
EP 0 255 401 B1 Description This invention relates to a process for the
production of a dialkyl maleate. In particular it relates to a process for
the production of a substantially acid free dialkyl maleate, for example
diethyl maleate, from a reaction product containing a major amount of
dialkyl maleate and a minor amount of monoalkyl maleate. The production of
dialkyl maleates by esterification of maleic anhydride, of maleic acid or
of a mixture containing both maleic anhydride and maleic acid has been
described on many occasions in the literature. As maleic acid is dibasic,
esterification proceeds stepwise via the monoalkyl maleate. In the case of
maleic anhydride this stepwise esterification can be described by the
equations: 10 [err] [err] 15  [err] [err] [err] 20 [err] where R is an
alkyl group. These reactions can be carried out in two substantially
separate steps in separate reactors or simultaneously in a single reactor.
The monoesterification step of equation (1) can be effected
non-catalytically, conveniently by use of elevated temperatures. The
diesterification step of 25  equation (2) can likewise be carried out
non-catalytically; however, it is usually preferred to use an
esterification catalyst in the diesterification step of equation (2), such
as an acid catalyst (e.g. sulphuric acid). The diesterification step of
equation (2) above is a reversible reaction and yields an equilibrium
mixture which contains a minor amount of monoalkyl maleate. Many batch
methods utilise an added esterification 30  catalyst, such as sulphuric
acid. In order to recover the dialkyl maleate product the catalyst must
first be removed, prior to attempting purification by distillation
techniques, by neutralisation with alkali and then washing with water.
These neutralisation steps produce significant quantities of aqueous
liquors and remove not only the catalyst but also any monoalkyl maleate and
any other acid materials present, such as traces of unreacted maleic
anhydride or maleic acid. Although it would be theoretically possible to
recover such 35  monoalkyl maleate from the resulting aqueous liquors and
to recycle this to the process for the production of further dialkyl
maleate, this is not economically feasible. Hence the monoalkyl maleate is
lost to the process in these aqueous liquors which are a potential
pollution hazard. Moreover the loss of monoalkyl maleate and disposal of
these waste liquors represent a significant operating cost. Various
proposals which avoid the use of catalysts have been described. Thus
US-A-4361710 proposes 40 washing a gaseous mixture containing maleic
anhydride with a monohydric or polyhydric alcohol boiling above [err] (e.g.
2-ethylhexanol or dodecan-1 -ol) to form a solution of the corresponding
maleic acid half- ester in the alcohol followed by heating the solution to
remove water and to form a solution of maleic acid diester in the alcohol.
As water boils at a temperature well below that of the alcohol it is
readily removed from the reaction mixture, thus enabling the
diesterification reaction to be driven to completion. 45     US-A-4032458
describes a process for the production of 1,4-butane diol in which maleic
acid is esterified at elevated temperature and pressure and then subjected
to a two step hydrogenation procedure. According to the description of the
drawing it is preferred to use for esterification a monohydric alcohol
which forms a heterogeneous azeotrope with water, such as n-butanol. The
esterification step is carried out in a distillation zone from which an
n-butanol-water azeotrope is removed overhead. According to column 50  11,
lines 23 to 27, this azeotrope is condensed and allowed to separate into
two layers. The n-butanol layer 



is decanted, redistilled, and recycled to the distillation zone. The
n-butanol-water azeotrope has a boiling point ([err] at atmospheric
pressure) which is appreciably lower than the boiling point of the alcohol
itself ([err] at atmospheric pressure), thus permitting the water to be
removed readily from the esterification mixture. In addition the process
can only operate as described because the condensed azeotrope is 55
heterogeneous and separates into two layers, thus permitting ready recovery
of n-butanol for recycle to the process. Although it is stated at column 8,
lines 45 to 47 of US-A-4032458 that: "Other suitable monohydric alcohols
useful in the process of their invention include ethanol, propanol, 2    EP
0 255 401 B1 butanol, amylalcohol and the like", the illustrated form of
plant will not operate with ethanol in place of n-butanol because ethanol
is fully miscible with water and forms therewith a homogeneous azeotrope
comprising a single liquid phase. It requires much energy to produce
substantially dry ethanol from this azeotrope for recycle to the process. 5
Moreover, because the boiling point of the ethanol-water azeotrope is
extremely close ([err] at atmospheric pressure) to that of ethanol itself
([err] at atmospheric pressure) all the ethanol must be distilled out of
the esterification mixture in order to remove all the water. n-propanol
gives rise to similar problems. Because of these factors it is extremely
costly in energy requirements, when using ethanol or propanol in the
distillation-esterification step of the process of US-A-4032458, to remove
the water of 10 esterification completely and hence drive the
esterification reaction towards production of a 100% yield of dialkyl
maleate. US-A-4562283 discloses a method of separating maleic anhydride
from gaseous reaction mixtures by contact in the bottom of a column with
butanol and then washing the treated gases in the column with a
countercurrent stream of butyl maleate. According to column 2, lines 33 to
36 of US-A-4562283, any water 15 formed is removed from the column above
the feed point for the butanol. Again, this procedure can be used for
removal of the water of esterification only because the butanol-water
azeotrope boils appreciably below butanol itself and because the azeotrope
separates into two liquid phases upon condensation. As an alternative to
using non-catalytic esterification methods to produce dialkyl maleates or
to using homogeneous esterification catalysts such as sulphuric acid, it is
also possible to use a heterogeneous 20  esterification catalyst, such as
an acidic ion exchange resin containing sulphonic acid groups, for
production of a dialkyl maleate. Although such heterogeneous catalysts
obviate use of a neutralisation step for catalyst removal and hence obviate
consequent loss of monoalkyl maleate, yet the problem of incomplete
esterification remains, particularly when ethanol is used for
esterification. Although a certain degree of purification of the reaction
product can be achieved by distillation, yet it is impossible to obtain
pure diethyl 25  maleate in this way as any monoethyl maleate present tends
to undergo thermal decomposition in the distillation column to yield maleic
anhydride and ethanol. The resulting maleic anhydride contaminates the
diethyl maleate fraction. It is possible to reduce this problem by
utilising a multi-step esterification procedure for the diesterification
reaction in which at least the final stage diesterification involves
reaction of the final traces of monoethyl maleate with a large excess of
dry ethanol. However the cost of producing dry 30  ethanol represents a
significant processing cost. It would accordingly be desirable to provide a
process for the production of a dialkyl maleate from reaction mixtures
containing a major amount of dialkyl maleate and a minor amount of
monoalkyl maleate in 



which the difficulties associated with thermal decomposition of monoalkyl
maleates are obviated. It would be particularly desirable to provide such a
process which can be used for diethyl maleate and for dialkyl 35  maleates
derived from other alkanols which form homogeneous azeotropes with water,
such as n-propanol. The present invention accordingly seeks to provide a
process for the production of a substantially acid free dialkyl maleate,
e.g. diethyl maleate, from a reaction mixture containing a major amount of
dialkyl maleate and a minor amount of the corresponding monoalkyl maleate,
which process minimises reaction losses arising through use of a
neutralisation step and yet substantially overcomes the problems associated
40 with thermal decomposition of the monoalkyl maleate during distillation.
According to the present invention there is provided a continuous process
for the production of a substantially acid free dialkyl maleate from a feed
stream containing a major amount of dialkyl maleate and a minor amount of
monoalkyl maleate which comprises: (a) continuously supplying the feed
stream to a primary distillation zone; 45   (b) continuously distilling the
feed stream in the primary distillation zone under temperature and pressure
conditions conducive to thermal decomposition of monoalkyl maleate to yield
maleic anhydride and alkanol; (c) recovering from the primary distillation
zone (i) a bottom fraction containing monoalkyl maleate and dialkyl maleate
in admixture, (ii) a vaporous fraction comprising alkanol, and (iii) an
intermediate fraction so    which is substantially free from alkanol and
which comprises a major proportion of dialkyl maleate and a minor
proportion of maleic anhydride; (d) continuously redistilling the
intermediate fraction (iii) from step (c) in a secondary distillation zone
to yield (i) an overhead fraction containing maleic anhydride and (ii) a
bottom fraction containing substan- tially acid free dialkyl maleate; and
55   (e) recovering the bottom fraction (ii) of step (d). The term "bottom
fraction" as used herein means in each case a fraction recovered from a
lower part of the respective distillation zone, either in the form of a
vaporous stream, which is usually subsequently condensed to form a liquid,
or in the form of a liquid stream. 3    EP 0 255 401 B1 The dialkyl maleate
is preferably derived from an alkanol, preferably a primary or secondary
alkanol, which contains up to 4 carbon atoms. The process of the invention
is of particular applicability to dialkyl maleates derived from [err] to
[err] alkanols, such as ethanol, n-propanol, iso-propanol, n-butanol,
iso-butanol and sec-butanol. The process of the invention is accordingly
applicable to purification of mixtures containing 5  a major amount of
diethyl maleate, di-n-propyl maleate, di-iso-propyl maleate, di-n-butyl
maleate, di-iso- butyl maleate, or di-sec-butyl maleate, and a minor amount
of the corresponding monoalkyl maleate. The process is used to especial
advantage in the production of substantially acid free diethyl maleate from
crude mixtures containing a major amount of diethyl maleate and a minor
amount of monoethyl maleate. The feed stream is preferably obtained by
esterification of maleic anhydride, of maleic acid, or of a 10 mixture of
maleic anhydride and maleic acid with an alkanol, such as ethanol, in one
or more stages in the presence of a solid heterogeneous esterification
catalyst, such as an ion exchange resin containing acid groups selected
from sulphonic acid and carboxylic acid groups. The crude reaction mixture
obtained by such a procedure can be used as such in the process of the
invention. Preferably, however, the crude reaction mixture is distilled to
remove at least a major part of any alkanol and water present therein. In 



15  some cases the maleic acid or anhydride feedstock may optionally
contain a minor amount (e.g. from about 0.001 mole % up to about 5 mole %)
of fumaric acid if the presence of a minor amount of dialkyl fumarate can
be tolerated in the resulting substantially acid free dialkyl maleate
product; for example, the presence of minor amounts of diethyl fumarate in
a diethyl maleate feedstock can be tolerated in the hydrogenation processes
described in EP-A-01 43 634, WO-A-86/03189, and WO-A-86/07358. For the
avoidance of doubt 20 references hereafter to maleic acid, to monoalkyl
maleates and to dialkyl maleates are intended to refer, where the context
so permits, not only to the named compounds but also to mixtures of the
named compounds and minor amounts of the corresponding fumaric acid,
monoalkyl fumarate and/or dialkyl fumarate. The composition of the feed
stream will depend upon the reaction conditions used in its preparation. 25
When esterifying maleic anhydride with ethanol with a view to producing
diethyl maleate, for example, it is in practice economically unattractive
to attempt to esterify all monoethyl maleate present in the crude
esterification mixture. Hence the feed stream generally includes at least
about 2 mole % up to about 40 mole % of monoalkyl maleate. Preferably the
starting material does not contain more than about 30 mole % of monoalkyl
maleate. There can thus be contemplated for use in the process of the
invention feed streams 30   containing from about 98:2 to about 60:40
dialkyl maleate:monoalkyl maleate on a molar basis, preferably from about
98:2 to about 70:30 on this basis. Besides dialkyl maleate and monoalkyl
maleate the feed stream may also include minor amounts of water and
alkanol. If desired, the bottom fraction (ii) of step (d) can be subjected,
after recovery thereof in step (e), to a final neutralisation step to
remove any remaining trace of acidic materials, such as maleic anhydride,
maleic 35 acid, fumaric acid, monoalkyl maleate, and/or monoalkyl fumarate.
Generally speaking the bottom fraction (ii) of step (d) contains no more
than about 0.2 to 0.3 mole % in total of acidic materials. Such a
neutralisation step conveniently comprises passage of the bottom fraction
(ii) of step (d) of the process, possibly after addition of a minor amount
of water thereto, through a bed of a basic anion exchange resin, for
example a weakly basic anion exchange resin containing substituted amino
groups (e.g. [err] 40 groups), or through a bed of a solid alkali, such as
sodium hydroxide or sodium bicarbonate, followed by redistillation.
Alternatively it can comprise washing with an aqueous alkaline wash liquor,
such as a solution of a mixture of sodium carbonate and disodium maleate
(optionally followed by a water wash), and subsequent redistillation to
separate water as an overhead product, pure dialkyl maleate as an
intermediate product and a sodium containing bottom product. As traces only
of acid materials remain in the bottom 45 fraction (ii) of step (d),
relatively small amounts only of waste wash liquors are produced in the
process of the invention whose disposal does not represent a major problem.
Moreover losses of potential dialkyl maleate in the form of monoalkyl
maleate, maleic acid or maleic anhydride lost in the waste liquors, are
minimal. In an alternative preferred process according to the invention the
acid content of the fraction (ii) of step 50  (d) is reduced still further
by repeating the process of the invention utilising said fraction (ii) of
step (d), after recovery thereof in step (e), as the feed stream to a
further primary distillation zone and thereafter repeating steps (b) to
(e). It will usually be convenient to operate the primary distillation zone
of step (a) under reduced pressure, for example at a pressure of from about
0.03 bar to about 0.33 bar. However, pressures of more than 0.33 55 bar are
not excluded, although it will not normally be desired to use a pressure of
more than about 1 bar in the primary distillation zone. The vaporous
fraction (ii) of step (c) generally contains, in addition to a mixture of
alkanol and a minor amount of maleic anhydride, possibly also any water
present in the feed stream, and also a minor amount 4 



EP 0 255 401 B1 of dialkyl maleate. The design of the primary distillation
zone will be dependent to some extent on the composition of the reaction
product to be treated. For feed streams containing from about 2 mole % up
to about 40 mole % monoalkyl maleate, the primary distillation zone may
comprise a single distillation column. For reaction 5  products containing
from about 15 mole % up to about 40 mole % monoalkyl maleate it may be
preferred to use two distillation columns in series since this can result
in a reduction in operating costs; in this case the material supplied to
the second distillation column of the primary distillation zone from the
first distillation column thereof comprises a substantially alkanol free
fraction that is richer in dialkyl maleate than the feed stream, and the
intermediate fraction (iii) of step (c) is recovered from the second
distillation 10 column. When the primary distillation zone comprises a
single distillation column, the intermediate fraction (iii) of step (c) may
comprise a vaporous stream taken from a part of the column intermediate the
top and bottom thereof. It is also envisaged that the primary distillation
zone may comprise a single distillation column provided with a reflux
condenser in the path of a vaporous overhead stream therefrom, which reflux
15 condenser is operated under partial condensation conditions so as to
produce a substantially alkanol free condensate that contains dialkyl
maleate and maleic anhydride; a part of this condensate can be returned as
a reflux stream to the column, while the vaporous fraction (ii) of step (c)
is recovered from the reflux condenser, and the intermediate fraction (iii)
of step (c) comprises another part of the condensate. When the primary
distillation zone comprises first and second distillation columns connected
in series, 20 a vaporous stream can be taken from a part of the first
distillation column intermediate the top and bottom thereof for supply to
the second distillation column, and the intermediate fraction (iii) of step
(c) can be recovered from the second distillation column. Alternatively the
primary distillation zone may comprise first and second distillation
columns connected in series, in which case the first distillation column
may be provided with a reflux condenser in the path of 25 an overhead
vaporous fraction therefrom, which reflux condenser is operated under
partial condensation conditions so as to produce a substantially alkanol
free condensate that comprises dialkyl maleate and maleic anhydride; a part
of this condensate from the reflux condenser of the first distillation
column can then be returned as a reflux stream to the first distillation
column, while a vaporous stream containing alkanol is recovered from the
reflux condenser of the first distillation column, and another part of the
30  condensate from the reflux condenser of the first distillation column
is supplied to the second distillation column. When the process involves
use of a primary distillation zone comprising first and second distillation
columns connected in series, the intermediate fraction (iii) of step (c)
may comprise material recovered in vapour form from a part of the second
distillation column intermediate the top and bottom thereof. 35
Alternatively the second distillation column may be provided with a reflux
condenser in the path of an overhead vaporous stream therefrom, in which
case the reflux condenser of the second distillation column can be operated
under partial condensation conditions so as to produce a substantially
alkanol free condensate that comprises dialkyl maleate and maleic
anhydride, a part of the condensate from the reflux condenser of the second
distillation column being returned as a reflux stream to the second
distillation 40 column, while a vaporous stream containing alkanol is
recovered from the reflux condenser of the second distillation column, and
the intermediate fraction (iii) of step (c) comprises another part of the
condensate 



from the reflux condenser of the second distillation column. Preferably the
vaporous fraction (ii) of step (c) is subjected to condensation conditions
to condense condensible materials, including alkanol, therefrom. 45     The
partial condensation conditions used in certain of these preferred
processes result in production of a condensate containing dialkyl maleate,
e.g. diethyl maleate, and maleic anhydride and a vaporous stream containing
alkanol. Such partial condensation conditions include use of a condensation
temperature which is higher than the boiling point of the alkanol or of any
alkanol-water azeotrope yet lower than the boiling point of maleic
anhydride at the pressure prevailing in the primary distillation zone and
which is also higher than so  the melting point of maleic anhydride
([err]). Hence the partial condensation conditions include use of a
temperature of at least about [err] whatever the pressure prevailing in the
primary distillation zone. When atmospheric pressure prevails in the
primary distillation zone the partial condensation conditions include use
of a temperature in the range of from about [err] to about [err]. At lower
pressures a lower temperature range may be used. For example at about 0.03
bar the temperature range may be from about [err] to 55  about [err], while
at 0.33 bar it may be from about [err]  to about [err]. The secondary
distillation zone of step (d) may comprise a single distillation column
which will usually be operated under reduced pressure, for example at a
pressure of from about 0.03 bar to about 0.33 bar. However it may
alternatively comprise two or more distillation columns in series. The
bottom fraction of step 5    EP 0 255 401 B1 (d) is recovered from a lower
part of the distillation column of the secondary distillation zone, if this
consists of a single distillation column, or from a lower part of the last
of the distillation columns in the series, if the secondary distillation
zone consists of two or more distillation columns in series, either in the
form of a vaporous stream or in the form of a liquid stream; in the former
case the vaporous stream is generally 5  condensed to form a liquid stream
in the recovery step (e) of the process. In order that the invention may be
clearly understood and readily carried into effect five preferred forms of
plant for the purification of impure diethyl maleate feedstreams which
operate according to the process of the invention will now be described, by
way of example only, with reference to the accompanying drawings, Figures 1
to 5 of which are each a flow diagram of the respective plant. 10    It
will be understood by those skilled in the art that the drawings are
diagrammatic and that further items of equipment such as reflux drums,
pumps, vacuum pumps, temperature sensors, pressure sensors, pressure relief
valves, control valves, flow controllers, level controllers, holding tanks,
storage tanks, and the like would additionally be required in a commercial
plant. The provision of such ancillary items of equipment forms no part of
the present invention and is in accordance with conventional chemical
engineering practice. 15     Referring to Figure 1 of the drawings, an
impure diethyl maleate feedstream containing diethyl maleate, monoethyl
maleate, ethanol, and water, is fed in line 1 to an intermediate point of a
primary distillation column 2 operated at a pressure of 0.06 bar. This
impure diethyl maleate stream is produced by esterification of maleic
anhydride with ethanol in two stages in an esterification plant using
non-catalytic conditions in the first, monoesterification stage and an
acidic ion exchange resin, such as Amberlyst 16, in 20 the second,
diesterification stage. (The word "Amberlyst" is a trade mark). This
diesterification stage includes use of a plurality of reactors, the final
one of which is supplied with "dry" ethanol from a suitable ethanol
dehydration unit. The resulting reaction mixture does not require any
neutralisation step to remove catalyst therefrom (because a heterogeneous
catalyst has been used) but is subjected to a preliminary 



distillation step upstream from the plant of Figure 1 in order to remove
substantially all water and ethanol 25 present in the crude reaction
product and provide the feed stream of line 1. An overhead stream
containing ethanol and minor amounts of water, maleic anhydride, monoethyl
maleate, and diethyl maleate, is recovered overhead in line 3 at a
temperature of 140 C. The presence of maleic anhydride in the overhead
product in line 3 results, it is thought, from the reversible decomposition
of monoethyl maleate in primary distillation column 2 according to the
equation: 30 [err] [err] 35        [err] The vapours in line 3 are led
through a first condenser 4 which is supplied in line 5 with water under
pressure at a temperature of [err]. A major part of the condensable
components of the vapours in line 3 40 with boiling points above that of
ethanol are thereby condensed in first condenser 4. The resulting
condensate is returned to primary distillation column 2 in line 6 to form a
reflux stream therefor. This condensate consists of a mixture of maleic
anhydride, diethyl maleate and monoethyl maleate. A minor part of these
higher boiling components in the vapours in line 3 and a major part of the
ethanol and water contained therein pass on, still in the vapour form, in
line 7 to a second condenser 8 which is supplied in 45 line 9 with chilled
cooling medium (e.g. chilled water) so as to cool the vapours to a
temperature below [err]. In this way the residual condensible components
present in the vapour stream in line 7 are in large part condensed and
losses in the vapour purge are minimised. The resulting condensate contains
mainly ethanol and water besides traces of monoethyl maleate, diethyl
maleate and maleic anhydride and is recovered in line 10 for recycle to the
esterification plant. Une 11 indicates a connection to a vacuum pump 50 or
steam ejector (not shown). A liquid bottom product containing a mixture of
diethyl maleate and monoethyl maleate is recovered from primary
distillation column 2 in line 12. Part of this liquid bottom product is
recycled in line 13 to column reboiler 14 which is supplied with steam in
line 15, while the remainder is recycled to the esterification plant in
line 16. 55     An intermediate fraction is recovered from primary
distillation column 2 in line 17. This intermediate fraction consists of a
major amount of diethyl maleate and a minor amount of maleic anhydride. It
is fed to an intermediate point of a secondary distillation column 18. The
maleic anhydride present in the stream in line 17 appears overhead in line
19 and is passed to condenser 20 which is fed in line 21 with water at
EP 0 255 401 B1 [err]. The resulting condensate is returned as a reflux
stream to column 18 in line 22. Uncondensed maleic anhydride vapour passes
on in line 23 and is combined with the stream in line 7 before being
recycled to the esterification plant in line 10. The liquid bottom product
from secondary distillation column 18 is recovered in line 24 and contains
substantially pure diethyl maleate and, at most, only traces (typically 5
about 0.3 mole % or less in total) of acidic materials, such as monoethyl
maleate, maleic anhydride and/or maleic acid. Part of this liquid bottom
product is recycled in line 25 to column reboiler 26 which is fed with
steam in line 27. The remainder is passed in line 28 to neutralisation
section 29 where final traces of acid are removed. A substantially acid
free diethyl maleate product stream is recovered in line 30. The
compositions and 10 flow rates in the various lines of the plant of Figure
1 are set out in Table 1. 



15 20 25 30 35 40 45 50 55 7    EP 0 255 401 B1 10 15 20 25 30 35 40 45 The
overall recovery of diethyl maleate from the feed stream in line 1 is
81.6%. Although there are 55  small losses of acid materials from the plant
in the waste liquors from the neutralisation section 29 and possibly also
small losses in line 11, the remaining organic material is recovered in
lines 10 and 16 and can be recycled to the esterification plant for
production of further diethyl maleate. The results for an alternative feed
stream are set out in Table 2 which lists the flow rates and 8    EP 0 255
401 B1 compositions in the most important lines of the plant of Figure 1. 5
[err] 20 20 40 50    EP 0 255 401 B1 neutralisation section, the remaining
organic material in the feed stream in line 1 is recovered in lines 10 and
16 and can be recycled for re-use in the esterification plant. 



The plant of Figure 2 is generally similar to that of Figure 1, except
that, instead of taking a vaporous side stream in line 17 to supply the
secondary distillation column 18, this is fed by way of line 31 with 5
condensate from line 6. The plant of Figure 3 is supplied in line 101 with
a feed stream containing diethyl maleate, monoethyl maleate, ethanol, and
water. This feed stream is obtained by a two step esterification of maleic
anhydride with ethanol, using a non-catalytic primary esterification
reaction to yield monoethyl maleate followed by addition of ethanol and
passage through a single stage diesterification reactor containing a charge
of 10  Amberlyst 16 or similar solid esterification catalyst, and then by a
preliminary distillation step to remove at least the bulk of the water and
ethanol present in the crude reaction product. The feed stream in line 101
is subjected to distillation in a primary distillation zone which includes
a first distillation column 102 and a second distillation column 103. The
overhead product from column 102 in line 104 contains ethanol, water, and
minor amounts of 15 monoethyl maleate, diethyl maleate and maleic
anhydride. This is passed to a condenser 105 which Is supplied in line 106
with water at a temperature of [err]. The operating pressure of column 102
is 0.066 bar. The ethanol and water, together with traces of monoethyl
maleate and diethyl maleate, pass on in line 107 to a condenser 108 which
is supplied with chilled cooling medium (e.g. chilled water) at less than
[err] 20 in line 109. The resulting condensate is recycled to the
esterification plant in line 110. Line 111 is a connection to a vacuum pump
or a steam ejector (not shown), by means of which the operating pressure in
the distillation columns is maintained. Condensate from condenser 105 is
returned as a reflux stream to the top of the first distillation column 102
in line 112. 25     The liquid bottom product from first distillation
column 102 in line 113 contains diethyl maleate and monoethyl maleate. Part
of this liquid bottom product is recycled In line 114 to column reboiler
115, which is heated with steam supplied in line 116, and then returned to
column 102, while the remainder is recovered in line 117. An intermediate
fraction is recovered in line 118 from first distillation column 102, this
intermediate 30  fraction containing a major amount of diethyl maleate and
minor amounts of monoethyl maleate and maleic anhydride. It is redistilled
in second distillation column 103. The overhead product in line 119
contains ethanol, together with minor amounts of maleic anhydride,
monoethyl maleate and diethyl maleate, and is passed to a condenser 120
which is supplied with water under pressure at [err] in line 121. Second
distillation column 103 is operated at a pressure of 0.066 bar. Uncondensed
ethanol vapour, together with 36 traces of monoethyl maleate and diethyl
maleate, passes on in line 122 and is combined with the vapours in line 107
for passage through condenser 108. The condensate from condenser 120 is
returned to the top of second distillation column 103 as a reflux stream in
line 123. The liquid bottom product from second distillation column 103 is
recovered in line 124 and contains diethyl maleate and monoethyl maleate.
Part of this liquid bottom product is recycled to column 103 by way 40 of
line 125 and column reboiler 126, which is fed with steam in line 127; the
remainder is recovered in line 128. The streams in lines 117 and 128 are
combined in line 129 and recycled to the esterification plant. An
intermediate fraction is recovered from second distillation column 103 in
line 130. This is essentially free from monoethyl maleate and consists of a
mixture of a major amount of diethyl maleate and a minor amount of maleic
anhydride. This intermediate fraction is fed to a secondary distillation
zone in the form of 45  third distillation column 131. Maleic anhydride
appears in the overhead product in line 132 which is passed to condenser
133 supplied in line 134 with water at [err]. Condensate is returned to
column 103 as a reflux stream in line 135. Uncondensed vapours pass on in
line 136 and are admixed with the vapours in line 107 



for passage to the condenser 108. The liquid bottom product in line 137 is
a substantially acid free diethyl maleate stream. Part of this bottom
product in line 137 is recycled to column 131 in line 138 through so
reboiler 139, which is fed with steam in line 140. The remainder passes on
in line 141 to neutralisation section 142 in which remaining traces of acid
are removed. A pure acid free diethyl maleate stream is recovered in line
143. The compositions and flow rates of the various streams in the most
important lines of the plant of Figure 3 are set out in Table 3. 55 10
EP 0 255 401 B1 10 15 20 25 35 The plant of Figure 4 is generally similar
to that of Figure 3 except that, instead of taking vaporous side 55
streams in line 118 and 130 from the first and second distillation columns
102 and 103 of the primary distillation zone to supply the second
distillation column 103 and the third distillation column 131 respectively,
these columns are supplied by way of lines 144 and 145 respectively with
condensate from lines 112 and 123 respectively.    EP 0 255 401 B1 The
plant of Figure 5 is a modified form of the plant of Figure 2 and like
reference numerals have been used to indicate like parts in Figures 2 and
5. Instead of passing the material in line 28 to a neutralisation section
29, this is fed to a further primary distillation column 201 which is
operated under reduced pressure. The overhead stream in line 202 contains
traces of ethanol and maleic anhydride but consists predomi- 5  nantly of
diethyl maleate. Condenser 203 is supplied with cooling water in line 204
so as to condense a major part of the condensible components in line 202
which have boiling points above that of ethanol. The condensate therefrom
is returned to column 201 by way of lines 205 and 206 to form a reflux
stream therefor. The ethanol passes on in line 207 to a second condenser
208 which is supplied in line 209 with chilled cooling medium (e.g. chilled
water) so as to cool the vapours to a temperature below [err]. In this 10
way the residual condensible components present in the vapour stream in
line 207 are in large part condensed and losses in the vapour purge are
minimised. The resulting condensate contains mainly ethanol besides traces
of monoethyl maleate, diethyl maleate and maleic anhydride and is recovered
in line 210 for recycle to column 18. Line 211 indicates a connection to a
vacuum pump or steam ejector (not shown). A liquid bottom product
consisting essentially of diethyl maleate and a trace of monoethyl maleate
and 15 other acidic materials is recovered from column 201 in line 212.
Part of this liquid bottom product is recycled in line 213 to column
reboiler 214 which is supplied with steam in line 215, while the remainder
is recycled to the esterification plant in line 216. Part of the condensate
in line 205 is fed by way of line 217 to an intermediate point of a further



distillation column 218. The majority of any remaining maleic anhydride
present in the stream in line 217 20 appears overhead in line 219 and is
passed to condenser 220 which is fed in line 221 with water at [err]. The
resulting condensate, which is predominantly diethyl maleate but contains a
trace of maleic anhydride, is returned as a reflux stream to column 218 in
line 222. Any uncondensed maleic anhydride vapour passes on in line 223 and
is combined with the stream in line 207 before being recycled to column 18
in line 210. A liquid stream is taken from column 218 in line 224. Part of
this liquid stream is recycled in line 225 to 25  column reboller 226 which
is fed with steam in line 227. A minor purge stream is recycled in line 228
to column 201. A vaporous diethyl maleate bottom product stream is
recovered from column 218 in line 229 and condensed in condenser 230 whose
cooling water supply line is indicated at 231. The compositions and flow
rates in the various lines of the plant of Figure 5 are set out in Table 4,
together with some relevant 30 operating conditions. In the case of lines
1, 28, 31, 217 and 228 the conditions mentioned are those at the delivery
end of the respective line. 35 40 45 50 55 12    EP 0 255 401 B1 10 15 30
40 45 45 The plants of Figures 1 to 5 have been described in relation to
feed streams containing diethyl maleate 55  and monoethyl maleate and the
recovery therefrom of substantially pure diethy1 maleate. For some
purposes, however, the present of a minor amount of diethyl fumarate can be
tolerated in the product diethyl maleate; for example, the presence of from
about 0.001 mole % up to about 5 mole % diethyl fumarate in the product
stream can be tolerated in the process of EP-A-01 43 634, WO-A-86/03189, or
WO- 13    EP 0 255 401 B1 A-86/07358. In such cases the feed stream can
contain corresponding amounts of diethyl fumarate, besides minor amounts of
fumaric acid and/or of monoethyl fumarate, resulting, for example, from the
presence of a minor amount of fumaric acid in the maleic anhydride used as
feedstock for the production of the diethyl maleate-containing feed stream.
Under such circumstances monoethyl fumarate will be present, in addition 5
to monoethyl maleate, in the stream in line 16 or in line 129, while
diethyl fumarate will be present in the final product stream in line 30, in
line 143, or in line 229 in addition to diethyl maleate. If essentially
pure 



diethyl maleate is required from a product stream in line 30, in line 143,
or in line 229, that contains also diethyl fumarate, then this can be
obtained from the respective product stream by further distillation.
Figures 1 to 5 illustrate the use of distillation columns with trays; it
will be appreciated by those skilled io  In the art that any other suitable
form of distillation column can be used, such as packed towers, in place of
the illustrated type of column. Claims 15  1. A continuous process for the
production of a substantially acid free dialkyl maleate from a feed stream
containing a major amount of dialkyl maleate and a minor amount of
monoalkyl maleate which comprises: (a) continuously supplying the feed
stream to a primary distillation zone; (b) continuously distilling the feed
stream in the primary distillation zone under temperature and 20
pressure conditions conducive to thermal decomposition of monoalkyl maleate
to yield maleic anhydride and alkanol; (c) recovering from the primary
distillation zone (i) a bottom fraction containing monoalkyl maleate and
dialkyl maleate in admixture, (ii) a vaporous fraction comprising alkanol,
and (iii) an intermediate fraction which is substantially free from alkanol
and which comprises a major proportion of dialkyl 25        maleate and a
minor proportion of maleic anhydride; (d) continuously redistilling the
intermediate fraction (iii) from step (c) in a secondary distillation zone
to yield(i) an overhead fraction containing maleic anhydride and (ii) a
bottom fraction containing substantially acid free dialkyl maleate; and (e)
recovering the bottom fraction (ii) of step (d). 30 2. A process according
to claim 1, in which the bottom fraction (ii) of step (d) is subjected,
after recovery thereof in step (e), to a final neutralisation step. 3. A
process according to claim 1 or claim 2, in which the primary distillation
zone is operated under 35     reduced pressure. 4. A process according to
claim 3, in which the primary distillation zone is operated at a pressure
in the range of from about 0.03 bar to about 0.33 bar. 40  5. A process
according to any one of claims 1 to 4, in which the primary distillation
zone comprises a single distillation column and in which the feed stream
supplied thereto contains from about 2 mole % to about 40 mole % of
monoalkyl maleate. 6. A process according to any one of claims 1 to 5, in
which the primary distillation zone comprises a 45     single distillation
column and in which the intermediate fraction (iii) of step (c) comprises a
vaporous stream taken from a part of the column intermediate the top and
bottom thereof. 7. A process according to any one of claims 1 to 5, in
which the primary distillation zone comprises a single distillation column
provided with a reflux condenser in the path of a vaporous overhead stream
50     therefrom, in which the reflux condenser is operated under partial
condensation conditions so as to produce a substantially alkanol free
condensate that contains dialkyl maleate and maleic anhydride, in which a
part of the condensate is returned as a reflux stream to the column, in
which the vaporous fraction (ii) of step (c) is recovered from the reflux
condenser, and in which the intermediate fraction (iii) of step (c)
comprises another part of the condensate. 55 8. A process according to any
one of claims 1 to 4, in which the primary distillation zone comprises
first and second distillation columns connected in series, in which the
feed stream supplied to the first distillation column contains from about
15 mole % to about 40 mole % of monoalkyl maleate, in which 
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A-86/07358. In such cases the feed stream can contain corresponding amounts
of diethyl fumarate, besides minor amounts of fumaric acid and/or of
monoethyl fumarate, resulting, for example, from the presence of a minor
amount of fumaric acid in the maleic anhydride used as feedstock for the
production of the diethyl maleate-containing feed stream. Under such
circumstances monoethyl fumarate will be present, in addition 5  to
monoethyl maleate, in the stream in line 16 or in line 129, while diethyl
fumarate will be present in the final-product stream in line 30, in line
143, or in line 229 in addition to diethyl maleate. If essentially pure
diethyl maleate is required from a product stream in line 30, in line 143,
or in line 229, that contains also diethyl fumarate, then this can be
obtained from the respective product stream by further distillation.
Figures 1 to 5 illustrate the use of distillation columns with trays; it
will be appreciated by those skilled 10  in the art that any other suitable
form of distillation column can be used, such as packed towers, in place of
the illustrated type of column. Claims 15 1. A continuous process for the
production of a substantially acid free dialkyl maleate from a feed stream
containing a major amount of dialkyl maleate and a minor amount of
monoalkyl maleate which comprises: (a) continuously supplying the feed
stream to a primary distillation zone; (b) continuously distilling the feed
stream in the primary distillation zone under temperature and 20
pressure conditions conducive to thermal decomposition of monoalkyl maleate
to yield maleic anhydride and alkanol; (c) recovering from the primary
distillation zone (i) a bottom fraction containing monoalkyl maleate and
dialkyl maleate in admixture, (ii) a vaporous fraction comprising alkanol,
and (iii) an intermediate fraction which is substantially free from alkanol
and which comprises a major proportion of dialkyl 25        maleate and a
minor proportion of maleic anhydride; (d) continuously redistilling the
intermediate fraction (iii) from step (c) in a secondary distillation zone
to yield (i) an overhead fraction containing maleic anhydride and (ii) a
bottom fraction containing substantially acid free dialkyl maleate; and (e)
recovering the bottom fraction (ii) of step (d). 30 2. A process according
to claim 1, in which the bottom fraction (ii) of step (d) is subjected,
after recovery thereof in step (e), to a final neutralisation step. 3.  A
process according to claim 1 or claim 2, in which the primary distillation
zone is operated under 35     reduced pressure. 4. A process according to
claim 3, in which the primary distillation zone is operated at a pressure
in the range of from about 0.03 bar to about 0.33 bar. 40  5. A process
according to any one of claims 1 to 4, in which the primary distillation
zone comprises a single distillation column and in which the feed stream
supplied thereto contains from about 2 mole % to about 40 mole % of
monoalkyl maleate. 6. A process according to any one of claims 1 to 5, in
which the primary distillation zone comprises a 45     single distillation
column and in which the intermediate fraction (iii) of step (c) comprises a
vaporous stream taken from a part of the column intermediate the top and
bottom thereof. 



7. A process according to any one of claims 1 to 5, in which the primary
distillation zone comprises a single distillation column provided with a
reflux condenser in the path of a vaporous overhead stream so
therefrom, in which the reflux condenser is operated under partial
condensation conditions so as to produce a substantially alkanol free
condensate that contains dialkyl maleate and maleic anhydride, in which a
part of the condensate is returned as a reflux stream to the column, in
which the vaporous fraction (ii) of step (c) is recovered from the reflux
condenser, and in which the intermediate fraction (iii) of step (c)
comprises another part of the condensate. 55 8. A process according to any
one of claims 1 to 4, in which the primary distillation zone comprises
first and second distillation columns connected in series, in which the
feed stream supplied to the first distillation column contains from about
15 mole % to about 40 mole % of monoalkyl maleate, in which 14    EP 0 255
401 B1                      *    C      L     M     S     * the material
supplied to the second distillation column from the first distillation
column comprises a substantially alkanol free fraction that is richer in
dialkyl maleate than the feed stream, and in which the intermediate
fraction (iii) of step (c) is recovered from the second distillation
column. 5  9. A process according to any one of claims 1 to 4, in which the
primary distillation zone comprises first and second distillation columns
connected in series, in which a vaporous stream is taken from a part of the
first distillation column intermediate the top and bottom thereof for
supply to the second distillation column, and in which the intermediate
fraction (iii) of step (c) is recovered from the second distillation
column. 10 10. A process according to any one of claims 1 to 4, in which
the primary distillation zone comprises first and second distillation
columns connected in series, in which the first distillation column is
provided with a reflux condenser in the path of an overhead vaporous
fraction therefrom, in which the reflux condenser of the first distillation
column is operated under partial condensation conditions so as to is
produce a substantially alkanol free condensate that comprises dialkyl
maleate and maleic anhydride, In which a part of the condensate from the
reflux condenser of the first distillation column is returned as a reflux
stream to the first distillation column, in which a vaporous stream
containing alkanol is recovered from the reflux condenser of the first
distillation column, and in which another part of the condensate from the
reflux condenser of the first distillation column is supplied to the second
distillation column. 20 11. A process according to claim 9 or claim 10, in
which the intermediate fraction (iii) of step (c) comprises material
recovered in vapour form from a part of the second distillation column
intermediate the top and bottom thereof. 25  12. A process according to
claim 9 or claim 10, in which the second distillation column is provided
with a reflux condenser in the path of an overhead vaporous stream
therefrom, in which the reflux condenser of the second distillation column
is operated under partial condensation conditions so as to produce a
substantially alkanol free condensate that comprises dialkyl maleate and
maleic anhydride, in which a part of the condensate from the reflux
condenser of the second distillation column is returned as a 30     reflux
stream to the second distillation column, in which a vaporous stream
containing alkanol is recovered from the reflux condenser of the second
distillation column, and in which the intermediate 



fraction (iii) of step (c) comprises another part of the condensate from
the reflux condenser of the second distillation column. 35  13. A process
according to any one of claims 1 to 12, in which the vaporous fraction (ii)
of step (c) is subjected to condensation conditions to condense condensible
materials, including alkanol, therefrom. 14. A process according to any one
of claims 1 to 13, in which the dialkyl maleate is diethyl maleate, in
which the monoalkyl maleate is monoethyl maleate, and in which the alkanol
is ethanol. 40 15. A process according to any one of claims 1 to 14, in
which the feed stream contains also a minor amount of the corresponding
dialkyl fumarate and in which the bottom fraction (ii) of step (d) contains
also dialkyl fumarate. 45  16. A process according to claim 15, in which
the feed stream contains from about 0.001 mole % up to about 5 mole % of
dialkyl fumarate. Patentanspruche 50 1. Kontinuierliches Verfahren zur
Herstellung eines im wesentlichen sdurefreien Dialkylmaleats aus einem eine
grolere Menge Dialkylmaleat und eine kleinere Menge Monoalkylmaleat
enthaltenden Beschik- kungsstrom, bei dern man (a) den Beschickungsstrom
kontinuierlich einer ersten Destillationszone zufUhrt, (b) den
Beschickungsstrom kontinuierlich in der ersten Destillationszone unter die
thermische 55        Zersetzung von Monoalkylmaleat zu Maleinsaureanhydrid
und Alkanol fbrderlichen Temperatur- und Druckbedingungen destilliert, (c)
aus der ersten Destillationszone (I) elne Monoalkylmaleat und Dialkylmaleat
im Gemisch enthal- tende Bodenfraktion, (ii) eine Alkanol umfassende
dampffdrmige Fraktion und (ii) eine Zwischenfrak- 15    EP 0 255 401 B1
*    C    L   M    S    * tion gewinnt, die im wesentlichen frei von
Alkanol ist und einen groleren Anteil Dialkylmaleat und einen kleineren
Anteil Maleinsaureanhydrid enthalt, (d) die Zwischenfraktion (iii) aus
Stufe (c) in elner zweiten Destillatlonszone kontinuierlich erneut
destilliert unter Bildung (i) elner Maleinsaureanhydrid enthaltenden
Kopffraktion und (ii) einer im wesentlichen saurefreies Dialkylmaleat
enthaltenden Bodenfraktion, und (a) die Bodenfraktion (ii) der Stufe (d)
gewinnt. 2. Verfahren nach Anspruch 1, be! dam man die Bodenfraktion (ii)
der Stufe (d) nach ihrer Gewinnung in der Stufe (e) eliner
Endneutralisationsstufe unterwirft. 10 3. Verfahren nach Anspruch 1 oder
Anspruch 2, bel dem man die erste Destillationszone unter verminder- tem
Druck betreibt. 4. Verfahren nach Anspruch 3, bei dem man die erste
Destillationszone bet einem Druck in dam Bereich 15     von etwa 0,03 Bar
bis etwa 0,33 Bar betreibt. 5. Verfahren nach elnem der AnsprUche 1 bis 4,
be! dem die erste Destillationszone etne einzige Destillationskolonne
umfaBt und bei dem der ihr zugefuhrte Beschickungsstrom etwa 2 Mol-% bis
etwa 40 Mol-% Monoalkylmaleat enthalt. 20 6. Verfahren nach einem der
Anspriche 1 bis 5, bei dam die erste Destillationszone eine einzige 



Destillationskolonne umfaft und be! dem die Zwischenfraktion (iii) der
Srufe (c) einen dampff6rmigen Strom umfaMt, der von einem Teil der Kolonne
zwischen ihrem Kopf und ihrem Boden abgenommen wird. 25 7. Verfahren nach
einem der Ansprtche i bis 5, bei dam die erste Destillationszone eine
einzige Destillationskolonne umfaBt, die in dem Weg eines aus ihr kommenden
dampfformigen Kopfstroms mit einem RUckfluBkondensator versehen let, der
RUckflulkondensator unter Teilkondensationsbedingungen betrieben wird, so
daB ein im wesentlichen alkanolfreies, Dialkylmaleat und
Maleinsaureanhydrid 30     enthaltendes Kondensat erzeugt wird, ein Tell
des Kondensats als R~ckfluBstrom auf die Kolonne zurUckgegeben wird, die
dampff6rmige Fraktion Ci) der Stufe (c) aus dam  ROckfluBkondensator
gewonnen wird und bei dem die Zwtschenfraktion (iii) der Stufe (c) einen
anderen Teil des Kondensats umfaBt. 36  &  Verfahren nach elnem der
AnsprUche 1 bis 4, bet dam die erste Destillationszone sine in Serie
geschaltete erste und zweite Destillationskolonne umfalt, der der ersten
Destillationskolonne zugef~hrte Beschickungsstrom etwa 15 Mol-% bis etwa 40
Mol-% Monoalkylmaleat enthalt, das aus der ersten Destillationskolonne der
zweiten Destillationskolonne zugeflhrte Material eine im wesentlichen
alkanol- frele Fraktion umfaBt, die reicher an Dialkylmaleat als der
Beschickungsstrom ist, und die Zwischenfrak- 40     tion (iii) der Stufe
(c) aus der zweiten Destillationskolonne gewonnen wird. 9. Verfahren nach
einem der AnsprUche 1 bis 4, bet dem die erste Destillationszone eine in
Serie geschaltete erste und zweite Destillationskolonne umfait, aus einem
Teil der ersten Destillationskolonne zwischen ihrem Kopf und Boden ein
dampfformiger Strom zwecks Zuf~hrung zur zweaten Destiffllations- 45
kolonne abgezogen wird und die Zwischenfraktion (iii) der Stufe (c) aus der
zweiten Destillationskolonne gewonnen wird. 10. Verfahren nach einem der
Ansprtlche 1 bis 4, bei dem die erste Destillationszone eine in Serte
geschaltete erste und zweite Destillationskolonne umfafit, die erste
Destillationskolonne in dem Weg so     ihrer dampff6rmigen Kopffraktion mit
elnem Rackfluakondensator versehen ist, der RUckfluBkondensa- tor der
ersten Destillationskolonne unter Teilkondensationsbedingungen betrieben
wird, so daB ein im wesentlichen alkanolfreies, Dialkylmaleat und
Maleinsiureanhydrid umfassendes Kondensat erzeugt wird, ein Tell des
Kondensats aus dam R~ckfluBkondensator der ersten Destillationskolonne als
RUckfluBstrom auf die erste Destillationskolonne zurUckgegeben wird, ein
Alkanol enthaltender dampf- 55     formiger Strom aus dem
RUckfluBkondensator der ersten Destillationskolonne gewonnen wird und ein
anderer Tell des Kondensats aus dem RUckflu~kondensator der ersten
Destillationskolonne der zweiten Destillationskolonne zugef~hrt wird.    EP
0 255 401 B1                  *    C    L   M   S     * 11. Verfahren nach
Anspruch 9 oder Anspruch 10, bel dem die Zwischenfraktion (iii) der Stufe
(c) Material enthalt, das in Dampfform aus elnem Tell der zweiten
Destillationskolonne zwischen ihrem Kopf und ihrem Boden gewonnen wurde. 6
12. Verfahren nach Anspruch 9 oder Anspruch 10, be! dem die zwelte
Destillationskolonne in dem Weg des abgehenden dampfformigen Kopfstroms mit
einem ROckfluBkondensator versehen ist, der RtckfluBkon- densator der
zweiten Destillationskolonne unter Teilkondensationsbedingungen betrieben
wird, so daB ein im wesentlichen alkanolfreies, Dialkylmaleat und
Maleinsaureanhydrid enthaltendes Kondensat orzeugt wird, ein Tell des
Kondensats aus dem RackfluBkondensator der zweiten Destillationskolonne 



10     als RUckfluBstrom zur zweiten Destillationskolonne zurUckgegeben
wird, ein Alkanol enthaltender dampff6rmiger Strom aus dem
R0ckifluikondensator der zweiten Destillationskolonne gewonnen wird und die
Zwischenfraktion (iii) der Stufe (c) elnen anderen Tell des Kondensats aus
dem RUckfluBkon- densator der zweiten Destillationskolonne aufweist. *5
13. Verfahren nach einem der AnsprOche 1 bis 12, be! dem die dampfformige
Fraktion (ii) der Stufe(c) Kondensationsebdingungen unterworfen wird, um
kondensierbare Materialien einschlieOlich Alkanol aus ihr zu kondensieren.
14. Verfahren nach elnem der AnsprUche 1 bis 13, be! dom das Dialkylmaleat
Diathylmaleat ist, das 20     Monoalkylmaleat Monolthylmaleat ist und das
Alkanol Athanol ist. 15. Verfahren nach elnem der AnsprOche 1 bis 14, be!
dem der Beschickungsstrom auch sine geringere Menge des entsprechenden
Dialkylfumarats enth lt und die Bodenfraktion (ii) der Stufe (d) auch
Dialkylfumarat enth3lt. 25 16. Verfahren nach Anspruch 15, be! dem der
Beschickungsstrom etwa 0,001 Mol-% bis etwa 5 Mol-% Dialkylfumarat enth3lt.
Revendlcatlons 30 1. Procode continu de production d'un dialcoylmaleate,
pratiquement exempt d'acide, & partir d'un courant de charge contenant une
proportion majeure de dialcoylmal6ate et une proportion mineure de
monoalcoylmal6ate, qui consiste: (a) & envoyer de maniere continue le
courant de charge & une zone de distillation primaire, 35       (b) &
distiller de manibre continue le courant de charge dans la zone de
distillation primaire dans des conditions de temperature et de pression
favorisant une decomposition thermique du monoal- coylmaleate de fagon &
donner de l'anhydride mal6ique et un alcanol, (c) a r6cuperer, a partir de
la zone de distillation primaire, (I) une fraction de partie inf6rieure
contenant du monoalcoylmaliate et du dialcoylmaleate melangds, (ii) une
fraction, & l'etat de vapeur, 40       comprenant l'alcanol et (iii) une
fraction intermrediaire qui est pratiquement exempte d'alcanol et qui
comprend une proportion majeure de dialcoylmaleate et une proportion
mineure d'anhydride maleique, (d) & redistiller de maniere continue la
fraction intermediaire (iii) provenant de l'operation (c) dans une zone de
distillation secondaire de fagon a donner (I) une fraction de partie
superieure contenant 45       I'anhydride maleique et (ii) une fraction de
partfe inferieure contenant du dialcoylmaleate pratique- ment exempt
d'acide ot (e) & rdcupdrer la fraction de partie infdrieure (ii) de
l'opdration (d). 2. Procedd suivant la revendication 1, selon lequel, apres
avoir 6te recuperee dans l'operation (e), la 50     fraction de partie
inffrieure (ii) de l'operation (d) est oumise A une operation de
neutralisation finale. &  Procede suivant la revendication 1 ou 2, selon
loquel on fait fonctionner la zone de distillation primaire sous pression
r~duite. ss 4. Procede suivant la revendication 3, selon lequel on fait
fonctionner la zone de distillation primaire A une pression comprise entre
environ 0,03 bar et environ 0,33 bar. 5. Procd4 suivant lune quelconque des
revendications 1 a 4, selon lequel la zone de distillation primaire 17    
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comprend une colonne de distillation unique et selon lequel le courant de
charge envoye a cette derniere contient d'environ 2 moles % a environ 40
moles % de monoalcoylmaleate. 8. Proced6 suivant l'une quelconque des
revendications 1 a 5, solon lequel la zone de distillation primaire
comprend une colonne de distillation unique et salon loquel la fraction
intermediaire (iii) de l'operation (c) comprend un courant, a l'etat de
vapeur, provenant d'une partie de la colonne qui est intermddiaire entre sa
partie superieure et sa partie inf~rieure. 7. Proc~d6 suivant l'une
quelconque des revendications 1 A 5, selon lequel la zone de distillation
primaire 70     comprend une colonne de distillation unique pourvue d'un
condenseur a reflux dispos6 sur le trajet d'un courant de partle de tfte, a
l'etat de vapeur, provenant de cette colonne, on fait fonctionner le
condenseur a reflux dans des conditions de condensation partielle de fagon
a produire un condensat, pratiquement exempt d'alcanol, qui contient du
dialcoylmal~ate et de l'anhydride mal6ique, on renvole une partie du
condensat a la colonne sous la forme d'un courant de reflux, on r~cupbre la
fraction & t5     N'Wtat de vapeur (ii) de l'operation (c) a partir du
condenseur a reflux et la fraction intermediaire (iii) de l'operation (c)
comprend une autre partie du condensat. &  Proc6dd suivant l'une quelconque
des revendications 1 A 4, selon lequel la zone de distillation primaire
comprend une premibre et une seconde colonnes de distillation relides en
s6rie, le courant de charge 20     envoy4 a la premibre colonne de
distillation contient d'environ 15 moles % a environ 40 moles % de
monoalcoylmal6ate, la matibre envoy6e a la seconde colonne de distillation
a partir de la premibre colonne de distillation comprend une fraction,
pratiquement exempte d'alcanol, qui est plus riche on dialcoylmaleate quo
le courant de charge et on recupbre la fraction intermediaire (Illi) de
lop~ration (c) a partir de la seconde colonne de distillation. 25 9.
Proc6de suivant l'une quelconque des revendications 1 a 4, selon lequel la
zone de distillation primaire comprend une premibre et une seconde colonnes
de distillation relides on s~rie, on prelbve un courant, a l'etat de
vapeur, a partir d'une partie de la premiere colonne de distillation qui
est intermddiaire entre sa partie sup~rieure at sa partie inferieure en vue
de l'envoyer a la seconde colonne de distillation et 30     on rdcupbre la
fraction intermediaire (iii) de l'operation (c) a partir de la seconde
colonne de distillation. 1O. Proc6de suivant l'une quelconque des
revendications 1 a 4, solon loquol la zone de distillation primaire
comprend une premibre ot une seconde colonnes de distillation reliees en
serie, la premibre colonne de distillation est pourvue d'un condenseur &
reflux dispos6 sur le tralet de la fraction de partie 35     superieure, A
I'Mtat de vapeur, provenant de ceffe colonne, on fait fonctionner le
condenseur & reflux de la premiere colonne de distillation dans des
conditions de condensation partielle de fagon & produire un condensat,
pratiquement exempt d'alcanol, qui comprend du dialcoylmal6ate et de
l'anhydride malei- que, on renvoie une partle du condensat provenant du
condenseur & reflux de la premibre colonne de distillation, sous la forme
d'un courant de reflux, & la premiere colonne de distillation, on recupbre
un 40     courant, a l'etat de vapeur, contenant l'alcanol, A partir du
condenseur A reflux de la premibre colonne de distillation et on envoie &
la seconde colonne de distillation une autre partie du condensat provenant
du condenseur a reflux de la premiere colonne de distillation. 11. Proc~d4
suivant la revendication 9 ou 10, solon lequol la fraction intermddiaire
(iii) de l'operation (c) 45     comprend une matiere recup6ree a l'etat de
vapeur A partir d'une partie de la seconde colonne de distillation qui est
intermrdiaire entre sa partie superieure et sa partle infdrieure. 12.
Proc6d4 suivant la revendication 9 ou 10, solon loquel la seconde colonne
de distillation est pourvue d'un condenseur & reflux disposi sur le trajet
d'un courant de partle superieure, & l'Ntat de vapeur, 50     provenant de
cette colonne, on fait fonctionner le condenseur a reflux de la seconde
colonne de 



distillation dans des conditions de condensation partielle de fagon a
produire un condensat, pratique- ment exempt d'alcanol, qui comprend du
dialcoylmaldate et de l'anhydride mal~ique, on renvole une partie du
condensat provenant du condenseur A reflux de la seconde colonne de
distillation, sous la forma d'un courant de reflux, a la seconde colonne de
distillation, on rdcupbre un courant, & I'Mtat de 56     vapeur, contenant
l'alcanol, & partir du condenseur A reflux de la seconde colonne de
distillation et la fraction interm~diaire (iii) de l'op~ration (c) comprend
une autre partie du condensat provenant du condenseur & reflux de la
seconde colonne de distillation. 18    EP 0 255 401 B1
*   C    L    M    S     * 13. Procede suivant lune quelconque des
revendications 1 & 12, solon loquel on soumet la fraction a I'4tat de
vapeur (ii) de l'operation (c) & des conditions de condensation afin de
condenser les matibres condensables, y compris l'alcanol, & partir de cette
fraction. 5 14. Proc~d6 suivant l'une quelconque des revendications 1 a 13,
selon lequel le dialcoylmaliate est le di6thylmaldate, le monoalcoylmaldate
east le mono~thylmal6ate et l'alcanol est l'Mthanol. 15 Proced6 suivant
l'une quelconque des revendications 1 a 14, salon lequel le courant de
charge contient aussi une proportion mineure du dialcoylfumarate
correspondant et la fraction de partie inf6rieure (ii) de 10
l'operaffon (d) contient aussi du dialcoylfumarate. 16. Procedd suivant la
revendication 15, selon loquel le courant de charge contient d'environ
0,001 mole % A environ 5 moles % de dialcoylfumarate. 15 20 25 30 35 40 45
50 65    


