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METHOD OF SEPARATING DIMETHYL CARBONATE AND METHANOL

FIELD OF THE INVENTION

This invention relates to a method of separating dimethyl carbonate
and methanol by extractive distillation. The extractive distillation is conducted
in the presence of an exiractive distillation agent which modifies the
azeotropic behavior of the dimethyl carbonate/methancl mixture.

BACKGROUND OF THE INVENTION

Dimethyl carbonate is useful as a starting material in the synthesis of
aromatic polycarbonates, as a solvent, and as a reactant in the production of
a number of chemical products. Dimethyl carbonate is often present in a
mixture with methanol. In various processes to produce dimethyl carbonate,
for instance, dimethyl carbonate is obtained in a mixture with methanol.
Dimethyl carbonate and methanol form an azeotropic composition having a
weight ratio of dimethyl carbonate to methanol of about 30:70 at atmospheric
pressure.

It is necessary, therefore, to separate the dimethyl carbonate from the
dimethyl carbonate/ methanol mixture. Processes used to separate the
azeotropic mixture of dimethyl carbonate and methanol include pressure
swing distillation, high pressure distillation and extractive distillation.

Extractive distillation is a method to separate components of a mixture that
exhibits azeotropic behavior. In an extractive distillation process, an agent,
herein referred to as an “extractive distillation agent” is added to mixture of
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components to be separated in the distillation process, so that the relative
volatilities of the components of the mixture are changed. The change in
relative volatilities is such that a sufficient diﬁérence in volatility of the
components results, and effective separation by disﬁllétion becomes possible.

U.S. 5,202,917 discloses a process for th§ extractive distillation of a
dimethyl carbonate/ methanol mixture by distilling t_hé imixture in the presence
of dimethyl oxalate. Two distillation columns are used in series to separate
the dimethyl carbonate from the methanol. In the first column, methanol is
removed at the top of the column, and the di'fn'e_ihyl carbonate/dimethyl
oxalate mixture is fed to the second column. In the second column, the
dimethyl carbonate is separated f!"om the dimethyl bxal_ate.

Japanese Publication 06228026, published on August 16, 1994,
discloses a method of extractive distillation of a mixture of methyl carbonate
and methanol in the presence of an extractive agent é_elected from a group of
compounds, including anisole.

Japanese Publication 06016596, published 'c_in January 25, 1994,
discioses a method of separating dimethyl carbonate from methanol by
refluxing the dimethyl carbonate/methanol mixture in the presence of an
organic solvent, e.g. phenol, and removing methanol _és an overhead product
and a mixture of the organic solvent and dimethyl carbonate as the bottom
product. :

Known methods for separating a dimethyl carbonate/methanol mixture
involve at least two distillation columns. Therefore, there exists a need for a
simplified and more economical process for separating a dimethy!
carbonate/methanol mixture. '

SUMMARY OF THE INVENTION
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The present invention simplifies the process and provides further
surprising propertfes. These and further properties of the invention will be
more readily appreciated when considering the following disclosure and
appended claims.

The present invention concerns a method of separating dimethyl
carbonate and methanol from a mixture comprising dimethyl carbonate and
methanol in a single distillation column, the method comprising the steps of:

A)  distilling a mixture comprising dimethyl carbonate and methano! in the
presence of an extractive distillation agent selected from the group consisting
of an aromatic hydroxy compound, an alkyl aryl ether, a dialkyt carbonate, an
alkyt aryl carbonate, a diaryi carbonate, an alkylene carbonate and an alicyclic
alcohol; and

B) removing a side stream comprising primarily dimethyt carbonate from
the distillation column.

The invention further concems a method for purifying dimethy! carbonate in a
single distillation column comprising the steps of:

A) feeding a dimethyl carbonate/methanol feed stream comprising dimethyl
carbonate and methanol and a second stream comprising an extractive
distiliation agent into the distillation column, the dimethyl carbonate/methanol
feed stream being fed into the extractive distillation column below the second
stream, the extractive distillation agent selected from the group consisting of
an aromatic hydroxy compound, an alkyl aryl ether, a dialkyl carbonate, an
alkyl aryl carbonate, a diaryl carbonate, an alkylene carbonate and an aficyclic
alcohol;
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B) distilling the dimethyl carbonate and methanol in the presence of the
extractive distillation agent in the distillation column and;

C) removing an overhead product stream, a side product stream, and a
bottom product stream from the distillation column; the overhead product
stream comprising pri_inarily methanol, the side product stream comprising
pﬁharily dimethyl calfbonate and the bottom product stream comprising
primarily the extractive distillation agent.

In the present invention, a side stream distillation column replaces two
distillation columns, each having a reboiler and condenser. The side stream
distillation column may be usgd with a side rectification column if a higher
purity product is desired. In the embodiment where a side rectification column
is used, the side rectification column is coupled to the side stream distillation
column. -

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic drawing showing one embodiment of the
invention.

Figure 2 is a schematic showing an embodiment of the invention
having a side rectiﬁcation column. '

Figure 3 is a graph in which the vap_dr' mass fractions of the
components are plotted versus the number of theoretical stages in the
column.

DETAILED DESCRIPTION OF THE INVENTION
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The present invention may be understood more readily by reference to
the following detailed description of preferred embodiments of the invention
and the examples included therein.

Before the present processes and compositions of matter are disclosed
and described, it is to be understood that this invention is not limited to
specific synthetic methods or to particular formulations, as such may, of
course, vary. It is also to be understood that the terminology used herein is
for the purpose of describing particular embodiments only and is not intended
to be limiting.

- In this specification and in the claims which follow, reference will be
made to a number of terms which shall be defined to have the following
meanings;

The singular forms “a”, “an” and “the” include plural referents unless
the context clearly dictates otherwise.

“Optional” or “optionally” means that the subsequently described event
or circumstances may or may not occur, and that the description includes
instances where the event occurs and instances where it does not.

“Comprising primarily” and “relatively pure” when used in reference to
the composition of a stream entering or leaving the distillation column means
that the referenced mixture comprises at least 85% by weight of the specified
material.

“Pure” when used in reference to the composition of a stream entering
or leaving a distillation column or rectification column means that the
referenced mixture comprises at least 95% by weight of the specified material.

A “distillation column” as used herein refers to a column having a
reboiler and a condenser.
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A “side rectification column” as used herein refers to a column in which

. the energy input to the side rectification column is provided by a vapor side

stream drawn from a 'distillation column. The side rectification column does
not have a reboiler.

The present invention concemns a method or purifying dimethyl
carbonate in a single distillation column comprising the steps of:

A)  distiling a mixture comprising dimethyl carbonate and methanol in the
presence of an extractive distillation agent selected from the group consisting
of an aromatic hydroxy compound, an alkyl aryl ether, a dialkyl carbonate, an
alky! aryl carbonate, a diaryl carbonate, an alkylene carbonate and an alicyclic
alcohol; and

B) removing a side stream comprising primarily dimethyl carbonate from

the distillation column..

In one embodiment, the invention concerns a method for purifying dimethyl
carbonate in a single distillation column comprising the steps of:

A) feeding a dimethyl carbonate/methanol féed stream comprising
dimethyl carbonate and methanol and a second stream comprising an
extractive distillation agent into the distillation column, the dimethyl
carbonate/methanol feed stream being fed into the distillation column below
the second stream, the extractive distillation agent selected from the group
consisting of an aromatic hydroxy compound, an alky! aryt ether, a dialkyl
carbonate, an alkyl aryl carbonate, a diaryl carbonate, an alkylene carbonate
and an alicyclic aicohol; '

B) distilling the dimethyl carbonate and methano! in the presence of the
extractive distillation agent in the distiliation column; and
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C)‘ removing an bverhead product stream, a side product stream, and a
bottom product stream from the distillation column, the overhead product
stream comprising primarily methanol, the side product stream comprising
primarily dimethyl carbonate and the bottom product stream comprising
primarily the extractive distillation agent.

it should be understood that the steps of the distillation process as
defined are conducted simultaneously, and preferably, continuously.

The known process of separating dimethyl carbonate and methanoi in
an extractive distillation process involves more than one distillation column,
each column having a reboiler and an overhead condenser. it was
unexpectedly found that removal of a side stream comprising primarity
dimethyl carbonate in an extractive distillation column obviates the need for a
second distillation column having a reboiler and an overhead condenser thus
greatly simplifying the process and reducing expense.

It has been unexpectedly found that removal of a stream comprising primarily
dimethyl carbonate from the distillation column allows separation of three
‘relatively pure product streams. By “comprising primarily” and “relatively
pure” it is meant that the respective product streams comprise at least 85% by
weight of methanol, dimethyl carbonate or the extractive distillation agent.

In the method of the invention, a side stream comprising primarily
dimethyl carbonate is removed from the distillation column. The point of
removal of the side stream is at or near a point in the column where the mass
fraction of the dimethyl carbonate in the column is at a maximum. This point
varies depending on the conditions of the column, such as pressure and
number of stages. The point may be determined by an iterative process as
described in Table 1 of “A Geometric Desngn Method for Side-Stream
Distillation Columns”, ' : : s

istrial & lesearch, Volume
35, issue 10, pp. 3653-3664, or it may be determined using known computer
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simulation models, such as AspenPlus™ developed by Aspen Technology
Inc., Cambridge, Mass_achusétts. discussed further in the experimental portion
of this specification.

The iterative process described in Table 1 of "A Geometric Design
Method for Side-Stream Distillation Columns®, Industrial & Engineering
Chemistry Research, is as follows. in determining the location of the side
stream for an upper side stream column: 1) the column pressure, flow rate,
composition and enthalpy of the feed stream are first specified; 2) a distillate
composition is chosen; 3) a reflux ratio is chosen, 4) the rectifying profile, the
composition profile in the rectification section, is determined; 5) a side stream
location on the rectifying profile is chosen; 6) a bottoms composition is
chosen; 7) flows of the distillate, bottoms and side stream may be determined
from this profile; 8) a middle profile is then determined followed by a
determination of the stripping profile. If the middle and stripping profiles
intersect the process is complete. If not, the refiux ratio or other specified
value is adjusted and the process is repeatéd, beginning with step 2), the
choice of distillate composition.

In determining the side stream for a lower side stream column, the process is
the same, with the exception that the stripping profile is first determined, and
the side stream position is chosen in the stripping profile rather than the
rectifying profile.

The position of the side stream may be above or below the feed stream
comprising the dimethyl carbonate/ methanol mixture, herein referred to as
the “dimethyl carbonate/methanol feed stream”. If the side stream is above
the dimethyl carbonate/methanol feed stream, the column is designated as an
“‘upper side stream column”, with the side stream between the feed stream
and the distillate. If the side stream is below the dimethyl carbonate/methanol
feed stream, the column is designated as a “lower side stream column”. it is
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preferable to operate the process as a lower side stream column. It is also
preferable that the side stream be a vapor side stream.

The configuration of the column, including the diameter, number of
stages and feed points; and the operating parameters of the column, including
the refiux ratio, temperature an& pressure, typically vary depending on the
desired purity of the product. The column is preferably operated at a
pressure of from about 0.1 to 10 bar, more preferably 0.5 to 5 bar, even more
preferably 1 to 3 bar. The boilup ratio at which the distillation column is
maintained should be sufficiently high such that at one point in the column,
the mass fraction of the dimethyl carbonate is at or near a maximum.

The number of theoretical stagjes in the column typically vary depending on a
number of factors including the energy expenditure desired, available utiiities,
etc. Suitable numbers of theoretical stages for the distillation column include
but aré not limited to from 20 to 80, preferably 30 to 50 theoretical stages.

The extractive distillation agent used in the distillation is a compound
that does not form an azeotrope with methanol or dimethyl carbonate, and
which boils at a higher temperature than both methanol and dimethyl
carbonate. The extractive distillation agent is selected from the group
consisting of aromatic hydroxy compounds; alkyl aryl ethers; such as anisole,
dialkyl carbonates; alkyl aryl carbonates; diaryl carbonates; alkylene
carbonates and alicyclic alcohols. Aromatic hydroxyl compounds, such as
phenol, are preferred. Phenol and anisole are more preferred extractive
distillation agents; phenol is even more preferred.

The mass ratio of the second stream comprising the extractive
distiliation agent to the dimethyl carbonate/ methanol feed stream fed into the
column depends on the exiractive agent used in the distiliation. Suitable
values for the mass ratio of the second stream to the first stream range from
about 0.1:1 to about 10:1.
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In the case of phenol, the mass ratio of the second_ stream comprising phenol

to the'dimethyl carbonate/ methanol feed stream is about 2:1 to 4:1, more
preferably 3:1. In the case of anisole, the mass. ratio of the second stream
comprising the anisole to the dimethyl carbonate/ methanol feed stream is
about 0.5:1 to 2:1, preferably 0.8:1 to 1:1. |

It is preferable that the extractive distillation agent fed into the
distillation column be bure, in particular, it is prefei'red that the second stream
comprising the extractive distillation agent comprises preferably 95% or
greater, even more preferably 99% or greater by weight of the extractive
distillation agent.

The composition of the dimethyl carbonate/ methanol feed stream fed
into the column varies depending on the source of the stream. The dimethyl
carbonate/ methanbl feed stream preferably comprises from 20 to 30% by
weight of dimethyl carbonate; the composition at which the dimethyl
carbonate/methanol mixture is at or near its azeotrope at atmospheric
pressure is the most preferred.

The molar reflux ratio and the molar boilup ratio may be varied
depending on a variety of factors including the number of stages in the
column, desired product purity, particular extractive distillation agent, etc., and
may be easily determined by the skilled worker. Suitable values for the molar
reflux ratio for a distiflation column in which anisole is used as the extractive
distillation agent, include but are not limited to molar reflux ratios in the range
from about 1 to 5, more preferably 1.2 to 2; suitable values for the molar refiux
ratio in which phenol is used as an extractive distillation agent, include but are
not limited to molar reflux ratios in the range of from about 0.5 to 2, preferably
0.5t0 1.0.

Suitable values for the molar boilup ratio for a distillation column in
which anisole is used as the extractive distillation agent, include but are not
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limited to molar boilup ratios in the range of about 5 to 8, preferably about 6 to
7; suitable values for the molar boilup ratio in which phenol is used as the
extractive distillation agent, include but are not limited to molar boilup ratios in
the range from about 1 to 2, preferably about 1.5 to about 1.7.

Optionally, the stream comprising primarily dimethyl carbonate leaving
the first distiliation column may be further purified. In one embodiment of the
invention, the stream comprising primarily dimethyl carbonate leaving the first
column may be fed into a side rectification column. The number of stages in
the side rectification column may be varied depending on the desired purity. it
is preferable that the side rectification column contain from about 3 to about
10 theoretical stages.

Referring to Figure 1, an embodiment of the invention is shown
schematically. The dimethyl carbonate/methanol feed stream 1 comprises a
mixture of methanol and dimethyl carbonate, second stream 2 comprises the
extractive distillation agent. Streams 1 and 2 are fed continuously to the side
stream distillation column A. Stream 3 is the overhead product and comprises
primarily methanol. The purity will depend on the reflux ratio and the amount
of extractive distillation agent fed to the column. Stream 4 is the side stream
and comprises primarily dimethyl carbonate. The purity of stream 4 depends
on the number of stages and the boilup ratio of the column. Stream 5 is the
bottom product and comprises primarily the extractive distillation agent which
is cooled and recycled back to the upper feed of the column (stream 2).
Stream 6 is an extractive distillation agent makeup stream to account for the
extractive distillation agent loss in the side stream.

Referring fo Figure 2, a further embodiment of the invention is shown
schematically. In this embodiment, stream 4 is fed to the side rectification
column B, which comprises a column with a condenser, but no reboiler since
the feed to the rectifier is the vapor side stream from the main column A. The
pure dimethyl carbonate is removed in stream 7, while the bottom liquid
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stream from the side rectifier, stream 8, is sent back to the extractive
distiilation Column A at the same stage of stream 4 or below.

Referring to Figure 3, a graph showing the v_apor mass fraction of the
components in column A versus the number of theoretical stages is set forth.
This graph is relative to the simulation described in Example 1. Only the main
components (methanol, dimethyl carbonate and phenol) are plotted; for this
reason the sum of the vapor mass fractions shown in the graph does not
close to 1 at stage 1 (the light impurities have been omitted from the graph).
The vapor side stream is preferably removed at a point at or near the
maximum in the dimethyl carbonate profile.

EXAMPLES

The following examples are put forth so as to provide with a complete
disclosure and description of how the method claimed herein is practiced, and
is not intended to limit the scope of what the inventors regard as their
invention. Efforts have been made to ensure accuracy with respect to
numbers (e.g., amounts, temperature, etc.). Unless indicated otherwise, parts
are by weight, temperature is in °C and pressure is in bar.

The following data were generated using the software AspenPlus™
developed by Aspen Technoiogy Inc., Cambridge, Massachusetts. For the
multi-component systems including methanol, dimethyl carbonate, phenol,
and anisole, the NRTL-RK physical property option set was chosen (liquid
phase modeled using NRTL activity coefficients, vapor phase modeled using
the Redlich-Kwong equation of state). NRTL binary parameters for the binary
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pairs including the..above components were regressed from proprietary vapor
liquid experimental data.

To obtain the position of the side stream, several simulations were run
with different side stream positions and the best case was retained. Without
wishing to be bound by any theory or explanation, it is believed that the
ASPEN PLUS program can sufficiently predict the behavior of the three
"‘tomponent system as described herein. The streams and columns referred to
in the following Examples are labeled in accordance with Figures 1 and 2,

In the examples below, the dimethyl carbonate/methanol feed stream
contains light impurities that are expected fo leave the system with the
methanol product stream (stream 3). “Light impurities” include, but are not
limited to methyial, dimethyl ether, methyt chioride, CO, CO, and water which
result from the process to make DMC from methanol, CO and oxygen.

Example 1

In this examplé, column A is a column having 45 theoretical stages,
including reboiler and condenser. The extractive distillation agent is phenol.
Numbered from the top, the condenser is stage 1. The dimethyl carbonate/
methanbl feed stream, stream 1 is introduced at stage 24, the extractive
distiliation feed, stream 2, is introduced at stage 8, and the side stream, steam
4, is removed at stage 33. The top pressure of the column is 2.9 bar, the
molar reflux ratio is 0.6 and the molar boilup ratio is 1.63.

Column B is a column having 4 theoretical stages, including the
condenser. The top pressure is atmospheric, the molar reflux ratio is 0.32
and the mass ratio of the distillate to the feed is 0.92.

13
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The results of this simulation are set forth in Table I.
Tablei
|Stream 1 2 3 4 5 6 7 8
'Phue LIQUID LIQUID LIQUID VAPOR LIQUID LIQUID LQuiD LIQUID
Mass Flow KGMR
Co2 78.0 - 780 - - . - -
MEOH 200198 - 20018.2 04 - - 04 0.0
PHOH - 100000.0 - 433.1 90964.1 359 359 397.2
DMC 77829 20.0 5135 7566.2 200 . 7269.4 2069
H20 1.0 - -0.8 0.2 T . 0.2 0.0
OME 506 - 506 - - . -
METHYLAL 4979 457.9 0.0 . - 0.0
MECL na - na - - . -
CO 0.5 - 0.5 - - - -
[Fiass Flow KGHR 28502 | 100020 | 21232 8000 99984 ) 7306 4
Volume Flow CUMHR 3543 96.96 28.13 1026.01 113.06 0.04 8.01 0.74
Density KG/CUM 805 1032 755 7.80 884 1032 912 - 939
Temperature C 652 708 66.0 1523 2253 80.0 904 1238
* |Pressure BAR 8.00 4.00 2.86 29 293 3.00 1.01 3.04
Example 2

In this example, the configuration of column A is the same as in
example 1. The extractive distillation agent is phenol. The top pressure is 1.5
bar, the molar reflux ratio is 0.80 and the molar boilup ratio is 1.55.

Column B is a column having 4 theoretical stages, including condenser.

The top pressure is atmospheric, the molar reflux ratio is 0.30 and the mass

ratio of distillate to feed is 0.90.

The results of this simulation are set forth in Table il.

Table I!
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{Stream 1 2 3 4 3 3 7 8
[Phass Lauid Liaun LIQUID VAPOR uauin LIQUID LIQUID LIQUID
IMass Flow KGHR

co2 78.0 780 - - -
MEOH 20019.6 - 20002.6 173 - - 171 0.2
PHOH - 100000.0 - 4738 99082.1 17.9 178 455.7
oMC 77828 1.0 864.8 7508.3 10 - 71181 3902
H20 10 - 0.2 0.8 - - 0.8 0.0
DME 50.6 - 506 . . - -
METHYLAL 487.9 - 4979 0.0 0.0

MECL .1 - 714 . -

co 05 - 05 . - - -

- [Mass Figw KGHR 28502 100001 21356 8000 99983 16 7154 846
Volume Flow CUMHR 3543 96.94 28.26 1614.48 110.50 0.02 7.83 0.90
Density KG/CUM 808 1032 756 4.96 805 1032 813 939
Temperature C 652 798 66.0 137.7 20753 80,0 894 120.1
|Prassure  BAR €.00 4.00 1,50 1.82 1.94 3.00 1.01 4,05

Example 3

In this example, column A is a column having 45 theoretical stages,
including reboller and condenser. The extractive distillation agent is anisole.
Numbered from the top, the condenser is stage 1.
carbonate/methanol feed stream, stream 1, is introduced at stage 24, the
extractive distillation feed, stream 2, is introduced at stage 10, the side
stream, steam 4, is removed at stage 30. The top pressure of the column is
2.9 bar. The molar reflux ratio is 1.50 and the molar boilup ratio is 6.56.

The dimethyi

Column 10 is a column having 6 theoretical stages. The top pressure
is 1 atm. The molar refiux ratio is 0.23 and the mass ratio of the distillate to

the feed is 0.90.

The results of this simulation are set forth in Table lil.

Table HI

15




PCT/US00/08934

WO 00/64853
[Stream 1 2 3 4 5 [ 7 8
(Phase LIQUID LIQuID Liquip VAPOR LIQUID LQuID | "LIoUID LIQUID
[Mass Flow KG/HR
co2 78.0 - 780 . - .
MEOH 20019.6 . 20019.8 0.0 - - 0.0 -
DMC 7782.9 3423 652.8 7697.4 3423 - 7130.1 567.3
ANISOLE - 30000.0 0.5 3014 209286 714 710 2304
H20 1.0 0.3 00 14 03 - - 10 0.1
DME 50.6 - 50.8 . - - - .
METHYLAL 497.9 - 4979 0.0 . - 0.0 -
MECL 711 - 719 - - - -
co 05 - 05 - - - -
Mass Flow KG/HR 28502 30343 21374 8000 30271 71 7202 798
Voiume Flow CUMHR 3543 3235 227 965.21 3735 0.08 7.50 0.87
Density KG/CUM 805 938 756 820 810 938 047 913
Temperature C 852 709 86.0 1318 195.9 80.0 65.0 g7.8
Pressure  BAR 6.00 4.00 2.86 291 293 3.00 1.01 3.04

Example 4

In this example, column A is a column having 45 theoretical stages,
including reboiler and condenser. The extractive distillation agent is anisole.
Numbered from the top, the condenser is stage 1. The feed, stream 1, is
introduced at stage 24. The extractive distillation agent feed, stream 2, is
introduced at stage 10, and the side stream, stream 4, is removed at stage
34. The top pressure is 1.5 bar, the molar reflux ratio is 1.8 and the molar
boilup ratio is 6.75. |

Column B is a column having 6 theoretical stages, including condenser.
The top pressure is atmospheric, the molar reflux ratio is 0.18, and the mass
ratio of distillate to feed is 0.90.

The resuits of this simulation are set forth in Table IV.
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Table v
|stroam 1 2 3 4 s 8 7 ]
{Phase LiQuiD LIQUID LIQUID VAPOR LiQuiD LiQuip LIQUID LiQuib
{Mass Flow KGHR

coz 78.0 - 78.0 - - - - -
MEOH 20010.6 - 20018.2 04 - - 04 0.0
OMC 77829 2540 687.2 7745.1 254.0 - 7085.7 8564
ANISOLE - 30000.0 07 2633 28928.1 70.9 70.1 183.2
H20 10 06 0.0 14 0.8 - 10 0.1
DME 508 - 508 - - - - .
METHYLAL 407.9 - 4919 0.0 - - 0.0 -
MECL 7.9 - 713 - - - - -
co 0.5 - 0.5 - - - - -
Mass Flow KG/HR 28502 30255 21415 8000 30184 71 1157 843
Valume Flow CUMHR 3543 3228 2831 501.80 36.27 0.08 1.56 0.92
Density KG/CUM 805 938 758 533 832 838 047 913
Temperature C 5.2 705 66.0 1138 178.0 800 65.0 95.7
Pressura  BAR 8,00 400 1.50 1.82 1.94 3.00 1,01 3.04
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1. A method of separating dimethyl carbonate and methanol from a mixture

WHAT IS CLAIMED IS:

comprising dimethyl carbonate and methano!l in a distillation column, the
method comprising the steps of

A) distilling a mixture comprising dimethyl carbonate and methanol in the
presence of an extractive distillation agent selected from the group consisting
of an aromatic hydroxy compound, an alky! aryl ether, a diaikyl carbonate, an
alkyl aryl carbonate, a diaryl carbonate, an alkylene carbonate and an aficyclic
alcohol; and

B) removing a side stream comprising primarily dimethyl carbonate from
the distillation column.

2: The method of claim 1, wherein the side stream is below a point where a
feed stream comprising the dimethyl carbonate and methanol enters the
distillation column.

3. The method of claim 1, wherein the side stream is above a point where a
feed stream comprisi'ng the dimethyl carbonate and methanol enters the
distillation column.

4. The method of claim 1, wherein steps A) and B) are conducted
simuitaneously.

5. The method of claim 1, wherein the extractive distillation agent is anisole.
6. The method of claim 1, wherein the extractive distillation agent is phenol.

7. The method of claim 1, wherein the side stream is removed at a point in
the column where the vapor mass fraction of dimethyl carbonate in the
column is at or near a maximum.

18
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8. A method for separatmg dimethyl carbonate and methanol from a mixture
comprising dlmethy1 carbonate and methanol in a smgle dlstlllatlon column
comprising the steps of:

A) feeding a dimethyl carbonate/ methanol feed stream comprising dimethyl
carbonate and methanol and a second stream comprising an extractive
distillation agent into the distiliation column, the dimethyl carbonate/ methanol
feed stream being fed into the extractive distillation column below the second
stream, the extractive distillation agent selected from the group consisting of
an aromatic hydroxy compound, an alkyt aryl ether, a dialkyl carbonate, an
alkyl aryl carbonate, a diaryl carbonate, an alkylene carbonate and an alicyclic
atcohol;

B) distiling the dimethyl carbonate and methanol in the presence of the
extractive distiliation agent in the distillation column; and;

C) removing an overhead product stream, a side product stream, and a
bottom product stream from the distillation column, the overhead product
stream comprising primarily methanol, the side product stream comprising
primarily dimethyl carbonate and the bottom product stream comprising
primarily the extractive distillation agent.

9. The method of claim 8, wherein the side product stream is removed at a
point in the distillation column where the vapor mass fraction of the dimethyl
carbonate in the column is at or near a maximum.

10. The method of claim 8, further comprising the step of recycling the bottom
product stream to the second stréam.

11. The method of claim 8, further comprising the step of feeding an entrainer
makeup stream to the second stream.

12. The method of claim 8, wherein the extractive distillation agent is phenol.
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13. The method of claim 8, wherein the extractive distillation agent is anisole.

14. The method of claim 8, wherein the mass ratio 6f the second stream to
the dimethyl carbonate/ methanol feed stream is from 0.1:1 to 10:1.

15. The method of claim 12, wherein the mass ratio.'df the second stream to
the dimethyl carbonate/ methanol feed stream is from 2:1 to 4:1.

16 The method of claim 13, wherein the mass ratio of the second stream to
the dimethyl carbonate/ methanol feed stream is from 0.5:1 to 2:1.

17. The method of plaim 8, wherein the pressure in th__e rectification column is
from 1 to 10 bar.

18. The method of claim 8, further comprising the step of feeding the side
product stream comprising primarily dimethyl carbonate to a side rectification
column having a distillation zone, distilling the diméthyl carbonate to remove
impun'ties from the dimethyl carbonate, and 'rerhoving from the side
rectification column a product liquid stream comprising dimethyl carbonate
having a purity greater than the side product stream.

19. The method of claim 8, wherein steps A) through C) are conducted
simuitaneously.

20. A method of separating dimethyl carbonate and methanol from a mixture
comprising dimethyl carbonate and methanol in a distillation column, the
method comprising the steps of

A) distilling a mixture comprising dimethyl carbonate and methanol in the
presence of an extractive distillation agent selected from the group consisting
of phenol and anisole; and

B) removing a side stream comprising primarily dimethyl carbonate from
the distillation column.
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21. A method for separating dimethyl carbonate and methanol from a mixture
comprising dimeth%l' darbonate and methanol in :a single distillation column
comprising the steps of:

A) feeding a dimethyl carbonate/ methanol feed stream comprising dimethyl
carbonate and methanol and a second stream comprising an "extractive
distillation agent into the distillation column, the dimethyl carbonate/ methanol
feed stream being fed into the extractive distillation column below the second
stream, the extractive distillation agent selected from the group consisting of
phenol and anisole;

B) distilling the dimethyl carbonate and methanol in the p;'esence of the
extractive distillation agent in the distillation column; and;

C) removing an overhead product stream, a side product stream, and a
bottom product stream from the distillation column, the overhead product
stream comprising primarily methanol, the side product stream comprising
primarily dimethyl carbonate and the bottom product stream comprising
primarily the extractive distillation agent.

22. The method of claim 21, further comprising the step of recycling the
bottom product stream to the second stream.
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23. A method for separating dimethyl carbonate and methanot from a mixture
comprising dimethyl carbonate and methanol in a single distillation column
comprising the steps of:

A) feeding a dimethyl carbonate/ methanol feed stream comprising dimethyl
carbonate and methanol and a second stream comprising an extractive
distillation agent into the distillation column, the first stream being fed into the
extractive distillation column below the second stream, the extractive
distillation agent is phenol;

B) distilling the dimethyl carbonate and methanol in the presence of the
extractive distillation agent in the distillation column; and;

C) removing an overhead product stream, a side product stream, and a
bottom product stream from the distillation column, the overhead product
stream comprising primarily methanol, the side product stream comprising
primarily dimethyl carbonate and the bottom product stream comprising
primarily the extractive distillation agent.

24. The method of claim 23, further comprising the step of feeding the side
product stream comprising primarily dimethyl carbonate to a side rectification
column having a distillation zone, distilling the dimethyl carbonate to remove
impurities from the dimethyl carbonate, and removing from the side
rectification column a product liquid stream comprising dimethyl carbonate
having a purity greater than the side product stream.

25. The method of claim 24, wherein the product liquid stream is pure.
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