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PROCESS FOR CONTINUOUS PRODUCTION OF CARBONATE ESTERS

FIELD OF THE INVENTION

This application relates to a process for continuous production

of carbonate esters, particularly aromatic carbonate esters.

Production of aromatic carbonate esters can be accomplished by
reaction of aromatic alcohols with phosgene. However, the toxicity of
phosgene has led many to prefer the use of a catalytic transesterification
reaction in whicﬁ a dialkyl carbonate is reacted with an aromatic alcohol in
the presence of a suitable catalyst to produce arylalkylcarbonates and diaryl
carbonates. This reaction is genérally slow, however, and has an unfavorable
equilibrium point which makes recovery of substantial yields of product
challenging. Further, the reaction produces an alkyl alcohol co-product which
can form an azeotrope with the dialkyl carbonate reactant. This means that
one cannot simply distill off the co-product to shift the equilibrium in favor of .
the desired aromatic carbonates, because dialkyl carbonate reactant is lost in -
tﬁe process és well. Moreover, recovered azeotrope must be separated to

allow recycling of the unused reactant.

Two basic approaches have been considered, separately or in

combination, to minimize these problems with catalytic transesterification

processes for the production of aromatic carbonates. The first approach is the

~ development of improved catalysts, as reflected in US Patents Nos. 4,182,726,

4,554,110, 4,552,704,and 4,609,501 which are incorporated herein by reference.
Such catalysts may improve the reaction rate, but they fail to address the _
limitations imposed on the process by the unfavorable equilibrium and

azeotrope formation.
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A second approach attempts to bias the equilibrium of the
carbonate forming react1on towards the products. For example, JP 54-48732

discloses the addmon of an azeotrope—forrmng agent (heptane), to the reaction

“mixture to facilitate removal of the alkyl alcohol. US Patent No. 4,410,464,

incorporated herem by reference, dlscloses absorblng the alkyl alcohol into
molecular sieves. The dlfﬁculty mth both of these approaches is that there
are additional steps ,-m_v.olved to recover the co-produc-ts from the azeotrope or
the molecular sieve.f-_g_-"?I.'hese additi'onal:: steps lead:to higher operating and
capital costs which are economically undesirable when operating on a

commercial scale.

_ . Various"attempts have also been made' to combine distillation
and reaction columns :For example, European Patent Pub. 0 461 274 dlscloses
a method for producmg d1aryl carbonates in one or more continuous

mulhstage distillation columns The 1mt1a1 column is supphed with a reactant_

 stream containing all of the reactants and catalyst and a mixture of products
is contmuously w1thdrawn from the bottom of the column. Additional

'_ dtmethylcarbonate can be added as a gas near the bottom of the column.

This method still does not avoid loss of d1alkyl carbonate reactant w1th the

top product of the 1n1t1al column due to the formatlon of an azeotrope

~ There remams a need for an econormcal method for production
of aromatic carbonates ona commerc1al scale, and i in partlcular for a method
for produchon of aromanc carbonates Wthh efﬁclently utilizes the starting
materials without formatron of an azeotrope by—product It is an ob)ect of the

present invention to provrde sucha method
SUMMARY OF THE _INVENTION :

The present invention provides a method for production of

diaryl carbonate esters by reaction of a dialkyl carbonate and an aromatic
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alcohol to form a diaryl carbonate and an alkyl alcohol. In accordance with
the invention, three reactant streams are introduced into an
extractive/reactive distillation column in the presence of a transesterification
catalyst. The three reactant streams are a first reactant stream comprising a

dialkyl carbonate, a second reactant stream comprising an aromatic alcohol,

~and a third reactant stream comprising an entraining agent. The entraining

agent is selected from among compounds that do not form azeotropes with
the dialkyl carbonate or the alkyl alcohol and that boil at a higher temperature
than either the dialkyl carbonate or the alkyl alcohol.

In the method of the invention, the first reactant stream is

~ introduced into the column below the second reactant stream, and the second

reactant stream is introduced into the column below the third reactant stream.

A product stream containing diaryl carbonate esters is recovered from the

. bottom of the column.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic illustration of an apparatus suitable for

performing the method of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for production of
diaryl carbonate esters by reaction of a dialkyl carbonate and an aromatic
alcohol to form a diaryl carbonate and an alkyl alcohol without the
production of azeotropic mixtures. The overall process involves a two-step

reaction as follows:
dialkyl carbonate + aromatic alcohol — arylalkyl carbonate + alkyl alcohol (1)

2.arylalkyl carbonate — dialkyl carbonate + diaryl carbonate (2).
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While the dialkyl carbonate used as a starting. material in the
method of the inve‘xfiﬁ;_on ‘may in theory be any dialkyl carbonate, it will be
appreciated that in practice it will be preferred to ﬁse a dialkyl carbonate with

a small alkyl group, such as, for example, dimethyl carbonate. Dimethyl

carbonate is readily and 'econonmjcglly available. -Further, the resulting alkyl
alcohol (methanol) has a low boiling _pdint relative to other alkyl alcohols so

‘that it can be separated from the other components of the reaction mixture by

~ distillation with minimum expenditure of energy..

The aromatic alcohol used as a starﬁﬁg material in the method

- of the invention is selected to provide the desired product. Examples of -

aromatic alcohols useful" in the invention include but:are not limited to those

‘disclosed in EP 0 461 274, namely those represented by formula ArOH,

wherein Ar represents an aromatic group having 5 to 30 carbon atoms.

Examples of specific ArOH compounds include but are not limited to phenol;

~various alkyl phenols, such as cresol, xylenol, trimethylphenol,

tetramethylphenol, éthylphenél','propy1phenbl_, bﬁf}llpheriol, 'diethylphenol,
methylethylpﬁehol, | methylpropylphenol, = dipropylphenol,  methyl-
butylphenol, pentylphenol, hexylphenol and cyclohexylphenol; various
alkoxyphenols, such  as methpxyphenol and  ethoxyphenol; various

substituted phenols _represéntei:_l by the formula:

wherein A represenfé_ abond, a divalent :group,' such as -O-; -5, -CO- and
-SO;-, an alkylene group, a substituted alkylene group of the formula:

¢ RO RS

| [
e QT —(I:—CI—'
1. Je b

R RS R’
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wherein each of R4, Rs, Rs and Ry individually represents a hydrogen atom, a
lower alkyl group, a cycloalkyl group, an aryl gréup or an aralkyl group,
which may be substituted with a halogen atom or an alkoxy group), or a
cycloalkylene group of the formula:

>c‘ (CH,)
\-—/ k

wherein k is an integer of from 3 to 11, and the hydrogen atomé may be
substituted with a lower alkyl group, an aryl group, a halogen atom or the
like, and the aromatic group may be substituted with a substituent, such as a
lower alkyl group, a lower alkoxy group, an ester group, a hydroxyl group, a
nitro group, a halogen and a cyano group; naphthol and various substituted
naphthols; and heteroaromatic hydroxy compounds, such as
hydroxypyridine, hydroxycumarine and hydroxyquinoline. Also usable are
aromatic dihydroxy compounds having two hydroxyl groups, such as
hydroquinone, resorcinol, - catechol, dihydroxynaphthalene,
dihydroxyanthracene dihydroxy compounds obtained by substitution of the

above with an alkyl group; and aromatic dihydroxy compounds represented

wherein A is as defined above, and the aromatic ring may be substituted with

by the formula:

a substituent, such as’a lower alkyl group, a lower alkoxy group, an ester

group, a nitro group, a cyano group and a halogen atom.

The dialkyl carbonate and the aromatic alcohol are introduced
separately as part of separate reactant streams into an extractive/reactive

distillation column in the presence of a transesterification catalyst. Many

5
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transesterification- catalysts -capal?lei' of catalyzing the reactions described
above are known. ' Examples '_of stiitable tra'nsesterlfication- catalysts include
but are not limitedto those disclosed in EP-0 461 274, namely lead
compounds, particularly lead oxides such as PbO, PbO, and PbsOy; lead
sulfides, such as PbS and Pl)z_S_; lead hydroxides, such as Pb(OH): and
PbyOz(OH);; plumbites, such as NasPbOs, K;PbO,, NaHPbO, and KHPbO;
plumbates, such as NazPbOs, NasH:PbOs, K:PbOs, Ka(Pb(OH)s), KiPbO:,
CazPbO4 and CanOa, lead carbonates and basic salts thereof, such as PbCOs
and 2PbC03 Pb(OH)z, lead salts of orgamc acids, and carbonates and basic
salts thereof, such as Pb(OCOCHs)z, I’b(OCOCH3)4 and Pb(OCOCI-h)z
PbO#3H:0; organolead compounds, such as Bme PhuPb, BusPbCl,
PhsPbBr, PhsPb (or Phanz), BmeOH and PhstO wherein Bu represents a
butyl group and Ph represents a phenyl group; alkoxylead compounds and
aryloxylead compounds such as Pb(OCHa)z, (CHsO)Pb(OPh) and Pb(OPh)z,
lead alloys, such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; lead minerals,

‘suchas galena and zmcblende, and hydrates of these lead compounds,

- compounds of copper farruly metals (copper, sﬂver and gold), partlcularly,

salts or complexes of copper famﬂy metals, such as CuCl, CuClp), CuBr,
CuBr;, Cul, Cul,, Cu(OAc), Cu(acac)z, copper oleate, BuzCu, (CHa)O)z)Cu,
AgNOs), AgBr, silver picrate, AgCsHeCIOs, Ag(bullvalene)sNOs,

(AuC°C-C(CHzs)a)n and (Cu(C7Hs)Cl)4 Wherem OAc represents an acetyl group
and acac represents an acetylacetone chelate ligand; alkali metal complexes,
such as Li(acac) and LiN(C4Hg)2) wherein acac is as defined above; zinc

complexes, such as Zn(acac); . cadmium complexes, such as Cd(acac),

- compounds of iron family metals such as Fe(CioHs)(CO)s, Fe(CO)s,

Fe(CsHe)(CO)s, Co(mesitylene)a(PEt2Ph)2, CoCsF5(CO)z, Ni-(p)-CsHsNO and
ferrocene; zirconium complexes, such as Zr(acac)s and zirconocene; Lewis
acids and Lewis'ac':id-forming transition metal comp'oiinds, such as AlXs, TiXs,
TiXs, VOX3, VX5, ZnXz, FeXs and SnXy wherein X represents a halogen, an
acetoxy group, an alkoxy group or an aryloxy group; organotin compounds,

6
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such as (CHa)3§;}QCOCHa, (C2Hs)sSnOCOCeHs,  BusSnOCOCHS,
PhsSnOCOCHs, BusSn(OCOCHs),  BusSn(OCOCuHz)s,  PheSnOCHS,
(C2Hs)sSnOPh, BuzSn(OCHz)2, BuzSn(OCaHs),, BuzSn(OPh)z, PhoSn(OCHsa),
(C2Hs)3SnOH, PhsSnOH, BuzSnO, (CsHi7)25nO, BuSnCla and BuSnO(OH);
inorganic oxides, such as silica, alumina, titania, silicatitania, zinc oxide,
zirconium oxide, gallium oxide zeolite and oxides of a rare earth; and a

material obtained by modifying the surface acid site of the above inorganic

- oxide by silylation or other methods.

The catalyst is preferably provided as part of one of the reactant
streams. However, the catalyst might also be provided as a separate (fourth)

reactant stream, or be provided in an immobilized form within the column.

Fig. 1 shows a schematic illustration of system for making diaryl

 carbonates that includes an extractive/reactive distillation column A. An

extractive/reactive column does not have to have any particular packing or
other internal structure. In general, like any distillation column, internals
should be used that promote good mixing/contact between gas and liquid -

going up and down through the column. Some catalysts may be particularly

compatible with certain special designs which promote gas-liquid-solid

catalyst contacting. For example, one may find that certain of the catalyst
systems mentioned above give better performance when used in a catalytic
packing system such as those discussed by J.L. DeGarmo, V.N. Parulekar and
V. Pinjala of Koch Engineering Company in their article Consider Reactive
Distillation, Chemical Engineering i’rogress, March 1992, pp. 42-51. Three

streams are fed into the extractive/reactive distillation column A. Stream 1
contains the alkyl carbonate reactant. Stream 2 contains the aromatic alcohol
reactant, and preferably also the catalyst. Stream 3 contains an entraining

agent.
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The entrarmng agent is a compound that does not form

azeotropes with the dralkyl carbonate or the alkyl alcohol and that boils at a

| higher temperature than either the dialkyl carbonate or the alkyl alcohol.

Depending on the propertles of the aromatic alcoh_ol_ employed, the entraining
agent may be identicai to the aromatic alcohol. For example, phenol may be

used as both the aromatlc alcohol and the entrarmng agent for the efficient

' productron of drphenyl carbonate The ablhty to: utlhze the same material as

both the aromatic alcohol and the entraining agent offers several benefits.

First, there is a reduction in the introduction of impurities since only one

‘material is being used. Second, processing costs are reduced since there is no

need for a separate syStem to separate and recover the entraining agent.

If the, aromatrc alcohol employed tends to form azeotropes or

.has an unsuitable borhng point, then other materrals such as anisole can be

used as the entraining agent. Anisole and similar materials may also be used

in combination with aromatic alcohols to make up the entraining agent. -

Streame 1, 2 and 3 are fed continuously into extractive/reactive
distillation column A in Fig. 1. Mass ratios of stream 1 and 2 can be varied to
maximize productio_n of the desired product.: _' As this is in large part
dependent of column conditions, the preferred mass ratios are appropriately
determined empirically for a given reaction and colurrm. In general, however,
the mass ratio of stream 1 to stream 2 will vary Be-tWeen about 10:1 and 1:10,
preferably from about 1:1 to 1:5. The mass ratios of streams 1 and 3 can be
varied to change the purity of the overhead prodnct (stream 4) and to change
the temperatnre and composition in stream 6. The mass ratio of stream 1 to

stream 3 may vary between 1:20 and 20:1, preferably from about 1:5 to 1:10.

The column A is maintained at pressures and temperatures
suitable for the production of aromatic carbonates. While these conditions

will depend on the 'precise combination of reactants and catalyst employed

8
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and the column configuration, geometry and internal structure, temperatures
of from 190 to 260°C and pressures of from 1 to 10 bars will generally be

suitable.

Under these conditions, three distinct zones can be identified
within column A. In Zone I, as shown in Fig. 1, reactive distillation occurs,
whereby reactions (1) and (2) take place to produce aromatic carbonates. The

products of the reaction are recovered as a liquid stream 6 from near the

| bottom of the column . In Zone II, extractive distillation occurs which

prevents formation of an azeotropic mixture. In Zone III, distillation occurs to
produce stream 4 which contains the alkyl alcohol (generally about 95% by
weight) and other light gases such as CO;, nearly free of alkyl carbonate (i.e.,
less than 1% by weight). This stream may be condensed for recycling, for
example in the production of alkyl carbonates for use as the starting material

in the method of the invention.

An additional stream 5 may optionally be included to withdraw
by-products from the center of the column which may negatively affect the

reaction.

In a  preferred embodiment, substantially pure
dimethylcarbonate is fed as Stream 1 into the bottom of the column. Stream 2.
consists of 50-99 weight % phenol with the balance being catalyst, optionally
combined with a recycled stream recovered from downstream in the process,
for exafnple containing e.g., anisole, dimethyl carbonate, methanol, benzoates
and heavy materials. Stream 3 is a substantially pure phenol as the entraining
agent. In this case, product Stream 6 will typically contain 5 to 20 weight %
diphenyl carbonate, 5 to 25 weight % methylphenyl carbonate, 2 to 15%
unreacted dimethylcarbonate, 50 to 90% phenol entraining agent/reactant
and a balance of reaction by-products. Catalyst is also recovered in Stream 6

and through an optional side-draw near the bottom of the column.

9



-

WO 00/18720 PCT/US99/13882

Product stream 6 can be further. processed to continue the
reaction and purify the product stream in one or more additional columns

represented by Unit B in Fig_; 1. Unit B is suitably a reactive distillation

column which may have differing cori_ﬁg_uration geometry, internal structure

and operating conditions.

10



10

15

20

)

WO 00/18720 PCT/US99/13882

* [ L M S *

WHATIS CLAIMEDIS: - -

1. A method for production of diaryl carbonate esters by reaction
of a dialkyl carbonate and an aromatic alcohol to form a diaryl carbonate and

an alkyl alcohol, comprising the steps of

(a)  introducing three reactant streams into an
extractive/reactive distillation column in the presence of a transesterification

catalyst,
wherein the three reactant streams are
a first reactant stream comprising a dialkyl carbonate,
a second reactant stream comprising an aromatic alcohol, and
a third reactant stream comprising an entraining agent,

said entraining agent being selected from among compounds
that do not form azeotropes with the dialkyl carbonate or the alkyl alcohol
and that boil at a higher temperature than either the dialkyl carbonate or the.
alkyl alcohol, and |

wherein said first reactant stream is introduced into the column
below the second reactant stream, and séid second reactant stream is

introduced into the column below the third reactant stream; and

(b)  recovering a product stream containing diaryl carbonate

esters from the extractive/reactive distillation column.

2. The method of claim 1, wherein the catalyst is introduced into

the column as part of the second reactant stream.

3. The method according to claim 2, wherein the entraining agent

and the aromatic alcohol are the same compound.

11
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4. The method according to claim 3, wherein the entraining agent

and the aromatic alcohol are phenol.

5. The method according to-claim 1, wherein the dialkyl carbonate
is dimethylcarbonate.
6. The method of claim 5_, wherein the catalyst is introduced into

the column as part of the second reactant stream .

7. The method according to claim 6, wherein the entraining agent

and the aromatic alcohol are the same compound.

8. The method according fo claim 7, wherein the entraining agent

and the aromatic alcohol are phenol.

9. The method accordmg to claim 1, further compnsmg the step of
processmg the product stream recovered from the extractive/reactive

distillation column by processing in a second column.

10. The method accordmg to claxm 9 wherein the second column is

a reactive distillation column

11.  The method accordmg to claim 1, wherein the
extractlve/ reactive dxstlllanon column is mamtamed ata temperature of from

190 to 260°C and a pressure of from 1 to 10 bars.

12.  The method of claim 11, wherem the catalyst is introduced into

the column as part of the second reactant stream .

13.  The method according to claim 12, wherein the entraining agent

and the aromatic alcohol are the same compound.

14.  The method according to claim 13, wherein the entraining agent

and the aromatic alcohol are phenol.

s ¢ L M5 % -
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15. The method according to claim 11, wherein the dialkyl

carbonate is dimethylcarbonate.

16.  The method of claim 15, wherein the catalyst is introduced into

- the column as part of the second reactant stream .

17.  The method according to claim 16, wherein the entraining agent

and the aromatic alcohol are the same compound.

18.  The method according to claim 17, wherein the entraining agent

and the aromatic alcohol are phenol.

19.  The method according to claim 11, further comprising the step
of processing the product stream recovered from the extractive/reactive

distillation column by processing in a second column.

20.  The method according to claim 19, wherein the second column

is a reactive distillation column:

21.  The method according to claim 11, wherein the mass ratio of the

first reactant stream to the second reactant stream is from 10:1 to 1:10.

22.  The method according to claim 21, wherein the mass ratio is
from 1:1 to 1:5.

23.  The method according to claim 1, wherein the mass ratio of the

first reactant stream to the second reactant stream is from 10:1 to 1:10.

24. The method according to claim 23, wherein the mass ratio is
from 1:1 to 1:5.

25.  The method according to claim 11, wherein the mass ratio of the
first reactant stream to the third reactant stream will vary between 1:20 and
20:1.

ST
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'26. The method according the claim 25, wherein the mass ratio of
the first reactant stream to the third reactant stream will vary between 1:5 to
1:10. '

27.  The method according the claim 1, wherein the mass ratio of the

_first reactant stream' to the third reactant stream will vary between 1:20 and

20:1.

28.  The method according to claim 27, wherein the mass ratio of the
first reactant stream to the third reactant stream w111 vary between 1:5 and
1:10.

29. The method of claim 23, wherem the catalyst is introduced into

the column as part of the second reactant stream

30. The method according to claim 23, wherein the entraining agent - .

and the aromatic alcohol are the same compound

31. The method accordmg to dalm 30, wherem the entraining agent

and the aromatlc alcohol are phenol

32. = The method accordmg to claim 23, wherein the dialkyl

carbonate is dunethylcarbonate

33.  The method of c1a1m 32, wherein the catalyst is mtroduced into

~ the column as part of the second reactant stream

34.  The method accordmg to claim 33, wherem the entraining agent

and the aromatic alcohol are the same compound

35. The method accordmg to clarm 34, wherem the entraining agent

and the aromatlc alcohol are phenol

t RO
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36.  The method according to claim 23, further comprising the step
of processing the product stream recovered from the extractive/reactive

distillation column by processing in a second column.

37.  The method according to claim 36, wherein the second column

is a reactive distillation column.

38.  The method according to claim 1, wherein the entraining agent

and the aromatic alcohol are the same compound.

39.  The'method according to claim 1, wherein further comprising

the step of recovering alkyl alcohol as a second product stream.
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