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a catalytic process for the continuous, high- productivity production of
dimethyl carbonate, which The present Invention relates to a continuous
overcomes the drawbacks of the prior art, as reported process for producing
dimethyl carbonate with high  hereinabove. productivity values.
5       In particular, the presentApplicantfound, accord- Dimethyl
carbonate Is an extremely versatile   Ing to the present invention, that a
high rate of con- productwhich finds use as an organic solvent and ad-
versation of the reactants, and a high selectivity to di- ditiveforfuels,
ora reactant, as a substitutefor phos-  methyl carbonate can be attained if
methanol, carbon gene, in the synthesis of otheralkyl oraryl carbonates
monoxide and oxygen are fed to a liquid reaction mix- useful as synthetic
lubricants, solvents, plasticizers  io  ture which contains a copper
catalyst, in which liquid and monomers fororganicglasses and in reactions
of  reaction mixture the concentration of methanol is methylation and
carbonylation for preparing isocyan-  maintained, at any time, at a level
of at least 30% by ates, urethanes and polycarbonates.
weight The present Applicant found also that if one The usual route to
prepare dimethyl carbonate   operates underthese conditions, the
concentration of consists in the reaction of methanol with phosgene,  15
water in the reaction mixture is not particularly critic, as described,
e.g., in IKirk-Othmer, Encyclopedia of  as regards the phenomena of
catalyst deactivation, Chemical Technology, 3rd Edition, Volume 4, page
and that caring that water level is always equal to, or 758. Such a process
shows several disadvantages    less than, 10% by weight, is enough.
deriving from the use of phosgene and the co-produc-  In accordance
therewith, the present invention tion of hydrogen chloride, with consequent
safety and   20  relates to a process for the continuous preparation of
corrosion problems, and the need for using a hydro-  dimethyl carbonate,
which process comprises: gen chloride acceptor.
(a) feeding methanol, carbon monoxide and oxy- Therefore, alternative
processes were developed    gen to a reaction chamber maintained under re-
in the past to replace the phosgene-based process;    action conditions and
containing a liquid reaction among these, the process based on the
oxidative car-  25  mixture consisting of methanol, dimethyl carbon-
bonylation of methanol in the presence of catalyst    ate, water, and a
copper catalyst was particularly successful during the past years.    (b)
vapourising from the reaction mixture a The catalysts used for such a
process of oxidative    stream of methanol, water and dimethyl carbon-
carbonylation are generally constituted by copper     ate, which Is
developed together with the carbon- compounds, as disclosed, e.g., in
US-A-3,846,488;  30  monoxide-containing gas stream; and US-A-4,218,391;
US-A-4,318,862; US-A-4,380,477;       (c) recovering from said vapourised
mixture wa- US-A-4,625,044; EP-A-71,286, EP-A-134,668; EP-        ter and
dimethyl carbonate in amounts substan- A-217,651; DE-A-3,016,187 and
DE-A-3,016,187.         tially equal to the respective amounts thereof
EP-A-134,668 discloses a continuous catalytic     formed in the reaction
chamber, and recycling process for producing dialkyl carbonates, in which
an   35  the other components to the reaction chamber, aliphatic alcohol,
carbon monoxide and oxygen are  said process being characterized in that
the compo- fed to a liquid reaction mixture from which a stream  sition and
the volume of the liquid reaction mixture containing the reaction products,
dimethyl carbonate  are kept substantially constantovertime, with metha-
and water, is continuously evaporated. A critic aspect  nol concentration
and water concentration being re- of the process of EP-A-134,668 consists
in that at  40  spectively kept equal to, or higher than, 30% by each time
in the liquid reaction mixture a low level of  weight, and equal to, or
lower than, 10% by weight, alcohol (preferably less than 5% by weight) and
a low  relatively to the weight of the same mixture. water level
(preferably less than 1% by weight) has to  More particularly, according to
the present Inven- be maintained.                                     tion:
The low water content prevents that catalyst de-  45  (a) a stream of both
fresh and recycled methanol, activation phenomena may occur, and the low
alcohol   carbon monoxide and oxygen and recycled dime- level makes it
possible co-produced water -- which is  thyl carbonate is fed, in a
reaction chamber, to a removed as an azeotropic mixture with dimethyl car-
liquid mixture with substantially constant compo- bonate - to be easily
removed.                        sition and volume, containing methanol,
dimethyl Unfortunately, It was observed that, by operating   5o  carbonate,
water, and a copper catalyst, with me- under the conditions of EP-A-1
34,668, the drawback   thanol concentration and water concentration occurs
that the productivity to dialkyl carbonate is   being constantly kept
respectively equal to, or low, with the term "productivity" the amount of
dialkyl  higherthan, 30% byweight, and equal to, orlower carbonate being
understood, which is produced per     than, 10% by weight; unit useful
reactor volume, and per time unit. This  s5  (b) from the reaction
methanol, a water amount matter of fact renders the same process not very
at-  substantially equal to the amount of waterformed tractive for an
application on the commercial scale.  in the reaction chamber of (a) and an
amount of Therefore, the purpose of the present invention is  dimethyl
carbonate larger than the amount of di- 2    



3                  EP 0 460 732 B1                4 methyl carbonate formed
In the reaction chamber  the range of from 30 to 80% by weight, and within
the in (a) are vapourised (together with the carbon-  range of from I to
10% by weight. monoxide-containing gas stream); and             In the
preferred form of practical embodiment, (c) from the so vapourised stream:
5   the process is carried out with a liquid reaction mix- (i) a
carbon-monoxide-containing gas stream,  ture having a composition comprised
within the fol- (ii) a firstliquid stream consisting of waterand  lowing
ranges of values: dimethyl carbonate, in amounts substantially   * methanol
from 35% to 70% by weight, and equal to the respective amounts thereof
* water from 2 to 7% by weight, which are formed in the reaction chamber In
so  * with the balance to 100% being essentially (a);
constituted by dimethyl carbonate and un- (iii) a second liquid stream
consisting of me-  avoidable impurities. thanol and of the excess of
dimethyl carbon-   Furthermore, the liquid reaction mixture will con- ate
over the amount of dimethyl carbonate  tain the copper catalyst in an
amount comprised with- formed in the reaction chamber in (a)  15  in the
range of from 5 to 30 parts by weight, ex- are separated;
pressed as cuprous chloride, per each 100 parts by with the gas stream (i)
and the liquid stream (iii) being  weight of the same mixture. recycled to
the reaction chamber of (a) and the liquid  To the above disclosed reaction
mixture both stream (ii) being recovered.                     fresh and
recycled methanol, carbon monoxide and The reaction of formation of
dimethyl carbonate  20  oxygen are fed together With recycled dimethyl car-
from methanol, carbon monoxide and oxygen takes  bonate, with the amounts
of the fresh reactants being place in the presence of a catalyst, in
particulars cop-  equivalent to the amounts converted in the reaction per
catalyst. The catalyst is generally supplied as cu-  chamber. prous
chloride which, in the reaction chamber and un-  The reaction temperature
in (a) can be generally der the reaction conditions, can originate such
spe-  25  comprised within the range of from 70 to 1500C. Tem- ces as
copper methoxychloride and copper chloro-  peratures higher than as
indicated are not desirable, hydroxides. Of course, the catalyst can also
be direct-  because they cause a decrease in reaction selectiv- ly fed to
the reaction as copper methoxychloride  ity, with byproducts being formed
at expense of me- andlor copper chlorohydroxides. Finally, active cata-
thanol, with the formation of carbon dioxide being in- lytic mixtures can
be preformed by bringing into con-  9o  creased and the catalyst being
deactivated. Lower tact, outside of the reaction chamber, copper chlor-
temperatures than as indicated are undesirable on ides, oxides, hydroxides
or carbonates.          considering the low reaction kinetics. However, it
is According to the description published in l.E.C.  preferable to operate
at temperatures close to the Product and Research Development, Volume 19,
pa-  high limit of this range in order to have high reaction ges 398 403,
1980, the catalytically active species  35  rates, as well as high values
of vapour tension of wa- can be represented by copper methoxychloride
ter and of the organic constituents, with their removal [Cu(OMe)CI]
from the reaction chamber being thus favoured. In formed in situ from
oxygen, cuprous chloride (CuCI)  practice, the preferred reaction
temperatures are and methanol, and that constitutes the basis for the
comprised within the range of from 120 to 1400C. establishment of a
catalytic cycle In that the reaction   40  The pressures atwhIch the
reaction is carried out of formation of dimethyl carbonate involves the re-
in (a) may vary within wide limits and will anyway be duction of Cu-(ll) to
Cu-(l), according to the following  such as to maintain the reaction
mixture in the liquid reaction scheme:
phase at the operating temperature. The preferred 2 CuCI + 2 MeOH + 112 02
- 2 Cu(OMe)CI + H20    pressure values are comprised within the range of 2
Cu(OMe)CI + CO - 2 CuCI + (MeO)2CO     45  from 15 to 40 kglcm2, on
considering that lower pres- Therefore, the global reaction leading to the
for-  sures than as indicated undesirably slowdown the re- mation of
dimethyl carbonate from methanol, carbon  action kinetics, whilst higher
values do not enable monoxide and oxygen can be represented as follows:
adequate concentrations of the organic components 2 MeOH + CO + 1/2 02 -e
(MeO)2CO + H20        and water removed by the gas stream developing The
critic aspect of the process of the present in-  5o  from the reaction
mixture, to be obtained. vention consists in limiting the conversion of
metha-  To the liquid reaction mixture in (a) a gas stream nol per each
pass through (a), In such a way that the  containing carbon monoxide,
oxygen and, optionally, reaction is carried out in a liquid reaction
mixture in  inert gases, is fed, with the latter being contained at which,
at anytime, the concentration of methanol and  levels of up to 50% by
volume In the gas mixture. By the concentration of water are respectively
kept con-  55  inert gases", such gases as nitrogen, hydrogen or stantly
equal to, or higher than, 30% by weight, and  methane, which can be
intentionally fed to the reao- equal to, or lower than, 10% by weight. In
particular,  tion chamber, and carbon dioxide, formed as a reac- the
concentration of methanol and of water in the re-  tion byproduct, are
understood. In the gas stream fed action mixture can be respectively
comprised within  to (a), the molar ratio of carbon monoxide plus any 3
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possible inert gases, to oxygen, is kept comprised  of the normal
distillation and de-mixing techniques to within the range of from 100: 1 to
20: 1.          separate a stream of water and dimethyl carbonate By
operating under the above conditions, from   [stream (ii)I, In an amount
substantially equal to the the liquid reaction mixture a stream of dimethyl
car-   a   amountformed in the reaction in, (a), which is recov- bonate,
water and methanol, which is developed to-  ered, and a stream consisting
of the unreacted me- gether with the excess of carbon monoxide, any pos-
thanol and dimethyl carbonate in excess over to the sible unreacted oxygen,
carbon dioxide and other   amount formed during the reaction [stream
(iii)], possibly present Inert gases, is removed in (b). Under  which is
recycled to the reaction in (a). The stream (ii) these conditions, the
catalyst mostly present as a   lo  is treated in order to separate dimethyl
carbonate suspended solid, is not removed, and therefore the  from water.
process can be carried out with high catalyst concen-  By operating
according to the process of the trations, with evident advantages from the
viewpoint  present invention, dimethyl carbonate can be pre- of the
reaction rate.                              pared with a high selectivity
and a productivity gen- By carrying out the removal of the reaction prod-
i5  erally higher than 40 and which, depending on the ucts by
vapourization, owing to the liquid-vapour  adopted conditions, may be as
high as about 150 equilibria of methanolldimethyl carbonatelwater sys-
grams of dimethyl carbonate per litre of useful reactor tem, the amount of
watr removed, within the range  volume and per hour. of useful
compositions, results to be lower - as ex-  Figure 1 of the accompanying
drawing table pressed as mols - to the removed amount, as mole,  20
schematically shows a suitable apparatus for practic- of dimethyl
carbonate. Inasmuch as during the      Ing the process according to the
present invention. course of the reaction one mol of water is formed per
More particularly, in said figure by the reference nu- each mol of dimethyl
carbonate, the removal of pro-  moral (1) the reactor, equipped with
stirring means duced water Is the limiting factor which controls the  and
heat-exchange jacket, is indicated, to which the reaching of the
steady-state operating conditions re-  25  stream of fresh methanol, and a
stream of recycled quired to carry out the process in continuous fashion.
methanol and dimethyl carbonate are respectively Keeping this into due
account, the process according  sent via the lines (2) and (3), the streams
(2) and (3) to the present invention Is carried out with a large ex-  being
combined and fed to the reactor (1) via the line cess of carbon monoxide,
relatively to the required  (4). The stream of fresh carbon monoxide is fed
by amount for the reaction and possibly also in the pres-  30  means of the
line (5), the stream of fresh oxygen Is ence of inert gases, so as to
maintain a relatively high  fed by means of the line (6) and a recycle
strem con- flowrate of the gas stream fed to (a). In particular, on
taining carbon monoxide is fed by means of the line considering that at the
temperatures at which the re-  (7). The streams (5), (6) and (7) are
combined with action is carried out In (a), the vapour pressure of the  one
another and are fed to the reactor (1) via the line organic components Is
of the order of from 5 to 10   35  (8). The stream exiting the reactor via
the line (9) is kg/crr and the concentration of water, In the conden-
cooled In the heat exchanger (10), the condensed or- sate separated from
the gas stream leaving the reac-  ganic products and water are collected in
the collector tion chamber, is of the order of 2-3% by weight, the  (11)
and the residual gases are recycled to the reactor flowrate of the gas
stream fed In (a) is advantageous-  (1) through the line (7), after a
preliminary vent inside ly maintained at a value of from 200 to 1000
litres, re-  40  the line (13). ferred to standard temperature and pressure
condi-     From the collector(11), theorganiccondensate is tions (STP), per
each litre of useful volume of the re-  sent, through the line (14), to the
separation section actor, and per each hour. By 9useful reactor volume",
(15) in which a stream of dimethyl carbonate and wa- the volume of the
liquid reaction mixture is meant  ter [ine (16)], which is recovered, is
separated from The gas stream exiting the reaction chamber is  45   a
stream of methanol and dimethyl carbonate In ex- suitably treated In (c) by
cooling to temperatures  cess, which is recycled pine (3)J. equal or dose
to room temperature values, in orderto separate the condensable organic
products and wa-  Example I ter, from a gas stream [stream (ii)],
containing the ex- cess of carbon monoxide, any possibly unreacted   5o
The apparatus schematically shown in Figure (1) oxygen, besides carbon
dioxide byproduct, and pos-  Is used, In which the reactor (1) is a reactor
with an sible inert substances. This stream is recycled, after  inner
enamel coating, provided with stirring means a preliminary partial vent
ortreatment having the pur-  and a temperature-control jacket inside which
a dia- pose of maintaining the concentration of carbon diox-  thermic oil
is circulated, which reactor contains 3 Ii- ide in the system at a
substantially constant level.    55  tres of reaction liquid phase and 480
g of cuprous The liquid phase condensed in (c) typically con-  chloride
(uCu) catalyst, equivalent to a concentra- tains 45-70% by weight of
methanol, 2-3% by weight  tion of 160 g/litre. The reactor is pressurized
at a rel- ofwaterand 25-50% bywelghtofdimethyl carbonate.    ative pressure
of 24 kg/cm2, and is heated at 125C. This liquid phase can be typically
treated by means    Under steady-state conditions, the following 4    7
EP0 460 732 B1                  8 streams are fed to the reactor.
* line (2): 150 glhour of methanol; 



* 97 g/hour of methanol [ine (2)];                 * line (3): 1,155 g/hour
of a mixture containing: * 1,013 9/hour of a recycle stream line (3)] con-
77.5% by weight of methanol and taining 78.0% by weight of methanol and 22%
6   22.5% by weight of dimethyl carbonate; by weight of dimethyl carbonate;
the streams     * line (5): 200 STP litre/hour of carbon monoxide (2) and
(3), combined with each other, are fed     at 100%; to the reactor (1)
through the line (4);         * line (6): 40 STP litreslhour of oxygen at
98%; * 310 STP litres/hour of a stream of carbon mon-   * line (7):1,500
STP litres/hour of a mixture con- oxide and nitrogen, containing 64.5% by
vol-  10   taining: ume of carbon monoxide [ine (5)];                  85%
by volume of carbon monoxide and * 25 STP litreslhour of 98% pure oxygen,
with        0.5% by volume of oxygen, the balance to 100% being mainly
constituted       the balance to 100% being constituted by car- by argon
pine (8)];                                bon dioxide and small amounts of
argon. * 1,500 STP litres/hour of a recycle stream [ine  1s  Furthermore,
in the reactor (1)the process is car- (7)m containing carbon monoxide,
carbon diox-  ried out at a temperature of 1350C, with the liquid re- ide
and nitrogen, with 55% by volume of carbon  action mixture having the
following average compo- monoxide and 0.5% by volume of oxygen, the
sition: balance to 100% being constituted by nitrogen,   - methanol
55.8% by weight, carbon dioxide and argon; the streams (5), (6)  20  -
dimethyl carbonate  38.0%  by weight, and (7), combined with one another,
are fed to     and the reactor (1) through the line (8).            - water
6.4% by weight. Under steady-state conditions, the average com-    Through
the line (13) 150 STP litres/hour of gas position of the liquid mixture
Inside the reactor (1) is  are vented. as follows:
25      Under these conditions, from the line (14) an - methanol     61.5%
by weight,                average amountof 1,400 glhouris recovered ofa
mix- - dimethyl    carbonate 33.0% byweightand      ture containing - water
5.5% by weight.                        - methanol     63.9% by weight, The
gas stream leaving the reactor (1) through     - dimethyl carbonate   32.9%
by weight, the line (9) is cooled down to approximately 200C In  so  -
water  2.8% by weight and the heat exchanger (10) and in the collector (11)
a   - byproducts     0.4% by weight mixture is separated at an average rate
of 1,170 g-   Furthermore, from the line (16) an average /hour, which has
the following composition:        amount of 200 g/hour of dimethyl
carbonate and 40 - methanol     67.5% by weight,                 g/hour of
water is recovered. - dimethyl carbonate   30.1% by weight,    35      The
conversion of methanol Is consequently of - water     2.2% by weight and
14.3%, with a molar selectivity to dimethyl carbonate - volatile byproducts
0.2% by weight.          of 95%. The productivity is of 67 g of dimethyl
carbon- The gases, after separation of the organic con-  ate per litre of
useful reactor volume and per hour. densate in the collector (11), are
recycled Dine (7)], af- ter a preliminary vent of 280 STP litres/hour [ine
40   Example 3 (13)]. The condensate is transferred from the collec- tor
(11) to the separation unit (15) through the line  The apparatus
schematically shown in Figure (1) (14).
is used, in which the reactor (1) Is a reactor with an In the separation
unit (15), an average amount of  inner enamel coating, provided with
stirring means 130 g/hour of dimethyl carbonate and of 26 g/hour of  45
and temperature-control jacket inside which a dia- water is separated [ine
(16)], by fractional distillation  thermic oil is circulated, which reactor
contains 10 i- and de-mixing, from a stream of unreacted methanol  tres of
reaction liquid and Z600 g of cuprous chloride and excess dimethyl
carbonate, which is recycled to  (CuC) catalyst, equivalent to a
concentration of g/li- the reactor (1) through the line (3).
tre. The reactor is pressurized at a relative pressure From the above data,
a conversion of methanol  so  of 24 kg/cm2, and is heated at 1300C. of
11.0% is determined, with a molar selectivity to di-  Under steady-state
conditions, the following methyl carbonate of 95%, based on methanol. The
streams are fed to the reactor productivity is of 43 g of dimethyl
carbonate per litre  * 990 g/hour of methanol Pine(2)]; of useful volume
and per hour.                        * 6,820 g/hour of a recycle stream
[line (3)] con- 55       taining 77% by weight of methanol and 23% by
Example 2                                               weight of dimethyl
carbonate; the streams (2) and (3), combined with each other, are fed to
The process is carried out as in Example 1, with    the reactor (1) through
the line (4); the following streams being fed to the reactor        e 800
STP litres/hour of a stream of pure carbon 5    9                  EP 0 460
732 B1                 10 monoxide [ine (5)];
stream of methanol, water and dimethyl car- * 240 STP litreslhour of 98%
pure oxygen, with       bonate, which is developed together with the 



the balance to 100% being mainly constituted
carbon-monoxide-containing gas stream; and by argon and nitrogen pine (6)];
5          (c) recovering from said vapourised mixture -N     * 10,000 STP
litreslhour of a recycle stream [line   water and dimethyl carbonate, in
amounts (7)] containing carbon monoxide, carbon diox-      substantially
equal to the respective amounts ide and small concentrations of oxygen and
in-    thereof formed in the reaction chamber; and ert gases (argon,
nitrogen), with                  recycling the other components to the
reac- 82% by volume of carbon monoxide and    fO        tion chamber; 1.0%
by volume of oxygen,                       said process being characterized
in that the com- the balance to 100% being constituted by nitro-  position
and the volume of the liquid reaction mix- gen, carbon dioxide and argon;
the streams      ture are kept substantially constant over time, (5), (6)
and (7), combined with one another, are  with methanol concentration and
water concen- fed to the reactor (1) through the line (8).  15  tration
being respectively kept equal to, or higher Under steady-state conditions,
the average com-   than, 30% by weight, and equal to, or lower than,
position of the liquid mixture inside the reactor (1) is  10% by weight,
relatively to the weight of the as follows:
same mixture. - methanol    57.0% by weight, )      - dimethyl carbonate
38.0% by weight and   20  2. Process according to claim 1, characterized in
- water    6.9% by weight.                        that The gas stream
leaving the reactor (1) through      (a) a stream of both fresh and
recycled me- the line (9) is cooled down to approximately 200C in
thanol, carbon monoxide and oxygen and re- the heat exchanger (10) and in
the collector (11) a     cycled dimethyl carbonate is fed, in a reaction
mixture is separated at an average rate of 7,930 g-  25  chamber, to a
liquid reaction mixture with sub- /hour, having the following composition:
stantially constant composition and volume, - methanol    61.0% by weight,
containing methanol, dimethyl carbonate, wa- - dimethyl carbonate   35.3%
by weight,             ter, and a copper catalyst, with methanol con- -
water    3.4% by weight and                        centration and water
concentration being - volatile byproducts    0.3% by weight   so
constantly kept respectively equal to, or high- The gases, after separation
of the organic con-      er than, 30% by weight, and equal to, or lower
densate in the drum (11), are recycled pine (7)], after  than, 10% by
weight; preliminarily venting 400 STP litreslhour [ine (13)].   (b) from
the reaction methanol, a water The condensate Is transferred from the
collector (11)   amount substantially equal to the amount of to the
separation unit (15) through the line (14).  35  water formed in the
reaction chamber of (a) In the separation unit (15), by fractional
distilla-  and an amount of dimethyl carbonate larger tion and de-mixing,
an average amount of 1,350 g-       than the amount of dimethyl carbonate
Ihourof dimethyl carbonate and of 270 g/hourofwater     formed in the
reaction chamber in (a) are va- Is separated pine (16)] from a stream of
unreacted      pourised (together with the carbon-monoxide- methanol and
excess dimethyl carbonate, which is re-  4o  containing gas stream); and
cycled to the reactor (1) through the line (3).         (c) from the so
vapourised stream: From the above data, a conversion of methanol
(i) a carbon-monoxide-containing gas of 17.0% is determined, with a molar
selectivity to dl-    stream, methyl carbonate of 97%, based on methanol.
The            (ii) a first liquid stream consisting of water productivity
is of 135 g of dimethyl carbonate per litre  45  and dimethyl carbonate, in
amounts sub- of useful volume and per hour.
stantially equal to the respective amounts thereof which are formed in the
reaction chamber in (a); Claims
(ill) a second liquid stream consisting of so           methanol and of the
excess of dimethyl 1. Process for the continuous preparation of dime-
carbonate over the amount of dimethyl thyl carbonate, which process
comprises:               carbonate formed in the reaction chamber (a)
feeding methanol, carbon monoxide and            in (a) oxygen to a
reaction chamber maintained un-       are separated; der reaction
conditions and containing a liquid  85  with the gas stream (I) and the
liquid stream (iii) reaction mixture consisting of methanol, dl-   being
recycled to the reaction chamber of (a) and methyl carbonate, water, and a
copper cata-    the liquid stream (ii) being recovered. lyst (b)
vapourising from the reaction mixture a  3. Process according to claim 1 or
2, characterized 6    9                   EP.0 460 732 B1
10 monoxide Pine (5)];                                 stream of methanol,
water and dimethyl car- * 240 STP litres/hour of 98% pure oxygen, with
bonate, which is developed together with the the balance to 100% being
mainly constituted        carbon-monoxide-containing gas stream; and 



by argon and nitrogen Vine (6)];         5          (c) recovering from
said vapourised mixture * 10,000 STP litres/hourof a recycle stream Pine
water and dimethyl carbonate, in amounts (7)] containing carbon monoxide,
carbon diox-       substantially equal to the respective amounts ide and
small concentrations of oxygen and In-      thereof formed in the reaction
chamber, and ert gases (argon, nitrogen), with                   recycling
the other components to the reac- 82% by volume of carbon monoxide and
10        tion chamber, 1.0% by volume of oxygen,
said process being characterized in that the com- the balance to 100% being
constituted by nitro-  position and the volume ofthe liquid reaction mix-
gen, carbon dioxide and argon; the streams       ture are kept
substantially constant over time, (5), (6) and (7), combined with one
another, are  with methanol concentration and water concen- fed to the
reactor (1) through the line (8).  15  tration being respectively kept
equal to, or higher Under steady-state conditions, the average com-   than,
30% by weight, and equal to, or lower than, position of the liquid mixture
inside the reactor (1) is  10% by weight, relatively to the weight of the
as follows:                                           same mixture. -
methanol     57.0% by weight, - dimethylcarbonate    36.0% byweightand   2o
2. Process according to claim 1, characterized in - water    6.9% by weight
that The gas stream leaving the reactor (1) through       (a) a stream of
both fresh and recycled me- the line (9) is cooled down to approximately
200C In     thanol, carbon monoxide and oxygen and re- the heat exchanger
(10) and in the collector (11) a      cycled dimethyl carbonate is fed, In
a reaction mixture is separated at an average rate of 7,930 g-  25
chamber, toa liquid reaction mixturewith sub- /hour, having the following
composition:                 stantlally constant composition and volume, -
methanol     61.0% by weight,                       containing methanol,
dimethyl carbonate, wa- - dimethyl carbonate   35.3% by weight,
ter, and a copper catalyst, with methanol con- - water     3.4% by weight
and                        centration and water concentration being -
volatile byproducts  0.3% by weight.     30         constantly kept
respectively equal to, or high- The gases, after separation of the organic
con-       erthan, 30% by weight, and equal to, or lower densate in the
drum (11), are recycled [ine (7)], after  than, 10% by weight;
preliminarily venting 400 STP litres/hour line (13)].    (b) from the
reaction methanol, a water The condensate Is transferred from the collector
(11)    amount substantially equal to the amount of to the separation unit
(15) through the line (14).  35   water formed in the reaction chamber of
(a) In the separation unit (15), by fractional distilla-  and an amount of
dimethyl carbonate larger tion and de-mixing, an average amount of 1,350 g-
than the amount of dimethyl carbonate /hourofdImethyl
carbonateandof270glhourofwater           formed In the reaction chamber in
(a) are va- Is separated [line (16)] from a stream of unreacted
pourised (togetherwith the carbon-monoxide- methanol and excess dimethyl
carbonate, which Is re-  40  containing gas stream); and cycled to the
reactor (1) through the line (3).          (c) from the so vapourised
stream: From the above data, a conversion of methanol           (i) a
carbon-monoxide-containing gas of 17.0% is determined, with a molar
selectivity to di-     stream, methyl carbonate of 97%, based on methanol.
The             (ii) a first liquid stream consisting of water productivity
is of 135 g of dimethyl carbonate perlitre  45  and dimethyl carbonate, in
amounts sub- of useful volume and per hour.
stantially equal to the respective amounts thereof which are formed in the
reaction chamber in (a); Claims
(1i1) a second liquid stream consisting of 50           methanol and of the
excess of dimethyl 1. Process for the continuous preparation of dime-
carbonate over the amount of dimethyl thyl carbonate, which process
comprises:                 carbonate formed in the reaction chamber (a)
feeding methanol, carbon monoxide and            in (a) oxygen to a
reaction chamber maintained un-        are separated; der reaction
conditions and containing a liquid  5S  with the gas stream (0 and the
liquid stream (iii) reaction mixture consisting of methanol, dl-    being
recycled to the reaction chamber of (a) and methyl carbonate, water, and a
copper cata-     the liquid stream (ii) being recovered. lyst; (b)
vapourising from the reaction mixture a  3. Process according to claim 1 or
2, characterized 6 l   11111111111111111    ,   11             EP.0 460 732
B1                12 in that during the reaction In (a) the process is
und Sauerstoff zu einer Reaktionskammer, carried out with a catalyst fed as
cuprous chlor-   die unter Reaktionsbedingungen gehalten ide, copper
methoxychloride, copper chlorohydr-     wird und ein flOssiges
Reaktionsgemisch ant- 



oxide or as a mixture obtained by bringing into   5  hilt, bestehend aus
Methanol, Dimethylcar- contact copper chlorides, oxides, hydroxides or
bonat, Wasser und einem Kupferkatalysator; carbonates, said catalyst being
present in an       (b) Verdampfen eines Stroms aus Methanol, amount of
from 5 to 30 parts by weight, ex-          Wasser und Dimethylcarbonat aus
dam Re- pressed as cuprous chloride, per each 100 parts     aktionsgemisch,
der zusammen mit dam koh- by weight of liquid reaction mixture.     10
lenmonoxidhaltigen  Gasstrom  entwickelt wird, und 4. Process according to
claim I or 2, characterized    (c) Gewinnen von Wasser und Dimethyicar- in
that in the liquid reaction mixture in (a) the con-  bonat aus diesem
verdampften Gemisch in centration of methanol is comprised within the
Mengen, die im wesentlichen den entspre- range of from 30 to 80% by weight
and the con-  15  chenden, in der Reaktlionskammergebildeten centration of
water Is comprised within the range    Mengen gleich sind; und Recyklieren
der an- of from I to 10% by weight.                         deren
Komponenten zur Reaktionskammer; welches Verfahren dadurch gekennzelchnet
ist, 5. Process according to claim 4, characterized in    dal die
Zusammensetzung und das Volumen that the process is carried out with a
liquid reac-  20  des flOssigen Reaktionsgemisches im wesentli- tion
mixture In (a), having a composition com-    chen gagenOber der Zeit
konstant gehalten wer- prised within the following ranges of values:
den, wobel die Methanolkonzentration gleich * methanol from 35% to 70% by
weight, and      oder Ober 30 Gew.-% und die Wasserkonzentra- * water from
2 to 7% by weight,               tion gleich oder unter 10 Gew.-%, bezogen
auf * with the balance to 100% being essentially  25  das Gewicht dieses
Gemischesgehalten war- constituted by di methyl carbonate.          den. 6.
Process according to claim I or 2, characterized  2. Verfahren nach
Anspruch 1, dadurch gekenn- in that the reaction temperature in (a) Is com-
zeichnet, daB prised within the range of from 70 to 150C and   30  (a) ein
Strom aus sowohl frischem als auch preferably of from 120 to 1400C.
recykilertem Methanol, Kohlenmonoxid und Sauerstoff und recykilertem
Dimethylcarbo- 7. Process according to claim 1 or 2, characterized     nat
in ainer Reaktbonskammer einem flflssi- in that the reaction in (a) is
carried out at a pres-  gen ReaktionsgemIsch zugefflhrt wird, wel- sure
comprised within the range of from 15 to 40   35  ches Gemisch eine im
wesentlichen konstan- kglCm2.
te Zusammensetzung und ein im wesentli- chen konstantes Volumen aufweist,
und Me- 8. Process according to claim I or 2, characterized    thanol,
Dimethylcarbonat, Wasser und einen in that to the reaction in (a) a gas
stream contain-  Kupferkatalysator enthfilt, wobel die Metha- ing carbon
monoxide, oxygen and, optionally, in-  40  nolkonzentration konstant auf
gleich oder ho- ert gases, is fed, with the latter being contained   her
als 30 Gew.-% und die Wasserkonzentra- at a level of up to 50% by volume in
the gas mix-   tion konstant auf glelch oder niedriger als 10 ture; with a
molar ratio of carbon monoxide plus     Gew.-% gehalten werden; any
possible inert gases, to oxygen, comprised      (b) aus der Reaktion
Methanol, eine Wasser- within the range of from 100: 1 to 20: 1.  45
menge, die im wesentlichen der in der Reak- tionskammer von (a) gebildeatn
Wassermen- 9. Process according to claim I or 2, characterized     ge
gleich ist, und eine Dimethylcarbonatmen- in that the flowrate of the gas
stream fed in (a) is  ge, die grBer als die In der Reaktionskammer
comprised within the range of from 200 to 1000      in (a) gebildete
Dimethyicarbonatmenge ist, litres, referred to standard temperature and
pres-  5o  verdampft werden (zusammen mit dam koh- sure conditions, per
each litre of useful volume of  lenmonoxidhfltigen Gasstrom); und the
reactor, and per each hour.                     (c) aus dam so verdampften
Strom: (i) ain kohlenmonoxidhaltiger Gasstrom, (ii) ain erster flfssiger
Strom, bestehend PatentansprOche                              56
aus Wasserund Dimethylcarbonat in Men- gen, die im wesentlichen den
entspre- 1. Verfahren zur kontinuierlichen Herstellung von         chenden
Mengen hievon gleich sind, die in Dimethylcarbonat, welches Verfahren
umfaft             der Reaktionskammer in (a) gebildet war- (a) Zufflhren
von Methanol, Kohlenmonoxid           den; 7 11111111 111111
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14 (iii) ein zweiterflOssiger Strom, bestehend  9. Verfahren nach Anspruch
I odor 2, dadurch ge- aus Methanol und dem Oberschul an Di-
kennzeichnet, daB die Str8mungsgeschwindig- mothylcarbonat uber die in der
Reaktbons-   keit des in (a) eingespelaten Gasstromes Im Be- 



kammer In (a) gebildete Dlmethylcarbo-   5  reich von 200 bis 1000 1,
bezogen auf Standard- natmenge,
temperatur- und -druckbedingungen, je Liter abgetrennt werden;
Nutzvolumen des Reaktors und je Stunde llegt. wobei derGasstrom (1) und der
FlOssigkeitestrom (iii) zur Reaktlonskammer von (a) recyldiert wer- den und
der flOssige Strom (11) gewonnen wird.   fO   Revendlcatlons 3. Verfahren
nach Anspruch 1 oder 2, dadurch ge-  1. Procede pourIa preparation en
continu de carbo- kennzoichnet, dalmwahrend der Reaktion in (a) das  nate
de dimethyle, ce procede comprenant: Verfahren mit einem Katalysator
ausgef0hrt wird,    (a) I'alimentation en methanol, monoxyde de der als
Kupfer-(i)-chlorid, Kupformethoxychlordd,  15  carbons et oxygene d'une
chambre de rao- Kupferchlorhydroxid  odor als  ein  durch           tion
maintenue dans des conditions de rao- Inkontaktbringen von Kupferchloriden,
-oxiden, -    tion et contbnant un melange reactionnel Hi- hydroxiden
oder-carbonaton gebildetes Gemisch       quide so composant de mhthanol,
carbonate zugefuhrtwird, welcher Katalysator in einer Men-    de dimithyle,
eau, et d'un catalyseur de cul- go von 5 bis 30 Gew.-Teilen, ausgedrOckt
als  20    vre; Kupfer-(l)-chloridje 100 Gew.-Teile des firssi-     (b) la
vaporisatlon du melange rhactionnel gen Reaktionsgemisches zugegen ist.
d'un courant de methanol, oau et carbonate de dimethyle, qul se developpe
en meme 4. Verfahren nach Anspruch I oder 2, dadurch ge-        temps quo
le courant gazeux contonant du kennzelchnet, daB In dem flflssigen
Reaktionsge-  25  monoxyde de carbono ; et misch in (a) die
Methandkonzentration Im Bereich    (c) la recuperatlon a partir du melange
vapo- von 30 bis 80 Gew.-% liegtund die Wasserkonzen-     rise de Ileau et
du carbonate de dimithyle en tration im Bereich von I bis 10 Gew.-% llegt.
quantiths effectivement 6gales a oeurs qusn- tites respectives formees dans
la chambre de 5. Verfahren nach Anspruch 4, dadurch gekenn-  30
reaction ; et le recyciage des autres compo- zeichnet, daM das Verfahren
mit elnem flissigen     sants vers la chambre de reaction; Reaktionsgemisch
in (a) ausgefflhrtwird, das ei-       Is procede etant caracterise en ce
qu'on ne Zusammensetzung innerhalb der folgenden        maintient
offectivement constants dans le Berelchsgrenzen aufwelst
temps, la composition et le volume du milange * Methanol 35 bis 70 Gew.-%
und        35      reactionnel liquide, la concentration en methanol *
Wasser 2 bis 7 Gew.-%,                       at la concentration en eau
etant respectivement * wobel der Rest auf 100 % im wesentlichen
maintenues egales A, ou superieures a, 30 % en aus Dimethylcarbonat bestoht
poids et egales a ou inferioures a, 10 % en poids, par rapport au poids du
meme melange. 6. Verfahren nach Anspruch I odor 2, dadurch ge-  40
kennzeichnet, daB die Reaktionstemperatur in  2. Proohdh selon la
revendication 1, caracterise en (a) im Bereich von 70 bis 1500C und
vorzugswel-   ce quo: se von 120 bis 140C liegt.
(a) on alimentb avec un courant de methanol, de monoxyde de carbone at
d'oxygene A la 7. Verfshren nach Anspruch I odor 2, dadurch ge-  45    fois
frals et recyces et de carbonate de dimi- kennzoichnot, dam die Umsetzung
in (a) be! 0i-      thyle recyclI, dans une chambre de rhaction, nem Druck
im Beroich von 15 be 40 kglcm2 aus-       un melange reactionnel liquide
ayant une geffhrtwird.                                         composition
et un volume effectivement constants, contenant du methanol, du carbo- 8.
Verfahren nach Anspruch 1 odor 2, dadurch ge-  50    nate de dimethyle, de
Ioeau et un catalyseur kennzeichnet, daB zu der Umaetzung in (a) ein
de cuivre, la concentration en mithanol et la Kohlenmonoxid, Ssuerstoff und
gegebenenfalls        concentration en eau etant maintenues res-
lnertgaseoenthaltender Gasstromzugefrlhrtwird,      pectivement constantes
pour etre egales a, wobel die letztgenanntbn Im Gasgemsch in ei-         ou
superieures a, 30 % en poids, et 6gales a, nemAusmaS von bis zu 50 Vol.-%
enthalten sind,  55  ou inferieures A 10 % en poids; wobel oin
Molverhaltnis von Kohlenmonoxid           (b) on vaporbse (en meme tamps
quo Is cou- samt etwalgen m8glichen Inertgasen zu Sauer-        rant gazeux
contonant du monoxyde de car- stoff im Bereich von 100:1 bba 20:1
eingohalten      bone) le methanol reactionnel, une quantith wird.
d'eau effectivement egale A la quantite d'eau 8 1 1111111 111111 11111
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18 formee dans la chambre de reaction a l'etape  7. Procidi selon la
revendicatlon I ou 2, caractiri- (a) et une quantiti do carbonato de
dimithyle  se on ce quo la riaction A l'itape (a) s'effectue supeiieure a
la quantite de carbonate de di-   A une pression comprise entre 15 et 40
kg/cm2. 



mithyle formie dans la chambre de riactlon   5 A l'etape (a); et
8. Procide selon la revendication I ou 2, caractiri- (c) on sipare du
courant ainsi vaporisi:      sm en co qu'on ajoute au milange reactionnel
de (I) un courant gazeux contenant du mo-      I'itapo (a) un courant
gazeux contonant du mo- noxyde de carbone,                          noxyde
de carbone, de l'oxygne et, facultative- (ii) un premier courant liquide se
compo-  10  ment, des gaz Inertes, ces derniers oetnt conto- sent d'eau et
de carbonate de di mithyl, en  nus A un niveau allantJusqu'A 50 % en volume
du quantites offectivement igales A leurs      milango gazeux, le rapport
molaire du monoxyde quantitis respectives formies dens la       de carbone
plus tous gaz inertes possibles A chambre de reaction lors de I'tape (a);
l'oxyghne, itant compris entre 100:1 et 20:1. (Illi) un second courant
liquido se compo-  15 sant de mithanol et de 'exces de carbo-  9. Procidi
selon la revendication I ou 2, caractirl- nate de dimithyle par rapport A
la quantiti  mi en co quo Is diblt du courant gazeux ajouti A de carbonate
de dimithyleformie dans la     l'etape (a) est compris entre 200 et 1 000
litres, chambre de riaction A l'itape (a);          dans lee conditions
normales de tempirature et le courant gazeux (i) et le courant liquide  20
de pression, pour chaque litre de volume utile du (iii) itant recycies vers
la chambre de riaction de  riactour et par hours. I'etape (a) et le courant
liquido (ii) 6tant recupiri. 3. Procidi selon la revendication I ou 2,
caracfiri- si en ce quo pendant la reaction A 'etape (a) 1s  25 procidi est
mis en oeuvre avec une alimentation en catalyseur tel quo du chlorure
cuivreux, du mithoxy chlorure de cuivre, de l'hydroxychlorure de cuivre ou
sous forme d'un milange obtonu en amenant en contact des chlorures, oxydes,
hy-  30 droxydes ou carbonate de cuiwre, ledit catalyseur itant prisent en
une quantiti de 5 A 30 parties en polds, exprimies en chlorure cuireux,
pour 100 parties en poids de milange riactionnel II- quids.
35 4. Procidi selon la revendication 1 ou 2, caractiri- si en ce quo, dans
le milange reactionnel liquide de l'itape (a), la concentration en mithanol
est comprise entre 30 et 80 % en poids et la ooncen-  40 tration en eau est
comprise entre I et 10 % en poids. 5. Procid6 selon la revendication 4,
caracterisi en ce qu'on met en oeuvre le procidi avec un me-  45 lange
riactlonnel liquide a l'itape (a) ayant une composition comprise dans lee
domaines de va- leurs suivants: - mithanol de 35 % a 70 % en poids, et -
eau de 2 A 7 % en poids,             50 - Is complimentjusqu'a 100 % en
polds itant essentiellement constitui par du carbonate de dimithyle. 6.
Procidi selon la revendication 1 ou 2, caracteir-  55 me en ce quo la
temperature de riaction a l'itapo (a) est comprise dans la gamme de 70 et
1500C et de prifirence entre 120 et 140C. 9 11111111 111111 111111111111111
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