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ng dimethyl carbonate which comprises: a first step of introducing a gas containing
reactor filled with a solid catalyst to obtain a reaction product containing dimethy|

ate: a second step of separating tr

e reaction product to a non-condensed gas and a solution containing dimethyl

ate by adding dimethyl oxalate; a third step of introducing the non-condensed gas into a regenerating column to contact it
with a molecular state oxygen-containing gas and methanol whereby regenerating nitrogen monoxide to methyl, nitrite, so as to
contain 2 to 7 % by volume of nitrogen monoxide in a non-absorbed gas at an outlet of the column, which in turn Is introduced In
the reactor of the first step; a fourth step of extracting, distilling and separating dimethyl carbonate from the solution by further
adding dimethyl oxalate to remove methanol; and a fifth step of distilling and separating dimethyl carbonate from a mixed
solution to remove dimethyl oxalate and recycling the removed dimethyl oxalate to the fourth step.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

OPIC - CIPO 191




10

15

20

25

2073830

-~ 206 =~

Abstract:

Disclosed is a continuous process for preparing dimethyl
carbonate which comprises:

a first step of introducing a gas containing carbon
monoxide and methyl nitrite into a reactor filled with a
solid catalyst to obtain a reaction product containing
dimethyl carbonate;

a second step of separating the reaction product to a
non-condensed gas and a solution containing dimethyl
carbonate by adding dimethyl oxalate;

a third step of introducing the non-condensed gas into
a regenerating column to contact it with a molecular state
oxygen-containing gas and methanol whereby regenerating _
nitrogen monoxide to methyl nitrite, so as to contain 2 to
7 % by volume of nitrogen monoxide in a non-absorbed gas at
an outlet of the column, which in turn is introduced in the
reactor of the first step;

a fourth step of extracting, distilling and separating

dimethyl carbonate from the solution by further adding
dimethyl oxalate to remove methanol; and

a fifth step of distilling and separating-dimethyl'
carbonate from a mixed solution to remove dimethyl oxalate

and recycling the removed dimethyl.oxalate to the fourth
step. '
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CONTINUOUS PROCESS FOR PREPARING DIMETHYL CARBONATE
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BACKGROUND OF THE INVENTION

el s, y,

This invention relates to a process for continuously
preparing dimethyl carbonate which is useful as a
synthesis starting material for an aromatic polycarbonate
and various chemical products. More particularly, 1t
relates to a process for preparing dimethyl carbonate
from carbon monoxide and methyl nitrite in a vapor phase
in the presence of a platinum group metal solid catalyst
which can be carried out industrially advantageously and
separated continuously. Dimethyl carbonate i1s a compound
extremely useful as a starting material for organic
syntheses of medicines and agricultural chemicals, and

for syntheses of aromatic polycarbonates and urethanes.

In the prior art, as a process for preparing dimethyl
carbonate by contacting carbon monoxide and methyl
nitrite to a platinum group metal solid catalyst in a
vapor phase, the present inventors have proposed, for
example, in Japanese Provisional Patent Publication No.
JP-A-3-141243 (which corresponds to U.S. Patent No.
5,162,563 or European Patent No. 425,197 Bl) or Japanese
Provisional Patent Publication No. JP-A-4 139152 (which
corresponds to U.S. Patent No. 5,292,916 or European

Patent Publication No. 503,091 Al). The reaction itself

disclosed therxrein 1is
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extremely excellent as a process for preparing dimethyl
carbonate. However, in order to apply the reaction to the
industries and to effect preparation of dimethyl carbonate to
an industrial scale, it 1s required to develop a process which
can conduct the reaction, separation and purification

continuously and effectively.

As a process for preparing dimethyl carbonate from carbon
monoxide and methyl nitrite, in addition to the process
proposed by the present inventors, there has been proposed a
process as dilsclosed 1n Japanese Provisional Patent
Publication No. JP-A-6 181051, but the disclosure 1is

insufficient for the process as an industrially continuous

process.

As a conventional technique, in the process for separating a
desired component from a mixed gas, there may be mentioned an
absorption method using a solvent, a condensation method by
cooling, a method of using an absorbant and a combination of

these methods when the desired component has a high boiling

point as 1n the present invention. In addition, there is a
specific method such as a membrane separation, but in order to
prepare dimethyl carbonate which should be prepared by a mass
production with 1nexpensive using an industrial apparatus, it
is required that the industrial apparatus should be simple,

advantageous 1n energy efficiency and economically excellent.

A mixed gas obtained by the reaction disclosed 1in the
aforesaid Japanese Provisional Patent Publication No. JP-A-3
141243 (which corresponds to U.S. Patent No. 5,162,563 or
European Patent No. 425,197 Bl) mainly comprises a nitrogen
gas, and in addition to dimethyl carbonate, contains carbon
monoxide, methyl nitrite, nitrogen monoxide, methanol and a

small amount of dimethyl oxalate.

In order to separate dimethyl carbonate and dimethyl oxal-
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ate from the mixed gas, the above mentioned methods are
used, and of these methods, an absorption separation using
methanol has most commonly used, 1In fact, a certain extent
Of separation efficiency can be obtained by the method,
However, 1in order to heighten separation efficiency to a
level sufficient for an industrial scale, there are inap-
propriate aspects that cooling is conducted at a gignifi-
cantly low temperature, a separation tower having high step

number is required or a separation system should be made
significantly high pressure.

Also, when separating dimethyl carbonate by distillation,
it forms azeotropic composition with methanol and thus it
should be finally separéted from methanol. Considering
this fact, it is clear that a methanol concentration in a
separated material from a reaction gas mixture should pre-
ferably be low in view of energy burden. Thus, it cannot
be considered that it is appropriate to absorb and separate
dimethyl carbonate in the mixed gas by using methanol.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an indus-—
trially advantageous continuous process for preparing

dimethyl carbonate from carbon monoxide and methyl nitrite.

Another object of the present invention is to provide a

process for separating dimethyl carbonate in a reaction gas
mixture effectively and easily.

The present inventors have studied intensively in order to
solve the above problems involved in the conventional sepa-
ration methods, and as the results, they have established

an industrially novel continuous process whereby accomp--
lished the present invention.
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That 1s, the present invention is a continuous process for
preparing dimethyl carbonate which comprises the steps
that

a first step of introducing a gas containing carbon
monoxide and methyl nitrite into a reactor filled with a
solid catalyst carried thereon at least one of a platinum
group metal and a compound thereof, or at least one of a
platinum group metal and a compound thereof and a co-cata-
lyst to effect catalytic reaction in a vapor phase to form
a reaction product containing dimethyl carbonate;

a second step of separating the reaction product form-
ed in the first step to a non-condensed gas containing
nitrogen monoxide and a solution containing dimethyl
carbonate by introducing the reaction product into an
absorption column and adding dimethyl oxalate as an
absorption solvent;

a third step of introducing the non-condensed gas of
the second step into a regenerating column to contact it
with a molecular state oxygen-containing gas and methanol
whereby regenerating nitrogen monoxide in the non-condensed
gas to methyl nitrite, so as to contain 2 to 7 % by volume
of nitrogen monoxide in a non-absorbed gas at an outlet of
the column, which in turn is introduced in the reactor of
the first step;

a fourth step of extracting, distilling and separating
dimethyl carbonate from the solution containing'dimethyl
carbonate, methanol and dimethyl oxalate obtained in’the .
second step by further adding dimethyl oxalate_to remove '
methanol; and | ' ' ' 'H

a fifth step of distilling and'separating'diméthyl'-
carbonate from a mixed solution containing dimethyl carboh-
ate and dimethyl oxalate,obtained‘in'the fourth step to .

remove dimethyl oxalate and reCycling the removed dimethyl

~oxalate to the fourth step.

Also, the present invention relates to a process for prepar-
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ing dimethyl carbonate which comprises synthesizing dimethyl
carbonate from carbon monoxide and methyl nitrite in a vapor
phase reaction in a column, the improvement wherein dimethyl
Oxalate 1s added to the column as an absorption solvent to
absorb dimethyl carbonate for separating dimethyl carbonate
from a reaction gas containing (1) a high boiling point
reaction product mainly comprising dimethyl carbonate, and
(2) a gas containing unreacted carbon monoxide, methyl
nitrite and nitrogen monoxide.

In the present invention, by contacting a mixed gas con-
taining dimethyl carbonate with dimethyl oxalate, dimethyl
carbonate can be effectively absorbed to dimethyl oxalate
under mild conditions while depressing methanol concentra-
tion at a low degree.
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Fig. 1 is a processing diagram of the continuous prepara-
tion process showing one embodiment of the invention.

In the following, the present invention is to be described
in more detail. ' |

First step:

- A gas containing carbon monoxide and_methyl'nitrite 18

~introduced into a reactor filled with a solid'Catalyst

carried thereon a platinum.group*metal and/or a compound
thereof, or a platinum group metal ahd/or'a-compound,there—
of and a co-catalyst to effect catalytic.réaction in a
vapor phase, As the reactor, single tubular syStem oxr
multi-tubular system catalyst—filled,columnfis-effective,

A contact time of the platinum groUp-metal solid catalyst”
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and starting gases 1s preferably set 10 seconds or shorter, more
preferably 0.2 to 5 seconds. As the platinum group metal solid
catalyst, effective are a catalyst 1in which platinum group metal
compounds described in Japanese Provisional Patent Publication
No. JP-A-3 141243 (which corresponds to U.S. Patent No. 5,162,563
or European Patent No. 425,197 Bl) are carried on a carrier, a
catalyst in which a cation of the platinum group metal 1s carried
on a carrier, and a catalyst in which a salt of copper or iron 1is

added to the above catalyst as a co—catalyst or promoter.

As the carrier, activated charcoal, silica, diatomaceous earth,
zeollite and clay mining are used. Also, a gas containing carbon
monoxide and methyl nitrite, which 1s a starting gas, 1s
generally diluted by a gas inert to the reaction such as nitrogen

or carbon dioxide gas.

The reaction proceeds at a low temperature sufficiently and
smoothly, and less side reaction occurs at a lower reaction
temperature. Thus, the reaction 1s preferably carried out at a
temperature as low as possible so long as a desired space time
vield (STY) can be maintained, 1.e. at 50 to 200° C, more
preferably at 80 to 150° C. Also, the reaction 1s preferably
carried out at a pressure of a normal pressure (about 0 kg/cm2
(gauge pressure)) to 10 kg/cm2 (gauge pressure), more preferably
a normal pressure to 5 kg/cm2 (gauge pressure), and some
instances, the pressure may be slightly lower than the normal

pressure.

A concentration of methyl nitrite in the starting gas may vary

with a wide range, and in order to obtain satisfactory reaction
rate, it is necessary to set the concentration to 1 % by volume
or more. However, a high concentration of methyl nitrite 1s not
preferred in view of safety since methyl nitrite is an explosive
compound so that the concentration range 138 preferably 3 to 25 %
by volume based on the starting gas. A concentration of carbon

monoxide in
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the starting gas may also vary with a wide range and suit-

ably be selected in the range of 10 to 90 % by volume based
on the starting gas. In a continuous process, since part
of a circulating gas is purged from the system in order to
maintain the concentration of an inert gas constantly, when
the concentration is made high, loss of the starting gas
out of the system becomes remarkable so that it is economi-
cally preferred to effect the reaction with the carbon

monoxide concentration of 5 to 30 % by volume based on the
starting gas,

Second step:

The reaction product formed in the first step is led to a
bottom portion of an absorption column at which gas sepa-
ration is carried out, and simultaneously, at the top
portion of the absorption column, dimethyl oxalate is fed
to absorb and separate dimethyl carbonate in the reaction
gas by dimethyl oxalate. In a gas from which dimethyl
carbonate 1is separated, a small amount of dimethyl carbon-
ate and dimethyl oxalate are accompanied by and they are
all becoming loss by hydrolysis at the third step for
regenerating nitrogen monoxide. Thus, in order to recover.
dimethyl carbonate and dimethyl oxalate to be aCCOmpanied 
by, 1t is preferred to feed a small amount of methanol from
the top portion of the absorptlon column | |

An amount of dimethyl oxalate to be flown may vary depend~

'lng on an amount of dimethyl carbonate to be 1ncorporated

into the absorption column, but suitably 3 to 10-fold
welght more preferably 4 to 6-fold weight. based on ‘the
weight of dimethyl carbonate. Also, an amount of methanOl
to be fed from the top portion of the column 1s preferably
as little as possible since methanol 1tself should be.
removed at the fourth step, but it is too little, losses of
dimethyl carbonate and dimethyl oxalate become remarkable
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Thus, it 1s suitably 5 to 30 % by weight, more preferably

10 to 20 % by weight based on the amount of dimethyl
carbonate 1in the reaction gas,

An operation temperature of the absorption column is pre-
ferably as low as possible in order to carry out absorption
of dimethyl carbonate effectively, but it is too low,
dimethyl oxalate is solidified and it is disadvantageous in
view of energy burden. Thus, it is suitably carried out in
the range of 0 'C to 80 *'C, more preferably 10 *C to 50 °C.
A mixed solution of dimethyl carbonate and dimethyl oxalate
separated by dimethyl oxalate is transferred to the fourth
step in order to remove methanol and a small amount of a
low boiling point compound such as methyl formate formed by
the reaction. On the other hand, the non-condensed gas
contains, in addition to nitrogen monoxide formed by the
catalytic reaction at the first step, unreacted carbon

monoxide and methyl nitrite, and transferred to the third
step.

Third step:

The non-condensed gas of the second step is introduced into
a regenerating column to contact it with a molecolar state
oxXygen-containing gas and methanol whereby regeneratlng |
nitrogen monoxlde in the gas to methyl nltrlte ~ As the

'regeneratlng column at this step, usual vapor lquld

contacting apparatuses such as a filled column, a bubble

tower, a spray column and a plate column may be used.

The non-condensed gas and'the molecular state oxygen ~COon=-
taining gas to be contacted with methanol may be 1ntroduced
in the regenerating column separately or a mixed state .In.'
the regeneratlng column, part of nitrogen monoxmde is oxi-
dized to nitrogen dioxide by the molecular state oxygen— o

containing gas, and they are absorbed to and reacted with
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methanol to regenerate methyl nitrite. As the molecular
state oxygen-containing gas, pure oxygen gas or oxygen
diluted by an inert gas may be used, and it is fed so as to
become nitrogen monoxide concentration in the regenerated
gas being 2 to 7 % by volume. When the regenerated gas is
used by circulating to the reactor of the first step, 1if
the concentration of nitrogen monoxide exceeds 7 % by
volume, it remarkably inhibits the reaction, whereas if it
1s less than 2 % by volume, significant amounts of oxygen
and nitrogen dioxide are contained in the regenerated gas,
which lower activity of the catalyst.

Thus, it is preferred that the molecular state oxygen-
containing gas is supplied to in an amount of 0.08 to 0.2

mole per mole of nitrogen monoxide in the gas to be

- introduced into the regenerating column and these gases are

contacted with methanol at a temperature of 60 'C or lower
with a contact time of preferably 0.5 to 2 seconds. An
amount of methanol to be used is an amount necessary for
completely absorb and react nitrogen dioxide formed and
substantially the equivalent mole of nitrogen monoxide, or
more. Methanol is generally and preferably used in an
amount of 2 to 5 mole per mole of nitrogen monoxide. in the
gas to be introduced into the regenerating column.

Slnce the present invention is a continuous process, methyl

‘nitrite is expelled out of the system by dissolving in the

absorptlon solution 1n the absorption column or a can solu~.
tion in the regenerating column or part of the 01rculat1ng
gas 1s purged sO that nitrogen oxide components are lost.
Therefore, methyl nitrite may be supplemented to the react-
or of the first step, or nltrogen oxide such as nltrogen
monoxide, nltrogen dioxide, dlnltrogen trlox1de and
dinitrogen tetroxide or nitric acid is supplemented to the

regenerating column at the third step



10

15

20

25

30

35

2073830

- 10 -

Also, when a content of nitrogen monoxide in the non-~con-
densed gas at the second step is much and methyl nitrite
with a larger amount than that of required is obtained at
converting nitrogen monoxide into a nitrite, part thereof
may be directly circulated to the reactor of the first step
without leading to the whole amount of the non-condensed
gas. A solution led out from the regenerating column is a
methanol solution containing water which is by-produced by
the regenerating reaction so that it is industrially
advantageous to use again at the second step or the third
step after purifying it to the water content in methanol of

suitably 2 % by volume or less, more preferably 0.2 % by
volume or less.

Fourth step:

A mixed solution of dimethyl carbonate, methanol and
dimethyl oxalate led out from the second step is fed to the
bottom portion of an extraction and distillation column in
order to remove methanol. At the same time, to the extrac-
tion and distillation column is newly fed dimethyl oxalate
from the top portion of the column in order to prevent
azeotropic phenomenon of methanol and dimethyl carbonate.

An amount of dimethyl oxalate to be fed is sultably 0.1 to
2-fold mole based on the total mole of dlmethyl carbonate
and methanol to be fed to the column, preferably 0.5 to
1.5-fold mole. Dlmethyl oxalate has a role of an absorblng
agent which is 1mportant for preventlng substantlal loss of.
dlmethyl carbonate to a dlstlllatlon side, and an amount of
dimethyl oxalate is defined by a number of steps of the'

distillation column for separation and an amount of energy
to be used at separation. That is, iffan amount.of_di—
methyl oXalate is too Small' loss of dimethyl Carbonate to
the dlstlllatlon side becomes remarkable whereby an yleld
will worsen and number of steps of the absorptlon column

required to be hlgh To the contrary, even if too much
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amount of dimethyl oxalate is flown, an effect of prevent—
ing loss of dimethyl carbonate to the distillation side
cannot be obtained in proportion to the amount added and
energy loss will be caused since the loss of dimethyl
carbonate substantially stops when a predetermined amount
of dimethyl oxalate is added.

An operational pressure is not particularly limited and the
operation can be carried out with a wide range from a
reduced pressure to under pressure, but preferably in the
range of a normal pressure (about 0 kg/cm?G) to 2 kg/cm2G
(Juage pressure). Methanol distilled out from the extrac—
tion and distillation column is, as an industrial process,
preferably used again at the second step or the third step.
However, methyl formate or methylal which are by-produced
in the reaction at the first step with a small amount is
contained the methanol distilled, so that the methanol is
preferably used again after removing these by-produced
compounds by distillation. Incidentally, distillation
residues such as methyl formate and methylal are disposed
by burning up, but they can recover as methanol by decom-
posing with an alkali. A can solution remained at the
bottom of the extraction and distillation column is trans-
ferred to the fifth step in the state of a solution con-

taining two components of dimethyl carbonate and dlmethyl
oxalate.,

Fifth step:

A solutlon from whlch low boiling point products such as
methanol and others are removed in the fourth step is

transferred into a dlstlllatlon column of the flfth step,

at which dimethyl carbonate 1s distilled and separated |
therefrom and high quality dimethyl carbonate can be taken B
out continuously. An operational pressure 1s not partlcu—
larly limited and the operatlon can be carrled out Wlth a
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wide range from a reduced pressure to under pressure. On

the other hand, from a can solution of the distillation
column of this fifth step, a significantly high purity
dimethyl oxalate can be obtained and it can be supplied as
such to the second step and the third step. Dimethyl oxal-
ate formed as a by-product by the reaction at the first
step is taken out as a by-produced product. Since dimethyl
oxalate itself has various uses, it may be further distil-
led and purified, if necessary, whereas it has high purity
in the state of the can solution. The distillation column
used in the fourth step and the fifth step may be used con-
ventional ones such as a filling column and plate column.

In one of the preferred embodiments of the present ilnven-
tion, a process for separating dimethyl carbonate of the
second step is described in detail below.

A process for separating dimethyl carbonate from the reac—
tion mixture of carbon monoxide and methyl nitrite should
be considered from a global view point including treatment
of methanol since, after separation, further separation
from methanol, and distillation and purification should be
effected as described above. That is, as for the process

for separating methanol from a mixture of dimethyl carbon-

ate and methanol, there are a method in which extraction

‘and distillation are carried out Dy u31ng dimethyl oxalate

as disclosed in Japanese Patent Appllcatlon No. 57696/1991

- (which corresponds to European Patent Appllcatlon No. 92

103 454.2), a method of u31ng water as disclosed 1n Japan~
ese Patent Publication No. 17333/1981, a. method of u31ng ‘

benzene or hydrocarbon, and a method of remov1ng azeotroplc

phenomenon by pressurizing. However, even when elther,of

the method is used, it is advantageous if an amOUﬁt"Of'
methanol to be taken in is as little as possible in view of
energy buxden. Accordingly, it is necessary to reduce a

methanol concentration after separation as well as improv-
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ing recovery of dimethyl carbonate.

On the other hand, in order to separate dimethyl carbonate
from the reaction mixture only by using methanol, a signif-—
icant amount of methanol is required in order to heighten
recovery of dimethyl carbonate and also high step number
and cooling are required. For example, if one wishes to
make a recovery of dimethyl carbonate from the reaction
mixture 98 % or more, the obtained mixture of dimethyl
carbonate and methanol is required to have a methanol con-
centration of 50 % by weight or more.

Toﬂthe contrary, when dimethyl oxalate is used as an
absorbing solvent as in the present invention, it is
extremely easy to make a ratio of methanol to dimethyl
carbonate 20 % or less with a recovery of dimethyl carbon-
ate being 99 % or more. Also, dimethyl oxalate itself is
circulated through separation from methanol in the next
step and through the distillation and purification step,
but usually exists at a can solution side whereby energy
loss 1s extremely little so that the method is, as a whole,

advantageous one in view of energy burden.

As an apparatus for separating dimethyl carbonate from the
reaction mixture, usual filling column or plate'celumn may
be used, and they may be 5 to 7 plates or so in number of
theoretical plates which may very depending on a reactlon

gas composition and a flow amount thereof.

As operational cohditions, the reaction'gas is fed frOm'the_ 

upper portion to the lower plate of the absorptlon column,-

gas. A flow amount of dimethyl'oxalate_may'vary depending'
on the operational temperature and pressure, and on a ‘
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desired recovery of dimethyl carbonate, but preferably 3-
fold weight or more based on the amount of dimethyl carbon-
ate in the reaction gas, more preferably 4-fold weight or
more. Here, an amount of 3-fold weight gives a recovery of
98 % or more and that of 4-fold weight gives a recovery of
99 % or more. Even when the amount is made too large, it
1s not effective and loss of dimethyl oxalate into the gas

increases so that 4 to 6-fold welight 1s particularly pre-
ferred,

N

10

Also, a flow amount of methanol is preferably as little as

possible, but it is too little, a recovery of dimethyl

carbonate decreases and loss of dimethyl oxalate into the

separated gas increases. Thus, it is preferably 5 to 30 %
15 Dby weight, more preferably 10 to 20 % by weight.

the recovery of dimethyl carbonate and it is preferably as
low as possible. In the operation under the above condi-
20 tions, only the top portion of the column may be slightly

29 ;Also, as for pressure, it is not partlcularly llmlted in
view of extracting effect of dimethyl oxalate, but it is
preferably close or the same wrth the reactlon pressure
‘since the reactor is a series of an apparatus of the pro-
cess. It 1is preferably carried out at sllghtly pressur—

30 ized condition of 1 to 5 kg/cméG, more preferably 1 to 3
kg/cméG.

- Next, the process of the present 1nventlon 1s explalned in
detail by referring to a flow ‘sheet Chart shown in Flg
35 which shows one embodiment of the present 1nventlon
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A gas cOntaining carbon monoxide, methyl nitrite and nitro-
gen monoxide is introduced into the upper portion of a
multi-tubular system reactor 1 in which a platinum series
metal solid catalyst is filled in a reactor through a pipe
22 by pressurizing with a gas circulating machine (not
shown) provided at a pipe 20. Catalytic reaction in vapor
phase 1s carried out at the reactor 1, and a gas passed
through the catalytic layer and formed by the reaction is
taken out from the bottom portion of the reactor 1 and

introduced into an absorption column 2 through a pipe 11.

At the absorption column 2, dimethyl carbonate in the gas
formed by the reaction is contacted with methanol and
dimethyl oxalate'provided from pipes 13 and 14, respective-
ly, to absorb it to dimethyl oxalate for separation, and a
solution comprising dimethyl carbonate, dimethyl oxalate
and methanol is introduced into an extraction and distil-
lation column 4 from the bottom portion of the column 2
through a pipe 15. On the other hand, a non-condensed gas
containing unreacted carbon monoxide and methyl nitrite, as
well as a by-produced nitrogen monoxide and others is
introduced to the bottom portion of a regeneratihg column 3

from the upper portion of the column 2 through a pipe 12,

At the regenerating column 3, the non—condenSed gas is
mixed with a molecular state oxygen-containing gas which is
introduced to the bottom portion of the regenerating CQlumn
3 through a pipe 16 and the mixture is_reacting With_'
methanol introduced frbm the upper_portion Of the;regene—
rating column 3 through a pipe 19 by countercurrent contact
reaction'to form methyl nitrité, 'In the regeherating
column 3, subsequent to oxidation reaction of nitrqgén
monoxide to nitrogen dioxide, absorption reaction into
methanol occurs and methyl nitrite is formed. When a
nitrogen source sufficieht for forming methyl nitrite is

lacked, nitrogen oxide(s) may be'miked'through a pipe 17.



10

15

20

25

30

35

2073830

....16...

A non-absorbed gas containing methyl nitrite formed at the
regenerating column 3 is in turn supplied to the reactor 1
by circulation with newly supplied carbon monoxide from a
pipe 21 through pipes 20 and 22, On the other hand, water
by-produced at the regenerating column 3 1is taken out from
the bottom portion of the column 3 in the form of an aque-
ous methanol solution through a pipe 18. This aqueous
methanol solution can be circulated and utilized again as a
methanol supplied to the absorption column 2 or the regene-
rating column 3 through the above pipes 13 or 19 after

removing water content in the solution by operations such
as distillation.

At the extraction and distillation column 4, extraction
only of dimethyl carbonate is carried out by countercurrent
contact with dimethyl oxalate introduced thereinto through
a pipe 25 to separate it from methanol. The separated
methanol. The separated methanol is introduced into a
distillation column 6 at which methanol purification is
carrled out from the upper portion of the column 4 through
a pipe 24. After effecting purification, methanol is
circulated and utilized again as a methanol supplied to the

‘absorption column 2 and the regenerating column 3 through

the above pipes 13 and 19, respectively. A mixed solutlon
of dimethyl carbonate and dimethyl oxalate £ rom Wthh
methanol is removed is led to a distillation column 5

through a pipe 23.

At the distillation column 5, dimethyl carbonate is obtain-
ed as a final product from the upper portion of the column |
5 through a plpe 27. The remaining can solution is
dimethyl oxalate with high purity and.part thereof ¢an be
obtained as a by~produ¢t through a pipe 28, ‘but the ‘remain-
ing are supplled to the absorptlon column 2 and the dlStll-

lation column 4 through pipes 26, 14 and 25, ‘respectlvely.
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EXAMPLES

In the following, the process of the preszent invention is
explained specifically by referring to Examples, but they
are one of the embodiments of the present invention and the
present invention is not limited by these Examples.

hanple 1

In a tube of a multi-piping reactor made of stainless steel
haV1ng 6 tubes, an inner diameter of 26.1 mm and a height

of 500 mm was filled 780 g (1.73 2 of a catalyst in which
palladium is carried on an activated charcoal (available
from K.K. Takeda, Japan, Shirasagl 4mm¢ x 6 mm, - trade name)
as disclosed in Japanese Patent Application No. 257042/
1330. To the upper portion of the catalyst layer was sup-
plied a starting gas (composition: 15.0 % by volume of
carbon monoxide, 15.0 % by volume of methyl nitrite, 3.5 %
by volume of nitrogen monoxide, 1.8 % by volume of methan-
oL, 2.2 % by volume of carbonic acid gas and 62.5 % Ly
volume of nitrogen) previously pre-heated to about 90 °*C by
a heat-exchanger and compressed by a diaphragm type gas
circulating pump to 2.5 kg/cm? (gauge pressure) with a rate
of 6.9 Nm3/hr, and a temperature at the center portion of
the catalyst layer was maintained at about 120 "C by pass~ |
ing .a hot water through a shell side of the reactor eThe;. |

reaction rate of formlng dlmethyl carbonate by the reactlon
was STY of 430 kg/m3hr. '

The gas passed through the catalyst layer'waa:introduced‘
into the bottom portion of a Raschlg rlng fllled type
vapor-liquid contact absorption column havmng an . inner
diameter of 100 mm and a helght of 1300 mm, and methanol
was introduced therein at the top of the column Wlth a rate
of 0.21 //hr and dlmethyl oxalate was 1ntroduced thereln at

the portion 200 mm below the top Oof the same w1th a rate of
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2.65 kg/hr to effect countercurrent contact with a top
column temperature of 5 °*C and a bottom column temperature
of 20 "C. From the bottom of the absorber, 2.8 kg/hr of an
absorbed solution (composition: 76.7 % by welight of
dimethyl oxalate, 19.6 % by weight of dimethyl carbonate,
3.7 % by weight of methanol and 0.1 % by welght of methyl
formate) was obtained. On the other hand, from the top of
the column, 6.8 Nm3/hr of a non-condensed gas (composition:
12.8 % by volume of carbon monoxide, 10.3 % by volume of
methyl nitrite, 8.7 % by volume of nitrogen monoxide, 1.9 $%
by volume of methanol, 2.2 % by weight of carbonic acid gas
and 64.0 % by volume of nitrogen) was obtained.

After the non-condensed gas was mixed with 87.2 N//hr of
oxygen and 7.5 N//hr of a nitrogen gas containing 14.0 % by

weight of nitrogen monoxide, and then introduced into a
vapor-liquid contact type regenerating column from the
bottom portion thereof. From the top portion thereof,
methanol was introduced with a rate of 5.0 //hr to effect
countercurrent contact with a top column temperaturé of 30
"C and a bottom column temperature of 20 °C. 6.6'Nm3/hr of
a regenerated gas (composition: 12.8 % by volume of carbon
monoxide, 15.4 % by volume of methyl nitrite, 3.7 % by '

volume of nitrogeh monoxide, 1.9 % by volume.of methanol,

2.3 % by volume of carbonic acid gas and 64.1 % by volume
of nitrogen).at the regenerating column was supplied to the
above gas circulating pump and condensed. Then, 0.2 Nm3/hr
of carbon monoxide was supplled to the compresseed regene—

rated gas and the mixed gas was introduced into the
reactor. On the other hand, 4.0 //hr of methanol'contain~

ing 2.2 % by weight of water léd out from the regenerating

column was used again as a methanol source in said column

after removing water by distillation.

The absorbed solution in an amount of 3.5 kg/hr led out

from the above absorption column was led to the middle step
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of a distillation column having an inner diameter of 50 m
and a height of 2500 mm, and 1.4 kg/hr of liquid dimethyl
oxalate was introduced therein at the position 300 mm below
from the top of the column and distillation was carrieg out
with a top column temperature of 64 'C and a bottom column
temperature of 146 "C. From the bottom of the column, 4.78
kg/hr of a mixed solution containing 14.3 % of dimethyl
carbonate and 87.5 % by weight of dimethyl oxalate was
obtained. On the other hand, from the top of the column,
0.13 kg/hr of a distilled solution comprising 94.5 % by
weight of methanol, 5.2 % by weight of methyl formate and
0.3 % by weight of dimethyl carbonate was obtained. The
distilled solution was circulated and used again in the
above regenerating column and the absorption column after
purification of methanol in a distillation column.

The mixed solution of dimethyl carbonate and dimethyl oxal-
ate led out from the above distillation column was led to a
filling column having an inner diameter of 65 mm and a
height of 1600 mm, and distilled with a top column tempera-
ture of 90 'C and a bottom column temperature of 163 °C.
From the top of the column, 0.68 kg/hr of dimethyl carbon-
ate with a'purity of 99.4 % was obtained. Also, from the
bottom of the column, 4.69 kg/hr of dimethyl oxalate with a
purity of substantially 100 % was taken out, and 4.05 kg/hr
thereof was circulated and supplied to the absorption
column and the extraction and distillation column. As the
results, from dimethyl carbonate formed by the reactlon,

high purity dimethyl carbonate can be obtained contlnuously
with a formation vield of 98 . '

- Example 2

AL the bottom of an oldershow having an inner diameter of
32 mm and number of steps of 10, a one liter of a flask

having was equipped and dimethyl oxalate was charged previ-
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ously in the bottom flask by dissolving under heating. A
reaction gas mixture was fed from a nozzle attached to the
top of the flask with a rate of 1400 N/hr and 400 g/hr of
dimethyl oxalate dissolved solution was fed continuously
from the fourth step from the top portion of the column.
Also, from the top portion of the column, 15 g/hr of
methanol was fed and a liquid was taken out from the third
step from the top portion of the column and circulated to
the top portion of the column through a cooler whereby the
Lop portion of the column was cooled to 20 ‘C.

A reaction gas containing dimethyl carbonate was obtained
by passing carbon monoxide and methyl nitrite through a
solid catalyst bed as shown in Japanese Provisional Patent
Publication No. 141243/1991, and the composition of which
1s, at a temperature of 105 °C, 1.75 % Dy volume of
dimethyl carbonate, 4.00 % by volume of methanol, 0.13 % by
volume of dimethyl oxalate, 11.32 % by volume of methyl
nitrite, 11.74 % by volume of carbon monoxide, 7.60 % by
volume of nitrogen monoxide, 0.10 % by volume of methyl

formate, 0.50 % by volume of carbon dioxide and 63.00 % by
volume of nitrogen. |

A liquid was taken out so as td become a liqguid surface of
the bottom flask constant (524 g/hr), and the operation was
continued until inside of the column and bottom become a
steady state. When the state bécomes'steady, a gas led out
from the top of the column and the bottom solution weré
sampled and analyzed by using a gas chromatography. As the
results, the composition of a gas led out from_the top
portion of the column was 0.01 % by volume of dimethyl
carbonate and 0.00 % by volume of dimethyl oxalate, and
that of the bottom solution was 18.70 & by weight of

dimethyl carbonate, 3.17 % by weight of methanol, and 78.05
s Dy weight of dimethyl oxalate.
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A recovery of dimethyl carbonate was 99.5 % and a ratio of
methanol to dimethyl carbonate in a taken out solution was
0.17 (weight ratio).

Example 3

In the same manner as in Example 2 except for changing a
feeding amount of dimethyl oxalate to 300 g/hr. As the
results, a recovery of dimethyl carbornate was 98.4 , and a

ratio of methanol to dimethyl carbonate in the extracted
solution was 0.17 (weight ratio).

Lxample 4

In the same manner as in Example 2 except for changing a
feeding amount of methanol to 5 g/hr. As the results, a
recovery of dimethyl carbonate was 98.0 %, and a ratio of

methanol to dimethyl carbonate in the extracted solution
was 0.06 (weight ratio).

Comparative example 1

In the apparatus used in Example 2, a liquid circulation
for cooling was changed that a liquid was taken out from
the bottom solution and the ninth step from the upper
portion of the column to circulate to the seventh step, and

the reaction gas mixture was fed in the same manner as in

Example 2. From the top portion of the column, 100-g/hr of
methanol was fed and the column was cooled so as to the
bottom temperature of 20 °*C and the ninth step.temperature
of 0 'C, respectively. As the results, a recovery of
dimethyl carbohate was 98.2 % and a ratio of methanol to
dimethyl carbonate in the extracted solution was 1.02

(weight ratio).
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Lomparative example 2

In the same manner as in Comparative example 1 except for
changing a feeding amount of methanol to 24 g/hr. As the
results, a recovery of dimethyl carbonate was 95.6 %, and a

ratlo of methanol to dimethyl carbonate in the extracted
solution was 0.24 (weight ratio).

According to the process of the present invéntion, when
separating dimethyl carbonate from a mixed gas containing
dimethyl carbonate formed'by the reaction, by contacting
the mixed gas with dimethyl oxalate, dimethyl carbonate can
be effectively separated under mild conditions and obtained
eXtremely economically as a whole while an amount of
methanol to be co-presented can be depressed as little as
possible. Thus, the process of the present invention can
provide dimethyl carbonate continuously which is indus-
trially extremely advantageous.
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Claims:

1. A continuous process for preparing dimethyl carbonate
which comprises:

a first step of introducing a gas containing carbon
monoxide and methyl nitrite into a reactor filled with a
solid catalyst carried thereon at least one of a platinum
group metal and a compound thereof, or at least one of a
platinum group metal and a compound thereof and a co-cata-
lyst to effect catalytic reaction in a vapor phase to form
a reaction product containing dimethyl carbonate;

a second step of separéting the reaction product form-
ed in the first step to a non-condensed gas contailning
nitrogen monoxide and a solution containing dimethyl
carbonate by introducing the reaction product into an
absorption column and adding dimethyl oxalate as an
absorption solvent;

a third step of introducing the non-condensed gas of
the second step into a regenerating column to contact it
with a molecular state oxygen-containing gas and methanol
wheréby regenerating nitrogen monoxide in the non-condensed
gas to methyl nitrite, so as to contain 2 to 7 % by volumnme
Of nitrogen monoxide in a non-absorbed gas at an dutlet_of
the column, which in turn is introduced in the reactor of
the first step;

a fourth step of extracting, distilling and separating
dimethyl carbonate from the solution containing dimethyl
carbonate, methanol and dimethyl oxalate obtalned in the

second step by further adding dimethyl oxalate to remove
methanol; and

a tifth step of distilling and separating dimethyl
carbonate from a mixed solution containing dimethyl carbon-
ate and dimethyl oxalate obtained in the fourth step to

remove dimethyl oxalate and recycllng the removed dlmethyl
OxXalate to the fourth step.
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2. The process according to Claim 1, wherein dimethyl
oxalate is added in the second step in an amount of 3 to
10-fold weight per weight of dimethyl carbonate.

3. The process according to Claim 1, wherein dimethyl
oxalate is added in the second step in an amount of 4 to 6~
fold weight per weight of dimethyl carbonate.

4. The process according to Claim 1, wherein methanol is
further added to the second step in an amount of 5 to 30 %
Dy weight based on the amount of dimethyl carbonate in the
reaction product.

5. The process according to Claim 4, wherein the second
step 1s carried out at a temperature of 0 ‘C to 80 ‘C.

6. The process according to Claim 1, wherein the catalytic
reactlion at the first step is carried out at a temperature
of 50 to 200 °'C and at a pressure of normal pressure to 10
kg/cmé (gauge pressure) .

7. The process according to Claim 6, wherein the gas
introduced in the first step comprises 3 to 25 % by volume
of methyl nitrite, 5 to 30 % by volume of carbon monoxide.

and an inert gas as the reminder.

8. The process according to Claim 1, wherein the molecular
state oxygen—containing gas 1s added in the third step in
an amount of 0.08 to 0.2 mole in terms of oxygen per mole

of nltrogen monoxide and contacted with the non- -condensed

gas and methanol for 0.5 to 2 seconds.

9. The process according to Claim 8, wherein methanol is
added in the third step in an amount of 2 to 5 mole per

mole  of nitrogen monoxide in the non-condensed gas.
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10. The process according to Claim 1, wherein dimethyl
oxalate is added in the fourth step in an amount of 0.1 to

2-fold mole per total molar number of dimethyl carbonate
and methanol.

11. The process according to Claim 1, wherein dimethyl
Oxalate is added in the fourth step in an amount of 0.5 to

1.5-fold mole per total molar number of dimethyl carbonate
and methanol.

12. A process for preparing dimethyl carbonate which com-
prises synthesizing dimethyl carbonate from carbon monoxide
and methyl nitrite in a vapor phase reaction in a column,
Lhe improvement wherein dimethyl oxalate is added to the
column as an absorption solvent to absorb dimethyl carbon-
ate for separating dimethyl carbonate from a reaction gas
containing (1) a high boiling point reaction product mainly
comprising dimethyl carbonate, and (2) a gas containing

unreacted carbon monoxide, methyl nitrite and nitrogen
monoxide.

13. The process according to Claim 12, wherein dimethyl
Oxalate is added in an amount of 4 to 6-fold welight per
weight of dimethyl carbonate.

14. The process according to Claim 12, wherein.methanol is
further added in an amount of 5 to'30‘% by weight based on

the amount of dimethyl carbonate in the reaction gas.

15. The process according to Claim 12, wherein'absorption
1s carried out at a temperature at the top of the column of

0 to 50 ‘C and a pressure in the column of 1 to 5 kg/cm?G.



15

2 4

26

28

29




15

2 4

EX

26

2 8




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - abstract drawing

