
WO 2007/096343 PCT/EP2007/051586  - 1  PROCESS FOR THE
PRODUCTION OF DIALKYL CARBONATE AND  ALKANEDIOL  The
present invention relates to a process for the
production of dialkyl carbonate and alkanediol from
the  reaction between an alkanol and alkylene
carbonate.  Such a process is known from Chinese
patent 5 application CN-A 1528735. This document
describes a  process in which carbon dioxide is
reacted with an  alkylene oxide to yield alkylene
carbonate, e.g.  propylene carbonate or ethylene
carbonate. The alkylene  carbonate is subjected to
transesterification using an 10 alkanol, e.g.
methanol, in a reactive distillation  column. In this
reactive distillation column the alkylene  carbonate
is fed at the upper part in the liquid phase  and the
alkanol is fed into the column at a lower part,  such
that the alkanol flows upward and reacts 15
countercurrently with the alkylene carbonate to obtain
dialkyl carbonate with unreacted alkanol as the top
effluent and the alkanediol with any entrained alkanol
as  the bottom effluent. The entrained alkanol is
recycled to  the reactive distillation column via a
reboiler. These 20 products from the top stream are
separated in an  extractive distillation unit. The
extractant used in the  process of CN-A 1528735 is the
alkylene carbonate. The document indicates that the
energy balance in the  known process is not ideal. It
suggests a number of 25 improvements. It suggests the
generation of low-pressure  steam from the exothermic
formation of the alkylene  carbonate which steam is to
be used elsewhere in the  process. Another suggestion
is to compress part of the  top stream of the
extractive distillation to provide heat 



WO 2007/096343 PCT/EP2007/051586  - 2  for the
reboiler of the reactive distillation column.
Although these suggestions may benefit the heat
balance  of the process, there is room for
improvement. Accordingly, the present invention
provides a process  5 for the production of dialkyl
carbonate and alkanediol  from the transesterification
of alkylene carbonate and  alkanol, in which process
(a) the alkylene carbonate and an alkanol feedstock
are  introduced into a reaction zone to react in the
presence  10 of a transesterification catalyst to
yield an alkanediol rich stream and a stream
comprising dialkyl carbonate and  alkanol which
streams are separated; (b) the stream comprising
dialkyl carbonate and alkanol  is passed to an
extractive distillation zone in which an  15
extractant is added to the stream; (c) from the
extractive distillation zone an alkanol-rich  vapour
stream is obtained and a bottom stream containing  the
extractant and the dialkyl carbonate; (d) the bottom
stream from step (c) is separated in a  20 second
non-extractive distillation zone to yield a  dialkyl
carbonate-rich top stream and a extractant-rich
bottom stream; (e) the extractant-rich bottom stream
is at least partly  recycled to the extractive
distillation zone, 25 wherein the extractant-rich
bottom stream is used as heat  source for the alkanol
feedstock. An advantage of the present invention is
that the  energy that is fed into the extractive
distillation can  be used elsewhere in the process. A
further advantage is 30 that, whereas the prior art
suggests the indirect heat  exchange by first creating
a low pressure steam which can  



be used as heat source, the present invention allows
for  direct heat exchange between the extractant-rich
bottom WO 2007/096343 PCT/EP2007/051586  - 3  stream
and the alkanol feedstock. Such a manner would  avoid
the intermediate step of low-pressure steam  creation.
The prior art document referred to above is directed
5 to the preparation of dimethyl carbonate and
propylene  glycol (1,2-propane diol) from methanol and
propylene  carbonate. In the extractive distillation
propylene  carbonate is employed. It is emphasised
that the present  process is not limited to these
specific reactants. The 10 process of the present
invention includes the  transesterification of an
alkylene carbonate with an  alkanol. This
transesterification reaction is known, as  is apparent
from e.g. US-A 5,359,118. The starting  materials of
the transesterification are preferably 15 selected
from C2-C6 alkylene carbonate and C1-C4  alkanols.
More preferably the starting materials are  ethylene
carbonate or propylene carbonate and methanol,
ethanol or isopropanol. The most preferred alkanols
are  methanol and ethanol. 20 The prior art document
also refers to a reactive  distillation zone as the
reaction zone. It is evident to  the skilled person
that the reaction can be conducted in  other reactors,
too. Suitable other reactors include a  continuously
stirred tank reactor, a plug flow reactor, a 25
trickle flow reactor in either co-current or counter-
current mode. However, suitably the reaction is
carried  out in a reactive distillation zone. Then
step a) is  operated in that the alkylene carbonate is
introduced  into the upper part of a reactive
distillation zone and 



30 an alkanol feedstock is introduced at a lower part
of the  reactive distillation zone to react in the
presence of a  transesterification catalyst to yield
an alkanediol-rich WO 2007/096343 PCT/EP2007/051586  -
4  stream at the bottom and a top stream comprising
dialkyl  carbonate and alkanol. The
transesterification step is advantageously  carried
out in a reactive distillation zone into which  5 the
alkylene carbonate is fed at the upper part, such that
the alkylene carbonate flows down in counter current
contact with upwardly moving alkanol. The product of
the  reaction is a dialkyl carbonate and an
alkanediol. The  dialkyl carbonate is recovered at the
upper part of the 10 zone as the top stream. The
alkanediol is recovered as  the bottom stream. The
transesterification is suitably conducted in the
presence of a catalyst. Suitable catalysts have been
described in CN-A 1528735 and US-A 5,359,118, and
include 15 hydrides, oxides, hydroxides, alcoholates,
amides, or  salts of alkali metals, i.e., lithium,
sodium, potassium,  rubidium and caesium. Preferred
catalysts are hydroxides  or alcoholates of potassium
or sodium. It is advantageous  to use the alcoholate
of the alkanol that is being used 20 as feedstock.
Such alcoholate can be added as such or  being formed
in situ. Other suitable catalysts are alkali metal
salts, such  as acetates, propionates, butyrates, or
carbonates.  Further suitable catalysts are described
in 25 US-A-5,359,118 and the references mentioned
therein, such  as EP-A 274 953, US-A 3,803,201, EP-A
1082, and EP-A 180 387. The transesterification
conditions are known in the  



art and suitably include a temperature from 40 to 200
C,  30 and a pressure from 50 to 400 kPa. Preferably,
the pressure is close to atmospheric. The temperature
depends  on the alkanol feedstock and pressure used.
The  temperature is kept such that it is close to but
above WO 2007/096343 PCT/EP2007/051586  - 5  the
boiling point of the alkanol, suitably up to 5 C
above the boiling point. In the case of methanol and
atmospheric pressure, the temperature is close to but
above 65 C, e.g., from 65 to 70 C. 5 The stream
comprising dialkyl carbonate and alkanol  is
subsequently separated into the alkanol-rich stream
and the dialkyl carbonate. This is done by extractive
distillation since, as indicated in US-A 5,359,118 and
CN-A 1528735. Many alkanols and their corresponding 10
dialkyl carbonates form azeotropes. Therefore it is
desirable to use an extractant to facilitate the
separation between the dialkyl carbonate and the
alkanol.  The extractant can be selected from many
compounds, in  particular alcohols such as phenol, or
anisole. Other 15 suitable extractants include
aromatic hydrocarbon  compounds such as xylene, in
particular o-xylene (cf. CN-A 1060091) and dialkyl
oxalates, in particular  diethyl oxalates (cf. US-A
6,392,078). However, it is  preferred to employ an
alkylene carbonate as extractant. 20 It is most
advantageous to obtain the separation in the  presence
of the alkylene carbonate that is being used as
starting material for the eventual alkanediol. The
most  preferred alkenyl carbonate is propenyl
carbonate. The extractive distillation is preferably
conducted  25 in two zones. In the first column
separation is achieved  between the alkanol and a
dialkyl carbonate/extractant  



mixture. In the second zone the separation between the
dialkyl carbonate and the extractant is achieved. The
extractant is then at least partly recycled to the
first 30 zone for renewed use. The ratios between
extractant and  alkanol and extractant and dialkyl
carbonate can be  varied between wide ranges. Suitable
ranges include from  0.2 to 2.0 moles of extractant
per mole of the sum of WO 2007/096343
PCT/EP2007/051586  - 6  alkanol and dialkyl carbonate,
preferably from 0.4 to  1.0 mole per mole. When the
extractant is an alkylene carbonate it may  be
advantageous to split the extractant recovered at the
5 second non-extractive distillation zone into a
portion that is recycled to the extractive
distillation zone and  a second portion that is passed
to the reactive  distillation zone for conversion with
the alkanol  feedstock. The ratio between alkylene
carbonate and 10 alkanol/dialkyl carbonate must in
this case be such that  the amount of alkylene
carbonate is sufficient to allow a  good conversion of
the portion that is being fed into the  reactive
distillation zone and an effective separation in  the
extractive and non-extractive distillation zones. 15
The distillation conditions for this separation can
be selected within wide ranges, as the skilled person
will realise. Pressures may suitably range from 5 to
400 kPa, and temperatures from 40 to 200 C. If an
alkylene carbonate is used as extractant one has to
bear 20 in mind that in view of the stability of the
alkylene  carbonate the temperature is advantageously
not more than  180 C. The lower temperature limit is
determined by the  boiling point of the alkanol. It is
preferred to conduct  the separation between alkanol
and dialkyl 



25 carbonate/extractant mixture at a higher pressure,
such  as 60 to 120 kPa, and the second separation
between  dialkyl carbonate and extractant at lower
pressure, such  as 5 to 50 kPa. This will allow a
sufficiently low  temperature to retain a satisfactory
stability for the 30 alkylene carbonate if such a
compound is used as  extractant, and an efficient
separation between the  carbonate compounds. The
dialkyl carbonate obtained is  recovered as product,
optionally after further WO 2007/096343
PCT/EP2007/051586  - 7  purification. This further
purification may comprise a  further distillation step
or an ion-exchange step, as  described in US-A
5,455,368. The hot extractant-rich bottom stream
provides a heat  5 source for the alkanol feedstock.
Thereto, it is possible  to create steam from the
bottom stream and use the steam  thus created as
source for heating the alkanol feedstock.  However, as
indicated above, it is advantageous to heat  the
alkanol feedstock by the extractant-rich bottom 10
stream via heat exchange. This will save additional
equipment. The alkanol feedstock is preferably heated
to  a temperature of 65 to 100 C. Since the alkanol
feedstock is suitably fed into the reactive
distillation  zone in at least a partly vaporous
phase, the alkanol 15 feedstock is preferably heated
to at least partial  vaporisation. As indicated above,
the extractant-rich bottom stream  leaving the second
non-extractive distillation zone  preferably has a
temperature of not more than 180 C. Its 20 temperature
ranges advantageously from 150 to 180 C. Via  heat
exchange with the alkanol the extractant-rich bottom
stream is cooled. Preferably, the stream is cooled to
a  



temperature from 120 to 80 C by the heat exchange with
the alkanol. This will allow a satisfactory heating of
25 the alkanol and the extractant-rich stream remains
sufficiently warm to facilitate the first stage of the
extractive distillation. The Figure shows a flow
scheme of an embodiment of  the invention. 30 In the
Figure a reactive distillation zone 1, an  extractive
distillation zone 2 and a non-extractive  distillation
zone 3 are shown. The process will now be  explained
by using propylene carbonate and methanol as WO
2007/096343 PCT/EP2007/051586  - 8  examples. It is
understood that a person skilled in the  art can
replace these examples with any other suitable
alkylene carbonate and alkanol. Via a line 4 propylene
carbonate is fed into the upper part of the reactive 5
distillation zone 1. Via a line 5 a transesterifiation
catalyst is also passed into the upper part of zone 1.
Methanol, fed into a lower part of zone 1 via lines 6
and  7, passes upward, and, promoted by the
transesterification catalyst, reacts with the
propylene 10 carbonate to form propylene glycol
product and dimethyl  carbonate. The propylene diol is
recovered from the  bottom of the distillation zone 1
via a line 8. The  bottom product in line 8 also
contains the catalyst.  Therefore the product is
separated into a catalyst 15 containing fraction and a
product fraction in a  separation unit 9. The
separation may be accomplished by  distillation. The
catalyst is recycled to the zone 1 via  line 5, and
the propylene glycol is recovered, optionally  after
further purification (not shown) via a line 10. 20 It
is suitable to use a stoichiometric excess of  



methanol. Therefore, a mixture of methanol and
dimethyl  carbonate is passed from the top of the zone
1 via a  line 11, and passed to the first extractive
distillation  zone 2. Via a line 12 propylene
carbonate is passed into 25 the extractive
distillation zone 2. The extractant, i.e.  propylene
carbonate, is fed into the extractive zone at a
higher level than the mixture of methanol and dimethyl
carbonate. The extractive distillation results in the
separation of a methanol-rich product, that is passed
30 from the top of the zone 2 via line 7, and that is
recycled to the reactive distillation zone 1 as
recycle  methanol. It is advantageous to feed the
recycle methanol WO 2007/096343 PCT/EP2007/051586  - 9
at a higher level into the reactive zone 1 than the
(make  up) methanol that is supplied via line 6. From
the bottom of the extractive distillation a  mixture
of mainly dimethyl carbonate and propylene 5 carbonate
is obtained. This mixture is passed to the  second
non-extractive distillation zone 3 via line 13. In
this distillation the dimethyl carbonate is recovered
via  line 14 at the top, whereas the propylene
carbonate is  recovered at the bottom. Via a line 15
the propylene 10 carbonate is split into a stream that
via line 4 is fed  into the reactive distillation zone
1, and a second  stream that via lines 16 and 12 is
recycled to the  extractive distillation zone 2. Since
the temperature of the propylene carbonate in  15 line
15 is sufficiently high, the methanol that is being
supplied to zone 1 via line 6 is subjected to heat
exchange in unit 17 with the propylene carbonate in
line 15. It is observed that the flow scheme in Figure
is  



20 schematic. Other more detailed units, such as
refluxes  and reboilers in the distillation zones have
not been  shown. It will also be evident that the
products streams  in lines 14 and 10 may be further
purified. WO 2007/096343 PCT/EP2007/051586  - 10  C L
A I M S 1. Process for the production of dialkyl
carbonate and  alkanediol from the transesterification
of alkylene  carbonate and alkanol, in which process
(a) the alkylene carbonate and an alkanol feedstock
are  5 introduced into a reaction zone to react in the
presence  of a transesterification catalyst to yield
an alkanediol- rich stream and a stream comprising
dialkyl carbonate and  alkanol which streams are
separated; (b) the stream comprising dialkyl carbonate
and alkanol  10 is passed to an extractive
distillation zone in which an  extractant is added to
the stream; (c) from the extractive distillation zone
an alkanol-rich  vapour stream is obtained and a
bottom stream containing  the extractant and the
dialkyl carbonate; 15 (d) the bottom stream from step
(c) is separated in a  second non-extractive
distillation zone to yield a  dialkyl carbonate-rich
top stream and a extractant-rich  bottom stream; (e)
the extractant-rich bottom stream is at least partly
20 recycled to the extractive distillation zone,
wherein the extractant-rich bottom stream is used as
heat  source for the alkanol feedstock. 2. Process
according to claim 1, in which in step (a)  the
alkylene carbonate is introduced into the upper part
25 of a reactive distillation zone and an alkanol
feedstock  is introduced at a lower part of the
reactive 



distillation zone to react in the presence of a
transesterification catalyst to yield an
alkanediol-rich  stream at the bottom and a top stream
comprising dialkyl  30 carbonate and alkanol. WO
2007/096343 PCT/EP2007/051586  - 11  3. Process
according to claim 1 or 2, in which the  extractant is
selected from the group consisting of  phenol, anisole
and alkylene carbonate. 4. Process according to claim
3, in which the alkylene  5 carbonate is propylene
carbonate. 5. Process according to any one of claims 1
to 4, in  which the alkanol is heated by the
extractant-rich bottom  stream by heat exchange. 6.
Process according to claim 5, in which the alkanol is
10 heated to a temperature from 65 to 100 C. 7.
Process according to claim 5 or 6, in which the
alkanol is heated to at least partial vaporisation.
8. Process according to any one of claims 1 to 7, in
which the extractant-rich bottom stream leaves the
second 15 non-extractive distillation zone at a
temperature of 150  to 180 C. 9. Process according to
any one of claims 1 to 8, in  which the
extractant-rich bottom stream is cooled by heat
exchange with the alkanol to a temperature of 120 to
20 80 C. 10. Process according to any one of claims 1
to 9, in  which the pressure in the extractive
distillation zone  ranges from 60 to 120 kPa, and the
pressure in the second  non-extractive distillation
zone ranges from 5 to 50 kPa. 


