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(54) Method and apparatus for the separation of dialkyl carbonate, water and alkanol

(57) A method for separating a mixture comprising
dialkyl carbonate, water, and alkanol comprises: intro-
ducing a reactant stream (412) comprising dialkyl car-

bonate, water and alkanol to a first divided wall distillation
column (200); separating the mixture with use of the di-
vided wall distillation column (200); and recovering a
product stream (426) comprising dialkyl carbonate.
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Description

BACKGROUND

[0001] The present disclosure relates generally to a
method and an apparatus for the separation of dialkyl
carbonate ("DAC"), water, and alkanol, and especially to
a method and an apparatus for the production and sep-
aration of dimethyl carbonate ("DMC").
[0002] Polycarbonates are useful materials valued for
their physical and optical properties. Methods for the
preparation of polycarbonates include interfacial proc-
esses and melt processes. In melt processes, bisphenol
can react with diaryl carbonate. Melt processes are de-
sirable because they can avoid the use of phosgene and
solvents.
[0003] Use of melt processes for polycarbonate syn-
thesis requires an industrially efficient process for pro-
ducing diaryl carbonate, such as diphenyl carbonate
("DPC"). During the production of diaryl carbonate, di-
alkyl carbonate can be reacted with, for example, aryl
hydroxide as disclosed in U.S. Patent No. 4,182,726.
Thus, efficient processes for the production of dialkyl car-
bonate also are needed in order to effectively produce
polycarbonates. The production of dialkyl carbonate,
such as DMC, typically involves a series of distillation
steps using multiple distillation columns. For example,
U.S. Patent Nos. 5,527,943, 7,514,521, and 7,803,961
disclose processes for preparing dialkyl carbonate. De-
spite these processes, however, there is a continued
need for methods and apparatuses exhibiting reduced
energy consumption and requiring less processing
equipment, specifically fewer distillation columns, while
also capable of producing purified dialkyl carbonate, es-
pecially purified dimethyl carbonate.

BRIEF DESCRIPTION

[0004] Disclosed, in various embodiments, are meth-
ods and apparatuses for the separation of dialkyl carbon-
ate, water, and alkanol.
[0005] In an embodiment, a method of producing di-
alkyl carbonate: introducing a reactant stream (412) com-
prising dialkyl carbonate, water and alkanol to a first di-
vided wall distillation column (200); separating the mix-
ture with use of the divided wall distillation column (200);
and recovering a product stream (426) comprising dialkyl
carbonate.
[0006] In an embodiment, a method of producing di-
alkyl carbonate can comprise: reacting oxygen, alkanol,
carbon monoxide, hydrochloric acid and a catalyst in a
reactor to  produce an alkanol stream; separating con-
stituents of the alkanol stream in a separator; and recov-
ering a dialkyl carbonate stream. The method also com-
prises introducing the dialkyl carbonate stream to an acid
removal distillation column; and recovering from the acid
removal distillation column a reactant stream comprising
a mixture of dialkyl carbonate, water and alkanol. The

method further comprises introducing the reactant
stream to a first divided wall distillation column; separat-
ing the mixture with use of the divided wall distillation
column; and recovering a product stream comprising di-
alkyl carbonate.
[0007] In an embodiment, an apparatus configured for
separating a mixture comprising dialkyl carbonate, water
and alkanol, can comprise: a first divided wall distillation
column (200) connected to an input line for introduction
of reactants, the reactants comprising dialkyl carbonate,
water and alkanol; the first divided wall distillation column
(200) comprising a product line to provide a product
stream (426) comprising dialkyl carbonate; a separator
(S610) connected to the divided wall distillation column
(200); and a water recovery distillation column (630) con-
nected to the separator (S610); wherein the apparatus
comprises a plurality of lines configured to transport
streams between at least two of the first divided wall dis-
tillation column (200), the separator (S610) and the water
recovery distillation column (630).
[0008] The above described and other features are ex-
emplified by the following figures and detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Refer now to the Figures, which are exemplary
and non-limiting embodiments, and wherein the like el-
ements are numbered alike.
[0010] FIG. 1 schematically depicts a dialkyl carbonate
production/recovery plant design.
[0011] FIG. 2 schematically depicts a plant design for
the separation of DMC, water and methanol.
[0012] FIG. 3 depicts a ternary composition diagram
of a DMC/methanol/water ternary system.

DETAILED DESCRIPTION

[0013] The disclosure herein is directed to how to im-
prove the overall efficiency, reduce energy consumption,
and reduce the overall cost associated with the separa-
tion of  DMC and resultant production of purified DMC
(e.g., DMC having a purity of greater than 99.9 wt%). In
exemplary embodiments, the number of sequential dis-
tillation columns needed to separate and purify DMC by
using a divided wall distillation column can be reduced
as described in further detail below. In other exemplary
embodiments, in order to effectively employ a divided
wall distillation column for such separation and purifica-
tion, a proper concentration range of the reactants in the
effluent stream entering the divided wall distillation col-
umn is identified and achieved in order to result in a de-
sired separation of the constituents with use of the divided
wall distillation column.
[0014] A more complete understanding of the compo-
nents, processes, and apparatuses disclosed herein can
be obtained by reference to the accompanying drawings.
These Figures (also referred to herein as "FIG.") are
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merely schematic representations based on conven-
ience and the ease of demonstrating the present disclo-
sure, and are, therefore, not intended to indicate relative
size and dimensions of the devices or components there-
of and/or to define or limit the scope of the exemplary
embodiments. Although specific terms are used in the
following description for the sake of clarity, these terms
are intended to refer only to the particular structure of the
embodiments selected for illustration in the drawings,
and are not intended to define or limit the scope of the
disclosure. In the drawings and the following description
below, it is to be understood that like numeric designa-
tions refer to components of like function.
[0015] Various feed, product and recycle streams in-
dicated numerically are shown in FIGs. 1 and 2. It is fur-
ther noted that it will be appreciated by persons skilled
in the art that the positioning of the various streams/lines
as described herein as being, e.g., in the "top", "middle",
"bottom", or "side" of a particular column is relative be-
cause the actual position at which material is to be intro-
duced or recovered is dependent on the conditions being
maintained in the particular column. For example, a
stream entering the "bottom" of a column may actually
enter several stages above the sump including the re-
boiler of the column, and a line/stream exiting the "top"
of the column may actually exit several stages below the
top stage including the condenser of the column. Thus,
such terms herein are included for ease of reference to
describe a general orientation regarding various columns
and lines/streams and such terms are not meant to be
limiting to one exact location. Also, the columns refer-
enced herein can be interconnnected by a series of feed/
recycle lines which serve to transport streams comprising
reactants and/or products. The direction of flow for each
line is indicated in, e.g., FIGS. 1 and 2. Various valves,
heaters, and other fittings, optionally, can  be included
with the feed/recycle lines shown in FIGS. 1 and 2 in
adapting the design to a particular installation. Also, al-
though for illustrative purposes, the Figures and their de-
scription may depict singular vessels, such as reaction
vessels or mixing vessels, it is understood that multiple
vessels in series or parallel may be used where suitable.
[0016] FIG. 1 illustrates a dialkyl carbonate production/
recovery plant design/apparatus 400 in accordance with
embodiments described herein. The plant 400 includes
a reaction section 420 and a separation section 430. With
reference to the reaction section 420, stream 409 com-
prises oxygen (O2), which can be provided in any form,
such as gaseous form. Oxygen sources include, for ex-
ample, air, or oxygen-containing gases including those
having greater than or equal to 95 weight percent molec-
ular oxygen, specifically greater than or equal to 99
weight percent molecular oxygen. Oxygen containing
gases are commercially available from, for example. Air
Products.
[0017] Stream 407 comprises carbon monoxide (CO)
which can be provided in any form, such as gaseous form
being especially suitable. Carbon monoxide sources in-

clude, for example, carbon monoxide, carbon dioxide
mixtures, syngas and/or other carbon monoxide-contain-
ing gases and combinations thereof, including those hav-
ing greater than or equal to 95 weight percent (wt%) mo-
lecular carbon monoxide, specifically greater than or
equal to 99 weight percent molecular carbon monoxide.
[0018] Stream 413 (first alkanol stream) comprises al-
kanol, such as methanol (MeOH). It is noted, however,
that other alkanols could be used. Examples of alkanols
include primary, secondary, and tertiary C1-C12 alkanols,
specifically, primary C1-C6 alkanols.
[0019] The first alkanol stream 413, oxygen stream 409
and carbon monoxide stream 407 can be added to a re-
actor (e.g., stirred tank reactor 50), e.g., in a molar ratio
of 0.5 to 0.7 (alkanol): 0.04 to 0.06 (oxygen): 0.8 to 1.2
(carbon monoxide) respectively, and specifically, greater
than or equal to 0.6 (alkanol): greater than or equal to
0.05 (oxygen): greater than or equal to 1 (carbon mon-
oxide). Catalyst stream 405 comprising a catalyst, can
also be added to stirred tank reactor 50 upon demand,
and/or the catalyst could remain in the stirred tank reactor
50. Examples of catalysts include those capable of cat-
alyzing the reactants entering reactor 50 to produce a
dialkyl carbonate formation reaction, as is known in the
art. The catalyst can comprise iron, copper, nickel, cobalt,
zinc, ruthenium, rhodium, palladium, silver, cadmium,
rhenium, osmium, iridium, platinum, gold, mercury, and
so forth, and combinations comprising at least one of the
foregoing metals. As an example, the catalyst  can com-
prise copper and chloride ions in a molar ratio of Cu : Cl
of between 0.1 to 3, e.g., between 0.5 to 1.5, specifically
a molar ratio of Cu : Cl of greater than or equal to 0.8,
and more specifically a molar ratio of Cu : Cl of small
than or equal to 1.5. Further examples of catalysts include
cuprous chloride (CuCl) and cupric chloride (CuCl2). It is
noted that the amount of catalyst used relative to the
reactants (e.g., alkanol, carbon monoxide, oxygen and
hydrochloric acid) can depend on the particular catalyst
employed. The catalyst concentration should be suffi-
ciently high to produce an acceptable yield, but should
be kept below a concentration that would cause solid
setting of the catalyst in the reactor 50 or clogging of the
equipment. For example, when the catalyst comprises
CuCl, the catalyst concentration can be 50 to 250 grams/
liter of total liquid reaction volume of the mixture in reactor
50, especially 80 to 180 grams/liter of total liquid reaction
volume of the mixture in reactor 50.
[0020] During operation of the DMC production proc-
ess, an effective chloride ion concentration can be main-
tained by the addition hydrochloric acid (HCl) from stream
406. Sufficient HCl from stream 406 can be added from
a HCl tank (not shown) during the course of the reaction
to maintain a molar ratio of Cu : Cl of greater than or
equal to one, for example. The concentration of HCl can
be continuously determined and controlled by the addi-
tion of, e.g., fresh HCl (stream 406). A typical mass ratio
for HCl feed to total liquid feed (e.g., the sum of streams
431+413+406+164) entering reactor 50 is 4 x 10-4 to 6
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x 10-3.
[0021] Streams 406, 413, 407, 409, 431, 417, 164, and
405 can enter the reactor 50, as shown in FIG. 1, where
the constituents react to produce a stream 403 (second
alkanol stream) exiting the reactor 50. With reference to
FIG. 1, the catalyzed reaction of alkanol, oxygen, and
carbon monoxide may be performed in a single reactor
50, or in two or more reactors 50. The conditions in reactor
50 can be selected to balance the maximizing of the yield
of dialkyl carbonate while minimizing the degradation of
dialkyl carbonate. The reaction can be performed in a
single reactor 50, at a temperature of 50°C to 250°C.
Within this range, the temperature can be at least 100°C.
Also within this range, the temperature may be up to
150°C. The reactor 50 can be maintained at a pressure
of 15 to 35 bar gauge (barg). Within this range, a pressure
of at least 20 barg can be employed. Also within this
range, a pressure up to 28 barg can be employed. In the
case of dual reactor systems, the catalyst may be recy-
cled between tanks. Stream 403 can comprise dialkyl
carbonate, alkyl chloroformate, hydrochloric acid, water,
carbon monoxide, alkanol, oxygen, inert gases coming
with fresh oxygen and carbon monoxide streams as well
as side products, such as  alkyl chlorides, carbon dioxide
and dialkyl ethers. Examples of dialkyl carbonates are
those that include a carbonate group disposed between
two alkyl groups. The dialkyl carbonate formation reac-
tion will create a dialkyl carbonate that is dependent upon
the alkanol used as a reactant. Thus, if methanol is used
as a reactant in stream 413, for example, the dialkyl car-
bonate will comprise dimethyl carbonate, and so fourth.
[0022] Stream 403 is typically withdrawn from the re-
actor 50 in a gas/vapor form. The term "vapor" herein
refers to gaseous organic components of the mixture,
such as for example, evaporated dialkyl carbonates, al-
cohols, alkyl chloroformates, and so forth, and to water
vapor. That is, the term "vapor" refers to fluids having a
boiling point of greater than or equal to -50°C at atmos-
pheric pressure. In contrast, the term "gas" herein refers
to, e.g., gaseous oxygen, carbon dioxide, carbon mon-
oxide and optional nitrogen. That is, the term "gas" refers
to such constituents having a boiling point of less than
-50°C at one atmosphere pressure. The vapor in stream
403 can be at least partially condensed in a condenser
52 (e.g., at least 10% by weight) or more fully condensed
(e.g., at least 90% by weight) and fed to a first gas-liquid
separator 90. The reaction section 420 of plant 400 can
optionally employ a single gas-liquid separator or a plu-
rality of (i.e., at least 2; and in a more specific embodiment
up to, e.g., 5) gas-liquid separator. The first gas-liquid
separator 90 can be maintained at a pressure within 10
percent (%), specifically within 1%, of the pressure of the
reactor 50. The gas effluent from the first gas-liquid sep-
arator 90 (e.g., flash separator), stream 408, comprising
unreacted carbon monoxide and oxygen, byproduced
carbon dioxide and low boiling point byproducts (low boil-
ing organics) can partially enter a separation section 54
and the remaining stream can merge with the output as

stream 417, which merges with stream 407 to return ex-
cess carbon monoxide to reactor 50. Stream 410 is a
purge stream comprising low boiling organics. Specifi-
cally, the low boiling organics, as referred to herein, can
comprise organic compounds having a boiling point less
than or equal to 65°C, such as, for example, methylal,
dimethyl ether, methyl chloride, and a combination of any
of the foregoing. Stream 414, comprising carbon mon-
oxide and carbon dioxide free from low boiling point or-
ganic compounds, can be sent to a proper treatment unit
to recover and reutilize the carbon monoxide.
[0023] Stream 404 comprising dialkyl carbonate, hy-
drochloric acid, water, low boiling organics, unreacted
alkanol, alkyl chloroformate and carbon monoxide can
then exit the separator 90, as shown in FIG. 1, and enter
a second gas-liquid separator 100 (e.g., flash separator),
which can be maintained at a pressure less than or equal
to 20% of the pressure of  reactor 50 (e.g., less than or
equal to 3 bar gauge (300 kPa), specifically less than or
equal to 0.2 bar gauge (20 kPa)) to achieve a separation
of at least 90 wt%, specifically at least 95 wt%, by weight
of gas in stream 404. In an embodiment, substantially all
of the gas is removed from the mixture. The gas effluent
removed from the second gas-liquid separator 100 can
also be recycled. The vapor in the mixture can be in an
at least partially condensed form (i.e., at least 10% con-
densed), especially a fully condensed form (i.e., at least
90% condensed), before entering the first gas-liquid sep-
arator 90, and between the first gas-liquid separator 90
and the second gas-liquid separator 100. The vapor in
stream 404 can be at least partially condensed (e.g., at
least 10 wt%) or more fully condensed (e.g., at least 90
wt%) prior to entering the second gas-liquid separator
100). According to embodiments, all of the gas can be
removed in the second gas-liquid separator 100. The gas
effluent from the second gas-liquid separator 100, stream
411, comprising unreacted carbon monoxide, carbon di-
oxide and other organic low boiling point components
(low boiling organics), also can be treated in separation
unit 54 to recover unreacted carbon monoxide.
[0024] Stream 401 exiting the second gas-liquid sep-
arator 100 can comprise a single liquid phase comprising
dialkyl carbonate, residual methanol, water, low boiling
organics, hydrochloric acid, and alkyl chlorofoii-nate. The
alkyl chloroformate is then removed from the stream 401.
For example, stream 401 can enter fluid passageway
110 configured to remove alkyl chloroformate by decom-
position into methanol, carbon dioxide, dialkyl carbonate
and hydrochloric acid. U.S. Patent No. 6,784,277 de-
scribes benefits and methods of removing alkyl chloro-
formate using a fluid passageway.
[0025] After removal of the alkyl chloroformate from
the stream 401 in unit 110, the stream can proceed (e.g.,
as stream. 402, comprising dialkyl carbonate, water, low
boiling organics and hydrochloric acid) through heat ex-
changer 150 to at least partially vaporize stream 402.
Heat exchanger 150 can have a residence time of less
than or equal to 10 minutes. Stream 402 can then enter
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acid removal column (crude product separation column)
160 to optionally remove HCl. Column 160 also can help
remove any entrained catalyst (e.g., CuCl) in stream 403,
which could otherwise contribute to downstream corro-
sion. In the column 160, the vaporized condensate can
encounter a counter-flowing liquid supplied by counter-
flowing liquid line (not shown), which can comprise an
alkanol and dialkyl carbonate azeotrope mixture, to a
higher point in the column 160 (e.g., upper third). The
counter-flowing liquid can trap any remaining HCl, which
may be removed, e.g., from the bottom, of column 160
in stream 164 comprising hydrochloric acid, water and
small amounts of alkanol  and dialkyl carbonate (e.g.,
less than or equal to 10 percent (%) by weight (wt.)). For
example, stream 164 can comprise at least 6 weight per-
cent HCl and less than or equal to 15 weight percent
organic compounds. Hydrochloric acid can be recycled
back to reactor 50 with use of HCl recycle stream 164
and merge with fresh HCl feed stream 406. Optionally,
a portion of HCl recycle stream 164 can be passed
through a heat exchanger and recycled to column 160.
[0026] Stream 412 comprising dialkyl carbonate, alka-
nol (e.g., methanol), water, and low boiling organics (low
boiling byproducts comprising organics having a boiling
point less than or equal to 65°C) can be removed, e.g.
from the top, of column 160 and advantageously passed
into a first dividing wall distillation column (DWC1) 200,
as shown in FIG. 1.
[0027] According to some exemplary embodiments,
the use of DWC1 200 can reduce the number of distilla-
tion columns needed to produce a final dialkyl carbonate
product, such as DMC, while maintaining the purity level
(e.g., greater than or equal to 99.8 wt% purity), thereby
significantly reducing the plant investment and overall
cost of production, and without increasing energy con-
sumption. For example, FIG. 2 schematically depicts a
DMC/methanol/water separation system 300 comprising
three distillation columns: a first distillation column 301,
a second distillation column 302, and a third distillation
column 303. FIG. 2 also depicts a separator 601. This
separator 601 is intended to be a unit to separate an
aqueous-rich phase and an organic-rich phase and it can
be for example a decanter, pervaporation unit, and so
forth. Decanter 601 is referred to herein as a non-limiting
example of this separator. According to some embodi-
ments, the use of DWC1 200 can eliminate the need for
at least the DMC recovery distillation column 302 of FIG.
2, as described in further detail below, without increasing
the energy consumption of the entire system and reduc-
ing equipment and production costs.
[0028] With reference to FIG. 2, a mixed feed stream
412 comprising dialkyl carbonate, alkanol (alkyl alcohol),
water and low boiling organics (low boiling byproducts
comprising organic compounds having a boiling point
less than or equal to 65°C) can be removed from the top
of column 160 (shown in FIG. 1). As shown in FIG. 2,
stream 412 can thus comprise methanol (MeOH), DMC,
water and low boiling organics and be separated into

three product streams comprising: mixture of alkanol/di-
alkyl carbonate azeotrope (methanol/DMC azeotropic
composition) and low boiling organics (stream 312), di-
alkyl carbonate (DMC, stream 314) and water (stream
316). Feed stream 412 can enter the first distillation col-
umn 301, which can distill out a product stream 312 com-
prising an azeotropic  composition of alkanol and dialkyl
carbonate (i.e., azeotrope methanol/dimethyl carbonate,
and the low boiling organics (organics having a boing
point less than or equal to 65°C)). The stream 315 exiting
column 301, which can comprise a mixture of dialkyl car-
bonate and water, with small amounts of alkanol (meth-
anol), can enter decanter 601. Stream 315 can be de-
canted into a dialkyl carbonate rich stream 317 (organic
phase) and a water rich (light aqueous phase) stream
318. Stream 317 comprising dialkyl carbonate can enter
dialkyl carbonate recovery column 302, where stream
320 comprising dialkyl carbonate (e.g., DMC), some al-
kanol (methanol), and low boiling organics and water can
be condensed and recycled to the decanter 601. Also
exiting column 302 is product stream 314 comprising
DMC.
[0029] Stream 318 exiting the decanter 601 can be fed
to waste water recovery column 303. From column 303,
azeotrope DMC/water can be recycled, e.g., from near
the top (distillate of the column) in stream 324 to the de-
canter 601 and waste water stream 316 can be removed,
e.g., the bottom residue stream of column 303. Bleed-
stream 326 comprising water, dialkyl carbonate, alkanol
and low boiling organics and coming off stream 318 can
be fed back to column 301, as shown in FIG. 2. Use of
stream 326 can help avoid buildup of low boiling organics
and alkanol (e.g., methanol) in decanter 601.
[0030] Thus, while the above-described process and
design of FIG. 2 could be employed to produce DMC,
three distillation columns 301, 302, and 303 are needed.
Moreover, it is noted that gradually purer methanol could
be obtained from column 301 overheads (stream 312)
by progressively increasing the operating pressure of col-
umn 301. In this method, a stream 312 comprising 93
wt% methanol, for example, could be obtained from col-
umn 301 in stream 312, with column 301 operating at a
pressure greater than or equal to 8 bar gauge (800 kPa),
for example. Thus, stream 312 comprising a greater
weight percent methanol (purer methanol) could be ob-
tained by operating at a higher pressure, but at the cost
of also using higher pressure steam as a heating medium
in the process. Moreover, an additional drawback if col-
umn 301 operates at higher pressure is that an increase
in the number of theoretical stages in the column 301
would be needed to minimize the presence of methanol
in the exiting stream 315 sent to decanter S610. It would
thus be desirable to reduce at least one of the columns
301, 302, 303 and increase the overall energy efficiency
of the production, as well as reduced the costs associated
with the DMC production.
[0031] According to some embodiments, the need for
at least column 302 can be eliminated while producing a
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purified dialkyl carbonate product, specifically purified
DMC  (impurities in trace amounts; i.e., less than 0.01
wt% based upon the total weight of the purified dialkyl
carbonate product).
[0032] As shown in FIG. 1, effluent reactant stream
412 can enter DWC1 200. According to some exemplary
embodiments, a mixture comprising DMC, methanol and
water, which also can include some low boiling organics,
can be separated into pure DMC, an azeotropic mixture
of MeOH/DMC with low boiling organics and a water
stream that can be purged. This can be accomplished
for mixture feeds (e.g., stream 412) having a composi-
tion, for example, within the triangle 70 formed in a ternary
composition diagram between three vertices: pure meth-
anol, azeotrope methanol/DMC and azeotrope DMC/wa-
ter, shown in FIG. 3. FIG. 3 depicts a mass ternary com-
position diagram 60 of a DMC/inethanol/water ternary
system. The shadowed triangle 70 of FIG. 3 shows ex-
amples of effective ternary feeds at atmospheric pres-
sure. More specifically, the compositional ranges of the
feed can comprise, for example, 100 wt% DMC (pure
dimethyl carbonate); 68 wt% methanol and 32 wt% meth-
anol/DMC azetrope; and 87 wt% DMC and 13 wt% aze-
otrope DMC/water). In other words, the compositional
ranges lie within region 70, the area of the ternary dia-
gram identified by coordinates: 100 wt% DMC; 68 wt%
methanol and 32 wt% DMC; and 87 wt% DMC and 13
wt% water. The amount of the referenced low boiling or-
ganics is considered low enough not to influence the ter-
nary equilibrium of the DMC/methanol/water system.
[0033] Thus, as shown in FIG. 1, effluent reactant
stream 412 (distillate stream) can exit column 160 to en-
ter DWC1 200 and can comprise dialkyl carbonate, wa-
ter, alkanol and low boiling organics (low boiling point
organics). Specifically, the low boiling organics can com-
prise organic compounds having a boiling point less than
or equal to 65°C, such as, for example, methylal, dimethyl
ether, methyl chloride, and a combination of any of the
foregoing. The low boiling organics are typically present
in stream 412 in a total amount less than or equal to 2
weight percent based upon the total weight percent of
stream 412, specifically less than 1 weight percent.
[0034] Regarding the structure of DWC1 200, as an
example, this dividing wall distillation column can com-
prise the following sections: a) an inflow section and b)
an offtake section, and d) a lower column section of, e.g.,
greater than or equal to four, e.g., greater than or equal
to eight, theoretical stages, e) a condenser and f) a re-
boiler. The inflow section and the offtake section can both
comprise, greater than or equal to ten, specifically, great-
er than or equal to 20, more specifically, greater than or
equal to twenty-six, theoretical stages, and can be sep-
arated by a wall (e.g., a vertical wall). The upper column
section can  have greater than or equal to four, specifi-
cally, greater than or equal to eight, theoretical stages.
The lower column section can have greater than or equal
to four, specifically, greater than or equal to eight, theo-
retical stages. This design was employed in Examples 1

and 2 referenced below. As explained by Schultz et al.,
Chem. Eng. Process., May 2002, pages 64-70, a basis
for a dividing wall column concept is the Petlyuk’s con-
figuration but with the two distillation columns installed
within a single shell.
[0035] A divided wall distillation column, such as
DWC1 200, can comprise a dividing wall 210, as sche-
matically shown in FIG. 1, which can vertically bisect a
portion of the interior of the column 200. It is not neces-
sary for the dividing wall 210 of the dividing wall distillation
column 200 to extend all the way to the top and/or bottom
sections of the column 200, as shown in FIG. 1, thus
enabling the dividing wall distillation column 200 to be
reboiled and refluxed. Such a divided wall distillation col-
umn 200 can enable an inlet stream to enter on, e.g., one
side of the dividing wall 210 of the column 200, and one
or more exiting streams, e.g. side drawn streams, can
be located on the other side of the dividing wall 210. Such
a design can increase the stability of the column 200 and
enable one or more product streams of differing compo-
sition to exit the dividing wall column 200.
[0036] With further reference to FIG. 1, a stream 431
comprising alkanol, dialkyl carbonate, water and low boil-
ing organics can be recovered from, e.g., the top (distil-
late) of DWC1 200. Specifically, the low boiling organics
in this stream can comprise organic compounds having
a boiling point less than or equal to 65°C, such as, for
example, methylal, dimethyl ether, methyl chloride, and
a combination of any of the foregoing. The low boiling
organics can be present in stream 431 in a total amount
less than or equal to 2 weight percent based upon the
total weight percent of stream 431, specifically less than
1 weight percent. Stream 431 also can comprise DMC/
methanol azeotrope. Stream 431 comprising alkanol and
dialkyl carbonate, can be partly recycled back to the orig-
inal alkanol feed stream 413. A stream 426 comprising
dialkyl carbonate, such as pure DMC (impurities only in
trace amounts) can be recovered from, e.g., the bottom
of DWC1 200. The DWC1 200 can operate at, for exam-
ple, atmospheric pressure or above atmospheric pres-
sure. The temperature profile of the DWC1 200 can be
greater than or equal to 60°C, specifically greater than
or equal to 70°C. Examples of temperature ranges for
the temperature profile in DWC 1 200 are 60°C to 1840°C,
specifically 70°C to 1440°C. The operating pressure in
DWC1 200 can be greater than or equal to 1 bar (100
kPa), specifically greater than or equal to 1.1 bar (110
kPa). Examples of pressure are 1.2 to 3 millibar (120 to
300 Pa).
[0037] Stream 416, which can comprise dialkyl carbon-
ate, water and traces of alkanol, and exiting DWC1 200
from the side, for example, also can be recovered in the
process. Stream 416 can enter decanter S610 and be
split into two phases: stream 418 (organic phase) and
stream 421 (aqueous phase). Stream 418 comprises
mostly dialkyl carbonate, some water and traces alkanol,
which is returned back to the DWC1 200, such as to the
top stage of the lower section of the column 200. Stream
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421 (aqueous phase), which can comprise mostly water,
some dialkyl carbonate and traces of alkanol can exit the
decanter S610, for example as a side drawn, and be sent
to waste water recovery column 630. A purge stream
from column 630 can be included such as, for example,
a bottom residue stream 422, which can comprise mostly
water (greater than or equal to 95 wt% based upon the
total weight of stream 422, specifically, greater than or
equal to 99 wt%) and alkanol (less than or equal to 5 wt%
based upon the total weight of the stream 422, specifi-
cally, less than or equal to 1 wt%). The temperature pro-
file of column 630 can be greater than or equal to 60°C,
specifically greater than or equal to 70°C. Examples of
temperature ranges for the temperature profile in the col-
umn 630 include 60°C to 120°C, specifically 70°C to
110°C. The operating pressure in column 630 can be
greater than or equal to 0.5 bar (50 kPa), specifically
greater than or equal to 0.8 bar (80 kPa). Examples of
pressure include 0.8 to 3 mbar (80 to 300 kPa).
[0038] Stream 424, which can comprise dialkyl carbon-
ate, water, and alkanol, can be recycled from the top of
column 630 back to the decanter S610. Product stream
426, which can comprise pure dialkyl carbonate, such as
pure DMC with impurities only in trace amounts can be
recovered from, for example, the bottom of 17WC1 200.
As further shown in FIG. 1, stream 426 can optionally
proceed through a storage tank 429 for collection of DMC
product. From storage tank 429, DMC product can be
partially returned to DWC1 200 during startup of the plant
or when adjustment of feed composition into the desired
range of operation is needed (stream 427), or be used
elsewhere, e.g., for the production of diphenyl carbonate
(DPC) (from stream 428).
[0039] In an embodiment, a method of producing di-
alkyl carbonate: introducing a reactant stream (412) com-
prising dialkyl carbonate, water and alkanol to a first di-
vided wall distillation column (200); separating the mix-
ture with use of the divided wall distillation column (200);
and recovering a product stream (426) comprising dialkyl
carbonate.
[0040] In an embodiment, a method of producing di-
alkyl carbonate can comprise: reacting oxygen, alkanol,
carbon monoxide, hydrochloric acrid and a catalyst in a
reactor to  produce an alkanol stream; separating con-
stituents of the alkanol stream in a separator; and recov-
ering a dialkyl carbonate stream. The method also com-
prises introducing the dialkyl carbonate stream to an acid
removal distillation column; and recovering from the acid
removal distillation column a reactant stream comprising
a mixture of dialkyl carbonate, water and alkanol. The
method further comprises introducing the reactant
stream to a first divided wall distillation column; separat-
ing the mixture with use of the divided wall distillation
column; and recovering a product stream comprising di-
alkyl carbonate.
[0041] In the various embodiments: (i) the dialkyl car-
bonate can comprise dimethyl carbonate, the alkanol
comprises methanol, and the product stream (426) com-

prises purified dimethyl carbonate having a purity of
greater than 99.9 wt% based upon a total weight of the
product stream; and/or (ii) the method can further com-
prise adjusting concentration of reactants in the reactant
stream (412) by directing a recycle stream (427) com-
prising purified dimethyl carbonate from the product
stream (426) to the reactant stream (412) upstream of
the reactant stream (412) entering the divided wall dis-
tillation column (200); and/or (iii) the method can further
comprise recovering a first stream (431) comprising di-
alkyl carbonate, water, and alkanol from the divided wall
distillation column (200); and/or (iv) the method can fur-
ther comprise recovering a second stream (416) com-
prising dialkyl carbonate, water, and alkanol from divided
wall distillation column (200), introducing the second
stream (416) into a separator (S610), recovering from
the separator (S610) a third stream (418) comprising di-
alkyl carbonate, and recycling the third stream (418) to
the divided wall distillation column (200); and/or (v) the
method can further comprise recovering from the sepa-
rator (S61 ©) a fourth stream (421) comprising water,
alkanol, and dialkyl carbonate, introducing the fourth
stream (421) into a water recovery distillation column
(630), recovering from the water recovery distillation col-
umn (630) a fifth stream (424) comprising water, alkanol,
and dialkyl carbonate, and a sixth stream (422) compris-
ing water, and recycling the fifth stream (424) to the sep-
arator (S610); and/or (vi) the first stream (431) can com-
prise dimethyl carbonate/methanol azeotrope; and/or
(vii) the method can further comprise recovering a first
stream (431) comprising dialkyl carbonate and alkanol
from the divided wall distillation column (200), and recy-
cling the first stream (431) to the reactor; and/or (viii) the
method can further comprise reacting oxygen, alkanol,
carbon monoxide, hydrochloric acid and a catalyst in a
reactor to produce an alkanol stream (403), separating
constituents of the alkanol stream (403) in a separator
(90 and/or 100), and recovering a dialkyl carbonate
stream (402) from the  separator (90 and/or 100) and
introducing the dialkyl carbonate stream (402) to an acid
removal distillation column (160); and/or (ix) the separa-
tor (S610) can be a decanter.
[0042] Also included herein are methods for producing
diphenyl carbonate, comprising reacting the purified
dimethyl carbonate of any of the above methods to pro-
duce the diphenyl carbonate. Similarly included are
methods for producing bisphenol-A polycarbonate, com-
prising: melt polymerizing the diphenyl carbonate to pro-
duce the bisphenol-A polycarbonate.
[0043] In an embodiment, an apparatus configured for
separating a mixture comprising dialkyl carbonate, water
and alkanol, can comprise: a first divided wall distillation
column (200) connected to an input line for introduction
of reactants, the reactants comprising dialkyl carbonate,
water and alkanol; the first divided wall distillation column
(200) comprising a product line to provide a product
stream (426) comprising dialkyl carbonate; a separator
(S610) connected to the divided wall distillation column
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(200); and a water recovery distillation column (630) con-
nected to the separator (S610); wherein the apparatus
comprises a plurality of lines configured to transport
streams between at least two of the first divided wall dis-
tillation column (200), the separator (S610) and the water
recovery distillation column (630).
[0044] In the various embodiments: (i) the first dividing
wall distillation column (200) can be connected to the
input line for introduction of the reactants, and to a first
line, a second line and the product line, the first line ex-
tends from the top of the first dividing wall distillation col-
umn (200) to provide a first stream (431) comprising di-
alkyl carbonate, water, and alkanol, the second line ex-
tends from the side of the first dividing wall distillation
column (200) to the separator S(610) to provide a second
stream (416) comprising dialkyl carbonate, water and al-
kanol, and the product line extends from the bottom of
the first dividing wall distillation column (200) to provide
a product stream (426) comprising dialkyl carbonate; the
separator (S610) is connected to a third line extends from
the bottom of the separator (S610) to the first dividing
wall distillation column (200) to provide a third stream
(418) comprising dialkyl carbonate, and a fourth line ex-
tends from the side of the separator (S610) to a water
recovery distillation column (630) to provide a fourth
stream (421) comprising water; and the water distillation
column (630) is connected to a fifth line to provide a fifth
stream (424) comprising water, alkanol and dialkyl car-
bonate to be recycled back to the separator (S610);
and/or (ii) the dialkyl carbonate can comprise dimethyl
carbonate, the alkanol comprises methanol, and the
product stream (426) comprises purified  dimethyl car-
bonate having a purity of greater than 99.9 wt% based
upon a total weight of the product stream.
[0045] Methods and apparatuses described above are
further illustrated by the following non-limiting examples.
It is noted that Examples 1 and 2 below are based, in
part, on computer simulation for a proposed production
facility (e.g., FIG. 1).

EXAMPLE 1

[0046] In this example and with reference to FIG. 1,
effluent reactant stream 412 comprising 79,995 kilo-
grams/hour (kg/h) (mixture of 69.8 wt% DMC, 27.6 wt.%
MeOH, 2.4 wt% water, 0.2 wt% methylal, 0.06 wt% dime-
thyl ether and 0.04 wt% methyl chloride) was introduced
to DWC1 200 operating at 1 bar absolute (bara). DWC1
200 comprised the following sections: a) an inflow section
and b) an offtake section, both with twenty-six trays and
separated by a vertical wall, c) an upper column section
of eight trays, and d) a lower column section of eight
trays, e) a condenser, and f) a reboiler.
[0047] Overhead flowrate (stream 431) from the
DWC1 column 200 was 36,909 kg/h with a composition
of 59.8 wt% MeOH, 38.9 wt% DMC, 0.7 wt% water, 0.4
wt% methylal, 0.1 wt% dimethyl ether and 0.08 wt% me-
thyl chloride. Temperature profile of this column ranges

from 90°C in the bottom to 62°C in the distillate. Reflux
ratio of this column is 1.5. A side-draw (stream 416) of
17,853 kg/h was taken from the offtake section of the
DWC1 200 at the 4th stage of this section (counting from
bottom to top) with a composition of 88.4 wt% DMC,
11.6% wt% water and 0.05 wt% MeOH. This stream 416
was decanted in decanter 610 and split in two phases at
30°C. In particular, 16,226 kg/h of organic phase (97.3
wt% DMC, 2.7 wt% water and 0.05 wt% MeOH) was re-
turned back to the top stage of the lower section of the
DWC1 200 by stream 418. Then, 1,931 kg/h of aqueous
phase (86.5 wt% water, 13.2 wt% DMC and 0.3 wt% Me-
OH) was sent to the wastewater recovery column (630)
by stream 421. Column 630 purged 1,627 kg/h of 99.97
wt% water and 0.03 wt% MeOH as a bottom residue in
stream 422, while 304 kg/h of 83.6 wt% DMC, 14.6 wt%
water and 1.8 wt% MeOH was recycled back to the de-
canter 610 by stream 424. Column 630 operates at 1 bar
and a temperature range from 100°C to 77°C. Reflux
ratio is 0.4. From stream 426, 41,460 kg/h of pure DMC
product was obtained from the bottom of the DWC1 200
with impurities just in trace amounts.

EXAMPLE 2

[0048] In this example and with further reference to
FIG. 1, stream 412 comprising 35,315 kg/h (48.9 wt%
MeOH, 45.1 wt% DMC, 5.4 wt% water, 0.4 wt% methylal,
0.1 wt% dimethyl ether and 0.09 wt% methyl chloride)
was obtained from the top of the column 160. This com-
position lies outside of the boundaries of triangle 70 in
Figure 3. In order to adjust the composition of the 412
stream into the acceptable range of compositions to prop-
erly operate the divided wall column DWC1 200, 13,512
kg/h of recycled, pure DMC (impurities in trace amounts
only) from recycle stream 427 were blended together with
stream 412 and fed to DWC1 200. This mixed stream of
48,828 kg/h (60.3 wt% DMC, 35.3 wt% MeOH, 3.9 wt%
water, 0.3 wt% methylal, 0.09% wt% dimethyl ether and
0.06 wt% methyl chloride) was introduced to DWC1 200
operating at the saine pressure as in Example 1. The
DWC1 200 comprised the following sections: a) an inflow
section and b) an offtake section, both with twenty-six
trays and separated by a vertical wall, c) an upper column
section of eight trays, d) a lower column section of eight
trays, e) a condenser, and f) a reboiler.
[0049] Overhead flowrate (stream 431) from the
DWC1 200 was 26,983 kg/h with a composition of 64.0
wt% MeOH, 35.0 wt% DMC, 0.2 wt% water, 0.6 wt%
methylal, 0.2 wt% dimethyl ether and 0.1 wt% methyl
chloride. A side-draw (stream 416) of 21,950 kg/h was
taken from the offtake section of the DWC1 200 at the
4th stage of this section (counting from bottom to top)
with a composition of 89.1 wt% DMC, 10.9 wt% water
and 0.08 wt% MeOH. Temperature profile of this column
ranges from 90°C in the bottoms to 62°C in the distillate.
Reflux ratio of this column is 5. Stream 416 was decanted
in decanter S610 and split in two phases, an organic
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phase (stream 418) and an aqueous phase (stream 421).
In particular, 20,111 kg/h of organic phase in stream 418
(97.2 wt% DMC, 2.7 wt% water and 0.08 wt% MeOH)
was returned back to the top stage of the lower section
of the DWC1 200. Regarding the aqueous phase, 2,187
kg/h (86.2 wt% water, 13.3 wt% DMC and 0.5 wt% Me-
OH) was sent to distillation column 630 (wastewater re-
covery column) by stream 421. Column 630 purged 1,839
kg/h of 99.9 wt% water and 0.06 wt% MeOH as a bottom
residue (stream 422), while 348 kg/h of 83.4 wt% DMC,
13.7 wt% water and 2.8 wt% MeOH was recycle back to
the decanter (S610) in stream 424. Column 630 operates
at 1 bar and a temperature range from 100°C to 77 °C.
Reflux ratio is 0.4. From stream 426, 20,006 kg/h of pure
DMC product was obtained from the bottom of the DWC1
200 with impurities just in trace amounts.
[0050] As can be seen from the foregoing examples,
pure DMC product (impurities in trace amounts) can be
produced using a divided wall distillation column, which
can reduce the number of columns needed, and thus
reduce energy consumption and overall cost of produc-
tion. For example, the divided wall column 200 (see FIG.
1), eliminates the need for distillation columns 301 and
302 (see FIG. 2). In other words, the divided wall column
can replace two columns of another system, wherein the
systems are otherwise the same.
[0051] Despite these processes, however, there is a
continued need for methods and apparatuses exhibiting
reduced energy consumption and requiring less process-
ing equipment, specifically less distillation columns, while
also capable of producing purified dialkyl carbonate, es-
pecially purified dimethyl carbonate.
[0052] In general, embodiments may alternately com-
prise, consist of, or consist essentially of, any appropriate
components herein disclosed. The embodiments may
additionally, or alternatively, be formulated so as to be
devoid, or substantially free, of any components, mate-
rials, ingredients, adjuvants or species used in the prior
art compositions or that are otherwise not necessary to
the achievement of the function and/or objectives of the
embodiments.
[0053] As used herein, a trace amount is an amount
of less than 0.01 wt% based upon a total weight of the
product. All ranges disclosed herein are inclusive of the
endpoints, and the endpoints are independently combin-
able with each other (e.g., ranges of "up to 25 wt.%, or,
more specifically, 5 wt.% to 20 wt.%", is inclusive of the
endpoints and all intermediate values of the ranges of "5
wt.% to 25 wt.%," etc.). "Combination" is inclusive of
blends, mixtures, alloys, reaction products, and the like.
Furthermore, the terms "first," "second," and the like,
herein do not denote any order, quantity, or importance,
but rather are used to distinguish one element from an-
other. The terms "a" and "an" and "the" herein do not
denote a limitation of quantity, and are to be construed
to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The
suffix "(s)" as used herein is intended to include both the

singular and the plural of the term that it modifies, thereby
including one or more of that term (e.g., the film(s) in-
cludes one or more films). Reference throughout the
specification to "one embodiment", "another embodi-
ment", "an embodiment", and so forth, means that a par-
ticular element (e.g., feature, structure, and/or charac-
teristic) described in connection with the embodiment is
included in at least one embodiment described herein,
and may or may not be present in other embodiments.
In  addition, it is to be understood that the described el-
ements may be combined in any suitable manner in the
various embodiments.
[0054] While particular embodiments have been de-
scribed, alternatives, modifications, variations, improve-
ments, and substantial equivalents that are or may be
presently unforeseen may arise to applicants or others
skilled in the art. Accordingly, the appended claims as
filed and as they may be amended are intended to em-
brace all such alternatives, modifications variations, im-
provements, and substantial equivalents.

Claims

1. A method of producing dialkyl carbonate, compris-
ing:

introducing a reactant stream (412) comprising
dialkyl carbonate, water and alkanol to a first
divided wall distillation column (200); and
separating the mixture with use of the divided
wall distillation column (200); and
recovering a product stream (426) comprising
dialkyl carbonate.

2. The method of Claim 1, wherein the dialkyl carbonate
comprises dimethyl carbonate, the alkanol compris-
es methanol, and the product stream (426) compris-
es purified dimethyl carbonate having a purity of
greater than 99.9 wt% based upon a total weight of
the product stream.

3. The method of any of Claims 1-2, comprising adjust-
ing concentration of reactants in the reactant stream
(412) by directing a recycle stream (427) comprising
purified dimethyl carbonate from the product stream
(426) to the reactant stream (412) upstream of the
reactant stream (412) entering the divided wall dis-
tillation column (200).

4. The method of any of Claims 1-3, comprising:

recovering a first stream (431) comprising di-
alkyl carbonate, water, and alkanol from the di-
vided wall distillation column (200);
recovering a second stream (416) comprising
dialkyl carbonate, water, and alkanol from divid-
ed wall distillation column (200);
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introducing the second stream (416) into a sep-
arator (S610);
recovering from the separator (S610) a third
stream (418) comprising dialkyl carbonate; and
recycling the third stream (418) to the divided
wall distillation column (200).

5. The method of Claim 4, comprising:

recovering from the separator (S610) a fourth
stream (421) comprising water, alkanol, and di-
alkyl carbonate;
introducing the fourth stream (421) into a water
recovery distillation column (630);
recovering from the water recovery distillation
column (630) a fifth stream (424) comprising wa-
ter, alkanol, and dialkyl carbonate, and a sixth
stream (422) comprising water; and
recycling the fifth stream (424) to the separator
(610).

6. The method of Claim 4, wherein the first stream (431)
comprises dimethyl carbonate/methanol azeotrope.

7. The method of any of Claims 1-3, comprising:

recovering a first stream (431) comprising di-
alkyl carbonate and alkanol from the divided wall
distillation column (200); and recycling the first
stream (431) to the reactor.

8. The method of any of Claims 1-7, further comprising:

reacting oxygen, alkanol, carbon monoxide, hy-
drochloric acid and a catalyst in a reactor to pro-
duce an alkanol stream (403);
separating constituents of the alkanol stream
(403) in a separator (90 and/or 100); and
recovering a dialkyl carbonate stream (402)
from the separator (90 and/or 100) and introduc-
ing the dialkyl carbonate stream (402) to an acid
removal distillation column (160).

9. The method of any of Claims 1-8, wherein the sep-
arator (S610) is a decanter.

10. A method for producing diphenyl carbonate, com-
prising
reacting the purified dimethyl carbonate of any of
Claims 1-9 to produce the diphenyl carbonate.

11. A method for producing bisphenol-A polycarbonate,
comprising:

melt polymerizing the diphenyl carbonate of
Claim 10 to produce the bisphenol-A polycar-
bonate.

12. An apparatus configured for separating a mixture
comprising dialkyl carbonate, water and alkanol,
comprising:

a first divided wall distillation column (200) con-
nected to an input line for introduction of reac-
tants, the reactants comprising dialkyl carbon-
ate, water and alkanol, the first divided wall dis-
tillation column (200) comprising a product line
to provide a product stream (426) comprising
dialkyl carbonate;
a separator (S610) connected to the divided wall
distillation column (200); and
a water recovery distillation column (630) con-
nected to the separator (610); wherein the ap-
paratus comprises a plurality of lines configured
to transport streams between at least two of the
first divided wall distillation column (200), the
separator (610) and the water recovery distilla-
tion column (630).

13. The apparatus of Claim 12, wherein:

the first dividing wall distillation column (200) is
connected to the input line for introduction of the
reactants, and to a first line, a second line and
the product line, the first line extends from the
top of the first dividing wall distillation column
(200) to provide a first stream (431) comprising
dialkyl carbonate, water, and alkanol, the sec-
ond line extends from the side of the first dividing
wall distillation column (200) to the separator
(S610) to provide a second stream (416) com-
prising dialkyl carbonate, water and alkanol, and
the product line extends from the bottom of the
first dividing wall distillation column (200) to pro-
vide a product stream (426) comprising dialkyl
carbonate;
the separator (610) is connected to a third line
extends from the bottom of the separator (610)
to the first dividing wall distillation column (200)
to provide a third stream (418) comprising dialkyl
carbonate, and a fourth line extends from the
side of the separator (S610) to a water recovery
distillation column (630) to provide a fourth
stream (421) comprising water; and
the water distillation column (630) is connected
to a fifth line to provide a fifth stream (424) com-
prising water, alkanol and dialkyl carbonate to
be recycled back to the separator (S610).

14. The apparatus of any of Claims 12-13, wherein the
dialkyl carbonate comprises dimethyl carbonate, the
alkanol comprises methanol, and the product stream
(426) comprises purified dimethyl carbonate having
a purity of greater than 99.9 wt% based upon a total
weight of the product stream.
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