, Cd, B, Al, T1, Si, Sn, Pb, P, Sb, Bi, Mg, Ca, Sr, Ba, Ga, V, and Sc. Also, optionally
included in the partial oxidation catalyst is at least one rare earth element selected from the group consisting of La, Ce,
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu.
[0049] In another embodiment the catalyst employed in the process may comprise a wide range of catalytically active
components, for example Pd, Pt, Rh, Ir, Os, Ru, Ni, Cr, Co, Ce, La and mixtures thereof. Materials not normally considered
to be catalytically active may also be employed as catalysts, for example refractory oxides such as cordierite, mullite,
mullite aluminum titanate, zirconia spinels and alumina.
[0050] In yet another embodiment, the catalyst is comprised of metals selected from those having atomic number 21
to 29, 40 to 47 and 72 to 79, the metals Sc, Ti V, Cr, Mn, Fe, Co, Ni, Cu, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Hf, Ta, W, Re,
Os Ir, Pt, and Au. The preferred metals are those in Group 8 of the Periodic Table of the Elements, that is Fe, Os, Co,
Re, Ir, Pd, Pt, Ni, and Ru.
[0051] In another embodiment, the partial oxidation catalyst comprises at least one transition or non-transition metal
deposited on a monolith support. The monolith supports are preferably impregnated with a noble metal such as Pt, Pd
or Rh, or other transition metals such as Ni, Co, Cr and the like. Desirably, these monolith supports are prepared from
solid refractory or ceramic materials such as alumina, zirconia, magnesia, ceria, silica, titania, mixtures thereof, and the
like. Mixed refractory oxides, that is refractory oxides comprising at least two cations, may also be employed as carrier
materials for the catalyst.
[0052] In one embodiment, the catalyst is retained in form of a fixed arrangement. The fixed arrangement generally
comprises a fixed bed of catalyst particles. Alternatively, the fixed arrangement comprises the catalyst in the form of a
monolith structure. The fixed arrangement may consist of a single monolith structure or, alternatively, may comprise a
number of separate monolith structures combined to form the fixed arrangement. A preferred monolith structure comprises
a ceramic foam. Suitable ceramic foams for use in the process are available commercially.
[0053] In yet another embodiment, the feed comprises methane, and the feed is injected with oxygen into the partial
oxidation reformer at a methane to oxygen (i.e., O2) ratio of from about 1.2:1 to about 10:1. Preferably the feed and
oxygen are injected into the reformer at a methane to oxygen ratio of from about 1.6:1 to about 8:1, more preferably
from about 1.8:1 to about 4:1.
[0054] Water may or may not be added to the partial oxidation process. When added, the concentration of water
injected into the reformer is not generally greater than about 65 mole %, based on total hydrocarbon and water feed
content. Preferably, when water is added, it is added at a water to methane ratio of not greater than 3:1, preferably not
greater than 2:1.
[0055] The catalyst may or may not be reduced before the catalytic reaction. In one embodiment, the catalyst is reduced
and reduction is carried out by passing a gaseous mixture comprising hydrogen and inert gas (e.g., N2, He, or Ar) over
the catalyst in a fixed bed reactor at a catalyst reduction pressure of from about 1 atm to about 5 atm, and a catalyst
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reduction temperature of from about 300°C to about 700°C. Hydrogen gas is used as a reduction gas, preferably at a
concentration of from about 1 mole % to about 100 mole %, based on total amount of reduction gas. Desirably, the
reduction is further carried out at a space velocity of reducing gas mixture of from about 103 cm3/g·hr to about 105
cm3/g·hr for a period of from about 0.5 hour to about 20 hours.
[0056] In one embodiment, the partial oxidation catalyst is not reduced by hydrogen. When the catalyst is not reduced
by hydrogen before the catalytic reaction, the reduction of the catalyst can be effected by passing the hydrocarbon feed
and oxygen (or air) over the catalyst at temperature in the range of from about 500°C to about 900°C for a period of
from about 0.1 hour to about 10 hours.
[0057] In the partial oxidation process, carbon monoxide (CO) and hydrogen (H2) are formed as major products, and
water and carbon dioxide (CO2) as minor products. The gaseous product stream comprises the above mentioned
products, unconverted reactants (i.e. methane or natural gas and oxygen) and components of feed other than reactants.
[0058] When water is added in the feed, the H2:CO mole ratio in the product is increased by the shift reaction: CO +
H2O → H2 + CO2. This reaction occurs simultaneously with the oxidative conversion of the hydrocarbon in the feed to
CO and H2 or syngas. The hydrocarbon used as feed in the partial oxidation process is preferably in the gaseous phase
when contacting the catalyst. The partial oxidation process is particularly suitable for the partial oxidation of methane,
natural gas, associated gas or other sources of light hydrocarbons. In this respect, the term "light hydrocarbons" is a
reference to hydrocarbons having from 1 to 5 carbon atoms. The process may be advantageously applied in the conversion
of gas from naturally occurring reserves of methane which contain substantial amounts of carbon dioxide. In one em-
bodiment, the hydrocarbon feed preferably contains from about 10 mole % to about 90 mole % methane, based on total
feed content. More preferably, the hydrocarbon feed contains from about 20 mole % to about 80 mole % methane, based
on total feed content. In another embodiment, the feed comprises methane in an amount of at least 50% by volume,
more preferably at least 70% by volume, and most preferably at least 80% by volume.
[0059] In one embodiment of the invention, the hydrocarbon feedstock is contacted with the catalyst in a mixture with
an oxygen-containing gas. Air is suitable for use as the oxygen-containing gas. Substantially pure oxygen as the oxygen-
containing gas is preferred on occasions where there is a need to avoid handling large amounts of inert gas such as
nitrogen. The feed optionally comprises steam.
[0060] In another embodiment of the invention, the hydrocarbon feedstock and the oxygen-containing gas are pref-
erably present in the feed in such amounts as to give an oxygen-to-carbon ratio in the range of from about 0.3:1 to about
0.8:1, more preferably, in the range of from about 0.45:1 to about 0.75:1. References herein to the oxygen-to-carbon
ratio refer to the ratio of oxygen in the from of oxygen molecules (O2) to carbon atoms present in the hydrocarbon
feedstock. Preferably, the oxygen-to-carbon ratio is in the range of from about 0.45:1 to about 0.65:1, with oxygen-to-
carbon ratios in the region of the stoichiometric ratio of 0.5:1, that is ratios in the range of from about 0.45:1 to about
0.65:1, being more preferred. When steam is present in the feed, the steam-to-carbon ratio is not greater than about
3.0:1, more preferably not greater than about 2.0:1. The hydrocarbon feedstock, the oxygen-containing gas and steam,
if present, are preferably well mixed prior to being contacted with the catalyst.
[0061] The partial oxidation process is operable over a wide range of pressures. For applications on a commercial
scale, elevated pressures, that is pressures significantly above atmospheric pressure, are preferred. In one embodiment,
the partial oxidation process is operated at pressures of greater than atmospheric up to about 150 bars. Preferably, the
partial oxidation process is operated at a pressure in the range of from about 2 bars to about 125 bars, more preferably
from about 5 bars to about 100 bars.
[0062] The partial oxidation process is also operable over a wide range of temperatures. At commercial scale, the
feed is preferably contacted with the catalyst at high temperatures. In one embodiment, the feed mixture is contacted
with the catalyst at a temperature in excess of 600°C. Preferably, the feed mixture is contacted with the catalyst at a
temperature in the range of from about 600°C to about 1,700°C, more preferably from about 800°C to about 1,600°C.
The feed mixture is preferably preheated prior to contacting the catalyst.
[0063] The feed is provided during the operation of the process at a suitable space velocity to form a substantial
amount of CO in the product. In one embodiment, gas space velocities (expressed in normal liters of gas per kilogram
of catalyst per hour) are in the range of from about 20,000 Nl/kg/hr to about 100,000,000 Nl/kg/hr, more preferably in
the range of from about 50,000 Nl/kg/hr to about 50,000,000 Nl/kg/hr, and most preferably in the range of from about
500,000 Nl/kg/hr to about 30,000,000 Nl/kg/hr.

4. Combination Syngas Processes

[0064] Combination reforming processes can also be incorporated into this invention. Examples of combination re-
forming processes include autothermal reforming and fixed bed syngas generation. These processes involve a combi-
nation of gas phase partial oxidation and steam reforming chemistry.
[0065] The autothermal reforming process preferably comprises two syngas generating processes, a primary oxidation
process and a secondary steam reforming process. In one embodiment, a hydrocarbon feed stream is steam reformed
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in a tubular primary reformer by contacting the hydrocarbon and steam with a reforming catalyst to form a hydrogen and
carbon monoxide containing primary reformed gas, the carbon monoxide content of which is further increased in the
secondary reformer. In one embodiment, the secondary reformer includes a cylindrical refractory lined vessel with a gas
mixer, preferably in the form of a burner in the inlet portion of the vessel and a bed of nickel catalyst in the lower portion.
In a more preferred embodiment, the exit gas from the primary reformer is mixed with air and residual hydrocarbons,
and the mixed gas partial oxidized to carbon monoxides.
[0066] In another embodiment incorporating the autothermal reforming process, partial oxidation is carried out as the
primary oxidating process. Preferably, hydrocarbon feed, oxygen, and optionally steam, are heated and mixed at an
outlet of a single large coaxial burner or injector which discharges into a gas phase partial oxidation zone. Oxygen is
preferably supplied in an amount which is less than the amount required for complete combustion.
[0067] Upon reaction in the partial oxidation combustion zone, the gases flow from the primary reforming process into
the secondary reforming process. In one embodiment, the gases are passed over a bed of steam reforming catalyst
particles or a monolithic body, to complete steam reforming. Desirably, the entire hydrocarbon conversion is completed
by a single reactor aided by internal combustion.
[0068] In an alternative embodiment of the invention, a fixed bed syngas generation process is used to form syngas.
In the fixed bed syngas generation process, hydrocarbon feed and oxygen or an oxygen-containing gas are introduced
separately into a fluid catalyst bed. Preferably, the catalyst is comprised of nickel and supported primarily on alpha alumina.
[0069] The fixed bed syngas generation process is carried out at conditions of elevated temperatures and pressures
that favor the formation of hydrogen and carbon monoxide when, for example, methane is reacted with oxygen and
steam. Preferably, temperatures are in excess of about 1,700°F (927°C), but not so high as to cause disintegration of
the catalyst or the sticking of catalyst particles together. Preferably, temperatures range from about 1,750°F (954°C) to
about 1,950° F (1,066°C), more preferably, from about 1,800°F (982°C) to about 1,850°F (1,010°C).
[0070] Pressure in the fixed bed syngas generation process may range from atmospheric to about 40 atmospheres.
In one embodiment, pressures of from about 20 atmospheres to about 30 atmospheres are preferred, which allows
subsequent processes to proceed without intermediate compression of product gases.
[0071] In one embodiment of the invention, methane, steam, and oxygen are introduced into a fluid bed by separately
injecting the methane and oxygen into the bed. Alternatively, each stream is diluted with steam as it enters the bed.
Preferably, methane and steam are mixed at a methane to steam molar ratio of from about 1:1 to about 3:1, and more
preferably from about 1.5:1 to about 2.5:1, and the methane and steam mixture is injected into the bed. Preferably, the
molar ratio of oxygen to methane is from about 0.2:1 to about 1.0:1, more preferably from about 0.4:1 to about 0.6:1.
[0072] In another embodiment of the invention, the fluid bed process is used with a nickel based catalyst supported
on alpha alumina. In another embodiment, silica is included in the support. The support is preferably comprised of at
least 95 wt % alpha alumina, more preferably at least about 98% alpha alumina, based on total weight of the support.
[0073] In one embodiment, a gaseous mixture of hydrocarbon feedstock and oxygen-containing gas are contacted
with a reforming catalyst under adiabatic conditions. For the purposes of this invention, the term "adiabatic" refers to
reaction conditions in which substantially all heat loss and radiation from the reaction zone are prevented, with the
exception of heat leaving in the gaseous effluent stream of the reactor.

5. Converting Syngas to Methanol

[0074] The syngas is sent to a methanol synthesis process and converted to methanol. The methanol synthesis process
is accomplished in the presence of a methanol synthesis catalyst.
[0075] In one embodiment, the syngas is sent as is to the methanol synthesis process. In another embodiment, the
hydrogen, carbon monoxide, and/or carbon dioxide content of the syngas is adjusted for efficiency of conversion. De-
sirably, the syngas input to the methanol synthesis reactor has a molar ratio of hydrogen (H2) to carbon oxides (CO +
CO2) in the range of from about 0.5:1 to about 20:1, preferably in the range of from about 2:1 to about 10:1. In another
embodiment, the syngas has a molar ratio of hydrogen (H2) to carbon monoxide (CO) of at least 2:1. Carbon dioxide is
optionally present in an amount of not greater than 50% by weight, based on total weight of the syngas.
[0076] Desirably, the stoichiometric molar ratio is sufficiently high so as maintain a high yield of methanol, but not so
high as to reduce the volume productivity of methanol. Preferably, the syngas fed to the methanol synthesis has a
stoichiometric molar ratio (i.e., a molar ratio of H2:(2CO + 3CO2)) of from about 1.0:1 to about 2.7:1, more preferably
from about 1.1 to about 2.0, more preferably a stoichiometric molar ratio of from about 1.2:1 to about 1.8:1.
[0077] The CO2 content, relative to that of CO, in the syngas should be high enough so as to maintain an appropriately
high reaction temperature and to minimize the amount of undesirable by-products such as paraffins. At the same time,
the relative CO2 to CO content should not be too high so as to reduce methanol yield. Desirably, the syngas contains
CO2 and CO at a molar ratio of from about 0.5 to about 1.2, preferably from about 0.6 to about 1.0.
[0078] In one embodiment, the catalyst used in the methanol synthesis process includes an oxide of at least one
element selected from the group consisting of copper, silver, zinc, boron, magnesium, aluminum, vanadium, chromium,
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manganese, gallium, palladium, osmium and zirconium. Preferably, the catalyst is a copper based catalyst, more pref-
erably in the form of copper oxide.
[0079] In another embodiment, the catalyst used in the methanol synthesis process is a copper based catalyst, which
includes an oxide of at least one element selected from the group consisting of silver, zinc, boron, magnesium, aluminum,
vanadium, chromium, manganese, gallium, palladium, osmium and zirconium. Preferably, the catalyst contains copper
oxide and an oxide of at least one element selected from the group consisting of zinc, magnesium, aluminum, chromium,
and zirconium. In one embodiment, the methanol synthesis catalyst is selected from the group consisting of: copper
oxides, zinc oxides and aluminum oxides. More preferably, the catalyst contains oxides of copper and zinc.
[0080] In yet another embodiment, the methanol synthesis catalyst comprises copper oxide, zinc oxide, and at least
one other oxide. Preferably, the at least one other oxide is selected from the group consisting of zirconium oxide,
chromium oxide, vanadium oxide, magnesium oxide, aluminum oxide, titanium oxide, hafnium oxide, molybdenum oxide,
tungsten oxide, and manganese oxide.
[0081] In various embodiments, the methanol synthesis catalyst comprises from about 10 wt % to about 70 wt %
copper oxide, based on total weight of the catalyst. Preferably, the methanol synthesis contains from about 15 wt % to
about 68 wt % copper oxide, and more preferably from about 20 wt % to about 65 wt % copper oxide, based on total
weight of the catalyst.
[0082] In one embodiment, the methanol synthesis catalyst comprises from about 3 wt % to about 30 wt % zinc oxide,
based on total weight of the catalyst. Preferably, the methanol synthesis catalyst comprises from about 4 wt % to about
27 wt % zinc oxide, more preferably from about 5 wt % to about 24 wt % zinc oxide.
[0083] In embodiments in which copper oxide and zinc oxide are both present in the methanol synthesis catalyst, the
ratio of copper oxide to zinc oxide can vary over a wide range. Preferably in such embodiments, the methanol synthesis
catalyst comprises copper oxide and zinc oxide in a Cu:Zn atomic ratio of from about 0.5:1 to about 20:1, preferably
from about 0.7:1 to about 15:1, more preferably from about 0.8:1 to about 5:1.
[0084] The methanol synthesis catalyst is made according to conventional processes. Examples of such processes
can be found in U.S. Patent Nos. 6,114,279; 6,054,497; 5,767,039; 5,045,520; 5,254,520; 5,610,202; 4,666,945;
4,455,394; 4,565,803; 5,385,949.
[0085] In one embodiment, the syngas formed in the syngas conversion plant is cooled prior to being sent to the
methanol synthesis reactor. Preferably, the syngas is cooled so as to condense at least a portion of the water vapor
formed during the syngas process.
[0086] The methanol synthesis process implemented in the present invention can be any conventional methanol
synthesis process. Examples of such processes include batch processes and continuous processes. Continuous proc-
esses are preferred. Tubular bed processes and fluidized bed processes are particularly preferred types of continuous
processes.
[0087] In general, the methanol synthesis process takes place according to the following reactions:

(4)

CO + 2H2 → CH3OH

(5)

CO2 + 3H2 → CH3OH + H2O

[0088] The methanol synthesis process is effective over a wide range of temperatures. In one embodiment, the syngas
is contacted with the methanol synthesis catalyst at a temperature in the range of from about 302°F (150°C) to about
842°F (450°C), preferably in a range of from about 347°F (175°C) to about 662 °F (350°C), more preferably in a range
of from about 392°F (200°C) to about 572°F (300°C).
[0089] The process is also operable over a wide range of pressures. In one embodiment, the syngas is contacted with
the methanol synthesis catalyst at a pressure in the range of from about 15 atmospheres to about 125 atmospheres,
preferably in a range of from about 20 atmospheres to about 100 atmospheres, more preferably in a range of from about
25 atmospheres to about 75 atmospheres.
[0090] Gas hourly space velocities vary depending upon the type of continuous process that is used. Desirably, gas
hourly space velocity of flow of gas through the catalyst bed is in the range of from about 50 hr-1 to about 50,000 hr-1.
Preferably, gas hourly space velocity of flow of gas through the catalyst bed is in the range of from about 250 hr-1 to
about 25,000 hr-1, more preferably from about 500 hr-1 to about 10,000 hr-1.
[0091] The methanol synthesis process produces a variety of hydrocarbons as by-products. According to the methanol
composition of this invention, it is desirable to operate the process so as to maximize not only the amount of methanol
formed, but also aldehydes and other alcohols which are particularly desirable in the conversion of oxygenates to olefins.
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In is particularly appropriate to maximize the amount of methanol formed in the methanol synthesis, and remove hydro-
carbons less desirable in the conversion of oxygenates to olefins from the crude methanol product stream formed in the
methanol synthesis reactor.

6. Refining Crude Methanol to Make Methanol Product

[0092] In conventional methanol synthesis systems, the crude methanol product mixture formed in the methanol
synthesis unit is further processed after reaction to obtain a desirable methanol-containing composition. Processing is
accomplished by any conventional means. Examples of such means include distillation, selective condensation, and
selective adsorption. Process conditions, e.g., temperatures and pressures, can vary according to the particular methanol
composition desired. It is particularly desirable to minimize the amount of water and light boiling point components in
the methanol-containing composition, but without substantially reducing the amount of methanol and desirable aldehydes
and/or other desirable alcohols also present.
[0093] In one processing system, the crude methanol product from the methanol synthesis reactor is sent to a let down
vessel so as to reduce the pressure to about atmospheric or slightly higher. This let down in pressure allows undesirable
light boiling point components to be removed from the methanol composition as a vapor. The vapor is desirably of
sufficient quality to use a fuel.
[0094] In another processing system, the crude methanol is sent from the methanol synthesizing unit to a distillation
system. The distillation system contains one or more distillation columns which are used to separate the desired methanol
composition from water and hydrocarbon by-products. Desirably, the methanol composition that is separated from the
crude methanol comprises a majority of the methanol and a majority of aldehyde and/or alcohol supplements contained
in the crude alcohol prior to separation. Preferably, the methanol composition that is separated from the crude methanol
comprises a majority of the acetaldehyde and/or ethanol, if any, contained in the crude methanol prior to separation.
[0095] The distillation system optionally includes a step of treating the methanol steam being distilled so as to remove
or neutralize acids in the stream. Preferably, a base is added in the system that is effective in neutralizing organic acids
that are found in the methanol stream. Conventional base compounds can be used. Examples of base compounds
include alkali metal hydroxide or carbonate compounds, and amine or ammonium hydroxide compounds. In one particular
embodiment, about 20 ppm to about 120 ppm w/w of a base composition, calculated as stoichiometrically equivalent
NaOH, is added, preferably about 25 ppm to about 100 ppm w/w of a base composition, calculated as stoichiometrically
equivalent NaOH, is added.
[0096] The invention can include any distillation system that produces a "fusel oil" stream, which includes C1-C4
alcohols, aldehydes, ketones, esters and water. The fusel oil stream has a boiling point higher than that of methanol. It
is especially advantageous when the fusel oil stream is liquid taken from a column fed with the crude methanol from the
let-down vessel or with the bottoms liquid from a column fed with such crude methanol, the off-take point being at a level
below the feed level. Alternatively or additionally, the fusel oil stream is taken from a level above the feed level in such
a column. Because some of the higher alcohols are advantageous in the methanol composition of this invention, it is
desirable to operate the distillation system to recover the C2-C4 alcohols along with the methanol rather than in the fusel
oil stream.
[0097] Examples of distillation systems include the use of single and two column distillation columns. Preferably, the
single columns operate to remove volatiles in the overhead, methanol product at a high level, fusel oil as vapor above
the feed and/or as liquid below the feed, and water as a bottoms stream.
[0098] In one embodiment of a two column system, the first column is a "topping column" from which volatiles or "light
ends" are taken overhead and methanol liquid as bottoms. A non-limiting list of possible light ends includes hydrogen,
carbon monoxide and methane. The second is a "refining column" from which methanol product is taken as an overhead
stream or at a high level, and water is removed as a bottoms stream. In this embodiment, the refining column includes
at least one off-take for fusel oil as vapor above the feed and/or as liquid below the feed.
[0099] In another embodiment of a two column system, the first column is a water-extractive column in which there is
a water feed introduced at a level above the crude methanol feed level. It is desirable to feed sufficient water to produce
a bottoms liquid containing over 40% w/w water, preferably 40% to 60 % w/w water, and more preferably 80% to 95%
w/w water. This column optionally includes one or more direct fusel oil side off-takes.
[0100] In yet another embodiment, the distillation system is one in which an aqueous, semi-crude methanol is taken
as liquid above the feed in a single or refining column. The semi-crude methanol is passed to a refining column, from
which methanol product is taken overhead or at a high level. Preferably, water or aqueous methanol is taken as a bottoms
stream.
[0101] Alternatively, undesirable by-products are removed from the crude methanol stream from the methanol synthesis
reactor by adsorption. In such a system, fusel oil can be recovered by regenerating the adsorbent.
[0102] An exemplary methanol synthesis system is illustrated in Fig. 1 and will now be described in greater detail. As
shown in Fig. 1, a feed stream 95, which preferably includes natural gas, is directed to a desulfurization unit 97. Prior
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to entering the desulfurization unit 97, the feed stream 95 optionally is compressed by one or more compressors, not
shown, to facilitate movement of the feed stream 95 and various intermediate streams through the methanol synthesis
system. In one embodiment, the natural gas from feed stream 95 contacts water from water stream 96 in the desulfurization
unit 97 in a countercurrent manner under conditions effective to remove sulfur-containing components, e.g., H2S and/or
mercaptans, therefrom. In this manner, the desulfurization unit 97 acts as an absorption unit. Additionally or alternatively,
the desulfurization unit 97 may act as an adsorption unit. In this embodiment, the desulfurization unit 97 preferably
includes one or more columns that are packed with molecular sieve particles, e.g., 3-5 angstrom molecular sieve particles,
the pores of which are adapted to selectively capture the sulfur-containing components from natural gas stream 95. The
optional adsorption unit optionally includes a regeneration system, not shown, for regenerating deactivated or partially
deactivated molecular sieve particles. If the desulfurization unit 97 includes an adsorption unit, the feed stream 95
preferably is heated to a temperature of between 700°F (371°C) and 800°F (427°C) by a heat exchanger, not shown,
before it is directed to desulfurization unit 97. The desulfurization unit 97 forms desulfurized feed stream 100, which is
directed to a reforming unit 101. Preferably, desulfurized feed stream 100 comprises less than 5 weight percent, more
preferably less than 1 weight percent, and most preferably less than 0.01 weight percent sulfur-containing compounds,
based on the total weight of the desulfurized feed stream 100.
[0103] The reforming unit 101 converts the natural gas in desulfurized feed stream 100 to syngas in syngas stream
98. Generally, the production of syngas involves a combustion reaction of natural gas, mostly methane, and an oxygen
source, e.g., air, into hydrogen, carbon monoxide and/or carbon dioxide. Syngas production processes are well known,
and include conventional steam reforming, autothermal reforming, or a combination thereof. Thus, reforming unit 101
may be a steam reforming unit, a partial oxidation unit, an autothermal reforming unit, and/or a combined reforming unit,
e.g., a unit that combines two or more of these reforming processes. In one embodiment, water from water stream 96
preferably increases the water content of, and more preferably saturates, the feed stream 95, in the process of removing
sulfur-containing components. Additionally or alternatively, the desulfurized feed stream 100 is directed to a separate
saturization. unit, not shown, in which water contacts the desulfurized feed stream 100 under conditions effective to
saturate the desulfurized feed stream 100 or increase the water content thereof. For example, the saturization unit may
include a packed or tray column wherein water contacts the desulfurized feed stream 100 in a countercurrent manner
under conditions effective to saturate or increase the water content of the desulfurized feed stream 100. Saturation of
the feed stream 95 and/or desulfurized feed stream 100 is particularly beneficial if the reforming unit 101 implements a
steam reforming process as a water-containing or saturated desulfurized feed stream 100 may be necessary in order
for the steam reforming process to convert the desulfurized feed stream 100 to syngas in syngas stream 98. Additionally
or alternatively, water may be injected directly into the reforming unit 101, particularly if the reforming unit 101 provides
a steam reforming process. Resulting syngas stream 98 is directed to a compression zone 99, wherein the syngas
stream 98 is compressed in one or more stages to form compressed stream 102. Preferably, the compression zone 99
includes one or more centrifugal compressors. Compressed stream 102 is then directed to a methanol synthesis unit
105, wherein the syngas in compressed stream 102 contacts a methanol synthesis catalyst under conditions effective
to convert at least a portion of the syngas to crude methanol in crude methanol stream 107. Optionally, unreacted syngas
from methanol synthesis unit 105 is recycled to compression zone 99 as shown by unreacted syngas stream 92.
[0104] The crude methanol in crude methanol stream 107 includes light ends, methanol, water, and fusel oil. Preferably,
prior to introduction into separation zone 94, the crude methanol stream 107 is treated with a caustic medium, not shown,
in a caustic wash unit, not shown, under conditions effective to increase the pH of the crude methanol stream 107. As
a result, the crude methanol stream 107 also optionally includes dissolved caustic salts. As shown, crude methanol
stream 107 is directed to a separation zone 94, which is adapted to separate one or more of these components and
isolate a relatively pure methanol stream. The separation zone 94 includes a light ends separation unit 110, such as a
topping column, and a refining column 113. Crude methanol stream 107 is first directed to the light ends separation unit
110, wherein conditions are effective to separate the crude methanol stream 107 into light ends stream 111 and bottoms
crude methanol stream 112, which contains methanol, water, fusel oil, and optionally dissolved caustic salts. The light
ends separation unit 110 typically includes from about 50 to about 80 trays and has a cross-sectional diameter of from
about 8 feet (2.4 m) to about 20 feet (6 m). At least a portion of the light ends stream 111 preferably is recycled to
methanol synthesis unit 105, as shown, for further conversion to methanol while the bottoms crude methanol stream
112 is directed to refining column 113 for further processing. In refining column 113, the bottoms crude methanol stream
112 is subjected to conditions effective to separate the bottoms crude methanol stream 112 into a refined methanol
stream 114, a fusel oil stream 93, and a water stream 115. A majority of the caustic salts, if any, from bottoms crude
methanol stream 112 are dissolved in water stream 115. Preferably, refined methanol stream 114 contains at least 95.0
weight percent, more preferably at least 99.0 weight percent and most preferably at least 99.5 weight percent methanol,
based on the total weight of the refined methanol stream 114. Preferably, refined methanol stream 114 contains less
than 0.25 weight percent, more preferably less than 1 weight percent and most preferably less than 5 weight percent
water, based on the total weight of the refined methanol stream 114. The refining column 113 typically includes from
about 80 to about 120 trays and has a cross-sectional diameter of from about 10 feet (3.0 m) to about 24 feet (7.2 m).
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C. ETHANOL SYNTHESIS SYSTEMS

[0105] As indicated above, the present invention, in one embodiment, provides for a combined process for forming
methanol and ethanol and converting the methanol and ethanol to light olefins in an OTO reaction system. The ethanol
optionally is formed in an ethanol synthesis unit, which preferably includes an ethanol synthesis zone. A non-limiting
description of these ethanol synthesis systems will now be described.
[0106] As with methanol synthesis, there are numerous technologies available for producing ethanol. The preferred
embodiment for forming ethanol according to the present invention comprises the reaction of methanol, carbon monoxide,
and optionally hydrogen in the presence of a catalyst composition to form ethanol and water. This reaction may be
illustrated as follows:

(6)

CH3OH + CO + 2H2 → CH3CH2OH + H2O

[0107] According to the present invention, the ethanol synthesis reaction optionally is catalyzed using a group VII
transition metal compound as catalyst and a halogen as the promoter. Many other metal compounds and promoters,
however, can be used. Optionally, secondary activators or ligands may be used in conjunction with the metal catalysts
and promoters. These secondary activators can be other metallic salts or compounds, amines, phosphorus compounds,
as well as a multitude of other compounds that have been disclosed in the published literature. Thus, a typical catalyst
system for the conversion of methanol to ethanol comprises a metal atom-containing catalyst, a promoter and optionally
ligands, solvents and/or secondary activators.
[0108] A variety of references disclose the conversion of methanol to ethanol. For example, U.S. Patent No. 4,133,966
to Pretzer et al. discloses a process for the conversion of methanol to ethanol using a catalyst system containing cobalt,
acetylacetonate, a trivalent phosphorus or trivalent arsenic or trivalent antimony organic ligand, an iodine compound
and a ruthenium compound. U.S. Patent No. 4,111,837 to Taylor, relates to the use of a heterogeneous co-catalyst
system for the homologation of alkanols. The co-catalyst system contains cobalt, and rhenium metal. In U.S. Patent No.
4,233,466 and U.S. Patent No. 4,253,987, both to Fiato, processes and catalysts are disclosed for the production of
ethanol from methanol and syngas using a system containing cobalt atoms, rhenium atoms, iodine atoms and a phosphine
ligand. U.S. Patent Nos. 4,239,924 and 4,239,925, both to Pretzer et al., disclose a process for selectively processing
ethanol using a system containing a specifically defined cobalt tricarbonyl complex, an iodine compound, and a rhenium
compound in the methanol homologation reaction. Specifically, the ’924 patent discloses the use of aliphatic substituted
complexes, while the ’925 patent discloses aromatric substituted complexes. U.S. Patent No. 4,324,927 to Gauthier-
Lafaye describes a process for producing ethanol from methanol using a system containing cobalt atoms, rhenium
atoms, and both an alkyl halide and an ionic halide. U.S. Patent No. 4,304,946 to Isogai describes the conversion of
methanol to ethanol using a cobalt sulfide compound or a mixture of a cobalt sulfide compound and a nitrogen-containing
and/or a phosphorus-containing compound. This system is free of iodine atoms. U.S. Patent No. 4,328,379 to Devon
describes the conversion of methanol to ethanol using a cobalt-iodine catalyst system in the presence of a perfluoro-
carboxylate anion. U.K. Patent Application GB 2,083,465A to Isogai discloses the conversion of methanol to ethanol
using a heterogeneous catalyst system comprising cobalt phosphate as the main catalyst. The applicants also disclose
the use of a Group VIII metal as co-catalyst. U.S. Patent No. 4,954,665 to the Vidal is directed to a process for producing
ethanol at high efficiency, selectivity and conversion rate. The process comprises a homologation reaction of methanol
and carbon monoxide and hydrogen using a catalyst system containing an alkali metal atom, a cobalt atom, an iodine
atom, and, optionally, a ruthenium atom as well as an organic tertiary amino compound. Other U.S. Patents that describe
producing ethanol (and/or higher alcohols) from methanol, e.g., via methanol homologation, include U.S. Patent No.
4,954,665; U.S. Patent No. 4,608,447; U.S. Patent No. 4,825,013; U.S. Patent No. 4,533,775; U.S. Patent No. 4,540,836;
U.S. Patent No. 4,578,375; U.S. Patent No. 4,476,326; U.S. Patent No. 4,424,384; U.S. Patent No. 4,451,678; U.S.
Patent No. 4,409,404; U.S. Patent No.4,346,020; U.S. Patent No. 4,423,258; U.S. Patent No. 4,423,257, U.S. Patent
No. 4,361,499; U.S. Patent No. 4,370,507; and U.S. Patent No. 4,352,946.
[0109] In another embodiment, ethanol is directly synthesized from syngas without requiring a methanol-containing
feedstock. In this embodiment, syngas contacts an ethanol synthesis catalyst under conditions effective to convert the
syngas directly to ethanol. In this embodiment, the feed that is directed to the ethanol synthesis unit comprises syngas.
The feed preferably comprises less than 5 weight percent methanol, more preferably less than 1 weight percent methanol
and most preferably less than about 0.1 weight percent methanol, based on the total weight of the feed that is directed
to the ethanol synthesis unit. Without limiting this ethanol synthesis process to a particular reaction mechanism, this
reaction may be illustrated as follows:
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(8)

2CO + 4H2 → CH3CH2OH + H2O

[0110] Some amount of methanol may also be formed in this direct ethanol synthesis process. Without limiting this
ethanol synthesis process to a particular reaction mechanism, this reaction may be illustrated as follows:

(9)

3CO + 6H2 → CH3CH2OH + CH3OH + H2O

[0111] Specifically, the effluent formed in this ethanol synthesis step optionally comprises less than 5 weight percent,
less than 1 weight percent, or less than 0.1 weight percent methanol, based on the total weight of the effluent stream.
The effluent preferably comprises at least about 30 weight percent, more preferably at least about 50 weight percent,
and most preferably at least about 80 weight percent ethanol, based on the total weight of the effluent stream. The
catalyst implemented in this direct ethanol synthesis process preferably comprises one or more Group VIII metals on
support. The support preferably is selected from the group consisting of amorphous inorganic oxides, crystalline inorganic
oxides, silicon carbide, silicon nitride, boron nitride, carbon and combinations thereof. The direct ethanol synthesis
process preferably occurs at a temperature of from about 150°C to about 350°C. Ideally, the molar ratio of H2:CO in the
syngas ranges from about 0.5 to 3.0, and the space velocity ranges from about 1,000 to about 40,000 GHSV.
[0112] The ethanol synthesis reaction may occur at a variety of reaction conditions. In one embodiment, the ethanol
synthesis reaction temperature in the ethanol synthesis zone ranges from about 300 °F (149°C) to about 650 °F (343°C),
preferably from about 400 °F (204°C) to about 600 °F (316°C), and most preferably from about 450 °F (232°C) to about
550 °F (288°C). The pressure in the ethanol synthesis zone also may vary widely, although the pressure preferably is
in the range of the pressure of the syngas that is directed to the methanol synthesis unit, discussed above. Optionally,
the pressure in the ethanol synthesis zone ranges from about 900 psia (6206 kPaa) to about 4,000 psia (27,580 kPaa),
preferably from about 1,000 psia (6,895 kPaa) to about 2,000 psia (13,790 kPaa), and most preferably from about 1,200
psia (8,274 kPaa) to about 1,500 psia (10,343 kPaa).
[0113] Although many different ethanol synthesis catalysts may be utilized in the ethanol synthesis zone to facilitate
conversion of the methanol and/or the syngas contained therein to ethanol, the ethanol synthesis catalyst preferably is
selected from the group consisting of potassium oxides, cobalt-molybdenum sulfides, nickel-molybdenum sulfides and
potassium carbonates. In one embodiment, the ethanol synthesis catalyst comprises rhodium, preferably supported
rhodium, as described, for example, in U.S. Patent Nos. 4,442,228; 4,446,251; and 4,492,773. The rhodium catalysts
described in these patents are particularly well suited for direct ethanol synthesis from syngas.
[0114] Many soluble halides may be used as a promoter in the catalyst system although it is preferred that iodine or
its derivatives, e.g., iodine ions, be so employed. Illustrative sources of iodide ions include elemental iodine; cobalt
iodide; hydrogen iodide; the alkyl iodides having from 1 to 10 carbon atoms such as methyl iodide, ethyl iodide, propyl
iodide, 2-ethyhexyl iodide, n-decyl iodide, and the like. Any other source of iodide that will ionize to form free iodide ions
in the reaction medium can be used as the promoter. One can also employ any of the organic iodine compounds that
will furnish iodide to the reaction medium. Further, one can use mixtures of iodine and/or iodide compounds, if so desired.
The preferred source of the iodide is elemental iodine.
[0115] The concentration of acidic iodine atoms in the ethanol synthesis reactor optionally is from about 0.000013 to
about 1.6 moles per liter; preferably from about 0.026 to about 0.6 mole per liter.
[0116] The alkali metal atom component of the catalyst system can come from any of the known ionic compounds of
the alkali metals sodium, potassium, lithium, rubidium and cesium. Preferred alkali metal atom components are derived
from sodium salts and potassium salts. Illustrative sources thereof include sodium iodide, sodium bicarbonate, sodium
carbonate, sodium nitrate, sodium nitrite, sodium sulfate, sodium bisulfate, sodium chromate, sodium permanganate,
sodium chlorate, sodium persulfate, sodium tetraborate, sodium bromide, sodium chloride, sodium fluoride, sodium
sulfite, sodium hypochlorite, as well as any other ionic salt of sodium. Rather than repeat the individual compound names,
the corresponding potassium, lithium, rubidium and cesium salts are illustrative of useful ionic compounds.
[0117] The concentration of alkali metal atoms in the ethanol synthesis reactor optionally is from about 0.00013 to
about 1 mole per liter; preferably from about 0.07 to about 0.6 mole per liter.
[0118] As indicated, an organic tertiary amino compound of the general formula R3N optionally is present as a co-
promoter in the system. The use of such additives is known, as are their identities, to those skilled in this art. In this
formula R represents an organic moiety. The additive can serve as a catalyst stabilizer and/or to further enhance
efficiency, conversion rate and selectivity, especially when the reaction is carried out at higher temperature. The additive
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also serves to inhibit equipment corrosion in some instances. However, the use of the additive is not mandatory and the
reaction can be carried out without it.
[0119] A large number of organic amines is known to those skilled in the art as useful and any of these can be used
provided they do not have an adverse effect on the reaction. Among those of particular utility are the tertiary amines
such as trimethylamine, triethylamine, tri-n-butylamine, tri-t-butylamine, tri-2-ethylhexylamine, methyl dibutylamine, tri-
dodecylamine, tristearylamine, ethyl dibutylamine, tricyclohexylamine, triphenylamine, tri(4-methoxyphenyl)amine, tri(p-
chlorophenyl)- amine, dibutyl phenylamine, dipentyl cyclopentylamine, ethyl diphenylamine, trinaphthylamine tri-p-
tolylamine, tri-benzylamine, tri(3-methylcyclohexyl)amine, as well as other tertiary amines. These organic amines and
many others are known in the art. They can be used singly or, if one desires, in mixtures containing two or more ligands.
[0120] The concentration of the R3N ligand in the ethanol synthesis reactor optionally varies from about 0.000013 to
about 0.08 mole per liter; preferably from about 0.02 to about 0.04 mole per liter.
[0121] Preferably, hydrogen and carbon monoxide are present in the syngas that is directed to the ethanol synthesis
reactor. The molar ratio of H2:CO in the syngas that is directed to the ethanol synthesis zone can vary from about 20:1
to about 1:20, from about 10:1 to about 1:10, and preferably from about 3:1 to about 1:3. Particularly in continuous
operations, but also in batch experiments, the carbon monoxide-hydrogen gaseous mixture may also be used in con-
junction with up to 50% by volume of one or more other gases. These other gases may include one or more inert gases
such as nitrogen, argon, neon and the like, or they may include gases that may, or may not, undergo reaction under CO
hydrogenation conditions, such as carbon dioxide, hydrocarbons such as methane, ethane, propane and the like, ethers
such as dimethyl ether, methylethyl ether and diethyl ether, alkanols such as methanol and acid esters such as methyl
acetate.
[0122] Higher alcohols and carboxylic acid esters may also be formed while carrying out the process of this invention.
Most often these derivatives are n-propanol, methyl formate, methyl acetate, ethyl acetate, ethyl ether, etc. The major
by-products of the process such as the higher molecular weight alcohols and carboxylic acid esters, are, of course, also
useful compounds and major articles of commerce. The higher alcohols, the carboxylic acid esters and ethers can easily
be separated from one another by conventional means, e.g., fractional distillation in vacuo, if desired.
[0123] The novel process of this invention can be conducted in a batch, semi-continuous or continuous fashion. The
catalyst may be initially introduced into the ethanol synthesis zone batchwise, or it may be continuously or intermittently
introduced into such a zone during the course of the synthesis reaction. Operating conditions can be adjusted to optimize
the formation of the ethanol product, and after recovery of the alcohol and other products, a fraction rich in the catalyst
composition may then be recycled to the reaction zone, if desired, and additional products generated. Preferably, the
ethanol synthesis zone is in a fixed bed reactor.
[0124] As is known in this art, one can additionally have an inert solvent present in the reaction mixture. A wide variety
of substantially inert solvents are useful in the process of this invention including hydrocarbon and oxygenated hydro-
carbon solvents. Suitable oxygenated hydrocarbon solvents are compounds comprising carbon, hydrogen and oxygen
and those in which the only oxygen atoms present are in ether groups, ester groups, ketone carbonyl groups or hydroxyl
groups of alcohols. Generally, the oxygenated hydrocarbon will contain 3 to 12 carbon atoms and preferably a maximum
of 3 oxygen atoms. The solvent preferably is substantially inert under reaction conditions, is relatively non-polar and has
a normal boiling point of at least 65°C at atmospheric pressure, and preferably, the solvent will have a boiling point
greater than that of ethanol and other oxygen-containing reaction products so that recovery of the solvent by distillation
is facilitated.
[0125] Preferred ester type solvents are the aliphatic and acylic carboxylic acid monoesters as exemplified by butyl
acetate, methyl benzoate, isopropyl isobutyrate, and propyl propionate as well as dimethyl adipate. Useful alcohol-type
solvents include monohydric alcohols such as cyclohexanol, 1-hexanol, 2-hexanol, neopentanol, 2-octanol, etc. Suitable
ketone-type solvents include, for example, cyclic ketones such as cyclohexanone, 2-methylcyclohexanone, as well as
acylic ketones such as 2-pentanone, butanone, acetophenone, etc. Ethers that may be utilized as solvents include cyclic,
acyclic and heterocyclic materials. Preferred ethers are the heterocyclic ethers as illustrated by 1,4-dioxane and 1,3-
dioxane. Other suitable ether solvents include isopropyl propyl ether, diethylene glycol dibutyl ether, dibutyl ether, ethyl
butyl ether, diphenyl ether, heptyl phenyl ether, anisole, tetrahydrofuran, etc. The most useful solvents of all of the above
groups include the ethers as represented by monocyclic, heterocyclic ethers such a 1,4-dioxane or p-dioxane, etc.
Hydrocarbon solvents, such as hexane, heptane, decane, dodecane, tetradecane, etc. are also suitable solvents for
use in this invention. In the practice of this invention, it is also possible to add a small amount of water to the solvent
and still obtain satisfactory results.
[0126] The reaction time varies depending upon the reaction parameters, reactor size and charge, and the individual
components employed at the specific process conditions.

D. FUEL ALCOHOL SYNTHESIS SYSTEMS

[0127] As with methanol synthesis, there are numerous technologies available for producing fuel alcohol, defined
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herein as an alcohol-containing composition comprising ethanol, a C3 alcohol and a C4 alcohol. The preferred embod-
iment for forming fuel alcohol according to the present invention comprises the reaction of carbon monoxide, hydrogen
and optionally carbon dioxide in the presence of a fuel alcohol synthesis catalyst to form fuel alcohol and water. The
synthesis of fuel alcohol occurs in a fuel alcohol synthesis zone. The synthesis of fuel alcohol actually occurs in a series
of steps. Without limiting the invention to a particular reaction mechanism, the synthesis of fuel alcohol may be illustrated
as follows:

(10)

nCO + 2nH2 →CnH2n+1OH + (n-1)H2O

where n is a whole number.
[0128] According to the present invention, the fuel alcohol synthesis reaction or reactions optionally are catalyzed
using a fuel alcohol synthesis catalyst, preferably containing a metal atom, optionally with a halogen promoter. A fuel
alcohol synthesis catalyst is a type of ethanol synthesis catalyst, which fuel alcohol synthesis catalyst produces one or
more C3 alcohols and one or more C4 alcohols in addition to ethanol. Many metal compounds and promoters can be
used. Optionally, secondary activators or ligands may be used in conjunction with the metal catalysts and promoters.
These secondary activators can be other metallic salts or compounds, amines, phosphorus compounds, as well as a
multitude of other compounds that have been disclosed in the published literature. Thus, a typical catalyst system for
the synthesis of fuel alcohol comprises a metal atom-containing catalyst, a promoter and optionally ligands, solvents
and/or secondary activators.
[0129] Fuel alcohol synthesis may occur at a variety of reaction conditions. In one embodiment, the fuel alcohol
synthesis reaction temperature in the fuel alcohol synthesis zone ranges from about 200°C to about 500°C, preferably
from about 250°C to about 450°C, and most preferably from about 300°C to about 400°C. The pressure in the fuel
alcohol synthesis zone also may vary widely, although the pressure preferably is in the range of the pressure of the
syngas that is directed to the methanol synthesis unit, discussed above. Optionally, the pressure in the fuel alcohol
synthesis zone ranges from about 5 to about 20 MPa, preferably from about 6 to about 18 MPa, and most preferably
from about 10 to about 15 MPa.
[0130] Although many different fuel alcohol synthesis catalysts may be utilized in the fuel alcohol synthesis zone to
facilitate conversion of the syngas contained therein to fuel alcohol, the fuel alcohol synthesis catalyst preferably com-
prises a microporous zeolitic material. Thus, in one embodiment, the fuel alcohol is formed by contacting syngas with
a fuel alcohol synthesis catalyst comprising a microporous zeolitic material under conditions effective to convert the
syngas to fuel alcohol, which is contained in a fuel alcohol-containing stream.
[0131] Additionally or alternatively, the fuel alcohol synthesis catalyst comprises copper and an oxide of zinc. Addi-
tionally, in this embodiment, the fuel alcohol synthesis catalyst preferably comprises an oxide of one or both of chromium
and/or aluminum. Specifically, in this embodiment, the fuel alcohol synthesis catalyst preferably comprises one or more
of Cu/ZnO/Cr2O3 and Cu/ZnO/Al2O3. In this embodiment, it is preferred that the fuel alcohol synthesis catalyst is alkali
promoted. Thus, the fuel alcohol optionally is formed in this aspect of the invention by contacting syngas with a fuel
alcohol synthesis catalyst comprising one or more of Cu/ZnO/Cr2O3 and Cu/ZnO/Al2O3, which fuel alcohol synthesis
catalyst optionally is alkali promoted, under conditions effective to convert the syngas to the fuel alcohol.
[0132] Additionally or alternatively, the fuel alcohol synthesis catalyst comprises one or more Group VIII metal catalysts,
preferably rhodium, on a support. The support preferably is selected from the group consisting of amorphous inorganic
oxides, crystalline inorganic oxides, silicon carbide, silicon nitride, boron nitride, carbon and combinations thereof. Rho-
dium-containing catalysts are particularly preferred because unlike molybdemum sulfide, such catalysts do not contain
sulfur and will not poison methanol synthesis catalysts, which are typically sensitive to sulfur.
[0133] Additionally or alternatively, the fuel alcohol synthesis catalyst comprises an oxide of one or more of zinc,
chromium, copper, cobalt, and nickel. In this embodiment, it is preferred that the fuel alcohol synthesis catalyst is alkali,
lanthanum or cerium promoted. Thus, the fuel alcohol optionally is formed in this aspect of the invention by contacting
syngas with a fuel alcohol synthesis catalyst under conditions effective to convert the syngas to the fuel alcohol, wherein
the fuel alcohol synthesis catalyst comprises an oxide of one or more of zinc, chromium, copper, cobalt, and nickel,
which fuel alcohol synthesis catalyst optionally is alkali, lanthanum or cerium promoted.
[0134] Additionally or alternatively, the fuel alcohol synthesis catalyst comprises a compound comprising molybdenum
and preferably sulfur. In this embodiment, it is preferred that the fuel alcohol synthesis catalyst is alkali promoted.
Specifically, the fuel alcohol optionally is catalyzed by one or more of MOS2 and Co/MoS2. Thus, the fuel alcohol can
be formed by contacting syngas with a fuel alcohol synthesis catalyst under conditions effective to convert the syngas
to the fuel alcohol, wherein the fuel alcohol synthesis catalyst comprises one or more of MoS2 and Co/MoS2, and wherein
the fuel alcohol synthesis catalyst optionally is alkali promoted.
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[0135] The alkali metal atom component of the catalyst system can come from any of the known ionic compounds of
the alkali metals sodium, potassium, lithium, rubidium and cesium. Preferred alkali metal atom components are derived
from sodium salts and potassium salts. Illustrative sources thereof include sodium iodide, sodium bicarbonate, sodium
carbonate, sodium nitrate, sodium nitrite, sodium sulfate, sodium bisulfate, sodium chromate, sodium permanganate,
sodium chlorate, sodium persulfate, sodium tetraborate, sodium bromide, sodium chloride, sodium fluoride, sodium
sulfite, sodium hypochlorite, as well as any other ionic salt of sodium. Rather than repeat the individual compound names,
the corresponding potassium, lithium, rubidium and cesium salts are illustrative of useful ionic compounds.
[0136] The concentration of alkali metal atoms in the fuel alcohol synthesis zone optionally is from about 0.00013 to
about 1 mole per liter; preferably from about 0.07 to about 0.6 mole per liter.
[0137] Preferably, hydrogen and carbon monoxide are present in the syngas that is directed to the fuel alcohol synthesis
zone. The molar ratio of H2:CO in the syngas that is directed to the fuel alcohol synthesis zone can vary from about 20:1
to about 1:20, from about 10:1 to about 1:10, and preferably from about 3:1 to about 1:3. Particularly in continuous
operations, but also in batch experiments, the carbon monoxide-hydrogen gaseous mixture may also be used in con-
junction with up to 50% by volume of one or more other gases. These other gases may include one or more inert gases
such as nitrogen, argon, neon and the like, or they may include gases that may, or may not, undergo reaction under CO
hydrogenation conditions, such as carbon dioxide, hydrocarbons such as methane, ethane, propane and the like, ethers
such as dimethyl ether, methylethyl ether and diethyl ether, alkanols such as methanol and acid esters such as methyl
acetate.
[0138] According to the present invention, a fuel alcohol-containing stream is formed, which comprises the fuel alcohol.
The fuel alcohol-containing stream preferably comprises two or more alcohols in the C2 to C5 range. Higher alcohols
and carboxylic acid esters may also be formed while carrying out the process of this invention. For example, the fuel
alcohol-containing stream may include methyl formate, methyl acetate, ethyl acetate, ethyl ether. The major by-products
of the process such as the higher molecular weight alcohols and carboxylic acid esters, are, of course, also useful
compounds and major articles of commerce. The higher alcohols, the carboxylic acid esters and ethers can easily be
separated from one another by conventional means, e.g., fractional distillation in vacuo, if desired.
[0139] The precise amount and type of components contained in the fuel alcohol-containing stream will vary widely
depending on catalyst type, reaction conditions, and syngas composition used. For example, Table I, below, provides
three catalyst systems and indicates exemplary product yields and operating conditions. See El Sawy, A.H., DOE report
DE90010325, pp. 3-17, 3-18.

[0140] As indicated by Table I, the amount of ethanol contained in the fuel alcohol-containing stream may vary. In one
embodiment, the fuel alcohol-containing stream comprises ethanol, preferably at least about 10 weight percent ethanol,
more preferably at least about 25 weight percent ethanol and most preferably at least about 35 weight percent ethanol,

Table I: Product Yields (Wt. %) and Reaction Conditions of Three Fuel Alcohol Synthesis Systems

Main Catalyst Constituents

Process Product Slate (anhydrous basis) Cu/Co/Al Zn/Cr/K Cu/ZnO/Al

Methanol 57.5 70.0 645

Ethanol 28.5 2.5 11.5

C3 alcohols 7.1 3.4 5.2

C4 alcohols 2.8 12.5 7.4

C5+ alcohols 2.5 9.5 7.4

Hydrocarbons 0.3 - 0.02

Esters 0.7 0.1 0.8

Other Oxygenated Products 0.6 2.0 3.18

Total Alcohols 98.4 97.9 96.0

Operating T (°C) 260-320 (127-160) 350-420 (177-216) 285-300 (141-149)

Operating Pressure (MPa) 6-10 10-18 6-9

Syngas Molar Feed Ratio (H2:CO) 2.0-2.5 1.5-2 0.5-1

Syngas CO2 Content (Vol. %) 0.5-3.0 2-6 1.0
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based on the total weight of the fuel alcohol-containing stream. In terms of ranges, the fuel alcohol-containing stream
optionally comprises on the order of from about 5 to about 60 weight percent ethanol, preferably from about 10 to about
50 weight percent ethanol, and most preferably from about 20 to about 40 weight percent ethanol, based on the total
weight of the fuel alcohol-containing stream.
[0141] Additionally or alternatively, the fuel alcohol-containing stream comprises one or more C3 alcohols, preferably
on the order of from about 5 to about 80 weight percent C3 alcohols, preferably from about 10 to about 60 weight percent
C3 alcohols, and most preferably from about 15 to about 40 weight percent C3 alcohols, based on the total weight of
the fuel alcohol-containing stream. Optionally, the C3 alcohols comprise one or more of 1-propanol, 2-propanol, and/or
1,2-propadiol.
[0142] Additionally or alternatively, the fuel alcohol-containing stream comprises one or more C4 alcohols, preferably
on the order of from about 0.1 to about 20 weight percent C4 alcohols, preferably from about 1 to about 10 weight percent
C4 alcohols, and most preferably from about 2 to about 5 weight percent C4 alcohols, based on the total weight of the
fuel alcohol-containing stream. Optionally, the C4 alcohols comprise one or more of 1-butanol; 2-butanol; 1,4-butanediol;
1,3-butanediol; 1,2-butanediol; isobutyl alcohol; sec-butyl alcohol; and t-butyl alcohol.
[0143] If the fuel alcohol-containing stream comprises both C3 and C4 alcohols, then the fuel alcohol-containing stream
preferably comprises at least about 5 weight percent C3-C4 alcohols, more preferably at least about 10 weight percent
C3-C4 alcohols, and most preferably at least about 15 weight percent C3-C4 alcohols.
[0144] Additionally or alternatively, the fuel alcohol-containing stream comprises one or more C5 alcohols, preferably
on the order of from about 0.01 to about 10 weight percent C5 alcohols, preferably from about 0.1 to about 5 weight
percent C5 alcohols, and most preferably from about 0.1 to about 3 weight percent C5 alcohols, based on the total
weight of the fuel alcohol-containing stream. Optionally, the C5 alcohols comprise one or more of 1-pentanol; 2- pentanol;
3-pentanol; 1,5-pentanediol; 1,4-pentanediol; 1,3-pentanediol; and 1,2-pentanediol.
[0145] Additionally or alternatively, the fuel alcohol-containing stream comprises one or more C6+ alcohols, preferably
on the order of from about 0.01 to about 10 weight percent C6+ alcohols, preferably from about 0.1 to about 5 weight
percent C6+ alcohols, and most preferably from about 0.1 to about 3 weight percent C6+ alcohols, based on the total
weight of the fuel alcohol-containing stream.
[0146] Ideally, the fuel alcohol-containing stream contains low amounts of methanol, if any. Preferably, the fuel alcohol-
containing stream comprises less than 75 weight percent methanol, more preferably less than 65 weight percent methanol,
and most preferably less than 60 weight percent methanol, based on the total weight of the fuel alcohol-containing stream.
[0147] In terms of weight ratios, if the fuel alcohol-containing stream comprises methanol and ethanol, then the weight
ratio of methanol to ethanol ranges from about 1 to about 6, more preferably from about 1.5 to about 5, and most
preferably from about 2 to about 4. The weight ratio of ethanol to C3 alcohols in the fuel alcohol-containing stream
preferably ranges from about 1 to about 30, more preferably from about 5 to about 30, and most preferably from about
10 to about 20.
[0148] The novel process of this invention can be conducted in a batch, semi-continuous or continuous fashion. The
catalyst may be initially introduced into the fuel alcohol synthesis zone batchwise, or it may be continuously or intermittently
introduced into such a zone during the course of the synthesis reaction. Operating conditions can be adjusted to optimize
the formation of the fuel alcohol product, and after recovery of the alcohol and other products, a fraction rich in the
catalyst composition may then be recycled to the reaction zone, if desired, and additional products generated. A non-
limiting list of preferred reactor types for the synthesis of fuel alcohol includes fixed bed, slurry reactors and fluid bed
reactors.
[0149] One can additionally have an inert solvent present in the reaction mixture. A wide variety of substantially inert
solvents are useful in the process of this invention including hydrocarbon and oxygenated hydrocarbon solvents. Suitable
oxygenated hydrocarbon solvents are compounds comprising carbon, hydrogen and oxygen and those in which the only
oxygen atoms present are in ether groups, ester groups, ketone carbonyl groups or hydroxyl groups of alcohols. Generally,
the oxygenated hydrocarbon will contain 3 to 12 carbon atoms and preferably a maximum of 3 oxygen atoms. The
solvent preferably is substantially inert under reaction conditions, is relatively non-polar and has a normal boiling point
of at least 65°C at atmospheric pressure, and preferably, the solvent will have a boiling point greater than that of ethanol
and other oxygen-containing reaction products so that recovery of the solvent by distillation is facilitated.
[0150] Preferred ester type solvents are the aliphatic and acylic carboxylic acid monoesters as exemplified by butyl
acetate, methyl benzoate, isopropyl isobutyrate, and propyl propionate as well as dimethyl adipate. Useful alcohol-type
solvents include monohydric alcohols such as cyclohexanol, 1-hexanol, 2-hexanol, neopentanol, 2-octanol, etc. Suitable
ketone-type solvents include, for example, cyclic ketones such as cyclohexanone, 2-methylcyclohexanone, as well as
acylic ketones such as 2-pentanone, butanone, acetophenone, etc. Ethers that may be utilized as solvents include cyclic,
acyclic and heterocyclic materials. Preferred ethers are the heterocyclic ethers as illustrated by 1,4-dioxane and 1,3-
dioxane. Other suitable ether solvents include isopropyl propyl ether, diethylene glycol dibutyl ether, dibutyl ether, ethyl
butyl ether, diphenyl ether, heptyl phenyl ether, anisole, tetrahydrofuran, etc. The most useful solvents of all of the above
groups include the ethers as represented by monocyclic, heterocyclic ethers such a 1,4-dioxane or p-dioxane, etc.
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Hydrocarbon solvents, such as hexane, heptane, decane, dodecane, tetradecane, etc. are also suitable solvents for
use in this invention. In the practice of this invention, it is also possible to add a small amount of water to the solvent
and still obtain satisfactory results.
[0151] The reaction time varies depending upon the reaction parameters, reactor size and charge, and the individual
components employed at the specific process conditions.

E. OTO REACTION SYSTEMS

[0152] The present invention, in one embodiment, provides for combining a methanol synthesis system with an eth-
anol/fuel alcohol synthesis system and an OTO reaction system, which is discussed in more detail hereinafter. As used
herein, "reaction system" means a system comprising a reaction zone, optionally a disengaging zone, optionally a catalyst
regenerator, optionally a catalyst cooler and optionally a catalyst stripper.
[0153] Although the present application is specifically directed to combining a methanol/ethanol synthesis system with
an OTO reaction system, one or more additional components may be included in the feedstock that is directed to the
OTO reaction system. For example, the feedstock that is directed to the OTO reaction system optionally contains, in
addition to methanol and ethanol, one or more aliphatic-containing compounds such as alcohols, amines, carbonyl
compounds for example aldehydes, ketones and carboxylic acids, ethers, halides, mercaptans, sulfides, and the like,
and mixtures thereof. The aliphatic moiety of the aliphatic-containing compounds typically contains from 1 to about 50
carbon atoms, preferably from 1 to 20 carbon atoms, more preferably from 1 to 10 carbon atoms, and more preferably
from 1 to 4 carbon atoms, and most preferably methanol.
[0154] Non-limiting examples of aliphatic-containing compounds include: alcohols such as methanol and ethanol,
alkyl-mercaptans such as methyl mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkylamines
such as methyl amine, alkyl-ethers such as DME, diethyl ether and methylethyl ether, alkyl-halides such as methyl
chloride and ethyl chloride, alkyl ketones such as dimethyl ketone, alkyl-aldehydes such as formaldehyde and acetal-
dehyde, and various acids such as acetic acid.
[0155] In a preferred embodiment of the process of the invention, the feedstock contains one or more oxygenates in
addition to methanol and ethanol or, more specifically, one or more organic compounds containing at least one oxygen
atom. In the most preferred embodiment of the process of invention, the oxygenate in the feedstock (in addition to
methanol and ethanol) comprises one or more alcohols, preferably aliphatic alcohols where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms, and most preferably from 1 to 4 carbon
atoms. The alcohols useful as feedstock in the process of the invention include lower straight and branched chain
aliphatic alcohols and their unsaturated counterparts. Non-limiting examples of oxygenates, in addition to methanol and
ethanol, include n-propanol, isopropanol, methyl ethyl ether, DME, diethyl ether, di-isopropyl ether, formaldehyde, dime-
thyl carbonate, dimethyl ketone, acetic acid, and mixtures thereof. In the most preferred embodiment, the feedstock
comprises methanol, ethanol and one or more of DME, diethyl ether or a combination thereof.
[0156] The various feedstocks discussed above are converted primarily into one or more olefins. The olefins or olefin
monomers produced from the feedstock typically have from 2 to 30 carbon atoms, preferably 2 to 8 carbon atoms, more
preferably 2 to 6 carbon atoms, still more preferably 2 to 4 carbons atoms, and most preferably ethylene and/or propylene.
[0157] Non-limiting examples of olefin monomer(s) include ethylene, propylene, butene-1, pentene-1, 4-methyl-pen-
tene-1, hexene-1, octene-1 and decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-1,
hexene-1, octene-1 and isomers thereof. Other olefin monomers include unsaturated monomers, diolefins having 4 to
18 carbon atoms, conjugated or nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
[0158] In a preferred embodiment, the feedstock, which contains methanol and ethanol, is converted in the presence
of a molecular sieve catalyst composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon atoms.
Most preferably, the olefin(s), alone or combination, are converted from a feedstock containing an oxygenate, preferably
an alcohol, most preferably methanol, to the preferred olefin(s) ethylene and/or propylene.
[0159] The process for converting an alcohol-containing stream to light olefins is generally referred to as an oxygenate
to olefins (OTO) reaction process. In an OTO process, typically an oxygenated feedstock, most preferably a methanol-
and ethanol-containing feedstock, is converted in the presence of a molecular sieve catalyst composition into one or
more olefins, preferably and predominantly, ethylene and/or propylene, referred to herein as light olefins.
[0160] The feedstock, in one embodiment, contains one or more diluents, typically used to reduce the concentration
of the feedstock. The diluents are generally non-reactive to the feedstock or molecular sieve catalyst composition. Non-
limiting examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon dioxide, water, essentially non-
reactive paraffins (especially alkanes such as methane, ethane, and propane), essentially non-reactive aromatic com-
pounds, and mixtures thereof. The most preferred diluents are water and nitrogen, with water being particularly preferred.
In other embodiments, the feedstock does not contain any diluent.
[0161] The diluent may be used either in a liquid or a vapor form, or a combination thereof. The diluent is either added
directly to a feedstock entering into a reactor or added directly into a reactor, or added with a molecular sieve catalyst
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composition. In one embodiment, the amount of diluent in the feedstock is in the range of from about 1 to about 99 mole
percent based on the total number of moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, most preferably from about 5 to about 25. In one embodiment, other hydro-
carbons are added to a feedstock either directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for
example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof, preferably propylene, butylene, pentylene,
and other hydrocarbons having 4 or more carbon atoms, or mixtures thereof.
[0162] The process for converting a feedstock, especially a feedstock containing one or more oxygenates, in the
presence of a molecular sieve catalyst composition of the invention, is carried out in a reaction process in a reactor,
where the process is a fixed bed process, a fluidized bed process (includes a turbulent bed process), preferably a
continuous fluidized bed process, and most preferably a continuous high velocity fluidized bed process.
[0163] The reaction processes can take place in a variety of catalytic reactors such as hybrid reactors that have a
dense bed or fixed bed reaction zones and/or fast fluidized bed reaction zones coupled together, circulating fluidized
bed reactors, riser reactors, and the like. Suitable conventional reactor types are described in for example U.S. Patent
No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert
E. Krieger Publishing Company, New York, New York 1977.
[0164] The preferred reactor type are riser reactors generally described in Riser Reactor, Fluidization and Fluid-Particle
Systems, pages 48 to 59, F.A. Zenz and D.F. Othmer, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent No. 7,102,050 (multiple riser reactor).
[0165] In an embodiment, the amount of liquid feedstock fed separately or jointly with a vapor feedstock, to a reactor
system is in the range of from 0.1 weight percent to about 85 weight percent, preferably from about 1 weight percent to
about 75 weight percent, more preferably from about 5 weight percent to about 65 weight percent based on the total
weight of the feedstock including any diluent contained therein. The liquid and vapor feedstocks are preferably the same
composition, or contain varying proportions of the same or different feedstock with the same or different diluent.
[0166] The conversion temperature employed in the conversion process, specifically within the reactor system, is in
the range of from 350°C to 1832°F (1000°C), preferably from 350°C to 1472°F (800°C), more preferably from 350°C to
1382°F (750°C), yet more preferably from 350°C to 1202°F (650°C), yet even more preferably from about 662°F (350°C)
to about 1112°F (600°C) most preferably from about 662°F (350°C) to about 1022°F (550°C).
[0167] The conversion pressure employed in the conversion process, specifically within the reactor system, varies
over a wide range including autogenous pressure. The conversion pressure is based on the partial pressure of the
feedstock exclusive of any diluent therein. Typically the conversion pressure employed in the process is in the range of
from about 0.1 kPaa to about 5 MPaa, preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.
[0168] The weight hourly space velocity (WHSV), particularly in a process for converting a feedstock containing one
or more oxygenates in the presence of a molecular sieve catalyst composition within a reaction zone, is defined as the
total weight of the feedstock excluding any diluents to the reaction zone per hour per weight of molecular sieve in the
molecular sieve catalyst composition in the reaction zone. The WHSV is maintained at a level sufficient to keep the
catalyst composition in a fluidized state within a reactor.
[0169] Typically, the WHSV ranges from about 1 hr-1 to about 5000 hr-1, preferably from about 2 hr-1 to about 3000
hr-1, more preferably from about 5 hr-1 to about 1500 hr-1, and most preferably from about 10 hr-1 to about 1000 hr-1. In
one preferred embodiment, the WHSV is greater than 20 hr-1, preferably the WHSV for conversion of a feedstock
containing methanol, DME, or both, is in the range of from about 20 hr-1 to about 300 hr-1.
[0170] The superficial gas velocity (SGV) of the feedstock including diluent and reaction products within the reactor
system is preferably sufficient to fluidize the molecular sieve catalyst composition within a reaction zone in the reactor.
The SGV in the process, particularly within the reactor system, more particularly within the riser reactor(s), is at least
0.1 meter per second (m/sec), preferably greater than 0.5 m/sec, more preferably greater than 1 m/sec, even more
preferably greater than 2 m/sec, yet even more preferably greater than 3 m/sec, and most preferably greater than 4
m/sec. See for example U.S. Patent No. 6,552,240.

B. MOLECULAR SIEVES

[0171] Typically, molecular sieve catalysts have been used to convert oxygenate compounds to light olefins. Silicoa-
luminophosphate (SAPO) molecular sieve catalysts are particularly desirable in such conversion processes, because
they are highly selective in the formation of ethylene and propylene. A non-limiting list of preferable SAPO molecular
sieve catalyst compositions includes SAPO-17, SAPO-18, SAPO-34, SAPO-35, SAPO-44, the substituted forms thereof,
and mixtures thereof. Preferably, the molecular sieve catalyst composition comprises a small pore zeolite or a molecular
sieve selected from the group consisting of: MeAPSO, SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18,
SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47,
SAPO-56, AEI/CHA intergrowths, metal containing forms thereof, intergrown forms thereof, and mixtures thereof.
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[0172] Molecular sieves have various chemical, physical, and framework characteristics. Molecular sieves have been
well classified by the Structure Commission of the International Zeolite Association according to the rules of the IUPAC
Commission on Zeolite Nomenclature. A molecular sieve’s "framework-type" describes the connectivity and topology of
the tetrahedrally coordinated atoms constituting the framework, and makes an abstraction of the specific properties for
those materials. Framework-type zeolite and zeolite-type molecular sieves for which a structure has been established
are assigned a three letter code and are described in the Atlas of Zeolite Framework Types, 5th edition, Elsevier, London,
England (2001).
[0173] Non-limiting examples of these molecular sieves are the small pore molecular sieves, AEI, AFT, APC, ATN,
ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG,
THO, and substituted forms thereof; the medium pore molecular sieves, AFO, AEL, EUO, HEU, FER, MEL, MFI, MTW,
MTT, TON, and substituted forms thereof; and the large pore molecular sieves, EMT, FAU, and substituted forms thereof.
Other molecular sieves include ANA, BEA, CFI, CLO, DON, GIS, LTL, MER, MOR, MWW and SOD. Non-limiting
examples of the preferred molecular sieves, particularly for converting an oxygenate containing feedstock into olefin(s),
include AEL, AFY, BEA, CHA, EDI, FAU, FER, GIS, LTA, LTL, MER, MFI, MOR, MTT, MWW, TAM and TON. In one
preferred embodiment, the molecular sieve of the invention has an AEI framework-type or a CHA framework-type, or a
combination thereof, most preferably a CHA framework-type.
[0174] Molecular sieve materials all have 3-dimensional framework structure of corner-sharing TO4 tetrahedra, where
T is any tetrahedrally coordinated cation. These molecular sieves are typically described in terms of the size of the ring
that defines a pore, where the size is based on the number of T atoms in the ring. Other framework-type characteristics
include the arrangement of rings that form a cage, and when present, the dimension of channels, and the spaces between
the cages. See van Bekkum, et al., Introduction to Zeolite Science and Practice, Second Completely Revised and
Expanded Edition, Volume 137, pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).
[0175] The small, medium and large pore molecular sieves have from a 4-ring to a 12-ring or greater framework-type.
In one embodiment, the zeolitic molecular sieves have 8-, 10- or 12- ring structures or larger and an average pore size
in the range of from about 3Å (0.3 nm) to 15Å (1.5 nm).
[0176] Large pore zeolitic molecular sieves such as ZSM-5 and modified ZSM-5 catalysts are less desired for converting
oxygenates to olefins according to the present invention because such molecular sieves have a tendency to form
undesirable aromatic compounds, which may poison polymerization catalysts. Thus, in one embodiment, the OTO
catalyst composition implemented in converting the methanol and/or the ethanol, and/or the fuel alcohols to light olefins
does not comprise (excludes) a ZSM-5 or modified ZSM-5 catalyst composition.
[0177] The silicoaluminophosphate molecular sieves of the present invention preferably have 8- rings and an average
pore size of less than about 5.5Å (0.55 nm), more preferably less than 5.0Å (0.5 nm), and most preferably less than
4.5Å (0.45 nm). In terms of ranges, the molecular sieves preferably have an average pore size of from 3.0Å (0.3 nm) to
about 5.0Å (0.5 nm), more preferably from 3.0Å (0.3 nm) to about 4.5Å (0.45 nm), even more preferably from 3.5Å (0.35
nm) to about 4.3Å (0.43 nm), and most preferably from about 3.9Å (0.39 nm) to about 4.3Å (0.43 nm). In contrast, a
ZSM-5 catalyst composition has an average pore size of about 5.5Å (0.55 nm).
[0178] Molecular sieves, particularly zeolitic and zeolitic-type molecular sieves, preferably have a molecular framework
of one, preferably two or more corner-sharing [TO4] tetrahedral units, more preferably, two or more [SiO4], [AlO4] and/or
[PO4] tetrahedral units, and most preferably [SiO4], [AlO4] and [PO4] tetrahedral units. These silicon, aluminum, and
phosphorous based molecular sieves and metal containing silicon, aluminum and phosphorous based molecular sieves
have been described in detail in numerous publications including for example, U.S. Patent No. 4,567,029 (MeAPO where
Me is Mg, Mn, Zn, or Co), U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159 624 (ELAPSO
where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti or Zn), U.S. Patent No. 4,554,143 (FeAPO), U.S. Patents No.
4,822,478, 4,683,217, 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSO, EP-A-0 161
489 (CoAPSO), EP-A-0 158 976 (ELAPO, where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AlPO4),
EP-A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460 (LiAPSO), U.S. Patent No. 4,789,535 (LiAPO), U.S. Patent
No. 4,992,250 (GeAPSO), U.S. Patent No. 4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No.
4,738,837 (CrAPSO), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPO), U.S. Patents Nos. 4,758,419, 4,882,038,
5,434,326 and 5,478,787 (MgAPSO), U.S. Patent No. 4,554,143 (FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S.
Patent No. 4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833 (MnAPSO), U.S. Patents Nos.
5,345,011 and 6,156,931 (MnAPO), U.S. Patent No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S.
Patents Nos. 4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651, 4,551,236 and 4,605,492
(TiAPO), U.S. Patents Nos. 4,824,554, 4,744,970 (CoAPSO), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937
(QAPSO, where Q is framework oxide unit [QO2]), as well as U.S. Patents Nos. 4,567,029, 4,686,093, 4,781,814,
4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164, 4,956,165, 4,973,785, 5,241,093, 5,493,066 and
5,675,050. Other molecular sieves are described in R. Szostak, Handbook of Molecular Sieves, Van Nostrand Reinhold,
New York, New York (1992).
[0179] The molecular sieves are SAPO molecular sieves, and metal substituted SAPO molecular sieves. In an em-
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bodiment, the metal is an alkali metal of Group IA of the Periodic Table of Elements, an alkaline earth metal of Group
IIA of the Periodic Table of Elements, a rare earth metal of Group IIIB, including the Lanthanides: lanthanum, cerium,
praseodymium, neodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium
and lutetium; and scandium or yttrium of the Periodic Table of Elements, a transition metal of Groups IVB, VB, VIB, VIIB,
VIIIB, and IB of the Periodic Table of Elements, or mixtures of any of these metal species. In one preferred embodiment,
the metal is selected from the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures
thereof. In another preferred embodiment, these metal atoms discussed above are inserted into the framework of a
molecular sieve through a tetrahedral unit, such as [MeO2], and carry a net charge depending on the valence state of
the metal substituent. For example, in one embodiment, when the metal substituent has a valence state of +2, +3, +4,
+5, or +6, the net charge of the tetrahedral unit is between -2 and +2.
[0180] In one embodiment, the molecular sieve, as described in many of the U.S. Patents mentioned above, is rep-
resented by the empirical formula, on an anhydrous basis:

mR:(MxAlyPz)O2

wherein R represents at least one templating agent, preferably an organic templating agent; m is the number of moles
of R per mole of (MxAlyPz)O2 and m has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of M, A1 and P as tetrahedral oxides, where M is a metal selected from one of Group
IA, IIA, IB, IIIB, IVB, VB, VIB, VIIB, VIIIB and Lanthanide’s of the Periodic Table of Elements, preferably M is selected
from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr. In an embodiment, m is greater
than or equal to 0.2, and x, y and z are greater than or equal to 0.01. In another embodiment, m is greater than 0.1 to
about 1, x is greater than 0 to about 0.25, y is in the range of from 0.4 to 0.5, and z is in the range of from 0.25 to 0.5,
more preferably m is from 0.15 to 0.7, x is from 0.01 to 0.2, y is from 0.4 to 0.5, and z is from 0.3 to 0.5.
[0181] Non-limiting examples of SAPO molecular sieves of the invention include one or a combination of SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No. 6,162,415), SAPO-47, SAPO-56, and metal containing
molecular sieves thereof. Preferably, the molecular sieve is selected from the group consisting of SAPO-5, SAPO-8,
SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40,
SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof. The
more preferred zeolite-type molecular sieves include one or a combination of SAPO-18, SAPO-34, SAPO-35, SAPO-
44, SAPO-56, even more preferably one or a combination of SAPO-18, SAPO-34, and metal containing molecular sieves
thereof, and most preferably SAPO-34, and metal containing molecular sieves thereof. Optionally, the molecular sieve
is selected from the group consisting of SAPO-34, the metal containing forms thereof, and mixtures thereof.
[0182] In an embodiment, the molecular sieve is an intergrowth material having two or more distinct phases of crystalline
structures within one molecular sieve composition. In particular, intergrowth molecular sieves are described in the U.S.
Patent No. 6,812,372 and PCT WO 98/15496 published April 16, 1998. For example, SAPO-18, ALPO-18 and RUW-
18 have an AEI framework-type, and SAPO-34 has a CHA framework-type. In another embodiment, the molecular sieve
comprises at least one intergrown phase of AEI and CHA framework-types, preferably the molecular sieve has a greater
amount of CHA framework-type to AEI framework-type, and more preferably the molar ratio of CHA to AEI is greater
than 1:1.

C. INTEGRATED REACTION SYSTEMS

[0183] As indicated above, in one embodiment, the present invention is directed to forming light olefins from an alcohol-
containing stream comprising methanol and ethanol in a desired weight ratio. The methanol optionally is synthesized in
a methanol synthesis unit, and the ethanol optionally is synthesized in an ethanol synthesis unit, which includes an
ethanol synthesis zone, e.g., a homologation zone, and/or a fuel alcohol synthesis zone. Alternatively, the methanol and
ethanol/fuel alcohol are formed in a single integrated synthesis unit as described in detail below. The alcohol-containing
stream is particularly well-suited for use as a feedstock in an OTO reaction system. Thus, in one embodiment, the present
invention is directed to a system for producing light olefins, which system optionally comprises a methanol synthesis
unit, an ethanol synthesis unit (or optionally an integrated synthesis unit for forming both methanol and ethanol/fuel
alcohol) in addition to an OTO reaction system.
[0184] In one embodiment, the invention is to a process for converting an alcohol-containing stream to light olefins.
The process includes a step of providing an alcohol-containing stream comprising methanol and ethanol to an OTO
reaction zone, wherein the weight ratio of methanol to ethanol is greater than 6.0 and less than 10.0, even more preferably
greater than 6.5 and less than 9.5, with 7.3 being particularly preferred. In terms of weight percent ethanol, the alcohol-
containing stream preferably comprises greater than 1.0 and less than 20.0 weight percent ethanol, more preferably
greater than 9.1 and less than 14.2 weight percent ethanol, even more preferably greater than 9.5 and less than 13.3
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weight percent ethanol, and most preferably about 12.0 weight percent ethanol, the balance preferably substantially
being methanol. The methanol and the ethanol in the reaction zone contact a molecular sieve catalyst composition under
conditions effective to convert the methanol and ethanol to the light olefins.
[0185] The conversion of methanol to light olefins (MTO) is exothermic in slightly nature. The conversion of ethanol
to ethylene (ETE) is endothermic in nature. It has now been discovered that by directing methanol and ethanol to an
OTO reaction zone in the preferred weight ratios indicated above, the net heat of reactions, ΔHnet, for the conversion of
the methanol and ethanol to light olefins can be advantageously balanced for maximum ethylene production without
adding additional heat to the reaction zone. That is, heat evolved from the exothermic conversion of methanol to light
olefins is utilized in the endothermic conversion of ethanol to ethylene thereby providing a commensurate increase in
olefin selectivity and alcohol conversion. Additionally, the light olefins formed in the reaction zone are desirably rich in
ethylene, which typically is more valuable than propylene, compared to the light olefins formed from a feedstock com-
prising about 100 wt.% methanol.
[0186] For example, a typical MTO reaction system, which receives a feedstock wherein the reactive oxygenate is
entirely methanol, typically forms light olefins having a weight ratio of ethylene to propylene of from about 0.95 to about
0.98. Changes in reaction conditions, e.g., temperature and pressure, may impact percent conversion in the MTO reaction
system, but typically will not have a dramatic effect on overall ethylene and propylene selectivities. In contrast, according
to one aspect of the present invention, the overall amount of ethylene formed in an OTO reaction system can be
advantageously increased relative to propylene formed. According to the present invention, an OTO reaction system
can form light olefins having a weight ratio of ethylene to propylene of greater than 1.0, greater than 1.5, or greater than
2.0. Preferably, however, the ethylene to propylene weight ratio ranges from greater than 1.0 to 2.5, more preferably
from greater than 1.0 to 2.0, and most preferably from greater than 1.0 to 1.2. A weight ratio of from greater than 1.0 to
1.2 is particularly preferred because this ratio of ethylene to propylene generally corresponds with current commercial
demands for these commodity olefins.
[0187] In addition to having a desirable prime olefin ratio, the light olefins-containing effluent formed in the reaction
system of the present invention does not contain an appreciable amount of contaminants. In particular, the production
of aromatic compounds, which can poison polymerization catalysts, has been a problem of conventional OTO conversion
processes, particularly conversion processes implementing ZSM-5 and/or modified ZSM-5 catalyst compositions. See,
e.g., U.S. Patent No. 4,698,452, issued October 6, 1987.
[0188] The process of the present invention, however, has the ability of forming an effluent stream comprising little if
any aromatic components. In one embodiment, the effluent comprises less than 5.0 weight percent, more preferably
less than 1.0 weight percent, and more preferably less than 0.05 weight percent aromatic compounds, based on the
total weight of the effluent stream. Such low levels of aromatic components can be realized if the OTO conversion catalyst
comprises a molecular sieve selected from the group consisting of: MeAPSO, SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42,
SAPO-44, SAPO-47, SAPO-56, AEI/CHA intergrowths, metal containing forms thereof, intergrown forms thereof, and
mixtures thereof, SAPO-34, AEI/CHA intergrowths being particularly preferred. In another embodiment, the OTO catalyst
composition implemented in converting the methanol and/or the ethanol, and/or the fuel alcohols to light olefins does
not comprise (excludes) a ZSM-5 or modified ZSM-5 catalyst composition.
[0189] Figure 5 presents a graph that illustrates the effects of varying ethanol content of a methanol-containing feed-
stock on reactor temperature and prime olefin selectivity. As ethanol is added to a feedstock comprising entirely methanol,
the prime olefin selectivity initially increases. This increase is a result of the conversion of the ethanol to ethylene. Due
to the endothermic nature of the ETE reaction, heat is withdrawn from the exothermic MTO reaction in order to convert
the ethanol to ethylene. This heat balancing is reflected in the reactor temperature of the graph, which steadily decreases
as ethanol is added to the methanol-containing feed. At about 12.5 weight percent ethanol content, however, the heat
requirements of the ETE reaction have a negative impact on the simultaneously occurring MTO reaction, and the amount
of light olefins produced by the MTO reaction decreases. As a result, without adding heat to the reaction system, total
prime olefin selectivity drops off at ethanol levels greater than about 12.5 weight percent ethanol.
[0190] One highly beneficial aspect of the present invention is that it provides the ability to carefully control the weight
ratio of methanol to ethanol that is directed to an OTO reaction system. By controlling the weight ratio of the methanol
to ethanol that is directed to an OTO reaction system, the weight ratio of ethylene to propylene formed in the OTO
reaction system can be desirably controlled in response, for example, to fluctuations in commercial market conditions
for ethylene and propylene.
[0191] The ratio of methanol to ethanol contained in the alcohol-containing stream that is directed to the OTO reaction
system can be controlled in a variety of ways. For example, in one embodiment the methanol and ethanol are formed
in an integrated synthesis zone ideally suited for forming an alcohol-containing stream comprising the desired ratio of
methanol to ethanol. Additionally or alternatively, reaction conditions in the methanol and/or ethanol synthesis units, if
separate, or in an integrated synthesis unit, if integrated, can be controlled in order to vary the amount of methanol and
ethanol, respectively, formed therein. Additionally or alternatively, one or more flow control devices can be implemented
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in order to mechanically control the flow the methanol from the methanol synthesis unit that is directed to the OTO
reaction system and/or to mechanically control the ethanol from the ethanol/fuel alcohol synthesis unit that is directed
to the OTO reaction system.
[0192] In one preferred embodiment, rather than being formed in separate synthesis units, the methanol and the
ethanol are formed in a single synthesis unit, referred to herein as an "integrated synthesis unit" which includes an
"integrated synthesis zone." In this embodiment, the integrated synthesis zone comprises one or more methanol synthesis
catalysts in addition to one or more ethanol synthesis catalysts (optionally a homologation catalyst and/or a fuel alcohol
synthesis catalyst). Syngas is directed to the integrated synthesis zone wherein it contacts a methanol synthesis catalyst
and an ethanol/fuel alcohol synthesis catalyst under conditions effective to convert the syngas to both methanol and
ethanol. As used herein, "ethanol/fuel alcohol synthesis catalyst" means an ethanol synthesis catalyst, such as, but not
limited to, a homologation catalyst or a fuel alcohol synthesis catalyst. If the integrated synthesis zone includes one or
more fuel alcohol synthesis catalysts, then the integrated synthesis zone also forms one or more C3 alcohols and one
or more C4 alcohols. By forming the methanol and ethanol in a single integrated synthesis unit, equipment count can
be desirably reduced. Additionally, the weight ratio of methanol to ethanol can be desirably controlled by carefully
controlling the ratio of methanol synthesis catalyst to ethanol/fuel alcohol synthesis catalyst that is contained in the
integrated synthesis zone.
[0193] The reaction conditions in the optional single integrated synthesis zone may be any of those reaction conditions
described above in reference to separate methanol and ethanol/fuel alcohol synthesis systems.
[0194] Preferably, the methanol and the ethanol in the alcohol-containing stream are formed in the integrated synthesis
zone containing a methanol synthesis catalyst and an ethanol synthesis catalyst, optionally in a weight ratio of from
about 1.0 to about 5.0, preferably from about 2.0 to about 4.0, and most preferably about 2.5. Thus, the process optionally
includes a step of contacting syngas with a methanol synthesis catalyst and an ethanol synthesis catalyst under conditions
effective to convert the syngas to the methanol and the ethanol.
[0195] In an alternative embodiment, the methanol and the ethanol are formed by contacting syngas with a single
synthesis catalyst (rather than combining a methanol synthesis catalyst with a methanol synthesis catalyst) under con-
ditions effective to form the methanol and the ethanol and optionally one or more C3 alcohols and/or one or more C4
alcohols. In this embodiment, the synthesis catalyst preferably comprises any of the ethanol synthesis catalysts described
herein, which forms methanol in addition to ethanol. For example, the synthesis catalyst optionally comprises an alkali-
treated metal sulfide. In another embodiment, the methanol and the ethanol are formed from a plurality of different
ethanol synthesis catalysts, e.g., the synthesis catalyst comprises a homologation catalyst and a fuel alcohol synthesis
catalyst.
[0196] Optionally, the integrated synthesis unit is formed from an existing methanol synthesis unit. In this embodiment,
the beds in a methanol synthesis unit preferably are replaced with beds suitable for ethanol or fuel alcohol synthesis.
Additionally or alternatively, a second ethanol synthesis unit having a separate ethanol synthesis zone can be incorporated
into a methanol synthesis system.
[0197] The methanol synthesis catalyst preferably comprises a metal oxide, and the ethanol synthesis catalyst pref-
erably comprises an alkali-treated metal sulfide. However, any of the specific catalysts described above in reference to
the description of methanol, ethanol and fuel alcohol synthesis systems may be implemented into the integrated system
of the present invention.
[0198] Optionally, the syngas is derived from a natural gas stream. In this aspect of the invention, as described in
more detail above, the natural gas contacts oxygen in a syngas generation zone under conditions effective to convert
the natural gas stream into the syngas.
[0199] Typically, water is formed during the synthesis of the methanol and the ethanol. As a result, the process of the
invention optionally includes a step of separating some or all of the water from the methanol and the ethanol formed in
the methanol and ethanol synthesis units or formed in an integrated synthesis unit. Although not necessary to the present
invention, water separation may be desirable in order to increase light olefin selectivity and to reduce equipment size of
the units in the integrated reaction system. Water separation preferably occurs through fractional distillation, although
other water removal techniques such as absorption or adsorption may be utilized.
[0200] At atmospheric pressure, ethanol and water form an azeotrope, which comprises about 95 weight percent
ethanol and about 5 weight percent water. An azeotrope is liquid in equilibrium with vapor of exactly the same composition.
Distillation of an initial azeotrope liquid and condensation of the resulting vapor provides the same liquid as the initial
azeotrope liquid. Solutions of ethanol and water having a ethanol to water weight ratio of less than 95:5 (or less than
19.0) are in equilibrium with vapor that is richer in ethanol. As a result, distillation operates satisfactorily to remove water
from the alcohol-containing stream comprising ethanol so long as the ethanol to water weight ratio is less than 95:5, or
less than 19.0. Hence, the level of dewatering of is limited by the ethanol-water azeotrope. Fortunately, however, OTO
reaction systems can tolerate a limited amount of water and extraordinary water separation techniques are not necessary
to the present invention.
[0201] After water removal, the alcohol-containing stream preferably comprises less than about 10.0 weight percent
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water, more preferably less than 5.0 weight percent water, and most preferably less than 1.0 weight percent water,
based on the total weight of the alcohol-containing stream. In terms of ranges, after water removal, the alcohol-containing
stream optionally comprises from about 0.1 to about 10.0 weight percent water, more preferably from about 0.1 to about
5.0 weight percent water, and even more preferably from about 0.1 to about 1.0 weight percent water, based on the
total weight of the alcohol-containing stream.
[0202] In addition to water, light ends comprising one or more of hydrogen, carbon monoxide and carbon dioxide may
be formed during the synthesis of the methanol and the ethanol or pass through the methanol/ethanol synthesis process.
As a result, the processes of the present invention optionally further include a step of removing a weight majority of the
light ends, if any, from the alcohol-containing stream (either before or after water removal). Although not necessary to
the present invention, light ends separation may be desirable in order to increase light olefin selectivity and to reduce
equipment size of the units in the integrated reaction system. Light ends separation preferably occurs through fractional
distillation, e.g., via a "topping column" although other light ends removal techniques such as absorption or adsorption
may be utilized. The light ends that are separated from the synthesized methanol and/or ethanol optionally is redirected
to one or both of the methanol synthesis unit and the ethanol synthesis unit for further conversion to methanol and ethanol.
[0203] Similarly, in one embodiment of the present invention, the process of converting the methanol and the ethanol
in the presence of a molecular sieve catalyst composition to the light olefins also produces hydrogen. In this embodiment,
the hydrogen optionally is separated from the light olefins. The separated hydrogen then may be directed to one or both
the methanol synthesis zone and the ethanol synthesis zone to provide a hydrogen source for further synthesis of
methanol and/or ethanol.
[0204] Thus, in one embodiment, the process for forming light olefins includes a step of contacting a syngas stream
comprising carbon monoxide, carbon dioxide and hydrogen with a methanol synthesis catalyst and an ethanol synthesis
catalyst in an integrated synthesis zone under first conditions effective to form a first alcohol-containing stream comprising
methanol and ethanol, wherein the first alcohol-containing stream has a methanol to ethanol weight ratio of from about
1.0 to about 99.0. At least a portion of the first alcohol-containing stream (e.g., after water removal and/or after light ends
removal) contacts a molecular sieve catalyst composition in a reaction zone under second conditions effective to convert
the methanol and ethanol to light olefins. The first conditions optionally comprise a reaction temperature of from about
204°C to about 260°C.
[0205] In another embodiment, the invention is to a process for producing light olefins having a desirable weight ratio
of ethylene to propylene. In this embodiment, the process includes a step of contacting a syngas stream comprising
carbon monoxide, carbon dioxide and hydrogen with a methanol synthesis catalyst and an ethanol synthesis catalyst
in a synthesis zone under first conditions effective to form a wet alcohol-containing stream comprising methanol, ethanol
and water. A weight majority of the water is separated from the wet alcohol-containing stream to form a dry alcohol-
containing stream comprising a weight majority of the methanol and the ethanol that was present in the wet alcohol-
containing stream. At least a portion of the dry alcohol-containing stream contacts a molecular sieve catalyst composition
in a reaction system under second conditions effective to convert the methanol and ethanol to light olefins. An effluent
stream comprising the light olefins is yielded from the reaction system. In this embodiment, the effluent stream has an
ethylene to propylene weight ratio of from about 0.8 to about 2.5, preferably from about 1.0 to about 1.2. A weight majority
of the light ends optionally is removed from the wet alcohol-containing stream or from the dry alcohol-containing stream,
wherein the light ends comprises one or more of hydrogen, carbon monoxide and carbon dioxide.
[0206] In another embodiment, the invention is to a process for forming light olefins, wherein the weight ratio of ethylene
to propylene can be controlled. In this embodiment, the process includes a step of contacting a syngas stream comprising
carbon monoxide, carbon dioxide and hydrogen with a methanol synthesis catalyst and an ethanol synthesis catalyst
in a synthesis zone under first conditions effective to form a wet alcohol-containing stream comprising methanol, ethanol
and water. A weight majority of the water is separated from the wet alcohol-containing stream to form a dry alcohol-
containing stream comprising a weight majority of the methanol and the ethanol that was present in the wet alcohol-
containing stream. The dry alcohol-containing stream has a first methanol to ethanol weight ratio. At least a portion of
the dry alcohol-containing stream contacts a molecular sieve catalyst composition in a reaction zone under second
conditions effective to convert the methanol and the ethanol to light olefins comprising ethylene and propylene. The first
conditions are varied so that the first methanol to ethanol weight ratio is changed to a second methanol to ethanol weight
ratio. The varying of the first conditions optionally includes changing the temperature at which the first contacting step
occurs. As discussed above, an increase in temperature may depending on catalyst type result in an increase in ethanol
production. The first methanol to ethanol weight ratio can be greater than or less than the second methanol to ethanol
weight ratio depending on how the first conditions were varied. Optionally, the varying of the first conditions is responsive
to a determination that the ratio of ethylene to propylene in the light olefins should be increased or decreased, e.g., in
response to changes in commercial demands.
[0207] In another embodiment, the invention is to a process for producing light olefins from methanol and ethanol
formed in separate synthesis zones. This process includes a step of contacting a first amount of a first syngas stream
comprising carbon monoxide, carbon dioxide and hydrogen with a methanol synthesis catalyst in a first synthesis zone
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under first conditions effective to form a methanol-containing stream comprising methanol. A second amount of a second
syngas stream comprising carbon monoxide, carbon dioxide and hydrogen contacts an ethanol synthesis catalyst (op-
tionally a fuel alcohol synthesis catalyst) in a second synthesis zone under second conditions effective to form an ethanol-
containing stream comprising ethanol. At least a portion of the methanol-containing stream is combined with at least a
portion of the ethanol-containing stream to form a combined stream having a first methanol to ethanol weight ratio. In
this embodiment, the ratio of methanol to ethanol in the combined stream can be advantageously varied by mechanically
controlling one or more flow control devices, e.g., valves such as but not limited to butterfly, gate or plug valves, to vary
the amount of methanol and/or ethanol that is combined to form the combined stream.
[0208] In this embodiment, at least a portion of the combined stream contacts a molecular sieve catalyst composition
in a reaction zone under third conditions effective to convert the methanol and ethanol to light olefins comprising ethylene
and propylene. The second amount optionally can be varied in order to change the first methanol to ethanol weight ratio
to a second methanol to ethanol weight ratio, which also can be greater than or less than the first methanol to ethanol
weight ratio.
[0209] In one embodiment of the present invention, the process of converting the methanol and the ethanol in the
presence of a molecular sieve catalyst composition to the light olefins also produces carbon monoxide. In this embodiment,
the carbon monoxide optionally is separated from the light olefins. The separated carbon monoxide then may be directed
to the ethanol synthesis zone to provide a carbon monoxide source for the step of converting a portion of the methanol
to the second feedstock.
[0210] In another embodiment, the invention is to an integrated process for producing light olefins form methanol and
ethanol formed in a series of synthesis units. In this aspect of the invention, syngas contacts one or more metal-containing
catalysts in a methanol synthesis unit to produce a first feedstock comprising methanol. A portion of the methanol
preferably contacts carbon monoxide in the presence of a catalyst system in an ethanol synthesis unit to produce a
second feedstock comprising ethanol. The first feedstock and the second feedstock, optionally in a combined stream,
are introduced to a process for converting the methanol and the ethanol in the presence of a molecular sieve catalyst
composition to the light olefins, e.g., an OTO reaction system.
[0211] In this embodiment, the methanol to ethanol weight ratio in the combined stream can be controlled by varying
reaction conditions in the ethanol synthesis unit. For example, an increase in reaction temperature in the ethanol synthesis
unit will result in an increase in ethanol production. Additionally or alternatively, the amount of ethanol formed can be
varied by controlling the amount of methanol from the methanol synthesis unit that is directed to the ethanol synthesis
unit, e.g., by mechanical controlling of one or more flow control devices. Optionally, a portion of the first feedstock (e.g.,
a portion of the methanol) bypasses the ethanol synthesis unit and is directed to the OTO reaction system without
passing through the ethanol synthesis unit.
[0212] Fig. 2 illustrates one embodiment of the present invention wherein the methanol synthesis unit operates in
parallel to the ethanol synthesis unit. As shown, a natural gas stream 200 comprising natural gas is directed to a syngas
generation unit 201. Ideally, the natural gas stream 200 comprises less than 5 weight percent, more preferably less than
1 weight percent, and most preferably less than 0.01 weight percent sulfur-containing compounds, based on the total
weight of the natural gas stream 200. In the syngas generation unit 201, the natural gas in natural gas stream 200
contacts oxygen under conditions effective to convert the natural gas into syngas, which is yielded from the syngas
generation unit 201 in syngas stream 202. Generally, the production of syngas involves a combustion reaction of natural
gas, mostly methane and an oxygen source, e.g., air, into hydrogen carbon monoxide and/or carbon dioxide. Syngas
production processes are well known, and include conventional steam reforming, autothermal reforming, or a combination
thereof. Thus, syngas generation unit 201 may be a steam reforming unit, a partial oxidation unit, an autothermal reforming
unit, and/or a combined reforming unit, e.g., a unit that combines two or more of these reforming processes. Optionally,
water from a water stream, not shown, is added to the natural gas stream 200 or the syngas generation unit 201 in order
to increase the water content of, and preferably saturate, the natural gas stream 200. Natural gas stream 200 optionally
is desulfurized and/or saturated by any of the processes described above with reference to Fig. 1.
[0213] Syngas stream 202 ideally is compressed in one or more compressors, not shown, and is divided into a first
derivative syngas stream 204 and a second derivative syngas stream 203. Optionally, the syngas in first derivative
syngas stream 204 is compressed to provide ideal pressurization characteristics for methanol synthesis. Similarly,
second derivative syngas stream 203 optionally is compressed to provide ideal pressurization characteristics for con-
version thereof to ethanol in ethanol synthesis unit 206. First derivative syngas stream 204, or a portion thereof, is
directed to a methanol synthesis unit 205 wherein the syngas in first derivative syngas stream 204 contacts a methanol
synthesis catalyst under conditions effective to convert the syngas to methanol. Thus, methanol synthesis unit 205 yields
a methanol-containing stream 207, which optionally comprises light ends, methanol, water, and fusel oil. Optionally,
prior to the separation of the components contained in methanol-containing stream 207, the methanol-containing stream
207 is treated with a caustic medium, not shown, in a caustic wash unit, not shown, under conditions effective to increase
the pH of the methanol-containing stream 207.
[0214] Meanwhile, second derivative syngas stream 203, or a portion thereof, is directed to ethanol synthesis unit
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206, optionally a fuel alcohol synthesis unit, wherein the syngas in the second derivative syngas stream 203 contacts
methanol and an ethanol synthesis catalyst composition under conditions effective to form ethanol, which is yielded from
the ethanol synthesis unit 206 in ethanol-containing stream 208. Additionally or alternatively, the syngas in the second
derivative syngas stream 203 contacts a fuel alcohol synthesis catalyst composition under conditions effective to form
fuel alcohol, which is yielded from the ethanol synthesis unit 206 in ethanol-containing stream 208. Additionally, ethanol-
containing stream 208 optionally comprises methanol, light ends, water, and fusel oil. As with methanol-containing stream
207, ethanol-containing stream 208 optionally is treated in a caustic wash unit, not shown, to increase the pH thereof.
As shown in Fig. 2, the methanol-containing stream 207 is combined with the ethanol-containing stream 208 to form
combined alcohol-containing stream 209.
[0215] Combined alcohol-containing stream 209 preferably is directed to a separation zone, which comprises a light
ends separation unit 210, such as a topping column, and a refining column 213. In the light ends separation unit 210,
conditions are effective to separate the combined alcohol-containing stream 209 into light ends stream 211 and bottoms
alcohol stream 212.
[0216] At least a portion of light ends stream 211 preferably is recycled to one or more of the syngas generation unit
201, the methanol synthesis unit 205, and/or the ethanol synthesis unit 206. As shown, stream 224, the flow of which
is regulated by flow control device 233, carries light ends from light ends stream 211 to one or more of these units.
Specifically, stream 227 carries the light ends from stream 224 to the syngas generation unit 201. Similarly, stream 225
carries light ends from stream 224 to the ethanol synthesis unit 206. Likewise, stream 226 carries light ends from stream
224 to the methanol synthesis unit 205. The flow of the light ends through these various streams optionally is controlled
via flow control devices 229, 232 and 231. As shown, a portion of the components in stream 224 can be removed from
the system via purge stream 228. The flow rate at which components are removed from the system via purge stream
228 optionally is controlled via flow control device 230.
[0217] In one embodiment, the light ends separation unit 210 also functions as a caustic wash unit. As shown, a caustic
stream 235 is introduced to the light ends separation unit 210 under conditions effective to increase the pH of the
combined alcohol-containing stream 209 after it has been introduced therein. Thus, bottoms alcohol stream 212 may
include caustic salts from caustic stream 235.
[0218] As shown, bottoms alcohol stream 212 is directed to refining column 213, wherein water and optionally fusel
oil, not shown, are separated from the methanol and ethanol contained in bottoms alcohol stream 212. Thus, bottoms
alcohol stream 212 is separated into a water-containing stream 215, a fusel oil stream, not shown, and a refined alcohol
stream 214, which preferably is directed to a methanol concentrator 216 (particularly if the ethanol synthesis unit 206
comprises a homologation zone, as shown, which may, depending on the reaction conditions and specific catalyst used,
require a source of methanol). Methanol concentrator 216 is unnecessary if the ethanol synthesis unit 206 comprises a
fuel alcohol synthesis zone, as the fuel alcohol synthesis process does not require a methanol source. Water-containing
stream 215 preferably contains a weight majority of the caustic salts that were contained in bottoms alcohol stream 212.
[0219] In methanol concentrator 216, refined alcohol stream 214 preferably is subjected to conditions effective to form
methanol concentrated stream 217 and methanol diluted stream 218. Methanol concentrated stream 217 comprises a
weight majority of the methanol contained in refined alcohol stream 214 and optionally a portion of the ethanol contained
in refined alcohol stream 214. Conversely, methanol diluted stream 218 comprises a weight majority of the ethanol
contained in refined alcohol stream 214 and optionally a portion of the methanol contained in refined alcohol stream
214. The purpose of the methanol concentrator is to form a stream concentrated in methanol (the methanol concentrated
stream 217), a portion of which may be directed to the ethanol synthesis unit 206 to serve as a methanol source for the
ethanol synthesis reaction if the ethanol synthesis unit 206 requires methanol as a feed. As shown, methanol concentrated
stream 217 is separated, preferably in aliquot portions, into recycle stream 219 and stream 220. Recycle stream 219
preferably is rich in methanol and is directed to ethanol synthesis unit 206 to serve as a methanol source for the ethanol
synthesis reaction optionally occurring therein. The flow of the recycle stream 219 optionally is controlled via flow control
device 234.
[0220] Stream 220, which is derived from methanol concentrated stream 217, preferably is combined with at least a
portion of the methanol diluted stream 218 to form combined alcohol stream 221.
[0221] Combined alcohol stream 221, which comprises largely methanol and ethanol, is then directed to an OTO
reactor 222 wherein the methanol and ethanol contained in the combined alcohol stream 221 contact one or more
molecular sieve catalyst compositions under conditions effective to form ethylene and propylene, which are yielded from
the OTO reactor 222 in light olefins containing stream 223.
[0222] Fig. 3 illustrates another embodiment of the present invention wherein the methanol synthesis unit and the
ethanol synthesis unit are situated in series rather than in parallel. As shown, natural gas stream 300 comprising natural
gas is directed to a syngas generation unit 301 wherein the natural gas is converted to syngas in syngas stream 302.
Syngas generation unit 301 optionally comprises a steam reforming unit, a partial oxidation unit, an autothermal reforming
unit, and/or a combined reforming unit, e.g., a unit that combines two or more of these reforming processes. As above,
natural gas stream 300 optionally is saturated with water prior to or upon introduction into syngas generation unit 301.
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Syngas stream 302 preferably is directed to a compression zone, not shown, wherein the syngas stream 302 is com-
pressed to a pressure favorable for conversion thereof to methanol. After compression, syngas stream 302 is directed
to methanol synthesis unit 305 for conversion thereof to methanol. In the methanol synthesis unit, the syngas stream
302 contacts one or more methanol synthesis catalysts under conditions effective to convert at least a portion of the
syngas to crude methanol, which is yielded from the methanol synthesis unit via methanol-containing stream 307.
Optionally, unreacted syngas from methanol synthesis unit 305 is recycled to the compression zone.
[0223] Methanol-containing stream 307, which is yielded from the methanol synthesis unit 305, preferably comprises
light ends, methanol, water and fusel oil. As shown, at least a portion of methanol-containing stream 307 is directed to
an ethanol synthesis unit 306, which optionally comprises a homologation zone (although it could comprise a fuel alcohol
synthesis zone). In the ethanol synthesis unit 306, at least a portion of the methanol-containing stream 307 contacts
carbon monoxide, preferably hydrogen, and optionally carbon dioxide in the presence of one or more ethanol synthesis
catalysts under conditions effective to form ethanol. The ethanol formed in ethanol synthesis unit 306 is yielded therefrom
via ethanol-containing stream 308.
[0224] In an alternative embodiment, not shown, syngas is also directed to the ethanol synthesis unit 306. In this
embodiment, the syngas contacts a fuel alcohol synthesis catalyst in the ethanol synthesis unit 306 under conditions
effective to form ethanol, a C3 alcohol and a C4 alcohol, which are yielded therefrom via ethanol-containing stream 308.
[0225] Depending on reaction conditions and the specific catalyst used in the ethanol synthesis unit 306, all or a portion
of the methanol that was introduced into the ethanol synthesis unit 306 may be converted to ethanol. As it is desirable
according to the present invention to provide an alcohol-containing stream that comprises both methanol and ethanol,
a portion of the methanol from methanol-containing stream 307 optionally bypasses the ethanol synthesis unit 306, as
shown by bypass stream 337, the flow of which is controlled by flow control device 336. Ideally, as shown in Fig. 3,
bypass stream 337 is recombined with ethanol-containing stream 308 prior to the introduction thereof into the separation
zone for removal of undesirable components therefrom.
[0226] As shown, ethanol-containing stream 308, which comprises methanol, ethanol, water, light ends, and fusel oil
is introduced into light ends separation unit 310. In light ends separation unit 310, the light ends in ethanol-containing
stream 308 are separated from the other components contained therein. Specifically, in light ends separation unit 310,
the ethanol-containing stream 308 is subjected to conditions effective to form light ends stream 311 and bottoms alcohol
stream 312. Light ends stream 311 preferably comprises a weight majority of the light ends that were contained in
ethanol-containing stream 308, while the bottoms alcohol stream 312 comprises a weight majority of the methanol,
ethanol, water and fusel oil present in the ethanol-containing stream 308.
[0227] Preferably, a portion of light ends stream 311 is directed through stream 324 to one or more of the syngas
generation unit 301, the methanol synthesis unit 305, and/or the ethanol synthesis unit 306. As illustrated, stream 324
is directed to the syngas generation unit 301 via stream 327, to the methanol synthesis unit 305 via stream 326, and to
the ethanol synthesis unit 306 via stream 325. The flow rate at which the light ends stream 311, or a portion thereof, is
directed to these units may be varied by flow control devices 329, 331, 332, and/or 333. Preferably, a portion of the light
ends are purged from the system via purge stream 328, the flow of which may be controlled by flow control device 330.
[0228] As indicated above, light ends separation unit 310 optionally also functions as a caustic wash unit. As shown,
caustic stream 335 is introduced into light ends separation unit 310 under conditions effective to increase the pH of the
bottoms alcohol stream 312. As a result, bottoms alcohol stream 312 optionally comprises caustic salts in addition to
methanol, ethanol, water and fusel oil. As shown, bottoms alcohol stream 312 is directed to a refining column 313 for
removal of the water contained therein. Thus, refining column 313 operates to separate the bottoms alcohol stream 312
into a refined alcohol stream 314 and a water-containing stream 315. Preferably, water-containing stream 315 comprises
a weight majority of the water that was present in the bottoms alcohol stream 312. Similarly, refined alcohol stream 314
preferably comprises a weight majority of the methanol and ethanol contained in bottoms alcohol stream 312. Refining
column 313 optionally also forms a side draw stream, not shown, whereby a weight majority of the fusel oil that was
contained in bottoms alcohol stream 312 is removed therefrom. Refined alcohol stream 314, which comprises methanol
and ethanol, may then be directed to an OTO reactor 322, wherein the methanol and ethanol contained therein are
converted to light olefins, which are yielded from the OTO reactor 322 via light olefins containing stream 323.
[0229] The weight ratio of methanol to ethanol formed in refined alcohol stream 314 can be controlled by varying the
amount of methanol synthesis catalyst in methanol synthesis unit 305 and/or by varying the amount of ethanol synthesis
catalyst in ethanol synthesis unit 306. Additionally or alternatively, the weight ratio of methanol to ethanol formed in
refined alcohol stream 314 can be controlled by varying the flow of syngas in syngas stream 302 or by varying the flow
of the syngas stream, not shown, that is directed to ethanol synthesis unit 306 (if the ethanol synthesis unit 306 comprises
a fuel alcohol synthesis zone). If the ethanol synthesis unit 306 requires a methanol feed, then the weight ratio of methanol
to ethanol formed in refined alcohol stream 314 can be controlled by varying the amount of methanol that is directed to
the ethanol synthesis zone 306 via methanol-containing stream 307, e.g., via one or more flow control devices. Similarly,
the weight ratio of methanol to ethanol formed in refined alcohol stream 314 can be controlled by adjusting one or more
of flow control devices 329, 331, 332, 330, 333, and/or 336. Lastly, the weight ratio of methanol to ethanol formed in
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refined alcohol stream 314 can be varied by changing the reaction conditions, e.g., temperature, in ethanol synthesis
unit 306.
[0230] Fig. 4 illustrates another embodiment of the present invention wherein methanol synthesis and ethanol synthesis
occur in a single reaction zone. As shown, natural gas stream 400 comprising natural gas is directed to a syngas
generation unit 401, which optionally comprises a steam reforming unit, a partial oxidation unit, an autothermal reforming
unit, and/or a combined reforming unit. As with the above embodiments, water is optionally added to natural gas stream
400 and/or syngas generation unit 401 in order to increase the water content thereof. In syngas generation unit 401, the
natural gas from natural gas stream 400 is converted to syngas, which is yielded from the syngas generation unit 401
via syngas stream 402.
[0231] Syngas stream 402 preferably is directed to an integrated synthesis unit 406 wherein the syngas from syngas
stream 402 contacts one or more catalyst compositions under conditions effective to form methanol and water, which
are yielded from the integrated synthesis unit 406 via alcohol stream 408. Integrated synthesis unit 406 contains both
a methanol synthesis catalyst and an ethanol synthesis catalyst (such as, but not limited to, a homologation catalyst or
a fuel alcohol synthesis catalyst) and operates to form both methanol and ethanol, which are yielded from the integrated
synthesis unit with water, light ends, and fusel oil via alcohol stream 408.
[0232] If the integrated synthesis unit 406 implements an ethanol synthesis catalyst that requires a methanol feed to
form ethanol, then integrated synthesis unit 406 also preferably receives methanol from a methanol source. However,
it is contemplated that the amount of methanol formed in integrated synthesis unit 406 through methanol synthesis may
be sufficient to provide enough methanol to feed the ethanol synthesis reaction in integrated synthesis unit 406. The
methanol that is optionally received in integrated synthesis unit 406 preferably contacts carbon monoxide and preferably
hydrogen as well as one or more ethanol synthesis catalysts under conditions effective to form ethanol. Alternatively,
syngas from syngas stream 402 contacts a fuel alcohol synthesis catalyst in integrated synthesis zone 406 under
conditions effective to convert the syngas to fuel alcohol.
[0233] Alcohol stream 408 preferably is then directed to a separation zone. As shown, alcohol stream 408 is directed
to a light ends separation unit 410, wherein the alcohol stream 408 is separated into a light ends stream 411 and a
bottoms alcohol stream 412. Light ends stream 411 preferably comprises a weight majority of the light ends that were
present in alcohol stream 408, while bottoms alcohol stream 412 preferably comprises a weight majority of the methanol,
ethanol, fusel oil and water that was present in alcohol stream 408. Ideally, at least a portion of light ends stream 411
is recycled to one or more of the syngas generation unit 401 and/or the integrated synthesis unit 406. As shown, stream
427 and stream 426 delivere the light ends to the syngas generation unit and the integrated synthesis unit, respectively.
The flow rate at which the light ends are delivered to these units optionally is controlled via flow control devices 429,
431 and 433. If recycle of the light ends is desired, then a portion of light ends stream 411 preferably is purged from the
reaction system, as shown by purge stream 428. The flow rate at which undesirable components are removed from the
reaction system optionally is controlled by flow control device 430.
[0234] As indicated above, light ends separation unit 410 optionally also functions as a caustic wash unit in order to
increase the pH of the streams yielded therefrom. As shown, caustic stream 435 is introduced into light ends separation
unit 410. As a result, bottoms alcohol stream 412 optionally comprises caustic salts in addition to methanol, ethanol,
water and fusel oil.
[0235] Bottoms alcohol stream 412 is then directed to a refining column 413 wherein water and fusel oil are separated
from the methanol and ethanol contained in bottoms alcohol stream 412. Specifically, upon introduction into refining
column 413, bottoms alcohol stream 412 is subjected to conditions effective to form a refined alcohol stream 414 and
a water-containing stream 415. Preferably water-containing stream 415 comprises a weight majority of the water con-
tained in bottoms alcohol stream 412. Similarly, refined alcohol stream 414 preferably comprises a weight majority of
the methanol and ethanol contained in bottoms alcohol stream 412. Additionally, a weight majority of the fusel oil contained
in bottoms alcohol stream preferably is yielded from the refining column 413 via a side draw stream, not shown.
[0236] In one embodiment, as shown, in order to provide a methanol source for the integrated synthesis unit 406, all
or a portion of refined alcohol stream 414 preferably is directed to a methanol concentrator 416. Upon introduction into
methanol concentrator 416, the refined alcohol stream 414 is subjected to conditions effective to form methanol con-
centrated stream 417 and methanol diluted stream 418. Methanol concentrated stream 417 preferably comprises a
weight majority of the methanol that was contained in the refined alcohol stream 414, while the methanol diluted stream
418 preferably comprises a weight majority of the ethanol contained in the refined alcohol stream 414.
[0237] A portion of methanol concentrated stream 417 preferably is then directed to the integrated synthesis unit 406
as shown by recycle stream 419. The flow rate at which methanol is supplied to the integrated synthesis unit 406 optionally
is controlled by flow control device 434. The remaining portion of methanol concentrated stream 417, illustrated by
stream 420, preferably is combined with methanol diluted stream 418 to form a combined alcohol stream 421. Combined
alcohol stream 421 is then directed to an OTO reactor 422, wherein the methanol and ethanol contained in the combined
alcohol stream 421 contact one or more molecular sieve catalyst compositions under conditions effective to form ethylene
and propylene, which are yielded therefrom in light olefin-containing stream 423.
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[0238] The reaction conditions in the integrated synthesis unit 406 may vary widely. In one embodiment, the conditions
include a pressure of about 1400 psig (9653 kPag), and a temperature ranging from 400° F to 500° F (204°C to 260°C).
The feed gas composition that is directed to the integrated synthesis unit 406 optionally comprises about 85 molar
percent hydrogen, about 3 molar percent carbon monoxide, about 2 molar percent carbon dioxide and about 10 molar
percent methane. At these conditions, ethanol synthesis catalysts such as K2CO2/CoMo Sulfides will convert the syn-
thesized methanol into ethanol. It has been found that even at high H2/CO ratios, the amount of hydrocarbons (fully
saturated, non-oxygenated) formed in the integrated synthesis unit 406 at these conditions is acceptably low (about 2
weight percent at 550° F (288°C)).
[0239] In the fuel alcohol synthesis embodiment, the methanol concentrator 416 is unnecessary, and the refined
alcohol stream 424, which comprises methanol and ethanol, optionally is provided directly to OTO reactor 422.
[0240] In another embodiment, the present invention is directed to a process for forming an alcohol-containing stream,
which comprises methanol and fuel alcohol, and which is suitable as a feedstock for an OTO reaction system. In this
embodiment, the methanol is synthesized in a methanol synthesis unit, and the fuel alcohol is synthesized in a fuel
alcohol synthesis unit, which includes a fuel alcohol synthesis zone. The alcohol-containing stream is particularly suitable
for use in an OTO reaction system. Thus, in one embodiment, the present invention is directed to a system for producing
light olefins, which system comprises a methanol synthesis unit, a fuel alcohol synthesis unit and an OTO reaction system.
[0241] In one embodiment, the invention is to a process for producing light olefins. The process includes a step of
providing an alcohol-containing stream comprising methanol, ethanol, one or more C3 alcohols and one or more C4
alcohols. At least a portion of the alcohol-containing stream contacts a molecular sieve catalyst composition in a reaction
zone under conditions effective to form ethylene and propylene. Preferably, the ethylene and propylene are yielded in
an effluent stream having an ethylene to propylene weight ratio of greater than 1.0. In terms of ranges, the ethylene to
propylene weight ratio preferably is from about 1.1 to about 2.5, and most preferably from about 1.2 to about 1.5.
[0242] Optionally, the process further comprises a step of separating a majority of the ethylene from a majority of the
propylene to form an ethylene-containing stream and a propylene-containing stream. The ethylene-containing stream
optionally contacts a polymerization catalyst under conditions effective to convert at least a portion of the ethylene
contained therein to polyethylene. Additionally or alternatively, the propylene-containing stream contacts a polymerization
catalyst under conditions effective to convert at least a portion of the propylene contained therein to polypropylene.
[0243] The process optionally comprises a step of providing a methanol-containing stream comprising the methanol,
providing a fuel alcohol-containing stream comprising the ethanol, the C3 alcohol and the C4 alcohol, and combining
the methanol-containing stream and the fuel alcohol-containing stream to form the alcohol-containing stream.
[0244] The precise composition of the alcohol-containing stream may vary so long as the alcohol-containing stream
comprises methanol, ethanol, one or more C3 alcohols and one or more C4 alcohols. Ideally, the alcohol-containing
stream comprises less than 91 weight percent methanol, optionally less than 85 weight percent methanol, or less than
80 weight percent methanol, based on the total weight of the alcohol-containing stream. In terms of ranges, the alcohol-
containing stream optionally comprises from about 82 to 95 weight percent methanol, preferably from about 84 to about
93 weight percent methanol, more preferably from about 86 to about 91 weight percent methanol, and most preferably
about 88 weight percent methanol, based on the total weight of the alcohol-containing stream.
[0245] The alcohol-containing stream preferably comprises at least about 5 weight percent ethanol, more preferably
at least about 10 weight percent ethanol and most preferably about 12 weight percent ethanol, based on the total weight
of the alcohol-containing stream. In terms of ranges, the alcohol-containing stream optionally comprises from about 6
to about 18 weight percent ethanol, preferably from about 8 to about 16 weight percent ethanol, and most preferably
from about 10 to about 14 weight percent ethanol, based on the total weight of the alcohol-containing stream.
[0246] The alcohol-containing stream optionally comprises less than 15, preferably less than 10 and most preferably
less than 5 weight percent C3 alcohols, based on the total weight of the alcohol-containing stream. In terms of lower
range limitations, the alcohol-containing stream optionally comprises more than 1 weight percent, more than 2 weight
percent or more than 4 weight percent C3 alcohols, based on the total weight of the alcohol-containing stream. In terms
of ranges, the alcohol-containing stream optionally comprises from about 1.7 to about 27 weight percent, from about
3.3 to about 20 weight percent, or from about 5 to about 13.3 weight percent C3 alcohols, based on the total weight of
the alcohol-containing stream.
[0247] The alcohol-containing stream preferably comprises less than 5, more preferably less than 3 and most preferably
less than 1 weight percent C4 alcohols, based on the total weight of the alcohol-containing stream. In terms of lower
range limitations, the alcohol-containing stream optionally comprises more than 10 wppm, more than 100 wppm or more
than 500 wppm C4 alcohols, based on the total weight of the alcohol-containing stream. In terms of ranges, the alcohol-
containing stream optionally comprises from about 0.03 to about 7 weight percent, from about 0.3 to about 3.3 weight
percent, or from about 0.7 to about 1.7 weight percent C4 alcohols, based on the total weight of the alcohol-containing
stream. The methanol to C2-C4 alcohol weight ratio of the alcohol-containing stream preferably is from about 0.1 to
about 4.0, and more preferably from about 0.33 to about 3.0.
[0248] In another embodiment, the invention is to a process for producing light olefins from syngas. In this process,
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the invention includes a step of contacting a first syngas stream comprising carbon monoxide, carbon dioxide and
hydrogen with a methanol synthesis catalyst under first conditions effective to form a methanol-containing stream com-
prising methanol and water. A second syngas stream comprising carbon monoxide, carbon dioxide and hydrogen contacts
a fuel alcohol synthesis catalyst under second conditions effective to form a fuel alcohol-containing stream comprising
ethanol, propanol and butanol. The two above-described contacting steps preferably occur in parallel to one another.
At least a portion of the methanol-containing stream is combined with at least a portion of the fuel alcohol-containing
stream to form a combined stream. At least a portion of the combined stream contacts a molecular sieve catalyst
composition in a reaction zone under third conditions effective to form ethylene and propylene.
[0249] In this embodiment, the alcohol-containing stream optionally comprises methanol, fuel alcohol and water. Thus,
the molecular sieve catalyst compositions utilized to convert oxygenates to light olefins may be able to tolerate a certain
amount of water in the alcohol-containing stream. To increase reactor efficiency, however, it is preferred to remove a
weight majority of the water from the alcohol-containing stream before the alcohols in the alcohol-containing stream
contact the molecular sieve catalyst composition under conditions effective to convert the alcohols to light olefins. Thus,
the alcohol-containing stream optionally comprises less than about 3 weight percent water, more preferably less than
about 1 weight percent water and most preferably less than about 0.2 weight percent water.
[0250] The alcohol-containing stream also may include light ends such as carbon monoxide, methane and hydrogen.
If so, then the process preferably includes a step of removing at least a portion, preferably a weight majority, of the light
ends from at least a portion of the alcohol-containing stream.
[0251] In one embodiment of the present invention, the process of converting the methanol and the fuel alcohol in the
presence of a molecular sieve catalyst composition to the light olefins also produces carbon monoxide. In this embodiment,
the carbon monoxide optionally is separated from the light olefins. The separated carbon monoxide then may be directed
to the methanol synthesis zone and/or the fuel alcohol synthesis zone to provide a carbon monoxide source for converting
the syngas to methanol or for converting the syngas to fuel alcohol.
[0252] Similarly, in one embodiment of the present invention, the process of converting the methanol and the fuel
alcohol in the presence of a molecular sieve catalyst composition to the light olefins also produces hydrogen. In this
embodiment, the hydrogen optionally is separated from the light olefins. The separated hydrogen then may be directed
to the methanol synthesis zone and/or to the fuel alcohol synthesis zone to provide a hydrogen source for the step of
converting the syngas to methanol or for converting the syngas to fuel alcohol.
[0253] Optionally, the process further includes steps of forming the syngas (e.g., one or both the first and the second
syngas streams) from natural gas. For example, the process optionally includes a step of contacting a natural gas stream
with oxygen under fourth conditions effective to convert the natural gas stream into an initial syngas stream. The initial
syngas stream may be separated to form the first syngas stream and the second syngas stream.
[0254] In another embodiment, the invention is to a process for producing an alcohol mixture suitable for use as a
feedstock for an oxygenate to olefin reaction system. In this embodiment, the invention includes a step of contacting a
first syngas stream comprising carbon monoxide, carbon dioxide and hydrogen with a methanol synthesis catalyst under
first conditions effective to form a methanol-containing stream comprising methanol and water. A second syngas stream
comprising carbon monoxide, carbon dioxide and hydrogen contacts a fuel alcohol synthesis catalyst under second
conditions effective to form a fuel alcohol-containing stream comprising ethanol, propanol and butanol. At least a portion
of the methanol-containing stream is combined with at least a portion of the fuel alcohol-containing stream to form a
combined stream, which preferably has a methanol to C2-C4 alcohol weight ratio of from about 0.1 to about 4.0, preferably
from about 0.33 to about 3.0, and most preferably from about 0.5 to about 1.0. A weight majority of the water optionally
is removed from the combined stream to form a dry combined stream. The dry combined stream preferably comprises
less than 10 weight percent, preferably less than 5 weight percent, and most preferably less than 2 weight percent water,
based on the total weight of the dry combined stream. This embodiment optionally includes a step of directing the
combined stream, or a portion thereof (either an aliquot or a non-aliquot portion), to an OTO reaction system.
[0255] In yet another embodiment, the invention is to a process for producing light olefins from syngas. The invention
includes a step of contacting a first syngas stream comprising carbon monoxide, carbon dioxide and hydrogen with a
methanol synthesis catalyst under first conditions effective to form a methanol-containing stream comprising methanol
and water. A second syngas stream comprising carbon monoxide, carbon dioxide and hydrogen contacts a fuel alcohol
synthesis catalyst under second conditions effective to form a fuel alcohol-containing stream comprising ethanol, propanol
and butanol. At least a portion of the methanol-containing stream is combined with at least a portion of the fuel alcohol-
containing stream to form a combined stream. At least a portion of the combined stream contacts a molecular sieve
catalyst composition in a reaction system under third conditions effective to convert the methanol, the ethanol, optionally
the propanol and optionally the butanol to light olefins. An effluent stream is yielded from the reaction system, which
effluent stream comprises ethylene and propylene and has an ethylene to propylene weight ratio of from about 0.9 to
about 3.0, preferably from about 1.1 to about 2.5, and most preferably from about 1.2 to about 1.5.
[0256] Optionally, the fuel alcohol synthesis zone is made part of an existing methanol synthesis system. In this
embodiment, the beds in the methanol synthesis unit preferably are replaced with beds suitable for the fuel alcohol
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synthesis. Reactor beds preferred over fixed bed methanol reactors include fuel alcohol slurry beds and/or fluid beds.
Additionally or alternatively, a second fuel alcohol synthesis unit having a fuel alcohol synthesis zone can be incorporated
into a methanol synthesis system, as described below with reference to Figs. 6-7.
[0257] Fig. 6 illustrates one embodiment of the present invention wherein the methanol synthesis unit operates in
parallel to the fuel alcohol synthesis unit. As shown, a natural gas stream 600 comprising natural gas is directed to a
syngas generation unit 601. Ideally, the natural gas stream 600 comprises less than 5 weight percent, more preferably
less than 1 weight percent, and most preferably less than 0.01 weight percent sulfur-containing compounds, based on
the total weight of the natural gas stream 600. In the syngas generation unit 201, the natural gas in natural gas stream
600 contacts oxygen under conditions effective to convert the natural gas into syngas, which is yielded from the syngas
generation unit 601 in syngas stream 602. Generally, the production of syngas involves a combustion reaction of natural
gas, mostly methane and an oxygen source, e.g., air, into hydrogen, carbon monoxide and/or carbon dioxide. Syngas
production process are well known, and include conventional steam reforming, autothermal reforming, or a combination
thereof. Thus, syngas generation unit 601 may be a steam reforming unit, a partial oxidation unit, an autothermal reforming
unit, and/or a combined reforming unit, e.g., a unit that combines two or more of these reforming processes. Optionally,
water from a water stream, not shown, is added to the natural gas stream 600 or the syngas generation unit 601 in order
to increase the water content of, and preferably saturate, the natural gas stream 600. Natural gas stream 600 optionally
is desulfurized and/or saturated by any of the methods described above with reference to Fig. 1.
[0258] Syngas stream 602 ideally is compressed in one or more compressors, not shown, and is divided into a first
derivative syngas stream 604 and a second derivative syngas stream 603. Optionally, the syngas in first derivative
syngas stream 604 is compressed to provide ideal pressurization characteristics for methanol synthesis. Similarly,
second derivative syngas stream 603 optionally is compressed to provide ideal pressurization characteristics for con-
version thereof to fuel alcohol in fuel alcohol synthesis unit 606. First derivative syngas stream 604, or a portion thereof,
is directed to a methanol synthesis unit 605 wherein the syngas in first derivative syngas stream 604 contacts a methanol
synthesis catalyst under conditions effective to convert the syngas to methanol. Thus, methanol synthesis unit 605 yields
a methanol-containing stream 607, which optionally comprises light ends, methanol, water, and fusel oil. Optionally,
prior to the separation of the components contained in methanol-containing stream 607, the methanol-containing stream
607 is treated with a caustic medium, not shown, in a caustic wash unit, not shown, under conditions effective to increase
the pH of the methanol-containing stream 607.
[0259] Meanwhile, second derivative syngas stream 603, or a portion thereof, is directed to fuel alcohol synthesis unit
606, wherein the syngas in the second derivative syngas stream 603 contacts a fuel alcohol synthesis catalyst composition
under conditions effective to form fuel alcohol, e.g., C2-C4 alcohols, which is yielded from the fuel alcohol synthesis unit
606 in fuel alcohol-containing stream 608. Additionally, fuel alcohol-containing stream 608 optionally comprises methanol,
light ends, water, and fusel oil. As with methanol-containing stream 607, fuel alcohol-containing stream 608 optionally
is treated in a caustic wash unit, not shown, to increase the pH thereof. As shown in Fig. 6, the methanol-containing
stream 607 is combined with the fuel alcohol-containing stream 608 to form combined alcohol-containing stream 609.
[0260] Combined alcohol-containing stream 609 preferably is directed to a separation zone, which comprises a light
ends separation unit 610, such as a topping column, and a refining column 613. In the light ends separation unit 610,
conditions are effective to separate the combined alcohol-containing stream 609 into light ends stream 611 and bottoms
alcohol stream 612.
[0261] At least a portion of light ends stream 611 preferably is recycled to one or more of the syngas generation unit
601, the methanol synthesis unit 605, and/or the fuel alcohol synthesis unit 606. As shown, stream 624, the flow of which
is regulated by flow control device 633, carries light ends from light ends stream 611 to one or more of these units.
Specifically, stream 627 carries the light ends from stream 624 to the syngas generation unit 601. Similarly, stream 625
carries light ends from stream 624 to the fuel alcohol synthesis unit 606. Likewise, stream 626 carries light ends from
stream 624 to the methanol synthesis unit 605. The flow of the light ends through these various streams optionally is
controlled via flow control devices 629, 632 and 631. As shown, a portion of the components in stream 624 can be
removed from the system via purge stream 628. The flow rate at which components are removed from the system via
purge stream 628 optionally is controlled via flow control device 630.
[0262] In one embodiment, the light ends separation unit 610 also functions as a caustic wash unit. As shown, a caustic
stream 635 is introduced to the light ends separation unit 610 under conditions effective to increase the pH of the
combined alcohol-containing stream 609 after it has been introduced therein. Thus, bottoms alcohol stream 612 may
include caustic salts from caustic stream 635.
[0263] As shown, bottoms alcohol stream 612 is directed to refining column 613, wherein water and optionally fusel
oil, not shown, are separated from the methanol and fuel alcohol contained in bottoms alcohol stream 612. Thus, bottoms
alcohol stream 612 is separated into a water-containing stream 615, a fusel oil stream, not shown, and a refined alcohol
stream 614. Water-containing stream 615 preferably contains a weight majority of the caustic salts that were contained
in bottoms alcohol stream 612.
[0264] Refined alcohol stream 614, which comprises largely methanol and fuel alcohol, is then directed to an OTO



EP 1 685 086 B1

34

5

10

15

20

25

30

35

40

45

50

55

reactor 622 wherein the methanol and fuel alcohol contained in the refined alcohol stream 614 contact one or more
molecular sieve catalyst compositions under conditions effective to form ethylene and propylene, which are yielded from
the OTO reactor 622 in light olefins containing stream 623.
[0265] Fig. 7 illustrates another embodiment of the present invention wherein the methanol synthesis unit and the fuel
alcohol synthesis unit are situated in series rather than in parallel. Fig. 7 is substantially similar to Fig. 3, discussed
above, the principal difference being that the embodiment disclosed in Fig. 3 implements an ethanol synthesis unit 306
and the embodiment disclosed in Fig. 7 implements a fuel alcohol synthesis unit 706. As shown, natural gas stream 700
comprising natural gas is directed to a syngas generation unit 701 wherein the natural gas is converted to syngas in
syngas stream 702. Syngas generation unit 701 optionally comprises a steam reforming unit, a partial oxidation unit, an
autothermal reforming unit, and/or a combined reforming unit, e.g., a unit that combines two or more of these reforming
processes. As above, natural gas stream 700 optionally is saturated with water prior to or upon introduction into syngas
generation unit 701. Syngas stream 702 preferably is directed to a compression zone, not shown, wherein the syngas
stream 702 is compressed to a pressure favorable for conversion thereof to methanol. After compression, syngas stream
702 is directed to methanol synthesis unit 705 for conversion thereof to methanol. In the methanol synthesis unit, the
syngas stream 702 contacts one or more methanol synthesis catalysts under conditions effective to convert at least a
portion of the syngas to crude methanol, which is yielded from the methanol synthesis unit via methanol-containing
stream 707. Optionally, unreacted syngas from methanol synthesis unit 705 is recycled to the compression zone.
[0266] Methanol-containing stream 707, which is yielded from the methanol synthesis unit 705, preferably comprises
light ends, methanol, water and fusel oil. As shown, at least a portion of methanol-containing stream 707 is directed to
a fuel alcohol synthesis unit 706, which preferably comprises a fuel alcohol synthesis zone. In the fuel alcohol synthesis
unit 706, at least a portion of the methanol-containing stream 707 contacts carbon monoxide, preferably hydrogen, and
optionally carbon dioxide in the presence of one or more fuel alcohol synthesis catalysts under conditions effective to
form fuel alcohol. The fuel alcohol formed in fuel alcohol synthesis unit 706 is yielded therefrom via fuel alcohol-containing
stream 708.
[0267] Depending on reaction conditions and the specific catalyst used in the fuel alcohol synthesis unit 706, all or a
portion of the methanol that was introduced into the fuel alcohol synthesis unit 706 may be converted to fuel alcohol. As
it is desirable according to the present invention to provide an alcohol-containing stream that comprises both methanol
and fuel alcohol, a portion of the methanol from methanol-containing stream 707 optionally bypasses the fuel alcohol
synthesis unit 706, as shown by bypass stream 737, the flow of which is controlled by flow control device 736. Ideally,
as shown in Fig. 7, bypass stream 737 is recombined with fuel alcohol-containing stream 708 prior to the introduction
thereof into the separation zone for removal of undesirable components therefrom.
[0268] As shown, fuel alcohol-containing stream 708, which comprises methanol, fuel alcohol, water, light ends, and
fusel oil is introduced into light ends separation unit 710. In light ends separation unit 710, the light ends in fuel alcohol-
containing stream 708 are separated from the other components contained therein. Specifically, in light ends separation
unit 710, the fuel alcohol-containing stream 708 is subjected to conditions effective to form light ends stream 711 and
bottoms alcohol stream 712. Light ends stream 711 preferably comprises a weight majority of the light ends that were
contained in ethanol-containing stream 708, while the bottoms alcohol stream 712 comprises a weight majority of the
methanol, fuel alcohol, water and fusel oil present in the fuel alcohol-containing stream 708.
[0269] Preferably, a portion of light ends stream 711 is directed through stream 724 to one or more of the syngas
generation unit 701, the methanol synthesis unit 705, and/or the fuel alcohol synthesis unit 706. As illustrated, stream
724 is directed to the syngas generation unit 701 via stream 727, to the methanol synthesis unit 705 via stream 726,
and to the fuel alcohol synthesis unit 706 via stream 725. The flow rate at which the light ends stream 711, or a portion
thereof, is directed to these units may be varied by flow control devices 729, 731, 732, and/or 733. Preferably, a portion
of the light ends are purged from the system via purge stream 728, the flow of which may be controlled by flow control
device 730.
[0270] As indicated above, light ends separation unit 710 optionally also functions as a caustic wash unit. As shown,
caustic stream 735 is introduced into light ends separation unit 710 under conditions effective to increase the pH of the
bottoms alcohol stream 712. As a result, bottoms alcohol stream 712 optionally comprises caustic salts in addition to
methanol, fuel alcohol, water and fusel oil. As shown, bottoms alcohol stream 712 is directed to a refining column 713
for removal of the water contained therein. Thus, refining column 713 operates to separate the bottoms alcohol stream
712 into a refined alcohol stream 714 and a water-containing stream 715. Preferably, water-containing stream 715
comprises a weight majority of the water that was present in the bottoms alcohol stream 712. Similarly, refined alcohol
stream 714 preferably comprises a weight majority of the methanol and fuel alcohol contained in bottoms alcohol stream
712. Refining column 713 optionally also forms a side draw stream, not shown, whereby a weight majority of the fusel
oil that was contained in bottoms alcohol stream 712 is removed therefrom. Refined alcohol stream 714, which comprises
methanol, ethanol, and optionally C3-C4 or higher alcohols, may then be directed to an OTO reactor 722, wherein the
methanol and ethanol (as well as the optional C3-C4 or higher alcohols) contained therein are converted to light olefins,
which are yielded from the OTO reactor 722 via light olefins containing stream 723.
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H. CONTROLLING THE RATIO OF ETHYLENE TO PROPYLENE FORMED IN AN OTO REACTION SYSTEM

[0271] It has been discovered that ethanol has a selectivity for ethylene under OTO and ETO reaction conditions,
which approaches 100 weight percent. Methanol, in contrast, produces ethylene and propylene in generally equal
amounts under OTO and ETO reaction conditions. By increasing the amount of ethanol, e.g., from a fuel alcohol-
containing stream, contained in an OTO feedstock, the amount of ethylene produced in the OTO reaction system relative
to propylene can be advantageously increased.
[0272] In one aspect of the invention, the ratio of ethylene to propylene formed in an OTO reaction system can be
controlled by varying the ratio of the methanol to ethanol that is sent to the OTO reaction system. As indicated above,
methanol converts to ethylene and propylene in relatively equal amounts in an OTO reaction system, while ethanol
converts almost entirely to ethylene. As a result, as the amount of ethanol contained in an OTO feedstock is increased
relative to methanol, the amount of ethylene produced in the OTO reaction system will increase. Thus, the amount of
ethylene relative to propylene formed in an OTO reaction system advantageously can be controlled by controlling the
ratio of methanol to ethanol contained in the OTO feedstock.
[0273] The weight ratio of methanol to ethanol contained in an OTO feedstock can be controlled by a variety of ways.
For example, if the integrated system comprises a methanol synthesis unit that is separate from the ethanol synthesis
unit, then one or more flow control devices may be used to control the flow of methanol from the methanol synthesis
unit and the amount of ethanol from the ethanol synthesis unit that is directed to the OTO reaction system . Additionally
or alternatively, the amount and/or type of catalyst in the ethanol synthesis unit and/or the methanol synthesis unit can
be varied to control ratio of the alcohols formed therein. If the integrated system includes a single integrated synthesis
unit, which forms both the methanol and ethanol, then the weight ratio of the methanol synthesis catalyst to the ethanol
synthesis catalyst (e.g., homologation or fuel alcohol synthesis catalyst) contained in the integrated synthesis unit can
be controlled to provide a desired methanol to ethanol weight ratio.
[0274] Additionally or alternatively, the reaction conditions in the ethanol synthesis unit, e.g., temperature, can be
varied to control ratio of the ethanol formed therein. Generally, an increase in reaction temperature in an ethanol synthesis
unit, within reason, increases the amount of ethanol formed in the ethanol synthesis unit.
[0275] Thus, in one aspect of the invention, the ratio of ethylene to propylene formed in an OTO reaction system can
be controlled by varying the reaction temperature in an ethanol synthesis unit, which, in cooperation with a methanol
synthesis unit, produces the feedstock for the OTO reaction system. That is, an increase in the reaction temperature of
an ethanol synthesis unit will increase the amount of ethanol formed, which, ultimately, will increase the amount of
ethylene that is formed in the OTO reaction system. In this manner, the amount of ethylene relative to propylene formed
in an OTO reaction system advantageously can be controlled by controlling the reaction temperature of the ethanol
synthesis unit.
[0276] Table II, below, illustrates the relationship of temperature and ethanol production in one prophetic ethanol
synthesis system having an ethanol synthesis zone. In the ethanol synthesis zone of the ethanol synthesis system, the
pressure was held at approximately 1400 psig (9653 kPag) and the gas hourly space velocity was held constant at
approximately 2500 hr-1. The catalyst implemented in the ethanol synthesis system was comprised of K2CO3/sulfided
CoMo ethanol synthesis catalyst. The feed to the ethanol synthesis zone was comprised of methanol, CO, and H2 in
molar fractions of 0.128, 0.436, and 0.436, respectively. The ethanol synthesis system operated in parallel to a methanol
synthesis unit, as described above with reference to Fig. 2.

[0277] The data in Table II clearly confirms that as temperature is increased in an ethanol synthesis zone, the amount
of ethanol formed therein increases.
[0278] Reverting to Fig. 2, the weight ratio of methanol to ethanol formed in combined alcohol stream 221 can be
controlled by varying the amount of methanol synthesis catalyst in methanol synthesis unit 205 and/or by varying the
amount of ethanol synthesis catalyst in ethanol synthesis unit 206. Additionally or alternatively, the weight ratio of
methanol to ethanol formed in combined alcohol stream 221 can be controlled by varying the flow of syngas in first
derivative syngas stream 204 or in second derivative syngas stream 203, e.g., by controlling one or more flow control
devices, not shown. Similarly, the weight ratio of methanol to ethanol formed in combined alcohol stream 221 can be

Table II: Ethanol Production as a Function of Temperature

Reaction Temperature ° F (°C) Weight Percent Ethanol in OTO Feedstock

450 (232) 5.7

500 (260) 7.7

550 (288) 9.8
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controlled by adjusting one or more of flow control devices 229, 230, 231, 232, 233, and/or 234. Lastly, the weight ratio
of methanol to ethanol formed in combined alcohol stream 221 can be varied by changing the reaction conditions, e.g.,
temperature, in ethanol synthesis unit 206.
[0279] Similarly, reverting to Fig. 3, the weight ratio of methanol to ethanol formed in refined alcohol stream 314 can
be controlled by varying the amount of methanol synthesis catalyst in methanol synthesis unit 305 and/or by varying the
amount of ethanol synthesis catalyst in ethanol synthesis unit 306. Additionally or alternatively, the weight ratio of
methanol to ethanol formed in refined alcohol stream 314 can be controlled by varying the flow of syngas in syngas
stream 302 or by varying the flow of the syngas stream, not shown, that is directed to ethanol synthesis unit 306 (if the
ethanol synthesis unit 306 comprises a fuel alcohol synthesis zone). If the ethanol synthesis unit 306 requires a methanol
feed, then the weight ratio of methanol to ethanol formed in refined alcohol stream 314 can be controlled by varying the
amount of methanol that is directed to the ethanol synthesis zone 306 via methanol-containing stream 307, e.g., via one
or more flow control devices. Similarly, the weight ratio of methanol to ethanol formed in refined alcohol stream 314 can
be controlled by adjusting one or more of flow control devices 329, 331, 332, 330, 333, and/or 336. Lastly, the weight
ratio of methanol to ethanol formed in refined alcohol stream 314 can be varied by changing the reaction conditions,
e.g., temperature, in ethanol synthesis unit 306.
[0280] In Fig. 4, the weight ratio of methanol to ethanol formed in combined alcohol stream 421 can be controlled by
varying the amount of methanol synthesis catalyst in integrated synthesis unit 406 and/or by varying the amount of
ethanol synthesis catalyst in integrated synthesis unit 406. Additionally or alternatively, the weight ratio of methanol to
ethanol formed in combined alcohol stream 421 can be controlled by varying the flow of syngas in syngas stream 402
via one or more flow control devices, not shown. If the integrated synthesis unit 406 comprises an ethanol synthesis
catalyst that requires a methanol feed, then the weight ratio of methanol to ethanol formed in combined alcohol stream
406 can be controlled by varying the amount of methanol that is directed to the integrated synthesis zone 406 via recycle
stream 419, e.g., via one or more flow control devices 434. Similarly, the weight ratio of methanol to ethanol formed in
combined alcohol stream 421 can be controlled by adjusting one or more of flow control devices 429, 431, 433, and/or
430. Lastly, the weight ratio of methanol to ethanol formed in combined alcohol stream 421 can be varied by changing
the reaction conditions, e.g., temperature, in integrated synthesis unit 406.
[0281] The weight ratio of methanol to ethanol contained in an OTO feedstock can similarly be controlled in an integrated
methanol/fuel alcohol synthesis system. If the integrated system comprises a methanol synthesis unit that is separate
from the fuel alcohol synthesis unit, then one or more flow control devices may be used to control the flow of methanol
from the methanol synthesis unit and the amount of fuel alcohol (and hence the amount of ethanol) from the fuel alcohol
synthesis unit that is directed to the OTO reaction system. Additionally or alternatively, the amount and/or type of catalyst
in the fuel alcohol synthesis unit and/or the methanol synthesis unit can be varied to control ratio of the alcohols formed
therein. If the integrated system includes a single combined synthesis unit, which forms both the methanol and fuel
alcohol, then the weight ratio of the methanol synthesis catalyst to the fuel alcohol synthesis catalyst contained in the
combined synthesis unit can be controlled to provide a desired methanol to fuel alcohol weight ratio.
[0282] Additionally or alternatively, the reaction conditions in the fuel alcohol synthesis unit, e.g., temperature, can be
varied to control ratio of the ethanol or C3+ alcohols formed therein. Generally, an increase in reaction temperature in
a fuel alcohol synthesis unit, within reason, increases the amount of ethanol and other byproducts formed in the fuel
alcohol synthesis unit.
[0283] Thus, in one aspect of the invention, the ratio of ethylene to propylene formed in an OTO reaction system can
be controlled by varying the reaction temperature in an fuel alcohol synthesis unit, which, in cooperation with a methanol
synthesis unit, produces the feedstock for the OTO reaction system. That is, an increase in the reaction temperature of
a fuel alcohol synthesis unit will increase the amount of ethanol formed, which, ultimately, will increase the amount of
ethylene that is formed in the OTO reaction system. In this manner, the amount of ethylene relative to propylene formed
in an OTO reaction system advantageously can be controlled by controlling the reaction temperature of the ethanol
synthesis unit.

D. EXAMPLES

[0284] The present invention will be better understood in view of the following non-limiting examples.

Example I (control): Methanol as OTO Feedstock

[0285] In Example I, which is a control example, a feedstock comprising 99.5 weight percent methanol (∼0.5 weight
percent water) was directed to an OTO microflow reactor for conversion thereof to light olefins. The resulting effluent
stream was then analyzed to determine the amount of ethylene relative to propylene formed in the microflow reactor.
The amounts of other products formed in the microflow reactor were also determined.
[0286] A SAPO-34 molecular sieve catalyst composition, designated catalyst composition "A", was formulated following
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U.S. Patent No. 6,440,894. The silicon to aluminum atomic ratio of the as-synthesized SAPO-34 molecular sieve used
to form the catalyst composition was determined to be 0.068 based on Inductively Coupled Plasma (ICP) spectroscopy
analysis. The formulated catalyst composition had the following overall composition: 40 weight percent molecular sieve,
12 weight percent ACH (aluminum chlorhydrol) binder and with the rest (48 weight percent) being kaolin clay matrix
material, based on the total weight of the formulated catalyst composition. For each run, 95 mg of the molecular sieve
catalyst composition was mixed with 1 g of 100-mm silicon-carbide. The resulting mixture was loaded into the microflow
reactor, which was made of 0.25 inch silicon-steel tubing. The reactor temperature was increased to the desired reaction
temperature (475°C for control Example I) while the catalyst was under He flow (46 ml/min), and was held at that
temperature for about 30 to 40 minutes for temperature stabilization.
[0287] The oxygenate-containing feed was introduced into the reactor at 80 ml/min, 100 WHSV and 25 psig (175 kPag)
while the effluent was sampled by a 16-loop Valco valve. The reactor effluent formed was sampled in a multi-loop
sampling valve to obtain the gas phase selectivity data. From about 9 to 15 samples were analyzed for each set of
conditions to obtain the weighed average selectivity. After each test run, oxygen/He was passed through the catalyst to
measure the coke deposit.
[0288] A mixture of 10 ml/min of O2 and 10 ml/min of helium was flowed through the reactor for catalyst regeneration
while the reactor temperature was increased from 475°C to 550°C. A portion of the regeneration gas stream was sent
into a nickel-containing methanator, which converted CO and CO2 in the effluent stream into methane in the presence
of an excess amount of H2. The concentration of methane was then quantified by a FID detector. The amount of coke
on the removed sieve was then measured by comparing the integrated peak area from the FID detector with that of a
calibration standard.
[0289] The collected effluent samples were analyzed by on-line gas chromatography (Hewlett Packard 6890) equipped
with a flame ionization detector. The chromatographic column used was a Plot Q column.
[0290] The weighed averages (selectivities) of the effluent samples were calculated based on the following formula,
((x1)(y1) + (x2 - x1)(y1+y2)/2 + (x3-x2)(y2 + y3)/2 + (x4-x3)(y3 + y4)/2 +...)/CMCPS, where yi, xi and CMCPS are yield,
g methanol fed/g sieve, and cumulative amount of methanol converted per gram of sieve respectively. Catalyst Lifetime
(g/g catalyst) reported is methanol that was cumulatively converted. Note that both the lifetime and WHSV were reported
based on the weight of the sieve. Methanol converted at less than about 10 weight percent conversion was not included
in the calculations.
[0291] Coke selectivities were calculated based on the FID measurement of the end-of-run coke (EOR) and the catalyst
lifetime, i.e., Coke selectivity, weight percent = EOR coke (g coke/g sieve)/ {lifetime (g methanol/g sieve)*14/32 (g CH2/g
methanol)}*100.
[0292] The selectivity of methanol conversion to the various products were determined through gas chromatography.
The results are provided in Table III, below. The data provided in each of the columns of Table III (except Reaction
Temperature and Catalyst Lifetime, which is recorded in g/g catalyst) are weight percentages, based on the total weight
of the effluent produced. C1, C2=, C2o, C3=, C3o, ACAD, C4+, C2=+C3= in the following Tables refer to methane,
ethylene, ethane, propylene, propane, acetaldehyde, hydrocarbons containing four or more carbon atoms, and ethylene
and propylene combined, respectively.

[0293] As indicated in Table III, above, the prime olefin selectivity (POS) for the conversion of a pure methanol feedstock
at 475°C, 25 psig and 100 WHSV was 75.13 weight percent. The ratio of ethylene to propylene formed was 0.92.

Example II: 9:1 Methanol to Ethanol Wt. Ratio in OTO Feedstock

[0294] In Example II, a feedstock comprising 90 weight percent methanol and 10 weight percent ethanol was directed
to an OTO micro flow reactor for conversion thereof to light olefins. The oxygenate-containing feed was introduced into
the reactor containing Catalyst Composition A under the same conditions as indicated above for Example I (100 WHSV
and 25 psig (175 kPag)). Unlike Example I, however, 9 to 15 runs were performed for each of the following reaction
temperatures: 425°C, 450°C, 475°C and 500°C to determine what effect, if any, temperature had on conversion and
selectivity of a mixed alcohol-containing feedstock to light olefins.
[0295] The resulting effluent stream was then analyzed in the manner described above in Example I to determine the
amount of ethylene relative to propylene that was formed in the OTO reactor. The amounts of other products formed in
the microflow reactor were also determined. The results of the analysis are indicated below in Table IV.

Table III: Selectivity and Conversion of Feedstock Comprising 100 Wt. Percent Methanol to Light Olefins

Reaction Temp. C1 C2
= C2

o C3
= C3

o ACAD C4+ Coke C2
=+C3

= C2
=/C3

= Catalyst Lifetime

475°C 1.61 35.94 0.28 39.20 0.61 --- 22.34 2.28 75.13 0.92 20.50
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[0296] As indicated above, the prime olefin selectivity (POS) for the conversion of a feedstock comprising pure 90
weight percent methanol and 10 weight percent ethanol ranged from 68.47 to 78.79 depending on reaction temperature.
The ratio of ethylene to propylene formed ranged from 1.09 to 1.54 also depending on reaction temperature.
[0297] The data from this example illustrates a surprising and unexpected flexibility in the ability to tune the ratio of
ethylene to propylene formed in an OTO reaction system by modifying the reaction temperature when the feedstock
comprises a mixture of methanol and ethanol. For example, the ethylene to propylene ratio increased from 0.92 to 1.25
with the 10 weight percent ethanol/90 weight percent methanol feedstock, which is an increase of 36 percent. Furthermore,
the data from this example at 475°C illustrates that the overall POS also improved with the 10 weight percent ethanol/90
weight percent methanol feedstock when compared with the pure methanol feed that was conducted under the same
experimental conditions in Example I. For example, the POS for the mixed feed was 78.92 weight percent, an increase
of 5 percent. More importantly, the ethylene selectivity increased by 22 percent (or 7.92 weight percent) with the 10
weight percent ethanol/90 weight percent methanol feedstock.

Example III: 8:2 Methanol to Ethanol Ratio in OTO Feedstock

[0298] In Example III, a feedstock comprising 80 weight percent methanol and 20 weight percent ethanol was directed
to an OTO microflow reactor for conversion thereof to light olefins. The oxygenate-containing feed was introduced into
the reactor containing Catalyst Composition A under the same conditions as indicated above for Example I (100 WHSV
and 25 psig (175 kPag)). Unlike Example I, however, runs were performed for each of the following reaction temperatures:
450°C, 475°C and 500°C to determine what effect, if any, temperature had on conversion and selectivity of a mixed
alcohol-containing feedstock to light olefins.
[0299] The resulting effluent stream was then analyzed in the manner described above in Example I to determine the
amount of ethylene relative to propylene that was formed in the OTO reactor. The amounts of other products formed in
the microflow reactor were also determined. The results of the analysis are indicated below in Table V.
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[0300] The data from this example also illustrates a surprising and unexpected flexibility in the ability to tune the ratio
of ethylene to propylene formed in an OTO reaction system by modifying the reaction temperature when the feedstock
comprises a mixture of methanol and ethanol. For example, the ethylene to propylene ratio increased from 0.92 to 1.59
with the 20 weight percent ethanol/80 weight percent methanol feedstock, which is an increase of 73 percent. When the
reaction temperature was raised to 500°C, the ethylene/propylene ratio reached 2.16, a surprising and unexpected
breakthrough as far as the economics of the process are concerned. The ethylene selectivity at 475°C increased by
about 34 percent (or 12 weight percent) over control when the feedstock contained 20 weight percent ethanol and 80
weight percent methanol.

Claims

1. A process of controlling the ratio of ethylene to propylene in an oxygenate to olefin (OTO) conversion process,
wherein the process comprises the steps of:

(a) varying the ratio of methanol and ethanol that is directed to the OTO conversion process reaction zone,
wherein the weight ratio of methanol to ethanol is greater than 6.0 and less than 10.0;
(b) contacting the methanol and the ethanol in the reaction zone with a silicoaluminophosphate molecular sieve
catalyst composition at a temperature of 350°C to 1000°C to convert the methanol and ethanol to the light olefins
at an ethylene to propylene weight ratio of greater than 1.0 without adding heat to the reaction zone.

2. The process of claim 1, wherein the weight ratio is greater than 6.5 and less than 9.5.

3. The process of claim 1 or 2, wherein the light olefins are yielded from the reaction zone in an effluent stream
comprising less than 5.0 weight percent aromatic compounds.

4. The process of any of the preceding claims, wherein the methanol and ethanol are formed by contacting syngas
with a synthesis catalyst under conditions effective to form the methanol and the ethanol.

5. The process of any of the preceding claims, wherein the synthesis catalyst comprises an alkali-treated metal sulfide.

6. The process of any of the preceding claims, wherein the methanol and ethanol is formed in a synthesis zone
containing a methanol synthesis catalyst and an ethanol synthesis catalyst in a weight ratio of from about 1.0 to
about 5.0.

7. The process of any of the preceding claims, wherein the process further comprises the step of:

(c) contacting syngas with a methanol synthesis catalyst and an ethanol synthesis catalyst, prior to step (a),
under first conditions effective to convert the syngas to the methanol, the ethanol and water.

8. The process of claim 7, wherein the methanol synthesis catalyst comprises a metal oxide.

9. The process of claim 7 or 8, wherein the ethanol synthesis catalyst comprises an alkali-treated metal sulfide.

10. The process of any one of claims 7 through 9, wherein the process further comprises the step of: (d) removing, prior
to step (a), a weight majority of the water formed in step (c) from the methanol and the ethanol formed in step (c)
to form a dry alcohol-containing stream comprising a weight majority of the methanol and a weight majority of the
ethanol formed in step (c).

11. The process of any one of claims 7 through 9, wherein the process further comprises the step of:

(d) varying the first conditions to modify the weight ratio of methanol to ethanol.

12. The process of claim 11, wherein step (d) comprises changing the temperature at which the contacting in step (c)
occurs.

13. The process of claim 11 or 12, wherein step (d) is responsive to a determination that the weight ratio of ethylene to
propylene in the light olefins formed in step (a) should be increased or decreased.
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14. The process of claim 1, wherein the process further comprises the steps of:

(c) contacting a first amount of a first syngas stream comprising carbon monoxide, carbon dioxide and hydrogen
with a methanol synthesis catalyst in a first synthesis zone under first conditions effective to form a methanol-
containing stream comprising the methanol provided in step (a); and
(d) contacting a second amount of a second syngas stream comprising carbon monoxide, carbon dioxide and
hydrogen with an ethanol synthesis catalyst in a second synthesis zone under second conditions effective to
form an ethanol-containing stream comprising the ethanol provided in step (a).

15. The process of claim 14, wherein the process further comprises the step of:

(e) combining at least a portion of the methanol-containing stream with at least a portion of the ethanol-containing
stream to form a combined stream, wherein step (a) comprises providing at least a portion of the combined
stream to the reaction zone.

16. The process of any of the preceding claims, wherein the methanol and the ethanol are directed to the reaction zone
in an alcohol-containing stream comprising from about 0.1 to about 10.0 weight percent water, based on the total
weight of the alcohol-containing stream.

17. The process of any of the preceding claims, wherein the molecular sieve catalyst composition comprises a molecular
sieve selected from the group consisting of: MeAPSO, SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-
18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, AEI/CHA intergrowths, metal containing forms thereof, intergrown forms thereof, and mixtures
thereof.

Patentansprüche

1. Verfahren zum Steuern des Verhältnisses von Ethylen zu Propylen in einem Oxygenat-zu-Olefin-(OTO)-Umwand-
lungsverfahren, bei dem das Verfahren die Schritte umfasst:

(a) Variieren des Verhältnisses von Methanol und Ethanol, die in die Reaktionszone des OTO-Umwandlungs-
verfahrens geführt werden, wobei das Gewichtsverhältnis von Methanol zu Ethanol größer als 6,0 und kleiner
als 10,0 ist;
(b) In-Kontakt-Bringen des Methanols und des Ethanols in der Reaktionszone mit einer Silicoaluminophosphat-
Molekularsiebkatalysatorzusammensetzung bei einer Temperatur von 350°C bis 1000°C, um den Methanol
und Ethanol in die leichten Olefine mit einem Gewichtsverhältnis von Ethylen zu Propylen größer als 1,0 um-
zuwandeln, ohne der Reaktionszone Wärme zuzuführen.

2. Verfahren nach Anspruch 1, bei dem das Gewichtsverhältnis größer als 6,5 und kleiner als 9,5 ist.

3. Verfahren nach Anspruch 1 oder 2, bei dem die leichten Olefine aus der Reaktionszone in einem Ausflussstrom
erhalten werden, der weniger als 5,0 Gew.-% aromatische Verbindungen umfasst.

4. Verfahren nach einem der vorhergehenden Ansprüche, bei dem der Methanol und Ethanol gebildet werden, indem
Syngas mit einem Synthesekatalysator unter Bedingungen in Kontakt gebracht wird, die wirksam sind, den Methanol
und den Ethanol zu bilden.

5. Verfahren nach einem der vorhergehenden Ansprüche, bei dem der Synthesekatalysator alkalibehandeltes Metall-
sulfid umfasst.

6. Verfahren nach einem der vorhergehenden Ansprüche, bei dem der Methanol und Ethanol in einer Synthesezone
gebildet werden, die einen Methanolsynthesekatalysator und einen Ethanolsynthesekatalysator in einem Gewichts-
verhältnis von etwa 1,0 bis etwa 5,0 enthält.

7. Verfahren nach einem der vorhergehenden Ansprüche, bei dem das Verfahren ferner den Schritt umfasst:

(c) In-Kontakt-Bringen vor Schritt (a) von Syngas mit einem Methanolsynthesekatealysator und einem Ethanol-
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synthesekatalysator unter ersten Bedingungen, die wirksam sind, das Syngas in den Methanol, den Ethanol
und Wasser umzuwandeln.

8. Verfahren nach Anspruch 7, bei dem der Methanolsynthesekatalysator Metalloxid umfasst.

9. Verfahren nach Anspruch 7 oder 8, bei dem der Ethanolsynthesekatalysator alkalibehandeltes Metallsulfid umfasst.

10. Verfahren nach einem der Ansprüche 7 bis 9, bei dem das Verfahren ferner den Schritt umfasst: (d) Entfernen vor
Schritt (a) eines gewichtsbezogen überwiegenden Anteils des in Schritt (c) gebildeten Wassers aus dem in Schritt
(c) gebildeten Methanol und Ethanol, um einen trockenen, alkoholhaltigen Strom zu bilden, der einen gewichtsbe-
zogen überwiegenden Anteil des in Schritt (c) gebildeten Methanols und einen gewichtsbezogen überwiegenden
Anteil des in Schritt (c) gebildeten Ethanols umfasst.

11. Verfahren nach einem der Ansprüche 7 bis 9, bei dem das Verfahren ferner den Schritt umfasst:

(d) Variieren der ersten Bedingungen, um das Gewichtsverhältnis von Methanol zu Ethanol zu modifizieren.

12. Verfahren nach Anspruch 11, bei dem Schritt (d) das Verändern der Temperatur umfasst, bei der das In-Kontakt-
Bringen in Schritt (c) stattfindet.

13. Verfahren nach Anspruch 11 oder 12, bei dem Schritt (d) auf eine Bestimmung anspricht, dass das Gewichtsverhältnis
von Ethylen zu Propylen in den in Schritt (a) gebildeten leichten Olefinen erhöht oder vermindert werden sollte.

14. Verfahren nach Anspruch 1, bei dem das Verfahren ferner die Schritte umfasst:

(c) In-Kontakt-Bringen einer ersten Menge eines ersten Syngasstroms, der Kohlenmonoxid, Kohlendioxid und
Wasserstoff umfasst, mit einem Methanolsynthesekatalysator in einer ersten Synthesezone unter ersten Be-
dingungen, die wirksam sind, einen methanolhaltigen Strom zu bilden, der den in Schritt (a) bereitgestellten
Methanol umfasst; und
(d) In-Kontakt-Bringen einer zweiten Menge eines zweiten Syngasstroms, der Kohlenmonoxid, Kohlendioxid
und Wasserstoff umfasst, mit einem Ethanolsynthesekatalysator in einer zweiten Synthesezone unter zweiten
Bedingungen, die wirksam sind, einen ethanolhaltigen Strom zu bilden, der den in Schritt (a) bereitgestellten
Ethanol umfasst.

15. Verfahren nach Anspruch 14, bei dem das Verfahren ferner den Schritt umfasst:

(e) Kombinieren mindestens eines Teils des methanolhaltigen Stroms mit mindestens einem Teil des ethanol-
haltigen Stroms, um einen kombinierten Strom zu bilden, wobei Schritt (a) das Bereitstellen der Reaktionszone
mindestens eines Teils des kombinierten Stroms umfasst.

16. Verfahren nach einem der vorhergehenden Ansprüche, bei dem der Methanol und der Ethanol in einem alkohol-
haltigen Strom, der, bezogen auf das Gesamtgewicht des alkoholhaltigen Stroms, etwa 0,1 bis etwa 10,0 Gewichts-
prozent Wasser umfasst, zu der Reaktionszone geführt werden.

17. Verfahren nach einem der vorhergehenden Ansprüche, bei dem die Molekularsiebkatalysatorzusammensetzung
Molekularsieb umfasst, das aus der Gruppe bestehend aus: MeAPSO, SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-
42, SAPO-44, SAPO-47, SAPO-56, AEI/CHA-Verwachsungen, metallhaltigen Formen davon, Verwachsungsformen
davon und Mischungen davon ausgewählt ist.

Revendications

1. Procédé de contrôle du rapport éthylène/propylène dans un procédé de conversion d’un composé oxygéné en
oléfines (OTO), le procédé comprenant les étapes qui consistent à :

(a) faire varier le rapport du méthanol et de l’éthanol amenés à la zone de réaction du procédé de conversion
OTO, le rapport pondéral méthanol/éthanol étant supérieur à 6,0 et inférieur à 10,0 ;



EP 1 685 086 B1

44

5

10

15

20

25

30

35

40

45

50

55

(b) mettre en contact le méthanol et l’éthanol dans la zone de réaction avec une composition de catalyseur à
tamis moléculaire de silicoaluminophosphate à une température de 350 °C à 1 000 °C pour convertir le méthanol
et l’éthanol en les oléfines légères selon un rapport pondéral éthylène/propylène supérieur à 1,0 sans ajouter
de chaleur à la zone de réaction.

2. Procédé selon la revendication 1, dans lequel le rapport pondéral est supérieur à 6,5 et inférieur à 9,5.

3. Procédé selon la revendication 1 ou 2, dans lequel les oléfines légères sont produites à partir de la zone de réaction
dans un flux d’effluent comprenant moins de 5,0 % en poids de composés aromatiques.

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel le méthanol et l’éthanol sont formés
par mise en contact d’un gaz de synthèse avec un catalyseur de synthèse dans des conditions efficaces pour former
le méthanol et l’éthanol.

5. Procédé selon l’une quelconque des revendications précédentes, dans lequel le catalyseur de synthèse comprend
un sulfure de métal traité par un alcali.

6. Procédé selon l’une quelconque des revendications précédentes, dans lequel le méthanol et l’éthanol sont formés
dans une zone de synthèse contenant un catalyseur de synthèse de méthanol et un catalyseur de synthèse d’éthanol
selon un rapport pondéral d’environ 1,0 à environ 5,0.

7. Procédé selon l’une quelconque des revendications précédentes, le procédé comprenant en outre l’étape qui con-
siste à :

(c) mettre en contact un gaz de synthèse avec un catalyseur de synthèse de méthanol et un catalyseur de
synthèse d’éthanol, avant l’étape (a), dans des premières conditions efficaces pour convertir le gaz de synthèse
en le méthanol, en l’éthanol et en eau.

8. Procédé selon la revendication 7, dans lequel le catalyseur de synthèse de méthanol comprend un oxyde de métal.

9. Procédé selon la revendication 7 ou 8, dans lequel le catalyseur de synthèse d’éthanol comprend un sulfure de
métal traité par un alcali.

10. Procédé selon l’une quelconque des revendications 7 à 9, le procédé comprenant en outre l’étape qui consiste à :
(d) retirer, avant l’étape (a), une majorité pondérale de l’eau formée à l’étape (c) du méthanol et de l’éthanol formés
à l’étape (c) pour former un flux sec contenant des alcools comprenant une majorité pondérale du méthanol et une
majorité pondérale de l’éthanol formés à l’étape (c).

11. Procédé selon l’une quelconque des revendications 7 à 9, le procédé comprenant en outre l’étape qui consiste à :

(d) faire varier les premières conditions pour modifier le rapport pondéral méthanol/éthanol.

12. Procédé selon la revendication 11, dans lequel l’étape (d) comprend le fait de changer la température à laquelle la
mise en contact a lieu à l’étape (c).

13. Procédé selon la revendication 11 ou 12, dans lequel l’étape (d) se déroule en réponse à une détermination selon
laquelle le rapport pondéral éthylène/propylène dans les oléfines légères formées à l’étape (a) devrait être augmenté
ou diminué.

14. Procédé selon la revendication 1, le procédé comprenant en outre les étapes qui consistent à :

(c) mettre en contact une première quantité d’un premier flux de gaz de synthèse comprenant du monoxyde
de carbone, du dioxyde de carbone et de l’hydrogène avec un catalyseur de synthèse de méthanol dans une
première zone de synthèse dans des premières conditions efficaces pour former un flux contenant du méthanol
comprenant le méthanol fourni à l’étape (a) ; et
(d) mettre en contact une deuxième quantité d’un deuxième flux de gaz de synthèse comprenant du monoxyde
de carbone, du dioxyde de carbone et de l’hydrogène avec un catalyseur de synthèse d’éthanol dans une
deuxième zone de synthèse dans des deuxièmes conditions efficaces pour former un flux contenant de l’éthanol
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comprenant l’éthanol fourni à l’étape (a).

15. Procédé selon la revendication 14, le procédé comprenant en outre l’étape qui consiste à :

(e) combiner au moins une portion du flux contenant du méthanol avec au moins une portion du flux contenant
de l’éthanol pour former un flux combiné, l’étape (a) comprenant le fait d’amener au moins une portion du flux
combiné à la zone de réaction.

16. Procédé selon l’une quelconque des revendications précédentes, dans lequel le méthanol et l’éthanol sont amenés
à la zone de réaction dans un flux contenant des alcools comprenant d’environ 0,1 à environ 10,0 % en poids d’eau,
relativement au poids total du flux contenant des alcools.

17. Procédé selon l’une quelconque des revendications précédentes, dans lequel la composition de catalyseur à tamis
moléculaire comprend un tamis moléculaire sélectionné dans le groupe constitué de : MeAPSO, SAPO-5, SAPO-
8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SA-
PO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, des enchevêtrements d’AEI/CHA, des formes de
ceux-ci contenant des métaux, des formes enchevêtrées de ceux-ci, et des mélanges de ceux-ci.
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